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AJIBIETUABL M KETOHBI codepxar KapboHwisHyio rpynny C=0. Co-
eNUHEHUs, B KOTOPhIX KapOOHWIbHAS IPYIIa COeAMHEHA C IBYMS pa-
JHUKanaMH, Ha3bIBaloTcs KeToHaMM. CoeMHEHHS, rAe KapOOHWIbHAs
rpymnmna coeuHeHa ¢ OHHUM paJuKaJIOM U ODHUM aTOMOM BOIOpPO[a,
Ha3bIBAKOTCS ANbJETUIAMM.

-5 8
0 o)
+5C/: +5(;
R—C_ R—C—R
H
anmbacrua KCTOH

Hioxe npuBeneHa CTpYKTypa IIpocTeifiiero anbaeruaa — ¢hpopMaib-
JEeTHIA C TAHHBIMM BATEHTHBIX YIJIOB M JUIMH CBA3EH.

H ~==: JUTMHa CBSI3U, ;\ B&JICHTHBIM YTroJ1, rpaj

e C=0 1,203 H—C=0 121,8
H/

C—H 1,101 H—C—H 116,5

Hanwyue BajeHTHBIX YIIOB, OaM3kuX K 120°, M Im1aHapHOCTh ajtb-
merunHoit rpynnsl CHO ompeneneHHO yKasblBalOT Ha sp°-TMOpHMIM-
3auMI0 KapOoOHUIBHOrO yrnepoaa. B ¢opMmanbaeruae aToM yriepona
obpasyeT G-CBsI3U ¢ IByMs aTOMaMM BOJOpPOIAa H KUCIOpPOIOoM. -Caa3b
B KapOOHWIBHOM rpymne BO3HMKAET B pe3yJbTaTe NEPEeKPhIBAHUSA HE
y4acTByollei B rubpuam3aumu p,-opoUTaau yriepoga U p,-opbura-
JIX KHcIopofa. Y KMCIopoda B albAernaax M KeTOHaX, a Takxe Kap-
OOHOBBIX KHC/IOTaX M MX IIPOU3BOTHBIX MMEIOTCS JBE HECBSI3BIBAIO-
IKe Maphl 3MeKTpoHoB. Kucnopon obaanaet Gojiee BbICOKOI 3JIEKT-
POOTPULIATENILHOCTHIO, YEM YIJIepoH, a 3NeKTPOHBl G- U, OCOOEHHO,
T-CBSI3M YIVIEPOJA M KMCJIOPOAA CHJIBHO CMEIUEHBI K aTOMY KUCIO0PO-
na. [ipyrumu cropaMi, KapOoHWIbHAs IPyMIia o6JafaeT BHICOKOIf I1o-
JISPHOCTBIO. XMMUYECKHUM CHEACTBUEM IIOJSPHOCTH KapOOHWIBHOMN
IPYTIbI SABJIAIOTCS pa3HOOOpa3Hble peaKlUMK MIPUCOSIHHEHUS pasany-
HbIX MOJISIPHBIX peareHTOB NO KapOOHMIBHOM IpyIIe.

HenoneneHHble Napel 3JIEKTPOHOB KApOOHWIBHOIO KHUCIOpo/a NPH-
DAIOT KapGOHWILHOM Ipynne csoiictBa ciaaboro ocHoBaHMs JIblouca.
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Anbaernibl ¥ KeTOHbI B KUCION cpelle MPOTOHUDPYIOTCs ¢ obpa3osa-
HHMEM OKCOHMEBOI'o KATHOHA:

5:0~
85+ 7 . Ve
L2CZ R+ H® «—> R~—C—R2

R
KapGoHuIbHbIE COEIUHEHMSI OTHOCATCS K YUCIY O4YeHb Clabbix
OCHOBaHUit, HaMHoro Gonee cjaabbIX, YeM BoAa M CIUPThl. Tak, Ha-
MpHUMeEp, aLETOH OKA3bIBAETCSA HAIMIOJIOBMHY NMPOTOHUPOBAHHBIM TOJNBKO
B 82%-# BONHOM CEpHOM KUCIIOTE, T.€. B CWIBHOKHCIOM PacTBope. 3T0
COOTBETCTBYET 3HauYeHUI0 pK, =—7,2 ANs1 CONpsDKEHHON KMCIIOTHI aile-

®
toHa (CH;),C=OH. [ns cpaBHeHUs] HAMOMHUM, 4TO pK, KaTMoHa
H;0® pasHo —1,7, T.e. cONpsDKEHHbBIE KAPOOHMIBHBIM COEIHHEHUAM
KHCJIOThI MPOSBISIIOT CBOMCTBA OYEHb CWIBHBIX KUCNOT. TeM He Me-
Hee, cnabble OCHOBHbIE CBOMCTBa KApOOHWIBHOM TPYIIIbI UIPAIOT MC-
KJTIOYHTEJbHO BaXHYIO POJIb B MHTEPIPETALMUN XUMUYECKHUX CBOMCTB
aJbAETUIOB Y KETOHOB.

16.1. HOMEHK/IATYPA AIBAETHAOB U KETOHOB

TpuBHaibHble Ha3BAHUSI AIBAETMAOB IPOUCXOAST OT Ha3BaHUSA
KapOGOHOBBIX KHCJIOT C TEM X€ YMCJIOM aToMoB yriepoaa (tabua. 16.1).
B aToit HoOMeHKIIaType 3aMeCTUTENH 0003HAYAIOTCS rpeYecKuMHU OyK-
BaM¥ o, B, ¥ ¥ T.I., HAYUHAA C YIJIEPOAHOro aroMma, Onmxailiero K
KapbOHUIBHOMY YIJIepody:

y B a SO
CH;,3 -—(llH —CH,CH,C ¥-OpoMBaIEpUAHOBLIA THAETHA
Br
o /0
CH,4 —?H —CHp—C_ H B-rapoxcUMAcHSHBLIA aNbAETHA
OH

KeTOHBI UMEIOT TPMBHAIBbHbBIE Ha3BaHUS, BKIIIoualowue cydduxc
«KETOH» W Ha3BaHMA OOOHX ANKMJIbHBIX PAAHUKAJIOB:

0
/] Il

CH,—C—CH,CH,CH, (CH3);CC—CH,CH,

NPONMWIMETWIKETOH mpem-GyTunamemH



Jins obo3HaueHus 3aMecTUTENel B 3TOH HOMEHKJIATYpE TAKXKE MC-
nonb3ylorcs OykBbl rpedeckoro angapura:

[
BrCH2(|3HC —CH; B -OpOMHU3OTIPONTUIMETHIIKETOH
CH,

CornacHo HoMmeHkIatype MIOTIAK, HasBaHHMS albAEeTMAOB PO~
UCXOASAT OT HAa3BaHMS aNKAHOB C NoOaBlieHUEM OKOHYAHUS <«alb»
(cM. Tabn. 16.1). Tak kak anbaerunHas rpyrnna CHO sceraa HaxonuT-
Cs Ha KOHLE UENH, HET HeOOXOAMMOCTU B CHELMANbHOM OGO3HaYe-
HUM TIOJIOXKEHHUS 3TOM IpYMIbl, HO KapOOHWILHBIA aToM yriepoja
BCEra UMeEeT MepBhlit HOMEP:

54321/0

CH;(IJHCHZC|JHC\ 2-ruApoKCcH-4-XJIopMeHTaHaNb
(6] OH H
6 5 4 3 2 1 /0
CH;—(IIH-—-ICH——CHZCHzC\ 4, 5-AMMETWITeKCaHb
H
CH; CH;

B Gonee CIOXHBIX CAyYasiX aAbAerHA HA3BIBAIOT, UCIIONb3YSl OKOH-
YaHHe «KapOanbaeruiy»:

2, 3-IHMETWILIMKIIONIEHTAHKapOaNbaAerHA

OpHako B TakMX Clyvasix NMpolUe BCero Has3biBaTh AbAErHIHYIO
rpynny GoOpMHIBHONU rpyNMoi:

o
CHO

2-GHOPMIILIMKIIONEKCAHOH



Ta6nwnua 16.1

Temnepa-

Temnepa-

Hassanne Tpusuarssoe Gopmyaa Typa nnas- | Typa k- Tnomeocms,
Hassauue neuus, “C | nenns, "C r/mn
1 2 3 4 5 6
Aubiernasi
MeraHanb cdopmansaerna| HCHO -93 =21 0,82
npu
—20°C
DTaHalb aueranpaerua | CH3;CHO —-123 21 0,78
IponaHanb nponuoHogkiit | CH;CH,CHO —81 49 0,81
Byrananb Mac/IstHBIH CH;(CH,),CHO -99 76 0,82
2-MeTtnn- u3omacnaHei | CH,CH-CHO —66 61 0,79
TiponaHab CH,
ITentanans panepuaHossliit| CH3(CH,);CHO =91 103 0,82
I'excananb KarnpoHoBbit | CH3(CH,)4CHO -57 131 0,83
lenraHans 3HaHTOBBIA CH3(CH;)sCHO —45 155 0,85
Bensanpnerun | 6ensansaernn | CsHsCHO -56 179 1,05
denunstanans | peHw- C¢Hs CH,CHO -33 193 —
YKCYCHBIH
INponeHann aKpoJieHH CH,=CHCHO —88 53 0,84
2-ByTteHans xpotoHoBuiit | CH;CH=CHCHO =77 104 0,86
2-I'mppokcu- canuumnosslit | o-HOCgH4CHO 2 197 1,16
GeH3anbRerua
n-Mernn- n-tomywnosslii | n-CH3;CsH4CHO - 205 1,02
GeH3abaACrMI
o-Metni- o-tomywnosbiit | 0-CH3C¢H4CHO — 196 1,04
6eH3anbaerun
M-MeTtun- M-Toryunosrlit| m-CH;CgH4CHO - 199 1,02
6eH3anbaerun
3-Merokcu-4- | BaHWIHH OCH;, 82 285 —
TUApOKCUbeH-
3aibACTHA HO CHO
Keronn
IIponaHox alleToH CH3COCH;, —-95 56 0,79
ByraHoH METWISTHI- CH3;COCH,CH; —86 80 0,80
KETOH
IleHTaHoH-2 merwnponmn-| CH3COCH,;CH,CHj3 —78 102 0,81
KETOH
IlexTanoH-3 anstunkerod | CH3;CH,COCH,CH;, —42 102 0,81
lexcaHoH-2 Metunoytmn- | CH3;CO(CH;)3CH; -57 127 0,83
KETOH
I'ekcaHoHn-3 stunnponun- | CH3;CH,COCH,CH, 124 0,82
KeTOH CH;
I'enTaHoH-2 metunnenTin- | CH3;CO(CH;)4CH; —-36 151 0,82
KETOH
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OxoH4YaHue Tabnuus 16.1

1 2 3 4 s 6

TFenraHoH-3 stunbytun-  JCH;CH,CO(CH,);CH; | —39 148 0,82
KETOH

lentaHou-4 AUNPONM- C3H;COC H;, -33 144 0,82
KETOH

Luxno- o uukno-C4HgCO —58 130 0,95

NEHTaHOH K

Xnxno- 0o uuxio-CsH,aCO —45 157 0,94

reKCaHOH O/

AueropeHoH metundenun- | CgHsCOCH; 21 202 1,02
KETOH

MponuodenoH | stundenun- | C¢HsCOCH,CH; 21 218 1,01
KETOH

Bensoderon | mudennwnkeror| C¢HsCOCgH 5 48 305

Byren-3-on-2 | metuneuawi- | CH;COCH=CH, -6 80 0,86
KETOH

4-Metun- OKMHCb (CH;3);C=CHCOCH; —59 131 0,86

MeHTeH-3-0H-2 | Me3uTIIa

BytupodeHoH | npormui- C¢HsCOC;3H, I 232 0,99
¢eHnIKeToH

Ina xeronos HoMeHkiarypa MUIOITAK ucnonszyer okoHua-
HUE «OH», MpUOaBAsieMoe K Ha3BaHHUIO COOTBETCTBYIOLUErO aJIKaHa.
Haubonee mnuHHYIO Lienb aUMKIAYECKHX KETOHOB BBIOMpAIOT Ta-
KUM o6pa3oM, 4yTOoOH OHa 00sf3aTeJbHO BKJIIOYayia KapOOHUJIb-
HYIO IPYIIIY, ¥ €€ HyMepalus MpOU3BOIUTCSA KAK OObIYHO TAKHUM
ofpa3oM, 4ToObl KapOOHMJIBHBIA yrjepol MONYYUNT HAUMEHBbLIMIA
HoMmep. B uuMkiIHyeckux KeToHax KapOOHWIBHBIK YIIEpOa oIpeacsis-
€T HaYaJI0 HYMEpaLlUu: :

o & 7 6
CH;CH,CH
NS WA 2 g
CH Cl CH;3;CH,—CH—CH,C—CH,;CH,4
2-x510p-4-METUALMKIOTIEHTAHOH 5-3MnoKTaHOH-3

Ecnu B MoNneKysie KeTOHa uMeeTcs Apyras, Oojee crapuias GpyHK-
uMoHansHas rpynna — CHO, COOH, ans 0603HayeHUst KETOTPYILIbI
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HCIIOAB3YETCA Hpe(bHKC «OKCO» C HOMEpPOM, COOTBETCTBYIOLLIUM I10-
JIOXEHHUIO KapBOHMALHOrO Yriepoia KeTOHHOH pYNIIBL:

6 Sy 4 3 2 1
CH3C——CH2(|ZHCH2CHO 3-MeTn-5-0KcorekcaHan

CH,

XenatenbHo u30eraTe CMEIIEHUS ABYX PA3NMYHBIX HOMEHKIATYp -—
obeiyHo#t 1 UIOTTAK.

16.2. IONYYEHUE KAPBOHUIIBHBIX COETHHEHUH

CywectyeT 6oibllioe YUCIO pa3sHOOOpa3HbIX METOHOB ITONy4Ye-
HHs1 KapOGOHWIBHBIX coequHeHHt. Hexoropble 13 HUX ObUIM roxpo6-
HO ONMCaHbl paHee B APYTUX IMIaBax. 3aech NPUBORXUTCS TOABKO Kpat-
Kasi CBOOKA OCHOBHBIX METONOB MOJYYEHUS AILIETUAOB M KETOHOB.
bonee moapo6HO 3TH peakUMH pacCMAaTPUBAIOTCS B APYTHX IJIaBax.

16.2.1. IOJYYEHHE ANIBJAEINA0B
16.2.1.a. OKMUCJIEHHUE NNEPBUYHHIX CITUPTOB

Ora peakuus O6puta noapob6HO omucaHa B ri. 11, moaToMy 3nmech
MPUBEAEHBI TOJBLKO OTIEbHbIE IPUMEPSI:

1) CH;(CH»)sCH,0H Cro; -2 CSI'{SN » CH;(CH,)sCHO ;
1-rerrradon TeHTaHaANb
(93%)
C103 . CsHsN'Hg > — .
2) CH3(CH,)sC=CCH,;OH CH,Cly; 25 * C— CH;3(CH)4C=CCHO ;
OKT-2-HH-1-0n 2-OKTHHAB
(84%)
MnO,
3 = = > = = .
) HC=CCH CIJCHZOH CH,Cly; 25 °C HC=CCH=CCHO
CH; (72%) CH,

16.2.1.6. O30HOJIN3 AJIKEHOB

O30HOJN3 CUMMETPUYHBIX AU3aMElIEHHBIX aJIKEHOB C Iocie-
LYIOIIXM BOCCTAHOBHUTEJBHBIM pacliieflIeHHEM O30HMOOB ABJISETCH
oOLIMM METONOM MONYYEeHUS ajbAerunoB (ri. 5). Ins HecHMMeTpHY-
HBIX OU3aMEleHHbIX AJIKEHOB, TaKXKe KaK IS TeTpa3aMelieHHbIX Npo-
M3BOAHBIX C MOMOLIBIO 0O30HOJU3a TMOJNYy4YaioTc KeToHbl. Eciu o3o-
12



HOJIM3Y fIOABEPraeTca UMKIMIECKHIi aJKeH, oOpasyercsi AMKapOOHMIIb-
HOE coeluWHeHHe, HaNpHMep:

{ | 1) Oy; CHyCly; =78 °C
CH,CH =
2= 2) Zn + CH;O00H

I -smnumKnorexced

0
Y/
— > CH,CH,CZCH,CH,CH,CH,CHO
6-oxcooxraHanb (86%)

B Hacrosiiee BpeMs ¢ 030HOJU30M YCHEIHHO KOHKYPHPYET OKHCITHTEIb-
Hasl AeCTpYKUUs anKeHoB 1oj aeitcrBueM cMecu 0sO, u NalO, (rn. 5):

1) OsO4-pnokcan

CH,(CH,){CH=CH
A(CH)g 2 "2) Nalo;~H,0

1-gonenen

CH;3(CH,)4CHO .
yHIaekaHans (68%)

16.2.1.8. BOCCTAHOBJIEHHME IMTPOU3BOIHBIX KAPBOHOBBIX KHCJIOT

Henbiit pan GyHKUMOHAIBHBIX NMPOU3BOIHBIX KaPOOHOBHIX KHC-
JIOT — TaJIOTeHAHTUAPHUAbI, ClOXHble 3)UPHI, HUTPUIH, AUATKHII-
aMHuIbl MOTYT ObITh B OOHY CTAaAMIO NPEBPAlCHb! B AJbAETUIBI IIPU
neiicteuM cneruduyeckux BoccraHoBureneit. IlogpobHoe onucanue
3THX peakiuit Oynetr npoBeaeHo B . 18 (4. 3), mocesIIEeHHO! CBOI-
CTBaM IMPOM3BOAHBIX KApOOHOBBIX KMCIOT. 3[eCh NPUBEINEHbI TOABKO
HeKoTopble Haubosiee TUIMYHBIE NIPHMEDBL:

o] 0]
CH,CZC1 Hj Pd/BasO, cH?
) InUialerar _ H
uny Tonyon; 25 °C

UMKIOreKCWIaLe THIXJIOPHA uMknorekcunauetansaerna(70%)

1) LIAIH {OC(CH3;),

//O //0 Tr® wiv aywrnum
2) qc—@—c—cn ~78"C ocn—@—
2) CH,OH
XJTOpaHTHMIPH]L, ) © mpedmmcsbm
TepedTaneBoH KMCIOTHI ansaern (77%)

(CH3)2CHCH2\ romyan_

3) CH3(CH2);0COOCH; + AlH——* R C CH3(CHy),0CHO;
MeTWiROIeKaHaT (CH3)2CHCH/ nonexansans (88%)
AHN300YTHRAMOMUHHIA -

ruapun (IMBAJI-H)
13



1) LiAIH,OCH,CH,0CH,),

4) (CH,),CCOOCH Genaon, 25°C (CH5),CCHO ;
) (CHy)s y 3 2) CH,0H ¥'3 N
METHWIOBBI 2hHp TPUMETWIYKCYCHbIH
TIMBATMHOBOI KHCIOTHI anpaerun (81%)
1) LiAIH(OC,Hs); a¢mp
5) (CHYCC—NCHY 35— (CH3);,CCHO .
0 2 (88%)

16.2.1.r. [TIOJIVYEHHUE ANBAETHWJA0B r'MAPOEOPUPOBAHHUEM —
OKHUCJIEHUEM ANTKMHOB-1

H
TP
CH;(CH,)sC=CH + (Sia),BH— CH;(CH2)5C=C< —_—
1-oKTHH H/ B(Sia),

02 oy, (cHycHO.

NaOH  oxmanans (70%)

3TOT yHHBEPCANBLHBIH MeTOX ornucaH paHee B II1. 7. Ilo cBoeit Me-
TOHOJNIOTMUM K HEMY IPUMBIKAeT Crocol, OCHOBaHHBIH Ha MIpPOCH-
JIMJIMPOBAHUM TEPMUHANBHBIX AIKUHOB C MOCHAEAYIOUIMM 3IOKCHUIM-
pOBaHMEM M KMCJIOTHBIM PacHIeIUIEHMEM OKCHPAHOBOTO LIKMKJIA:

cl

'S COOOH )
re=cy R8il RCI-I=CHSiR'3@ > RCHZ—CHSiR,—

H@

H@
(":H“}a? RCH,CH(OCH3), -ﬁib_» RCH,CHO

16.2.1.x. THAPOPOPMHUIHUPOBAHHUE AJIKEHOB (OKCOCHHTE3)

DTOT MeTol MOMyYeHHUST ATHIETUIOB HCITONb3YETCH HCKIIIOYUTENBHO
B INPOMBILUIEHHOCTH. AJIKEHBI NPpU 06GpabOTKE OKMCBHIO yraepoaa M
BONOPOIOM ITOX NAaBJIEHHUEM NPH IOBBILIEHHOM TEMMEPaType B IpHU-
CYTCTBHM OKTaKapOGOHWJIAUKOOGIETA WM JAPYTrHX FOMOT€HHBIX MeTal-
JIOKOMIUIEKCHBIX KaTAIM3aTOpOB 00pa3yloT anbaerngsl. Pelualomuin yc-
mex B OKCO-CHUHTe3e ObUl JOCTUIHYT Giarogapsl MCIONB30BAHHMIO Me-
TAJUIOKOMILIEKCHOTO KaTtainsa. (PakTHyecKH 3To ObUT NEPBbiil IPUMED
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TOMOTEHHOr0 METAJUIOKOMILIEKCHOIO KaTajik3a B OPraHHUYecKoi Xu-
MMM, KOTOPHIN cpa3y xe NMpHobpen BaxHOe 3HAYEHHE JUIA XHUMHYEC-
Kol TexHonoruu (ri. 28, 4. 4):

Cox(COx%
RCH=CHy*CO+Ha 155-00-350

> RCH,CH,CHO + RCHCHO .
am™ . I
CH;,

Koyn4ecTBO U30MEPHOrO Pa3BETBIEHHOIO aJbJEIMAa MOXHO CBECTH
K MHHUMYMY, €C/IH B KaYyecTBe KaTajau3aTopa B ropasno bonee msr-
KUX YCIOBMSX UCIIONb30BaTh roMoreHHele kommekcol Pt(I1) ¢ opra-
HUYECKUMHU JUTAHIAMU Wi Gosee 3(GheKTUBHBIA TMOPOXIIOPUI OU-
uunoneHTanueHwinupkonus (CsHs),ZrHCI:

(CsHs),ZrHCl
CH;CHZCHz + CO + H2 -_— CH3CH2CH2CHO .

OCHOBHEIM COBPEMEHHBIM MPOMBIIUIEHHBIM METOXOM MOJIYYSHUS
YKCYCHOTO aIbJeruia SIBJISETCS KATATMUTHYECKOE OKHCIeHWE STHIIE-
Ha, IOJNy4YaeMoro B OFPOMHOM KOJMYECTBe NPH KPEKHWHIe YIIeBONO-
pPOAOB. DTUJIEH OKUCIAIOT B BOOHOM pPacTBOpe, CoOIepXalleM XJIOpH-
abl nawvuiagus (1) u meau (II) (Tak HaspiBaeMelil «Bakep-1pouecc»).
Karaauzarop pereHepupyoT NpH AEHCTBHM KUCAOPONA B YCIOBHSIX
HeITpepbIBHOrO CUHTE3A:

CHy=CH, + PdCl, + H;0 —— CH;CHO + Pd + 2 HCI ;
Pd + 2 CuCl,——* PdCl, + Cu,Cl, ;
2 CU2C]2+ 02 +4HCI—> 4 CLIC12 +2 H20 .

3To0T npoLecc UMEET ropaso bonvbiuee 3Ha4YCHHE, YEM Iruaparanms
alCTWICHA MO pCaKIIMH Ky‘ICPOBa WIN JCTUAPHPOBAHHUE 3TAaHOJIA HA
XPpOMUTE MEIN HIH METATIUYECKON Meau.

(I)OpMaJIbI[CI'HH NOoJAy4aoT B NPOMbILUICHHOCTH KATAJIMTHYCCKUM
BETUOPHUPOBAHHEM METAaHONA:

600—650 °C; Ag

CH,OH > HCHO + H, .

OTa peakuys HIOTEPMHUYHA, U JUIs NoaxepXaHus TpebyeMoro TteM-
MEPATYPHOro PEXHUMA BBLISISIOLIMICSA BOLOPOL CXHIAIOT.

15



16.2.2. IIOJIVYEHHUE APOMATHYECKMX AJIBAETHAOB

MHorue peakiuuy nojyyeHUs: ajbAETHAOB APOMAaTHYECKOro psna
IPUHUMITMANBHO OTJIHYAIOTCS OT METONOB CHMHTe3a anubaTHyecKux
ansaerunos. HekoTopble H3 HUX, OCHOBaHHbIE HAa PeaKLMH JIEKTPO-
UAbHOTO APOMATHYECKOr'O 3aMeleHUS B 6EH30JBHOM KOJbLIE, ObUTH
PACCMOTPEHBI CPEeM JPYTMX NPOLECCOB 3j1eKTPOGUILHOFO apOMAaTH-
YeCKOIo 3aMellleHUss. JT0 OTHOCUTCH K peakuusam [atrepmana, [ar-
tepMaHa—Koxa, BunbcMmeiliepa u PeitMepa—TuMana. JIpyrue crnenu-
duyeckre METOOBI NOJYYEHHST ADOMATHYECKHX ANBASTHIOB OyIyT pac-
CMOTPEHBI B 3TOM pasfele.

16.2.2.a. OKMUCIIEHUE APOMATHUYECKHX METWINPOHU3BOAHLIX

MeTHibHas rpymnna y apoOMaTHYecKoro KoJiblia B IPUHLIMIIE MO-
XeT ObITh OKHMCJIEHA N0 AIbAETMAHOM IPYNbl JeiCTBHEM XPOMOBOTO
aHrMIPHUIA B PACTBOpe YKCYCHOTO aHruapuaa. JancHeiieMy okucie-
HUIO AIBAETHIOB K0 KapOOHOBBIX KHUC/OT MpENATCTBYeT oOpa3zoBaHue
reMHHAJIBHOIO JMALIETAaTa, KOTOPBIi YCTOHYMB B 3THX ycaoBusax. Kuc-
JIOTHBII THAPOJU3 JUALIETATA B BOLHOM CIIMPTE IPUBOXMT K AJIbIErH-
oy. Boxoast anbaerunos peako npesbimaor 50—60%, u 3ToT MeToq
Zlajiexo He YHUBEPCAJIEeH:

Ci0y; (CH,00
1) cn;OCHy'(—)’—}(T—S—O’——)—’g (AoO)ZHCQCH(OAc)z—’
294
H,SO, :
24, oy —< >—c 0;

1) CrOy; (CH;C0),0

Br Br (45%)

2)

B npenaparuBHOM OTHOILEHHH 3TOT MeTol yAoOHee OKMCICHHS
noj JefCTBUEM XJIOPUCTOTO XpPOMMJIA, KOTOPOE C TPYAOM MOMIAETCS
KOHTPOJIO U 4aCTO MPUBOOUT K CIHOXKHOI cMeCH MPOLYKTOB.

BeHsanbaerun B Hacrosilee BpeMsl MOJYYalOT B MPOMBILILUIEHHO-
cti ¢ BbIxogoM 50% npsiMbiM OKHCIEeHMeM Toiyosa mnpu 500°C Hax
KaTaIU3aTOPOM, COCTOSIIMM M3 CMECH OKCHIOB ypaHa M MonubieHa.
3TOT METOJI, [IOCTENIEHHO BHITECHSET CTaphlif crioco® nomydyeHus 6eH3-
anpierusa rugposnusoM 6exsanexiopuaa CcH;CHCL,:

H,0; Fe
—_—f————

H.CHCI
GeHs 2 j00°C

C¢H;CHO + HCl .
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16.2.2.6. APOMATUYECKHE AJIAETHUAbLI
W3 TAIOTEHMETHUNAPHIITIPOU3BOAHDLIX

BeHaunranoreHuIbl, noay4aembie npu nedcTBUM N-6poM- 1 N-
XJOPCYKUMHHMMIA Ha AJTKWIGEH30J, JIEIKO [MpeBpallialoTcs B apoMa-
THYECKHE aNbISrHAbI ¢ moMoulbio peakuunu M. Commne (1913 r.). ben-
3WIrAJIOTeHUIBI BBOIAT B PEaKkUMIO C U3OBITKOM reKcaMeTWIEHTeTp-
aMuHa (YpOTpOnHHa), a 0Opa3yrollyIocsl PHU 3TOM COAb OBBIYHO He
BBIIEJISIIOT, 2 HEMOCPEACTBEHHO IMAPOIMU3YIOT A0 ajlbAeTHia:

N N
'/ W CHCl, @f \‘ H®
ArCH,X + N N —> ArCH,— N W
\/ N\/ X ’

N ©

GeH3WwI- reKCaMeTHJICH-
rajioreHds] TeTpaMuH

——» | ArCH,—NH, + HCHO + NH;=—= ArCHQin —

H+ o
CHA=NH

H,0
— ArCH=NH + CH;NH, —}—11@—— AICHO + NH; + CH,NH, .

IMepenoc runpua-uoHa ot nepeuuHoro amuHa ArCH,NH, k nmu-
HMEBOit cony GopMaTkIEruaa IBNSAETCS ABHXKYLUEH CHITON BCEro OKMC-
JIMTENbHO-BOCCTAHOBUTENLHOTO Npoliecca, NPUBOASALLEIO MOCHe IHI-
ponu3a K obpasopanuio aneaeruna. Peakuus Commiie npuMeHHMa JUIS
CHHTE3a CAMBIX Pa3HbIX aPOMATHYECKHX M FeTEPOLIMKINIECKHX aNbae-
runoB ¢ Beixofamu S0—80%:

CH,Cl CHO
1) (CHpgN,; CHCl;
2) CH;COOH-H,0
(75—80%)
I 1 1) (CHy)eNq . 07 CHO
s “CH,a 2) CH;COOH-H,0 S
(50%)

17



PazHOBHIHOCTHIO 3TOM peakur¥ MOXHO CYMTATh MOJYyYEHHUE apoma-

®
THYECKHUX ATbIermaoB u3 yetsepTuyHoit comu ArCH,NCsHsX | o6pa-
ayloteicss U3 GeH3UNTANOreHUIOB U NUpUAUMHA., DTa CONb NPH KOH-
JEHCaUMHU C N-HUTPO3OAHMMETIWIAHWIMHOM, KaTAIM3UPYEMOH OCHO-
BaHMEM, AaeT MHTEpMeIMaT, FMAPOJM3 KOTOPOro B KMCIIOH cpene
IIPUBOIUT K &TbIeTUAY:

ascHzBr SN acNesHgr NOH, [0, Rep) —»
?@
" e e

’d
J
— ArCHO + (CH3)2N@NH0H + HIG\’IO
(50-75%)

HecMoTpst Ha KaXylIylocst CIOXHOCTD, PeaKlivsl Ype3BblYaiHO yaoOHa
B IIPaKTHMYECKOM OTHOIHUEHUH, [TOCKOJIBKY He TpeOyeT BhIAENEHHS Mpo-
MEXYTOYHBIX ITPOLYKTOB ¥ OCYIECTRISIETCS B OY€Hb MATKHMX YCJIOBUAX.

OxucineHue GEH3UIraNOreHUIOB U OEH3WITO3UIATOB ¢ IIOMOLUBIO
AMCO 6pL10 onucaHo paHee, B 1. 11.

16.2.2.8. OKUCJIEHUE BEH3WITAJIOTEHHUIOB
B APOMATHYECKHME AJIBAETUABI
C [TOMOLIbIO COJIEM 2-HUTPOIIPOIIAHA

ApoMaTHyecKue rajJloreHMeTHWIbHbIE IIPOU3BOIHBIE AIKHIUPYIOT
aMOHUIOEHTHBIH aHUOH 2-HUTPOIPOIIaHa II0 aTOMY KHUCIOpOa:

ArCH;Hal + HC—C—CH; — |CH;—C—CHj; —_—
o = CHsOH I
N $ CI3HAr
¥
° O\/H
— ArCHO + (CH,),C=NOH HHMTPOHOBbLIH 3¢pHp

3TOT METOH, NMpelIoXeHHLIH XaccoM, SBISETCS NMPeBOCXOMAHBIM 06-
LLIMM CTIOCOG0M MONYYEHUsT apOMATHYECKUX AILIETHUAOB, COIepXallMX
caMble pa3HOOOpasHble 3aMeCTUTEIH B GeH3oasHOM Konble. Hckiio-
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YeHHe COCTABJSIOT JIMIUL A-HUTPOOCHIWILHBIE ITPOU3BOAHDBIE, AJIKH-
JIKpYIOLLUME aHWOH 2-HUTPOINpOMNAaHa [0 aTOMY yrjepojaa Mo HOH-pa-
IUKATBHOMY LIETTHOMY MexaHuaMmy (ri. 15).

16.2.2.r. MOJIVYEHHUE ANIBAETMAOB M3 MMPOMU3BOJHBIX
APOMATHUYECKHX KAPBEOHOBBIX KHUCJIOT

BoJIBIIMHCTBO METONOB CHHTE3a aPOMATHYECKHX ANBAETHIOB M3
MPOU3BOAHBIX KapOOHOBBIX KHCJIOT AYONHUPYIOT peakilMH IOJYYeHUs
anudaryyecKux aNbIerHA0B, ONMMCAHHBIE paHee B IPEAbIIYLIHX pas-
Ienax. 3mece Mbl IPUBOAMM HEKOTODBIE BaXHEIE DEaKLIMH, XapaKTep-
HbIe I CUHTE33a HMEHHO apOMaTHYECKMUX ANIbAETUAOB. ANBIErHIbE 110~
JIYJaioT U3 apoMaTHYeCcKUX HUTpwioB 1o peakuuu I'. Credena (1925),
KOTOpasl 3aK/TI0YaeTcs B IPOINYCKAHMH Ge3BOJHOIO XJIOPHUCTOIO BO-
Jlopoaa 4epe3 pacTBOp HUTpWIA M 6€3BOJHOrO ABYXJIOPMCTOrO OJIOBA,
nosyyeHHoro u3 ososa U SnCl,, B abcomorHoM acdupe. Hurpui npu-
COEMUHSET MOJEKYIY XJIOPUCTOro BoAOpoAa ¢ oOpa3zoBaHHEM HMMHU-
JIOXJIOpUIA, KOTOPBIi BOCCTAHABIMBAETCS ABYXJIOPUCTHIM OJIOBOM [0
anpauMHUHA. THApONIM3 anpAMMMHA JAeT ANMhIEIHI C MPEBOCXOMHBIM
BBIXOJIOM:

ArC=N + HCl — Ar—I =NH .

Cl
HMUIOXIOPUA

[C] -
2A1C=NH + $nCl, + HOI——> [ArCH=NH,],SnCl¢ .
Cl

@ ) .y®
[AICH=NH,),snci;’ HOH:H _ \ cHo (60-90%).

Jpyrum MeToaoM MOJNydeHUs] apOMATUYECKUX aNbJErHI0B ARSI -
eTcs MeTon, 3oHHa—Mio/utepa. AHWIMI KUC/IOThI IPEBPALLAIOT B UMU-
JIOXJIOpHI, ¢ TOMOILBIO naTHutopucToro docdopa. Iocaenyrolue cra-
OUy aHaNornuHbl peakuuu Credera:

(]:1
ArC=NGC¢H; + POCl; + HCl .

I
ArC—NHGCH; + PCl;

Cl

]
[ArCH=NHCH;],SnCl; .
(70-90%)

|
Ar—C=NC¢H; + SnCl, + HCl

® - . q®
[ArCH=NHCH,,snci” HOWH _ , cHo (70-90%) -
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16.2.3. IIOJIYYEHHE KETOHOB

16.2.3.a. OKMUCJIEHHE BTOPHUYHBIX CITUPTOB

CrO; - 2 GHN_ o cocHycH
CHCly; 25°C 2 2sCH;

OH 2-okraHon 2-okTaHoH (97%)

2) (CHy);C oy SO S0, s o o
) (CH3); pe—T (CHy)5

4-mpem-6yTHIILIMKIIOr€XCaHON 4-mpem-6yTunLvkiIorekcaHoH (90%)

0

CrO;—H,0—H,S0, I

3) PACH—C==CH ~—— PhC—C=CH
| aueroH; 25 °C

OH (80%)

1) CH;CH(CH,)sCH;

16.2.3.6. THPATALINA AJTJKMHOB 11O KYYEPOBY

H,SO,; HgSO, I
~f@om CH;(CH,);C—CH;,4

1) CH5(CH,);C==CH + HOH
1-rexcuH rekcadoH-2 (80%)
V4
2) + HOH ———@‘l—{———’ <3<
OH OH
(67%)

16.2.3.8. TMAPOBOPUPOBAHHUE — OKUCJIEHUE
HETEPMHWHAJIbHbIX AJIKUHOB

1) B,H; TT®

1) CH:;CHzCECCzHS 2) H,0,—NaOH

CH3CH2ﬁCH2(:2H5

(o)
3-rexcMH 3-rekcaHoH (60%)

16.2.3.r. AUMWJIMPOBAHHE METAJUIOOPTAHUYECKUX COENUHEHUN

HecuMMmeTpHUyYHblE U CHMMETPHYHBIE KETOHBI MOFYT OBITh MO-
JIydeHBbl C HHM3KMM BBIXOJOM NpPH B3aUMOAEHCTBHM KaaMuiiopra-
HUYECKUX COCAMHEHHMH C alMNTaNOreHUAAMH B HEMOJISPHON cpe-
ne (T. I'mabman, 1935):
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SBMP___ RICOR? + RACAC.

(0]
1~7 2
R'C—CI + R,Cd =
WIM 6eH301 (30-60%)

Bonee yno6HBIM METONOM CHHTE3a HECUMMETPHUHBIX KETOHOB
anndaTniecKkoro, AaUKKIHYECKOT0 U apoOMaTHYECKOro psaa sSBiaseTcs
alMIMPOBaHHE PTYTLOPTaHMYECKUX COEAMHEHMIT Moa AeHCTBUEM ca~
MBIX pa3HoOOpa3HbIX ALHJITATOTeHUIOB B NIPUCYTCTBUH SKBHMOJIBHO-
ro xonu4ecTa 6e3BofHOro 6pOMHUIA ATIOMHHHMA B XJIOPUCTOM METH-
nene (O.A. Peyros, WU.I1. Beneuxas, A.J1. Kypu, 1969). Peakuus npo-
BOAMUTCS B UCKITIOYHTENBHO MSITKUX YCHoBMSIX, ripu —20°C, a BbIXOABI
KETOHOB OY€Hb BBICOKH:

Al Bl'3

= R! C//OR2
CH,Cly; —20°C .

(75—100%)

1 4 2
R'cZcl + RHg

CoBpeMEHHBIM METOIOM CHHTE3a KETOHOB C MOMOLUBIO METAJUIOOp-
raHUYECKHX COEAMHEHHI ABNAETCA ALWIMPOBAHUE NUANKWI-, THAI-
KEHWI- ¥ JMAPWIKYIIPATOB:

CH;(CHy)400C1 + (1+-C4Hg),CulLi : ‘p CH;3(CH3)400(CH,);CH; .
—78 °C
TEXCAHOWIXJIOPMA  AMOYTWIKYIIpaT S-nexavon (79%)
JIHTHA

3nech MpUBEAEHbI TOJBKO HEKOTODEIE, OTIMYAIOIIMECS IIMPOKHUM
pasHoobpa3ueM METOObl CHMHTE3a KETOHOB. B 3Ty cBOAKY HE BOILUIM
MHOTHeE, XOpOLIO 3apeKOMeHIOBaBIlMe ceSsl MeTONbl, TaKHe KaK 030-
HOJIM3 U OKHMCJUTENBHOE pACILUeIUIEeHUe aIKSHOB, pacllelIEHHe TIK-
KOJIei, MMHAKOJIMHOBas MeperpyNmupoBKa, KapOOHWIMPOBAaHUE TPH-
anKwIOOpaHOB, CHHTE3El C AlETOYKCYCHBIM 3¢hHpOM, AJIKHIHPOBA-
HHe eHOJIST-HOHOB, KOTOpbie TH60 ObLIH OmnMcaHbl paHee, 1H60 OyayT
paccMaTpHBaThCA B APYTMX [J1aBaX. YIIOMSAHEM 3[eCh elle 00 OZHOM
CTapoM OpHMTHHJIBHOM METONE CHHTE3a KETOHOB MHPOJIH3OM CYXHMX
Ca-, Ba-, Th-coneii kap6oHoBbIX KucaoT nipu 350—450°C:

P
rRcZ0 .
“Ba —220°C . peoR + Baco; .
RC—O
N

Hexorna NMUPONMU3 SABASUICS OCHOBHBIM CIOCOGOM MONYyYEeHUs Ke-
TOHOB, U B YaCTHOCTH A1IETOHA, U3 aleTaTa Kanbiiusa. B HacTosee
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BpEMSi OH COXpaHMJI CBO€ 3HAYEHHE TOJbKO IS IMOJyJeHHsT HEKO-
TOPBIX BHICIIKUX anUPaTUUECKHUX KETOHOB, HATIpUMEpP CTeapoHa U3
CTEapUHOBON KMCNOTBI, U OCOOEHHO IJISl IMONYYEHUS HEKOTOPHIX
LIMKIMYECKUX KETOHOB IpH MUPOJU3E COJiell NJMKApOOHOBBIX KHUC-
JoT. HyknoneHTaHoOH, UMKJIOTeKCAHOH MoJy4aloTcs ¢ BoixogoM 80%
IIpU HarpeBaHUM CMECH COOTBETCTBEHHO AAWUIIMHOBOH U MHMEH-
HOBOUM KMCJOT ¢ TMAPOKCHUAOM Gapus wid KanbUusd. Inst uukino-
renTaHoHa M LMKIOOKTaHOHA BBIXOA namaeT no 20%, a nukiundec-
kue KeToHbl Cg—Cj1y BooOLIE HE MOTYT OBITh MOJNYYEHBI 3TUM CIIO-
coGoM. DTOT MeToHA HEYAOBNETBOPUTENEH U Il CHHTE3a BBICLIMX
UMKITHYECKHUX KETOHOB, MOCKOJbKY BBIXOAH HE MpeBhIaoT 2—5%.
Hexkotopoe 3HayeHHE MMEET MPOMBILUICHHBI MeTON IONYyYeHHA
BBICIIMX CHMMMETPHYHBIX au(paTHYECKHX KETOHOB C BBIXOAOM 6oO-
nee 80% npu xunsueHun kapboHoBuix kuciaoT Cs—Ciy ¢ mopoui-
Koobpa3HbIM Xeje3oM npu 250—350°C:

2 CHy(CH,)qCOOH ——L¢ CH,(CH,)CO(CH,)¢CHj
300 °C
JleKAHOBAasA KMCJIOTa 10-HoHanexaHoH (96%)

TonyyeHue apoMaTH4ECKUX U XKUPHOAPOMATHYECKUX KETOHOB alH-
JIUPOBAaHMEM apoMaTU4YecKUx yrnesonoponos nmo ®dpuaenio—Kpadr-
CY U ApYyTHe POACTBEHHBIE PEaKIIMH PACCMOTPEHBI B L. 13.

KeToHb! MOryT GBITH ITOJYYEHBI IIPU B3aUMOAEUCTBUH JIMTUEBBIX
cosieil KapbGOHOBBIX KUCIOT C JIKWUIMTHEM, HAIIPUMED:

CHiLi  CH,Li .

O—CH2COOH ———QCH2COOL1 T e ——
OH

HCl HOH —HOH

——QCH &—o oL =, QCHzé—OH —_—

Hj

i

(76%)
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16.3. PEAKIIMA KAPBOHUJIBHBIX COEAJMHEHUA

Peakuyu KapOGOHUNBHBIX COEIUHEHUI MOXHO Pa3feUTh HA TPH
0oJblLINE TPYIIIBI:

1) peakuuu HYKNEOPUABHOrO NPUCOCAMHEHHUST K KAPOOHUABHOM
rpynne;

2) peakuyH 3aMeuleHUSA Y O-YIJIEPOLHOIO aToMa;

3) xoHneHcauUM KapOOHWIbHBIX COEHMHEHMH.

16.3.1. PEAKITUM BYKJIEO®HIBLHOIO NPHCOEJUHEHUS
K KAPEOHHJIBHOM I'PVIIIE
ANBAETNI0OB U KETOHOB

JBoiiHas cBA3b B KAapOOHUJILHOM IpyINe CUJIbHO MOJAPU30BAaHA
U3-3a 6OMABILIOro pasiuyKs B 3NAEKTPOOTPULATENBHOCTH KUCI0pOda U
o (%
yriepoja: C==0%. Ou3nuecKnM CIIeICTBHEM IOIIPHOCTH KapGo-
HUJILHOM TpYINNEl sSBNsieTcsl O60NbIIOA HUNOMLHBIA MOMEHT aJbieru-
OB ¥ KeTOHOB. B Tabn. 16.2 mpuBeleHB! 3Ha4YeHHUS] TUIIONBHBIX MO-
MEHTOB YeThipeX KapOOHW/IBHBIX COCAUHEHUHA.

Ta6nuua 16.2

ANbJierHAN, KeTOHR n(D)
dopManbrernn 2,27
YKCycHBIH anbaerug 2,72
AUETOH 2,88
AuerodeHOH 3,02

Bricokast monsapHOCTh KapOOHWIBHOM IPYINL ONpeessieT peak-
LMK NIPHCOEANHEHMS Pa3HOOOPA3HbLIX MOJSPHLIX PEAreHTOB 10 KpaT-
Hoit C=0 cBs3u. KoanyecTBo 3THX peakuuit HAMHOTO MPEBOCXOMUT
YUCJO peakUMid TMPHCOEIMHEHUNA II0 KpAaTHOH yIiepold-yriepoRHoi
cBsi3d. Ecnu 1s KpaTHO#M yriepon-yriiepogHoi CBA3M aJIKEHOB U aJ-
KHWHOB XapakKTepeH 2MeKTPOGMIbHBIA MEXaHU3M MIPUCOCTUHEHUS, A
NPUCOEAWHEHUA K KapOOHMWJIBHON TpyIiNe KIOYEeBOH CTaguel SBIs-
€TCS NPUCOEAHHEHHE HYyKneoduna K 3NeKTPOHOAEPULIUTHOMY ATO-
My yriepoga. HykieodunbHbIi areHT atakyeT KapOOHMABHBINA aToM
yIjaepoja TEPHEeHAMKYISAPHO IUIOCKOCTH JBOMHOM CBS3M, IPH 3TOM
yrjaepol U3MEHSIET CBOI0 IMGpuan3anuio ¢ sp2 o sp3 B [IPOMEXYTOY-
HO o6pasyiouleMcs TeTpasIpUIecKoOM HHTEpMeIHare:

O@

Nu

R

>C=O + N —— R>C<
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HykneodunbHbIA areHT MOXET ObITh MJIM HEHTPAIbHON MONEKYNOo#
(aMMuak, mepBUYHbIE MU BTOPUYHBIE aAMMHBI, BOMA, CIUPTHI, THO-
JIbl, FUAPa3UH, THAPOKCHJIAMHH U Ap.), wik anHuoHoMm (CN™, HSO; ,
H™, kap6aHuoHbl ¥ ap.). IIpucoeauHeHue HykJIcoOQUNILHBIX areHTOB
no KapbOHUABHOH IPYIINe sSIBIsieTcsl o6paTHMBIM nipoiieccoM. Kckitio-
YyeHHEe COCTaBJIAET peakLUsi BOCCTAHOBJEHUSA KapOOHMJIBHOM TIpyIl-
bl C TOMOLLBIO KoMITIeKcHbix ruapunoB LiAlH,; NaBH,; LiBH,, c
o6pa3oBaHUEM MEPBUYHBIX WM BTOPHUYHBIX CIIUPTOB, & TAKXe IIPU-
COEAMHEHHE METAIIOOPraHUYECKUX COeIMHEHUH. DTH peakiy Omnu-
caHsl B 171. 11 (4. 2).

Crnenyer pa3nuyars HBa THIA 0OpaTHMBIX peakLMit NPUCOeTHHEHHS
K KapOOHWIbHO pymnne. B oMHOM M3 HUX TeTpaspU4eCcKuil aHMOHHBEA
HHTEPMEIHAT [MPOTOHUPYETCH IO aTOMY KMCJIopoAa ¢ o6pa3oBaHHEM
HEeUTpaTsHOrO KOHEYHOTo MpOoAyKTa npucoenrHeHus. K Takoro pona
HpoleccaM OTHOCSTCA 0OpasoBaHue auerajeil M Kerajei, THoUeTa-
JIeit ¥ TUOKeTalel, LMAHTHIPHHOB U IIpHCOEAUHEHHE €HONAT-HOHOB.

B peakiiusax HyKiIeodWILHOro NpUCOSAMHEHUS IPYToro THNA Heif-
TPAIbHBIA MPOLYKT NMPUCOEAMHEHUS MOABEPraeTcsA NeruapaTaluu ¢
o6pa3oBaHUeM [BOMHOMN CBSI3HM MeXAy KapOOHWIBHBIM YITIEpoOIOM H
HYK/I1eOWIbHBIM areHToM. Takoif THI NpHUCOENUHEHUS pealu3yercs
B peakuuax KapOOHWIbHBIX COeTUHEHMH ¢ GOJIBLION TPyNIoi a30TH-
CThIX HYKII€ODUNBHBIX PEAreHTOB: MEPBUYHBIX ¥ BTOPHYHBIX AMHHOB,
TMAPOKCHJIAMMHA, ceMUKapba3uja, rHApa3sHHa U ero IpOH3BOAHBIX.
O6a tuna Hykneo¢hUJILHOro MPUCOEAUHEHUS MOTYT GBITh BBIPAXEHBI
C MOMOLLBIO JBYX OOLLMX YpaBHEeHHIA:

L, _OH
1) RIC—R? + NuH =——* R*>--C—Nu;

Rl
OH H@

2) R'—C=0 + NuH =—= R*---Cl-Nu =—=

R R!

(]

OH,
== | R%*---CHNu R>—C=Nu + H,0 .
R’ U R}

Anbnerunsl 6onee peaKUUHOHHOCTIOCOGHEI B peakLMsIX MPUCOENH -
HEHHUS HyKIeobWIBHBIX PEareHTOB 10 CPABHEHHIO C KETOHaMHU, U pe-
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aKUUU [IpUCOCIMHEHMS K AIBIECHMIAM XapaKTepHu3ylTcs Oosiee Bbl-
COXUMM, YeM IUIS1 KETOHOB, 3HAYEHUSMU KOHCTAHT PABHOBECUS 3TO-
ro obpatruMoro npoiiecca. boee BrICOKAsI peaKUIMOHHAS CITOCOBHOCTD
adbJerua0B OTYACTH CBA33aHA C OTCYTCTBHEM CTEPUYECKHX IpersaT-
CTBHI [UTA aTAKM HYK/IEO(UIBLHOIO areHTa. B KeToHaX ABe aNKHIbHbIE
[PYNITbI CO3AAIOT CTEPUUECKHUE MIPENSTCTBUS LisA 06pa30BaHUA TeTpa-
3IPUYECKOro MpOAyKTa IMPHUCOEOMHEHHUs. DTO, OQHAKO, HE pellalo-
HIas IIPMYKHHA PA3NUYUA B PeakiMOHHOM CIIOCOGHOCTH anbIernaoB H
KeToHOB. [lpyras, u Gosnee BaxHas, IPUYMHA COCTOUT B BoJiee BbICO-
KOH TepMOAMHAMMYECKOH CTaGMJIBHOCTH KETOHOB IO CPaBHEHMIO C
apaerngaMu. B Tabauiie 16.3. npuBeneHbl JaHHbIE 110 TEIUIOTaM obBpa-
30BaHHS HEKOTOPBIX H30MEPHBIX AILIETHIOB U KETOHOB.

W3 nauHbIX, TpHBeAeHHEBIX B Taba. 16.3, cienyer, YTo KeTOHHI Ha
7—8 xkan/Monb cTabuibHee, YeM U30MEpPHBIE UM ATbJETUAbI.

EcTp siBa a1bTepHAaTUBHLIX OOBACHEHHMS Pa’IMYHON TepMOIMHA-
MHYeCKOit CTaGMILHOCTH AIBAETHIOB H U30MEPHBIX UM KETOHOB. OHO
M3 HUX OCHOBBIBAeTCS HAa 3MEKTPOHHBIX 3hdeKTax aIKMIBHBIX TPYIIIT
fIpH KapOGOHUIBLHOM aTOMe YIJIepoJa Kak IOJOXUTEIbHOM KOHIIE NH-
noas xapOboHuabHO# rpynnsl. unepkonblorauus o-cssasu C—H
OL-YIJIEpOAHOro aroMa M YacTMYHO NycTroil p-opburtanu KapOOHWIIb-
HOTO yrjiepoia IPMBOIUT K HEJOKAIN3ALMY 3apsifa U, CJIEAOBATENb-
HO, K ITOBBIIEHUIO TepMOIMHaMuyeckoii crabwisHocTH. B anpaeru-
nax runepkoHsiorauuss C—H cBa3u ¢ p-opburanpio kapOGOHUILHOTO
yIJiepoa BO3MOXHA TOJMbKO ¢0 cTtopoHbl C—H cBsi3H omHOro o-yr-
JIEPOIHOTO aToMa. B KETOHAX FMIIEPKOHBIOrallMsa BO3MOXHA CO CTOPO-
Hbl 1B8yX C—H cBs3eil ABYX aIKMJIBHBIX TPYIIN, PACIOIOXEHHBIX Clle-
BA U clipaBa OT KapOOHMJILHOIO yrjepoja. 9t1o crocobersyet Gonee
BBICOKOH TEPMOIMHAMHYECKON CTAOMIBLHOCTU KETOHOB IO CPABHEHUIO
¢ anpaerufaMu. +I-DddekT aKWIbHOU Ipyniibl MpH KapOGOHWIEHOM
aToOMe YIJIEpONa TAKXKe IPUBOOUT K AEAOKAIM3ALNY ITONOXHUTENBHOIO

Tabnuua 16.3
Tennotsl 06pa3oBaHEs BEKOTOPHIX ANHLAErHAOB B KETOHOB

AHf AHp
Amsnersa KKAJT/MOML Keron KKasn/Monb
nph 25°C B npr 25°C e
rasonoii cpeae ra3osoii cpene
HCHO —26,0
CH;CHO -39,7
CH,;CH,CHO —45,5 CH3;COCH; -51,9
CH;CH,CH,CHO —48.8 CH3;COCH,CH; ~57,0
CH;CH,CH,CH,CHO ~54.5 CH;CH,;COCH,CHj; —61,8
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3apsna Mo Leny yriepoaHbix cpsaseil. 3tot 3ddexT nomxeH 6bITh 60-
Jiee 3HAYMTEIbHLIM B KETOHAX, IJe AIKMJIBHBIE TPYIIbl PACHOIOXe-
Hbl 110 00 CTOpOHBI KapOOHMIBHOM TpymnIbi. TakuM o0pa3zoM, COB-
MECTHOE JEiCTBHE M’MNIEPKOHBIOTALIMK ¥ MHIYKTUBHOTO 3¢dexTa obyc-
nornuBaeT Gojiee BHICOKYIO CTAGUNBLHOCTD KETOHOB MO CPaBHEHMIO C
U3OMEPHBIMH UM AJBACTHIAMU.

Paznuyue B TEPMOAMHAMMYECKOM CTaGUABHOCTH ANLACTUIOB U
KETOHOB MMEET U IpYyroe oObICHEHUE, HUKAK HE CBA3aHHOE C Jei-
CTBMEM 3JIeKTpOHHBIX 3¢ddexToB. Kax yxe ObUI0 OTMEUEHO paHee
(rn. §, 4. 1), nu3zamemiennnle ankedsi RCH=CHR repmonunamMmyec-
K# 6ojee crabunbHbl, yeMm ankeHsl Tuma RCH=CH, c oguum ai-
KMJIGHBIM 3aMecTUTeNeM Npd IBoHHO#K cBs3u. 1o cBsA3aHo ¢ Gonee
BBICOKO# NPOYHOCTHIO Gostee kopoTkoit G-casisu Cy2 — C,,3 no cpas-
Henuto ¢ o-ceasbio C,3—C, 3. OpunapHas c-cessb C,2—C 3 Ko-
poue cesizu C,3—C,3 u, cregoparebHO, TEPMONMHAMUYECKH Go-
Jiee MPOYHasl.

31H Xe coobpaxeHus MOoryT OBITh MCIIONB30BAHBL LI OOBICHE-
HUS pa3IMYuit B cTabUNbHOCTH KapOOHWIBHBIX coeluHe . B keTo-
HaX MMEIOTCs IBe KOpoTKue onuHapHbie Cy2—C  3-CBaA3M, TOIAA KaK
B AJBAETHAAX €CTh TOJBKO OfHA TaKas CBA3b. DTO OGCTOATENHLCTBO,
[MO-BHIKMOMY, UIPAaeT PELIAIOINYIO PONb B PA3IMYUU CTaOMALHOCTH
aNpIeryioB U KETOHOB. Jle#CTBUTENBHO, Csp2——C,p3—cnxsb B YKCyC-
tom ansgeruae (1,50 A) ua wensix 0,04 A xopoue C 3—C,,3-casiau
B 3TaHe. Ctonp OonAblloe paszidyue COBepIEHHO OMpEAENeHHO YKa-
3bIBaeT Ha GoJiee BBICOKYIO 3Hepruio onunapHon C2—C, 3-cpsau:

121°

B 06paTHMBIX peakLMaX MPUCOSTUHEHHST HYKNeOMWIbHbIX peareH-
TOB O KapOOHWIBHOIM IPYyIIe KOHCTAHTa paBHOBECHS OMNpenesercs
BEJIMYMHOI cBoGonHOM aHeprun AG°. CornacHo ypaBHeHHUI0 I'u66ca,
AG® = —RT In K,,,, BenuuuHbl AG® u K,,;,, M3MeHs10TCST 06paTHO
MPONOPLMOHANBHO, ¥ Oosbiieil BenwunHe AG,” IUIE KETOHOB COOT-
BETCTBYET MEHblllee 3HaYEHWE KOHCTAaHThI PaBHOBECHUS IUISl IIpHcoe-
IUHEHUST HyKIeodmIbHOro areHTa (puc. 16.1).
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Puc. 16.1. Duepretnueckas guarpamMma Juist o6paTHMOTO PHCOCXUHEHUS
HykneoduabHoro areuta NuH k ansaernaam u KeToHaM

16.3.1.a. TUAPATALIUSA KAPBOHWIBHBIX COENUHEHUA

I'unparauus aabAerHIoB M KETOHOB HE MTpaeT HUKAKOM pOJM B
OpPraHUYECKOM CHHTe3€, HO KakK mnpocreiiiias MoHe/ibHas peakuus
I103BOJIAET NIOHSATE OCHOBHBIE YEPTHI MEXaHN3Ma HyK/Teo(WILHOTO IpU-~
coeMHEeHMs K KapOoHUNbHOM rpynne. KoHcranTta paBHoBecus: 06pa-
THUMOM peakuuy IPUCOSINMHEHHS BOABI 3aBUCHT OT NMPHUPOIHI 3aMec-
TUTeNe# NpH KapOOHUIBHOH rpyIIie:

PaBH

R'—C=0 + HOH =——= Rl\'wnC—OH
rY “oH
R2

Tl popmansaernna X2 € = 2280, nns ero roMosoros CH,CHO-
C;H;CHO xoHcTaHTa paBHOBECHSI U3MEHSAETCH B AMAIa3oHe OT 1,0
no 0,2; a 11t KeToHOB K,,,, > cocTaBnser BeruunHy nopsitka 107°.
3T10 03Hayaer, yro GopMaIbaErHa B Bode Ha 99,999% mnpeppaiaercs
B Metanauon CH,(OH),; ykcycHbI anpieru ruapaTMpoBaH Ha 58%,
IUIA OPYTHX HUBIUHX AIBAETHAOB B BOXHOM pacTBOpPE MPHCYTCTBYIOT
HCXONHOE COeqHEHHME U ero ruapartHas ¢gopma. KeToHbI npakTuyec-
KH{ He THAPaTUpOBaHbl B BOXHOM pPacTBOPE.

Insa o-rajoreH3aMellieHHbIX aIbAETHAOB H KETOHOB, B OTIMYME
OT HE3aMELEHHBIX KapOOHWIBHEBIX COEAMHEHMM, XapaKTepHbl OYeHb
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BBICOKME 3HAaYEHMsI KOHCTAHT paBHOBecUst ruapatauuu. Tak, Hampu-
Mep, AJiS TPHUXJIOPYKCYCHOTO ajbaerufa (XJIopajisi) KOHCTAHTa paB-
HoBecHsi paBHa 3 - 10%, a s rekcadTopalleToHa OHA €llE BBILLE:

CF,COCF; + H,0 ——— (CF3),C(OH);; K¥C=1- 10"

O06a 3TH KapOOHUNbHbIE COEAUHEHUsT 06Pa3yIOT HACTOJNBKO CTAOMIb-
Hble [MAPATHI, YTO perecHepMpoBaHbl MOryT ObiTh TOJIBKO MpH 0Opa-
60TKe KOHLEHTPUPOBAHHON CEpPHOM KUCJIOTOMH.

MexaHu3M rugpaTayd KapOOHUIBHBIX COeMHEHUHN H3ydeH oYeHb
noipo6HO, MOCKOJBbKY 3Ta peakUUs MOASIUPYET ApyTHe, Gosee Crnox-
Hble TIpoliecchl HYKJIEOQWILHOIO MpUCOeNUHEHUs1 K KapOOHUIbHOIM
rpynre.

T'naparanus KapOOHUNBHBIX COCIMHEHUH NoABEpXeHa Kak 00-
LIEMY KUCIOTHOMY, TaK M 0OllleMy OCHOBHOMY Karanu3y. [Ipu oG-
LEM KUCJIOTHOM KaTajau3e B nepBoid, ObICTpoi cTaguM TPOUCXONUT
obpa3zopaHue KoMIutekca kuciaoTel HB ¢ kapboHuAbHOM rpymioii, B
KOTOPOM PE3KO YCHJIMBAETCS 31eKTPOPHILHBIN XapaKTep KapGOHWIb-
Horo yriieposaa. Bo BTopoit, MeaaeHHOM CTaauu, onpelensoleil cko-
POCTh BCEro Ipoilecca, K 3TOMY KOMIUIEKCY TIPHCOENUHSIETCS BOJA.
BricTpoe HenpoTOHHPOBAHME OKCORMEBOIO MHTEpMEQMATa 3aBeplia-
eT IipoLecc:

o O .. HB
s 6LicTpo C/{l
R—-—C\ + HB =—/———= K
H

H
MeUIeHHO | o
R('3=O ... HB+ HOH o—4—/——= R—?—OH +B

H 0
TN

H H

l o _ Bricipo |
R——-(l:-——OH + B s———=* R—C—OH + HB
o) OH
N

H ™ H

AJIETEpHATUBHbIM MeXaHW3M MpelroiaraeT 3JeKTpodUIbHbIN KaTa-
JIM3 ¥ HYKJIeODUIBHYIO aTaKy KaK COIJIAaCOBaHHBI MIPOLECC, B KOTO-
POM HHUKJIMYECKOE MePEXOHOE COCTOAHME BKIIOYAET TPU MOJEKYJbI
BOIIBIL:
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i | an
bn H_ _H._O
OH H...B
/ R ]
RCH + - ct o0 .. HLO\. H
‘ort — |y A |
(I)——H+HB I H
H

HmMeloTcsi BeckMe apryMeHThl B T10/Ib3Y COMIACOBAHHOIO MEXaHM3-
Ma, OCHOBAHHBIE HA M3MEPEHUU CKOpoCTell nmepeHoca mpoTtoHa. Creny-
€T OTMETHUTh, YTO COrNACOBAHHLIN MEXaHU3M MOXET MMETh MECTO JUI
JpYTHX peakuMii Hyk1eohWIbHOTO MPUCOSIUHEHHST IO KapOOHMIbHO#
rpynmne. Jag ruapaTauydy KapOOHWIBHOM IPYIITHI, KATATH3MPYEMOit oc-
HOBAaHHMEM, POJIb OCHOBAHUS CBOAMUTCS K 06pa3oBaHMIO U3 BOAbI Gojce
peaKkLHOHHOCIIOCOOHOrO HYKIeopHIIBHOTO areHTa — IMAPOKCHA-HOHA:

Oe

/
B + H,0 + RCHO =—=——= R—C—H + HB.
OH
o° OH
/ /
R—IC—H +HB =——= R——(':—-—H + .
OH OH

16.3.1.6. OBPA3OBAHME ALIETANIEY M KETAJIEM
MPH NPUCOEAUHEHHUU CITUPTOB

CrupThl TakKXe 06paTMMO NMPUCOEIUHSIIOTCS K abIETHIaM U Ke-
TOHaM, HO, B OTIMYME OT TMAPATALIM, 3TA PEAKLUs] UIPaeT BAXKHYIO
POJIb B OpraHMYecKoM cuHTese. [IpoyKT MPUCOSXUHEHUS OTHOTO MO
CIMpTa K albJerHIy WIM KETOHY Ha3bIBAIOT COOTBETCTBEHHO TIONY-
aueTaneM WK MoJyKeTaneM:

R! H® /OR2
,C=0 + R20OH =——> R'—C~OH

H H
MnoJyaleTanls

AlletanM M KeTanu oOpa3yioTcs BO BTOpPOH CTaiuu M3 rnojyaueranei
WIK TIOJYKeTaNeid NMpU NpUCOEIUHEHUH BTOPOM MOJIEKYJbl CIIMPTa U
Jeruaparalum:
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_OR? H® _OR?
R'——(IZ——OH + R?OH =—= R'———|C-—OR2 + H,0 .

H H
rosyaueTanb aueTab

Obpa3oBaHue INoNyaueTats] M IOJYKETAIS C TOYKH 3peHMUd Mexa-
HM3Ma Mpoiiecca abCOMIOTHO AHAJOTUYHO TPUCOSOHHEHUIO BOABI U
XapaKTepU3yeTcsl IPUMEPHO TEMM X€ BEJIHYMHAMM KOHCTAHT paBHO-
Becus. Bropasi ctanust KaTanu3upyeTcs TOJNBKO KMCIOTAMM, IIOCKOJb-
Ky OTpefe/isioled CKOPOCTh CTAAMENl B 3TOM Ipolecce ABAsSETCS OT-
LIETUIEHME TMIPOKCHI-UOHA U3 TETPASAPUYECKOTO MOJYaLETANs, a 3TO
HEBO3MOXHO B UIEJIOYHOM cpexe:

H OoH,
L 2, y® I 2 1 @2
R'—C—OR*+ H == R'—C4-OR* z— R'—C=0OK + H,0
kS; |
OH
! w0 oK
ROH .o
R‘-lcggR2+ RIOH o== Rl-;lc_ORZ.——:: R’OH, + R‘—(l:—OR2
H H/o\ H
H ® R?

KoHcTaHTa paBHOBecHs GaaronpuATCTBYeT 06pa3oBaHMIO aLleTa-
Jied TIpY B3aMMOAEMCTBUY AIBIETUAOB C OJHOATOMHBIMHU CITHPTAMH,
katanusupyeMoM HCI, n-tonyoncynbgokucnoroit, a¢upatoM Tpex-
¢ropucroro Gopa:

OCH,

4° HCl |
@—C—H +2CH,0H =——== ©~(I:H (76-86%);

O,N

N-TQNYONCYLPOKUCIIOTA QCH,CH,
CH;CHO + 2 CH;CH,OH = = CH,CH  (60-64%)

OCH,CH,

IJisi KeTOHOB paBHOBECHE CMEILeHO B CTOPOHY MCXOINHBIX pea-
FEHTOB, U IUIs NOJyYeHHus Kertaneit TpebyeTcs NMPUMEHATH «CIIELH-
aJIbHBIE» METOAbI, HAPUMED a3€OTPOITHYIO OTFOHKY BOZBI C TOJYO-
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JIoM Wik KcuionoM. Obpa3oBaHMe aleTaeil M KeTaleil No3BoJsieT
OLEHUTD POJIb SHTPOMUITHOTO (haKTOpa B pABHOBECHKIX IpoLleccax Mpu-
coenuHeHUs K KapboHunbHOU rpynmne. [IpucoenuHeHHe CUPTOB K
KapOOHMUIbHOHN TpyMile albACTHIOB ¥ KETOHOB — 3K30TEPMMUYECKUIA
nmpouiecc, nMpuyeM 3HTaNbNUS AH° o6pa3oBaHus aueTand Bhllle 3H-
TaNBITUK 0OpA30BAHUS KETaJIS:

HCHO + 2CH,OH H,C(OCH,), + H,0 (~19,0 xxan/mon);

CH,CHO + 2CH,0H CH,CH(OCH,), + H,0 (—15,2 xxan/mon);

CH,COCH, + 2CH,0H == (CH,),C(OCH,), + H,0 (~11,7 kxan/mMon) .

Bemuyunet AH® orpaxaior 6osee BRICOKYIO CTAOMJIBHOCTD KETOHOB IO
CPaBHEHUIO C aNbAETUAAMM ¥ MOKA3bIBAIOT, YTO HAHMEHee CTabwib-
HbIM KapOOHMNBHLIM coelfMHeHUeM sinsiercs: opMansaerun. Obpa-
30BaHME KETANEH TAKXKE 3K3OTEPMHYHO, 2 KOHCTAHTA PABHOBECHS TEM
He MeHee Mana. DTO CTAHOBUTCH MOHATHBIM, €CJIM MPUHATL BO BHU-
MaHHME, YTO KOHCTAHTA PABHOBECHS OIIpEAcsAeTC U3MEHEHHEM CBO-
OopmHoll 3Hepruu AG°, a BeqHYMHA AG® 3aBUCHUT OT M3MEHEHMs M
SHTAIBIIMY M SHTPOIIMH, TaK KakK

AG =AH — TAS".

B nporieccax oOpa3oBaHHs aueTaleil U KeTalel U3 TpeX MOJeKyl
PEareHTOB IOJY4YalOTCA JBE MOJEKYJ/Ibl [IPOAYKTOB PEaKUHM, YTO CO-
OTBETCTBYET MOHIKeHUIO 3HTponuu. s auetaieil Gojiee BHICOKOE
3HaueHMe AH" KOMITEHCHpYeT ITOHXEeHHEe SHTponuu. B npoliecce 00-
pa30BaHUA KeTajeld SHTPONMIAHEBIA (aKTOp, HAMPOTUB, UIPAET pe-
wammywo poib. HebnaronpusitHoe BAIMSIHUE 3HTPONMMNHOIO YieHa
MOXHO CBECTH K MUHUMYMY, €CJIY JUIS TOJYYCHHs KeTalei HUCIIOMb-
3oBath 1,2- wiK 1,3-muonsl. B coBpeMeHHO CHHTETHYECKOM MPAKTH-
Ke MU TIONIVYEHHUSI M aleTaIei, U KeTaled NMPUMEHSIOT 3TWICHIJIN-
KOJIb, 1,3-NTpONWICHIIMKOAb Wi 2,2-1uMeTWI- 1,3-IIponanauon ¢ ase-
OTPOITHOMK OTrOHKOM BOLBI B NMPUCYTCTBUU N-TONYOJICYNbPOKUCIOTEH
B KayecTBE KaTaju3aropa:

O [ ’
o 0
H;PO,, Tonyon
+ HOCH,CH,O0H &—&—/————*> + H;0 ;
110°C, 4 4
(80—85%)
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CH, CH,

o
110°C
CH
CH, 3 CHyCeH,SOH, Tonyon + H,0
+ HOCH,~C~CH,OH % > CH,
H;
(83%)
n-TONyoncy. CJIoTa,
Tonyon, 110 °C SO—Ch
CgHsCHO + (12H2CH20H = >CiscH | +Ho
0—CH,
OH
(73%)

Hukinyeckne KeTanu SBAAIOTCS POMU3BOAHBIMU COOTBETCTBEH-
Ho 1,3-nuokconaHa ¥ 1,3-guoxcanHa. JIUMETWI- ¥ AMSTWIALETAIU M
KETaJlu MOryT ObITh MOJYYEHBI IIPH B3AaUMOACHCTBUM KapOOHMIBHBIX
COELUHEHHH C OPTOMYPAaBbHHBEIM 3¢(pUpOM B OeH30j1e B IIPUCYTCTBUU
N-TOJYONACYJIb(OKUCIOTHI:

R? R:  OGCH;s o]
\C=0 + HOOCH,CHy), hE3CHSOH \C: + HC/< _
R Geroar R “ocH,  OCH;

Tlpu cTOSHMM anpaeruapl CKIOHHB! K 00Pa3’0BaHUIO LIMKIMYECKUX
WIX NOJMMepHBIX auetaneit. GopManbieru Mpyd 3TOM JacT TBEPHBIH
JIMHEHHDbIA NoNMMep, Ha3blBaeMBblif mapachopManbIeruaioM (rnapacgopm):

n CH,0 —— HO—(CH,—0>—H

IIpu Harpesanuu Teepruoro napacgopma no 180—200 °C pereHepupy-
ercst popManbaerua. I'azoobpasHelit opManbaerny o4eHb XOpOLUO pa-
CTBOPMM B BOJIe, ero HachlleHHbIf 37%-# pacTBOp Ha3biBaeTcs Gop-
MaIMHOM.

QopManbaerun o6pasyeT TaKkKe HMKIHYECKHI TPUMEP — TPHOK-
CaH; TAKOW Xe TpUMep IUIS alleTaAbAernaa Ha3blBaeTcs MapaibIerni;

CH,
070 oo
TPHAOKCaH napanbaerunia
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O6a TpyMMepa NMpH HATPEBAHWM B IIPUCYTCTBHU CJIEJOB KMCIOTHBIX
AreHTOB JSMOJMMEPU3YIOTCA 10 ANbAEeTMAOB. TpUOKCaH U napajibie-
THA cllefyeT pacCMATPUBaTh KaK UMKJIMYECKUE alleTalu.

AUETaJIM ¥ KeTany HAUUIM IHPOKOe TIPUMEHEHHE B KauecTBe
3aIUMTHOM TpyNnb! A8 KapOoHMNIa albaeruga ¥ KeToHa. AlleTanu
M KeTaJW OTHOCHTCS K KJIacCy IPOCTBhIX 3(UpPOB ¢ ABYMSI aJKOK-
CUJIBHBIMU ['PYIIIIAMH Yy OJHOTro aToMa yriepogpa. I[Tono6Ho Apyrum
MPOCTBIM 3(pUpaM OHU CTAOUJIBLHBI TIO OTHOIEHUIO K CUJIBHBIM OC-
HOBaHMSIM — MAarHui- ¥ JUTUAOPraHUIECKUM COCAMHEHUSM, TU/-
pUoy U aMUOY HATPMUs, KOMIUIEKCHBIM THIApUAAM M Ip. BTO Mo-
3BOJISIET A1 OMBYHKUNMOHAILHBIX COEMUHEHNIH, COoepXallUX Kap-
OOHUIBHYIO TPYHITY, OCYILECTBJATh U30UpPATENbHOE ITPEeBpALICHUE
C y4yacTHeM IPYroi rpymnrbl, YTO MOXHO NMPOMUIIOCTPUPOBATL ABY-
Msl CIENVIOIMMHU TIPUMEPaAMMu:

,° n- CH3C6H4803H
1) BrCH,CH,CH,CZH + HOCH,CH,0H =
BICH,CH,CH H
CH4(CH,);C=CLi o o HO®
” HO
TMOTA (i CH,),C=CCH,CH,CHy “H 2
(70%)
———» CH;(CH,);C==C(CH,);CHO
(90%)
@
HOCH,CH,0H; H
2) CH3(13(CH2)3COOCH2CH3 CH3/C\(CH2)3COOCH2CH3
ch éHZ
1) LiAlH,, ot H,0°
2227 XM ol CH,);CH,0H ~~> CH;C(CHy):CH,0H
2 H,0 C3)/ \(O 2)3CH H,0 3”( 2CH0
l |
CH,—CH,

16.3.1.5. THOALIETAJIM U THOKETAJIH

C CepHUCTBIMU AHAJIOTAMM CIIKPTOB (THOJAMHU) AJIBIETHUIbl U Ke-
TOHB! O0pPa3yIOT TUOALIETANM M THOKETAIW. BBIXONBI THOAueTanieil U
THOKeTIEH OOBLIYHO BBILUE, YeM alleTAIEN U KeTalle:
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CH; CH;

HSCHQCHzSH, BF3 : O(C2H5)2
acup, 0-20°C -

o cHg 5
CH,
(99%)
(Y8 @mene (Y5
H,C—CH,
(95%)

TuoareTamu ¥ THOKETATH HAIUIM COBEPLIEHHO HEOXHUIAHHYIO 001acTh
IIPUMEHEHHS TIoc/Ie TOro Kak ObpuUio 0OHAPYXEHO, YTO CKEJIETHLIA HU-
Keslb PeHesl BeI3bIBaeT obGeccepuBaHue cylbGUIOB. DTa peakuus: oT-
KpbLla TMPOCTOX M JOCTYHNHBIM NyTh MNpeBpallleHuss KapOOHUJIbHON
rpynnbl keToHoB B CH,-rpynmy. O6a npoltecca — o6pa3oBaHUe THO-
KeTanel U mecylibdypusaluss — WAYT B OYeHb MATKMX YCIOBHUSX IPU
20—50°C, yTo HepeIKO MO3BOJISET MPOBOAMTL 3TY pPeakildio B MpHU-
CYTCTBUM JAPYTUX (PYHKUMOHAIBHBIX IPYIIIT:

1 l -
R\ BF; - (CHg,0 ™\ S7FH2
C=0+ HSCH2CHZSHW-‘“> /C\ —_—
R? 72 RY 's—CH,

Ni Penes + H2= RICHsz - NiS

CH;CH,0H
CH, CH;
Ni Penes + H,
20°C
S IS H )
H4C—CH, (60%)

B coBpeMeHHOM OpPraHUYEeCKOM CHHTE3E COBEPILEHHO MCKIIIOYH-
TeJIbHOE TIOJIOXEHHE 3aHSUT LIMKIMYECKUH THoaleTalb (HOPMaIbAErH-
ga u 1,3-npormaHauTUoNa — IUeCTUWICHHbINH 1,3-gutnHad. OH J1erko
roay4yaercss U3 popManpaeruaa u 1,3-nponadauruona.
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BF, - ELO . o &

H,C=0 + HSCH,CH,CH,SH —3-——-2+ H,C CH,
CHCI, S K.
— 2

1, 3-autnan (80—85%)

1,3-JIlutHan Giaaroaaps BIMSHUIO JIByX aTOMOB cepbl obyagaeT cna-
ooit C—H xucnotHocteiO (pK, = 31). IIpu neficTBUM TAKOro CUIbLHO-
ro OCHOBAaHHUS, KaK OYTUNIMTHN, OH KOJMYECTBEHHO IIPEBpALIAETCs
B Kap0aHMOH. AHHOH 1,3-mMTHaHa SBIsAETCS KJIIOYEBBIM PEareHTOM
MHOTHX BaXXHEHIUX MMpeBpalieHrit. ATKUIHpOBaHUE JIMTUEBON COIU
1,3-nuTHaHa OTKPBIBAET IIyTh K IMOJYYEHHUIO CaMbIX PasHOOOpa3HbIX
anpaerunos (Kopu, 3eebax, 1969—1970 rr.):

S—CH, . S—CH, 1
/ ) H-C4HoLi ¢ A R'X
Hzc\s_cﬁSHz 3bMp-reKcaH LlCH\S__ CI;Z:HZ 3¢Mp-TeKcaH
R\ S—CH,
— X CH, Clilém——gﬁ%{—a RICHO + HSCH,CH,CH,SH
H ‘s—cCH, 3 2

[Ipy MTOBTOpHOM METAUTMPOBAHUM M AJTKWIHPOBAHUM 00pasyroTcst
CHUMMETPHUYHBIE WM HECHMMETPUYHBIC KETOHBL:

S—CH, . S—CH, )
/ -C4HoLi / : R2X
Rl_CH\ :CHz 3gn;-rcxiaﬂ RI—/C\ CH, 3(Hp-TeKcaH
s—cH, L “s—cH,
R\ ,S—CH,
/ HgCl
— < CH, —C—H—(—;i—{—QHT— R'COR? + HS(CH,);SH .
R* ‘s—CH VTR ynu
> CH,CN-H,0

CpoeobOpasre 2ToH peakUMM 3aKII0Y3AeTCs B TOM, 4TO, MpEeBpallias
anpoerui B UMKIMYECKMH THOAlLeTaNb, YHAETCSI B KOHEYHOM MTOre
ATKUJIMPOBATh alberu]] 1Mo KapOOHWJIbHOMY aTOMy yrjiepoaa ¢ Io-
MOILBIO 31eKTPOMUIBHOTO IKMIUpYIoLlero areHrta. IIpespaileHue
31eKTPOPUIbHOro KapOOHWILHOTO yriiepoaa B HyKieohWIbHbIN IIEHTP
KapbaHuoHa 1,3-auTvMaHa MOJy4YWIO HalBaHUE «obpaileHH e Mojsap-
HOCTH». Peakius MpoBOIMTCS B UCKIIOYUTENBHO MATKUX YCIOBMAX U
XapaKTEPU3YETCS BHICOKMMM BBIXOJAMM KOHEYHBIX [IPOLYKTOB — aJb-
JETUJOB U KETOHOB:
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cH <S_CHéH 1) C4Hqli 1)C4H9h
23) CH,(CH,),Br )< 2) CH,(CH,),B
s—c ) CH3(CHy),4 CH,(CH,)/ 2) CHy(CHyBr

CH,(CH,), S e
T ) CHOES CHCRECCH;
CH;(CHy)4 3 2 O (87%)

S .
C4H,L.
< 1) C4HgLi CI(CH2)3~< 42911
2) CI(CH,);Br S
<>< > HeCl, . 0.
S HOCH,CH,0H—H,0O

(50%)

Kap6aHuoHbl MpoU3BONHbIX 1,3-TUTHAHA BBHIIIOJHSIOT POJIb HYK-
JIeoUIBHOTO areHTa ¥ BO MHOTUX OPYTMX peakuusix. Tak, Hanpumep,
OHU TIPUCOCAUHAIOTCS K KapOOHUIBLHON IPYIIITe apOMATUYECKUX alib-
IEruaoB ¢ 00pa3’oBaHUEM Ol-THAPOKCHUKETOHOB:

CH:P< :> DCHL 1}<
2) CH,CHO
) CeHs CH 5C

HeCl

——22.__» CH;COCHCH

CH,CN-H,0 SCOCHCHS
OH
(90%)

PackpriTHEe OKCHpaHOBOro KOjbla C IIOMOLIBIO aHHOHA 1,3-muTHaHa
TIPUBOAUT K PB-IMAPOKCHUKETOHY:

S -
- Clly _< 1) CsHoLi " C“H?< N —s
S > 2) CH3CH2CH CH, CH3CH2CHC

HeCl,

C4HsCOCH,CHCH,CH;
OH
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AnkuiupoBaHue KapbaHuoHoB 1,3-AUTUAHOB MO3BOJISIET OCYLIie-
CTBUTH NpeBpalieHue abjiernaa B KeToH. L1 3Toro ajabaerun npe-
BpalllAIOT B THOALETANTb, KOTOPBIH METALTMPYIOT H-OYTWINUTHEM K
ATKHITHPYIOT TUTUEBOE MTpou3BogHoe 1,3-mutHana. ['uaponus Tuoke-
Tasig BoAHbIM pacteopoM HgCl, mpuBoauT K 0Opa3oBaHMIO KETOHA:

1O S—CH,

CgHsCHO + HS(CH,);SH ——» c(,HS(}( CH,—>
S—CH,
D CHLE TTO_ Ry
> 5 2

2) CH;CH,Br \S—Cl-liz
H,CH;
HCL; HeCQl,

CHCCH,CH; + HS(CH,).SH.
m 6H5| H,CH, (CHy);

(74%)

16.3.1.r. MPUCOEAUHEHHWE HUAHUCTOI'O BOOJOPOJA

AJTBIETUIb 1 MPOCTPAHCTBEHHO HE3aTPYAHEHHbIC KETOHBI IIPU-
COENMHSIOT IIUAHUCTHIA Bonopoa ¢ 00pa3oBaHUEM LIMAHTUAPHHOB:

4 H_ OH
RC—H + HC=N =——> /‘c\
R C=N
(l)H
CH,4CH,CH,CHO + HCN—> CH;CH,CH,C—CN
(75%) H
JOH
CH3COCH; + HCN —— (CH;),C_
(78%)
OH
CN
(60%)

MexaHmnam 310i peakuuu ObL1 ycTaHoBlieH Jlenmyoptom B 1904 .
MaxkTHYEeCKH 3TO ObLIa IiepBas opraHUYMecKasl peakliius, Uil KOTOpoi
OBUT JETANBHO U3YYEH MeXaHM3M MpeBpalleHus. JlerryopT obHapyxui,
4YTO peakuusi obpaTuMa, a CKOpPOCTb €€ IMpsSIMO MPONOPUUMOHANbHA
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KOHLIEHTpallMY KapOOHMUJIBHOTO COEIMHEHMSI, LIMAHUCTOIO BOZOPOIA
¥ ocHoBauMa. llMaHucToBONOpONHAS (CHHMIbHAS) KMCIOTA SIBJISIET-
cs1 cnaboit kucioroit ¢ pK, =9,2. Obpasyonuiics Npyu ee 1eNpoOTOHHU-
pOBaHWM IIMAHUI-UOH MPUCOEIUHSETCS K KApOOHUIIBHOMY YIJIepOLy
¢ obpa3zoBaHUEeM aHMOHHOIO MHTEPMENUATa, IPOTOHUPOBAHKE KOTO-
pOro NpUBOAMT K LMAHTUAPHUHY:

6
1) HCN + F° =29 » yp + oN°.

2) R—C—H + O=N ey H--C—C=N
y) R o°
O@
3) H—C/—C=N + HB =2 » 4 _c_CN+ B,
X R bu

3aBHCHMOCTb CKOPOCTU PEAKIIUU OT KOHLIEHTPALIUU TPEX KOMIIO-~
HEHTOB — aJbAeruina, CUHWIbHON KHCJIOTHl U OCHOBAaHMSI — YKAa3bl-
Ba€T Ha TO, YTO MEIUICHHOM, ONpeneNsiiollell CKOpOCTh BCEH peak-
LMY cTanuei sBisieTcs NIPUCOeNMHEeHHUEe IMaHUI-UOHA K KapOOHUIIb-
Ho# rpynmie. B naboparopHsix ycmosusix HCN monyyaercs npu
nobaBlIeHUM OZHOIO 3KBUBAJIEHTA MUHEPANBHOU KUCIOTH K CMECH
KapOOHWIBHOIO COeIMHEHUS M M30bITKA UMAHKAA KU WIK HATpUs
WK NIpU JEHCTBHU XMIKOTO LIMaHKCTOTO Bogopoaa (T. kui. = 26°C).

HMckmounTeibHO YIOOHBIM METOHOM IOAY4EHUS UMAHTUIPHHOB
SIBJISETCSl peakUusi KapOOHMWJIBHBIX COCIUHEHMHA C TPUMETUICHIMI-
UMAHUIOM, B pe3yjibTare KOTOPOM IOMY4aeTcsl TPUMETHICUIUIOBbIE
a¢hUpbl HUAHTUIPUHOB. DTa peakUMsl KaTaATU3MpyeTcsl LIMaHUIOM Ka-
JIUSL U IaeT NMpeKpacHbIe BBIXOIb! CUJIMIIOBLIX 3(UPOB IMAHTHUIPHHOB:

z (CH;);SiCN; KCN l
CH;CHy~C—CH,CH; —— = CH3CH2—(,3—CH2CH3—>
CN
CI)H
HFKF_ CH;CH,C—CH,CH; + (CH3),SiF .
CN (90%)

TpuMeTWICUNMINIMAHUE JIETKO ITOJy4aeTcss U3 TPUMETUIXIOpCHIaHa
U uMaHuna Kainusg. CHATHE TPUMETWICWIWIBHOMN 3aIUUTHOM TpYIIbI
OCYIIECTBISIETCS C [IOMOLIbID (TOpUIa KUl
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B opraHnMyecKkoM CHMHTE3€ LMAHTUAPUHBI IIUPOKO NPUMEHSIOTCS
AT CUMHTE3a O, [3-HEeHACBIWEHHDBIX COCNMHEHHH, O-THAPOKCUKUC-
JIOT U OL-aMHUHOKHUCIIOT!

HON HSOW € |
CH,COCH, (CH2)C—CN gy A= CHy=C—COOCH, |
OH CH;
(90%)
(CHy):SiCN ,OSICH3)s 1y 100C
CHsCHO —— C6H5C\—CN TCsHs([:HCOOH.
H OH
(67%)

O0pazopaHMe HUAHTUIPUHOB sBJIsSeTCS OOpaTUMOMN peakinuei, U B
[IPUCYTCTBUU CHJIBHOTO OCHOBAHMS PABHOBECHE CMEIAeTCsl B CTOPO-
HY UCXOIHBIX PEareHTOB:

CHy OH .o
C

. CH;COCH; + H,0 + CN°.
cay’ N

BoccranopneHue HHAHOIPYIIILI UHAHTHWIPUHOB C IMTOMOIIBIO ATIOMO-
THapuia JUTHUA NPpUBOAUT K B—aMI/IHOCHHpTaMZ

OH OH

| 1) LiAlH, |
CH,CH,C—CN - CH,CH,CHCH,NH, .

l 2) H;07, sdup (80%)

O6pazoBaHue UMAHTHAPUHOB U3 KAPOOHWIBHBIX COSOUHEHUH U
CUHUIILHON KHCJIOTHI IpeNCTaBiseT UHTEPEC M B TOM OTHOIIEHUH,
YTO TaJIOreHOBOACPOMB! He 00pasyroT cTaOMIBHBIX aAIyKTOB C aJIble-
rMIaMy ¥ KeToHaMHu. {19 HUX paBHOBECHE CMEIUEHO B CTOPOHY MC-
XOJIHBIX PEAreHTOB.

16.3.1.x. MPUCOEAMHEHUWE TUAPOCYJIbOUTA HATPUA

TuopocynbhUT HaTpHUs MpUCcOeTIUHSIETCS K KapOOHUJIBHOM Ipymn-
ne ¢ o6pa3oBaHUEM O.-THAPOKCUNIPOU3BONHBIX CYIB(DOKUCIOT:

OH
A |
RC] + NaHSO, RC—SO0;Na .
H i
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Dra peakuust siBsieTcs: oblielt IS abIerMIOB U METUJIKETOHOB. Bbic-
LIME KETOHbl HE IIPUCOENMHSIOT MMAPOCYJbGUT-UOH M3-32 MPOCTPAH-
CTBEHHBIX MPENITCTBUYA Mg HYKIeoDWIbHON aTakvl 3TUM HyKieodH-
jiom. TlpucoeauHeHre runpocyabbuTa K KapbOHWIBHON Ipymre, HogooHo
MHOTMM peaKLysM, oOpaTUMO, U ISt JIOCTHKEHMS! YAOBIETBOPUTEIb-
HOT'O BBLIXOAA MPOJYKTA TMPUCOEIMHEHUS HEOOXONMMO MCITONb30BATh
GonbLIcH U30bITOK 40%-TO BOTHOTO pacTBOpa TMApocyibhUTA HATPUS:

0 oH
Ve
CHiC_  + NaHSO; =", cHC-H

H SO;Na
(89%)

HOH
CH3COCH3 + NaHSO3 =—— (CH3)2C—SO3Na
OH (56%)

3Ta peakiusl 4acTo KCIIONb3yeTCs JUISI BBUIEJEHUS AIbJETHIOB U Me-
THJIKETOHOB U3 PEaKLMOHHOM CMECH, TaK KaK ruapocyibGUTHBIE TIPO-
M3BOAHBIE TIPEACTABNISIOT cODOM KpUcTamuyeckue Benecrsa. Ycxon-
Hble KapOOHMUJBbHBIE COENMHEHUS] MOTYT OBITH JIETKO pereHepupoBa-
HBI IIpU 0bOpaboTke TUAPOCYAbPUTHBIX AAAYKTOB KHUCIOTOH WMIH
OCHOBaHMEM — KapOoHatoM Hatpusi. IToaToMy runpocyisUTHBIE PO~
M3BOJHbIE HEPENKO MCIONB3YIOT IJISI «KOHCEepBalMM» aJIbIECTHIIOB,
4yTOoOBl MPENOXPAHUTh UX OT OKMCJIEHHWS Y AIbJOJBHOU KOHIEHCALIKH.
I'mapocyibdUTHBIE TPOU3BOIHBIE TPUMEHSIOT U JUIS MTOJYYEHHUs LU-
AHTUIPUHOB IPU B3aUMONEHUCTBUU UX ¢ UMAHUIOM KaJUS:

OH
NaHSO, / KCN
CI@CHO HOH; 10°C CI@C\SON HOH

OH

|
O

74%) 1

16.3.1.e. PEAKIIMUM C METAJULIOOPTAHUYECKUM COEJWHEHUWAMMU.
OHUACTEPEOMEPHBIE TTEPEXOOHBIE COCTOSAHUSA
B PEAKIIUAX HYKIIEOPUJIBHOIO NPUCOEANHEHHUA
K KAPEOHUJIbHOW T'PYIIIE

BzauMoneiicTBMe MarHuii- U JUTHROPraHUYECKUX COEIMHEHUI ¢
AIBAETUIAMHU U KETOHAMU paccMmarpuBaercs B 1. 23. Ilpu npucoenu-
HEHUU PEeaKTUMBOB I'DHHbSPA WM JUTUHOPraHUYECKUX COCIMHEHUH
K ¢opManbieruay Moy4daroTcs NepBUYHBIE CITUPTHI, TA XE caMmas pe-
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Tadnuua 16.4

CHlTe3 CIMPTOB ¢ NOMOMBIO MATHHHOPraHHYEeCKHX COENHHEHHH

1} HCHO; adwup, 20 °C, S aue#t

C{H,MgBr = » CH,(CH,),CH,0H
2) H;0 ; H,0; 0°C (92%)
1) HCHO; sup; 20°C, 5
ch1 ) XpHp; e <:>—CH20H
2) H,0° H,0; 0°C
(64—69%)
CH,
1) CH,CHO; adup; 20°C, 24 4aca I
(CH,),CHMgBr ® » CH,~CHCH—OH
2) H,0; H,0; 0°C ot
? (54%)
C,H,MgBr - b 20°
cHC=cH 25 o =chgrr 2 CH3(§H2CH2CHO’ b ¢
pip; 20 2) H,0° H,0; 0'C
—=CH,C EC—|CH——-CH2CH2CH3
OH  (52%)
OH
1) CHyCOCH,; abmp; 20°C, 24 waca
CH,CH,CH,CH,MgBr S » CH,CH,CH,CH, c —CH,
2) H,0; H,0; 0°C CH
(90%)

1) C,H;COCH;; adup; 20°C

CHMgBr > (C,H,),COH

@ .
2) H,05 B0, 0C (89-93%)

aKIusl ¢ JpYTHMM aJIbJErHAAMU U KETOHAMM TIPUBOIMUT K obpa3osa-
HHMIO BTOPMYHBIX ¥ TPETHYHEIX CIIMPTOB COOTBETCTBEHHO (Taba. 16.4).
ITonyyeHue BTOPUYHBIX Y TPETUYHBIX CIIMPTOB M3 MarHuiiopra-
HHYECKMX COEIMHEHHI ¥ aJbAETHJIOB WM KETOHOB YacTO OCJIOXKHSI-
eTcs [MOOOYHBIMM MpOLIECCAMUM E€HOJIKU3ALUMK M BOCCTAHOBJIEHUS Kap-
BOHWIBHOIO COeIMHEHUS H3-3a [IPOCTPAHCTBEHHLIX MPENSTCTBUNA MpU-
COeAMHEeHUS N0 KapOGoHMIBHOH rpynme (. 23), HanpuMep:

//O acup; 20 °C
(CH3);,CHMgBr + (CH;3),CHC—CH(CH3)y—

H
|
——= (CHy),C=C—CH(CHy), + (CH,CH—C—CH(CHy)
(29%) OMgBr (65%) OMgBr
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//O acup; 20 °C
(CH3),CHCH,MgBr + (CH;),CHC—CH(CHy),——
OMgBr OMgBr
(CH3),CH—C—CH(CH3), + (CH3),C=C—CH(CH;); +
|
CH,CH(CHy),
(8%) (11%)

H
|
+ (CH3);CH—C—CH(CH;),
(78%) OMgBr

OcCnoXHEeHUsI, CBSI3aHHbIE C eHOJIM3alUMed U BOCCTAHOBJIEHUEM,
MOXHO ITOJIHOCTBIO YCTPAHMTh, €CIU Ul NpUCcOoedUHEeHUsT K KapOo-
HUWIBHOH IpyIINe UCMOMb30BATh JUTHIOpraHudeckue coefuHeHus. B
STOM CJIydae yaaeTcd JaxXe OCYILeCTBUTh CUHTe3 TPETUYHBIX CITUPTOR,
COIEPXALIUX OMHOBPEMEHHO TPYU TPETUYHBIE ANKWIbHBIC TPYIINBI IIPH
KapGOHHIBHOM aToMe YIjiepoaa:

) / adup; —78 °C
(CH3)3CL1 + (CH3)3C“_C—"C(CH3)3 —_— >

OLi OH
I H,0; 0°C |
— (CH3)3C—C—C(CH3) (CH;3);C—C—C(CHs)3
C(CH3) C(CHa)s
(81%)

PaccMOTpUM CTEPEOXUMHUIO IPUCOEAUHEHUS META/LIOOpraHUyec-
KHUX cCOoeJUHeHU K KapOOHWIbHOU rpyrie. Peakiuu ¢ yyactuem axu-
PIBHBIX pPeareHTOB, NPUBOJSILIME K oOpa3OBaHHUIO NPOAYKTa, CO-
JepXallero OAMH acUMMETPUUYCCKUI aToM Yrjiepoaa, Bcerga HaioT
paleMUYECKYIO CMECh ITPOYKTOB C PABHBIM COJIEpXKaHUEM JIBYX SHaH-
TUOMEPOB. DTOT BBIBOL OCHOBBIBAETCSI HA TOM, UTO IEPEXORHBIE CO-
CTOSIHMSI, IIPUBOASIUME K JBYM SHAHTUOMEpaM, TaKXe JOJXKHBI ObITh
SHAHTUOMEDHBI. DHEPruKl aKTUBALMH [UIs1 0Opa3oBaHUs 00OUX IHAH-
TUOMEPOB DPaBHbI, MOCKOJBKY IE€PEXOMHOE COCTOSIHUE IJIT HUX Xa-
paxKTepu3yeTcsi OIMHAKOBOM AHeprueil. B kadyectse mpumepa npuse-
lleM NpUCOoeIUHEHUE peakTuBa ['puUHbSpa K anbAeruiaMm, Harnpumep,
3TUIMArHMHOpoMKIa K IenTaHaIl0, NPUBOAsIee K palleMUYECKOMY
HOHaHOoY-3:

CH,(CH,);CHO + CH,CH,MgBr ——— »
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— CH3(CH2)5(IJHCH2CH3 + CH3(CH2)SICHC2H5 _

OH OH
(R)-noHaHoa-3 (50%) (S)-HoHaHon-3 (50%)

Korga onuH K3 peareHTOB XUpPAJIEH, U B PEaKLIMKU CO3JaeTcsl HO-
BbIY XMPaTbHBIA LEHTP (HOBBIH aCMMMETPUUYECKHMH aToOM yriepona),
JBa TIPOAYKTa TpeACTaBIsIoT cobolt muactepeoMepbl. B aToM ciyuae
MEPEXOIHBIE COCTOSIHUS JBYX KOHKYPHPYIOUIUX ITPOLIECCOB TAKXKE IH-
aCTepeoOMEpPHBI M, CIEAOBaTe/bHO, 00JafaloT pasIMYyHOU 3Hepruei
(rn. 8, 4. 2). Tak, HanpuUMep, B peakU U IPUCOCAVHEHUS] METU/IIHU-
THS K 2-MeTHILMKJIONEHTAHOHY [IBAa JUacTepeoMepa MoNny4yaroTcsi He
B paBHOM COOTHOUIEHUH:

Q CHs.. OH
.--H 1 CHsLi --H
L . +
CHs 2) H,0® CH;
(90%) (10%)
(1R 29-1, 2-pmmenin- (18 295)-1, 2-auMem-
LIMKJIOTIEHTAHO IIMKJIOTIEHTAHOJI

Ipeobnapaomuit (1R; 2.5)-auacrepeoMep I0Jay4daeTcsi B pe3yJibTaTe
aTaky HykKiIeodwia rno xapboHUJIbHOM IPYNINE KETOHA CO CTOPOHBI,
ITPOTHBONOJIOXHOM METWIBHON TIpYNIIe MPH COCENHEM aTOMe yIje-
pona. Bropoii, (18 2.8)-auacTepeoMep Mosaydaercsi, KOraa MeTHJUIM-
THI TPHUCOETHHSETCA C TOM X€ CTOPOHBI, IIe PaclosoXeHa METHU/Ib-
Has rpynna npu C—2. O4eBMIHO, YTO 3TO CO3MAET 3HAUMUTEIbHBIC CTe-
pPUYECKHE MPENSTCTBUS IS MPUCOSIUHEHHUSI HyKIeodUIbHOrO
pearenTa, oatomy (15; 2.5)-muacrepeoMep obpasyercs B MeHbIIEM
konuuectse. Ha puc. 16.2 npuseaeHbl 3HepreTHYECKHe Mpod Uiy 06-
Pa30BaHMS ABYX IUACTEPEOMEPOB B PE3YJbTATE HYKIeO(hUIBHOrO MpH-
coeguHenust CH;Li k xupansHomy asipaeruny. McxonHoe cocTosiHue
IS IBYX KOHKYPUPYIOIIMX peakUMH XapaKTepHU3yeTcsl OMMHAKOBOH
sHeprueit s (R)- u (S)-3HaHTHOMEPOB AIBAErMAA, TOrAA Kak Ile-
DPEXOAHBIE COCTOSSHUS THACTEPEOMEPHBI M, CIEIOBATEIbHO, Pa3iny-
Hbl [0 3HEPrMU. DTO 03HAYAET, YTO SHEPIUsS AKTUBALIMM IUISI IBYX
KOHKYPUPYIOUIMX PeaKHHUN TaKXKe pa3iudHa U JBa TBacTepeoMepa —
(1R; 25) u (15, 25) — obpasyroTcs B HepaBHOM Koju4vecTBe. B ripo-
IyKTax peakiuy mpeobiaamaioimuM OymaeT auacTepeoMep, MoJydaro-
muiics B pe3ysibTaTe aTaKH HYKIEOUJIBHOIO areHTa C ITPOCTPaH-
CTBEHHO MeHee 3aTpyIHEeHHO cTopoHbl. Te Xe caMble pacCyKIeHUs
CIpaBeUIMBEL U 1A 1000 Ipyroit peakliiy HYKJI€Oo(HIBHOIO TIPH-
COEIMHEHUSA K XMPAUTLHOMY ajibJerHay WIH KeToHY (. 8, 4. 2).
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JacTepeoMepHble [TepeXOaHbIe

P COCTOSHUSE

JHeprus

CHO + CH,Li

CH, _~CH,

LiO H LO H
(1S; 28)-muacrepeomep (1R; 25)-nmnacrepeoMep
KOOPIWHATA peakiui

Puc.16.2. DHepreTryeckast uarpaMma s o6pa3oBaHUs ABYX AMACTePEOMEPOB MTPH
NPUCOCAUHCHUM METWUIUTHS K XUPATBHOMY ATbJETHLY

16.3.1.x. IPMCOEJUHEHHWE IEPBUYHBIX U BTOPUYHBIX AMWHOB.
HNONYYEHUE UMHUHOB U EHAMHWHOB

KiaccuyeckuM nmpuMepoM HYKIeOopUIBHOTO NPHCOSIHHEHUS T10
KapOOHWIBHOMN TpyIe SIBASIOTCS peaKlUWM albIETHI0B M KETOHOB C
EPBUYHBIMU U BTOPUYHBIMH aMHUHAaMM. KOHEYHBIMH [TPOAYKTAMHU pe-
aKIIMM B cly4yae MEepBUYHBIX AMHHOB SIBJISIIOTCSI UMHHBI (OCHOBAHUS
HIudda), a wia BTOpUYHBIX aMUHOB — €HaMMHBI (EHAMMH — HeHa-
CBIILIEHHBIA aMUH). ECIM UCXOOUTH TOJLKO U3 CTPOCHMUS MIPOAYKTOB,
3THU peaKlHU CIeAYeT CYUTATh COBEPIUEHHO Pa3HLIMM, MOCKOJILKY B
MMMHHAX OBOMHAS CBSI3b CBS3LIBAET a30T M YIVIepoJ, 4 B eHaMHHAaX 1Ba
aToMa yrjepopa:

NR o) Q
| [ NR,
C C C
H\ / \. _RNH, H\ / . R)NH / AN
C C C
/N 1 /1
MMMH
(ocHoBanue [1Indda) €HaMWH
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Ha camoMm nene, obe peakiiMy Mo CyllecTBY COBEPLUEHHO aHAJO-
TMYHBI, TAK KaK MEXAHU3M IIpoLiecca B OBOUX CIAYYasIX OLUH U TOT XKe.
UMHHEB U eHaMHHBI 0Dpa3yloTCcsa B pe3yibTaTe oOpaTHMOro KUCIOT-
HO-KaTaJIU3UPYEMOTO Ipoliecca HyKAeo(UIBHOIO IIPUCOSIHHEHUS IT0
KapOOHWIbHOM rpynne. B riepBoit cranMu peakuuyu NpUCOeTMHEHUS
MepBUYHOro aMuHa obpasyercss TUIONASIPHBIA TeTpasApUYecKUit MH-
TEpMEIHAT, KOTOPbIM CTAOUIM3UPYETCS B pPe3yibTaTe IepeHoca IMpo-
TOHA OT a430Ta K KUCIOPOAY C oOpa3oBaHUEM HEWTPAIBLHOIO MNOJIY-
aMuHaa (kapOuHonaMuHa). KapOuHonaMuH naiee MpoTOHUPYETCS 110
aTtoMy kucyopona. OTHieryieHde BoJbl OT INPOTOHUPOBAHHON (OPMBI
TIPUBOJUT K UMMHUEBOMY KaTHOHY, KOTOPBII CTAOUNIM3UpYyeTCs B pe-
3yJIbTATE€ OTLUEIJICHUS MPOTOHA B KOHEYHBI NPOJAYKT — AJIBIMMHH
MU KETUMMH:

®
RC=0 + RNH; v== R’—;c;éoe === R'—C—OH ==
R? RY “NH RY “NH
K3 R3
KapOyHONaMuH
(nanyamMuHane)

® -H, 0 )
== R'=CSOH; 2> R'—C=NHR';—> R‘7C=NR3 +H°
R? @ms R R?
KAaTMOH UMHHHS HUMHH

B kauectse OPpUMEPOB IMPUBEAECM ITOJIYY4CHUE UMMHOB YKCYCHOI'O
anpIeruia M aleToHa COOTBETCTBEHHO C OYTHJIAMUHOM M LIMKJIOTEK-
CHJIaMHUHOM!

CH,COOH
l) CH3CHO + HzN(CHz)}CH3_—_3-—'> CH3CH:N(CH2)3CH3+H20
Cobe (83%)
CH;000H
2) CH;COCH; + H2N~<:> = CH3C=N~<:> + H,0
CeHe &
s 95%)

HekoTopbie Npou3BoaHbie 1,2-IMaMHUHO3TaHA SBISIIOTCA Kaye-
CTBEHHBIMHM peareHTaMH Ha ajgpaeruabl. N, N’ -mudenwi-1,2-1naMuHo-
3TaH NpHU B3aUMOAEUCTBUH C albaeruiamMu obpasyer UMUIA30IUHBI —
UMKJIMYECKHE aAMHHANU, KOTOpble MOTYT ObITh HCIIOJB30BAHBI s
MICHTH(DUKALMK AJIbIETHAOB!
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C6H5 (|:6H5

CH,—NH CH,—N
| SC—R—————= |7 SCHR+ H,0
CHz—lTIH ~ H CH,0H; H CH2—1|~J
CgHs CeHs

EHaMuHBI nosnyyaroTcss nofoOHbIM Xe 00pa3oM M3 BTOPUYHBIX
aMUHOB. ENMMHCTBEHHOE pa3nvyue 3aKiioyaeTcss B TOM, YTO UMHUHHUE-
Basi COJIb B 3TOM CJlydae HEe MOXET CTaOMIM3UPOBATLCS OTILEILIEHUEM
IIPOTOHA OT aroMa a30Ta. BMecTo 2TOro nmpoToH OTLIEIVISIETCS OT CO-
CeIHEro aToMa yrjiepona ¢ oOpa3oBaHUEM HEUTPANbLHOTO COEAUHE-
HUS — €HaMHUHa:

®
o} EH OH,
C_RN-H Co H . PH
&’ Nk N /N:Ra_-_’\c/ “N-R=> 7 \,'1\?_ —
N R T kT
H
KapOuHonaMuH
-H0_ Mo~/ -H® \ . ®
b va—_ C C “—=_. C=C—NR;+H
N e AN
N—R
R/
KAaTUOH UMMHUA €HAMWH

EHaMUHBI [10/Iy4aloTCsl U3 TBAECTHAOB WM KETOHOB M BTOPHYHBIX aMK-
HOB C YAOBJIETBOPUTEABHBIMU BbIXOJAMHU TOJBKO MIPU 23€0TPOIHOMN OT-
TOHKE BOIbI C TOJYOJOM, YTO TIO3BOJISIET CMECTUTh PABHOBECHE B XKe-
JIAEMYIO CTOPOHY. B KayecTBe BTOPUYHBIX AMUHOB UCIIOJIB3YIOT ITATH- K
HIECTUWIEHHBIE AMUHbI — [TUPPONUIUH, [TUIEPUINH WIK MOPGOIUH:

/  \_ n-CH,CH,SOH \ / \
1) O+ HN O > N O + H,0
\__/ 110 °C; tonyomn; 1 4 _/

MopdonuH (70%)

i (>
N n-cHCHsoH N

| /
2) CH,CH,COCH,CH; +‘ ‘ ——————> CH,;C=C + H,0
110 °C; Tonyon \CH CH
NMPPONUAMH (90%) 7
(]

(CH,),SiCl
—

®
3) 2 R,NH R,N—Si(CH,), + R,NH,CP
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, o APcHa, , . ‘
RaN-Si(CHy)s+ RICHC-R - R'CH=CR™+ (CH;);Si~0~Si(CH;);
NR,

B ycoBepilleHCTBOBAHHOM METONE TOTYYeHUST eHAMMHOB UCXOAST
U3 TPUMETHICUJIMIBHOIO MPOU3BOIHOIO BTOPHYHOrO aMHHA. ATOM
KpeMHHMs 00J1a1aeT 3HAYMTENBbHO GOMBUIMM CPOACTBOM K KHUCIIOpONY,
YeM K a30Ty, YTO TO3BOJISIET B MSAIKUX YCIOBUSIX MOJYYaTh €HAMUHbI
u3 (CHj;);SiNR, u xetoHos.

IMoapobHoe M3ydeHHEe MeXaHu3Ma OOHAPYXMWIO CHILHYIO 3aBH-
CUMOCTB cKopocTH obpasopanust uMuHa ot pH cpeapl. Cxopocts pe-
AKUKUU pe3Ko cHHUXaeTcsl B obnactu BbicoKMX (pH >9) u HuM3kux
(pH < 1) 3nauenut pH, mocturas mMakcumMyma oOOBIYHO B MHTEpBAJE
pH ~3—5, T.e. B obnactu cnaboit KUCIOTHOCTH. DTY 3aBUCUMOCTb MOXHO
OOBSCHUTD, €CIM PACCMOTPETh BIMSAHUE pH Ha Kaxayio ctaauio mpo-
tecca. Kucmora Heobxonuma [t MPOTOHMPOBAaHUs KapOUMHOJIAMKHA
U JaIbHEHIIIero ero NpeBpalieHHs B UMUHHEBbIH KaTHOH. IlosTomy
9Ta CTAAHUS TOJHOCTBIO MONAaBNIseTcs B 00JACTUM BBHICOKMX 3HAYCHUI
pH. C npyroii ctopoHEb!, B 061acTH HUBKUX pH, MEHBIINX eTUHHUIIEI,
aMUH M HeKoTopble Opyrue asoructeie Hykiaeodbunsl (NH,OH;
NH,—NH, u np.) npoTtoHupyioTcsl ¢ o0pa3oBaHUEM COIU AMMO-
HUSI, KOTOpasi He CIIOCOOHA MPUCOENMHATHCS 110 KAPOOHUJIBHOM TpYII-
ne, TaKk KakK JIMILEHa CBOMCTB HykJeodwibHOro areHra. WMHrtepsai
pH B muanasone ot 3 1o 5 06LIYHO SIBNSIETCI PA3YMHBIM KOMIIPOMMUC-
COM MEXAY STUMU IBYMS NPOTUBOIOJOXHBIMU TEHIASHUMUSMY, IIPU-
YyeM JUISL KaXIOro a3soTUCTOTO HykieodMia CYLIECTBYET CBOK OITH-
MaJbHbIN JAMara3oH 3Ha4eHU pH, mpu KOTOpOM CKOPOCTb peakiuu
MakcuManbHa. Ha puc. 16.3 B KayecTBe WUTIOCTpALMM IIPEACTABIEHA

K, n/m-c
2,0 1
1,5 4
1,0 1
0,5
0 1 pH
12 3 4 5 6 78 9

Puc.16.3. 3aBucHMOCTb CKOpOCTH 06pa3oBaHMs OKCMMa alleToHa ot pH
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3aBUCUMOCTDb CKOPOCTH pE€AKLIHUH 06pa3OBaHHH OKCHMaA alleTOHa M3
aeToHa U rTUapoKCUIAMHHA OT pH Cpelbl:

25°C

CH;COCH; + NH,0H
3 3 2 H20

CH3(|Z=NOH + H,0 .
CH;

Coenunenus, obpasylolliecsl B pe3yabTaTe B3aUMOJeACTBUS alb-
JleTUIA WIM KETOHA C THIPOKCHIAMHUHOM, THIPa3MHOM, (beHUITHI-
pasuHoOM, 2,4-TUHUTPOGEHUITHAPAZUHOM, A-HUTpOodEHUATUIPA3H-
HOM, ceMMKap0a3sMaoM U TUOCEMMKApOa3uaoM, CIelyeT paccMarTpu-
BATh KaK ITPOU3BOJHbIE UMUHOB. BOJIBIIMHCTBO U3 HUX IIPEACTABISAIOT
co0Of KpUCTALTUYECKUE BeulecTBa, obnanalouiMe YeTKOW Temriepa-
TYpO#l MJIABJAEHUS. DTU MTPOU3BOAHBIE UCITONBL3YIOTCS ISl UAeHTU DU -
Kalyy IbJErUI0B U KETOHOB:

<:>:O + NH,OH ——> <:>:N—-OH

0
Y/,
@c: + NH,CONHNH; ———» CH=N-NHCONH,
H
0
al C_  +NHNH, —=Cl CH=N—NH,
H
C¢HsCOCH;+0,N NH-NH;> C6H5(|J=N—NH NO,
\o, CH; N

I'inpa3oHbl ATBAETMIOB ¥ KETOHOB LIMPOKO MCIIONB3YIOTCS B Opra-
HUYECKOM CHUHTe3¢ IS IIpeBpauieHust KapooHuwabHoi rpynnsl C=0
B METUWJIEHOBYIO Ipymnmy. 91a peakuus Obuta oTkphita B 1911 r. Hesa-
pucumo H.M. KiuxnepoMm B Poceuu u J1. Bonasdom B I'epmanuu. OHu
oOHapyXwiH, uyto Npu HarpeBaHuu ¢ tBepaoit KOH ruapazoHs! pas-
JIaraloTcd ¢ BhIAEJIEHMEM a30Ta, oOpa3ys ankaHbl. Meton KuxHepa—
Boabda 6611 MoguduMpoBaH TaKUM 00pa3oM, YTO ILETOYHOE pas-
JIOXEHWE FHAPA30HOB CTATIU BBIMTOJHSATE B BHICOKOKUITSILIUX TPOTOH-
HBIX PACTBOPUTENSIX — AUITHICHIIUKoNE (T. kun. =245°C) unu
TPUITWIEHIIMKOJE (T. Kun. =287°C):

1) NH,~NH, - H,0

| Il 2) KoH; HOCH,CH,0CH,CH,0H; 200 C || |
0~ "CHO 0~ "CH;
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oL NH,~NH, - Hy0 -
< > 2) KOH; HOCH,CH,OCH,CH,OH; 240 °C

6uumkio-{3, 3]-oxraHoH-2 (90%) Guuukno-[3, 3]-okrau

o .
CH,

1) NHy-NH, - H,0

2) KOH; HOCHQCHZOCHQCHZOH

210—230 °C
@]
(69%)

B peakuuu KikHepa—Bosnbga nepBoHayaibBO 00pa3yercsi aHMOH M-
pa3oHa, KOTOpbIM HpH IIPOTOHUPOBAHUM TIPEBPALIAETCH B 430COeIH-
HeHUe. AHMOH IMIpa3oHa IpeacTapiseT co6oi a30TUCThINA aHaor al-
JUA-aHUOHA U eHOJAT-HOHA (cM. 1. 17, 4. 3) ¥ MpOosIBASCT [103TOMY
CBOJMCTBA TUIMMYHOrO aMOMIEHTHOrO aHMOHA, KOTOPbI MpH MpOTO-
HMPOBAHUH BONOM 0OpasyeT azocoequHEHHUE. A30COeIUHEHHE Jajee
MOABEePraeTcs AeNPOTOHUPOBAHUIO [0 AEUCTBUEM T'MAPOKCUO-HOHA
C MOCNEAYIOUMM OJHOBPEMEHHBIM OTIUEIUIEHWEM MOJIEKYNbl a30Ta U
[IPOTOHUPOBAHKEM I10 aTOMY YIJIepoda:

— e N==NH
| NNH e N NeHHzo o
R—c_» == R-C_, = ReC =
R H,0 R oH® /2 H
OH® Q]? L |
H,0

== R-*C_ ——2 R C—H+ 0 +N,.

H,0 / ~N=N ¢

R

16.3.2. PEAKHHA BATTHUTA

Peakuus, otkpuitas I. ButturoM B 1954 1., ocTtaercst JyquIuM
COBPEMEHHBIM METOJOM pPEerhociieuUIecKoro CUHTE3d aIKEHOB CO
CTPOTO onpeneaeHHbIM MOJoXeHUeM IBOHHONU cBa3U. Ee otanuurens-
Hast 0CODEHHOCTh 3aKITIOYaeTCss B ITOJIHOM OTCYTCTBUHM B IPOLYKTax
pPeaKkly U30MEPHBIX 0JePUHOB C IPYTUM IOJ0XEHNEM JBOHHOMN CBs-
3. DTO COCTaBISET MPUHLHKMUANBHOE OTIMYME NaHHOrO METoJa OT
IpYTuX TIpOLEeccoB, The OBOKHAs CBSI3b CO3JaeTcsl B pE3yJbTaTe
3-2nMMHHUPOBAHUSL.
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Peakuuss BuTttura 3axkiodaeTcd BO B3aUMOIEWMCTBUU anbjernjia
WM KeToHa ¢ wnmaaMu docdopa, NpUBOASIIKMM K 0Opa3oBAHUIO aJl-
KeHa M oxucu docduHa:

, 1 R

Rl\ — @ < 3 3<1)”IJ R\ 7
2 C=0 + (GHgP—C—R B TG o Ot (CoHP=0
KETOH WM cboczpo}ga ajikeH OKUCH TpHde-
(dochopan) HundochiHa

AJNKUITATOTeHUIB! pearupylor ¢ tpudeHundochuHoM, obpasys conu
TpudeHUIanKwIboCchHOHHUS:

@ e
(C¢Hs);PCH,RBr
(70~100%)

RCHzBI' + (C6H5)3P

HyxieodunbHoe 3amellieHUe MON ACHCTBUEM TpPOCTPAHCTBEHHO 3a-
TpyIHeHHOro Msrkoro HykieodunsHoro areHta (C¢Hs);P nerko ocy-
LIECTRIISIETCA JIST IEPBUYHBIX M BTOPUYHBIX, HO HE TPETUYHBIX aJTKWIra-
noreHunos. Unun ¢docgopa nonyl{a%Tcs IIPU JENPOTOHUPOBAHUU YeT-

BepTHyHO# cond docdonust (CHs); P—CH,R X Mocdonuessie conu

oTHOocATCs K cnabbiMm C—H-KucnoraMm, U Wit UX AeIPOTOHUPOBAHUS
HEOOXOOUMO HMCIONL30BATh CUJIBHBIE OCHOBAHMSI: AMMI UM TUAPUI HA-
Tpust; 6uc(TpumeTiacuina)amun Hatpuss — (Me;Si);NNa; #-6yTui-
autuit 1 gp. OOpasyoluuecs npu 3ToM HeliTpanbHble ¢ocdopopra-
HUYECKME COEIVMHEHMS] Ha3bIBAKOTCS WUIMIAMU, WM ¢ocdopaHaMu:

H—C4H9Li

@ [e) ® © )
(CeHs)PCHR X~ (CgHy)sP~CHR + LiX + CiHyg .

B TeueHue MIMTENBLHOrO BpPEMEHM 1UIA AMCKYCCUS O CTPOCHUH
¢ocdopaHOB, WIsI KOTOPBIX ObUIM TIpeIUIOXKEHBbl GeTarHOBas WIHI-
Has ¢opMa, a Takxke uaeHosas dopma (CiHs);P=CHR. WneHosas
CTPYKTYpa TIOApPa3yMeBaeT 3aroJHeHUe Iycroi d-opburanu docdopa
3a cyeT cocegHero KapbaHMOHHOro LeHTpa. KBaHTOBO-MeXaHUYeCcKue
pacyeTsl, OJIHAKO, OIpPEAEeNeHHO YKa3blBAlOT HAa WIMAHOE CTPOEHHE
¢ochopaHoB, rae d-opOUTUIM He TTPUHUMAIOT CYLIUECTBEHHOIO y4ac-
THSI B paclpeleneHuu 3apsina. Peakius BuTrura 4pesspiuaifHo mmiu-
POKO MPHMEHSETCS IUIsl ITONYYeHUsI 3aMelleHHBIX IPU IBOWHOMN CBS-
34 AJIKEHOB!

O + (CHs);PCH, B2 CH, + (C4Hs);P=0;
573 3 IIMCO 2 61153 ’

(86%)
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CHO CH=CH,
o NaNH,
+ 2(C5H5)3PC}‘I3 Br W + 2(C6H5)3P—_—O;

CHO CH=CH,
(75%)

S NaN[Si(CH3)3]2V

®
HC=C—CHO + C;;H,sP(C¢Hs);Br
12HsP(CgHs); Trd; =30 °C

—  » HC=C—CH=CH—C, Hy; + (CgHs);P=0
(81%)

<:>:o + (G| PSS, C“HS“ C}Q + (CeHs)sPO .

(45%)

OneduHupoBanue o BuTttury Hanuio pasHoobpasHoe NpuMe-
HeHWe B CHHTe3¢ BUTAMMHOB Irpynn A U D, moiuMeHOBbIX, NOJHE-
HUHOBBIX CO€OMHEHHMH, NYLIMCTBIX BellecTB, (PEPOMOHOB U IApY-
'MX GHOJIOTHYECKH AaKTUBHBIX cOeAMHEHUIT. B KayecTBe mpuMepa
npuBegeM cUHTe3 BomOMKoiIa — (epoMoHa TYTOBOTO HIEJNKOIIPS-
Ja, MpencTaBIsolIero coboil CONpPSXEHHbIH HUEHOBBIA COUPT:
10E,12Z-rexcanexanueH-1-ou. Jljis nonxydeHus 3Toro depoMoHa Me-
TUnoBbif 3¢up 12-dpopmunaexa-10E-eHoBON KMCIOTH KOHAEHCH-
pyior npu —20°C ¢ WIHIOM, TONYYEHHBIM U3 H-OyTUNTpUdEHUI-
docdonuitbpomMuna necTBueM OGuUcC-(TPUMETUICWIUI)AMUAA Ha-
tpus B TI'®D ¢ obpazoBanueM E,Z-conpsiXeHHOr0 AHUEHOBOLO
cJIoXHOTo 3(hHpa, KOTOPHIH BOCCTAHABIMBAIOT C MOMOLIBIO AJIO-
MOTHApHIA NUTHA B GoMOUKo ¢ oO1IUM BEIXOAOM 45%:

®
CH,CH,CH,CH,PPh;Br
a®N[Si(CHa),],° ; TID; —20°C

CH;00C(CHp)CH=CHCHO

1) LiAlHy; adup
—» CH;CH,CH,CH=CH—CH=CH(CH)3000CH; ————>
Z- E- 2) H{O

— CH;CH,CH,CH=CH—CH=CH(CH,);CH,0OH ;
Z- E-
10E-12Z-rekcanekagueH-1-on (GoMbukomn)

Peaxuysg Burrura ucrionsayeTcss H B XMMHYECKOR NMPOMBIIUTEHHOC-
. U3BecTHas ¢upma BASF (OPI') zanateHTOBAIA CHHTE3 BUTAMUHA A,
KIIIOYEBOI CTaaueil KOoToporo ABjsieTcs oieduHUpoBaHue o Burrury:
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H,C_ CH; CHj

® o CH;ONa
RN vtk i
CH;
H, CH; CH; Og CH; C
o SC—-C=CHCH,0-CCHj
A e g NS H
—_ (CeHs)s
CH,
H,C. CH; CH; CH,
y ]
N NN NN N0 L, HO L
H,0
CH,
H,C_ CH; CH, CH,
N NN CH,0H
_—
CH,
BUTAMUH A

Mexauu3M H cTepeoxuMus peaknud Burrura. B HacTosiee BpeMs
CYLIECTBYIOT /IB€ aJbTEPHATHBHbIE TOYKM 3PEHUS] HA MEXaHU3M 3TOH
peakuuy. B cooTBeTCTBHM ¢ MEXAHU3MOM, TPEITOXXKEHHBIM CAMUM BUT-
TUIOM, Ha IIepBOH CTaAUM B peE3yJbTaTe OOPATUMOTrO HYKIeohUb-
HOTO MPUCOETUHEHHUS] WINAA N0 KapOOHWIBHOMY aTOMY yrjiepona o6-
pasyeTcs TUTIONSIPHBIA MHTEPMEANAT, Ha3biBacMblil OetauHoM. [lanee
OeTayH rocie KOOpAMHALUYA KAPOOHMUIBLHOTO KHUCIOPOAA IO aToMy
¢ochopa npeppautaetcss B okcadocderan. OxcadocdeTaHs Hecra-
OUJIBHBI B PAaCTBOPE JlaXe IIpU HU3KOM TeMmepatype. Yxe npu —20°C
U BbIUIE OHH IONBEPIalOTCS YUC-SNUMHHHUPOBAHUIO ¢ 0Opa3oBaHHEM

alkeHa ¥ okucu TpudeHuwipochuHa:
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O~ P(C¢Hs)s

® ©
(C¢Hyg);P—CHR! + R*)COR’ ==—= R*—C—CHR! =—=

RB
6etanH
Oy P(CiHy),
=——> R*—CYCH —— (CH;);P==0 + R*~C=C—H.
R\ Y
okcadocheran



QaxTopbl, KOHTPOJUPYIOLHKE KOHGMUTYpalHMio obpasyioluerocs ajke-
Ha, MOXHO paccMOTpeTh B paMKax aTroro MexaHusma. [lockosnbky moc-
JeJHsig cTaams MpeacTaBaseT cobol cux-3MTUMUHHPOBAHUE, CTEPEO-
XUMHMSI obpasyiollierocsl B nepBoil crajiud 6€TauHOBOTO WHTEpMeaUa-
Ta COXpaHSETCSI U B UYETHIPEXUEHTPOBOM IIEPEXONHOM COCTOSIHUU
SNUMUHUPOBAHHUS U OoNpenenseT KoHQUrypaluuio ankexHa. Ilosromy yuc-
AJKEH IMOJYYaeTcsl MpU pacnane spumpo-6etauHa, a mpaHc-u3oMep —
MpH pa3ioXeHUU mpeo-OeTauHa:

® ®
(CeHs)sP o® (CHosP 0

® ©
(CHs)sP—CHR' + R2CHO =—= +
H Rr?
H R

R? H
H R
Ipumpo-GeTauH mpeo-6eTauH
CliH-3TUMAHUPOBaHHE
R\ R? R! H
, N
(CHs)P=0 + c=cC =c’
/s AN / AN 2
H H H R
yuc-(Z)-anxkeH mpanc-(E)-anxeH

Ecnu orwemnenue (CqHs);P=0 mpoucxonur 6victpee, ueM obpaso-
BaHUe apumpo- 1 mpeo-popM betauHa, To KoHPUrypauus aKeHa ofl-
pefenseTcst TOJIbKO COOTHOLIEHUEM KOHCTAHT CKOPOCTH 06pasoBaHMs
CTEPEON3OMEPHBIX GeTaMHOB. DTO Cly4ail TaK HA3blBAEMOIC KUHETH-
YECKOTO KOHTPOJIS peakilMy, KOraa IepBasi cTanusl sIBJIsieTCS JIMMU-
Tupylowieil. Ecnu ob6pazoBaHue OGeTauHOB sIBIsAeTCS ObICTPHIM 0Opa-
THMBIM [IPOLIECCOM, a MEUICHHOW, JIUMUTUPYIOIUEH CKOPOCTb CTAfM-
eit aenserca otwervieHue (CqHs);P=0, npa GetamHa HaxonsaTcs B
PaBHOBECHUM C MCXOOHBIMM pearcHTaMud, U COOTHOILUEHUE yUC- U
MPpaHC-aJTKEHOB 3aBUCUT OT OTHOCUTEIbHOM TEPMOJAMHAMMUYECKOM CTa-
OYIIBHOCTH 3pumpo- 1 mpeo-6eTaHOB. B 3TOM ciyyae peaxuus noju-
YHHSETCI TepMOAUHAMUYecKoMY KoHTpoto. Koraa 6eTanHbl Haxonsrcs
B PABHOBECUU C UCXOLHBIM WIKUIOM, OOBIMHO IIPEUMYILIIECTBEHHO 06-
pasyercsa Gonee cTaOUABHBIN mpanc-asikeH M3 Oonee cTabUIBHOrO
mpeo-6eTalHa, MOCKONBKY [EPEXOJHOE COCTOSIHUE, MpPHBOIsLIEe K
yuc-ankeHy, uMeeT Gojiee BHICOKYIO SHEpPrUi0 aKTHBALIMH, YeM IIe-
PEXORHOE COCTOSTHME, NMpHBOIsIIEe K mpaHc-ankeHy. Bricokoe co-
OTHOUIEHUE MpaHc-/yuc-aJIKEHOB XapaKTepHo LIl winnoB ¢ocdopa,
conepXalluX 2JIEKTPOHOAKLIENITOPHBIE 3aMECTUTENH: KapOaTKOKCWIb-
HY10, aHMJIBHYIO WJIM [IMaHO-TPYMIIbl. DTO CBA3aHO C TEM, YTO TaKUe
WIUALI 00NanaloT JOCTAaTOYHO BBICOKOW CTaOMIIBHOCTBIO BCIEACTBUE
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JeoKANM3alMy OTPYLATENBHOIO 3apsaa Mo KapGOHWIBHOM MU LiM-
ago-rpynne. O6paTUMbIii pacnaj 6eTaMHOB HAa UCXOIHbIE peareHThl
obyieryaercs B caydae cTabUIbHBIX HIIMIOB, TOTIA KakK CKOPOCTh BTO-
POl CTauuuM, HAIPOTUB, 3HAYMTEIBHO CHUXKAETCS.

9 8 CoHg Mo~ M
(C6H5)3P_C_COOC2H5 + CZHSCHOm /C:C\ .
i * H COOC,H;
(49%)

KuHeTuyeckMil KOHTpOJIb B peakliuy Buttura cobmomaetcs s
HeCTaOMJIBHBIX WIMAOB, COAEPXAIIUX DJIEKTPOHONOHOPHBIE TPYIIIM-
pOBKM B wiune. B aToM cnydae mpu MCIOJIB30BAHUM B KadyecTBe fde-
ITPOTOHUPYIOIEFO areHTa MpPOCTPaHCTBEHHO-3aTPYJHEHHBIX OCHOBA-
HUI, TAKMX KaK OMC(TPUMETHICHIMA)aMUI HATpUsA UM Kanusa B TTO
yoaeTcsl HAIIPABUTh PEaKIIKIO B CTOPOHY yUC-ANKEHA, U B HEKOTOPHIX
CNIydasiX cTepeoXuMMUYecKast YUCTOTA aiKeHa nocturaetr 95—97%:

_0® R‘\ R
(CoHg);BCH,R!+ RZCHO [(CHaSILNNa_ R/, (CgH3);P=0
IO, —10-(300) /7~

XO

Z-u3oMep

CTepeoXMMHUIO peakiiii BUTTHTa MOXHO ITOJIHOCTHIO OOPaTHUTh B IIPH-
CYTCTBMM COJNEH JIMTUS, €CIM B KayecTBe JeNPOTOHUPYIOUIEro areHrta
NIpUMeHTh H-OyTwinutuit. [lonyyeHue GeTauHa B 3TOM Cly4ae Ipo-
BOJSIT TIpK BO3MOXHO Ooyiee HU3KoU Temmeparype —25—(—80)°C B
TIPUCYTCTBUU OpoMMAa WM Honuna autusi. Poib KatMoHa, mo-BHIU-
MOMY, CBOOUTCS K €ro KOOpAWHALMM [0 KUCIOPOJHOMY aHHUOHY B
GeTanMHe, YTO pE3KO 3aMelNiseT pa3ioxeHUe GeTaMHa Ha ajdKeH M
(C4H;);P=0. 3areM beTanHOBBII MHTepMenuaT obpabaThIBacTCA elle
OXHUM 3KBHUBAICHTOM H-OYTUIIUTUS WIM PSHWUIMTHS C LEABIO IO-
JIy4eHHUsI HOBOTO WIHAA:

® ® ®
Il’Ph3 1|’Ph3 II’Phg
®
©.0 Li @ - e
WO AN L QN (@Hacoon © R
O R Rsre R' ey R A
H R H R H R
apumpo-6erauH mpeo-6eTanH
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[IpoToHUPOBaHKE MPOMEXYTOYHOrO HMHTEpMeIuaTa Mocie BBCICHUS
B peaKIIMOHHYIC CMeCh HEOOIbIIOro KOJKYECTBA TpeT-0yTaHo A B Ka-
YeCTBE NTPOTOHUPYIOLIETO areHTa NMPUBOAMT K 00pa3oBaHUIO DoJiee CTa-
OUILHOTO mpeo-OeTauHa, TIpY Pa3/ioXeHHM KOTOPOTO IToJyyaeTcs aji-
KeH mpaxc-KoHburypauuu. CooTHOUIEHUE mpaHc-/uc-A30MEPOB all-
KeHOB B 3TOM cjiyyae gocturaet 95:5 u maxe 97 : 3. DToT MEeXaHU3M
VAORJIETBOPUTENBLHO OIUCHIBAET CTEPEOXUMMIO PEAKIIUK B TIPUCYTCTBHUU
JIUTHEBBIX COJNEH M JBYX 3KBUBAICHTOB OYTWIIMTUSA KaK OCHOBaHMS,
OIHAKO OH HE JaeT PAlMOHANBHOTO OOBSICHEHUS BHICOKOU Z-cTepeo-
CeJIEKTMBHOCTH TOM XXe peakIiMM MpPH MCIOJb30BAHUM B KayecTBe oc-
HOBaHUS OMC(TPUMETWICWIMII)aMuIa HaTpus.

B anpTepHaTHBHOM MEXaHM3Me peakiMu BUTTUra B3auMOJeRCTBUE
KapOOHUIIBHOTO coelMHeHU ¢ unuaoM ¢ocdopa M. lllnoccep pac-
CMAaTPUBAET KaK LIMKJIOMIPUCOSIMHEHUE IBYX MUIIOJEH, MPUBOASILEE
K obpasoBanuio okcadocderaHa (I) ¢ Z-koHdburypauueir 3amecTu-
teneir R! u R%:

H

19 @ 2 5 ' ) 1
R'CHP(GHs); + R"CHO~—>»R“~C—0Q — R --C—C-\--R —_—
H
C—P(CGHs); ™ O—P(CgHs)
1PN 5)3
R¥" “H

okcadocdetan I  okcadocderan 11

R -C—Cx-R! R:,C—Co H

e

H' [ o H [ e Mg
0—P__ O—P__

(CeHs)s (CsHs)z

3pumpo-6eTauH mpeo-OeTarH
>c:ci R27C———~——C<H
H H H R!
LuUc-ankCH MpaHC-aNlKeH

TIcepnoBpamieHue JUraHnos B oxcadocderane I npuBoauT K okKca-
¢ocderany 11, B KoropoM cBsizp C—P 3aHMMaeT anuKajJbHOE I10JI0-
JK€HUE B TPUTOHAJIBLHOMN OuItMpaMuie MeHTaKoOpAMHaHMOHHOro doc-
dopa. Ilpu paspeise cesazu C—P B okcadocoderane Il obpasyercs
spumpo-6etann. Ecnu R' — anekTpoHomoHOpHBI 3aMecTUTEND, BpeMs
XH3HU spumpo-6etauHa Mato M otulerneHHe (C¢Hs);PO ¢ obpaso-
BaHUEM yuc-aJKeHa MPOUCXOIMUT ObicTpee, YEM KH3OMEpHU3aLMs B
mpeo-GeTanH. DNeKTPOHOAKLENTOpHbIe 3aMectnTenn R! ypemuuupaior
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BpeMsl XM3HM OeTamHa, COcOOCTBYS €ro M30oMepHU3allUM IpU Bpa-
wieHuy Bokpyr cwsian C—C B TepmMoaUHAMMUYECKH Oonee cTabUNb-
HbIA mpeo-6eTanH, U3 KOTOporo obpasyercsd mpaHc-aiKeH (TepMo-
JHHAMUYECKUN KOHTPOJIb). DKCIIEpUMEHTANBHO B peakuuu Burrura
B KaYeCTBE ITPOMEXYTOYHBIX YacTHLl yIalloch 3aUKCUPOBATH OKCa-
¢docderan. HerpynHo 3aMeTHTh, YTO 002 MeEXaHU3Ma Pa3IUYAIOTCS
TOJIBKO MOCJIeIOBATEILHOCTBIO CTaiuil o6pa3oBaHus OETaMHOB U OK-
cadoceraHa, ocTaBisisi HEHM3MEHHBIM [IOJYYeHHE yuUC-ATIKEHA U3
spumpo-6eTauHa U mpaHc-aJKeHa U3 mpeo-0eTauHa.

BaxxHO# B CHHTETUYECKOM OTHOLIEHHWU MogUMPHUKAlUEH peakiiny
ButTura siBnsieTcs -MeTOM, IpelUIoXeHHbI XopHepoM. BMmecto doc-
¢oHUEBBIX COJIEN IS TMOJyYEeHUST AJIKEHOB MOXHO IPUMEHATh doc-
¢ouarel. [Tonyyenue u npumeHeHue GochoOHATOB WILTIOCTPUPYETCS
CIeAYIOILIMMM IIpUMEPAMU:

o
Vs
1) RICH,X + P(OCH,CH,);—= R'CH,PZ(OCH,CH,), + CH,CH,X .

TpUsTIIhOCHUT docdoHar
©
e pZ, B 0 /0
2) R'"CH,P—(OCH,CH3); ~—"=— R'CHP—(OCH,CHj3), + BH .
o) P
1 Syp?, 2 1 7
3) RCHP—(OCH,CH,), + R"CHO R CH—C\\

(CH;CH,0),—P=0 R’

R\ A 7
— /c=c\ + (CH3CH20)2P\OO.
H R?
mpanc-ankKeH

Dra MomuduKauMs npuMeHuMa, Korza R! sBiasercs deHunbHOM,
auuJIbHONA Wi KapOaJKOKCUABHON TPYIIION, criocoOCTBYIOLICH cTa-
Omnu3auum KapbaHuoHHoro leHTpa. [IpoaykToM peakuuu B 3TOM Cy-
yae 0Ka3bIBAETCS MPAHC-ANKEH:

i
2° 1) NaH; M3 C—COO0GH;
(CoHs0);,P~CH,COOC,H; ~ g~ N
2)6 ; AMS (70%)

I o
+ (GH50),P-0
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OOpazoBaHulo mpaxc-u3oMepa ONaroNpHUsSTCTBYIOT Te€ Xe (HakTophl,
4YTO ¥ B OOBIYHOM BapuaHTe peakuuu Butrura: ctabunu3MpoBaHHEIRK
33 cyeT JeJioKanuzalnuu 3apsina ¢ocdarHelil KapbaHUOH 00paTUMO
MpUCOEUHSETCS K KApOOHUIBHOM IpyIlNe aibaeruia Win KetoHa; ob-
pPa30BaHUIO MPpaHc-AIKEeHa CITOCOOCTBYET OTCYTCTBHUE CTEPUYECKHX 3aT-
PYOIHEHUR MPYU CuH-IAMMUHUPOBAHUM U3 mpeo-OeTauHa:

O

y C,H;ONa
CH,=CH H
N 4
e e=c_ + CHs0nP o
H COOCzHS
(66%)

s nHanbosiee ynmoTpeGUMoOro peareHTa B MeToie XOpHepa TPUSTIII-
docdonoanerara (C,H;0),P(0)CH,COOC,H; pK,=15. D10 o3Ha-
4aeT, 4TO I AEeNPOTOHMPOBAHMSA MOXHO HCIIONb30BAaTh TAKHE OC-
HoBaHus, Kak C,H;O  wu ap., oaHako B anpoTOHHOH cpene OOBIYHO
MCHOJB3YIOT THIPUI HATPUSL:

1) NaH; CH H
) Na sHe CH;0 -
2) CH;0<0O)-CHO N

7
(CHs0),PZ~CH,CN ' =c7
CN

H
(88%)

16.3.3. OBPA3OBAHUE OKCUPAHOB IIPH B3AMMOJIEIICTBUA
KAPBOHUJIBHBIX COEJMHEHUN C WINIAMM CEPBI

B 1o Bpemst kak unuubl dochopa npu B3aUMOAEHCTBUY C alble-
TMIaMMd M KeTOHAMM o6pasyloT alKeHbI, MIMABL Cepbl B peakUUH ¢
KapOOHWIBHBIMU COEIMHEHHUSIMU JAIOT OKCUPAaHBI (3moKcuabl). Unu-
Ibl cepbl MONYYAIOTCS B pe3ylibTaTe HerpoTOHUPOBAaHHUS cylibdoHUe-
BBIX CoJIeit ITon NeiiCTBHEM CHUJIBHBIX OCHOBAHUIM, TAKUX KaK H-OyTHII-
JUTHHA WIM TUMCHJITHATPUI:

[CRC] ® ©
1) (CH3);S 1 + #-CyHgLi——————>(CH3),S—CH, + Lil + C4Hjq .

T, —20°C i cephI
0
® o b
+ +
2) (CH;),S—~0 + NaH TIMCO:; 20—50°C NaCH,SCH, + H, .
JUMCWIHATPHIA
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O

ee oo 4
3) (CH3)3SBr + NaCH25CH3 HMCO_TI-(D —10°C el

® ©
(CH3)2S—CHZ + NaBr + CH}?CH} .
O

WUnuns! cepbl, Kak ¥ Uanabl ¢ocdopa, IpH B3aUMOIEUCTBUU C
KapOOHUNbHBIMUA COCAMHEHUSIMKA NEpPBOHAUYANBHO 00pasyloT 6eTau-
Hbl B PE3yAbTATE HYKNCOPUABHOTO MPUCOCIMHEHUS] K KapOOHUNb-
Homy yraepony. OnHako B oriMyune oT ¢ochopHBIX DETANHOB cep-
HUCTBIH OETaMH CTAOMAUIUPYETCS 3a CYET BHYTPUMOJIEKYISIPHOM
HYyKJIeO(pUABHOR aTaky aToMa KMCIOpoAa Mo aToMy yriepona Geta-
HMHA C 3aMBIKAHUEM TPEXWICHHOTO HMKJIA. TaKoe pa3iMyue CTaHo-
BUTCSl NOHSITHBIM, €CJIM TPUHATH BO BHUMAHHE, YTO B Sy2-peax-
HUSIX JUMeTWIcyabdun B oTinuue ot TpudeHundochuHa spasieTcs

XOpollel yxonsiued rpynmnoi:
Rl—C———CHzgé(CHQZ
\..
Rz/ Q:(i)

R‘~C—\——;CH2 + (CH;),S
2
R (75-95%)

1 2 ® 0
R!COR? + (CH,),SCH,

Takum obpazoM, 110 OTHOLUEHUIO K KAPOOHUIBHOM IpymIe Wiu-
bl cepbl (POPMANIbHO BBITIOHSIOT POJIb areHTa-lepeHocyuka MeTH-
JIEHOBOY I'PYIIILI:

€] ®
1) CgHsCHO + CH,—S(CHy),

0L
CeHls— C=———CH, + (CHy),S

HAMEO Ho o (75%)
0 H,C——O0
2) # CHyS(CHY, s + (CHy)S
©7%)
o ® CH,
3)<}o+ CH2—S(CH3)2W®<(|)+ (CH;),S
(82%)
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BMmecTo MIMAOB cepbl MOXHO WCIMONb30BATH MAMABI CyAbGOKCH-
Q ®
nos. Metunua numetuncynbpokconus: CH,S(O)CH;), pearupyet c
afnbjJerugaMu M KeTOHaMM MOA0OHO METHUAUAY AMMETUACYNbMOHUS:
cI4 e
(CH3)2S_>O + CH}] - (CH})z— S_CH3 I.

O

0
[S]
(CHy),®sZCH, I + NaH (CH.OSZCH, + Nal + H, .

0
<:>< | + (CH3),S—~0
CH,

(75%)

AMCO

0
Q
(CHy),®sZCH, + O:O

16.3.4. COITPAXKEHHOE INPUCOEIJNHEHHNE
K o,p-HEHACBIIEHHBIM AIBJAEIrHIAM U KETOHAM

IpucoenuHenue HyK1eo(hUIbHBIX arEHTOB K O, B-HEHACBILEHHBIM
KapOOHMJIBHBIM COEIMHEHHSIM MOXET IIPOTEeKaTh HE TOJBKO IO Kap-
OOHWIBHOM TPYIIle, HO U B MoyioXeHue 1,4 CONPSKEHHOH CHCTEMBI.
BosMmoxHocTh 1,4-nipUcoelMHeHusT clelyeT U3 paccMoTpeHUs dop-
MYJBI O, 3-HEHACBIEHHOTO COeIUHEHUS:

1 4 7 o o/

C ¢
0\522 RN O\C SN
yd N e

ATt PopMybl OTPAXAIOT BLICOKYIO CTETIEHDb pa3lieSieHUsl 3apsiIoB MEX-
[y KOHUEBBIMH aTOMAaMU 3TOM COTIPSDKEHHOW CUCTEMBI, TTO3TOMY 1,4-
MpUCOENMHEHHUE HOCUT HA3BaHME COTIPSXKEHHOTO NpUcoenUuHeHusl. Jlnst
MHOTHX areHToB 1,2- 1 [,4-npucoeqHeHE KOHKYPUPYIOT MEXAY CO-
0OI1, XOTS B HEKOTOPBIX Cllyyasix HabmonaeTcss peruoceIeKTUBHOE TIPU -
coelMHEeHUE MO KapOOHW/IbLHON I'PYIIe, WIK COIpPSKEHHOE NpHcoe-
avHeHune. B oGuiem Bune 1,2- u 1,4-nipucoeAnHeHne K o, B-eHoHaM
MOXeT OBbITH BHIPAXEHO CACAYIOLIUM OOpa3oM:

/ Y  OH
ﬂ)_j C N’ C/
Z _ -
/C——C N & H+6Y s 1,2 NpHCOEIMHEHHE v \C/ N
| /
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@

(”)D 2O:

| /
C e, 4-nipucocauteHne C c 2
L4y

\C/ / C;\C/ A"'f,, / \|C/

CHOJAT-NOH

CornpsixeHHOe TIpUCOeIHHEHHE HYKIeohUIBHOIO areHTa B 3-110-
JIOXKEHUE €HOHA MPUBONUT K CHOJSIT-UOHY B KayecTBE MHTEpMEIMa-
Ta, KOTOPBIM MOC/Ie MPOTOHMPOBAHUS 10 O-YIJIEDOZHOMY aToMy 00-
pa3yeT HACBHIIEHHBIM NPOAYKT NpucoenuHeHus. KoHeuHblid pe3ynb-
TAT COOTBETCTBYET, TAKUM 00pazoM, GopMabHOMY IPHUCOCIUHEHUIO
IO JBOMHON YIJEpOI-YIJIEPOAHOHN CBSI3M Oe3 3aTparupaHust KapOOHWIb-
HOM rpynmnbl. B 1eACTBUTEILHOCTH Xe UMEHHO HaIn4yue KapOOHWIIb-
HOH TPYNIbI B O, B-HEHACKIIIIEHHOM KapOOHUIBHOM COEOVHEHUH SIB-
JISIeTCSL ABUXKYILECH CUIION COMPSDKEHHOTO ITPUCOEAMHERMS PA3TUYHBIX
HYKJIeO(HUABHBIX PEareHTOB, MOCKOJIbKY HEAaKTUBHPOBAaHHAS 3JEKT-
POHOAKIIEIITOPHOM TPyNIoON ABOMHAA CBA3b HE CIOCOOHA K peakliM-
SIM HYKJ1€0(WIBHOTO MPUCOSIUHEHHUS.

16.3.4.a. COIIPAXEHHOE NNPUCOEAMHEHUE AMHWHOB

IlepBud4HBIE U BTOPUYHBIE AMHHBI JIETKO NPUCOEIHUHSIOTCS K O,
[3-HeHacBIILEHHBIM KapOOHWIBHBIM COENUMHEHUSIM ¢ oOpa3oBaHUEM
[3-aMMHOKETOHOB WU [3-aMHHOANbACTUIOB. Peaklusi CONMPSXKeHHOTO
[IPUCOEIMHEHUS IIPOTEKAET B OYEHb MSITKHX YCJIOBHUSIX C IIPEBOCXOJ-
HEIM BBIXOJOM: \

CH3—%—CH=CHZ+HN(CH2CH3)2~C%—O{§-)T{ CHyCCH,CH,N(CH,CHy),
O O (92%)
+ —————————————
<_:>:o CHNH, oo o
CH;—HN (50%)
3

(CH3)ZG=CH—ﬁ—CH3 + CHNHy (CH3)2|C—CH2—C—CH3
2
NHCH, O
(75%)
HCOGXOIIHMO OTMETHUTL, 4YTO VLS COIIPSDKECHHOI'O NMPUCOCIUHEHUST Clie-

JIYET UCNOIb30BaTh TOMLKO ONMH 3KBUBAJIEHT AMHHA, YTOObI UCKITIOYUTE
B3aUMOJENCTBIE KaPOOHUWIBHOMN IPYIITBI CO BTOPBIM MOJEM aMMHa.
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16.3.4.6. CO[TPAXEHHOE INPUCOEIUHEHHE
HHAAHUCTOI O BOOOPOIA

IuanncTelii BOZOPOA MOXET NMpPUCOEAUHAThCS B 1,2- u 1,4-mo-
JIOXEHHS O, 3-HelnpeJe/IbHOro KapOGoHWILHOTO coequHeHus. Harpasie-
HUe NPUCOCIUHEHUSI B 3HAYUTEIILHOMN CTEMEHM 3aBUCUT OT CTPYKTYp-
HbIX GaKTOpPOB B ¢, B-HEHACBILIEHHOM KapOOHWIBHOM COCAUHEHUH.
st o, B-HeHaChIEHHBIX aNBJerda0B oOpa3oBaHMe LUAHTHIPUHA

OH
/s
R—CHZCH—-C\ npeoGnanaer Hag 1,4-nipucoenuHeHueM. Jna
CN
H

KETOHOB, COICPXKAIUHX B B-HOJ[O)KCHI/H/{ APUIBHBIC 3AMECTUTEIH, HIPEa-
[TOYTUTECJIBHBIM CTAHOBUTCS CONPSIXKEHHOC IIPHUCOCIUHEHHUEC!

CgHs—CH=CH-C—CeHsHHON oo CHs—CH-CHy—C—CgHs.
T CHCOOH " .- T

(93-96%)

Onxaxo pist GONbIIMHCTBA ATUGMATHYECKUX O, [3~HEHACHIIIEHHBIX Ke-
TOHOB HaOMofaeTcsl KOHKypeHIus 1,4- u 1,2-nponieccoB npucoenu-
HEHMUS.

YT1o6bl MOJHOCTHIO UCKIIOUUTD IpsIMOE 1,2-nIpucoeqHeHe, ObLT
MPeJIOKEH HOBBIA pEareHT PEerHoceNeKTUBHOrO 1,4-TUIpolUaHupo-
BaHUS — AUSTUAATIOMMHHUMMaHUA. OH IOJy4aeTcs U3 TPUATUIATIO-
MHMHMS ¥ [IMaHKCTOrO BOAOPO/A:

Tonyon; 0°C

(CH,CH,);Al + HCN (CH,CH,),AICN + C,Hj .

93%)

IMpu KUCTIONB30BAHUM 3TOTO peareHTa eAMHCTBEHHEBIM ITPOIYKTOM
NPUCOEAVHEHUS SABIASAETCS [3-KETOHUTPHUI:

1) (CHsCH,),AICN; CHj
CHy—C—CH=C(CHj), — 2% 20C _ p1 ¢ CH,~C—CH;.
I 2) H;®; H,0 I |
o) CN
(88%)

JUsTUIATIOMUHUMLIMAHU 0D/1a/1aeT BLICOKOH MpaHc-CTepeoceIeKTUB-
HOCTBIO B PEaKLMAX COMPSIKEHHOIo MPUCOEIMHEHHU K HUKIMYECKIM
o, P-eHOHaAM:
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H H H

1) (CHiCH9,AICN;
Tonyon; —20°C +
o ) H®, HO0 . o

CN 24:1 CN
mpanc-9-uMaH-  yuc-9-uuaH-
JIEKaJIoH-2 JIEKAJIOH-2

oO1mii Bexon — 72%

16.3.4.8. IPUCOEIUHEHUE METAJITIOOPTAHUYECKHUX COEAUHEHUH

JluTHilopraHM4ecKre COCHUHEHHUS ITPUCOSAMHSIOTCS HCKIIOUU-
TEJIbHO N0 KapOOHWJIBHOM rpymnmne o, [B-HeHACHIUeHHBIX aabIerHIoB
U KETOHOB C 00pa3oBaHMEM AJUTWIOBBIX ciupToB (1,2-npucoeiyHeHUe):

. OH
1) CH;Li;
1 <;>:O ) 3@1 admp <;>< (95%)
2) H3O 5 HZO CH3

OH
1) CH;Li; acmp |
2) (CH,),C=CH—C—CH,—————(CH;),C=CH—C—CH; .
) (CH3)y I PN H,0P; H,0 L 3
(81%) CH,

PeruvoceieKTUBHOE COMpPSIXKEHHOE TIPUCOEIUHEHNE METAJUIOOPra-
HUYECKUX COCAVHEHMM NOCTUraeTCs ¢ MOMOUIBIO HUAJIKMJIKYIPATOB.
ConpspkeHHOE MpUcoeUHEHUe TUANKUIKYTIPATOB SBISETCA B HACTO-
suiee BpeMs JYYINHM METOOOM BBeJEHHUs WIKWIBHOM rpynmsl B -
nonoxeHue eHoHa (Kopu; Xays, 1966). C noMolibio JHAIKUIKYIIpa-
TOB B 3-MOJIOXEHHE O, B-€HOHA YIaeTcsl BBECTH HE TOJILKO NEPBUY-
HYIO, HO M BTOPHUYHYIO, U HaXe TPETUUHYIO AJTKMUIBHYIO TDYHITY.
[MoMUMO aNKUIBHBIX TPYIII, MOXHO BBECTH AIKEHWIBHYIO U apuib-
Hy10 rpynnsl. HekoTopble THIMYHbBIE TPUMEDPEI TIPUBEAEHB] HUXE:

O 0,.0 O
/ 1) [(CH2),0u° Li®; /
D CHC”-CH=CHy - P22 cnccrcrchy
’ (97%)
O, .®
2) <;>:O 1) [(CH;),Cu] " Li"; a¢up o
2) H,0®
CHY (979)

1) (CH/~=CH),CuLi; TT®
e — :
2) H;0

CH=CH, (65%)
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4 C>:O )] (C6H5)2CuLi; sapup o
2) Hy0
CgHs (70%)
1) (CH;3),Culii ; adup
3) 2) CH,COOH—H,0
O (6)
CH, (80%)

9-MeTUA-yuc-IEKATOH-2

H

Bo Bcex cnydasix KynpaThl He BBIIEISIOT B MHIAWBUIYATLHOM BHUIE, a
HCIIO/IL3YIOT HEMMOCPEACTBEHHO II0C/IE MOYUEeHUST U3 TUTHIH- WIM Mar-
HURAOpraHMYeCcKHUX coegrHeHui u 6pomuna meau (I) B adupe, TI'O
MJIM JUMETOKCUITaHe. Bo MHOTHX Clyyasix MOXHO MCIIOJIB30BaTh Ka-
tTanuTHieckue koaudvectna (5—10%) Cu,Br,.

IMpennonaraior, yto 1,4-npucoeauHeHue peakTHBOB [ puHbsSpa
K o, -HeHachllIeHHBIM KeTOHaMm OOYCIOBIEHO NMPUMECSIMH B Me-
TAJNIMYECKOM MAarHuu CJeA0B MEePeXOSHBbIX METALIOB — MeJH, Xe-
J1e3a WY JPYruX MeTaUioB. MaruuilopraHuyeckue coeJuHeHus, mo-
JIyYeHHblE U3 MarHus CBE€pPXBBICOKOM YUCTOTBI, NPUCOEIUHSIOTCS
TOJIBKO 110 KapOGoOHUWILHOU rpyrine eHoHa (1,2-npucoenuHerue). Pe-
axTuBH I'puHbsIpa, mojay4eHHbIEe U3 OOBIMHOIO, HEOYHMILEHHOTO CIIe-
IIMAIBHBIM OOpa3oM MarHus, MPUCOEOMHSIOTCI U B 1,2- u B 1,4-
nosoxeHusi. HanpapneHue IpUCOeNUHEHHUS peHIalOIUM oOpasoM
3aBUCUT OT cTepuyeckKux daxTopoB B cybcrpate. o, [B-HeHachiueH-
HbIE aNbAEerUbl IPUCOENUHSIIOT MarHUHOPraHUYeCKUe COeIUHEHUS
TOJIbKO MO KapOOHWIBHOM Cpylne, i KeTOHOB B OONBUIMHCTBE
ciiyyaeB obpasyercsi cMech 060MX M30OMEPHBIX MPOIYKTOB, U TOJBKO
Opy HATMYUHU OOBEMUCTOrO 3aMECTUTENISI ITpU KapOOHUNBHOM YIJIe-
polle ¥ BIEKTPOHOAKIIEIITOPHOIO 3aMECTUTENA ¥ B-yINepOoHOro aToMa
yIaeTcst IOXTHOCThIO U3MEHUTD HAIIPABJAEHHE peaKiMKi B CTOPOHY CO-
NPSLKEHHOTO MPUCOCIUHEHHUS:

CH,CH=CH—C—CH, 1)CH:MeBr_
| 2) H;0®
CH,
— CH3CH=CH‘—'J:—CH3 + CH3_C|:H_CH2_ﬁ~CH3
H CH, o}
(72%) (28%)
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1) CH;CH,MgBr
2) H,0°®

C6H5CH——-CH——ﬁ——CH2CH3

(I)H
—» CgH;CH=CH—C—CH,CH; + C¢Hs—CH—CH,~C—CH,CHj
(30%) CH,CH;, CH,CH,; O (70%)

0
il
CeHs—CHCH,~C-C(CHy)y
CH,CH,
(100%)

1) CHyCH,MgBr

C«H.CH=CH-C—C(CH
6Hs C (CH;)3 2 H,0°

o

1) CH;CH,MgBr
2) H;0®

C6H5CH=CH—~?|Z——-C6H5
o}
(l)H
C6H5CH=CH—|C—C6H5 + CHs—CH—CH;—C—C¢Hs;

CH;s CH,CH; O
(1%) (99%)

B Hacrosiee BpeMsi MarHUMOpraHUYecKre COeIUHEHHS! ITOJIHOC-
THIO YTPATWIM CBOE 3HAYEHHE B KAYECTBE PEAreHTOB CONPSIXKEHHOIO
NpUCOEIUHEHUS K O, 3-HeHAChIIIEHHBIM KeToHaM. [1st aToil uenu ceit-
Yac MCTONb3YIOT NUANKWI- ¥ Auapuiakymnpatel. s 1,2-npucoeauue-
HUS MIPEAIIOYTEHME, HECOMHEHHO, MOJIKHO ObITh OTHAHO JTUTHHOpra-
HMYECKHM COEeTUHEHUSIM.

16.3.4.r. CONPIXXEHHOE TTPUCOEOUHEHUE
BOPOPTAHUYECKUX COEIMHEHHWUHN

TpuankunbopaHbl NpyU B3aMMONEHCTBUU C O, [3-HEHACBILEHHbI-
MU TbAETUIAMY U KETOHAMM IIPUCOSIUHSIOTCS pernocnenuduyHo B
1,4-nooXeHHe COIPSDKEHHOM CHUCTEMBI ¢ 0Bpa3oBaHUEM BUHMWIOK-
cubOpaHOB, KOTOPBIC NMPU TMAPOIM3E AAIOT [B-aJIKUI3aMelIeHHbIe Ha~
CBILIIEHHBIE KapOOHMIBHbIE COETUHEH M

o H

RCH;~CH=C] HO_
OBR

4
+ =CH—
RsB + CH=CH C\H TI®; 25°C
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OH

V
— [RCHZ—CH=C< RCH,CH,C.,
H H
RI
4 H20
R;B + CHy=CH—C—R'ser—csn [RCHrCH:C }——
7 TT®; 25C “OBR,

[RCH2——CH=|C-R‘]—> RCH2CH2ﬁ—R’ .
OH

TakuM 06pa3oM, CyMMAapHO COIPSIKEHHOE MPUCOEAMHEHUE TPU-
ANKWIOOPAHOB 3aKJII0YAETCS. BO BBEIEHUM OMHOMN AIKUILHOMN IPYIIBI
B [-monoXeHue €HOHA WMJIM eHAIS C oOpa3oBaHWEM HACHIIEHHOTrO
KETOHA WJIM IBAETrUa, HAIPUMED:

ByH¢
CH3(CH2)3CH:CH2 W [CH3(CH2)3CH2CH2'}_3‘B

1) (#-CgH,3);B; TI®; 25 °C

(o}
=

- C C
2) H,0; 25 °C CH3(CH,C

(83%)

O
|
B,Hg 1) CH2=CH—(II——CH3; TIro; 25 °C
e~ B >
TI®; 25 °C 3 2) HO
—_— O—CH2CH2ﬁZCH3

(100%) ©O

o
CH=CH—CZ ;

W3 ripuBeaeHHBIX YpaBHEHUI CJelyeT, YTO B PeakLMH JIKHIHPOBa-
HUst O, [3-HEHACHIIEHHBIX KapOOHMIBHBIX COEIMHEHHI HCITONb3YeT-
CSl TOJNIBKO OIHA M3 TPeX aJIKWIBHBIX IPYIIN TpHANKHIG0paHa.

16.3.5. BOCCTAHOBJIEHHME o, f-HEHACBINIEHHbIX
AJIBAETHUIOB 1 KETOHOB

BoccraHoBieHHe o, [-HeHACHIMEHHBIX KapOOHUIBHBIX COERH-
HEHUH NMomobOHO APYIMM peakUusIM MOXeT ObIThb OCYILUECTBJIEHO B
1,2- puau 1,4-nonoXxeHue CONPSKEHHOW CUCTEMBI B 3aBHCUMOCTH
OT HNPHUPOLBI BOCCTAHOBUTEJBHOIO areHTa. JJad ceJeKTUBHOrO BOC-
CTaHOBJIEHHS TONILKO KapOOHMJIbHOM TPYIINLI Yallle BCEro MpUMEeHs-
10T ajiIoMoruapua autus. JInsg toro, yTodnl U36eXaTh CONMPSXKEHHOTO
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BOCCT2HOBJIEHHUSI O, [3-HelpejeNbHbIX albAeTHI0B U KETOHOB CAely-
€T NPUMEHSATH «00pATHBIN» NOPANOK CMEUIEHUS peareHToB, T.e. J0-
6aBnsitTe 3UPHBIA pPACTBOP AJIOMOTHAPHUIA JUTUSA K KapOOHHUIBHO-
MY COSAMHEHMIO NpU HU3KOKH Temneparype —10°—(—20)°C:

1) LiAIH,; ; —10°C -
) 4 o¢up; —10°L CH,CH=CH~CH,0H
2) H,0P; 0°C

(82%)

CH,;CH=CH-CHO

H
1) LiAlH,; adup; —10“(;
C>=O 2) H0P; 0°C o 97%)

Hawryynide pesaynbraThl IS U30UPATEIbHOITO BOCCTAHOBJIEHMS Kap-
GOHMIBHOM TPYNIIBI B O, B-€HOHAX U eHANSX JOCTUTAIOTCH B TOM CHy-
qae, KOrZa B KA4YeCTBE BOCCTAHOBUTE/IS HCITOAb3YETCA JUU300YTIIATIO-
Munuitrunpun (JIMBAJI-H) B Tonyosie B 04eHb MATKUX YCIOBMSX:

(u30-CyHgppAIH__
tonyon, =20 °C
o) H® "OH
(95%)

ConpsixeHHOe BOCCTAaHOBJIEHUE O, [-HEHACHIIEHHBIX KapGo-
HWIBbHBIX COEAMHEHUN OCYLIECTBISIETCS MO AEHCTBUEM JIUTUS B XU/~
KOM aMMUaKe:

o D Lis NHye; =33°C o
2) NH,CI; HOH

CH,3 H HH CH,
(50%)

MexaHu3aM 3TOil peakluM 110 CYLIECTBY aHAJOTHYEH BOCCTAHOBJE-
HUIO aJKMHOB IO mpaHc-aykeHoB (ML 6, 4. 1) M BRIIOYaeT yeThipe
CTaiu4 MOCAEIOBATENEHOTO ONHONIEKTPOHHOr0 BOCCTAHOBJISHUS U
IIPOTOHUPOBAHUS:

\.. o I . ®
C—C=C—0Q: | Li
/ l »s } l

AdHMOH-pagnKaj

1)\c=c—c=o+u e . {
/

o | . \ . o
2) C—C=C—O0: + NH C—C=C—0: + NH
/ o 3 / | bre 2

H panuKan
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AN )
c—c=c—8:°Li

/' /I I I Py 1
H H

CHONAT-UOH

|
2 © .
4) ic—é=c—9= L HQE»EC—C=C—OH}+ LiOH——:C—&—c=o
'd Ill | |

B nepBoit craguy B pe3ysbTare IepeHOoca ONHOrO 3MeKTPOHA OT
JIUTUSI K €HOHY o0pa3syeTcs aHUOH-paguKal, KOTOpBIA Jalee MpoTo-
HHUpYETCS aMMMaKOM JI0 eHONAT-panuKana. Pagukan najiee BOCCTaHAB-
JIUBAETCSI TUTHEM JIO IMTHEBOTO €HOJISITA HACBILIEHHOro KetoHa. EHo-
JUIT JINTHS YCTOMYMB B PACTBOpE XMIKOTO aMMHaKa K JIPOTOHUpYeTCs
TOJIBKO C TOMOIIBIO 6ojiee CHABHBIX, YeM aMMHUAK, ITPOTOHUPYIOLIMX
areHTOB — XJIOpMIA AMMOHHMSA, BOOBI WIM CNKpTA. B IpemapaTUBHBIX
LIeJ1SIX BMECTO aMMMaKa B Ka4yeCTBE PACTBOPUTES] MHOTAA YIOOHee uc-
ronb3oBaTk [M®PTA. B xauectBe nmpyMepa ImpUBeIeM CONPSDKEHHOE BOC-
CTAHOBJIEHME IIMKINYECKOr0 HEHACHIIIEHHOTO KETOHA — ITyJIeroHa JIH-
tHeM B TMOTA:

~CHs 1) Li; IMODTA; 20 °C

CHs C\ ; CHs 9H—CH3
CH; 2) CH5CH,0H; H,0 CH,
0 0
ITY/IETOH (75%) 2-vzonponun-5-me-
THILMKIIOFEKCAHOH

DTUM METOAOM MOXHO CEJIEKTHUBHO BOCCTAaHABIMBATH CONPSDKEHHYIO
JBOMHYIO CBSI3b B IIPUCYTCTBUM HECONPSKEHHON ABONHOMN CBA3U:

CHs CHs

L1 NH3 s —33°C
729y NHC]; KO _CH
C\CHg O 7H <
(98%)

(o)

CrepeoXUMHsT BOCCTAHOBIEHUS O, [3-HeHACHIIEHHBIX KETOHOB JIK-
THEM B XHAKOM amMmuake wid B TM®OTA 6buta ycraHoBI€Ha MpH
HCTIONB30BAHUM B Ka4eCTBE MOIENTbHBIX COEANHEHHH OHUHKITHYSCKHX
KETOHOB ¢ KOHAEHCHPOBAHHBIMH IUECTH3BEHHBIMH UMKIAMH, B KO-
TOPBIX B-YIJIepOAHbIA aTOM HAXOMMTCS B COWIEHEHWH UHKIOB. DTa pe-
AKUUS NOIYMHSETCS CTEPEOINEKTPOHHOMY KOHTPOMIO U NMPUBOIUT K
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00pa3oBaHHIO Haubojiee YCTOWYMBOIO M30MEpPA C MPAaHC-COUJIEHEHHU-
€M IBYX KoJiell, HallpUMep:

CH;, CH,

1) Li; NH; e —33°C
o 2 NHCI; HO

o

e TEED)

(90%) 10-MeTn-mpanc-2-nexanoH

BoccraHORBMEHME JIMTHEM B XUAKOM aMMHaKe o, 3-HeHACBIILIEHHbIX Ke-
TOHOB HAlIUIO OOIIMPHYIO 00JacTh MPUMEHEHHUS B CMHTE3e psilia CTe-
POHUIHBIX TOPMOHOB — TECTOCTEPOHA, NPOrecTepoHa, KOPTHU30HA U Ap.

EHonsat-uoH, o6pasylolMiics NMpY BOCCTAHOBJIEHHUHU O, B-HeHa-
CBIIIEHHBIX KapOOHUIBHBIX COEIMHEHUN B XUOKOM aMMHUaKe WIHX B
I'M®TA, criocobeH BCTYIaTh BO MHorue peruocnenubpuyeckue pe-
AKIUM [T0J] JEUCTBUEM CaMbIX Pa3HOOOPA3HBIX 3/1eKTPOGUIBHBIX areH-
toB. [TogpobHo 3TH peakuuu GynyT paccMOTpeHHI B 1. 17, a 3xech B
KayecTBe NMpuMepa npuseseM C-anKunupoBaHue JTUTHEBOTO €HOJIATA
2-METHWILIMKIIOreKCAHOHA, 00pasyrollerocs Ipyu BOCCTAHOBJIEHUH 2-Me-
THUJILUKJIOIEKCEH-2-0Ha.

0
CH,

CH,

(46%)

Takum 0Opa3oM, BOCCTAHOBJIEHUE O, [3-€HOHOB JUTHEM B XU~
koM ammuake wid B TM®TA npencrasnseTr coboit crienudpuyecKuit
U OPUTMHAJIBHBIA METOJ T€HEPUPOBAHUS €HOJIAT-UOHOB HACHIIEHHBIX
KETOHOB B KMHETUYECKMA KOHTPOJIUPYEMBIX YCIOBUSIX.

JlBoiiHas yriaepon-yriepoJaHasi CBSI3b O, [3-HEHACHIUIEHHBIX Kap-
OOHMJILHBIX COEOUHEHHUI MOXET OBbITh CEJEKTUBHO BOCCTAHOBJICHA C
MIOMOILBI0 KATATUTUYECKOro TMAPUPOBAHUS Hal IMAJUTANUEBBIM, pY-
TEHVEeBbIM WX IUTATUHOBBIM KaTaTU3aTOpaMy B HENTpaIbHOM WIH clia-
6okucioit cpene (CH;COOH):

H
‘1, Pd/C _
CH;COOCH,CH3; 20°C
o o
H
(95%)
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COOCH,CH; COOCH,CH;

Pd/C

+H, S
CH,CH,0H; 25°C
O O

(83%)

I BOliHas yriaepoa-yriaepoaHas CBS3b THAPUPYETCS 3HAYUTENbHO ObIC-
Tpee, YeM KapGOHWIBHAS, CIOXHOI(DHUPHAA ¥ HUTPUILHAS TpYTIA.
DTO pasanyue HACTONBKO BEJIUKO, YTO ITO3BOJSET IIPOBOAUTDL PETrHO-
CeJIeKTUBHOE KaTatuTHYecKoe ruapupobaHue C=C CBSI3M B IIPUCYT-

~ 7
crBun _C=0; —C—OR n C=N-rpynn. Haunyyume pesynbraThl

JIOCTUTAIOTCA MPU UCTIONb3OBAHMY NAJUTAIMEBbIX KATATU3ATOPOB B HEil-
TpaJIbHOM cpene.

16.3.6. BOCCTAHORJEHHE AJIBJAETHA0B 1 KETOHOB

AJNbAETHIABI M KETOHBI MOTYT OBITH BOCCTAHOBJIEHBI IO COOTBET-
CTBEHHO MEPBUYHBIX WIX BTOPUYHBIX CIIUPTOB HECKOJBKHUMHU CIIOCO-
6amu. Haubonee pacripocTpaHEHHBIM METOIOM SIBISIETCS] BOCCTAHOB-
JIeHUEe KOMIUTEKCHBIMM THAPUIAMU: OOPTHApUIAMY HATPHUS WU JIU-
TUSI U JIUTUHATIOMUHOTHAPUIOM (Tur. 11, 4. 2)

Boprunpun Batpus obecrieyuBaeT U30HpaTeNbHOE BOCCTAHOB-
JIeHUe KapOOHWIBLHOM IPYIIB! AILIETHIOB U KETOHOB B MIPHUCYTCTBUH
MHOTUX APYruX HYHKUMOHAJNBHBIX IpPYyNIl (CA0XHOYDUPHON, HUT-
pUWILHOR, aMUAHOMN, JAKTOHHOHN, OKCHUPAHOBOH), KOTOpBIE 3TOT
peareHT He 3arparuBaet. boprunpua HaTpus UejiecooOpa3Ho NpH-
MEHSTh U JJIs1 BOCCTAHOBJICHUSI HECOIIPSIKEHHBIX KapOOHUIBHBIX CO-
eAUHEHUI C U30JIMPOBAHHBIMHU YINIEPOA-YIIEPOAHON U yIJIEPOA-KHUC-
JioponHO# NBOMHOMN CBSI3bIO, II€ BOCCTAHABAUBAETCSl TOJBKO Kap-
OOHUNbHAS IpyIIMa:

NaBH,

CHy=CHOH,CH,CHO — o

CH2 = C}‘ICHzCHzCI‘{on .
(85%)

ATIOMOTHIPU, TUTUSI TOPA3/I0 MEHEE CEJIEKTUBEH U pearupyeT co
BCEMM BBILLIE ITPUBELEHHBIMY GYHKIIMOHAIBHBIMUY IpyrrnamMu. B ux ot-
CYTCTBHE €r0 MOXHO KCIIONb30BaTh LIS BOCCTAHOBIEHUS KapOOHMIb-
Holl rpylinbl B pactsope B abcomoTHoM a¢upe, TID, IMD. Hpuse-
€M HEKOTOphbie TMITHYHBLIE MPUMepbl BOCCTAHOBICHHMS KapOOHUIb-
HbIX COEAUHEHUH KOMILIEKCHBIMHM IM'MIPUIAMMU!
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1) NaBH,, sranon

1) CH,CH,CH,CHO ch = CH,;CH,CH,CH,OH
2) H;0 (85%)
T
» OO . Oy
2) H;0 |
OH
(88%)
3) CH5(CH,)sCHO D L‘A’;“’ 3Pup_ CH;(CH,)sCH,OH
2) H,0
(86%)
0
) 1) LiAlH,, a¢up OH
) 2) H,0®
(90%)

CyliecTByeT HECKOJIBKO Pa3IMYHbIX CIIOCOOOB, IMO3BOJIAIOLIMX YBE~
JIMYUTH U3OMPATENBHOCTh ATIOMOTUIPUAA JIUTHS WM YCUIUTh €ro neii-
CTBUE B peakLHsIX BoccTaHOBIeHUd. OQHUM U3 ciocoboB, yCHIMBAIO-
LMX JCCTBUE AIOMOTUAPULA NUTHS, SABJIAETCA BOCCTAHOBIEHHE CMe-
ChIO ATIOMOTMIPHMIA JIUTUS C XJIOPUCTHIM amomuuueMm'. Cucrema
LiAlH,-AlICl; umeer nBe BaxHble 00JACTH NIPUMEHEHUsI: CTepeocrie-
uMpHUYECKOoe BOCCTAHOBIEHUE KETOHOB 32 CYET 3MUMEPU3ALUU CMe-
CH CcrIHpTOB B OoJiee cTabWIBHBIA cTepeoMep U MMAPOreHoin3 Kapbo-
HUJIbHBIX COeAMHEHUH N0 yraeBogopona. Tak, IpM BOCCTAHOBICHUH
4-mpem-OyTHUILIMKIIOTEKCAHOHA CMELIAHHBIM THMIPUIOM, ITONYYeHHBIM
u3 oaHoro moius LiAlH, u 4etsipex Moneit AlCl;, nmonyyaercs Goiee
cTaOWIBHBINA mpanc-u3oMep 4-mpem-OyTHILIHKIIOTEKCAHOMA, B TO Bpe-
MSI KaK C CAMHUM ATIOMOTMAPHUIOM JUTHSA Hojy4yaeTcs cMech u3 80%
mpanc- v 20% yuc-n30MepHbIX CITHPTOB:

(CHYC, /oy OV LA MG 208 ey /oy

2) (CH,);C—OH
) (CH3); (99%)

ApOMAaTHUYeCKHE U XUPHOAPOMATHYECKHE KETOHBI 101 NEHCTBHEM CMe-
cu LiAlH, u AICl; nperepnesaioT runporeHoin3 ¢ obpazoBaHueM yr-
JIeBOAOPOJIOB:

! Mpu B3aMMOMENCTBHN AMIOMOTHAPMUAA JTUTHS ¥ XJIOPUIA ATIOMUHUS B 3aBUCH-
MOCTH OT COOTHOLUEHHS pearcHToB o6pa3yloTest pauTHuHble ranoreHanadbl Tuna HAICI,,
H,AICI u op., KoTopble Y BbHTOJHAIOT POJAb HCTUHHOTO BOCCTAHOBUTENS.
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LiAIH,; AIC,
o 36 BrCsHiCHCeHs

(90%)

Jpyroit HHTepecHOi 0COBEHHOCTLIO 3TOrO peareHTa SBJSETCS €ro CIIo-
coBHOCTh K paclUIEIUIEHHIO alUeTaleil U KeTaled 10 NpocThix 3¢hHpoB:

O—CI"Iz : . . °C
Ko Ly pipete2tmte (O-acncron
0—CH, 2) HO

(94%)

BrCH,COC4H;

1) LiAlHg; AlClsy; adup, 36°C

2) H;0°

C¢HsCH(OCH,), C4HsCH,0OCH,

(88%)

PaccMOTpUM CTEpEOXUMHUIO BOCCTAHOBIEHHS KapOOHMWILHOH IpyTi-
mbl. B peaynbrate BOCCTAHOBNEHUS HECUMMETDHYHOIO KETOHA O BTO-
PHYHOFO CIUpTa KapOOHUIBHBIA aTOM YIJIEpPOAa CTAHOBUTCS XUPAIb-
HBIM, T.e. 00pa3yeTcsi HOBBIA XupanbHbIA HeHTp. HecuMMeTpudaHbIi
KETOH MPUCOEAMHSIET TMAPUI-UOH C HAUMEHEE NMPOCTPAHCTBEHHO 3a-
TPYIHEHHOM cTOpoHbI. KitaccuueckuM npuMepoM sIBASIETCS BOCCTAHOB-
Jienue 4-mpem-O6yTUALMKIOIeKCAaHOHA JHOMOTMAPUIOM JIMTUSL, TIpH-
BoJsiliee K 0OPa3oBaHUIO IPEUMYIUECTBEHHO mparnc-u3omMepa 4-mpem-
OYTHIILIMK/IOTEKCAHOJIA;

O 1) LiAlH,; adwp

(CH3)3C\% 2) H3d§
— <CH3>3C\M\0H + (CHst

(80%) (20%)
mpanc- yuc-

B aToM ciyyae KMHETHYECKHMH KOHTPOJIb M TEPMOAUHAMUYECKUI KOH-
TPOJIb PEAKLUMH OEHCTBYIOT COIJIJACOBAHHO, IMOCKOJBKY MPaHC-U3OMED
C 3KBaTOpHUaIbHON T'MAPOKCWIBHOMN I'PYITNION TEPMOAMHAMUYECKH CTa-
OunbHee yuc-u3oMepa ¢ aKCHaIbHLIM I'MAPOKCUIIOM, a aTaka ruapui-
MOHOM OCYILECTBJSIETCSl CBEPXY C HaWMeHee I1POCTPAaHCTBEHHO 3a-
TPYAHEHHO# CTOPOHB!. AHATOTMYHbII pe3ybTaT JOCTUTaeTCsl MPU BOC-
CTAHOBJIEHWH TAaKOr0 MPOCTPAHCTBEHHO 3aTPYAHEHHOTO LIUKIUYECKOTO
KeTOHa, Kak kKaMopa, rae TakXke B IPOAYKTaX BOCCTAHOBJIEHUS HO-
MUHUPYET u3oMep ODOpHEOsa C 3KBATOPUAIBHBIM 3K30-TUIPOKCHIOM!:
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1) L1A1H4, acdup
2) H;0 ) H0®
CH3

CH, H CH,OH
""’M‘i”pa (90%) (10%)

C pmpyroit cTOpOHEBI, P BOCCTAHOBIEHUM OuIUKIO [2,2,1]-rerr-
TaHOHA-2-(HopKaMdopsl) GOPrUOPHUAOM HATPHS WU ATIOMOTHADPH-
JIOM JIUTUS obpasyeTcs IPeUMMYUIECTBEHHO 3HAO-HOPGOPHEO:

> + OH
No 2) H3OP

(89%) OH (11%)H
3HOO- IK30-

Eciy B HECUMMETPHMYHOM KETOHE YyXe MMeeTcd ONUH XUpatbHbli
LIEHTp, BOCCTaHOBJIEHUE KETOHA MPUBOIUT K ABYM JIUACTEPEOMEPHBIM
MpoaykKTaMm. B 3ToM cllyyae CTepeoXHMMIO BOCCTAHOBIEHUS AUMKIMU-
YECKUX KETOHOB MOXHO IIpeACcKa3aTh Moab3ysachk npabswioM [. Kpama
(1952; cM. 1. 8, 4. 2). HoBbIlt XUpanbHBIH LHEHTP BO3HMKAET 3eCh U3
KapOOHWIBHOHN TPYIIbI, PACIIONIOXEHHOM! PSIIOM C YXe UMEIOLUMCS
xvpaIbHbIM LieHTpoM. CornacHo npasuity Kpama, HykieodwibHas ataka
rUApUA-HOHA WK KapbaHuoHa n3 RMgX wiu RLi mo xap6oHunbHO-
My aTOMy YyIJIepoJia MPOUCXOIMUT B TakKoi KoHGopMalHUu KeTOHa, B
KOTOpOW KapOOHUJBbHASL IpYyIla HaXOAWTCA MEXNy HauMeHbUIEH U
CpellHE! 110 pa3Mepy IpyIIaMM, CBI3aHHBIMU C OL-YIJIEPOIHBIM aTO-
MoM. Takas koHopMaLKst OKA3bIBAETCS MPeaIOYTHTENBHOM I aTa-
KU HYKJIeO(MUIBLHOTO areHTa, MOCKOAbKY B Hell KapOOHUIbHLIN yriie-
PO OKa3bIBaeTCsd HaUMeHee 3aTPYRHEHHBIM. BTO JIETKO IPOMILTIOCT-
pUPOBATh Ha IpUMEpPE peaKI[Uu:

1

R, 0 Re |
/?“C PRMX —=  C—C-R,
R, R Re” R, OMgx

rae Rg, ch, R,, — COOTBETCTBEHHO OOJBLUMNA, CPENHUH ¥ MaJIbli 1O
pasMepy 3aMeCTUTENIM Y UMEIOIIErocst XUpaIbHOro eHTpa. s sroro
KETOHA MPERTOYTUTE/IbHAS peakKMOHHass KoHdopManus U HyKIeo-
¢dunbHas aTaka ¢ HauMeHee NIPOCTPAHCTBEHHO 3aTPyJHEHHOR CTOpO-
Hbl ONHUCHIBAETCH CIIENYIONIMM ypaBHEHUEM:
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Ry Rep Ry Rep

IpeanouyturensHoe 06pa3oBaHUE OMHOIC U3 [JBYX IUACTEPEOMEPOB
pPacCMOTPUM HAa KOHKPETHOM INpUMEpPE BOCCTAHOBJEHHSI ONTHYECKHU
AKTUBHOTrO 3-heHMWINEeHTAHOHA-2 ATIOMOTHUAPUIOM JIUTUS:

H 0 H OH
“_# 1) LiAHg odup /

C C @ C“'IuH
CH,CHZ” | “cH, 2 HO CH3CH/ | \

C6H5 C6H5 CH3

XupanbpHblil aTOM yIVIEpoJa ONpenensieT HalpaBIeHHe aTaKW THIPWUII-
voHa. CTepeoXMMUYECKUI pe3y/IbTaT 3TOM peakliuK JIerkKo H300pasHTh,
fosb3ysich npoekuuamMu HeloMeHa, rae cTpeilkaMd o003HAYEHO Ha-
MpaBie€HUE aTaKu THAPHUI-MOHA:

l CH CH
CzHS\/\(CeHS 1) LIAIH, 32 s CHyCH
O CH3 ® >

CpaBHUTENBHO HenaBHO ObL1 paspaboraH 3¢dpdeXTUBHBIN M, TTO-
BUIMMOMY, YHHUBEPCAIbHBIN CIIOCOG BOCCTAHOBIEHUS AIbAETHIOB M
KETOHOB B UHEPTHOM cpele H3OIPONWIOBBIM CIIMPTOM, C MCIIOJb-
30BaHMEM B KaYeCTBE KATAJIH3aTOPa TIHATENBHO 00€3BOXKEHHYIO, HEM-
TPAIbHYIO OKHCh ATIOMHHHUSA. B 3THX yCcaoBUsX Apyrie GdyHKIOHOHAIb-
Hble TPYIILI {(HUTPO-, IHAH- M IBOIHAA yrJiepon-yriiepodHas CBS3b)

HE 3aTparuBaroTCcsd M PpCAKHHA OCYIUECTBISAECTCA B CTPOIO HeﬁTpaJIb-
HBIX YCJIOBHAX

(75%) (25%)

(CH5),CHOH; ALO;
ccal,

o
(CH3)2c=CH(CH2)2CH=CH—cfH

—— (CH3),C=CH(CH,),CH=CH—CH,0H + (CH3),C=0.
(88%)
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KoMIIeKCHble THAPUABLI U CUCTEMA HU3OMNPONUIOBBIA CIUPT —
OKCUJI ATIOMUHUS 10 CYLIECTBY BHITECHWIM TPOMO3IKUI CTAphii Me-
Toa BoccTtaHoBjieHusi Meepseitna—IlonHaopda—Bepiiest, B KoTo-
poM B KavyecTBe JOHOpa T'MAPUI-UOHA MCIIONbL3YETCS U3OIPONMUIAT
amoMUHUS. B HacTosilee BpeMsl 3Ta peaklsl MPEACTABISIET CKOpee
YHUCTO TEOPETHMYECKUIl MHTEpec KaK KJIAaCCHYEeCKUit MpuMep mepe-
HOca TMAPUA-HOHA B XEJAaTHOM KOMILIEKCe KeTOHAa ¥ M30IpONnuUa-
Ta ATIOMUHUS:

R, B CH

R /Al—-O\ /CH3<":"— /C C\ g
c=0+ C R H’) CQ CH,
N Ooy(0

Al

(CHy),CHO” OCH(CH3),

R H CH;

N _ 7 /
R’ CI\CH OCH(CH)2
== 0_ 0 e RCH-OA{ + (CH3),C=0
Al OCH(CHz),

(CH;)CHO” “OCH(CHy),

PaBHOBecHE€ CMEIIAETCS BIIPABO, €CJIH ALIETOH OTIOHSETCS M3 peak-
LUMOHHOM cMecH.

KapGoHUNbHbIE COEAMHEHUS ITOABEPraloTCS KATAIMTHYECKOMY
BOCCTAHOBJIEHHIO, IIPU KOTOPOM ajipleruabl oOpasyloT NepBUUYHbIE,
a KETOHBI BTOPHUYHbIE CIIMPThI. AdaTHyecKue anbgerubl H KeTo-
Hbl OOBIMHO HE FMIPUPYIOT HAX NA/IaJUEeBbIMM KaTaIU3aTOPAMH, UTO
MO3BOJIsieT U3BUPATEIbHO TMAPUPOBATh NBOMHYIO M TPOMHYIO yrje-
pOI-yIJepOAHbIE CBI3U NPU HANUYUM KapOOHMIIbHOM rpyrisl. Hau-
6osee 3PpHEKTUBHEIM KAaTAUIM3aTOPOM MMAPUPOBAHUSA KapOOHUIBHOMN
TpYHsl SBJISIETCSI PYTEHUU HA Yrie, XOTSI MOXHO HCHOJB30BaTh H
Hukenb PeHess win nnatuHy. CKOpOCTh BOCCTAHOBJIEHHSI M CTEpeo-
XUMMUS IPOJYKTOB pEAaKLIM¥ OYE€Hb CHJIBHO 3aBHUCST OT IIPHPOIBI Ka-
TAIN3ATOPa ¥ KUCIOTHOCTH WJIM OCHOBHOCTH PEaKIMOHHOM Cpenbl.
KaTtanuTHueckoe ruipupoBaHUeE ABOHHOM CBA3HM HAXOAUT Bce Oojee
u Gojiee OrpaHHUYEHHYIO chepy NMpUMEHeHUs! Ui BOCCTAHOBIEHMA
KapOOHMWIBHOM TPYTIIHL.

Ocoboe MecTo B OpraHM4YecKoM CHHTe3e 3aHMMAaeT BOCCTAaHOBJIE-
HHUE KapOOHIWIBHOM IpyIIbl B apOMaTUYECKMX U KMPHOapOMaTHYeC-
KMX KETOHaX ¢ IMOMOIUbIO aMAaNblraMMpPOBAHHOIO HHUHKA ¥ COJISTHOH
kucaotrel o 3. Knemmenceny (1913). Sror MeTon no3posier monay-
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4yaTh ANKUIOGEH30Jbl C NMEPBMYHON AJKWJIBHOM IPYNNOH, HENOCTYII-
Hble mo peakuud Opunens—Kpadrea (. 13. 9. 2):

0

1

C—(CH,):CH CH,(CH,);CH
@/ ( 2)3 3 Zn(Hg) @/ 2( 2)3 3

HCI; H,)0;5 ¢ (88%)

2 z

@»C—CHZ(CHZ)SCHrmt%;—f— CH,(CH,)CH
oH OH (85%)

Monudukanmeii 3Toil peakliuy sIBIIETCS BOCCTAHOBJICHHE B IBYX(a3-
HOH cHCTEME, COCTOMIIEH U3 CONAHOM KHUCIOTHI U HECMELIMBaIouie-
rocs ¢ Heii MHOU(pdEpEeHTHOro OPraHUYeCKOro PacTBOPUTENST — TO-
Jyoia WIX KCWiIoNa. BTo oObIYHO NMPUBOAMT K YBEMHYEHHMIO BBIXOJA
LIeJIEBOTO TIPOJYKTA, TAK KAK MPOAYKT BOCCTAHOBJIEHHSI — YIJIEBOXO-
poll — MEPEXOAUT B OPraHW4YecKyio ¢asy U He Iogpepraercs Aei-
CTBHIO BOCCTAHOBHTEJECH:

0O
I Zn ; HCI; H,0
@c-(CHZ)ISCH3 (I:i:mon- i @'Cﬂz'(CHz)mCHs :

(77%)

Mexanusm peakuuu KineMMeHceHa He YCTaHOBJEH.

16.3.7. OKHCJIEHHME AJBAErHA0B ¥ KETOHOB

ANbIEruabl JIErKO OKMCISIOTCA N0 KapOOHOBBIX KHCIAOT HpH
nedcTBUM caMbIX pa3zHOOOpasHBIX OKHCAMUTeNeit, cpeay KOTOphIX
HauboJee YacTo MCMHOAB3YIOTCA NMepMaHTaHAaT KaJIus WM peareHT
JxoHca. Hauny4iue pe3yasTaTsl JaeT MMEHHO peareHT JIxoHca. B
3TOM cliydae oKuciaeHHue npoeoautcs npu 0—20°C B TeyeHHe oYeHb
KOPOTKOFO IPOMEXYTKa BPEMEHH, a BBIXOABI KAPOOHOBLIX KHCJIOT
npesbiiaior 80%:

O
y/, —
CH:;(CHz)["CiH CrO; Hz()"l'{zso‘*>

4
CH3(CHp),—C o

aueron; 0 °C H
(85%)
KMnO
CH3(CH,)3—CH-CHO 1,0, KOH. 04—10"6 CH;(CH;)y-(‘IH-COOK
CH,CH; ’ ’ (78%) CH,CH;
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K coxanenuo, pearent [koHca He objianaeT BLICOKOH u3buparesib-
HOCTBIO I10 OTHOUIEHUIO K APYrUM (YHKUMOHAIBHBIM TPYIINaM, a
KMCJIasi cpella TakxKe MHOorna ObIBaeT KpailHe HeXeJNaTeNbHOM M3-3a
HM30MEpPHU3ALUH WK AeCTPpYKLUMK. Bo Bcex Takoro poxa ciyyasx uue-
AJIbHBIM CEJIEKTUBHBIM OKMCIUTENEM OKAa3bIBAETCS BOAHO-CIIMPTOBO-
aMMHAYHBIN pacTBOp okcHaa cepebpa (peareHT ToiieHca). BToT pea-
TeHT HE 3aTparuBacT YINEpOA-YIJIEPOAHYIO ABOWHYIO WA TPOHHYIO
CBSI3b, TMIPOKCUJILHYIO TPYIIY CIIMPTOB U Ap.

L e UL

0~ “CHO 0~ ~COOH
(86%) mmMpocnn3seBast
KHCIoTa
o]
Z
CHO C
AgO ~OH
Tr®—pona; 20°C
(97%)
H CHO H COOH
AN 7 Ag,0 N\ /s
CH;CHY chH, M0 NH; CH,CHy CH,
(98%)

DTa peakuus LIKPOKO MCIONB3YETCS B LEAsX HACHTHQUKAUUU allb-
IeruaoB (peakuusi «cepeOpstHOro 3epKajar).

KeToHBl MHEPTHB!I IO OTHOIUEHUIO K GOJIBIIMHCTBY OKHCILIO-
LIMX areHTOoB, HO MEUIEHHO pAaCLUEIUISIOTCS TOPSYUM pPacTBOPOM
KMnO, B 1ienoyHo# cpelle WIM a3OTHOW KUCIOTOW. BTa peakuusd
HMEET NMPAKTHYECKYI LIEHHOCTh TOJBKO IS CHUMMETPHUYHBIX LIMK-
JINYECKUX KETOHOB, HAIIPUMED, IJISI OKUCIHUTENLHOIO paclleruIeHUus
LIMKJIOFeKCaHOHA:

O
(’ZOOK ('3OOK
KMHO4 - CH2 CH2
KOH; H,0; t° Q
CH2—CH2
(80%)
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16.3.7.a. OKUCJIEHUE KETOHOB /10 CIOXHLIX 2®HPOB
(PEAKLIUA BAMEPA—BWIIMTEPA)

B ominyMe OT NECTpYKUMM, MMEIOLIEH MecTo IIpU AeHCTBMU Ha
KEeTOHBI Takux okucaureneid, kak KMnO,; HNO;, oxucnenue kero-
HOB IIOJ NeHCTBUEM MEPKUCIOT NPUBOAUT K 0DPa30BAHMIO CIIOXHBIX

2¢dupos:

C—CHs  CHcoH O—¢—CH,
——
o CHCl, o :

67%)

B kayecTBe okHchuTeENeil B peakKlMM, OTKpHITOH A. baitepom u
B. Buwurepom B 1899 r., B HacTosiuiee BpeMsi IIPUMEHSIOT MEPKMC-
JIOTHL: NepOeH30iHY10, MOHONEePdTATUEBYIO, MEPYKCYCHYIO U Tpud-
TOPNEPYKCYCHYIO. TpH(TOPIEPYKCYCHYIO KHMCJIOTY MONYYal0T HEIoC-
PenCTBEHHO B peaKLHOHHOH cMmecH M3 90%-it nepekucH Bojopona U
TpHMDTOPYKCYCHOTO aHTHAPUAA B XJIOPUCTOM METHICHE!

CHOORO: el o—t—cHcH
Cha, o CHch ,CH; .

(78 %)

o
4
CH3—CH2" C—CH2CH3

Haunyuinue pesyasraTsl JOCTUTAIOTCS MpPH pacllemieHUH amudar-
YecKMX M IMKIMYECKHUX KEeTOHOB KoMIulekcoM 90%-it mepekucH Bo-
Jopoaa u adumpara tpexdropucroro dopa:

H202"'BF3

Y
CH,—C—0—(CH,)s—CH, .
= 3 (CHy)s 3

(60 %)

o)
v
CH;(CH,)sC—CHj

Inst aToit peakuyy ObUI TIpeJUTOXKEH MEXaHW3M, BKIIIOMAIOLIMI
AHMOHOTPOTIHYIO MUIPALMIO ATKWJIBHOH IPYIILI K JMEKTPOHOAEGH -
IIMTHOMY aTOMY KMCJIOpOHa:

:OH 0
V4
R-C—-R + CF;CO;H +=—* R—C—00—C—-CF; —
” 0

®OH 0
7
——» R—C—OR + CF,CO° —» RC{ g * CF:COOH

77



N3 atoro cneayer, 4TO TOJABKO CUMMMETPUUHDbIE KETOHBI MPU OKUC-
JeHuu no bailiepy—Buanurepy naioT onuH clnoxHbd 3¢up. He-
CUMMETPHUUYHbIE KETOHb!I B obuleM ciaydyae oOpa3yioT nBa M3OMEp-
HBIX CJIOXHBIX 3(dHUpa, COOTHOUIEHUE KOTOPbIX 3aBUCUT OT OTHO-
CUTEJIbHOU CcNMOCODHOCTY IpyNI K MUIpaLMK K aTOMY KUCJOpOoaa.
[To cmocoBHOCTU K MUTpAUMKU I'PYIIBI pacIoaraloTcs B Cleaylo-
wem pany H > C¢Hy > (CH,;);C >>(CH;),CH > RCH, >>CHj;. Ecnu
ABe€ IPYIIbl CUABHO Pa3jiM4YaloTCs MO CMOCOOHOCTM K MUIpPAaLUMU,
peaklMsl XxapaKTepU3yeTcsl BbICOKOM perHoceIeKTHBHOCTHIO, YTO B
NeHCTBUTENbHOCTU Habntonaetcs peako. OGbIYHO Takoi cayyait pe-
aJIM3yeTCs TONLKO IJIST METUJIKeTOHOB. Ilostomy peakuus batiepa—
Buuiurepa penko Ucnionp3yercsi B psny anudarudeckux keroHos. Oco-
6oe zHayeHHe OHA Ipuodpesa WISl UBKINYECKHUX KETOHOB, KOTOpbIE
obpasyloT npu OKUCAEHUM MEPKUCIOTAMH LUKIUYECKUE CIIOXHbIE
3(bupbl — JIAKTOHBI:

0]
0]
O¢ + CH;CO;H w 0 €-KanpoJIakToH
' 90%
o (90%)
=0 _Hﬁg,_l}fg—b 0 Y-6YTHPOIaKTOH
CHy(Cl,

(70%)

«AKTUBHas» METHJIEHOBAs IrpyI1ira B o-IojIOXKCHHUHU K Kap60HPUIb-
HOH rpynne anbAervaoB U KETOHOB JIETKO U B MATKUX YCIIOBHSIX OKHUC-
JISIETCA JBYOKUCBIO CE€JI€HA:

CHCOCH; ——222 . CH,COCHO + Se + Hy0
CH,COOH
(72%)
(0] O
SCOZ ‘
(:/r CH,COOH-CgH, (Io
(60%)

BMmecro [PSIMOIO OKUCJIEHUS MOXHO BOCIOJIb30BaThCs ABYCTAAUINHBIM
METOAOM, INPUBCACHHLIM HHUXE!

O ® ]
) 7 (CH3)28“> O
———t —C—- —_— >
ArCOCH; CH,COOH Ar—C—CH,Br
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o CHs
o J "CH;
= © -0
> ArC-CIH B——r AC-CT |+ (CHJS + HBr

AnkokcucynbpoHHEBAS COMb, OOPA3yIOLIAsACA P 3aMELUEHUH Talo-
reHa Wid TO3WAAaTa, [OABEPraeTcs BHYTPUMOJNEKYISIPHOMY OKHUCIie-
HHMIO — BOCCT2HOBJIEHWMIO ¢ 00pa3oBaHMEM O.-KeToaNbAeruaa:

1) Bry; CH;COOH 0
OgN‘@C%H} ) Bra 3 > 02N‘©>—C—C{H .
2) AMCO g
(72%)

n-HUTpohe HWITITHOKCATb

16.3.7.6. AYTOOKUCJIEHUE AJILAETHUOOB

AJIbJIETMABl MELIEHHO OKUCJIIOTCSI B HEHTPAILHOH cpelie Ha BO3-
Jiyxe [pM KOMHATHOI TeMIepatype 10 KapOOHOBBIX KHUCJIOT. DTa pe-
aKuus yckopsercsl rpyu obnyyenuu wiv moHamu Fe(ll) u npexacras-
JIsIeT COBGOM TUMUYHBIA LEMHON pagMKaIbHELi nporiece. OGBIYHO uenp
3apoXxaaeTcsa B pe3ynbTaTe o6pa3oBaHus alMibHOro pagukana RC=0
3a cueT (POTOXMMUUECKOrO NUCIIPONOPLMOHUPOBAHUS U3 TPUILIETHOTO
BO30YXIEHHOIO COCTOSIHUS:

hv

O @ .0 .
2R-CZ R-CZ  + RCHOH
H

ALIWIbHBIH paduKajg BO3HUKAET U MPpH OTPLIBE ATOMA BOIOPOJa ajlb-
OeruaHom IpyIrbl ¢ MOMOLIBYO KHHUHUATOpA — MEPEKHUCHOIO paju-
Kajla WiIM NpoCTO MOJIEKYJISIDHOrO KHCAOpoaa:

RCHO + O0—0 —— R-C=9 +.00H
KnoueBoit cranueil pa3sBuTus LENY ABJseTCA 0Opa3oBaHUe MepKUC-

notet RCO;H, koTopas nanee oxucnsier anbaerna Ao kapGoHoBo#
KHCJIOTHI:
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' ra
RCO;H + RC_ ——— 2 RC
~H ~OH

ApOMaTI/I‘ICCKI/IC ANBACTHUABI MTOABEPTrarOTCA OKHCICHHUIO KUCIODPOAOM
ropasgo Jierye, 4em anmbamqecxne, BClieACTBHE Gojice BBICOKOH

e
crabunbpHocTd G6eHsomn-pagukana CcHC® = mo cpaBHeHHIO C

=0
aHANOTMYHBIM pagukasoM RC® = | Dra peakuus He UMeeT Ipemna-
PATMBHOIO 3HAYEHUSI, HO ¢ HEl NPUXONUTCS CYMUTATLCS IPH XpaHe-
HUHU aJbAECTUNOB: UX CIEAYET XPAHUTh B TEMHOTE B MHEPTHOMN aTMoc-
¢depe, MCKITIOYAIOWIEN TOCTYIT KICIOPOAa BO3/yXa.

OkucjieHHe apoOMaTHYeCKUX AIbIEIWAOB IIEPKUCIOTAMH HMEET
IIpaKTH4YeCcKoe 3HayeHue. ITponykraMu 3TOH peakilMH OKa3biBaIOTCS
b0 KapOOHOBBIE KMCIOTHL, IUOO cloXHble 3¢Uph! heHonoB (OKUC-
JieHune o baliepy — Buwuturepy), KoTopbie 0OBIYHO THIPOIUIYIOT J0
¢denonos. Tak, HanpUMep, OKUCJIEHHE CAUTMIUIIOBOTO aNblerusaa Ie-
PEKHCBIO BOAOPOJA B HEUTpaIbHOM cpele HaeT CAJMLUIOBYIO KHC-
JIOTY, B TO BpeMsl Kak B KHCJIOH MJIM IUEJOYHOM cpelne obpasyeTcs
ITMPOKATEXUH:

o e o Lo
— + .
CHO COOH OH

CATUITIOBBIIA CAIULIWIOBAas MUPOKATEXUH
ATbACTHA KHcIoTa

H,0,—H,0 70 % -
H,0,—NaOH 0% 100 %
H,0,—CH;COOH 0% 100 %

B o6eux peakuusix B KayecTse OOILEro UHTEPMEIMATa o6pasyeTcsl CJIOX-
HBI1 5)UpP MEPKUCIOTHI, KOTOPHIM CTAOMIU3UPYETCS MUTpauue
ApUMABHOM IPYIIIbl WIK Bogopona. OTHOCUTENbHBIE CKOPOCTH 3TUX JABYX
KOHKYPUPYIOILIMUX HaIpaBJeHUN 3aBUCAT OT IIPUPOAbI 3aMECTUTENCH
B OeH3oibpHOM Kousblle M pH cpenbl. Peakimsa Baitepa— Busuturepa c
MUIpallMed aApWIbHOM Ipynmbl HAOMOOAETCS TOJNBLKO IIPHU HAIKUYUHU
CHMJIBHBIX 2JIEKTPOHONOHOPHEIX 3amecTuTteneit (tabn. 16.5) B opmo- win
napa-ToJIOXKEHUU OEH30JILHOIO KOJbLa:
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_o A, Hoooar B A0
CellsCooy  CGOH
ArCHO Ar(lC H-——
(%P'C*Ceﬂs MATPALYA
5 H > AICOOH
Taénuua 16.5
Bauanne 3aMecTHTeNeil HA OKHCIEHHE
3amMemeHHyx GeHzanbaernaa nepben3oinoi KNCIOTOM
X B menounoit cpeae B nefitpansHo# cpene B xxcaoi cpene
ArCOOH ArOH ArCOOH ArOH ArCOOH ArOH
n-OH 0 94 0 92 0 91
0-OH 0 99 0 95 0 98
n-OCH; 69 5 17 40 19 73
0-OCH; 39 37 1 68 - -
H 100 0 90 0 90 0
n-Cl 93 0 97 0 - -
n-NO, 100 0 98 0 - -
M-NO, 98 0 - - - -

C6HSC\OOH

CHO
X/@/ 80% CH30H—H20

Nope

S8

Ilo2TOMy OKUCHEHNE TMAPOKCUANBAEIUAOB IHPOKO MCIOJb3YeTCs
B CHMHTE€3¢ MHOTOATOMHBIX QPEHOJ0B M MX MPOCThiX 3¢PHUPOB (IIHUpO-
KarexuHa, rUAPOXUHOHA, MUporajioja U ap.). B cyllHOCTH OKHUC-
JeHue apOMaTHYeCKUX TMIPOKCHANbAETUIOB MEePKUCIOTAMY SIBJIS-
eTcsd AalbHeRINUM Pa3sBUTHEM M3BECTHOM peakuuum [akuHa, 3ak-
moyatolleics B IpeBpalle U 0- U A-TUAPOKCUOEH3aNbIETHAOB B
MUPOKATEXUH ¥ THAPOXMHOH MPU OKUCIEHUM 1UEJOYHBIM BOXHBIM
pacTBOpOM HNEPEXKUCHU BOOOpOLA:

3%—51 H202
> + ON
CHO NaOH; H,0; 50°C OH + HCOONa
CH;0 OH CH;0 OH
(80%)
MOHOMETWIOBLIA

3¢up Mporauiona
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3%-a H,0,
CHO > OH
NaOH; H,0; 50°C; 20 Mun

OH OH
(100%)

16.3.8. PEAKIINA KAHHHUHUAPO

OKHUCIUTEIHHO-BOCCTAHOBUTEIBHAS PEAKLIMS aPOMATHYECKUX aJlh-
nerunoB Obua oTKphITa B 1853 r. BRUIAOIUMMCS MTANBIHCKHM XUMU-
koM C.KaHHuLiapo. Anpaernis!, He KMEIOLIMe aToMa BOAOPOA IIPU
OL-YITIEPOAHOM aTOMe, MPU HAarpeBaHWHM B BOJHO-CIIMUPTOBOM pacTBO-
pe LIeJIOYU MOJBEepraloTcs JUCIPOIIOPLUOHMPOBAHHUIO ¢ 00pa3oBaHUEM
PaBHBIX KOJIMYECTB IIEPBUYHOrO CHUPTAa U KApOOHOBOM KMCJIOTHI. DTa
peakuusa Halula IIMpPOKOe NpUMEHEHHWE B psly apOMAaTUYECKUX allb-
nerugoB. ObaacTh MPUMEHEHUS 9TOH peaKLMU cpeay anudaTndeckux
ABIETUIOB OrpaHMY€eHa y3KOW Ipynnoi coelMHeHU obuieit hopMy-
nsl R4CCHO:

2 AcCHO — SO0, 4 \CH,0H + ArCOOK
CITMpT—BOIa
KOH
2 RyCCHO —— ~2—» R,CCH,OH + RyCCOOK
CITMpT—BO/Ja
0
// -
2 & 3% KOH CH,0H + COOK
\H crmpr—Boaa, 100 °C
OH OH  (94%) OH  (94%)
50%-s KOH
2 CHCHO — 525 CoHsCH,0H + CgHSCOOK .

(85%) (85%)

Coepa npumeHeHMs 3TOM peaklMM 3HAYUTEIBHO paclliMpWiIach
1IocjIe TOro, KaK 6bpuUl NpelUioXXeH YHUBEPCATLHBIM METOH MEPeKpECT-
Ho#t peakuuu Kannuiuapo. Ilpu HarpesaHuM co 1UET0YBIO CMECH apo-
MaTH4eCKOTO anperuaa ¢ $popMaibaerugoM, GopManbierdl OKHUC-
JISIeTCst 10 MYPaBbMHOM KMCJIOTHI, 2 BTOPOMl KOMIIOHEHT BOCCTaHaB-
JIMBAETCS OO MEPBUYHOIO CIIMPTA:

KOH
ArCHO + HCHO m ArCH,0H + HCOOK

o
CH;@CHO + ez KoH CH3@CHZOH + HCOOK
H GH;OH

(90%)
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MexaHuam peakuuu KaHHUapo GbU1 YCTAHOBIEH CTO JET CIy-
CTA fIOC/e OTKPBITUR caMoii peakiuu. TeTpasapudecKuif aHMOHHBIA
WHTEPMEINAT, 0Opa3yIoMIAC B pe3yNbTaTe [PUCOEIUHEHMUS K allb-
Jeruay rUAPOKCHI-UOHA, CNYXUT HCTOYHUKOM TMAPUI-HOHA, KOTO-
pbiil aKUEITTUPYeTCs BTOPOit MOJIEKYI0i abieruaa. B KoHeuHOM urtore
O/IHA MOJIEKYNIAa AIbAETMAd OKUCIISIETCS, a ApYyrasi BOCCTAHABIUBAETCS:

DTOT MEXaHU3M ObUI MpEIOXEH HA OCHOBAHWU KMHETHYECKMX HaH-
HBIX, COTJIACHO KOTOPLIM CKOPOCTh peakl{y 3aBUCUT OT KBaIpaTa KOH-
LIEHTPALMH ANhJETHAA M THAPOKCHA-HOHa: v =k [ArCHO]J? - [OH]. Bo
MHOTHMX CNTy4asiX CKOPOCTh PEaKLIMH MTPONOPLUOHANBHA TAIOKE U KBAJ-
paTy KOHLEHTPALMK THIPOKCHI-MOHa, T.¢. v = k [ArCHO}? - [OH %
3T0 03HAYAET, YTO MCTOYHMKOM TUIPHUI-UOHA 3[ieChb CTAHOBUTCS
HHAHWOHHBIN TETPa’APHYECKUIl MHTEPMENUaT, obpasylonuiicst rpu
JENPOTOHUPOBAHUM OAHO3APSAHOIO AHHOHA B CHJIBHO LIEIOYHOM’ cpe-
ne. JuaHuOHHBIN MHTepMenuar sipjasieTcsl 6ojiee CHIbHBIM AOHOPOM
rMIPUI-HOHA 10 CPABHEHUIO C MOHOAHMOHOM, ITOCKOJBbKY THIPUI-
HOH <«BBHITAJIKMBAETCS» Cpa3y ABYMS OTPUIIATEbHBIMU 3apsIaMu:

Oc—Ar
|
e o A
o
P o | oH’® Cl
! ==|A—C—H |7 Ar-—-|C H,0| —=
H OH P
] //O
— = ACH,0 + AIC
\O@
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Ype3BbluaiHO MHTEpecHas U cBoeobOpazHas 0coOEHHOCTh peakliuu
KaHHMULIApO COCTOMT B TOM, YTO IPU MepeMelleHUU THAPUA-UOHA
HE IPONUCXOAUT oOMeHa co cpenoil. Ilpu npomeneHuU peakLUU B
Tsixenoi Boge D,0 oba mporykTra peakLMH He colepXaT AeiTe-

=0 ., .
pus, 4 B peakuuu C6H5C<D BeCh JedTepuil oKa3plBaeTcsd B

C¢H;CD,0H. 3710 obcrosiTenscTBo, MO-BUAMMOMY, YKa3biBaeT Ha
TO, YTO TEPEHOC T'HAPUI-UOHA OCYUIECTBISETCS BHYTPUMONEKYISIPHO
B KOMILIEKCE, 0Opa30BAHHOM aibJeruaoM M OILHO- WM JNBY3apsl-
HbIM aHHOHOM TeTpasapHuyecKoro uHrepMmenuara. CKopocTh peak-
UMY 3aBUCUT OT IIPUPONBI KATHOHA TUAPOKCHUJA U yMEHblIaeTcss B
psay: Ca(OH), > TIOH > Ba(OH), > LiOH > NaOH > NR,°OH®. D1
[IaHHBIE HaXOUATCSI B COTJIACMU C MEXAHU3MOM, IIpH KOTOpOM Iepe-
HOC TUAPHUA-KOHA OCYILIECTBIISACTCS B LMKIMYECKOM LIECTU3BEHHOM
[IEPEXOHOM COCTOSIHWHM, I[l¢ KAaTMOH MeTajlia CBsI3biBaeT ob6a opra-
HUYECKMX JIMraHaa:

MOH
ArCHO ArCHOM

OH

; o o
— ArCOOH + ArCH,O0M — ArCOOM + ArCH,0OH

JucnponopuMoHUpOBaHUE aPOMATHYECKUX AJIbAETMIOB B BOIHOM pa-
CTBOpE FHAPOKCUIA KATHS WIM HATPHUS NMPAKTUIECKXA ITOJTHOCTBIO ITO-
IABNAETCA B MPUCYTCTBUM 18-KpayH-6-nonusdupa, apdbeKTUBHO KO-
OPAMHUPYIOUIEr0 3TH KATHUOHBL AHAJIOIMYHOE BAUSHME OKA3hIBAIOT U
KaTaIM3aropsl MexXda3Horo mepeHoca — YETBEPTHYHBIE COMM aMMO-
HUS, He CIIOCOOHBIE K KOOPAMHALIMM N0 KApOOHMIBHOMY KUCIOPOAY.
DTO CHYXHUT OONMOIHUTENLHBIM TOATBEPXKAEHAEM IIPUBEIEHHOTO Me-
xaHu3Ma peakuuu KanHunnnapo.

16.3.9. IEKAPEOHUJINPOBAHHUE AJIBJIErNA0B

CpoeobpasHoll peakuei aIbJerMAOB SBIAETCS MX IeKapboHM-
JIMPOBAHUE [0 YIJIEBOLOPO/JAa NOI AEHCTBUEM HEKOTOPBIX KOMILIEK-
COB IEPEXONHBbIX METAJIOB, U3 KOTOPBIX Haubonee 3ddeKTUBEH Ka-
tanuaarop YunknHcoHa — [(C¢Hs),P];RhClL:

[(CeHs)3P]3RhCH

RCHO v RH + RhCICO[P(C¢Hs)3], + Ph;P
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Anudaruiyeckue anbIeruibl 1eKapOOHUIUPYIOTCS B TOMOTEHHOM pa-
cTtBope Komrutekca poaus (1) B Oensone yxe npu 20°C, Torma xak
JUTSL apOMaTHUYeCKKX anbaeruaos tpebyercst Harpeanue. [lexapboHu-
JIMPOBaHUE ITOL NEHCTBUEM IOMOTEHHBIX METAJUTOKOMIUIEKCHBIX Ka-
TATU3ATOPOB MPENCTABISAECT COO0OM BHYTPUMOJICKYJISIDHBIN U CTEpeo-
CEeNIeKTUBHBIA MpolLlecC, B KOTOPOM COXPAHSIETC KOHPUIYpalUsl XU-
PaJIbHOrO LIEHTPA MPU O-YIJIePOJIHOM aTOME albJeruia:

CHO H

CHy— Gy ——nUPPhsls CHym— C—=C,H +
z CgHsCN; 110 °C z
Ph Ph

+ RhCI(CO)[PPhy], + PhsP .
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ATOME KAPBOHWJIBHBIX COETUHEHUN

17.1.1. TAJIOTEHWPOBAHUE, H30TOITHBIM OBMEH BOJIOPOJIA,
PALUEMM3AIT S

T'anoreHupoBaHue KapOOHWIBHbBIX COSAUHEHUI OTHOCHTCS K YUCITY
Haubojee 1rogpoGHO M3yYeHHBIX peakuuid. ['anoreHupoBaHue anbae-
TMIOB M KETOHOB OCYLUECTBIAETCH MCKIIOYHUTEIBHO B Q-I10JOXEHHE
[10 OTHOLIEHHIO K KapOOHWIBHOM IPYIIIe U HE YCKOpSETCs Ha CBETY.
T'anoreHMpoBaHMe KapOOHUNBHBIX COSTUHEHUN OGBIMHO IPOBOMST MO
nehcTBreM pacTBopa OpoMa, XJiopa WM HOZA B YKCYCHOR KHCIOTE,
XJIOpa B COJSIHOM KMCIOTe, KOMIUIEKCOM Opoma ¢ JUOKCAHOM WU

OM®A. Huxe npuBeieHs! HEKOTOPbIE TUIIHYHbIE IIPUMEDHI.

0 0
1] 1]
CI—O—C-—CH3 + Br 9‘%—. C‘éo“ CK—O—C—CHzBr;

(77%)
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Cl

CH; Cl_ CH;
CCL,-CHQCOOﬂ
O +¢Ch 0] (85%)

o.-TaToreHKeTOHBI IHMPOKO IIPUMEHSIIOTCS B OpPraHUYeCKOM CHH-
Te3€ B PeaKIHAxX SUMOJIEKYISIPHOro HyK/ieOpWIbHOTO 3aMellieHUs Ta-
JIOT€HA Ha JpYrue TPpYNIIMPOBKH, a TAKXe IS MOAYYeHHUs o, B-HeHa-
CBILLEHHBIX KETOHOB IIYTEM HETHApOraJoreHUpoBaHus. Tak, HanpuMep,
2-6poM-2-METHILMKIOTEKCAHOH NpH 00paboTke nmupuaiuHOM obpa-
3yeT 2-MEeTHJILHKIOreKCEH-2-0OH B pe3yabTare obprdHOro E2-3nuMu-
HUPOBAHUA.

Br_  CH; CH;
N, t°
Genzon

O O (62%) .

TayjoreHHpoBaHHE KETOHOB KATAIM3MPYETCS KaK KHCJIOTAMM, TaK M
OCHOBAHMAMM, ¥ CKOPOCTb IAJIOTeHUPOBAHHUS B IPUCYTCTBMM OCHO-
BaHUSI HAMHOTO BbillE, YeM B KHCJIOH cpeze.

Ipu u3yYyeHUM KMHETUKH ¥ MEXaHU3Ma rajloreHUPOBAHMS KeTO-
HOB 6BUIO YCTAaHOBJIEHO, YTO CKOPOCTh KHCIOTHO-KAaTAIH3UPYEMOH
peakUK¥H He 3aBUCMT HHU OT KOHUEHTpaluM, HU OT TIPUpPOABI rajnore-
Ha. Tak, cKopocTh rajioreHUpOBaHMS alleTOHA ORUHAKOBA 15T 6poMu-
POBAHMS, HOAUPOBAHUSA U XJIOPHPOBAHHUS U HE 3aBUCHUT OT KOHLICHT-
paiuy rajjoreHa. AHaJIOTMYHast 3aBUCHUMOCTD ObLIa OBGHApYXeHa U 1Jis1
MHOTHX APYIMX KETOHOB: NMEHTAaHOHAa-3, dbeHun-emop-GyTHIKETOHA,
2-MEeTHJIHUKIOIeKCAHOHA M Op. DTO O3HAYAET, YTO B MEMJIEHHOM,
onpepensiome CKopoctTh BCeil peaklMy CTaIuM M3 KETOHa obpa3sy-
eTcsl Kakasi-TO peakKLlMOHHOCIIOCOOHAs! YacTHLia, KoTopast 3ateM Obl-
CTPO pearupyeT C raJloreHoM ¢ 00pa3oBaHMEM O-TAIOT€H3aMeNIeH-
HOro KE€TOHA4, M 3Ta CTaaus HE€ OTpaxaercsd Ha CKOpPOCTH BCEH
peakuuu. JononHurenbHas HHpoOpMalLusi 0 MEXaHHU3Me 3TON peak-
UMM 6pUTa NOYYeHa NpU U3YYEHHM IeTepoBOAOpOJHOTro obMeEHa U
PALEMU3ALHH ONTHYECKH aKTUBHBIX KApOOHMUIIbHBIX COeAMHEHU . Jleit-
TEPOBOAOPOAHBIA OOMEH anUdaTUYECKHUX M LUKAHIECKUX KETOHOB,
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KaTalM3UpyeMbIil KHMCIIOTOM, HAGIIONAETCS TOMBKO M1l aTOMOB BOIOPO-
1A IIpY OL-YTIIEPOIHBIX ATOMAX TTO OTHOLLIEHHIO K KApBOHWIBHOM IpyTIIIe:

CH; p. CHs

O M O+H20.

D" D

JIjiss OAHOTO M TOTO K€ KETOHA CKOPOCTh KMCJIOTHO-KATAIU3Upye-
MOTO [aJIOTEHUPOBAaHMS paBHA CKOPOCTH KaTaIM3MPYeMOro KUCJIOTOM
IeTepOBOIOPOIHOrO OOMEHA B MAEHTUYHBIX ycoBusx. Kak 6buto oOHa-
pyxeHo UHromsioM, KHCJIOTHO-KATATU3UPYeMas palieMU3alIist ONTTHYECKH!
akTuBHoro ¢eHwi-emop-dbyrunkerona C¢gH;COC*H(CH,)~CH,CH;
MPOTEKAET C TAKOH Xe CKOPOCTBIO, KAK U KUCJIOTHO-KaTAIU3UpYeMoe
MOIUPOBAHUE U AEATEPOBOJOPONHBIN 0OMEH. AHATOTMYHASI 3aBUCHMOCTD
MMeeT MECTO U KHCIOTHO-KaTaIM3UPyeMOro TajIoreHHPOBAaHUsI, U30-
TOMHOTO 0OMeHa U paueMusanuy 3-geHwn-2-6yranona CgHsC*H(CH;)—
COCHj; ¥ npyrux XeTOHOB.

3T0 03HAYAET, YTO BO BCEX ITHUX PEAKLIUSIX 0OpasyeTcss OMUH U TOT
Ke MHTEpMEeIMaT, ¥ CKOPOCTh €ro 0Opa3oBaHust ONpeae/sieT CKOPOCTh
BCETO IpoLecca raloreHUPOBaHMS, U30TOIIHOrO OOMeHa M paleMu3a-
nuy. /i KUCIIOTHO-KAaTATU3HUPYEMBIX PeaKlUi raJoreHUpOBaHys, pa-
LIEMM3A1[UH U BOIOPOIHOI0 0OMEHA TAKUM MHTEPMEIUATOM MOXET OBbITh
TOJIBKO €HOJI, KOTOPBI UMEET IUTOCKOCTh CUMMETPHUH U MO3TOMY axXH-
paneH. MizoMepuzanus eHola B KETOH IPUBOAMT K 00pazoBaHUIO R-
WM S-9HAHTUOMEPA C PaBHOM BeposATHOCTHIO. MI3oTONHBIA 0OMEH BO-
[IOPOia ¥ TAIONeHUPOBAHUE UCKIIOYUTENBHO NPU OL-YTJIEPOJHOM aTo-
Me TAKX€ COMNIACYIOTCS TOJBKO C MEXaHMU3MOM, IPesyCMaTpPHBAIOILUUM
00pa3oBaHHe €HOJIA B KaYeCcTBe €XMHCTBEHHOI'0 HHTEpMEIHATA:

//O mepteHHo, HY ,OH
(R)-CHyCH,C*H-C, MM 2, Oy CHyC=C
CH, GgHs ©wictpo CH, CgHs
€HON (axupalieH)

6rIcTpO I,/6rictpo D,O\ 6picTpo
MEIUIEHHO
0] b 0O

o) 1
2 | V 1 Y,
(8)-CH,CH,C*H-C CH,CH,C-C_ CH,CH,C-C_
| N | AN | N
CH, GHs CH; GeHs CH; CeHs

MexaHH3M KHCJIOTHOIO KaTanu3a U30Mepu3alli KeTOHa B eHOJ 3a-
KJIIOYAETCS B IIPOTOHUPOBAHMM KApOOHWIBHOM IPYIIIIEI C NOCTIEXYIOMIMM
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OTILIEIUIEHMEM TIPOTOHA OT OL-YIJIEPOAHOTO aTOMa OKCOHMEBOI (POPMBI.
Bra cragus dopManbHo TnoxobHa npotieccaM El1-3MUMUHUpPOBaHUS:

H

A©
R—C—CH,R? + HA Rl—ﬁ—(e\’*Rz—————— R]—?=CHR7- + HA .
(”) on H OH

PapHoOBecHe IIPOTOHUPOBAHMS KETOHA CWJIBHO CMEILEHO BJIEBO,
TaK Kax KapOOHWIbHBIE COEIMHEHMST OTHOCSITCS K OYeHb CJIabbIM OC-
HoBaHUAM. KaTioH, o6pasyionuics pyu peakiiuy eHOMa C FaJIoreHOM
MM KATHOHOM [edTepus, CTaOHIM3UpYEeTCsl OTIUEIUIEHMEM TIPOTOHA
Y3 TMIPOKCWIBHOM TPYNIIBI ¢ pereHepanueil KapGOHUIBHOM TPYIIITbI:

H O H ©O0H {oH
\ Vi * \ ) A® \ % ]
---C—C __i.s Y- / C'J_—C Hal,
/ \ / \ / \
Hal  ®0H Hal o}
\ V4 o \ 4
—» -—--C—C + Hal® —> —--c—c\ + HHal

AHATOTWYHBIA X0 PACCYXXAEHUNA NMPUMEHUM M JUISI KaTalu3a TexX
Xe peakuuit ocHoBaHueM. CKOpPOCTh palleMU3alluM, TraloreHUpoBa-
HHUS U M30TOIHOTO 00MeHa Ui (beHMII-8mop-OyTUIKETOHA OKa3biBa-
eTCcsl OAMHAKOBOM M NMpPH KaTainie 'uapokKculI-woHoM. OnHako cKo-
pOCTh 3TUX peaKUMH, KaTaTU3UPYSMbIX OCHOBAHMEM, B ThICIYY pas
IIPEBBILLIAET CKOPOCTh KMCJIOTHO-KATATH3UpyeMoro nipoliecca. M3 atoro
cJenyeT, YTO MHTEpMenuaT, oOpasylolnics B IPUCYTCTBUM OCHOBA-
HUS, TOJKeH ObITh Topa3no Oonee peakKUMOHHOCIIOCOOHOM YyacTHiie
10 CPaBHEHUIO C KOBAJIEHTHBIM €HOJIOM. Tako#it yacTuuei MOXeT ObITh
TOJIBKO €HOJISAT-UOH, MOMYYAIOIIMICA B pe3yIbTaTe OTUIEIUICHUS Hpo-
TOHA OT OL-YIJIEPOTHOTO ATOMA KApOOHWILHOTIO CoOeIMHEHUS, KaK Clla-
6ot C—H xucnots:

4'0 B> memwnento 9 40
(R-CH,CH,CtH-C, S M0 oy o,
CH, GCgHs Owictpo CH; GgHs

€HOJIAT-NOH (axnpaneH)

BH; 6ricTpo Hal, / 6sicTpo Dz(xgmcrpo
) MEIUIEHHO
0 a0 b 0
(S)—CH3CH2tC*H~C\ CH3CH2(|Z—C\ CH3CH2(IZ—-C\
CH, GHs CH; GC¢Hs CH; GeHs
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ITnockuit, axupanbHbIA EHONAT-UOH PAaBHOBEPOSTHO IIPOTOHUPYETCSH
WY TAJIOTeHUPYETCS M0 OL-YIJIEPOJHOMY aTOMY C ThUIa WM C (PpOH-
TaJIbHOM CTOPOHBI C OOpa3oBaHUEM pauemHueckoit ¢dhopMbl KeToHa
WJIY O-rajloreH3aMelleHHOro KeToHa.

B xucnoit cpene, rae raloreHUPOBAaHUIO TTOXBEPraeTcs eHONMbHAS
¢dopMa, MOXHO TOOMTHCA BBEAEHHUS B OL-TIOJIOXEHUE TOJBKO OLHOIO
aTroMa rajoreHa. ['atoreHKeTOHBI KMEIOT GoJjiee HU3KYIO BETHYHHY pK,
Y TIPOTOHUPYIOTCS TpYyAHee, YeM HCXOMHbil KeTOH. BTO [TOHMXAeT
CKOpOCTb €HOJIM3ALHMH TAIOreH3aMEelLEHHOro KETOHA, YTo Onaronpu-
SITCTBYET BBEJCHHUIO TOJIBKO OIHOTO aToMa rajoreHa. B mportuBormo-
JIOXHOCTh 3TOMY T&JIOT€eHUPOBAHHE EHOAAT-HOHA B OCHOBHO# cpeje
HEBO3MOXHO OCTAHOBHTh Ha CTaAHU MOHO3aMelleHUst. EHonsiT-uoH
[0 KpaHe# Mepe B ThICAYY pa3 peaKlIMOHHOCIIOcOoOHEee caMoro eHo-
na. Kpome Toro, 60s1ee BbICOKast KUCIOTHOCTD COL-TAJIOT€H3aMeleHHO-
ro KeToHa Ipenolnpeneiser 6onee BEICOKYIO CKOPOCTh AEIPOTOHUPO-
BAHUS 10 CPABHEHHIO C ACIPOTOHUPOBAHUEM HE3aAMELLEHHOTO KETOHA.
IToaTOoMy Bce aToMbi Bogopona IpH 000HX L-aTOMaXx yrjiepoaa KeTOHa
Ype3BpIYaiHO JIETKO 3aMELUAlOTCA Ha rajoreH. I'ajloreHMpoBaHue Ke-
TOHOB C YYacTHeM CHOJISIT-MOHOB OOBIYHO BBITOJHSIOT B OMHapHOI
CMecH BOJBl U OpPraHUYeCKOro pacTBOPUTENSA B IPUCYTCTBUU T'MIPO-
KCHIA HaTpUsi WIHM KaJIus, Te HEeINpepbiBHO CO3ZAETCH CTallMOHap-
Hasi KOHLIEHTPaLUs eHOJISIT-MOHA. B 9THX YCIIOBUSIX METHIIKETOHEI I1ep-
BOHavyanpHO oOpasyior 1,1,1-TpUrasoreHKeTOHBI, KOTOphLIE 3aTeM
IOABEPTAlOTCS LIETOYHOMY paculelUIeHuio no rasodopMa M aHMOHA
KapOBOHOBOW KHMCJIOTHI:

2.0
% 0 g
. %
RCCH; LN p¢f MOH, g cCoy | —
’ Cly S

—= RCOO® + CHIL,

3TO pacluelUleHHe HOCUT Ha3spaHue rajodopMmeHHoi peakuuu. Ha
ranoopMEeHHON peakliMy OCHOBaH MPOCTEHIIMA TeCT Ha METHIKE-
toHbl. PacTBOop ucnbiTyeMoro obpasiia B TT® wnu auokcaxe cMeluy-
BAIOT C BOAHBIM PAacTBOPOM THUAPOKCHIA HATpUsA M HoAa. BeIcTpoe
o6pasoBaHue xenroro ocanka nogodopma CHI; yxaspiBaer Ha Hamu-
Yye METHIKETOHA.

90



17.1.2. HUTPO3HPOBAHUE KETOHOB

AnudaTryecKue U ATHUMKIMIECKHE KETOHBI, COAEPXKALINE Ol-Me-
TUJICHOBYIO IDYIINY, HUTPO3UPYIOTCA NOJI AeHCTBUEM a30THCTOM KHUC-
JIOTHI, U30AMUIHUTPUTA MM XJIOPUCTOTO HUTpOo3Wia. PeakilMoHHOC-
noco6Hoi (GopMoil pH HUTPOIUPOBAHUM SIBJISETCS €HOJ:

i oH 7 A
* HNO
R-C—CH,R? == RL-C=CHR?*—*» R~C—CHR*——>

9 N-oH
R—C-—CR?

o-HutposocoenureHne HaoMepusyerca B Oonee crabuibHoe
O-OKCHMMHHOINIpOU3BOAHOE (M30HUTpo3ocoeauHeHue). Hanpagie-
HUE HUTPO3UPOBAHUS HECUMMETPHUYHBIX KETOHOB COOTBETCTBYET 00-
pasoBaHuO Gosiee CTaGMJIBHOIO €HOJIa M TIPUBOAUT K BBEICHHIO
HUTPO3OTpYNIsl Y Hanbosiee 3aMelLEHHOTO OL-YIJI€POAHOTO aTOMA.
ot- OKCHMMHHONPOU3BOAHEIE BOCCTAHABIMBAIOT LIHHKOM M YKCYC-
HOM KHMCJIOTOI B OL-aMHHOKETOHBI, HCIIOJIb3yEMbIE B CHHTE3€ IIUD-
poJyoB no KHoppy:

i I
R-C—CR? —Z 5 RC—CHR2.
It CH,COOH |
N—OH NH,

0t~AMHHOKETOHBI MOXHO OGBIYHBLIM 06pPa30M BOCCTAHABAMBATH 1O
o.-aMHHOCITHPTOB. C Ipyroif CTOpoHbI, O.-OKCHMHHOKETOHBI MOCJe
KUCJTOTHOTO TUAPOJN3a HAIOT 1,2-TUKEeTOHBL:

I 17 o
H;{;ONO
CeHs—C—CH,CH; C—S—H%? CgHs—C—C—CH; ———>
(65%) 2

ol
- C6H5—C“"C"‘CH3
(70%)
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17.1.3. KETO-EHOJIBHAAL TAYTOMEPHUSA

B nipensinylieM pasjaene ObUT OMMCaH MEXaHHU3M KaTaTH3UPYEeMOM
KHMCJIOTOH €HOMH3ALMU KETOHOB. B NeMCTBUTENBHOCTH KETOHBI HAX0-
JISITCSL B PABHOBECUHU C €HOJBbHOK (POPMOIl K KMCJIOTA TOJNIBKO YCKOPS-
eT B3auMoInpeBpauieHue obenx gopM. PaBHoBecHe 1Byx GopM: KETOH-
HOI ¥ €HOJIbHOH, OTIMYAIOLIMXCS IIOJIOKEHUEM aToMa BOIOpoda M
IBOMHOM CBA3U, IPUHATO HA3bIBaTh KETO-CHOJBHOH TAyTOMEPUE.

s He3aMeleHHbIX U IIPOCTPAHCTBEHHO He 3aTPYAHEHHBIX Ke-
TOHOB PAaBHOBECHAsl KOHLIEHTPALUs €HOJIa OYeHb Mala M KoebieTcs
B uHTepBase oT 8- 107°% — nns aumerona mo 107*% — mns
uMKiIorekcaHoHa. M3 aroro crnenyer, 4To VIS KETOHOB KeTo-¢opma
ropasno 6ojiee crabunbHa, YeM M30MepHas eHosibHas opma. MuHaue
rOBOPSI, 3TO 03HA4YaeT, UYTO €HOJ SBJISETCS HAa HECKOJBKO MOPSIKOB
bonee cunbHOM O—H-kucmoroit, yem kerod — C—H-kucnoroit. B co-
OTBETCTBHM C OCHOBHBIM IIPUHUMIIOM TEPMOAWHAMUKU COOTHOLIE-
HHME KETOHHOU M eHONbHOU (OPM MPSIMO NPONOPHUOHATEHO COOTHO-
LIEHHIO BeJIMUMH pK, ABYX 3THX (OpPM, T.€. 06paTHO NPOHOPIHOHAIBHO
KHCIIOTHOCTH 1BYX dopM. HeM Oonee cnaboit C—H-xucnoToii mo cpas-
HEHMIO C €HONOM SBJseTCS KeTo-(opMa, TeM BEHILIE ¢¢ CoaepKaHue
B CMECH ABYX TAayTOMEpOB. {151 3aMe1eHHbIX KETOHOB HJIM NPOCTPaH-
CTBEHHO 3aTPYJHEHHBIX KETOHOB CUTYaIIUsI MOXET PE3KO U3MEHUTHCS.
Tax, HanpuMep, neHradpropauetoH CF;COCHF, npaktuyeckn Ha-
LIEJIO €HOJIM30BaH U NIPEBPALAETCS B KeTO-(POPMY TONBKO NPH Harpe-
BaHHUHU B pacTBope TpUTOPYKCYCHOI KucaoTH npu 100°C:

H D
CF,COOH
CF5C=CF, ——31—(5—5 CF3C-CHF; .

TlosiHag eHONM3alMA XapakTepHa U I APYruX noaudrop3aMeileH-
HBIX KETOHOB, HAallpMMep:

F
FFY ¢ FFF .
F F F F
F OH F 4 O
(99,99%) (0,01%)

1 IpoCTpaHCTREHHO 3aTPYIHEHHBIX KETOHOB, COMEPXKAIIMX BE HIN
TpU OOBbEMHBIE ME3UTHJIBHBLIE TPYIIB!, eHojibHas dopMa Takxe 6o-
Jiee cTabuibHa, YeM KeTto-¢opma.
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H 0
? HCl; 60°C [
Mes([?=C-Mes —_— > Mes—?H—C-Mes

CH30H
CH; CH, CHs
roe Mes = CHj3
ME3HTHII
CH3

DTO NpeBpalllcHUe OCYUIECTBASETC IPU JIUTEILHOM KMITTYCHUU B
CIIUPTOBOM PACTBOpE XJIOPUCTOro Boaopoaa. Ho gaxe B 3TUX yCIIOBU-
sax eHon Mes,C=C(OH)Mes He M30MepH3yeTCHd B KETOH.

CogmepxaHue eHOJIBHOTO TayroMepa pe3ko Bo3dpacTaer mid 1,3-nu-
KeTOHOB M 1,3-xeroaduposn. onst eHoNBHONR (GOPMBI IS XULKOTO
anetwianeToHa coctasisier 80%, a nng auneroykcycHoro 3dupa 8%.
CroJb CUIBbHOE M3MEHEHME TTOJOXEHUS TAYyTOMEPHOrO PaBHOBECUS,
HECOMHEHHO, 00YCJIOBJIEHO 00pa30BAHUEM OYeHb MPOYHOI BHYTPU-
MOJIEKYJISIPHOM BOJOPOIHOM CBA3M B eHoJe. BomoponHasa cBI3b MOHU-
XaeT KUCJIOTHOCTb €HOJILHOM (GOpPMBI U, CIEL0OBATENILHO, YBEIMUMBA-
€T TepPMOIMHAMUYECKYIO CTaGUILHOCTh TAKOTO €HOJIA:

/H‘\O

H,C~C~CH,~C—CH L

I 2] 3 c. C

H,C™ e CH,

(20%) H
ALETIWIALETOH (80%)
/H\

H,C~C-CH,~C~OC,H; Lo
NP

0 0 H,¢” TCT NocH,

(92%) H
AlETOYKCYCHbIH 3¢up (8%)

Hannbsie UK- u SIMP-cieKTpoCKONMUM MOATBEPKAAIOT HATHYHE
BHYTPHMOJIEKYJISIDHOK BOAOPOOHOM CBSI3H B eHoue. 110JI0XKEHUE paB-
HoBecusl I 1,3-1uKeTOHOB U 1,3-KeTo3(hHpoB B 3HAYUTENBHOI cTe-
TIEHY 3aBUCHUT OT NPHPOALI pacTBopUTensi. [IpOTOHHBIE pacTBOPHTENU
pa3pyLIaloT BHYTPUMONEKYISIPHYIO BOAOPOJHYIO CBSI3b B €HOJIE 32 CYET
06pa3oBaHMs MEXMOJIEKYISPHOM BojgopoaHo# cea3u. bonee nonsp-
Hasg kero-copma, HAa00OPOT, CTAOMIM3UPYETCS C IIOMONIbLIO BOIO-
POIHOH CBS3M C ITOJAPHBIMH MOJEKYJIaMU BOILI WIH crupra. B pe-
3ylbTaTe OOJNIA €HONA B BOIHOM PAacTBOpe CHuxaercs no 23% mns
aleTwIaleToHa U 1o 6% mis aueroykcycHoro adupa. HenomspHeie
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PaCTBOPHTENH CIIOCOOCTBYIOT €HONM3ALIMH, TAK KaK CTaOMJIM3UPYIOT
MATOTIONSIPHYIO UMKIMYECKYIO CHONBHYIO GOpMYy U mecTabunusupy-
10T NMOJISIPHYIO KeTo-dopMmy. JlaHHbie, TpMBeneHHbIe B Tabna. 17.1, ybe-
IUTENBLHO MONTBEPXKIAIOT BBIBOAbI O BIMSIHUM CTPYKTYPHBIX (haKTO-
POB M INPHUPONBl PACTBOPHUTEJS HA TONOXEHME KETO-€HOJBLHOIO
TAyTOMEPHOTO paBHOBecHs WSt 1,3-IMKapOOHMIBHBIX COENMHEHU.

EHonbHasg dopMa aueroykcycHoro 3¢upa B HHIAMBHAYAILHOM
Buie Oblna BeineneHa JI. KHoppom nipu obpaboTke CyxMM rasoobpas-
HpIM HCI cycneH3nu ero HaTpHeBOTO €HOJATA B METPOJIeHHOM 3¢H-
pe npu —78°C. Yucras keToHHas ¢hopMa alieTOYKCYCHOro a¢upa Kpu-
CTAJTM3YeTCs U3 pacTBOpa alleTOYKCYCHOro 3(Mpa B rekcaHe IIpH
—78°C. Ilpu xpaneHuu o6e HOpMbI ¢ KIMEPUMOIA CKOPOCTLIO TIpeBpa-
LIaloTCA JpYr B ApYra oo JOCTHXEeHUs paBHOBecHs. I1omoOHBIM Xe
06pa3oM ObIU BBUIEJIEHDI [P OYeHb HU3KOH TeMIIepaType eHOJIbHbIE
¢opMbl MHOTHX Ipyrux 1,3-ketosadupos 1 1,3-1UKETOHOB.

K coXaJIeHHIO, 3TOT CITOCO0 HENPUTOAEH JUIS NTOJIYYEHHUA EHONb-
HOii (pOpMBbI ATBAETUIOB ¥ KETOHOB C OOHOK KapGOHMWIBHOM IPYIINO.
BUHUNOBLIN COIUPT — €HOJ YKCYCHOTO aNbAeThuaa — obpasyercd Nnpu
TEPMUYECKOM Jeruaparaiyiv STHJIEHIJIHKOJIS B IIYOOKOM BakyyMe Mpy
900°C B cocyme U3 cTeka IMHUpeKcC:
900°C

HOCH,CH,0H gn i —

CH=CH + H0 .
OH

DTOT NpOoCTeMIUNHA EHON N30MepU3yeTcs B DoJiee cTabUIbHbBIN aleT-
ansaerun npuMepHo 3a 30 MuH npu 25°C B OTCYTCTBUE KaTaju3a-

Tab6auua 17.1

Kero-enonbEas TayroMepns XapGoHmabHuiX H 1,3-AnkaploBmabHLIX coenMHeHnil,
Kpaln = [enon]}/[keron]

Kpaen= [enon]/[keTor} Conepxande enona, %
Coenunenne B BOJHOM DacTBOpeE B KCXOHOM | B BORHOM | B pacrBope
coenusennn | pacrsope B rexcane

YKCYCHBI 10735 - 1073 -
anbaerun
AlleToH 8- 108 ~ 106 -
[TexnTanon-3 2-10°8 - 1076 -
LMxIoneHTaHOH 11077 - 1073 -
LluknorexcanoH 5.10°6 - 1074 -
AueTtodeHoH 21077 - 103 -
ALIETOYKCYCHBIH 71072 8 6 50
acup
AueTunaueTox 2,3- 107t 80 23 90
Huxnorexcan- 20 100 98 100
nuoH-1,3
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TOpPOB U Ype3BbiyaitHO ObICTpO B OBBIMHON CTEKJISIHHOMN mocyne,
MMOCKOJILKY ODbIYHOE cTeKno obnagaer ulenouHoll peakuuein. Jns
BUHMJIOBOTO CIIMPTA C MOMOIIBIO MUKPOBOJHOBON CEKTPOCKONMHUHU
ObINY onpelefieHbl CTPYKTYPHBIE NlapaMeTphl eHoJla, NIpUBeleHHEIE
Ha cXeMme:

1,332 A
H 119,3° 1235 g4

1,078 AN, ‘RL/1079A
1090AM373A

His
H 0,956 A

Exon auetoHa o6pasyercs ripy doTonuse reHTaHoHa-2 B rasoBoit ¢ase:

OH
I h l
CH,~CCH,CH,CH; ——= CH,—C=CH, + CH,=CH, .

OH TaxKxxe oyeHb ObICTPO U3oMepHU3yeTcs B aueToH. CornacKo coBpe-
MEHHBIM JaHHBIM, KOHCTAHTAa PAaBHOBECHS [UIS IIpeBpallleHUs KeTo-
dopMel B eHon mis yKeycHoro anpgeruza CH;CHO oueHnuBaercs B
5- 10"5, a 1JIA aleToHa — nopsaxa 8 - 107%. Dro o3navaer, yTo A
MPOCTHIX ANBAETUIOB U KETOHOB KeTo-¢opMa Ha 12—14 kKan/Monb
ctabuinbHee eHONbHOH (OpMBI. DTO pazinyue Pe3KO YMEHbIIAeTCs
s 1,3-IMKETOHOB, e yXe eHon sgBnseTca bosee cTabUIbHBIM Ta-
YTOMEPOM.

17.2. KHCJIOTHOCTh KAPBOHHUJIBHLIX COENMHEHHIA

JenpoToHupoBaHUe aapieriia WM KeTOoHa, ApUBosuee K o6-
Pa30BaHMUIO €HOJIAT-KOHA, IPOUCXOAUT B TaKOU KoHGpOpPMAaLIUK Kap-
GOHMABLHOIO COeIMHEHUs, Koraa cBs3b C—H B 0-NOMOXEHUH OPUEH-
TUPOBaHA MapalielbHO p-opOUTAN KapOOHUNBHONW IPYNHbL.

'nbpunusauus o-yriepoaHoro aToMa B CHOMSIT-UOHE U3MEHAET-
CS1 OT Sp° 10 sp?, ¥ ero 3aNOoNHEHHAs p-OpPOUTAIbL MEepeKphIBAETCS C p-
OpOMTANBIO KAPOOHUABHOM IPYINbl. DTO NMPUBOAUT K AENOKAIMU3ALUA
OTPHUATENBHOTO 3apsAla B CHOMAT-UOHE MEXIY O-YIJIEpOOHbIM aTo-
MOM WU aTOMOM KHCIOpOJa, NpUYeM Haubosbulasg MoJs 3apsia co-
cpeaoTodyeHa Ha Oojiee 3NEKTPOOTPULIATENILHOM, MEHee IONsIpU3ye-
MOM U Bolee XeCcTKOM aToMe Kucaopoaa. YTJIepoaHbIit UEHTP SIBIsIeTCS
bosiee MONAPUIYEMBIM, MSTKUM LEHTPOM E€HOJST-MOHA:
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409 °©
s

Crabunu3alnvs €HONAT-MOHA 32 CYET CONPSIKEHHS YMEHBLIAET
BeNUYUHY AG ° JUIs1 JENPOTOHMPOBAHMS KapOOHUIBLHOIO COSNIMHEHHUS
Y YMEHBILIAET TeM CaMbIM 3HaueHUe pK, 11 KapOOHWIBHBIX COENH-
HEHMHU 1O CPAaBHEHHUIO C AJIKAHOM.

Crabunu3alus eHOJIAT-HOHA 110 CBOSH npuposae rnoxodHa crabu-
nu3anuu kapbokcunar-uoHa (ra. 18, 4. 3). KapGoHUIbHEIE COeINHE-
Hus 6onee cribHbie C—H-KHUCIOTHI, YeM aJKaHbI, 11O TOM Xe€ caMoi
MPUYUHE, TI0 KOTOPOM KapOOHOBBIE KUCJIOTH Oosiee cuiabHbie O—H-
KMCJIOTBl IO CPaBHEHHMIO CO CITMpTaMHd. B oboux ciydyasix ycuiaeHue
KMCJIOTHBIX CBOMCTB OOYCNIOBJIEHO cTabunu3aluei IByX ME30MEpPHbIX
aHUOHOB — KapOOKCHIIAT- ¥ eHONAT-UOHOB. B Tabiuie 17.2 npusene-

Tabnuna 17.2
C—H xkucaornocts Hekorophix C—H-kucaor B Boxe

Knace coenunenni Coennnenne pK,
1,3,5-TpuxeTOHBI tpuauetwiMerad CH(COCH;); 5,0
1,3-JInkeToHH CH;COCH,COCH; (aueTniaueToH) 9,0
1,3-KeToa¢pupn CH3;COCH,COOC;H; (auetoykcycHsi#t a¢up) 10,7
1,3-Ivuutpunsl CH,(CN); (aMHUTpHI MaIOHOBON KUCIOTHI) 11,2
1,3-Auadupnr CH,(COOC,Hs), (ManoHoBhl 3¢up) 13,0
KapOOHOBBIX KHUCIOT
ALMITAIOTe HUABE CH;C(O)Cl (utopucThii aueTn) ~16
AJboeruasl CH3CHO (yxcycHblit ansgerun) ~18
KeToHbl CH3;COCHj; (aueron) ~20
Crnoxtbte 3pHpbL CH;COOCH,CHj; (3Tnnauerar) ~25
Hurpunsi CH;CN (auetonuTpn) ~25
N,N-JdnankunaMuab CH;CON(CH3), (N,N-gumeTHIaLeTaMMUa) ~30
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Hbl JaHHBIE TI0 KUCJAOTHOCTH HEKOTOPBLIX KapOOHMIBLHBIX COEIHHE-
HUHA, CIOXHBIX 3(UPOB, aMUIIOB, HUTPUIOB U 1,3-AUKapOOHWIbHBIX
COEIMHCHMIA.

W3 naHHBIX, NpeAcTaBAeHHbIX B Tabu. 17.2, cnenyer, YTO KMC-
JIOTHOCTh CJIOXHBIX 3(MPOB, HUTPHIIOB M, OCOGEHHO, AMUIOB 3Ha-
YUTENBHO YCTYNAeT KUCIOTHOCTH ANBAETHIOB H KETOHOB. DTO YKa3hl-
BaeT Ha MEHbHLIYIO CTAOMJIBHOCTh €HOJIAT-UOHOB C/IOXHBIX 3¢(bHUpOB U,
ocobeHHO N,N-IuanKkuniaMuoB, 10 CPAaBHEHHUIO C €HOJAT-HOHAMH
KeToHOB. C mpyro#t CTOpoH#l, 1,3-muKapOOHUIBHBIE COENMHEHUSE AB-
ng10TCs 607ee CUABHBIMUY KMCIIOTAMM, YEM albACTHABI H KETOHHL. 1,3-
JdnKapOOHUABHBIE COEIMHEHMS 10 CBOEH KMCIIOTHOCTH TNPEBOCXOIAT
Bony (pK, = 15,7) u sranon (pK, = 16). EHonar-uoun 1,3-auxkap6o-
HHUJIBHBIX COeTMHEHHH OTIHYAIOTCA 0c000 BHICOKOM CTaOMNIBHOCTHIO,
TaK KakK OTpPHUATEAbHBINA 3apsi HEJIOKaJIM30BaH ¢ MOMOLIBIO 06enx
KapOOHUNBHBIX TPYIII, IIPUYEM JIBE aUETUIbLHBIE TPYIITL OKa3bIBAIOT
6onee cwibHblll 3¢ deKT, ueM aABe CH0XHO3bHUPHbBIE TPYIIIIL;

0O o0 0O O
T BO e,
CH;CCH,CCH; ———» BH + CH;-C-CH-C-CH; <——»
00
- CH3é=CH(T‘CH3 CH;CICH=C-CH3
)

Anbaeruasl, KETOHBI, CIOXHBIE 3¢upsl, N,N-quankunaMuasl U
HUTPHIbI OTHOCATCS K rpynne cnabeix C—H-kucnor. Ina ux aenpo-
TOHMPOBAHMA TpeOyeTCs UCMONb30BaTh CHILHBIE OCHOBaHusA. Ecnu mis
9TOH LeNY B3SITh aNKOKcUA-MoH, Hanpumep CH;CH,O™ (pK, staHo-
Ja = 16), B paBHOBeCHM OyIeT IMPUCYTCTBOBaTb ToNbKo ~0,01% eHo-
JNAT-KHOHA aueToHa WIM Apyroro keroHa ¢ pk, ~ 20:

I
CH,CCH; + CH;0" CH3CI.‘.e.—.CH2 + C,H,OH .

(~99,99%) o
(~0,01%)

Jns nomHoro mpespaileHus KapOOHWIBHOTO COENMHEHHs B €HO-
JIAT-UOH HeOoOXOMMMO INPHMEHSATh CWJIbHBIE OCHOBAHMS, TaKHE KakK
NaH, KH, (C¢Hs);C Na*, B anpoTonHsIx pacTopuressax TT®, IMD,
AMCO. Hauryume pe3ynsTarhl AaeT UCNONb30BAHHE NIPOCTPAHCTBEHHO
3aTpyOHEHHBIX OCHOBAaHMK — auuM3onponunamuna nautua (JIJA)
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e
L1$N(C3H7—u3o)2, a Takxe OMC-(TPUMETWICWIKHA)AaMUIOOB JIMTUS WU
HaTpuA:

CH;
S CHj
[(CH3);SihN Na~  um N-Li
CHs
. CHj
©
i@
LINC3H7uso), N
rekcan-TT'®; —78°C + HN(C3H7-uz0); 5
pKa~20 (100%) pKa~40
0] .
cH,Con, NANBICHSL o o ol + HNISICHY), -
3 S —— 3 l:e-- @2 3)sla s
O Na
(100%)
-78°C
CH;COC(CHs)s + LIN(C3Hr-u30) Tomcanriry

CH2=Z)’$_OC(CH3)3 + HN(C3H7-u30),
Li® !

O
(100%)

JITA nonay4aroT METAUIMPOBAHUEM IUH3OMPOIIUIAMUHA H-GyTHLIH-
THeM B cucTeMe rekcaH—TI'®D mpu HU3KOIT TeMneparype:

-78°C
(C3H7-uz0)NH + u-C4Hgli W LIN(C3H7-u30); + C4Hjg .

OH pactBopuM B TI'D K ero HeMELIEHHO HCMOJbL3YIOT, HE BBLIESIS
U3 pacTBopa.

KertoHpl, cioxHble 3¢upel, HUTpUWIs, N,N-quankuiaMunsl, Bce
JUKapOOHMIbHBIE COEIUHEHUs] HAUENO MEPEBOLSITCS B COOTBETCTBY-
IOLLUMi eHOMAT-HOH Npu obpabotke pactsopoM JITA B TT'® npu —78°C,
taKk Kak ansg camoro HN(C3;Hq-u30), pK, =40. Ewmte Gonee ynobeH
IS TIOJTYMEHMSI LHEJIOYHBIX €HONMSTOB OMC-(TPUMETHICHIWI)aMUI
JIUTHSI WK HATpusl, pacTBOpUMBIIL Aaxe B acupe. C NOMOIIBIO OAHO-
ro U3 3TUX PEATeHTOB €HOJIATH! MOTYT OBITh BHLICJIEHBI MHIAMBUIYAIb-
Ho. Tax, npu peakunu JIJA ¢ tperbyruwranerarom B TT'® nmpu —78°C
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¢ MOCHEAYIOLINM OCAXICHUEM M€KCAHOM MOXHO BBUIETUTE TUTHEBYIO
cojib mpem-byTnnauerara:

O
i -78°C
CH;COC(CH3)3 + LIN(C3Hy-us0), g o=
pKa~25

CH2='-‘IC"_OC(CH3)3 + HN(C;3H7-uz0)
: pKa~40

OLi

AHaJIOrM4YHbIM 00pa3oM MOTYT OBITh BBIAENEHBI M IPYTHe LUEOUHbIe
€HOJSTHl. EHONST-HOHBI KETOHOB M CJIOXKHBIX 9)UPOB CTAOUIBHBI, KaK
[IpaBUJIO, TOJILKO MpU HHK3KOI Temmeparype. B cuHTeTHYECKOI npak-
THKE LEIOYHEIE €HOJISTH HE BBIIEASIOT, & Cpa3y Xe HCIIONb3YIOT JUIs
JaJlbHEHIIKX IIpeBpalleHHIA.

17.3. PEAKIIMOHHAA CIIOCOBHOCTDb EHOJIAT-UOHOB

EHONAT-HOHBI OTHOCATCS K YUCHY KJIACCHYECKHUX MpeacTaBuUTe-
Jleit aMOMIEeHTHBIX* AaHHOHOB C IBYMS Pa3sAWYHBIMH PEaKIMOHHBIMU
LIEHTpaMM, YIIEpOAOM M KHUCIOpPOIIOM, CBSA3aHHBIMM B €AMHYIO CO-
NPSKEHHYIO CHCTeMy. EHONAT-MOHBI IMPEeACTaBAsIOT coboil camblit
BaXHbIN Knacc aMOMIEHTHBIX aHHOHOB, Ype3BblYaiiHO ILIHPOKO HC-
MI0JIb3YEMbIX B OPIaHMYECKOM CHHTE3€, IIPeXOe BCEro IJIA CO3AaHHsA
HOBOU YIJIEpOI-yIIEPOAHOM CBSI3H B peaKUMAX ATKHWJIMPOBAHUS, aly-
JIMPOBAHMS M Pa3IUYHBIX KOHIOCHcauusix. VI3BecTHBI MHOTrOYMCIIEH-
HbIE NIPUMEDHI PEAKIHHM ¥ 10 YIIEPOLHOMY, H TI0 KUCIAOPOAHOMY UeH-
TPaM €HOJIST-HOHOB. HanpapieHue peakiiiu CIOXHBIM 00pa3oM 3aBUCHT
OT coueTaHus uUenoro psga ¢akropoB (O.A. Peyros, WU.I1. Beneuxkas,
AJL Kypu):

1) npuponbl 3neKTpO(PUILHOTO areHTa,

2) NpHUpOIbl YXONSUICH TIPYIIIBI,

3) cTpoeHus eHONAT-HUOHA,

4) npHUpoab MPOTHBOMOHA Y EHOJST-HOHA,

5) xapakrepa pacTBOpPUTEISL.

CooTHoueH)e TPORYKTOB HYKIeOoGWIBHOTO 3aMeIUEHUS YIJIEPOIHBIM
U KHUCJIOPOOHBIM LIEHTPAMH €HOJNST-HOHA, T.€. COOTHOLIIEHUE IIPOoYK-
toB C/O-3aMmelieHusi, B MPUHLMIE, 3aBUCUT OT BceX TEpedHCIIEeH-
HbIX GakTOpoB. MHOroOYMCIeHHbIE KCIIEPUMEHTAIbHbIE JAHHBIE CBU-
JIeTeJIbCTBYIOT O TOM, 4TO MpPUPOJA IPOTUBOMOHA M PacTBOPHUTENS B

*AMb6u (nat.) — nBy.
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GOJIBLLIMHCTBE CAY4YaeB HE WUIpaloT peliarolieil poid B HApaBIeHUH
C- wmi O-3aMelleHus1, KOTOpoe OMpenensieTcst B NEPBYIO oYepeldb
COBMECTHBIM JEHCTBUEM MEPBBIX TpeX (HPaKTOPOB.

C nomoinsio npuHuMna XKMKO unu, 6onee HaneXxHo, ¢ HOMO-
LBIO METOJA TPAaHUYHBIX OpOUTAIElt [UISL EHONSAT-HOHOB KETOHOB, 1,3-
JIUKeTOHOB H 1,3-KeT03¢pHUpPOB MOXHO BBIBECTH BECbMA IPOCTOE, XOTH
M HEe YHMBEPCAIBHOE [IPaBUJI0, COTJIACHO KOTOPOMY MSITKHE 3JIEKTpPO-
¢HIbHBIE areHThl aTAKYIOT MATKHH YIIEPOHHBIA LEHTP, a XECTKHE
3JIeKTPOGUIbHbIE AT€HTHl — XECTKUN KMCIOPOIHBIM LIEHTP €HOJST-
noHa. K MArkum 3neKTpoPUIbHBIM areHTaM OTHOCSTCSI [aJIOT€HBI,
HCTOYHHUKHU ITOJIOXKUTENBHO 3apsikeHHoro rajtoreHa (NBS, rumnorano-
reHuThl), cyabdenunraioreiunbl RSCl, RSBr, ceneHunraroreHuas
RSeCl; OH*, FCl0;; anxwiGpomuns!, ankwiHonuasi u ap. K xect-
KHM 3N1eKTpodMILHBIM areHTaM cjejlyeT OTHeCTH alWITaIOreHHIB],
AHTMIPHUABL KapOOHOBBIX KHMCJIOT, TPHANKWITAJIOIeHCHIAHBI, repMa-
HHI ¥ cTaHHaHbI, ocdopunupymoiue areHtsl Tna (RO),POCI, cynb-
doumnrasoreuunsl RSO,Cl, ankuncynbdoHaTel. Huxe npuseneHsl
HEKOTOpble Haubojee TUIIMYHBIE IIPUMEDHI:

<:>:O 1) JHIA; TIT(D; —8C QOSi(Cﬂs)s ;
2) (CH;),SiCl

(99%)

1) [(CH;);Si]),NNa; —78°C

CH3CH2€CH2CH3 CH3CH2(|:=CHCH3 ;
i 2) (CH,C0),0 &-con,
(100%)
1 ; ; —718°C
O: o ) WA, TI'®, 0
2) NBS
Br
(83%)

CsHsSSCgH; + Cl, —= 2C¢HSCI ;

<:>=o 1) JIOA; TI®; —78°C Q:O ;
2) C¢H,SCl
SCH;
(86%)
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1) NOA; TI'd; ~78°C
o ) - o
2) CsH;SeBr

SeCeH;
(89%)

QeHunnceneHUNOGPOMHII, KAK MATKHM 31eKTpoGHIbHBIA areHT,
aTaKkyeT MCKJIIOYMTEABHO MSATKUIA YIJIEpOAHBIA LEHTP €HOJNAT-aHUO-
HOB. O6pa3yloumecs nNpu 3ToM O-¢eHHUICEIEeHO3aMELLIEHHbIE KETOHBI
nocyie ob6paboTku mnepexuchio Bogopona otiemadgioT C¢HsSeOH u
AT o, B-HeHacbILleHHbiEe eHOHbl. KOHe4Hbli pe3ynbpTaT 3TOro ABY-
CTaIUIHOrO IIPOLIECCa COCTOMT, TAKMM 00pa3oM, BO BBEACHHH HABOM-
HOIi CBSI3H B O, 3-10JI0XKeHHe N0 OTHOLIEHHIO K KApOOHMIBHOI rpymiie.
B kavecTBe MHTepMenHaTa B 3TOH peaxiivu, Mo-BHAUMOMY, obpa3y-
eTcs (peHWICENEHOKCHUI, KOTOPBIi MOABEpraeTcsi BHyTPHMOJIEKYIAp-
HOMY CUH-3JTUMUHUPOBRHHUIO B UCKITIOYUTENBHO MITKUX YCIOBUSX:

H SeCH
H .~ H  SeCeHs
N O 1) JIIA; TID; —78°C | H,0
_c-¢c-c? ) _C-C-C-R ——
[ Ng  DCHSeB; 20C 7 [ I 2060C

‘ :©
Q\ @ CgHs
H - ®°

. —q‘ﬁ?_“

) 20760C_ “SC=C-C—R + C4H,ScOH.
/ ~ [ I
3 o)

CUR-INHMHHHDOBAHHCE

o, B-HeHacslllleHHBIE KETOHBI TTONAYYAIOTCS C OYEHb XOPOLUHMM
BBIXOAOM, M 3TOT METON IOJyYeHHUs O, B-HEHACHIIIEHHbIX €HOHOB 10
CBOCH CEJIEKTHBHOCTH MOXET C YCIIEXOM KOHKYpPHPOBAaTh C JBYXCTa-
OWITHBIM TIPOLIECCOM OpOMMPOBAHUA — AETHAPOGPOMHPOBAHUSA KETO-
HOB WIM NOJYyYEHHEM EHOHOB C IIOMOIUBIO AJIBAOJBHON KOHISHCAIUH:

0]

1) JIOA; TT®; —78°C
2) PhSeBr; 3) H,0,

(55%)

Takum Xe crrocoGoM MOXHO MONYYaTh U O, B-HEeHACHILIEHHBIE CIOX-
Hble 3)HUPBl U HUTPWIBL.
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o} 0
] NIA; TTD; —78° I
C-OCH, D) JIIA; TTO; —78°C C-OCH,
2) PhSeBr; 3) H,0,

(96%)

N 1) JIOA; TI'®; —78°C
2) PhSeBr; 3) H,O,

CH,(CH,),CH,C= CH,(CH,);CH=CHC=N

(80%)

17.3.1. ATIKHJINPOBAHME EHOJIAT-HOHOB

HauGosee BaKHBIMHU U TTIOAPOOHO U3YYEHHLIMH peaKlMsIMM C yya-
CTHEM EHOJIIT-HOHOB KETOHOB, CIOXHBIX 3¢pupos, 1,3-kerosdupon
4 1,3-IMKETOHOB ABISAIOTCA peaKUMU ANKUIKPOBAHUSA. 3TO OOUH W3
pacHpoCTpaHEHHBIX CIOCO00B CO3JaHUS HOBOM YIJIEpOA-YIJIEpORHOM
CBA3U. AJIKMJIMPOBaHHE €HOJISIT-HOHOB HpeIcTaBiisier coboit pasHo-
BUIHOCTb S)2-peakiiuii y HACHILUEHHOIO aToMa YIjiepolia ¢ TOH JIHIIb
0COOEHHOCTBIO, YTO Y HYKJIeO(UJILHOIO areHra UMeercs XBa LEHTpPa,
CBSI3aHHBIX B €MHYIO CONIPSIKEHHYIO cucTeMy. HampapineHue C- umu
O-aJKMIMPOBAaHUSI CHOJIAT-UOHA 3aBHCHUT [JIABHBIM 00pa30M OT IpH-
poxsl yxonsiei rpynmsl 4 paguxkaia 8 RX. Eciau yxoasimas rpynna
OTHOCHTCSl K XECTKHM OcHOBaHMsIM JIbionca, nmpeobiafaer 3amele-
HUE II0fl IeHCTBUEM XECTKOro KHMCIOPOAHOTO LEHTPA €HOMST-UOHA.
IIpeumyliecTtBeHHOe 00pa30oBaHUE AIKAIOBHIX 3(DUPOB €HOJNOB Ha-
OromaeTCs MpH AKIMPOBAHUH IUEJJOYHBIX EHOJISITOB M «CBOOOIHBIX»
JUCCOLMHPOBAHHBIX €HOJIAT-UOHOB AJIKWITO3WIATAMH, aNKWITPHG-
natamu (ROSO,CF;) u npyrumu ankwicyiabdoHaraMu. B Tex cnyya-
sIX, KOIla yXonsluas rpyllfia IpeAcTaBiseT coboil MsArkoe OcHOBA-
HHEe — HoAMI, OpOMUI M THOLMAHAT, Mpeobiamaer 3aMellieHUe oL
OEWCTBUEM MSTKOFO YIJIEPONHOIO LIEHTPa €HONST-HOHOB KETOHOB,
1,3-xeroadupos u 1,3-mukeroHoB. B tabn. 17.3 npuBeneHs HEKOTO-
pble HauboJiee THITMYHbIE TIPUMEPH] 32aBUCUMOCTH HanpapieHus C- u
O-aJIKUTMPOBaHMS LUETOYHBIX €HOMSITOB OT IIPUPOALI YXOAALUEH rpyn-
bl U pamMKaia aNKWINPYIOUIEro areHTa:

]
R—C==CHR’+ AKX ——» R‘—c—gmﬂ R—C=CHR’;
! Ak OAk
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i iHZCI_h /|\lk
+ AKX —» Rﬁ—CH—ﬁOCHZCI-b +

I'MOTA

j\ g

mpanc-O-uU3omep

+ AKX —— RC—CH-
IM®TA Rﬁ CH ‘F[R *
0] 6]

O o
H

0

L L mparc-O-u3oMep
AKkO (E O

W3 nanubix, npuBedeHHbIX B Tabn. 17.3, cneayer, 4yro B OOLUIEM CIIy-
yae obpa3syercst cMech NpoAYKToB C- U O-anKWinpoBaHus ¢ npeod-
JlajaHHeM OXHOro u3 u3oMepoB. ONHAKO B OTHAEIBHBIX CIYyYasIX aNKU-
JIUpOBaHUE €HONSAT-HOHOB OT/IHYAETCS OYEeHb BBICOKOHN pernocesek-
THBHOCTBIO, YTO [TO3BOJIIET OCYLUISCTBUTH M3bMpatenbHoe C- wiu

O-ankunupoBaHue:

H; j\csz ©
2% AN + CH3X -ZO—C—>
o (]? 0

I'MOTA
H
?HB' H; C,Hs
— CH3ﬁ CH- ﬁOC2H5 +
CH;0
‘ O
C-uzomep O—HSOMep
X=1 (97%) (3%)
X=0Ts (3%) (97%)
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Ta6bnuua 17.3

C- 1 O-ankuIupoBaHne MEI0YHLIX EHONATOR KeTonos, 1,3-auxeronos
n 1,3-xeTo3¢pupos

Kapbonnnsubie IIporBonon Anxunnpyompuii 0O/C-orHomenne
coelHHEeRnsA R arenT OPOAYKTOB Peakinn
pacTBopuTenh
CgHsCOCH(CH3)CH3 | Nat; M3 CH;l 0,0 (Tonsko
C-usomMep)
—"— =" CH,=CHCH;Br 0,0 (Tonpko
C-u3omep)
=" Na*; muraum C;HsBr 0,61
—"— —"— CyHsOTs 2,4
CH;COCH,COOC;Hs | K*; TMOTA C4HoOTs 9,0
—~'— - CH;0Ts 8,1
—"= ="' CHj;Br 0,16
= == CH;l 0,05
- - CH;3;CH,Cl 1,5
—"— —"— (CH,3),CHCl 43
-t =" (CH;),CHBr 2,2
—"— —"— CH,=CHCH,0Ts| 0,28
"= —'— CH,=CHCH,Br | 0,0} ronnko
"= - CH;=CHCH,l 0,0} C-usomep
CH3;COCH,COOC;H; K*; (CH3);CCH,CI {100
I'Mo®T
—"'— —"— CH;0CH,Cl }100
—"— =" CgHsCH,Cl 0,06
CH3COCH,COCH; | N*(C4Hg)s; CH;l 0,01
CHCl;
Na*; CgHsCH,Br 0,0 (TonbKo
<:>=0 TM®TA C-u3omep)
N+(C4H9)4' CHJBI’ 0,0 (TOJIbKO
<:>=0 T C-u3omep)
—"— BrCH,COOCH; 0,0 (Toneko
<:>=O C-n3omep)
—"— C4HyBr 0,0 (tonsko
<:>=O C-un3omep)
(CH;);CHCOCH;,4 Li*; TT® CgH;sCH;Br 0,0 (Tonsko
C-u3omep)
- —"— CH;CH;Br 0,0 (TonbXO
C-H3oMep)
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1) KH; TI® —78°C
(CH,),CHCCH(CH,), -
x 2) CH,I; —78°C

(CHy),CHOC(CHy), .
o}

(98%)

C-anKunMpoBaHUe CTAHOBUTCA e€IMHCTBEHHBIM HAaMpaBJieHUEM peak-
LYY JUISE METWIHOAUAA, JIETKO MONSIPU3YEMBIX ajUTuii- M 6eH3nnbpo-
MMIOB H HOAMAOB, 3pUPOB A-OpOMKapOOHOBBIX KMCIOT U O-OpoM-
KEeTOHOB. BAeKTpobUIBHBIE AT€HTHl C XECTKUM pagMKaIoOM —
a-xnopadupsr CICH,0R, a-xnopamurbt CICH,;NR, ankuiupyior eHo-
JIIT-UOHBI TOJBKO IO ATOMY KHCJIOPOLA.

ATOM KKCJIOpOIa €eHOJIAT-UOHA CTepHYecKH boJiee JOCTYIIEH JJIeK-
TpopUIILHOM aTake, YeM €ro YrepogHblil ueHTp. C-aIKWIHpoBaHUE
6onee YYBCTBHUTENLHO K BIMSHUIO CTepHYeCcKHX 3¢ deKToB U B ANTKH-
JIMPYIOIUEM areHTe, W B €HOJISITE, MOCKOJBKY B npoxykre C-ankumm-
POBAHMSI ATOM YIJIEPOAA HAXOAUTCS B TETPASAPUIECKOMN Sp°-KOHPUIY-
pallMK, B NPOTHBOMONOXHOCTh [UIAHADHOM sp’-KOHQUrypalUuH,
Bo3HMKaIUeid npu O-aikunupoBaHWH. TakuMm oOpa3oM, NMPOCTpaH-
CTBEHHbIE MpenATCTBUA OnaronpuaTcTByoT O-anKwivpoBaHHio. Heii-
CTBMTENLHO, I BTOPUYHBIX ATKWITAJIOreHUIOB, HATIpDUMED 430-I1PO-
mwixnopuaa, O/C-oTHouIeHHe BhIlIe, YeM IS ATKHIMPYIOILMX areHTOB
¢ NMepBUYHBLIM paquKajioM. HeonmeHTWDUIOpHA BCleNCTBHE CTEPHYECKUX
3aTPyAHEHHUH AIKHWIMPYET eHOMAT-HOHBI TOJNLKO MO aTOMY KHCIOPOZa.

17.3.2. PETHOCEJIEKTHBHOCTDb OFPA3OBAHHUA EHOJIAT-HOHOB

JUisi HeCHMMETPUYHBIX KETOHOB CYILECTBYET elle OJHA CAMOCTO-
ATenbHas npodiaeMa peruoceneKTuBHOCTH C-ankunupoBanusa. Cocras
CMECH M3OMEPHHIX €HOJIATOB, 00pa3yIOLIUXCA MPH OSMPOTOHHPOBA-
HMH HECUMMETPHYHOIO KETOHA, OIIPEAENACTCS KMHETHISCKUMH WK
TepMOJUHAMHYECKUMHU (PAKTOpaMHU, MTO3TOMY CAEAYET POBOAUTD YET-
KO€ pasiMyHe MeXAy KMUHETHYECKH U TePMOIMHAMUYECKH KOHTpPO-
JMPYEMBIMH pPEeaKLMsIMH €HOMAT-HOHOB. B yCNOBUSX KMHETHYECKOTO
KOHTPOJS ABa 06pa3yIoLUXCS H3OMEPHBIX €HOJIATA HE NpeBpalialoT-
csl ApYr B JApyra, ¥ COOTHOUIEHHUE MPOJYKTOB peaKLMH PaBHO COOT-
HOLUIEHHUIO MCXOXHBIX LIEJOYHBIX €HOJIATOB:

I LiIN(C;H,- 1
RCHz—%,?—CHsz——g—L—)’*( X0k REH=C—CH,R? + RCH;—C==CHR’
o, ‘o

TTd; —78°C . i
oL® oL®
~78°C l(CH3)3SiCl —78‘C1(CH3)3SiCl
R'CH=C—CH,R’ R'CH,~C=CHR’
OSi(CH,), OSi(CH,),

105



Ecny BO3MOXHO B3aMMHOE NMpeBpalleHHe U30MEPHBIX EHONSTOB, yC-
TaHAaB/IMBaeTCS paBHOBECUE, NTOJIOXKEHUE KOTOPOTO ONpeAesieTcs Tep-
MOIWHAMHUYECKOH YCTOWYMBOCTBIO €HONSTOB. B 3TOM cliyyae B rnpo-
IyKTax peakuuMu Bceraa Oyaer mnpeobiaagaTb TEPMOIMHAMMUYECKH
Haubosee yCTOMYUBBIA U30MED:

1 2 B@ 1 2
RCHZ——(HZ——CHZR S RCH=§—CH2R +

}
0 o L®
(CH,),SiCl
-———_>

+ R'CH,~C=CHR? R'CH=(l3—CH2R2 + R CH,~C=CHR?
se L@ OSi(CH,), OSi(CH,),

KuHeTHyeckuit KOHTPOJb UMEET MECTO B TE€X CNYYasix, KOIIa /yist Nojiy-
YEHUS EHOJISITOB MCIOJIb3YIOT IUTUEBRIE COMM CHIBHBIX MPOCTPAaHCTBEH -
HO 3aTpyAHeHHbIX ocHoBaHuit: LiN(C;H7-i),; LIN(C¢H,)—Cs3H;—j;

H,C_ CH;
[(CH5)38i],NLi; Li—N B anportoHHoi cpene (TTP, adup,
H;C CH;,

AM3) npu Hu3koil Temneparype (—78°C), B OTCyTCTBHE U3OBITKA
KapOOHMIBHOTO COEAMHEHUS U NIPU MeJJIeHHOM npubaBieHuun Ke-
TOHa K M30bITKY OCHOBaHUsA. EciM oCHOBaHHE MeIJIEHHO H00aB-
JIATh K U30OBITKY KETOHAa, TO B MPUCYTCTBUM KETOHA, KaK JOHOpa
MPOTOHA, MEXAY €HOJISTAMHU YCTaHaBIuBaeTcs papHoBecue. CocTaB
U30MEpHOH CMECH EHOJISIT-UOHOB B YCIIOBUSAX KaK KMHETUYECKOTO,
TaKk ¥ TePMOIVMHAMUYECKOTO KOHTDPOJS ONpeNeysdioT ¢ HOMOILLBIO
O-cunuaupoBaHUs NOO AeHCTBHEM TPHMeETHIXJIopcHiaHa. COOTHO-
LIEHUE TPUMETUICHIMUIOBEIX 3(PUPOB €HOJOB TOYHO OTPaxaeT Co-
OTHOILLIEHHE IIEJTOYHBIX €EHONATOB B pacTBope. Kak ciexyer U3 naH-
HBIX, IpeIACcTaBIeHHBX B Taba. 17.4, COOTHOIIEHHUE LUENOYHBIX
€HONSITOB HECUMMETPHUYHBIX KETOHOB PE3KO Pa3NM4aceTcsd B KUHE-
TUYECKH U TEPMOJMHAMMHYECKM KOHTPOAUPYEMBIX ycioBusx. [Ipu
KMHETUUYECKOM KOHTpPOJe npeobiamaeT MeHee 3aMelUleHHBIH eHO-
JIS1T, TOCKOJIBKY OTLIEIJIEeHHE TPOCTPAHCTBEHHO MEHEE 3aTPyAHEH-
HOTO NMPOTOHA NOJA AECUCTBUEM CTEPUYECKU 3ATPYAHEHHOTO OCHO-
BaHUS MPOUCXOOUT ropas3fo OwnICTpee, YeM OTIIENNEHME TPOTOHA
M3 IpYroro, cCTepMyYecku 3aTpyOAHEHHOro a-nonoxeHus. OQHaKo B
PaBHOBECHON CMECH NpPU TEPMOAUHAMUYECKOM KOHTpPOJE Npeod-
nanaet bosee 3amellieHHbIM eHOIAT. C yBEJIMUEHHUEM UMCIIA AIKUIIb-
HbIX 3aMeCTUTENeil BO3pacTaeT YCTOMUUBOCTh ABOMHOW Yriepon-
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Tadnuua

17.4

CooTHoIIeHHE eHOJIAT-HOHOB HEeCHMMETDPHIHAIX KETOHOB B YCJIOBHAX KHHETHYECKOro
H TEPMOABHAMHAIECKOro KOHNTpOIA

Coaepxanne eHoAATOB, %

KeTon Exonsr-uon npu npH
KHHETHYCCKOM | TEPMOAKHAMHIECCKOM
KOHTpOJE KOHTpoOJIE
O& "CH, i{‘e‘cﬂ3 28 94
; “CH 72 6
60 3
CH3(CH,)4COCH; (
e 25 87
CH,(CH,);CH=-C—CH]]
[\e 75 13
CH,(CH,)—C=CH,
(CH;),;CHCOCH;CHj; of |
(CHy,C=~C—CH,CH;
G 99 -
(CH,),CH—C=CH-CH,
o o}
0 O ; §
o)
CHCHLCH e"(I) - 98
sHsCH,CCH, C¢H,CH==C—CH,
C¢H,CH,—C—=CH,
=) - 2

YIJIEpOAHOM CBSI3M, UTO HETOCPEACTBEHHO OTPAXAaeTCs M Ha CTa-
BMIIBHOCTU €HONAT-UOHA.

C-AnKuMnupoBaHUe JTUTHUEBBIX UM HATPUEBBIX EHONSATOB HECUM-
METPUYHBIX KETOHOB HE OTJHMYAETCS BHICOKOH PErnoceseKTUBHOCTHIO
M3-3a HU3KOH CKOPOCTH peakL MM, CIIOCOOCTBYIONEH B3aUMHOI M30-
MEepU3allMU €HOJNAT-UOHOB:

107



1) LIN(G;H,#),; IM3; =78°C CH,
CH; 2) CH,l; 20°C cH, * cH; CH,
0 0 :

0
(70%) (30%)
C(CH
C(CHs3)3 C(CH;); C(CHs3); (CHs)
CH,=CHCH,Br N §H=CH2 .
I CH, CH, - i
a4 \ N o 3
¢ CH CH,CH=CH, CHs 12l
ONa 0 Y CH~CH
(15%) (35%) (50%) ’

3aMeHa JIMTHS B KauecTBe IPOTHBOMOHA Ha 0OBbEMUCTBIH KATHOH TET-
pabyTHIaMMOHUS CIIocoGCTByeT Honee BHICOKOW PErMOCENEKTHBHOC-
TH IKMIMPOBAHUS €HOJATOB LUKIONeKCAaHOHA U €r0 MPOM3BOIHBIX:

S{CHs)s
CHs Nemoue R- o
e *
80% mpanc-uzomepa
R CHj
+ R = C¢HsCHy; CH;=CHCHy;

#-C4Hg; CH,C(O)OEL
20% yuc-u3omepa

Peakuusa C-anxuivpoBaHHs LESOUYHBIX eHONSITOB YacTo COMpO-
BoXaaeTcs obpasopanueM nponykroB C,C-nuankunuposaHus. Ucxon-
HbIii €HONAT-UOH PEearMpyeT ¢ NMPOAYKTOM MOHOTKWJIMPOBAHHUS C
06pa3oBaHHeM EHONAT-HOHA ANKMIMPOBAHHOTO KETOHA, KOTOPLIN
Jlajiee MOABEPraeTcsl MOBTOPHOMY AJIKUIMPOBAHMIO!

| 2 L, e o,
RCH==C—R + lﬂ—clH—C——R R—C==C—R’ + RCH—C—~R’;
©: Ak Ak
Ak
4 I .0
R‘—~|C=Q:C~R2 + AlkHal R'~$—C”—R2
Ak Ak
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O6pa3oBaHne NPONYKTOB JHAJKHUIUPOBAHUS OCODEHHO XapaKTepHO
NpY UCNONbL30BAHUU B Ka4yecTBE ATKWJIMUPYIOLLEro areHTa METUINO-
auna, aniui- U OeH3UIraIoreHUI0B:

CH3C==CHCOOC,Hs + CH,=CHCH,Br MPTA_

|. 20°C
Je
o CH,CH=CH,
y/
CH;—C-CH-C=-0C,H; + CHy—C—C—COOC,Hs .
O CH,CH=CH, O CH,CH=CH,
(48%) (52%)

s ymMeHblueHUs TEHASHLMH K 00pa30BaHUIO ARATKHINPOU3BOIHBIX
uesecoobpas’Ho AIKUIKPOBATH JUTHEBBLIE €HONATHI B ANPOTOHHBIX
MaJonoasapHex pacteoputenax (TTP®, IM3) npu BoaMoxHo Gonee
Hu3Koi Temnepatype. [lepBUuHble aNKUIOPOMUILI, ¥ OCODEHHO aJI-
KWJIXJOPUIBI, AAIOT 3HAYUTENBHO MEHbIlEe KOJIUYECTBO MPOAYKTOB
C,C-aManKWiMpoBaHMs TI0 CPAaBHEHHUIO C aJKUNUonuMaamMu. Bropuy-
Hbl€ ANKWJITAJOTEHUIbl TI0 YUCTO CTEPUUYECKMM TIpUYMHAM BOOOIIE
He obpasyioT npoayktoB C,C-auankuinpoBaHus.

Ilpo6nema perocenekTuBHOCTH C-aiKUJIMPOBAHUS XapaKTepHa
TOJILKO [UJ151 HECHMMETPUYHBIX KETOHOB. 1,3-JukapOboHUABHbBIE COEMU-
HeHuss — 1,3-nukeToHbl U 1,3-keTo3dupnl — nonaeepraiorcsa C-an-
KUJIMPOBAHUIO 1O HeHCTBHEM ATKUIOPOMUIOB Y ANKWIHOAUAOB TOJIb-
KO IO «aKTUBHO#» METUJICHOBOW TIpymme, pacllofioXEeHHON MexXny
JBYMSI 3JIEKTPOHOAKLUENTOPHBIMM KapOOHUJIBHBIMU TPYHIIAMH. BTO
o0ycioBaeHo TeM, 4TO 1,3-n1UKapOOHUNbHBIE COENUHEHMS SIBIISIOTCS
6onee cunbHbIMU C—H-KHcnoTaMu 110 CpaBHEHMIO ¢ KeToHaMu. Jlns
ageToykcycHoro a¢gmpa, Hanpumep, pK, C—H-cBs3u MmeTueHoBoO#
rpynnsl paBHo ~11, Ttorna kak pK, C—H-cssa3un CH;-rpynnsl coor-
BETCTBYET MpUMepHO 20, T.e. pasnuuue B KMUCIOTHOCTH COCTABJSIET
MPUMEDPHO AEBATh MOPSIKOB.

Ouankuncynbgathl, aAKUJITO3UNATbE U ATKUNTPUGDIATH ATKUIINA-
PYIOT LeI0YHbIe EHOJIATH UM cBOOOAHbIE aHUOHBI 1,3-n1KapboHMIb-
HBIX CO€AMHEHMH MPEUMYIIECTBEHHO UMM [aXe UCKJIIOYUTENbHO 110
aTOMY KHCJIOpONa €HOMAT-HOHA:

H
1) LiN(C,H,-i),; TI'® /oy
37 RIC—C—CR? :

2) Alkl wn AlKBr 0o
O Al

R!COCH,COR,
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(CH,);COK; o >
R%CHﬂclR IMOTA nm IMCO
O O
R R
AkOTs wim Alg }Tf
T™MOTA AKkO @
H

17.3.3. AHWIUPOBAHHUE EHOJIAT-HOHOB

ALMIKPOBAHUE EHONSIT-UOHOB KETOHOB AaHTHIPHAAMY U raJIoreH-
AHTMIPDUAAMM KHCJIOT OCYIIECTBJISIETCS B ITONHOM COOTBETCTBMHU C
npuHuunoM KMKO no atoMy xucnopoga. OgHaKo Takoe Harpasie-
HHE peaKkiMK XapaKTepHO TOJBKO B TOM cJiydae, KOTa pacTBOp Lle-
JIOYHOTO €HOJIATA MeMJIEeHHO MpubaBisercsd K M3OBITKY auMIMpylo-
1ero areHta B pactsope TI'®, M3 win JUIIOISIPHOTO AIPOTOHHOTO
PACTBOPHUTES:

0] OCOCH;

I Y KH: IM |
CHy(CHp)(CCH; ) (CHaCO)::O CH;3(CH,);CH=C-CH;

Ilpu obpaTHOM nopsaxe CMELIEHUS] peareHToB Bceraa obpasy-
otest cMech C- u O-auMnpou3BOAHBIX KeTOHOB. Tak, HampuMep,
pY MeIJIEeHHOM MpubaBleHUH HATPUEBOTO €HOJISITA TUSTUIIKETOHA
K U36BITKY YKCYCHOTO aHTHapuaa B 3¢upe obpasyercs TOJBKO €HOM-
aleTar, TOrka Kak P MENICHHOM BBEACHMHU JIBYX 3KHUBAJICHTOB
YKCYCHOIO aHTMIPHIA K TpeM S3KBHUBAJICHTAM TOro Xe¢ €HONATa B
a¢upe obpasyercsa cmech C- 1 O-aUMJIMPOBAHHBIX IIPOU3BOJHBIX B
COOTHoOIUeHuH 3: 1:

(CH;C0),0
CH,CH=C—CH,CH, —ar == CHiCH=C—CH,CH;
O Na® OCOCH;
(CH;C0),0 i
renocrarox™ CH;CH=C—CH,CH; + CH;—CH-C—CH,CH;
OCOCH; COCH;
1 : 3
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D10 pasnuyue obycnoBleHO AEHCTBUEM KMHETHYECKOIO MU TEPMO-
JMHAMHYECKOTO KOHTPONS auuaupoBaHusl. KuHeTMUeCKuit KOHTPOIb
peakllMM BBLITIOJHAETCS NpH I006aBAeHUKM eHOoNsITAa K OONbIIOMY M3-
OBITKY auunupyiotuero areHta npu —30°C 1 6oyiee HU3KOM TeMIepa-
Type, T.€. IIpY MOJIHOM OTCYTCTBHH B PacTBOpe CBOGOLHOIO €HOJISITA.
IIpu obpaTHOM MoOpsiiKe CMEUIEHUsI PEareHTOB peakuys NOMYMHSeT-
Csl TEPMOAMHAMMYECKOMY KOHTPOJIIO, H B PEaKLIMOHHOMW CMecH Ipe-
obJlagaeT TepMogUHAMUYECKH Gojtee cTabMIIbHBIN C-M30Mep, TakK Kak
O-auuinpou3BOgHbIE €HOJIOB CaMHU SIBJISIIOTCH MPEBOCXONHBIMHU ALIU-
JIUPYIOIIMMH areHTaMy IO OTHOLIEHHIO K UCXOJHOMY €HOJATY:

N/ N\ /
\c=c< + \%-—C( — T+ %gc\ '
dcor 6° OO"C_R

B kavecTBe Ki1accHYeCKOIo npyuMeEpa MNpoABICHUA KMHCTUUYECKOro U
TEPMOIHHAMHYCCKOI0 KOHTPONA NIPH aLMJIMPOBAHUM €HOJIATOB IIPH-
BelleM peaKlMI0 HaTPHUEBOM COJIM alleTOHA C AUCTHIXIIOPHUIAOM:

.___3____> —
xnl:]:mqecmu CH;— ? CH; (100%)
Tposik OCOCH;
_.?__ CH2 —_
O Na CH,COC1 +
L 3 —_—C— —_—C=
TEPMOTHHAM HUCCKH CHs ﬁ CHyCOCH3™ CHy ? CH;
KOHTPONb 0 OCOCH;
(79%) 1%)

17.3.4. BIMAHHE NPUPOABI IPOTUBOHOHA 1 PACTBOPHTENA
B PEAKHMAX EHOJIAT-HOHOB

ITpupona npoTHBOMOHA MIpaeT BAXHYIO poJib B HanpasneHun C-
Wiu O-aNKWIMPOBaHUA K AUMJINPOBAHUA METAIMYECKUX IPOU3BOJI -~
HbIX KapOGOHMJIBHBIX COEAMHEHMH, MOCKOJBKY METajUi MOXET ObITh
CBSA3aH KaK C aTOMOM YIJIEpo[a, TaK M C aTOMOM Kucjiopoaa. Eciau
IUTSL TIENTOYHBIX, ILENOYHO3eMENbHbBIX, ATIOMUHHEBBIX, TAJUTHEBBIX W
TPUANKIWICHIMIBHBIX IIPOM3BOAHELIX OGLUENPU3HAHHON U SKCTIepUMEH -
TaJbHO NOKA3aHHOM SABNAETCSA €HOMATHAsA CTPYKTYpa, TO IUISl MEpKY-
PHUPOBaHHBIX KapGOHMIBLHBIX COeIMHEHUI MMeEIOTCcS ybGequTeNbHbIE
JOKa3aTeJIbCTBA KETOHHON (hOPMEI MCTHHHOTO PTYTHOPTAHUYECKOTO
coenHeHus. [IpOMeEXYTO4YHYIO IpYIY COCTaBAAIOT IPOU3BOIHbIE
0JIOBA M TEPMaHMA, VISl KOTOPBIX MMEET MECTO METAJLIOTPOITHOE Tay-
TOMEPHOE paBHOBECHE:
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il
C%‘Iz“C—C6H5 CH2=(!:—“C6H5
Sn(CH3); OSn(CH3)3

[py pelueHMH BOMPOCA O CTPOEHUH METAUIMYECKHX IMPOMU3BOMHBIX
KapOOHMNbHBIX COEAMHEHHU BechbMa IIOXOTBOPHBIM OKAa3bIBAETCS
npuHLun XKMKO. 1lleno4Hblie U HeToYHO3eMeNbHbIE KaTHOHBI, Al*T,
R;Si* u mpyrue xectkue KucaoTsl JIbloMca HOJXKHBI KOOPAMHHUDO-
BAThCA C XECTKUM KHUCIOPOIHBIM HEHTPOM, 2 MArKue KHCJIOTHI JIbio-
uca Hg?*, RyPb™ — ¢ Markum yrieponssiM LeHTpoM. JIIs mpoMexy-
ToyHoit rpynmsl kucnotT JIslouca R;Ge' u RySn* o6e dopmbr MoryT
HAXOAWUTHCS B PABHOBECHM, YTO K PEIU3yeTCs B AEHCTBUTENbHOCTHU.

Eciu MeTann cBsA3aH KOBAIEHTHOM CBA3BIO C KUCIOPOIHbBIM LIEHT-
POM €HOJISITA, 3TO JOJKHO MPUBOAUTH K Pe3KOMY HU3MEHEHHIO peruo-
CeNeKTUBHOCTH Npoliecca. MarHueBbie U ATIOMUHUEBbIE €HOJIATHI aJl-
KUJIUPYIOTCS B JOCTATOYHO XeCTKUX ycnoBusix B TM®PTA TonbsKo mo
aTOMY yIJiepofa, HE3aBUCHMO OT MPHPOIbl YXOOSIIECH Ipynmbl an-
KMJIHPYIOLLIETO areHTa:

(CH;3),CH—C=C(CH (5L (CH;),CH & C(CHa),
—| == —_—_-_> —— —
1) | (CH3) TMOTA £)/) 7 (CHs
OMgBr CH,CH;
(73%)
i CH;0Ts (|:H3
CH;C=CHC-OC;Hs —* CH3;—CCHC-OC,H;
| ITMOTA TR
OMgBr 0
(65%)
P CH,MgBr
(CHy),CHCOCH; SN oy o, e
NC(CHs);
H-CH;3(CH,);Br
— (CH3)2CH(‘:=CH2 o (CH3)2CHﬁ—(CH2)4CH3—"
BrMg—NC(CH;)3 NC(CH;);

H,0; H
——> (CH3)2CH(|f_(CH2)4CH3 (80%)

0]
112



IpeumyuiecTrBeHHOe 0Opa3oBaHue C-alMINPOU3BOAHOrO Habnoma-

€TCAa Jaxe MpH AUUNUPOBAHUK MATHHUEBLIX CHONATOB aHTMIApPHUIAMU
KapOOHOBBIX KUCHOT:

(CH,C0),0
(CH;)zCH—CH:—g:(l:-—CH3 ———>3¢Hp
om®
L
(CH3)2CHCH=(IICH3 + (CHa)zCH(llH-—C\
OCOCH; COCH;CHs

M=Li 94% 6%
MgBr 48% 52%

{
HdumerunkapboHar MarHus [Mg(O—C—OCH,),] , rnony4aemslii NpU

B3auMojeiicTBuK MeTinaTa Mariust ¢ CO; B AM®A, cAyXHUT DOCTYII-

HbIM ¥ YXOGHBIM peareHTOM IUid pernocneumnduyeckoro C-kapGok-
CIJIMPOBaHUsl KETOHOB:

o)

Mg(OCH,), Mg(O-g-OCH3)2

o,
IMOA

1 Amoa_ R-C =CH-R! HQ
RCCHR' + MEOCOOCH): e~ O =0 igr

Mg-O
9
—— R—C-CH-COOCH;
Y
1) Mg(OCOOCH,),; IM®A, 120°C COOH
2) H3O+; 0°C; HZO
O 0

(91%)
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DTa peakius CIYXUT YAOGHBIM OBLIMM MeTOJOM CHHTe3a 3¢dupos [3-
KeTOKMCNOT. JBUXYLIEH CHIOH Mpoliecca siBsieTcs oOpa3oBaHHe Mar-
HUEBOro Xejara.

Takoe HampaBleHWE peakKUWHU I MarHHEBBIX €HOJSATOB 06yc-
JIOBJIEHO PE3KHM NOHMXEHUEM HYKJIEeOGUIbHOCTH KHCIOPOJHOrO
LIEHTpa CHOJISITA 33 CYET KOBAJEHTHOM CBS3M C META/LIOM. DKPaHUPO-
BaHHE KHCJOPOLHOIO LIEHTpa HAGIIONAeTCS U VIS IIEJTOYHBIX eHOMS-
TOB, B 0OCODEHHOCTH U151 IMTUEBBIX €HONATOB. ISl HOHHO ITOCTPOEH-
HBIX WEMO0YHBIX EHONATOB BeMudrHa C/O-11poayKToB aJIKWJIMPOBAHMS
u amm goaa}m}x B anpOTom{on cpele Bcerga IOHMKaeTcs B psLy

®> Na®>K®> Cs® >NR4 T.€. C YBEJIMYECHHEM paayyca U MOHHU-
KEHMEM IUIOTHOCTH 3apsifia IIPOTUBOMOHA. NS LIEIOYHBIX EHOJISITOB
npobiaeMa BAUSHUS MPOTHBOMOHA IO CYIUECTBY CBONMTCH K pelle-
HHI0 BOIIpOCA O COCTOSTHUM 3THX cojiet B pactBope. lllenouHble eHoO-
JISITBl B pacTBOpe MOIYT HaXOQUThCA B BUAE aCCOLIMATOB MOHHBIX Iap
Pa3TUYHON CTEeNEeHHU arperMpoBaHHUsl, MOHOMEPHBIX HOHHBIX ITap WX
cBOOOIHBIX HOHOB. Onpegesiioliee BIUSHKE Ha CTeINIEHb aCCOLMALIMH
MOHOB OKa3kIBaET IPUPOJIA pacTBOpUTeNs. B HEMONAPHEIX, HE COIbBa-
TUDPYIOIIUX KAaTUOHBI PACTBOPUTESAX MOHHBIE MAaphl LIEJOYHBIX €HO-
JISITOB OYE€Hb CHJIBHO acCOLIMMpPOBaHBI. Tak, Hanmpumep, MOJSApHas
Macca HaTpueBOi cosu MasioHoBoro 3¢upa B 0,1 M pactBope B 6eH-
3o7e npessiuiaer 11000, yTo cooTBeTCTBYET 06p230BAHUIO MOHOIMC-
niepcHoi Muuemisl 13 40— 50 HoHHEBIX nap 3Tok conu. Onnako B osee
MoNsipHOM M, yTo OOJee BAXHO, OCHOBHOM Cpelle CTeleHb acCcoLMa-
uuu pe3ko ymeHblaerca. B TT D, IMD u sdupe HaTpueBble EHOJIATHI
KETOHOB HaXONATCH B BUIAE HUMEPHDLIX HIM TPHUMEPHBIX aCCOIMATOB.
HeGonpume 1o0aBKy OCHOBHBIX OMIIOJSPHBIX allPOTOHHBIX PacTBO-
puTesed K pacTBOpaM ILEJOYHBIX €HOJNSTOB B HENOJNSIPHOK cpefe
BBI3BIBAIOT pPaspylleHNe HOHHBIX aCCOLMATOB BIUIOTH 10 00pa3oBaHHUs
MOHOMEpPHBIX HOHHBIX 1nap. ToT xe 3¢deKkT nocTUraeTcss IpH BBeae-
HUHU m%x SKBHBZUICHTOB TaKoro MOIIHOTO KOMILIEKCOOOpa3ylolero
wisz Na® u K® areHTa, xaxk 18-kpayH-6-nmonuadup. OCHOBHOCTb pa-
CTBOPHUTEJIS WM KOMIUIEKCOOOpAa3yIoIMX JOOABOK UIPAET PELUAIOLYIO
poJib B paspylleHMH HOHHBIX aCCOLMATOB, 4 IOJIPHOCTb Cpelbl OIl-
penensieT criocobHOCTh AMCCOLMAalMM MOHOMEPHBIX HOHHBIX Nap Ha
cBobonHbie MOHBI. [103TOMY B MOJISIPHBIX U OCHOBHBIX OUIIOISIPHBIX
aNIPOTOHHBIX PACTBOPUTENISIX HIETOMHbIE EHONSAThI CYILIECTBYIOT B BIIE
PaBHOBECHO cMecH CBOOOMHBIX HOHOB H MOHOMEPHBIX HOHHBIX IIap.

AccouManus KaTHOHA C KHCJIOPOXHBIM UEHTPOM €HOJSAT-HOHOB
Bceraa cnoco0CTBYET peakUMH 10 aToMy yIriepoAa [UIst MOHHOM Taphl
110 CPaBHEHMIO CO CBOOOJHBIM €HOJSIT-HOHOM. Arperalisi HOHHBIX Tlap
B IMMEPHI, TPUMeEPHI M 6oJjlee ClIOXKHBIE araoMeparsl eile Gonee crio-
coberByer C-ankKunupoBaHu1o, C-allWIMPOBAHUIO U IPYTHM Ipolec-
caM C Yy4acTHEM YTJIEPOLHOTO LEHTpa eHOMATa. ArjloMepalisi HOHHBIX

114



ap, HECOMHEHHO, SIBNSAETCA [JABHOM NpUyuHOi C-alKWIMpPOBAHUS
¥ uHorna gaxe C-alMIMpOBAHMS IHEJIOYHBIX eHOJSITOB KETOHOB U 1,3-
OHKApOOHWTBHBIX COCAMHEHHH B MeTpojieiHOM 3c¢Hpe, apoMaTHYeC-
KMX YIJIEBOAOPOAAX, JMOKCAHE U JPYTUX HEHONSPHBIX PACTBOPHUTEIAX:

CH;—C==CHCOOC;Hs + CaHsOTs Seapane, CH;COCHCOOCHs
6 k@ CoHs (52%)
+
} gerson CHy—C=CHCOOC,Hs
CHy—C—CHCOOC,Hs OCyHs
M (48%)

O CyHs (100%)

C nmpyroit cTOpOHBI, B AUIIOJAPHBIX AMPOTOHHBIX PACTBOPHUTEISIX
IT'MOTA, IMCO u N-MeTHINHPPOIHIOHE-2 PeaKIHOHHOCIOCO0-
HOM yYacTHLEH SIBNSIETCS €HOJAT-UOH W COOTHOLIEHHE IMPOAYKTOB
oNnpejensieTcss Me3oMepHeil caMoro aMOMAEHTHOIO aHMOHA U He 3a-
BUCHUT OT IPUPOAbI NPOTHBOMOHA. JJUNIOJNSIpHEIE alIPOTOHHbBIE PACTBO-
PUTENIM 33 CYET CrelMPUYEeCKO CoNbBATAlIMM KATHOHA IUEIOYHOTro
METa/l1a CIOCOOCTBYIOT AMCCOLIMALIMM UOHHBIX NMAp IEJOYHBIX €HO-
JISITOB K TEM CaMbIM CIIOCOOGCTBYIOT peaKIIMsIM C yJacTHeM KUCJIOpOJX-
HOTO LIEHTpa €HOJAT-HOHA.

OnHako BJIHMSHUE PACTBOPHTENSI HA ABOHCTBEHHYIO PEaKLUOH-
HYIO CITOCOOHOCTh aMOMAEHTHBIX aHMOHOB HE CBOIZHUTCS TOJIBKO K CIe-
uudUYECKON copBaTaLliy KaTHoHA. JIpyras u 6oee HHTEpecHast BO3-
MOXHOCTb BJIMSHHS PACTBOpUTENS HA HampamieHHe peakuuud C- u
O-ankuIupoBaHUst EHONMAT-UOHOB 1,3-KkeT03¢dupoB U 1,3-TUKETOHOB
cBsI3aHa co crneuuduyecKoit conbBaTalMeil COOGCTBEHHO AMOMIEHT-
HOTO aHMOHA B IIPOTOHHBIX pacTBOpUTENAX. [IBa peaKLIMOHHBIX LIEHT-
pa eHOJISIT-UOHA Pe3KO Pa3jIMYaloTCs M0 CBOEH 3NeKTpOOTPHLATENb-
HOCTH M pAaCHpefceHHIO 3JIEKTPOHHOU IJIOTHOCTH. DNeKTpOHHAs
TUIOTHOCTb B €HOJNSIT-HOHE COCPEAOTOYEHA FIaBHbIM 00pa3oM Ha 0o-
Jiee XeCTKOM Y BJIEKTPOOTPHILIATEALHOM aTOME KUCIOPOAa. DTo npel-
onpeneaseT U30UpaTeJIbHYIO CONbBATALIMIO EHONST-UOHA 1,3-guKkap-
OOHHJILHBIX COeAMHEHHUH IPOTOHHBIMH PACTBOPHUTENSMH 3a CYHeT
o6pa3oBaHus NMPOYHON BOJOPOAHON CBSA3H C KUCIOPOXHBIM LIEHTPOM
aMbuneHTHOro aHuoHa. M30uparebHast CONbBAaTaLIMA aTOMa KUCIOPO-
1a BBI3BIBAET HEMPOIIOPLMOHAILHOE yMeHbIUEHHE HYKJIeohWIbHOCTH
JIBYX LICHTPOB ME30MEPHOro aHKWOHA, YTO NMPUBOAUT K pe3KOMY BO3pa-
CTaHMIO oMU nponykta C-anKwiupoBaHusi. TakuMm o6pa3oM, coybBa-
TauuoHHbie 3¢ deKTh MOJ06HO TPOTUBOUOHY B HOHHOM Mape eHOMSAT-
HMOHOB TPHBOAAT K 3KPaHUPOBAHHMIO KHMCJIopona Kak aTtoma c Gosee
BBICOKOM 3JIEKTPOHHOM IUIOTHOCTBIO M 3JMEKTPOOTPHLIATENbHOCTDIO.
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AHHOH alEeTOYKCYCHOTO 3(bHpa aIKUIUPYETCA PErHOCENIEKTUBHO 10
aToMy YIJIepoJa B 3TAHOJIE WM B METaHOJIE MO NeNCTBHEM XEeCTKOTO
ANKUIMpPYIOLIETO areHTa JUITHICYIbdaTa, B To BpeMs Kak B TM®OTA
B T€X Xe€ YCIOBUSX AJIKWJIUPOBAHUE MIET IO aTOMY KUCIOPOIA:

CH3—C===CHCOOC,Hs + (CH;CH0,80, —~

o}
3TaHON _
- CH;COCHCOOC,Hs + CHy—C=CHCOOC;H;
C,Hs OC,H;
= (92%) (8%)

- CH;COCHCOOC,Hs + CHy—C=CHCOOC;Hs
FMoTA C,Hs (15%) OC,H; (85%)

JTo paznuyre oOYCIOBJIEHO CEJIeKTUBHOM coJibBaTallMed aToMa KMC-
JIopoJla aHMOHA alleTOYKCYCHOro 3dupa 3TaHOJIOM C ITOMOILBIO BOXO-
ponHoi cBsi3u. OTcIOna CTAHOBHUTCS OYEBUIHBIM, TIOYEMY B IIPOTOHHOM
cpele eHOJST-MOHBL 1,3-kKeToa¢upoB moasepraiorcs C-anKwiupopa-
HHUIO MPU B3aUMOAEHUCTBHU C CAMBIMHM pa3HOOOpa3HBIMU IEPBHYHEI-
MM U BTOPUYHbBIMHU AJKWITaJOreHUIAMU U KOJMYECTBO 3dupa eHona
B 9TOM cJiydae He mpeBblliaeT 1—3%.

B oTtauyue oT eHONST-UOHOB KETOHOB, 1,3-1uKeTOHOB H 1,3-Ke-
TO2(HUPOB EHONAT-HOHBI CIOXHBIX 3DHUPOB ITOJBEPraloTCH peruocie-
unduyeckoMy C-anKWIMpoBaHKIO B C-alWIMPOBAHHIO HE3ABHCHMO
OT NPHUPOIB! YXOUsLLIEeH rpynsl, pagukana u apyrux ¢paxropos. Pak-
THYECKM C JIOOBIM 3MeKTpoHIbHLIM areHTOM aHHOHBI CJIOXHBIX
3¢bMpOB pearupyoT HCKIIOYUTEIbHO CBOUM YIJIEPOAHBIM LeHTpoM. B
HacToslee BpeMs pa3paboTaHbl IpeBOCXOMHbIE O011Ie METOXBI MOHO-
C-ankunuposauus, C-allJIHPOBAaHUS JIUTHEBBIX EHOJSITOB CIOXHBIX
3¢} HpPOB OMHOOCHOBHBIX M JBYXOCHOBHBIX KapOOHOBLIX KHCJIOT:

LiN(C,H.-i ) CH,(CH,),Br
H,C—C—OC,H, ———31 22a H,C—{-0OC,H 3 2f
3 X 25 Tr; -78°C 276 ; 5 TMOTA-TI®; 0°C

Li
= CH,y(CH,),CHy—C—OC;H, + Libr
(85%)

LiN(C,H,-i),

Hy TT®, —78°C (CHJ)zcgﬁ:‘OCsz

(CHy),CH—-C~0C,
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CH,1
TI®; —78°C

(CH3)3C—%—OC2H5 + Lil ;
O (87%)

LiN(C3H;-i),

CH,CH,—C—OC,H
e CoHs Tr®; —78°C

CH,CH=C-0C,H;—
%4 @
O L
CH,CH,CH,C(0)Cl
TIr®; —78°C

CH;CH,CH,C—CH—C~OCH,CH; + LiCl..
O CH; O (19%)

XapaxTtepHoil 0COGEHHOCTBIO 3THX peaKLU ABNIETCH IMOJTHOE OTCYT-
crBHe npoaykroB C,C-muankunuposanus wim C,C-THaliiHpoOBaHus.
ANMIHMpPOBAHKE JIUTHEBLIX €HOJNATOB CJIOXHBIX 2(QHPOB NpEACTABISET
co0oit, no-BUOAVMOMY, JYYIINH COBpeMeHHbIH criocob cuHTe3a 1,3-
KeTo3(pupoB: 3T0T criocob naet Haubonee mpoctoe U 3¢ deKTHBHOE
pelleHre MpoGiaeMbl MEPEeKPEeCTHOM CI0XHO3GHUPHON KOHIOEHCALIMH
Kisitzena (cMm. pasgen 17.5.2). ANKMIMpOBaHHE JIMTHUEBLIX €HOJSATOB
CJIOXHBIX 3(hHPOB CNEAYET PACCMATPHBATh KAK CUMHTETHYECKHIt IKBH-
BaJIEHT CTAPOro KIACCHYECKOIro MeTolNa CHHTe3a KapOOHOBBIX KHCIOT
ATKIWTHPOBAHUEM HAaTpHHMaoHOBOTO 3dupa (CM. CIEAYIOLIHIA pasnen).

JIuTHEBbIE EHOJIATHI CIOXHBIX 3(PHPOB Ype3BbiYaifHO JIETKO B3an-
MOZENCTBYIOT H CO MHOTMMM JPYIMMH 3J1eKTPOGUIBHBIMHU peareHTa-
MH. B xauecTBe WLITIOCTpALIMK NIPHBEIEM KOHIESHCALIMIO IMTHEBOM COTH
3TWIALIETATA C OKUCHIO STWIEHA Y TPUMETHIYKCYCHBIM aibJerHIoM:

0°C .
CH,~C~OC,H, + H,C—CH LiOCH,CH,CH,~C-OC,HJ—~
29:102’” 2\’2I‘M(DTA—[ 222802%
oL Tro
0
—CH,CH,0Li
. ( OI + CH,CH,OLi ;
y-OyTHMpOnakToH
(55%)
2 20 e
CH,ZC-OC;H, + (CH,C-C %% (CH,),C—CHCH,—C~OC,H;—
oL® H
NH,(Cl; H,0; 0°C oH I
HCL B0, (CH,);C—CHCH,—C—-OC,H; .
97%)
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17.4. CHHTE3bI C MAJIOHOBBIM
N AHETOYKCYCHBIM B3®UPAMMH

OOpa3oBaHUEe CHONAT-UOHOB 1,3-IUKApOOHMIBHBIX COENUHE-
HUH — MaJioHoBoro 3¢upa, aueToykcycHoro sdupa u apyrux 1,3-
KeT09(pUPOB — ODJIer4yaeTcs MNPH HAIMYMHU ABYX 3JIEKTPOHOAKLEI-
TOPHBIX 3aMeCTUTENEl — KapOOHMWIbHOH U KapOaTKOKCHIBHOM IrPyITI.
EHONAT-HOHBI MAJIOHOBOTO M aHETOYKCYCHOro 3¢gMpa obaanaior 6o-
Jiee BBICOKOH CTaOMJIBHOCTBHIO IO CPABHEHMIO C CHOIAT-UOHAMU Ke-
TOHOB M CJIOXHBIX 3¢HPOB OHHOOCHOBHBIX KMCHIOT BCIEACTBHE Gonee
3¢ ¢eKTHBHOM HeNOKANM3AINH 3apsa C IIOMOILBIO 000KX aKLENTOp-
HBIX 3aMeCTUTeNe. DTO OTpaxaeTcsd Ha HHU3KOM BenHuyuHe pK, aTHX
coenuneHuit. llenounsie con ManoHoBoro agupa ¥ 1,3-keroadu-
POB KOJHMYECTBEHHO MONy4aroTcs U3 ucxogHbix C—H kucior ¢ momo-
LIbI0 CaMbIX pa3Hoo6pasHex ocHoBaHMit: CH3;CH,0Na; (CH;),COK;
NaH, KH, JIJIA u ap. B CTIMpTE WIM B aTipOTOHHOM CpeJie; OHU JIErKO
MOTIYT 6BITh BRIIEJIIEHB! MHAUBUIYAUTBHO M XPAaHUTECH B TEUEHHE HTH-
tesabHOro BpeMeHH. I1lenouHble eHOJIATH MATOHOBOTO 3(Kpa MmoaBep-
ralorcs permocrneuudpuieckoMy C-aaKHIMPOBAHHIO IO AeHCTBHEM
MEPBUYHBIX ¥ BTOPUYHBIX aJKUJIraIOTeHMOOB M cyibdoHaToB. Tpe-
TUYHBIE ANKWITAIOreHUIb! HETPHATOAHEI, TaK KaK JUIA HUX €AUHCTBEH-
HBIM HaIpaBJieHWEM pPeaKUUM CTAaHOBUTCS INMMMHHMpoBaHue. Kak u
CIeAyeT OXMIATh IJISl THITHYHBIX Sp2-MpoueccoB, Bbixon C-ankui-
MPOU3BOAHBIX IS ATKWIHPYIOIHMX ar€HTOB C [TEPBUYHON AIKWIBHOM
IPYNIOit OKa3blBaeTcs BbILIE, Y€M IS BTOPHYHBIX ANKKIraJOreHH-
noB. B kraccuyeckoM BapHAHTE CHHTE30B C MAJIOHOBBIM 3QUpOM Ha-
TPUEBLIA €HOMAT MAJOHOBOTO 3dHpa ANKWIMPYIOT ANKWITANIOTeHU-
noM B abcomioTHOM cnupte. OAHAKO B AUIMOJAPHBIX ANPOTOHHBIX
pacteoputensx JM®A, IMCO, F'M®TA ckopocTh peaklMy BO3-
pacTaeT IpUMEPHO B ThICSAYY pa3, ITIOCKOJbKY 3TH pacTBOPHTENH 3¢-
(eKTHBHO CONBBATUPYIOT LIENOYHbIE KATHOHBI, HO ¢J1abo CONbBATH-
PYIOT aHHOHBIL. 15t TOro, YTOGB CBECTH K MMHHUMYMY HOJIIO IIPOAYKTOB
C,C-nuanKuiupoBaHusi, B Ka4eCTBe aJIKWIMPYIOLIEro areHTa Heje-
co00pa3HO NPUMEHSTh ANKWITO3UIATH U APYIHe aIKUICYIbPOHATHI
BMECTO AJIKMJIOPOMHIOB H aJIKMAHoOuaoB. [Ipou3BoAHbIE MATOHO-
BOro 3¢Hpa rUAPOJIMU3YIOTCA NMPU KHUMSYEHHH C KOHILEHTPHUPOBaH-
HoM constHolM kucaoToi mpu 110—120°C ¢ ogHOBpeMeHHEBIM JexKap-
6OKCUJIMPOBAHHUEM HNPOMEXYTOUHO OODPa3YIOUIMXCS 3aMelueHHBIX
MaJIOHOBOM KMcIoThl. Huke npuBegeHbl HEKOTOpHIe Hauboee TH-
MUYHBbIE MPUMEPHI IMOJYYEHUS] KAapOOHOBBIX KHMCJIOT C IIOMOIIBIO
MaJIoHoBoro 3¢upa. Eciu IBe BBOAUMBIE AJIKWIBHbIE MPYIIIIbl CHIIb-
HO pa3jiM4aloTcs no o0beMy, peKOMEHAYETCA BBOAUTD NepBOi MEHb-
IIYIO TPYIIY — MEPBUYHYIO:
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CH,(COOC,H;), — CH,(CH,)sCH(COOC,H,),—™
2) CH5(CH,)Br; 80°C 50-95%)
HCl (xon)
Tg,_c———’ CH;3{CH,)¢COOH + CO, ;
(75%)
1) C,H;ONa; C,H,OH;
CH,(COOC;Hs), C,H,Br (CH;3),CH-C(COOC,Hy), —
5
2) (CH,),CHI GHs

HCI (konu)

CH,),CH-CHCOOH .
TR

(35%) CHs

CoppeMeHHas MOJUMHUKAIIKSA 3TOro KIACCUYECKOro CUHTE3d 3aKlio-
YyaeTcsd B TOM, 4TO I'MIPOIH3 IH3(UPOB MATOHOBBIX KUCIOT OCYILe-
CTBJISIETCH IpH HarpeBaHWM B BOJHOM pacTBope JMCO B mpucyt-
CTBUHM XJIOPHCTOrO Hatpus. [I[puMeHeHHe B KauecTBe aIKUIIUPYIOIINX
areHTOB OJHOTO MOJS JUTaNOT€HHOB OTKPBIBAET MYTh K MMONYYEHUIO
UMKINYECKHX COEAUHEHUN B pe3yibTaTe BHYTPUMOJIEKYASIPHOTO al-
KUIMPOBAHMSA BO BTOPO# CTAIMU peaklvy. DTH peakilid UMEIOT 0COo-
6oe 3HaueHuE LIS MOJYYEHHUS LUKIoOyTaHKapOOHOBOM M LMKIOIIpO-
naHKapOOHOBON KHCIIOT:

COOC,Hs
1) C;HsONa; C;HsOH; COOC,Hs
CHy(COOCoHs), —3 ety .
1) KOH; CH,CH,0H-H,0 COOH
2) H,0%; t°C (42-44%)

Hauny4ume pesyasTarTs! Ui NOAyIeHUs IUKIONPONaHKapGoHOBOH Kuc-
JIOThI AOCTHTAOTCS TIPH HCIOJIB30BaHUH MeX(a3HOro KaTajlusa C rnepe-
HOCOM PEareHTOB M3 BOAHOMH B OpraHM4ecKyto ¢asy ¢ MOMOLLBIO XJIOpHU-
na TpusTWIGeH3wIaMMonns win N(C,Hy),"Br~ npu paauMoneitcTeuu
OIHOTO MOJS MaNOHOBOro 3¢upa ¥ ogHoro Mous 1,2-gubpomaraHa:

1) 50%-it BomHbIik
NaOH-CH,Cl,; C;H;CH,N*(CH,CH,),CI-

2) H,0*—~H,0

H,(COOC,Hj), + BrCH,CH,Br

COOH 120°C
—_— oon [>—cooH + co,
75%) (70-72%)
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1) 50%-# Bogmeiit NaOH—CH,Cl,;

C4H,CH,N*(CH,CH,),CI-
NCCH,(COOC,H,),+ BrCH,CH,Br
2) H,0*—H,0
CN 120°C
— EEE——— l >—CN + CO
COOH 2
(86%) (77%)

AJKMIMpOBaHME aHUOHA MaJIOHOBOTO 3¢upa 3¢pUpaMy CL-TATOreHYK-
CYCHOU KMCNIOTbHI IIPUBOIMT IIOC/E KMCIOTHOTO THAPOJIM3a K 06paso-
BaHUIO AHTAPHON KHUCIOTHI:

CH(COOC,H
CH,(COOC,H;), + CICH,COOC,Hs %H*_*igﬁﬂﬁ H( 2Hsk
5 CH,COOC;H;s
HCI; 115°C (I:HZCOOH

CH,COOH
62%

+ CO, + CH;CH,OH

CoOOTBETCTBEHHO M3 HATpHiiMaToHOBOro 3¢upa U 3¢pHUPOB ®-TAIOreH-
KapOOHOBBIX KHUCJIOT IOJYYAIOT M ApYrHe AUKAPOGOHOBEIE KMCJIOTHI:

1) GHs;ONa; CHsOH (IZH(COOC2H5)2
2) B(CGH,C00GHs — (cppy COOC,Hs

HCJ; 115°C CH,COOH
| + CO, + CH;3CH,O0H
(CH,),COOH

CHy(COOC,Hs),

Hpyroi, Gonee MOCTYNMHBIA METOA ITONYYEeHHSA OUKAPOGOHOBBIX
KHUCJIOT COCTOMT B KOHIEHCALMU ABYX MOJeil HaTpMIiMaJOHOBOro
a¢upa 1 OXHOrO MOJISt AMTraloreHanKaHa. Tak, U3 OpOMHCTOro MeTH-
JIeHa W HaTpMiManoHoBoro 3¢upa MONY4aioT IAYTAPOBYIO KHUCJIOTY,
u3 1,2-nubpomsTaHa — agUNMHOBYIO, U3 1,3-gubpommnpomnana —
MUMEJIMHOBYIO U T.1. Ero npuMeHeHne orpaHUYEHO JIHIIb JOCTYTHO-
CTBIO HEOOXOOUMEIX O, O -TUTaIOTeHANKAHOB:

C,H;ONa

CH,Br, + 2NaCH(COOC,Hy), C,H.OH
5

i it HCJ; 115°C
— (CH3CH20C)2CHCH2CH(COCH2CH3)2

——=HOOCCH,CH,CH,COOH
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3aBucuMocTb C- ¥ O-anKMIHUpOBAHUS 1IEJOUYHBIX €HOMSATOB alle-
TOYKCYCHOTO 3upa OT NPUPORb! YXOOSIUEH TPYINbl ANKUIHPYIOLe-
ro areHTa, IPUPOABI PACTBOPUTENSI X ITPOTHBOMOHA 6Gblna NpoaHaAIHU-
3MpOBAHA B MpEABIAYIUEM pa3feie 3Toil [NaBbl. B MPakTHYECKOM
OTHOWIEHUM HauboJiee BaXHBI peakLMM KHUCIOTHOTO M OCHOBHOIO
FHIPONK3a NponyKToB C-alKWIMPOBaHU alleToyKcycHoro a¢upa. [pu
INeWCTBUH BOMHO-CITHPTOBOIO MJAM BogHoro pacteopa HCI mpoucxo-
IMT THAPOJAN3 CNOXHOIUPHOH TPYIINBL ¢ MOCAEAYIOUIMM TeKapGoK-
cuauposaHueM 1,3-KeTOKMCNIOTH ¢ 06pa3oBaHMEM KETOHOB:

0 0 H
[ I HCL; ° (_IO Qo:
CH;—C-CH-C—OC;H; ——» l I —
& 0O o oSO
R” H
HO_ Q
3

K ananornyHoMy pe3yabTaTy NPUBOAHT TMAPOIN3 NMPOU3BOIHBIX alle-
TOyKCycHoro 3¢gupa rnpu obpaborke pa3bapiieHHbIM XOJMOLHBLIM BOM-
HBIM PAacTBOPOM THApOKCcHAA Hartpusa. O0e 3TH peakiMM HM3BECTHBI
II0JI Ha3BaHMEM <«KETOHHOTO pacluerieHus» 1,3-ketoadupob. OHH
IIPUMEHSIOTCS B OPTAHMYECKOM CMHTE3e JUISI ITOJyYeHHUSI KETOHOB CO
CTpOToO OIlpedeieHHBIM MTONOXEHHEeM KapOOHUABHOMN TPYIINEI B YCIO-
BUSAX, HCKITIOYAIOUINX M30MEpH3aLIHIO YTJIEPOJAHOIO CKeJeTa:

0
i1 il 1) (CH;);COK; >dmp n_i
CH,CCH,COCH, et~ == CH;CCHCOC Hy
(CH,)yCH; (82%)
1) NaOH; H,0 . o
1) NaOH; B0 o, &CH,CH,CH,CH,CH,
2) H,0%; 20°C %
0o o
TR 1) C,H,ONa; C,HOH ___ I 1
CH,CCH,COCHy oA o2 -8== CH,CCHCOC, Hy—
2 s CH,COOC,H;
. Q
HCI ;‘{°’o*“" 100C_ cH,CCH,CH,COO0H
2 (50%)
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0

o O
CI\ 1) GGHsONa gHSQH (CH2)3CH3
3
OC,Hs 2) CHL(CHy ). B COOC;Hs —>

o

CH,)1CH
48% HBr; 1 °C é(( s
HO

CHUHTETHYEeCKHE BO3MOXHOCTU HMCITONB30BAaHHMS ALIETOYKCYCHOIO
acdupa WA NONydeHHUs] KETOHOB HJIK T'OMOJIOTOB alleTOYKCYCHOTO 3¢upa
paclIMpUIMCh TOCHE TOro, Kak ObLIO YCTAHOBJIEHO, YTO OH JIETKO
obpasyeT AMAaHUOH IIpH AEWCTBUM TAKHMX CHJIBHBIX OCHOBaHHUM, KakK
Ouc-(TpUMETWICHWIWI)aMU JTUTHSA WAW HATpUs, HUH3ONPONUIAMUL
JIMTUS, TUIDUJ HaTpus. JIMaHHMOH alieTOYKCYycHOro adupa akuimpy-
eTcd NpH AeiicTBUK onHoro 3kBuBateHTa RX uckmouyuTtensHo o Gonee
OCHOBHOMY U HYKJIeODHUIbHOMY Y-yIJIIEpOSHOMY aTOMY IO OTHOLHE-
HHIO K CIOXHO3(bUpHOi rpymme;

®
/Li\
2 7.1 —
= 2LiN(SiM i .
CH;CCH,COOC,H; oo o _C8 c
TI®; 0-20°C [ jCH, \\CI:I/ OC,H;
JHMaHUOH
®
a’Ll\\
RBr d P H,0 i
e (|5 o é —2 " » RCH,CCH,COOC,H;s
7N 7 ocH
RCH, CH 2415
' 1) 2NaH I
CH3CCH2COOC2H5 e CH3CH2CH2CCH2COOC2H5
2) C,H,Br
(84%)

HOpyrasi 1 Gojfee MHTepecHas BO3MOXHOCTb HCIONb3OBAHUS 3TOLO
IMaHUOHA B CHMHTE3e 3aK/IIOYaeTcsl B IIOCAENOBATENbHOM AMANKIIH-
pOBaHHHU NOA JEHCTBUEM PANIUYHBIX AJKHNHPYIOLIMX ATCHTOB:
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,,Ll . ’,Ll\\
T R R S
C ( o cC © ¢
Lch” N\ 7 T OC,H; Ricn,” N7 0OCH;
——@B—r> R CH,CCHOOC,H
—— ¢ 2Hs

K

KetoHHoe paculiernijieHue Moay4€HHOro o, y-AUadKHIHPOBAHHOTO
MMPpOHU3BOAHOrO poauoit HCI NPpUBOJIHUT K KETOHAM HECHMMETPHUYHO-
ro CTpOCHHUA.

0
0 HCl Lo
RCHzcclzﬂcocsz e R'CH,CCH,R? .
R2 2

ANKWIMPOBAHHE THAHHOHA alETOYKCYCHOro 3(hUpa JUTAIOTeHUAAMU
MPUBOANT K 00pa30BaHUIO LMKIWIECKUX 1,3-KeTo3(hHpoB:

®
4’Li\\
R ANGHA, ] BCH)E
CH3CCH2COC2H5 T@ C © Ic\
\§ /7
cry” \\C}'{/ OC,Hs
0
CH,—CH, COOC,H;
— H2C\ C=0 —_—
CH, CH-COOC,H;
Br (75%)

B aTux xe PeaKIIUAX MOXHO UCHOJB30BATh AHAHUOHDBI 1,3-}1HKCTOHOBZ

Il I 1) 2NaNH li i
CH;CCH,CCHj ‘L—L"z)qﬁ,cuzcn CH;CCH,CCH,CH,CgHs

(69%)
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C-AJIKWIHPOBAHUE LIECTOYHBIX EHONSITOB ALETOYKCYCHOr0 3¢upa
JIETKO OCYLLECTB/ISIETCA MOA AeHCTBUEM NMEPBUYHBIX ANKHUJIOPOMHIOB
M AIKUAKOOMIOB. [ BTOPHYHBIX AJIKIWITAJIOTEeHHIOB 3aMeILeHHE Bee-
rAa CONPOBOXIAeTCS NTUMHHUPOBAHMEM, a TPETUYHYIO ANKHIBHYIO
TPYIITy 3THM METOAOM BooOlle He ymaeTcs BBeCTU. B ronobHbIx ciy-
Yasx MPERIIOYTUTENIbHBIM CTAHOBUTCS aNKWJIMPOBaHME HE €HOJATA, a
CaMOTO0 €HOJa NoJ AeHCTBUEM KapOOKATUOHOB WIN POACTBEHHBIX UM
coeguHeHU. Tak, HanmpuMmep, o-mpem-GyTUIALIETOYKCYCHBIH 3¢Up
ronyyaercsl Mpyd B3aUMOMEIHCTBUM ALETOYKCYCHOro 3¢pHpa ¢ KOMII-
JIEKCOM mpem-OyTuii6poMuaa ¢ 6opdropuaoM cepedpa:

A CH;N i
CH};=CHCOOC2H5 + (CH3);CBr-AgBF; LU S CH;CCHCOOC,H;s
OH C(CHg); (68%)

B xayecTBe ANKMIMPYIOLIEro areHTa YI0OHO UCIONb30BaTh KOMILIEKC
TpexdTopucToro 6opa co BTOPUYHBIMU MIIH TPETHYHBIMH CITHPTAMH:

N\ ® 0O I
CH3(|?=CHCOOC2H5 + (CH3)2CH-C')-BF3 —_— CH;C?HCOOC:Hs
Gon H CH(CH;), (67%)

17.5. KOHAEHCAIINH C YYACTHMEM EHOJIOB
N EHOJIAT-HOHOB

17.5.1. AIbJOJIbHAA KOHJEHCAITUSA

EHonsAT-HOHBI 1mogobHo apyruM kapbanmoHaM (RC=C"; CN7)
CIIOCOOHEI OOpaTUMO TTPUCOECHUHSITHCSH K KapOOHWIbHOM Ipyrine aib-
JETUJIOB M KETOHOB. JTa peakiius sBIseTcs obLueit st Bcex aibieru-
IOB, UMCIOLLIMX N0 KpafiHeil Mepe OAUH aTOM BOXOPOJA MpH O-yrie-
POIHOM aToMe:

-0
BC{ . + RCH==C RCH,—C-CH-C
RCH, H \H 1 \H
H R
(I)H
HOH % o
—C-CH- +
=&~ RCH (lz CIH c\H OH
H R
b a0 b
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[TponykT MpUCOEAUHEHUS €HOJNAT-UOHA K ANbAeruiy MpeJcTaBiseT
coboii B-runpokcuanbaerus (3-ruapoKCHaNbAErUA), MONYYHUBIIYR
TPUBHAIbHOE Ha3BaHue aibJoAb (rae aib — AJIBAEIHA, 01 — CIIUPT).
ITosToMy cama peakuus IONy4Wsia HasBaHUE a1b004bHOU KOHOEHCa-
yuu, Wiv ans00abH020 npucoedunenus. B KiraccHyeckux yc/lOBUSIX €HO-
JISIT-UOH, MMPUHHMAIOIUMI Y4acTHe B abJAOJBHOM KOHIEHCAILIMH, Te-
HepupyeTcs M3 KapOOHHABLHOTO COefUHEHWS NpU OTIUEeTLUIEHHH
MIPOTOHA C IIOMOIIBIO FHEAPOKCUA-UOHA B BOMHON MJIM BOJHO-CIIMp-
ToBoit cpefe npu 0—5°C. Tax, HanpuUMep, NponaHaib Mpu o6padoTke
BOOHBIM PACTBOPOM rupokcuaa Hatpus rpu 0—5°C B TeyeHue 5 ya-
coB 00OpasyeT 3-rUApOKCHU-2-MeTWINEeHTaHATb ¢ BhIXoxoM 55—60%, a
YKCYCHBI ajibierMI AAaeT ajibioab ¢ BeixogoM S50%:

0 o ¢H 0
Z 20 NaOH 4
CHy¢Z  + NaOH _ o L~y _
3 ~H CH3C\H HOH CH; CI: CH, C\H (50%);
0—10°C H
S 4ac
o) (I)H O
0 NaOH .
CH3CH2cfH+ CH3CH2cfH —;ﬁ—cmcm—?-ﬁ:}{—c\’
0—5°C H CHs
S yac
(55—60%)

B Gonee xecTKuX YCIOBHUSAX AJBAOCTH IOABEPra)oTCsa Aeruapartaiumn
06p330BaHHCM a, B-HCHaCbILHCHHle aNpderuaoB, 4YTO OEJACT BECHb
MpoLecC B LEJOM HEeOOpaTUMBIM:

20 2O  NaOH
CH3(CH2)2CH2C<H+ CH;(CH2)2CH2C<H SoR

0—5°C
OH °
— + CHy(CHy)yCH—C-CH-C” ~ NeOH_
[ H  HOH
H (CHCH;  100°C

0
—_— CH;(CH;)gCHZ—(lZ=(F—CiH (86%)
H (CH,),CHs

MexaHu3M albIONbHONA KOHOEHCAIMH, KATATU3UPYEMO#l OCHO-
BaHHEM, BKIIIOYAET TP CTAIUH:
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(o) 6nicTpo e 7
1)RCH,CZ-, + OH® RCH==C. + H; ;
H
0©
) ,/'O o) MEJIIEHHO | /,O
2 RCH==C_ + [} = RCH,—C-CH-C
H H” TCHR H R H
© OH
? ,/0 6bicTpO ] ,,O
3) RCHZ——$—~C|H—C\ + HOH = RCHz———(II—ClH—C\ +
HR H H R H

+ OH® .

B nepBroit craguu obpasyercst eHONAT-UoH. PaBHoBeCHAast KOHIIEHTpa-
LS SHOJISIT-MOHA OYEHb MaJla U peaKo Tpesbiiaetr 1—3%, rockoin-
Ky pK, anbneruna npuMepHo paBHo 17—18, a pK, Bonusl pasHo 15,7.
TIpucoenvHeHHE €HOJMSIT-UOHA K KapOOHWILHOMN I'PyIIle HEMOHU3U-
POBaHHO# MOJEKYJB! AIBIETMAa BO BTOPOM CTaIMK OMpeesieT CKo-
pPOCTh Bcero mporecca. [Jerugparauust anbiaofsi B o, B-HeHachIeH-
HBIA IbHETda TAKXKE KATATH3UPYETCS OCHOBAHWEM M IIPOTEKAET C
MPOMEXYTOUHBIM 0BpazoBaHUEeM €HOJAT-HOHA AJILIONS:

OH OH
RCHZ—CII—CIH—C\ == RCHz——(IZ-C'—C\ + HOH ;
H R H H R H

v //O //O (@)
RCHZ—-(IZ—CI-—C\ —_— RCH2—$=C'—C\ + OH ™
H R H H R H

AJTBIONIbHAS KOHAEGHCAUMSA KATAIU3UPYETCSl HE TOJBKO OCHOBA-
HUEM, HO TaKkxe U KuciaoTamu. B xucioil cpene, xak U cieqoBaio
OXUIaTh, ONpeaeNsTIOlEH CKOPOCTh CTALUEH MTpoLecca SABASIETCS IIPH-
COEIMHEHNE eHOoNa K KapOOHHIBHONR rpynire:
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@

O
RCH,CZ + HA RCH,CZ  + A%,
H
° OH
OH ,
2) RCHyCZ  +A° RCH=C. + HA .
i H
't OH
' ~
3) RCH2—§—+JC—-H + RCH=C_ MEJUIEHLO
H
0° OH
| %u | o
RCH,—C-CH-C RCH,—C-CH-C_ .
I Y
H R H bR 4
H
OH 0 H\g,
4 | a ® ,/O
) RCHz—(lf—CIH—C\ +H RCHz‘C(EIR—C
H R H I!I Il{ - -
0 ®
—_— RCH2~C=Cmc\ + HZO +H
H

H

B kucioit cpefe npakTHYECKH HEBO3MOXHO OCTAHOBUTH peaKUHMIO Ha
cranuu oOpa3oBaHust AIbAOAS, U KOHEYHBIM IIPOAYKTOM OKa3blBaet-
csl O, B-HeHaChILEeHHbIH ATbIeru]] — MPOLYKT ero JeruIpaTalui.

J st KeTOHOB KOHCTaHTa paBHOBECHSI 0Opa3oBaHUsl AIbRONS IO-
paszgo HUXe, yeM WIS ajnbaerumoB. Jisi cMelleHHsI PaBHOBECHS B
CTOPOHY b0/ pa3paboTaHa CHELUUANbHAS 3KCIEPUMEHTAaNbHas
TEXHHKA, KoTopas okasanack 3G (HeKTUBHOM A1 MPOCTENIIUX HU3KO-
KUMAIMX KETOHOB — AaLETOHA, NMEHTAHOHA-3 U HEKOTOPBIX HPYTHX
KETOHOB:

OH
BaO ' 20
CH;CCH3 + CH3CCH;  roeanty HiC-C—CH~CZ ™ (s0%);
d J CH, CH;,
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C,HsONa
0+ O GronTo (%)

BHyTpHMoOneKyIsapHas LIMKIW3AlMsI JUKETOHOB MpecTannsieT coboit
BaXXHbIA U OPUTHHABHBIN METONI CHHTE3a LIMKIWYECKUX COSIUHEHUMN.

O
NaCO3 96%)
HZO 20°C (
0]

CH;

OH; 20°C

K
CH;C(CH,),CCH
3"( 2)4II R0

%I—CH3 (83%)
0

B xiaccrueckux ycoBUSIX anbONBHON KOHIEHCAIIMK B BOJHOM pa-
CTBOpE THOPOKCHUAA HATPUSA U3 CMeCH JBYX anu(aTHYECKUX AIHIETUAOB
B OOILIEM CJTyyae ITOJYYaloTCs BCE YETHIPE BO3MOXHBIX abaois. YT1o6nt
fiepeKpecTHast alibJoJibHasi KOHAEHcalusl ObUla NpenapaTUBHO NOJe3-
Ha, peakiysi JODKHA OBITh CTPOTO CEIEKTHMBHOM. DTO BO3MOXHO TOINA,
KOT/]a OXMH KOMIIOHEHT BBITIOJHSIET POJIb TOJBKO HYKJIEO(PUIIbHOIO areH-
Ta, a Jpyro — ToJIbKO KapOOHWIbHOIO akuentopa. Hekoropeie cne-
CTBHSI M3 5TOr0 OrpaHHUYEHUS OYEBUAHBI. APOMATHYECKHE Y METEPOLIUK-
JIMYecKHe aIbIeruipl, TaK Xe Kak U GopMalbIerui, BHITIOIHSIIOT POJib
KAapOOHWIBHOI KOMITOHEHTHI B [TEPEKPECTHOM AThIOAbHON KOHIEHCa-
1M, IOCKOJBKY OHH HE COIEPXAT BOOPOJA IPU OL-YTJIEPOXHOM ATOME:

O o)
C5H5Cf + CH3CH2C NaOH
H

o
————= CH,CH=C—C? " (68%);
H H,0;60°C (':H3 “H
it (o) NaCO CH,0H
3 H—C—H * CH3Cf/ o a0e 40'3C HOCH2—:C C:’ (82%) ;
H 7 CH,0H H
CH,CH,
C¢HsCH=CH + CH;CH,CH,CHO——=* C;H;CH=CH—CH=C
] H,0; 20°C [
CHO (55%) CHO

128



IlepekpectHas (cMelIaHHAas) ayibI0OAbHAS KOHIOEHCALMs apoMaTHyec-
KWX ATbAEIHAOB C KETOHAMH, IIPUBOSILAA K 00pa3oBaHHIO O, B-He-
HAaCBILEHHBIX XMUPHOAPOMATUYECKHX KETOHOB, U3BECTHA MO/ Ha3pa-
HueM peakuuu KasitzeHa—IlImunra:

O o IOH
o N A
Z l NaOH
b +C‘H5C< 103c CeHs 2g°c
5 yacos 10 nHeit
(100%)
0
ICH
—_— 76
Sy, (76%)
O NaOH e}
20 I 20°C l
2) C6H5C\H+ CH;CCgH; 1o~ CeHsCH=CH-C-CeH;
2 (85%)
H,C CHscéo H,C._ _CH, g
Z “H ? = x~"~CH
3) | + CH,CCH, GHONa | 3
CH, GH;0H CH, (49%)
HATPpATb MNCEeBAONOHOH

IlepexpecTHast aqpIoJbHAA KOHIEHCALUS KapOOHUIBHBIX COeqHU-
HEHMl B IPOTOHHOH cpele (Boda, CIIUPT), KATAIU3UpYyeMast THAPO-
KCHJI- MJH ATKOKCHI-HOHOM, UMEET OrpaHMYEHHYIO objacTh mpH-
MEHEHUS, €C/IM KOHEYHOH IIeJNbI0 SBASETCA IMOJyYCHHE CaMOro
ANBAOJSI. DTO ONpEHEIAeTCs LeabiM psinoM npuuruH. KoHcTaHTa pas-
HOBecHs AAsS KOHAEHCAlMH KETOHOB B BOOEe He GJaronpHATCTBYET
06pa3oBaHMIO aNbRoNsA. I HECHMMETPHYHBIX KETOHOB B 06pa3oBa-
HHMH ATBAOJNEH IPUHUMAIOT yyacTHe 06a U30OMEpHBIX eHOJAT-HOHA,
YTO MPUBOIUT K OOpa30BAHHIO CIIOXHOM CMECH NMPOIYKTOB. DTa Xe
HEOIpEeIENEHHOCTh COXPAHAETCS ¥ AJISI KOHAEHCAUMM ABYX pa3nuy-
HbIX aivdaTUYECKUX ATBAETHAOB WIH LI Mapsl anndaTHYECKHit aib-
nerul — anudarHuecKuit WM anTMuUMKInyeckuit xketoH. Kpome toro,
obpa3oBaHye anbIONs B IPOTOHHOM cpefie CONpPOBOXAAETCS Aerniapa-
Tauuei B O, B-HeHACKIIUEHHBIH ATbAETHI UIH KETOH U CKOpee MOXET
paccMaTpHBaThCs KaK METOH MOJIydeHHSI UMEHHO 3THX coeqUHeHUil. B
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rnocneaHue roast paspaboraHnl 3QPHEKTUBHLIE METOABI TPIMOM peru-
OCEJIEKTUBHOM IepeKPeCTHON ANLIOJALHON KOHAEHCALMM C MCIHOMb-
30BAHUEM JIUTUEBBLIX, GOPHBLIX, KPEMHHUEBBIX, HMHKOBBLIX M APYrUx
€HOJISATOB B alpOTOHHOM ManononsipHoi cpeae (TT®, IMD u ap.)
npu 0—(—78°C) B yCIOBUSIX CTPOrO KMHETHYECKOIO KOHTPOJs. OouH
M3 KOMITOHEHTOB HALEJIO NIpeBpalllaeTCsl B JIMTHEBBINA eHOJISAT NIPH B3a-
umoaeiicteuu ¢ JIJA unu LiN[Si(CH;);], npu —78°C, T.e. B ycnoBu-
SIX, UCKIIOYAKOIIMX H3OMEPU3ALUIO JTUTUEBOrO €HOJIATA. BBemecHue
JIPYFOro KeToHa WM aNbLEeTHUAA, BBLUTONHAIOLIETO poib KapOGOHMIb-
HOH KOMITOHEHTHI, ITPMBOJUT K 0Opa30BaHUIO UCKIIOYHTENBLHO CMe-
LUAHHOTO aJIbJ0JIs, TaK KaK NMPUCOEAMHEHUE EHONAT-HOHA [IPOTEKaeT
ObICTpee, YeM IepeHOC NMPOTOHA MEXAY JIMTHEBbIM WIH LIHHKOBLIM
€HOJIATOM M KapOOHHMIBHBIM aKUENTOpoM. JBUXyIuei CuIoi Takoii
«HanpasJeHHON» ANLIONbHON KOHIECHCAUUM SBASAETCA 00pa3oBaHue
LIECTUWIEHHOrO CTaOMJIBHOTO XEeIaTHOTO KOMILIEKCa, B KOTOPOM Ka-
THOH JIMTUS WM LIMHKa CBS3bIBAECT CHOJSATHYIO M KapOOHUIBHYIO
KOMITOHEHTHI:

0]
1 . |
R, O A Tr® R _OLi RLL—R
{CH_C\R3 -78°C rd c_—=c\ 3 Trd: —78°
Li.
s 07 g OH O
BN GETLN O O
el TN RO R ’
R'./ \R2 d/ R2

H,C il LiN(C3H;-i ), TT® H,C (l)Li
¥*~CH—C—CH, — (S - 2 T SCH—C=CH,—

H}C _78C H3C

1) ZnBr, o

CH 0O; —78°C H,C i
2) CH,CHO; =78°C_ ™ ~CH—C—CH,~CH—CH;
3) H,O-NH,C}; 0°C~ H;C l

(75%)

BMeCTO NTMTHEBBIX M LIMHKOBbIX EHOJIATOB B CMELIAHHOMN aJIbIOILHOM
KOHIEHCALIMM MOXHO C YCIIEXOM MCI0J1b30BaTh €HOMATHI Oopa —
BHHMWJIOKCHUOOPAHbI:
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4 ~
R! JOBCHs)y (I? R4cl) :
C\ 3 R‘t“c_}é 5>C\ N
R R ¢ "R
R R
4OH O
H0 RY (|: %
— > 5 3
K™ ¢ R
R K
0BG, Q10 Mo
H—C4H9CH=C\ + S_C_H
s 20°C
OB(C;Hy), O OH
4t19/2 Y H,0 | //0
__>C6H5_Cl:_?H—C_C6H5 WE C6H5_CH_$H—C'_C6H5 .
H CH CHy  (98%)

BopHbie eHONSTHI NMONYYaIOTCA APU B3aUMOICHCTBHY KapOGOHMIbHBIX
COEMHEHUN C quanKunGopTpudTropMeTaHCyAbGOHATOM:

(#-C4Hg)3B + CF3SO3H —= (C;4H,),BOSO,CF; + C4Hyp ;

%O (C,Hy);N

C,H.),BOSO.CF, + RICH,C
(CHy), 2~1'3 2 \Rz TI'®; —78°C

2
/R

— R'CH=C_
OB(C,4Hy),

@
+ CF;805 NH(GHy); .

Jpyroit MeTon mojyyeHHs BHHWJIOKCHOODAHOB — CONPSIXEHHBIM
NPHUCOEIMHEHHEM TPHANKWIGOPaHOB K C, B-HEHACHIILIEHHBIM KETO-
HaM onucaH B ri. 16:

4 o /OBRZ
R;B + CH2=CH-C\ e RCHzCH"C\ .
CH, CH;
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[IpeBocxonHble pe3ybTaThl 1S MONYYEHUS EAHHCTBEHHOTO IIPO-
OYKTa MPH CMELIAHHOW AJbAOABHOM KOHAEHCAILMM NOCTUTAIOTCH C
CUJIMIOBBIMU 3¢HUpPaMU €HOJIOB B KayecTBe HYKJIEODUIBHOro areHTa
rnpH katanuse peakuuu TiCl, B kayectBe KMCIOTH JIboHca U xenaTu-
pyiolero aredra npu —50—(—78°C).

OSi(CH,), o ¢H
0 )
+ CH, c< ’ 1) TiCl,; CH,Cl,; ~78°C CeH;
2) H,0; 0°C
(92%)
OSi(CH,); o Q@ OH
T . . CH
1) TiCl,; CH,Cl,; —78°C
+ C¢H,CH,CH,C
é CeHsCH, 2l 2) H,0; 0°C CH,CH,CH;.
H (70%)

CoBpeMeHHble MOTUDHKALIMH AJIbIOJBHOM KOHAEHCALIMM [103BOJISIOT
4Ype3BbIYaiHO IIKPOKO BapbUPOBATh NMPHUPOAY OOOMX PeareHToOB. U
€HoJIsATa, U KapOoHUNBHOTrO coeuHeHUsT. [loMUMO JIUTHEBBIX, GOp-
HBIX, IUHKOBBIX ¥ KDEMHHUEBBIX EHOJISITOB MOXHO IPUMEHSATE 3TU Xe
IPOU3BOAHBIE HMUHOB, THAPA30HOB Y OKCHMOB, HalpUMep:

HC_ 1) JUIA; ~78°C; oup
AC=NCGHu 5y e Hy),c=0
H,C GeHs),
0

I H,0 I

——’(Csﬂs)z(l:“CHz—C“‘Cﬂs —5c (CsHs)z(I:‘CHz“C—Cﬂs .
OLi OH
(64%)

ANBJONBHAS KOHAECHCAIIUS MOXET IIPHBOIUTD KaK K mpeo-, Tak U
K 3pumpo-cTepeoMepaM ajibaoiicil. B KJaccHYeCKHUX YCIIOBHLX B BOJ-
HOM PacTBOpE I'MAPOKCHMIA HATPUSA WIM Kanusi oOpaTuMas ajibaojib-
Hasl KOHJAEHCcaUuMus IMOAYMHSETCA TEPMOAUHAMUYECKOMY KOHTPOIIIO,
rae npeobnagaer 6osee cTabWILHBIA mpeo-u3oMep aibaos:
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3pumpo-u3oMep

C npyroif cTOpoHEI, B YCJOBHSIX CTPOrOro KHHETHYECKOT0 KOHTPO-
Jisl KOHGUrypauusi anboois onpenensiercss KoHpUrypauuei eHossTa.
Z-EHonST KaeT 3pumpo-n3oMep, Toria Kak E-eHOJST HpH NIPHUCOEaH-
HEHMHU K KapOOHWIBHOM IpyIime AaeT mpeo-u3oMep albIos:

2
R\ /OM
C= + H,0
/ \ g
R
Z-eHonar
— l,c 3pumpo-anpaons
R
R2

H\ /OM

C= \ +
rY R!

E-enonsar

@)
— C A mpeo-anbions
Y

R2
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KyHeTMYecKUi KOHTPOJIb BLIIIONHAETCS IS allbIOJIbHON KOHIEHCa-
LIMY ¢ YYACTHEM E€HOJIATOB JIMTHUS, U ocobeHHO Bopa, B aNPOTOHHOM
cpele rpu HU3KOH TeMmeparype, [l KOTOPBIX KOHQMUTypalus eHo-
JISTa COXpaHAeTCs B NPOAYKTEe KOHISHCALMK C ANbIErUIOM MM Ke-
ToHOM. Tak, HarpuMep, JUTHEBLIA €HOJIAT ITUATPETOYTUIKETOHA Z-
KOHGUrypauuu IIpH B3auMoneicTBuM ¢ 6en3anbaernaoMm B TTPD npu
—78°C B TedeHune Bcero 5—10 ¢ naer anbaonbs MCKIIOYUTEIBHO 3puUm-

PO-KOH(UTYpaLUH:

0
(i-CyH,),NLij;
A O o TR CCHy);
CH,CHy™ \C(CH3)3 TI®; —78°C 3 (I‘, —
OLi
OH O
C,H,CHO (V: I
S
T, —78C " cu” e C(CHy), 10%)
CH,
3pUmpo-“3oMep

KoxneHcanus GeHzanpaerunaa co cMecblo E- u Z-usomepos Li-eHo-
JIATa 3TWIME3UTWIKETOHA IPUBOAUT K 00pa30BaHUIO mpeo- U 3pum-
DpO-IbJONIE, COOTHOLIEHHE KOTOPHIX PaBHO cooTHOLIeHuio E- u Z-

C€HOJISATOB!

OH3C
N\ (i-CyH,),NLi;
CH,CH,C CH, (FGHRLNLE
Tr®, -78°C
H;C
L10
CH3H3C ' H,C
E-n3omep (92%) Z-n3omep (8%)
OH o H,C OH ¢ H,C
C¢H,CHO gV 1 HY
TI®, —78°C. SN CHy* G CH,
H nc 1 nHc
CH, 3 CH, 3
mpeo-anpaonb (92%) spumpo-anvaons (8%)



17.5.2. CJIOXKHOD®OUPHASA KOHAEHCALIMA KIAN3EHA
U POACTBEHHBIE PEAKIINH

EHONAT-HOHBI CNOXHBIX 3(UPOB ABAAIOTCH OJU3KUMH aHajgora-
MU €HONAT-MOHOB alIbIerioB U KeToHoB. [Tomo6HO TOMY Kak eHo-
JAST-UOHBI ANBJECTHAOB U KETOHOB MPUCOEIUHSIIOTCS 110 KapOOHUMIb-
HOM rpynne KapOOHWIbHBIX COEIUHEHMH ¢ 0O6pa3oBaHUEM aNbloNeil,
EHOJISAT-HOHBI CNIOXHBIX 3)HPOB MPUCOEAUHSIIOTCS 110 KapOOHUIbHOM
rpynie croxHoro a¢dupa. [1pMHUMIMARBHOE PA3THYUe ITUX ABYX POO-
CTBEHHBIX O CBOEMY MEXaHM3MYy KOHICHCALUMHN 3aKJIIOYAETCS B TOM,
YTO B CIOXHO3G®UPHOI KOHAEHCAIMH ecTh yxonsiuas rpynna OR™
(OC,H5"), npu oTwierUiIeHHU KoTopoii obpasyercs 1,3-keToadup:

o
0 — '
i Z 40 - e
) CHCS g, T OCets CH,==C—O0C,H;s + C;HsOH ;
0 0 0° 9
Z o, - -C— .
2) CHICO o * CH,==C—0C,H;s CHy—C-CHy~C—OC;Hs ;
2 OC,Hs

| I 0
3) CH;—C-CH,-C—OC,Hs <+ —— CH;%CH;C{OC o +©0C,H;
2k1s
OC,Hs 0

) )
4) CH,CCH,CZ . +90CH; == CH,G=CHCZ +HOGH.
g 0 211§ lle OCZHS

Takoit npoliecc HEBLINOAEH TEPMOTUHAMUYECKH, TIOCKONBKY peakuus
SHAOTEPMHYHA. DTO HEYAUBHUTENBHO, €CJIM IPUHATH BO BHUMAaHUE, 4TO
paBHOBeCHE NEPBLIX TPEX CTAAMii CMEILEHO BIEBO M TOJILKO B 3aKJIIO-
YUTENLHON CTAAUU IOJOXKEHME PABHOBECUS ONAarONPHUSITCTBYET CIOX-
Ho3¢upHOI KoHAeHcauuHK, TaK KaK pK, auetoykcycHoro 3¢upa (11)
3HAYUTENIBHO HUXe, YeM pK, 3taHona (15.9). OnHako B nepsoit cranuu
PaBHOBECHE ITOYTH HALENO CMELLEHO BJIEBO BCIEACTBUE TOro, Yyro pk,
caoxHoro adupa (pK, = ~25) ropasno BbilUe, YeM y 3TaHona. [loaTo-
My AeiiTepoBOmOpOAHbIl oOMeH sTHnauerata ¢ C;HsOD, kataausu-
PYEMBIil 3TWIATOM HATpUs, HIET OueHb Me/UleHHOo 1 50% obMmeHa fnoc-
TUraeTcs TONBKO yepes ase Hemenau npu 25°C B 0,1 M pacrsope.
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CnoxHoaupHas koHgeHcauus 6su1a otkpeita B 1887 r. JI. Knsii-
36HOM, KOTOPBIA MpPU KUNSIYEHUU STWIALETATA C CYXUM STUIATOM
HaTpUs, He COIepPXKalLMM COJIbBATHOIO CIIMPTA, MOJYYMII T10C]I€e MO~
KHCJIEHHUS] peaKLIMOHHOM CMECHU YKCYCHOM KMCIOTON alleTOYKCYCHBIN
adup c BeixonoM 75%:

P
CH3'—C‘CH2'C""OC2H5 .
(75%)

1) C,HsONa; 8 uac; 80°C
2) CH;COOH—-H,0

2CH,COOC,H;

M3 npuBeneHHOro BBILIE MEXaHU3MA CIOXHOI(HUPHOM KOHIEH-
CalHK SICHO, YTO CJIOXHBbIM 3Hp ROMXKEH colepXarb Mo KpaiiHei
Mepe OIUH aTOM BOAOPOAA IPH O.-yIJIEPOAHOM aTOME JUIf TOro, 4TO-
6l MoK peanu3oBatbea craguu (1), (2) u (3), ¥ ABa aToMa BOOO-
pora — 4toObl peannzoBaTk cTaguio (4). [Toatomy coxHble 3pUPEI
tuna R,CHCOOCH,CH; He Bcrynaior B konaeHcauuio KidiiseHa,
KaTATU3HUPYEMYIO AJINOTOJIIT-HOHOM KaK ocHOBaHMeM. g Takoro ciox-
HOro 3¢pHpa He MOXET PeaM30BaThCs TOCHEOHS CTaqus, MMOCKOJIBKY
KoHe4HbIi mpoaykt R,CHCOCR,COOCH,CH; He CONEpXHUT «KHC-
JIBIX» aTOMOB BOIOPOJA IIPH OL-YIJIEpOAHOM aroMe M pK, Takoro 1,3-
Ketoadupa ~20. OgHako 3Ta peakUusl OCYIIECTBISETCH IIPH ITOMOLIM
HaMHoro 6oyee CHIBHOIO OCHOBAHMSA,TAKOr0, KaK TMAPHA HATPHUS:

(CH;),CHCOOC,Hj

- i i
1) NaH; 3dmp-
TR OOy (CHy),CH—C-C(CHs);-C—OCHs (58%).

OrnrruManbHBIM OCHOBAHHEM [UISL CNOXHO3(DUPHOH KOHACHCALUH CIIy-
JKUT TUAPUI HaTpus B 9¢dupe unu Tonyosne.

CMmeltaHHast epekpecTHass KOHAEHCAUUS ABYX CIOXHBIX 3¢H-
POB, UMEIOUIMX ATOMBI BONOPOJA MPH CL-YIJIEPONHOM aTrome, B 00-
LIEM clly4yae NpUBOAUT K ob6pa3oBaHuIO cMecH derbipex 1,3-keTos-
¢bupoB: IBYX CUMMETPHYHBIX M JABYX HECHMMETPHUYHbIX. DTy CMeECh
TPYOHO PA3AENMTh Ha KOMIIOHEHTHI, ITO3TOMY paHblle B CMELUAHHOMR
KoHneHcauuu KnsiiseHa B KauecTBe KapOOHUWILHOM KOMIIOHEHTH! HC-
ITOJIb30BAIH TOJNIBKO TaKHE CJIOXHBIE 3(QUPHI, Y KOTOPBIX HET «aKTHB-
HBIX» O.-aTOMOB BOZOpPOAa. DTOMY YCIOBMIO YIOBJIETBODPSIOT

/O
ArCOOCH,CHj;; C=(OEt),; HCOOCH,CH;; (CH;3);CCOOCH,CH;.
B kauecTBe KapOOHMJIBHOK KOMIIOHEHTHI B IIEPEKPECTHOM CIOXHO-
a¢pupHOit KOHAEHCAIUH 0cOOeHHO 3¢ dheKTHBEH AMATWIOKCAIAT M
matuikapbosar. Otkpreitoe U. Bucnuuexnycom (1894 r.) mexap6o-
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HUJIMPOBaHUE OKCOUTKMIIBHBIX TPOU3BOAHBIX CIOXHBIX 3(UPOB IIPH
150—170°C oTkpbiBaeT ymoOHBIN MyThb CUHTE3a MOHO3aMeEIUeHHBIX
MaJIOHOBBIX 3(UPOB:

O

20 cf/oclH
C,¢Hy;CH,CZ 4 s _GHsONa_
OGHs  Cc=0 acup

OG,H;

50°C
SocH, -2 ¢ H,CH(COOG,H,), + CO

C—C—0C,H; (68%)
0]

CoBpeMeHHBII BAPDHAHT IepeKpecTHOM KoHaeHcauuu Kisiizena 3a-
Kknovaercs B C-alMpOBaHUHU JIMTHEBBIX €HONATOB CIOXHBIX 3H-
POB B 04YeHBb MATKUX ycaoBusix B TT'MD xjmopaHruapuaaMu KapooHOBEIX
KHCJIOT:

1) (i-C3H,),NLi; TI®; ~78°C

1
0]
R'CH,COOGC,H; 2) B-CO)Cl

—_— Rz—ﬁl—(IZH—-—C<O + LiCl .
R OG,H;
(60-80%)

3TOT YHHBEPCAIBHBII METO/ [TO3BOJIAET NMONYYaTh 3MUPHI CAMBIX pa3-
HOOOpa3HBIX 1,3-KeTOKHCIOT. AHATOTMYHO pearupyloT JINTHEBBIE €HO-
JIATHl CAOXHBIX 3(HUPOB C KETOHAMM, THANKII- U THAPWIAHCYIbhH-
JaMH, (peHUIceNIeHUIOGpPOMUIOM:

1) (i-C,H,),NLi; TT®; ~78°C

RCH,COOC,H, 2) C¢HS—SC¢H;
1) (i-C,H,),NLi; TT®; —~78°C
RCHCOOG,H; 2) C{HgS—SC4H;
SC¢H;
1o e, B i
— RCCOOQHS—C—L—— R—C—-COOC,H;
| HiOH  54up o-keTokucnors
SC¢H;
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1) (i-C;H,),NLi; TT'®; —78°C
2) C¢H,SeBr

RCH,CH,COOC,H

~—= RCH,CHCOOC,H; H0,  RcH=cHCcOOCH,

SeCgHs a¢bup o,B-HeHachILIEHHON KUCIOThH

Bce 3TH peakiMu HaUUIM WIMPOKOEe NpPUMeHEHHE B COBPEMEHHOM
opranuveckoM cuHrtede. Ocoboe 3HaYeHHE ¥MeeT KOHASHCALIUA JIU-
THEBBIX EHOJIATOB CIOXHBIX 3(UPOB C KETOHAMH, NMPUBOAAILASA K
nony4yeHN1O 3¢UpOB -OKCUKUCIOT. DTa peaKUUsl CIYXUT MPOCThIM U
yIOOHBIM CHHTETHUYECKUM 3KBHUBAIEHTOM XOPOIIO M3BECTHOM peax-
uuu Pedopmarckoro (cm. 17,.5.3):

2
u 1) (Si(CH,),),NLi; TT®; —78°C . g ggoczﬂ5
5 2) RCR’ ;

[0
OHR
O

R'CHy-COOC,

OH
1) [(CH;);Si];NLi; TI'®; —78°C

2 (=0 CH,COOC,H

(80—-90%)

BHyTpUMMoOnexynsipHasi KOHACHCALUsSI CIOXHBIX 3GbUPOB AMKaAp-
OOHOBBIX KMCJIOT, Ha3blBaeMasi KoHIOeHcauuel B. JukmaHa, mo cy-
IeCTBY IpeACTaBIsieT co00i MpOoCTO YAaCTHHIN cayyad cioxXHo3hup-
HO! KOHIEHCALUHU:

/COOC2H5 NaH KH /C’O
(CHA Somor > CHw Sl
COOC,H;s ~COOC;,H;
C;O

H20-H2804; ’uC 7~
=t (CH)n./ )
CH.

2

Peakuusi nporekaeT ¢ xopoiuuM BeIxogoM (70—80%) TOABKO B TOM
ciayvae, €ClIM B pe3yJbTaTe HUKIM3ALUWH 00pa3yloTcd MATH WIH 1Iec-
TUWIEHHbIE HMKIIBL, T.€. ipu n =4 1 n = 5. OgHaKo LMKIM3ALUI UMe-
€T MECTO U IpH 0Opa3oBaHUM MAKPOLIMKIIOB IIpH n > 12 NpH Kcnob-
30BAaHUU TEXHHUKH BBICOKOTO pa3baBlieHHUsS M THAPHUAA HATPUS B
KayecTBe OCHOBaHHWs. B wactHoctH, nmkianyeckue 1,3-KeToadupbl
C14—C ¢ mony4arorcsa ¢ MOMOLUBI0O KOHNeHcAIUKU JIUKMaHa ¢ BbIXO-
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namu nopsaaxka 30%. DTOT METOA COBEPUIEHHO HeYIOBJIETBOPUTENEH

IUIS MMOJIyYeHUs COEAWHEHUI ¢ 8—12-4ueHHBIM pa3MepoM LIMKJIA.
KoHpaeHcauus cI0XHbBIX 3¢)HPOB ¢ KETOHAMM, B IPUHLUITE, IPE-

craBigeT coboit obiumit Meton cuHTe3a 1,3-IuKeTOHOB (B-AUKETOHOB):

0
RICH,COR? + R—C-0C,H; —1tOMNy, g3 ¢ cy ¢
Ii 2)H;0 g II{ : \RZ

C—H-KucnoTHocTh KeToHOB B 10° pa3 npeBHILIAET KHCIOTHOCTD
CIOXHBIX 2¢upoB. [To3TOMY KETOHBI UTpPalOT POJNb METHJIEHOBOU, a
CHOXHbIEe 3pUpPHl — KapOOHUNBHONH KOMIIOHEHTHI. EHOJISIT-HOH KeToHa
MPHCOEAUHSETCA MO KapGOHWILHOM rpyIne cioxHoro agupa. Kou-
KYpHMpYIOUIHe peakUuy albAoJbHON U CIOXHO3(GHPHOK KOHIEHCA-
MM HAKIaAbIBAIOT Cepbe3Hble OrpaHHUYeHHs HA MPAKTHYecKoe MpHU-
MEHEHHe 3TOi peaklUH, U BbIXoAd 1,3-IMKETOHOB OGBIYHO HEBEJMK:

1) C,H,ONa
H,C—C~OC;H; + H;C-C—CHy ~————= H,C~C~CH,~C~CHj .
(35—-45%)
1) C,H;ONa
F]C_ﬁ_OCZH_;'*' H3C“|CI“CH3 ___:——:’ F;C"‘E"‘CHz"ﬁ:_CH:; B
i I 2) H;0%; 0°C I X

(52%)

TlosToMy B KayecTBe CIOXHOIDUPHON KOMITOHEHTHI OOBIMHO MCHOJIb-
3YIOT STHWI(QOPMHAT, AUITHIOKCAIAT, AUSTHWIKApOOHAT:

O 1) NaH, 3¢ up .
<
O + HC > O ;
<} \O C,Hs 2) H,0-CH;COOH

o}
Y
C>=O+ (lzﬁ-oqns 1) C,H;ONa; C,H;OH; 20°C

=0 2) HzO"HzSO4; 0°C
OC,H;
— o 170C_ 0 +Co (59%)-
o] o]
4 7
C—COOG,H; C—OG;H;
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CoBpeMeHHbIH MeTOR KapGoKCUAWPOBAHUS KETOHOB 3aKJIIOYAETCS B
KOHIEHCAUUH 1HEJIOYHBIX EHOJIATOB KETOHOB C IUATUIOBBIM 3HUPOM
YyroibHOM KHCIOTHl — JUITHIKApGOHATOM, MIM C XJIOPYTONbHBIM
a¢pupoM CICOOC,H;, kartanusupyeMoit THAPUIOM HaTpus WIH JH-
H30TPOTNKUIAMUIOM JTHUTHA:

0 OocH ON
|C2 i NaH a
+C|J:O Tonyon; 110°C _.
yor; I
OGH; C~OC,H;
o
CH,COOH-H,0 o 04%)
. ]l
rc C—OCH;

17.5.3. PEAKIIS1 PEQOPMATCKOI'O

Maruuii- 4 JUTHIHOpraHuYecKue COeIVMHEHWsI HE MOTYT OBbITh
TOJIy4eHBl IIPYA B3aUMOJEHCTBUY MArHUs WM JIUTHUS C O-TAJIOTeH3a-
MEUIEHHBIMU CIOXHBIMU 3HpaMH, IIOCKOABKY PeaKTUBBI I'pUHbS-
pa ¥ JUTHIIOpraHHYECKUE COeIMHEHUS B3aUMOAEHCTBYIOT CO CIOX-
HbiMHU 3bupamu. Ilonyuenme caoxHbix 3QUPOB 3-OKCHKHUCIOT B
pe3yabTaTe IPUCOECANMHEHUS METALIOPraHU4YeCKUX ITPOU3BOJHBIX
CIOXHBIX 2(bUPOB K KapOOHWIBHOM TpyIIie ajbIeTHA0B U KETOHOB
yaaeTcsl OCYIWECTBUTD IIPY UCIIONb30BAHUH IMHKOBBIX ITPOM3BOAHBIX.
Jra peaklus ObuUta oTKphITa pycckKuM ydyeHbiM C.H. Pedopmarckum
B 1887 r. a-bpomaduphl B3aUMONEHCTBYIOT C aTbAerMAAMU HUIN Ke-
TOHaM¥ U METAUIMYECKYUM LIMHKOM B HETIOJISIPHOM alipOTOHHOM cpefle
(6eH3on, Toayosn) c obpazoBaHueM 3¢puUpOB P-okcukucaoT. B aToit
peakUuy HeT HeOOXOMMMOCTH B TIpEABAPUTEIbHOM BBLAEIEHHH LIMH-
KOPraHHUYeCKOro COeAMHEHHUs], U LIUHK N00aBJIsIETCs HEMOCPEACTBEH-
HO K CMeCH KapOOHWJILHOIo coequHeHus ¥ a-6pomadupa B Tonyo-
e unu beHsorne:

R’(|:HCOO(‘4H5 + Rz——ﬁ—— R’ +zZn 21

80°C
Br
Q2nBr O 4,50,-H,0; 0°C CI)H o
Va - ; 0° V4
— RZ—C—CH—C\ 22 RA—C—CH—C
bk oo Rk ooH
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Tpy TiatebHOM COGMIONEHNH SKCIIEPUMEHTAIBHBIX YCJIOBHIA BbIXObI
3(UpoB [3-OKCUKHUCIOT OOLIMHO BechbMa BhICOKHE U HocturaloT 60—90%:

1) Zn; 6enson; 80°C
CH;CHCOOC,Hs + —C— ’ .
N 2Hs + CeHs f;: CH; 2) H,0-H,50,; 0°C
Br O
OH
' © 80%
—> CgHs—C-CH-C_ (80%)
CH;CH; OC,Hs

O‘O + BrCH,COOC,H; )2 Tonyon; 80°C
2) H,0-H,S0,; 0°C

OH
Ok, ™
CH,COOC,Hs

. 1) Zn; Tonyon; 80°C
2) H,0—H,80,; 0°C

CH3(CH7_)5—(":—'H + BrCH,COOC,Hj;
O

éo
—» CH;(CHy)sCH-CH,-CZ (54%)
(l) o OC,H;

Hnst Toro, 4ToObl M30eXaTh NernapaTally CAOXHOro 3¢pupa ¢ Tpe-
THYHOU WM BTOPUYHON T'MIPOKCHIBHOM Ipynmoi B o, 3-HeHachl-
LIEHHbIE CIIOXHbIE 3GUPHI, HE0OXOOIUMO TUIATENBHO KOHTPOJHUPOBATh
YCIIOBHSI KUCJIOTHOTO THAPOJN3a LKMHKOBOrO aJKOrOJISITA W BBIMOJ-
HATh ero npu 0°C.

Hns peaktiBa PedopMarckoro, obpasyioluerocs u3 a-6pomadupa
M UMHKA, B TeUEHHUE JUIMTENIbHOIO BpeMeHHU ObLia MPUHATA CTPYKTYpa
UMHKopraHuyeckoro coeqnHeHuss — BrZnCH(R)COOC,H;. B Hacro-
sulee BpeMs A Hero 6osee o60CHOBAHHOM NpefCTaBAsIeTCS CTPYK-

OZnBr
Typa UMHKOBOIO €HOJSITa — RCH=C< CH. [MoaroMy peakuuio
2Hs
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PedopmaTrckoro nornyHo paccMaTpMBaTh KaK YACTHbIA ciy4ait aib-
JONBHOU KOHAEHCALMH KAapOOHWILHOIO COeJUHEHUS U HHWHKOBOTO
eHoigTa ciioxHoro adupa. JIBMXyLel cunoi npolecca gpaseTcs ob-
Pa30BAHHE XENATHOrO KOMIUIEKCA, II€ POJIb XCIATUPYIOUICTO arcHra
BBITTOJIHAET KATUOH LIMHKA!

OZnBr
R—C~R? +CH,=CT_ —_—
[ OC,H;s

o}

Pl
R2

O6pa3oBaHMIO XENATHOTO KOMIUIEKCA CIIOCOOCTBYIOT HEIONAPHBIE pa-
CTBOPHUTEJH, OHU He MOryT 3¢h¢eKTHUBHO CONbBATHPOBATh KATHOH LMHKA.
Takas TpakToBKa MexaHU3Ma peakiiuu PedopMaTckoro Haxoautcs B
XOpOIilIeM COOTBETCTBHH C IKCIIEPHUMEHTAIbHBIMUA AHHBIMH, COLJIac~
HO KOTOPHIM - U Y-6poM3adupsl, He CIIOCOOHBIE K 00pa30BaHMIO LIMH-
KOBBIX €HOJISITOB, HE BCTYHNAIOT U B peakiuio PecdopMarckoro.

17.5.4. KOHJAEHCANISE KHEBEHATEJIA

ANBIONBHAS KOHOEHCAUUS ABRIAETCA IMPOTOTHIOM MHOIMX OpY-
IMX KapOOHWI-METHICHOBBIX KOHIEHCALIMHA, IUHPOKO MCIONb3yEMbIX
B OpPraHHYecKOi XUMIH. BaxXHyI0 IpyIiny COCTaBISIOT PeaKId KOH-
JeHcauMu anudaTNIeCKUX H apOMATUYECKUX ATHAETHIOB H KETOHOB
€ coeJUHEHHUSAMH, COIEpXalllMMH JBe aKIeNTOPHbIE KApOOKCHIbHEIE,
KapOaJKOKCHUIIbHBIE, 1IMAHO- B HUTPOTPYIIIILl ¥ OZHOTO aToMa yrie-
pona (MaJIOHOBasT KMCAOTA, €€ 3DUPH M AMHUTPWI, LUAHYKCYCHBIH
3¢up, aneToykcycHsIit adup U T.4.). Bee aTH peakuuu oObeIUHSIOT-
cs1 noa obuwmM HazpaHMeM KoHaeHcaruu D. Kuepexarens (1896):

1
X X
R—C—R + CHZ: L L UL 2:C=C + H,0
] Y R Ny )
rae X u Y=COOH, COOR, CN, NO,

Peakuust KHeBeHareas LIMPOKO HCIOIb3YETCS B OPraHHMYeCKOM
CHUHTE3e KaK YHMBEPCATBHBII METO/ NOJYYeHUs O, B-HeHachiILe HHBIX
KMCIIOT, CIOXHBIX 3¢upoB, HUTpUIOB (Tabn. 17.5).
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Tabnuua 17.5
Cunres o, f-HeHACKMMEHHLIX KHCJAOT, CTOKHLIX 3¢HPOR H HHTPHIOB o Kuesenaremo

o
> MUNEPHAUH
CH3(CH2)5C\H + CHZ(COOH)Z nupuams; 100°C

—= CH;(CH,)sCH=CH—COOH + CO, + H,0 .

(79%)
<:>=o+ NC-CH,CO0C,H, nepwanis; CH,COOH <:>.: o
6ensomn; 80°C COOCZHS .
(100%)
1
Q'm CH,(COOH), JTHACPUAMH _ Q-CH=CHCOOH :
H
oN o, (80%)
@ /0 NMIEPUIMH U\
(0} C\ + CH’z(COOH)z——————.———— O CH=CHCOOH .
H 100°C (91%)
O
“ CH=CHCN
~H
N mmcplmm{
+ . .
2 NC-CH,(COOR) o 100°C nvpuauy; 100°C (80%)

nunepuaut; TiCl ~COOGH;
<:>=o+ CH,(COOC,Hy), et : O: SCOOCH; °
s
(78%)

//O munepuanH ; CH;COOH
C  + CHy(COOC;Hs), >
H

Genaon
COOC,H;
/
. @»wzc\ (50%).
COOC,H;
munepuans; CH;COOH AN
O+ CH;(CN), 6erzon; 80°C C\CN o

(75%)
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OtanyuTeNbHOR 0coOeHHOCTBIO KoHaeHcailu KHeBeHares rmo cpas-
HEHUIO C aNbAOJIBHON KOHAeHCcAUMel aBnsercd KaTaIu3 aMUHAMU —
OMPUIMHOM, NUNEPUIHHOM WIK CMECHIO 3TUX AMUHOB. AMUHbI 061a-
JAI0T OCTATOYHOM OCHOBHOCTBIO JUISI CO3JaHMs pABHOBECHOM CTalM-
OHApHOH KOHLIEHTPAaUWH aHWOHA NMPH JeNPOTOHHPOBAHUHM MAaJIOHO-
BOTO, LIMAHYKCYCHOTO, HUTPOYKCYCHOIO M alleTOYKCYCHOTo 3(HUpOB
¢ pK, ~10. OnHako aMUHEBI HE CIIOCOOHBI NPEBPATUTE B CONPSIKEH-
HBIH eHOJIAT-WOH KETOHBI M anbiaerunsl ¢ pkK, 18—20. Dro BaxHoe
00CTOSATENBCTBO HO3BOJIAET CBECTH K MMHUMYMY CAMOKOHAEHCAIIHIO
KapOOHMJIBHBIX COEAUHEHMM. ANbIEerHAbl BCTYNAIOT B peakuuio Kue-
BEHAareJsi ¢ CAaMbIMU Pa3IUYHbLIMH COCIMHEHWAMM C AKTUBHOH METH-
neHoBod rpynmoii. KeToHH MeHee aKTHBHBI M JIETKO Peardpyior C
CH,(CN); u CNCH,COOCH,CHj3, Ho 115 B3aMOIEHCTBHS C MaJO-
HOBBIM M AlLETOYKCYCHBIM 3¢upoM Tpebyerca xaranus TiCly. Orrru-
MaJBHBIMH YCOBHUSIMM KOHIeHcaUuu KHeBeHarends cleayeT CYUTaTh
KCIHOJB30BAHUE B KAYECTBE KATANM3aTOpa alleTaTa IUIIepUIMHIS BMe-
CTO CBOOOHOrO OCHOBaHMA. TOYHBIA MEXaHW3M 3TOi peakuUMd HEU3-
BECTEH, HO NpPEeAIoNaraioT, yTo B OydepHbIX cpenax (anerar munepu-
IMHYS) peaKlMOHHOCHOCOOHOM YacTHLed OKa3bIBaeTCsi MMMHUEBas
cONib, 0OpasyIounlascs U3 KapOOHWILHOrO COeIUHEHUS U BTOPHYHOIO
aMMHa NP KATAIM3€ CONPSDKEHHO! KUCIoToi. UMuHHKeBast conb 3aTeM
B3aMMOIEHCTBYET ¢ eHoNsAT-HoHOM. [locnenyolee aNMMUHUPOBAHUE
MUANEpUAMHA 3aBeplliaeT 06pa3oBaHue o, B-HenpeaeabHbIX COSaUHE HUIA:

AcOH o

R-—“—'H + HN —— I\g-’CHR OAc”;

X : > o X . .9 ,

CH2: Y + HN CH\Y HoN ;

®

& o _X x w0
ZCHR + CH? R-CH-CH
\Y \

o

. X R X
== R—CHQ:( +HN ) ——= 2C=C +HN )+
Wu Y
C) )
X 1 Y = COOG,Hs; CN + HoN



Ilpu KoHIeHcAaUUMK KapOOHUIbHBIX COEIMHEHUH C MAJIOHOBOII KHUC-
JIOTOU B MUPUIUHE B MIPUCYTCTBUM IUNEPUIMHA IPOMEXYTOUYHO 06-
pasymoluasics o, 3-HeHachllleHHas! AMKapOoOHOBast KMCA0Ta [MogBepra-
ercst nekapboKcHIMpoBaHUIO ¢ ofpa3oBaHueM Q. B-HEHACBIILEHHOM
KUCOTHI, KaK Npaswio E-koHdurypauuu. 31a pa3HOBULHOCTH pPeak-
uuu KHeBeHarens HOCUT HasBaHUE KoHaeHcauuu HebHepa:

/O

R\ NHIEPHIHH R\ /C<OH
,C=0 + CHy(COOH), —upugm > _C-CH —
H H™ | V=0
OH CT
OH
o
o &
Z o
R cZ 0 by
LT I P o P SN LY ALV N
HT N _o HA  \ O
OH €T QS)H C\OH
OH H
R_ H
+ CHN =—— C= + CO, + H0.
stis H/ \ﬁ:—OH 2 2
0o

Konnencanusi Kuepenarens—J/eGHepa ¥ B HacTosiliee BpeMs OCTa-
eTCsI OHHUM K3 JIYYLUMX CITOCOO0OB CHHTE3a O, B-HeHAChIIEHHbBIX KHC-
JIOT, CNOAKHBIX 3(UPOB U HUTPHIIOB.

Jpyroii criocob cuHTe3a oL, 3-HEHACHIIEHHBIX KUCJIOT GbLT pa3pa-
Botax B. [TepxunsiM (1868 r.). B peaxiuu IMepkuna apoMaTuyeckme wim
reTepoapoMaTHYeCKUe ANhIeTMAbI TONBEPraloTCH KOHAEHCALIMH B XeC-
TKHX ycnoBusix npd 170—200°C ¢ aHruapunamMy amMdaTHYECKUX KHUC-
JIOT B MPMCYTCTBHH CONieit KapBOHOBBIX KUCJIOT B KAYECTBE OCHOBaHUS!

20
20 RCH,—C_  RCH,COONa; 170-200°C
ACT ¥ o)
RCH—Cy,,

_COOH

—_— ArCH=C\R + RCH,COOH -

B xayecTBe MpOCTEHIIMX IPUMEPOB MOXHO MIPUBECTH MONyYeHUE
KOPMYHOI KMCJOTHI IpY B3aUMOAEHCTBUM OGeH3anbgeruia ¢ aHrui-
PHAOM YKCYCHOM KMCJOTHI, KATANTH3UPYEMOM ALIETATOM KAJIMSA:
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CH,COOK; 180°C

o)
CGHscfH + (CH,C0),0 C,H,CH=CHCOOH

(CH;CO0),0; 8 yacos (60%)
cZ <
~
H CH;COONa
+ (CH,CO),0
OH 175°C
CHCOOH
QL. @C%
KYMapHH

Peakimio TlepkyMHa MOXHO paccMaTpuBaTh KaK pasHOBULHOCTH
aNbAOJIbHOM KOHIEHCALIMU, TAE POJb HYKIEO(PUILHOro areHTa Bbl-
ITOJIHSIET €HOJIAT-UOH aHTUIPUIA KUCIOTHl. MexaHHU3M peakilid Mo-
XeT OBITh BBIPAXEH C ITOMOLIBIO CIEAYIOUIEH ITOCIe0BaTeIbHOCTH
[IpeBpalleHU:

(0] 0070} Il he
(CH3C< >o <0 0. C0-C===CH,

t,°C
/‘/)
O
o )
0 1 le CH;CC0” 1 .
AICZ " + CHyC-0-C===CH, = + .CH,
H eO/CH
!
Ar
0
Il
C-CH,
0O [ (n)
—_ Ar?HCH2C< . CHCON0  , enLu—C-0—CeH—
O-GCH,8 o O—CCH,

ArCH=CHCOOAc + CH;COOH + CH,C00°

ArCH=CHCOOH + Ac,0 + AcO° .
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BbIxonbl NpOM3BOAHBIX KOPUYHOM KHUCIOTbI 3aBUCAT OT IPUPOIbLI
3aMeCTUTEIN B OEH30/IbHOM KOMblIE apOMATUYECKOTO AMBIErHIA. DNeK-
TpoHoakKLenTopHble 3aMecTUTeN (NO,, CN; Cl, Br u ap.) croco6-
CTBYIOT MOBBIIIEHUIO BBIXOAA O, B-HeHacbIIIEHHBIX KUCAOT, B TO Bpe-
M5t KaK OH pe3KO0 CHIXKAETCSI IIPH HAIMYMHU 3J1eKTpOoHOXOHOPHBIX (CHj;
C,Hs; N(CHs;),) samectuTteneit. Peakuus ITepkuHa npakTtryecky He-
TIpUMeHUMa I andaTHYECKUX abAErMAIOB M3-32 UX CKIOHHOCTH K
aBTOKOH/IEHCALIHH.

17.5.5. PEAKITIA MAHHMXA

Peakust K. Mannuxa (1912 r.) saBnsiercs OCHOBHBIM CITOCOGOM
MOJIYYEHUS O-AHANTKWIAMHHOMETUIKETOHOB IIPY KOHACHCALIMU Ke-
TOHOB ¢ GOPMATBAETHIOM H 'HAPOXJIIOPUAOM BTOPHUYHOIO aMUHA:

o)
L I ® ©
RC—CH,R + H—C—H + RNH,Cl —
® O
— RF—ClH-CHz-ITIRz Cl + HO
O R? H
Ee cuHTeTHUECKME BO3MOXKHOCTU OTPaHUYHBAIOTCSA IMPHUMECHEHHEM
BTOPUYHBIX AMMHOB, TaK KaK IMPONYKThbI, oOpasylolmecs Npyd KOH-

JeHCalUK C NMEepBUYHHIMM aMHMHAMM, BCTYIAIOT B LENBIA pAl Aanb-
HeUUMX NpeBpallleHUM:

0
]
<:>=o + H—C—H + (CH;),NH —Sz%g*

> 0 (85%) ;

® )
CH,-NH(CHj3), Cl

20 | HO
CGHSC\CH + H—C—H + (CH;)NH —¢cyop
3

(0}
—_ CeHsCf ® e (70%) ;
CH,CH,-NH(CH;), CI
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CHz-I}I@) (100%) .
H C©

AXTHBHOH 351eKTpoUIIBHOR YacTHIeH B peakiuy MaHHuUXa 5B-
JseTcs UMUHHEeBast Cojib, Mojyvyamlascs u3 GopMaibieruia U BTo-
PHUYHOTrO aMMHA NP KUCIOTHOM KaTaluae:

7
H—C—H + R,NH

HOCH;NR;;
NoJTyaM HHA

@
CH;=NR; + H;0.

KaTHOH HMHUHHA

H® + HOCH,NR, =—== HZ(fTCHszRz

WUMUHYEBYIO CONb MOXHO BBbLOEIWUTh WHIMBHAYAJIBHO IPU B3aUMO-
neicteuu opManbieruia ¢ JMMEeTHIAMUHOM B XJIOPUCTOM METUIE-
HE B NPUCYTCTBHHU 6e3BoaHO# GopdhTopucTOBONOPOAHON Win TpUd-
TOPYKCYCHOM KHCJIOTH! [IpY HU3KOHU TeMmneparype:

o HBF,
I CHLC; CH —1?1 CH,),BEF?
H—C—H + (CH3xNH  T5c ,=N(CH,),BF,".

MmMunueBas coib nanee B3aUMOJEHUCTBYET ¢ €HONbHOM (PopMoOil Ke-
TOHA:

1
P H*  RC-CHR?
R—C o :
“CH,R? ou

2

A ® s
RC=CHF + cung (CHy), —» Rll(’j—CIé +H®
'OH O  CHN(CH3)

3nexTpoduabHAas aTaka KaTHOHA UMUHMS HAIpaBsSETCs peuMylile-
CTBEHHO Ha OoJiee 3aMellleHHbIA O-yriepoaHbiii atoM eHoja. Cospe-
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MEHHAA MOIIH(bHKauHﬂ peakKliuu MaHHHxa ocHOBbIBaeTCSI Ha HCITOJIb-
30BaHUM DOPHBIX UAM CHIMIOBBIX 3bUPOB eHoNoB. BuHuniokcubopa-
Hbl IMOJYYAalTCA INpPH B3aUMOIENCTBHU KETOHOB C nnam(pmﬁopum—
pudTOpMETaHCYABPOHATOM B NPUCYTCTBUM TPETHYHOrO aMMHA:

CH,CH,),CO
(C4Hs)sB + CF38O,H —= (C,H,),BOSO,CF; (CH, - 22
(84%) N(C;H;-i ),(CHs)

—= CHyCH,~C=CH—CH, + CF,SOPNB(CHy-i }(CHs) ;
(95%)  OB(C4Hs),
e o AMCO
CH,CH,—C=CH—CH, + CH,=N(CH,),CF,C00" ———=
OB(C,H,),
—*——’CH:;CHz(“:-(I:H-CHg, + CF3COOB(C4H9)2
O CH,N(CHs),

AHAJIOTHYHO DPEarupyrT M CHJIMIIOBbLIC S(bldpbl €HOJIOB!

1) CH =§R )(? TiCly; CH,Cl

- > O + (CH3)SiX

CH,NR,

B Hacrogiitee BpeEMS U1 KOHACHCAIIMU C KETOHAMM M MX MPOM3BOMA-
HbIMH NPECANIOYHTAIOT UCITOJIb30BaTh 3apaHEEC NMPHUIOTOBJICHHYIO COMb

@ O
umuHna CH,=NRyX.
17.5.6. BEH3OMHOBAA KOHAEHCALIMA

BenzonHOBas KOHIOEHCALMsS! OTHOCHTCS K YHCIY CAMBIX CTapbiX
peakuuit B OpraHM4ecKoOi XWMHM, KoTopas ObLUla YMCTO ciay4yaiHo
oTkpsITa ewte B 1832 r. 10. JIubuxom u @. Benepom npu obpaborke
GeH3anbaernaa HMaHUAOM Kanusi. O6pasyloluit Mpu 3TOM Q-FMIPOK-
CHUKETOH NOJYYMUJ Ha3BaHUe OEH30MH, YTO Jano Ha3BaHUE CaMoi
peaklMU KOHAEHCALMHU:

149



OH
O KCN; C,H;OH—-H,0 [
= = ArCH—ﬁ—-Ar GEH30MH,

O

S =
ArC< + ArC<
H H

OH
o) O KCN; GH;0H
c6H5<:fH+ csHSCfH —_— CeH,CH—C—CoH;

(90%) O

B GeH30MHOBO} KOHIEHCAIMU YYACTBYIOT [IB€ MOJIEKYNbl apOMAaTHU-
YECKOro WIM IeTepOLIMKIMYECKOro ajlbAeruia B INPUCYTCTBMHM LiMa-
HUI-UOHAa KaK Karanu3aTopa. KoHeYHBIM MTPOAYKTOM 3TOi KOHAEHCA-
LUU SIBISETCH O-TMOPOKCHKEeTOH. Peakiusi oOpatuma u oOpaborka
6eH30MHA CMEChIO LIMAHUAA KaIMsl U APYTOro apoMaTWYecKoro ajib-
Jeruia MPUBOOUT K CMeLIaHHOMY GEH30UHY:

OH OH
] O  KCN; C,H;OH |
ACH-C-Ar + ad?” SO hcaz+ al?®
I ~H Boza ] ~H

B o61uieM citydae U3 3KBUMOJIBHON CMECH JIBYX Pa3lIMYHBIX ATBACTHIOB
TEOPETUYECKH NOJDKHA ITOJYYUTBCS CMeChb M3 YEThIpeX OSH30MHOB,
OHHAKO B HEKOTOPBIX CJIYYasiX yOAaeTCS MOJYYHUTh TOJIBKO OOHUH CMe-
HIAHHBII OeH30MH. MHOrMe apoMaTHYecKue anbIerUIbl, COAePXKaLMe
CWJIBHBIE 3JIEKTPOHOJOHOPHBIE 3aMECTUTENM — AUMETHJIAMUHOOEH3-
ANbAECTUR, MUIepOHAIb, 2,4-0IMMETOKCUOCH3bAECTHI U Op., CAMU
no cebe He BCTYNAalOT B OEH30MHOBYIO KOHAeHcauuoo. OIHAKO OHHU
IIPUHUMAIOT yYyacTHe B CMeLIaHHOH (IIepeKpecTHOH) KOHAEeHCALIUU
¢ APYTMMH anbieruziaMu, ¥ 31o 3¢pGeXTUBHO UCIONb3YeTCs B CHHTE-
THYECKOM MpaKTUKe:

O 20 KCN; GH,0
CeHiCZ + nCHIN-CHICT SRS

OH
|
CoHsCH—C—CHN(CHy)rn (86%).

DKCIEepUMEHTAILHO CMELIAHHYIO OEH30MHOBYIO KOHASHCALKIO YI00-
HO NpPOBOIMTh, UCNIONb3YSI ODUCYIbPUTHOE ITIPOU3BOLIHOE OJHOIO ANb-
IerHaa IS KOHIEHCALMU CO BTOPBIM aJbJErMiOM B CIIUPTOBOM pa-
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CTBOPE LMAHUCTOTO KAJIWS WIH B OAKUIIOJAPHBIX alIPOTOHHBIX pacTBO-

®
purtensax — AM®PA umu IMCO ¢ N(C4H9)4CN9.

MexaHu3M GeH30KMHOBOH KOHAEHCAUXH GbUI IpeIMETOM OOIIMp-
HBIX uccienoBaHHit. COrjlaCHO COBpeMEeHHbIM NPEICTABIEHMUAM, OH
BO BCEX NETANSIX MIEHTHYEH MeXaHU3MY, MOCTyJIMpoBaHHOMY Jleny-
optoMm eite B 1904 r. HAa OCHOBAHMH KMHETHYECKHUX JAHHBIX:

C=N C=N
< 19, arcuZ 4 OHO.
OH ’

ArCH

O
%)) A,cfH + :CN®

(2) ArCH + HO ;
5

C=N & _0 I H,0 l
3) Ar8< + AC? == Ar-C—C—Ar <—2—-Ar-$—c—Ar + o

0 H OH 0° OH OH

CNH CNH H

r oHO g | o
(4) Ar—C—C—Ar === Ar—C—C—Ar Ar—C—C—Ar + CN 7,

F o T

OH OH OH O OH

DTOT MeXaHU3M OOBSCHSET, IMOUYEMY KATATU3ATOPOM CIYXHUT LHa-
HUI-HoH. Katanu3atop B 6€H30MHOBOM KOHIEHCALMM HOJDKEH OBITH
HE TOJIBKO XOPOIIMM HYKJIEO(UIOM IO OTHOLUEHHIO K KapOOHWMIb-
HO# Ipynmne, HO TakKXkKe KaTajJlu3HpOBaTh IIEpeHOC IIPOTOHA OT YIJie-
pola K KMcliopony ¢ obpa3oBaHueM CcTabWIbHOro 6eH3HJIBHOrO Kap-
6aHMOHA, B KOTOPOM 3J1€KTPOHOAKLEIITOPHASI IMaHOIPyIINa YYacTBYET
B JeJOKaNU3aLMM 3apsiga.

TIponyxTel 66H30MHOBOM KOHAEHCALHWH OL-OKCHUKETOHBI JIETKO
okucasitores: okcuaoMm BucMyTta (I1I) unu aumeratom menu (II) nmo
1,2-IMKETOHOB C BBICOKMM BBIXOHOM:

R—~C—C—R? + Cu(OAc)
0 2
O OH

R’——ﬁ:—-—ﬁ:—Rz (75-95%)

Lyanug-vuoH KaTanUu3UpyeT KOHACHCAIKIO TOJILKO apoMatTuiec-
KUX albaCrugoB. AJIHCI)&TH‘!CCKMC aJbACIruabl BCTYNAKT B aHAJIOIHY-
HYIO pPEAKIIHMIO TOJNIBKO B IIPHCYTCTBUH conel THA30JUsl B KAavecTBe
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KaTanu3atopa. TuazonueBbie COM MOKXYYAIOTCS B PE3y/ibTaTe aIKMIK-
pPOBAaHMA MO ATOMY a30Ta THA30J1a — MATHWIEHHOTO TeTEpOLIMKIA C
reTepoaToMaMi a3oTa U cepbl. B KayecTBe CTAHAAPTHOIO KaTalu3aro-
pa 6eH30MHOBOM KOHIEeHCAUMH ATHGIATUYECKHX ANbAETHIO0B MCIIOJb-
3yioT N-ZONeUMNTHA3ONUAOPOMUI, B KOTOPOM HATHYUE NAUHHOM
anudaTtuyeckoit Leny obecrieyuBaeT paCTBOPUMOCTh 3TOIO peareHTa
B OOBIYHBLIX OPraHUYECKMX PACTBOPUTEIAX:

Nt'cuf‘lzs ? OH
O Br
2 CH;CH,CH,CZ _5;{?’ CH;CH,CH,C—CHCH,CH,CH;
N(CHs); (76%)

MexannaMm GeH30MHOBOH KOHIOEHCAUMH ATH(PaTHYECKHUX aNbAe-
CUOOB 3aMETHO OTJIMYAETCS OT TOro, KOTOpHIH XapakrepeH IS apo-
MATHYECKUX ATbAeruaoB. OTIHYMTEbHOM 0COOEHHOCTHIO KaTuOHa N-
AJIKWITHA3OJIUS SIBJISIETCS CPAaBHHUTENbHO Bhicokass C—H -kuciaoTHOCTD
Bojopoaa npu C—2 Gnarogaps COCeICTBY ABYX IeTepOaTOMOB: Cephl U
[OJIOXHUTENBHO 3apspkeHHoro asora. C—H-xucnorHocTh kaTHoHa N-
ATKWITHA30JUS XapaKrepu3yercs BeIHYuHo# pK, mopsiaka 10, u ripo-
ToH npd C—2 oTwIeIUIAeTCs NPy ASHCTBHM TPETHYHOTO aMHHa:

C)\ C)e +BH rae B: = NEt;.

OGpa3syiomuitcsa nmpyu 3ToM O6eTavH 3aTeM O6paTUMO IPUCOEAUHSIETCS
Mo KapOGOHWIBHOU IpyIlNe ajbiernaa:

®
N R H N—R o
( SC=0=== {/ )\ BH ( + B:
§HR‘ CHR‘

IIponyKT npucoeAMHEHUS COLEPXXUT KOBAJIEHTHO CBA3AHHBIA THA30-
JIMEBBIAi KATHMOH, YTO HEMOCPEACTBEHHO OTpaxaeTcsd Ha ero CBOii-
crBax Kak C—H-xucnots (pK; ~ 10).

( +B———>C ©  +pH®
C—R

pKa~ 10
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O6pazyomuiicss KapbaHUOH NPEACTABNAET COO0M «3aMacKHpPOBAaHHbIIt»
(«MMMODUNIN3OBAHHBIN») aLIUIOUI~aHUOH ¢ HEOOBIYHO BLICOKOH ¢Ta-
OMIbHOCTBIO Glarofaps OeNOKATM3ALMK OTPHMLIATEIbHOTO 3apsia ¢
TIOMOIIbI0 KATMOHA THA30JUs, 00Nanapoliero BbIcOKUM ~-M u - I-3d-
dexramu. [Mocnenylomme cTaxu HXYEM NPUHLIMITUAIBHO HE OT/IMYa-
I0TCA OT peaklUMH, KaTaau3dpyeMoil nuaHua-uoHoM. Hykneoduns-
Hasi aTaka KapOaHMOHA 1o KapOOHWILHOM IpyIe ZpYroi MoaeKyJIsl
aNpAeruaa ¢ IOCAeAYIOUIMM OTIIENIEHHEM KaTHOHA THA30JIUSA TIPH-
BOAUT K 0OPa30BAHUIO OL-THAPOKCUKETOHA!

/\H\‘_ .. "
)\c —oH yC-O )‘C CH R'

R

NZR OH
=== [)‘(IZ/—CH-—RI + B:
R

S \
1 OH
R

/ NZR OH / N:B {P
( ) ¢ CI\{—R‘ [s ¢ CH-R! + BH®

R! R' OH

1??}{1 [N?R 5H® Rl” ZHR+()\+B
R'—C—C—R+ H -
h s) °

Karuon tHazonus crabunusMpyeT KapGaHMOHHBIA HHTEpMEAWAaT B
6onpluelt cTeneHH, YeM HAHKI-MOH, M 3TO UrpaeT PeIuaioLyio poJib
B KaTaIMTHYECKOM 3¢deKkTe conedt THa3onuss B 6eH30OMHOBOH KOH-
JEeHCAIMH KaK apOMAaTHYECKHX, TaK ¥ a1udaTudecKux aabIerdios.
IpucoeaHeHHe UMAHUA-MOHA K apOMAaTHYECKOMY aTbAETHIY

S}
JaeT B KaYyecTBe MHTepMeauaTa 6eH30WIbHbIH KapOaHUOH Ar(IZ~CN.

OH
3ToT KapbaHHOH IOXKeH 067a1aTh AOCTATOYHO BBICOKOM peakiiu-
OHHO# cnOCOOHOCTBIO HE TOJIBKO IO OTHOLUEHUIO K KapOOoHWIbHOM
TpyIINe aIbOerWaa, HO TAKXEe W IUISl APYIMX 3JeKTpOoDHUIbHBIX aK-
LEIITOPOB, MOCKONBKY IO CYLIECTBY OH HpeJCTaBisAeT cOOON «HUM-
MOOMJIH30BaHHBIN» aUMABHHN Kap6aHMOH. MeTononoruyecku 3To
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NpUBENO0 K PACLIMPEHUIO CUHTETUYECKUX BO3MOXHOCTEN! peakKLivu.

]
KapGaHuoH ArCII-CN NpUCOeIUHSIETCS K O, B-HEHACHILIEHHbIM Ke-

OH
TOHAM, CJIOXHBIM 3(UpaM ¥ HUTPUIIAM, KaK Pa3HOBUIHOCTU peax-
uuu Muxasndg (eMm. 17.6):

KON umt N'(CyHp)yCN
JIMOA nm IMCO

o)
ArcfH + CH,=CH-X

]
— ArC—CH,CH;X (60-90%) .

X =-C(O)R; -C(O)OR; -CN

Tax Kax o6pa3oBanue GeH30MHA OGPATHUMO M MPEAILIECTBYET IIPH-
coeqMHEHM1I0 o Mmuxasano, npuMeHeHye GEH30MHA BMECTO apoMa-
TUYECKOTO ANbJErHIa B KaYeCTBEe MCXOMHOIO COEAMHEHMS MPUBOIUT
K TEM X€ CaMBIM MPOAYKTaM. BTO OTKPHIBAET YIOOHEIN! M JOCTYIHBIA
MpenapaTuBHbIH METON cUHTe3a 1,4-IUKETOHOB, Y-KETOHUTPUWIOB M
3¢UPOB Y-KETOKMCIOT, UCTIOAb3yeMbIX ML MOJy4eHHMs MHOTUX reTe-
POLMKIIMYECKHUX COSOUHEHUH.

17.5.7. AOH-PAINKAJIBHBIE KOHIEHCALTMHA KETOHOB
H CIOXHBIX DPUPOB

[Ba THNa KOHAEHCAlMiH, KOTOphie OyayT pacCMOTpPEHBI B 3TOM
pasfesie, 10 CBOEMY MEXaHU3MY PE3KO OTIMYAIOTCS OT APYIMX KOH-
JEeHCAlU C y4acTHEM EHOMSIT-UOHOB albJErnioB, KETOHOB H CJIOX-
HbIx 3¢upoB. IIpu nedcTBUM CHIBHBIX OMHO3JEKTPOHHBIX BOCCTAHO-
BUTENIEI, TAKMX KakK IJEJIOYHbIE METAUThl, APOMATHYECKUE KETOHBI
o0pa3yloT B aNpoOTOHHOM cpelie OKpallleHHble crabHMbHble aHHUOH-
paZuKaibl, B KOTOPBIX OTPHLIATEIBHBII 3apsii COCPENOTOYEH HA aTo-
Me KHMCJIOpoAa, a HECIIApEHHBbIH 3JeKTpOH — HA aToMe yriepoia:

£ u\ Na i K ~ —0: O
Ar/ 3¢up unn TId A 5 .

KECTHI

Taxolf aHHOH-panuMKal HOCHT TPUBHAJIbHOE Ha3BaHUE KETUI.
CTabWiIbHOCTb aHUOH-PAJUKAIOB apOMATUYECKHX KETOHOB O0YC/I0B-
JIeHa JeJToKAIU3alueil HecCItapeHHOro JeKTPOHA 110 ABYM OEH30JbHbIM
KOJIbLIAaM. AHUOH-PaIMKaNbl XHUPHOAPOMATHYECKUX KETOHOB H OCO-
6eHHO annU¢aTUYECKUX U LUHUKIHYECKUX KETOHOB OONANAlOT ropasio
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MeHbileil cTAOUIBHOCTBIO M JIETKO JMMEPU3YIOTCS ¢ 0OpazoBaHHeM
aNKoroNAToB 1,2-0MoN0B. Dra peakuus NoNyYusa Ha3saHHe MUHAKO-
HOBOl BOCCTAHOBHMTENLHOM OJUMEPU3ALUN KETOHOB IO TPUBMANBHO-
MY Ha3BaHHUIO JMONa, IONYYAIOLIErocs M3 MNpocTeifllero KeToHa —
aleToHa. B xayecTBe BOCCTAHOBUTEASA OOBLIMHO MCIIOJIB3YIOT ABYXBa-
JIEHTHBIE METaUTbl — MarHuil, UMHK WIH UX aMajbraMbl, B Majomno-
NAPHOM anpoTOHHOM cpene — 6GeH30Je, TONYONE, XJIOPUCTOM METH-
JieHe, YTO CIOcoOCTBYET QUMEPH3allMH aHHOH-PaIKKAJIOB:

R\ Mg ~ © 2+
2 R/C_O Benzon ~C—0 ZMg
KETHI
R> e O@ M2t mepiauns R>C C:R H,0
R 2 R (l) 6 R yt
Re_ _R "ME
- R7I I R
OH OH

Ha »T0if peakuMi OCHOBAaH KJacCHYECKMii METON CUHTE3a ABYTpe-
THYHBIX 1,2-IM0/I0B, ONMMCAHHLIH B r1aBe 11 (cMm. 4. 2).

AUMIOMHOBAS KOHAEHCAUS CI0XHBIX 3(GHpPOB M0 CBOEMY Mexa-
HU3MY NMoJo0Ha MUHAKOHOBOMY BOCCTAHOB/IEHUIO KETOHOB B TOM XK€
CTEeTNeHKn, B KOoTopoi cioxHoadupHas KoHxeHcauus KisitseHa mo-
JobHa anbIobHON KOHAEHCAIUH. ALIMJIOMHOBAs KOHAEHCALUS BKIIIO-
YyaeT HECKOJIBKO CTaguii, rie MociegoBaTeNbHO 06pa3yloTcs aHUOH-
panukaabl U aHHOHBL.. KOHEYHBIM IMPOAYKTOM 3TOH CBoeoOpasHOi
peakuuH OKa3biBaeTcsl JUaHHOH 1,2-KeTOHA — €HIUOJAT, KOTOpBIA
Mocjie IPOTOHUPOBaHUS NPEBPAILAETCA B OL-OKCUKETOH, Ha3biBaeMbIit
ALWJIOHHOM:

©.y®
O o°N

2 RCf +2Na —» 2 R—g/ a aHHOR-
OC,H;s \OCZH s paiukan

0, ®

®_ O™ Na 1yvepusaums C2H5O\C__C, OC,Hs )

2) 2R-C e - ~ :
~ ,Hs R Ie @l R

NaG9 ®Na
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C2H50‘~2 gOCZHS
R/

C —» R—C—C—R + 2C;HsONa;
©) AR T8 .
O ® @O
Na Na
R (@: /OeNa®
(4) R—C—C—R + 2Na ——| | —
o R—c@\
0°Na®
/Oe Na®
— —ﬁ DUaHWOH 1,2-AMKETOHA
R—C (enanornsr) ’
~0®PNa®
On. @ 0o
—C/O Na CH,COOH R_C’OH R—C”
(5) 1 — i — Cll RUHMIOMH
R—C — .
~0ONa® R=Con ~on

O6pazopaHue AUUNAOHUHOB NMPU BOCCTAHOBICHHHU CIOXHBIX 3¢upos
amudaTiecKux KapOOHOBBIX KMCJIOT HATPMEM B MHEPTHOM pacTBO-
putene BnepBhle Habmwonanu byso 1 baad B 1903 r.:

0} Na |
rRC? — R—C—CH (50~75%) .
\OC2H5 adup; 0°C; 3—5 aneit (|) H

DTa peakuus He HAULIA, OQHAKO, IPMMEHEHHUS B OPraHUYECKOM XH-
MKH 10 Tex nop, noxka Ilrois u Ipesnor B 1947 r. He NPUMEHWIH ee
ISt CHHTE3a KapOOLMKIMYECKUX COeqHHEHUH co cpenHuM (Cz—C);)
Wik OOJBILMM pa3MepoM LMKIa U3 AU3DUPOB O, O-AUKAPOOHOBBIX
KHCIOT. AIIMJIOMHOBAs KOHAEHCAMA ABIASETCA JYYIUUM M Haubonee
HaeXHbBIM METONOM CHHTE3a LIMKIMYECKHMX COeNMHEHUi, comepxa-
II¥X BoceMb U Oojiee aToMOB yriepona B uukie. JJuadbup a, o-agukap-
60HOBON KHUCIOTH B KMITSLUEM KCHUJIOJIE IEPEMELIMBAIOT C MEJIKO-
JUCIEPTUPOBAHHBIM HATPUEM B TOKE aproHa — JUISl IPeAOTBpalleHUS
OKHCJICHUSI HATPUSE U TIPOMEXYTOYHO OOpa3yIoONIMXCS AHWOH-PaIU-
KaJIOB ¥ IMAHUOHOB. JIJ1 JOCTHKEHHUS! YIOBJIETBOPHUTEILHbIX BBIXOLOB
alMJIOMHOB TpebyeTcs ypeaBbiiailHO 3¢ deKTUBHOE ITepeMelIMBaHe
co cxopocrbio 3000—10000 06/MUH. ALMIOUBOBAsE KOHAEHCALIUA He
TpebyeT MpUMEHEHUs] METOJA BBICOKMX pa3baBjieHMid U gaeT mnpe-
KpacHbI€ BBIXOABI MAKPOIMKIUYECKUX aLHHJIOMHOB nopsanaka 90—95%
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JUIS. MKJIOB C TATHAAUATBIO U OOBILUM YUCIOM aTOMOB YIJIEpOAa.
Jaxe ons cpeIHUX LUKIOB BBIXOAbI 2-THAPOKCHKETOHOB peaxo Gbi-
satoT Huxe 50%:

I I Na o /(If=0
CH;0—C—(CHy);6—C—OCH; —— 1a0-c (CH216__ (96%);
~C—OH
H
0
(6]
cZocH,; Na
—_—
C\\—OCH3 keunon; 140°C
0 OH (66%).
JUMeTHnoBbt# adup 2-0KCOLMKIIOIEKAHON

ceGalnHOBO# KUCIIOTEI

Joist puapupoB HU3LKUX KapOOHOBBIX KUCIIOT C ALIIIOMHOBOR KOH-
JeHCALIHEeH KOHKYPUPYET CIoOXHOadhupHas KoHneHcalust JIukMaHa rpu
06pa30oBaHUH NATH- U IIECTHYWISHHBIX HUKIOB. J1s1 aIOHHOBOM KOH-
JeHcalyy Tpebyercs no KpaiHell Mepe 4eThipe SKBUBAJIEHTA HATPUS,
TOrJa KaK LMKIM3auusA 1o JJMKMaHy OCYLIECTBISETCS MOM JCHCTBUEM
OJIHOTO 3KBHMBAJICHTA HATPUA WIM 0Opa3yloLlerocsi U3 Hero aJIkorojisira
nHarpus. IlpoBegeHHe peakiluu B MPHUCYTCTBUM TPHMETWIXIOPCHIaHa
IIOMTHOCTBIO MONABAET KOHAeHcauuIo JJUMKMaHa U IPUBORMT K obpa-
30BAHHIO OUC-(TPUMETHICHIHJIBHOrO)-IPOM3BOKHOrO €HIUOMA, KO-
TOpOE MOce TMAPONN3a NMpeBpaliaeTcsa B aUMIOWH. 3T1a METOAMKA 3HA-
YUTENAbHO paciidpuiia objacTe NPHMEHEHHS M CHHTETHYECKHE
BO3MOXHOCTH AllHJIOMHOBOM KOHOEHCALIMM, TOCKOJIBKY OOpa3oBaHue
OUC-(TPUMETHICHIIUIBHOIO)~-[IPOU3BOIHOTO €HAMOJA IpeNoTBpallia-
€T OKMCJIEHHE EHIUOJSITA HATPUS — CaMoi ysi3BUMO# CTaguM 3TOM
YHUKAIBHOM peakLyU. DTO MO3BOJSET IOBbICUTD BLIXOM ALIWIOMHOB K
CBECTH K MMHUMYMY IOGOYHBIE MTponecchl. Takas Mogudukaius auu-
JIOMHOBOM KOHJEHCAlMM CTaj]a B HacTosillee BpeMs oOLueNnpuHATOMN:

O

/C OCH ¢~ OSCHs)
3 Na (CH3)3SICI
(CHz)n\ —— (CHz)n\ || —_—
~OCH; SOSiCH3);
0 0
cé 7 c?
H 0" H,0 n + CH3;COQH _
(CHz)n\l (CH2)n< [ n=2
AL~ ~OH CH,
H
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17.6. COITPAXEHHOE INPUCOEJUHEHHE EHOJAT-UOHOB
1O MHUXA3SJIIO

ConpsibxeHHoe NpucoeNvHeHUE eHOAAT-NOHOB OTHOCHUTCS K YHUCTY
Hanbojee BaXHBIX B CHHTETUUECKOM OTHOLUEHHM peaxkuuil o, 3-He-
HachllEHHbIX KAPOOHWIbHBIX COeAUHEHUA. BriepBoie npucoeAMHEHUE
MaJIOHAaT-HOHa K 3¢UpY KOpHMYHOIl KUciaoTbl Habmionan B 1887 r.
A. Muxasjb, MO3TOMY 3TOT TUIN MPUCOETUHEHUST HYKIEOGUIbHBIX
areHTOB Ha3bIBaeTcsA peakuueit Muxasns:

0] ) C;H;ONa
CeHsCH=CHCL _ |+ CH(COOC,Hs); o ™
2415

V
= CHsCHCH,C=O0CoHs  (75g5)
CH(COOC;Hs),

IlepBoHavyanpBO peakuueil Muxasns HaspiBanu 1,4-npucoenyHeHue
€HOMNAT-UOHOB 1,3-1MKapOOHUIBHBIX COeAUHEHU K O., B-HEeHACHIILIEH-
HBIM KapOOHMWILHBIM COCIUMHEHUSIM:

B:e
R—C-CH,-C—R? — R—C=—=CH—C—R? + BH;
(") g e I

R— g.CH—c—R2 + Sclcdep

- e
O g

| BH |
= R'—E—CH—IC—C@(};;R’-——-‘ R‘—lcl—CH—(IZ—CHz—I(l:—R3
(S}
o (l; A0 o) o l -0 o}
\Rz \Rz

O6pasyoniuiics B pe3yabrare 1,4-NpuUcoeMHEHNUs! €HONST-UOH CTa-
GUIN3MPOBAH 32 CUET JEJIOKAIM3aLMH 3apaaa Mo KPAaTHOM CBA3H, TOrNa
KakK NpoRYKT 1,2-mpucoeanHeHnss He CTaGMIIM3MpPOBaAH COMpPSIKEHU-
eM. OTcioa cienyer, 4To ONpoaykr l,4-rpucoenuHeHus TEpMOIUHA-
MHYyecKH Gosnee ctabuieH, 4eM U30OMEepHBIN eMy NpoayKT 1,2-npuco-
eqMHEeHMUS.

B Hactosiiziee Bpemst o6s1acTh NpPUMEHeHMS peakluu Muxasns
3HAYMTEJIBHO pacluupunacsk 6aaronapsi eHOJNAT-UOHAM KETOHOB U €Ha-
MMHaM B Ka4yecTBE HYKJICOMPUNABHBIX areHToB {«ioHop Muxasnsa») u
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Pa3UYHBIM O, B-HEHACBILIEHHBIM KETOHAM, ANbJErMAaM, CJIOXHbIM
s3¢hupam, HUTPHUIAM, HUTPOCOEAUHEHUAM M CY1bGoHAM B KAYecTBe
TaK Ha3blBAEMBIX «aKIENTOPOB Muxasns».

B cootBetcTBUM ¢ npuHLUMIIOM 2KMKO, Msirkue eHonAT-HOHH 1,3-
JUKApOOHWIBHBIX COeIMHEHUH — ManoHoBoro adupa; 1,3-xkeToadu-
poB ¥ 1,3-mHKeToHOB (IOHOpPHI MMXa3)s) NMPUCOEAUHSIOTCS K O, 3-
eHoHaM B 1,4-TionoXeHue, T.e. yBeINdeHHe MATKOCTH HYKJIeohIEHOTo
areHTa CrocoOCTBYET COMPSXEHHOMY IpucoeanHeHuto. [Ipucoenvye-
HME EHONAT-HOHOB 1,3-IMKapOOHUABHBIX COSIUHEHH U KETOHOB I1pO-
BONMTCS, KaK IpaBUIO, B MPOTOHHOM Cpele — 3STaHOJNE, KOTOPBIH
MPOTOHUPYET aHMOHHBIM aIYKT ¢ 0Opa3oBaHUEM KOHEUHOTO IIPOAYK-
Ta CONpPSIKEHHOTO NpucoequHeHus. B KavecTBe OCHOBAaHUSA OOGLIYHO
HCIOJbL3YIOT ITHIAT HATPUSI WIM TPETHYHbIA aMUH. HuXe nupuBeaeHb
HEKOTOpble TUIIMYHBIE TPUMePbI IIPUCOSIMHEHHST EHOJISIT-HOHOB K O, [3-
HEHAaChIILIEHHBIM KETOHAM, CIOXHBIM 3¢HUpaM ¥ HUTPHIAM:

0
C,H,0K
CHs . CH,0H CH; :
+ CH,=CH-C-C4H - ;
2 i o8~ CH,CH,CC¢Hs
(64%)
CHs C,H;ON
CH,(COOC,Hs), + C=CH-COOC,Hs -éﬁiaf—»
CH; 25°C
CH;
CHy,

C\—CH;COOC2H5
CH{/ CH(COOCHs), (70%) ;

2CH~CH.C=N <200,
Hy—C-CHy-C—CHy  + 2CH=CH- CHOH

0
NCCH;CH,, CH,CH;,CN
———>  CHy—C-C-C—CHs
0O O
(77%)

2
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C2H50Na
céﬂs—%-CHz-ﬁ—Ocsz+C6H5CH=CH'ﬁ'C6H5 CHOH

0
I
CeHs—CH—CH,CCells
———>C6H5—(“:-CH—<”:—OC2H5 (93%) ;

(0]
o o 9
C-OC,H;s ©OH C-0OC,H;s
@ N(C,Hs);CH,C¢Hs
+ CH;=CH,-C=N R — CH,CH,CN -
JIHOKCaH
(85%)

HauGonee BbicOKHMe BBLIXOABI MPOAYKTOB B peakuuu Muxasns
HaOI0AAIOTCS IPU UCTIO/IB30BAHMH €HOJAT-HOHOB 1,3-THKapOOHMIE-
HBbIX COeUMHEHHH B KayecTBE HYKICO(MWIbHBIX al€HTOB M CHIIBHBIX
akuenTopoB, TakuxX Kak akpwioHUTpun CH,=CHCN u HUTpO3TH-
JIEH, COACPXALIUX OTHOCHTEIRHO MAJIOPEAaKLIMOHHOCIIOCOOHYIO IpyIi-
NMUpoBKy. Bo MHOIMX CIy4asix ¢ IpUCcOeNUHEHNEM M0 MHUXasJIio KOH-
KYpUPYIOT peakuuM KapOOHHJIMETHJIEHOBOH KoHAeHcauuu. Tak,
HAafpuMep, IV O, B-HeHaChIIEHHBIX AThIETHIOB U KETOHOB IIPHCO-
eIWHEHHE MAJIOHOBOTo 3¢dupa HIIM MATOHOHUTpWIA IT0 MHXa3iio KOH-
KypupyeT ¢ o6bruHO KoHneHcaudeit Kuepenarens. IlpucoequneHmne
€HOJIST-MOHOB KETOHOB K O, B-HenpeaeIbHbIM KETOHAM B CIIUPTE Xa-
paKTepu3yercss He O4€Hb BHICOKMMHM BBIXOAAMM aINYKTOB, a IpHMe-
HEHHE CWIbHBIX OCHOBAHUM WIM DOojiee XECTKHMX YCIOBMH crnocob-
CTBYET TOJIEKO IMPOTEKAHUWIO NMOOOYHBIX peaklHii KOHAECHCAIUH.

17.7. AHHEJIMPOBAHME 110 POBMHCOHY

Peakuysa Muxasnst B COYETAHUU C ANBROJBHON KOHIeHcauuei
NMPUMEHUMA U MOCTPOEHHS LUECTUIBEHHOTO LIMKIA, KOHIEHCHPO-
BaHHOTO C IDYTHUM LIUKIOM. DTa [10CIEAOBATEbHOCTD IIPEBPALLEHMH,
[OJIYYUBIIAS Ha3BaHWE aHHEJIUPOBaHHMS* 1o PobGuHCOHY, urpaer
HCKIIOYMTENbHO BaXHYIO POJIb B CUHTE3€ CIIOXHBIX MOJUIMKIUYEC-
KHX COEIMHEHHH B POy CTEPOUIOB K TEPIIEHOUIOB.

IlepBas craxMs 3Toro mnpoiecca npeacrapisieT coboil oObIYHOE
COMpPSDKEHHOE IMPHCOEAUHEHHE M0 MHXasqio0 €HONAT-MOHA LIUKIIH-
YECKOro KETOHA K O, [3-HeHachIlleHHOMY KeToHy. OBpasyiomuiics npu

*anula (naT.) — KONBLO.
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3ToM 1,5-IMKETOH Jajee noxBepraercss BHYTPUMOJIEKYJISPHOH allb-
NOJNIBHOU KOHNIEHCAIUM, TIPUBOJSILEH K [TOCTPOEHHUIO 1IECTHWIEHHO-
ro KOJbla HEHACHILLIEHHOTO OHLMKIMYECKOTO KETOHA, HAIpHUMeEp:

CH,
CH; (") C,H;ONa
CQ + CH,=CH-C-CH; —9_21—*05,%*1—> Lo
0 o0
CH;s

C,H;ONa KOH
CHOH_

65
~10C Cl::\L 1°0°C d;)\ %

B xauecTse NPEBOCXOMHOMN mlmocrpaunn MPaKTUYECKOro UCIOIb30-
BaHUS aHHEIUPOBAHHSA 10 POGHHCOHY MOXET CAYXHUTB KII04Y€Bas
CTagusl CHHTE3a XXKEHCKOIo INoJIoBOro ropMoHa 3CTpoOHa.

P 0
| H,C OCHOBaHHE
fo) +
CH;0 0

aKLenTop JIOHOD
Muxasns Muxasns
H,C §
O O
CH,0
MpOOYKT aHHETHPOBaHMs
no PobuHcoHy
H,C §

1) uMxm3amsn
2) IeMeTWINpOBaHNE

HO
3CTPOH

BTOT MeTOI KCIIONb3YyeTCsI pANoM apMalieBTUYeCKHUX GMpM JUlst 1po-
MBILLUIEHHOTO IIPOM3BOACTBA 3CTPOHA.
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B KayecTBe Apyroro npumepa MoXHo TIPUBECTU NOCTPOEHME TeT-
PALMKJINYECKOH CUCTEMEI, POACTBEHHOM IO CTPYKType CTepOUIHBIM
KETOHAaM:

OCHs OCH; o
CHLO CH,CH,CCH=CH,
——
CH,0H A
o 07 p?®
OCH, OCH,

= ‘O
o H,C

17.8. PEAKIIMM COITPAXEHHOIO INPUCOEIUMHEHUA
C YYACTMEM EHAMHWHOB

B peakuuu conpspKeHHOro MPUCOeTHMHEHUS 110 MuXaasmo B Kaye-
CTBe HYKJI€O(DUIBHBIX AT€HTOB BMECTO €HOMNAT-UOHOB MOXHO HCIIOJNb-
30BaTh eHaMHUHBL. [ToNyyeHre eHAMHUHOB NPU B3aAUMONEACTBUU KETO-
HOB CO BTOPHYHBIMH aMMHAMHK GbUIO OIMCAHO paHee B NpeablLylLeit
riape. ITo cBoeit 2JieKTpOHHON KOHGHUIYpalMyu eHAMUHBI U303JIEKT-
POHHEI €HOJIAT-HOHAM:

N ~-~_ &

00— == =,
0

\c=c/ - \C—((?/

RN N (-

- @NR,

TpuHuMas Bo BHMMaHue 3ty aHanoruio, JIx. Cropk (1954 r.) pac-
LUMPUN CHHTETHYECKME BO3MOXHOCTH COIIPSDKEHHOIO NIPHCOEHUHE-
HMs1 Muxasis K o, B-HenpeaejsHbIM KETOHAM, 3aMEHUB €HOJISIT-HOHEI
Ha €eHaMHUHBI B Ka4YecTBe HYKJIeodhMIbHbIX areHToB. Peakuus Cropka
BKJIIOYaeT TpM craguu: 1) oOpasoBaHUe eHAMHMHA M3 KETOHA U BTO-
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PUYHOTO aMHHA, KaTanu3upyeMoe KucaoToii (cM. ri. 16); 2) npucoe-
IMHEeHWe eHaMHHa K o, B-eHOHY; 3) I'MAPONM3 MPOLYKTa IpHCOeaH-
HeHUd #o 1,5-nuKeToHa.

IpucoenuHedne eHaMuHOB 110 ‘CTOPKY BHITOAHO OTJMYAETCS OT
NpUCOENUHEHUS eHOMST-UOHOB B TOM OTHOILIEHHM, YTO He TpebyeT
KaTanu3a OCHOBAHUEM Y IIPOMCXOAMUT B COBEPIIEHHO HeHTpabHBIX
ycnouax. Ilpu Beibope onTHMANBHOTO peareHTa CONpsXeHHOro IpH-~
COeMHEHHUS MeXIY e€HOJNST-UOHAMM KETOHOB M €HaMMHAaMH Ipel-
ITOYTEHKE CleyeT OTAATh eHaMKHAM Kak 0oJjiee YHHUBEPCATbHOMY pe-
areHTy, cBOASIIEMY K MHHMMYMY BKaag MOOOYHEIX MPOLIECCOB
KOHJieHCAlIMM KapOOHWIBHBIX coe/IMHEeHM. B KauecTBe npumepa npu-
BEJIEHO NMPUCOEIHHEHHE €HAMMHA LIMKJIOreKCaHOHa K METUJIBUHWI-
xeToHy (3-6GyreH-2-0HYy), npuBoadiuee X 1,5-aukeToHy:

n-CH,CgH,SO,H;

. ; 110°C
S TOJN e
QFQ- alegon=2[(O40) |-

|

::‘ H,0* o ®
o +H2N\/j.
CH,CH,— CCH3 CH2CH2—§‘3CH3

O
,5-IMKeTOH

71%
( )l

Hcxonnple eHaMHUHBI Lielecoobpa3Ho MONIYy4YaTh NPH B3aMMOACHCTBUH
KeTOHA ¥ BTOpMYHOTO aMiHa B npucytrcTBuM TiCly Kak kucnotst JIblo-
Hca, B O4eHb MATKHX YCJIOBMSAX:

I CH,Cl
RICHy-C—R? + 2R,NH i o% R’CH=(I:—NR2 +
’ 2
R

e
+ RNHOCE + TiO,.
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BMmecrto o, B-HeHaCBIIIEHHBIX KETOHOB B peakuuu Cropka MOryT
ObITh HCIMOJIL30BAHbI TAKXKE O, 3-HEHACHILIEHHBIE CIOXHbIE 3PUPBI U
HUTPHIbL. DTH peakUUH OTKPHIBAIOT MyTh K CHHTE3Y 3UPOB U HMT-
PUIIOB 5-KETOKHCJIOT:

S JHUOKCaH
+ — —C—
<:Z)[N\/:| CH;=CH-C-OCH, ==~

O

H,0* ®
O O W0

CH,CH;~COCH, CH,CH,~COCH,

(73%)

EHamuHb! NOJ0OHO €HONMAT-HOHAM noxaseprawrcs C-ankuaupo-
BaHHUIO ¥ C-aLWINPOBaHUIO [0 CBOEMY [B-YIJIEpOZHOMY aTOMY:

o
CH,CH
% CH,=CHCH,Br; CHCl, C}g H,0*
60°C - H,0
Br®
T
CH,CH
®
— Cro - u8Q
(66%)
N:j CH,(CH,),C(0)Cl; (C,H,),N Ig(j
CHCI, oMz "
C: Cl
(CH,),—CH,
o)
SC(CH,),CH,
H 0+ (] [0)
T;;E’ o + HzNa + NH(C,H,),cf
1,3-aMKeToH
(70%)
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EHaMHHBI B 9THX peakUHsaX PaKTHYECKH BbINOJHSIOT POib CHHTETH-
YeCKUX SKBHMBAJIEHTOB eHOJMIAT-HOHOB. Kak yxe 6bUTo cKa3aHo paHee,
3THM TEPMMHOM B COBpEMEHHOU OPraHUYecKOM XMMHH OOBEAHHSIOT
IBa POACTBEHHBIX KJIACcCa COEOUHEHHIt, B3aUMO3aMEHSEMBIX [TpU pe-
ATU3ALUUA OJHOTO M TOTO X€ XMMUYECKOro NpeBpallieHHS.
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18.9.1. IlonyyeHHue aMHIOOB .......... ... 237
18.9.2. CgoiicTBa aMMAOB........ ... 240

18.9.2.a. Muaponus.................. ... 240
18.9.2.6. BOCCTAHOBIICHHE .....ooocnnviiiiieiieiiiceteee e e e e e e e aee e 242
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18.9.2.B. JIEMHMIPATALIMI ... ecoeuvmeiaeiiieeeaiirieaeeimtetaeaeneeessrrnes s e e aseneaneaeas 244

18.9.2.r. HATPOBUPOBAHME ..ot tsie e s 245
18.9.2.0. F'anoreHupoBaHue U Neperpynnuposka [opMaHa ................. 246
18.9.2.¢. AAKHINPOBaHHE aMHIOB U MX AHHOHOB .....cocevervieinineiinannnnen, 251
18.9.2.x. IIpncoenuueHe MarHHHOpPraH UMEeCKUX COEAMHECHHUM ............ 252

18.10. AIKHAUMAHHABL (HHTPHIIBL) ...voevreieirrirereeereesireeeneenereeamaressnresonresansesiarnan 253
18.10.1. TTOAYYCHME HUTPHIIOB -...ccoureriuurrraereiereennrerenreeenteeserteneresssneransesinsens 253
18.10.2. CBOMCTBA HUTPHIIOB .....oveeeriririeeeernisianssiassereetasserionasiessnsssnnessesnsas 255

18.10.2.a. KHCIOTHO-OCHOBHEIE CBOMCTBA HUTPUIIOB ...c.oecevvivniieninininns 255
18.10.2.6. THIPOMMS ...cocvieeieriteeiceicetete e reee e s e e srass s ene e e sesosenennes 256
18.10.2.B. AJTKOTOMHS ....ooeeritereiceeeeiretarieeeenseracraensesesncesasresenrssonsecsnions 258
18.10.2.r. INpucoeanHeHHne RAPYTUX HYKICO(DUILHBIX aTCHTOB IO

TPOHHOM CBABM HUTPHIIIOB .......vuecveneruenerentaasssseseresescssesnsseneas 259
18.10.2.51. BOCCTAHOBMEHUE ......ocvvvenierenvereereeceseaeietanasnsensenssnsresseensase 259
18.10.2.c. Peakumu c MeTamI0OpraHH4eCKHMU COCAMHEHHAMM

MAarHus K JIUTHA. MeTaIMpoBaHMe HUTPUIIOB .........ccocoueee. 262
18.10.2.x. Peakuni ¢ 351eKTPOPUIBHBIMU aTCHTAMM ....c.cooaeenvvernrurannns 265

18.11. 30LMaHHIB! (MIOHHUTPHIIBL) ...cccurrerenrereerirerireereensstesssnereecsssssssssnsassssssass 266
18.11.1. MeTOABI NONYYEHHUS MOLHUAHMIOB «....oeenreneaneeceierersienmensassernsnnas 267
18.11.2. CBONCTBA MBOMMAHMIOB «....ccveennrianrieieneresrenensenarnreesneeensressaesenerenns 268

18.11.2.a. Peakuuu ¢ 3/1eKTPOPHIBHBIMU PEATCHTAMMU .....ovocnnrviinraninane 269
18.11.2.6. Peakuuu ¢ HyioleopUAbHLIMYM areHTaMH. MeTannupoBatue

HMBOLMAHMIOB .....eeeenrieneresearaiseensereisneessanessassssasassseanssessssassasen 269

Kap6oHoBBIE KHCIOTHI COREPXAT PYHKIIHOHAIBHYIO KApOOKCHIIb-
Hyio rpynny COOH, cBs3aHHYIO ¢ paAHuKaJIOM WIM aTOMOM BOJOpO-
Ia. Huxe npuBeaeHb! JUIKHBI CBA3€it M BAJIEHTHEIE YIJIBI B MypaBbU-
HOH U YKCYCHO# KHCJIOTaX:

H,C

N Ne=
0~ C=0 o
\H \H
HCOOH CH;COOH
AMHEA cBs3E, A BAJICHTHMH YTO1, JUIMHA CBA3H, A BANECHTHBIH yTO,
pan rpan

Cc=0 1,202 | H-C=0 124 Cc=0 1,25 C-C=0 119
c-0 1,343 | 0—-C=0 125 c-0 1,31 0-C=0 122
O-H 0,972 | H-C-0O 111 O—H 0,95 C-C-0 119
H-C 1,097 | H-0-C 106 c-C 1,52

BenuuyuHe! BaneHTHBIX yIyIoB, 6auM3kux K 120°, M rutockuil xapakrep
KapGOKCHIBHON TPYINIbl YKA3bIBAET HA Sp°-XapaKTep rMOPMAM3alIUK
yraepoga COOH-rpynnet. He npuHKUMalowas yyactusi B rubpunusa-
LUHN p-opOMTAJIL aTOMA YIJIepona ¥ p-opOUTaIb KUCiopoaa o6pa3yior
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Pu3nueckne CBOKCTBA KapOOHOBMX KHCROT

Tabnuua 18.1

Temnepa- Temnepa-
Kucnora Dopmyna TYpa TYpa IInoTHOCTS,
mln:ném, xuenenus, ‘C r/ma
MypaBbrHas HCOOH +8,5 101 1,22
YkeycHas CH;COOH +16,5 118 1,05
IMponuoHoBas CH;CH,COOH —-21 141 0,99
MacnsiHas CH;CH,CH,COOH -6 163,5 0,96
H3omacasaHas (CH;);CHCOOH —46 154,5 0,95
Banepnanosasn CH;(CH,);COOH -34 186 0,94
KanpoHoBas CH,(CH,),COOH —4 205 0,93
DHaHTOBas CH;(CH,;)sCOOH =75 223 0,92
Kanpunosas CH3(CH,)COOH 16 240 0,91
IenaproHopas CH3(CH,);COOH 12 254 0,90
KanpuHosas CHj3(CH,)3COOH 31,5 269 0,88
INansMUTHHOBaA CH3(CHy),4,COOH 64 390 0,85 npu
65°C
CreapyHoBas CH;(CHj,),,COOH 71,5 376 0,84 npu
80°C
IIuxnorexcaH- unknoCgH,;COOH 31 232 1,05
xapboHoBas
Axpunosas CH,=CHCOOH 13 142 1,05
OrsnenHoBas CH,(CH,),CH 16 286 0.89
COOH(CH,)CH
IIponuonosasa HC=CCOOH 18 144 1,13
GenmnyxcycHan CsHsCH,COOH 77 266
Bensoitnan CsHsCOOH 122 249
o-Tonyunosasn 0-CH;C¢H4COOH 105 258
x-Tonywnosas »#-CH;3;C¢H,COOH 110 263
n-Tonynnosas n-CH3C¢H,COOH 182 275
n-XnopbeHaolHasn n-CIC¢H,COOH 242 -
n-Hurpobensoitnas n-NO,CcH,COOH 242 -
Canvumunosan 0-HO—C¢H,COOH 259 -
AHTpaHWIOBast 0-H;N-C¢H,COOH 246 -
LlaBencBas (COOH), 189 -
Manososas CHy(COOH), 135 -
AnxrapHas HOOC—(CH,);—COOH 185 -
I'nyraposas HOOC(CH,);COOH 97 200/200Mm
AIvnuHosas HOOC(CH,)(COOH 153 265/100mm
®ranepan 0-HOOC—-C¢H,COOH 213 -
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T-CBA3b MOHNOOHO TOMY, KaK 3TO UMEET MECTO BO BCeX KapOGOHWIIb-
HbIX coeqWHeHHUsX. [IBe cBA3M yriaepola M KHCIOpPOAa B MYDABbH-
HO#, YKCYCHO# H APYTMX KMCJIOTax [0 JJIMHE pa3NUYHbI, YTO COOT-
BETCTBYeT (hOpMaIbLHO NBOMHOU M mpocToit cBsisu. B TBepaom u
XKHMIKOM COCTOSIHUM M Jaxe B fnapaX KapOOHOBBIE KMCJIOTbI Haxo-
JSITCS B BUIE OUMEpPOB, [I€ OHU CBA3aHLI IBYMS OYEHb IIPOYHBIMU
BOJOPOIHBIMM CBSI3SIMH.

0O O H-O
o4 4 N
2RC R—C C—R
“SoH TQ-H----eee e
v 267A

DHeprusi AMMeEpHU3aLMu B ra3osoil ¢ase IS MypaBbHHON KHCIOTHI
BeChMa BEJTHKA M COCTaBJIsAeT MpUMEPHO 14 KKan/MoJb.

18.1. HOMEHKIJIATYPA

st KapGOHOBLIX KMCJIOT CYLLECTBYET IBE pa3IMYHbIX HOMEHK/IA-
Typbl. MHOrHe KapGOHOBbIE KHCIOThHI UMEIOT TPUBUANBHEIE HA3BAHUS,
CBSI3aHHBbIE OOBIMHO C KAKUMHU-THMO0 CBOMMH NPHPOAHBIMM UCTOYHH-
kamu. CornacHo HoMeHknaType MIOTTAK, kapGoHOBbBIE KHCIOTHI UME-
JOT OKOHYaHUE «OBasI».

st Ha3sBaHMSI 3aMellleHHBIX KapOOHOBBIX KHCIOT BhIOUPAIOT HAaM-
6osiee IIMHHYIO LieNb, 00M3aTENLHO CONEpXallylo KapOOKCHIJIBHBIM
aTOM YIJIepona, KOTOpHIH OmpejiesiseT Hadyalo HyMepalMu U MMEET
NEepBBIK HOMEp:

8 7.6 5 4 3 2 1.0 ;4
fear By 2o AL 2 & ~TMIPOKCH~5-METHII-
CH;-CH,-CH, gﬁ CH, gﬁ CH, C<OH OKTaHoBas KACIOTE
3

6 5 4 3 2 1
CH3-('3H—(IZH—?H-CH2—COOH 3-6pom-4,5-1MMeTWIreKcaHoBas
CH, CH, Br xucnora

J1sl TPMBMANBHBIX HAa3BaHMIl 3aMellleHHBIX KapOGOHOBBIX KMCJIOT LK~
POKO HCIIONB3YIOTCA 0003HaYeHMsT 3aMecTUTeNel rpeyecKUMHU OyKBa-
MU Q, B, Y ¥ T.0.

o a -XJIopMac/iaHaa KMNCjl0Ta,

=
CHJCHZ(IZHC< W 2-xopbyTaHoBas

a ©
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y-beHWwIMacsHag,

0]
z
@—CHzCHﬂHzC\OH win 4-bermnGyraHoBast KHCII0Ta

s UMKJIKYECKUX Kap6OHOBBIX KHCIOT MOXHO MPUMEHSATD U APYTYIO
HOMEHKJIATYPY, B KOTOpPOM KHCJOTbl HOCAT Ha3BaHHE LHUKJIOAIKAH-
KapOOHOBBIX KHUCJIOT, HAIPUMep:

o

LIMKJTorecaHKapOoHoBast
KHNCJIOTa

a
%SOOH

COOH

(Nen,

1 -MeTMnuMKnoneHraHkap6oHoBas
KHCJIoTa

COOH

1-6poM-2-XJ10pLIMKIONEHTAaHKapGoHoBast
KHucsiora

Ta6nauua 18.2
Homenxnarypa xapOoHOBMX KHCJIOT

Coeqmnenne TprBuansHOE Ha3BAHRE Haspamne HIOIIAK
HCOOH MypaBbHHas MeTaHoBast
CH;3;COOH yYKCycHas 3TaHOBas
CH;CH,COOH NpONHOHOBas nponaHoBas
CH;CH;CH,COOH MacJisgHas GyTaHoBast
CH;(CH,);COOH BalepHAHOBAast NEeHTaHOBast
CH3(CH,),COOH KanpoHoBast rexcaHoBast
CH;3(CH,)sCOOH 3HaHTOBas renTtaHosast
CH;3(CH;)¢COOH Kanpwiosas OKTaHOBas
CH3(CH;);COOH neaaproHoBast HOHaHOBas
CH;3(CH3)sCOOH KanpHHOBas JieKaHoBast
CH3(CH3)10COOH JlaypHHOBas IoaeKaHoOBas
CH;(CH;);,COOH MMPHCTHHOBAas TeTpaficKaHOBast
CH3(CH,)14COOH naJibMUTHHOBasA rekcageKkaHoBas
CH3(CH,);sCOOH CTeapMHOBas OKTaAeKaHOBas

Jucconnauua KapooHOBHMIX KHCJIOT

Kap6oHoBbIE KUCIOTHI OTHOCSTCS K CJIaGbIM KUCIOTaM ¢ pk,
okoso 5. JAns ykcycHoit kucaotsl pK, = 4,74, 4TO COOTBETCTBYET CTE-
neHu auccouuanuu nopsaka 1% B 0,1 M sogHoM pactBope. XoTs
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KapOGOHOBBIE KHMCNOThI ropasno ciabee, yem HCI, HBr, H,SO, u op.,
OHM 3HAYMTENBHO IPEBOCXOMAT MO CMNOCODHOCTH K AHCCOLMAUMHU
CIIMPTHI, 4 YKCYCHasl KHCJIOTA MO KOHCTaHTe Auccouuauuu B 10'!
[PEBOCXOXHUT 3TAHOJ.

Tlpu muccounanvy crnupra obpasyeTcsl aIKOKCHIA-HOH, B KOTO-
POM OTpHUATE/IBHBIN 3apsll JOKANH30BaH Ha aToMe Kucaopona. B kap-
Ookcunar-uoHe, obpasymwlueMcd NpU IUCCOLMALMM KAapOOHOBOM
KHMCJIOTHI, OTPULATENLHbI 3apsi AeIOKAIM30BaH B PABHON MEpe MeX-
Iy oOOMMHU aTOMaMM KHUCJiopoaa:

0 0
R—cZ == r—co +H®
OH o

OnucaHue cTpoeHHs KapGoKcHIaT-HOHA B paMKax Metona MO naer
npocroe o6BsiICHEHUE 3KBUBalleHTHOCTH ABYX C—O cBazeit: p-opbu-
Tajs yriaepola B KapOOKCHUIAT-MOHE NTEpEKPhIBACTCS B paBHON Mepe
C p-OpOUTANBIO KAXJAOro aToMa KMCIOpoJa TaKUM o06pa3zoM, 4To ye-
THIPE p-3JIEKTPOHA JEJOKATM30BAHbl Ha TPEXLEHTPOBOM N-3JIEKTPOH-
Ho# cucteme. PaBHOLIEHHOCTD ByX aTOMOB KHC/IOpPOJa B KApGOKCH-
JlaT-MoHe MOXeT ObITh TaKXe BbIpaXeHa C [MOMOIUBI0 H3OTHYTHIX

G
crpesiok: R—Cg_ WIH C MOMOLUBIO ABYX 3KBUBAJICHTHBIX 'PaHUY-

GO

HbIX opMyn:

OG
e
R-CL

o
Z
R-CC

JaHHble QHIHYECKMX U3MEPEHHI TaAKXKe YKA3bIBAIOT HA NEJIOKAIM3a-
LHIO 3apsaa B KapGokcunar-uoHe. B dopmuar-uone 06e C—O-cpsasu
paBHBI 10 IUVIMHE, U JIMHA 3Toi cBs3u 1,27 A oxaspiBaeTcs rpome-
Xyroyxoit mMexay C=0 cpssbio (1,20 A) u C—0 (1,34 A) B camoit
MYpPaBLUHOMN KHUCJIOTE.

B TaGauue 18.3 npuseneHsb! 3Ha4eHUA pK, 411 psaaa KapOOHOBBIX
KHCHoT B Boxe npu 25°C.

U3 paHHBIX, npencraBiaeHHbIX B Tabn. 18.3, caenyer, 4yro 3aMe-
LIEHHBbIE KApOOHOBbIE KHUCIOTHI OYEHb CHJIBHO Pa3jIMyaloTcs 10 CBOoei
cwie. TpudbTopyKcycHas KHCIOTA NO KOHCTAHTE QUCCOLUMALIMM IIpe-
BOCXOIUT YKCYCHYIO Kuciaotry B 50 000 pa3s. [TockosbKy auccolyauust
KapOOHOBBIX KHMCIOT obparuMa, Jio6oit dakTop, cTabMIU3UPYIOLIMIA
Kapb6OKCHIAT-MOH OTHOCHTEIBHO HEIUCCOMMMPOBAHHOR GOpMBI, KO-
XeH MPUBOAMTS K YBEJIMYEHHIO KUCIIOTHOCTH, T.€. K YMEHbIUEHUIO pK,.
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Ta6auua 18.3
Beanuunm pK, nekoropsix xapbononnix xucaor s soge npu 25°C

Kucnora pK, Kncaora pK,
CF;COOH 0,23 |n-FC¢H4,COOH 4,15
CCl13COOH 0,64 ]|n-CIC¢H,COOH 4,00
CHC1,COOH 1,26 §n-BrC4H,COOH 3,96
CH,;NO,COOH 1,48 D—COOH 4,83
CF380,CH,COOH 1,88 Q—COOH 4,99
CH,S0,CH,COOH 2,36 O—COOH 4,91
NCCH,COOH 2,47 JHCOOH 3,75
CH,FCOOH 2,59 JCH;COOH 4,74
CH,CICOOH 2,86 JCH;CH,COOH 4,87
CH,BrCOOH 2,96 §CH;CH,CH,COOH 4,81
CH,ICOOH 3,18 jCH3CH(CH;)COOH 4,84
CH,OHCOOH 3,83 J(CH;4);CCOOH 5,03
C¢HsCH,CH,COOH 4,66 |CH;(CH,)¢COOH 4,89
CH;3;C=C—COOH 1,84 JCs¢HsCOOH 4,20
HC=C—COOH 2,62 |r-CH;C¢H,COOH 4,37
CH,=CHCOOH 4,65 }o-CH3C¢H4COOH 3,91
CH;CH=CH—COOH (mpanc) 4,68 |m-CH;C,H,COOH 4,25
C¢H;CH=CH--COOH (mpanc) 4,44 En-1C¢H,COOH 3,9
0-CH30C¢H4COOH 4,08 §o-O,NC¢H,COOH 2,17
»#-CH;0C¢H4COOH 4,10 Im-O;NC¢H4COOH 3,46
n-CH;0C¢H,COOH 4,50 |n-O,NC¢H4,COOH 3,43
#-(CH3);CC4H,COOH 4,20 |C4FsCOOH 1,75
n-(CH3)3;CC¢H4COOH 4,38 ]2,4,6,-(NO,);C¢H,COOH 0,65

Hecrabwinsaiua KapOOKCHNaT-woHa JOJKHA NMPHUBOAUTb K YMEHb-
IEHHIO KHCJIOTHOCTH M, CASNOBATENILHO, K POCTY BeIMYMHLI pK,. Dnek-
TPOHOAKHUENTOPHEIE 3aMECTUTEH YBEJIMYUBAIOT KMCIIOTHBIE CBOMCTEA,
a 3MIEKTPOHONOHOPHBIE AIKWILHBIE TPYINIb MOHWXKAIOT KUCIOTHBIE
cBoiicTBa. Bce MOHO-, IM-, ¥ TpHTrajOreH3aMellleHHbIE IPOU3BOIHBIE
YKCYCHOH KHMCJIOTH NPEBOCXOAAT €€ MO KOHCTAaHTE OUCCOLMALIMM, B
TO BpeMs Kak IPONUOHOBasA, MacjigHasgd, BAICPHAHOBas M TPUMETILI-
YKCYCHasi KHCJIOTHI SIBSIIOTCS GoJiee ClIabbIMM, YeM YKCYCHAs KHCJIO-
Ta. UHTeprnpeTausa TaHHBIX 1O U3BMEHEHHIO KUCIOTHOCTH KapBoHo-
BBIX KMCJIOT OCHOBHIBAETCS Ha MHIYKTUBHOM 3G ¢eKTe 3aMecTUTENIEH
172



(ra. 2, 4. 1). 3aMecturenu, obaanaionmie -I-3¢PeKToM, CTaGHITN3IN-
PYIOT KapOOKCHIAT-MOH, YTO HEIOCPEACTBEHHO OTpaXaeTcs Ha 3Ha-
yeHUH pK, COOTBETCTBYIOMNX KHCAOT. UHIyKTHBHBIN 3¢ dekT 3amec-
TUTEJISI 3aBUCUT OT PACCTOSTHHUSA MEXIY 3aMECTUTENIEM U PEaKLIMOHHEIM
ueHTpoM. BiusHHe aTOMa raoreHa yMeHBLIAETCS 110 MEpPE TOTO KakK
OH YIOJISAETCS OT KApOOKCWILHOM IPYMIbl. DTO HAMIATHO MOXKHO TIPO-
JIEMOHCTPHPOBATh Ha MPHMEPE XIOPGYTAHOBBIX (XJIOPMACIISTHBIX) KMC-
JIOT. 2-XnopbyraHoBas (o-XJIOpMacisHaa) Kuciaora uMeeT pk, 2,86,
TOraa Kak g 3-xnop6yraHoBol (B-xnopmacnsaHoi) pK, BospacraeT
no 4,05; a pK, 4-xn0pbyTaHoBO# (Y-XJIOpMACISTHOH) KMCIOTH PaBHO
4,52, uyro oyeHb 61m3Ko K pK, caMoii MacnaHoi xucnotsl (4,81). Ilo
TOH Xe MpPHYMHE BCe Hepa3BeTBIEHHbIE KapOOHOBBLIE KHUCIIOTHI, CO-
Iepxalmne 6oyee MATH aTOMOB YEJIEpoJa, HMEIOT OYeHb OJIM3KKE KOH-
CTaHThl JUCCOLHALINH.

18.2. IIOJJYYEHHME KAPBOHOBBIX KUCIJIOT

B aToM pasnene, Kak HEPEAKO OeNajoch paHee, OyleT npuBeieHa
TOJILKO KpaTKas CBOAKA OCHOBHBIX METONOB ITOJMYYEHHUS] KapOOHOBBIX
KHCJIOT.

1. Ogncnenne nepBuanbIX cnuproB (ra. 11).

TlepBuUYyHBIE CITMPTHI OKUCAIOTCA N0 KapOOHOBEHIX KHCIIOT pea-
redroM JIXoHca WM TNepMaHraHaToOM Kajlis B KHMCJIOW WIM HEWT-
PaNLHOM cpene:

CH3CH2\ KMI’IO4
CHCH,OH ——5a CH,(CH,);CH-COOH .
CH4(CH,)y” i ]
CH,CH,
(74%)
Cr0,—H,0—H,S0,
CH3(CH,);CH,0H 4 CH,(CH,);COOH (93%) .

all€TOH

2. Oxucaenne ampaernaos (ri. 16).

[nsg oKMciieHHsT aibAernios UCMONb3YIOTCA 3TU XE€ peareHTHl, a
TaKKe OKCUJ cepedpa. AJUTMIOBBIE CIIMPTH H30MpPAaTENBHO OKUCIISIIOT-
csl 10 o, B~HeHAChILIEHHBIX KUCIOT CMEChIO OKcuaa cepebpa U uua-
HHUa Kanus 6e3 u3aMeHeHUs] KOH$UTIypauuu JBOKHON CBA3M:

KMnO,; H,50,

CHy(CH;)sCHO —g 55

CH;(CH,)sCOOH (78%) .
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Ag,0; KCN
Q—CHO 5o Q—coon( %)

H_: CH,OH o-KcN H COOH
>C=C/ 2 Ag,0; N >C= C/
R ~H H;0 R SH

3. lucoponopuuoHnpoBanne ambaernaos no Kanuunnapo (ra. 16).

Dta peakius, B IpMHUUNIC, MIPpUMCHHUMA OJA NOJYYEHHUS apoMa-
THYCCKHUX KUCJIOT.

2(O)-cHo—KOH COOH + CH,OH .
cnupr-oga; 100°C

OH OH (94%) OH (94%)

4. OKHCIeHAe KETOHOB 0 CAOXHBIX 3¢upos (peakuus Baiiepa—
Buanurepa: ri. 16).

OTa peakuusi HAXOAUT OYeHb OrPaHHMYEHHYIO 00JIacTh IpUMEHE-
HUA 1151 OKUCJIIEHUS] CUMMETPUYHBIX KETOHOB MU METHJIKETOHOB I1O]
JEeHCTBUEM IEPKUCIOT.

(u) NaOH

O
CH;CHzO—C — CH;CHzc

H,0
CH2CH3 2 (78% ON

CH,;CH,COCH,CH cheod
3L, 2“5 "cpya,

5. I'anodopmuas peakuus 1% MeTHIKeTOHOB (ri. 17).

Br, + NaOH
CNUpT-BOAA

COCH,; NaOH: Ci COOH
3 TF(I:-Bona; 720'c + CHC, .

87%)

RCOCH, RCOONa + CHBr; .

6. OxucmurenbHOe paciieieHse aikenos (ri. 5).

AJNKeHBbI, UMEIOLKMEe TIPH OBOMHON CBA3M OXHMH aToOM Yriepola,
IIPU OKMCIIUTENbHON NECTPYKLMH JAIOT KAPOOHOBBIE KUCAOTHI. PaHb-
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e A5 3TOM LEeAH UCTIONb30BAIH NnepMaHraHaTt Kanus WiH 6y1xpoma1“
Kanusi B KUCIoi cpene, ODHAKO BBIXOAbI Kap60HOBbIX KHCIOT NIpH
3TOM ObUIM HEBBICOKHE. COBpCMeHHbIﬁ METOJX OKUCIIUTEILHON IecT-
PYKIIMN AJTKEHOB OCHOBAH Ha MCIOJb30BAHWM CMECH NEepMaHraHarta
Kanus ¥ NepruonaTa HaTpus B BOOHOM alleTOHE B HEUTpaJIbHOM cpene:

KMnO,; NalO,

1 2
oo~ R'COOH + R’COOH .

R!CH=CHR?
Ka)l(llbli/'[ H3 3THUX pPEAarcHTOB BBINMOJIHACT CBOIO (byHKuPIlOI nepMaHra-
HaT OKUCJIAET aNKEH N0 BPH.IHHaJIbHOI‘O JAuosia, a mepuoaaTr OKHUCIACT
AUon fo Kap60HOBbIX KHMCJIIOT. IIJI}I peakiuun TpeGYlOTCﬂ JIMIDb KaTaiu-
THYECKHE KOJIMYECTBA II€pMaHTaHaTa, TaK KakK H30BITOK rnepuonara
BHOBDb OKUCIAET Mn“ pi(o] Mn+7. MeTOJI OT/IUYaEeTCH OYEHDb BBICOKOMN
CCJIIEKTUBHOCTBIO.

KMnO,; NalO,
Tper. -6yrioBsit crmpr-pona; 10°C

CHs(CH2)7(|:=(I:(CH2)7COOH
H H

—= CH,(CH,),COOH + HOOC(CH,),COOH .
(100%) (100%)

I[pyroﬂ PAa3HOBUIOHOCTBIO OKMCIIMTEILHON AECTPYKUMH AJTKEHOB SIB-
JIACTCA OKHCJICHHEC NEpMaHIaHATOM KalHUs B YCIOBHUAX Me)Kd)aSHOI‘O
KaTtanu3a COJIIMH TCTpaalKWJIaMMOHHSI:

KMnO,

Bona-6enzon; 20°C
N(C,H,)? Br®

R!CH=CHR? R!COOH + R*COOH .

KMnO,

Bona-6eHzon; 20°C
N(C,H,)? Br®

CH,(CH,);CH=CH,

CH;(CH;),COOH (91%) .

7. Oxucrenne anKni0eH30J10B M APYTHX alKmaapenos (ra. 12, 9. 2).

310 Haubosee pacnpocTpaHEeHHbIH METOA CUHTE3a apoMaTHyec-
KHUX KapboHOBBIX KucnoT. [lepBUyYHbIE  BTOPUYHEIE ATKWIBHbBIE IPYII-
bl, IPUCOEOMHEHHbIE K DEH30JIbHOMY KOJbLLY, OKUCISIIOTCA X0 Kap-
6OKCUABHOI rpynnbl. B kadyecTBe oKMCIUTENsE HPUMEHSIIOTCS BORHBIH
LENMOYHON WIM HeHTPaNbHBI pacTBOpPHI MepMaHraHara Kajius, 6u-
XpoMmara HaTpusl B KHCJIOH cpelle WM BOXHAs a30THas Kucjnora. Brui-
X0Ibl KAPOOHOBBIX KUCIIOT KOJIEOMIOTCS B BECbMa LIMPOKUX Mpeaesiax.
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KMnO,
ow—@—cm - 0(;, 0,N«()~COOH (88%).

CH;  Na,Cr,0, COOH
CH3 BO).I:; 250°C COOH @7%).

ITepMaHraHat Kanmus MOXHO MEpeBeCTH B pacTBOP AaXe B HEmoJsip-
HOH cpefie ¢ IOMOUIBIO KOMILIEKCOOOpa30BaHUS KATHOHA KallMfd C
18-kpayH-6-nosuapupom.Takum o6pazoM B GeH30J1e MOXHO MOJY-
YUTh CTAaOWIIBHBIA pAacTBOp MNEpMAaHraHara Kajusi ¢ KOHLEHTpauuen
0,06 M, KoTOpBIi HAa3bIBAETCA «[IYPIYPHBIM OEH30/0M». DTOT pacTBOp
JIaAKO OKHCISAET ANKWIOEH30Jbl 10 KApOOHOBBIX KUCJIOT:

KMnoO,
©)-cH ©)-cooH (78%).
} 6: 20°C

Oenaon; 18-kpayH-6;

8. KapGonunmupoBanne ajiKeHOB.

BTOT IPOLIECC UCITONb3YIOT JUIS IIPOMBILILIEHHOIO MOMy4eHH Kap-
OOHOBBIX KHCJIOT. AJKeHbl B IIPHUCYTCTBHUM TeTpakKapOOHHWNIA HUKENs
MPUCOETHHAIOT OKKCh YIJIEPONA H BOLY B XeCTKMX ycaoBusax (Penne).

Ni(CO),
200—500°C; 15 amv

RCH=CH, + CO + H,0 RCH-COOH .

CH,

BMecTo TeTpakapGoOHMIIa HHKEIS B Ka4ecTBe KaTann3aropa KapGoHu-
JIUPOBAaHUS MOXHO HCIIOJIb30BaTh KOMIUIEKC XJIOPHUCTOrO MaJUIafus C
tpudeHuwipochuroM. VisyyeHre MexaHU3Ma 3THX peakIUil SBIsIeTCA
MpeaAMeTOM OGCTOATENbHBIX UCCAEAOBAHHI B MMOCAEIHHE TOALI U CO-
IEPXUT elle MHOTO HESACHBIX MOMEHTOB.

9. KapboxcummpoBanne peaktuBoB I'pmapapa (ra. 22, 1. 4).

O H
RMgX ——» >np RCOOMgX — 3= RCOOH .

IlonyyeHne KapGOHOBBIX KMCIOT C IOMOLIBI0O MarHKIOPraHUYeCKUX
COEIMHEHUI MMEET Te Xe OTrpaHUYEHHS], KOTOPhIE XapaKTepHbI AJS
ITOJIyYEHUSI CAaMMX MarHUMOpPraHUYeCKHX COeqUHEeHHIA.

Mg 1) CO,
CH3(CH2)2CH2BT —"35;1—‘. CH;CHchzcﬂzMgBr m
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——= CH;CH,CH,CH,COOH (73%) .

CH, CH;,3
Mg
H,C B —2. H,C S
} ' apup @Mg&
CH, CH,
CH,
1) CO,
——21 = H,C COOH (87%) .
2) H,0; H® (87%)
CH,
(CH,);CCl Me _ cHpeMea 2502 CH,),CCOOH
373 3¢"p ( 3)3 g 2) H30®, Hzo ( 3 3(80%) .
C,H,Li . 1) CO,
CH,C=CH 42—+ CH,C=CLi ~~——2-——s CH,C=C~COOH .
3 e 0 D H0%HO 95

BMmecrto MarHUMopraHMyecKux COCIUHEHUI MOXHO HCIOJb30BATh
numﬁopraﬂnqecxue COCINHECHHA.

10. KucnoTHBIH WM MEI0YHOM MAPOIH3 HHTPUIOB.

Hutpuisl mogBepraoTcs TKAPOIK3Y B KUCAOTHON M INENOYHOM
cpesie ¢ 00pa3oBaHUeM KapOOHOBBIX KMCIOT. [ MAPONN3 HUTPHIIOB TpE-
6yeT IpUMEHEHHs O4YeHb XEeCTKHUX YCAOBUHA M IIPOBOIUTCS NpPH Ha-
rpeBanuu 1o 100—200°C B TeyeHHe HECKOALKHUX YACOB MM JaXe He-
CKOJIBKMX CYTOK:

?HB STWICHITIHKONb (,:HB
CGHscHz'"?"CHch + KOHWCGI'IsCHZ_(':‘CHzCOOK .
CH3 CH3

(91-93%)
75-%-a HzSO4
@ 150°C; 5 4 @ (80%).
H,C CN .H;C COOH
KOH
CH3(CH,)sCN CH;(CH,;),sCOOK (79%).

CH,CH,0H-H,0; 100°C
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HuTpuisl 06BIYHO 1MOIYYAIOT U3 ANKH/TATOTEeHNAOB U LIMAHWIOB
HaTpUA unM Kanus. [ig 3Toi Uean NPUroJHbI TOJNBKO NMEPBUYHBIE U
BTOPUYHBIE aNKMJITanoreHuabl. TpeTHYHbIE AIKHITaJIOTeHNIbI He 06~
pPa3yioT HUTPWIOB TpH B3aUMOAEUCTBUM C UMaHWI-MOHOM, 2 MOIA-
BEPraloTcd 3AMMMHMpoBaHuio E2 ¢ oOpasoBaHHEM ATKEHOB:

NaCN
RCHZC] IIMCO; l(x)_lsooc RCHZCN ;

Takum o6pa3oM, U3 ANKWATAJIOTEHUIOB MOXHO B pe3yibTare LBYX-
CTaIMITHOI'O IIpeBpallieHUs T0Jay4aTh KapOOHOBBIE KHUCIOTHI, COAEp-
Kallue Ha OJMH aToM yrjieposa 6oJblie, 4eM UCXOAHBIE TAJIOTCHUIDI.
OTOT METOA CAYXHUT LEHHBIM IOIMOJTHEHUEM K CHHTE3y KapOOHOBBIX
KUCJIOT C MOMOILBIO MATHUAOPTAaHUYECKUX COCAUHEHUN.

11. Iloxyyenne romMonoroB KapOOHOBBIX KHCIOT H3 KapOOHOBBIX
KHCJIOT.

3Ta peakiusa npeacTaraser coboit oblUi MeTOR TpeXcTaauitHO-
ro npeBpallieHUst KapGOHOBOH KUCJIOTHI B CleAyIouMit romonor. C sToi
LIEJBIO KapOOHOBYIO KHCJIOTY IEPEBOISAT B aALWJITAIOTEHUN, U3 KOTO-
poro npM KOHAEHCAUMHU C JAHUA3OMETAHOM oOpa3yercss OUa30KETOH.
Jna3oxeToH B IPUCYTCTBUK OKcHI2 cepebpa noasepraercst neperpyn-
NHAPOBKE B KETEH, KOTOPLIi NpHCOEIMHSET BOoAy C obpazoBaHMEM
HOBOI KapOOHOBOM KHCJIOTHL

socl 0 o)
RCOOH——>RcZ LMo _pc?™ 4 o _A80
Na CH=N=N

—~RCH=C=0 2%+ RCH,COOH ;

0
i1

HOOC(CHCOOH —>2 o i 0 __ St __

ce6aumHoBas Genzon—/IMPA (CH,)C—~Cl adup; 0-10°C

KHCIIOTa
Ag,O
——N2CHCO(CH2)8COCHN2Bona_moxca}r 55° HOOC(CH,),COOH .
(77%) ’ (72%)
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12. CuHre3n ¢ MaJIOHOBLIM (UpOM.

BTO OOUH U3 TYHLIMX METONOB CHHTE3a KApGOHOBBIX KMCIIOT CTPOTrO
onpexneneHHoi cTtpykTypbl. llesouyHble eHONATH MaioHOBOro 3¢dupa
noaBepraoTcs peruocnermbuyHoMy C-aIKMIKPOBAHKIO MO AEHCTBU -
€M MEPBUYHBIX M BTOPHUYHBIX AMKWITANOTEHUIOB K AKWICYIbdOHA-
ToB. [Tocneayolmii rHIPONKU3 KOHIEHTPUPOBAHHOMN CONAHON KHCIIO-
TO{ COMpPOBOXAAETCHA NeKApOOKCHIUPOBAHMEM M NPHBOAHUT K
KapOOHOBOI KHCNIOTE:

1) CH,CH,0Na; C,H,OH

CH,(COOCH,CH,),
2) CH3(CH2)GBI'; 80°C

xoHu. HCI

—CH,(CH,){CH(COOCH,CHj,), W

CH;(CH,);COOH (75%);

COOCH,CH,

CH,(COOCH,CH;), ) SH:CH,ONa; GH,OH E’LCOOCH2CH3_.
2) Br(CH,)Br

1) KOH; H,0 COOH
2) H,0* 1°C

(42—44%) ;

50%-i NaOH—H,0—CH,Cl,

CH,(COOCH,CH,), + BrCH,CH,Br —>-
: B P ¢ H,CH,N®(CH,CH,),a®
COOH _tC_
— COOH {>—COOH +CO,.
(75%) (70%)

13. Mugpons3 anuIraNoreHHIOB, AHMMIAPHAOB, CJAOXKHLIX 3¢HpOB,
aMHIOB M APYTMX APOM3BOAHBIX KapGOHOBBIX KHCJIOT.

Bce nmpou3BoaHbie KApOOHOBBIX KMCIIOT IPU TMAPOIM3E B KUCIOM
WIM LUETOYHOK cpelle oOpa3yioT KapOOHOBEIE KUCIOTHI.

CyecTByoT 0cOObIe METOMABI IOJYYEHUsT OBYX IEPBbIX WICHOB
TOMOJIOTHYECKOr0 pslia KapOOHOBBIX KUCIOT. MypaBbUHYIO KUCIOTY
[OJIYYalOT B NPOMBILUIEHHOCTH [IpM HArpeBaHHUM MOPOIHKOOOpa3Ho-
ro THAPOKCHMAA HATpMA ¢ oKcuaoM yriaepona I mon maBneHHeM c
nocienymlieit Heitpanusauueit ¢popmuara Hatpus pasbaBieHHON
CEpHOI KUCIOTOM:
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NaOH + co 222G 1081 13 00Na 2222 oo
H,0
YKCYCHYIO KHCIOTY B IIPOMBIMUIEHHOCTH NOJIY4al0T HECKOMBKU-
MU pas3nuyYHbBIMK criocobamMu. CaMblil CTaphlil 3 HUX 3aKII0YAETCS B
OKMCJIEHHH YKCYCHOTO albAerMaa KHCIOPOAOM BO3/yXa B IIPUCYTCTBUH
pa3iUYHBIX TeTepOreHHBIX KaTalMM3aTOpoB, U3 KOTOPBIX HaubGoinee
abdexrBen anerat kobansra (I11):

(CH,C00),Co

30C, 5 ame ~ CH:COOH..

(90%)

Bonee a¢phexTHBHBIN crTocob 3aKITIOYAETCS B KATATUTHYECKOM OKMC-
JUTEJIbHON HEeCTpyKUHMH OyraHa ¢ 0Opas’oBaHMEM IBYX MOJIEKYN YK-
CYCHOM KMCJIOTHI:

0
cmcfH +0,

Co(OAc),
CH,;CH,CH,CH; + Ozm 2(:(!;82)00H .
’ o

HenasHo 6bi1 paspaboTaH OpUrHHAIBHLIN METON MOAYYEHHUS YK-
CYCHOH KMCHOTHI NMPSAMBIM KapOOHWIMpPOBAaHUEM METaHOJNA B IIPH-
CYTCTBUM CJIOXHOTO KAaTalu3aropa Ha OCHOBE KOMILIEKCOB pOIUs
(rn. 28, u4.4).

i 18 . 180°
CH,OH + co R 15 30 amw; 180°C_ vy 00H

(99%)

18.3. PEAKIIMU KAPBOHOBBIX KHCIIOT

Peaxiyin kapOOHOBBIX KMCIOT MOXHO ITOAPA3NEANTh HA HECKOJIBKO
GOIBIUMX IPYITIL:

1) BOoccTaHOBNIEHHE KAPOOHOBBIX KMCIOT;

2) peakuuM AeKapOOKCUIUPOBAHUS; .

3) peakuuM 3aMelUeHUs NP OL-YIJIEPOXHOM aToMe KapOOHOBBIX
KUCJIOT;

4) peaxuuMd HYKIeO(MWIBHOro 3aMELIeHUs] Y alWJIBHOIO aToMa
yriepoja.

PaccMOTpUM NMOCAEH0BATENIBHO KAXAYIO U3 3THX TPYI peaKLHit.

18.3.1. BOCCTAHOBJIIEHHUE KAPEOHOBBIX KNCIIOT

Kap60HOBbIe KHCIOTbI BOCCTAHABJINBAIOTCS JO IEPBUYHBIX CITUD-
TOB C ITOMOILIBIO HHTHﬁﬁJIIOMPIHHﬁFHﬂpHII&. BoccraHoBieHUEe UAET B
bonee xecTKux YCIOBHAX, YEM 3TO Tp66yeTC${ IJi1 BOCCTAHOBJIEHUS
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AIBIErMAOB U KeTOHOB. BoccraHoBneHMe OOBIYHO MPOBOIST NPU KH-
NS4YE€HUM B PacTBOpe TeTparuapodypaHa:

iAlH,
TI®; 65°C
— CH;(CH,);CH=CH(CH,),CH,0H (87%).

LiAlH,
adup wiu TIrP; 40

CH,(CH,),CH=CH(CH,),COOH

(CH,);CCOOH - (CH3);CCH,0H (92%).

COOH(CH,)sCOOH HOCH,(CH,);CH,CH (97%).

——————
Tr®; 65°C
Oubopan B,Hg Takxke BoccTaHaBnUBaeT KapGOHOBBIE KHUCIOTHI
[0 IEpBUYHBIX crupToB. BoccTaHoBIeHHe KapOOKCUIBHOM rPYNIILI A0
CH,O0H nog neiictsuem aubopaHa B TI'® ocyitecTBasieTcd B OYeHb
MSITKMX YCJIOBUSIX M He 3aTparmBaeT HeKoTopble (GyHKUUOHAJbLHBIE

0
rpynnst (NO,; CN; —C‘OR), [MO3TOMY B HEKOTOPBIX CIydasix 3TOT
METOJl OKa3bIBAETCS MpearioYTHTebHee:

1) B,H; TI'®; 20°C
o CH,COO ;
,N<O)-CH,CO0H > Th0. HiOP 0,N<O)-CH,CH,0H
(95%)

1) B,H; TI®; 20°C

CH;(CH,),COOH
3(CHy)4 2) H,0; H,00

CH;(CH,),CH,OH (100%).

18.3.2. IEKAPBOKCHUJIMPOBAHME

DTHM TepMMHOM OOBEOMHSETCA liejiasd IpyIa pa3sHooOpasHbIX
peaxkLMii, B KOTOpBIX IpoucxoquT otiuerieHue CO, u oGpasyionue-
Csl COEMHEHHS COMEPXAT Ha ONUH aTOM YIJIepola MEHbille, YeM UC-
XOIHAs KUCJIOTA.

CaMoil BaXHOH M3 peakUMil NeKapOOKCIIMPOBAHHS B OpPraHH-
YeCKOM CHHTe3e siBjisieTcsl peakuust boponuHa—XyHcaukkepa, B KO-
TOpoii cepeOpsiHast COJIb KapOOHOBOM KHUCAOTHI MIPH HarpeBaHUU C
pactsopoM 6poMa B CCl, nmpespaliaeTcss B aIKUITATOTEHUI!

CCl
RCOOAg + Bry o™ 80°C RBr + CO; + AgBr;
CCl
CH;(CHz)IQCOOAg + Br2 80°C CH_’;(CHz)loBI’ (67%)

181



CH,;00C(CH,),CO0Ag + Br, (i)c':C CH;00C(CH,);CH,Br (68%).

Jns ycrneuiHoro MpoBeleHUs 3TOi peaklMH TpeGyercs nmpume-
HSATh TLWATENLHO BBICYUiEHHBIE cepeGpsHbIe COMH KapGOHOBBIX KHC-
JIOT, ¥ BBIXOA IKWITaJIOreHuJa KoseGlercd B UIMPOKUX Mpefenax B
3aBHCHUMOCTH OT CTENEHH OYMCTKH U O0OE3BOXMBAHHS CONH. DTOrO
HEeJOCTAaTKa JMlleHa MOXU(UKALIUA, TIe BMECTO cepeGPAHbIX HCIIOMb-
3YIOT PTYTHbIE COJIM. PTYTHYIO cO/lb KapOOHOBOM KUCJIOTHI HE BBLIEIISA -
10T MHAMBUIYAIBHO, 2 B MHAMGdEpEHTHOM pacTBOpUTENE Harpesa-
IOT cMeChb KapOOHOBOM KUCIOTHI, XeATO OKHCH PTYTH M rajoreHa.
DTOT MeTOA, KaK IpaBUIo, IPUBOAUT K Dojiee BBICOKOMY M BOCIIPO-
U3BOJUMOMY BBLIXOY:

B
CH3(CH2)15CH2COOH—H—§———rZ— CH;(CH,);sCH,Br + HgBr, + H,0 + CO;, ;
CCl; 80°C oo

[>-CoOH + Hgo + Br, -~ so*c [>Br + HeBr, + H,0 + CO, .
(46%)

st peakunu bopoguHa—XyHcAMKKepa YCTaHOBNEH LEMTHOM pa-
IUKaANbHBIA MexaHu3M. OOpa3syloluiics B epBOit CTAAXM ALMITUIIO0-
POMHT IOJBEpPraeTcsi TOMONMTUYECKOMY DacIUeILUIeHHIo ¢ o6pa3oBa-
HHEM KapGOKCWIBHOIO pagukana M aroMa Gpoma. KapGokcuinbHBINM
panukan tepsier CO, 4 mpeBpalaeTcss B ATKWIbHBIA paguKai, KOTO-
pbIii 3aTEM pereHepUpYeT Henb, OTILEIUIsAst aTOM OpoMa OT aLMITH-
nobpoMuTa.

WRuuMMpoBaHAe Henu:

RCOOAg + Br, ——= RCZC  + Aghr;

OBr
RCOOBr Rcfo + Br.
0.
Pa3zsurue nenm:
Rcfg R+ CO,;
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R + RCF

Z0 —— RrBr+ RCZO

OBr o

OpUTHHANIBHBIA METOR OKHCIHTENIBHOIO NeKap6OKCHIMPOBaHMS
KapOOHOBBIX KMCAOT ObUT mpenaoxeH JIx. Kouu B 1965 r. Kap6ono-
Bble KMCIIOTHI OKHCJIAIOTCA TeTpaalleTaToM cBUHUA. IIpy 3TOM npouc-
XONUT NeKapOOKCUIMpOBaHWE M B KaYeCTBE IPOAYKTOB peaKLHH B
3aBUCHMOCTH OT YCJIOBUii TIONIYYAIOTCHA AIKaHbI, AIKEHBI UIH 3QUpHI
YKCYCHOM KHUCNOTBHl. MexaHH3M peakuMH OeTaJbHO He YCTaHOBJIEH.
IIpennonaraeTca CleayiOLIas MOCAeROBATENLHOCTD IIpeBpallleHUiA:

Pb(OAc), + RCOOH —= RCOOPb(OAc); + CH;COOH;
RCOOPb(OAc); —= R- + -Pb(OAc); + COy;

R: + -Pb(OAc); —= R® + Pb(OAc), + CH,COO°.

AJIKeH W CIOXHEIN 3¢Up, Mo-BHAMMOMY, 00pa3yioTcss M3 Kapboka-
THOHA COOTBETCTBEHHO 34 CYET OTILUEIUICHMS MPOTOHA WIM 3axBaTa
aneraT-uoHa. BeeieHUe B peaKIIMOHHYIO CMECh FAIOTeHUI-HOHA MpaK-
THYeCKH Halejio nogapisieT 06a npouecca ¥ MpUBOAUT K 0Opa3oBa-
HMUIO aJIKWITaJOTeHUIOB.

H

COOH )
D/ Pb(OAc),; LiCl a
s + CO, + Pb(OAc), +
CsHg; 80°C 2
(100%)

+ CH3;COOLi + CH;COOH .

o)
=
€Z__ Pb(OAc),; C;H,N
o > (DI +2C0, .
S
0O 6mmxno|2,2,0Jrexcanuen-2,5

(6ensan [Ipioapa)

O6a MeTona neKapGOKCHIMPOBAaHHUA XOPOLLO JOMOIHSIOT APYT APYra.
Hexapboxcunupopanue Ag- win Hg-coneit naet Hauaydiuue pe3ynb-
TaThl I KApOOHOBBIX KMCJIOT C IEPBMYHBIM paJMKanoM, TOrga Kak
IIPY OKMCJI€HUU TETPAAUETATOM CBMHLA B IPUCYTCTBHH XJIOpHIA JIU-
THs HauboJiee BHICOKME BBHIXOAB AJKMATAAOIeHMAOB HaGmionamoTcs
11 KapOOHOBBIX KHUCIOT CO BTOPUYHBIM PAaUKAJIOM.

Hpyroit, uMelolei BaxXHoOe INperapaTMBHOE 3HAYEHHe, peakuuei
NeKapOOKCHAMPOBAHMSA KAapOOHOBBIX KHUCJIOT SBISETCH SAEKTPOJIUTH-
yecKad KoHJeHcalHs cojicil KapOOHOBBIX KMCIOT, OTKpbITasi B 1849 r.
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I'. KonsGe. OH MpoBOAKA 3JIEKTPOJIU3 BOZHOIO PACTBOPA AL(ETATA Ka-
JIUA B HalleXAe MOJYyYUTh cBoGonHklit pagukan -CH;, oqHako sMecTo
HEro Ha aHoje ObUI MONYyYeH 3TaH. AHAJIOTMYHO IIPHU 3JIEKTPOIHU3E
BOMHOrO pacTBOpPa HATPUEBOW CONU BAaJEPUAHOBOI KMCJIOTHl BMECTO
6YTWILHOIO paguKaia GbL1 MONAYYEH H-OKTaH. DJIEKTPOXHUMHYECKOE
OKHCJieHHe KapGOKCHJIAT-HOHOB 0Ka3aloCh MCTOPHUYECKHM IEPBLIM
061{MM MeTOJOM CHHTE3a NpeaebHbIX yriesogpoponoB. Ilpu snekrpo-
NU3e HATPUEBHIX WM KAJIMEBBIX COJeil MpeJebHbIX aiudarnyecKux
KHCJIOT B METAHOJIE MJIM BOOHOM METAHOJIE B 3JIEKTpONM3epe C ILUIa-
TUHOBBIMHM 3JieKTpoaamu npu 0—20°C U ¢ 10cTaTOYHO BHICOKOM ILTOT-
HOCTBIO TOKA 00pa3yloTcA ankaHhl ¢ BeixogoM 50—90%:

2RCO0° —22 o

21.C Hp3CO0® =28 41 CpH,e + 2C0,.
CH,;0H-H,0

KaJIMeBasl CoNb (90%)

JIaypHHOBO#R KUC/IOTBI

OnHako npH HAIMYMM ATKWILHOH IPYNIEI B OL-TIOJIOXEHUM BBIXOIbI
pPE3KO CHHXKAIOTCA U peaKko npesniuaior 10%.

OTa peakuus 0Ka3aiach OCOOEHHO IOIE3HOM JUIst CUHTE3a OU3PH-
poB aukap6oHoBbIX KUcIOT ROOC(CH,),,COOR (n — ot 2 no 34) npu
3JIEKTPOJIN3E IENOYHBIX CONeil moNy3PUpOB AUKAPOOHOBEIX KUCIOT:

CH,00C(CH,),c00° E‘—é—%—— CH;00C(CH,),,COOCH; + 2CO,;

;OH (40-95%)
_..2 3
CH3OOC(CH2)4cooe-Eﬁ—I;TO,C— CH;00C(CH,);COOCH; (75%) .
MOHOMETWIOBBIH 3(pup L JUMETWIOBBIA 30hup
aIVUITMHOBOH KUCJIOTHI cebaLHOBOM KHMCIIOTHI

B coBpeMeHHOM OpPraHMYeCKOM 3JeKTPOCHHTE3€¢ LIHMPOKO IpH-
MEHSETCSl MIEPEKPECTHAS 3JIEKTPOJIUTHIECKAsE KOHAEHCALMS, 3aKIII0-
yarouasacs B 3JIEKTPONU3e CMECH cojieid KapOOHOBOU KHUCIOTHL U MO-
Ho3¢duUpa TUKAPGOHOBOK KHCIOTHI:

RCO0®+ CH,00C(CH,),co0° LXTPOTHE,
CH,O0H
— RR + R(CH,),COOCH; + CH;00C(CH,),,COOCH;.

DAEKTPONN3 PacCTBOPA 3THUX ABYX Cojieil MPHUBOXMT K OOpas’oBaHUIO
CMECH TpeX CHJIBHO OTIMYAIOMUXCA APYr OT ApYyra MpOoOyKTOB peak-
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LIWM, KOTOPbIE MOTYT GBITh JIETKO pa3lefeHbl eperoHKoit Ha OTeb-
Hbl€ KOMIIOHEHTHI. MCTOII ITO3BOJIACT YIUITHHATDL yrﬂepOﬂHbIﬁ CKeNner
KapboHOBOI KHMCJIOTH Ha M060€e YMUCIO aTOMOM yriepona MpaKTh-
YyecKH 3a OfHY ONEPaLHIO:
CH,00CCH,CH~CH,CO0®+ #-C,H,,CO0® Z=rTP,
| CH,OH

CH,

—= #-C 4Hy, + CH,;(CH,),CH-CH,COOCH, +
(49%) CH, (48%)

+ CH,00CCH,CH-CH,CH,CH-CH,COOCH, (3%)
CH, CH,

DJNeKTpoIUTHYECKAas] KOHAEGHCALMsi OrpaHU4YeHa colsiMM Kapbo-
HOBBIX KHCJIOT ¢ HEpa3BETBIEHHBIM PaJIUKaIOM U COJSIMMU NONY3du-
poB nuKkapGoHoBbIX KucIoT. Conu a, B- U P, y-HEHACHIILEHHBIX KMC-
JIOT HE TOABEPraloTcsA 3NCKTPOXUMUYECKONH KOHACHCALIMH.

Insa peakuun Konp6e GpLT IpeioxXeH paauKalbHBIH MEXaHH3M,
BKJIIOYAIOLIN TPH NOCIEAOBATEbHBIE CTaAMH: 1) oKMCIIeHHEe KapOoK-

o

~
CWIaT-MOHOB Ha aHole A0 KapboKcuiaT-paauxKajioB RCZ0-; 2) ne-
KapOOKCUJIMPOBAHUE 3THX PAAUMKAIOB IO IKWILHBIX pPaAuKaJioB U
IBYOKHMCH yriepona; 3) peKoMOMHAIUs anKHIBHBIX PAIUKaJIOB.

O e =0
RCF RCZ ;
\Oe \0,
=0
RCT" o+ R-+CO,;

R-+ R+ —= RR.

ITpu 6oabiON MIOTHOCTH TOKA BbICOKAs KOHIIEHTpalMs AIKWIBHBIX
pagMKaioB Yy aHO#A CIOCOGCTBYET MX AUMEpPHM3alMH, NPH HH3KO
IUTOTHOCTHU TOKA AJIKWIbHBIE paguKasbl WIKH IUCIPONOPLHOHUPYIOT
¢ o6pa3oBaHMEM AJIKEHAa WIH aJIKaHAa WK OTUIEIUISIIOT aTOM BOIOpPO-
a OT PacTBOPUTENS. :

Conn Kap60oHOBBIX KMCJIOT IIOXBEPTraloTcs 1eKApOOKCHIUPOBAHKIO
TaKxe 1pHu nuponuse. Hekorna nupoius KanblMeBbIX WK 6apHeBBIX
coieit KapOOHOBBIX KMCIOT 6bUT OCHOBHBIM METOIOM HONYYEHUS Ke-
ToHoB. B XIX B. «cyxast meperoHka» auerara Kaablus 66012 OCHOBHBIM
METOIOM IOJYYEHMS aALETOHA:
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=0
R-CZ

o 400°C_ 0
O>Ca ———==RCZ + CaCO;.
R—c;o

B manbHeiueM MeToj1 6bUT YCOBEPLIEHCTBOBAH TaKUM 06pa3oM, 4To B
HEM OTCYTCTBYET CTagus MojydeHus coneit. [laps kap6oHOBO#H Kuc-
JIOTH! ITPOIMYCKAIOT Haj KaTaau3aTOPOM — OKHCJaMK MapraHia, To-
pust unu uupkouus npu 380—400°C. Haunboiee a3ppeKTHBHBIM U JO-
POTHM KaTAJHN3aTOPOM SIBASETCH ABYOKHMCh TODHSI.

O ThoO MnO
=z wi Mn
2RCZ oy ——?-—————400, C RCOR + CO, + H,0.

B npocTteifimx cay4asx KMCIOTHI C YUCIOM ATOMOB YTJIepoja OT ABYX
JIO JECATH IMPEeBPAIAIOTCA B CUMMETPUYHLIE KETOHBI C BHIXOIOM I1O-
psinka 80% npu KMNSTYEHUH C TOPOLIKOOOPa3HBIM Xeje3oM npu 250—
300°C. 9ot crrocob HAXOAUT NpUMeHEHUe B IPOMBILIUIeHHOCTH. Han-
OoJiee ycreumHo MMPONUTHYECKUH METOA M B HACTOSIIEE BpeMs
NpUMEeHsIETCS IS CUHTE3a HATH~- U LISCTUWIEHHBIX LIMKINYECKUX Ke-
TOHOB U3 JBYXOCHOBHbBIX KUCJIOT. Hanpumep, u3 cMecH agfuIMHOBOM!
KHCJIOTBI U ruapokcuaa 6apust (5%) npu 285-295°C nmoayyalor LMK-
JIOTIEHTAHOH ¢ BbixoaoM 75—85%. IluxknookraHoH o0pasyercs U3 aze-
JIAaMHOBOM KMUCJIOTHI npu HarpeBaHUM ¢ ThO, ¢ BbIXoJOM He Goee
20%. DTOT METOI MAJIONIPUIoJeH IS MONYYEHHU HUKIIOANKAHOHOB ¢
GONBIIMM YHCIIOM 2TOMOB YTJIEpOJa.

18.3.3. TAJIOTEHUPOBAHUE KAPBOHOBBIX KHUCJIOT
H UX NPOMU3BOJHLIX

PanukanbHoe rajoreHUpoBaHue KapOOHOBBIX KMCJIOT ITOA A€ii-
CTBHEM XJIOpa NMpH obNydeHHH YPD-CBETOM WIM IIPH HAarpeBaHUU IO
300—400°C nmpoTtekaeT HeceJeKTHBHO. Tak, HanpuMep, MacasHas KUC~
JIOTA B YCJIOBMSIX PAIMKAIBHOIO XJIOPHPOBAHUS aTOMApPHBIM XJIOPOM
o6pa3yet cMeCh BCEX TPEX BO3MOXHBIX M30MEPHBIX MPOAYKTOB, Cpeiu
KOTOPBIX JOJS CL-XJIOPMACIAHON KHCIAOTH He IMpeBbilaer 5%.

hv

Cl, + CH;CH,CH,COOH ————=
2 H3 2 HZ unu 300°C

CICH,CH,CH,COOH +
(31%)

+ CH;CHCICH,COOH + CH;CH,CHCICOOH + HCl .
(64%) (5%)
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3Ty cMech OYEHb CJIOXHO pa3feNUTb Ha KOMIOHEHTHl. [ns apyrux
TrOMOJIOTOB YHMCJO M3OMEPHLIX NMPOAYKTOB elie Oojee Bo3pacTaer,
MMO3TOMY pagUKalbHOE TAIOTEHHMPOBaHUE KapOOHOBBIX KUCJIOT He
UMeeT NPaKTHIECKOro 3HAYEeHMS.

PernocenexTHBHOE OL-TaJIOTEeHUPOBaHUE KAPOOHOBBIX KHUCJIOT J0-
cturaercs B Merofe 'ennb—@onbrapa—3eTHHCKOrO, MpemIoXeHHO-
ro B xoHle XIX Beka. [Ins BBejeHUS xJiopa ¥ OpoMa B OL-TI0JIOXKEHHE
K KapOOKCHJIBHOM IpyIine KapboHOBYIO KUCRHOTY 0OpabaTeiBaloT XJo-
poM Wiy 6poMOM B TIPUMCYTCTBHH KATUIMTUYECKHUX KOJMYECTB Kpac-
Horo ¢ocdopa:

RCH,COOH + Br, 2000P KpacH:Ii RCHCOOH + HBr .

Br

B peakuun Iemnp—Posbrapa—3eJHHCKOro, B peaklMy 3aMelIeHH
NpUHKMMaeT yyacTHe He cama Kapb6oHOBas KHMCJIOTA, @ €€ rajioreHaH-
THIPHA, o0pasylolmniica U3 KapOOHOBOH KHUCJIOTHI M TpexObpoMMCTO-
ro unu Tpexxjopucroro docdopa. B otnuyue or camoit kapboHOBOM
KHCJIOTHl TaJIOTeHAHTHIOPUI croco0eH K €HOMU3AUMHU KaTaIM3upye-
Moit kuciaoroif. OGpasopaHue eHOJIa U3 FATOTCHAHIUAPUAA SABMISAETCS
JIBHXYIIel cuioif Bcero rnpouecca. SToT MEXaHU3M OOBSICHSIET U pe-
TMOCEIEKTUBHOE CO,-TAJIOT€HUPOBAHUE KUCJIOT:

2P + 3Br, —= 2PBr3;
/0

RCH,COOH + PBr — RCH,CT_  + H;PO;;
T

0o H OH
RCH,CZ ,, + H® === RCH,¢Z ===RCH=C{  +H®
Br \Br \Bl'

./\C:

r—Br + RCH=C—p,

(8]
& .
RClll-I—C\Br + HBr;
Br

0 o 0
RCHC? _ + RCH,COOH === RCH-CZ __+ RCH,CZ
l|3r “Br 1'3, OH B

EcrecTseHHO, 4TO BMecTo (pocdopa MOXKHO NPUMEHATh KaTaiu-
THyeckne konnuectsa PCl; unu PBrs:
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H PCl cl
X vra, == (X +Ha;
COOH 70°C COOH

(94%)

PBr3; Br,
CH,CH,CH,CH,CH,;COOH -~ CH,CH,CH,CH,CHCOOH + HBr .
(83-89%) Br

70°C

TIpuMmeHeHue Al OL-TAIOTEHHPOBAHHUS TaJIOT€HAHTHIAPUIOB KUCIOT
N-xiop ¥ N-OGpoMCYKUMHUMHIA MMO3BOJISAET OCYLUECTBUTb 3TOT IpO-
uecc B OYeHb MATKUX YCIOBHSAX, MOCHEAYIOLIMI MTMAPOIM3 WY aJIKO-
FOJIU3 MIPUBOJSAT K O-TATOreH3aMEIIEHHBIM KHMCIOTAM WIH CIOXHBIM
a¢upaM. o-HonzaMelieHHbIE KKMCJIOTHI MK CJIOXHbIE 3DHPHI HENB3S
ITOJIy4aTh IPSMBIM MOIUPOBAHHUEM; UX IOJYYAIOT peakiiueil HyKieo-
tunpHOro 3aMelieHUs O.-OGpOMIIPOU3BOOHBIX ITOX AEHCTBHEM MOKKIA
HATpMA WIKM TETPAANKUIAMMOHHUS B aleToHe Wi JIMODA.

18.3.4. PEAKIIMHY HYKIIEOO®HRJIBHOI'O 3AMEIIIEHUA Y ALIHIBHOIO
ATOMA VIJIEPOJA. OBIIIMI MEXAHN3M 3AMEIIEHVSA

Jlns peakumit HyKIeOoQWILHOTO 3aMeLIEHHS Y Sp>-THOPHIHOTO
allMNBHOIO aTOMA YIJIEpONa pealM3yeTcs NBYXCTARMITHBIH MeXaHH3M
NpUCOeAUHEHUA—OTILEIUIEHMs. B nepBoit craguu HykieobUIbHbIH
areHT NpUCOEeAUHSETCS K IPOM3BOAHOMY KapOOHOBOI KMCJIOTHL C
00pa3oBaHMEM 3APSDKEHHOTO (IUIsl aHHOHHOTO HYKJIEO(HILHOTO areH-
Ta) Wwiu OGeTtauHa (JUISI HEXTPANbHOTO HYKJIeoGhMIBHOTO areHTa) TeT-
pasgpuyeckoro UHTepMeauara. Bo BTopoii CTaguM OT 3TOT0 MHTEpMeE-
JUarta OTLUEIUIAETCS B BUAE AHUOHA WM HEHTpaIbHON MOJEKYNbI
yxomsuias rpynna Z u obpa3yeTcs KOHEYHBIH MPOAYKT 3aMeUIeHH:

X
Q o© npucoemusenye | R Cb OTIeTUIeHHE Q o
RE+ Nfe—s | C =———=rRrC+7°
z Nu C:J Nu
)
il npucoefHenue | R.| &
RC': + HNu =—/——————= *C =

z 7 “Ne-n

-©
R\ gé'): OTLLUCIUVICHUC 9
C =———= RC+HZ;

H-2 N Nu

Z = F, Ci, Br, I, OR, NH;, NHR, NR, u ap.
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B o01emM cnyyae peakuusi odpaTuMa, OXHAKO eciu Z° u Nu® cunbHo
pa3nuyarTCcs MO CBOEH OCHOBHOCTM M HYKIeOo(MJIbHOCTH, OHA CTa-
HOBHUTCH HeoOpaTumoii. JBUXyLIeit cuAoM OTIUENIeHMS YXOASLUeH
rpymnrsl Z sapnsgeTcst 00pa3oBaHUE T-CBA3H MEXAY KUCIOPOAOM M Kap-
OOHMJIBHBIM aTOMOM YIjiepoAa M3 aHMOHHOIO TETPa’APUYEeCKOro HH-
TepMenuara. B npuHuUMIie, Ha CKOPOCTh peakLMKH MOTYT BIMSATb 06e
CTaaKH, ONHAKO, KaK IpaBMUIIO, IIEpBasi, MeJIEHHAas CTaxus pucoe-
IMHEHUS HYKIeo(UIbHOIO areHTa ONpeae/aeT CKOPOCTh BCEro IIpo-
uecca. M crepuueckue, U 31eKTpOHHbIE ($aKTOpPhI BAXHEI IPU KOJIHU-
YECTBEHHOM M KayeCTBEHHOW OLEHKE pEaKLMOHHOM crnocoOHOCTH
ITPOM3BOAHBIX KApOOHOBBIX KHUCIOT. CTepHYecKUe 3aTPYIHEHUs Ius
aTaKu HyKJIeoUJIBLHOIO peareHTa o KapOOHWIBHOMY aTOMY YIJIepo-
Jla MOHUXAIOT peakKiHOHHYIO CIIOCOOHOCTD B psiy:

R,CCES < R,CH-CZ < RCH,CZy < CH,CZY .

BJieKTpOHHbIE (HaKTOPHI ONpeAeNsiioT YMEHBbLIEHUE peakKLUOHHOMH
crnoco6HOCTH B pARY:

0

Cad IO
RC? p

-0 0 -0 2
, > RCZpcz) > RCZoR > RCZNY, -

Taxkoe H3MEeHEHHE PEAKIMOHHON CHOCOOHOCTH CTAHOBUTCA NOHAT-
HBIM [PH PaCCMOTPEHUH 3HepreTHdecKHuxX quarpaMM. ITockonbKy cko-
POCTh peakUHy 3aBHUCUT OT pa3sHOCTH SHEPrUM HAayaJIbHOIO M Mepe-
XOZHOTO cocTosiHUit AG™, mo6oit dakrop, cnocoGeTBYIOLIMI pocTy
SHEepruu akTuBauMud AG™, NOHHXAET CKOpOCTh peakUuu. Paccmor-
PUM, HampuMep, aMHIbI, CJIOXHBIE 3(DHUPBI ¥ XIOPAHTHIOPHABL, YITS
TOT aKrT, YTO CIOCOBHOCTL HETIOACNEHHOM Mapsl reTepoaToMa K co-
nipsokednio ¢ C=0-rpynmnoit ymeHblaetcs B psaay: N > O > Cl. Amuast

/ Py
RC—éNHz HauMeHee PEeaKIMOHHOCIIOCOOHBI Cpeau APYTMX IPOU3-
BOAHEBIX BCJENCTBHE HAWNYYLUEH cTaGMIM3alUMU UCXOTHOTO COCTOSI-

HUSA RC@HZ 3a CYET COMPSDKEHHS. DTO IPUBOIUT K BRICOKOH CBO-

G6omHOI 3HepruM akTuBauMu AG,” u, crenoBaTeNbHO, K HU3KOIA
1
peakLMoHHO# criocobHocT. CloxHbie 3¢Uphl MeHee CTabHIN3HPO-

BAaHBI CONPSXEHUEM RC—/(?R 10 CPAaBHEHUIO C aMUIAMM M MMEIOT

no3toMy osice BHICOKMI YpPOBEHb SHEPrid OCHOBHOFO COCTOSHMSA.
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DTo oTpaxaeTcs Ha MEHbLUIEM, YeM JUISi aMUAOB, 3HAYEHUM BEJTHUH-
Hbl AG,”. Haubosnee HU3KOH OKa3bIBAETCS BEIMUMHA SHEPIUU AKTHBA-
uuu AGy" nns aumnragoreHuaoB. OTMeYeHHOE pasivyue HArIsanHo
MPOUWJUIIOCTPUPOBAHO Ha puc.18.1, rie npencrariieHbl 3HEpPreTHYEC-
KH€ TUarpaMMBl JUISE aMUIAOB CJIOXKHBIX 3(UPOB M ALIMITAIOTEHHAOB.

W3 npuBeaeHHOI BbILLIE NTOC/IEI0BATENbHOCTH PEAKIIHOHHOM CITO-
coGHOCTH crnellyeT BaXHBIA BBIBOL O TOM, UTO MeHee CTaOMIIbHbie
[POU3BOAHbIE KAPOOHOBBIX KHUCIOT — aHTMAPUILI U TaJoreHaHTHA-
pHUAbI — JIEFKO MOTYT ObIThb NpeBpalueHH B OJHY CTaauio B Doiee
cTabuJIbHBIE POM3BONHbIE — aMMIbl M CIIOXHbIE 3¢UpBI, HO He Ha-
oGopoTt. VI3 3THX Xe 3HEepreTUYeCKHX AHMarpaMM TakXKe cjefyer, YTo
CJIOXHBIE 3(PUPBI MOTYT OBITH MIpEBpPAILEHE! B OXHY CTAIMIO B aMHJIBL,
HO obpaTHoe MpsSIMOe OJHOCTaAUITHOE NTPeBpallieHUe AMHAOB B CJIOX-
Hble 3Upbl, AHTUAPHUIB! WIH TAIOTeHAHTHAPUIALl CHJIBHO SHAOTEP-
MuyHo. OueBUOHO, YTO Ha 3emile HOJIXHB! CYLIECTBOBAaTh AMHUIABI U
CNoXHbIe 3dUPEI, HO BpsI JIM €CTh aHFUAPUABI MM TaJJOTeHaHTHI-
pUIb OMHOOCHOBHBIX MJIM MHOTOOCHOBHBIX KApOOHOBBIX KMCIIOT. OTO
IeHUCTBUTENBPHO TaK: B IMOJHUIENTHAAX M OelKax OTAENbHBIE aMHUHO-
KUCJIOTBE CBAI3aHBI MeEXNy cob0ii aMHUAHOM CBs3bIO, a XHUPHI SBIAIOT-
csl KJIACCUYECKUMH MPEACTABUTENSIMU CIOXHBIX 3DHPOB.

Puc.18.1. DHepreTHYecKHue QUarpaMmal s

peakuuit HyKneoQWILHOTO 3aMelueHUs B

amuaax (A), cnoxHuix 3pupax (b) n
*  aumnranoreHumax (B) AGy* > AGY” > AG®
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18.4. ITIPOU3BOJHBIE KAPBOHOBBIX KHCJIOT

18.4.1. CTPOEHME

DYHKUMOHANBHBIMU IPOU3BOAHBIMH KapOOHOBBIX KMCJIOT OGBIY-
HO Ha3blBAIOT TAKHE KJIACChI COCOUHEHHUM, KOTOphIE MPHU THAPOIU3E
JAI0T caMy Kap6oHoBbIe KUCIOThL. K HUM OTHOCATCS: CIOXHBIE 3PH-
pbl, THO3GUPLI, aMUABI, TMIPA3UABI, a3UAbI, aHIMAPHAb KapOoHO-
BbIX KMCJIOT, UMHIOXJIOPHABI, AMUIMHBI U HUTPHJIBIL.

Ipocreiiumii croxHbIA 3QUp METHIHOPMUAT HMEET FEOMETPHIO,
CXOIHYIO ¢ KOH(pHUrypalMei camMoil MypaBbHHOM KHWCJIOThI:

Jimua casy, A Banewrnbiit yron, rpagyc

H\@::::@ c=0 1,200 H-C=0 124,95
/E}——é 0=C-0 1,334 0-C=0 125,87
0\ TIzzs C(H;)—O 1,437 H-C-O 109,18
CH, 0=C-H 1,101 CH;—0—C 114,78

Crneayer oTMeTHTb, YTO G-cBA3b Cy—O xopoue, yeM G-cBsizb Cyp—
O, uto o6ycNOBAEHO YACTHYHOM NBOECBA3aHHOCTBIO Cg—O-cBA3U
3a CYET MepeKpbIBAaHUA HEMOAEICHHOM Maphl 3JIeKTPOHOB KHCJIOpOJa
U IyCTOH pa3phIXstiolieil opOuTanu KapGoOHWIbHOM rpynnsl. CTeneHb
3TOM ABOECBSI3aHHOCTH BO3PACTAET B aMMJaX, [e O-CBA3b yIjiepoaa 1
a3o0Ta ropasno Kopoue, yeM C—N-cBg3p B amMmunax. Huxe npuseneHs!
JUTMHBI CBSI3eil M BaJeHTHbIE YIJIBI IUTOCKOro dhopMaMuia.

Jumna cessn, A Banexrastit yron, rpaayc
o Cc=0 1,193 H-C=0 123,00
T C-N 1,376 H-C-N 113,23
H/C\N _H() C-H 1,102 N-C-0 123,80
| N-H (a) 1,014 C~N-H (a) 117,15
H(®) N—H (6) 1,002 C-N-H (6) 120,62
H-N-H 118,88

O6e cesa3u N—H B popmaMuze pasnuMyHb MO AIMHE, YTO YKA3BIBAET
Ha HE3KBUBAJIEHTHOCTH JABYX aTOMOB Bogopoaa. Cpeay Opyrux rnpo-
M3BOIHBIX KapOOHOBBIX KHUCJIIOT aMUIbI XapaKTepHU3YIOTCsi 3aTOPMO-
XeHHBIM BHYTPEHHHMM BpalleHWeM BOKpYr amMuaHoii ceasu N—CO,
KOTOpOE MPOSIBASIETCA B HE9KBUBAIEHTHOCTH ABYX alIKMIBHBIX IPYITI
muankunamudorpynnsl NR, B [IMP-cnektpax N,N-guankunaMu-
JIoB KkapboHoBEIX KKcIOT. Bapbep BpaleHus Bokpyr cesa3m N—CO B
N,N-gumerunanetraMmuae ¥ N,N-npuMeTunamMuygax IpYrux KUCIAOT
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cocrapiseT 17,2—18 kxan/mons (72—75 xI)x/Moib). 3aTOPMOXEHHOCTh
BpalleHus1 BOKPYT aMHUIOHOW cBa3M obycnopjeHa B3auMoJeicTBHEM

nN-OpOUTAIM aToMa a30Ta ¢ BAKAHTHOW N paspeIxjasiolieil opbu-

TaNbIO KApOOHMIBHOM IPYINBL. BTO B3aUMOAEICTBHE OINpEeAeIsieT 3Ha-
YUTEJbHYIO JBOECBSI3aHHOCTb a30Ta C KApOOHMWIBHLIM aTOMOM YIJe-
poaa B aMMAax, 4YTO sABJjsieTcd TIaBHOM IPUYMHON BLICOKOH
TEPMOAMHAMHMYECKO CTAOMIBHOCTH aMMIOB K UX TPUPOAHBIX aHAJNO-
rop — MeNTUIOB U GeJIKOB.

Jis npocreitiero anuiaxaopuna — GopMUIXIOPHIA — HET JaH-
HbBIX N0 JJIMHAM CBSI3eif M BEJIMYMHAM BAJICHTHBIX YIJIOB, TaK KaK 3TO
coenHeHHe HecTabwibHO aaxe npu —60°C. Huxe npuBeneHbl HaH-

(o)
~
Hble, UMeloLIMecs As aneTwixtopuaa CH;CE—Cl:

Jmama cessu, A BaneaTuniii yron, rpaayc
Q c=0 1,192 c-C=0 127,08
HC /C\c1 c—C 1,499 c-c-cl 112,86
c-cl 1,789 o=c-cl 120,26
C-H 1,083

3ametuM, yto miauHa cessu C—Cl B anerunxnopune (1,789 A) nmuius
He3HauuTeNnbHO kopowe cBA3d C—Cl B MeTwixnopuae (1,784 A). Dro
O3HAYaeT, YTO CTEleHb JBOECBS3aHHOCTH YTJIEpOAA W XJiopa B aue-
TUIXJIOPHIE OYEHDb MaJIa M, CJIEHOBATENLHO, ABOECBA3aHHOCTh YMEHb-

(0) .0 L0

NRZ> Clor” C<qy, T-e. B pany NR; > OR > Cl1.
Ipocreitmmit Hurpuia CH;CN uMeeT cTpoeHMe, HAIIOMHHAIO-

1Iee CTpOeHUEe MPOMHUHA:

uraetcst B psiay: C2

sp-TH6pHaHas opGUTaAIbL

AToM yriiepoga HUTpWIbHOH rpynnsl C=N HaxonuTtcs B sp-rubpui-
HoM cocrosiiuu. OH obpasyer C,,3—C,, n C,3—N, o-cBs3u.

[Be ocranbHble p-opOUTAIM aTOMA YIiepoja IepeKphIBalOTCs ¢
COOTBETCTBYIOLUUMH p-OopOMTANAMH aTOMa a3oTa ¢ o0OpasoBaHUEM
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JIBYX T-CBSI3€H C LMJIMHAPUYECKONA OCbI0 CUMMETPUM KAaK B aLETH-
nene. HenoneneHuas napa 3jeKTpOHOB a30Ta 3aHUMAET sp-THGpUI-
HYIO OpOUTaNb.

18.4.2. HOMEHKIIATYPA

HoMeHxatypa npoM3BOIHBIX KApOOHOBBIX KUCJIOT O4YeHb IIPOCTa
U MCXOOHUT M3 HA3BaHW I caMUX KApOOHOBBIX KUCJIOT. AHTHIAPHUIBI KYC-
JIOT Ha3bIBAIOT, HOOABNAL CINOBO «AHTMAPMI» K HA3BAHUIO COOTBET-
CTBYIOLIEH KHUCIIOTDI:

(CH,C0),0 CH3CH2(‘ZH —CH2CH2-EI—-O—E-—CHZCHz—(IZHCHﬁH;
CH, 0] O CH,
YKCYCHBIN aHTMAPU 4-MeTHATEKCAHOBLIM aHTHAPUI

Jlta Ha3BaHUs CMEINAHHEBIX AHTUAPUIOB TpebyeTcs NepeYnCauTh 06e
KHCJIOTBI, o6pasyoluye aHrugpun. i o6o3HayeHUS alITaIoreHu-
OB OKOHYAHHE KUCJIOThI «OBasi» 3aMEHSETCS HA «OMI» ¢ BobaBneHu-
€M Ha3BaHHUS raJoreHa:

(0]
— o =
CHy(CH,),CZQ, CH3(CH2)QC<‘; {OcZg,
TEKCAaHOWIXJIOPH I YHIeKaHOWIhTOpUL MK/IOT€KCaH-
xap6oHMNnGpoMun

Ins obo3HayeHus aMUIOB OKOHYAHUE «OBasi», XapakKTepHoe LIs
KUCJIOT, 3aMEeHAETCH HAa «aMUIl» HJIM OKOHYaHMe «KapOOoHOBast Kuc-
JIOTa» 3aMEHsIeTCS Ha «KapOOKCcaMM»:

0 0
CHy(CHCL O\C//O CH3(IIH—CH2CH2C<
2 “NH, CH, NH,
reKcaHaMHuJI HMKIONeHTaHKapbokcaMua  4-MeTHINeHTaHaMKWI

3amelleHHbIE TIPH a30Te aMuIbl UMeIOT TipeduKkc, rae 06o3HavYaoTCs
5TH 3aMECTHUTEHU

40 20
CH3(CH,;),C_ CH,CH~CH,CH,C
NH | N(CH;),
| CH,
CH,
N-MeTunHOHaHaAMMA N,N-4-tpyuMeTHITIEeHTAHAMM I

HazpaHue cmoXHbIX 3QHPOB CTPOMTCSH TAKHMM 00Opa3oM, 4ToObI
MepBYIO YacTh HA3BaHMS 3aHMMao obo3HaueHe ATKWIbHONW TPYIITHI,
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[IPMCOEAMHEHHOM K aToMy KHciopoga. BTopyio 4yacTb Ha3BaHMS CO-
cTasifAeT 0003HAYEeHUE KApOOHOBONW KUCNOTHI, B KOTOPOM OKOHYA-
HUe «OBas» 3aMEHEHO HA OKOHYAHHUE «aT»:

o

CH,C? CH,(CH,);COOCH; ()-cooc(CH,);
OC,Hj

ITUNALETAT METUIITEKCAHOAT TpET- 5yTPUIuH KJIOreKCaH-

Kapbokcunar

JI71s1 HUTPUIIOB CYLUECTBYET HECKOJBKO CUCTEM Ha3BaHuii. Cornac-
Ho HomeHkinatype MIOTIAK, oHM Ha3pIBalOTCA ajKaHHUTPHJIAMMU,
T.€. K HA3BAHHUIO aJIKaHa J00aBaseTcs OKOHYaAHHE «HUTPUI». ATOM YrI-
Jiepoga HUTPWIBHOM TPYIIBl BCeraa MMEET IEPBbI HOMEp:

CH;(CH,),CN CH39H—CH2CH2CN BrCH,(CH,);CN
CH;,
TeKCAHHUTPHI 4-MEeTWINEHTAaHHUTPHI 7-6poMrenTaHHHUTPUA

B apyroii cucreMe Ha3sBaHMN OKOHYAHHE «OBasl» 3aAMEHSIETCS] Ha «OHMT-
PWI», WIM CJIOBO «KapDOHOBAsI KMC/IOTa» 3AMEHSIETCS Ha «KapOOHUTPWII»:

~CN
CH,CH,CN C4H,CN (I
CH,
TN PONMOHHUTPHI 6eH30HUTPUA 2-MeTHJILIMKIIOreKCaH-
xapGoHuTpMI

B 3akmioueHue 3TOro pasaena mpuBeNeM HA3BaHUS HEKOTOPBIX
THIMYHBIX QYHKIHOHANBHBIX IPYIM NMPOM3BOAHBIX KapGOKCHIBHOM

o)
rpynmel. COOR-rpymnna Ha3blBaeTCA «aIKOKCHKAPOOHIW», C:NH
2

0
«kapbamou», C:,Cl — «xnopdopMun», CN — «iuaHo». Tax Ha3bi-

BAIOTCH 3TH TPYIINHI B HOJIHCI)YHKI.IHOHaJIbHO3aMeIHCHHb[X HUKI0ajk-
KaHax U aJiKaHax:

H3C0CO H Ncﬁo 0
L NS
COOH CH,CH,
3-MeTOKCHKApOOHWII- 3-kapSaMOMJINIEHTAHOUIXJIOPUI

uuxnoncuranxapﬁou OBasi KUCNOTa
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18.4.3. OCHOBHOCTb KAPBOHHMJIBHOTI'O KMCIIOPOIIA
B AJIBAEINJAX, KETOHAX, KAPBOHOBBIX KUCJIOTAX,
CIIOXHBIX 3®HPAX U JPYTHX ITPOU3BOIHBIX
KAPBOHOBBIX KHCJIOT

Kucnopon xapGoHUIBHOMR rpyiibl ob61anaeT cBoMcTBaMK cinabo-
ro ocHoBaHus JIsioKMca, IpH MPOTOHHPOBAHUM KOTOPOro obpasyercst
COMNpPSDKEHHAs KUCI0Ta — OKCOHHUEBasI coJib. OCHOBHOCTH KapOOHWb-
HOM I'pynnbl MOXeET ObITb KOAMYECTBEHHO Olpe/ie/ieHa KaK BeJIMYMHA
pK, COOTBETCTBYIOIIE}N CONPSIKEHHOM KHMCJIOTBI:

@
OH pk, o
RCZ. 22 RCZ. +H®
X X
OKCOHHEBasI COJIb

OKCOHMEBbIE CONMH KapOOHWIBHBIX COEAUHEHMH OTHOCATCSA K CHIb-
HBIM KMCJIOTaM — Gojee cabHbIM, deM KaTuoH H30%: onu cpaBHu-
MB! TI0 CHJIE C CEPHOI KUCIOTOMU. DTO 03HAYaeT, YTO 10 OCHOBHOCTH
KapOOHWILHAA IPYINa 3HAYUTENLHO YCTYITAET BOXE, CITMPTAM U IIpO-
cTeiM 3¢upaM. HenoneneHHas napa 3/1eKTpoOHOB KApOOHMIBHOTO KHC-
JlopoJia 3aHUMaeT spz—mﬁpmmylo opbutann U MO3TOMY GoJiee Tpoy-
HO CBfi3aHAa C SAPOM, YeM HenoJeleHHbIe sp3—m6pmmble napsl
3JIEKTPOHOB aToMa KMCJIOpPOAA B CIIMPTAX, BOAEe U IPOCTHIX 3¢Hpax.
HenoneneHHas napa 3/eXTpOHOB KapOOHWIIBHOIO Kucaopoaa ciabo
yAEpXHUBaeT aTOM BOXOpOAa B KaTMOHAaX OKCOHMS, KOTOPhIE NMPOSB-
JISIIOT CBOMCTBa OY€Hb CHJIbHBIX KUCJIOT:

-opbuTanb (Gornee OCHOBHAA)
&L == R-... + H®
RTQ R
6onee cnabas
KHCIOTa

- Sp2-opbuTtans (MeHee OCHOBHASA)

R H
@
> 7 = R\c—~—o + H®

R— C=0® - R” @ |

6onee cuiabHas
KHACAOTa

HexkoTopble JaHHbIE MO KHUCAOTHOCTH NMPOTOHMPOBaHHOM (GOpPMBI
NPOU3BOAHBIX KApOGOHOBEIX KHC/IOT, HUTPWIOB, AIbAETUAOB U KETO-
HOB npuBeneHsl B Tabn. 18.4. [Ing cpaBHeHHs TaM Xe MIPUBEAECHBI 3Ha-
yenus pK, H;O0", CH;0H,*, R,OH".
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Tabnuua 184
KHCIOTHOCTL NPOTOHKPORaHHOK GOPMBI MPOUIBOJHLIX KAPOOHOBBLIX KMCIOT

Coennnenne ConpsameHHAas KHCAOTA pX, conpsxennoi
KHCJIOTHI
On
CH;CONH, CH,CENH, 0,0
Hzo H30° =17
®
CH;0H CH,0H, -2,2
®
CH3CH,0CH,CH; CH,CH,0CH,CH, -3,6
H
oH®
CH3COOH CH,cZ OH ~6
29 SH
Z _
CHJC"‘-OCH2CH3 CH3CZOCH2CH3 6,5
Py S
Z
CH3C_CH3 CHJC{/"CHJ _7,2
PRy S
z _
20 Su
-
=—C = -9
CH,C=Cl cH,cZ Cl
CH,C=N CH,C=NH -10

HecMoOTps Ha TO YTO 1O OCHOBHOCTH KapOOHWIBHBIN aTOM KHMCJIOpO-
Ja 3HAYUTEJIBHO YCTyMaeT 3PUPHOMY KHCIODPOMLY, CIOXHBIE 3QUPHI
NPEUMYLIECTBEHHO MPOTOHUPYIOTCS MO KapOOHMUIIBHOMY KHCIOPORY.
DTO OOBACHSETCS CONPSXKEHWEM, BO3HMKAIOIMM B NPOTOHUPOBAH-
HOlt dpopMe:

H
=0 | y® el
R +H R Fow

ITonoxuTeNbHbIA 3apsil AENOKATH30BAH MEXIY OBYMSI aTOMaMM KUC-
JI0poJia, YTO AeNAeT IIPOTOHHPOBAHHYIO (HPOPMY CJIOXHOTrOo 3dupa 60o-
nee cnaboil KHCNOTOM, YeM NMPOTOHMPOBaHHas dhopMa KeToHa. Bius-
HMeE CONPSIKEHUS HAIJISIAHEE BCErO MOXHO NIPONEMOHCTPHPOBATD TIPH
pPaccMOTPEHUH MPOTOHUPOBaHHOM dopMbl amuaa. [IpoTroHHpoBanue
aMMIa MO a30TY NPHUBOAMT K IIOJIHOM NMOTEPE COMNPSDKEHMs] HEMoAe-
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JICHHOW Mapbl 37€KTPOHOB a30Ta C T-3JIEKTPOHAMM KapOOHHIILHOM

0oe
rpynikbl B RCZ—NH3. B npoTHBOMONOXHOCTh 3TOMY IPOTOHMPOBaHHUE
aMMJa [0 aToMy KHCJIOpOAa CTaOMIM3UPOBAHO COMNPSXEHUEM:

@
~0 —H
rR¢Z +H® =—= RCY
“NH, @nz

Cpenu npou3BOAHBIX KAPGOHOBHIX KMCIOT OCHOBHBIE CBOMCTBA
Haubosee cnabo BeIpaXeHbI Y HUTPUIOB. DTO HE YAUBHUTENBHO, ECIIH
NPHUHATL BO BHUMaHHUE, YTO HEMOME/IEHHas 1apa 3/JIeKTPOHOB aroMa
a30Ta B IMAHO-TPYIIEe 3aHMMaeT Sp-TUOPHUAHYI0 opOuTab. B aMMuake
HEMo/e/NeHHasl TIapa SIeKTPOHOB 3aHHMAET sp° - THOPUIHYIO OpOUTANE.

(]
Pasnmuuue B kucnotrHoctd N—H ces3eit B katnone NHy (pK, =9,5) u

@
CH;C=NH (pK, = —10) npuMepHO COOTBETCTBYET Pa3IMYMUIO B KHUC-
norHoctn C—H-cBszeit B anetunere (pK, = 25) u metane (pK, = 50),
KOTOpOE TaKXKe OOYCIIOBJIEHO Pas3JMYHbIM THIIOM T'MOpHUIM3aIIUH.

18.5. ATMJITAJIOTEHHM/IBI

AUMITaNOreHHUABI IOJIYYAIOT U3 KAPOOHOBBIX KUCIOT C TOMOLIBIO
peakuuy oOMeHa MeXZY KapOOHOBOM KHCIOTOM M TajIoOT€HaHTMAPU-
JOM KakoW-HUOynb Heopranumyeckoit kuciaotbl. PCl;, PBr;, PCls,
SOCl; n gp. Haubonee 4acToO B CHHTETHYECKON NMPAKTUKE AIA 3TOH
UM MCMOAB3YIOT XJIOPUCTHIN THOHMI, MOCKOJBKY KPOME aLIWIXJIO~
puna odpa3yiorcs nBa razoobpasHbix npoaykra — HCl u SO, u Bbize-
JIeHUe XJIOPaHTHAPHAA B YUCTOM BHIAE HE NMPENCTABISCT TPYAa:

AM®A win N(CHs), P

RCOOH + 50Cl, xiopodopM wim 6eH3on RC—q

+ HCl + SO,;

CH,CH,CH,CH,COOH + 50012—'g:}4{—$>cn3(CH2)3coc1 + HCl + SO, ;
(87%)
CH; CH;
HsN
Hﬁ‘@}COOH +50Q; W mc—@»cocn +
CH; (90-95%) CH;

e
+ SO, + CsHsNHCI ;
' 197



3BrCH,CH~CH,CH,COOH 5 L=

6e e 3BrCH2C]2H CH,CH,COBr + H;PO5;
CH, CH, (70%)
PBr3
3{ )-cooH g+ 3(_)-COBr + H;PO;.
(90%)

O6pazoBaHye alWIraioreHuaa U3 KapOboHOBOIl KMCNOTH M XJIOpUC-
TOro THOHWJIA MPOUCXOAUT B ABe cTanuu. [lepponayansHo n3a RCOOH
n SOCI, o6pa3yeTcs CMelIaHHbIA aHTMIPHUI; HAa BTOPO# CTalluM Hpo-
MCXOMUT HYKJIeO(QUJIBHOE 3aMellieHHe Y AlWJILHOIO aToMa yriepona
Noj NeHCTBUEM XJIOPHA-HOHA;

0
RCOOH + SOCL, rRc? o +HC;
o P
0-sZ.
c
RC\ _0 +HH = RC\ _0 —_—
o—s< o-—s(
a a
O\H
— REI O RCOC! + HCl + SO, .

Peakuusa KaTanM3MpyeTcs TPETUMHBIMH aMUHAMHU. TpeTHYHBIH aMHH
cesizsiBaer HCI ¢ o6pasosanueM conu R;NH®CI®. Takum obpasom,
TpeTHYHBIE AMHHBI CIIOCOOCTBYIOT 00pa30oBaHMIO XJIOPHI-HOHA, pas-
PYLIAIOLIEro CMEIIaHHbIA aHruapua. MexaHu3M Karajinia peakuuu
IUMETHAGOPMAMHUIOM CWIBHO OTIMYAETCS OT NEHCTBHUS TPETHYHOIO
amuHa. ITepBoHayansHo JIM®DA obpasyeT ¢ THOHWIXJIOPHAOM XJIOP-
HMHHUEBYIO COJIb — peareHT BunbscMmeiiepa (rn. 19):

0
Hc?Z +S0Cl, =—= (CH3)2N—CH—0—S<81
N(CHjy), Cl

Cors= R e
= (CH3)2N CH SECI_-—_:.’ (CHy,N=CH CF + 50, .
Cl
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XJTopUMHHUEBAS COJIb KaK JMEKTPOUIBHBII areHT aajee pearupyer
¢ KapBboHOBO# KHUCIOTOR ¢ 0Opa3oBaHHEM XJIOPAHTUAPUAA U JIUME-
TiidopMaMuIa:

o
ReZ  + HCN(CHy), == (I
OH ’

a e ©oH

al ~C=0

o o
— RC< + HCZ + HCl .
a N(CH,),

D10 Haubosee YHUBEPCANbHBIM METOH MOJYYEHUSA XJIOPaHTHMAPHIOB.
OH MOXeT ObITh C YCITIEXOM MCIIOIb30BaH VISl CHHTE3a XJIOPaHTHIPH-
OB CWJIBHBIX KMCJIOT, TAKHX KaK TPHXJIOp- U TPHDTOPYKCYCHAs KUC-
JIOTBI, KOTOPBIC HENb3A MOJYYMTh HEMTOCPEACTBEHHO C ITOMOILBIO Of-
HOTO THOHWIXJIOPHIA. AHAJIOTHYHBIA MEXaHKU3M, [T0-BUAUMOMY, MOXET
6bITh NMPeAIOXEH U I 00pa3oBaHUs ALWITAIONEHUAOB C TOMOILBIO
apyrux kucinot Jletouca — PCl;, PBr3, PCls, POCl; u np.
THOHUIXNOPHUA NpeACTABNSAET Co00i cpelHeil CHJIBI KUCIOTY
JIpionca, MO3TOMY AJI MOAYYEHUS XJIOPAHTHAPUAOB M3 COSIMHEHMI,
conepXalux Apyrue GyHKIUOHAIBHBIE [PYNbI, YYBCTBUTEIbHBIE K
OEeHCTBUIO KHCIBIX aT€HTOB, CJIENyET UCIIONb30BATh HEUTPAJIbHBIH pe-
areHT — OKCAJIWIXJIOPHA, ITOJIyYaeMblid U3 liaBejeBON KUCIOTBI U
nsituxsiopucroro docdopa. B 3roM ciydae o6pazoBaHUE XIOPaHTHI-
pHIa NPOUCXOOUT B MCKMIOMHTENBHO MSITKUX ycaoBusx npu 0—20°C
U, HalpUMep Ui HeNpemeNabHBIX O, 3-HeHACBILEHHBIX KMCIOT, He
COIPOBOXIAETCA U3MEHeHHeM KOHGUrypaluu IpH JBOKHOINM CBS3H:

R,
H/

H 6c R _H
C=C<coo§ (COC')ZT—%)%’H>C=C\C o 00+ CO+ HA.

Mexanuam aToit peaxKiHi HHYCM HE OTAHYACTCSA OT MEXaHHU3MaA oﬁpa-
30BaHMUSA aUMIXJIOPUIOOB U3 KaPGOHOBbIX KHCJIOT U THOHUAXJIOpHAA:

o o 0

Z - “HCl_ o ?

rReZ 4 +C1<C o —HA. reZ 0O
~a C

0
7
———e RCZ | + €O, + CO.
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Jlns nony4eHus aLuMIXJIOPUIOB U3 KApOOHOBBIX KMCIOT B MSITKUX
YCJIOBUAX MOXET OLITh UCIOJb30BaH ¢ocreH:

0]
oC

(0]

o)
/
HC,_ rcZ a * €O,

/ —_

o
20 — rcZ
~c

B cosepllleHHO HEATpaJIbHbBIX YCIOBUSX XJIOPAHTHADUIBI MOXHO I10-
JlyyaTbh Npy AefiCTBUM Ha KapOOHOBBIE KMCIIOTBl CMeCH TpHUdEeHHI-
docduHa U YETHIPEXXIIOPUCTOrO YIiepoaa:

0
RCOOH + (GH);P + CCly —epap Rc\o—%(csﬂ )Cle -
573

—= RCOC} + (C6H5)3PO .

MexaHu3M 3TOM peakliM¥ aHAJIOTHYEH MeXaHW3My oOpa3oBaHUA a-
KHIxjiopunoB U3 cnupta, (CeHs)sP u CCly (ra. 11, 4. 2). IlpoMexy-
TOYHO OOpa3yoIHiicd HHTEPMEINAT MOXET HEINOCPEACTBEHHO
B3aMMOJIeICTBOBATb CO CITMPTaMH M AaMUHAMMU C 0Opa30BaHUEM COOT-
BETCTBEHHO CJIOXKHBIX 3¢(UPOB U aAMUIIOB.

18.5.1. AIMITATIOTEHHIBI KAK ATTHJINPYIOINME ATEHTBI

AIWIraJIoreHUasl NMpeacTabBisiorT coboit Hanboee NOCTYIHbIE H

YHUBepCAJIbHbIC peareHTHl IS BBEICHUS AlWJIbHON [PYNIILI MIPH 3a-
MEILEHUH TaJOreHUI-UoHa MOH IeHCTBUEM CAMBIX Pa3sHOOOpa3HBIX
HYKIeO(WIBHBIX areHTOB: BOIBI, CIIMPTOB, AMMHAaKa, MEPBUYHBIX U
BTOPUYHBIX AMHUHOB, THOJIOB, I'MApPUI-UOHA, KapOaHUOHOB, KApOOK-
CHJIAT-UOHA ¥ MHOTHX APYI'MX PEareHTOB. DTH peaKUMH HeoOpaTHUMBI,
TaK Kak rajJloreHUA-uoH 6osee cnabblii HykneodbwIbHBIN areHT, YeM
OH™, OR™ u fpyrue HyKIeodWIbl IO OTHOLIEHHIO K Sp°-TUBPUIHO-
My aTOMY YIJIepoJa allHJIbHOM TpYIIHL.
A. Tunpoam3. AuUMNraioreHubl pearupyioT ¢ BoJoid ¢ o6pazoBaHuem
KapOOHOBBIX KHCJIOT. DTO OObIYHAS peaklMsa HYKIeOPWILHOTO 3aMe-
LEHUA Y AaWIBHOIO aToMa yrjiepoja, B KOTOPO# 1ocjie NpUcoeguHe-
HUs BOJbl MOJYYaeTCcsi OCTAWHOBHIM MHTEpMeNUaT, CTaGMINM3UPYIO-
LIKCca BO BTOpPO# CTaAUHU B pe3yNbTaTe OTLIEIUICHHUS XJIOPUI-UOHA U
[IPOTOHA:

o o
RCZ_, + HOH e | R=C-OH, | —

1
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0
— «RCZ ® 1+ cP—= RCOOH + HCl .
OH,

B. Ankoroau3. BzauMozeiicTBie allMITANOTEHHAOB CO CHUPTAMU MPH-
BOJMUT K CJIIOXHBIM 3uUpaM no MexaHu3My, abCONIOTHO aHAIOMMYHO-
MY JUISI peaKuuu ¢ Bonoil. JUig CBA3BLIBAHMS BBIAEJSIOLIErOCs rajore-
HOBOAOPOJA MCHOJb3YIOT TPETHYHbIE AMUHBI, OOBIYHO MUPUIHH,
TPUSTWIAMHH WIA IUMETWIAHWINH:

o C4HsN(CH,) 0 ® e
— 5 32 = .
CH,CZ (CH3)3c0H——3¢;p—— CH,C\OC(CH3)~|3- C¢H;NH(CH,),Cl;
(68%)
20 C;H,N
C¢H,CZ ., + CH,;CH,CH,0H —— C,H,COOCH,CH,CH, ;
a CHCl;; 20°C
(86%)
o (o}
& =
C Z
“ v [>oH—= _GHN__ o<
a¢mp; 20°C .
(55%)

Ecnau He cBS3BIBATH FaJIOTEHOBOAOPOH, TO IPU 3TepUPUKALMHY

BTOPUYHBLIX, ¥ OCOBGEHHO TpeTUYHBLIX CNHPTOB Bcerga obpasyercs
HEKOTOPOE KOJNUYECTBO FAIONeHUAa, KpOMe TOro, ralIoreHOBOXOpOR
NPUCOEUHAETCS MO KPaTHOM CBA3M HeHAaCHIIEHHbIX KHcaoT. Cko-
pocTh 3TepUbHKaALMY AUMITaJIOTEHHAAMH 3aBHCUT OT CTEPUUECKHUX
daxropop. [loaToMy MHOTA NMEPBUYHYIO CIIHPTOBYIO TPYNIY yaaeT-
Cs CeJIeKTHBHO Mpo3TepUdUIHPOBATh IIPK HATHYHU B TOK Xe MoJje-
KyJie BTOPUYHOTO WM TPETUYHOIO rTHIpOKCcKHiIa. Drepudukauus de-
HOJIOB C [IOMOIUBIO allWITAIOTeHUAOB OOLIYHO TpebyeT Goiee KEeCTKUX
yCJIOBMIA, M HAMAYYIIHE pe3y/NbTaThl JOCTUTAIOTCS NPH ALMJIMPOBA-
HUHM INENOYHBIX WIM TaiueBbIX (eHONATOB B HEMOJISPHOM anpo-
TOHHOM cpeje.
B. AMEHOM®3. ALMITAIOreHUAB! 3HEPIHYHO PEarupyloT ¢ AMMHUAKOM,
MEPBUYHBIMH K BTOPUYHBIMM aMUHAMM WIH THAPA3HHOM € oGpaszo-
BaHMEM C OYeHb BBICOKHM BBIXOZOM HE3aMELICHHBIX WiH N-3ame-
LLIEHHBIX AMHIOB, 4 TAKXKE THAPA3UAOB KUCIOT;

CHCL,
(CH;),CHCOCI + 2NH; g5= = (CHy);CHCONH; (83%);
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CHCI
C¢H;COCI + 2NH(CH3); ———-= 0—20C CsHsCON(CHsj), (92%);

(CH;);CCOCI + 2NH,~ (CH,);CCONH—NH, (88%).

3
NHz 5756°¢
MexaHH3M aMHHOJMK3a MMogo06eH MEeXaHU3My T'MAPOIU3a U AJIKO-
rojausa, pasnvuiyde JIMIIp 3aKIIo4YaeTCa B TOM, YTO [IPOTOH M3 TETpa-
:-mpnqecxoro umepmenna"ra OTHUCILIACTCA C IIOMOLUBIO BTOPOTO MOJIS
aMHHa. HOSTOMy I aMUHOJIN3a HeoﬁXOlIPIMO pacxonoBaTh ABa MOJIA
aMHUHA Ha MOJIb allUATAJIOreHaa:

®
RCZO + RINH, — R-C—NHR _RINH,_
a

e} [©] Q
— = RCZ + RINH,QL .
NHR!

HHorna BMecTO JOPOrOCTOSILIErO aMHWHA JJIsS CBSI3BIBAHMS Tajiore-
HOBOJOPOAA MCHOJb3YIOT pacTBop Luenouu npu 0—5°C. Torma mus
aMHHoJM3a TpebyeTcs TOJBKO ORUH MOJIb aMHHA. DTOT O4YeHb YI06-
HBIi B IpEeNapaTHBHOM OTHOIUEHWH METOX ObLI MPEMIOXEH B KOH-
ue npouuioro Beka llorreHoM U BayMaHoM u mHor[a gaxe Ha3blBa-
ercqa peaxuueil [llotren—bBaymana. B xauectse npuMepa npusegem
TOJIyYeHUE TPUMETO3WHA, UCIIONbL3YEMOTo B MeAMIIMHE B Ka4yecTBe
CeaTHBHOTO CpelcTBa:

H,CO H,CO

H,CO COCl+ HN/—\O _NaOH___ H,C CO—N,—\O
3 \_/  BOJa-AMOKCaH, 3 (AR
H,CO MOpdOnH 0-5C H,CO TPUMETOSHH

TpeTruHbie aMUHBI OOPA3yIOT C ALUITAIONEHHAAMM HOHHBIE COEOUHE-
HUS1, COEPXKALIME ALMILHYIO IPYTITY Y MOJOXUTENBHO 3apSDKEHHOTO aToMa
asora. B xayecTBe TPETMYHOIO aMUHA Yallle BCETO UCMOJb3YIOT ITUPHU-
JWH, TOIJa POAYKTOM PEaKLMH SBASETCS alWINUPUAUHUAXIIOPHI:

o)
z ]
Rc<%1 N ND C;Z.Clz RC\I@ cr®
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AUWINTUPUIAMHKH-KATHOH U APYTHE €ro aHAJIOrU SABASIOTCS MOIIHER-
WHUMHU ALUNUPYIOLIMMH areHTaMH, HAMHOTO INPEBOCXOASIMMU IO
PeaKLUMOHHOM CIMOCODHOCTH AUMITANIOreHUIbl, AaHTHAPUAbLI U APYrue
MIPOU3BOJAHbIE KAPOOHOBBIX KMCAOT. 1A nMpuBeNeHHBIX BbILIE peak-
uuit, rame B xadecTBe «cpssbiBajouiero» HCl areHTta umcnojs3oBaics
TPETUYHBIA aMWH, HCTHHHBIM ALMIUPYIOILUM AT€HTOM, 1O-BUIAUMO-

z
My, OKasbiBaercs aumiuenas coib RCT @ o

NR,Cl
RIC<O@ R20H | p! ! O —->R1C¢O + HI?IO
N:O> = RC\ N ~OR? .
®
R0
“H

IIpeBocxoaHBIM HEHATpaJbHBIM ALMJIMUPYIOLIHM areHTOM SBISETCS
AUMJIMMUAA30NKE, moinyyaeMbiii U3 N,N-kapOoHWIAHMMMAA30/A U
KapOOHOBOI KHUCJIOTH. DTH COENMHEHMS PEarupyioT C aMMHAMHU B
HUCKIIIOUMTENIbHO MSTKUX YCIOBHAX B OTCYTCTBUHM KaTanu3aTopa, B TO
BpeMs KaK JUIsl peakilMM CO CIIMPTaMHU TpebyeTcs KaTajau3 OCHOBaHM-
eM. OTH peareHTh! HallUTH UIMPOKOE MCIIONbh30BAHHE B KAYeCTBE allU-
JIMPYIOLHMX areHTOB:

T N—c—N | .

N= (II) =N
N, N-kapGoHmaMMM1a3on

cocl, + 2HN:_—=IL

o
RC? —

N1 +R'NH,
=N

RCONHR' + HN | .
=N

I'. BoccTanogienne AUMNTAIONeHNI0B KOMIUIEKCHHIMH miapusaMu. Boc-
CT2HOBJICHHE allWIrAIONeHUIOB KOMIUIEKCHBIMU FHAPUAAMH [TpEJCTaB-
JisieT coboil pa3HOBUIHOCTD PEaKLiUi HYKIeO(PWILHOIO 3aMELIEHUSA Y
aLWILHOTO aTOMa YTJiepoja, The poib HYKIeopHIBHOro areHTa Urpa-
eT rTuapua-uoH. B nmeppoit cranuu BoccraHosieHust RCOCI oGpasyert-
Csl albOeru, KOTOPBIH 3aTeM MPUCOECOUHSET elue ONMH I'MIPUI-HOH
U BOCCTAHABJIMBAETCS O MEPBUYHOrO CIIMUPTA:
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O LiAl o :
7z DA | 5| — re? + @ _LiAlHe_
a ~H
I
@ e
— R-C-H H__ rcH,0H.
H

AJIoMOTUIpHI TUTHSA sBIsieTcs 3¢ ¢EKTUBHHIM JOHOPOM TMAPHII-UOHA
1 obNafaeT MO3TOMY HU3KOH CeEKTUBHOCTHIO. OH BOCCTAHABJIMBAET
aIUIraJIore HMObI HEMMOCPENCTBEHHO J0 ANKOrONAT-HOHA MEPBUYHOIO
CITUpPTa. DTOT METOM He MMeeT IPAKTHUYECKOro 3HAYEHUs, ITIOCKOJIbKY
KapOOHOBBIE KMCHOTHI H CIOXHbie 3¢pHUpH TaKXe BOCCTAHABIMBAIOT-
Cs ATIOMOTHAPHIOM JIMTHS JO MEPBUYHBIX CIIMPTOB. 3HAYMUTENBHO Gollee
HHTEpECEH M BaXeH B CHHTETHYECKOM OTHOIIEHWM METOJ BOCCTa-
HOBJIEHHSA ALUJITAJIOFeHUIOB N0 anbpaerngoB. Ha 3Toit npomexyrou-
HO# cTaAuM peakiHl0 MOXHO OCTAHOBUTH B TOM clydyae, €Clld HcC-
oJsb3oBaTh Oojiee ciabblit M, ciiefoBaTesibHO, Oojee celeKTHBHBIM
BOCCTAHOBUTENDL. TaKUM areHTOM SIBISIETCS TpHU-mpem-GyTOKCHAIIO-
MOTHJADUA JIMTHSA, KOTOphlit nonyvaercss u3 LiAlH, u Tpex axBuBa-
JIEHTOB mpem-OyTWIOBOTO CIIUpTA:

a¢mp

LiAlH,4 + 3(CH;3);COH S TMITIAM

LIiAIH[OC(CHs3)s); + 3H,.

DTOT peareHT CeJEKTHBHO BOCCTAHABAMBACT ALIWITAIOTEHMIbI ANU-
daTHIecKMX M apoOMaTHYECKUX KapOOHOBBIX KHCIOT B 3¢pupe, TT'P
WIM IMTAv¥Me 10 anbaerunoB. YToObsl M36eXaTh JAIbHEEero BoccTa-
HOBJIEHMS albJlernja, HeoOXOOUMO MOAREPXUBATh HU3KYIO TEMIIepa-

Typy —78°C:

_o D LIAHIOCCHy), o

a¢mp, —78°C Z
H;CO—@—C\CI D00 H,CO—@—C\H :

H,CO H,C0  (gom)

1) LIAIH[OC(CH;);]5
aurnuMm; —78°C

()
CHy(CH,)— CHy(CH,)s—CZ

g 2) H,0° H’
(60%)
O 1) LIAIH[OC(CHy),)5; TT®; ~78'C
>z DR [ >—c\H ;
(42%)
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0 1) LiAlH{OC(CHj;)3}5; aurnum; —78°C

OZN—@C\CI 2) H,0® - OZN—@C

(81%)

B 6onee crapom Metone K. PozeHMyHIa UCIIOIb30BANIOCH KATAH -
THYECKOE BOCCTAHOBJAEHME ALIMITAJIOreHUIOB OO anbaerunos Ha Pd/
BaSO,, ne3akTMBUPOBAHHOM XWHOJIWHOM WJIH CEPOM:

Pd/BaSO4 (XMHONHH, cepa) =0
O’CHZC\C] 3TWIALIETAT WK TONIYyOoN O_CHZC\H+ HO.
(70%)

Ilpu BOCCTAHOBNEHHUM XJIOPAHTMAPHUAOB 10 anbAerugos no Posen-
MYHIY CjelyeT KCIOJb30BaTh CTPOr0 3KBUBANEHTHOE KOJUYECTBO
BOJOPOZIa, KOTOPOE OMNpPERETIOT IO BBHUISNSIOLEMYCS XJOPUCTOMY
BOZOpPORY:

s Pd/BaSO g
A 4+, XMHOMNH .
mc@}c’\a FHy e H3C—@-C\H+ HCL.

J. Peaknum ¢ MeTaLI00PraHHIECKHMH coeAnHeHHsamMHd. MarHuifopra-
HMYECKUE COCAMHEHHUS pearnpyior ¢ aluiraloreHugaMu ¢ obpaso-
BaHHEM HECHUMMETPHUYHBIX KETOHOB WM TPETHYHBIX CIIUPTOB. IlepBo-
HAYaJIbHO MAarHUiopraHMYecKoe coeAVHEeHUe MPUCOEIHHSIETCA Mo
KapOGOHMIIbHOM rpyline ¢ obpazoBaHHEM TETPas3ApPHYECKOro MHTEp-
Menuara. OTierUieHHe rajoreHuaa MarHus IPUBOAMT K obpasosa-
HMIO KETOHA.

OMsX
R'cZ0 + rmgx 2B |R--CC | —= RICZ0 + Mgxal,
~a 1‘1 ) R’

KeTroH nanee pearupyeT ¢ MarHHKOpraHHYeCKMM COeJMHEeHuEM
(rn. 23, 4. 4) c obpazopaHHeM TPETHYHBIX CIIMPTOB:

OMgX o H
RcZO + pMgx Z8- R--C—R MO pc—p
R .

2 2

7
C
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B TeyeHUe MHOIUX JIET CYUTAIOCH, YTO 3TOT METOI COBEPIUEHHO
HEeMpUrofeH /1Sl MOJYYeHUST KETOHOB, TaK KaK peaklMIo TpYIHO Oc-
TAHOBMUTb Ha MNepBoit ctaguu. OQHAKO allMJATaIOre HUIbI HaMHoro 6o-
Jiee PeaKUMOHHOCIIOCOOHB! MO0 CPaBHEHHIO C KETOHAMH B OTHOIle-
Huu npucoenmHeHuss RMgX mo kapbouunbHO# rpynne. 3ro
0OCTOSITENILCTBO YYTEHO B YCOBEPIIEHCTBOBAHHOM criocobe fonyye-
HUSI KETOHOB IIPH B3aUMOJIEMCTBHM MarHUMOPraHWYECKOro CoeqUHe-
HHMS ¢ U3OBITKOM alWJITAJIOreHHIa B MPHUCYTCTBUM 6e3BOMHOrO XJIo-
puna xenesa (III) B acpupe win TI'D npu HU3KOI Temmeparype
pu oOpaTHOM ITOPSIIKE CMELIMBAHUS PEATEHTOB:

0 FeCl QMeBr
CH,(CH,),C7 o CH3(CH2)5MgBrm CHy(CHps-C-Cl |-
(CH,),CH
® 0
—E%— CH;(CH2)5C< + MgCIBr ;
2 ©95%) ~CH:CH,CH;
OMg(Cli
0 FeCl ]
CH3cf/Cl + CH,(CH,);MgCl —35-5—2—78—6 CH,-- C-Cl —
Up, —
(CH,);CH,
@ (0]
O ne? + MgCl, .
H0 (CH,);CH;
(12%)

st ony4yeHust KETOHOB BMECTO peakTHBOB I'pHHbApA Hienecoobpas-
HO UCII0/Ib30BaTh KaAMUMOPraHNYECKHE WIH PTYThbOPTAHUYECKHE CO-
eIMHEHUS] C MEHee MMONSAPHON CBA3bIO: YLNEpOA—KAaAMHR U yrie-
PON—PTYTh:

o 0
=
R,Cd + R‘C<C1 OomOn__ RCZ i + RCACI (50-80%)
0 0
= AlB
RHg +RCZ  ———2—o RcZ i (80-100%)
Cl CH,Cl; —20°C :

Opraﬂnqecxp{e COENMHEHUA KAaAMHUsSI OYEHb MCIJICHHO PEAarupyroT C
KETOHAMH, 4YTO [O3BOJISIET OCTAHOBUTL pPEaKLMIO HA MEPBOM CTaoUM.
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Haunbosniee yHUBepCaNibHBIM METOAOM CHHTE3a HECMMMETPHUY-
HBIX KETOHOB C MOMONIbIO METULIOOPTraHUYECKHUX COETUHEHUN SB-
Jsercs alMIHpoBaHue AHAJIKHI-, IHAPWI- U JUAJKEHWIKYIpaToB
(rn. 16). ITo ceneXTUBHOCTH OHM HAMHOIO IIPEBOCXOAAT U PEAKTH -
Bbl I'puHbsipa, U KagMUHopraHnuyeckue COEAMHEHMSsI, a BBIXOAbI
HECHUMMETPHUYHBIX KETOHOB OUY€Hb BHICOKH U Hepenko OJIU3KH K KO-
JINYECTBEHHOMY:

O O
= . 3tup; & .
(CH,),CC + [((CH,),CH),Cu]Li (CH,),CC ;
N [((CH3),CH),Cu] —8C 3 934% \(’ZHCH3
(94%) CH,
I _pup;
CH3(CH2)4(,I 0 + [(CH3),Cu]li ——— —eC CHs(CH2)4(|:
(CH2)4(l: (95%) (C|:H2)4
I H,C—C=0

KoHnourypauus npy IBOKHOMN CBSI3U COXpaHSETCS B MPOAYKTE peaKiiMu:

CH, CH, CH,
CH,CH,CH-C=C  + [(CH,CH),CulLi 2 3(1’ CH,CHz—C{l o, o
0]
H = C= C C
C\Cl (92%) ! |
H  CH,CH,

Juankwi- ¥ JIUApUIKYpaThl PEaruPYIOT C AlIMATAIOTEHUIAMH U
aHTHAPHUIAMH KHUCIOT, HO HE B3aMMOJECTBYIOT CO CIIOXHBIMU 3¢du-
paMu, aMUIaMKA U HUTPIWIAMH. DTO MO3BOJISET UCIIONB30BATh KyIpa-
THI U1 CUHTe3a KeToHoB, cogepxammx COOR u CN-rpynmsl:

admp
78°C

0
NC—(CHp,oCZ__+ (CH3),CuLi NC-(CH,),(COCH,; .
cl

Oco6oe MecTo B CMHTE3€ HECUMMETPUYHbBIX KETOHOB C IIOMOLBIO
METAUIOOPraH MYECKHUX COEIMHEHUM 3aHUMAET peaKLUs JIUTHAOPraHy -
YEeCKMX COeIMHEHHI ¢ COIMU KapOOHOBBIX KMCIOT. Comu Kap6oHOBbIX
KHCJIOT NPEeACTABIAIOT cob0i HACTONBbKO ciabble allUIUPYIOIIUE areH-
Tbl, YTO PearupyioT TONLKO C TAKUMH CHJIbHEHLUIUMU HYKIIEO(MIIbHbI-
MM areHTaM¥, KakK JMTUHIKUIEL, ¢ 0Opa3oBaHHEM KETOHOB:
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H,0®
rRc=C 4+ R 2¥ L | p_C—oLi|—2
OLi —30C 1‘1* H,0
OH
— | R~C—OH RCOR! + H,0 .
ki
Z° 1) CH,Li; dup
C\OL' 2) H,0° QCOCH3 '
1 D H ©1%)

18.5.2. PEAKIINS ©. APHATA—B. DUCTEPTA (19271.)

3Ta peakiMsa 3aKII0YAeTCA B YIJIHHEHUH LIENH YTIEPOIHOIO CKe-
JleTa KapOGoHOBOM KMCIOTH Ha OJUH aTOM Yrjaepoaa. AIMATaNoreHu-
IObl pearupyioT C AMAa30METAaHOM KaK HyKIeoGHIbHLIM ar€HTOM C
06pa3oBaHUEM THA30KETOHOB:

® P
RCOCI + 2CH,=N=N 3‘%‘6‘?— RC\’O o o N2+ CHCL
CH=N=N

Onst nonyyeHUsT OIUA30KETOHA XJIOpPAHTUIPUA HeoOGxoauMmo Hobas-
JSTh K ABYM MOJISIM 3(HPHOro pacTBopa QWHa3OMETaHa I TOro,
yT0OBl BTOPO# MOJIb AMA30METaHA CBA3BIBAN BBUIEHSIOIIMIACA XJIO-
PHCThI Bogopox ¢ o6pa3oBaHHeM ra3oobpasHoro MeTwuiopuaa. Ju-
a30KETOHDB! [IPH HArpeBAaHMU C BOAHOM cycneH3uel okcuaa cepebpa
MpeTepreBaT MeperpynnupoBKy, KOTOPYIO Ha3blBAalOT Neperpyi-
nuposkoit Bonbda:

O
RC\’/ 0 & o nona—n?tiiccau [R lc!:— "H} N,
&{\fyﬂ: (0]

arpikapbeH

H,0
- —= RCH=C=0 RCH,COOH .
ATBAOKETEH

IIpeanonaraeTcsi, YTo B KaYeCTBE MHTEPMENMATA MEPBOHAYAb-
HO I10JlyyaeTcsl alMIKapOeH, KOTophlilt noaBepraeTcs aHUOHOTpPOII-
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HOM meperpynnupoBke B KeteH. KereH Obin BbigeneH B KayecTBe
MPOMEXYTOYHOIO MPOAYKTA MEpPerpyniiupoOBKU B OTCYTCTBUE BOMABI.
J{1a3okeTOH, MeuyeHHbIN u30TOmoM 'C B KapGOHMIBHON rpymme,
naeT KapGOHOBYIO KHCIOTY, COAEPXKALUYI0 METKY B KapGOKCHIBHOM
rpynmre:

_0 0]
CGH l3C/ 6 o ?{gi). CﬁHSCHz l3C/
CH=R=N 2 OH

Ecnu meperpynnupoBKY NpOBOXUTL HE B BOJE, @ B CIIUPTE, KOHEU-
HbIM IPOLYKTOM OKa3bIBaeTcs CROXHBIN 3¢up. Murpupyioiuast rpyn-
Ma MOXET OBITh AIKUIBHON, apUIbHOM WM QIKEHUJIBHOM TPYIIIOM.
MexaHusM neperpynnuposku Boabda aHaoruyeH neperpyniupos-
ke Kypuuyca.

Takum oBpazoM, B pe3yibTaTe peakiiud ApHATa—3icTepTa Kap-
60HOBasi KMCJIOTA MPEBpAlLaeTCss B CBOM NOMOJIOT:

9 (IIOOH
C 2CH,N Ag,0 CH
'Cl }{; (;'C CHN2 BOJa-IHUOKCaH 2
(88%)

18.6. AHTHAPUIBI KMCIOT

CyiecTBYIOT pasHooOpasHble MeTOAbI NMOAYYeHHUsS AHTHIPHUIOB
KapOOHOBBIX KHCJIOT. OOIMM METON MX IOJIYYeHHUs 3aKIIOYaeTcs BO
B3aMMOJIEHCTBHH ALMITANIOTEHHAOB C COJSIMM KapOOHOBBIX KHKCNOT,
KOTOpbIE HIPAIOT pojib HYKNeodUIBHOIO areHTa:

R‘cfgl + RICOONa SR MIMOHION _ g0 4 Ny
OC/R2

CsHsCH,COCl + C¢H,CH,COONa bu

E,—% (C{H;CH,CO),0 + NaCli.

(87%)

BmecTto conelt KapGOHOBBIX KUCJIOT yno6Hee UCIONb30BaTh CMECh Ca-
MO KapGOHOBOM KMUCHOTBI ¥ TPETHHYHOrO aMMHa (MMUpUOUHA, TPHU3-
TWIAMHHA U Ap.):
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— CsHgN (o) ® o
RCZO + RiCZO - Rc?™ o+ CHNHS.
OH ] 2bup wim Genson \O 2 ;
\R2
O CHiN
< si1s
CH;(CH,)sCOOH + CH;(CH,)sCZ_ O e

@ ©
—— (CH;(CH2)5C0)20+C5H5NHCI .
(97%)

AHrUAPUIB! BBICHIMX KapOOHOBBIX KMCIOT MOXHO IIOJy4aTh OOMEH-
HOi1 peakliueil KapOOHOBBIX KMCIOT C YKCYCHBIM aHTHIPUIOM:

RCOOH + (CH;CO),0 —-= (RCO),0 + 2CH;COOH:;

3
(74%)

AHUTHIPUAB KHCAOT 00pa3yloTcs IpKU HarpeBaHMU KMCIOT C TAKMM
CUJIbHEHIUMM AETHIPATHPYIOLLMM areHTOM, KaK NATHOKUCh ¢ocdo-
pa. DTOT MeToA o4YeHb YH0OeH IpH IOJYYEHHH aHTHAPHIOB CUIbHBIX
KMCJIOT:

P205 /O
CF,COOH - CF3C/\ 0 +HPO;;
80%)  CFs
P,0s
CF;SO;H ——= (CF,50,),0 + HPO,

(72%)

JlyywunM, Ho HauboJsiee JOPOTOCTOSILIMM CIOCOOOM TIONYYEeHHsI aH-
TUIPUIIOB SIBJISIETCS. METON ¢ HcNojib3oBaHueM N, N-IMIHKIOreKCUI-
KapboauUMMIA;

RCOOH + C6H1 1N=C:NC6H” i CGHHNH?=NC6H1 1-—’
JMHLIMKIIOreKCHIKApOGOTHHMHA OC-R
Il
0]

RCOOH

(RCO),0 + CH;\NHCONHCG:H,; .
N,N'-muuuxnoreKcWwiMode BHHa

210



Huxiudeckye aHMMIPUIBI HEKOTOPBIX AUKAPOOHOBLIX KUCAOT 0bpa-
3YIOTCSt [IPOCTO MPU HATPEBAHUM. DTO XApAKTEPHO, OMHAKO, TOJNBKO
IUTS TIOJIy4EHMA AaHTMIPUAOB € MATH U LECTUYJIEHHBIMU KOJbLAMM:

& O
CH,CO0H 300c  CHCZ
: ——= [ " So+H0
CH,COOH CHC

0
(95%)
SIHTApHBIN aHTWAPHI

230°C
— Q + H,0

C
VIASRA
O O\O

(100%)
¢raneBblii aHTUAPH

HOOC COOH

HexoToprie 13 pHBEIeHHBIX BbIILIE METOJAOB C YCIIEXOM MOIYT OBITh
KCMOJIB30BaHbI U JUIS CHHTE3a CMeLIaHHBIX aHTUAPHIOB IBYX Kap6o-
HOBEIX KUchoT. [TpocTeiiinuii crabuIbHbI cMeIaHHBIA aHTUIPHT —
auetundopMHUaT — AHTHAPUL YKCYCHOM M MYpaBbMHON KHUCIOT —
nosxyyaetcs u3 popMuara HaTpUs U AUESTUIXJIOPUIA:

o
HCOONa + CH,coC] 2242, Hc’ _C?7  +NaCl.
25°C O \CH3

(64%)

JpyruMy cTaGMWIbHBIMU CMEUIaHHBIMU AHFUAPHIAMM SRISIOTCS
aUUNTPUGTOPALETATH M auuiKapOGOHATHL:

_0 N(CH,CH,), _0
RCOOH + C1-¢cZ ————=RC7 o +
“OCH,CH, CH,Cly; 0~5'C ""~ocZ
XJIOPYTONBHBLA 3Up OCH,CH,
apIKapooHar

@® <}
+ NH(CH,CH,),Cl ;

(8]

o o
RCOOH + CF;-CZ -0 ——=CF,COOH + c&ci P
oC o—c<

CF, R

aumntpudTopalieTaTr
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OHM npeacTaBisiioT coboil adbdeKTHBHbIE ALWIUPYIOLUME AFeHTHI.
AUMIUPOBAHUE KUCIOPOA-, YIIEPOId- U a30TCoAepXKalUX HYKIeo-
¢UABHBIX areHTOB OCYLIECTBIISIETCS 33 CUET allMIbHOM rpynisl 6onee
cnaboil KUCIOTH, MMOITOMY AUMNKAPOOHATHI HALIUIY LIMPOKOE IIpU-
MEHEHME B MENTUAHOM CHHTE3E IJIs1 CBA3BIBAHMSA JABYX aMUHOKMUCIOT
WY TENTUAOB:

0
O  N(CH,CH,) i 0
_ = 2113 S e Ve
RCH-COOH + C+C ————LTRD; o+ RCH-C OIC/ ;
NHCbz OCH,CH, NHCbz OCH,CH,

Il O a0
RCH-C-0C?~  + NH,CH-COOCH, II®. 0C
NHCbz OCH,CH, R!

0
— RCH—CT " R + CO, + CH,CH,0H .
NHCbz NHCHCOOCH,

AuetwidhopMHaT NpUMEHSETCH Ul BBeIeHUS GOPMHIBHOM IDYITIIEBL.

CBOiCTBA aHTMIPUAOB KUCIOT 0GCONIOTHO aHANIOIHYHBI peaKlu-
SAIM alWIraioreHUAoB. [UIsi Toro, yTo6bl NMOAYEPKHYTh MX POJCTBO,
npuBeeM OBa HauboJjiee TUHMMYHBIX [IPHUMeEpa:

CH,CH,0<O)-NH, + (CH;CO)ZOI—“l';‘—ooi‘L CH,CH,0-O)-NHCOCH,
2

(90%)
theHauleTMH
(>xaporoHIDKalollee CPEACTBO)

7 CH,COOCH,
[ 7750+ CHOH—= | 95%).
CHLCS, CH,COOH

18.7. KETEHBI

YkcycHoit kuciore dopManbHO OTBEYAlOT ABa aHTHAPHIA. YK-
cycHult anruapui (CH;CO),0 u npoaykrt ¢dopManbHOM nermapara-
MM yKcycHo# kucaotel — KeTeH CH,=C=0. Ketren MOXHO paccMar-
pMBAaTh KaK KucnoponHsiit aHanor aanedsa CH,=C=CH; (r1. 7, u. 2).
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KeTeH 1101y4aioT B MPOMBILLIEHHOM MacluTabe MMPOAU3OM aueToHa
npu 700°C:

0

/ )
CH3C<C riLule

CH, + CH,=C=0 .
H;

OGuiue MeToAbl IMOJY4YEeHHs TOMOJIOTOB KeTeHOB (aJIbJOKETEHOB
RCH=C=0 u kerokerenoB R;C=C=0) ocHOBaHbI Ha KETHAPOTajIo-
reHUPOBaHUU ALWITATOTEHWIOB MM HEraJOTe HUPOBaHMM 2-Tajioas-
KAHOMJIFaJIOTeHUIOB:

O N(CH,CHy); t° $
o?° NCHCH b c0 + BHCHCH)E :

RCH
N1 CgHg wm agmp
II{ (0] 7
R-C-cZ~ & . R—C=C=0 + ZnBr,.

}'3r ~Br GeHg wm1 agmp

R

KeTeHn! oTHOCATCS K MCKIIOYUTENBHO PEaKLMOHHOCIOCOOHBIM
KapOOHMJIBHBIM COEIUHEHHUAM, CONEPXAIUIMM 37eKTpODHUILHbIN Kap-
GOHMNBHEIN yrnepoAHslil aToM. OHU SHEPrMYHO B3aUMOIEHCTBYIOT C
BONOW, CIIMPTAMH, THONAMH, aMHHAMH M APYTHMU HYKIeohUITBHbI-
MM areHTaMH:

0
+ <
CH,=C=0 + HOH 1~ CH3C<OH

CH,=C=0 + ROH 2= CH,COOR;

o
=
=C=0 + L :
CH=C=0 + RNH g CHCT L
H* /0
CH,=C=0 + RSH cuc? .
GeHg SR

VYKCYCHBI AHTMAPUI TIONYYA!OT B NMPOMBINUIEHHOCTH TIPH B33aHMO-
IeUCTBMH KETeHA C YKCYCHOH KMCIOTOM:

o

7
CH,=C=0 + CH,C<

(CH,C0),0.
OH
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TIpu B3aMMoOAeHCTBMM KeTeHa C MYPaBbUHOM KHUCJIOTOU obpasyercs
CTOMKMI CMCLUAHHBIA AHTWIPUI, KOTOPbIX KUCIONB3YIOT IJIS BBeEIC-
HUs GOPMUIBHONA IPYIIBI B CIIUPTHI, THOJNBI U AMUHBIL:

o
o = o _oO
CH,=C=0 + HCZ_ CH3ch/c<H ;

OH i
CMEIUAHHbIA aHTUAPHI

O _oO H o
CH3cio,c’<H + RNH, —¥°8 RNHCZ |, + CH,COOH.

KeTeH OTHOCHTENBbHO CTabWNeH TOJNBKO IIPH HMU3KOM TeMIreparype,
yxe npu —20°C oH muMepusyercs ¢ oGpa3oBaHHEM IUKETEHA:

H,C=C~CH,

CH,=C=0 + CH,=C=0 —= o-bt

IIpy B3auMOAEHCTBUM OUKETEHA CO CHUPTAMH IONY4al0TCs 3UPHI
AIETOYKCYCHOM KUCHOTEI.

—C— N(CH,CH
H,C=C-CH, CH,CH,OH (CH,CHj,)s

Il i
CH,C~CH,C
0-C=0 CH;CH,OH; 0—20°C  ~ ° 2

OCH,CH,

18.8. CJIOXHBIE D®HUPHI

CnoxHble 3¢bUpEl IPEACTABISIOT CAMYIO BAXHYIO I'PYITIIY IIPOM3-
BOIHBIX KAPOOHOBBIX KMCJIOT. OHM KCITONB3YIOTCH B CAMBIX PasHooG-
Pa3sHBIX OpPraHMYeCcKMX DeaKUHsIX U KpOMe TOro, CHOXHbIe 3pHupbI
PACIIPOCTPaHEHBl B KayecTBe MPUPOXHBLIX npoaykroB. [lo cyiuectBy
BCE PACTHUTENBbHBIE M XXHBOTHBIC XUPHI K BOCK [TOYTH LIETHKOM COCTO-
SIT U3 CJIOXHBIX 3UPOB ITHMLEpHHA. MHOTHE TAHHWHBI IPEACTABASIOT
co00H CIOXHYI0O cMeCh 3PHUPOB raJUIOBOI KMCIOTHI M TJIIOKO3BI, a
CJIOXHBIE 3(UPb! apOMATUYECKHX KUCJIOT K MHOTOaTOMHBIX (heHOJIOB
BXOJSIT B COCTaB JUIUAKHUKOB. MHOTHE GHOIOrMYECKH aKTHBHBIE BE-
IIECTBA TAKXKE COAEPXAT CNIOXHO3(UPHYIO IPYIINY.

CuHTETHYECKHE NTOAUIPUDPH — HOTUITWIEHIIHKOAbTepedTa-
JIaT, U MOJIMKapOOHATBHI HAXOHAT pasHooOpa3HOe NpUMEHEeHHE B
TEKCTHUIbHOMR MMPOMBILUIEHHOCTH Y AJIS1 IIPOM3BOACTBA «HEGHIOLIMX-
Csl» CTEKOJI.
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18.8.1. IIOJIYYEHHE CJIOXHBIX SOHPOB

18.8.1.a. S TEPUDPUKALINSA KAPBOHOBHIX KUCIIOT

Haubosnee 061HM METONOM IOJYYEHHUS CIOXHBIX 3(PUPOB ABJISI-
eTcs mpsaMas 3TepudHKaMsa KapOOHOBBIX KUCIOT CIIUPTAMM:

o
® /
R‘c/ + H,0.
\ 2
OR

H

R!COOH + R’OH

CyliecTByeT OrpOMHOE YMCHAO Pa3sHOBHUAHOCTEN MPSIMON 3TepH-
¢duKauuy KapOGOHOBLIX KHCJIOT, OTIMYAIOUIMUXCS OpYr OT Apyra He-
KOTOPBIMH XapaKTepHbIMHU HeTaissMU. OQHUM M3 CTaphIX U pacnpo-
CTPaHEHHBIX METONOB ocCTaeTcs 3Tepudukanud no J. Puurepy
(1895 r.). CMecs kap6oHOBO# KUCHOTH U Gospuioro M30biTKa 6e3-
BOJHOIO CIIMPTA, COAEpPXalIero XJIOPHCTBIA BOLOPOI, CEPHYIO UIHU
n-TONyoACYRbDOKHCAOTY, BhIIEPXHBAIOT B TeYEHUE HECKOIBKUX
yacos npu 70—80°C. M30rITOK ciMpTa cMelilaeT paBHOBECUE B CTO-
POHY 06pa3oBaHud ciioXHOro a¢gupa. Meron ®uiuepa npuMeHseTcs
IUTS TIONTYYEHHUA CIOXHBIX 3hHPOB METHJIOBOIO, 3THJIOBOTO M APYTHX
HM3LIMX CIiMpTOoB. B Apyrux ciy4asx sddexkrupHa MoandUKaiys 3Toro
METONAa, TAE B KaYeCTBE PAaCTBOPUTENS MCIIONB3YIOT GEH30J MU TO-
JAYOJl C a3eoTPONHON| OTroHKo# Boxwl B mpubope Jduna—Crapka.
KaranusaTopoM B 2TOM ciy4ae ciyxuT adupart tpexdropucroro
0opa, n-TomyosicyibGQOKHCIOTa MM Pa3/IMYHBIE CHIIBHOKUCIbIE Ka-
THOHOOOMEHHBIE CMOJIbI. Boay MOXHO TaKX€ CBA3BIBATH C IIOMO-
IBIO MOJIEKYISAPHBIX CUT — HeonuToB 3 A u 4 A. Ipsamas srepudu-
Kanusi KapOOHOBBIX KUCJOT JaeT HAWJy4llIHe pe3y/]bTaThl B Clyyae
MEePBUYHLIX CIIMPTOB, BBIXON CAOXHOrO 3¢Hpa CHJIBHO CHHXAeTCs
JUISL BTOPUYHBIX CITUPTOB, a VIS TTOJIY4EeHHUsI CJIOXHBIX 3¢UPOB Tpe-
THYHBIX CIIMPTOB 3TOT METOHA NpPAaKTHYECKH COBEPIUEHHO HENPUTO-
neH. CnoxHele 3¢HUpbl BTOPHUHBIX U TPETHYHBIX CIIUPTOB CAEAYET
NOJYy4YaTh AUWIMPOBAHUEM 3THUX CHMPTOB C IIOMOLIBIO AI{HJITaiore-
HMAOB WM AHTUIPHUIOB B IIPHCYTCTBHM TPETHYHOTO aMHHA — MU-
puMIuHa, 4-nuankwiaMyMHonupuauHa, N, N-quMeTnaHwinHa, ornm-
CaHHBIM B IIpebIAYIIEM paszesie 3Toi miasbl. B 0c060 BAXHBIX CIydasix
IUIst 3TeprPUKALMK CIIMPTOB LIEJ1€CO06Pa3HO HCIIONL30BATH OITMCAH-
HbIE BhILUE CMelUaHHble aHTUAPUILI KapGOHOBBIX KHUCIOT C TPU(TO-
PYKCYCHO#R KHCAOTOM MJIM XJIOPYTOJIbHBIM 3DHPOM B OYEHB MSITKHUX
yenoBusix npu —20°C. dna wutiocTpallMd NpUBEIeM HEKOTOPBIE TH-
MUYHLIE IPUMEPBI 3TePHUHUKALIUU:
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ueonut 3 A; H,SO,

CH,(CH,);COOH + CH;0H —cpop CH,;(CH,);COOCH,
(96%);
C¢H;CHCOOH + CH,CH,OH _HAa___ C¢H;CHCOOCH,CH; ;
5(:)H Y CH,CH,0H 5(|)H L
(85%)
80°C

HOOC(CH,),COOH + 2CH;CH,0H Geraon

—* CH,CH,00C(CH,);COOCH,CH; (95%);

o H;N(CH
cH,c” + (CHy),coH—o ) cooc(CHy), ;
Ny aomp
CN N (1o

CH;(CH,)sCOOH + CH;OHMCH3(CH2)5COOCH3 (93%).

Huxnndeckue cioxHbie 3dUphl HA3BIBAIOTCA NaKTOHAMH. OHM nojy-
4aloTCS [IPU BHYTPUMOJIEKYJISIDHOM 3TepuduKanum oKcukucior. Oco-
GeHHO JIErKO TOJYYalOTCsl NMATH- U 1UECTU3BEHHBIE Y- M O-JIaKTOHBI
NpY UMKIH3AUKK Y- U O-OKCHKUCIOT B KUCJIOH Cpeje:

o)
H,SO, o
CH;CHCH,CH,COOH —*—*~

OH
©5%) CHs

18.8.1.6. PEAKIIMH NEPESTEPUDPHUKALINH

CnoxHble 3pUpbl MOTYT ObITh MOJY4YEHb! ¢ MOMOLUBIO MepeaTe-
pHOUKALIMH, KATATU3MPYEMOit KUCIOTAMH MK OCHOBAaHUAMHU. CMech
CJIOXHOro 3¢upa U 60NbIOro M3OHITKA CIIUPTA HArpeBaloT B IIPUCYT-
CYBMHY KHUCJIOTHOTO WJIM OCHOBHOIO KaTajM3aropa:

H,SO
R!COOR? + R}’0OH ——= R!COOR?® + R?0OH.
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Peakuus uMeeT MPaKTU4ECKOE 3HAYEHUE TOJABKO B TOM ciydyae,
Koraa oba croXxHBIX 3PMpPa MOXHO JIEFKO PA3NEeNUThb MeperoHKoMm.
DTOT METOA OCODEHHO TIOJIE3eH ISl TIONYYEHHUA METUNOBbIX H 3TH-
JIOBBIX 3UPOB BHICIIMX KapOOHOBBIX KMCIOT NpH NepeaTepuduka-
LMK XHPOB, a TAKXe /Il CHHTE3a CJIOXHBIX 3hUPOB TPeTHUHBIX
CIUPTOB:

CHzOOC—C“H23 H SO CHz_OH

CHOOC-C,;H,; + CH;OH —>—*= C,;H;;COOCH; + CH—OH ;

CHzOOC—C“H23 CHZ—OH
(CH,),COK

RCOOCH; + (CH,);COH RCOOC(CH,); + CH,;OH.

OeHzon

HcexomioyuresHo YIOOHBIHM ITyTh CHHTE3a CJIOXHBIX 3(pHPOB B Heil-
TpaNbHbIX YCJIOBHAX COCTOUT B 3TEPUGMUKALMHM KaPOOHOBBIX KUCIIOT C
TIOMOLLLIO 0pmMo-MypaBbUHOro 3bupa WK AUSTUAALETAIS TUMETHI-
dopmamuga:

CH;,
110°C
H3C COOH + HC(OCH2CH3)3 Tonyon
CH,
CH,
—= H,C COOCH,CH; + HCOOCH,CH; ;
CHs (63%)
CsHsCOOH + (CH;),N-CH(OCH,CH,), ————GZ’;?CM

——= C¢H;COOCH,CH; + CH,CH,0H + HCON(CH}), .
(90%)

CHHTeTHYECKHE BO3MOXHOCTH 3TOro MeToza OIrpaHUUYHUBAIOTCA TOJb-
KO DOCTYNMHOCTBIO MCXOINHBIX DPEArCHTOB, IMO3TOMY NPAKTHYECKHU OH
NMPUMEHHM TOJIBKO 1A MOJYYEHHA METWIOBBIX H 3THJIOBBIX Sd)HDOB.
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18.8.1.8. ATKWJIHPOBAHUE KAPBOKCHUJIAT-UOHOB

HyxneodunpHoe Sy2 -3aMelleHM e rajloreHa B IEPBUYHbBIX U BTO-
PHUUHBIX AIKMATAIOreHUIAX o JecTBUEM KapOOKCHAAT-HOHA B Ka-
yecTBE HYKJIeO(HILHOIO peareHTa IMPOKO UCIIONb3YETCA CeHyac s
MTOJIyYeHHsI CIOXHBIX 3¢upoB. PaHee 21a 0ObIYHASA peaKius GuMose-
KYJIIPHOTO HYK/JIeO(HILHOrO 3aMelleHUsT UMeNa KpailHe orpaHUYeH-
Hy0 001aCTh NMPUMEHEHUS U3-3a HU3KOrO BBIXONA CIOXHBIX 3¢HUpoB
B IIPOTOHHbIX pacTBOpUTENsAX (BoAa, CIUPTHI), Iie KapOOKCHIAT-HOH
CUJIbHO COJIBBATHUPOBAH C MOMOLIbIO BOJOPOAHOM CBS3U U ITO3TOMY
obagaeT HU3KOH peakKUUMOHHON criocobHocThio. MeTon MexdasHoro
Katanusa (cM. 1. 9, 4. 2) mo3BoJISIET YCTPAHUTh STOT HEOOCTATOK 34
cYyeT PACTBOPUMOCTH TETPAAIKHMIAMMOHMEBBIX COJNEH KapOOHOBBIX
KHUCJIOT B IIOJIAPHBIX U MAJIONOJSIPHBIX AIIPOTOHHBIX PACTBOPUTENSX,
U B HACTOSAILLEE BPpEMS 3TOT CIIOCOO YAaCTO MPUMEHSIETCS [UIS TIONIy4Ye-
HHS CJIOXHBIX 3HPOB CaMBbIX Pa3HOOOpPA3HBIX, B TOM YMCJE W IPO-
CTPAHCTBEHHO 3aTPYAHEHHBIX KUCJIOT, ¢ OH 0COOeHHO mone3eH. B
KayecTBe KaTaJU3aTOpOB MexX¢ha3Horo nepeHoca Lenecoobpa3Ho Mc-
NoJbL30BaTh 18~KpayH-6-nmonuadup:

ALETOH WK ALCTOHUTPUI
#-C,H,N (CH,CH,),C>: Nal; 20°C

CH,CH,COONa + 1-CH,(CH,),Cl

—— CH,;CH,COO(CH,),CH; ;
(87%)
6eH300
(CH,);CCOOK + BrCH,COCgH; (CH;);CCOOCH,COC¢H;s ;
18-xpayH-6
(95%)
o]
JMCO o
BrCH,(CH,);COOK S0~
(89%)

18.8.1.r. AJIKOI'OJIN3 HUTPUIOB

KaTtanuaupyeMblif KHCJIOTAaMH AJIKOTOJU3 HUTPWIOB SIBJISIETCS
XOPOLUKM M JIETKO HOCTYITHBIM CIIOCOGOM CO3AaHUSA CIIOXHO3(pHUPHOIM
rpymnnsl. OGLIMHO M3 HUTPHJIA M CyXOro rasoo6pa3HOro XJIOPHCTOTO
BojopoAa B 3dupe nocie no6aBieHUs CIIMPTa NONYYAETCS THAPOXIIO-
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pua iMuIo3dupa, KOTOpbIi BHUIESIOT B HHAUBUAYAIBHOM BURE, 2
3aTeM I10CIe TWAPOIN3a TpeBpallaioT B 3¢up:

aup CH,CH,0H

w=N +
RC=N + 2HC] >dnp

RC—NHZC

9 O ; 20°
—=re=Rp,G H220C,

OCH,CH,

0 H,cl®
I 1) HC; 2
CH,C-CHCN —2———3"1"—"——0}1; ~CH- c/N

&p, 2 CHCHOH & OCHZCH3

H,0

o}
i
CH,;C~CH-COOCH,CH; .
CeHs (50—60%)

18.8.1.n. METUIIHPOBAHHUE KAPBOHOBBIX KUCIIOT
IUA3OMETAHOM

JlyuuiuM, HO M camMblM HOPOTrOCTOSILIMM METOAOM IONYYEHHS
METHJIOBBIX 3¢HPOB, ABAAeTCA oTKphitas . [lexmaHom B 1894 r. 3t1e-
pudUKausi KapOOHOBBIX KHUCIOT AHA30METAHOM:

[<]
RCOOH + CH,=N= Nl—ag’lc— RCOOCH,; + N,.

MetunoBbiit 3¢up obpasyerca B UCKIIOUHUTENBHO MSITKUX YCIIOBUSIX
MPAKTHYECKH C KOJIMYECTBEHHLIM BLIXOLOM:

H,C CH,
CH,N, N
+

HOOC— —H 3dup; 0°C  CH,00C 2

H CH
C(CHy),

XPM33aHTEMOBAs
KHACNnoTa
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l CH2N2 I N
+ .
]: JL adup; 0"C [ ]J\ 2
COOH

0~ “COOCH,

NMPOCTU3EBast (91%)
KHMCTIoTa

CH,—CmC~COOH + CH,N,2 22 ¥C . cmc-coocH, + N, .
(80%)

18.8.1.e. ATKOKCHUKAPBOHWINPOBAHUE ANTKHITAJIOTEHNIIOB
U BUHWITAJIOT'EHUI0OB

CoBpeMeHHEBIE METOBI CHHTE3A CIOXHBIX 3QHUPOB OCHOBAaHEI Ha
IIHPOKOM HCIONb30BAHUM T'OMOTEHHOIO METaJUIOKOMIUIEKCHOIo Ka-
TaJiM3a, TIe UCXOOHBIMU COENUHEHWSAMM SBJIAIOTCS ANKWITAIOTeHU-
Jbl, BAHWJITAJIOTEHUIBI ¥ ApWITAIOreHUABL. BUHMI- M apWIrajioreHu-
Ibl BCTYMAIOT B PEaKUMIO C TeTpaKapOOHMIOM HMKEJSI ¥ METAHOIOM
B NMIPUCYTCTBUU METHJIATA HATPHs, 0Bpa3yst MeTIIOBbIE 3PUPHI ¢ BITOT-
HE YIOBJIETBOPUTEJBHBIM BBIXOIOM:

COOCH
Hsct”\C_C/B’ Ni(CO),; CH;0Na HSC‘\C_C/ ’
VAN CH;0H; 25°C /7N
H H H H
(78%)

Jnst ankunranoreHUAOB MOXHO KCIIOJIb30BaTh TY Xe CaMYIO KaTalu-
THYECKYI0 CHCTEMY, HO B KayeCTBE OCHOBaHHUA OGonee 3¢dekTHBeH
TpeT-OyTWIAT Kanus:

Ni(CO),; (CH,),COK
(CHa);COH; 50°C

RCOOC(CH,);.

AJIKOKCHKapOOHWJINPOBAHUE apHI- , BUHWI- ¥ OeH3WITAIOreHUIOB
KaTaju3upyeTcss Takke M ¢ochuHoBeiMH KomrutekcamMu Pd(1I) B
MIPUCYTCTBHM TPETHYHOrO aMUHa:

R;N; Pd[P(C¢Hs);]1,Cl
CH,=CHBr + CO + ROH — [10(()% )Gy CH,=CHCOOR .
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18.8.2. THAPOJN3 CIOXHLIX 3OUPOB

I'uaponus cnoXHbIX 3QUPOB KAaTUIUIUPYETCA KAK KMCIOTaMH,
TaK 4 OCHOBaHHUAMU. KMCIOTHBIN TMAPOAN3 CIOXHBIX 3¢HPOB MpoBoO-
IAT OOBIYHO INMPKU HAIPEBAHUM C COJMSIHOM MM CEepHOM KUCIOTOMU B
BOZHOM WJIK BOJHO-CIIMPTOBOM cpene. B opraHHYecKoM CHHTE3€e KHC-
JIOTHBIA TMAPONAU3 CIOXHBIX 3(UPOB Yalile BCEro NpUMEHSETCS I
MOHO- M IMANTKWI3aMelIe HHBIX MAIOHOBBIX 3¢HpoB (ri. 17). MoHo- H
IU3aMelieHHbIe IPOU3BOIHBIE MATOHOBOTO 3¢Hpa IpH KUIITYEHUH C
KOHUEHTPHUPOBAHHON CONISIKHON KHCAOTOM MOABEpraeTcs THIPOU3Y C
IocnenyoIMM a1eKapboKCHIMpOBaAaHUEM:

xon1. HCl

(CH;),CH-CH(COOCH,CHj), (CH,),CHCH,COOH +

(75%)
+ CH,CH,OH.

Inst ruoposn3a, KaTaIM3UPyeMOro OCHOBaHHWEM, OOBIYHO HCITONB3Y-
I0T BOXHBIH wid BogHo-cnuproeeif pactBop NaOH unu KOH. Hau-
JIVHLINE Pe3yJbTAThl JOCTUTAIOTCS IIpH NMPUMEHEHUMM TOHKOH CyceH-
3uy ruapokcuna kanus B JIMCO, conepxameM HebGoiblioe
KOJUYECTBO BOHBI:

cimupr-Boga (9:1); 80°C

CH;(CH,)CH~COOCH; + KOH
CH,
= CH,(CH);CH-COOK ;

(70-80%) 13

NaOH

M—N02C6H4COOCH2CH3 H.O: 100°C
2%

m-NO,C¢H,COONa (90—96%).

KOH
JIMCO—H,0; 100°C

[(CH;),CH]);CCOOCH; [(CH;),CH];CCOOK (73%).

[MocneaHuit cnoco6 MpeAnoYTUTENEeH IUII OMBUIEHHUS! CJIOXHBIX 3¢H-
POB MPOCTPAHCTBEHHO-3aTPYAHCHHBIX KHCAOT; Apyro# MogudHkauueit
3TOT0 METOJA SABNSAETCS LeJOYHOM IMAPOIH3 HPOCTPAaHCTBEHHO 3aT-
PYAHEHHBIX CJIOXHBIX 3(pUpOB B NpucyrcTBUH 18-kpayH-6-nonau-

sdupa:
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CH, CH,

H;C@COOC(CH3)3 + KOH —18-kpayn-6 H;C@—COOK .
cnivpT-Boza; 100°C
CH, CH,

(80%)

st npenapaTUBHBIX LieJed TMAPOJU3, KaTATH3UPYEeMblil OCHOBa-
HUEM, UMeeT Pl OYEBUAHBIX NMPEUMYIUECTB [0 CPABHEHHIO C KHC-
JIOTHBIM THApPoaK30M. CKOpOCTh OCHOBHOTO THAPOJK3Aa CJIOXHBIX
9(}UpPOB, KaK MPaBWIO, B THICAYY pa3 BhILUE, YeM NIPU KMCIOTHOM
katanuie. I'uaponus B Kucioit cpele sBisieTcss oOpaTUMBbIM IIpo-
LIECCOM, B OTJIMUYME OT FUIPOJU3a B IIPUCYTCTBMM OCHOBAHMS, KO-
TOpblif HEOOPATUM.

18.8.2.a. MEXAHHU3MbI THAPOJIU3A CJIIOKHBIX 39OUPOB

I'naposnns cioXHBIX 3¢UpoB YKCTOM BOXOI B OOMBIIMHCTBE Cly-
yaeB o6parumasi peaklMs, IPMBOAAINAA K PaBHOBECHON CMECH Kap-
GOHOBOM KHCJIOTHI U MCXORHOTO CIOXHOro 3dupa:

o o}
= e 1
R-CZ _pi1 + H,0 === R-CZj; + R'OH.

Dta peaklivs B KUCJIOM M HIEJIOYHOM CpeJax CHWILHO YCKOpPSeTcs, YTO
CBSI32HO C KMCIIOTHO-OCHOBHBIM KaTaiu3oM (ri. 3, 4. 1).

CornacHo K. MHronbay, MEXaHU3Mbl THAPOIN3a CIIOXHBIX 3¢u-
POB KJIacCU(PULIMPYIOTCS 110 CAEAYIOIIMM KPHTEPUIM:

(1) T¥n KaTanu3a: KUCHOTHLIA (CUMBON A) WIM OCHOBHOM (CHM-
Bosa B);

(2) TMn pacluerieHHs, MOKa3bIBAIOIMMA, KaKass U3 ABYX G-CBS-
3eit C—O B cnoxHOM 3¢dupe pacuieTUIsieTcs B Pe3YJIbTaTe PEAKIMH —
ayui-kuciaopon (MHaexc AC) wnm ankuwi-kuciopon (MHIekc AL),

R—Ci OR’ R—C R
H H H OH

aALWI-KUCIOPOAHOE ATKIWI-KUCIOPOJHOE
pacuieriesne (AC) pacuerieHne (AL)

(3) MonexynsgpHocTh peakuuu (1 unu 2).
W3 3THX Tpex XpUTEpHEB MOXHO COCTABMTb BOCEMb PAa3THUHBIX
KOMOMHalMit, KoTopble MpHUBeNeHbl Ha cxeme 18.1.
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Cxema 18.1
Knaccnduxaums Mexaun3Mop ruiponusa choxupx 3¢upos no Huronsay

OH o OH :OH

[C]
H, 0 -RoH QH
Auc2: R-C-OR! =5= R-C-OR == R—SJGSHR‘ R-C-OH
QH, OH
0 D _nge
I e -RO
B,c2: R-C-OR'CH. R—ﬁ:@' RCOOH —- RCO0°
OH

310 Haubojiee yacTo Bcrpeyaioluecs MexaHu3Mbel. HlemouHoe
OMBUIEHHE MPAKTUYECKH BCEria OTHOCUTCA K THNY Boc2. KucnoTHsrit

rugponu3 (a Takke 3tepudUKanus) B GONBIIMHCTBE CIy4aeB HMeeT
MEXaHU3M Apc2:

Ascl: RCO-BHR!

o H,0 8
- RCO RCO—OH,==—=RCOOH ;
—R'OH

—R'0° o]
Bacl: RCO—OR! rco®-2H

RCOOH —= RCOO® .

Mexauuam Apc] 0O6biyHO HaOMIOJaeTCS TOJBKO B CHIBHOKKCIIBIX
pacteopax (Hanpumep, B KoHll. H,SO,), u ocobeHHo yacro mns adu-

POB NPOCTPAHCTBEHHO 32TPYAHEHHBIX APOMATHYECKHX KHUCIIOT.
Mexannam B,cl nmoka HeussecTeH.

[©]
An2: R—CELOMR! === RCOOH + K'~OH, ;

OH \
® H,0
B, 2: R-COC2R! RCOP + R'OH.
H

Mexanusm B,y 2 HalifieH TOJIBKO B cllydae UCKIIIOYUTEIBHO CHJIb-
HOTO NPOCTPAHCTBEHHO 3KPAHMPOBAHHBIX AUMWILHBIX PYIN ¥ HEHT-
paNbHOTO THApPOIN3a B-NakToHOB. MexaHu3M A, 2 TOKA HEM3BECTEH.

@
oH @
AaLl: R—C-O-R === R'COOH + B R®+ H,0===R-OH,;
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H

Bal: RICOO-R === R'C00°+ R® 29 RICOOH + ROH .

Ilo MexaHu3My A, ]l OOBIYHO pearupyioT TpeTUYHO-AAKUIbHbIE
c/IoXHble 3¢HpPbl B HERTPATbHON WM KHCJIOH cpele. DT Xe cy6-
CTpaThl B ITOAOOHBIX YCIOBUSIX MOTYT PEarHpPOBATh 110 MEXaHU3MY By 1,
OIHAKO MpH Nnepexole B YyTh Golee 1IeIOYHYIO cpedy MeXaHu3M By 1
ceifyac xxe cMeHsieTcsl Ha MeXaHu3M B,c2.

Kak BuaHo M3 cxemsl 18.1, peakuuu, Karaau3upyeMsle KHUCIO-
TaMH, oOpaTUMBbI, U M3 IMPUHIIUIIA MMKPOCKONMNYECKOH obpaTUMocC-
™ (1. 2) ciexyeT, YTO M KaTaJu3dpyemasi KMCJIOTaMH 3tepuduka-
LiMisl TOXeE [IPOTEKAET Mo NoAoOHbIM MexaHH3MaM. OQHAKO TIpY KaTaluse
OCHOBaHHUSIMH paBHOBECHE CABUHYTO B CTOPOHY TMApPOH3a (OMbUIE-
HUS), TMOCKOJbKY PaBHOBECHE CABHUIAETCS BCJIENCTBUE MOHM3ALMH
KapOOHOBO# KMCHOTHL. COrNIacHO NPUBENEHHON CXeMe, B CIydae Me-
xanu3ma Apcl rpynnel COOR 1 COOH nporoHMpyioTes Mo ajkoK-
CHJIBHOMY MJIM M'MAPOKCHUIBHOMY aTOMY KHciopoaa. BooOlue rosops,
C TOYKU 3pEeHHs] TEPMOIMHAMUKHU OoJiee BBITOJHO NMPOTOHUPOBAHHE
KapGOHMILHOIrO KHcjaoponaa, rpynnsi C=0, Tak Kak B 3TOM ciaydae
ITOJIOXKUTENIBHLINA 3apsii MOXET HeOKAaAU30BaThHCS MeXIoy o0oumu
aToMaMy KHCJIOpOaa:

®
_OH _OH
R-CZ_ R-CL_
OR! \gRl

Tem He MeHee, B HEOOMBIHMX KOJIMYECTBAX B PACTBOPE CONEPXUTCH H
TayTOMEPHBIA KaTMOH — HEOOXOAUMEBIH MHTEpMEIUaT B MEXaHU3Me
Aacl. O6a Bl-mexanu3sMa (13 KoTopeix Bacl HeusBecTeH) Ha camoM
IieJle BOBCE He KaTAIMTUYECKUe, KOO B Hayajie IPOMCXOAMT JUCCOLU-
auusa HedTpaibHOro adgmupa.

W3 BOCBMH MHIOMBAOBCKUX MEXaHU3MOB 3KCIIEPUMEHTAILHO J0-
Ka3aHbl JHIUb LIECTh.

18.8.2.6. MEXAHHU3MEI Axc2 M B2

Tlogapnsiowiee COABUIMHCTBO CHOXHBIX 3(UPOB IMpEANIOYHATAET
TMAPOJM30BATLCA IO MEXAHH3MY Apc2 WK Bac2. B ocHOBHBIX YepTax
MEXaHM3M TaKUX pPeaKkLMif XOpOlHO MCCAEOBAaH, XOTS BCE X€ OCTa-
I0TCS. HEKOTOPbIE HESCHOCTH B TOHKOCTSAX KaTajaH3a.

ITony4yeHsl BECKHE OKA3aTENLCTBA B 10/1b3Y aLIMI-KMCIOPOLHO-
ro pacueruteHus. Tak, rHAPONH3 CAOXHBIX 3PUPOB C UCIOAB30BAHH-
em H,'30 B ocHOBHOM NPUBOIMT K MeYeHOI KapGOHOBON KHCIOTE M
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HeMmedeHoMy cniupty (M. [longHbM), a rUAPONU3 ATUIIMPONUOHATA,
MEYEHHOro nu3oTornoM 'S0 no spUpHOMY KHCIOpOLY, — HaoBOopoT, K
HeMeyeHoi Kucinote u MedeHoMy crimpry ([1.H. KypcaHoB):

o)
P

CHs—CZ NaOH C,H,CONL + C,H®0H .
~oc,H; H,0

T'uaponu3 cnoxHbIx 3QUPOB ONITHYECKH aKTUBHBIX CIIUPTOB JaeT
CIIMPTHI, B KOTOPBIX CTEPEOXUMHUYECKASE KOH(DUTYPALIMsI COXpAHSIETCS.
Cnoxusie 3dHpb! aJNIMIOBBIX U HEOTIEHTWIOBOIO CIHMPTA [IPH MMOPO-
JIU3e He IeperpyrnIupoBLIBAIOTCA. BTH (PaKTHl SICHO TOBOPST O TOM,
YTO CBS3b AJIKUI-KMCAOPOA B 3THX PEaKUUsIX He 3aTparuBaeTcs.

B KayecTBe NpPOMEXYTOYHBIX NMPOAYKTOB B peakLMaX Asc2 M Bac2
00pas3syloTcs TeTpasfpHYecKHe COEMHHEHMS], UMEIOILME TTOIOXUTENb-
HBI WIM OTpMUATeNbHBIH 3apaa (cM. cxemy 18.1). JdByxcTaguiHeIi
MEXaHU3M C JUCKPETHBIM MHTEPMEMHUATOM JOKAa3aH U3YdMEeHUEM H30-
TonmHoro o6meHa 20 (M. Benzep, 1951), B xome KoToporo 6LIO yc-
TAHOBJNEHO, YTO NPH FMAPONH3e alKwibensoaros B H,'®0 ompene-
JIEHHOE coJlepXaHHe paIMOaAKTHBHOrO KMCA0poaa o6HapyXHUBaeTcs B
HEeNpopearupoBaBilieM CIOXHOM 3dupe. DTO 03HAYAET, YTO MUIS Lie-
JIOYHOTO KaTaiu3a, HAallpUMep, HEOOXOMUMO MPenoaoXHUTh CleayIo-
L1yio cxeMy obMeHa:

o 0°
Ph-CZ  +%OH® =——= Ph—C-OR
OR ISOH \
u PhCOOP + ROH
ph—c OR + OH® Ph—gilOR/
No 180

KiioueBoit cranueii sBigeTcs NEpeHOC NMPOTOHA MEXAY JBYMSI M30-
TONMUYECKH PA3INUYHBIMK TETPASLPUIECCKUMMN HHTEpMeaHaTaMu. XoTH
9TO U OBICTPBIA Tpollecc, OH He MOT Obl OCYLUECTBASITBCS, €CIH OBl
TETPasApHYECKHIl aHMOH ObUT He MHTEpPMERMATOM, a NEepPeXoJHBbIM
COCTOAHHEM C GECKOHEYHO MajbiM BPEMEHEM CYLECTBOBAHUS.
Tuaponus no MexaHusmy Bac2 B 3aMeTHO# cTerieHH ycKopsieTcs
3MEKTPOHOAKUENTOPHBIMH 3aMECTHTENISIMU B KMCJIOTHOM YacTH 3¢dH-
pa, CTabMIN3UPYIOILUMH OTPHLATENbHBIN 3apsi B HHTepMenuaTe. Tak,
CKOpPOCTb OMbUIeHMS 3HPOB 3aMellIeHHbIX GeH30MHBIX KUCIIOT MOAYH -
HsieTcs ypaBHeHHI0 IamMmeTa (p = 2,5). C apyroit cTOpoHB, CKOPOCTb
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AAc2-THAPONN3A TIPAKTHYECKM HE 33aBMCUT OT IPUPOABI 3aMECTUTE-
JISl; 3TO CBSI3aHO C TEM, YTO, HANIPUMED, JIEKTPOHOLOHOPHbLIE IpyIl-
16l YBEUYHMBAIOT CTENIEHb NPOTOHUpOBaHUs 3dupa, HO B TO Xe Bpe-
M1 3aMEISIIOT HYKIIeODUNBHYIO aTaKy. AHATOTUYHO, 3aMECTUTEIU B
apuNbHOU rpymnne ¢eHonoBbiXx 3hUpoB AUaATUYECKUX KUCIOT TO-
pasio CHIbHEEe BIMSIOT Ha LUeJOoYyHoU rumponns (p=1,2), yem Ha
KHCIOTHHIU (p=—0,2).

18.8.2.8. AL-MEXAHH3MBbI

Tunponus no o6oMy U3 AL-MexaHH3MOB IO CYILECTBY IIPeICTaB-
JisieT coboil HykieouibHOE 3aMellieHe Y HACKILIEHHOro aToMa yrie-
poiia, B KOTOPOM YXOISILEH I'pYIIIION SBISEeTCS WM KapOoKCWIaT-aHUOH
(BaL), UMM HeHTpajibHasi MOJEKY/la KapOOHOBOM KUCIOTHL (Aar)-

MoOHOMOJIEKYISIPHBIE peaKIMK TAKOTO THUIIA OOBIYHO XapaKTep-
HBI IJISI mpem-aJIKUNOBBIX 3¢GHpOB ¥ aHAIOTMYHBIX UM CyOCTpaTos,
KOTOpPBIC MOTYT AUCCOLIMMPOBATH C 00pa30BaHMeEM OTHOCUTENIBHO CTa-
OMIBHBIX KAPOOKATHOHOB. B BOSHBIX pacTBOPax KUCIOT 3TO COBEPILIEHHO
HOPMaNbHBIA NyTh peakuuu. Cramgus IUCCOIMALMUU TPOTOHUPOBAH-
HOTO mpem-aJlKUIOBOro 3¢hHpa, XOTA U SBISETCS JIMMUTUPYIOLIEH
CKOpOCTh, HO MIET O4YeHb ObicTpo. HampuMep, CKOpOCTh THOPOIU3A
mpem-6ytunauerata B 20%-i H,SO, Tak Beauka, 4To €€ HeNb3s M3-
MEpPHUTb, HECMOTpPS HA TO, YTO MCXOOHBIX 3¢HUp B TaKO# cpene Inpo-
TOHUPOBAH B OYECHb CJNA0OI CTENEHH.

Cnoxuble 3¢GUpbI YKCYCHOM KUCIOTBI Y ONTUYECKH AKTHBHBIX
TPETHYHBIX CIIMPTOB FMEPOJXU3YIOTCS B HIEJOYHOM PACTBOPE C COXpa-
HeHUeM KOH(QUIYpPALMHU IO ABYXCTAIMAHOMY MeXaHU3My B,c2, HO B
pa30aBlIeHHOM KUCIIOTE MONMYYalOTCS CIIBHO PAlIEeMU30BAHHBIE CITUPTHI
B COOTBETCTBMM C MEXAaHH3IMOM Ayl

e CH,

i
2 (CHy),CH(CH)—C"-0H
'CEIJ 9 (coxpaHeHHe) GHs
(CH3);CH(CH,);—C*-0—C—CH;
GH;

H@ROH (palleMi3aLMs)

Ecnu npoBomuTh ruaponus mpem-6yrunauerata B 0,01 M pacrtope
HCI B H,'%0, To ocHOBHast 4acTh MeTKM OGHApYXWUBAeICs B mpem-
6yraHone. OOQHAKO YACTUYHO METKY MOXHO OOHApYXHTb U B YKCYC-
HO# KMcoTe. DTO 03HAYAET, YTO MapaLIE]bHO OCYLIECTBISIIOTCS Me-
XaHU3MBI Appl U Apc2:
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And cy.cooH + -Bu'*oH

0
cH,cZ + Hifo HT.
O—Bu-t

)
——= CH,CO"™OH + +-BuOH

TputuioBrle (TpugeHUWIMETUNOBbIE) 2(pUPH KADOOHOBBIX KHC-
JIOT YaCTUYHO HOHU3UPOBAHBI IaXe B HEHTPAJIBHBIX pacTBOpax:

0
2 Ph
R-C s/ H7
SNo-cZpn =F RCOOP + PhyC® .
“ph

B cnyyae GeHsruapiuioBsix {(IndeHIIMeTUIOBLIX) 3¢upoB 6anaHe
MEX2HU3MOB TaKOH X& TOHKHM, KaK I mpem-O6yTunauerara. Mexa-
HU3M A, ]l npeobnafaeT npu BBICOKUX TeMIlepaTypax, B bonee Kuc-
JIBIX pacTBOpaX WIM €CAU B OCHITUAPUNBHOMN IPYINE UMEIOTCS 3AeKT-
POHCICHOPHBIE 3aMecTUTenu. bajnaHc cOBUraetrcs B CTOPOHY
MexaHusMa Axc2 npu GoJiee HU3KUX TeMIepaTypax, B ClIabOKHCIBIX
pacteopax. IIeperuuntie 6eHsunonele adupsl RCOOCH,CqH; naxe B
OYE€Hb CHILHOM XKMCIIOTE PACILEIISIOTCS [10 MEXAHU3MY Apc2.

Mexanusm Byl (Bonpexku ofo3HayeHMIO, 3TO HEKaTaaUlUpye-
Mble peakI{M#) BCTPEHAETCs 3HAYUTENBHO pexe, yeM Aapl. IIpume-
POM SIBASIETCS THAPOAU3 mpem-OyTunTpudTopanieTara:

MEJJIEHHO H20

CF,COOBu-t (CH,);C%+ CF;CO0P 2= (CH,);COH.

B wenouHoit cpene Mexanusm B, 1 MeHsietcs Ha Bac2.

bumMoneKyIsIpHble MeXaHM3MbI TvIIa AL 4ypeapbivaitHo penku. Me-
XaHU3M A, 2 BOOOIIE HEM3BECTEH, a By 2 HallleH JMIUbL HA CleLu-
dbuveckux npumepax. ITockonsky KapOOHHIBHBIM aTOM YIJIeposa 3Ha-
yuTenbHO XecTde (Kak xuciora Jlsroumca), YeM aJIKOKCHJIbHBIN
YTAEpOH, TMAPOKCHILHBINA MOH (KeCTKOe OCHOBAaHME) HpPEeATIOYMTaeT
aTaKoBaTh 110 KapOOHWIBHOH rpymne. CUTYALHIO MOXHO U3MEHUTh, CO-
371aB CTEpHYECKUE MPEMATCTBUS aTake o KapGOHMIIBHOMY YITIEpOmy.

Tax, metwnosslit 3up 2,4,6-Tpu-mpem-6yTninbeH30HHON KHC-
JIOTHI B Uie/IOUHOM BOJHOM METaHOJe THIPOoan3yeTcst (OYeHb MeJIeH-
HO) 1o MexaHu3Mmy Bap2, oXHakKo MeHee IPOCTPAHCTBEHHO 3aTpyn-
HEHHBIK 30up 2,4,6-TpUMETHIOEH3IONHOM KHUCIOTHl THAPOJIU3YeTC S
1o ofpiyHOMY Bac2-MexaHU3MY:
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C(CH,), C(CH,),

B2
(CH,),C =0 <_'CH3 AL (CH,),C co® + CH;-OH .
C(CH,), OH® C(CH,;),

Ilo MexaHu3My Baj2 rHOpOIH3YIOTCA TAKXKe OYEHb HAMpPSKEH-
Hble [-N1aKTOHBI, COAepXalliie YETHIPEXWIEHHBIH LUHKI. BTa peak-
LMs HAET B HeiTpalbHOHI cpene. MexaHU3M MOATBEPXKAAETCS OMNbI-
tamu ¢ '%0, a Takxe HHBepcHeil KOHPUIYpaUMH Y ANKHILHOTO aTOMa

yriepona:
HzlSO(\I;I
H,C=——0O H,C. H
\| H180>\/COOH :
0]

B KHCHBIX X€ pacTBOpax MOXET IMPOHCXOMUTh IIPOTOHUPOBAHUE
AJIKOKCHIHOTO KHCJIOPOAa, a 3aTeM PacKphIBaThCA LIMKI IyTEeM aLiii-
KHUCJIOPOAHOrO paclueruieHus (MexaHuaM Apcl):

H

® OH
H,C——OH H,%0

H--- CO'0H .

o CH,

18.8.2.r. MEXAHH3M A,c!

Hexatanutuueckas THCCOLMALMA CIOXHOro 3cdupa Ha KaTHOH
alWIKSA ¥ AIKOKCUIHBI aHuoH (RCOOR == RCO®+ RO7) (Bacl)
HEU3BECTHA, HO B KMCJLIX pacTBopax, Korna o0pasyercs HEKOTOpoe
KOJIMYeCTBO 3¢upa, NMPOTOHUPOBAHHOIO IO ANKOKCUIHOMY KHMCIO-
pony, noxoOHEI Ipouecc, BeAYILIHHA K KATUOHY aUWIUSI U CIIUPTY,
Bo3MoxeH. Kak Imokasanu KpUOCKOIMYECKHUE HCCIEHOBAaHHS, B pa-
crBopax B 100%-ii cepHoit kucnore 2,4,6-TpHMeTHIOEH30HAsA KHUC-
JIOTa JaeT YEThIpe YACTHLbI, 3 €€ METHIOBBIA 3pUp — NATh YACTHIL:

ArCOOH + 2H,S0, AICP® + H;09+ 2HSC; ;

ArCOOCH; + 3H,80,— ArCO®+ H,0®+ CH,HSO, + 2HSOY .
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SOKCNEepUMEHTATLHO TMOPOJIU3 HPOBOLAT CAEHYIOIIUM 0DpasoM:
cHauana 3¢up pacTBopAOT B KoHUeHTpUpoBaHHoit H,S0,, a 3arem
GBICTPO BHUTHBAIOT B BOAY. AHAJIOTHYHO BELYT U 3TepUDHUKALIKIO; KHUC-
JIOTY pacTBOPAIOT B KOHUeHTpUpoBaHHOH H,SO, u GbIcTpO BbUIMBA-
10T B cnupT. [IpuMeHeHMe MeTKM %0 NoOATBEPXI2ET, YTO B peaKMK
paclIeIUIfeTCs CBA3b ALIMJI-KHMCIIOpOA. 3HaYEHHEe 3HTPONHM aKTUBA-
umu (AS® = +17 kan - K™ xMonp™!) cornacyercst ¢ IMccolMaTHBHBIM
MEXaHHU3IMOM.

18.8.3. KATAJIN3 THAPOJIHU3A CJIOXHbBIX DPHPOB
18.8.3.a. OBLIM ¥ OCHOBHOW U HYKJIEO®HJIBHH KATAJTH3

Kak yxxe oTMeyanoch BbllLE, peaklNio OMbLICHHS Boc2 B cTporomM
CMBICJIE CJIOBA HENIb3sI CYUTATh KATATMTHYECKOM, TaK KaK T’HAPOKCUIb-
HBbLi MOH BeleT cefd Kak HyKieopui, a He KaKk ocHoBaHue. McTHH-
HBI{ KaTajJiu3 OCHOBAaHMSAMH Habiionaercs NpU MpPOBEACHHH TMIAPO-
JIM3a B YCIIOBHSIX, KOrfa cpeia OaM3Ka K HeitrpansHoi. I'maponus
CNIOXHBIX 3$UPOB B HEHUTpaNbHOM cpefe — OOBOJBHO 00lIas peak-
LUS ¥ KATANN3UPYETCS CAMBIMHM Pa3HbIMM OCHOBaHHAMM. B Takux yc-
JIOBHSIX BO3MOXHA peaNu3aliusi ABYX THIOB KaTAIH3a: OOILIEOCHOBHO-
ro u HykieopuwibHoro (ri. 3, 4. 1). Ilpu ob1eM OCHOBHOM KaTaiu3e
OCHOBAHME CITOCOOCTBYET aTake MOJIEKYJIBI BOAbI Ha CIOXHBIHK 3dup:

Br\H\O R
H~ R\ l ()
S SCm0 == BH® + HO—C£0°—
OR!
—=RCOOH + OR!®

Ipu HykIeodWIBHOM KaTalnu3e BHAYAJIEe TPOMCXOIUT ATAKa HYKIIEO-
duna Ha MONEKYNy CHOXHOro 3¢pupa, 4To MPUBOAUT K peaKUMOH-
Hocroco6HoMy uHTepMeanaty RCONu, koTopslii 3atem 6bicTpo
TMAPOJIU3YETCS] BONOM:

. R—~CO~Nu + RIO°.

Grictpo \+ H,0

N + R—-CO—OR!

RCOOH + NuH

B wieno4yHoit cpefe HU OOMH M3 3TMX KaTAIMTHYECKUX IMyTed He
croco6eH KOHKYPHPOBATh C peakI[Heil MTMIPOKCHIbHOIO HoHa. O6LMit
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OCHOBHOM M HYKJI€O(DMWIBbHbII KaTaju3 MOXeT HaGnIoAaThca JHUIIb B
Moy HedTpanbHOU cpene, rae oObIYHBIE 3)HUPHI PEarHpyIOT OYeHb
MeJUIEHHO, TTO3TOMY JUISL HCCIIe0OBAaHUA BHIOUpPAIOT Hoslee peaKiiMOH-
HOCITOCOOHBIE cyOCTpaThl, B YaCTHOCTH 3¢hHpHl (PEHOJIOB WIK rajore-
HYKCYCHBIX KHcjoT. OOblYHO HYKIeoUNbHBIH KaTAMK3 Habmonaics
TOJIBKO 1151 3pUpPOB (PEeHOJOB.

XoTst 0Ot OCHOBHOM M HYKIEOGMWIbHBIN KATAIH3 UMEIOT O~
HAKOBbI¢ KMHETHYECKHE XapaKTepUCTUKU (00e IepBOro ropsguka mo
3¢dHpy U MO KaTATH3ATOPY), KX MOXKHO JIETKO pasiuYMTh. L1 obuiero
OCHOBHOT'O KaTaJIM3a IPUMEHUMO KAaTaJUTUYECKOe ypaBHeHHe BpeH-
crega (ri1.3, 4.1). Hanpumep, Uis ruaposnusa STHIAMXIOpaUeTaTa
Habionaerca xopomias nuHelHasa Koppensuus (= 0,47) norapug-
Ma KOHCTaHTb! CKOPOCTH ¢ pK, OCHOBaHH# pa3jiMYHbIX TUIIOB, BKJIIO-
yast aHWINH, THPUAMHBI, KapGoKcwnar-uoH, anuod HPO,2”. OueHn
BaXXHO 3aMETHUTh, YTO B peakUUM, KATAIHU3UPYEMOH aHWIMHOM, He
obpa3yercsi JUXJIOpAlleTAHWIML, KOTOPbIA KOMXEH IMOJYy4aThCsl IIpH
HYKJI€ohWIBHOM KaTajliu3e, TaK KaK OH He TMIPOJIN3YETCS] B JaHHBIX
MSTKHX yCIOBHAX. CKOPOCTh peaKUMHK B YHCTOH BOJIE YKIANBIBAETCS B
OpEHCTENOBCKYIO KODPEISILMIO Ha Ty X€ CaMylo MNpSAMYIO JHHHIO
(pK, (H;0") = —1,75); 3To 03HauaeT, YTO OQHA MOJNEKYJA BOAbI AEii-
CTBYeT KaK OCHOBaHUE — Karaju3aTtop, obyeryas peakiyio BTOPOH
MOJIEKYJIBI:

.f\
H20 H\ R

B _3c-0 === 1,09+ HO—C—0°.
RO (l')R‘

C Apyroii cTOPOHB!, NPU HYKJI€O(MHILHOM KaTaiu3e 6peHCTe 0B-
CKO# 3aBUCHUMOCTH MEXIY CKOpOCTBbIO M pK, He Habmomaerca. Tax,
eclIM B peakLud THOPOJIH3a 3TUILIMXJIopanerata aHHoH ¢ocdara
(pK, (H,PO,7) =7,2) u umupason (pK, BH®) = 7,0) nouru onuna-
KOBO 2(deKTHBHBIE KATalU3aTOPhl, TO IIPH TMAPOJH3e n-HUTpode-
HWianerara uMuaason B 5000 pa3 sdpdextusaee HPOZ

Oe
=0 |
[_F:\,H: CHCl, <OQH5 CHCl, (|C)}—{OCZH5 5
N i
N
H

—= CHCLCOOH + OC,HP.
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O .
H;C-CZ ) o H,0
\o—@NOZJr lll_\l’lal —_— HSC—Ciﬁ,:N '6‘;1‘02‘155’
i (B) H \—_:_J
<O)-No,

—= CH,COOH + BH®

Ilpu HykneopUIbHOM Karanuse npossisercst a-addexrt (rin. 9,
y. 2). Tak, rugponepokcun-uoH HOO kax xarajuzaTop rHapoamsa
apunauetaroB B 400 pas 6onee addextupeH, yeM OH |, HecMOTps Ha
To, yto pkK, (H,0) = 15,7, a pK, (H,0,) — Toneko 11,6.

HMHorna npu HyKieoUILHOM KaTaIM3e MOXHO OOHAPYXUTb HH-
tepmenuar RCO—B. I1omoGHbI MHTEPMEANAT HAMIEH IPU KaTaluse
UMHIA30JI0M THAPOIU3a n-HUuTpodeHmnaerata. [Ipu ruaponuse 2,4~
JMHUTpodEeHIIGEH30aTa, KATATH3UPYEMOM MEYEHHBIM M30TomoM ‘20
alleTaT-uoHOM, BHayale o0Opa3yercsi CMELIaHHbIN aHTMAPUI OeH30ii-
HOM W YKCYCHOM KMCJIOT H, IIOCKOJBKY ITPU €T0 FHAPONIU3e alleTUIb-
Has rpymnna 0ojiee CKJIOHHA pearMpoBatbh C BOHOH, 4eM OEeH30WIb-
Hasi, OmpeJe/eHHas 4acTh MeTKH °0 obHapyxuBaeTcs B 6eH30MHOM
KHUCJIoTE:

180

(@] 11 Ml
CH,C® + CgH-CZ ==CH,—C#0-C~C¢H, + ArO°®
o NO, .
:OH,
o,N

CH;C"00H + C4H,CO"OH

IMpomexyrouHoe oOpa3oBaHHEe AHTUAPHAA MOXHO OOHApPYXHUTh
TAKXe C MOMOWIbIO «IOBYIUKH», HAalpUMep aHWJIMHA:

AcO®+ AcOAT m=——=5= Ac,0 + ArO®
lC(,HSNHz

CsHsNHAc + AcOH

18.8.3.6. BHYTPMMOJIEKYJISIPHBIM KATAJIN3

I'uaponu3 acnupuHa (ALETUICAIMIIMIOBON KUCIOTHI) B obac-
™ pH oT 3 g0 8 mMaer 3HaYMTENBLHO ObICTpEe, YeM FHAPONU3 M30-
MepHoro n-rugpokcudeHwranerara. [Tockonbky B acnupuHe pKk, Kap-
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6OKCHJIbHOM IpyIIbl MMEET 3HaYeHUe 3,4, MOXHO CYMTATh, YTO 3Ta
rpynna B faHHoM paiioHe pH B 3HaYUTENBHOM CTENEHU HOHU3UPOBA-
Ha. Torna opmo-xap6oKcuiaTHas Tpynna MOXeT OKa3blBaTh BHYTpPH-
MOJIEKYISIPHOE KATATHTHYECKOE AEHCTBME MO TUIy MIM obiuero oc-
HOBHOI'O MY HyKi1eodUJIbHOrO KaTaIu3a.

O6mn# ocnoBROH KaTann3

H
CO@ \-H COOH (+H®) _~_COOH
O =00 LA™, encoon
0-C—CH, &le—cn, OH
I 2
¢) 0
ANPOH aCNHPHHEA
Hyxneodpmrpunii xaTamm3
@(cooe COOCOCH;, COOH
-— T + CH;COOH
o O@ H20 3
O—COCH, 1) OH

Hmeoumecs 3KcrepUMEHTAIbHbIE KaHHBIE CBHAETEILCTBYIOT B
TIOJIb3Y TOTO, YTO IIPH THIPOJIM3€ ACIIMPHUHA OCYLUECTBISETCS BHYT-
PUMOJIEKYISIPHBIA OOLIMI OCHOBHOM KaTamu3.

B npoTHBOMONIOXHOCTE ACIUPHHY, TP HEHTPANILHOM IHAPOIH3e
MoHOGeHWIdTANATA HADMIONAETCS BHYTPUMOJNEKYJIAPHBIA HYKJIEO-
¢MIBHEI KaTanus:

CO

Ccoo® H.O COOH
Ol o= 4+ QL 0" O
COOC¢H;

(¢0) COOH -

BHYTpUMOIEKYNSPHBIH KAaTAIM3 XapaKTepeH IS deiicTBus ¢ep-
MeHTOB; Gnarogaps eMy nox aeiicTBueM (epMEHTOB THAPOIH3 CIOXK-
HhIX 3HUpOB NPOTEeKaeT B ropasno bonee MArKUX YCIIOBUSIX, YeM B
J1abopaTopHoit konbe. IIpuMep BHYTPUMOJIEKYISAPHOTO hepMEHTATHB-
HOro KaTajn3a peakUuuH MApPOJIM3a XHMOTPUIICHHOM MpUBENEeH pa-
Hee B L. 3 (4. 1).
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18.8.4. IIEPEDTEPHOUKAIINA

PacTBop ankoronsgra HaTpUA WIH Kaids B CIIUPTE MOXHO MC-
MONb30BaTh IS NepesTepucUKauny, NPHBOLALICH K 0o6pa3oBaHHIO
HOBOI'O CJIOXHOro 3¢dupa (CM. NpeAbILYILIKIA pa3aen 3TOH IaBhbl):

R’ONa; R?0OH fo)
RC< + ROH.
OR?

o
RC< + R2OH
OR!

Mexanusm 3Toit peakuuH aGCONMIOTHO aHAJIOTHYEH OCHOBHOMY Bac2
FUIPONU3Y CIOXHBIX 3(HPOB, SAMHCTBEHHOE pa3iHYMe 3aKIIodaeTcs
B TOM, YTO Hepe3aTepudMKALHUA TMPEACTABIAET MPAKTHYECKYIO LiEH-
HOCTb TOJIBKO B ToM ciyuae (18.8.1.6.), korna R'OH u R20OH cuibHo
pPa3UyaloTCs 1o 3HavYeHWIo pK,, HanpuMep, VIS NpeBpalieHUs apH-
JIOBLIX B aIKUNOBbIE 3UpPLL

18.8.5. AMMHOJIH3

AMMHUaK, IepBUYHbIE ¥ BTOPHYHbIE aMUHBI [TPH B3AMMONEHCTBHH
CO CJIOXHBLIMH 3dupaMu o6pa3yloT He3aMELICHHbIe WM 3aMelleH-
HbIE NPU a30Te aMUIbl. DTa PEaKIUs MPOTEKAET B MATKUX YCIOBUSX U
NPUBOIUT K BHICOKOMY BLIXOAY aMHUI0B. OHa 0COBGEHHO Mo/Ie3Ha TOr-
Jla, KOrJa alWIrAIOTeHHObl WIM aHTMIPHAbI TPYAHOMOCTYITHBI, Ha-
MIpUMep NPH CHHTE3e aAMUIOB OKCHKHCJIOT U AMHUHOKHMCIIOT,

o
il
CH,CH-COOCH,CH; + NH, 22T, CH;CH~C + CH,CH,0H ;
OH 25°C OH NH,
(85%)

O
N==C—-CH,COOCH,CH, + NH3 5 S N-C-—CH2C + CH;CH,0H .

'C
NH
(86—88%)
MexaHuam 3ol peakuuy NoxoGeH APYrUM IpolieccaM MPHCOeIHHe~
HHUSl — OTLIEIUIEHHUS] Yy alMJIBHOrO aToMa yrjepoja:
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o° 1
R-CT" + NH; === R-C-OR'== R_(::Gaiﬂ_» R T
OR! NH NH, NH,

TpeTUuHble aMUHBI — MUPHAUH U UMMOA30 — KATATUIUPYIOT 3TY
peakuHIo, a OJHON U3 JIYYLIMX YXOISIUUX IPYIII SIBJISIETCSI N-HUTPO-
deHokcunbHasg B 3dupax n-HurpodeHona.

18.8.6. BOCCTAHOBJIEHHE

CnoxHele 3¢pUpHl IPU B3aUMOIEUCTBUU C ATIOMOTUIOPUIOM JIH-
THSI JIETKO BOCCTaHABIMBAIOTCS J0 HNEPBUYHBIX crMpToB (1. 11, 4. 3):

1) LiAlH, ; a¢up
~————% = HO(CH,);OH + CH,;CH,0H.

H,C,00C—~(CH,),~COOC,Hj
CrnoxHsele 3¢Hpbl MeHee peaKLMOHHOCIOCOOHEI IO OTHOUIEHHIO K
AJTIOMOTMIPHUAY TIO CpaBHEHUIO C abaeruaamu. [ToaToMy ¢ 3TUM Moll-
HBIM BOCCTAHOBHTEJIEM PEeaKlUMI0O HEBO3MOXHO OCTAHOBHUTb HA CTa-
oMy o6pa3oBaHus AJIbAErdAa ¥ MPOAYKTOM BOCCTaHOBJIEHUS OKa3hl-
BaeTcsa MepBUYHBIA cnupT. K TOMY Xe pe3yabTary IPHBOIUT
BOCCTaHOBJIEHHE CJIOXHBIX 3(pUpOB GOPrUAPUAOM JIUTHAL:

TIo;
CH,(CH,);4COOCH,CH, + LiBH;— CH,(CH,),,CH,0H + CH,CH,0H .
65°C (95%)

Boprunpux AUTHS ITONYYaloT peakuueit ooMeHa Gopruapuna HaTpus
U XJIOpUIA JIUTHUS B COBEPLIEHHO Ge3BOJHOM 3TaHOJIE:

NaBH, + LiCl ZHYL 1iBH, + NaCl .

O6a MeToa oYeHb LIMPOKO MCIIONB3YIOTCS B OPFraHUYECKOM CHUHTE3e.
Hamomuum (ri. 11, 4. 2), yro Gopruapua HaTpus He BOCCTaHAaBIM-
BAET CJIOXHBIE 3PUPHI.

BoccraHomieHHE CNOXHBIX 3¢pHUpoB aMdaTMYEeCKMX U apoOMaTH-
YECKUX KMCJIOT KOMIUIEKCHBIMHM THAPHIAMM NMPAKTHYECKHU ITOJHOCTHIO
BBITECHWIO CTapblii METOH BOCCTaHOBJIEHMSs! CAOXHBIX 3(pupoB anuda-
THUYECKMX KHUCIIOT 1o byBo—BnaHy neiictBHeM HaTpusa B CIIMPTE:

CH,CH,OH; 78°C

C,,H,;COOCH,CH; + Na + CH,;CH,0H
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__>C”H23CH20H + CH;CHon .
(74%)

Linknuyeckue caoxXxHbie 3(1)]4pr -~ JJAKTOHBI ~ NPHU BOCCTAHOBJICHHUU
ANIOMOTHIAPHUIAOM JNTHUTUSA 06pa3y10T AUOJIbL:

EO‘C:o 1) LIAIH, ; abup

> 0 HOCH,CH,CH,CH,OH .
3

(83%)

CnoxHple 3pUpPbl MOTYT OBITh BOCCTAHOBJEHBI HO aJNbIETHIOB,
eCJIK B KayecTBe BOCCTAHOBHUTEJIS HCIIOJB30BaTh peareHT, obianaio-
LU BBICOKOM CENEKTMBHOCTBIO. TaKMM pEareHTOM IUIsl NPOCTPaH-
CTBEHHO HE3aTpyIHEHHBIX CIIOXHBIX 3(QHPOB ABAACTCS NKU300YTHIA~
moMuHuiruapun (JJABAJI-H). BTto BaXHbIH B CHHTETHYECKOM
[paKkTUKe METOX IIpEeBpalleHMs] KapOOHOBBIX KUCIIOT 4Yepe3 CTalHio
srepudukauu B anpaeruasl. Jjst Toro, YToOB peJOTBPATUTD AANTb-
Hellllee BOCCTAHOBJICHME AJbJErMIAA A0 IMepBHYHOIO CIHUPTA, peak-
M0 MPOBOAAT INpU HU3Koi temneparype (—60...—78°C) B pacrBope
TOAyoNAa B HHepTHO# aTMocdepe, nmockonsky AMBAJI-H Bocruiame-
HSETCA Ha BO3AYyXeE:

CH,(CH,)cCOOCH; + (uso-CyHy) Al L% ~80C. oy (cH,), ,CHO;
2) CH,0H o

ITpeBOCXOOHBIMM are HTaMHU JJIS BOCCTAHOBJICHUS CIHOXHBIX 3¢hH-
POB JO IBAETHJIOB SBIAIOTCS HMPOXYKTHI B3aUMOJEHUCTBUS HEKOTO-
PBIX CIIMPTOB C ATIOMOTHAPUAOM JIUTHSA. DTH peareHTbl oOManaioT
TTOHUXEHHOM IO CPAaBHEHMIO C HUM BOCCTRHOBHUTEJIBHOU CITOCOOHO-
CThIO ¥ Mo3TOMY GoJiee cesleKTUBHBI. I1pu B3auMoneCTBUM ABYX MO-
Jieli MOHOMETHJIOBOTO 3(pHpa STHWICHINIMKOS (METUILEIO301bBa)
C OAHUM MOJIEM aNIOMOTHApMIa JUTUA obpasyerca Guc-(2-MeToK-
CHATOKCH )ATIOMOTHAPUHI JIMTUSL. DTHM PEareHTOM MOXHO CEeJIeKTHB-
HO BOCCTAHaBJMBAaTh CJIOXHbIe 3(DHPHI IO anbleruaoB B HHAH(e-
PEeHTHOM cpene:

1) LiAlH,(OCH,CH,0CH,),
Tonyon; 0—(—20)°C

(CH,);C—COOCH,
2) C,H,OH

(CH,),C—CHO -
(81%)
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18.8.7. BBAMMOAENCTBUE C MATHUMOPTAHUYECKMMH
U JATHAOPTAHWYECKUMH COEINHBEHUSIMHA

CrnoxHbie 3QUpPEL H TAKTOHBI PEArupyloT ¢ IBYMS 3KBUBAJNIEHTa-
MM peakTHBa I'PHHBApPAa WIM JUTUAOPraHUYECKOTO COeJAMHEHHUS ¢
06pa3oBaHUeM TPETHYHBIX crIUpTOB (ri1. 19):

CH,CH,COOCH,CH, + 2CH;CH,CH,MgBr 2P~
—— CH3CH2'C(CH2CH2CH3)2 N
(70%)
Mp

I
CsHsC—OCH,CH, + 2CHsMgBr ——= (C¢H;);C—OMgBr —

H,0°

2

(GeHs);COH (96%) ;

@o D 2CHMeBr_ (CH,),C~CH,CH,CH,CH,0H .
d  2)HO '
(72%)

Tak xax cioxHble 3¢bUpbl MeHEEe PeaKLHMOHHOCIIOCOOHSBI 0 OT-
HOUIEHHUIO K peakTHBaM I'pHHbsIpa WIH JIUTHHAOPraHUYECKUM COeIM~
HEHUAM, YEM KEeTOHBI, peaklHio oObIYHO He YHAeTCs OCTAHOBUTH Ha
craguy o6pa3oBaHUA KETOHA. DTO MOXHO CAEJATh TOJIBKO B TOM CIy-
yae, KOrKa M CJIOXHBIA 3¢pUp, ¥ METAUIOOPTaHMYECKOE COENUHEHME
COIEpXKaT TPETHYHbIE AJIKWIbHBIE TPYIINEI, 3aTPYIHSIOIKE TTocneny-
I01llee B3aMMOLENCTBUE CTEPUYECKH 3aTPYIHEHHOro XETOHA C mpem-
AKUWUTUTHEM WIM mpem-aJIKMJIMAarHUHUTaJOreHUIAOM U YMEHbIIAl0-
1iee CKOPOCTbh 3TOW BTOPUYHOMN peaxkuuu:

1l . . °
(CH,);CC—OCH,CH, + (CH,),CLi 4R 25C_

|
—_— (CH3)3CIC_C(CH3)3 + CH3CH20L1 .
(80%)

Juankuinkynpatsl B oTJIH4YMe oT Mg- u Li-opranuyeckux coeguHe-
HM# HE B3aUMOAEHCTBYIOT CO CAOXHBIMM 3(UpaMHU.
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18.9. AMMABI KAPBOHOBBIX KUCJIOT

AMuUap! npeactasisiior coboil knacc HauMeHee peaKilMOHHOCIIO-
COGHBIX NMPOU3BOAHBIX KapOOHOBLIX KUCIOT. B OCHOBE MOCTpPOEHMS
6€J1IKOB Y MOJMUIIEIITHAOB JIEXKAT AMHIHBIA TUIT CBSI3H PA3IMYHBIX aMH-
HOKHUCJIOT B €JUHYIO TUFaHTCKYIO MOJIEKYly. MHOTrHe aMUABl SIBISIIOT-
cs1 6MoOrMYecK aKTUBHBIMU BELIECTBAMM — YIOMSHEM JHIUb O
HEKOTOPBIX TPaHKBWIU3ATOpax — MenpobamaTte U nuasename, Gap-
6uTypaTtax, TeTPALUKINHOBLIX @aHTUOMOTUKAX, TALTIOLMHOTEHHOM
HAapKOTHKE JAM3THIAMUNIE IU3ePruHOBOil KucnoThl. HakoHen, Heko-
TOpBIE BAXHENIINE CUHTETUYECKME BEBICOKOMOJIEKY/ISIPHEIE BelllecTBa —
HAIOH M KAallpoH — MNpelcTaBisiioT coboii nonuaMussl.

18.9.1. IOJYYEHHE AMHIOB

AMUHBI 4 aMMHaK OTHOCATCH K OoJjiee CHJIBbHBIM HYyKIeodHIaM,
4YeM BOZA W CIIUPTHL. DTO NO3BOJIAET B HEKOTOPLIX CAyYasx Ocylle-
CTBUTb CHHTE3 aMUJIOB HENOCPEICTBEHHBIM 3aMellieHUEM THIPOKCHIb-
HOIi rpynmnsl B KapOOHOBBIX KHC/IOTaX Ha aMHHOIPYIIILY IIPH B3aUMO-
JNeHCTBUM KAapOOHOBBIX KHMCJIOT C aMMHAKOM, NMEPBUYHBIMU HIHU
BTOPUYHBIMM @MHUHAMH B XECTKHMX YCJIOBUSX, HAIIpUMEP:

170°C

CH,COOH + NH, CH,CONH, + H,0 ;

(87%)

0]
150—180°C %
CH3CH2CH2COOH + (CH3)2NH_——_—" CH3CH2CH2C£N(CH3)2+ H20

(84%)

MexaHH3M 3TOro NMpeBpalieHHs BKIIOYAET HYKICODUIBHYIO aTaky
aMMHAaKa MM aMHMHa 110 KapOOHWILHOMY YIVIEPOAY C MOCHEAYIOIUM
[IEpEHOCOM TIPOTOHA OT a30Ta K KUCJIOPOAY M OTLUEIUICEHMEM BOABL
OTolt mocaenoBaTEIbHOCTH TIPEBpalCHKI MpeNnsTCTBYeT 06pasoBa-
HUE aMMOHHUIHOM cofiu KapOOHOBOI KUCIOTHI, HO 3Ta peakuus o6-
paT¥Ma, ¥ Npy HAarpeBaHUM aMMOHHKHas coJib pacllajaeTcss Ha Hc-
XOIHBIE peareHThI:

O NH, O NH; ]
RCZ0®NH? =—= RCZOH —= R-C-OH ===
NH®
(2]
o 0

=* R-C>OH, —— R-C-NH, + H,0.

NH,
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Peakiiysi He nuMeeT ODLUETO XapaKTepa U HE MIET JIsi IPOCTPAHCTBEH-
HO 3aTPYIHEHHBIX ATHGATUYECKUX KUCIOT. B mMpUHLMIE 3TO YUCTO
IIPOMBILUIEHHBIA METON TMOJYYEeHHUsS] HEKOTOPHIX KOMMEPYECKH BaX-
HBIX aMUIOB. TaKUM crioco0OM B IMIPOMBILUIEHHOCTH TOJYYAI0T UMU-~
JAbl SHTAPHOH U (PTANEBONU KUCIOT:

CH,COOH 2NH;, CH,COPNH? y9¢°C
CH,COOH CH,COPNH®

o
CH 7

— ] >NH + 2H,0 + NH,.
CH,C

o

(85%)
CYKUIMHMMHI

o o
CZO 2NH;, CZNH, 160°C
c< H,0; 100°C COPNHL
o
N @: \NH + NH,

( 100%)
¢ramumun

Tlono6HO OKCHKHCTIOTAM HEKOTOPBIC aMUHOKHUCJIOTBI IIMK/IHU3YIOTCA
C oGpasosaxmeM IHKITAYECKUX aMHUI0B, Ha3bIBACMBIX JIAKTaMaMM:

(0]

H,N-CH,CH,CH,CO0® = H,N(CH,);,cool &S [ NH , yo

(86%)
y-6yTMponakTaM

HauGonee yHHBEpCANBbHBIM METOIOM NOJYYEHHUSI aMUIOB SIBJIAETCS
AUMIMPOBAHNE aMMHUAKA, MEPBHYHBIX ¥ BTOPUYHBIX anudaTUdecKuX U
ApOMAaTHYECKMX aMHHOB C NIOMOIUBIO AlUATAIOTEHUIOB, aHTHAPUIOB U
CROXHBIX 3¢hupoB. JIVYILIHM U3 HUX, HECOMHEHHO, ClIEAYeT CUUTATD allk~
JIMpOBaHWe aMMHOIPYIIbI IO AeHCTBUEM ALIMITAIOTEHUIOB.
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Hpyroit crioco6 monyyeHUss aMUIOB OCHOBAH HA TNpeBpallleHUSIX
HUTPWIOB. B TIIATEIbHO KOHTPONUPYEMBIX YCIOBHSIX HUTPUIEI MOTYT
OBIT TMAPOJIH30BAHB 10 aMunoB. Haunyyuive pesynbTaThl HOCTMIa-
I0TCS TP NIPUMEHEHUH BOLHOTO HIeJI0YHOro pacTBopa 6—15%-i1 re-
pexucH Bomopona. B kauyecTse npuMepa npuseieM LIETOYHON THAPO-
JIM3 HATPWIA HUKOTHHOBON KHCIOTHI:

CN
@ 1) H,0, + NaOH; H,0—C,H;0OH; 6 u; 50°C @CQNHZ
N 2) H,0* |

N
(88%)

BTopuunsle aMuab MOTYT OBITH ONYYEHBI H3 HUTPHIOB C ITOMO-
IbIO peakuuy Putrepa. Bta peakuya 3aKI09aeTCA B aIKHIMPOBAHUU
HUTPWIOB II0 aTOMYy a30Ta ¢ o6pa3cBaHWEM HHUTPWIMEBOH -COJIU B
KayecTse MHTEpMeaurata. I'HAPONN3 HUTPHIMEROH COJMM MPHBOIUT K
BTOPUYHOMY aMuOy. N-ANKMIMPOBAHUE HUTPUIOB JO HUTPIINEBOi
COJIM IOCTHTAETCs C MOMOILBIO AJIKEHOB, TPETHYHBIX MIM BTOPHYHBIX
CITUPTOB B IIPUCYTCTBHU CHJIBHBLIX KMCICT. TpeTHYHbie, BTOPUIHBIE
CIIUPTHI M alKeHBbl 00pa3yloT Npu MPOTCHUPOBAHUM TPETHYHbLIE WIH
BTOpHMYHBIE KAPOOTKATUOHEI, KOTOPHIE AIKWIHPYIOT HUTPWIbI [10 aTO-
My a3oTa:

o
H® 1 @
R,COH === R,c® RIC=N, picmRicr, H2. RIC//—II\ICR3 _

H

Hm’rpmmesaﬂ COJIb MOXET OBITh BbIIENEHA B HWHANBUAYAJIBHOM BHIE
MNpH ANKWIHPOBAHUHU HUTPHUJIOB COJIAMHU TPHANKHJIOKCOHHA WX KOM-
ILUIEKCOM mpem-alKWITaIOTCHUIOB ¢ KHCJIOTaMH Jiviouca:

(CH;OBFY + RCmN—— RC=N-GH{BFP + (GHy),0 ;

RC=NE-C,H,BFE + H,0 225 RCONHG,H, + HBF,.

Crapblit MeTon ronyvyeHus: N-3aMeILeHHbIX aMHIOB C [TOMOILLIO
MeperpynnupoBky bekMaHa OKCHMMOB KETOHOB B IPUCYTCTBHM pa3-
JnyHpix kuciot JIsiouca — PCls, BF;, nonugocdopHoii KMCi0Th B
HacTosilliee BpeMsl YTPaTHi cBoe 3HayeHHe. MexaHU3M Neperpyniu-
posky BexMana Gyger paccMaTpuBartbes B . 26 (4. 4), cieHaIbHO
MMOCBSILEHHONH MONEKYIAPHBIM TEPETPYIIITAPOBKAM.
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18.9.2. CBOYICTBA AMUJIOB
18.9.2.a. TMAPOJIU3

AMUIBI TUAPOJU3YIOTCS 10 KAPOOHOBBIX KHCIOT U B KUCIIOH, U B
uiesoyHo# cpene. O6a npouecca HeoGpaTUMBI U TPeOYIOT NpUMEHE-
HMsA ropas3go 6ojiee XecTKUX YCAOBUI MO CPaBHEHUIO C MMAPOIM3OM
CNOXHBIX 3DUPOB:

50%'ﬂ HzSO4
,0; 100°C; 34

C¢HsCH;COOH + (NH,),S0;;

CgHsCH,CONH,
(88%)

9 Hzo, HzSO4

CH,CH,-CH-CH,C CH,CH,CH~CH,COOH + (NH,),SO; ;

100°C; 3 4
CH; NH, H,
(88%)
i KOH
CH3(CHZ)SC|: H,0: 1(X)'C- 6 " CH](CHz)sCOOK + NH3;
NH, % ’ (78%)
1l KOH
CH;CH,CH,C o 100G CH,;CH,CH,COOK + CH;NH;,.
NHCH, H20; 100 #7%)

B ocHOBHOIt cpefie 'MAPONM3 NPOTEKAeT MO Bc2-MexaHuamy,
KOTODHIi MMOK06eH OCHOBHOMY T'MAPOJIM3Y CJIOXHBIX 3DHpOB:

R‘?Q“HZ ngH
@

OHQH H,0
oe

|
RCZO +OH® ==L+ R-C-NH, Rc=C_ + NH,
NH, 1 OH o°

|

(C]
R"‘|C NH3

o°

K;
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AMUI-UOH MpPEACTaBIseT cobOoif 3HAYUTENbHO XYALIYIG YXOISLILYIO
TPYNNy MO CPaBHEHUIO aNKOKCcHI-HOHOM. IIpoToHupoBanue aszora
yAyYHiaeT ee CBOMCTBA YXOIOSIUEH TIpyIIbI, U 3Ta CTAgUA Ipenuie-
CTBYeT HeoOpaTHMOMY pacnagy TeTpasiApHYEeCKOro MHTepMeauara.

U30TONHEI 06MEH KHCJIOpOaa MEXIY MEYEHHBIM 'O KapGoHWIb-
HBIM aTOMOM YTJiepofia aMuAa OGeH30MHON KUCIOTH M BOLOM Mpouc-
XOIMT B IISATh pa3 ObICTpee MO CPABHEHHUIO CO CKOPOCTBIO €ro TMapo-
Jiu3a noj AeiicTBUEM pacTBopa ruapokcuaa Hatpus npu 109°C. 3o
YKa3bIBAa€T HA TO, YTO paclaj TeTpa3ipU4yecKoro HHTepMenHaTa Ha
HMCXONHbIE PEAreHTbl MPOMCXONUT OLICTpEe, YEM €ro paslioXeHHe C
o0pazoBaHHeM NMPOAYKTOB KApOOHOBOI KHMCIOTH U aMMHaKka. B 6ob-
IUKHCTBE CJIy4aeB OCHOBHOW TMAPOJM3 AaMMIOB OIUCHIBAETCS KHHE-
THYECKUM YPaBHEHUEM BTOPOTO IMOPSAKA, IEPBOro MOpSAKA 10 aMH-
Iy ¥ NepBOro MopsiiKa 110 TMAPOKCHUI-HOHY. B HEKOTOpBIX ciydasx,
OIHaKo, HaOJIOKaeTCsl BTOPOil MOPSANOK MO ruapokcua-uony. Iogo6-
Hasl 3aBUCUMOCTS Habniogaercs, Harmpumep, NpH WEAOYHOM THAPO-
Ju3ze N-MeTHnaHUAMAA TPU(PTOPYKCYCHOH KMCIOTHL. DTO O3HA4aerT,
4TO0 B Haubojee MeMLJIEHHOW CTAAUHM paclUeIUIEHUIO MOoJBepraercs
AMAHMOH TEeTPa’pUYECKOro MHTepMeauMara B COOTBETCTBHM CO Cle-
AYIOLIMM YpaBHEHHMEM:

(2]
0) <]
OH™ 6 ] OH
cp,corﬁcﬁns.ﬂez—w———_._.ﬂ__c'p" CF;-C—N-CiH; ===
CH, OH CH,

p ) HOH
=4 CF;—CDIINI——QHS MEINIEHHO CF,c:ge + CgHsN—CH, ===
P CH,

o)
== GH;NHCH, + CF,CZ3e + OH®.

DTOT MEXAHM3M, HE MMEIOLLKI AaHAIOTHH B peakLIMsAX OCHOBHOI'O I'Mll-
pPOJIM3a CIOXHEBIX 3GHPOB, TAKXE OTPAXKAET XYNIUYIO CIIOCOGHOCTH
aMM/1-HOHA BLIMOJIHATD POJb YXOAKIUEH IPYIINLI [10 CPABHEHHIO C aJl-
KOKCHA-HOHOM.

I'maponus GeH3aMMIa, KaTaaM3UpyeMBbIii KMCIOTOM, HE COMpo-
BOXJIAeTcs M3OTONHBIM 0OMeHOM Kucjaopoxa U3 KapboHUIbHOH
rpynnsl amMmuaa. MexaHusm KMCJIOTHOrO rMApPOJN3a aMHIOB BKIIIO-
yaeT HyK1eodUNbHYI0O aTaKy BOAbl Ha MPOTOHHUPOBAHHYIO dopMy
amuaa. B monexyne amMmuaa HauGosee BRICOKOH OCHOBHOCTBIO oba-
naet xapOoHMNbHbI Kuciaopod. C yyeToM 3TOoro obGCTOSATENbCTBA
MEXAaHU3M KHCJIOTHOrO FHAPOJIM3a aMHUAOB OIMMCBIBAETCA CJIeaylo-
ILUM ypaBHEHHUEM:
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D OH OH
O H+ OH ] —~H® [
RC\ R-C?Z EL—_H R-C-NH, === R—C-NH,+ H*==
NH ~ I ®
NH, 0®  tHY oq
H H

3H 0
4 e~ ]
- R-—|C—CNCH3 — R-CZ oy + NH; — RCZ oy + NHY .
OH

T'uapon3 aMUIOB KATAIM3HpPYETCs He TOABKO MOHOM BOJOPOAA
WM ruapokeua-HoHoM. OH Takke KaK M THAPONM3 CIOXHBIX 20U~
POB, TIOABEPXEH 06111eMY KKCIOTHO-OCHOBHOMY KaTanu3y. B xauectse
mpuMepa MpUBENeM THIPOAM3 MoHcaMHuaa (GTajeBoil KUCIOTH, B
KOTOPOM MMEET MEeCTO BHYTPUMOJICKYNSPHBIA HYKJIEODUIbHBIN Ka-
Tanu3 KapboKcunaT-uoHoOM:

o, = 0L, = O o=
2 Se-NH, cl
Su NH,

/o
=0 — QX \owﬂs-—z-—@("""“
oéty

CxopocTth ruaponusa MoHoamuna craneBoil KucioTsl npu pH3 B
100 000 pa3 npeBpiLIaeT CKOPOCTh TMAPOJIN3a aMuia 6eH30iHON KUc-
JIoThl 1 n-KapboxcubeHszaMuga (MOHoaMuAa TepedTaneBoil KUCIOTHI)
B TeX Xe ycaoBHsX. CTosb Goblioe pa3IMyie B CKOPOCTSAX THAPOIN3a
PONCTBEHHBIX COEAMHEHHH YKA3pIBaeT HAa BHYTPHUMOJEKYJISIPHBIA Me-
XaHM3M KaTalli3a CO CTOPOHBI KapOOKCHIIaT-HOHa, KOTOPBI HEBO3-
MOXEH B Clydyae napa-u3oMepa. DKCIIepUMMEHTHI ¢ JBOMHON MeTKOI
BC u 80 onpeneneHHo yKa3biBaloT Ha 06Gpa3oBaHue (TANEBOro aH-
TMOpHUAA B KavyecTBe MHTEPMEIMATA B 3TOM peakLuH.

COOH

18.9.2.6. BOCCTAHOBJIEHUE

BoccraHoBNeHHE aMUIOB U3OBITKOM AJIIOMOTMIPHAA IUTHA B 3dHpe
iy TI'P npHUBOAMT K NMEPBUYHBIM AMMHAM C BHICOKHMM BBIXONOM:

1) LiAlH,; TT'®; 65°C
2) H,0©

C¢H;OCH,CONH, C¢H;OCH,CH,NH, .
(80%)
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MoHo3zaMelleHHbIEe MTPH a30Te aMMIbl BOCCTAHABIMBAIOTCS TaKUM Xe
00pa3oM 10 BTOPUYHBIX AMUHOB, 3 N,N-quankunaMui — [0 TpeTHu-
HBIX AMUHOB:

1) LiAlH,; adup; 36°C

CHy(CHy),o CONHCH, -5

CH;(CHy),,CH,NHCH, .
(95%)

o)
Il 1) LiAlH,; sdup; 36°C
(CH3)2CHCH2CH2(l3 2 H,0°

N(CH,CH,),

(CH,;),CH(CH,);N(CH,Ha), .
(85%)

Bo Bcex 3THX ciydasix BMECTO aNIOMOTHAPHMIA JMTHSL B Ka4yectse
BOCCTAHOBHTEJISI MOXHO HCIIOJNb30Barh AubopaH. BoccraHoBaeHME
nubopaHoM npenmoututenbHee it N,N-IuankuiaMuios.
Huxnuyeckue aMUABl — JIAKTAMbI — BOCCTAHABRTUBAIOTCH ANIO-
MOTHAPUIOM JUTHS WU JUOOPAHOM JO LUKITHYECKUX AMUHOB:

| | 1) LiAIH,; TT®; 65°C [ l
o 2 H0® .

N N
H H
(80%)

N,N-uankunaMKIbl B CTPOTO KOHTPOJIMPYEMBIX YCIOBUSIX MOTYT GBITH
BOCCTAHOBJIEHBI IO ANbAETUIOB € BbhIXonoM 60—90%. dns atoit uenu
0Co0eHHO yI00eH TPUATOKCHAIIOMOTHIAPHI JUTHUS, MOJYyYAEMBIA H3
LiAlH4 ¢ Tpex 3KBHBaJICHTOB 3TaHONA!

LIAIH, + 3CH,CH,0H 2P [AIH(OCH,CH,), + 3H,.

3T1OT peareHT ABasieTcs Gojee cnabbIM JOHOPOM T'MAPHA-HOHAE, YeM
LiAlH,, ¥ peakuuio MOXHO OCTAHOBUTb HA CTAAUM [IOJYYSHUS ANb-
nperuga. [ng atoro Heob6xoauMo K U36nTKy N,N-guankunaMuna npu-
GaBIATH 3¢PUPHEIN PACTBOP KOMIUIEKCHOTO FHAPHIA:

0] 1) LiAIH(OCH,CH
(CH3)3CC/< ) @( ,CH3);
N(CH,), 2) H;0

O
(CHy),cCZ
H .
(88%)
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N,N-/InankunaMyuabl BOCCTAHABIMBAIOTCS OO albIerdioB C NOMO-
weio JUBAJI-H.

O 1) IUBAJT-H; Tonyon
CH,(CH,),Z. LA b

CH.(CH,),CHO.
N(CH,), 2) CH;,0H ¥ 92%)

18.9.2.8. JETUAPATALINA

HesameureHHBIE TIpU a30T€ aMMABI AETHAPATUPYIOTCS HO HUTPH-
JoB nop pevicrsueM POCI;, SOCI, unu (COCI), B anpoToHHOI cpeze.
OcobexnHo ynobeH B npenapaTMBHOM OTHOLIEHWM CIIoco0 meruapara-
LM C TOMOLIBIO TUCHWIXIOPHIA B MPUCYTCTBUM AuMeTWIdhopMaMu-
LA, KOTOPbIH XapaKTepU3yeTCs OYeHb BHICOKMM BBIXOIOM HUTPWIOB:

0 SOCly; IM®A,; 0-20°C
N

CH;(CHp),C CH,(CH,),CN + SO, + HCl.

H, wm GeHson; 80°C (94%)

Ipenmnonaraercs, 4To B pe3yJbTare 3J1eKTpoGHUIBLHON aTaKyU TUOHHII-
XJIOpHAA ITo KapOOHMIBHOMY KMCJIOPOAY aMHa B KaYeCTBe UHTEPME-
IIMaTta rnepBoHavyanbHO oOpa3syeTcss NPOU3BOAHOE MMHWHOAHTUIAPHIA,
KoTopoe nanee pasnaraercs ¢ orwervienneM HCl u SO, ¢ ob6pa3oba-
HHEM HUTpUIA:

520
rc=C +soc,— | R-C

NH, %QJH\CQ + HCl—

—= RC=N + SO, + 2HCI .

BMecTo THOHWIXJIOpUIA B Ka4€CTBE AETHAPATHPYIONIErO areHTa MOXHO
MCIIOJIb30BAaTh XJOPOKHUCH ¢pocthopa MM TpUGDTOPYKCYCHBIH aHIUA-
puia B NPUCYTCTBHU NHUPHANHA, TAEe BBIXOH HHUTPWIOB KosiebyeTcs B
uHTEpBase 85—100%:

(CHy),ccz0  (CHECOO0 GHN - oy com |

Bropuuhble aMupl 06pa3yioT ¢ THOHWIXJIOPUIOM, XJIOPOKHUCHIO
docdopa nnu nenraxnopunoM dpochopa UMUEOWIXIOPUIb] (MMHHOX-
JIOpHIBI), KOTOpBIE Hajiee [IPX HArpeBaHMM OTLUETUISIOT ATKHIXIO-
pu ¢ obpa3oBaHHEM HUTPHUIIOB:
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~HCl
SNHRe§ “npuann

o
4

RIC + 50C Rricg
“NHR? 2

Cl

S

MMUIOWIDUIOPUL
{MMHHOXJIOpUT)

1s50°C

— R‘C —— RIC=N + R2C] .

Tperuunste amuast R'"CONR,? nipu neicTBUM TexX Xe peareHToB
JAloT CONMU XJIOPHUMHMHMUSL:

o 0—sz0 al
RcZ . +50C, —= [RIC{g , A 8| —=
NE; Mg T«

Corse0

RIC Gl RlC Cl c1 + SO
— — 5 -
o Sk SRR

Conu XJIOpMMHHUS, noaydeHHble U3 N,N-IUanKkunaMugoB, JOBOIb-
HO YCTOMYMBBI M MMEIOT MOHHYIO Npupony. OHu cnyxart sddexTus-
HBIMH 2JIEKTPOHIBHBIMU areHTaMH MO OTHOIUEHHIO K CIIMPTaM,
THONAM H IpPYIMM HyKIeodMAbHLIM areHTaM. TakuM ob6pa3oM B pe-
3y/nbTaTe ABYXCTaaWiiHoOro npespauieHuss N, N-quankuiaMuaoB Mox-
HO IIOJNIYYHTDb CJIOXHBIE 3(UPHl WIM MX CEPHUCThIE AHAJIOTH.

Kommaeke ximopoxkucu ¢ocdopa wmm docreHa ¢ N,N-qumeTu-
dopmamunoM sisnsercs 3 HEKTHBHLIM (GOPMMIHMPYIONIHM areHTOM
110 OTHOIIEHHUIO K MHOTHM apOMAaTHYECKHM COCIMHEHUSAM (peakLms
BunscMmeitepa—Xaaka, 1. 19).

18.9.2.r. HHTPO3UPOBAHHE

IepBuyHble aMHUALI IIPH B3aUMOJEHCTBUU C a30TUCTOH KUCIO-
TOM, HUTPO3WIXJIOPHAOM HWIH GOpPpTOPHIAOM HUTPO3OHHMSI NOABEPTa-
10TCSL Je3aMHUHUPOBAHHIO, BTOPHYHBIE aMUIbI C 3THMH Xe peareHra-
MH 130T N-HUTPO30aMMJIbI:

RCONH,; + NaNO; + HCl — RCOOH + N, + H;0 + NaCl;
RCONHR! + NaNO, + HCl —w RCONR! + H,O + NaCl.

N=0
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18.9.2.1. TAJIOTEHUPOBAHUE U MEPETPYIIITMPOBKA TOOMAHA

[IepBuyHbIE ¥ BTOPUYHBIE AMUIBI B OYEHb MSITKHUX YCIOBUSX B3a-
uMoaeicTeyioT ¢ runoraroreiuramu (NaOCl, NaOBr) c obpasosa-
HUeM N-TajoreHaMHMaos:

RC®® 4 B, +NaOH 4% rc®
SNH, o e H,0 “NHBr

s nonydyeHus: B MHAMBHAYaIbHOM BUIe N-xsopamunos ¥ N-Gpo-
MaMUJIOB CJIEAYeT MCIO0Jb30BATh CTPOrO pacYETHOE KOJIUYECTBO LUE-
JIOUU [JIsi MOJTyYEHUSI TUIIOTAIOTEHUTA, ITIOCKOJBKY B U3OBITKE HIETO-
yu N-rajoreHaMHIbl IOABEPraloTca neperpynmuposke INogpMaHa.
DbdexTuBHBIM N-raioreHUpyioIUM areHToM IS aMUIOB CIYXAaT
TaKKe mpem-OyTUITUIIOXJIOPUT UK mpem-oyTunrunodpomut B CCl,.
N-Xinopamunpl 1 N-OpoMaMuIbl HAILUTW LIKPOKOE IIPUMEHEHHE B
KayecTBE PErHOCEIEKTUBHBIX TAIOre HUPYIOILMX areHToB. CaMylo K-
POKYIO M3BECTHOCTb cpeou HUX Npuobpenu N-6poM- u N-ximopcyk-
UMHUMHUA U N-OpoMarieTaMum.

Hau6Gonee BaxHBIM npeppamteHueM N-TajJoreHaMUIOB SIBISIETCS
UX MeperpynnupoBKa B NEpBUYHbIE aMUHEI ITPH 06paboTKe LIET0YbIO.
Orta peakuusa 6pu1a oTkpera B 1881 r. A. doH 'obmaHoM u nmomyyuna
Ha3BaHUe neperpynnupobku 'opmana:

o
o o g
RCZT  +0H®=RCZy —|@®CLfy |+0P—

H-N—Cl N—Cl
AWTHUTPEH
H.O0 ? -co
—= R-N=C=0 2= RNH-C-OH —% RNH, + CO, .
ulouuvaHar KapGaMHHOBaﬂ
KHQI0T2

N-Xnopamun npexcrasnisieT coboit 6onee cuwibHyio N—H-kucno-
Ty, YeM UCXORHBIH amun. IIpu JeNpOTOHUPOBAHKMM OH IpeBpallaeTcs B
CONpPSDKEHHbI aHMOH, KOTOPBIH IOCJEe OTILEIUVIEHUS XAOpUI-HOHA
o6pasyeT aLWJIHUTPEH B KayecTBe YPe3BEMNANHO peakKIHOHHOCITOCO6-
HOro UHTepMenuara. I'lo cBoeil a1eKTPOHHOI CTPYKTYpe HUTpPEH I0ON0-
6eH KapbeHy. IleperpynnupoBka aMTHUTPEHA B M30LHAHAT NIPECTaB-
JisieT coboil yacTHbII CTydail BHYTPUMOJEKY/ISIPHBIX aHUOHOTPOMMHAIX
CEKCTETHBIX IEPErpYNIIMPOBOK, MEXAaHU3M KOTOpHIX Oyaer noapobHo
paccMaTpuBaThest B 1. 26 (4. 4), CNELHANbHO NOCBSUIEHHOH MoJie-
KYJSPHBIM NeperpyrimposkaM. B aToM pa3snene Mbl OTMETHM TOJBKO
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OCHOBHbIE OCODEHHOCTH MeperpynnupoBky ['odmaHa. AnkunbHas
rpynna nepemMelaeTcs: oT yriaepona K a3oTy B BUAEC aHMOHA, U Iepe-
IPYNIIMPOBKA NPOUCXOLUT CTPOrC BHYTPMMOJAEKYISIPHO, MOCKOJBKY
MUTIDUPYIOUIAs TPYIIa BCErJa IOIHOCTBIC COXPAHSET CBOK KoHU-
rypaumio. MaoumnaHar ganee INpHCOEIMHsET BoAy ¢ obpasoBaHueM
KapbaMHUHOBOM KHCJIOTHI, KOTOpas nocjie AeKapBoKCUMUpOBaHUSA
NpeBpaniaeTcs B IepBUYHBINA aMUH. Bee cTaguu 3To# peakuyy UMeIoT
HE3aBMCHMOE SKCIIEPUMEHTAILHOE ITOATBEpXAEHUE. XapaKTepHoi
0CODEHHOCTBIO PEAKLUH SIBJSIIOTCS BHICOKAS YMCTOTA IPOIYKTOB pe-
KLY U BLICOKMH BBIXCH NEPBUYHOIO aMMHA: -

0-5°C
H,0

CH,(CH,),CONH, + Br, + NaOH

0
1
—= CH,(CH,),C-NHBr —2H_ cp cpNH, ;

H,0; 70°C (88%)

0-5°C NaCH
Q + Cl, + NaOH —— Q e @ ;

c C H,0 ¢ 'c H,0;70°C yyN  "COOH
i~ IR
0 N0 ONO (95%)
H cl
Br, + NaOH; 70°C
H,NOC(CH,),CONH, —2——= H,N(CH,),NH, .
H,0 (712%)

TpyaHOpacTBOpHMMEIE B BOAE aMUIBI C BbICOKON MOJIEKYJIAPHOMN Mac-
coil npenBaprTeNIbHO IPEBPAIAIOT B ypeTaHbl — 3(PUpH KapbaMUHO-
BOM KUCJIOTH pu o6paboTke pacTBopa aMUIa B METaHOJIE WM 3Ta-
HojJe OpoMOM B NMPHCYTCTBMM [IBYX 3KBHBUICHTOB METWJIaTa WM
STUJIaTa HATPHUA:

CH,0H
60°C; 15 Mun

Ca(OH),
— C;sH;;NHCOOCH, C;sHy NH, .
(94%) 2 (90%)

Ileperpynnupoeka I'odmMaHa gaeT XOpollHe pe3yabTaTsl U AJIs1 MOJy-
YeHHUs] EPBMYHBIX dAMMHOB C CHJIBHO Pa3BETBICHHBIM paguKkaioM. B
3TOM cnydae yaaercs 3achUKCHpOBaTh H3OLMAHAT B KayecTBe MpoMe-
XYTOYHOTO TIPORYKTA:

C15H3ICONH2 + Br2 + ZCH'_;ONa
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0-20°C

Il
(CH,);CCH,C-NH, + Br, + 2NaOH
H,0

50°C; NaOH

—= (CH,);CCH,—N=C=0 (CH,);CCH,NH, .
(94%)

PoncTBeHHas peakuus CHHTE3a MEPBHYHBIX AMWHOB U3 a3UIOB
KapboHOBBIX KucaoT 6bpina otkpbita T. Kypunycom B 1890 r. Aumna-

2

i e @ O
suael RC—N=N=N nonyyawoT aByMs MeTOIaMH: MpH AEHCTBUH a30-

THUCTON KHUCIOTHI HA Mapasuabl KMCJIIOT UM IPpH B3aUMOAEHCTBUH
AUUNTAJIOrEHU0B C a3UaOM HaTpHA.

pe?® NHNH, o 2O NaNO, + HCl
~c CHCL “NH-NH, H,0—-GH;OH
(0]
—Rc? == Rc? Ho

NH-NH-N= NH-N=N-OH

2 H,0 -0 ®

@ + + :

RC\II\I—N=N d)Hz RC\N=T%=I% H,0 + H;07;

-0 alIETOH-BOJA -0
RCT a + NaN; — =~ RC‘N=ﬁ=r?J .

INocnenHuii criocod MMeeT LeJblil P MPEUMYLIECTB, OCOOEHHO B
YCJIOBHSIX MeX(a3HOro KaTajiusa 3TOil peaKIluK CONSAMHU TETPaaNKII-
aMMOHMsI B AByXx¢hasHoit cucTteMe OcH30/1-BOAA MM B HENOJAPHOMH

cpesie ¢ MOMOILUBIO NRE,a N?:

CH,CI

RCZY + N(CH)PNE

2 P (OS]
RC? e + N(C;Hy), C1™ .
a \N=ﬁ=N (CsHy),

(60—90%)
AUUMNA3UADbI TIPH HAaTPEBaH U U OTLUEIUIAIOT a30T ¢ 0Opa3oBaHUEM auI-

HUTPEHA, KOTOPbIil SIBJIISETCA KIIOYEBbIM HHTEPMEAMATOM M B Iepe-
rpynnuposke ['odMaHa u B neperpynnupoeke Kypuuyca:
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_ t'C -
-_{-]}]: IN H30LMaHaT

CH,CH,OH

_'C02
RNHCOOH——= RNH, + CO,

I
RNH-C-OCH,CH,
3TUYpeTaH

HzouunaHat MoxeT ObITH BBIAENEH IPH TEPMHUYECKOM Pa3NIOXEHUU
auuiasuaos B UHIUGPGDEPEHTHOM HeNnoJIIpHOM pacTBoputene (OeH-
30J1, TOJIYOJI, KCHJION) M Hajiee IpeBpallleH B aMHH IpH obpaborke
BOJAHBIM pacTBOPOM IMAPOKCHAA HATPHSA MJIM B YpETaH [IPH B3aUMO-
IecTBUU co cnupToM. Yaiie Bcero, OIHAKO, M30LIMAHAT HE BbLIEIS-
IOT M TEPMUYECKOE PANOXKEHUE a3ua B M3OIHAHAT U ero rnpespalle-
HHUE B aMMH OCYIUECTBASIOT B ONHY CTaHIO, YTO 3HAUYUTEJIBHO
yIIpollaeT BCIO NpoHeaypy:

O " 0 QY
a 6enzon, 10°C a Genzon; 80°C
HCH,C?Z  + NaN, B0 10C - 1 cn @9
O } CHCH O R-R
— CHCHN=C=0 —___. CH,CH,NH,;
s 6enson-soga; 80°C 5( o4 926) 2

9 ®. .0 TIrd (u) ® O
{>—C—Cl + N(CHg), Ny, ——= I>—C—N=N=N —
1) TT®; 60°C NH
2) HCI; H,0 2

(83%)

Peakuns IopMaHa B 3KCIEpUMEHTAIBHOM OTHOLUEHMWH 3HaYM-
TeJIbHO Npoue, yeM peakuust Kypumyca, ogHako npeBpalieHUe He-
HACBHILLEHHBIX KUCIOT U NPOCTEHLIMX ABYXOCHOBHBIX KUCHOT (Masio-
HOBOW, SIHTapHOH M [JIYTAapOBOH) B aMMHBI JIy4llle BCEro yaaercs c
noMouipio peakuuu Kypuuyca. s BHICLIMX JUKApPOOHOBBIX KHCIOT
cleayeT npeanoyects peakuuio [opmana.
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LenuniM nornonHeHueM K peakuusam [odpmana u Kypiuuyca ans
Moay4YeHus: NepBUYHBIX amMHHOB aBasercsa peakuus K. IImunra
(1923 r.). IIMuaT paspaboTtan CpaBHUTEJBHO IIPOCTOU METOXN HEIo-
CpeacTBEHHOIo ONHOCTaAUMHOIO NpeBpalieHuss KapOOHOBON KUCIO-
Thl B MIEPBUYHBIH aAMHH, YTO BBITONHO OTJIMYAET €ro crrocod oT MHO-
rocraguiHeix npeBpauwieHut no Iopmany u Kypuuycy. Ilpu
B3aMMONEHACTBUM KapOOHOBOH KHUCIOTHI, PACTBOPEHHON B KOHIIEHT-
PUPOBAHHON cEpHOU KHUCIOTE, C PACTBOPOM a30THUCTOBOJOPOIHOM
kuciorel B 6eH3one npu 40—50°C obpasyeTcss u30lMaHAT, KOTOPBIH
Jajiee TUIPOJU3YIOT 4O NMEePBUYHOIO aMuHa:

® e . -
RCOOH + H-N==R-H2504 40-50°C
6erson W xropodopM

Q g
Rc—NSf?I-N + H0—

-N, 9(‘-- H,0; H®

w: —= 0=C=N-R

B 3Toii peakilMy TaKXKe IpelnoaraeTcs o0pa3oBaHKe ALMJIHUTPEHA B
KayecTBe UHTepMeauaTa. Mexauusm peakuuu Imunra, Takum obpa-
30M, nopobeH MexaHu3My peakuuu Kypruuyca. Meton odeHs ynoGeH,
4 BBIXOJbI AMHHOB, KaK MPaBUIO, OYEHb BBICOKH:

RNH, + CO, .

1) 6enzon; H,SO,; 40°C
CH;(CH,),;COOH + HN, CH,(CH,),NH, .
2) H,0; NaOH (96%)

PacTBop a30THCTOBOMOPORHOM KUCHOTHL B OeH30Me MONYYaioT,
MEJUIEHHO MpUOaBIsist CEpHYIO KUCIOTY K CMECH a3ua HATPUs, BOIBI
u Genzona npu 0—5°C, nocne yero OeH30JBHBIA ClOM OTHENSIOT U
BBICYLUUBAIOT.

Peaknuio IlIMunata Henb3s NMpUMEHATh JUIST KMCIOT, HEYCTOMYH -
BbIX K JEHCTBUIO CEPHOM KHCJIOTHI WIH 3aMeHsIouied ee monaudoc-
¢GOPHOM KUCIOTHI, a TAKXKE JUIS TeX apOMaTHUECKUX KMCJIOT, KOTO-
pble NerkKo cyab(pUpyIOTCS B 3THX yciaoBusx. TeM He MeHee, MHOrHe
KapOOHOBBIE KHUCIOThl APOMATUMECKOTO psilla YOAETCS IpPEeBpPaTUTh B
aMUHDBI 3TUM CHOCOCOM:

1) CHCl;; H,S0,
2) H,0
Ci Ql

COOH + NaN, NH, .

(75%)
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18.9.2.e. AIKWWIMPOBAHHE AMHUIOB U X AHUOHOB

AMUIB! COOEPXAT IBa HYKIEOMDHIBHBIX LIEHTPA — aTOMBI a30Ta U
KUCIopoJa, U3 KOTopbix Donee BLICOKOM OCHOBHOCTBIO obnamaer Go-
Jiee XEeCTKHII aToM Kuciopoaa. [IpoToHupoBaHHEe aMHUIIOB OCYLUECTB-
JIeTCA MCKIIIOYMUTENIBHO T10 aTOoMY KHCJIopoda. B oTiuuue oT 3TOro
NpU aANKUIMPOBAHUM B 3aBUCHMOCTH OT HPUPOLBI ANKIIMPYIOLUEFO
areHTa ¥ YCJIOBHI peakllMd MOTIYT OBITb MOJYYEeHBI MPONYKTHI Kak
N-, tak u O-anKuupoBaHUa aMyuaoB. B 60NbIIMHCTBE CIY4aeB ajIKu-
JIUpOBaHHE AMMIAOB OCYLUECTBJSETCS B YCJIOBUAX TEPMOIMHAMHYEC-
KOro KOHTPOJIA 3TOW peakUMH ¥ NPHBOAUT K CMECH 0GOMX M3oMep-
HbIX O-aIKMIUMHIATOB (MMHHO3GUPOB) U N-aJIKHIaMHIATOB:

OR?

O-aKunrposaHue e 1)
RLC\\?\IH X
40 2 —
RICZ ™+ R
NH, RICZS x®
N-aIKiWIMpoBaHue \I(:\)IHz
R2
t°; —HX .
b ThA R1C<NH
OR2
(0]
e Rl
5 NHR?

B HeKOTOpPBIX ClyYasx aIKHJIUPOBAHHE AMWIOB YAAETCS OCYILIECTBUTh
B YCJIOBHUSIX KMHETHMYECKOIO KOHTPOJIS NPH JeHCTBUM OYEHb PEAKIIU -
OHHOCITOCOOHBIX XECTKUX ATKWIKPYIOIUHAX areHToB — 60pdTOpHUAOB
TPUANKIWIOKCOHMS, ankunTpudiaator CF3SO3R, ankunrosunaros. [1pu
3TOM 00pa3yloTcd UCKIIOYHTENBHO MMUHO3GUPLI — MpONyKThl O-
ATKUNTMPOBAHUS:

0 CH,Cly; 0—(~10)°C OC,H
RCZ + (CHy),0BF; —2 19 Rcigcz Y o
NH2 \I\IHzBF‘;

B 6o1ee KeCTKHX YCIOBHUSX NTPOHCXOANUT MEXMONEKY/ISIpHAs! IIeperpyIl-
[MMpPOBKA ¢ o6pa3zoBaHKeEM TepMOoIMHaMHuecKH Gosee cTabMIBHBIX N-
anKUIAMHAOB. B oTiIMYMe OT caMUX aMHI0B UX AHUOHBI AUTKWIMPYIOT-
Cst TOJILKO 10 aTOMY a3oTa:
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0 o g 0
rRc?Z NaH ww J1IA RcZ o RX_ RCZ .
NH, — NH NHR!

AHHWOHBI MONHOCTBIO 3aMeLleHHBIX MpH a3zote N,N-auankuniaMuiaos,
KaK U EHOJIST-UOHBI CIOXHBIX 3HUpOB, MOABEPraioTCA PErHoceNeK-
TUBHOMY C-aJIKWIIHPOBaHHUIO:

A° pnga RIX

RCH,C C
P \NR, TT®; —78°C ]
NR, S

o o
CH,CH,~CZ 1) NaNH, CH3(|2H—C<
N(CH;), 2) CH;CH,Br CH,CH, N(CH); .

62%)

18.9.2.x. [IPUCOENMHEHUE MATHUMOPTAHUYECKHX
COEOUHEHUN

IpucoeauHeHne peakTuBoB [ puHbsApa K KapOGOHWIBHOM rpyIne
nuMetidopMamMuIa MPeCTaBIsSeT HHTEpeC Kak OQWH U3 MHOTOYUC~
JIEHHBIX METOJIOB TOJYUCHHS] AJIBAETHIOB:

(o] . 1R OMgX
HC< + RMgX a¢pmp win TI'd; —78°C RCH<
N(CH,), N(CH;),
H,0° -0
——32— = RCZ +M CH,), .
H,0; 0C H gXN(CH3),

Berxonsl aibaeruaos KoaeGaioTcsa B BeChMa IHMPOKHX Iipefenax B 3a-
BUCHMOCTH OT MPHMPO/Ibl paguKaja MarHUMOPraHMYeCKOro COeNHHe-
HMSI, BCIEACTBHE YETO 3TOT METOHL HE IOJY4YMJ WHPOKOIo PaclpocT-
paHEeHMsI.
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18.10. ATKMIIINAHMUABI (HUTPWIBI)

Hutpuast RC=N, HasbiBaeMbie Takke LHaHHUIAMK, GHOpMAIbHO
He OTHOCATCS K MPOU3BOIHBIM KapOOHOBBIX KHCJIOT B TOM CMBIC]E,
KaK Jpyrue auuINponu3BOIHbIE, TOCKOAbKY OHH He COASPXaT Kap6o-
HWIBHOW rpynmsl. Bojsee Toro, atoM yriepoga LMaHOTPYIINbI HAXo-
INTCS B SP-THOPUIHOM COCTOSHMHU B MPOTHBOIONOXHOCTb Sp’-THG-
PHAM3ALMH KapOOHMIIBHOIO YIJIEpO&a BO BCEX APYTHX NMPOM3BOMHBIX
KapOoHOBBIX KMCAOT. TeM He MeHee BCE OHM HACTOMBKO TECHO CBA3a-
HBl MEXAY COOOM, YTO HMTPWILI TPAAUUMOHHO PAacCMATPUBAIOT CO-
BMECTHO C APYTMMU IPOU3BOSHBIMM KapOOHOBBIX KHCJIOT.

18.10.1. MOJYYEHUE HUTPHJIOB

OnHuM M3 HanGoJjee INMPOKO PACNIPOCTPAHEHHBIX METONOB CUH-
Te3a aATMPaTHIECKHUX HUTPHUIOB SIBJISIETCA peakLUs OGUMOJIEKYISIPHO-
ro HykIeopUNBHOTO 3aMelleHUs] Y HACBHILEHHOro aroMa yrjiepojaa
ATKMATAIOreHHIOB M aIKWiIcyl1b¢hOHATOB IMOJ AeHCTBUEM LIMAHUAOB
HATpHS, KUIUS WIH TeTpaalkuiaMMoHus. [[HaHuI-MOH OTHOCHUTCS
He TOJBKO K CHAbHBIM HYKJIEO(DHUNbHBIM areHTaM, HO H K JOBOJBHO
CWIBHBIM ocHOBaHHAM (p K, uuanucroro Bogopona 9,2). ITosromy atoT
METOJ MPUrONEH TOJBKO IS ITONYYeHHS MEepBUYHBIX U BTOPUYHBIX,
HO HE TPETHYHBIX aNKWiuuaHunos. [Ipu B3auMomeiicTBUM mpem-ani-
KWIFAIOreHHIOB ¢ HHAHMAAMHM IUEJOYHBIX METAJIOB MMEET MECTO
TONAbKO E2-3TMMHHHPOBAHME, PUBOISIIECE K AIKEHY. DIMMUHHPO-
BaHHUE KOHKYPHMPYET C 3aMEILICHHEM U B PEAKUHMH LICAOYHbIX LIMAHH-
OB CO BTOPUYHBIMU AJIKMJITUIOTEHUIAMK. DTOrC HEJOCTATKA JUlLIe-
HO B3aUMOJEHCTBHE MEPBUYHBIX AJKWIraJOreHHAOB C CONAMU
LMAaHUCTOro Bogopona. ONTHMANbHBIE YCIOBHUS IS ZOCTHXEHHS BbI-
COKOrO BBIXOAA AJKHALMAHHMIAOB JOCTHIAIOTCS IIPH IIPOBEISHUH De-
aKIMK¥ B IMITOASPHBIX AIIpOTOHHBIX pacTBopurensx — JIMCO uwnu
N-MeTHATIMPPONIHIOOHE:

CH,(CH,)sCH,Cl + NaCN AMCO; BOC_ -y (CH,)CH,CN + NaCl:
(94%)

CH,CH,CH,CH,Br + NaCN-AMCE0: S0C_ ~y cH,CH,CH,CN +
+ NabBr; (92%)

CH,~CH(CHy)sCH, + NaON-AMELA0C.

Cl

CH;CH(CH,)sCH; + NaCl ;

CN
(60%)
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CI(CH,),Cl + NaCN AMCO; 140C_ e cH,),CN + NaCl.

(88%)

B HacTos1Eee BpeMsI JUIsl TONy4YeHUsT anudaTUvecKux HUTPUIIOB IIMPO-
KO HCITOJIb3YeTCsA MeTol MexdasHoro Karauin3a. OCHOBHBIE ITPUHITUIIBI
3roro Merona ObUIM yXKe ondcads panee. Hike npuBeaeHa kiaccuyec-
Kas qHarpaMma KaTaIMTHYECKOro LMKJIa ¢ MexX(ha3HbIM IIepEeHOCOM:

D~
RX + NacN NReCl5 Sp2

RC=N + NaX .
1) NaCN + NR®Cl® === NR®CN®+ Nacl;

2) NR2CcN® == NR®CN®;
BoJa opraHuyeckas ¢asa

3) RX + N2 CN® RC=N + NR®X®
‘ B OpraHMyecko#t ¢ase n

4) NaX + NRZCN® === NaCcN + NR®X® -
B BOZE

B sonuoit daze ycraHaBIMBaeTC PABHOBECHE MEXIY JIBYMS COJISIMU:
LMAaHUIGM HATPUS U COJBIO TeTPAaaKKIaMMOHUsL. 3aTeM IHAHUI TET-
PAAIKUIAMMCHUS IIEpEXCIUT U3 BOAHOM a3kl B OpraHuyecKyio dasy,
rae obpasyercs aNXyILHaHWI IIPY B3aHMOLEHCTBUY AJIKHITATIOTeHH~
[la ¢ UMAHKACM TeTpaalkKwiaMMOHUs. B KayecTBe KaTau3aTopoB MEX-
azHoro rnepeHoca UCHONB3YIOT XJIOPUALI TeTPabYTIIAMMOHMUS, TPU~
sTunbeH3nAaMMOHUs U Ap. IIpeuMylUecTBO CHMHTE3a HWTPUJIOB B
yCJIOBMAX MeX(]asHOTo KaTajiu3a 3aKIIOYaeTcs B TOM, YTO BBIXOIBI
JIaXe JUIS BTOPUYHBIX ankKuanuaHunos focrturaior 80—85%, Torna xax
B roMoreHHoit cpege 8 IMCO on penxo npessiiaer 50—60%:

® © CH,CI
CH,CHCI(CH,)sCH; + N(C,H,),CN ——2+~2u

@
—= CH;CH—(CHy)s—CH + N(CHy)CF.
CN 35%)

Euwe 6onee adbdexTuseH B KayecTse Karanusaropa Mex¢dasHoro
nepeHoca U3 Teproit ¢dasel B pacTsop 18-kpayH-6-nioausdup B alie-
TOHUTPHJIE WIH XJIOPHUCTOM MeTHJIeHE:

18-xpayH-6
CH;(CH,)4CH;Br + KCN CH,CN CH3(CH,)4CH,CN (100%);
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18-kpayH-6
Br(CH,)Br + KCN CH,CN NC(CH,),CN (100%);

18-kpayH-6
C¢HsCH;Br + KCN CH,CN Ce¢H;sCH,CN (100%).

Hpyroif NpeBOCXORHBIIA METOA CHMHTE3a HUTPUJIOB HerHApaTally-
el MepBUYHBIX AMMEOB C IOMOIUIBI0 TUOHWIXIOPUJA, XIOPOKUCH
docdopa wiau TpudTopyKCYCHOr0o aHMMAPWAA OMTMCAH B MPEAbLIYIIEM
pasnene:

_ SOCl
CH,y(CH,),cZ0  ——"=2 = CH,(CH,)CN.
NH, IM®A; 0-20C o0

3OTH ABa METOMA NMOJYYeHUS HUTPUIOB YA2YHO IONGCHHAIOT APYT APY-
ra, IOCKONBKY AeTHApATaliis aMHIOB He JIMMUTUPOBaHA ITPOCTPAH-
CTBEHHBIMH IIPEMATCTBUSAMH, KOTOPhIE PE3KO OrPaHUYHBAIOT CHHTE-
THYECKHE BO3MOXHOCTH METOa, OCHOBAHHOIO HAa aJIKMJIMPOBAHUH
UHaHUI-UOHA.

HuTpribl monyqaioTcs TAKXKE IMPH JeTHOPATAUHU ATBIOKCUMOB
C MOMOIIBIC THOHHWIXJIOPHUAZ, XJopoKHcH ¢ocdopa, YKCycHOro H,
ocobeHHo, TPUGTOPYKCYCHOIC aHTHAPUAA:

SOCh_ pcan
DA (70-90%)

RCH=N—-OH

18.10.2. CBOFICTBA HUTPUJIOB

Cpeny MHOTOYMCIIEHHBIX PEAKLKf HUTPHIOB CAMBIMK BaXHBIMHU
SABASIOTCS THAPOAKU3, AJIKOTOJM3, BOCCTAHOBIEHHE M PEeaklMH ¢ Me-
TaJIOOPraHUYECKUMU COEXUHEHMSIMU MarHusi ¥ NuTusi. MeHee Bax-
HBI peaklliy HUTPHJIOB C 3JMEKTPOODMIBLHBIMH peareHTaMu, KOTOphle
OyIYT KPATKO PACCMOTPEHBI B KOHIIE 3TOTO pa3fena.

18.10.2.a. KUCJIOTHO-OCHOBHBIE CBOMCTBA HUTPUJIOB

HuTpusibl npossisiioT cBoicrea odeHb caaboix C—H-kuciaor ¢
pK, =25. DNeKTPOHOAKIEITOPHAS LMAHOIPYIINA BBI3bIBAET MOMSIPU-~
zauuio C—H-cBa3u y a-yrnepomHoro aroMa. CuibHble OCHOBAHUS,
Takye KaK JUUIONPOIMIWIAMUL JIUTUS, aMHI HAaTpys U ApP. OTLIEIIAIOT
[IPOTOH OT YIJIEPOAHOTrO aroMa ¢ obpa3oBaHHEM aMOUIEHTHOro aHuU-
OHa ATKMIHUTPHIIOB!
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€]
[R@H-C=N =—— RCH=C=R] + BH
-8 _
pKa ~ 25 wm RCH-C=N 8

a o
RCH,C=N + B

Kak u npyrue aMOMAeHTHble HOHBI, AaHMOHBl AJTKWILHAHKIOB BCTY-
MaloT B peaklud aTKMIKPOBAaRUS, alIHJIMPOBAHUS U C OPYTUMH DJIEK-
TpodWJILHBIMU peareHTaMH.

HenogeneHHas mapa S1eKTPOHOB aToMa a30Ta ILMAHO-TIPYIIIb
3aHHMaeT sp-opOHTalb. 3TO ONpenensieT CBOMCTB2 HUTPUIOB KaK O4eHb
cnabbix ocHoBauuik Jislouca. HamoMuuMm (ra. 3, u. 1), 94To cuna ocHo-
BaHMi#t yMEHBLIAeTCS C U3MEHEHHMEeM THMIIa rMOPUAM3AINY B psly:
sp3 > sp2 > sp. AMUIB U CTOXHBIE 3(UpEI IPOABISIOT CBOICTBA Gostee
CUJIBHBIX OCHOBaHMIt, YeM HUTpWwIbl. COOTBETCTBEHHO B Psilly a30TH-
CTBIX OCHOBAHUM OCHOBHbBIE CBOJICTBA YMEHBINAIOTCS B PANY:

R
| R .-_R
N > SC=N" > R—C==N:
R R R”
sp sp? sp
aMHHBbI HMHHBI HUTPHWIBL

IIpotonupoBaHHasa $HopMa HUTPUIOB IPOSIBJISIET CBOKCTBA CHWILHOM
6peHCTEeHOBCKOM KHUCJIOTHI II0 CPAaBHEHHIO C MOHOM AMMOHUS C sp3-
rUOpHOHBIM aTOMOM a30Ta:

® @
RCwNH —=—"RC=N: + H~ pK,~—10

NHO®===— H,N: + H® pK,=+10

Paznuuue B pK, Mexny HUMH focturaer 20 nopsiAkos. D10 03HAYaeT,
YTO HUTPUJIEI IPOTOHUPYIOTCS B OYEHb CHIBHOKMCIIOHA cpese.

18.10.2.6. THAPOJIN3

HuUTpus! MOABEPraioTcs TMAPOAM3Y U B KHCIIOM, U B LLEJOYHOM
cpenax ¢ obpazoBaHueM KapOOHOBBIX KHUCJOT. DTO IO3BOJISET B pe-
3yJibTaTe CJIERYIOUIEro ABYXCTAAUIHOro IpeBpalliCeHUst YINUHSATh Yr-
JIEPOIHBIN CKEJIET Ha OAUH aTOM yriepona:

RX + KCN-SXPRYR6_ g O H ¢

RCOOH.

I'maponu3 HUTPUIOB M B KHMCJIOHM, M B 1LUENOYHOM cpeme Tpebyer
OYeHb XECTKHX YCIOBHUH MHOrOYacCOBOTO HArpeBaHMS IPH BbICOKOM
TeMIlepaType:
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ITWICH-

C¢HsCH,C(CH,),CH,CN + KOH%@’— C¢H;sCH,C(CH3),CH,COOK :
o (91-93%)
75%-s pogHas H,SO,
+
Q 10 150°C; 5 4 Q
CN CH, HOOC CH, ;
(80%)
75%-s pogHast H,SO,
CoHsCH,CN + H,0 ——— == C;H,CH,COOH .
(77%)

AMUI, HECOMHEHHO, SBISETCS INMPOMEXYTOYHBIM IPOAYKTOM 3TOrO
MpeBpallleH s, ¥ B COOTBETCTRBYIOLUUX YCIOBUAX HUTPUABI MOTYT ObITh
TUAPOJAN30BaHb! O aMUA0B. OGBIMHO IS 3TOM LIeJI MCIIOIb3YIOT BOJ -
HO-CITUPTOBOM PacTBOP THIPOKCHAA HATPUS, COAEPXAIUUMA NTepeKHCh
Bogopona (cM. pasnexn 18.9.1) wiu Xe pacTBOp T'MOPOKCHAA KalUs B
TPETHYHOM OYTHIOBOM criupTe. [MIPOIH3 HUTPHIIOB IO AaMHIOB MOX-
HO BBITIOJIHATb ¥ B KHUCJIOH cpere — B moaudocdopHoil Kucaote Win
¢ ITOMOHIBIO KOMIUIEKCA TpeXxdTopHCcTOro 60pa ¢ YKCYCHOM KHMCIOTOM.

MexaHH3M THAPOJIM3a HUTPHIOB B 0011MX Yeprax mogobeH Mexa-
HHM3MY THAPOJIM3a CNOXHBIX 3¢HUpPOB ¥ aMUIoB. I1pH 1IesoYHOM rui-
pONK3e ’MAPOKCHI-HUOH IIPUCOEOUHSIETCS K YIJIepoayY LIMaHO-TPYIILI
¢ obpasoBaHueM OKCHMMMHA (MMHIOKHCIOTHI), KOTOPBIA M30MEpPH-
3yercd B aMui. [Tocnenyroluuit ruaponu3 aMuia IIPHBOOUT K KapOo-
HOBOM KHCJIOTE M AMMHUAKY:

o o e HOH_ _ . OH® HOH
R-C=N: + OH® —= R-C=N; = R-C=NH
oy ©OH OH
0 o 0
==reZ LR cZ N,
NH, 0

I1pu XMCIOTHOM KaTajiae TMApaTalMH [HogBepraercs IpOTOHUPOBaH -
Has dopma HUTpHUIA:

> HOH .  —H°
R—C=N: + H® === R—CQNH R-C=NH =—=
le
/O\
H H
OH 0 -H®
==Rc{ +H®==Rr-cZ +H®HAH_ pcoon + NH? .
SNH NH,
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18.10.2.8. AJIKOTOJIU3

HuTpunpl NpUcOeAUHSIOT NepBUYHbIE ¥ BTOPHUYHBIE CIIUPTHI C
obpasoBaHueM MMHUIaTOB (MMUHO3GUPOB). B oTauymne ot ruaposusa
3Ta peakuys NPOTEKAeT B UCKAIOYUTENBHO MSITKHUX YCIAOBUSIX — IPH
0°C win HUXe B MHEPTHOM pacTBopurene (3dbuHpe WIM Tolyosne) B
[IPUCYTCTBMHU CYXOTO XJIOPMCTOIO BOAOPOAA KAaK KaTaau3aTopa:

® o
HO _ o, C/“HZC‘ CH;N

RIC=N + R20H - Z
acup; 0°C OR? agwmp; 0°C
NH ®
—~RcZ . +CHNHG .
HMMHIAT

OTUM MeTONOM MOryT OBITh NOJyYeHBl Takke O-apHiIuMHAATHI, S-
anKWwi- U S-apUITHOUMMIATBI, €CIM BMECTO CIIMPTA MCIOJIb30BATh
deHobl, THODEHONBI M THOMBI B KAYECTBE HYKIICOMIIIbHBIX ar€HTOB:

RH,cP
2 NH
RIC==N + RisSH —HG__ pic? —SHN . pic?
a¢up; 0°C Ngr2  atup; 0°C SR2
TUOMMHAAT

MMunarsl ¥ THOMMUOATHI OY€Hb JIETKO THAPOJIM3YIOTCS B KMCIOH cpefie
DO CIIOXHBIX 3(HMPOB ¥ MX CEPHUCTHIX AHAJIOTOB:

NH (0]
HCl =
rRic? + RICT  +
Loy HHO 555 Xyt NHCL

[TonyyeHne MMHUIATOB U THOMMHAATOB M MX T'MAPONH3 OTKPBIBAIOT
MpOCTOH ¥ OYeHb YROOHBI ITyTh MpeBpalleHUs] HUTPUIOB B CJIOXHbIE
3¢bupbl ¥ THO3GDHUPHI B HCKIIOYHTEIBHO MATKHX yCIOBUAX. COJIH UMH-
IaTOB IpH B3aMMOAEHCTBUM CO CUPTAMU 0Opa3yIOT OpTO3(QUPEL:

NH,cf
_NHj
R1C< + 2R20H
OR?

R C(OR?); + NH,CI .

AHaJIOrMYHBIM 00pa30M 3aMeLICHUE ATKOKCH-TPYIIITE Ha AMUHO-TPYIT-
Ny B peakUM¥ UMHUIOATOB C AMMHAKOM, TEPBUYHBIMMK UM BTOPHYHBI-
MU aMHHaMH TIPUBOIUT K MOAYYEHHIO AMUIUHOB:
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NH NH
-z z
RiC + R,NH RIC + R20H .
~OR2 2 “NR,
aMMIWH
H,S
rRic? 3
NH,

B Tex Xe ycloBHSX NpH B3aUMOJEMCTBUH KMHAATOB C CEPOBOAOPOLOM
MOJIy4aI0TCA THOAMHUIIBL.

18.10.2.r. MIPUCOENJUHEHME APYTUX HYKJIEODPUIBHBIX ATEHTOB
10 TPOHHON CBA3U HUTPWIIOB

TlpucoenuHeHHe aMMMaKa, IEPBUYHBIX M BTOPUYHBIX AMMHOB K
TPOMHOM CBSA3M YIJIEPOX-a30T IIPOMCXOIUT B OYEHD XKECTKHX YCJIOBUAX U
penKo MpUBOAUT K YAOBIETBOPUTEILHBIM BHIXONAM aMMAWHOB. Bonee
ynoOeH CHHTE3 STHX COENMHEHHI U3 HMHIATOB WM MMHIOWIXIOPUIOB
4 aMUHOB. B oT/iuMe OT aMMHOB IMIPOKCHIAMMH JIETKO MPUCOESAHHSIET-
Cd K HUTpWIaM B 9TaHose. Takum o6pa3oM OTy4aioT OKCHMBI aMHUJIOB:

OH

3TaHOA <

RC=N + NH,0H ——— RC<N :
NH,

CB0oe0oOpa3HBIM U HHTEPECHBIM HPUMEPOM HYK/TEODUNIbHOro NpH-
COCNMUHCHHNSA K HHAHO~TPYIIIC SIBAACTCS TPUCOCIUHEHHUE a3 ~-HOHA. B
pe3yaprare 3Toi peakuudH, KoTopast HocuT obuiit xapakrep, obpa-
3YIOTCA TETPA30Jbl.

R\ R\
C==N C=N
RemN + S-ff—ol. N -E-ml W
o N N

18.10.2.a. BOCCTAHOBJIEHHUE

BoccranoBneHue HUTPWIOB NPHUBOAMUT K 0Opa3oBaHMUIO MEpBHY-
HbIX aMHHOB WIH AILIETHIOB B 3aBUCUMOCTH OT IPUPOLBI BOCCTAHO-
BHTEJS, 4 MHOLAA AaXe OT MOpsaKa CMEIUYBaHUs peareHToB. Kiaccu-
YEeCKHM IIPUMEPOM TaKOro pojiia paziuyHsl SIBNAETCS BOCCTAHOBJICHHUE
HUTPUIOB ATIOMOTHAPHUAOM JuTHA. Ecnn pacTtBop HUTpwia B 3¢dupe
MeJJIEHHO NpUbaBAAT: K pacTBopy HM30bITKa aIIOMOrMApHMAA JHUTHUA B
3¢upe, OCHOBHBIM MMPOAYKTOM PEAKLIMKM OKa3bIBAETCH NMEPBUYHbLIA aMUH:
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1) LiAlH,; adup
2) H,0®

RC=N RCH,NH, ;

’ (79%)

1) LiAlH,; adup; 20—40°C
2) H;0®

CH3(CH2)9CN CH3(CH2)9CH2NH2 )

92%)

1) LiAlH,; ¢up; 40°C
2) H,0®

N-C(Cﬂz)sc-N NHchz(CHZ)chzNHZ .

(40%)

IIpu 0OpaTHOM MOPSIIKE CMELIEHUS PEarecHTOB — IOCTENEHHOM BBeE-
JEeHUU pacTBOpa OJHOI0 SKBUBAJNEHTa amoMoruapuaa nutus B TI'O x
pacTBopy HUTpuaIa npu —78°C peak1Hi0 MOXHO OCTAHOBUTHL Ha CTa-
OUM oOpa3soBaHUS aNbIMMMHA, KOTOPBIN MOCJEe THAPONU3a MpeBpa-
1IaeTcs B aJIbACTHI;

l > 1) LIAIH,; TT®; —78°C ‘ >
- CHO .
N3 H,0®

(70%)

B 06oux ciiyyasix MpM BOCCTAHOBJIEHUH THAPUI-UOH IIPHUCOETUHSIETCS
K LiMaHo-IpyIlie c o6pa3oBaHKeM aHMOHA AbIKUMUHA, KOTOPHIH noche
TUAPOIM3A NAaeT ANbAETHI, 4 NpM JAJIbHEHIIEM BOCCTAHOBAEHUU —
MEPBUYHBIA aMUH:

LiAl e
He RCH=NAIH;—

RC=N

1) LiAlH, )
W—’RCHZNﬂz
YHUBEPCATBHBIM peareHTOM I BOCCTAHOBIEHHUS HUTPHIOB IO allb-
navMuHoB sisnsiercss JIMBAJI-H. OToT peareHT obGecrieYyuBaeT CeJIeK-
TUBHOE BOCCTAaHOBJICHUE LMAHO-TPYIIIBI B HCKIIOUUTEIBHO MITKHX
YCJIOBHUSIX B MHEPTHOM cpelne. AJIbLAMMHUHBI [10C/IE THAPOJINU3a JAIOT alb-
JEerManl, TaKMM oOpa3zoM, BeCh INPOLIECC B LIEJIOM IPEHCTABISET CO-
60t BOCCTAHOBJIEHUE HUTPHJIOB O AJNbAETHIOB:
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o 0
S =z
TL_IfCN 1) (M30-C,Ho),AlH; 6enzon; 30°C H’CTTC‘/H .
o° 2) CH,0H

NC

1) (m30-C4H,),AlH; Tonyon; 50°C

CH;CH=CH(CH,);C=N S
2) H,0

—= CH,CH=CH(CH,),CHO .
(64%)

Hpyrum peareHTOM, 06ecneyHBaIOLINM CEJEKTHBHOE BOCCTAHOB-
JICHHE HUTPWIOB IO AIBIETHIOB, SIBIACTCS TPUSTOKCHANIOMOTHIPUI
JIMTHS. DTOT PEareHT JIETKO MoayyaeTcs Mpy J0OaBJIeHUM pacCyMTaH-
HOI'O KONWYECTBA 3TWIALETATA K TUTHHATIOMUHHUUTUIPHURY:

2LiAlH, + 3CH;COOCH,CHj ia;%o—c— 2LiAIH[OCH,CHj),.
Mp

/O

S
C=N |) LIAIH(OCH,CH,);; 3dup; 0-10°C gy
2) H,0® ’

(78%)

0

_ e 7
1) LIAIH(OCH,CHy)5; obwp; 05'C. oy copp
H

CH,(CH,),C=N
3(CHy)g 2) H,09

(55%)

CrapbpIM METOIOM BOCCTAHOBIEHUA HUTPUIIOB IO AIBIETHIOB SB-
qsercsa peakuus [. Credena (1925 r.). B kauecTBe BOCCTAHOBHTENS B
STOM peaklMM UcCIONb3yeTcsd Ge3BOMHBIN AUXJIOPH OJIOBA B MPUCYT-
CTBUM G€3BOAHOIO XJIOPMCTOTO BOJOpONa B 3Hpe HIM 3THUIIALIETATE:

H,0
—— RCHO ;

(60—90%)

CN 1) SnCiy; HCI; scmp CHO
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Be3BolHOE ABYXJIOPUCTOE OJIOBO TMOJNYy4YaeTcsl MPY HarpeBaHMHM 01082
u xuopuga onosa (IV) unu o6espoxusanueM SnCl, - 2H,O ykcye-
HBIM aHTMAPUIOM. AJIBTEpHATUBHbII MeTOJ NpeBpalleHUs] ApOMaTH-
4YeCKUX HUTPWIOB B aJbAETHILI 3aKNoyaeTcs B o6paboTke HUTPUIIOB
HukeneM PeHest B MypaBbUHOM KHCJIOTE:

c1—©—CN Hy/Ni Petien q—@—cm .
HCOOH-H,0; 80°C

(85%)

BoccTraHoBieHe HUTPWIOB O NEPBUYHBIX AMUHOB aJIlOMOI'HI -
PUIOM JTMTHS BHITECHSET CTApHlii CIOCO6 KaTaJIUTUYECKOTO IHAPHUPO-
BaHWSA HUTPWIOB. HUTPUIBI BOCCTAHABIMBAIOTCS KO NIEPBHYHBIX aMHU-
HOB NpPH KaTWIMTHYECKOM TMAPUPOBAHMM Hajl HukeneM Penes B
METaHOJIbHOM pacTBope amMmuaka npu 20—50°C u masneHuu 50—
70 - 10° INa. B oTcyTcTBME aMMUAKa BOCCTAHOBIEHHE OCTIOXHSETCS TEM,
YTO IepBOHAYANbHO OOpa3syioluMicss UMUH pearupyer lajee C mnep-
BUYHBIM AMHHOM ¢ 00pazoBaHMeEM BTOPUYHOIO aMMUHa:

HN .
/N pen=na BN repNg,;

RC=N

RCHEXH + RCH;NH, === RCH,NHCHR ===

NH,

H,/Ni

=== RCH,N=CHR + NH, RCH,NHCH,R .

DTy TPYOHOCTh MOXHO TaKXe YCTPaHHTh H APYTHM CIIocO60M, eciu
rMAPHUPOBATEH HUTPWIBI Haj TUTATHHOBBIM WM NaJUIANHEBbIM KaTalu-
3aTOPOM B KHMCJIOH cpefe.

18.10.2.e. PEAKIINM C METAJUIOOPTAHUYECKUMH
COEJVMHEHHUAMH MATHHUA U IUTHUS.
METAJUIMPOBAHUWE HUTPWUJIOB

Hurtpunsl, He comepxaliye aToMoOB BOIOPOAA IPU O-YIJIEPOA-
HOM aTtoMe, NPUMCOEOUHSAIOT MarHuilopraHu4yeckue ¥ JUTHUHOpraHm-
YECKUE COENWHEHHS 110 TPOHHOM CBSA3M YIJIEPOX-a30T C OOpa3oBaHM-
€M COJNM MMMHA. BTa COJb, HECMOTpPS HAa HAIMYME NABOMHOM CBA3U
YyIJIEPON-a30T, HE IPOABJISIET TCHAEHIIUM K NTPHCOEAUHEHHIO eile OfI-
HOTO MOJISI MET&JJIOOPTaHUYECKOro COeIMHEHMS, TTIOCKOJIbKY 3TO NpPHU-
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BeJio Obl K COEAMHEHHUIO C JBYMA OTPUIIATCIBHLIMH 3apsiiaMH Ha OX-
HOM atoMe a3oTa. [Tocne kucaoTHOTO r’HapoJin3a COMu UMHHA 06pa-
3YETCA KETOH:

o
rRcZ

RIC=N + R®MgX ———————= RIC-R? P .

up wid TI'P Il H,O
abup g”‘ggx 2

TlpucoenmHeHne peakTMBOB ['pHHBAPa WIH JIMTHAOPraHUYECKHUX CO-
eIMHEHUH K HUTPUJIAM MpEICTaBIseT coOoM OMMH U3 Hauboee cTa-
PBIX M HAJIEXHBIX OOLIMX METOHOB MOJIYYeHUS HECHMMETPUYHBIX Ke-
TOHOB. 3Ta peaklMs LIKPOKO MPUMEHSIETCS B OpraHM4eCKOM CHHTE3€e:

HCl Ii
C6H5CN + CH3CH2MSBT;(B;F CﬁHSE—CHZCHS——. CGHS(I:
NMgBr 2 CH,CH;

(89%)

CH3CN + CH3(CH2)7MgBI' CH3$I:" (CH2)7CH3_’

a¢Up WK GCH301

NMgBr
R )
HO H_ cH,czO _
(CH,),CH,3
(49%)

IIpyu B3aUMOAEHCTBHUU JHUTHIA- U MarHUHOPraHNYECKUX COeXMHEHUH
C HUTPWIAMHM, COAEpPXKALIMMHU aTOMBI BOLOPONA NP O-YIIEPOJHOM
aToMe, C NPUCOeIHHEHUEM K IHAHO-TPYIIe KOHKYPHUPYET peakiius
IEeNPOTOHUPOBAHUS HMTPWIOB, MPHBOAALIAS K 00pa3oBaHUIO aMOM-
JeHTHBIX KapOaHHOHOB, CTAOMIH3HPOBAHHBIX AeNOKAIU3auel 3aps-
13 C TIOMOILBIO LIMAHO-TPYIIIbL. AJIKWILHUAHHUABI OTHOCATCS K cJ1aObIM
C—H-kucaoram ¢ pK, nopsinka 25. HanpasneHue aTakM META/LIOOD-
rAaHUYECKOTO COeMHEHMSA B OYeHb CHJIBHOM CTENeHH 3aBUCHUT OT MO-
JISIPHOCTH M OCHOBHOCTH PACTBOPHTENA. B CHJIBHO OCHOBHBIX H I10-
JsapHbIX cpepax — JAMCO, TMOPTA, a rakxe B TI'®, JMD — u
naxe B 3¢upe npeobianaer AeNpoOTOHUPOBAHKME, HO B HENOJISIPHOH U
MAJIOOCHOBHOI cpefe — GeH30I1e, TONyolie, IOMHUHUPYIOLIHUM HAIpaB-
JIeHHMEM OKa3plBaeTCs IPHCOENUHEHHE K LIHAHOTPYIIe:

6cH30N -0
CH,0OCH,CN + CsHsMgBr CH,OCH,C
3 2 CsHsMg 2 H, O@ 3 AN

(71-78%) Cetls ’

263



0]

/

CH,0OCH,CN + C4H,MgBr 3‘1’""@) CH,0CH,cZ
2) H,0 e H; -

(38%)

Jlns cejleKTUBHOTO NeNPOTOHMPOBAHUS ATKWIIUAHUAOB LieJIeco-
06pa3HO MCIONL30BaTh CTEPUYECKHM 3aTPYAECHHbIE CUIbHBIE OCHOBA-
HUA — JUM30NPONTMIaAMUL TUTHS, OHC-(TPUMETHICWIMI)aMUA HATPUA
WM JTUTUS U Op. AMOUIEHTHBIE AHMOHBI AIKWILIMAHKWAOB I10JBEPra-
I0TCS cejieKTUBHOMY C-aJIKWIHPOBAHUIO, ALMIMPOBAHUIO IOA Jeii-
CTBHEM CaMbIX pazHOOOpPa3HbIX AIKWIUDYIOIIMX WIM ALWIUDYIOLIHX
areHToB:

RIX
0. [TT®,—7sC R{HCN
RCH,cN SNGHr D, b epz¢? Rl
2 Trd; —78°C ]
| RICOX __ pcHCN
TI®; —78C |
COR!

JAns C-ankwipoBaHus Kapb6aHUOHA (HEHUNALIETOHUTPHUIIA MOXHO C
yCIIEXOM HCIIONB30BaTh METOAUKY MeX(asHoro rnepeHoca peareHTOB
(M. Makolna):

NaOH; Boga-Tonyon CH,CH-CN |

®N(CH,CH,),CH,C,H.CI® |
(CH,CH;),CH,C¢Hs CH,R

(75-90%)

C6H5CH2CN + RCHzBr

o-1Inankap6GaHUOHBI B IOCKeAHKE roAbl NpHobpesn ocoboe 3Ha-
YeHWE B KAaYeCTBe CHHTETHYECKOTO SKBHUBAJIEHTA Al[WIBHOTO Kapba-
HUOHA. B coBpeMeHHOM OpraHMYeCKOM CHHTE3€ O-IIHaHKapOAHMOHBI
WUIpalOT pOJIb PeareHTOB, KOTOpHhIE Kak Obl oOpaiuiaroT (MHBEPTUPY-
I0T) OGBIYHBIH 3N1eKTPOPUIBHBIN XapaKTep AUMILHBIX IPOU3BOIHBIX.
CylLuecTBYIOT ABa MTOXOXUX METOIA, B KOTOPBIX MCITONB3YETCS 3TA CIIO-
cobHOCTh IEMAaH32MEILEHHBIX KaPGaHHOHOB. B OXHOM H3 HHX THIpO-
KCWJIBHYIO TIPYTIIY LIMAHFUAPHHA 3ALUMLIAIOT NPEeBpAILEHUEM B TET-
ParuIpoNUpaHUIbHBIN 3(HUp, 3aTeM METAIMPYIOT C ITOMOILBIO
JUU3ONpONMIAMUAA JIUTUSA U MOJYYEHHBIH O-IMAaHOKApOAHMOH He-
MOCPEXCTBEHHO MCIIONB3YIOT B KAYecTBe HYKIeO(GHIBHOrO areHTa B
peaxKluMy ¢ aJKUITraIoTeHUIOM MU 1,4-TipucoenHeHUH Mo Muxas-
JIIO K O, B~-HEHACHIIUEHHBIM KaPOOHUIbHBIM COeMHEHUSIM:
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N O

o /
— Rcii . RC-Li ;
CN Tr®; —30°C CN

o0 R ,0‘@1) HCL; CH,0H |, O

7
RC—Li  +RX—— .
/N N
\CN 7o R CN 2) Na,CO, R

B npyroM MeToze ISt 3TUX Xe MpeBpallleHUM MPUMEHSIOT TPUMETHII-
CHJIMIOBBIE 3(UPHI IHAHTHAPKHOB, KOTOPbIE TONYYaIOTC MPH TIPH-
coequeHuu (CH,);SiCN k anbaernmam:

OSi(CH;) OSi(CH;),
(¢} 33 s
RCZ + (CHg)ySiCN == RC:H A0A RCLi ;

Li
|
R—C-OSi(CH,); + CHZ—[CH\-C% —
CN CH;
—= RC~CH,~CH=C—CH, =——* RC-CH,CH,—CCHj.
] D KF 0 I
CN o) o)

1,4-IMKeTOH

18.10.2.x. PEAKITMH C SNIEKTPOPUIbHHMH ATEHTAMH

Hutpunsl nposisasior cBoiicTsa cnabpix ocHoBaHuil JIpiouca u
co MHoruMu Kucinotamu Jlptonca (AlICl;, SbCls, SnCly u ap.) obpa-
3YIOT JOCTATOYHO CTaOMIbHBIE KOMITJIEKChI. STU KOMIUIEKCHI B3aHMO-~
OEeHCTBYIOT € ra3oo0pa3HbiM XJIOPHCTHIM BojopoaoM yxe npu 0°C c
obpa3oBaHUEeM HMTPWIMEBBIX COJIeil, KOTOpble NPH HAarpeBaHUU IO
50°C u BbIllIe MEPerpynupoBLIBAIOTCA B COJH UMHIOXIOPUIOR!
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RC=N + $nCl, 222 ¥C_ (R CmN),SnCl, E—;{EI—O'E’

@ _ : ° @ _
—+ (RCe=NH),snci>” HEL0C_ (R§=NH2)2Snc1§.
HUTPWIHEBAs COJIb Cl

COJIb HMMIOOWIXJIOpMAA

HecMOTps HAa HM3KYI0 OCHOBHOCTb, HUTPHJIBI MOXHO TIEPEBECTH
B N-aJKIWIbHBIE TPOU3BOAHEIE AIKUIMPOBAHUEM MO AeHCTBMEM GOp-
¢Topuna tpustwnokcoHuss (I'. MeepseitH, 1937 r.) uau Kommnek-
coM R3CCl ¢ xJ0pHCTBIM aTIOMUHUEM:

CH,Cl ®
RC=N + (C,Hs),0"BFS —2=2= RC=NC,H;BFo+ (C,H;),0 .

AJKIIMPOBaHUE HUTPWIOB TPETUYHBIMM KapOOKATHOHAMM JIEXHUT B
OCHOBE peakiuu PuTrepa, npocroro Merosa nojiydeHus: N-3amelneH-
HBIX aMMIOB (CM. pa3nen «<AMuIbI»: 18.9.1). TpeOyeMslit KapboKaTHOH
0b6pa3yeTcss U3 TPETUUHBIX CIHUPTOB MJIH AJIKEHOB MIPU MPOTOHUPOBA-
UK 85—95% docdopHoii KMcIOTOM:

® 2Cm [C]
R,COH . R,C® BCN_ pacaNCR, 2O~

NaOH
H,0

0
1
—= RIC—NCRy R2COOH + R,C~NH, .
H

AIDYKTbl HUTPWIOB C XJIOPHCTBIM BOJIOPOIOM IIMPOKO MCITONb3YIOT-
cs JUISL CMHTE3a UMMIATOB, CJIOXHBIX 2(UPOB U I BOCCTAHOBIEHMS
B anbaeruipt no peakuuu Credena.

18.11. L3OINAHUABI (M3OHUTPUIIBI)

HMzoumnannns! (u3oHutpwisl) RN=C npencraBnsior coboit cTpyk-
TypHBie U30MEPHl HUTPHJIOB, KOTOPBIE PE3KO OTAMYAIOTCS OT HUX IO
CBOIICTBaM U MeToAaM rojtyueHus. M3oumnaHo-rpynna — equHCTBEH-
Has B OpraHW4ecKoii XUMHHU PYHKIMOHAIbHAA IPYINa, CoAepXaias
(hopManbHO ABYXBAJIEHTHBIM aTOM yIjiepona. B cOOTBETCTBHM C METO-
JOM BaJIEHTHBIX CBsI3eil I M30IHAHUIOB MOXHO 3aIlMCcaTh IBe Ipa-
HUYHBIE CTPYKTYDHI, OQHA U3 KOTOPBIX YKA3bIBAET HAa MX KapOGeHHbIH
XapakTep, a Apyras — Ha HyKI1eoWIbHbIE CBOUCTBA U3OHHUTPUIIOB:

. (2] 2}
RN=C: RN==C.
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18.11.1. METOAbI INOJIYYEHNA M3OIITMAHNIOB

TMogapasioniee GOMBUIMHCTBO HMAHWIOB METAJUIOB AAKHUIHUDPY-
IOTCS IO aTOMY YIjlepola ¢ 00pa3oBaHUeM aKWILMaHHaoB. Mcxiro-
YeHHe cocTasisgeT UMaHua cepeGpa. Ilnanun cepebpa B peakLuH ¢
NEePBUYHBIMM, BTOPHYHLIMU Y TPETHYHBIMM ATKIIOPOMUIAMM U UOTHU-
aMi o6pasyer UCKIOYNTENBHO U30IHAHUIbL:

RI + 2AgCN — RN=C - AgCN + Agl%qg— RN=C + K®[Ag(CN),I° .
2

Bra peaxkuus 6pL1a oTkpbita A. 'otbe ettle B 1876 T. M 10 CHX MoOp
SIBASIETCA OJHUM H3 JYYIUIMX METOZOB IONydeHHs anuGaTHyecKux
U30HUTPWIOB, He CONEPXAIUMX IMPUMECH W3OMEPHBIX HUTPWIOB. C
IPYrofl CTOPOHEI, IENOYHbIe [IUAHUAL! B PEAKLMU C NIEPBUYHBIMU U
BTOPHYHBIMM AJKIITAIOTeHUIAMHU He o6pa3yloT M3oHMTpHIoB. U3o-
HUTPUIBI O0MagalOT OTBpATUTENbHBIM 3alaXoM, U IIPU MX colepXa-
HUM B peakIMOHHO#I cMecH mopsiaka 0,1% nerko onpenensioTcs mo
cneuudrIecKoMy 3anaxy.

B peakiuu uyMaHuna cepebpa ¢ anKIWIMOOHIAMY K ATTKWIOPOMU-
IaMu oGpa3yeTcsi KOMIUIEKC M30IMAaHMAA C LIMAHUOOM cepebpa, KO-
TODBIH NIPH PANIOKEHUU LIMAHUIOM KaJtus JaeT CBODONHEINA H3oLMa-
HuMI. BbIxomsl M3oUMaHMNOB He mpeBbiiaioT 50%, HO MeTod O4eHb
mpocT ¥ ynobeH B dKCHepUMeHTaJbHOM oTHouleHuM. O6pa3oBaHue
HU30IIMAHMIA HE CBS3aHO C U3MEHEHHEM MEXaHM3Ma peakUuU ¢ Sy2
IUIS LIETOYHBIX LIMAHUOOB Ha Syl mis nuaHuaoB cepebpa, Tak Kak
METUIHOAUI Y STHIMOOUI NAIOT M3OLMAHUIALI B 3TON PEaKLUHU:

100°C

H,0

CH,CH,NC - AgCN + KCN CH,CH,NC + KAg(CN),.

(50%)

Hpyroit kinaccHyecKMi#l MeTol CHHTe3a M3OLUAHUIOB COCTOMUT
BO B3aMMOJENCTBUY MEPBUYHOTO aMHHA C XJIOPO(OPMOM B CITUPTO-
BOM PacTBOpE MMAPOKCHIA KaNHs WK mpem-OyNTHAATA KAJNUs B Tpe-
TUYHOM OGyTHNIOBOM chipTe (KapOuHMIaMHHHAs peakuusa [odma-
Ha, 1867r.):

RNH, + CHCl; + KOH —= RNC + KCI + H,0.

O6pa3zoBaHKe U3OLHHAHHUAOB MOXHO DAacCMaTPUBATh KaK pe3yJbTaT
MEePBOHAYAJbHOM aTaKH MEPBHYHOTO aMHUHA AUXJIOPKApOGEeHOM ¢
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o6pasoBaHueM GeranHoBoro uHTepMenuata RN"H,CCly, u3 xoro-
poro nyteM [3-3MUMUHMPOBAHUSl MONYYaeTCS M3OLMAHUI:

KOH

0
RNH2 + :Cclz—. I}NSCIZ RNC

H H

B cBoeM xJraccHYecKOM BapUaHTe BBIXONbI M30LIMAHWIOB HEBBEICOKH,
OJHAKO OHH pe3KO BO3PACTAIOT B ABYyX(ha3HOW KATAUIUTUYECKOH CHUC-
TeMe xJI0poOpM—BOOHBIN PACTBOP TMAPOKCHIA KANUA B IIPHCYT-
CTBUU COJIEHl TeTpaaJKWIaMMOHMST KaK KaTalM3aTopoB IepeHoca B
opraHuuecKkyro ¢asy.

Haubonee mupoKo UCMOIb3YEMBIM METONOM NOAYYEHHS U30I(H-
AHUIOB SIBJIAeTCS Aeruaparaiusi N-MoHO3aMeIEHHBIX POPMaMUIOB
C IIOMOIIBIO CAMBIX Pa3HOOOpPA3HBIX IETHMAPATHPYIOHIHX AreHTOB
(SOCl,, POCl,, TsCl, P,Os) B NPUCYTCTBUYM OCHOBAHUN — TPHITH-
JIAMMHA WIHM NKPUIHHA:

0 OTs
® o
RNH- E’: TCL pN= c (GHYN 2785 RNC + (C,Hy),NHOTSs
H H (70~90%)

OueHp yjo6Ha coBpeMeHHas MoluduKanus NEerMOPATAIMM C II0-
MOIIBIO KOMOMHaAuUUM TpudeHundpochuHa ¥ YETHIPEXXIOPHUCTOrO
yrjiepoja:

0]

il H;);N
RNHC -+ OO, + (CoHy,P ~ 2
H

® Q
—= RNC + CHCJ; + (C,Hs);NHCI + (CgHs);P=0 .

18.11.2. CBOMICTBA U3OIIMAHUIOB

B TedeHue WINTEIBHOTO BPEMEHH H30LMAHUABI OCTABAIMCH Ma-
JIOU3Y4eHHBIM KJIACCOM COeNMHEHMM. 3a rmocneaHue 18a qeCATHIETHS
MOJIOXEHHE PE3KO M3MEHWIOCh W B HACTOAIIEE BpeMs OHHM HUIPAIOT
POJIb KJIIOYEBBIX PEareHTOB BO MHOTUX NPHHIMIIMAIBHO BAXHBIX Opra-
HUYECKHUX IpeBpalleHHaX. B aToM pasfene Mbl KPATKO OCTAHOBUMCS
HAa HEKOTOpPHhIX HauboJjiee BAXHBIX U3 HUX. M3ouMaHuabl NPOSBISAIOT
CBOMCTBa HYKIeO(HILHBIX peareHTOB.
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18.11.2.a. PEAKIIMH C DJIEKTPODHUIIbHBIMU PEATEHTAMHU

Haounanuasl gaxe IMpH HU3KOU TeMIepaType IHEPTHYHO B3aU-
MOJIEHCTBYIOT C TaJIoOf€HaMM M ralIore HOBOJOpONaMH C obpa3oBaHU-
€M COOTBETCTBEHHO MMMHOKapOOHWIraioreHuaoB U ¢GopMUMUAOTA-
JIOTeHUJIOB!

3 HHal Hal, ~
RN=CHHal == RNC 5 0= RN=CHal, .

W3ouuaHnapl UCKIIOYHUTENABHO JIETKO pearupymlor ¢ cepoit ¢ obpaso-
BaHMEM H3OTUOLMAHATOB:

RNC+S —=» RN=C=S.

Ilpu BzauModeACTBHM M30LMAHKIOB C KAPOOHOBBHIMU KHUCIOTAMU
NMPONYKTAMHU pPEeaKLUH sSABIAIOTCA aHrmapuabi Kucinot (RCO),0 u
dopmamuast RNHCHO. D11 peakuuu, oIHaKO, HEe HalUIM IIpUME-
HEHUSI B OPraHUYECKOM CHHTe3e. 3HaYUTENIbHO 6oJiee BAXHYIO DOJb
UTPaIOT peakKUWH U30LUAHUIOB ¢ HYKIEODUIbHBIMUA arc¢HTaMH.

18.11.2.6. PEAKIIMH C HYKJIEOOWIBHBIMH ATEHTAMH.
METAJUIMPOBAHHME U3OLIMAHHAOOB

Haounanorpymnmna cama obnanaer HyKiIeoQWIbHBIM XapaKTEpOM
M MO3TOMY JOBOJBHO YCTOWYMBA K JSUCTBUIO TAKMX HYKJIeOGhUIBHEIX
peareHTOB, KaK CIIUPTHI U aMMHBL. M30UMaHUIBI YCTOWYUBHI K OeH-
CTBMIO BOJHOM uienoyd. OQHAKO B YCIOBUSIX KHCIOTHOTO KaTalu3a
H30LIMaHMIBI BCTYIAIOT BO B3aUMOAEHCTBHE CO MHOTMMH HYK/1eOhUThb-
HBIMM aréHTaMu: BOOAOH, CIIMpTaM#, aMHHAMM, CEPOBOJOPONOM M
T.A. [IpoaykTaMu 3THX peakiluil SIBISIOTCA dbopMaMunbi, dopMaMK-
IUHB U THOhOpMaMUABL:

NHR! RINH H,0 20
RNH=CcZ <——2- RNC —2== RHNC?Z
“H HCl ~NH
H®| H,S
S
=
RNHC\H

BTH Xe peakl[MM XapaKTepHbI s KOMIUIEKCOB U30LIMAHUIOB C COJIsI~
MM TEepEXOMHBIX METAIUIOB, HanpuMep xJiopuaoM Meau (1), rae usoum-
aHUJ MrpaeT poib KapbeHoBoro suraHga. MizouuaHnun obpabarsisaior
nmpu 25°C crupTOM, THOJOM, aMHHOM, TMIPOKCHIAMHUHOM WIHM ApY-
MM HYKJI€OMHIBHBIM areHTOM B IPUCYTCTBUHM Xxmopuaa mend (I).

269



Haubonee uHTepecHbl peakUMH U3OLMAHWIOB C METALIOOpra-
HUYECKUMM COCOUHEHUSIMM NUTHS U MarHus. M3onuaHuObl, He co-
JepXall¥e BOJOPOIa IPH O.-yIJIEPOXHOM ATOME, JIETKO NPUCOEIUHSA-
IOT JUTUHOPraHUYeCcKKEe COENMHEHMs] M peakTHBBI [ pHHbApa c
0o0pa3oBaHUEM CoJeil aTBIMMUHOB. BTH CONM UCIIOIb3YIOTCS KaK UH-
TepMeIUAaThl B Psle BaXHbIX MpeBpaiueHuii. ITpu ux ruapoause nony-
YaloT aJIBAETUNL], & [PH AJKWIMPOBAHUM C ITOCIENYIOLIMM THAPOIH-
30M — KETOHBI:

o
1.0 ReCZ |, (80-90%)
Li
RIN=C + RLi — RIN=CZ_p, ]
LDRX _ poc?®  (80-90%)
2)H,0 = RS

B 2TUX peakiiusaX JUTHEBBIE COJIU ATbAMMHUHOB BBIMOJIHSAIOT POJb CUH-
TETHYECKMX SKBUBATEHTOB aLlWIbHOro Kapbanuona RC®=0. JIpyroit
TaKOH peakuyeil oKaspIBaeTCs MPUCOeNMHEHNE JIUTHEBBIX COJIEH allb-
JUMHUHOB K KapOOHWJIBHOM Ipymie, B pe3ylbTaTe 4Yero Mojry4arorcs
AIMIOUHBI:

Li
. TT® L_
CoHsLi + (CH;),C-NC CH;C=N~-C(CHy), —~
CH,C(CH,), CH,C(CH,),
1) CgH;CHO ?
':z”)_Hos—’ CoH;C—CHCGH; .
2 OH
(81%)

HMHTepecHbIM U CBOSOOPA3HBIM IIPUMEPOM NPUCOSAMHEHUS Kap6-
aHUOHOB K M30LMAHOIPYIIME SABSETCS BHYTPUMOJIECKYISAPHAS LIMKIH~
3aUUST METAJUTHPOBAHHOTO 0pmo-MeTHIQEHIWIH30LHAHWAA B MHIOJ:

@CH3 LiN(C;H;-1), @i CH,Li 1) TI®; 0C O
X TF(I) —-78°C 2) H,0
N ) H N

[i}
C I

85— 100%)

Tak Kak HCXOHHBIt 0pmo-MeTUN(HEHUINIOLUMAHUI TTONYHAETCT M3
opmo-MeTUIAHWIVHA (opmo-TONYUAUHA), IPUBEACHHASA BbIllle peak-
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LUs npeAcTasisieT coboi obMi MeTon npeBpallieHUs 3aMEHIEHHBIX
0pMOo-TOJNYUIUHOB B UHAONBL. OO6pa3ylouiicss B Ka4ecTBe IPOMEXY-
TOYHOTO COEAMHEHMSI 0pmo-U30UHAHOOEH3IWUIUTHII MOXHO mpoa-
KWIMPOBATh, 4 3aT€M CHOBAa METAJUIMPOBATDH C IIOMOIUBIO KHUU3OIPO-
nunaMuaa JUTUst ¢ o6pa3oBaHUEM 3-aJIKMJIMHOONOB!

@CH3 LiN(C;H;-i), CH,Li CH2R
Nc TI®; —78°C NC TF(D —78 C @E
Il.i
LiN(C;H,-4), CHR 1) TIr®; 0°C @CTJ/R
TTI®; —78°C NC 2D H;0 I?I
H

Hzouuauuasl, cogepxaiiue BOAOPOA MIPH O-YIJIEPOAHOM aToMe,
NPH AEHUCTBUM CHIBHBIX ocHoBaHMit (LiN(C;3H;-i),, [(CHj3)3Si);NNa,
NaH u 1p.) B unaudpdepeHTHON anpoToHHOR cpene o6pasyioT B pe-
3y/IbTaTe NENPOTOHUPOBAHUS O-H30LMaHOKapOaHWOHB. M3onuaHo-
rpyrina cTabHIn3upyeT OTPHIATENBHBINA 3apsAl Ha OL-YIVIEPOIHOM aToMe
3a CYyeT JeIOKANU3ALNN, ¥ 3TH HHTEPMeINaThl HallTH IMPOKOoe NIpH-
MeHeHUE B COBPEMEHHOM OpraHH4YecKoM cHHTe3e. KapOaHMOHE! N30-
LIMaHUAOB BCTYMAIOT B PEAKUHWM AJKUIWPOBAHUSA, ALUIMPOBAHMS,
KOHIEHCALlUH C KApOOHUBHLIMU COEIMHEHHUSMH M IpYrHe peakiuH,
XapakTepHble [ cTabuin3HpoBaHHbIX KapbanuoHoB. [lpu ankunu-
POBaHMM OL-METAJUTHPOBAHHBIX M3OLMAHMIOOB M TMOCIEAYIOIEM KHC-
JIOTHOM ruziponn3e obpasyrorcs nepBuuHble aMuMHbL. [lockoneky uc-
XOIHBIE H3OLHAHMILI CAMM I10JIYYaIOTCH U3 [IEPBHYHBIX AMHHOB, 3Ta
peakuums, Mo CyTH Jejaa, Npelctasisier coboit crocod yITUHEeHUs
YIJIEPONHOM LIeN# MePBUYHBIX AMUHOB:

CHCl,; NaoH; NRO 1) LIN(C;H,-i),
RICH,NC
H,0 2) R?Br

— RICH-NC %%— RICH- Nn,§ NeOH, RICHNH, .

R2 2 Rz R2

RICH,NH,

Oco6oe 3HaYeHKE ITOT METON NpHOBpeEN B MENTHIHOM CHHTE3E LIS
YIJIMHEHHUS YrlAepoIHOo# 1eny 3dHpoB oL-aMHHOKHCIOT. [ns 3Toro
3¢pUp oL-aMHUHOKMCIOTHl OOBIYHBIM criocoboM mnepeBoasaT B 3¢dMp
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OL-U30L{MAHOKHUCIOThI, KOTOPhIA TMpEeBpalaloT B O-U30LMAHOKAPO-
aHUOH, 3aTeM AIKWIMPYIOT U TMOABEPraioT COJbBOJIU3Y NEHCTBUEM
CITUPTOBOI'O XJIOPUCTOIO BogOpoOAa:

. NaOH
RI(I:HCOOQHSM— RICIIHCOOQHS%
NH, H,0 NC
R2
o R2X |
—= RICCOOC,H RICCOOC,H;
NC NC
R2
|
—HA____ pitcoocH; .
QH5OH_H20 I )

NH,ClI
®
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AMWHBI MOXHO paccMaTpMBaTh KakK MpPOM3BOJHbIE aMMMaKa, y
KOTOpPOTO OIMH, JBa WM TPY aToMa BOAOPOJA 3aMELUEHb! Ha AIKWUb-
Hble WIM apWIbHbIE IPYHIBI, TOAOOHO TOMY, KaK CIHUPTHI U NIPOCThIE
3¢hUpbl MOXHO PaccMaTpUBaTh aHAJOTUYHBIM 00pa30M Kak IpPOU3BO-
Hble BoIbl. B 3aBUCUMOCTH OT YMCia AJIKUIbHBIX WIX apUIIbHBIX [PYIIIL,
HaXOISIIMUXCS Yy aToOMa a30Ta, aMUHBI ITOJpa3feNisIioTC Ha IepBHY-
Hble — RNH;, Bropuynsie — RyNH u tpetHudbie — R3N. Cnenyer
0c060 NOAYEPKHYTD, YTO 3TA KNaccuHKaLMs OTPaXaeT TOABKO YHUCJIO
3aMecTUTENEH y a30Ta U HUKAK He CBA3aHa C IpUpooit 3aMecTuTes. B
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NEPBUHHLIX, BTOPDHYHbIX X TPETUYHbIX aMUHAX aNKWIbHbIE€ I'PYTNIIbBI MOIYT
OHITH Kak NEPBUYHBIMHU, TaK ¥ BTOPUYHLIMHN, U TPETUUHBIMH.

ITepeuunbie amunbi:
CH,CH,CH;NH,; (CH;),CHNH,; (CH;);CNH,

Bmopuunsie amunsi:
(CH;CH,CH,);NH; (CH,),CH—-NH—-CH,CH;; (CH,),C-NH-CH,CH,

Tpemuunvie amuni:
(CH;)3N; C4H iN(CHj),; (CH,),C—N(CHj3);

Conu Terpaanxkuiammonmst RyN* X" cieqyer paccMaTpuBaTh Kak Ipo-
M3BOAHbIE HOHA AMMOHHS, Y KOTOPOTO BCE UEThIpE aTOMa BOAOPOIA
3aMellleHbl Ha aJIKWIbHBIE PaluKaTbl:

(C4Hg)4N"Br™; C gH33N¥(CH3)3Br™; CgHsCH,N'(C,H5)5Cl;
(CsH,7)sN*CH;5CI™

19.1. HOMEHKIIATYPA

TTono6GHO ApYr¥M KilaccaM OpraHWYeCKHMX COeIMHEHWH aMUHBI
HMEIOT Pa3IMYHYI0 HOMeHKAaTypy. [IpocTeiiiiine aMyMHbI OGBIYHO Ha-
3bIBAIOT I10 YMCIY afKMJIBHBIX FPYIN Y aTOMa a30Ta ¢ UCHONb30BaAHM -
eM cy(pduKca «aMUH»:

(CH3CH,CH,);N (CH;),NH QNHZ

TPH-H-TIPOMUIAMUH TMMeTHIAMHBH
UHKJIONCKCHJIAMHH
_CH;
> N [(CH;),CH|,NH
CH,CHs
UHKAOMPONMWIZTUHIMETUNIAMKH AUU3ONPONKUNAMHUH

CornacHo HoMmeHxkiatype MIOTTAK (IUPAC) amunbl paccMmar-
PMBAIOT KaK IPOU3BOIHBIC YIJIEBOAOPOIOB C NPe(HUKCOM «aMUHO» —
s NH;-rpynnbi:

CH,CH,CH,NH, CH3-<|3H-CH3
l-amuHOMponax NH,
2-aMHHONpONaH
cHy N
CH;—CH—CH—CH,—CH;
3-aMHUHO-2-METUNEHTAH
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BTOpId‘{Hb[e Y TPETUYHBIC aMUHBI B 3TOM CHCTEME Ha3bIBAIOT Ta-
KMM 06pa3oM, 4TOObI npedHKC Ha3BaHUS BKIIOYaN HAUDOABLUYIO

AJIKWIBHYIC TPYIY:

CH,
|
CH,CH,CH,N(CH,), (CH,),CHCH,CH~-N(CH,CH,),
1-(N,N-gumeniiaMuHo) nponad 2- (A3 TUIAMMHO) -4 -METWINEHTaH
CH, CH,
FCH,CH,~CH-NHCH,CH, CHJCHZCH—CHzCHz—I:JH
CH
2-(aTmnamMuHo)-4-ropbyTaH 1-(MeTwaMH1HO)-3- METIITISHTIN
s _cH,
CHJCHZ—CH—-N\
CH,CH;,

2-(METWISTHIAMUHO)OyTaH

Cnyx6a pedeparusHoro xypHana «Chemical Abstracts» BBena
HOBYIO, UCKJIOYHUTENBHO YIOOHYI0 CUCTEMY Ha3BaHMI Uil aMMHOB,
KOTOpas pe3Ko OTIMYACTCS OT HOMEHKIATyphl, PEKOMEHIOBAaHHOMN
HUIOTIAK.

B HOBO#1 cHcTeMe aMMHBI HAa3bIBAIOT TAKMM Xe 00pa3oM, Kak U
cnuptsl. K HazpaHMIO yriieBoaopoAa o0aBiIsieTCsl OKOHYAHUE «aMHUH».

CH3(CH,);NH, CH;CHZCH2(|3HCH2CH2NH2 (CHs),CHNH,

CH,
1-6yTaHaMHMH 3-Memui-1-rekcaaMuH 2-nponaHaMHKH
CH,CHCH,NH, CH3-C[H-CH=CH-CH3 CH3(|3HCH2CH3
éH3 NH, NH,
2-Mein-1-nponasaMuy 3-neHTeH-2-aMiH 2-6yTaHaMHH

Ha3BaHMA BTOPMMHBIX M TPETUMHBIX AMHHOB CTpOSITCA TakuM obpa-
30M, YTO AJISl ajIKaHa BbIOMpaeTcsi, Kak 0ObIYHO, Haubosnee WIMHHAs
Liernb AaTOMOB yrjiepoaa. JJpyrue ajJkwibHbIE IPYIbl pacCMaTpUBaIOT-
Csl KaK 3aMecTUTeNH ¢ npecukcom N-:

(CH;),NCH,CH,CH,
N,N-auMeTni-1-npornaHaMuH

(CH;CH,CH,);,NH CH,CH,CH,NHCH,CH(CH;);
N-nponui-l-nponaHamMux 2-metui- N-nponun- | -iponaHaMuH
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(CH;CH,CH,),NCH,CH; CH,CH,CH,NHCH,

N-s3™un-N-nponui- 1 -nponaHaMmH N-MeTun-1-nponaHaMuH

ITo HOMeHKJAaType, NHpelIoXeHHHH cnyx06oit «Chemical Abstracts»,
aHWJIWH Ha3biBaeTcsl OeH3o0JaMUHOM. Ero nmpousBoiHble paccMaTpu-
BAIOTCA KakK 3aMellleHHbie OeH30JaMUHBIL:

Br

N,N-m3Tun6eH30 naM uH 4-MeTunbeH30MaMHUH 3-6pomGeHzonaMHuH

IIpocThble aMUHBI IIPOLIE BCEr0 HA3bIBaTh B COOTBETCTBHU C YMC-
JIOM 3aMecTUTesIeN v aToMa a3ota. B Gojiee C/IOXHEBIX CIyYasX Clelyer,
NO-BUIMMOMY, TI0JIL30BATLCA HOMeHKUIaTypoit «Chemical Abstractss.

19.2. CTPOEHME

AMMHAK UMEET, KaK U3BECTHO, MUPAMHUAAIbHOE cTpoeHue. Jlu-
Ha N—H-cBsiau cocrasnser 1,008 A, a yron H—N—-H 107,3°. Atom
a30Ta HAXOMUTCS TPUGIM3UTENLHO B Sp°-TUOPUIHOM cocrosmym U
ero HECBS3bIBAIOINAS [Aapa SJIEKTPOHOB PACIIONATAETCS HA Sp° m6-
punHoit opouranu. ITogobHoe Xe CTpoeHHE XapaKTepHO IS NePBUY-~
HbBIX, BTOPUYHBIX ¥ TPETUYHBIX aMUHOB:

1008A . 1,474 A N-_ 1,47 A -
N - N c-CH,
H,C H,C
107,3°\H 113 105,9° CH3 108°

Invna cea3u N—H B metunamune pasHa 1,011 A, a cBasy C—N —
1,474 A. Banenrtnnie yrasi H-N—H u H—N—C cocrasnsiior 105,9° u
112,9° cootBetcTBeHHO. BaneHtHbit yron H-N—H B MeTHnamuue
61130K K yriy B aMMuake. B pumeTunaMuHe miuHa cea3d C—N pas-
Ha 1,47 A, a saneutHsiit yron C—N—C pasen 108°.

M3-3a nupaMUgaIbHOro CTpOEHUS aMMHBI, UMEIOLLMEe TPH pas-
JIUYHBIE 3aMECTUTEJISl Y aToMa a30Ta, HOJIKHBI ObITh XMPAJIbHBI, I10-
CKOJIbKY YETBEpPTYIO BepLUMHY BOOOpaXaemMoro TeTpaslipa 3aHMMaeT
HECBS3bIBAIOLIAS 1apa 3JIEKTPOHOB:
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9 1 9
- : ;
He” | ~~CH, ' CHy™ | TTCEH

DHAHTUOMEpPHl COEAUHEHHM YIIepoaa ¢ YeThIpbMS pasIMyYHBIMU 3a-
MECTHUTENSIMH CTaOMJIbHBI, ITOCKOJIBKY [UIA MX IpeBpalueHHs IpYyr B
Ipyra TpebyeTcsl pa3pblB XMMHYECKOM cBsi3H (cM. . 8, 4. 1). B nipoTH-
BOIIOJIOXHOCTh 3TOMY JBa SHAHTHOMEpPA XUpaJbHOIo aMMHa, Kak Ipa-
BHWJIO, JIETKO IIPEBPAIiAlOTCSA OPYr B OpYra, M 3TOT MpoliecC Ha3blBa-
€TCsl UHBepcHel a3oTa. DHEprus aKTUBALMHK I TAKOW MHBEPCHM Masa
Y U151 TPETUYMHBIX AMHHOB OOBIYHO COCTABNISACT BEIUYMHY NOPAAKa 5—
6 KKaJ1/MOJIb, 4To cooTBeTCTBYeT 10°—10° LMKIIOB MHBEPCUM B CEKYHILY
npu 20°C. B H)'IaHapHOM [EPEXONHOM COCTOSTHMM MHBEPCHH a30T Ha-
XONHMTCS B Sp°-THOPHUIHOM COCTOSIHUH, a HEIOLENEHHAs 11apa 3J1eKT-
POHOB 3aHVIMaeT pz-opOHTAlb:

7 H
(12 CeH gz,.cm = CGHS\N/’ CHs
-~ === | CgHs— === -
C6H5/ ‘ CH; O\H @

H3BecTHBI aMHMHBI, AJIsi KOTOPBIX MHBEPCHS XapaKTepH3YyeTcs
BBICOKMM 3HepreTuyeckum bapbrepoM. KiaccuueckuM npuMepoM Mo-
XET CIyXUTh ocHoBaHue Tperepa (I):

LSOO
CH,-N
Jnst 3TOrO0 aMUHA UHBEPCHS SHAHTHOMEPOB UCKIIIOYAETCS BCAEACTBHE
XKECTKOH (MKCALMM BCEX TPEX .BAIEHTHOCTEH a30Ta B OMIMKINYeEC-
KO CTpYKType, T€ BCE TPHU 3aMECTUTENS IPH a30Te SABJSIIOTCS 4Yac-
TbIO OMLMKINYECKONH CHUCTEMBI.

Hpyrasi, 6onee HHTEpeCcHasT BO3MOXHOCTb YBETHYEHHUST SHEPreTH-
yeckoro 6aprepa HHBepcUM aMUHOB no 20—25 KKan/MoJIb U BhILIE 3aK-
JIIOYAETCSt B M3MEHEHUM BAJICHTHOTO YIJIa B LIMKIMYECKHX aMUHax. B
Xone MHBepcHU BaneHTHBIM yronl C—N-—C B nepexoJHOM COCTOSTHMH,
COIMacHO BBILUENPUBENEHHOMY YPaBHEHUIO, AOKEH CTaTh paBHbIM 120°.

,HJIH AUUKINYECKMX aMWHOB WIM LIMKJIMYECKMX aMUHOB C Oosiee yeM
NATUYJICHHBIM HMKIOM 3TOT MEpPEXOon COBEPIUAECTCH OTHOCHUTENIBHO
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Jierko, Gapeep MHBepCcUM nopsaxa 8—9 kkan/monb. OH Bce Gonee 3a-
TPYAHSETCS [0 MEPE YMEHBIIEHUS pa3Mepa UMKa. XOTs B MaJIbIX LIUK-
JIaxX CYUIECTBYET COOCTBEHHOE HAMpsDKEHUE, CIOCOBCTBYIOLIEE yBe-
JIMYEHUIO PHEPTUM OCHOBHOTO COCTOSHMS LMKJIMYECKOTO aMHuHa C
TETPa’APUIECKON rHOpHIM3aLHeil ATOM2 a30Ta, B [UIOCKOM II€PEXOl-
HOM COCTOSIHHM BJIMSTHHE HANpPsDKeHUS LMKIIA elie 6oJiee 3HaAYUTENb-
HO. B pe3ynbTare aTOro 6aprep HHBEPCHH PE3KO BO3pacTaeT, JOCTUras
VIS 3aMELEHHBIX a3UPHUANHOB — TPEXWIEHHBIX HMKIMYECKHX aMH-
HOB — BeNUYMHBI nopsiaka 20—25 kkain/Monb. Ilpu Takux BeICOKMX
3HAYEHUAX SHEPTrHH aKTUBALKMM WHBEPCHH BO3MOXHO pa3Je/ieHHe
MHBEPTOMEPOB OOBIMHBIMH PU3MYECKUMU MeTonaMu yxe npu 0—20°C.
B xauecTne mpumepoB npuseseM coeguHerus 11 u III (mpoussogsbie
asupUIMHA), IUIST KOTOPBIX Oapbep HHBEPCUH NMUPAMUIAIBHOTO 230Ta
cocrapisieT 6osee 25 KKaji/MoJb.

Ph7AN\@. CHjy N\@
Ph Cl CH; OCH;
11 I

Hanudue 351eKTPOHOAKLIENTOPHBIX aTOMOB XJI0pa WIH ¢ropa y a3oTa
NPUBOAUT K JECTaOMIIM3AIMU IUIOCKOTO MEPEXOSHOTO COCTOSTHUSA [0
CPaBHEHHIO C OCHOBHBIM COCTOSIHMEM, IOCKOJIBKY B IUIOCKOM [epe-
XOZHOM COCTOSIHUM MMEET MECTO CHIbHOE OTTAIKMBAHME HETOleIeH-
HbIX 3JIEKTPOHHBIX Iap asora u rajoreda. CornacHo pacyeTHBIM HaH-
HbIM, Gapbep MHBEpCHHM IMTUpaMUIbl s Tpexdropucroro asora NFj
nocturaet 60 kxan/mMonasb. g NoNy4eHHBIX B HACTOSLIEE BpeMs IUaj-
KoKkcuaMuHoB obieit dopmynsl RN(OR), skcriepuMeHTaIbHO onpe-
IeleHHbI Gapbep MHBEpPCHHM cocTamisier 22—25 Kkajn/Monb. MoxHo
OXWIATh, YTO VI HEU3BECTHBIX B3PHIBOOIIACHBIX TPHANKOKCHAMMHOB
N(OR); oH Oyner eiue BBIIIE, YTO ITO3BOJIMT NPOBECTH UX pasAe/ieHUE
HA aHTUIIONBI.

Ons coneit TeTpaanKUIAMMOHUA ITONO6HasT HHBEPCHS a30Ta He-
BO3MOXHA, ¥ XHPAJIbHBIE COIU TETPAAUTKMIAMMOHUSA MOIYT GBITh pa3-
IeJIeHbl HA 3HAHTUOMEPHI. 3TH 3HAHTUOMEPBI COBEPILUEHHO CTabWIb-
Hbl, HalpHUMep:

CH;
e | © 1°
i @N
N®_ ; -7} T~CH,CgHs
CH2CH=CH2 i CH2=CHCH2
) ®)

278



19.3. BUOJIOTHYECKH AKTUBHBIE AMMHBI

MHorue aMUHBI 00J1aaI0T BBICOKOH OMOIOrMYeCKOi aKTHBHOC-
ThIO U HEKOTOPbIE M3 HUX UCIOABL3YIOTCA B KA4ECTBE JICKAPCTBEHHBIX
npenapatos. [IpuBeneM TOJbKO HEKOTOpbIE, HaUOoOJIee BaXHble GHO-
JIOTHYECKH aKTHUBHBIE aMWHBI:

n gt g
HOI@/CHCHZNH HO@CHCHzNHz CH,CHNH,
HO HO ©/
anpeHaIMH HOpazpeHaIuH denaMuH (aMpeTaMuH)
H CH,CH,NH,
/©/—l Wb N A
HO™ CH,CH,NH, N CH; "N
CepOTOHUH HUKOTHH TUCTaMMH
Cl
CH,CH,NH, @
CHCH,CH,;N(CH3),
CH;30 OCH; NS
OCH; l
MECKaIMH xnopdeHHpaMHH

N~ NHCH;

(] s

—N®

Cl X j©\
0 T‘II Cl

CH,CH,CH;N(CH3);
INEHHYM XIOPNpOMa3yH

¥
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npoMenon

(c2H5)2NCHZCH20—C—©—

HOBOKauH

CH,0H
HO CH,OH

¥
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MHoOrHe U3 3THX COeIHHEHU 00JaJal0T CHILHBIM (DU3HOIOTHYECKHM
sthdexktoM. Adpenasun U Hopadperanun (IPUCTABKA «HOp» 0BO3HauaeT
CHSITHE aKWILHOM TPYINBI C a30Ta) NPEeACTaB/IsioT co0Of rOpMOHbI
KOpbI HaJINOYEIHUKOB. ANpEeHaIHH GbICTPO BLIIENSETCA B KPOBb IIPH
BO30YXXIEHMM CHMITATUYECKONW HEPBHOM CHUCTEMBI, B pPe3yJbTaTe 4ero
MOBHIILIAETCS. KPOBAHOE AABJIEHHE U Pe3KO BO3pACTAET 4acTOTa ITyJIbCa,
a TaKKe BO3PACTAET COAEPXKAHME B KPOBM caxapa. DT NMPOLECChl NPOMUC-
XOIAT B OpraHU3Me IpPH CTpecce, UCITyTe, Bo BpeMs Oera, COpeBHOBA-
HMI WIM CPAXKECHME Y T.TI. AHATOFUYHBIM JeHCTBHEM 061a1aeT U HOpall-
peHanuH. CepomoHuH TIOAAEPXMBACT HOPMAJbLHOE MPOTEKAHUE
YMCTBEHHOTO NpolLiecca, 6b110 Jaxe BbICKA3aHO IPETIONIOXEHHE O TOM,
yTO IIM30(pEHHA CBA3aHA C OTKJIOHEHUSIMUM B METAOONMN3ME CEPOTOHU-
Ha. Amgemamun (gpenamun) OTHOCUTCS K NpenaparaM, CTUMYJIHPYIO-
LUMM OESTEIbHOCTh LIEHTPAILHON HEPBHOH CHUCTEMEBI, B TO BpeMs KakK
MecKaauH peACTaRNseT coboi THITMYHLIN rasunounHored. [Topasurens-
HO TO ODCTOSTENBCTBO, YTO MX CTPYKTYPa NMofo6HA CTPOEHMIO apeHa-
JIHa, MOCKOJBKY BCE OHM SIBJISIOTCS INMPOM3BOAHBIMH 2-heHWIaTHI-
amuHa C4HsCH,CH,NH,. Jlaxe U3BeCTHbIE ATKAJIOHIbI MOPGUH Y KOOCUH
UMEIOT CTPYKTYpHbII hparmeHT 2-deHwnaTmnammua. Mopdux obnana-
€T CWIbHEHILINM 006e300IMBaOLIMM AEHCTBUEM U OTHOCHTCS K Tak Ha-
3bIBaEMbIM aHaNbreTHKaM. KoenH sBigercs cnadbiM 06e300IMBaOLIIM
cpeacTtBoM . Ux 0OCHOBHOM HEIOCTATOK 3aK/TIOYAeTCS B BOSHMKHOBEHUH Y
yesioBeka 601e3HEHHOTO NPUCTPACTHS K 3TUM HPHPOIHBLIM ATKATONIAM.
Hx 6nu3kuii aHanor 2epoun B npupoe He BcTpedaercss. OH OTHOCUTCS K
yucy Hanbosiee CHABHBIX H OMACHBIX HAPKOTHYECKUX cpencTs. [1puBsbl-
KaHMUE K HEMY HACTONBKO CHILHO, YTO BO MHOIHMX CTPaHax HE TOJbKO
ITPOU3BOICTBO, HO JaXe HaydyHble SKCIIEPUMEHTHI C HUM KaTeropuyec-
KM 3anpeliieHbl. Kokaun — 3TO NPUPONHBIM HAPKOTHK, HAXOASIIMIICS B
JIUCTBSIX I0JKHOAMEPUKAHCKOIo KycTapHHKa Koka. OH obnamaer u 06e3-
6onuBarouM 3¢ @PeKToM, HO IPUMEHEHHE €T0 B KOHEYHOM HTOTE MpH-
BOOMT K HapKOMaHu¥. YTO6b! MOMHOCTHIO H36aBUTHCSA OT HAPKOTHYEC-
KOro neHMCTBUSI KOKaWHa, COXpaHUB ero 3ddekr aHanbreTtuka, Obl
CHHTE3UPOBAH ropasio 6oJiee MpocToi aUMKIMYECKUIA aHaJlor — XOpO-
IO M3BECTHBIH HO80KAUH. DTOT Mpenapar LHPOKO IIPUMEHSETCI B Me-
JULMHE i1 00e300JIMBAIOLIMX YKONIOB. AHAaNbIeTUKaMM ABISIOTCS TaK-
Xe npomedon M enmanun, xoropniit B 300 pa3 aktuBHee MopdyHa.

K aMMHaM OTHOCSTCS TAKXEe HEeKomopble U3 eUnamuroe, Harpu-
Mep THaMHHXI0opua (BUTaMHH B;). B Tabake comepxurcsa ankajioun
HMKOTHH, BBI3bIBAIOIIMI 00JE3HEHHYIO NPUBBIYKY K KypeHMIO. [uc-
mamun OTHOCHTCS K TOKCHYHBIM aMHHAaM, CBSI3aHHBIM C DEJIKOM BO
BCeX KJIeTKaxX opraHu3ma. BeineseHne cBOOOAHOro ruCTaM1Ha B Opra-
HM3ME BRI3BIBAET AVIEPTHUYECKYIO PEAKLMIO U MMOHMXKXEeHUEe TeMmIlepa-
Typbl. Jubpuym (3senuym) U xaopnpoma3uy TPEACTABIAIOT COOOH Npu-
Mepbl MOIIHBIX TPAaHKBHJIM3aTOPOB, CHUMAIOWIMX YYBCTBO TPEBOTH,
CTpaxa ¥ HEYBEPEHHOCTH, HO He 061analolMX CHOTBOPHBIM 3 dexToM.
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Ayemuaxoaun M xoaur CONEPXAT TETPAATKHIAMMOHHUITHYIO TpYyIl-
ny. O6a oHy¥ HOHHBI, PACTBOPUMEI B BOJIE M OYEeHb IIPOCTHI 1O CTPYK-
Type. AUETUNXOJUH BHIMONHAET XU3HEHHO BAXHYIO (HYHKIMIO B IIPO-
uecce Iepefayd HEPBHOrO MMITYJIbCAa K MblEYHON TKaHM. OH
BBLAEAETCS U3 HEPBHBLIX OKOHYaHUWil, pa3BeTBASIOMXCA B HEMOC-
pedcTBeHHOH 61M30cTH K MeMOpaHe MBILIEYHON KJIETKM B TaK Ha3bI-
BaeMYIO CHHANTUYECKYIO 1IeJib (CHMHAIC — 3TO BMJ KOHTAKTHOIO CO-
eJVUHEHUSI HEPBHBIX M MBIIIEYHBIX KJIETOK), B3aMMOIEHCTBYET C
peluenTopaMy MbIIEYHONH MeMOpaHbl, U3MEHAET ee 3apsil, BbI3BIBAET
MpU 3TOM 3JNEKTPHYECKUH HUMMYIbC, KOTOPHIX CTUMYJIMPYET COKpa-
LeHYe MBIIIEYHOrO BOJIOKHA. YTOGH OHO BEPHYJIOCH B MCXOHOE CO-
crostHue (pacciabwioch), aleTHIIXOMUH JOMKEH OBITh paspylieH. 310
JIEKO JIOCTHTaeTcs C IIOMOULIBIO (hepMEHTA X0AUHICMEPa3bl, KOTOPAsT Ka-
TAM3HUPYET THAPOJH3 AUETHIXOAMHA IO XOJMMHA ¥ YKCYCHOM KUCIIOTHI:

® //O XOIMHICTEpasa
(CH3)3N-CH2CH20C\ + H O —— >
ALETHIXOJIHH CH3

®
——» (CH;3N-CH,CH,0H + CH;COOH

XOJIHH XOJIUH

AILIETUIXOJIMH CBA3bIBaeTcst ¢ ¢epMEHTOM C IOMOIIBIO CBOEH 4eT-
BEpTUYHOMN aMMOHHUEBOi Ipynnebl. Jpyrue coefMHEHMsI, COAepXallHe
MogoOHbIe YETBEPTUYHBIE AMMOHMEBbIE IpYIIIbl, MOTYT 3aMEHUTH
ALETWIXONMH U, TAKUM 00Pa3oM, HHTHOMPOBATh KaTAJIMTHIECKOE Jei-
CTBHME XOJNHHACTEPA3EI.

19.4. OCHOBHOCTb AMHUHOB

Bce aMUHBI TpeCTaBNAIOT CO0OI TUIIMYHbIE OCHOBaHMS JIpionca
6iaronapsa HaJIM4YMIO HEITONENECHHO Naphl 3JIEKTPOHOB HA aTOME a30Ta.
B 3TOM OTHONIEHMH AMHHBI TOAOGHBI CITUPTAM M IIPOCTHIM 3(dUpaMm,
KOTOpBIE TAKXKE OTHOCATCH K OCHOBaHUAM JIbionca. A30T MeHee JJIeK-
TPOOTPMLATEJICH 10 CPABHEHHIO C aTOMOM KHCJIOPOAa, [TI03TOMY aMH-
HBI IPEACTABIAIOT cobolf ropasno Gosee cHbHbIE OCHOBaHUA JIbIOK-
ca MO OTHOUIEHWIO K MPOTOHY, YeM CIIMPTH U MpocThie 3GHUPHI.
HpyrumMu crnospamMM, KaTHOH QIKOKCOHUSA saABafeTcsa Gojiee CUIBHOMR
KHCOTOM, YeM KaTHOH alKMIaMMOHMS:

® ®
ROH + H ROH, ;

® ®
RNH, + H RNH; -
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AMuHB! DoJjiee CHIbHBIE OCHOBAaHUS, Y€M BOAA, NMO3TOMY BOMHBIM
pPacTBOp aMUHA MPOSABISET OCHOBHbIE cBolicTBa. KoHcTaHTa paBHOBE-
CHs UISI KUCJIOTHO-OCHOBHOIO B3aUMMOAEHCTBUA BOJAbl U aMMHa 060-
3Havaercss K, ¥ CIYXHUT KOJIMYECTBEHHOM XapaKTEePUCTUKOM OCHOB-
HBIX CBOWCTB aMUHOB B BOOHOH cpene:

e

RNHY + OH®:

[RNHf:[[OH‘]
e = —m]—

RNH, + HOH

Kax o6bp14HO, KOHLUEHTPAIIMS BOOBI HE BXOAUT B 3TO BhIpaxeHue IUist
K, TOCKONBKY BOAA NPUCYTCTBYET B OOJBIIOM H3OBITKE (Bce U3Mepe-
HHUSl OTHOCSITCS K pa3baBlieHHBIM pacTBOpaM) M ee KOHLEHTpAaLUs
OCTaeTcs MPaKTUYecKH NMOCTOSSHHOM. BMecto BenuuuHsl K, ynoGHee
[MOAB30BATbCS BEIMYMHON K, KOTOpas XapakTepH3yeT KHCIOTHOCTh
CONpPSIKEHHOrO HOHA aJKWiIaMMoHust (cM. 0. 3):

® K, ®
RNH, + HOH RNH, + H,0
a = [RT;IIZVE?]O ] ; pK,+pkK, =14
3

Beanuunsl pK, Wi psaga anngaTHYecKHX aMMHOB, H3MEpEHHbBIE
B BOAHBIX pacTBOpax, IpUBeAEHbI B Tabn. 19.1.

Bce anundaruyeckne aMHUHBI XapaKTepH3yloTcs Gojiee HU3KMUMH
3HaueHusaMu pK,, 4eM aMMuak, T.e. ABJIAIOTCS 6ojiee CHILHBIMH OC-
HOBaHHUSIMH, YeM aMMHaK. OCHOBHOCTb aMHHOB B BOJE YMEHbLIAETCH
B psaay: Ry;NH > RNH; ~ R;N, KoTopblil He corinacyercs ¢ BIUAHK-
eM +/-3ddekra ankuiIbHOM TPyNnnbl HA OCHOBHOCTH AMHHOB, TO-
CKOJIBKY TPETHYHBIE AMUHBI IPOABISIOT cBo¥cTBa Dosiee cnabpix oc-
HOBAHM# I10 CPaBHEHMIO CO BTOPUYHBIMM aMHMHaMH. 3TO OGBIYHO
CBAI3BIBAIOT CO CTEPHYECKUMH NPENSITCTBUAMH VIS MEepeHoca Ipo-
TOHA M CONBBAaTaAllMU B CNyyae TPETHYHBIX aMMHOB. B rasoBoit ¢aze
OCHOBHOCTH aMHHOB IIOHMXAETCS B OXUIAEMOH I1OCIEN0BATEIbHO-
cti: R3N > RyNH > RNH; > NH; (cM. . 3). HeoGxoauMo r1poBoauTh
YeTKOE pa3jivyue MeXIy KHUCIOTHOCTHIO CAMMX aAMHHOB U KHCJIOTHOC-
THIO HOHOB AMMOHMSA. AMMUAK, NEPBHUYHbIE H BTOPHYHBIE aMUHBI OT-
HOCSITCH K YMCay oyeHb cnabeix N—H-kucnor. ins ammuaka pK, ~ 35,
a s aguusonponuiaaMuHa pK, ~40. AHuoHBI, oOpasyloliuecs npu
IEeNpOTOHUPOBAHMM aMHHOB, TPOSIBIAIOT CBOMCTBA OYEHBb CHJIBHBIX
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Tabnuua 19.1
OcnoBHOCTh aMHHOB B Bone npn 25°C

Amun pK, (25°C) AmmH pK, (25°C)

NH, 9,24 (CH3),NH 10,73
CH;NH; 10,62 (CH;CH;,),NH 10,85
CH;CH;NH, 10,64 [(CH;),CH];NH 11,13

CH;CH,CH,;NH, 10,54
NH 11,31

CH3CH,CH,CH,NH, 10,60
NH 11,12

(CH;3);CHNH, 10,63
(CH3;3);CNH, 10,68 (CH;);N 9,80
l{llK/lO—CﬁﬂuNHz 10,64 (CH3CH2)2N 10,75

C¢H;CH;NH 9,33 : :

6115 2 2 N—CH 10,38

CH,=CHCH,NH, 9,49
N—CH; 10,46

H;N(CH;)¢NH; 11,10
HgNCHzCHzNH) 9,92 CsHsN (nupuasuH) 5,23
H,;NCH,CH,CH;NH, 10,55 xuHomH CoH7N 4,90

OCHOBaHHUI1. 3TO 0OCTOSTENBCTBO IHMPOKO HCIONB3YETCS B OpraHU4ec-
KOM CHMHTe3e, rae ocobyio posib npuobpen AUM3OIPONWIAMUI JUTHUS
(JIJA). Dtor pearenrt, xopoluo pacteopumslii B TT® u adupe, obpasy-
€TCsl IIPY B3aUMOAEHCTBUU H-OYTHIUIMTHS M TMM3OTIpONIWIAMHUHA!

[(CH3),CHLNH + #-CqHoli —-%m  [(CH3),CHLNLI" + C4Hyg

TCKCaH
PKa~40 pKa~50

JIJA obnagaeT cBoiicTBAMU CHJIBHOIO OCHOBAHMS, HO cjaboro HyK-
JieoPUIBHOrO areHTa, Tak Kak JBe U3OIIPOMUIbHBIE IPYIILl CO3JAI0T
CHJIbHbIE CTEPHYECKHE TIPEISITCTBUS ISl OOpa3oBaHUSI HOBOH CBSI3U
C MOMOLUBIO HEeMOAEJIEHHOM Naphl 3JIEKTPOHOB aToMa a30oTa. AHaJo-
FMYHBIMH CBONCTBAaMHU 00j1afalor

CH;
CHs
[(CH3);Si,NOL® NOLi®
CH;
CH;
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U Apyrue MpocTPaHCTBEHHO 3aTPYIHEHHBIE aMUI-aHUOHBI. KaTHoHbl
ATKMJTAMMOHHS XapaKTepu3yioTesl BeauuuHamu pK, nopsaka 10—11
U HAMHOrO HPEeBOCXOOAT MO CBOEil KUCTOTHOCTH COOTBETCTBYIOUIME
UM aMHHBL.

ApunaMyHbl 00/1aflat0T 3HAYUTENBHO DoJjice HU3KOH OCHOBHOC-
THIO [0 CPABHEHUIO ¢ aiMdaTHyecKUMU aMUHaMu. st aHHIMHA Be-
auuuHa pK, cocraBnser 9,37, a kuciaorHocTh KatuoHa CgHsNH,;"
(pK, = 4,63) COOTBETCTBEHHO rOpa3ao BhIIIE, YEM Y KATUOHOB aJIKMI-
AMMOHHUS:

C¢HsNH;" + HOH CgHsNH, + H;0' ;

K,=2,5-1073 pK,=4,63;

CH;NH;" + HOH CH3;NH, + H;0%

K,=27-107""; pK,=10,62.

TloHMXeHWe OCHOBHOCTH aHWJIMHA 10 CPABHEHUIO C METHJIAMHHOM
U ApYruMHd anudariyecKUMM aMHHAMKM Ha IUECTb NMOPSAKOB o0yc-
JIOBJIEHO COBMECTHBIM JeicTBHeM ABYX (aktopoB: —I-3ddexra de-
HWIbHOM rpynmel U +M-s3ddexra amuHorpynnsl aHwivHa. Oexu-
yKcycHast xucnora (pkK, = 4,31) ssasercsa 6oxee CUAbHOU KHCIOTOIM,
yeM ykcycHast (pK, =4,74), u Gosiee cnabble OCHOBHBIE CBOHCTBA
aHMIMHA 9ACTUYHO MOXHO OTHecTH 32 c4eT —I-3ddekra deHUnbpHoM
rpynmsl. OgHako 3ToT 3¢ deKT CIUILIKOM Mall M He UrpaeT peluaoiei
POJIM 10 CPABHEHUIO € IEJIOKAIM3aUMed HelloAeJeHHOM Maphl 3/1EKT-
POHOB 430Ta N0 GEH30JbHOMY KoJibly. JemoKanusauust yMeHblIaeT
CIIOCOOHOCTD 3TOM 3JEKTPOHHON Naphl K CBA3BIBAHUIO NPOTOHA MM
IpYTOro axklenTopa.

OOBIYHO JeNOKUIM3ALIMIO 3JIEKTPOHOB M300paXaloT WIH C TOMO-
LIBIO M3OTHYTHIX CTPENOK, MU (GOpMYJIaMM C MYHKTHPHBIMH («dac-
TUYHBIMU») CBA3AMHU:

3+
&+
LLNHZ I\:IHz
v 5 NG
5- 5

Kak BUIHO, HCIIOAEACHHAS JIEKTPOHHAs [1apa aToMa a3oTa B MOJIEKYJIC
AHWJIHHA «CMELUACTCS» NPEUMYLUECCTBCHHO B 0pmo- U napa-1nonoXeHHns
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6eH30IpHOTO KOJbLA, YTO OOGYCIOBIHBAET 0pMO/napa-opyUeHTALUIO
NpH 31eKTpOoPUILHOM 3aMEILEHNY B aHUIUHE.

HaubGonee s¢ddeKTHBHOE CONPSIXKEHUE Maphl JIEKTPOHOB a30Ta C
OEeH30JIbHBIM KOJbLOM OyieT HabmomaTscsl Toraa, Koraa 3Ta rnapa
pacrosiaraeTcsi Ha p,-opbuTanu, napauleabHOi p-opOUTISAM apoMa-
THYecKOM cucreMbl. OHAKO Napa 3JeKTPOHOB a30Ta CTPEMHUTCS 3a-
HSTh T'HOPHIHYI0O OpPOMTANE C HEKOTOPBIM BKJIANOM S-XapakTepa, YTo
SHepreTUYECcKy TpearoYTHTENbHO. 11 aHWINHA peasu3yeTcst KOMIl-
pOMMCC, TIpH KOTOPOM HenojeeHHAs Iapa 3JIEKTPOHOB a30Ta 3aHU-
MaeT opbuTanb ¢ GOnplIeil nonei p-xapakrepa, YeM B aMMHake, HO
HMeIOLUEH BCe Xe HEKOTOpHI BKIax s-opourtanu. Besencrsue atoro
paseHTHBI yron HNH B anunune (113,9°) Gonplie, yeM B aMMHaKe
(107,3°). ITnockocts HNH Hak/lIoHeHa M0 OTHOWIEHHIO K 6eH30JbHO-
My KoJsbuy Ha 39,4°:

3amecTuTenu B 6EH30MBHOM KOMbliE aHMJIMHA OKa3bIBAIOT TAKOE
BIMSIHUE Ha €ro OCHOBHBbIE CBOMCTB2, KOTOpOE IOJIaeTcs Koauye-
CTBEHHO# U KayeCTBEHHOH OLEHKe Ha OCHOBE OOBIYHBIX 3JIEKTPOH-
HbiX 3¢ dekTOB 3aMecTUTENEH. DIEKTPOHOAOHOPHBIE 3aMECTHTEIH
BBI3BIBAIOT MMOBLIILIEHKE, 2 3JIEKTPOHOAKLENTOPHbIE 3aMECTHTEIH I10-
HHXAI0T OCHOBHOCTDH 3aMelleHHoro aHunuHa (tabn. 19.2).

Ta6aunua 19.2
3uauenne pK, 3aMemesHLX AHHAMHOB B BoAE npH 25°

pK,

3amecTaTENB opmo- Mema- napa-
CH;— 4,44 4,72 5,10
OCH;— 4,52 4,23 5,34
F- 3,20 3,57 4,65
Cl— 2,65 3,52 3,98
Br— 2,53 3,58 3,86
I- 2,60 3,60 3,78
CN- 0,80 2,75 1,74
CF3— - 3,50 2,45
NO,— —0,26 2,47 1,02
CF380;,— - 1,80 —0,01




N-Metun n N,N-IuMeTHIaHUIUH, KaK ¥ CHEJOBAIO OXWUIATb, SB-
Jagiorcsd 6onee CUNBHBIMM OCHOBAHMSAMH, YeM caM aHWiIMH. das
C6H5N(CH3)2 pKa = 5,07, s C6H5N(C2H5)2 6,57 AHWIWH IIOYTH
Halleso obpa3yeT coub (xaopun peHnnaMmoHus) yxe B 0,1 H pactBope
COJISIHOM KUCOTBI, 4-HUTPOAHWIMH HalleJIo IpoToHupyetcs B 50%-ii
CepHoOit kuciote, a 2,4-IMHUTpoaHWINH (pK, = —4,4) pacTBOpsieTcH
TOJIBKO B KOHLIEHTPHPOBAaHHOM cepHOM KucioTe (cM. . 3, 4. 1). Conu
aMMHOB, KaK TIpaBWJIO, JIETKO PACTBOPHMMBI B BOJIE AaXe B TeX clyda-
SIX, KOTJA UCXOAHBIX aMUH B BOAE HEpPACTBODHMM. DTO LIMPOKO HC-
[OJIb3YETCA NPU OTHCJICHUH AMUHOB OT IIpUMeEceil HEOCHOBHOTO Xa-
pakrepa. AMHH MpeBPAaLLAIOT B COJib NIp¥ 00pabGoTke cMecH BOOHBIM
PacTBOPOM CHJIBHOM KHMCJIOTHI, OTHENSIIOT BOAHBIA CIOM, U3 KOTOpO-
ro nociue meno4yHoit 06paboTKM BBIACISIIOT YUCTBINA CBOOOIHDBIA aMUH.

19.5. IIOJYYEHHE AMHHOB

CylecTByeT OrpOMHOE YUCJIO pa3HOODPA3HBIX METOJOB Moayye-
HHUS aMHHOB. B 3TOM paanesie 6ynyT pacCMOTpEHBI TOJMBKO Hauboee
ofOlMe ¥ BaxHble M3 HHUX. [IpHBeXeHHBIE HHXE CIIOCOOBI CHHTE3a
aMMHOB pa3fM4YaloTcs 00JACTHIO CBOEro NMpMMEHEHMs, NOCTYMHOC-
ThIO METOJA M KOJMYECTBOM MOGOUHBIX IPOAYKTOB IIPU peaTU3alLHU
TpebyeMoro npeBpaulieHus.

19.5.1. NPAMOE AJIKWIHPOBAHWE AMMMWAKA 1 AMHMHOB

AMHHBI TTONYYAIOTCS NPH B3aUMOINCICTBUHM INEPBUYHBIX M BTO-
PHUYHBIX AIKWITAIOTEHHIOB ¢ aMMMAKOM. DTa peakiMsi, OTKPBITas
A. Todmanom B 1849 ., apasgercs Haubonee NPOCTHIM METOIOM CHH-
T€3a MEePBUYHBIX, BTOPUYHBIX U TPETHYHBIX AMUHOB, a TaKXe cojei
TETpaaNKWIaMMOHUSA. Peakuus afKHJITaIOreHUAOB C AMMHUAKOM HJIH
aMMHAMH OTHOCUTCS K ITpoleccaM OUMONEKYISIPHOTO HYKICOo(HIb-
HOr'o 3aMEILeHHs Y HACBIIUEHHOIO aToMa yrjiepoja, B KOTOpPbIX aM-
MHAK WJIM aMHH BBINOJHSIOT poib HykieodunsHoro areHrta. Ilepe-
XOJHOE COCTOSHME TaKOro Ipolecca 6oee MOJAPHO, YeM MCXOIHbIE
peareHThl, ITO3TOMY CKOPOCTh peakKUHMH pe3ko Bo3pacraeTr B Gosee
NOJISIpHOI cpesie. B kayecrBe pacTBOpUTENs OOBIYHO HCITONb3YIOT 3Ta-
HOJ WIK MeTaHoJ, Ho Gonee 3¢pdeKTHBHBI JUIMIONAPHEIE ATPOTOHHBIE
pacteoputenu JM®A, JIMAA. AnkundpoBaHHe aMMHaKa C LEJbIO
NMONYYeHHUS AMMHOB HALUIO LIUPOKOE MpHMeHEeHWE B ITPOMBILUICH-
HOCTH, HO BCe PEeXEe M peXe MCIOMb3YEeTCs B J1aGOpaTOPHbIX YCIOBM-
SIX, TIOCKOJIBKY B 3TO peakliMH Bcerna obpasyercs cMech NepBHYHO-
ro, BTOPUYHOIO KM TPETHYHOro aMHUHA, a NMPH HAMUYMM H3ObITKA
ANKWITAIOTEHHUAA — COJIK TETPAATKHJIAMMOHHS:
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RBr+ NH; — RNH3++ Br~ (1

RNH,;"Br” + NH, RNH, + NH"Br~  (2);

RNH, + RBr —= R,NH,"Br (3);

R,NH,"Br~ + NH; R;NH + NH,*Br~  (4);

R,NH + RBr —= R;NH*Br~ (5);

R;NH*Br~ + NH, R;N + NH,Br~  (6);

R;N + RBr —= R,N*Br~ 7.

KatnoH ankunaMMoOHUs, Kak ObLIO OTMEYEHO Bbille, obrajsaer
CBocTBaMH cnaboit KUcnoTel. B pesynbrare rnepeHoca NpoToHa K Mo-
JeKyjle aMMHaKa o6pasyloresl NepPBUYHBIA aMUH ¥ KaTUOH AMMOHMSL.
IlepBHYHBIM aMUH NIPOSIBISET CBOHCTBA 60J1e€ CUJIBHOTO HYKJIeOhUIb-
HOTO areHTa, YeM aMMHMAaK, 4 TIpY B3aMMOAEHCTBUM C aKWJIrajgore-
HUJAMHU DaeT KaTHOH MUANKUIZMMOHMUS, U3 KOTOPOTo fanee Iojyya-
eTcsl BTOPHYHBIN aMUH. DTOT NpoLEcC MOXET NPOJOIKATLCS Jajee,
NPUBOIS K TPETHUHOMY aMUHY U J1aXe K COJH TEeTPaaJKUJIaMMOHHUSL.
Bcsi nocienoBaTebHOCTb MPOUCKXOASIINX NTpeBpallleHUI OMUChIBACT-
csl IpUBEAEHHbIMU BbIilie ypaBHeHUsIMU (1)—(7). CooTHoLUEHKE TpO-
JYKTOB peakliMK 3aBUCUT OT COOTHOLUEHUST UCXOXHBIX PEAareHTOB. YBe-
JUYEHHUE KOJMYECTBA AIKWITAIONCHUIA CIIOCOOCTBYET pOCTY JONU
TPETHYHOTIO aMMHA M YETBEPTUYHON aMMOHMEBOU COJMM, B TO BpeMs
KaK B MPUCYTCTBUHM M30bITKa aMMUAKa NpEeUMYILUECTBEHHO obpa3yeT-
csl CMeCh NEPBUYHOTO M BTOpUYHOro aMuHa. OgHaKo naxe npu 60/1b-
11OM U30OBITKE aMMUaKa peaklMi0 HEBO3MOXHO OCTAHOBUTbL Ha CTa-
JUK 00pa3oBaHUst TOJLKO NIEPBUYHOrO aMHHa. B TUNIMYHOM NpUuMepe
B3aUMMOJIECTBUS OAHOro Mojst |-DpoMoKTaHa U TpexX MoJeil aMMUa-
ka npu 20°C nonydyaercd cMecb, cocTosiluas U3 45% okrunaMuHa,
43% DVIOKTUNaMMHA Y ClefoB TPUOKTWIAMMHA. T1pyu GosbliieM KOau-
YeCcTBE aMMMaKa [0Jist NEPBUYHOrO aMHMHA BO3pACTaeT, HO BTOPUU-
HbliA AMUH BCErAa MPUCYTCTBYET B MPOLYKTAX peaKlLMU:

HsOH

o
CH;(CHy)¢CH,Br + NH; .o CH3(CHy)CH,NH, +

I M IM (45%)
+ [CH3(CH,)¢CH,},;NH + [CH;(CH,)¢CH,};N
(43%) (1%)
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Takum obpa3oM, NpsiMoe aNKMJIMPOBAHME OKA3bIBAETCS MaJo-
YAOBAETBOPUTEAbHBIM METOLOM ISl TTOJIYMEHUS YUCTBIX NEPBUUYHBIX,
BTOPHUYHBIX U TPETUYHBIX AMHUHOB.

19.5.2. HETITPAMOE ANTKWJINPOBAHUE.
CHUHTE3 [TEPBUYHBIX AMHHOB
MO TABPHUDBIJIIO

B 1887 r. 'abpuanb npesTOoXKUI NPOCTOM M OYeHb YAOOHbIH 00-
LUK METO MOJYYEHUS NMEPBUYHBIX aMUHOB. DTANTUMMUI KaHUs aiKun-
JIUpyeTcs Moj AeCTBUEM ANKUITAIOTeHKAOB ¢ oOpasoBaHueM N-aji-
KWI(PTANMMHULA C OYeHb BICOKUM BBIXOIOM:

//O ’/O
C\ IMOA C\
T . +
/NK + RX 30-100°C /NR KX.
2 C\\
0] O

Hanee N-ankuidptanuMul NpeBpalllaeTcss B NMEepPBUYHBIA aMUH NpH
B3aMMOJEHCTBUM C MMAPAa3MHTUIPATOM B CIIHPTOBOM PAacTBOpPE:

Be RO
C C<
N\ NH
NR + NH;NHp-H,O —— i1 + RNH;.
/ GH;OH NH
N <
6] 0]

T'unpasuH aBaseTcs HAMIYYILUMM PEAareHTOM I CHATHS ¢rano-
WJIBHOM 3alIMThI C aTOMA a3ota. PaHee [ist 3TOM LieNTM KCTNONAB30BAIN
LLEJTOYHOMN MW KUCIOTHBIN ruaposin3. GrajiuMul rnoayyaercs B npo-
MEILLIEHHBIX YCIOBMAX ITPU B3aUMoneicTBUM PraseBoit KUCAOTH AU
ee aHruapuaa ¢ rasoobpasHbiM aMmuakom rpu 300—350°C. dranu-
MU pencTasnsger coboi cpenHeit cunsl N—H-kucnoty ¢ pk; ~ 8,3.
[pu B3aumomeicTBUM PTanMMHUIA C THAPOKCUIOM Kailusl B BOAHO-
cnupToBoi cpene noayyaerca K-conp ¢pranumuna. CuHres I'abpusns
MOXHO paccMaTpHBaTh KaK OAMH M3 JYYHIHMX CIOCOOOB MONY4YEHUS
NEPBUYHBIX aMUHOB M3 MEPBUYHBIX W BTOPUYHBIX, HO HE TPETUYHbIX
ATKWIFAIOTeHHAOB. DTOT METOM LUMPOKO UCNONb3yeTCsl TaKXKe U s
nonyyenus 3¢pUpoB AL-aMUHOKHUCIIOT:
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0 0
c c
\ IM®A N )
NK + BICH(COOCHs), e~ _NCH(COOCHs)
C C
D N\
o 0
0 0
C,, H;ONa, C;H;OH C\
l)Cz s Na, 5
@ /NCH(COOCZHS)Z W @ /N(|3(C00C2H5)2 —_—
Cq C, CHCgHs
0 0
+ 40
HL Y HCH,CHO00®(64%)
H,0 o
NH,
¢peHUnanaHuH
0 _0
c? CH,=CHCOOG,H; cZ
" NCH(COOG,Hj), - NC(COOC Hy),—>
C C,H,0K, C,H,0H
<0 cmcnzcooczﬂ5
HY, ¢ HOOC(CH2)2CHCOO@ (75%)
H,0 ®NH IJIyTaMHHOBast KMCJIOTa
3

B xayecrse npuMepa mpuMeHeHUs peakuuu I'aGpuand Ui monydyeHus
MePBUYHBIX AMUHOB IPUBEAEM CHHTE3 J0(daMUHA — BOKHOTO CHHTETH -
YeCKOTo PeryssiTopa JesiTeAbHOCTH LIeHTPANbHOU HEPBHONW CHUCTEMBI:

CH,CH,Br  #°

N @I \NK IM®OA
o < 80-100°C @CH2CH N )@_»

OH S0 HO
OH
o
7
C\
NH,NH,H,0 CHCHNH, @ NH
— .
_NH
GHOH 4o !
OH
nodamMuH
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19.5.3. BOCCTAHOBJIEHHE HUTPUJIOB

Hutpunbt Moryr ObITh BOCCTAHOBJIEHBI 4O NMEPBUYHBIX AMUHOB
nubo KaTaMTUYECKMM TMAPUPOBAHUEM, JHOO C [MOMOLLBIO ATIOMO-
rUapUIa IUTUSE UM aubopaHa B adupe (ri. 18):

H,
RC=N Nirenes RCH;NH,
iAIH,
CH;CH,CH,CH,CN oup CH;CH,CH,CH,CH,NH, (91%)
CN : CH,NH,
LiAlH, (88%)
adup
CH3 CH3

HanoMmHuM, 4To mpH oGpaTHOM IOpsSIOKE CMELUMBAHUS pearcH-
TOB, T.€. NIpU O0DABJIEHUU K HUTPUIY OKHOIO 3KBHBAJIEHTA ATIOMO-
ruapuna mutud B TT® nipu —50°—(—78°C) o6pa3yioTcs He aMHMHBI, &
anbAMMHUHBL (cM. 1. 18). IIpyu KaTaTuTHYECKOM TMAPHPOBAHUU HUT-
pUJIOB IOMUMO IMEPBUYHOrO aMHHa OOBIYHO oOpasyeTcs 3HAYMTENb-
HO€ KOJUYECTBO BTOPUYHOIO aMMHA: '

CoH;CH,CN + H, N_PeHeA 14 CH,CH,NH, +
140°C 0%)
CITUpT

+ C4HsCH,CH,NHCH,CH,C¢H; (20%) .

Inst o6psicHeHUs 06pa30oBaHUsI IEPBHYHOIO ¥ BTOPHYHOIO aMH-
Ha OblJ NMPEeLIOXEH CIERAYIOIINA MEeXaHU3M:

RCN + H, ——> RCH=NH (;

RCH=NH + H, —> RCH;NH, (2);

'RCH=NH + RCH,;NH, RCH=NCH;R + NH; (3);

RCH==NCH,R + H, RCH,NCH;R (4);

H

Mo6ouHyio peakiivio, MPHUBOAAILYI0 K 0Bpa3oBaHKIO BTOPUYHOIO
AMKMHA, MOXHO MPAKTHYECKH [OJHOCTbIO MTOAaBUTh, €CJAU THAPHUPO-
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BaHME MPOBOAUTH B IPUCYTCTBUU GONBLIOrO U3OBITKA aMMHAKa, cMe-
LIAIOLIEro paBHOBecHe B ypasHeHuu (3) BieBo.

Ni, NH,, CH;OH
100 amm., 125°C

NC(CH,)sCN + H, H,N(CH,)1oNH, (80%).

CyiectByeT U Apyroit, 6onee addekTHBHBINA criocod usbexars obpa-
30BaHUs BTOPUYHOIro aMuHa. Katanutuyeckoe ruipipoBaHue IpoBo-
AT B YKCYCHOM aHTUJPHAE, BBHITOJHSIOUIEM DOJIb PacTBOPUTENS U
peareHTa. ITepBUYHBI aMUH HEMeUIEHHO alUIYpYeTcsl, YTO MpefoT-
BpaiaeT oOpa3oBaHue BTOPUYHOTO aMUHA:

CeHsCH,CN + Hy —No» C6H5CH2CH2NH-C¢O
(CH;00),0 %) ~CH; -

BoccraHoBneHue HHUTPWJIOB 10O MEpBUYHLIX aMHMHOB HAIIUIO ITPUMEHE-
HUEC I ITpeBPAIICHHUA HUKINYECCKHUX KETOHOB B uumoanmxapﬁumm—
AMMHBI ¢ [TOMOUIBIO CNIEAYIOUIEH TTOCIeI0BATEILHOCTH IIPEeBPALLIEHHIA:

OH . OH
Oovsonema O 20 O —
CN CHzNHz
H;PO, Ni, H,
—c> CH,NH, ——2+ CH,NH,

19.5.4. BOCCTAHOBJIEHHME AMUIOB
Kak 6p110 yXe ormeuyeHo paHee (cM. . 18), aMuabl BocCcTaHAaB-

JIMBAIOTCSL 10 AMMHOB MO[ AeHCTBMEM AMIOMOTUAPHIA NUTHS B 3dHpe
win TIr®:

O

il LiAIH,

C—N(CH;);, —m—————» CH,N(CH
Q (CHy), adup, 36°C Q N(CHy),

(88%)
CH,0 CH;0
I LiAlH,
CH3O CHchHz m CH}O CH2CH2NH2
CH,0 CH,0

(40%) MeckanH
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0 LiAlH,
<
CH;(CH2)10C<N W CHJ(CHz)mCHzNHCH:;

HCH, (95%)

BMmecro aIOMOrvapvaa JUTHUS B Ka4S€CTBC BOCCTAHOBUTEA AJIst HE3a-
MECIIECHHBIX aMHUAOB JIyYlIE€ UCIIOJIb30BATDh zmﬁopan:

H,
(CH3)3C("3NH2 7"?%—665@’ (CH3);CCH,NH, (79%)

H
CH3(CH2)CN(CH3), —Tr%——s%a— CH;(CH)sN(CH3); (95%)
O

19.5.5. BOCCTAHOBJIEHHE A3MJI0B

Y0OHBIM COBPEMEHHBIM METOAOM CHHTE32 NMEPBUYHBIX AMHUHOB
ABJSIETCS] BOCCTAHOBJACHHUE a3WIOB C IOMOIIBI0 ATIOMOTHAPHAA JTH-
THS WIK KaTanuTniecku Hax Pd/BaSO,. UcxoaHbie azuabl oOpa3yior-
csl TIpY 3aMeICHUY raioreHa B NEPBUYHBIX WM BTOPUYHBIX AJIKUIIra-
JIOreHHaxX noJ AeicTBUeM asua-HoHa (cM. . 20):

C,H,0H @
C¢H;CH,CH,Br + NaN, ———— C¢H;CH,CH,~N=N*=N
(86%)

CeHsCH,CH,-N=N*=N" + LiAH, —*®*_ C¢H;CH,CH,NH,

(89%)
Br NaN3 30°C N3 NH2
O/ 18-1<payﬂ~6 O/ :-xbup O/
CH,CN
(54%)

CHzC HzCHzBr (C H2)3N 3 .
Y wor (T
CszOH 3q) Hp
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LA (CHy)3NH;
_LiAlH,
adpup (89%)

BrixoAp! B 3TOM ABYXCTaAKMHOM ITpoliecce OOBIYHO OYEHb XOPOUIUE U
ero orpaHM4YeHue 3aKJII0YaeTcsl TOJIbKO BO B3PhIBYATOCTH a3UIOOB HU3~
KOH MOJSIpHON Macchl.

19.5.6. BOCCTAHOBJIEHUE HMHHOB.
«BOCCTAHOBHUTEJIBHOE AMHHHPOBAHNE»
KAPEOHUJILHBIX COETUHEHHAN

WMuHBI, 06pa3yolindecs U3 aTbIErMAOB WM KETOHOB M aMMHa-
K4, BOCCTAHARIUBAIOTCA N0 NMEPBUYHBIX aMHUHOB MPH THAPUPOBAHUU
B NIPUCYTCTBHH OOBIYHBIX KATAU3aTOPOB reTepOTeHHOro ruapUpoBa-
HHUs. DTy PeakilMIO MPOBOASAT B OXHY CTa[HI0, BOCCTAHABIMBASA CMECh
KapOOHWIBHOTO coefHHEeHHS U aMMHaKa BOJXOPOAOM I0J, AaBIeHUEM
Haz HuKenem Penesi. [ToaTroMy Bech npoliecc MOJyYHI Ha3BaHHE «BOC-
CTAHOBHUTEJIBHOE aMUHHUPOBaHHE» KapOOHWILHBIX COeIHHEHMI:

H
-H,0 H,/Ni
RIC R2 + NH3 RIC R2 > RL -~
i T NH,
o] NH R2
-H,0 H./Ni
Ce¢Hs-C-H + NH; ———=| C¢H;s;-C-H _—Z/N—,—’ C¢HsCH,NH, .
I IHIH 90 amm., 70°C (89%)

BoccraHoBUTENbHOE AMUHMpPOBaHHE HIMPOKO IIPUMEHSIETCA B
TIPOMBILIUIEHHOCTH JJIs1 CHHTE3a PA3IMYHbIX TIEPBUYHBIX aMHHOB, 0CO-
6eHHO B (papMaKoJIOruu — ISl NTOJIyYeHHUs L{eJIoro psaa 6uonornyec-
KM aKTHBHBIX aMHHOB. B xayecTBe npuMepa NpUBEIEM CHHTE3 deHa-
MuHa (aMdeTaMMHa) — peryasitopa LesiTeJbHOCTU LEHTPalbHOM
HEpBHOM CUCTEMBI:

NH,
C¢H;CH,-C-CH; —/——*> C¢HsCH,-CH-CHj  denamun
I Hy/Ni | (amderamun) .
8] NH;

BoccTaHOBUTENbHOE aMHHHPOBAaHUE, MOAOGHO KATATUTHYECKO-
MY BOCCTAHOBJIEHHIO HUTPHUJIOB, OCIIOXHSAETCH NOBGOYHOM peakuuei,
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NPUBOALLLEH KO BTOPUUHOMY aMuHYy. [1pH KOHAeHCALIMK TEPBUYHOTO
aMH1Ha ¢ KapOOHUIBHBIM COeJUHEHUEM ITonyyaercst ocHoBaHue [ng-
¢da, koTopoe B pe3ynbpraTe KaTAUIUTUYECKOTO THIPHPOBAHHSA JAET BTO-
PUYHBIA aMUH:

CgHsCHoNH, + CgHsCHO ——— [C4Hs;CH=NCH,C¢Hs] ——»

BN ¢ HsCH,;NHCH,CHs

Yrobbl cBECTH 3Ty MMOGOYHYIO PEAaKLIMIO K MUHUMYMY, CIIEIYET MC-
[IONb30BaTh O4YeHb 6OJbIION M30bITOK aMMHaka. C Ipyroit CTOpOHEI,
BOCCTAHOBMTENbHOE AMHHMPOBAHKE MOXHO MPUMEHSATh U JJIS [TOIy-
YeHUS] BTOPUYHHIX WIK TPETUYHBIX AMUHOB, €CJIA B KAYECTBE a30THUC-
TOr0 OCHOBAHHUS MCIIONB30BATh TEPBUYHBIH WU COOTBETCTBEHHO BTO-
PUYHBIIA aMUH:

O CH;

I '
CH;CCH; + NH,CH,CH,0OH W HOCH,CH,NHCHCH;,

HWMHUHBI BOCCTAHABIWBAIOTCA IO IEPBUYHBIX aMHHOB MOM Nei-
ctBueM LuaHGopruapuna Hatpus NaBH;CN. Orot peareHT comep-
XKHUT 3JIeKTPOHOAKUENTOPHYIO IIHAHOTPYAIY M 3HAYUTENIbHO MEHee
aKTHBEH 1o cpaBHeHHU1I0 ¢ NaBH,. B nporuBononoxHocts 6oprugpu-
ny HaATpMs, UMAHOOpPruapuj Hatrpusi cTabwieH B BOOTHOM pacTBoOpe
nipu pH 2—3. B aTx ycnosuax oH He pearupyet ¢ KapGOHUIBHOM IpyII-
foli, HO JIEerKo BOCCTAHAaBJMBAaeT MMHHO-rpynmy. Takum o6pa3zom,
BOCCTAHOBHMTENbHOE aMHHHpoBaHue ¢ nomoisio NaBH;CN snnser-
CS MIEATBHBIM CHHTETHYECKHM 3KBHBAIEHTOM KAaTAJIMTHYECKOTO BOC-
CTAHOBMTEJILHOTO aMHHHPOBAHMA KapOOHWIBHBIX coequHeHH. Huke
NpHUBEAECHB HEKOTOphie HanboJiee TUITHYHBIE TTPUMEDBI:

_HO_ NaBH,CN_
0 + NH; =— O:NH pH 3
C,H.OH
— <:>-NH2 619 ;
pH 2-3
O + NH(CH,), + NaBH,CN ~ciion N(CH,),

(85%)
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il pH 23
CH;3C(CH,);;CH; + NH; + NaBH3;CN —CW’

e

IInau6opruapun HaTpus noayvaercst npu oopabotke NaBH, unauu-
CTHIM BOJOPOJIOM.

Hpyroit BaXHO# B CHHTETHYECKOM OTHOLUEHUM Pa3HOBHIAHOCTHIO
BOCCTAHOBHTEJIBLHOTO AMUHMPOBAHMS SIBISETCS peaklus DuiBaiine-
pa—Kuapka, npeqHasHaueHHas] HCKITIOYUTENBHO JUI CHHTE3A TPETHY-
HbIX aMWHOB, B KOTODbIX OJHA M3 AJKWIBHBIX IPYII HOJDKHA ObITh
MeTWIbHOIM. B xayecTBe BOCCTAHOBUTENS B 3TOM peaKIIHH NPUMEHSET-
csl MypaBbWHAas KHCJIOTa, KapOOHMJIBbHOW KOMIIOHEHTOM SIBJISETCA
dopmanbaerun:

0 0 100C
2 z
CHssCNH, + HCZ  + H-C ——
(CH3) 2 ~q ~OH
——= (CH3%C-N(CH3); + CO, -
(85%)

0 o 120C
NH + HcZ +nc? — NCH; + CO, .
< ; H OH
(83%)

B xayecTBe MPOMEXYTOYHO YaCTHIIBI B peakliMK DiBaitiepa—Kiap-
Ka oOpa3syeTcst KATHOH UMUHHUS, KOTOPBIH 3aTeM OTINEIUISseT F’MaApU-
HOH OT (popMHUAT-HOHA:

R;NCH,0H

0
R,NH + H-CfH

®
RzN‘—‘C H2 + Hzo ’

@
R,NCH,0H,

R,NCH,OH

o)
Rﬂ@gﬁ\zjca) o RiNCH; + CO;, .
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Bbojee paHHUI BapMaHT 3TOro MpoliecCa M3BECTEH MO HA3BAHUEM
peakunu Jleitkapra (1885r.). Cmech KapGOHUIBLHOrO COENMHEHHUSA U
¢opmMuaTa aMmMmoHus HarpesaioT go 180°—200°C ¢ omHoBpeMeHHOMH
OTIOHKO# obpasyiolueiics Boabl. PopMUaT aMMOHUS BHITONHSIET ABOM -
HYI0 QYHKIMIO: OH SIBNISIETCS UCTOYHMKOM aMMMAaKa U I'MIPHI-HOHA.
Boixogst aMMHOB B peakuuu Jleilkapra oGpiuHO Gonee HU3KME, YEM B
peakuuu DuiBaitnepa—Kiapka, Ho 06J1acTh ee MPUMEHEHHA IIHpE U
MOXeET OBbITh KCIOJIB30BAHA IS MOJIYYeHHSI KaK TPETHYHBIX, TaK U
MEPBUYHBIX ¥ BTOPUYHBIX AMUHOB:

180°C
—_— 66%
CGHS(H:CH; + HCOONH, HOOOTL 9 wan QHSCI:HCH3 (66%)
0 NH,
o N(CH;),
00°C
+ HCON(CHa): HEOOH, 9 vt (715%)

19.5.7. BOCCTAHOBJIEHME OKCHMOB

OKCHUMEI [TONYYaAIOTCA IIPU B3aUMOAEHCTBUM aNbXerHIOB WIH Ke-
TOHOB € I'MIPOKCHIAMUHOM C BBIXOJOM, OJIM3KMM K KOJUYECTBEH-
HoMy (r1. 16). OXcMMbl BOCCTAHABIMBAIOTCS ATIOMOTUIPHIOM JINTHUSA
UM UMAHOOPTHUAPUIOM HATPUS 40 MEPBUYHBIX AMUHOB. DTO UCKIIIO-
YUTENBHO YAOGHBI! Croco6 MpeBpanieHust KapOOHUIBHOM TPYIIIBL B
CHNH, umu CH,NH,-rpynnsi:

1) LIAIH,, >¢up H
<:>:NOH 2) H;0 (80%)
3 NH,
1)NaBH,CN, CH;OH H
Ovon 202N am
2) CH,COOH NH,

BoccTtaHOB/NEHHE OKCHMMOB KOMITIEKCHBIMH TMApUAAMHU BBITCCHUIO
CTapbi€ MECTOAbI BOCCTAHOBJICHHUS HATPHUEM B CNIUPTE MIU KATAUIUTHU-
YECKHUM 'HIPHPOBAHUEM.
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19.5.8. BOCCTAHOBJEHHNE HUTPOCOEAMHEHNN

AnudaTtuyeckre U apoMaTHYeCKHe HUTPOCOEIUHEHUSI BOCCTAHAB-
JNIMBAIOTCA ¢ 0Opa30oBaHUEM MEPBUYHBIX aMHHOB. DTOT METOX HauGonee
BaXEH I apOMaTUYECKMX HUTPOCOEIUHEHHA, KOTOPBIE ITONYYaIOT IIpsi-
MBIM HMTpOBaHMEM apeHoB (cM. IL. 13, u. 2). BoccraHoB/IEHUE MOXET
GBITh BBIIOJHEHO KaK C IIOMOLIBIO KAaTAJIMTHYECKOTO I'MAPHPOBaHMS,
TaK ¥ NpH ASHCTBUM pa3sHOOOPa3HBIX BOCCTAHOBUTEJIbHBIX ar€HTOB, Ta-
KHX KaK XeJIe30 ¥ COJIStHAsI KMCJIOTA, OJIOBO M COJISTHAsT KUCIIOTA, THXJIO-
PMI 0JIOBa U COJISIHast KMCJIOTa W Ap. BoccTaHOBNIEHHE apOMaTHYECKHX
HUTPOCOEAMHEHUH onpobHO paccMmaTpuBaetest B . 20 |, anech xe Oy-
IyT TIPUBENEHBI TOJLKO HEKOTOpbIE, HauboJiee TUIIHUHbBIE PUMEpbI:

@ Fe + HCI ©/ (74%)
"GHOH

(57%)

TunpocynbGua U MOMUCYIb(HUL HATPUS LIMPOKO MCHOJB3YIOTCH IS
BOCCTAHOBJIEHHUS OHOM U3 IBYX HUTPOTPYIIN B apOMATUYECKOM KOJIbLIE:

NasH _ (79-85%)
CH,OH
NO,
Na254
H,N NO, H,)N NO, (52-58%)
C,H,OH .
0, H,N

Anudatuyecke HUTPOCOEAMHEHUS TAKXE MOTYT GBITh BOCCTAHOBIIE-
HBI 10 IEPBHYHBIX AMUHOB. Haunyuilne pesynbraThl JOCTHIAIOTCA [IpU
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NPUMEHEHHUH B KAYECTBE BOCCTAHOBUTENS CUCTEMEI NOPOWKO0GPA3HOe
Hcene3o0 — cyavgham xcenesa (1) B BosHON cepHOI KMCIOTE:

Fe; F
HOCH,—C-NO, —=-0% HOCH,—C-NH,
CHy™ CHy S CH;” CH;
CH;(CH,)sCHCH ﬂoz, CH;(CH,)sCHCH Fe; FeSO,
TR avoa SRS 01,50,
Br N02

— CH3(CH2)5(IJHCH3-
(90%) NH

OnHAKO BOCCTaHOBJIEHHE HUTPOATKAHOB HE MOJYYUIO IUIMPOKOIo
pacHpOCTpPaHEHHS, ITOCKONbKY anudarnyeckue aMMHb — Bolee Ko-
CTYIIHBIA KJIAaCC COEAMHEHHH, YeM HUTPOAIKAHEI.

19.5.9. IIOJIYYEHHE [TEPBUYHbBIX AMHHOB
N3 KAPBOHOBLIX KHCIOT.
HEPErPYIIITHPOBKH T'O®MAHA, KYPIINYCA N IIMUJATA

3ra rpymnia poacTBEHHbIX MePerpyIimnupoBoK Obl1a paccMOTpeHa
panee, B 1. 18, u 6yaeT paccMaTpHBaTheA B I1. 26. 3AeCh MBI OTpaHU-
YUMCS TeM, YTO IpHBeOeM HecKoyibKo npuMepoB. IleperpymmuapoBka
T'opmana ucronb3yercs ML MPOMBILWICHHOTO MOMydeHHUs: ¢eHTep-
MHHa — Iperapara, pe3ko MOHMXAIOUIEro alnileTHT:

NaOH, Cl,
CsHscHz_C(CHg‘)Z—CONHz _—€> CﬁHSCquCH:;)zNHz .

H,0, 0—20° perropMIth

Peaknuio IIIMHATA MOXHO NPOUATIOCTPUPOBATE CIEAYIOHIUM
pUMeEPOM:

H,N; 40°C
l{———-—————-———.
CH,(CH,),,CO0 C.H,, 1,50, CH;(CH,)sNH, (96%).

XoTs UCXOBHBIE BElUECTBA IS 3TUX IEPerpynnUpoOBOK pasiUYHBI,
KJTIOYEBbIM MHTEPMEIUATOM B KAXKIOON U3 HUX SIBISIETCS aLWJIHMTPEH,
KOTOpBIl 3aTeM MeperpynnvpoBeiBaeTcad B M3oumaHar. MsouuaHar
rocje TUAPOIU3a U JeKapOOKCHNIUPOBAHUSA KapOaMUHOBON KUCIOThI
[IpeBpalliaeTcs B AMMH.
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19.6. XAMHWYECKHUE CBOMCTBA AMMHOB

HenogeneHHast mapa 3JIEKTPOHOB aTOMa a30Ta aMHMHOB OIpefie-
JIAIET CBOMCTBA 3TOTO KJIacca COEAUHEHMH KaK HyK/IeodHIbHBIX areH-
TOB. AMMHBI HTPAIOT POJib AKTUBHBIX HYKJI€O(UIIOB 10 OTHOULIEHUIO K
CaMbIM pPa3HOOOpPa3HBIM 3JMEKTPODHUIBHBIM LIEHTPaM: sp3- u spz-rn6-
PUIHOMY aTOMY YIJIEPOJia, ATOMY cepHl CYIbHOHUNTATIOTeHUAOB, a30Ty
B XJIODUCTOM HUTpO3uie viM okcune aszota (I11) u apyrum snexrpo-
bUNBHBIM LIeHTpaM. MHOTHE U3 3THUX peaKuHuil yxxe 65U paccMoTpe-
HBI B JpYI'MX [JIaBaxX U pasjienax.

19.6.1. ATIKMJIMPOBAHHE AMHHOB

B pasngene, NocBAILIEHHOM NMOJYYEHHIO AMUHOB, OITHCAHO AJIKH-
JIMPOBaHME TEPBUYHLIX, BTOPUYHLIX ¥ TPETUYHBIX aMHHOB AJIKHUIra-
noreHunaMu o F'odmany. DTy peakiuio cregyeT pacCMaTpUBaTh KaK
HYKI1eohHIbHOE 3aMEILeHUEe Y HACBIILIEHHOIO sp3-m6pu,uﬂoro aroMa
yriaepona . B kauecTBe nmpuMepa InpuBeIeM ITONYYeHHE YETBEPTHYHBIX
CcoJIeii aMMOHMSL:

(#-C4Ho);N: + CH;CH,CH,CH,Br I%‘é’"

—= (CH,CH,CH,CH,);N®Br® (95%);

(CH;CHg:N: + CgHsCHyCl S22

—= C¢HsCH,N®(CH,CH;);CI°® (87%);

ANKWIMpOBaHHE aMHHOB CJIENYET IIPOBOAUThL B OUIIONSPHBIX alpo-
TOHHBIX pacTBopuTeax: aueToHuTpwne, IM®A, a He B cnupTOBO#
cpene. DTo MO3BONSIET PE3KO YMEHBILIUTh BpeEMsI IIPOBEAEHUS peakLiuu
¥ YBEJIMYUTD BBIXOJ COJMM TeTpaankKuiamMoHus. OGMeHHOM peakiyei
raJIOreHUAOB TETPAaJKHJIAMMOHUA C TMAPOKCUIOM cepebpa B ciupte
unu OMHAapHON cucTeMe cIUPT-OeH301 MOJyYyaloT TMAPOKCHUIBI TET-
PaaJIKWJIAMMOHHMS C KOJIWYECTBEHHBIM BhIXOJOM:

criupr—6eH3on
—_—

@O
+
R4N™CI AgOH 0—20°C

R,N®OH® + AgCl .
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19.6.2. AIILITMPOBAHUE AMMHOB.
ITOTYYEHME AMBAOB KHCJIOT

ITepBuyHbIle U BTOpUYHbIE AMUHBI PEarMpPYIOT C rajiorTeHaHTH/-
PUOAMH, aHTHAPUAAMH U CIIOXHBIMHM 3¢HUpamMu KapGOHOBBIX KMCJIOT
¢ obpazoBaHueM aMHUIOB. Bee aTH peaklMu Hano KiaccHpULMpOBaTh
KaK HyKneodHJIbHOE 3aMelleHue y KapOOHMIBHOTO Sp>-rHGpUAHOTO
aTOMa YTiepona, UX MeEXaHHU3M U NpUMeHeHKe B CHHTE3e aMUIOB pac-
CMOTpeHH! B r71. 18.

Py

CGHSC/ <ot 2(CHy),NH- 2l

CsH;CON(CH,),
(92%)

(CH,C0),0 + C4H,NH, ﬂy,f—’ﬂ» CH,CONHC,H, + CH;COOH .
} 0-20"C ;

(98%)

NCCH;COOCH,CH; + CH3NH; —HO—>
2
— NCCH,CONHCH; + CHgCHzOH
(88%)

19.6.3. BBAMMOJENCTBUE NEPBUYHBIX U BTOPHYHBIX AMHHOB
C KAPBOHMJIbHBIMH COETHHEHHUAMM.
MNOJYYEHHE MMMHOB H EHAMHHOB

ANBRETHAB M KETOHHI B peakliusax € NEPBUYHBIMHU U BTOPHUYHbBI-

MH aMHHaM# oOpasylOT COOTBETCTBEHHO MMMHBI M €HaMHMHBHI (CM.
. 16):

CH,COOH
CgH;CHO + C,H;NH, W CgH;;CH=NC¢H; + H,0;
(82%)
n-CH,C4H,SO;H
<:>:O+ HNC} tonyon, 110°C <:>_ <:] + H0.
(75%)

3TH peakKUUU ClelyeT pacCMaTpHBaTh Kak HyKJleodMWIbHOE MpHcoe-
JIUHEHHE 110 KapOOHWIBHOM IpyIlIe.
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19.6.4. B3BAUMOJIEVICTBHE AMHHOB C CYJILOOHWITATOTEHHJIAMH.
TECT XHHCBEPTA

IlepBUYHBIE ¥ BTOPUYHBIE AMMHBI PEATUPYIOT C CYJIbhOHMITAIO-
reHugaMu ¢ obpasoBaHUeM cynbdhaMULOB.

i
ArSO,Cl + RNH; —> Arﬁ-NHR;

I
AISOCl + RNH ——> AS-NR,
o)

MexaHu3M oOpazoBaHUs CYIbHAMUIOB AHATOTHYEH MTOJYYEHHUIO aMH-
OB U3 aLIUATANOreHUIOB U aMUHOB. [lonyueHue cynbdaMuaoB JeXuT
B OCHOBE YHMBEPCAJILHOIO TECTA Ha TepBHYHBIE, BTOPUYHbBIE U Tpe-
THYHBIE AMUHBI. DTOT NPOCTOM U OYEHb JOCTYIHEIH METOM pacIio3Ha-
BaHHMA aMHHOB 6bUI mpemioxedH B 1890 r. O. XuHcOGeproMm U HocHT
Ha3paHue Tecta XuHcbepra. CMech HccleayeMoro aMMHa U OeH3ou-
cynbdoxnopuna CgHsSO,Cl wnn n-tonyoncynsgoxnopuia BCTPSXU-
BAIOT ¢ U3OBITKOM XOJIOZHOIO BOLHOTO PACTBOPA TMIPOKCUIA HATPHS.
Yepes 10—15 MMH cMech MOAKHUCITIOT 10 SIPKO BBIPAXEHHON KHUCIOMK
peakuuu. IlepBuyHEle, BTOpHYHbIE U TPETUYHBIE AMHHEI TI0-PA3HOMY
BelyT cebs1 B 3TOM OBYXCTaguiiHOM npolecce. [lepBUYHbIE aMUHBI TIPH
B3auMonecTBUM ¢ OeH30/cyapOXIOPUAOM JAI0T N-3aMELICHHBIC
cyJibaMuIbl, KOTOPBIE COLEPXKAT MPK aTOME a30Ta JOCTATOYHO «KHC-
JIBliA» aTOM BOJOPOJA, U PacTBOPSIIOTCS B BOJHOM 1lieJIOYU C 00pa3o-
BaHHEM TOMOTEHHOIO pacTBOpa HaTpueBoil comM cyiabdamuna. Ilpu
MOAKHUCJIEHHUU M3 3TOro pacTBOpa B OCAKOK BbINANAET HEPACTBOPH-
MbIif B Bone N-3aMellleHHbIA cyabdaMun:

O
NaOH i H | NaOH_
CsHsSO,Cl + RNH; —HZO—> C6H5ﬁ-N\R 0
o) 0

e ® H il
—_— C6H5|SI.-NR Na W C(,HsﬁNHR

2

pPaAcCTBOPUM HEPACTBOPUM
B BOIC B BOIC
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BTopuuHbie aMUHBI pearupyioT ¢ 6eH30.1cyIbGOXTOPUIOM B BOJI-
HOM pacTBOpE LUEIOYH ¢ oOpazoBanueM N,N-au3aMelieHHOTO CYJlb-
cdamuna. OH HepacTBOPMM B BOAHOM ILIEAOYM, TaK KAK HE COREPXHUT
KHCIOTO0 aroMa BOJODOAA Npu azoTe. [loaKuUCIeHHE peakIMOHHOM
CMECH B 3TOM CJlydae HE BhI3bIBAET HUKAKUX BHEUIHHX U3MEHEHHIl:
N,N-gu3amenleHHbit cynbgaMua ocTaeTcss B BUAE OCalKa.

NaOH
C¢HsSO,C1 + Ry;NH _H—(;_’ C¢HsSO2-NR; |
2

HepacTBopuMblii B Bolle TPETUYHBIA aMHH He NIPETEPIIEBaeT U3MEHe-
HMH Tpu 00paboTKe BOJHBLIM PACTBOPOM ILUENOYH; obpasyoimiics
repBOHAYIBHO HOHHBIH N-6eH3oncynsdonmn-N,N, N-TprankuiaMm-
MOHUMXJIODUA pacIUeIUIsIeTcs IoA AeiCTBUEM THAPOKCHI-UOHA IO
6eH3oncynbdoHaTa HATPUS U TPETHYHOTO aMMHA:

NaOH

@ ©
CeHsSO,Cl + RN ——>  [CgHsSO-NR3] CI T o

—» (C4zHsS0,-ONa + NRj3;

Ilpu MOOKHMCAEHUH peakilMOHHOM CMEeCH TPETHUYHBIH AMWH PacTBO-
psteTcs BCliecTBUe 06pa3oBaHUs paCTBOPHMOIL B BONE COJM:

® o
R;N + HCl — RyNHCl

CynpdaMunsl HaLUIK IpMMEHEHEe B XMMHOTEPAITMH 11OC/IE TOro,
Kak B 1935 rony Oputo 06HapyXeHO, YTo aMuA cynbdaHuIoBOH Kuc-
snotet n-NH,CcH4SO,NH, o6nanaer CHIBHBIM aHTHCTPENTOKOKKO-
BBIM JIeCTBHEM. DTO UCKIIOUMTEIBLHO BAXXHOE IUISI COBPEMEHHOM Me-
HWLUHB U XUMHUOTEPANMU OTKPBITHE OBLUIO CHENAaHO COBEPIUEHHO
cnayqaitHo. MicTopus ero Bkpatue TakoBa. Jloyb OZHOIO U3 COTPYAHH-
KOB KpPYIHOK (hHUpMbl, IIPOU3BOJSILEH a30KpacUTENU, B pe3ynbrare
6ynaBOYHOIO yKoja BHecsa cebe B KpOBb CTPENITOKOKKOBYIO UHeK-
uupo. OHa 6bIa yXXe HNpakTHYecKM oOpedeHa, KOrAa OoTel Haynayy
PUCKHYJ JaTh €if JO3y [IPOHTO3MJia — OQHOIO U3 KPAacHTEsei, Bbl-
NnyckKaeMaix ero ¢pupmoil. PaHee npoHTO3MI 66U C YCIIEXOM HMCITBITAH
Ha MBIUIax, [A€ OH MONABISUL POCT CTPENTOKOKKOB. CIYCTsI KOPOTKOE
BpeMsl IEeBOYKA IOJHOCTBIO OnpaBwiach oT 6ose3HH, 4To nodyauno
3. ®ypHo B [1acTepoBckoM nHeTUTYTE B [lapyuxke 3aHSThCS peLIeHU-
€M 3Toi1 YynoneicTeeHHOM npobneMsbl. @ypHO 06HAPYXMII, YTO B Opra-
HHM3ME YeJIOBeKa NPOHTO3W, MOJAYYHUBLUMA Ha3BaHUE KPacHBIH CTpert-
TOLIMI, pacluervissercss ¢pepMeHTaMu 0o n-aMUHobOeH3oJcynbdamMuna,
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KOTODPBIN U ABNSETCSH UCTUHHBIM LEWCTBYIOLUMM HAYaJIOM [IPOTHB pa3-
JIMYHBIX CTPENTOKOKKOB, [THEBMOKOKKOB 1 TOHOKOKKOB. AMHJ CYJib-
$aHNUIOBO! KMCIOTHl MOJNYYWI Ha3BaHHE JIEKAPCTBEHHOIO Nperapa-
Ta 6€JIBIA CTPENTOLIMA!

NH,
_ ¢depmeHTaTHBHOE
HyN N —N—<C:>>—SOZNH2 pacilieniieHne
NPOHTO3MI

(<pacHbIii CTPETTOLIK)

) NH,
— H)N @—802NH2 + HoN ‘@‘NHZ
cy b aHunaM U
(Gemplii CTpENTOLME)

BTO OTKPBITUE BHI3BAJIO JIABUHOOOPA3HBINA MOTOK HCCNEeNOBAHUM aK-
THUBHOCTH Pa3JIMYHbIX Hapa-aMUHOOEH30JICYNb(PaHUIaMUOOB, Pa3JIn-
yaouuxcs Juiib npupogoit 3amecrurens X B n-NH,C4H,SO,NHX.
M3 npumepHo 10 ThiC. TAKMX IMPOM3BOAHBIX, MOJYYEHHBIX CHUHTETH-
YECKHMM ITyTEM, B MEIMLIMHCKYIO IPAKTUKY BOIIUIO MEHEE TPUILIATH.
Cpeny HUX XOpOLIO 3HAKOMBIE IO CBOMM TOPIOBBHIM Ha3BaHUSM Jie-
KapcTBeHHBIE Mpenaparsl: cyabPuxuH, Hopcynbdason, cynbdanume-
34UH, 3Ta30], cyib¢daruMeToKcHH, ¢raiason U gp. Hekoroprie us
HuX ObUIM MOAYYEHBI O BTOPOH MMPOBOM{ BOHHBI M CHACKM XHU3Hb
COTEH TBICSY JIIOAEH, INMOABEPIILMXCS TIOCIEe PAHEHHUS! BOCIAIUTED-
HbIM IIpoleccaM NHEBMOKOKKOBON M CTPENTOKOKKOBOM ITPUPOIBI.
Huxe npuBeseHbl HEKOTOPHIE U3 COBPEMEHHBIX CYIb(paMUIHBIX IIpe-
raparos:

OCH;,
N= N
n-NHCEHSONH—( N /Lj
n-NH,C¢H,SO,NH™ S
Cy b aIMEeTOKCHH OCH; HopcyLazon

N—N

LA

n-NH,C¢H;SO,NH S C,H;
3Tason
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CH,

N cd
A
n—NH2C6H4$OZNH N

cybdammesny

CH;,

CynndamunHpie npenaparthl TOAYYAIOT IO WIEAYIOLIE THIIOBOM cxeMe:

(CH,C0),0 CISO;H; r
CeHsNH, i C¢HNHCOCH; ~—2—»

— CH3CONH©—SOZC1 MK, cmcorm@somﬁx
HCLZ, NHz@SOZNHX
H,0

Bce a1t nmpenaparthl NoOgo6GHO «4yXECHOM Iyne» (TEpMHH BBENEH OC-
HOBOIIONIOKHHKOM XuMHoTepanuu 1. BpiauxoM) METKO MOpaxaior
0aKTepuu U He HAHOCAT Bpelda XUBBIM KJIETKaM.

XoTs1 MEXaHU3M JeHACTBUS IEKAPCTBEHHBIX [IPENapaToB B OOJNBIIHH-
CTBE CITy4aeB JeTalbHO HEM3BECTEH, CYIb(PaHMIaMII IpeJCTABNACT peji-
Koe uckmodeHue. CynbdaHwiamug yousaer 6akTepuM, BKIIIOYAsCh B
6uocuuTes onuepoit kucnorsl. CuHTE3 QONHEBOM KUCIOTH YPE3BBI-
YaiHO BaXeH IS XU3HEAEATENBHOCTU OakTepuit. JKUBOTHBIE KIETKH
CaMU He clIocoOHBI CHHTE3MPOBAaTh (ONMEBYIO KHCJIOTY, OOHAKO OHA
SIBJIIETCSL HEOOXONMMBIM KOMIIOHEHTOM B HX «palHoHe». BoT moyemy
cynbhaHwIaAMH TOKCUYEH IS OaKTepuil, HO He LI YeJIOBEeKa.

oF
. 0
N CH I—NHD-C—;NH-(IJHCOOH
)\ :  CH-CHy" COOH
H;N ! E
NPOM3BOIHOE E n-aMHHO6eH- E Ty TAMUHOBAS
NTepHIMHE , 30fHas : KHCROTA
: KUCIOTA :
i

doreBas KHCIIOTA
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H /H-_ll H_ _H--

N N
6,7A 69A
C 0=8=0--
7N v
H=0 ©O-- o ' NH;!
- : :
2,3A ' '
2,4A

Puc. 19.1. CtpykrypHOe nogobue napa-aMMHOGEH30MHON KMCIOTHI U
cyabpdaHunamMuia

®onueBy0 KUCIOTY MOXHO IpPENCTaBHTh COCTOSIIEN M3 TpeX
¢dparMeHTOB — NIPOU3BOAHOIO NTEPUIMHA, MOJIEKYJb! napa-aMUHO-
OeH30MHOI KUCIOTHl ¥ [NIyTAMUHOBOH KHCIOTHI (BECbMa pacrpocT-
paHeHHON aMUHOKHUcNOTH). CynbdaHuwiamun MelnaeT OGUOCHHTE3Y
¢onueBoit KUCIOTHI, KOHKYPUPYS C hapa-aMUHOOEeH30HHON Kucio-
TO¥ 32 BKJIIIOUEHUE B MoJieKyy donueBoit KkuciaoTsl. I1o cBoel cTpyK-
Type M pa3MepaMm cyibgpaHUIAMHUI M n-aMHHOOEH30MHast KUcnoTa
oyeHb OmM3ku (puc. 19.1), yTo no3possgeT MoneKyne cyabhaHuIaMu-
Jla «BBECTH B 3abiyxaeHue» pepMEeHThI, OTBEYAIOLINE 32 CBSI3bIBAHUE
BCEX TpeX yacredl MoJieKyanl ¢onueBoil KMCIOTH. Takum obpa3om,
cynbdaHUNIaMUI 3aHUMAET MECTO Napa-aMUHOOEH30MHON KMCIIOTHL B
WIOXHOM» MOJIeKye GoIMeBOH KMCIOThI, KOTOPAs He criocobHA BbI-
TIOJHATh XU3HEHHbIE HYHKIMY UCTHHHOM doNueBO KMCHOTH BHYT-
pu Gakrepuu. B 3TOM M 3aKmioyaeTcs ceKpeT MpOTUBOOAKTEPHANBHOM
AKTUBHOCTH CyJIb¢aHUAAMHAA K €r0 CTPYKTYPHBIX aHAJIOTOB.

OTKpbpITHE MeXaHU3Ma IOeHCTBUS cyabdaHWIaMUIa IPUBENO K
OTKPBITHIO MHOTHX IPYTUX HOBBIX aHTUMETA601HUTOB. OGUH U3 HUX —
MeToTpeKcaT, obnafalomui IpKo BbhIpaXXeHHO! NPOTHBOOITYXOJIEBOM
aKTUBHOCTBIO. HeTpyaHO 3aMeTUTD ero GJIM3KYI0 CTPYKTYPHYIO aHAJIO-
rvio ¢ ponreBoil KUCIOTOM:

0]
]
Ny CH2 O—C—NH-(IJH COOH

)\ CH; CH,~CHz- COOH

NH,

METOTPEKCAT
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19.6.5. BBAUMOJEAICTBHE AMMHOB C A30THCTON KUCJIOTON

BaxHo! KayecTBeHHOM peakiuei g uaeHTUDUKAUUMA [TEPBUY -
HbIX, BTOPUYHEIX X TPETUYHBIX aMUHOB SIBJISIETCH peakilds ¢ a30THC-
TOH KUCIOTOR. AnUpaTHYeCKHe U apOMaTHYECKUE aMHHbI Pa3IHYHO
BeAYT cebs B 9TON peaKUMH.

Tpetuynbie anudaruyeckue aMUHbI OOPATUMO PEarupyloT ¢ a30-
THCTOH KMCIOTOH ¢ 06pa3zoBaHMEM COMM aMHHA U N-HHTpO30aMMO-
HUHHOHN COJIHU:

® O ®
RsNH Cl + R3sN-N=O.
cie

2R3N + 2HCI + NaNO,

Cony N-HATPO30TPHATKUNAMMOKMA OTHOCUTEABHO CTAOMIIBHBI TOJIBKO
Huxe 0°C; nmpu HarpeBaHMH OHM pa3NArarTcs ¢ o6pa3oBaHUEM Kap-
GOHMWIBLHOTO COeMUHEHUST U N-HUTPO3ONPOU3BOJHOIO BTOPMYHOTO
aMMHA. DTa peaklysI He HMEeT HU CHHTETHYECKOIO, HH aHAJIMTHYEC-
KOFO MPUMEHECHUS.

BropuuHsie anudarudecKue aMUHBI IIPH B3aMMOIECTBUHU C 430-
TUCTOM KHKCIOTOM HAKOT XEATOro HBeTa N-HUTPO30aAMHMHBL

0-5°C
R;NH + HC] + NaNO,

R;N-N=0 + NaCl + H,0;
2
N-HuTpo3zoaMuH

(CH;)zNH + HCI + NaN02

(CH3),N-N=0 (88%).
2

AHANOTHYHBIM 00pa3oM pearupyloT M BTOPHYHBIE ApOMATHYEC-
KHe aMMHBI, HalpuMep:

C¢HsNHCH; + HCI + NaNO, CeHN—N=O0 .
2 c':H
3

(90%)

N-Hutpo3oaMuHbI 00712J2I0T CHIIBHBIM KaHIIEPOTEHHbBIM NEHCTBU -
€M, 4YTO cielyeT UMEThb B BMAY He TOJBKO IIPK paboTe ¢ ITUMHU Coelu-
HEHMSIMH, HO TaKXe MpH MOTpeGAeHUH KOHCEPBUPOBAHHOMN BeTUM-
HbI, OKOPOKA, TOBSAMHLI H OPYTHX MICHBIX KOHCEPBOB, COAEPXAaIUX
HUTPUT HATPHA B KayecTBe KOHCEpPBAaHTA. DTH MPOAYKTHI MPH IUTU-
TEAbHOM XpaHeHUH conepXat N-HUTpo30aMUHbI, [Toydaloumecs npu
HUTPO3UPOBAHUM aMHHOB, CONEpPXAUIMXCS B MSCE.
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[Tpy B3aUMOLENCTBUU MEPBUUHBIX aTUPaTHIECKMX aMUHOB C a30-
TUCTOM KUCJIOTOM [epBOHAYAIBHO 10J1yYaAlOTC KpaitHe HecTabWIbHbIE
anndaTHIecKue CoIM IUa30HUs, KOTOpble CAMOIIPOM3BOJILHO paanara-
tores gaxe pu —100°C ¢ oTiuerieHMeM HEATPAILHOM MOJIEKYJIBI a30Ta
M ob6pa3oBaHueM OYeHb peakIIMOHHOCIOCODHOro («ropstiero») Kapbo-
katvoHa. KapGokaTroH 3aTeM cTabiwimsrpyercs: oObIYHBIM 06pasoM aubo
3a cYyeT OTLLEIUIeHMS [POTOHA, MO0 3a cueT B3aMMOIEICTBUS C BOLOI
WM ApyruM HykKJeoduioM. «[opsumnit» kapOboKaTHMOH MOABEpPraercy ce-
PUY MEPErpyNIMpPOBOK, CONPOBOXIAIOUINXCS MMIpaluer aJKWIbHBIX
TpYII WIM I'MApUa-moHa. [IpoxyKTraMu fe3aMMHUMPOBAaHMS NEPBUYHBIX
AMMHOB OOBIYHO SIBJISIETCS CJIOXHAS CMECh CIIUPTOB U &KEHOB, KaK 3TO
MMEET MECTO, Harnpumep, MpU Ae3aMUHUPOBAHUM H-OyTWIaMHUHA:

0C
CHy(CHy);NH, + NaNO, + HCl—+ CH,=CHCH,CH, +

20 (26%)
+ CH,—CH=CH—CH, +
(10%)
+ CH,(CH,),0H + CH3ICHCH2CH3 +
(25%) OH (13%)
+ CH,(CH,),Cl + CH3FHCH2CH3
(5%) Cl (39%)

[MosTomy ne3amuHMpOBaHUE NMEPBUYHBIX ATUGATUYECKMX AMUHOB He
HMMEET IPECHAPATUBHOTI'O 3HAYCHMUSI, HO UIpACT BAXHYIO POJIb B (bI/IBI/I-
YeCKOA OpraHUYeCcKOH XMMHUU KaK YHMKalbHbII METON TeHepUpOBa-
HHUS c1abo CObBATUPOBAHHBIX «TOPSYMX» KApOOKATUOHOB.

B ominyue ot anudaruyeckux aMHUHOB, NMPH B3aUMOAEUCTBUM
NMEPBUYHBIX APOMATUYECKUX AMUHOB C a30THCTOM KUCJIOTOM B MSITKUX
YCIIOBUSAX TIOJIY4aiOTCSI BECbMA CTaOMJIbHbBIE COJM APEHOUA30HMS, OT-
4ero ¥ caMa peakuusi MOJy4WwIa Ha3BaHUE peaklMy JUA30TUPOBAHMSI:

0-5°C @ S
AINH, + NaNO, + 2HX o Ar—N==NX + NaX + 2H,0 _
2

DTa MCKIIOYMTENILHO BaXHAs peakuus OyaeT nmoapo6HO paccMOTpeHa
B ra. 20.

Unentudukauus nepBUYHbBIX, BTOPUYHBIX U TPETUMHBIX AMHHOB
¢ nomotbio Tecta XuHcbepra ¢ 6eH30ACYyNbGOXIOPUAOM MPEICTAB-
JisieTcsi HaMHOro GoJjiee MPOCThIM, HANeXHbIM, OMHO3HAYHBIM M, YTO
O4YEHb CYLIECTBEHHO, Oe3onacHbIM criocoboM aHaju3a Io -CpaBHE-
HUIO C METOIOM, OCHOBAaHHBIM Ha B3aWMOAECUCTBMU aMUHOB C a3o-
TUCTON KHUCJIOTOH.
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19.6.6. TATOTEHUPOBAHHME AMUHOB

ATOMBI BOAOPOJAA AMUHOTIPYIIIIB! [IEPBUYHBIX M BTOPHYHBIX anuda-
TUYECKMX aMUHOB JIETKO 3aMeLIaloTCs Ha rajioreH Iron HefCTBUEM T~
[IOrajIoreHuTa HaTpUs B BOAHOM PACTBOPE B OYEHb MATKHX YCIOBHUSIX:

0-5°C
RNH,; + 2NaOCl T()—» RNCI,
2

R,NH + NaoCl 22Ca R,NCI
H,0

B npenapaTuBHOM OTHOILEHUM Goliee YXOOHLIM peareHTOM IJIsl BBE-
JNEHUST XJI0pa SIBNAETCA mpem-GyTHITHIIOXIOPHUT:
R,;NH + (CH;);COClI —5%’%-> R,NCl1 + (CH,);COH

19.6.7. OKNCJIEHUE AMHHOB

Bce amMuHBI CPABHHUTEJIBHO JICTKO OKUCJIAIOTCS U3-3a CBOEH OCHOB-
HOM IIpUPOOHI. Jlerue Bcero OKMCIISIOTCSE IO OKCH/IOB TPCTHYHBIE AMHUHBI.

® O
RsN + H,0p ——> R3N-—>0 + H,0.

B kauecTBe OKMCIMTENEH B 3TOM peaklMK MOXHO UcIob3oBaTh 30%-it
pacTBOp MepeKUcH BoJOPOJa B BORE UM OPraHUYECKHE IEPKUCAOTHI
B aNpoTOHHOM! MHAMdEepeHTHO cpene:

H.O ® ©
(C2Hs);N + Hy0, —0-_-_—22—0? (CoHs:EN -0 (95%)
H,0

+
(Csz)zNCHgCH)N(CzHS)z H202 0__20.(:

@ ®
— (C;Hs)NCH,CH,N(C,Hs),

S (92%) 0®
CH,Cl,
N(CH3), + CO3zH ——(‘)-;6—*
Cl
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®
— @—N(CH3)2 + CO,H

9%
@o( ) Cl

30°0HO
@-gn N(CHy), 20 @—CH-N(CH3>2

Jna N-oxuceil TpeTUYHBIX AMMHOB HEBO3MOXHO 3anucath ¢op-
MYJy, HE COAEpXKallylO 3apAaoB. ITH COeAUHEHMS OTHOCATCA K pas-
psiny OUMOJAPHBIX MOHOB. HecHMMMeTpHYHO3aMelteHHble N-OKHCH
TPETUYHBIX AMUHOB MOTYT OLITh pa3fieJieHbl Ha 3HAHTHOMepHEIe dop-
Mbl. Brieperie 310 yaanocs ocylectBuTh 5. Meitsenreitmepy B 1906 r.

©
@ L0
ms CeHs—NT
CH3CH2/ CHj3

N-OKHCH TPETUYHBIX AMUHOB MOXHO CHOBA TIEPEBECTH B AMHHBI
npu neucreuu tpudenunndocdrHa KaKk BOCCTAHOBHUTEIS.

IIpu okucieHUH BTOPUYHBIX aMUHOB Beiien 3a obpa3oBaHueM N-
OKHCH IIPOMCXOAMT MUIPALIMs MpOoToHA ¢ obpasoBanuem N,N-xuan-
KUJITUAPOKCHIAMKHA ¢ YMEpeHHbIM BoixogoM oT 40 mo 80%:

HCOOCH
¢ NH + H,0, — (  N—OH (73%)

IlepBuuHbIEe aMMHBI OKUCISIOTCSI HAMHOTO CJIOXHEE, TTOCKOJIBKY
B 9TOM ciy4dae obpasyolieecs NpOU3BONHOE THAPOKCUIAMUHA MOXET
Jlanee OKMCIATHCA 10 HUTPOZOCOEAUHECHUM B COOTBETCTBUHU CO CIERY-
IOLEN TOCNEeA0BATE/IbHOCTBIO PEeBPALLCHUM!

OH
RNH, ——> RNH-OH —— RN:OH — R-N=0;

CH;CO;H
H3—©—NH2 ﬁ—% CH3—©—-N=O (73%);
2
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an HaJIUYHUKA aTOMa BOAOpOAA NMpH C-YrAEpOAHOM aTOME HUTpPO30-
CO€NMHEHHE U3OMEPHUIYETCA B OKCHUM!

H,S0
CoHsCH—NH, —E C6H5C|3HNO ——> CeHsC=NO

Ilpu neiicTBuM Gosee CHIILHOrO OKMCIUTENST — TpUPTOpIEpyKCyC-
HOM KUCJIOTH! — MEpPBUYHbIE aMUHBI OKHCASIIOTCA Oonee rnyboko 1o
HUTPOCOEIMHEHHH. DTOT METOR TTOJIYYEHHUSI HUTPOCOEAUHEHH UMeeT
NpaKTUYECKOe 3HAYEHMHE IJISA MOJYyYeHUS HUTPOANKAHOB C TPETHY-
HbIM IKWIBHBIM panukaaoM. Ocobylo LieHHOCTh OH NmpHuobpen s
CHHTE3a apOMATHYECKUX HUTPOCOENUHEHUI, CONepXAllMX B 0- WU
N-TIOJIOXKEHHUH IEKTPOHOAKLENITOPHBIE 3aMecTUTeNi (cM. ri. 20):

CF,COH
ogv—@)?—r\m2 ——ﬁi—— OZNQNOZ (88%);
50°C

NO, NO,
CF;CO;H
O,N NH, W O,N NO, (86%);
50°C
Cl Cl
CF,CO;H
Cl NH, ————> NO, (92%);
2 CH,Ct, 2
50°C
Cl Cl
CH; CH;, CH, CH,
KMnO,
H3C_C—"CH2'—"C”—'CH3 alleTOH—BOa H3C_C—CH2——'C'—CH3 .
50°C '

CH, NH, CH; NO,

(69—82%)
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19.6.8. PACHIEILIEHHE THAPOKCH 0B
TETPAAJIKMJIAMMOHHA (II0 TOPMAHY)
M OKCHUIOB TPETUYHBIX AMHHOB (ITO KOYILY)

IMapokcHabl TeTpaalkuaaMMOHUsl 00pa3yloTcs MpU B3auMoOIeit -
CTBUM FaJIOTEHUIOB TETPAAIKUIZMMOHMSA C rHAPOKCUIOM cepebpa B
BOMHOI cpefe WAM B GUHAPHON CMECH, COCTOALLEH U3 BOABI M CMe-
LLMBAIOLIErOCA ¢ Hell OpraHuYecKoro pacTBOPHTENS:

® €]
B0, NR,0H + AgHal.

@® )

NRyHal + AgOH
Haubonee BaxHOe CBOMCTBO I'MAPOKCUIOB TETPAATKUIAMMOHUS 3aK-
JIIOYaeTcsl B OTLUEIUIEHHH MIPOTOHA M3 KATHOHA TETPaaiKMJIaMMOHHUS
MOA NeHCTBMEM THAPOKCUA-HOHA ¢ 06pa3oBaHMEM ajikeHa M TPHAJI-
KWJIaMHHA. JTa TUIIMYHAS peakuusi OUMOJNIeKYIIpHOTo E2-3TUMHUHU-
poBaHus OpL1a oTKpbITa A. ['odpMaHoM ewie B 1851 1. mpu HarpeBaHHUM
KOHLEHTPUPOBAHHOI'O BOJHOIO pacTBOPa M’MAPOKCHIA TETPAAIKMIAM~-
MoHus npu 100—150°C ¢ ogHOBpeMeHHOM OTFOHKOM alKeHa U Tpe-
THYHOTO aMMHA U3 peakIIMOHHON cMecH. HampasneHue 3 1MMHUHUPO-
BaHUS OISl 3TOH peakuuM noauyuHsiercss npasuwiy [odmana (rx. 10,
Y. 2), COIIaCHO KOTOPOMY IpPOAYKTOM IMMUHHPOBAHUS SIBJISAETCH
HaUMeHee 3aMEeLEHHBIN TPU JBOMHOMN CBA3M AIKEH:

N(CH),0

(CH,);,0H 100—120°C

X, e Omons Orons
CH,

(99%) (1%)

+ N(CH3)3 + Hzo M

120°C
CHy(CH);CHCH;  —~—= CHy(CH,);,CH=CH, +
2

N(CH;),0H (98%)

+ CH3CH2CH2CH=CHCH3 + N(CH3)3 + H2O .
2%)

Kak BUIHO M3 NMpUBENEHHbIX Bbillleé IIPUMEPOB, JUMUHUPOBA-
Hue no I'odpmaHy otnuyaercs ropasno GoJiee BLICOKOH peruocenex-
TUBHOCTBIO, YE€M HPOTUBOIOJIOXHOE MO HAMNPaBJIEHHIO IMUMUHUPO-
BaHME TanoreHOBONOPOAA M3 AIKWITAJIOreHUHoB no 3aiueBy Mmojg
NEeHCTBUEM MIPOKCUA- WU AIKOKCUA-HOHA, WIK JeruapaTtaius crmp-
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TOB, I'IE COOTHOLUEHHWE HETEPMUHANLHOIO U TEPMMHAILHOIO aJjike-
HOB pelKo OblBaeT Bbilie, yeM 4 : 1. DnuMmuHUpoBaHHe no [opmaHy
ABASIETCS JIyYILIMM METOLOM CHHTE3a MpaxHC-LUUKIOANKEHOB, Coaep-
Kalux gecstb M Oosee aToMOB yrieponaa B uukie (ri. 22).

Yro6bl M36exaTh 0OpPa30BaHUs CJOXKHOM CMECH AIKEHOB, HEOOXO-
IMMO TNPOM3BOOUTH OTLUEIVIEHHE TPUMETHIAMUHA U3 KAaTHOHA TpHUMe-
TUJIAIKWJIaMMOHHS, TaK KaK U3 JI000ro Apyroro HOHa aMMOHMSA TOJTy-
YyaeTcs CMECh 110 KpaitHeil Mepe ABYX pasjiMYHbIX AJIKEHOB, HAllpUMEp:

120—140°C

[O) €]
(CHyCH,CHy);N(CH,CH,CH,CH,),0H — o

—= CH,CH=CH, + CH,CH,CH=CH, + H,0 +
(63%) (37%)

+ GH;N(C4Hy), + (C;H;),NCyH; .

AnuMuHMpoBaHue no 'opMaHy MHOTAA MCMONB3YeTCS] B COBPEMEH-
HOM OpraHMYECKOM CHHTE3€, HanpuUMep LISt TOJYyYeHHs OHEHOB C
KOHUEBBIMH ABOMHBIMU CBS3SIMH M3 UMKINYECKUX AMUHOB:

1) CHJ 150"C
2) AgOH
N-H N(CH,)ZOH

A3AIMKIIOOKTAaH
1) CH,l
! 2) AgOH, H,0, 120C l *
N(CH,),

1,6-renranvex
+ N(CH;); + H;0.

TopMaHoOBCKOE paclueneHue TMIPOKCHAOB TETPAAJNKUIAMMOHUS
JIeXaj0 B OCHOBE 3JE€raHTHOIO CHHTE3a LMKJIOOKTaTeTpacHa, Brep-
Bble TTojiydeHHoro P. Bunbiuterrepom B 1911 r. B pe3ysnbrarte cieaylo-
ieH MocnenoBaTe/IbHOCTH TIpeBpallieHUH:

o) OH
Na H,S0,; CH;COOH,; t°
CH,CH,0H —-H,0
MICERAONENbTHEPUH (84%)
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. CH,I (CH)N\@ {6 AgOH; Hy0; tC
372

(96%)
@
(CH,),N (CH,;);N
O CH,l AgOH; H,0; t'C
(90%) (95%)
L Br, Br 2(CH,),NH
CHQL, ~2HBr
1,6-miprcoearteHle
(72%) Br
o) [€]
(CH;),N I'(CH;);N
. CH,l —
@ e
N(CH;), N(CHj;),1
(68%) 97%)
AgOH; H,0; t'C

+ 2N(CHy); + 2H,0.

(10—20%)

HcxonHbIM BELIECTBOM B 3TOM CHHTE3€ CIYXWI aJIKAIOUI NCEB-
noneabTbepuH (N-MEeTWITpaHATOHMH), BBLIEISEMBII M3 KOpbI rpa-
HatoBoro aepepa. CHHTeTHYECKast cxeMa BunblureTTepa TPHXIbI HC-
MoJjib3yeT 3JMMMHUHUpPOBAHME TpUMeTHNaMHHa no lodMmany Ha
PA3NTUYHBIX CTAOMSIX CO3MAHMUS COMpsDKeHHON cucremsl 1,3,5,7-1nk-
JiooKTareTpacHa. HecMOTpS Ha TO YTO BBIXOM HA OTAENBbHBIX CTAAMAX
nocruraetr 90%, cyMMapHBIil BBIXOJ, ONpelesisieMblii KaK Mpou3Bene-
HME BBHIXOJAOB Ha BCEX CTAaAMAX, He Ipesblan 3%.

[TonobHbIM e 06pa3oM ankeHB oOpa3yioTcs B pe3yabTaTe M-
MUHUpoBaHuA N, N-IuankKuiruapoKcuiaMyuHa U3 N-oKCHIOB TpeTHY-
HbIX aMHHOB (A. Koym, 1949 r.):
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1 R3

/ 100~150°C R\ /
C—C—R4 /T
7T ot o \ * (CH,),NOH.
H N(CHs)

©

OtwerteHne R,NOH npoucxoaut B pe3ynbraTe BHYTPUMOJIEKY-
JISPHOTO OTLUEIJIEHMS MPOTOHA OT BHLIMHAJIBHOIO aToMa yriepoaa
rpynmnoit R;N*—0~ kak ocHosanueM. ITo3ToMy TepMuyecKoe pac-
mennedue N-OKCUIOB TPETHYHLIX aMHMHOB IIpeACTaBjseT coboit
CUH-3THMUHUpPOBaHKE. B 9TOM COCTOMT OIHA M3 OTIMYMTEAbHBIX
ocobeHHocTel amuMuHupoBanus o Koyny, B otinune ot £2-s1u-
MHHHUPOBAHUS U3 TMAPOKCHAOB TeTpaaakuiaMMoHus no [ogpMany.
Hpyroe u 6ojee BaXHOEe OTAMYHE 33KIII0YaeTcs B 6oNee HU3KOM pe-
FHOCEJIEKTUBHOCTH JIMMHHUPOBAHUS M3 N-OKCHIOB aMHUHOB, TAe,
KaK IIpaBuIo, 06pa3yercs CMeCh M30OMEPHBIX ATKEHOB, Pa3IMIAIOLIMXCS
MOJIOXECHUEM JBOHHOHU CBA3M:

CH3 CH3 CH3
0-150°C
1207150 + (CH;),NOH.
N(CH3)2

CH(CH;), CH(CHj;), CH(CH,),
(64%) (36%)

8 I?(CH %

-
Cells ™ " 2 120c  CeHs

CH-CHCH; ——— “SC==CHCH, +
CHy” :Rogd

QH

CH CH=CH, + (CH;);NOH .
H;C

SHHMPIHHPOBaHPIe o Koyny HUMEET OrpaHUYECHHOE 3HAYCHHE A
NOJYYEHNST MpaHC-IUKIIOAJIKEHOB, COACpIKaLIHUX Gonee neBATH 3Be-
HbLEB B LIUKJIC.
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19.7. PEAKITUH BJIEKTPOOMIBHOI'O 3AMEINEHNA
B APOMATHYECKHMX AMMHAX

ApoMaTHYeCKKe aMHHBI COIEPKAT KOJIbIIO, aKTUBUPOBAHHOE VIS
pasHoOOpa3HBIX peaklUit 31eKTpOPUILHOIO APOMATHYECKOTO 3aMe-
weHud (cM. . 13, 4. 2). OTU peakuuu [ apOMaTUYECKHMX aMHUHOB
yIAETCS TIPOBOAMUTD B MSITKMX YCIOBHSIX M IO AEHUCTBUEM CJIA0BIX 3JIEK-
TpOPUIbHBIX aT€HTOB.

19.7.1. TAJJIOTEHUPOBAHHE

l'anoreHupoBaHHE apOMATHYECKHMX aMMHOB He Tpebyer npume-
HEHHMS B KayecTBE KaTajM3aTOpoB KUCHOT JIbloMca, TAKUMX KaK rajio-
reHUABI Xene3a WIX OJIOBa, M JIErKO HAET MoJ JeiCTBUEM MOJEKY-
JISIPHOTO rajioreHa. AHWIMH pearupyer ¢ OpoMoOM Kak B BOJE, TaK U B
OpPraHUYECKHUX PACTBOPHUTENAX Ype3BLIYAMHO JIErKO ¢ 00pa3oBaHHEM
2,4,6-TpubBpoMaHWIMHA. DTy peakuMIO HEBO3MOXHO OCTAHOBMTL Ha
CTaguMM MOHO- WJIM OTMUOPOMHUpPOBAHUS BCJIEHCTBHE OYEHb BBICOKOI
aKTUBHUPYIOUIEH crOCOOGHOCTH AaMUHOTPYHIBI, H 3aMelleHHe B apo-
MaTHU4YEeCKUX aMHHaX ITPOMCXOJUT BO BCEX CBOOOJHBIX 0- U N-TIOJIOXKE-
HUSIX, HAIpUMep:

NH2 Br NH2
H,0
Br, + _40—C> Br (75%)
COOH B COOH
COOH COOH
H,0
NH, + Ql, ——— C} NH, (69-78%)
40°C
Cl

[na BBeeHUS! OXHOTO aTOMA TAJIOreHa HeODXOAMMO YMEHBLIUTh aK-
TUBUpYIOLIee BIMSTHWUEe aMUHOTPYIIIbl. DTO JOCTUraeTCs €€ aAllIUpO-
BaHMEM C MOMOLIBIO YKCYCHOr0o aHMAPHIA WIH JPYroro aluuaupyio-
LLIEro areHTa:

(CH,COR0 NHCOCH oy
@‘NHZ 3 CH,COOH

50°C
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H,0"
—_— Br‘@—NHCOCPb — - Br NH,
Bona-cnup'r

XapakTepHoil 0COGEHHOCTBIO SIBASETCS CTPOTOe Hapa-OpHEHTHPYIO-
liee BIHSHUE allMIaMUHOTPYIHUIBL.

19.7.2. HUTPOBAHHUE

AHMWIMH Y JPYTHE ApOMATUYECKHE AMUHBI JIETKO OKUCHSIOTCS 11O/
IeiICTBHEM CMECH a30THOM Y CEpHOH KHUCIOTHI, a TaKXe pacTBopa
a30THOM KUCJIOTHl B YKCYCHOI KHCIOTE WIM YKCYCHOM AHTHIPHIAE.
[ToaToMy HHTPOBaHMIO MOABEPraiOT ALMIbHbIE MPOU3BOAHBLIE aAMH-
Hos. Ilpu 3ToM HaGIIONAIOTCA MHTEpeCHbIE Pa3InYMA B OPHEHTALMH
1Sl HUTPYIOIIUX areHTOB Pa3IMMHOA MPUPOIbIL:

HNO,
NHCOCH; ——* O,N NHCOCH, +
H,S0,

(90%)
+ NHCOCH, ;
NO, cremst
H %3 4N NHCOCH
NHCOCH; 3=—mes™ 0; HCOCH, +
(77%)
+ NHCOCH, ;
NO, (23%)
HNO,
NHCOCH; g0, 5™ ON NHCOCH, +
20°C (30%)
+ NHCOCH, -
NO,  (70%)
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DTOT NMpHUMEP OTYETIIMBO BBISIB/ISIET CTPEMJIEHUE K HUTPOBAHHIO B
0pmo-TIONIOXEHUE B CUCTEME A30MHAA KUCAOMA — YKCYCHbI aH2u0puo.
ALIWIBHYIO TPYHIy, KaK OOBIYHO, YyAAJNSIIOT KHCIOTHBIM IMAPOJIA30M.
Meron noayyeHust o-HUTpPOAHWIMHA 3aKII049aeTcss B OJIOKMpOBaHUHU
napa-noyoXeHUS ¢ TOMOLIBIO CyIbGOrpyNIibl ¢ NOCAEAYIOIUM HUT-
pOBaHUEM B opmo-niojioxkeHue. ['unponu3om 2-HUTPoaHWIHH-4-CyiTb-
doxucnorsl B 60%-i BONHON! CEpHOI KUCIOTE MONYYAIOT 0-HUTPO-
AHUJIMH:

HO5S
H,SO HNO
@—NHCOCH3 — o
NHCOCH;
H,0
— = HO,S NHCOCH, — 5= @-NHZ
NO, NO,
(56%)

TpCTH‘iHbIe dMHUHBbI, B OTJIHYHNC OT aHMWJIKXHA, MOXHO HHUTPOBATH I1OI
JEUCTBMEM a30THOU KMCIIOTH B YKCYCHOH KHUCIOTE:

_HNOy

@"N(Cﬂﬂz CHLO00H

— <Ci)\>—N(CH3)2 +02N—©~N(CH3)2
NO

2 1 : 2

19.7.3. CYIbOHUPOBAHHE

HaubGonee pacnpocTpaHeHHbIM METOOOM CYIbhHUpOBaHUS apoma-
THYECKMX aMHHOB SIRNISIETCS TAK Ha3bIBAEMbLit «MeTOJ 3ariexaHus». [lep-
BOHAYAIbHO M3 AMHHA ¥ CEPHOW KMCIIOTHI MOJYYAIOT KHCIYIO CEpHO-
KUCJIYIO COJIb aMHHA, KOTOPYIO llajiee B CyXOM BHAE HarpeparoT IO
180—200°C. TakuM crnocoGoM B ITPOMBILIUTEHHOCTH U3 aHUJIMHA TOJTY-~
yaloT cyibdaHUIOBYIO KHCIIOTY, CYLIECTBYIOLILYIO B (popMme GerauHa:
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so®

CynbdupoBanue B n-nojioxeHue GeH30NLHOTO KOAbLA aHWIKHA SAB-
Jisietcs, MO-BUOAMMOMY, KOHEYHBIM pe3yJbTaTOM psaaa oO6paTHMBIX
npotieccoB CynbOUPOBaHUSA — AECYNb(PUPOBAHUA, TOCKOJLKY napa-
H30Mep aMUHOGEH30/ICYNBhOKHUCIOTH TEPMOTUHAMHYECKH Hauboee
crabuned. IlTogobHas 3aKkOHOMEpPHOCTh HAGMIONAETCS M IPH CYyAbDH-
POBAHUH APYIMX ADOMATHYECKUX AMUHOB. DTUM XK€ METOIOM IOAy4a-
IOT PSA IPOMBILIEHHO BaXHBIX AMMHOCYNbGOKUCIOT HADTATHHA.
CynpdoxiopupoBaHie aleTaHWIMIA XJIOpCYIbPOHOBOU KHCHO-
TOH NPHBOLUT K MOJYYEHUIO XJIOPAHTUAPHIA N-alleTAMUHOOEH30-
cynb(POKHMCIOTH], U3 KOTOPOIO 3aTeM MONYYaloT CYIbpaHuIaMUIHbIE
NpenapaThl, ONMMCAHHbIE B MPEALIAYINEM pa3fieie 3TOU IJiaBhl.

19.7.4. POPMHUIHPOBAHUE

TperuyHbie apoMaTUYECKHe AMUHBI MOXHO (POPMMIMPOBATH pe-
THOCEJIEKTUBHO B NQpa-TIOJIOXEHHE CMEChIO IUMeTWI(hopMaMMaa U
xsopokucH docdopa (miu SOCL,). D1a peakitust, OTKpbITas B 1927 r.
A. BuiscmeitepoM, Hanuta ocobeHHO HIHPOKOe MpUMEHEHUE L1 dop-
MUIIMPOBAHUS JUAJIKWIAHUIMHOB:

CH3),N + hrod,
O @ HCN(CHy), E0
o

—— (CHshN @—CHO.

(80—85%)

Peakuuns BuiscMeiiepa Mo cyliecTBy NnpencraBiasieT coOoi 4acTHBIN
cnyyail auyunuposanHus o Ppuneno—Kpadrey, rae ponb KHCAOTHI
JIbiouca BeINONHAET XN0poKuch ¢ocdopa. B nocnegnee spems B Kaye-
CTBE KaTajIy3aTopa INPEeATIOYHTAIOT UCITONb30BaTh OKCATMIXJIODHA WIH
SOCl,.

TwatesbHOe U3ydYeHHE MEXAHH3Ma 3TOl pEeaKLHK IMO3BOJIUIO
YCTAHOBUTB UCTHHHYIO TIPUpONY 37eKTpodIbHOTO areHTa. B peakuun
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BunscMmeitepa uM SIBNAETCS XIOPUMUHUEBAS COJib, 06pasyoluascst pu
B3ayMOAEMCTBUM NuMeTHAdOpMaMuaa 1 XJopokucu cdocdopa WU
apyroit kucnotsl JIpouca:

IOI Cli
Co G o—pP_ |©
(NCHy ¢ “al WN(CH;),
(0]
go {L/Cl —_— ®
BEERN ~— H—C=N(CH
cl {N(CHs) ChPO;

XJIopUMHUHKEBAsI COJIb PeardpyeT TOJAbKO C apOMaTHIECKUMM
cybcTpaTaMu, COlEpXAIUMMH CHILHBIE 3JIEKTPOHOJOHOPHBIE IPYII-
nei: NR,;, NHR, OR, OH. IIpoaykT 3aMeuieHust — O-XJIOpaMHH —
THAPOJIM3YIOT IO anbleruia eiicTBMEM BOJHOI'O pacTBOpa alleTara
HATPUS:

NR, NR,
® ~H®

+ CICH=N(CH,), =—= @ L

a
NR, NR,
H,0; CH,COONa
- H,0; 60°C
CI—CH CHO

i
N(CH,),

BeH3on, ankunGeH3onb ¥ HaQTAIMH He BCTYNAIOT B 3Ty PEaKLMIO.
Onnaxo aHTpaueH W a3yJyeH Jierko ¢opMUIUpyloTCca MO AecTBUEM
cMecu IM®A wu xyopoxucu docdopa. Peakuus Bunscmeitepa oco-
OeHHO BaxHa IUig GOPMHIUPOBAHMS TeTEPOLIMKIMYECKHX COeTUHE-
HUI psna nupposa, MHOoNa ¥ THodeHa.
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19.7.5. HUTPO3UPOBAHHE

TpeTuuHble apoMaTHYeCcKMe aMMHBl (AMATKUIAHUIUHBI) TIPH
B3aUMOJENCTBUHU C 330TUCTOM KMUCIOTOM 00pa3yloT MCKIKYUTEIBHO
n-HUTPO3ONPOU3BOJHOE §€3 NMpUMECH 0-U30Mepa:

NaNO, + HCI

NR,
0-5°C; H,0

O=N NR; (80-90%)

napa-HuTpo3oguMeTUIAHMIUH TIPEACTaRIAeT cob0if KpUCTaLIMYEC-
KO€ BELIECTBO 3eJIEHOTO BETA, KOTOpOe NMpM JeHCTBUM CONSTHON KHC-
JIOThbl JAET XEJThblil TMIPOXIOpUI, 4 NPH ACACTBUM ropsueil 1enoyu
JIErKo o0pasyeTt #-HUTPo30(EHOI ¢ KOJHYECTBEHHBIM BBIXOHOM. OKIC-
JICHUE N-HUTPO3OAUMETUIIAHUIMHA [IEPMAHIAHATOM KaIHs WIH ApY-
MMM OKUCJIUTENSIMH NPUBOAUT K NOJYYEHUIO n-HUTPOAMMETWIAHU -
JIMHA, a BOCCTAHOBJICHUE AEHCTBUEM OJIOBA U COJISTHON KMCJIOTHI JaeT
HecHMMeTpuuHbIH N,N-gumMmeTun-n-beHnneHANaMuH.

BTopuyHble aMHHBI APOMATHYECKOTO Psiia MMPU HUTPO3UPOBAHUU
00paayioT N-HHUTpPO30TIPOM3BOAHEIE, TAK X€ KaK 5TO UMEET MECTO U
B paay anudaTHYecKMX aMUHOB!

NaNo, + HCI
NHR 2t 87-93
T osc @ ~g @79

N-HuTtposonpouaBotbie npy aeicrBuu cnuproBoro pactsopa HCI
HalIeJIO [eperpynIdpoBbIBAIOTC B N-HUTPO3OIIPOM3BOLHEIE!

3T1a neperpyninMpoBKa 3aKIIOYaeTcss B IEPBOHAYAJILHOM OTIIEIUIe-
HMM HUTPO3OIpYyImbl ¢ nociaenyromiuM C-HUTpO3HUPOBAaHHUEM B N-
ronoxeHue GeH30JIBHOTO KOJblLIA, T.€. OTHOCHTCH K YHCAY MEXMO-
JIEKYJISIPHBIX TNeperpynnuposok. HutposnuposaHne NepBUYHBIX
apoMaTHYeCKUX aMHHOB ¢ 00pa3oBaHUEM apoMaTHYeCKHX AMa30Co-
eOquHeHuU# 6yner paccMoTpero B ri. 20.
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19.8. SAIDIMTHBIE I'PYIIIIBI JJIE AMUHOB

Bo MHOTMX CMHTe3aX aMUHOTPYIINA JOMXHA ObITh 3alUMIUEHA JISE
TOro, 4ToObl UCKIIIOYMTDH peaKUMH 10 aMHHorpynne. Takas cuTyauus
obs3ateybHa B NENTHAHOM CHHTE3€ [IPH IOCTPOCHUH MENTHIOB M3
HECKOJIbKMX aMUHOKHMCNIOT. 3alUMTHAS TPYIIa J0MXKHAa YIOBIETBOPATh
TpeM OCHOBHBLIM TpeOOBaHMAM:

1) BBOAMTECS B OYEHb MSTKUX YCIOBHUSX;

2) He DOJXHa 3aTparuBaThCs NMPU peaiM3alii TpeOyeMoro mnpe-
BpalleHus;

3) moaxHa JNEerko ygaasTbcs NpH AeACTBMM peareHToB, He 3aT-
paruBaIIMX gpyrue QYHKIUOHAIbHbIE TPYIIIILL.

OTHM YCIOBUSIM HE YHOBJIETBODSIOT OOBIYHEIE ALMIIbHEIE [PYII-
nel: CH;CO; HCO; CcHsCO; u 1.0. Cpeay orpoMHOIO YHC/Ia 3aIMT-
HbBIX TPYII JAS1 aMMHOTPYIHIbI HauOboJblIee PacpOCTPaHEHHUE TTONY-
yuau OeH3MNoOKcUKapOoOHUNbHAA rpynna (crapoe Ha3BaHHE
KapbobeHsokcurpynna, Cbz) u mpem-6yTOKCHKapOOHWIbHAS TPyII-
ma (BOC). beHsnnokcukapGoHWI BBOOUTCA IIpH o6paGoTKe aMHMHa
wiy 3¢bupa aMHHOKUCJIOTHI 6€H3UIOBBIM 3(bUPOM XJNOPYTONBHOM KHC-
JIOTHI B BOJI€ WJIK BOOIHOM opraHuYecKoM pactBopurene npu 0—10°C B
MIPUCYTCTBUM TPETUYHOIO aMHHA:

poga—TI'P -
0—10°C; N(CHy),

RNH, + C1—C—OCH,CyH;

® )
——> RNH-C-OCH,CeHs + HN(CHs)Cl.
0

3Tta 3aU[UTHAs IPYIIIA JIETKO YAANSETCs C [IOMOLUBIO KaTATUTHYECKO-
ro ruaporeHonu3a Ha Pd/C nmpu KoMHaTHO¥ TeMIepartype, 1460 NpH
neiictBun pactBopa HBr B yKcycHo# Kucnore:

Pd/C
——=> RNH, + CO, + C¢H;CHj; .

RNH-(I%~OCH2C6H5 + H, 20°C

0]

HcxonHplit 6eH3MIOBBIM 2pUp XJIOPYTroJbHON KMUCJIOTHI IOJy4aeTcs
NpY B3aUMOAEHCTBUH ¢ocreHa ¢ 6EH3UNOBLIM CIIUPTOM:

o)
° ]
CsHsCH,0H + COCl, ——O—CO-H— C4H,CH,0—C—Cl + HCI .
(95%)
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mpem-bytokcukapboHuasHyio rpynny (BOC) BBousT B NMOMOLUbIO
Ju-mpem-6yTriLguKapboHaTa wiu mpem-6ytun-n-uutpodeHunxkap-
6oHara:

T (CHs)s i
mmruamﬁococoqamyii4«mmcocmm

mpem-ByTokcHKapGOHIWIBLHAS TPYIINa JIETKO yaanseTcsd npu obpaboTke
pactsopom HCl wix HBr B muokcaHe wiM YKCYCHOH KHCJIOTE IpH
0—20°C, a Takxke TpUGTOPYKCYCHOM KHCN0TOH. IHOrAA IUIS 3a1iMThI
AMHHOTPYIIIEI HCTIONB3YIOT (GTANOHIBHYIO 3aAIUMTHYIO TPYIITY, KOTO-
pas Jierko yaansgeTcs NpH NeHcTBHY MMOPAsSHHIUIPATA B OYEHDb MST-
KVX YCIOBHSIX:

/ C¢°
H;),; Tonyon
@[O N(GHy)s y=©:)\m
C
\\ \
\0
//o
C\NH
200C
NR + NH,—NH |~ +RNH,.
@: * 7 GHOH @( _NH
N
0]

OrpaHuyeHHOe 3HaYEHHe KaK 3aLMTHAS Tpynna uMeeT Tpudropalie-
TUABHAA rpynna, o6rYHO BBOAMMAS B aMMHOKHCJIOTHI U AMMHEI C
MIOMOLLBI0 THO3(Hpa TPUPTOPYKCYCHOM KUCITOTHIL:

I e Il
RNH, + CF,C-SC,H; ~——= RNH-C-CF, + CH;CH;SH .
CHaTHe Tpu¢hTOPALETHNABHOM 3alHTH HOCTUraeTcs AeHcTBUEM Lie-
JIOYU WM faxe KapOOHATa HATPUA B CMECH BOAbI U OPraHMYECKOTO
pacTBOpPHUTENS.
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AmMuan

— Gopoaa | Teuesa, | Toumeparyn | Tromoem,
[lepauunne amMBHLI
MeTwiaMuH CH;NH, =93 —6,5 0,769 npu
~70°C
BTunaMuH C,HsNH2 ~81 16,5 0,706 npu
0°C
x-TiponunaMuH C;H;NH; —83 49 0,72
Hszonponunamus (CH3),CHNH, —101 34 0,694
H-ByTwiaMuH CHj3(CH;);NH; =50 77 0,74
2-AMuHOGYyTaH H;3;C—-CH(NH;)— -104 63 0,724
(emop-6yrunaMuH) CH,CH;
mpem-Bytunamux (CH;);CNH, —68 45 0,696
H3ob6yTnaMuH (CH;);CHCH;NH, -85 68 0,736
(1-amuHoO-2-
METWINPOIAaH)
1-AMHHOITEHTaH CHj;3(CH;)4NH, —55 104 0,761
1-AMMHOreKcaH CH3(CH,)sNH, -19 133 0,763
1-AMHHOreNTaH CH;3(CH;)sNH, -23 158 0,777
1 -AMMHOOKTaH CH;3(CH;)7NH,; 179 0,77
IuxnorexcunaMuH yuxao-CgH 1 NH, 134
beHaunamux CgHsCH,NH, 185
BropHunnie aMmHb
JumeTwnaMuH (CHj3);NH -96 7,5 0,680
JuatunamMu (C,Hs),NH —50 55,5 0,710
JunponunaMuH (C3H7);NH —40 111 0,738
Juu3ornporuiaMuH (i-C3H;);NH -61 84 0,722
Jun3obyTuaaMuH (i-C4Hg),NH -70 140 0,745
JunbytmnaMuu (C4Hg);NH =59 159 0,767
JMumKIOreKCHIaMUH (CgH1);NH 254—-256
» TpeTautinie AMABL
TpuMeTHIaAMKMH (CH;)3N —124 3,5 0,66§ugpu
TpuatunamMuy (CyHs)3N ~115 89,5 0,723
TpunpomwiaMuH (C3H7)3N -93 156 0,757
Tpubyrunamyx (C4Hg)sN 214 0,778
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20.1. APOMATUYECKHME N ATHOATHIECKHE
HUTPOCOEAUHEHUA

® 06
Hutpocoeauuenus conepxar GyHKIMOHAIBHYIO IPYIITY N\:O

HuTporpynmna OTHOCHTCS K YUCIYy CUJIBHEHNIMX 3JIEKTPOHOAKLIEN-
TOPHBIX 3aMECTUTENEH. DTO MOXHO NMPOMWLIIOCTPHPOBATh BETMYHHA -
Mu pK, psana HutpoankaHos. nst HurpomeraHa pK, = 10,2, t.e. 3a-
MELIEHHE aToMa BOAOPOIA B MEeTaHe HA HUTPOTPYITY NMPUBOLUT K
yBesuueHno C—H-xucnorHoctd npuMepHo Ha 40 equnuil. [pyrue
HHUTPOANKAHEI XapaKTePU3YIOTCA elle Oojiee BHICOKO# KMCIOTHOCTbIO!
Insi HUTpoaraHa pK, = 8,5, ana 2-HutponponaHa pK,=7,7, T.e.
MO KMCJIOTHOCTH 2-HUTPOIIPONAH CPaBHUM C YIrOJNBbHOH KHCJIOTOI.
KucnoTHble CBOMCTBA HUTPOAJIKAHOB ODOYCNOBNEHBI, BO-IIEPBBIX,
TOJIOXHUTENBHBIM 3apSIOM Ha aToMe a3oTa M, BO-BTOPBIX, o6pazo-
BaHHeM cTabMIbHOTO aMOMAEHTHOTO aHHOHA HMTPOAjiKaHa ¢ Je-
JIOKAJIM30BAHHBIM OTPHULIATEJIBHBIM 3apsIOM MeXIY aTOMaMH KHUC-
ﬂ@ 0©

Jiopoja W yriepoja: RCH \(<\;O) . Hutporpyrna B apoMaTHYeCKOM
KOJIbllE aKTHBHMpYET peaKUUX HYKIeO(PWILHOIO apOMaTHYeCKOro 3a-
MeIeHUs U Je3aKTUBUPYET peaklH 31eKTPOQUILHOIO 3aMelleHHs
(rn. 13, 15, 4.2).

20.1.1. APOMATHYECKHME HUTPOCOEAUHEHUA

IlonyyeHue apoMaTUYECKUX HUTPOCOCOMHEHUH HUTPOBAHHEM
apoMaTHyecKMx coeiuHeHuit 6pU10 moapobHO paccMoTpeHo B 1. 13.
Hpyroii obuuit METOA MOTYyYeHUSI HUTPOAPEHOB 3aKIIOYAETCH B OKHC-
JIEHUH TIEPBUYHBIX apOMATUYECKHX aMHHOB C [TIOMOLLBIO TpUdTOpIIE-
PYKCYCHOM KHMCJIOTHI B XJIODUCTOM MeTWieHe. TpHPTOPHEpYKCYCHYIO
KHCJIOTY NMOJIYYaloT HEIMOCPEACTBEHHO B PEakUMOHHOW CMecH IpH
B3aUMOJNEHCTBUY aHrWapuia TpUPTOpyKcycHoi Kuciotel U 90%-it
TIepeKMcH Bogopoaa. MeTon UMeeT OrpaHHYEHHYIO 06J1aCTh IIpHMEHe-
HMS, TaK KaK apoMaTHYeCcKue aMHUHBI B CBOIO o4epeab OOBIYHO 10y-
Yal0T BOCCTAHOBJIEHHEM HUTpOCOeAWHEHH . OKUCIIEHHE aMUHOTPYII-
Mbl 10 HUTPOIPYIIBI C NMOMOLIBIO TPUGDTOPHEPYKCYCHOM KHCIOTH
UMeET 3HaYeHHe I CUHTE3a HUTPOCOEJHHEHU A, colepXKallMX B opmo-
U napa-noNIOXEHUsIX LPYrue 3J1eKTPOHOAKUENTOPHbIE FPYNIIHPOBKH,
HanpuMmep, s TOJYYeHUs opmo- U napa-IMHUTpoOeH3ona, 1,2,4-
TpHHUTpOGeH30Ma, 2,6-AMXIOpPHUTPOOEH30Ia U Ap.:
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(CF,C0),0; H,0,

CH,Cl,; 40°C

(CF,C0),0; H,0,
O;N NH == ON NO, (88%);
2 @ 2 "CH,Cl; 40°C 2 ‘@‘ 2 (88%)

NOz NOZ
Br Br
(CF;C0),0; H,0,
Br NH,; CH,CL,; 40°C Br NO; (100%).
Br Br

20.1.1.a. CBOMICTBA APOMATUYECKHUX HUTPOCOEITUHEHUN

Hurtporpynna oTan4aercsi BbICOKOH CTaOMIBHOCTBIO IO OTHOILIE-
HHIO K 1eKTPOGHIBHBIM PeareHTaM M pasHooOpa3HbIM OKMCIUTENSIM.
BoJbIUMHCTBO HYKICOQIIBHBIX areHTOB 332 MCKIIOYEHUEM JIMTHIt- U
MATHUIOPraHU4YeCKUX COEOUHEHMMH, a TaKkkKe JUTHHANIOMMHURTAL-
pUaa U Ap. He AeUCTBYIOT Ha HUTporpymnny. Hurporpynmna oTHOCHTCS K
YHCITy NPEeBOCXONHBIX HYKJIeo(YrHBIX IPYII B IIPOLIECCAX aKTUBUPO-
BaHHOI'O apoMaTHYecKoro HykieoduibHoro 3ameieHus (SyAr). Tak,
HallpuMep, HUTporpynmna B 1,2,4-TpuHUTpoOGEH30Je JIETKO 3aMella-
€TCs ITOf AeHCTBUEM TMAPOKCHUI-, AMTKOKCHA-WHOHA WIH aMUHOB:

NO, NO,
02N-<C§—No2 + CHsNH, Rim  O,N @NHC6H5 .
(87%)

Haubonee BaxHoi peakiyeil apoMaTHYECKUX HUTPOCOESIMHEH I
SIBJISIETCS BOCCTAHOBJICHHUE IO MTEPBUYHBIX AMMHOB. B IpOMBILILTIEHHBIX
YCIOBHAX IPUMEHSIETCS KaTANUTUYECKOE TMAPUpOoBaHKe. B kayectse
KaTalu3aTopa HCIONb3YIOT Meldb Ha HocHUTeslle — cuiiMkarejae. Kara-
JIM3aTOP rOTOBAT HaHeceHHEM KapOoHAaTa MeIu M3 CYCIEH3HMH B pa-
CTBOpE CHUJIMKATA HATPHUS M MOCIENYIOLIUM BOCCTAHOBJICHUEM BOIO-
pOOOM MpPH HarpeBaHWH. BHIXOA aHWIMHA Haj 3TUM KaTalM3aTOPOM
cocrasnser 98%:

Cu/Sio,

+
CeHsNO, + 30, oo™

C¢HsNH, + 2H,0.

(98%)
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WUHorna B rpoMbIiIUIEHHOM MMIPHPOBAaHUY HUTpOOEH30Ma A0 aHUIK-
Ha B KaYeCTBE KaTajau3aTopa MCIOJb3YIOT HUKENb B KOMOMHALMK C
OKCHIAaMHU BaHamusa U antoMuHus. Takoi katanusarop 3¢pdekTHBeH B
unTtepBaie 250—300°C u nerko pereHepUpyeTcst IPU OKUCIEHUH BO3-
JyXoM. BeIxon aHMJIMHA U IpyTMX aMHHOB cocTaBusieT 97—98%. Boc-
CTaHOBJIEHUE HUTPOCOEIUHEHHI 1O aMHHOB MOXET COMPOBOXIATHCS
¥ rUIpUpoBaHueM GeH3onsHoro Konbua. [1o sToit mpuyKHe 1Ig nony-
YeHUs apOMAaTHYECKHX @8MUHOB U30eraroT UCHOJb30BaTh B KAayecTBe
KaTalK3aTOpoB IUVIATHHY, NaJUIANUi WM HUKelb PeHes.

ApyruM MeTOIOM BOCCTaHOBJEHMSI HUTPOCOECIUHEHMUH ABISIETCS
BOCCTAHOBJIEHHE METAJUIOM B KMCJION UMM 1IeoyHoit cpene. Boccra-
HOBJIEHWE HUTPOCOEIUHEHMH N0 aMUHOB ObUIO OTKpHITO B 1842T.
H.H. 3uHMHBIM, KOTOpHIH BIEpPBbIE BOCCTAHOBIJI HHUTpoOEH301 1O
aHUJIMHA NefCTBUEM Cyibduaa aMMOHUS.

BoccraHoB/ieHHE HUTPOTPYIIbI 1O AMUHOTPYIIIBI IIPOMCXOZUT B
HECKOJIBKO CTaIWil, ITOCIeJ0BATENbHOCTh KOTOPBIX CHIBHO pasidya-
eTcsl B KUCJIOH M IEJIOYHOM cpene. PaccMOTpuM MociaeroBaTeabHO
NPOLECCHl, MPOTEKAIOIIME [IPM BOCCTAHOBJICHHM HUTPOCOETMHEHMIt
B TOI U Apyroi cpexe. IIpu BoccTaHOBAEHUM B KMCIIOMH cpelie B Kade-
CTBE BOCCTAHOBUTENEH NMPUMEHSIOT Xeje30 (0JI0BO, LIMHK) M COoJisi-
HYIO KHCIOTY. D¢ PeKTHBHBIM BOCCTAHOBUTEIEM HHTPOIPYIIIILL SABJIS-
ercs xiopux onosa (I1) B consaHolt KucnoTe. DTOT peareHT 0CoGeHHO
3¢ deXTUBEH B TEX C/IyYasiX, KOrJa B apOMAaTUYECKOM HUTPOCOEIHHE-
HUM ecTb Apyrue ¢yHxkuuoHanbHbie rpynnsl: CHO; COR; COOR u
Ip., YYBCTBUTEJNIbHBIE K AEHCTBUIO APYTMX BOCCTAaHOBHUTENEI.

BoccraHoBneHHe HUTPOCOCAMHEHMH A0 NEPBHYHBIX aMHHOB B
KHCJION cpelie MOET CTYIICHYATO U BKJIIOYAET TPHU CTaAMHU C NEPEHO-
COM IBYX 3JIEKTPOHOB:

NO, NHOH
+2e +2H; +2e +2H+ +2e +2Ht+
-H20

HUTPO306eH301 beHUATHaPOKCHIAMHH
NH,

~ e

B Kucnoii cpene Kaxiplit U3 NPOMEXYTOYHBIX TPOAYKTOB — HUTPO30-
6eH30M M QEHWITHIPOKCWIAMHH — OBICTPO BOCCTAHABJIMBAIOTCH O
KOHEYHOrO MPOAYKTAa aHWIMHA, H UX He YIAeTCs BbUIEAHTb HHAMBH-
nyanpHo. OIHAKO B aliPOTOHHBIX PACTBOPUTENSX B HEUTPaNbHOl cpe-
€ MOXHO 3adHKCHPOBATh NPOMEXYTOUYHbIE TPOAYKTbI BOCCTAHOBJE-
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Hus. [Ipu BoccTaHOBIEHHH HUTPOGEH30/1a HATPHEM MM KaldeM B
TIr'® unu IMD cHauana obpasyercss aHMOH-palMKal HUTpobeH3ona
33 cHeT MepeHOca ONHOro 3JIEKTPOHA OT LUEJOYHOro MeTajlia:

&
AI'N02 + K ﬂb AI'N/ K+

KaruoH 1eno4yHoro Merajia cB3aH B KOHTAKTHYIO MOHHYIO Tapy ¢
aTOMOM KHUCIIOpO/Ja HUTPOTPYIIIEl aHHOH-paarkana. [Ipu nansHeitiem
OHO3JIEKTPOHHOM BOCCTAHOBJICHUM aHUOH-PAIUKAN IIPEBPAIlaeTCs B
JMAHUOH, KOTODHIH MOCAE MPOTOHUPOBAHMSA NAET HUTPO30OEH30I:

. OK+ OK* + 2H*
ArN< + K Jre ArN< W
(0] oKt 2

~OH — H,0
B ArN\ ——» Ar—N=0
OH

Hurtpo3obeH3oi, Kak U Apyrue apoMaTHYECKUE HUTPO3OCOCTUHEHUS,
o0NamaeT BHICOKUM OKMCIMTENbHBIM MTOTEHUMAIOM K OUYeHb OBICTPO
BOcCTaHaBiIuBaeTcst 10 N-heHHIrHIpoKCHIaMUHA. [lo3aToMy ero He
yhaeTcs BBLACJIUTDb B Ka4eCTBE MIPOMEXYTOYHOIO IIPOAYKTa BOCCTAHOB-
JIEHMSI, XOTA JAHHBIC TEKTPOXHMHYECKOTO BOCCTAHOBICHUS OMHO3HAY -
HO YKa3bpIBaloT Ha ero obpasopaHue. JaibHeiillliee BOCCTAHOBICHME
HUTPO30COCAUHEHHUSI 10 N-apHITHAPOKCHIAMUHA BKIIOYAeT JBe aHa-
JIOTMYHBIE CTAIUU ORHO3JIEKTPOHHOTO BOCCTAHOBJIEHHS O aHUOH-Pa-
IHKana U fajnee — A0 JUAHKOHA HUTPO3OCOEAMHEHUS, KOTOPBIH MpU
[IPOTOHUPOBAHHUH MpeBpaiulaeTcss B N-apuiIrHapoKCHIaMKH:

+%e . W@ te € .o+2H*
Ar-N=0—» Ar—-N—0: — Ar—N—0: —® Ar—NH-OH

Bce cranuu BOCCTaHOBJIEHUS apOMAaTHYECKHUX HPITpOCOCﬂHHCHHﬁ a0
APUIATHAPOKCHMIIAMUMHA MPUHUMIIHATIbHO HHUYEM HE OTJIUYAIOTCA OT
BOCCTR@HOBJICHHA KapﬁonImex COCAHHEHUH C ITOMOLUBIO METALJIOB.
IlocnenHsia cragusi — BOCCTAHOBNEHUE APUITUAPOKCHIIAMHHA [O
[IEPBHYHOIo aMHHa ~— COIIPOBOXIACTCA TeTCPOAUTUYECKHM pPACLLECIT-
JIEHHUEM CBS3H A30T-KHCAOPOA AOC/IE INMPpOTOHUPOBAHUA cy6c1'pa'ra:
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H
| _
Ar—N—OH + 2¢ + 2H® 5 ANH, + H,0.

DTa cTanus He UMeeT aHAJIOrUi B psily KapOOHUIBHBIX COENMHEHUIA.

B HelTpanbHOM BOAHOM PAacTBOPE MOXHO MOJYYUTh PEHUATHA-
POKCHJIAMHUH B KayecTBe MPOIYKTa BOCCTAHOBJAEHUS HUTPOOeH30ja.
OH roay4aeTcs NMNpH BOCCTAHOBIEHHM HUTPOGEH30J1a UMHKOM B BOM-
HOM pacTBOpe XJIOpHUIa aMMOHMUS:

NH,CI
CeHsNO, + Zn + Hi0 = CHs~NH~OH + Zn(OH),.
pH=75-85  (62768%)

ApHﬂFHﬂpOKCMﬁMHHbI JIETKO BOCCTAHABJIMBAIOTCA B @aMHHbI NTPpHU 006-
pa6OTKC XKEJNe30M WU HUHKOM U COJISIHOM KHUCIOTOM:

C6H5”NH"OH + Zn + HC] — C6H5NH2' HC] + ZnC12 + H20
(90%)

HOCKOHbe (beHHJ’lFH}.IpOKCHHaMHH SIBJISIETCA MPOMEXYTOUYHBIM IIPO-
AYKTOM BOCCTAHOBJICHHMSA, €0 MOXHO HE€ TOJbBKO BOCCTAHOBUTHL 10O
aHWJIMHAa, HO K OKHCJIINTb OO HI/I'I'pO3068H3OJIaI

chr207; HzSO4
H,0; 5°C

CHs—NH-OH = CHN=0.

(70%)

DTO, BEPOSTHO, JYYLUMIA METOH ITOJYYEeHHSI apOMAaTUYECKHUX HUTPO-
30COeIMHEHMH, KOTOpbie HE YAAeTCs UHBIM CrocoOOM BBIAENMTH B
KayecTBe MPOMEXYTOYHOTO MPOAYKTa BOCCTAHOBAEHUS HUTPOCOETH-
HeHHI. ApoMaTHYeCcKHe HUTPO30COECINHEHUS JIErKO THUMEPU3YIOTCH B
TBEPAOM COCTOSIHMM, TIPUMEM MX JMMephl GecuBeTHBI. B Xuaxom u ra-
3006pa3HOM COCTOSHHUN OHM MOHOMEPHBI M OKpPALLEHbI B 3€JIEHbIH LIBET:

0
\

Ar—g—N-Ar GecuBETHLIN AUMeEp .

0o

ArN=0

3eNeHbli

BoccTtaHoBiEHHE HUTPOCOEAMHEHUH METaNNaMu B LUEJOYHOM
cpelle pe3Ko OTIMYaeTcs OT BOCCTAHOBJEHMS B KUCJIOM cpene. B ule-
JIOYHOU cpele HUTP0306eH30n OBICTPO B3aMMOLEHCTBYET CO BTOPLIM
NPOMEXYTOUYHBIM NMPONYKTOM BOCCTAHOBJNEHUS — (DEHUITUAPOKCH-
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JlaMMHOM, ¢ ofpazoBaHHeM a3oKcHbeH3ona. ATa peakLus Mo cylle-
CTBY IOAOOHA IPUCOEAUHEHHUIO a30TUCTHIX OCHOBAHUM K KApHOHUIIb-
HOM rpynne ajibAerdaoB U KETOHOB:

on® o
CeHsN-OH C4HsN-O
H
{OH 0©
o +8 rA-5 \
C¢HsN-OH + C4HsN=O ——> C6H5'N_l§’c6H5 —>
O@

—_

|
CoHls N=N-CgHs + oH®
aszokcubeH30N

B nabopaTtopHbIX yCNOBUSIX a30KCHOEH30J C XOPOLIMM BBIXOAOM
MOIYYaeTCs MPH BOCCTAHOBJIEHUY HUTPOCOEIMHEHUN BOpruapuaoM
Hatpusi B IMCO unu crapsiM criocoGoM, MpU UCIIONL3OBAHMHU B Ka-
yecTBe BOCCTAHOBUTENST As,O3 WIM ITTIOKO3bI:

0°
NaOH |
H:NO, + As,Oy——————> -N=N- 85%).

C6 5 2 23 HZO; 80°C C6H5 N g C6H5( )
A30KcHOEeH30JI NIpH ASHCTBUM IMHKA B CMIMPTOBOM PACTBOPE LUETOYH
BOCCTaHABJIMBAETCs CHayana a0 a3obeH3o05a, a IMpU JeHCTBUU M30bIT-
Ka UMHKA janee J0 ruapasobeH3ona.

0°©

/ Zn; NaOH
CgHsN=N =t C,H;N=NCH;(84—86%);
. @ “CgH; CH,0H; 70°C 23066HION

C6H5N=NC6H5 +7Zn+ NaOH —— =
CH,0H; 70°C

— CgHs—NH-NHC¢H; (88%).

B cuHTeTHYeCKOii NpaKTUKe HIPOU3BOAHbBIE a30KCHOEeH3051a MOTYT ObITh
BOCCT2HOBJICHBI 10 a300€H30JI0B Mo AeHicTBHEM TpHankuidocduTa
B KayecTBe BoccTaHoBUTeNsl. C Apyroit cTOpoHbI, a300€H30J] Nerko
OKMCJISIETCH O a30KCUDEeH30/1a MEPKMUCIOTAMH HJIM NEPEKUCHIO BOJO-
pola M riagko BOCCTaHaBJMBAeTCA OO FUApa3obeH30jla B CHCTEME
mautaanit-rugpasMHruapar. BsauMHble MpeBpallieHusi azobeH3oIa,
asokcubeH3ona U rujgpazobeHzonia MOXHO NpPeACTABUThL CHCAYIOLUIMM
001LUM ypaBHEHUEM:
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,0° P(OR),
CHsN=N ~ CHN=NC(Hs ==
¢S @ C(H;  H,0, CH,COOH; 60C ors

d

Pd/C, NHz"NHz
~ 0, win NaOCl

= C6H5NH—NHC6H5 .

A3006€H30J1 CYLLIECTBYET B BUIE 4uc- U mpaHc-U3oMepoB. [1pu Boc-
CTaHOBJIEHMH a3oKcubeH301a nonyyaerca 6osnee cTabuiIbHbBII mpaHc-
M30Mep, KOTOPbIM ripu obnyderun YD-cBeTOM MpeBpaLiaeTcsi B yuc-
U30MeEp:

9 CHs L B |

A=A T n N N
CeHs é CeHs CeHs
mpaHc- a306€H30H ullC-a3063H30]l

BpeMs XH3HM yuc-U30Mepa HEBEJIHMKO U MEpUO MONyNpeBpalleHus
rpu 25°C cocTaBasieT JUIIL TPH Yaca.

HecuMmeTpuuHble Mpou3BOAHbIE a300eH30j1a MOJYYalOTCH IIpU
KOHAEHCALUMH HHUTPO3OCOEAMHEHUI U MEPBUYHBIX apOMAaTHYECKHX
aMHWHOB:

Ar'N=0 + Ar'NH, ——» Ar'N=NAr’? + H,0.

le/l BOCCT2HOBJIEHMH apOMAaTHYCCKHNX HMTpOCOCI(HHCHPU‘/’l ATIOMOTUL -
PHUOOM JINTUA B ad)upe TaKXe 06pa3yloTc51 a30COCIMNHECHHUA C BBIXO-
oM, OAU3KUM K KOJIMYECTBEHHOMY:

LAH, |

3¢up
A306eH30J1 BOoCccTaHaBJIMBaeTCH HHHKOBOﬁ Ib1bIO U Cl’lV[pTOBOﬁ hie-
Joublo 10 runapasobeHsona. Fuapasobenson sipasercd, TakuMm obpa-
30M, KOHE4YHBIM MPOAYKTOM BOCCTAHOBJICHUSA HHTp066H30J18 METal-
JIOM B LIeI0YHO# cpene. Ha Bo3nyxe GecliBeTHbIN ruapa3ob6eH30n erKo
OKHCIAECTCA 1O OKpPAUICHHOIO B OpaH)KeBO-KpaCHbIﬁ HIBET a300eH30-
na. BMecTte ¢ TeM, ruapa3o0eH301, TAKXKE KaK U a300eH30J1 U a30KCHU-
6CH30JI, BOCCTAHABJIMBAeTCHa JO aHUJAUHA NOJ OeHCTBHEM OJUTUOHUTA
HaTpus B Bolle uinu xyiopuaoM ojioba (I1) B consiHoit Kucnote:

AINO, AN=NA .

CgHs-N=N-C¢Hs + 2Na,5,04 + 4H,0 ——

—— 2C¢HsNH; + 4NaHSO;
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CyMMapHO [polecc BOCCTAHOBJIEHUs apOMAaTHUYECKUX HUTPOCOENU-
HEHUH MeTannaMy B KUCION M LLUEJIOYHON cpeae MOXET ObiTh Mpel-
CTaB/IEH B BUIE CIEOYIOLWIEH OCNEN0BATENbHOCTHU NTpeBpallieHUH:

B KMCIOH cpegne:

AINO; ——> AINO —— > ANH-OH ——> ArNH,.

B 1IEJIOYHOH cpene

AINO; —> AINO — ArNH-OH
L J

@0
ArN=g’-Ar “ » AN=NAr ——»  ArNH-NHAr.

B [IPOMBILIJIEHHOCTH aHMWJIMH [10JY4YaloT KaTAIUTUYECKHUM BOC-
CTaHOBJICHHEM HHTpO6CH3OHa Ha MEOJHOM MJIM HHUKEJIEBOM KaTaJiHU3a-
TOpE, KOTOprﬁ BBITCCHHUI CTapHHHbIﬁ croco® BOCCTAHOBACHUS HUT-
p06e1-130na YYTYHHbBIMUY CTPYXKaMHM B BOJIHOM pacTBOPE XJIOPHOTO
XKeJie3a U COJITHONM KMCIOThl B KAYE€CTBE 3JIEKTpOJIUTA!

4C6H5N02 + 9Fe + 4H20 —_— 4C6H5NH2 + 3FC3O4 .

BoccTaHoBieHWe HUTPOTPYIIIbl A0 AMUHOTPYIIbL cynbhUIOM H
ruapocyib@UIOM HATpUSI B HACTOSIILIEE BPEMsI UMEET 3HAYeHHE TOJb-
KO JUISl 4YaCTUYHOI'O BOCCTAHOBJEHMS ONHOW M3 MBYX HMTPOTrpYI,
HanpuMep B M-AUHUTpPoOEeH30ie WIH 2,4-TMHUTPOAHHUIIMHE!

NO, NH,
O,N + NaHs O, o\ (80—85%).
NO, NH,
OzN@NHz “%}STS%HEL’ OZN@NHz.
(52-58%)

ITpyu cTyneHYaToM BOCCTRHOBIEHMH MOAMHUTPOCOENMHEHUI C TIOMO-
ibio cyNbhula HaTPHA 3TOT HEOPraH MYECKUIl peareHT npesBpalaeTcs
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B TeTpacyibdua HATPHUs, YTO comMpoBoxnaetcs obpazoBaHueM lile-
J0YH:

AINO,; + 4Na;S + 4H,0 ———> ArNH, + Na;S; + 6NaOH.

Bricokast LeI0YHOCTh Cpenbl NIPUBOIUT K 00pa3oBaHKIO a30KCH- U a30-
coelHEHU B KayecTBe MOOOYHBIX MpoAykToB. YToObl H36exarts aToro,
B KAa4YeCTBE BOCCTAHOBMTEJS CJIeAyeT HCIOJ/b30BaTh AUCY/IbhUL HATpUS
WJIH, JIy4lle BCEro, rUApoCy/ib(ul HATpHS, TIe Liejaoub He obpasyercs.

4ArNO, + 6NaSH + H,0 —— > 4ArNH; + 3Na;5,0;.

20.1.1.6. BEH3UAWHOBAA MNEPETPYIIIIMPOBKA

[IpeBpalteHue ruapazodenizona s 4,4’-iuaMuHoOMeHUN, Ha3BaH -
HbI OCH3WMAMHOM, MOJ HEHCTBUEM CHUJIBHBIX MMHEPATBHBIX KUCIOT
ObL10 OTKpHITO B 1845 r. H.H. 3uHuHbIM. BnociencTBre OHO MOJYYU-
JIO Ha3BaHMe OCH3IUOMHOBOM MeperpynupoBKu. B Hacrodlee BpeMs
5TUM TEPMUHOM OOBEAMHSIOT LIENYIO TPYNIY POACTBEHHBIX IIEpPerpyI-
MUPOBOK, MPUBOASIIMX K OOpa3OBaHHMIO CMECH Opmo- W Napa-u3o-
MEpHbBIX MPOU3BOAHBIX NHaMuHoOudenuna. [Ipu neperpynmnuposke
€caMoro ruapazobeH30/a Mojy4yaeTcsi CMech JUAMHHOB, cojepXaluas
70% 6ensuauna u 30% 2,4'-nuamuHobudenuna (1ubeHunnHa):

O ©) e n OO
KOHL.

(70%)

H,N
n HZN (30%) .

Ilpu Gonee HU3KOH TEeMIEPaType B COBEPIUEHHO Oe3BONHOM cpene
obpasyercs Takxe 2,2'-guamurobuderHun (o-6eusunun). Ecnu napa-
MOJIOXEHHE B ONHOM M3 OEH30JBHBIX silep 'MApa3obeH30/1a 3aHSATO
KaKUM-HUOYIb 3aMeCTUTENEM, [IPONYKTOM TEPErPYIMTUPOBKH OKA3BI-
BaeTcsl MPOM3BONHOE OudeHUNaMuHA (TaK HasbIBaeMasi CEeMWIUHO-
Basl NeperpyniyvpoBKa):

X =Cl Br; RO; R
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[Tpu M3ydyeHUH MexaHKU3Ma OeH3IUIUHOBOM M POJCTBEHHBIX Nepe-
rpynmnupoBoK 6blJI0 YCTAHOBEHO, YTO OHU IMPOTEKAIOT BHYTPUMOJIE-
KynsapHo. Ecnan nBa paanuyHbix ruapa3zobeH3ona nogBepriyTb COBME-
CTHOH neperpynnupoBKe, NPOAYKTAMH PEAKUMH OKA3bIBaIOTCA TOJBKO
COOTBETCTBYIOLLME DEH3UAMHDI, a IIPOAYKTHI [IEPEKPECTHON Neperpyn-
MTUPOBKU OTCYTCTBYIOT. CKOpPOCTh peaklMH neperpynrupoBKH CaMoro
ruapa3obeH3o01a MPONOPLUUOHANBHA €r0 KOHUEHTpaUUM M KBaapaTy
KOHLEHTPALMY MPOTOHA. 3TO 03HAYAET, YTO NEPETPYINUPOBKE MOM-
BepraeTcst IMNPOTOHHpoBaHHas dopma runpazobensona. boio Takxe
MOKAa3aHo, YTO MOHONPOTOHUPOBaHHas ¢popMa ruiapaszobeH3ona npe-
BpalllaeTcsl Hauejgo B OEH3MAMH TOMBKO NpPH MOBTOPHOH oOpaboTke
KMCJIOTOR. DTH JaHHBIE COIJIACYIOTCSI CO CNEAYIOLIMM MeXaHU3MOM
BEH3UAUMHOBOM MEPErpyNIUPOBKHU:

@NH—NH@ + 2H+

H;_N NH2

00—

® ® ®
H,N-----NH, HpN NHz
~00F0Q =
H™ H H H

G We

IIpennonaraercs, 4ToO MepexogHoOe COCTOsSHUE obpasyeTcsl U3 Takoi
KoH}popMaLuy rijipa3obeH30/1a, B KOTOPOil CUIBHO COMMXEHBI MEX-
Iy cob6oit 1Ba COOTBETCTBYIOLUMX aToMa yrjiepona obonx 6eH301bHbIX
koJell. CorlacHo KBAaHTOBOXMMUYECKOMY PACUETy, PACCTOSTHHE MEX-
Iy B3aMMOAEMCTBYIOLMMHU LIEHTPAMU B TaKO# KOHGOpPMalKH COCTaB-
nset Bcero 0,15 HM M MOYTH HE OTIIMYAETCS OT JIMHBI LIEHTPAJIbHOM
YIJIEPON-YIePOAHOM CBS3M ABYX Konell 6udennna. O6pasoBaHue HO-
BOM YINIEpOA-YINEepOdHOM CBSI3M M Pa3pblB CTAPOM CBSA3M BYX aTOMOB
230Ta IPOUCXONUT CTPOro CUHXpPOHHO. COrIacHO COBpEMEHHOM Tep-
MMHHOJIOTMH, GEH3UIMHOBAS MEPEerpyrnnupoBKa OTHOCHUTCS K YUCHY
[5,5}-curMaTponHeIX NeperpynnupoBok (cM. . 25 u 26, u. 4). beH3u-
IUH U €0 TIPOM3BOMHBIE KRHLUEPOreHHbl U BhI3BIBAIOT PAK MOYEBOTO
ny3sips. [1o 3Toit npuuKMHe NPOU3BOACTBO DEH3UAMHA U3 roda B rof
pe3ko cokpaiuaercsi. Mcnonb3oBanue 6eH3UOMHA B TEKCTHUIIbHOM Npo-
MBIILIEHHOCTH 3aMpelleHo.

335



20.1.2. HUTPOAJIKAHBI

Ilo MeTogaM cuHTE3a U CBOUCTBAM HUTPOANKAHBI PE3KO OTAMYA-
JOTCSl OT aPOMATUYECKUX HUTpOCcOeIMHEHHU. B atoM pasznene Gyayr
NpuBeNCHBL TOJBbKO Haubojiee BaxXHble O6LUKE METOABI NOJYYEHHUST U
XMMHUYECKHE TIpeBpanieHUA aTUdaTUIYeCKUX HUTPOCOETUHEHU .

20.1.2.a. [TOJIYYEHUE HUTPOAJIKAHOB

TIpssMoe HUTpOBaHME AJIKAHOB B XHIKOM WK rasosoit ¢dase nox
neitcreueM 50—70%-it BogHo#M asoTHOM KucaoThl mpy 500—700°C unun
teTpaokucH azora npu 300—500°C uMeeT npoMBILIUIEHHOE 3HAYEHUE
TOJIBKO IJISL IIONyYEHHUs IPOCTEUIINX HUTPOAIKAHOB, TaK KAK HUTPO-
BaHME B 3THX YCJIOBHSAX BCETA COIPOBOXIAETCS KPEKWMHIOM YIJIEBO-
JopoaoB (cM. . 4, 4. 1) ¥ 0OBIYHO IMPHUBOAMUT K CJIOXHOM CMECH ca-
MBIX pa3HOOOpa3HbIX HUTpocoenuHeHU. [To 3Tol npuuMHe peakius
HE TOJYYWiIa UIMPOKOro pacipoCTpaHEeHHs.

Haubosee oOUIUM METOLOM ITOJYYEHUSI HUTPOAJIKAHOB IO CHX
IIOp OCTaeTcsl peakUusl AIKMIHPOBAHUS HHUTPUT-MOHA, OTKpPBITAs
B. Meitepom B 1872 r. B xitaccuyeckom Metone B. Meitepa HUTpUT ce-
pebpa B3aMMOHEHCTBYET C MEPBHYHBIMU WIM BTOPHYHBIMH JIKWJI-
OpoMMIaMH WIK TKWIMOIUIAMHU B 3dUpe, NeTposieiiHOM 3dupe Wi
6e3 pacrBoputenst pu 0—20°C ¢ o6pa3oBaHUEM CMECH HUTPOaJKaHa
M ATKMJIHUTPUTA:

RBr + AgNO, —5.3;(%?6?5» RNO, + RONO + AgBr .
HuTpuT-HOH NPUHAUIEXUT K YUCTYy aMOMASHTHBIX AaHUOHOB C JByMS
HE3aBUCHMBIMH HYKICOHIbHHIMUA LIEHTpaMHK (30T M KMCJIOpPOX),
KOTOPBLIE HE CBA3aHbI B €XMHYIO ME3OMEpHYIO cHcTeMy. PeakliMoOHHas
cnnocobHocTh aMOMAEHTHOTO HUTPUT-MOHA C JBYMS HE3aBUCHMBIMHU
HYKJeo(HIBHBIMH LEHTPAMU pe3KO OTIMYAeTCs OT pPeakLUOHHOM
CIOCOOHOCTH E€HONAT-UOHOB C ABYMSI HYKJICO(GUIbHBIMH LICHTPAMH,
CBSI3aHHBIMU B €OHHYIO Me30MepHyI0 cucreMmy. COOTHOUIEHUE MpPO-
IyKToB N- ¥ O-ankuidpoBaHUS (HUTPOANKAH/ATKWIHUTPUT) B pe-
aKUUKM ATKWIOGPOMMIOB M HOIMIOB C HUTPHUTOM cepebpa (peakius
Meiiepa) peluaroiuuM o6pa3oM 3aBUCHUT OT IIPUPOALI ANKWIBHOMR IpyI-
Bl B AIKWJITasioreHuae. BoIXod IepBUYHBIX HUTPOAIKAHOB JOCTUTAET
75—85%, onHaKo BBIXOH pe3Ko cHmxaetrcs xo 15—18% mis Bropuy-
HbIX U 5% — IS TPETUYHBIX HUTPOaJIKaHOB. TakuM 00pa3oM, HHU
TpeTUYHBIE, HU BTOPUYHBIC AIKUJITAJIOTeHUIbI HE IPUTOAHBI TSI CUH-
Te3a HUTPOAJIKAHOB IPU B3aUMOAEHCTBUH C HUTPUTOM cepebpa. Pe-
akuus Meitepa sBIsSIETCS ITPEBOCXOOHBIM K, OYEBUIHO, JYYIIHUM CITO-
co0OM MONYyYEHHUS MEePBUYHBIX HUTPOAJIKAHOB, ApUIHUTPOMETAHOB U
O -HUTPO3(PHUPOB KApOOHOBLIX KUCJIOT:
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RCH,Br + AgNO, 33—_‘112’%‘%» RCH,NO, + RCH,0ONO + AgBr ;
(75-80%)  (20-25%)

aup
ArCH,Br + AgNO, W

RCIZHCOOCsz + AgNO, %» RCHCOOC;H; + Agl

I NO, (75—85%)

Anst mony4yeHUs HUTPOANKAHOB CIIEAYET MCIOJIb30BATh TONBKO aNKHII-
OpoMMABl M ATKMIMOTUABI, TTOCKOJBKY AJIKWIXJIOPUABI, AJIKWICYIb-
tdboHaTbl U THUATKHIACYIb(DATH He B3aMMOJIEHCTBYIOT C HUTPHTOM Ce-
pebpa. Y3 o, o-xubpoMHUIOB TETKO IMOMYYAIOTCA O, O-TUHHTPOATKAHBI.

H. Kopu6mom (1955r1.) npemnoxun MomupUIHPOBAHHbBIH 06-
LIUH METOJ MOJYYeHUS TMEPBUYHBIX M BTOPUYHKIX HUTPOAIKAHOB, a
TaKXe O, -THHUTPOATKAHOB U HHUTPO3aMeILEHHBIX KeTOHOB. MeTon
OCHOBAaH HA AIKMJIMPOBAHMM HUTPUTOB IIENOYHEIX METAJUIOB Mep-
BUYHBIMH MIM BTOPHUYHBIMHM JIKHJITAIOreHUIAMH B AUIIOISPHOM ar-
poTtoHHOM pactoputesie IM®PA. UToObl npeaoTBpaTUTh NOCIEIYIO-
uiee HUTPO3UPOBAHHE HUTPOATKAHA NapaIETbHO OOpa3yOIIMMCS
ANKWIHUTPUTOM, B PEAKUHOHHYIO CMECh HEOOXONHUMO BBOAUTH MOYE-
BUHY WIH, Jydllle, MHOTO2TOMHbIE (PEHONMbl — PE30PUMH WIH (o-
pOTMIOUMH. BBIXOX MEpBUYHBIX HHTPOANKAHOB IO 3TOMY METONY HE
npesbiliaer 60%, T.e. HUXe, YeM TIPU ANKWIUPOBAHUM HUTPUTA Ce-
pe6pa (75—80%). OxHako BTOpUYHBIE HUTPOANKAHBI CJEAYET MOJY-
YaTh aNKWIMPOBaHHEM HUTpHTA HaTpus B JIMDA:

AM®DA
CH,CH(CH,),CH, + NaNO, =52

Br

—= CH,CH(CH,),CH, + CH,CH(CH,),CH; + Nabr .

NO, ONO
(55—60%) (25-30%)

TpeTHuHbIe ATKUITATOTEHUAB MOABEPraoTcs SMUMUHUPOBAHUIO MO
JeMCTBUEM HUTPUT-UOHA M He 00pa3yioT HUTpocoequHeHU. Ddupbt
Q-XJIOp- UM o-GpoM3aMelIeHHBIX KUCIOT [NagKo IIpeBpallaioTcs B
3auphl CL-HUTPO3aMeLIeHHBIX KUCIOT ¢ BbixogoM 60—80% npu Biau-
MoIeMcTBUHM ¢ HUTpHUTOM Hatpus B JM®PA wiu JMCO.
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Hpyroit ob1uuii METOA CMHTE3a HUTPOAIKAHOB COCTOMT B OKHC-
JIEHUM OKCHMOB KETOHOB C ITOMOIIIbIO TPUGTOPNEPYKCYCHOR KUCIO-
Thl B allCTOHUTPUIIE!

(CF;CObO, HzOz o
O:NOH S > <:>‘No2 (60%).

IleppoHayanbHO IIpU OKMCIEHUM OKCUMOB oOpa3syercsa auu-dopma
HUTPOCOEIUHEHNS, KOTOpasi B KUCJION cpele U30OMEPU3YETCs B HUTPO-
coeguHeHWe. KpoMe OKCHUMOB MOXHO OKHUCIISITb TaKXE M IEPBHYHBIE
aMMHbI NEPYKCYCHOM KUCIOTOM WIM M-XIopnepbeH30iHON KUCIOTOM:

CH,;CO3H

Bonee cra ner Hasag I'. Koasbe onucan MeTon nony4eHus HUT-
pOMeETaHa NPy B3aUMOJEICTBHU XJIOpalleTaTa HATPUS U HUTPHTA Ha-
TpHsl B BOZHOM pactsope npu 80—85°C:

CICH,COONa + NaNO, %%» [O,NCH,CON=®| %»

2 2
— CH3N02 + C02 + NaHCO3
(35-38%)

IIpoMexyToyHo obpasywoluuiicss aHWOH HHUTPOYKCYCHOR KMCJIOTBI
nexapboxkcunupyeTcs OO0 HUTpoMeTaHa. st MMoJydYeHUst rOMOJIOTOB
HUTpoMeTaHa criocob® Koyibbe He MMeeT 3HAYEeHMS] K3-3a HHU3KOIO
BBIXO[a HUTPOAJIKaHOB. Miest MeTona 6sL1a OCTPOYMHO MCIIOIb30BaHA
npyu pa3paboTke COBPEMEHHOTO OOILErOo METOAA MOJYyYEeHHMS HUTPO-
ankaHos. JluaHMOHBI KApOOHOBBIX KMCIIOT HUTPYIOTCA MO AeiicTBUEM
ANKUIHUTpAaTa C OJHOBPEMEHHBIM REeKApOOKCUIMPOBAaHHEM OL-HHUT-
po3aMelleHHON KapOOHOBOW KUCIOTHI:

2LiIN(C,H,-i ),
TM®TA

= RCHCOOLi MZ_,
Il.' 2) H

1

RCH,COOH

30+

— {R-—(IZH—COOH] —— RCH,NO, + CO,
Yo, (45—-65%)

Hm‘posarme KapsaHPIOHOB C NMOMOIUBK AJKHIHHUTPATOB HIUPOKO
NCHOJIb3YETCA U V1A NONYYECHHUA O, O ~-IUHUTPOANTKAHOB. C 3710t Uenpo

338



EHONAT-UOHBI LIUKIUYECKUX KETOHOB 00pabaThIBalOT ABYMSI 3KBUBa-
JeHTAMM ANKMITHUTPATa. PackpblTde LHUKIA C MOCHEAYIOUMM deKap-
GOKCHIMPOBAHUEM [IPUBOIMUT K O, O-AUHUTPOATKAHY:

00
1) 2KNH,; x. NH g\ ~oe
y X, +
) 2RONO,
~0° (50%)
®N
\O@

AHaJIOTHYHO MPOTEKACT HUTPOBAHHUEC CHOJISIT-HOHOB CJIOXKHBIX 3(1)Hp0BZ

1) C,H;0K
——e—
2) RONO,

ArCH,COOC,H ArCH=NO,K + (C,H,0)CO —=

+
HO_ ArCH,NO, (80%)

20.2.2. PEAKIIMHY HUTPOAJIKAHOB

20.2.2.a. TAYTOMEPHS HUTPOAJIKAHOB

TlepBUUHEBIE U BTOPHYHBIE HUTPOAIKAHBI HAXOAATCS B TAYTOMED-
HOM PaBHOBECHH C auM-¢popMoil HUTPOCOCHUHEHMs, Ha3bIBAEMOl
UHAYEe HUTPOHOBOU KUCIOTOI:

e
or°
RCHN

00
@
RCH=N{
OH

W3 aByx TayroMepHbIX hopM HUTpodopMa ropasno 6osiee ctabuibHa
U npeobnanaet B papHoBecuH. s HutpomeraHa npu 20°C KOHUEHT-
pauus auu-dopmsl He mpesbimaeT 1- 1077 OT KOAM HUTPOATKAHA,
JUIst 2-HUTPOMpONaHa oHa BospacTaeT no 3 - 107°. KonuuecTso aim-
dopMer Bospactaer wis peHUTHUTpoMeTaHa. MsoMepusanus auu-
HUTPOCOEAMHEHHUS] B HUTPOCOESAUHEHHE NIPOUCXOAUT MEUIEHHO. DTO
IaeT BO3MOXHOCTD OIIpEACTHTh KOHUEHTPALUIO auu-GopMBI TUTPO-
BaHMEeM GpPOMOM C OYeHb BBHICOKOI CTeNeHbI0 TOYHOCTU. Manas cko-
POCTb B3aMMOIpeBpaIeHUs NBYX TayTOMepHbIx (opM IO3BOAMNA
A. TaHyy eile B 1896 r. BRIAEAUTD HHAUBUAYAJIbHO 06 TayTOMEDHLIE
dopMmbl peHWTHUTpOMeTaHA. DeHMIHUTPOMETAH HAIIeJIO pacTBODS-
eTcsl B XONOQHOM BOXHOM pacTBope ruapokcuna Harpusi. [lpu ero
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obpaboTke BOAHOM yKCycHOM kucaoroit npu 0°C obpa3syercs HecuBeT-
HOE TBEPAOE BELIECTBO, MpeAcTassioliee coboit aun-dpopmy dernun-
HuTpoMeTraHa. OHa MIrHOBEHHO OKpallluBaeTcst B KpacHbIH LIBET TpH
obpaborke xnopuaoM xenesa (111) 1 konMuecTBeHHO TUTpYeTcs Opo-
MoM. Ilpu crossHUM TBepaas auu-dopMa MelleHHO U30MEPU3YeTCs B
Gosiee cTabUNIbHYIO XUIKYI0 dopMy deHUTHUTpoMeTaHa. MHorna ata
M30MepH3alIUs OCYILECTBASETCS OYEHb MEUIEHHO, B TEYEHME HECKOJb-
KMX MHEMH: MpeBpalleHHe HUTPOLMKIOAOAEeKaHa, HANpMMED, 3aKaH-
4YMBAETCH TOJNBLKO 4Yepes AecsiTb gHei. Has pocThiX HUTPOAIKAHOB,
HarpuMep HUTpOMeTaHa, HUTPO3TaHA U 2-HUTPOINPOIIaHa, alli-popMy
HE yIaeTcs BbIIEIMTb MHAYBUAYAILHO, TAK KaK OHA JAOBOJBHO JIETKO
B TeueHue 15—30 MmuH rnpu 0°C u3oMepusyeTcs B HUTpPO-PopMy U O
COIEPXaHUM auU-GOPMBl MOXHO CYAUThb TONBKO 10 JAHHBIM TUTPO-
MeTpHYecKoro OpoMupoBaHusa. KoHLEHTpalud OBYX TayTOMEpPHbBIX
¢opM s moboro coeMHEHUs BCErga oOpaTHO NMpPONOpPLHOHANIbHA
KHCJIOTHOCTH TayTOMEPHbBIX hopm, ann-chopmMa HUTPOATKAHOB BO BCEX
cayyasix sipysietcst 60see CUABHOM KMCJIOTOM 110 CPABHEHMIO C HUTPO-
dopmoii. [Ans HuTpoMeTraHa B Bouxe pK,~ 10,2, Torma xaxk mis ero

@
auu-gopmet CH,=N T g}? pK, = 3,2. ins 2-HUTpONIpoONaHa 3To pa3-

JMYKMe 3HauuTeNibHo Menbliue, pK, (CH;),CHNO, cocrasnsiet 7,68, a
nnsa (CH,3),C=NOOH pKX, = 5,11. Paznuuue B BenuunHax pK, 1nsg KByx
¢dopM He sBiIseTcs HEOXUAAHHBIM (CM. . 3, 4. 1), MOCKO/NbKY auu-
dopMa npexacrasnsier coboit O—H-kucnory, Torga kak HUTpo-GOp-
Ma otHocuTcsl K CH-kucnoraM. HarmnoMHMM, 4TO aHalOTHYHAS 33KO-
HOMEPHOCTb HabMIONAETCS U1 KETO- U €HOMBHBIX (OpM KapOOHWIBHEIX
coeqUMHEHUM, rae eHosl okKasbiBaercd 6osiee cuwisHoit OH-xucnoroit
1o cpaBHeHH10 ¢ CH-KUCNIOTHOCTBIO KETO-(POPMBI. ALIMUHUTPOCOEIM -
HEHHS NPEeACTaBAAIOT co0O0i NOBOABHO CUJIbHBIE KUCIOTHI, 00pasyio-
ILKE COJIM Jaxe INpH B3auMOAEHCTBUM ¢ KapOOHATOM HaTpus, B OT-
JMYhe OT HUTPO-GOPMbl HUTPOAIKAHOB, KOTOpasli HE pearupyer ¢
KapboHar-uoHoM. TayToMepHbie TpeBpalleHUs o6eux GopM HUTPO-
a7IKaHOB KaTaNU3UPYIOTCS KakK KUCIOTaMH, TaK U OCHOBAaHMSIMM aHa-
JIOTUYHO €HOJIU3ALMU ATbIETHIOB U KETOHOB.

20.2.2.6. PEAKLIMM AMBEMJIEHTHBIX
AHWOHOB HUTPOAJIKAHOB

IIpu neficTBMM OCHOBAaHHUSA KaK Ha HUTPO-, TaK U Ha auu-popMmy
HUTpPOCOENUHEHUS], oOpa3yercsa obuMit st HUX 06eNX ME30MEPHbI
aMOMIEHTHbBIN AaHUOH, B KOTOPOM 3apsii NENOKaNH30BaH MEXIY aTo-
MaMH KHCIIOpoJa M yrjiepona:
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0® 0® 00
® BO ® BH ®
RCH,N . RCH=NZT  + BH RCH=N"
=0 BH ShiNe) B® OH

AMOUIEHTHbIE aHUOHBI HUTPOANKAHOB BO BCEX OTHOLUEHHSX SBISAIOT-
cs1 OGIUM3KKMH aHAJIOrAMHU €HOJSIT-UOHOB KapOOHUIBHBIX COETUHEHUA.
Jns HUX XapakTepHbI T€ Xe caMble peakUMH 3aMelleHUs, YTO U s
eHoJIIT-MOoHOB. Hanbonee THMUYHBIMHM M BAXXHBIMH PEAKUMAMH C yya-
CTUEM aHWOHOB HUTPOAJIKAHOB SIBNSIOTCS rajloTeHUPOBAHNE, ANKH-
JNUpOoBaHWe, alUIMPOBAHUE, KOHICHCALUMH C KapOOHMIBHBEIMM CO-
eNMHEeHHsIMH, peakuud MaHHuxa U Muxasng — Bce Te, KOTOpble
TUNHYHBL U [UIS1 SHOJNSAT-UOHOB. B 3aBUCHMOCTU OT IPUPOALI SJEKTPO-
¢GUIBHOTO areHTa ¥ B HEKOTOPOIl CTEMEHH OT CTPOEHUS HUTPOANIKAHA
3aMCIUEHUE MOXET MMPOUCXOAUTHL € YJaCTUEM nubo KHCJIOPOLHOIO,
aubo yrnepogHoro, 1160 060MX HEHTPOB aMOUIEHTHOTO aHMOHA HUT-
poajiKaHa.

lanoreHMpoBaHUE LUEJNIOYHBIX COJIEM HUTPOCOEOUHEHMH OCYIE-
CTBJISIETCSt TOJBKO MO aTOMY yIJIepoAa: peaklMlOo MOXHO OCTAHOBUTD
HA CTagWY BBEACHHUS] OJHOIO aToMa rajioreHa:

RCH,NO, 220!
NO 5 61,0, 0C

= RCHNO, .
ca

HuTpo3MpoBaHHe [MEPBHYHBIX HUTPOAJIKAHOB MIPUBOIUT K 00pa-
30BAHUIO TAK HA3bIBAEMbIX HUTPOJOBBIX KHCIOT:

NaNO,; H,S0O, WU30MEPU3ALIMNS
RCH,NO - » RCHNO -
2772 H,0; 0°C | > H,0% H,0
N=0
— RCNOQO,
N—OH

BTOpH‘!HbIC HHUTPOAJIKaAHb] B TEX X€ YCIOBUAX NAKOT NCEBAOHNUTPOJbI:

NaNOy; HSO, _ o _N=0
- R

R,CHNO,
HZO; 0°C N02

+ H,0 .

HuTponoBbie KMCIOTHI GeCUBETHBI U MTPU BCTPSIXUBAHUK C pacTBOPOM
TMAPOKCHIA HAaTpUs 0Bpa3yioT coiu, OKpallleHHbie B KPACHBI 11BET. B
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OT/IMYUE OT HUX MNCEeBAOHUTPOAbl UMEIOT B HEUTPAJILHOM cpele rofy-
Oy10 OKpacKy. DTH CoeAUHEHUSI MOTYT ObITh UCTTIONbL3OBAHLI 11 UIEH-
TU(PUKALIMK NIEPBUYHDBIX ¥ BTOPUYHBIX HUTPOAIKAHOB. TPEeTUUHbIE HUAT-
poajikaHbl He B3auMoneicTBytoT npu 0°C ¢ a3oTHCTOH KHMCIOTOM.
ANKUAMpOBaHUEe aMOUMIEHTHBIX aHUOHOB HUTPOAIKAHOB MPOTEKa-
€T, B OTJIMYHME OT FaJIOTEHUPOBAHMUSI M HUTPO3UPOBAHUS, UCKIIOUH-
TEJIBHO WU NMPEUMYILECTBEHHO 10 aTOMy KMCJIopoja ¢ 00pa3oBaHUeM
B KAauecTBe MPOMEXYTOUYHbBIX COeIHHEHUN 3¢PpupoB auK-HopMbl, KOTO-
pble HOCSAT Ha3BaHUE HUTPOHOBLIX 3¢pUpoB. HutpoHoBbIE 3dUpHI TEp-
MHYECKM HeycTOHUMBBI M Bbiie 20°C moaBepraioTcst OKUCIHTENLHO-
BOCCTAHOBUTEJIBHOMY pacraly Ha OKCUM U KapOOHWILHOE COeAUHEHHE!

S
69/06 IMDA @0 ——
RCHBr + CHRC==N{ s ol (CH3)2C=N‘8‘—CIH—R

—a (CH;),C=N—OH + RCHO .

OxcuMm Beerzna obpasyeTcss KaK KOHEYHBIH NPOAYKT BOCCTAHOBIEHUS
HUTPOAIKaHa, TOrAA KaK aJibIeri OKa3blBAETCH KOHEYHBIM MPOAYK-
TOM OKHMCJICHUS AIKIJIMPYIOUIEr0 areHTa. DTa peakliMa HalwIa IUpo-
KYIO 061acTh MIPUMEHEHHUS B CUHTE3€ apOMAaTUYECKUX U O, 3-HeHachi-
IUEHHBIX AIbJETHIOB.

[Tpu B3auMomeNCTBUM 1UENOYHBIX COJIeil 2-HUTPONMpPONaHa ¢ 3a-
MELICHHBIMH DeH3WIranoreHuIaMH KOHEYHBIMM [POAYKTAMM SIBJISI-
IOTCSl OKCHM alleTOHA M apOMaTHYeCKMi aJbIerum;

o®

)
® _@,O'DI .
(CH3)C=N_  + CHZ — | (CHC=N |
X

0 Na®

toC //O
— (CH;),C=N-OH + C.
X H

Eie 6ofee BaXHYO poJib UrpaeT ATKWIMPOBaHUE aMOUIEHTHBIX aHH -
OHOB HUTPOAIKAHOB IO NeUCTBMEM AJUTHIITANIOTEHUIOB IS IToNyYe-
HHSA O, B-HEeHAChIILEHHBIX AIbAETUAOB:

' 1<)
®. 0% @,O*\H
(CH3pC==N{ + RCH=CH-CH;X — | (CH;sC—N o |
© \'o Na® OYCH-CH=CHR
toC /,O
—= (CH;,C=N-OH + RCH=CH-CZ-H
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Kak cregyeT w3 npuBe{eHHbIX Bhlllle MPUMEDPOB, B OTJIUYHUE OT €HO-
JIIT-NOHOB aHUOHB! HUTPOAIKAHOB MOABEPTal0TCS PETHOCEEKTUBHOMY
O-ankunuposaHuio. Takoe pe3koe pasniuyuue B NOBENEHUH ABYX POL-
CTBEHHBIX K1acCOB aMOUIEHTHBIX aHUOHOB OBYCIOBIEHO BLICOKOM
CTeNneHbIO JIOKAUTH3ALMHU 3apsijIa HA aTOMe KMCIOpoJa aHHOHA HUTPO-
ankaHa. 3¢dupsl aUK-GOPMBI HUTPOATKAHOB JIETKO MOTYT ObITh BblIE-
JIeHbl MHAMBMOYAIBHO NpPHU AJNKMJIHPOBAHHM COJIEH HUTPOAIKAHOB
teTpadTopbopaTamMu TPUATKUIOKCOHUS B XJIOPKCTOM METHEHE NPU
0—(—20°C):

R\ ®/Oe @ © CH,Cl; R ® /Oe
C=N{_ +ROBFj—— 2> C=N__ _+R0O.
Ry e Mo 0=(-20C Y7 OR
(80—95%)

C-anxuaupoBaHue aHHOHOB MOHOHMUTPOAJIKAHOB MMeeT MECTO IIpH
B3aMMOMEHCTBUU ¢ napa- U opmo-HUTpoOeH3wxopuaoM. Msmene-
HHMe PEerHoCeIeKTUBHOCTH B 3TOM CJyyae CBSI33dHO C M3MEHEHMEM
MeXaHM3Ma peakuuu. O-aIKIWIMpoBaHUe aHMOHA HUTPOWIKAHA TIpe] -
crapisieT coboit oBBIYHBIN IMpoLiece OMMONEKYIIPHOTO HYKI€OhUIbL-
Horo 3aMeweHus. Qs C-ankunupoBaHUs aHUOHOB HUTPOCOEIUHE-
HUK fo4 OelcTBHEM n-HUTPOOEH3IMITanoreHUIOB peaausyercs
MEXAHHU3M C YYaCTHEM aHUOH-PagUKAJIOB B KAYECTBE HHTEPMEIUATOB.
ITo cBoeit cyTH 3TOT MEXaHM3M COBEPILIEHHO aHANOrUYeH Szyl-Mexa-
HU3MY, ONKCAHHOMY paHee IUISi HEKOTOPHIX peakuuil Hykjieodunib-
HOTO apoMaThyecKoro 3ameleHus (rn. 15, 4. 2):

(CH3),C=NO + n-NO,C¢H,CH,Cl —>

—>  (CH3)C=NO; + n-NO,;CgH CH,Cl>;

n-NO,CgHiCH,ClI™ —»  nNO,C4HiCHy + CIO;

n-NO,CeHsCHy * + (CH;3),C=NO,O -

— = n-NO,C¢H,CH,~C(CH;),NO,~

n-NO2CHsCH;C(CH3);NO, = + #-NO,CgHyCHyCl —>
—» 1-NOC¢HsCH,C(CH;,NO; + n-NO,C¢HsCH,Cl- m T
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OTKpBHITHE AHHOH-PAnUKAIbHOrO MexaHuiMa C-alKuIMpOBaHMS
cOJIEll HUTPOANKAMOB U APYIUX aMOMIEHTHBIX aHHOHOB ITO3BOJIWIO
H. Kopu6aiomy B 1970—1975 rr. pazpabotaTth UCKIIOUUTENbHO 3¢ dek-
TUBHBIA METOI aNKUAUPOBAHUSA aMOMIOEHTHBIX aHMOHOB HUTPOAJIKA-
HOB C [TOMOLUbIO Q-HUTPO3aMELIEHHBIX CJIOXHBIX 3(PHPOB, HUTPWIOB,
oL, 0L~ TIMHUTPOCOEAMHEHUH U O-HUTPOCYIb(GOHOB — DPEareHTOB, CIO-
COBCTBYIOLUMX pEAIM3aLIMK AHUOH-PAIUKATLHOTO LENHOrO MpoLecca.

NO,
|
(CH3)2(|:-C00C2H5 + (CH3)C=NOY —= (CH3)2(]J-C(CH3)2 (95%).
NO, COOC,H;s
CN CN
U<N02 + (CH3pC=NOY ——> ] \?(CHs)z (84%).
NO,
©<N02 + (CH3),C=NO,° —> O<C|(CH3)2 (91%).
NO,

CJICJ.I}'CT OTMETUTDL, YTO B 3THUX PCAKIUAX 3aMCLICHUE ITPOUCXO-
JUT JaXE€ y TPETUYHOIo aroMa yriepojaa:

Br N02
v+ O — O o
NO,

C-anKMNIUPOBAHUE yIAETCS CAENIATh IPAKTHYECKH €IHHCTBEHHBIM
HanpasJIeHWeM peakUHUU B Clyyae aIKMAMPOBaHUS JUAHUOHOB HHUT-
poankaHoB. JIMaHMOHBI HUTPOAITKAHOB 0OpasyloTcs npu obpaboTke
NMEPBUUYHBIX HUTPOAIKAHOB IBYMSI 3KBUBAICHTAMU H-OYTHUIUTUSA B
TI'® npu —100°C:

|
2 #-C,HgLi o ®0° DR'Br RN
RCH,NO, 22-Calbll =N~ _DRBr_ .
MO e 0c. RN 6 yno g~ CHNO:

DTU IMaHUOHBI TIOABEPralOTCS TaKXe pernocenexrtupHomy C-
AUWJIKPOBAHUIO MTPU B3aUMOJENCTBUM C aALIMATAIONEHUIAMY MJIM aH-
rMApUAAMH KapOOHOBBIX KUCJOT:
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0° 1) R'COX; TID; -7 (II)
9 O~ LTI, =78°C
RCH”N\Oe 2) H,0%; —78°C —RC ?H NO,
R

C-auunnpopaHue TUAHUOHOB HUTPOAIKAHOB BBITOAHO OTAUYAETCA OT
O-auniMpoBaHUsi MOHOAHUOHOB HUTPOCOEAMHEHHU, KOTOpOEe MpH-
BOAMT K 0Opa30BAHUIO CIOXKHOI CMeCH TPYIHOPA3AeIUMBbIX POAYK-
TOB BTOPMYHBIX NMPEBPALLEHUIA CMELIAHHBIX AHTUAPUIOB HUTPOHOBBIX
KHCJIOT KaK MEpBUUHBIX NpoAYKToB O-auuiupoBanus. B otnuume or
3TOrO TMpHU B3AUMOIACHCTBUY MEPBUYHBIX HUTPOANKAHOB C METOKCU-
MarHMiMeTUIKapOboHaTOM NMPOUCXOAUT miankoe C-kapOoKcHIupoBa-
HMEe — 3TO OOLIMI METOA CUHTe3a OL~-HUTPOKAPOOHOBBIX KHUCIOT:

0

Y
RCH,NO, L HOMeOCOH:_ pepcoon.
2) H,0 |
NO,

20.2.2.8. KOHAEHCALIUA AHHOHOB HUTPOAJIKAHOB
C KAPBOHWJIBHBIMH COEAUHEHHMAMMU (PEAKLIUS AHPH)

KoHaeHcauys aHUOHOB MEPBUYHBIX H BTOPUYHBIX HUTPOAIKAHOB
€ anpOeTMAAMM U KETOHAMHW NMPUBORMT K 0Opa3oBaHUIO [B~THAPOKCHU-
HUTPOATKAHOR MJIM TIPOAYKTOB MX JAETUIpaTallud — o, [3-Hernpenesb-
HBIX HUTPOCOENMHEHHUH:

KOH
CH,(CH,),CHO + cnmon CH3(CH2)76C:—CH2N02 ;
(80%)

NaOH wm KOH
C,H;OH—H,0; 25°C

C4H;CHO + CH;NO, » C4H;CH=CH—NO, .

(75%)

Dta peakuus, oTkpbitas JI. AHpu B 1895 1., MOoXeT paccMaTpUBaTh-
Csl KaK pa3sHOBMAHOCTb AJ1bAOJbHO-KPOTOHOBOIW KOHAEHCALMU Kap-
OOHMJIbHBIX cOeNMHEHWI. B KOHNeHCcaUH NPUHUMAET y4acTHe aHu-
OH HMUTpOQJKaHa, a He KapOOHWJIbHOIO COEOUHEHMUS, IOCKOAbKY
KMCJIOTHOCTb HUTpoankaHoB (pK, ~ 10) Ha necaTh NOpsIKOB Bbliiie
KUCJIOTHOCTH KapOOHWIbHBIX coenuHeHuit (pkK, ~ 20). DddexTuBHbI-
MM KaTanu3aTopaMH peakiMyd AHPU SBIASIOTCS T'MIPOKCHIBI, aIKOK-
CHIbl ¥ KApOOHATHI LUEJOUHBIX U 1LEIOYHO3EeMENbHbIX MeTall1oB. Llle-
JIOYHOCTb Cpeibl ClAefyeT TIUATeABbHO KOHTPOJIMPOBaTh AJs TOTO,
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4yTobbl MCKIIOYUTH AJbAOABHYIO KOHAEHCALUIO Kap6OHld.'ll>Hle Co-
EIMHEHUR WU peakuuio K.aHHMLll.lapO sl apOMATHUYECKHUX allbae-
'MaoB. nCpBMqule HUTpOAJiKaHbl MOT'YT TAKXE€ pearmpoBaTtb C IBYy-
MA MOJAMH Kap6OHVU'IbHOI'O COCAHHEHHUA, NTO3ITOMY COOTHOLUECHHE
pEar€eHTOB CI€AYET cobnonaTh O4€Hb TWIATE/IBHO. Hpu KOHIACHCaUMH
apoMaTH4YEeCKHMX alibIdErnioB ObOBIYHO oﬁpasyxorcn O-HUTPOAJIKECHBI,
H pEaKUHnIi0O OYEHb TPYAHO OCTAHOBUTbL HA CTaAHH 06pa303amm B-
THAPOKCHUHHUTPOANNKAHA.

20.2.2.r. IPMCOEAVMHEHHME AHUOHOB HATPOAJIKAHOB
K AKTUBMPOBAHHOW JIBOVMHOM CBSi3U
MO MUXAI3JIO ¥ PEAKHUUA MAHHHUXA
C YYACTHEM HUTPOAJIKAHOB

AHHOHBI NMEPBUYHBIX X BTOPHYHBLIX HHTPOAJIKAHOB NPUCOEIUHA-
IOTCA N0 KpaTHOM CBA3M ¢, B-HemnpeaeibHbIX KapGOHMIbHEBIX COequHE-
HHM, CIOXHBIX 3DUPOB U LUMAHUIOB AaHAJIOTHYHO TOMY, KaK IIpHUCOE-
IUHSIOTCA K aKTHBUPOBAHHOMN ABOMHOM CBA3M €HOJAT-UOHBIL:

o OO
R,Ce—N~ + CH;=CH-X —» RZCl-CHZCHZX
© \O NOZ o
X =c<; COOR; CN'
R

[ng nepBHYHBIX HUTPOAJKAHOB pPeaKLMs MOXET WATH W Jajblile C
yuyactueM BToporo Monsi CH,=CHX. AHHOHBI HUTPOAIKaHOB B pe-
aKUUM TPUCOENMHEHMs1 o MUxasnwo monyyaioT oObIYHBIM 06pa-
30M, C NMOMOLILIO 3THJATa HATPHUS WM IMITHIAMHMHA B Kayecrse
ocHoBaHMA. o.-HHUTpoankeHbl MOryT GLITH TaKXe HCIIONbL30BaHbI B
KayecTBE AKLENTOPOB B PeakiMd MMXA3JIeBCKOIO INMPUCOEANHEHUS
CcTabUIM3HPOBAHHBIX CONpPSXeHHeM KapbaHHOHOB. IIpucoeanHeHue
aHHOHOB HMTPOAJIKAHOB K O-HHUTPOAJKEHaM SBJISAETCH ORHUM M3
Haubosee NMPOCTbIX M YHOOHBIX METOAOB CHHTE3a anu(aTHYECKHX
OUHUTPOCOCAMHEHU:

R
© ® i

RCIJ=CH2 + RCH,NO, %2%%—:9» R(EHCHZ-(IT-NOZ_
>]

NO, NO, H

Takoro TMNa nNpuMcoeIMHEHUE MOXET TIPOUCXOIMTL U B YCAOBUSIX pe-
akuMu AHpM B pe3yabTaTe AervapaTallMM MpoayKTa KOHHAEHCALMU
ajJbAeruila UIM KETOHA C HUTPOAJIKAHOM W MOCJIEAYIOLEro npucoe-
JMHEHUS HUTPOAIKAHA:
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OH
50°C

KOH ’
(CH3)2C\CH2N02——_>_H20

CH3COCH3 + CH3N02 m
2°°S M §

NO
——» (CH3),C=CHNO; ———* (CHj3);C(CH;NO;),

ITeppuuHbie ¥ BTOpHUYHBbIE anudaTH4YecKre aMHHBI BCTYMNAOT B
peakumuio MaHHHXa ¢ MEPBUYHBIMH U BTOPUYHBIMM HHUTpPOANKaHaAMH
1 hopManbLIernioM:

R,NH + HCHO + R,CHNO, ——> 112‘$CH2NR2 + H,0.
NO,

ITo cBoeMy MexaHM3MY H 00JIACTM NMPUMEHEHUS 3Ta peakKuus HUUYEM
HE OTIMYAETCs OT KJIACCHMYeCKOrO BapuMaHTa peaklMd MaHHKXa C
y4acTHEM KapOOHWIBHBIX COEMHEHHH BMECTO HUTPOANKAHOB.

20.2.2.n. PEAKIIWA HEDA

Conu auu-$popMbl HUTPOATKAHOB PACIUETUISIIOTCS B0 KApOOHHIb-
HBbIX COeIMHEHMH py 0OpaboTKe pa3baBlIeHHbIM PacTBOPOM MUHE-
PaIbHOM KMCJIOTHI IIPH HU3KOM TeMIeparype. [lepBUYHbBIE HUTpOA-
KaHbl B 3TMX YCJIOBUSAX PACLIETUIAIOTCA 10 aNbIeTUIOB, 3 BTOPUYHbIE —
O KETOHOB:

9/09 + H0
2 RCH.—:—.@N\\ + 2H o= 2RCHO + N,O + Hy0;
\ (70—80%)
®.%°  uo
2 RyC—==N" + 2H" —2 2RCOR + N,O + H,0.
SN ~5C 50-85%)

BTta cBoeobpa3Has peaklUMsl 3aHMMAeT 0cob0e MeCTO Cpeau APYrux
NpeBpalleHUii HUTPOAIKAHOB U HE MMEET SIPKO BBIPAXEHHOM aHajlo-
MU Cpeay APYrHX KJIacCOB OpraHMYeckKuX coeaMHeHMit. OHa Gbuta
oTKpbiTa B 1894 1. [Ix. HehoM ¥ 10 cHX Nnop npuMeHsAETCS s CUHTe-
3a KapOOHMJILHBIX COEIMHEHMI, COREPXKALUUX APYTHME JIETKO OKUCIs-
eMble QYHKUMOHANIbHbIE IPYNIIbl:

1) NaOH;

\
HOCHZ(CHOH)‘,CHZNOZZ:{—H}—()——* HOCH,(CHOH),CHO (70%);

20
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1) NaOH
2 2) H,0%; H,0; 0°C

GeH; GeHs

- O
(81%).

brulo yCcTAaHOBJIEHO, YTO HAIpaBJieHUE KUCIOTHOIO paclleluieHHUs
NePBUYHBIX HUTPOAIKAHOB MOXHO MOJHOCTBIO U3MEHUTb MPH 3aMe-
He 2-HopManibHOHN Ha 30-HOPMATBHYIO CEpHYIO KUcIOoTy. B pasbasneH-
HOl KMCOTE MIET paculeruieHue ao anbaerdaa no Hedy, B To BpeMs
Kak B 85—90%-ii cepHoit KMUCIOTe UMEET MECTO pacCLUeIIEHHE JO Kap-
GOHOBbBIX KUCJIOT. DTO MO3BOSIET LEJEHAIPABICHHO YIIPABIATh peak-
UMeH pacilerIeHUs NMEPBUYHBIX HUTPOAIKAHOB:

H,0%;
H,S0,; t °C H,0
RCH,NO, 2—2" "p pc=C _° o RCOOH + NH,OH.
H,0 “SNHOH

4 paculerieHus B CHJIbHOKHUCION cpene ObUl NMPEeIOXEH CIeHyIo-
IUMH MEXaHH3M peaKkUUu:

H+

@
RCH;NO» RCH=NOOH

® _OH
RCH=N_ =
OH

. ©»® H @ H,0
H . ReNOY > RC=N-OH — 2>

A CH
H O
L H'
— RC: ——ﬁz—o—b RCOOH + NH,OH
NHOH

20.3. APOMATHYECKHE IMA3OCOEAUHEHMWA

ApOMaTHYECKUMHU THA30COENMHEHUSIMU Ha3blBAlOTCH BELUECTBA,
B KOTOPbIX OAMH U3 aTOMOB a30Ta asorpynnbl —N=N— cBsizaH ¢ apo-
MaTUYECKUM panuKaioM, a Ipyroit ¢ rerepoaroMoM. B kauyecTse npu-
Mepa MOXHO npuBecTd ¢eHunamaszoammHobeHzon CgHsN=N—
NHCg4Hs, denmnnokcunuazoderszon CcHsN=N—-OC¢Hs. Ecnu o06a
aToMa a3oTa a30-TPYINbl CBA3aHbI C APOMAaTUYECKUMM panUKaIaMH,
COENMHEHHKST HA3bIBAIOTCS apOMAaTUYECKUMH a30COEIVWHEHMSMU, Ha-
npumep n-NH,—C H4N=N—-C¢H; — n-amrHoazobenzon. Haubonee
BAXHBIM MPEACTABUTENIEM AapOMATUYECKUX NHA30COCXMHEHUN sIBIsI-

® ©
10Tcsl apeHauasoHuenble con Ar—N=N X ~. Cosu apeHAUA30HUA,
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rae X — aHWoH cuiabHOM kuciaorh Cl7, Br™, HSO, ™ unu koMmuex-
cublit anuon — BF,”, SnCl¢*™, PF”, SbF,~, HgCl;™ u T.4., npes-
CTaBJSAIOT COOOH TUNMUYHBIE MOHHBIE KPUCTALINYECKME BELLECTBA, pa-
CTBOPUMOCTb KOTOPBIX B BOJE M CIIMPTaX ONpPeNe/SeTC TNaBHBIM
obpasoM npuponoit aHMoHa X . B Boge oObIYHO XOPOLHO PaCTBOPHMMBI
raJlOreHUAbl ¥ CyabaTbl apeHaIUa30HUsA, COMM Xe C KOMILIEKCHbBIM
AHUOHOM XapaKTepH3YIOTCS HU3KOH pacTBOPUMOCTBIO.

20.3.1. CTPOEHHME COJIEH APEHAUA3IOHUSA

CornacHo AaHHBIM PEHTreHOCTPYKTYPHOIO aHaJW3a, KaTUOH
ApeHONA30HUS NpPENCTaBiseT coDOU MIOCKYIO CUCTEMY ¢ JIMHEHHO
pACHONIOXEHHBIMM B MJIOCKOCTH apOoMaTHYeCKOIo KOJbLlA aTOMaMu
azora. CrniekTpanbHble U PEHTIEHOCTPYKTYPHbIE NaHHBIE CBUACTENb-
CTBYIOT O HAJIMYUU TPOMHOM CBSI3U A30T-a30T B COJSIX AMA30HUA

Ar—%E NX©. Annon xJiopa B 6EH30AMA3OHHUXIOPUIE PACTIONOXEH
MO OfHY CTOPOHY rutockocTtd Ha 0,32 HM OT NMA30HHUEBOH IpYNMBI,
YyTh GMKE K KOHLIEBOMY aTOMY a30Ta, YeM K a30Ty, HEMOCPEACTBEHHO
CBSI3AaHHOMY ¢ OE€H30/bHBIM KOJIBLIOM. BTO YKa3bIBa€T Ha TO, YyTo 0fa
aroMa a30Ta HeCyT MOJOXHUTENbHBIN 3apsil, YTO MOATBEPXKIAETCS U
JNIAHHBIMM KBAHTOBOMEXAHMYECKOrO pacueTa: MOJOXHUTEIbHbIA 32psil
Ha KOHLEBOM aToMe a30Ta BaBoe MeHbwe (+ 0,270), ueM y ueHT-
paabHoro aroMa asora (+0,5842), 3a cuer —M-3chdekra UeHTpaIb-

HOro aToma asora. Juasorpynmna ON=N OTHOCUTCS K CHJIbHEHLIMM
3JIEKTPOHOAKLIEITOPHBIM 3aMeCTHTENAM. Y HAYKIIMOHHBIE apoMaTHYec-
KMe KOHCTAHThI G [l n-HUTPO- U A-IUA30TPYIIIBI PABHBI COOTBET-
crBeHHO 0,89 u 1,56. Otciona ciaegyer, 4TO AMA30rPyIiia 3HAYUTENb-
HO TPEBOCXOAUT HHUTPOTPYIIIY [0 CBOUM aKLENTOPHBIM CBOMCTBAM.
DTO HAXOOMT CBOE OTpaXkeHHe B HATOXPOMHOM CIBUTE MAaKCHUMyMa
nornoieHus B Y®-crekrpe nuasoHueBsix coneit n-X—CgH,N,™ B
BOJHOM pPACTBOPE NpU fiepexoie K 3aMecTHTeNsiM X, o0Magarouium
6oasiuuM +M-3dbdexrom. Tak, Hanpumep, MAKCUMYM ITOTJIOLUEHUS

@ .e
BO3pacTaeT ¢ 262 HM 1A KaTHoHa 6eH3zonauazoHusi CdHs—N=N no

314 UM 1A kKaTHoHa n—CH;O—C6H4—C+I\)IEN. ColnpsKeHeM T-31eK-
TPOHOB apOMAaTUYECKOTo KOJIblida ¢ AUa30orpynnoi oOycioBiaeHa Tak-
xe Gonee BbicoKas cTrabuibHOCTh KatoHoB ArN," rmo cpaBHenuio c
kaTHoHaMu AlkN,", KOTopbie MTHOBEHHO pa3naraioTcsi C BbLIENEHM-
eM a3oTa UM obpa3oBaHMEM Ype3BhIYAHHO aKTHUBHOTO KapOOKaTHOHa
Alk". OTHoCHTENbHAs CTAGHIBHOCTb APOMATUUYECKUX COJIeH TMa30HUs
B OYeHb OOJIBILOM CTETIEHU 3aBMCHUT OT MPUPOIbI NMPOTUBOMOHA U 3a-
MecTuTeNeit B 6eH301bHOM Koblue. Cojiv ¢ KOMIUIEKCHBIMH aHUOHAMY
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BF,, SbFy , HgCls™ u np. HaMHoro cTabuibHEE pacTBOPUMBIX B BOIE
raJIOreHUAOB U CY1b}haToB AMA30HUS U MOTYT UHOTAA COXPAHATHLCH B
TBepAOM Buie Ha Boznyxe npu 20°C B TedeHHE HECKOJbKUX HEAeNb.
CyxHe ranoreHuabl AMa3OHUS, HAMPOTUB, OYEHbL HEYCTOWUYUBBI U
B3pbIBYaTHI, MO3TOMY UX He BbIUIENASIOT U3 pacTBOpa B MHAMBUAYaJIb-
HOM Buie.BBemeHue B 0- U n-nojsoxeHue OEH30JbHOTO KOJbLA
3NIEKTPOHOAKLUEITOPHBIX 3aMECTUTENENH YBENMUUBAET cTaOUIBHOCTD
cofieii MUA30HUsI, & BBENEHHWE EKTPOHOJOHOPHBIX 3aMECTHTENEH
IMOHUXKAET UX CTAOMIILHOCTD.

20.3.2. AIMA3OTUPOBAHHME NMEPBHUYHLIX
APOMATUYECKHUX AMMHOB.
MOAYYEHHUE APOMATHUYECKHUX COJIEN IWA30HUA

Conu apeHnuazoHUs 06pasyloTCs NPy B3aUMOAEHCTBUM NEPBUY-
HbIX apOMAaTUYECKUX aMUHOB C a30TUCTOM KHCIOTON. JTa peakiius
6b1na orkpbliTa B 1858 r. 1. I'puccom U cpasy xe npuobpena orpoMHoe
3HAayeHHe B CUHTE3€ apOMAaTMYECKHUX COEOMHEHUH CaMbIX pazHoOoO-
pasHBIX Kj1accoB. B NpOMEBIIIUIEHHOCTH COMM apeHIAMAa3OHUS HALUIK
LIMPOKOE NMPUMEHEHME UISl NTOJIYYEHHS OFPOMHOIO KOJWYECTBa pas-
HOOOPA3HBIX a30KpacUTeNeil Bcex LBETOB M OTTeHKOB. [1o artoit npu-
YUHEe AUA30TUPOBAHUE OTHOCHTCH K YHCIY BaXHeHiuux ¥ Haubosee
noApobHO U3YYEHHbIX peaKLUil B OpraHUYECKOM XUMHH.

JdnazoTupoBaHue NEPBUYHBIX APOMATHYECKUX AMUHOB OTHChIBA-
€TCSl CNEAYIOUIMM CYMMAapHBIM ypaBHEHUEM:

® 0
ANH, + NaNO, + 2HCl ——— ArN=NCI + NaCl + 2H,0-

CornacHo npuBeJeHHOMY YpPaBHEHUIO, Mg AUA30THPOBaHUA Tpeby-
€TCSl JIBA 9KBUBAJIEHTA COJIAHOM KUCNIOThI. (PAaKTUYECKH XEe COJISHYIO,
CEPHYIO WIH ApPYTYIO CUJIbHYIO MUHEPAIbHYIO KUCIOTY OepyT B KONH-
yecTBEe HE MEHEE TpeX 3KBUBAJIEHTOB, YTOOBI MO OKOHYAHUHU AHUA30-
TupoBauus pH He npeppinuaio 0,5—1,5. Bricokas KUCIOTHOCTh CPebl
HeobOxoauMa Ansl Toro, YToObl NOXABUTH NBe NOOOYHEIE PEaKLUU C
yyacTMeM obpa3zylollierocs KaTHoHa apeHAMA30HKUA U UCXOQHOTO apo-
MAaTH4YeCKOoro aMyuHa. B ogHOM M3 HMX M3 IMA30KATHOHA ¥ AMUHA 11O-
Jly4yaeTcs OUa3oaMMHOCOeAMHEHUE, Y4ACTO HAa3biBAEMOE TPUA3EHOM, a
B ApPYrofi — aMHMHOA30COeANHEHUE:

AN + HpN-Ar ——» AN=N-NH-Ar,

TpHaseH

N Nl S G G ST
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B pacTBope ¢ HU3KKUM 3HaueHueM pH peako noHuKaeTcs KoOHLEH-
Tpauusi CBOOOAHOTO aMUHA U TEM CAMbIM FIOAABASIOTCS 002 3THX He-
XejaTenbHbIX npouecca. JIMa3oTUPOBAHUE ~ 3K30TEPMMYECKAS peak-
LS, COTIPOBOXIAKOLASCS BblleeHHEM OOJILILOTO KOJAWYECTBA Terna,
a COMM apeHAMA3OHUS TEPMUUECKK MAJIOYCTORYMBRY, [MO3TOMY AMA30-
THPOBAaHHKE, KAK MPaBMJIO, MPOBOIAT MPY OXIAXIEHUM, TIONIEPXKKBas
Temnepatypy B MHTepsaie 0—5°C. B GONbIIMHCTBE ClIyyaes Py AUA30-
TUPOBAHUM MEJIEHHO MPUOABIAIOT BOAHBIA pacTBOP HUTPUTA HATPUS
K CWJIBHO OXJIAXIEHHON MENKOZHUCHEPCHON B3BECH aMMHA B BOJHOM
kucyore. CnabooCHOBHbBIE aMUHBI — 2,4-TUHUTPOAHUNMH, 4-HUTPO-
2,6-IUXI0paHUAMH, aMUHOAHTPAXUHOHBI U Jp., IUA30TUPYIOT B KOH-
LIEHTPUPOBAHHOK CEpHOM KUCJIOTe NojJ AeHCTBMEM HUTpO3Uncylbda-
Ta — CMELIAHHOTO AHTUAPUIA CEpHOM M a3oTHCTOM KUcioTsl, npu 20°C.
Ero nonayyamoT pacTBOPEHHEM CYXOro HUTPHMTA B CEPHOM KUCIIOTE:

2H,S0, + NaNO, ——> ONOSO;H + NaHSO, + H,O.

20.3.2.a. MEXAHU3M TUA3OTHPOBAHHUA

HecMoTpst Ha Kaxylyiocsl IPOCTOTY, TUA30THPOBAHKUE OTHOCUTCS
K CIOXHBIM peakLusIM opraHuyeckoit xuMmuyu. Uccnemopanue mexa-
HM3Ma 3TOM peakiyu ObUIO HaYyaTo B KOHIIE npouptoro Beka E. Bam-
Geprepom u A. laHYeM U 3aBEPIUMIOCH UCUEPITHIBAIOUIUMU HCCAENO-
panusiMu K. Unroabna (Anrnua), I'. Homnuurepa (IlIseituapus) u
b.A. lopati—Komuna (CCCP).

PaccmoTpuM B nepByIo ouepellb BOMIPOC O [IPUPONE IAEKTPOPUb-
HOTO areHTa AMa3oTHpoBaHUs. B BOMHOM pacTBOpe CUIBHOM Heopra-
HUYECKOH KHUCIOTHI a30TUCTas KUCJIOTA YACTUYHO MPOTOHUpPYETCH C
o0pazoBaHueM HUTPO3ALUAUNA-KATHOHA:

HNO, + H;0® =——= H,0 + H—E?—N=O.
H

Hutposzauuauit-kaTUOH — O4YeHb AKTHUBHBIH 3/1eKTpOHUIbHBIH
aredT. CorjlacHO KUHETUYECKUM JAaHHBIM, 3TOT KATHOH ropasgo 6bic-
Tpee pearupyer ¢ HeOpraHM4eCKMMH aHMOHAMHM, TPUCYTCTBYIOILIMMU
B pacTBOpE, YeM C ApOMATHYECKHM AMUHOM:

HoNO® + NOL ———» 0=N-0O-N=0 + H,0;
H,NOf + CI® ———» 0=N-Cl + H,0;

H,NO,® + Br® -———» O=N-Br + H,0.
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B peaynbTaTe 06pa3yioTCsl HOBbIE PEAreHThI: a30TUCTBIN aHTUAPUI, XJ10-
pUCTBI Uiy 6GpoMucTeiii HUTpo3ui. [Ilpu muasoTupoBaHKHM B pa3das-
JIEHHOM BOJHOM PacTBOpe 371eKTPOGhUIBHBIM aT€HTOM MOTYT ObITh a30-
TUCTbIM aHTMIPHUA, a TAKXKE XJTOPUCTHIH WIM 6pOMUCTBI HUTpo3mi. B
pasbaBjieHHOM BOXHOM pacTBOpe cepHoii, dochopHoil, XI0pHOH M
JPYTHMX KUCJOT, RHHOH KOTOPbIX He 00pa3yeT cTabWibHOIO KOBANECHT-
HOIO COEIMHEHMS! ¢ KATHOHOM HUTpo3oHMs 'N=O | HUTpO3UpYIO-
MM areHTOM SIBJIsieTcsl a30TUCTBIN aHruapua N,Os. Ilpu nuasorupo-
BaHMH B PACTBOpPE CONSIHONW WIHM OpPOMUCTOBOXOPOOHOWU KHCIOTHI
3J1eKTPOWILHBIM ATEHTOM OKA3bIBAETCS XJIOPUCTBIA U COOTBETCTBEH-
HO GpoMucThiii HUTpo3MI. CaMa a30THCTast KUCIOTa [IPeJICTaBsAeT co-
0ol cnuiKOM cj1abblif 3eKTpodMIbHBIM areHT JUIS XMa30THPOBAHHUS
apoMaTrnyeckux aMmuHoB. HanGosiee akTMBHBIH HUTPO3SUPYIOLLIMIA areHT —
HUTPO3WJICEpHAs1 KUCJOTA MOJYy4aeTCs TONbKO B KOHIEHTPUPOBAHHOM
CEpHOM KUCIIOTE NpU B3aUMOAECHCTBUM C HUTPUTOM HaTpUA:

0—-20°C
NaNO,; + 2H,S0, —— 0=N-0S0;H + NaHSO, + H,0 .

AXTHBHOCTb 371€KTPOMWILHEIX areHTOB IIPY JMA30TUPOBAHUM YMEHb-
uraetcst B psiny NO* >> H,NO,* > NOBr > NOCI > N,0; >> HNO,.

DTH BBIBOJbI XOPOLUO COTNIACYIOTCS C 3KCIIEPUMEHTATLHBIMH JaH-
HBIMH. JIMa30TMPOBAHUE B BOXHOM PACTBOPE COJNSHOM KMCIIOTHI HMAET
GrICTpee, YeM B BOJHOM PACTBOPE CEPHOM KUCIOTHI, OCKOIbKY HUT-
PO3WIXJIOpHA — GoJiee CHITBHBIM 21eKTPOMILTbHEIN areHT MO CPaBHE-
HMIO C a30THUCTBIM aHTMAPUIOM. B CBOIO OYepens AMa30THPOBAHME B
pacTBope GPOMMCTOBONIOPOXHOM KMCOTHI WIM IpH gobaBkax 6po-
MUI-MOHA UIET ¢ GoNblIeil CKOPOCTHIO, YeM B CONISTHOM Kuciote. Jlns
JMAa30TUPOBAHUS C1a600CHOBHBIX AMUHOB HEOBXOMMMO UCIIO/IB30BAT
HUTPO3HJICEPHYIO KMCIIOTY, TOCKOJIBKY TOJILKO B 3THX YCIOBHSAX HHT-
PO3MPYIOIMM areHTOM GyJIET CaMblif AKTUBHEINA KATHOH HUTPO3OHHS.

JIna3oTHpOBaHME BCEINA MPOBOMIST B KMCJIOH Cpele, Tie MpOoTo-
JIMTUYECKOE PABHOBECHE CIWIbHO CMELIEHO BIIPABO:

® @
ArNH, + H3O ArNH; + H,0.

TeM He MeHee QHA30THPOBAHUIO TIOABEPraeTcs aMUH B BUIle CBOOO-
HOTO OCHOBaHUs. JIMMUTHUPYIOLUEH cTanueil Bcero npoiiecca IMa3oTH-
poBaHus gBisgeTcss oOpazoBaHue N-apWIHUTPO30AMMOHMS, KaK 3TO
npennonaran E. bamGeprep eme B 1900 r.:

MCAJICHHO

@ ©
Ar-N<N=O + X7,

H

(1) ArNH; + O=N-X

X=Cl; Br; ONO
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Hanee ciaenyet psia 6bICTPLIX NMPOTONHUTHYECKUX PABHOBECHH, HPUBO-
ISA1UX K TUA30COeIUHEHUIO, KAK KOHEYHOMY MPOAYKTY:

@ 6eICTPO
2) AINH,-NO + H,0 ANH-N=0 + H;09,
HUTPO32M HH
6 ®
(3) AINH-N=O + H;0® =2~ ANH-N=OH + H,0;
H
! ® 6BICTPO
(4) ArN\—N(:OH + H0 ——2=  AN=N-OH + H;0®;
AMA30rMApaT
@ __ Owictpo @ ,H
(5) AIN=N-OH + H;0” ===== Ar-N=N-O__ + H0;
H ©)
(6) Ar_NzN_%’\H _ Omerpo AIN=N + HO.

B cranuu (4) npoucxoauT OTIIEILUTEHUE ITPOTOHA OT a30Ta WIM KHUCI0pO-
-1a, TIOCKOJIBKY UCXOOHBIA KaTMOH GOpMaTbHO SIBISETCS aHAIOIOM AJI-
JIMILHOIO KaTHOHA. [JJenpOoTOHUPOBaHUE KMCAOPOAa IPUBOIUT K UCXOR~
HOMY cyOCTpaTy — HUTPO30aMKHY, TOTAA KaK JeIPOTOHUPOBAHUE A30Ta
BeAeT K 00pa3oBAaHUIO KOHEYHOTO IPOAYKTa — COJIM apeHIMa3OHMS.

20.3.2.6. PABHOBECHU S MEXY PAZAUYHBIMH ®OPMAMH
IOUA30COEIVHEHUY

KartuoH apeHIMa30HUS [IPOSIBISET CBOMCTBA IBYXOCHOBHOM KHC-
notel. CorytacHo npuHuuny JKMKO, oH OTHOCUTCS K pa3psiy oYeHb
MSITKUMX KUCIOT JIblonca, iJIsd KOTOPBIX KOHCTAHTA PABHOBECHUS PEaK-
LIMH C MSITKMMU OCHOBAaHUSMM TUIA LIMAHWIA- U CYNbUT-HOHA BbI-
coka (10°—10%), B To Bpemst KaK ¢ XeCTKHMM ocHoBanusmu OH™,
OR™ u ap. oHa OYeHb MaJa:

AN,® + x@ AN=N-X.

Ipu nobaBneHNUH 1IEN0YH K PACTBOPY CONHM JUA3OHHUS NepBOHA-
yanpHO 00pa3syeTcs AMa30TMAPOKCU (CTapoe HA3BaHHUE ANA30THIPAT):

K,

ANS + oH® ArN=N—OH.

B oTinume OT KaTMOHA HUA30HUS, KaK KUCNOTH JIplonca, 1Ha3orua-
paT siBAseTCS NMPOTOHHOM, OpeHCTENOBCKOM KMCIOTOH, KoTopas
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6BICTPO B3aMMOIEHCTBYET C elle OOHUM T'MAPOKCHIA-MOHOM C obpa-
30BaHMEM JAMA30TaT-aHMOHA:

K,

Ar—-N=N-OH + OH® ArN=N-0° + H,0.

B He#lTpanbHOM BOIHOM PacTBOPE 3TH PaBHOBECHS MOTIYT OLIThH BBIpa-
XEHBb! CIeAYIOUIMM 00pa3oM:

ArN;® + 2H,0 ArN=N-OH + H,0%;

Ar-N=N-OH + H,0 AIN=N-0° + H;0°.
KaTtvoH apeHIMa3oHMS OTHOCHTCH K HUCKIIOYUTEIbHO PEJAKOMY THITY
JIBYXOCHOBHBIX KMCHOT, st KOTOpeIX K; > K. Bnaronaps stomy 06-
CTOSITENILCTBY KOHLICHTPAUMs THa30THIpaTa B paCTBOpe JOJIXHA ObITh
Mana. Mcnonb3ys naHHBIE MOTEHIIHOMETPUYECKOIO THTPOBAHUS H
MPUMEHSAA CIEUHANBHYI0O METOOMKY, YIANOCh PAaCCUMTAaTh 3HAYCHHS
BeJHyMH K; u K| 3TOro paBHOBECHs JUISI KATUOHOB apeHAMA30HHS.
BenuuurHa pK, Il KATHOHOB apeHIUA3OMHUS H3MEHSETCS B MHTEPBA-
ne 10—11, a pK, nuasorungpaTta Konebnerca B uHTepBane 8—9. dna
KaTHOHa 6eH30101Ma30HuA Aaxe npu pH, pasHom 12, nonst C¢gHsN,™
1 C¢Hs—N=N-—O" B pacTBope HNpHCYTCTBYIOT B PaBHOM KOJNHYECTBE,
a npu pH=7 B pacrBOpe NPHUCYTCTBYeT TOJBKO KAaTHOH AHA30HMA.
KogaseHTHBIE AUA30TUAPATHI He ObLTH BRUIEIEHB MM 3aUKCHPOBA-
HbI CIIEKTPAIbHO, HO MX CYLIECTBOBAHHE KaK ITPOMEXYTOUYHBIX YaC-
THIL B HACTOS1l€e BPEMS HE BbI3BIBAET BO3PAXKEHMS.

JMa3oraT-aHHOHB!, MONOOHO APYrMM COEAMHEHMSM C JBOWHOM
CBA3BIO A30T-a30T WIM YI/IEPON-a30T, CYWIECTBYIOT B aHmu-(mpaHc-)
U cun-(yuc-)bopmax. Ilpu B3auMoNeCTBUM KAaTHOHA apeHAHA30HHUSA
CO LIEJIOYBIO NEPBOHAYATBHO 00pa3yercss MeHee ctabunbRas cun-(op-
Ma J[Ma30Tara, KOTOpas NpH CTOSHUM WIM HarpeBaHUH B LUCJIOUHOMH
cpelie nepexoaut B Ooinee cTabuAbHYIO anmu-popMy:

© 0°
E@ @/’N ~0°® Q” A
N ZOHe 6:@200 @ MezmeHHo @
CUH-MA30TAT @HMU-ANa30TaT
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CKOpOCTb M30MEPU3ALIMH CUH-AKA30TATA B aHMU-NIOMED 3aBHCUT OT
IPUPOLBI 3aMECTHTEJIEH B OEH30JILHOM KOJblie. DJIeKTPOHOAKIIENTOD-
HbIE 3aMecTUTENHN 06J1eryaloT U30MEPU3aLiuI0, U KATHOHB! napa-HUT-
poOeH30MIHa30HUs WIH 2,4-TUHATPOOEH30MAMA30HHUs pyn 06paboT-
K€ BOOHOM 1LEJI0YbIO Cpa3y K€ INpeBpallaloTcs B aHmu-aua3oTar.
DJIEKTPOHOROHOPHbBIE 3aMECTUTENH 3aMELIAIOT CUH-AaHTH-H30MEpPH-
3auMio. [Ing npeBpailleHUs KaTUOHA N-METOKCHOEH30/IMa30HUS B
anmu-AUa30TaT HeoOX0AUMMO HAarpeBaTh PAacCTBOP OMA30HHEBOH COJIH
CO 1eno4bo rnpu 140°C.

J1a3oTaT-uOHBI OTHOCSTCS K aMOMISHTHEIM aHMOHAM C JIBYMS
HYKIeOhHIBHBIMHA LIEHTPAMHM — KHCJIOPOAOM H a3oToM. [Ipu nporo-
HHPOBaHHM axmu-aAua3oTara o0pasyercsd ToNbKO N-HUTPO30aMHH, T.€.
aMOMIOEHTHBIA aHmu-ANAa30TaT-HOH NPOTOHUPYETCS MCKIIOYMTEIbHO
110 aTOMY a30Ta:

e} Coe )
Ar—N=N + H;0¥——>» AINH—N=0 + H,0 -
Janee N-HUTpO30aMMH B KHCJIOM Cpeie peBpaliaeTcs B KATHOH apeH-
IMA30HMA, KAK 3TO yXe OhUIO OIMCAHO PaHee B COOTBETCTBHM CO CTAIMS -
MH (2)—(6) npu o6CYXIEHUM MEXaHHU3Ma NMa30TUPoBaHust. Cun-IHa3o-
Tarsl TIPW MIPOTOHUPOBAHMM OOPa3yIOT AMA3OTHIPATH B PE3yNLTaTe
MPOTOHHUPOBAHUS 10 KUCIopoxry. Jlnazoruapar gajiee odeHb 65ICTpO Mpe-
BpalllaeTcs B KMCIIOH cpelie B KaTHOH apeHINA30HUS:

N=N N=N
A N00 ¢ 0@ —ETs 4T UNOH + H,0 —>

H;0" @N ,H g

“—)&ﬂcmo At Qg\H —>» Ar—N=N + H,0

Takoe pasnuuue B MOBENEHHM cuH- U anmu-GOpM AHA30TAT-HOHOB
ODOYCIIOBJIEHO TeM, YTO cuH-AHA30TaT obsanaer Gojiee BHICOKOH OC-
HOBHOCTBIO TIO CPABHEHMIO C AHMU-IUA30TATOM H MPOTOHHPYETCA
TIO3TOMY [0 aTOMY KMcjiopona. MeHee OCHOBHBIM axmu-A1#a30TaT npo-
TOHHUPYETCA MO a30Ty ¢ o6pasoBaHueM N-HUTpO3oaMHHa. Paznuuue B
OCHOBHOCTH JBYX ()OPM HHMA30TATOB XOPOLIO OOBLSACHAET CMEICHHE
paBHOBECHS B CTOPOHY MeHee OCHOBHOTO M, ClIefOBaTeJIbHO, foiee
cTaGUABHOIO aumu-aua3oTara 1pM HarpesaHuu. O6paTHas U30OMEpH-
3alMA B HEKOTODbIX CAy4asx HabmiomaeTcss TONBKO NpH OBAyYeHHH
YP-ceeTom. O611yI0 CXEMY NPOTOJNTHYECKUX MpeBpalieHHit apoMa-
TUYECKUX AHA3Z0COEIUHEHHWH B BOJHOM PAacTBOPE MOXHO NpPeACTaBHTb
caenywownM obpasoM (B.A. TTopaii-Koumun, I'. Lomunrep):
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o®

N=N LS N N/
Ar” \Oe hv At
CuH-~Ma30TaT aHmu-ua3oTar
o OH® lHO Hoeun“’
@ OH
Ar—Nm=N > Ar—N=N-—OH Ar—NH—N=0
KaTUOH H JiMasoruapar N-HUTpo3aMUH

Ar—NH—N=O0H

YMECTHO 3aMETUTh, YTO IMOJOOHYIO CIIOXHYIO MOCIEHOBAaTE/b-
HOCTb IIpeBpalleHUI Ha OCHOBAHUU YHCTO YMO3PUTEIBHBIX pacCyX-
neHu# npemnoxun A. I'anu B 1894 r. B Hacrosiee BpeMsi oHa Ha-
JIEeXHO JoKa3zaHa.

Juna3zotar-UOH NpoOSBISET CBOHCTBEHHYIO aMOMIECHTHBIM aHUO-
HaM ABOMCTBEHHYIO PEaKLIHOHHYIO CIIOCOOHOCTE HE TOJIBKO IIPH MpOo-
TOHUPOBAHWH, HO M B PeaKUMsIX ATKuiInpoBaHus. [Ipu ankunuposa-
HHM HATPUEBHIX COJEH arHmu-ANA30TaTOB MATKUMM AIKHIMOOUNAMU
U aNKWIOpOMHUAAMU ronydaloTess N-aJKWIHUTPO30aMHMHEI, TOrIa KakK
C XECTKMMHU AJKWITO3WIATAMM MJIM COJSIMM TPUAIKUIIOKCOHUS 00-
pasyloTcs Aua302(uUphL:

(53 Nae

_N=N" + Rl —22C ___ Ar—N—N==0+ Nal ;
Ar CH,0H I
R (70-80%)
0N ® . OC,H
4 (GHy),OBFS Z20C o0
=N N==N
(60—70%)

Cepe6psiHbie COMM AHTUIMA30TATOB ATKUIIUPYIOTCS TOJNBKO 10 aTOMY
KHCJIOPOAa, YTO NMPUBOAMT K MOAYYEHHIO NUa303(HpOB:

OAg OR
~ U -~

Ar -10°C Ar

B oTauyMe oT 3TOrOo COMU CUH-IHUA30TATOB JAIOT IIPHU aJKHJIUPOBAHUH

CaMbIMH pa3H006pa3HblMI/l ANTKWIMPYIOUIUMHU areHTaMy mpaHc-a3oK-

CHCOCOMHEHUA:
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@ o —20° GH;
N=—=N + (QHS)3OBF4 —Z(E-- Nz_.—?\[/

Ar/
AHHJIHPOB&HHC CUH- U aumu-JUa3oTaToB allUITaAIOreHHAaMU [TPUBO-
AUT K IMONYYCHHIO N-Hu'rpoaoaunnaummnoa:

R
. C=0
Ar—N=N-0°Na® + rRcocl %€ w .
agup  Ar—N—N=O0

(20—80%)

Ilpu HarpeBaHHHM N-HHUTPO30ALMIAHUIMIBL JETKO H3OMEPH3YIOTCS B
O-auwaua3oruAparsl:

_ N
N=0 o AN Ar N
A—N ——» | Ar—N’ : O |—» N o
\ 3.
C—R C
(”) @O/ \R O// N

Conn IOHA30HHUs1, KaK yXe OBLLIO OTMECYCHO, PCOKO BBIUCJISAIOT U3
pacTBopa B MUHOAUBUAYAJILHOM Bule U B OONBIIMHCTBE CIY4aeB cpasy
XKe BBOJIST B JaNIbHeH1IMe NpeBpalte HU. TeM He MeHee MHOTHE COJIH
apWLIKa3oHus ¢ HekoTopbiMU nipoTuBouonamu (PFg , SbF, BE, ")
HEPAaCTBOPHMEI B BOAE M JOCTATOYHO CTAOMABHB MPH XpaHEHUH UX B
CyXOM BHJIe B Te4YeHUe JUIUTEJBHOrO BpeMeHH. Takue conu HasblBaIoOT
cTabUIbHBEIMKM (hOpMAMHU THA30COEAMHEHMI, WK guasoasamMu. K HuM

OTHOCHATCH MOHHBIE COJH ArI@':’N Xe; Xe = PF", SnCl¢", BF,",

ZnCl>™ u ap. C cynphuT- ¥ LHMAHWI-UOHAMM KATHOHBI JUA30HUS 06-
Pa3yioT OTHOCHUTEJNLHO CTaOMIbHbIE KOBaJEHTHLIC COEAUHEHMS CYJb-
donarbl AIN=N—SO;” Na* u umanuasr AIN=N—CN. Yno6Hoit dop-
MO XpaHeHHSs! JUA30COCAUHEHU I IBJIAIOTCS] aHmiu-IAa30TaThl, KOTOPbIE
[IpY MOAKUCIEHUHM epexoJsiT 0O6paTHO B KaTHOH apeHAHA30HMUS.

20.3.3. CBOVICTBA APOMATHYECKUX COJIEH JUAIOHUA

Cony apeHnuaszonus o61ana0T BLICOKON peaKLHOHHOM crioco6-
HocTtblo. Hyke npuBeneH HeNONHBIN repedyeHb TEX KJIacCOB ApOMAaTH -
YECKMX COEAUHEHU, KOTOPbIE MOTYT OBITh [TOJIYYEHb! HEMTOCPENCTBEH -
HO M3 cofieil apeHIUA30HUS:
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ArOH, ArSH, Arl, ArBr, ArCl, ArF, ArCN, ArNO,, ArH,
Ar—Ar, Ar'—Ar?, AIN;, AINH—NH,, Ar'N=NAr? u np.

Bce peakuuu coneit 1Ma3oHMUsI MOXHO pas3feinTb Ha YeTbipe 60J1b-
LUMe [PYIIbi, pa3MYyaloliNecs Mo TUMY B3aUMOIEHUCTBUS KaTHMOHA
IMAa30HUs C HYKIeoMUIbHBIM areHToM X :

. @—X + N, )
Y

— /@ TN, X @
@ke]
Y . @N=N-X 3)
Y

. @ﬁz VCENC)
X

Peakuuu tuna (1) u (4) oTHOCATCS K peaKUUsiM HYKIeOopUNb-
HOTO apOMATHYECKOIro 3aMELUEeHMs], OXHAKO MEXIY HUMU HMEETCS
NPUHIMITHAIBHOE Pa3IMYMe, [TOCKONBLKY MOCAECIHSIS TPYIa peakiuui
MPOTEKaeT ¢ COXpaHeHWEM AWAa3orpyrmbl. Juasorpynmna, Kak oyeHb
CWIBHBIN aKLEeNTop, aKTUBUPYET HYKIeO(DMWILHOE 3aMellleHUe Irpyr-
nu Y Ha X npu opmo- WU napa-pacrnonoxeHuu Y ¥ Auasorpynnsl. B
peakumsax rpynmns! (1) uMeer Mecto 3ameilleHue Ha X camo¥l Qua3o0-
rpynnel. PanukaibHbIi pacnan cofiy NUAa30HHUS IIPOMCXOMUT B peak-
uusx rpynmnbl (2). O6pa3yiouidcs pyu 3TOM apHIbHBIH paguKkan Ar e
[peTepreBacT 3aTeM HajibHelllee npeppalleHne. TpeTui THN peak-
UMM TIPEAronaraeT aTaky HyKJneohHIbHbIM areHTOM KpaifHero aroMa
a3oTa JUA30HHEBOTO KaTMOHA, U 3TH PEakUMM HIYT C COXpaHEeHUEM
azora. PaccMOTpUM MOCNeq0OBATEIbHO BCE STU YEThIPE rPYITILI peax-
UM apOMaTHYECKUX CoJieil NMA30HMUSL.

20.3.3.a. PEAKUHU HYKIIEOPUIBLHOIC 3AMEIIEHHWA, UAYLLHUE C
BBIJENTEHUEM A30TA

DTa camas paszHooOpa3Hasi ¥ BaXKHas B CHHTETUYECKOM OTHOLIE-
HUM [PYINa peaklinu coieil nuazoHusi. Takue peakuuu NpoTeKaroT
KaK MO reTepoJUTHYECKOMY, TAK U 1O FOMOJIUTHYECKOMY MEXaHM3-
MY, KOTOpble ObUIK nMoapobHO onucaHs! B 1. 15 (4. 2). Xapakrep pas-
PHIBA CBSI3U YIJIEPOA-a30T B KATHOHE apeHAMa30HUs 3aBUCHUT [JIaB-
HbIM 06pa3oM OT NMpUpobl HyKJIeodUIbHOro areHTa. I'eTeposins ceasu
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C—N KuMeeT MecTOo NMpU B3AUMOACHCTBHU C XECTKUMH HYKIEODHIIb-
HbIMKM areHTaMu: BoJOMH, (PTOPUI-MUOHOM W TMpPOBENEHUM peakuuy B
DPACTBOPHUTENSIX C INEKTPOPUNbHBIMU MAM MATOHYKJIEODUIBHBIMU
csoiictBaMM. [OMONMTHYECKOMY pacClUEMIEHKIO CBSI3U YIJIEpPOA-a30T
ONarompusATCTBYET POCT HYKIEO(PHUIbHLIX CBOWCTB PAacTBOPUTENS M,
0CODEHHO, HCIOAbL30BaHUE MSITKUX HYKJeoduNbHbIX areHToB (I,
SCN7, SH™ u ap.). Bce 3T aHUOHBI OTHOCATCS K CUIbHBIM BOCCTa-
HOBHUTEJISAIM, 4TO o0JleryaeT nepeHoc ONHOro 3/EKTPOHA OT peareHra
K KaTHOHY AHA30HUA. DTy Xe PYHKUHUIO B OTAECIbHBIX CAYYasIX MOXET
BBIMTOJIHATH U pacTBopuTenb. IS MHOrMX peakLMit nepexon oT rere-
POJAUTUYECKOTO K TOMOJUTUYECKOMY MEXaHU3MY NPOUCXOIUT OYEHD
JIEFKO MPU BBEAECHHH B PACTBOP COJIeH OJHOBAIEHTHON MeIU, a UHOIAA
Jaxe NpU BBEACHMHU 3JIEKTPOHOAKLENTOPHOIO 3aMecTUTENSl B OeH-
30JIbHOE KOJbII0 AMA30KATUOHA.

3amemenue AHA30rpynnbl HA THAPOKCHA

®_06 t°C
ANy X+ H,O E'_O>AIOH+N2+HX.
2

BTy peakuuio o6bIYHO NMpoBoadT B BogHoM 40—50%-M pactBope
CEpHOM KMCAOTBL. PacTBOp cONMM DMAa30HUSA, MONYYEHHbIi IpY AUA30-
TUPOBAHHU TEPBUYHOTO aMKUHA B BOJHOM PAacTBOPE CEPHON KHUCIO-
T, NOCTENEHHO AobannsaoT B KUIsiuuit 40—50%-it pactBop cepHo#
KHUCJIOTHI B Bofe. MexaHU3M 3TOH peakilMy Kak npolecca MOHOMOJIe-
KYJSIDHOTO 3aMeleHUsT Y apoMaTMYecKoro aromMa yriaepoaa Syl, 6su1
paccMOTpeH B 1. 15 (4. 2), 3nech Xe 6yayT NpuBeAeHb! TOIBKO HEKO-
TOpbIE TUTIMYHBIE NTPUMEPDI:

® H,0
CH, N=N —————»HC OH ;
Br (92%) Br
NN — 0 OH .
HzSO4; 100°C
O,N O,N  (81—85%)
NaNO,; 5°C ®
NH, ——2——— NumN —
@ 2 H,S0,; H,0
(CH,0),CH (CH,0),CH
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H,0

—_—— - OH
H,S0,; 100°C
CHO (78%)

CepHyI0 KMCIOTY 6epyT BMECTO COJISHOM NpHU 3aMeHe Jua3or-
PYTIINBl HA THAPOKCUI, TaK KaK OYeHb PeaKLMOHHOCNIOCOGHBII apui-
KAaTHOH MPY B3aKMOJEHCTBMU C XIOPUI-HOHOM 0BGpa3yeT HEKOTOpoe
KOJIMYeCTBO NOGOYHOro npoaykKra — apuiaxinopuia. Kak Bo Bcex npo-
ueccax Syl-Tuna, cragusi, ONpeseNsiomas ckopocTb peakliuy, 1 cTa-
s, ONpeNeasionas cocTaB MpOoNyKTOB peaklUuu, HE COBMALAIOT;

2H,0 » ArOH + H;09

AI'N2® MCIJICHHO Ar® + N2 651c1‘p0
~—
6uc1poc‘ll ArCl

Ilo3TOMYy CKOpPOCTb peakllMH He 3aBUCHUT OT KOHIEHTPALMU XJIOPUI-
HOHA, B TO BPEMS KAK KOJMYECTBO APMIXJIOPHIA MPONIOPLIHOHANILHO
KOHUEHTPaUUH XJIOPHI-UOHA B pacTBope, U cooTHolueHue ArOH u
ArCl coorBerctByeT cootHoweHuio CI™ n H,0. Obpa3zyrommiics us
Ar* u HSO,™ xucisiit 3dup cepHoit kucaoTsl ArOSO;H B atux yeno-
BUSIX HALEJ0 THAPOJIMU3YETCS B KUCIOU cpese Ao deHona.

3amemenne Auazorpynnsl Ha ¢rop

3aMellleHre QUasorpyIIibl Ha GTOp NPOMCXOMUT IIPU TEPMHUYECKOM
pas3aoXeHWH COBEPLIEHHO cyxoro TeTpadTopbopaTa apeHIUA30HMS:

AINTBFY £C o AfF + BF, + N,.

MexaHu3M 3TOH peakuuu, srnepBble onucanHHoit I'. Hlumanom B
1927 r., Mo-BUAUMOMY, B OCHOBHBIX YepTaX aHAJOTMYEH MEXAHHU3MY
3aMellleHUs] IUa3orpyibl HAa I'MaApoKcHa. Beixombl apmndgropuios
CHJIBHO KOJIEGIIOTCH B 3aBUCUMOCTH OT TIPMPOJIbI 3aMECTUTENS B OeH-
30JIbHOM KOJIBLIE ApEHIMA30KATUOHA. YIOBIETBOPUTENIbHLIE PE3YIlb-
TaThl JOCTUTAIOTCS TOTA, KOTIa GEH30/IbHOE KOJbIO CONEPXUT 3eK-
TPOHOINOHOPHBINA 3aMECTUTEND!

HN02 200°C
NH,—— NOBFY —— F+ N, + BF;;
HBF4

H,C H,C
3 T (69%)
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CRS ® O 180°C
(82%)

Brixon apunadTOpHAOB NpU TEepMHUYECKOM pa3ioXeHUU 6Gop-
ClJTOpHJ.IOB ApC€HANA30HUA B CYXOM BHIEC UJIU B CYCIICH3UH B MHHE-
pPajibHOM MacJjie 0Ka3biBaeTcsl 0COGEHHO Man NMpY HAIMYMHK CHIBHBIX
3JIeKTPOHOAKLENTOPHBIX 3amMecTUTeneit. Kpome toro, 6opdropuist
apeHAMa3oHHs OOJIafaloT 3HAYMTENbHON PacTBOPUMMOCTBIO B Boge,
YTO TaKXE Pe3KO CHUXAeT CyMMapHbI# BbIxol apuiadTopuia B pac-
yeTe Ha UCXOIHbIH aMuH. [excadropdocdars u rekcadpropaHTUMO-
HaThl IPAKTUYECKH HE PACTBOPUMBI B BOLE U JIEFKO BBLIENSIOTCS U3
pacTBopa:

H,O
ANPCO+ HPFy — 2> ANPPFO| + HeL

Beixogb! ¢bTOpHIOB, IMONYYEHHBIX MPU TEPMHUYECKOM Pa3loXEeHUH
rekcagropdocdaroB U rekcapTOpaHTMMOHATOB, BCEraa BBILUE, YEM
npu nuponause 6opdropuaos. Tak, HanpUMep, CYMMApHBIA BbIXO/, 0-
bTopbeH30IHOIM KMCIOTB U3 AHTPAHUJIOBOH KUCJIOTHI IIPHA MUPOJIU3E
rekcadropdocdara cocrasaser 61%, Torna kak no mMeroay Illumana
13 6opdropuna oH He npessliiraer 9%:

@ 0
Oy e O e

COOH COOH
® © 70°C
— NzPF6 —!""__> F
COOH COOH
61%)

AHaJIOTHYHO O-HHUTpOPTOPOEeH30J M3 reKcadpTOpaHTHMOHATA I[IONy-
yaeTcs ¢ 40%-M BHIXOIOM, TOTHA Kak U3 GopdTopHaa BHIXOH COCTAB-
nsieT ToJabKo 15%:

@ o 180°C

NO, NO,
(40%)
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® © 180-200C
@—N28F4———‘—> @—F (10—15%).

NO, NO,

Peakuusa LlumaHa npegcrasiasieT coboi Jyduivii METOA TOJyYEeHUs
o-¢rTopranoreH6eH30J0B:

@ 0
Qo sem Qoo
Br

Br
® © -170°C
HPF, @—sz 165—170 @F .
Br Br
(94—97%) (78%)

3amemrenue AHA3Orpynnbl Ha HOA H THOUHAHAT

3aMenieHe OUA3OTPYNIlbi Ha TajloreH IOA HEHUCTBUEM MSTKHUX
aHKOHOB OCYHIECTBJISIETCS 10 NPUHUMITUAIBHO UHOMY MEXaHU3My M
npeacTasiasieT coboi MOH-PAIMKANIBHBIA MpolecC, KOTOPBIX 4acTo
TpebyeT NpUMEHEHHS B KaYyecTBE KATAIU3aTOPOB COJIE OAHOBAJIEHT-
HOM Menu.

MexaHu3M 3aMeleH st IMa30rpyIibl Ha MO, KaK LENHOro aHu-
OH-paiMKaJIbLHOro Mpouecca, npuseaeH B 1. 15 (4. 2). B npenaparus-
HOM OTHOLLEHHMH 3TO OJHa U3 CaMbIX [IPOCTBIX peaKLMit apoMaTUyec-
KHX JHA30COeAMHEHU:

CeHNZ® o gec GeHsl + N, + KQl,
2 (74-76%)
D NaNo, O ®@ o
O,N NH, ————= O,N N, HSO, —»
2 2 HZSOM H20 2 2 4
5'C
KI = O,N I :
H,0; 3040 uac 2 B1%) ;
® .0 KSCN R
CoHsNY CIo g g CoHls=S—CaN .
(54%)
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3amemense AUA3OrPynibl HA XJ10p-, HPOM-, UMAH-, H HHTPO-TPYNIRY
(peakums Janameiiepa)

Bbixonbl apUAXJIOPUIOB, apUIGPOMMIOB ¥ AapUJILIMAHUIOB B pe-
aKUMH cosleil apeHAHA30HUS C XJIOpUI-, BpOMMI- U LUMAHWUA-UOHAMM
B OTCYTCTBUE€ KATUIM3ATOPOB HEBEJMKM M peako npesbituaioT 20%.
IList nonydeHUsl 3THX COSMMHEHMI HCMONbL3yloT peakuwio T. 3aua-
Mmeiiepa (1884 r.), KoTopblit OOHAPYXW/, 4TO 3aMelUeHUE TUA30rPYII-
nbl Ha xjAop-, 6poM- ¥ UMaHO-TpynNy 3PEPEeKTUBHO KATATUIUPYETCS
conamu meau (I). Ilpu sTom g nonyyeHUsa apUIXJIOPUAOB AMUH He-
00X0AMMO IMA30TUPOBATh B COJNSTHOM KMCJIOTE, a LIS PA3NOXKEHUS CO-
nei quasonus cieayet npuMeHsTs Cu,Cl,, Toraa Kak nojydeHue apui-
6poMKI0B TpebyeT UCTIONB30BaHUSI KOMOMHAIIMK OpOMUCTOBOIOPOIHOM
kucaorel U Cu,Br,. INpumenenue cmecu HCl u Cu,Br, wiu HBr u
Cu,Cl; Bcerna NMpUBOIUT K CMECH apUIXJIOPUIOB ¥ apuJIOpPOMUIOB:

NaNO, Cu,Br,
———.-’ —_— + N2 ,
HBr; 0—5°C HBr; 60°C

Cl'  NH, a NP c’ Br
(80—95%)
NaNO, Cu,Cl,
—_— —— + N, :
HCI; 0-5°C HCI; 70°C 2
H,C NH, H,C N® HC d
(74—79%)
1) NaNOy; HCl; H,0
NH, L NaNO, 2 a.
2) Cu,Cl,; 80°C
H,N a
(709%)

Mexanu3aMm peakunu 3aHaMeilepa J0CTOBEPHO He yYcTaHOBNeH. O0bId-
HO MpEeAnoiaraeTcs paIUKaNbHblii MEXaHU3M, TI€ PO KATHOHA MEIH
(I) cBomMTCA K BOCCTAHOBJIEHMIO KATHMOHA apEHAMA3OHUS OO apuJi-

*0
paaukana Ar -, nnbo apuiaMasopagukalia ArN=N., KOTOpble jajiee
OKMCAAIOTCS COJIBIO ABYXBAJCHTHOH Melau:

ANDX® + CuX —» [ArCullX;] + Ny ——» ArX +CulX.

Ecan peanbHbiit MexaHU3M NeMCTBUTENILHO COOTBETCTBYET IMpUBE-
NeHHOU cXxeMe, OKUCIEHHE apUIpaauKaia A0 apUIKaTUOHA U 3aXBaT
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aHvoHa X [JOJIXHbI MPOUCXOAUTH B KJIIETKE PACTBOPUTENS. DTOT Me-
XaHU3M HanoMuHaer Sgyl-MexaHU3M B3aMMOAEHUCTBUA coneil n1uaso-
HUA ¢ noaua-vioHoM (ra. 15. Y. 2) ¢ Toit aMwb pasHuuLeil, YTo Boc-
CTaHOBUTENIEM 3/1ECh SIBAAETCS KaTUOH menu (I).

Jpyrasi BO3MOXHOCTb 3aKJIl0YaeTcsl B TOM, YTO ¥ KaTMOH [IMa30-
HUH, Y TAJIOFEHUI-UOH MOTYT JaBaTh KOMILIEKChI C KATUOHOM MeIU
(I) ¢ KoopaMHALUMOHHBIM YUCIOM ueThipe. Tlocneaylolee B3auMo-
NefCTBUE JBYX JIUTAHOOB, HAXOAAINXCA B 9KBATOPUATIBHOM TIONIOXE-
HUH, NIPUBOAUT K TIPOAYKTaM peakiuu 3aHaMeiepa:

® o X_  N=N-ar] '
cul) + AN + 3XO—= Cy —

- ArX + N, + Cu(]).
BMmecTo aHMOHOB XxJ10pa U 6poMa B peakuuy 3aHaMeiepa MOXHO Uc-
[10J1b30BaTh LMAHU-UOH B IPUCYTCTBUU HuaHuaa menu (I) mns cuu-

Te3a apuiluHaHuaoB. PeasibHbIM HyKJI€O(UIbHBIM areHTOM SBJSETCS
kommiekcHblif uoH Cu(CN), ™, Hanpumep:

@ECHS NaNoO, @ICHS K[Cu(CN),]
T —_—
H,SO,; H,0; 5°C s
NH2 2 4 2% N?HSO? Hzo, SC
CH,
— QL
CN

(64—70%)
@Noz NaNO, @:Noz K[Cu(CN),]
€ ol — £ o
HCI; H,0; 0-5°C 0O; 90—100°C
NH, 2 N2 Ha0: 907
NO,
— O
CN
(65%)

JI. T'arrepman obHapyxun (1890r.), 4yTo B peakUuy 3aMeLUEHUS OH-
a30rpyIINbl Ha FAJIOTEH WM UMAHOTPYIMIY CONM MeIy BO MHOTUX Cly-
YasiX MOXHO C YCIIEXOM 3aME€HUTbh MEMHLIM MOPOLLUKOM:
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@EC”3 NaNO, @ICH3 c
> T e
NH, HBr; H,0; 0—-5°C N2® e H)O; 50°C
CH,
—— _
QL

(43—47%)

3T0T METOA AaeT OCOBCHHO XOpOLUME pe3yabTaThl MTPYU 3aMEHe AHa-
30rpynnel Bo ¢propboparax wiM rekcadpropdocdarax apeHIAHA3OHUA
Ha HUTPOIPYIIY C NOMOUILIO HUTPHUT-UOHA:

02N—<C:>>~N2 BF.° N—“—T‘I-Qb@» 02N—<C:)>71\102 (67—82%).

DTy peaklHIO UCIIOMb3YIOT B OCHOBHOM [UISI MOJIyYEHHUS TEX ApOMATH-
YECKUX HUTPOCOEAMHEHUN, KOTOpble HE MOTYT OBITH IOJY4YEHBI Nps-
MBIM HUTpOBaHMEM. [Ipyroit anbTepHaTHBHBIA CrIOCO6 3aMEeHbI aMM-
HO- Ha HUTPOrpPYNny 3aKJIO4YaeTcss B OKUCIHEHHUHU NEePBUYHBIX
apoMaTHYeCKUX aMHHOB NepTpU¢TOpYKCYCHOMK KUCTOoTOH (cM. . 19).
O6a MeTofa UCTIONB3YIOTCS AJIS TIOJIYYCHHUS 0- M H-TUHUTPOOEH30J10B
U JpYrUX HUTpOOEH30JIOB, CONEpPXAlIUX B 0- U N-TIOJIOXEHUH CHJIb-
HBIN 3JIEKTPOHOAKLENTOPHBIA 3aMECTUTENb.

3amernenne AMA30TPYNNbI HA a3WAO- M THOJMBHYIO [PYIIXY

Hns zamelneHus nuasorpynns!l Ha N3- v SH-rpynmy HeT Heo6xo-
JUMOCTM B MCNOJIb30BAHUM Kakoro-iubo xaranusaropa. IIpu B3au-
MOJEMCTBHM KaTMOHA apeHAMAa30HUSA C a3U-HOHOM IE€PBOHAYANBHO
obpa3yeTcsl HEMTpanbHbI LMKIMYECKMH IEeHTa3eH, KOTOpHIH nanee
CIIOHTAaHHO pa3faraeTrcsl ¢ BblAeJEHHEM a30Ta U 0Opa3zoBaHUEM apH-
nasuaa:

Ns .
N t°C ® )
Ar— N N + NaN;—» Ar— N | + NaC] — Ar—N=N=N"~+ N,
c® N=N
NEHTa3eH
NH, N&ci®

NaNO,; NaNj
> ____.._.»
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N;

— OO o

Peakuust coneil n1Ma30HUS ¢ TUAPOCYIbGOUIOM HATPUS HIET CAMIU-
KOM 6ypHO, TaK KaK MMAPOCYAbGUI SABISIETCS CHIbHBIM BOCCTAHOBM-
teneM. [ToaToMy ans 3ameHbl AMasorpynnsl Ha SH-rpynmy npumens-
10T IBYXCTaAMHHBIK KcaHTOreHaTHuIM meTod. KcaHrtoreHar kanus,
NnoJiy4aeMbIi U3 3TUNATA KaJUA ¥ CEPOYIJIEpOola, C COJSIMMU AUA3OHHUS
JaetT apWI3TWIKCAHTOFEHAT, KOTOPBI rHAPOAM3YIOT o THOdeHoNa:

CH CH
3 3 KS—C{S
NaNO,; OCH;
B — -
HCI; 0-5°C o H0:40°C
NH, NPCl
CH, CH, CH,
KOH; @\ HCl @
—— —_— —
S - 80"
s—cf H,0; 80°C SK SH
OG,H; (63-75%)

3amemenue IMa30rpynnnl Ha MeTawl. ['ajoreHoHHeBble COAH

TlasioreHuasl apeHAMa3oHHS 00pa3yioT cTabUbHbIE KOMIUIEKC-
Hble COJIM C TaJloreHUIaMM PTYTH, CYpbMbl, BUCMYTa, OJIOBA M PSAa
IpYruX HEMEpexXoAHbIX METALIOB, HallpUMep:

HCl
ANSCP + HeCh, o™ ANPHeC;

HCl
ANSC® + sbel, o™ (AN), SbCIs2;

© HCl
ANPCL + BiCl 5> (ANS), BCls2.

A.H. HecmesiHoB oOHapyxun (1929 r.), YTO 3T KOMIUIEKCHbBIE COJIH
pasnaraloTcs npu AeUCTBUM TAKUX BOCCTAHOBUTENEH, KaK Melb, UMHK,
BUCMYT ¢ O0pa3oBaHHMEM apOMAaTUYECKUX METALTIOOPraHUYECKUX CO-
eIMHEHUN HeNnepexOoJIHbIX METALIOB. PTYTH, CBUHLA, CYpbMbl, BHC-
MyTa, 0JIOBa, MbILIbSIKA. DTa Go/bluas rpynia peakuuid CHHTE3a Me-
TAJUIOOPraHHYECKHUX COeJMHEeHUN MoNyyuia Ha3BaHUe «IHa30METOd»
A.H. HecmesiHoBa:
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alleTOH

n-1IC,H,N® HeCl® + 2 cu n-1CgH HgCl + N, + Cu,Cl, ;

(45%)

2-(n-C,H,00C—~C,H,N3 Hg(fi + 6Cu + 6NH:———>au§.,rgH

—= (n-C,H;00C—C¢H,),Hg + 6Cu,Cl, + 2N, ;
(88%)

_ CH,COOC,H
(CeHsND),SbCE ™+ 2Zn —————2—5 (C4H;),SbCl + N, + 2ZnCly;
m° (46%)

aLeTOH . .
3C¢HsN,CHBICE + 2Bi —= (CgHs);Bi + 3N, + 4BiCl;;
20°C

(50%)
alLlEeTOH

(C¢Hs)sPb + 2Pb(BF,), + 4N, .
(15%)

4CGHNSPBES + 3Pb —oir

XnopbeHzon, 6poMbGeH301, HOAOEH30J M UX MPOU3BOAHBIE, CO-
Jepxaliye B KOJblLE 3JIEKTPOHOLOHOPHBIC WIM 3JIeKTPOHOAKLEN -
TOPHBIE 3aMECTUTENH, apWJIMPYIOTCSl MO aTOMy rajoreHa rnpy B3au-
MOJENACTBMU C COJIIMM apeHIUa3OHUs B TPU(TOPYKCYCHON KHCIIOTE
¢ oOpa3zoBaHUEM rajlIOr€HOHHUEBBIX COJEH:

CF;COOH
Ar'Cl + ArNDpr® 220 ArICl®Ar2PF6® + Ny

(5—15%)
CF;COOH
ArBr + APNDPES 0 APAPED + N,
(6~12%)

Tak MonAy4aloT CONM AHAPWIXIOPOHHUS M IMapUIOPOMOHMSA, XOTS
MX BBIXOAB! He npeBblinaioT 15—20%. HanbGonee yHHBepCaIbHBIM CIIO-
coboM NoNyYeHUs1 ANApHUIOPOMOHHEBBIX CONEH sIBAsSIETCS KOHJEHCA-
LS apOMAaTHYECKUX YITIEBOAOPOAOB U UX MTPOU3BOAHBIX ¢ TpUGTOpHU-
nom 6poMa B ycnosusax peakunu Ppunensi—Kpadrea:

CH2C12 AI'H @® e
+ P pn:

ArH BrFJ:R—» [ArBrF,] CH,Cl,, —70°C AnBrF ——

(G,Hs),0 - BF;

Q
- + H;),O
oL, T AuBCBEC+ (GHy),

(15—-50%)

CH,Cl,; —70°C

(]
+ + +
Hg + BrF, (G,H,),0 - BF, Ar,Br BF, + (C,H;),0 + 2ArHgF.

(60—99%)

2Ar,
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Conu NMapunvofOHUAS MONYyYaloT Gosee JOCTYMIHLIM CIIOCOOOM, UC-
X045 U3 uono30beH3ona.

[Anga apoMaTUuvecKuxX COeIUHEHMI HOoda M3BECTHbI COENMHEHMUS
TPEXBAJIEHTHOIO U MSATUBAAEHTHOro Hona. [lepBoe opraHuyeckoe co-
eIMHEeHHEe NMONUBAIEHTHOTO HOHAa — MOJ0300eH30MAMXIOPU (AUXA0P-
voaben3son) 6ot moayyen K. Bunbrepontom B 1886 r. npu B3aumo-
neWcTBUU MoabeH30Ma ¢ XJIopoM B xyiopodopMe:

CHCI,
——3= C(H,ICl, (87-94%) .

CsHsl + Cly .
UOR0300CH3WIANXIIOPUN

Ilpy 1IeJOYHOM THIAPOJM3E HOO0300€H30JIUXIOPUAA IOJyYyaeTcs
MOJ0300€H30N (MOMO3UNGEH30I):

H,O
C¢H;ICl, + 2NaOH—2—+ C,H,I=0 + 2NaCl + 2H,0 .
20°C
(54%)
Hono300eH30

Hono3oGeH3on TepMrUdecKy He cTabiied ¥ npu Harpesanuu g0 100°C
B BOJC JUCTIPONIOPLMOHMPYET ¢ 00pa3oBaHMEM MOI0300€H30/1a U HOI-
OeH3ona:

__100°C =0  (92-95%)
2CH,I=0 T{"(')" CeHsl + C6HSI<O uoznosobeH3on’

2

HUonozobenson obnagaer cBOHCTBAMM THITUYHOrO OCHOBAHMA U MpHU
B3aMMOJENUCTBUH C XJIOPUCTBIM BOLOPOLOM PEr€HEPHUPYET UOA0300EH-
30JLIMXJIOPHA, 4 C YKCYCHOM KMCIIOTON JaeT MOA0300eH30/MAMALIeTaT
{(mnauerokcunono)beHson]. Bonee coBpeMeHHBIA M NYYLIMi CI10CO0
MOJYYEHUST MOXO0300EH30/IMALIETATA 3AKITIOYAETCS B OKUCIEHUN MO/~
feH301a NepyKCYCHOU KHUCAOTOM B YKCYCHOKHMCIOM PacTBOpe:

30°
CgHgl + CH,CO,H + CH;COOH 2 m C6H5I(O—Cng ) ;

©8%)

C4Hsl + CF;CO;H + CF,COOH ——= c61{51(o—cfg}:3 ).

AHAJIOrMYHO nojydaercss M Opyroit BaxHbI pearent mona (III) —
nono3obensonoucTpudropanetar. PeHUIMOA030AMALETAT NIPY Lie-
JIOYHOM TUHPOJIM3E AAeT MOA0300€H30/ C NMPEBOCXONHBIM BBIXOLAOM,
a NpH B3aMMOAEHCTBHU C A-TOJYOJICYAbGOKUCIOTOR npeBpalaeTcs
B ¢eHunuon (1I1) okcurosunar (Mono306eHIOATHAPOKCUTOIUNIAT):
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H,O
CsHsl{OCOCH3), + 2NaOH 2—0?,E> CgHsl=0 +
(85—90%)
+ CH3COON8 + 2H20 .

CI(CH,),Cl
CgH5I(OCOCH3), + CH3-©>-SO3H —

CHCH,),Cl _OH
— ceHil . + 2CH;COOH
S

IMox neficTBHEM 3TOrO peareHTa ajJKeHbl IIpeBpalaloTcs B UTO3UIA-
Thl BULMHAJIBHbIX [JIKKOJIEH; peaKlys MIPOTEKAET CTPOro CTEPeoCIe-
uMGUYHO U MPUBOIUT K MPOAYKTY ¢ YUc-KOHGUrypaLueidl TO3UIOK-
CHTPYIIII:

OTs

CH,Cl
O + 2C6HSI<2,I;I 22, O: + 2C¢Hsl + HO .
S

OTs

HonozobeHszonguanerar MOXeT ObITh MCITOJb30BaH KaK CeJIeKTUBHBIH
JBYXJIEKTPOHHBIN OKUCIUTENDb UIST OKMCIEHUST TMEPBUYHBIX apoMa-
THYECKMX aMUHOB JO a30COeJUHEHUH:

ArNH, + 2C¢H;[(OCOCH3), —= ArN=NAr + 2CH;COOH + 2C4H;l.
(55—-90%)

Hono3obeH3onamaieTar ¥ Hogo300eH30A0HCTPUPTOPALETAT ABISIOTCS
3hdeKTUBHBIMH areHTaMK aLleTOKCHJIMPOBaHUS KapOOHUABHBIX CO-
eIUHEHN B O-MTONOXKeHHE K KapOOHWIBHOM IpyIle, HanpuMep:

Q OSi(CH,),
1) LiN(u30-CiHq), CeH;I(OCOCH,),
2) (CH;);SiCl; admp CH,Cly; 0~20°C
OSi(CH3); o}
OCOCH; B . (C,Hg),0 OCOCH,
—— -
20°C; CH,Cl,

(81%)
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Conu AMapUIMOAOHUS TMOJIYYaI0T, HCNOAb3Ysl B KAYeCTBE KCXO[ -
HOTro peareHTa Mon0306eH30. Mono3obeH301 B cepHON KUCIIOTE MNpe-
BpaulaeTca B Mono3oGeH3010ucynbdar (denununon (I11) cynndar).
Katnon Arl*—OSO;H BbInonHseT ponb 31eKTPODUIBLHOIO areHTa B
KOH/IEHCALIMK C apOMaTU4YeCKMMM YIJIEBOJOPOJAMHU MO THUIY peak-
uun Opunens—Kpadrcea:

Ar1=0 + 2H,S0, —> ArlI(?O—SO3H HSO® + H,0;

® H,SO, ®
ATIOSO3H + APH oioo> AlIArHSO,” N8,

@, 0
—» Ar IAr BF; + NaHSOy,

Conu JUApUIATAJION€HOHHUA IUHUPOKO MPHUMEHSAKTCA B Kaye€CTBE
APUIUPYIOLUMUX AN€HTOB MO OTHOLUEHHUIO K CaMBbIM pa3iIMdYHbIM HYKJIC-
OQ)PU'XBMI AJIKOToJIAT-HOHaM, azua- U TUOUHMAHAT-UOHAM, THOJIAT-
HWOHAM, €HOJAT-UOHAM U T.[.

Tabnuua 20.1
B3auMoseitCTBHE AMAPHITAIOTeHORNEBHLX COJEH ¢ HYKNeO(RALHBIMA PEAreHTAMH
100°C
soma_mnoxcan CeHsSCN + GeHsl + NaBF,
(97-98%)  (98%)

]
1) (C¢Hs),IBFY + NaSCN

® 80°C
2) (CeH9IBFY + NaN; o———eos= CeHiN; + CgHsl + NaBF,
(98%)  (98%)

60°C
3) ABCBFY + NaNO, —

a-aLlCTOH ArN02 + ArBr + NaBF,;

(70—-80%) (70—80%)
20°C _
Boaa-x1opodopM

(2]
4) (CgHs),IBFY + C4HSO,Na

1}
— C()HS.—-E_CGHS + CsHsI + NaBF4
0(99%)  (99%)

® O ¢Hs osC

5) (CgHs)l Cl + CgHs_ v —_— 2
i CC CeHs (CH;),;COH
09k®
20
— C¢HCZ_ + CgH,l + KCl
C(CeHs),
(81%) CH,
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MMpoaonxenuwne Tta6bnunub 20.1

@ 0 ] S}
6) (C4Hs),IBF, + H,C—C—CHCOCH, 5 —™
0 B 3

AHWaHUOH aleTWIaluCTOHA

——= C,H,CH,COCH,COCH, + C,H,I + BED

(92%)
OK®
a ® 0O .
7 O:Ee + (Cetgpicl —C
. (CH,),COH
CH,
/O
—— CH; + KCl + CgH,l
GsHs
(68%)
@ ©
8) (Ce¢HspCIBF4 + (CoHspNH  —— CgHsN(CyHs),

(88%)

9) (CeHBBFS + N ) 2SR N BF2 + GeHBr
85%)

ApUnMpoBaHHUe 1oJ NEHCTBHEM raIOreHOHHUEBBIX COJIEH MpeacTaB-
JIAET MHTEpEC B TOM OTHOLUEHUH, YTO HEPEOKO IMO3BOJSIET NPOBECTH
IPaHULY MeXIY MOHHBIMU H PagMKaNbHBIMH peakuusmu. is gua-
PHIXJIOPOHMUEBLIX ¥ OPOMOHHUEBBIX CONIEd XapaKTepeH MOHHbBI Mexa-
HU3M B3aMMOIECHCTBUA C HYKIEODUIBHBIMHM peareHTaMH, B TO BpeMs
KaK st coseil JUapuIMONOoHMst HabmwoaaeTcs Kax MOHHbIM, TaK U
PAIMKBbHBIA MEXaHU3M pEeaKLUUHU C HyKJeodHSIaMH caMoif pa3sHo-
obpasHoii npupoasl. HaubGonee spko pasnuyue B peakKUMOHHOI cro-
COOHOCTH coJielt QUapWIOpOMOHUS! U AMAPWIMONOHUS [TPOABNAETCS
B PEAKUMU APMAUPOBAHUS ANKOKCHI-UOHOB ¥ TUOIAT-UOHOB:

70°C
(CH )ZB‘?BE}a + C,H;ONa —— C,H;OC,H; + C¢HsBr + NaBF,;
5
5 (96—100%)  (100%)

70°C
(CHo),IBF® + C,H;0Na——& CGH;OC,H; + CgHy + CGHyl + NaBF;
28 (14%)  (68%) (92%)

20°C C,H;OCH(CH,), +

O -0
(C6H5)2BTBF4 + (CH3)2CHON8
(CH,),CHOH 92%)
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+ C4H, + C¢H,Br + (CH,),CO + NaBF,;
(4%) (100%)  (4%)

0°c C,H,OCH(CH,), +

® o
(C¢H,),IBFY + (CH,),CHONa
(CH,),CHOH 65%)

+ CgHg + C4H,l + (CH;),CO + NaBF,
(G1%) (100%)  (31%)

BaanmoneitcTBre COJieil MOJOHUS C AIKOKCHA-MOHAMHM, HECOMHEH-
HO, IIPOTEKaEeT 10 PAAMKAIBLHOMY MEXaHU3MY, OCKOJILKY OCHOBHbI-
MM IPOAYKTaMHU OKa3bIBalOTCH 6€H30J1 U KapOOHMIBHOE COCAUHEHHE,
obpa3yloumuecs, BEPOSITHO, B pe3yibTaTe CAeNyollei IMociae10BaTeNb-
HOCTHM NpeBpalleHUH:

1) (CeHshI®+ (CH;),CH-0® === (CeHs)l+ + (CH;),CH-O+ —>
—» CgHse + (CHj3),CH-O°« + CgHsl

2) CeHs» + (CH;,CHOH —> C¢Hg + (CHs),C-OH;

. @
3) (CH3),C-OH + (CeHspl® —> CgHse + CgHsl-C(CHa)y;

bn

@
4) CeHs-I-C(CH3); —> CgHsl + (CH;3),CO + H@.

H

Jnsa peakiinit, B KOTOPBIX IO JeHCTBHEM HYKIeO(MWIEHOTO areHTa
B raJIOTEHOHUEBBIX COJAX Ar;zHal+ ArHal 3amMelnaeTcss Ha HyKIeoun
Nu, npeanonaraercs SyAr-MexaHu3M 3aMelIeHUA, XOTA yOeaure/b-
HBIX HOKAa3aTeNbCTB 3TOr0 He MMEETCS:

A
AnHa® + Nu® M o AmNu + ArHal |

ITo ananoruu C COJSIMU AMA30HUA MOXHO IPEearONOXUTb, YTO, MO
KpaifHelt Mepe B psilie ClIydaes, ¥ 3leCh peanusyerca Szyl-MexaHusm
banHeta—KopH6aioMa, KOTOpPBIA B JaHHOM Cllyyae MOXET ObITh BbI-
paxkeH C NMOMOILBIO C/IEAYIOUIMX YPaBHEHUN UOH-PaAUKAJIBHOIO LIEN-
HOTO mpouecca:

HNuuuuupoBanve Henu:
Ar,Hal® + Nu® —— Ar,Hals + Nu.
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Pa3surne nenm:

Ar,Hale ———» Ar. + ArHal;
Are + NU® ——> AfNu s

ANu > + Ar,Hal ® ——> ArNu + ArHale ut.x

Sgpyl-MeXaHHU3M HYKIeODUILHOTO apoOMaTUYECKOIO 3aMellleHUs:
Haubosiee BEPOSITEH MU peakuuit coNeil TUapyiraioreHOHMS ¢ MsIr-
KUMU HYKICOQWILHBIMA areHTaMU — €HOJIST-HOHAMM, THOLMAHAT-,
Cynb(pUHAT-UOHAMU W JPYTMMU MATKMMH OcHOBaHUSIMM JInlouca.
Katuon Ar,Hal* sBnseTcss CHIBHBIM OHO3/IEKTPOHHBIM OKHCIHTE-
JIeM, TIOSTOMY Uil peaJM3alyii MOH-pagHKaJbHOIO LEMHOro IMpo-
uecca HeT HeOOXOAMMOCTH B MHULIMMPOBAHUH peakiuu YO-cBeToM,
KOTOpOe 0043aTeNbHO IS HYKIeOQUIBLHOTO Sgyl-3aMelleHus] Tao-
reHa B apWwiIrajloreHuaax.

20.3.3.6. PATHMKAJIBHBIE PEAKIINH 3AMEIIEHWA TUA3OTPYIIIIBI

ToMOIUTHYECKOMY pacLIeIUIEHUIO CBSI3H YIJIEPOA-a30T XHa30Cco-
eQUHEHMH, KaK yXe BbUIO OTMEYEHO paHee, CIIocOBCTBYeT poCT HyK-
NeodHIBHBIX CBOMCTB PAacCTBODMTENA, BOCCTAHOBHMTENBHBIX CBOMCTB
HyKneo¢hunpHOro areHra. KpoMe Toro Ha COOTHOLLIEHHE T€TEPOTUTHU -
YECKOro M IOMOJIHMTHYECKOrO HANPABIEHHS Pa3/IOXECHMS IXHA30coe-
NHMHEHHMI OYeHb CHIILHOE BIMSAHKE OKa3hiBaeT KMCIIOTHOCTH PACTBOPA.
B cunsHOKuCnIOM pactBope (pH < 3) npeobnamaiouiuM HalpaBlAeHH-
€M B OTCYTCTBHE CHJIbHBIX BOCCTAHOBMTENEH SIBAAETCA T€TEPOJUTH-
4YeCKOe 3aMelIeHNe ANA30TPYIIIbl, OIIMCAHHOE B NPEABIAYLIIEM pa3je-
ne. OqHako B cnabokucaoi, HeliTpaabHOM Wik cnabooCHOBHOI cpele
JOMUHHUPYIOT TOMOJIMTHUYECKHE NPOLIECCH] Pa3IoXeHUs] KOBAIEHTHBIX
opm nuasocoeauHeHMil. B 3TOM pasziene Mbl NOCAEN0BATENBHO pac-
CMOTPUM TOMOJIKTHYECKHE MPOLIECCH 3aMELIEHMs HUA30rpPyNIibl Ha
BOZOPOI, apMIbLHYIO rpynny ¥ KapOOKCHU/BHYIO TpYIy.

1) 3amemenue AMAa30rpyNnsl Ha BOAOPOJ — Ae3AMHHMpPOBaHME
HEePBHYHLIX APOMATHYECKHX ZMHMHOB

Hpﬂ 3aMEHE BOJibl HA CIIMPT B Ka4eCTBE H}’KJICO(I)HIIBHOI’O areHra
B p€aKkliMy C COJISTIMHU apeHAWa30HHnA 06pa3yeTc;1 HEKOTOPOE€ KOJIHYEC-
CTBO ApHUNIAJIKUNIOBBIX 3(1)Plp0BI

ANLC®P+ ROH 34y ArOR + N, + HCI .
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Bra peaxkiys, KaKk U B3aUMOJEACTBHE KATHOHA IUA30HUSA C BOMOIA,
NPOTEKAET MO FETEPONIUTUYECKOMY MOHOMOJIEKYISIPHOMY MEXAHU3MY.
OnnHako obpasosaHue apWIaJIKUIOBBIX 3(UPOB BCeraa COMpOBOXIA-
eTcA KOHKYPMDYIOLIE OKHUCIUTEIbHO-BOCCTAHOBUTENBHOM peakiu-
eil 3aMelleHrsa QUa3oTPYIIbLl Ha BOXOPOX;

@ ’/O ®
AN, + RCH,OH ——> ArH + RC\ + N, + HY.
H

BoccraHopieHHe Qua30CoeMHEHHN N0 YIIEBOLOPOAOB ObUIO OTKPBI-
To Gosee 100 ner Hazag I1. puccoM, KOTOpBIA BHEPBBIE IMONYYMI
CONM apeHaAMa3oHMs. g 3aMelleHMS AMA30rPYNIbl Ha BOXOPOA C
MOMOIIBIO CIIMPTOB JOKA3aH LEMHOM pafuKAIbHBIM MeXaHHU3M:

Japoxnenne nenu
AN,® + CH;O0H ——> AN, + CH;OH+;

AN ¢« ——> Are + N3
CH;OH ; —— +CH,0H + H®,

Pazsurne nenu

Ar. + CHjOH ——» ArH + *CH,0

H
-CH,0H + AlN,® ——» AN, . + CH,OH®, Te. (HcfH

’

(o)
CH,OH © —> HcfH + H®,

AN, —— Ares + Ny M T.A

CooTHoueHHEe MPOAYKTOB B ABYX KOHKYPUPYIOUIMX fIpoLeccax: rere-
POJINTHYECKOM U TOMOJIMTHYECKOM 3aBMCHUT OT NPHPOIbl 3aMECTUTE-
N B 6eH30JbHOM KOJIbLE KATHOHA apeHIMa3oHus u oT pH cpensbl.
FeTeponuTHyeckuii npoLecc 3aMelieHUsT TUa30TPYIIIbl Ha ATKOKCHIb-
HYIO Ipynmny oGeryaercsi MpH HAUTHYHUHU IJIEKTPOHOSOHOPHEIX 3aMec-
TUTENEH; BOCCTAHOBJIICHHUIO IMA30COEAMHEHUH CIOCOGCTBYIOT 3/1EKT-
POHOAKLIEIITOPHbIE 3aMECTUTENH:
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CH, CH, CH,
NaNO,; C,H.OH
@NHz 02,5'c N7 28058 @OCZHS ;
H,S0,; 8%
__NaNOy _
50, 0-5C sC
(70%)

B HeKOTOpLIX Cliy4assiX COOTHOLIEHME MPOAYKTOB MOXHO ITOJIHOCTBIO
M3MEHUTh NpH BapsupoBaHMM pH pacteopa. Tak, HampuMep, NpH
Pa3lIOXEeHUH KaTHOHA GEH30IHa30HNA B CHJIbHOKHCJION Cpelie B 3Ta-
Hojie nojyqaercs ¢eHeTol ¢ BeIxogoM 90%, Torla Kak B alEeTATHOM
6ydepe ¢ KonuyecTBEHHBIM BBHIXOAOM 0Opasyercst GeH3o:

CHs08 5 CgH;OC,Hs (90%)
=

C2H50H
PH>7 ™ CoHg (100%)

CeHsNY

B obwem ciyuae obpasyercst cMech a¢dupa deHona ¥ yriesonopona,
MO3TOMY X BOCCTAHOBHUTEIbHOE NE3aMHHUPOBAHME, M MOJyYEHUE
MPOCThIX 3UpoB (PEHONOB OCYILECTRISIIOT IPYTHMH METOLAMH.
YHuBEepCANbHBIM BOCCTAHOBUTENEM TIPU 3aMELIEHUU AUA30TPyN-
Ml Ha BonopoZX sensieTcs pocdopHoBatrcTas kucnora HiPO;:
ANLCP + HPO, + H,0 0—];§—C» ArH + HyPO, + HCI + N, .
20

CormnacHo CTeXMOMETPHYECKOMY YPABHEHHIO, JUIS BOCCTAHOBJIEHHS
TpebyeTcs 3KBHMOJIApHOE Koau4ecTBO (ocopHOBATHCTON KUCIHO-
ThbI, TIPAKTHYECKH [UIA JOCTHXKEHHS XOpPOLIETO BBIXOAA IPOLYKTa 3a-
MELLeHUA QUA30TPYyNIlbl Ha BOLOPOA TpeOyeTcs MATHKPATHBIA U30bI-
Tox H3PO,. Peakuuio nposonasar, ucnonab3ya 30—50%-ii BomHsiil
pacteop H3PO, npu 0—5°C B Teyenue 24 4. Brixon KOHeYHOro NMpo-
JIYyKTa BOCCTaHOBNEHHS Konebnerca B unHtepBame 60—80%. 3amewe-
HHMe AMa30TpYNNbl Ha Bogopod ¢ nomoiusio H;PO,, mo-Buaumomy,
TaKXe HAET IO PaguMKadbHOMY MEXaHH3My, KOTOPbIi MOXET ObITb
BBIPaXEH CJIeAYIOLIeHi MOCNeA0BaTENbHOCTBIO NPEeBPAILIEHHIH:

HuuuuMpoBaHue nenm:

AN® + H,PO,°® ——» Ar. + Ny + HyPO;.
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Pa3suTHe nenm:
Are + H;PO; —> ArH + HyPO,e;

AINL® + H,POy» —— Are + Ny + HyPO,®:

H,PO,® + 2H,0 —> H3PO; + H;0® u T

3aMelleHHe JUa30rpyIIbl Ha BOAOPOH B IIPaKTHKE CUHTE3A OCO-
OeHHO IOJIE3HO B TeX CiAydYasX, Korma tpebyercda momyyuts 1,3-au-
win 1,3,5-Tpu3aMelieHHble IPOU3BOIHBIE GEH30J1a ¢ OPUEHTAHTAMH
I poxa Wiy o- WK n-3aMeLIeHHbIE MPOU3BOIHEIE C OpUeHTaHTaMH 11
pona. Huxe npusegeHbsl HEKOTOPBIE TUITHYHbIE IIPUMEPHI:

Cl H,
2N NO; _ry ON NO2  o-N0sO
CHC[3 10_20°C
NO,

N,®
O,N NO, oo, O,N NO,
—_ 3 »
- H0; 0-10°C (60—65%);
NO, NO,
COOH COOH COOH
Fe +HC Br2
HBI" Hzo
NO, NH,
COOH COOH
Br Br Br Br
NaNOy; —}ﬁqz—a» (70-80%)
HCI; 0-5°C N 05C
2
Br Br
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CH;O OCH, CH,0 OCH,

NaNO2, o® ® e
——== CIN, N,Cl —=
HCI 0-5°C
(75—80%)
CH;
O

Kpome ¢ocdopHOBATHCTONR KUCIOTHE A1 3aMEUIEHHSA AUA30TPYINIIb
Ha BOAOPOJ MOXHO HCIIOJIB30BaTh GOPrUAPHA HATPUSA. DTOT peareHT
He 3aTparuBaeT KapOaiKOKCH-, FaJIoTeH- U HEKOTOPLIE NpYyrue Tpyn-
bl B GEH30JLHOM KOMbLE:

e N2 TIM®PA. 0C -

(75%)

2) Ioaydenue Omapuiaor u3 aAuazocoeannenmii (Peakuus
I'ombepra—baxmana)

ITpu paznoxeHUH cojieit apeHAMa30HH KOMIUIEKCHBIMU COJISIMU
OIHOBAJIEHTHOMN MeNU B allETOHE B 3aBHCHUMOCTH OT IPHUPOABI 3aMec-
TUTENEedl B apOMaTUYECKOM KOJIbLie IOJIY4alTcs NUO0 CHUMMETpud-
Hble Ouapwibl, TMOO CUMMETPHYHBIE a300€H30JIBI:

CulNHy)® Cul(NHy) ®
AN=NAT gmemon—— ANy ool > Ar-Ar + Ny

Hanuuue a1eKTpoHOAKUENTOPHBIX IPYNI crocobcTByeT 06pa3oBaHUI0
GMapuioB, KOHOPHBIE 3aMECTUTENM OJarONpUSTCTBYIOT IMOJYYEHUIO
a30COCIMHEHUH.

HecuMMeTpuuHble GHAPMIIBI MOJYYaAlOT Pa3jioXeHHEM BOIHBIX
pPacTBOPOB COJIEl apeHANAa30HHUs B cnabolleiouHo cpelle B PUCYT-
CTBUU 2pHIHPYEMOTO COEAHHEHHS:

ArNSCP + AfH —DEH o 411 aAP 4 N, + NaCl + Hy0 .
DTOT METOH ITOJYyYeHUSI HECUMMETPMYHBIX GHapuioB ObUI Ipemio-
xeH B 1924 r. M. I'omGeprom u B. baxMaHOM M LIUTE/IbHOE BpeMs
ObUI MO CYLLECTBY €IMHCTBEHHBIM OOLIMM METOAOM MX TMOJYYEHMS.
BeIxoa HecMMMeTpHUYHBIX 6MapUIOB OOBIYHO HEBBICOK, Mopsaka 15—

377



30%, HO oH MoxXeT ObiTh nosbiiieH g0 40—60% npu npoBeAeHUU
peakLMM B alleraTHOM Oydepe ¢ paznuyHbIM 3HayeHueM pH:

Br@*N? cP+ _NaOH Br+ NaCl + H,0
6eH3on-Boaa;
5°C

(35—40%)

PagukanbHasi npupona peakuuu ombGepra—baxmaHa He BbI3bIBaeT
coOMHeHMs. BMecTe ¢ TeM MoKa HeT €JUHOT0 MHEHUSI OTHOCHUTENILHO
JETAIBHOTO MEXaHM3MAa 3TOM peaklWy, B YaCTHOCTU MpeBpalleHUs
KATHOHA [AWA30HMS B PalMKan U CTAOMIK3ALMHM MPOMEXYTOYHO 06-
PasyIoLUErocs apuiLMKIIOreKcanMeHuabHoro paaukana. Haubonpiuee
pacnpocTpaHeHMe MOJyYU/Ia TOYKA 3PEeHMS, COMIACHO KOTOPOM Mpo-
MEXYTOYHbIM TIPOJNYKTOM SIBASIETCS KUA30aHTUAPHA (QWA300KCHM),
MONYYAIOUIMUCS NPH B3aMMOJENUCTBUM KATHOHA JMA30HHUA C AHA30-
TaT-aHUOHOM:

AINS + AIN=N-0® ——> Ar-N=N-O-N=N-Ar.

HHa3OTaT—KOH, B CBOIO O4YE€peElb, o6pa3ye1‘ca U3 KaTHUOHA JHUAa30HHUA
H THAPOKCHIO- WIHM aAlUETAT-UOHa:

AN + 20H® ——>  ALN=N-C° + H,0

® o CH,000©
ArN,~ + CH;COO ——» Ar-N=N-OCOCH; ——»

——» A—N=N-0° + (CH,C0),0

Auazoaurnapunsl (IMa300KCHObl) KpaliHe HecTabWibHbI M pasnara-
I0TCSl ITyTeM T'OMOJIMTUYECKOTO Pa3pbiBa CBSI3M a30T-KHUCJI0POJ ¢ 06-
pa3oBaHHUEM APWJILHOTO U MMUHOKCUJIBHOTO PaAUKAJIOB:

Ar-N=N-O-N=N-Ar ————> Ar-N=N-O. + Ar. +N,.

Janee apuyibHBIM paguKal aTaKyeT apoMaTH4YecKuit cyberpar ¢ obpa-
30BaHUEM apWILIMKJIOreKCAIMEeHUILHOIO paauKasa:

e @) — )

[To Bompocy o nanpHeiwei cTabUIM3alUMK 3TOr0 paguKana MHEHUS
pacxonsaTcd. YacTb ucciaenosaTesiedl nonaraeT, YTO UMUHOKCUIIBH B
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panMKal OTLIENISIET OT HEro aToM BoAopoaa ¢ ofipazoBaHueM OGua-
PUJIA ¥ AUA30THAPATA:

Ar
+ Ar-N=N-O* ——» Al"‘CgHS + Ar-N=N-OH ;
H

Ar-N=N-OH + OHe ——> Ar—N=N-0° + H,O u t.a

JIpyruie nosaraior, YTo OTPLIB aTOMA BOAOPOIA OT ApUILMKIOTeKC AN -
€HWIBHOIO paJHKaja OCYUIECTBISIETCH KATUOHOM IMa30HUS M Ta OKHUC-
JIATEIbBHO-BOCCTAHOBUTEJIbHAS PeaKiLUsl SIBASETCA COCTABHOM YacTblo
LEMHOTO0 UOH-PANMKAJIBHOrO fpoliecca C yJacTHEM AapWI-paaHKana,
KaTHOHA MMA30HUSL M apUJIMPYEMOTO apoOMaTHYecKoro cybcerpara:

@ |
+ AN,Y — > Ar—C¢Hs + Are + N, + H®
H

KoHUeHTpaluus paquKalbHbIX YacTul B peakiinu [omGepra—baxMana
BECbMa BbICOKA M 3TO OTJIMYAET €€ OT OONbUIMHCTBA IPYTHX PAagUKab-
HbIX HEITHBIX [IPOIIECCOB, Iie CTALMOHAPHAS KOHLIEHTpauusi cBoboj-
HBIX PAAMKAJIOB B MIpoIiecce peaklun OYeHb HU3Ka. Brixogsl buapuion
HEBBICOKH, ITOCKONIbKY CYHIECTBYET HECKOJILKO APYTMX KOHKYPEHTHBIX
nyTed cTabunu3alry apUIbHBIX PAIUKANIOB, U TOMMMO GUapUNoB BCeraa
06pa3zyerca GONBIIOE KOJMMYECTBO CMONOOOPA3HbIX NMPONYKTOB.

OTa peakuus [IpeACTaBisieT CaMoCTosITeIbHBIM MHTEpeC Kax Kiac-
CHYECKMUH TIpUMEp peaklLiMil FoOMOJHUTHYECKOTO apoMaTU4ecKoro 3a-
MewieHus (. 14). Hpw apuiivpoBaHUM 3aMeleHHOro 0eH30J1a Colbio
apeHINA30HUS TTOYyYaeTcsl CMECh TMTPOJYKTOB, B KOTOPBIX BCEra rnpe-
obJlagaloT opmo- ¥ napa-3amelleHHble NPOU3BOAHbIE GMdbeHMUIa He-
3aBMCHMO OT NMPUPOALI 3AMECTUTES1 B OEH30JbHOM KOJIBLE!

NO,
NaOH
@ 2+ GHNO 5 5707 5C —O

o-. M- n-

60:10:30

Taxoit coctaB H30OMepHBIX MPOAYKTOB XapaKTepeH [UIsI peakluit pa-
NUKAJILHOTO 3aMeleHUs] B apoOMaTHYEeCKOM psay. DTo obbscHseTcs
TEM, YTO TOJILKO B TOM CJIy4ae, KOr5A apM/IbHBIN pagjuKal 3aHUMAET
opmo- WIK napa-rojoXeHHe Mo oTHOLIEHHUIO K UMEIOLLEMYCsl 3aMec-
THUTEJIIO, 3AMECTHTENb TPHHUMAET Y4acTHe B AEAOKUIM3ALUUN HecMna-
PEHHOro 3J1eKTpOoHa, HAMpUMeEp:

379



Q@ .
__N.._

o

O NO,
H; ;Ar

NO, NO» 0
Q :
H™ TAr H™ “Ar H™ ~Ar
Ecau xe apuUnbHBIN paauKan BCTYIIAeT B Mema-TIOJOXEHHUE K UMEIO-
WEMYCS 3aMECTUTEIO, TO 3aMECTUTE/Ib He YYacTBYET B NEOKaIM3a-
LIM1 HECIIapeHHOro 3JICKTPOHA M SHeprust oOpa3oBaHUSI Mema-u30-
Mepa TNpEeBbIIIAET IHEPrUi0 0Opa3oBaHUST OpmMoO- U NAPA-U3OMEPOB.
oatoMy ans noay4eHUs MHAMBUAYQIbHBIX HECUMMETPUYHbBIX OUa-
PHJIOB CJIENYyeT apWIMpPOBaTh OEH30J COJMbIO 3aMELICHHOTO apeHua-
30HUSI BO uU30eXaHHUE IMOJYYEHHUS CIOXHONW U TpyOHOpasgeIUMOMN
CMECH MPOAYKTOB apunuposanus. CHHTETHYECKOE 3HAYEHHE PeaKLIy
I'oMb6epra—baxMaHa B HacTosllee BpeMs pe3Ko CHU3MIOCH, IIOCKOIBbKY
HEeCHMMETPUYHbBIE OHAPWIIBI C CAMBIMU Pa3HOOOGPa3HBIMUY 3aMECTUTE-
JIAMU Topasno ymoOHee IMONY4aTh KpPOCC-COYETaHMEM METayIoopra-
HUYECKUX COCIMHEHMMH AMTHS, MarHus, 0J0Ba U PTYTH C ApHIrano-
reHUJaMK Ha KOMIUIEKCHBIX I'OMOTE€HHBIX METALIOOPTaHUYECKUX
Katanusaropax (ri. 27).

Peakuimu Kpocc-coyeTaHUs METAULIOOPraHUYECKUX COedMHeHHi
C OpPraHUYECKHMMH TaJioTeHHIaMM, KaTaJiu3upyeMble KOMILIEKCaMHU
MepexoAHbIX METAJUIOB, JIEDJIK B OCHOBY HOBOIO YHHBEpPCAJILHOIO
PErHOCEIEKTHBHOrO M CTEpeoCceeKTHBHOIO MeToa 06pa3oBaHus yr-
Jepoa-yriepoqHoOil CBA3M.

Peakuyu apuibHbIX MarHUMOpPraHUYECKUX ¥ JUTHHOpPTraHHYec-
KHUX COCNUHEHMI ¢ apuIOpOMHUIAMHY MK apWIMOAUIAMH, KATATHU3K-
pyeMbie kKoMmrutekcamu Pd(II), Pd(0), a takxe Ni(II), npuBogar k
MOJIYYEHUIO GMAPUIIOB C BHICOKMMH BBIXOJAMMU:

HPdl Hs)
CeHsMgBr + Br@—Cl Cotls g,ﬁﬁ“ shlz
—_— céﬂs—@—cx + MgBr, -

(82%)
CH,
NiCl,[(C¢Hs);Pl,
CH + C:H -
3 MgBr + CeHlsBr — o oc
CH;
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CHs

— CHj Ce¢Hs + MgBr, .

(96%)

NiCl,[PhyP(CH,);PPhy]
cH;O—@MgBr +@ TT; 0°C
Br” °N '
CH3O‘©—© + MgBr; .

(86%)

Kpocc-coyeranue ¢ Mg- 4 Li-opraHnyecKUMU COeIMHEHUSIMH OTpa-
HW4eHO TeMM (QYHKUMOHAIBHBIMU IpynnamMu B oboux cyberparax,
KOTOpbIE HE B3aUMOJEUCTBYIOT C STUMUA METAUIOOPTaHUYECKUMHU CO-
€IUHEeHUSIMH, YTO UCKITIOYAET UX UCHOJIB30BAHUE [UIS] COUYETAHUS CyD~
crpatoB, cogepxawux rpynnel CHO, C(O)R, COOR, NO,, OH,
CN M psill APYTHX TPYNITUPOBOK. DTOrO HEJOCTATKA IKWILeHA MOIUDH-
Kauusi, TAE I KPOCC-COYETAHUS C apHATATOreHUIAMK MPUMEHSIOT
METa/LTOOPTAHMYECKUE COSTUHEHMS] MHKA, OJIOBa, PTYTU U IPYTHX
METaJLIIOB!

NiCl,{(CsHs)5P); .
n-CHsC¢HZnCl + n-CNCgH;Br  TId; 20°C

— CH3CN + ZnCIBr

(90%)
@ @_ Pd((CHs)sP)s
I OOCH; ———
o ZnCl + COOCH; Trd: 20°C
/ \
—_— o COOCH; + ZnCl1
(83%)

OcobeHHO yOoOHBI U1 KPOCC-COYETAHMST ONIOBO- H PTYTHOPraHKWYec-
KHE COeIMHEHMS, HE 3aTparvMBalolliMe NMPaKTUYECKU BCe BaXKHeHlIne
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yHKUMOHANbHbBIE TPYNTibl U YCTORYUBBIE K AEACTBUIO BIArH M KHC-
Jlopoaa:

PA[P(CeHs)sla wm CeHPaI[PPhsl,
7 @ Sn(CH3)3 + I@X TIM®A nm TMOTA: >
. ,

Z = OCHj; CHsy; CgHs; Cl; CgHs—C=C

X = NOy; CH;CO; COOCH5; Cl; CN

Ar;Hg + AL CyH PdI[PPh,],; N(C,Hy),l - ArAr2

Tor Xe caMblif MeTOI MPUMEHSIETCH B cTepeocreluPpHIecKoM
cuHTe3e E-aIKeHOB Ha OCHOBE TEPMUHAJIBHEBIX AIKMHOB. 3TOT METOL,
BKJTIOYAET CUH-TUEPOATIOMUHUPOBAHME TEPMHHAIBHBIX ATKMHOB M0
neiticreueM JJMUBAJI-H ¢ nocnenyonmmM Kpocc-coyetaHueM E-anke-
HUIBHBIX TPOU3BOMHBIX AJIOMUHUSA C apiIOpOMHUAAMH MW BUHMJI-
OpoMMIAMH, KaTAIM3MpYeMbIM KoMIuiekcaMu nautanus (0) wid Hu-
xens (0):

; 0-(~20)°C
CyH,,CmmCH + (i-C,Hy) AlH —XE2H 1 Tomyon; 0(~20)'C_

Br
CeH,5 H ; Ni(PPhy),

Al(C,H,-1 ),

H

C6H13 H
—— (93%)

N C©;

BMecTo apuabGpoMHUIOB B KPOCC-COUETAHMM MOXHO MCITONbL30BaTh U
BUHUWAOpOMUILI, U Hoauabl. Torna mis npeBpalleHUs TEPMUHATBHO-
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ro aIKuHa B E-aJIKEHWTbHOE METAIOOPTaHUYECKOe COCIMHEHHE BMeE-
cto AUBAJI-H uenecoobpasHo npuMeHATb AULMKIONEHTAIHEHMUI-
uupkonuitruapoxsopun (CsHs),ZrHCI:

(CHs),ZrHCI R\ H

RC=CH — /——-—\ -
Tonyon; 0—10°C H 7

(C5H5)2
H,C H . R H
3H>=<Br; NI[P(C6H5)3]4 H
- H

TI®; 0°C v H CH,

Drta peakuus crepeocneyMdUUHa, CTEPEOXUMHUYECKAS YHCTOTA NPO-
JyKTa Kpocc-coyeTaHus — FE,E-gueHa — npessimiaet 99%. Takoro
pola Kpocc-coYeTaHre LIMPOKO UCITOJIb3YeTesl B cTepeocneuduyec-
KOM CHHTe3e OMOJOTMYESCKM AKTHBHBIX COCAUHECHUM.

CHHTE3 AJIKEHWIAPEHOB MOXET ObITh OCYIIIECTBAEH C IIOMOLUBIO
KPOCC-COYETAHUS aPOMATHYECKMX METAJUIOOPTAHUYECKUX COEIMHEHUIA
Mg, Al, Zn, Sn, Zr, B u np. ¢ ankeHunOpoMUIaMi B TIPUCYTCTBUU
¢dochuHoBbIX KOoMILIekcoB HUKeNs (I1) unu ¢pochUHOBBIX KOMIUIEK-
coB namnagus (0), HanpuMmep NiCl,[(CsHs),PCH,CH,;P(C¢Hs),];
NiCl,[(CsH5),P(CH,)3P(CeHs),]; PA[(CsHs);Pla:

cl Cl NiCL{(CH),PCH,CH,P(C¢Hy),]
CeHsMeBr + H: :H TI®; 20°C o
CH, CH, H CH;
H H CGHS/. :H

(90%) (10%)
R‘>/\ PA[P(C,H.),|
1 6515)3l4
¢ O MeBr + o2 TT®; 20°C
— - >/\©—Cl + MgBrl

(80—90%)
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3) Apuimpopanue HenpeenbHbIX COEXHHEHMIA

Peaxuus, otkpeitast B 1939 r. I'. MeepBeitHOM, OTiIHYaeTcst OT
OIMUCAHHOTO BhIIIE CUHTE3a GMApUIOB TeM, YTO PAfUKIbHOMY apH-
JIMPOBAHMUIO NIOABEPracTCs HEHACHILIEHHOE COeAUHEHME, coepXxallee
3JIEKTPOHOAKIIEIITOPHBIA 3aMECTUTENb:

AN CP + CHy=CHX —o22 ATCHICHX + Np.
X=CN; COOR Cl

JUtg oTolt peakiuM Takxe JoKa3aH paguKaIbHbIA MEXaHH3M C ydac-
THEM apWi-paguKaja B KauecTBe MHTepMeauaTa. bonee obuuit MeTon
apUIHPOBaHUsA JIIOOBIX HEHACHIMIEHHBIX COCIMHEHHUH ¢ IMOMOILIbIO
INAa30CoeIUHEHUM 3aKTI0YaeTcsd B KPOCC-COYETAHNHY aJIKEHOB M 6op-
¢bTopuoB apeHIMA30HUS Ha KaTAIHU3aTOpax Ha OCHOBE IIaJiIafusl.

4) 3Jamemenue AMa30rpymmbl Ha KapOoKcHa

Cony apeHIHa30HHUs JIEIKO KapOOKCHJIMPYIOTCSI OKMCHIO YIIEpo-
na (II) 1 auneraroM HaTpus B MPUCYTCTBUM alleTaTa MaUlagust yxe
NpU KOMHATHOM TeMIlepaType ¥ OObINHOM JaBICHUH:

0
(CH,COO),Pd A g g cH
30 muH; 25—30°C 0 3

AINPBFP + CO + CH;COONa

O6pasyonidecd Npy 3TOM CMellaHHble aHTUAPHUABI IPY HArpeBaHUU
1o 100°C gucnponopLMOHNPYIOT 10 YKCYCHOrO aHTHIPUIA ¥ aHTUI-
pYla apoMaTHYeCcKO# Kap6oHOBOM KHCIOTHL:

100~120°C
ArCOOCOCH; ~———— (CH,C0),0 + (ArC0),0 .

CyMMapHbI{ BBIXOJ, APOMATHYECKHMX aHTCHAPUIOB O4eHb BhICOK (80—
90%), ¥ 3TOT METOJ, MOXHO PEKOMEHI0BaTh KaK OOLUMI METOI CHH-
Te3a apoMaTHYECKHMX KapOOHOBBIX KMCJIOT M3 MEPBHYHBIX apOMATHU-
YeCKHUX aMUHOB.

20.3.3.8. PEAKLIMH COJIEM IUA3OHMSA BE3 OTUIENAEHUA A30TA

B peaxkuusix 2TOro THNAa HyK1eoMUNbHBIA areHT aTakyeT KOHLie-
BOI aTOM a30Ta B KAaTUOHE NMA30HUS, a oOpa3sylolliMecs NpH 3TOM
azocoeNyHeHusA 00a1al0T JOCTATOYHO BHICOKOH CTaOMIBHOCTBIO U
He OTIUEMIAIOT MoseKyny azota. HykireodwinbHble areHThI, JJIs1 KOTO-
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PBIX XapakTepeH MomOOHbLIN THI IMpeBpalleHMsi, JOJIKHBI OTHOCHTCS
K Ipyrre MIrkux ocHoBaHMil Jlplouca. Tonbko B 9TOM ciyyae NpH
B3aUMOJEHCTBUM MSATKOTO 3JIeKTPOQMILHOIO areHTa — KaTHOHA IH-
A30HMS, U MSTKOTO HYKJIEOMHUABHOro areHTa o6pa3yioTcsi KOBAIEHT-
HbIE TEPMOIMHAMUYECKU CTabMIbHBIE a30coequHeHns. Kiraccuyeckum
[IPUMEPOM TAKOTO THIIA B3aMMOMEHUCTBMS SIBISETCS Peaki(Us a30co-
JeTaHus.

1) Peaxuus a3ocodeTaHus

D10 Haubonee BaXHas# B NMPAKTHYECKOM OTHOIUCHHH DPeakKI(Hs
apoMaTU4YecKHX quasocoennHeHHM. Colu JHA30OHMS pearupyior ¢ ¢pe-
HOJaM¥ M apoOMaTHYeCKUMM aMMHaMM ¢ oDpa3oBaHUEM SIpDKO OKpa-
LIEHHBIX a30COeJMHEHHH, B KOTOPBIX [BA ApOMATUYECKHX KOJIbIIA CBSI-
3aHHM aszorpynmnoit N=N:

AN + @-x — Ar-N=N©-X.

X =0H; NH,

B 3Toii peakuMH CleRyeT pasmuyaTh auaso (ArN,*)- u aso (ArX)-
COCTABJAILYIO. A30COYETAHHE OTHOCUTCS K TUIHMYHBIM PEAKLIUSIM
3JMeKTPOOMIBHOTO apOMaTHYECKOro 3aMellleHUsI, CKOPOCTh KOTOpO#
3aBUCHT KaK OT dJIeKTpODWIbHBIX CBOMCTB KATHOHA NHA30HMSA, TaK
M OT 3JIEKTPOHOAOHOPHBIX CBOMCTB a3ococTrapisgwouieii. KaTtHoHbi
apeHIHa30HMUA OTHOCITCA K YUCHY cJabbiX 371eKTpOodUIBLHBIX areH-
TOB, TAK KaK ero I10JIOXUTENbHBI 3apal AEJIOKAJIU30BaH 33 cYeT
COTIPSLKEHHUA C apOMaTHIECKUM KoJbLioM. Kaxk cirabblit anekTpodus-
HbIil areHT KaTHOH JMAa30HHS B3aMMOIEHCTBYET TOJNBKO C TaKHMH
NPOU3BOAHLIMU OeH30Ma U HadTaIMHA, KOTOpPEIE CONEPXAT CHJIb-
HbI€ 3JIEKTPOHOIOHOPHBIE 3aMeCTHTENM. PeaklIMOHHAA cOCOBHOCTh
asococTaBisiouteit ymeHsluaerca B psaay X = O° > NR; > NHR >
NH, > OR >> CHj; (Alk). B peakuuio asocoueTanusi BcTynamwoTt ¢e-
HOJIbI B ¢opMe (eHOMAT-HOHOB, obnanaioutux +M- u +I-3dpek-
TOM aHuoHa O, ¥ aMuHbl — Oiparonaps cuabHoMy +M-addekrty
aMUHOTPYMIIbl. TONBKO B OTAEAbHBIX, HCKIIIOUMTENbHBIX CIYYasIX COMH
apeHAMAa30HMs B3aMMOJEHCTBYIOT ¢ 3(UpaMU OJHO- MJIM MHOTO-
aTOMHBIX (¢eHoNoB. MoHOaNKUIGEH301 BOODIE HE BCTYNAKOT B
peaKkLuIo a30CoYeTaHHUs.

PeakiuimoHHas cnocoGHOCTb KATUOHA apeHAHAa3oHUsE B OOJIbLLOI
CTEMEeHM 3aBHUCHT OT IPUPOIBI 3aMecTUTeNeil B 66 H30IbHOM KOJIbLIE.
DIIeKTPOHOAKLEITOPHbBIE 3AMECTUTEH YBEJIHYUBAIOT, a 3J1€KTPOHOAO-
HODHbIE YMEHBILAIOT 3J1eKTPOdMIbHbIE CBOCTBA KATHOHA JUa30HUA. B
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peaki¥u azocoyeraHus ¢ l-HadTONAATOM HATPUSI KATUOH 4-HUTpO-
6GeH30/IIMA30HM1S 0 AKTUBHOCTM B ThiCSUY pa3 [IPEBOCXONMUT KATUOH
6eH30/IMa30HUSA, KOTOPbI pearupyer B CBOIO O4Yepedb MPUMEPHO B
100 pa3 OpicTpee, yeM 4-MeTOKCUOEH3014Ua30HUIMKATHOH. [ToaToMy
HE YAUBUTENBHO, YTO €CJIM KATUOH OEeH30JIUA30HHUSI pearupyer C
TPUMETHJIOBBIM 3¢hUpoM GIOpOrNIOUMHA, TO A-HUTPOOEH30/MA30-
HHUU cIOCOOEH COYETATBCH VXK€ C AUMETHIOBBIM 3GUPOM PE30OpLIMHA,
XJIopuIl 2,4-IUHUTPOOEH3ONNUA30HMS B3AUMOIEIHCTBYET € aHU3O0JIOM,
a MoH 2,4,6-TpMHUTPOOEH3ONAMA30HUSA BCTYMAET B peakUUIo a30Co-
YeTaHUs JAaXe C ME3IUTUJIEHOM.

A3oco4ueTaHHue siBiIsieTcsl OMMONEKYISIpHON peaklMei!, CKOpOCThb
KOTOpPO# 3aBMCHUT OT KOHLEHTPALMM KAK a30COCTABASIOLLCH, TaK U
KaTHOHA AHUa3zoHus. AKTUBHOM dopmoil dpeHona B kayecTse a3ococ-
Tapisiouledt spasiercs peHONAT-aHUOH, U coyeTaHHe ¢ deHonamu
IpOBOAAT B citaboocHoBHOM cpene. OgHako pH pactsopa B 3TOM city-
yae MoaepXuBaioT B uHteppane 8—10, uzberast Gonee BHICOKOH oC-
HOBHOCTH PacTBopa. DTO OOBACHSIETCS TEM, YTO EAUHCTBEHHO aKTUB-
HO¥ ¢dopMoOil AUA30COeAMHEHMI B peakliMy a30COYETAHUS SIBASETCA
TOJBKO KAaTUOH HUA30HUA. AHmu- W CUH-TAA30TAT-aHUOHBI, KaK U
apyrue croiikve ¢GopMmbl IUA30COENMHEHUR — KOBRJIEHTHbIE AMA30-
cynbhOHATHI, I1MA30LMaHU/Ibl U TPUA3EHbl, HEAKTUBHEI B 3TOH peak-
uuu. Kak yxe 6pu10 orMedyeHo paHee, npu pH > 12 pesko ymeHbliua-
eTcsl KOHUEHTpaLMs aKTUBHOM dopmbt ArN," 1 pacTeT KOHUEHTpaLys
HepeakuoHHocrocobHoro ArN=N—O". UMeHHO 1o 3Toi NpuduHe
coyeTaHue ¢ (peHoNaMHU MIPOBOAUTCS B OydepHBbIX pacTBOpax CO 3Ha-
yeHueM pH ot 8 no nmpumepro 10. C gpyroii cTOpoHbE, COYETaHME C
apoMaTU4ecKMMU aMUHaMM npoBoauTcs B cnaboxkucioit cpeae ¢ pH
3—35, roe KaTUOH JUA30HHUs pearupyeT co CBOOOMHBIM, HEIPOTOHU-
POBAHHBIM AMUHOM.

A3ocoueTaHue OTAUYAETCS OT APYTUX peakuuil 3neKTpoduib-
HOrO ApPOMAaTHUYECKOTO 3aMelUeHMS YPe3BblYAWHO BBICOKOMl celiek-
TUBHOCTBIO. A30co4YeTaHHUE ¢ ¢EeHONAT-HOHAMU K aMUHAMMU Ocyllie-
CTBJISIETCS MCKJIIOYMTEIBHO B Napa-TioNnoXeHHe K THAPOKCHJIBHOM
rpynmne wid amuHorpynne. Joss npoaykra 3aMelieHUst B opmo-1no-
JIOXXEeHUH, KaK NpaBujo, He npesbiaetT 1—2%. M TonbKko B ToM
cjlyyae, €CJH hapa-nojioXeHue 3aHSTO, COYEeTaHUE HIET B 0pmo-
nonoxeHue. Cpean ¢peHOJIOB 0- U n-HUTPOEHONBI HE BCTYIAIOT B
peakUMI0 a30COYETAHUS, HO CAJIMUMIIOBAas KUCJIOTA, COAEpXaulas
Gonee cinabblif aKLIETITOPHBIN 3aMECTUTEND, YXE€ pearupyeT ¢ KaTu-
OHOM AMa30HUSA. Pe30plLMOH OYEeHb NErKO COYETAETCS C OAHUM Ka-
TUOHOM [Ma30HHSI B NonoxeHHe 4, a cO BTOPbIM KaTUOHOM 1MAa30-
HUA B rosioxeHue 2. MMAPOXMHOH U MUPOKATEXHH OKUCIISIIOTCS COJISIMU
IUA30HUSL A0 XMHOHOB. Cpeau apoMaTUYeCKHMX aMMHOB Mema-HUT-
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POAHWIHMH, Mema-XJIOpaHWINH, Mema-aMUHODeH30/CyTbPOKUCTOTA
W pAll ApYTX AMUHOB C 3JEKTPOHOAKUENTOPHBIMU 3aMECTUTEIAMHU
He BCTYMNAIOT B peakuuio azocoueTaHuss. Opmo- u napa-peHUNeHAN -
aMHHBI, TaK X€ KaK 0pmo- U napa-aMUHOGMEHONbS, OKUCAAIOTCS CO~
JNIIMU 1Ma30HHA.

Eciay B a3ococTaBnsiiolleit MMEIOTCST OJHOBPEMEHHO AMHHO-
OKCHMTIpPYINA, TO B 3aBUCUMOCTH oT pH cpelibl coueTaHHe NPOBOANTCS
NpPH aKTUBUPYIOLUEM BIIMSIHHM IHO0 aMUHO-, 100 oxcurpynisl. [Ipak-
THYECKH B TAKHX CJIy4yasiX MepBOHAYANbHO MMPOBOJAT COYETAHHE B CJia-
OOKHCION cpefie NP OPHEHTHUPYIOLIEM BAHMSHHUM aMMHOIPYIOBI, a
3aTeM B c1abOOCHOBHOM cpelle, Il OPUEHTALIMIO OKa3bIBAET THAPO-
kcun. Tak, HarpuMep, IIpY COYETAHHH COJielt AMa30HMUA ¢ 4-aMHHO-
S-ruppoxcu-2,7-Hadpraauuaucynshokucaoroir (ALI-KUCIOTOMH) B
KHUC/IOM Cpefie COYETaHME MUET B NOJOXeHHe 3, a B OCHOBHOM — B
nojioxeHue 6:

OH NH,
®
LN D)o —
B.s so®
. JHI-XKHMCIIoTA
Alll-KMCJIOoTa
_ OH NH,
e wes
H~3
o ~
©05S S0,©

OH NH,

@-N? @N=N N=N—@>—NOZ
1,0; pH~10 @@
2P 60,8 so$

KHMCNIOTHBIM CMHe-uepHblii B

B pesynbrate xoMOMHAUMKU coneil AMa30HUA M3 pa3iM4YHbIX APOMATH-
YeCcKMX aMHHOB C Pa3/IMYHbBIMHU A30COCTAB/AIOLIMMUA U nonbopa yc-
JIOBUH peakuHMy¥ MOTYT ObITh OJNYUEHBI CaMble pa3HOOOpa3HbIe a3o-
Kpacurenu. MHorue asokpacutenu B 3aBUcuMoOcTH oT pH cpenbl
U3MCHSIOT CTpPOEHUE, a C/IeIOBATEIbHO M OKpacKy. Takue a3oKpacu-
TENW Haxo4AT NPUMMEHEHHUE B Ka4YE€CTBE MHAMKATOPOB (METHJIOPAHX,
METAHMUIOBBLI XEThII, METUIOBbIA KpacHbIi, KOHIO KpPAacHbIH U Ip.).
Huxe ripuBeneHbl HEKOTOpble NMPUMEpPBI a30KpacuTenei, ynorpeod-
JIIEMbIX IUISI KpalUeHUs! €CTECTBEHHbIX BOJOKOH:
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[IMa30THPOBAHHBII R-cons
M-KCHUTMAVH

nyHuoBsiit 2R

HO SO3Na

SO3Na

SO3Na
—_—
NaO,S
SO;Na
JANa30THpOBaHHas R-consp

HaQ)THOH OBass KHCJIOTa

HO SO,Na
——= NaO,S N—N*‘

KuCIoTHeIM KpacHuilt C SO;Na

SO3Na

N2+ 1o~y —
Q)

SO;Na
XpOMOTpPOIIOBAaA KHCJIOTA
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Bukropus ¢uonerosas 4BS SO;Na
NH, OH
00, 00
NaO,S SO;Na
OH NH,
Q0
NaO,S SO;Na
NH, OH
OO UNCAAN
NaO,8 SO3Na NaO,$ SO;Na

npsaMoit cuHuit 2B

2) Mexanu3M a230C09€TAHHS

Wonbt aperanasonus ArN," oTHocsTCs K cla6piM 31eKTPOodIIB-
HBIM areHTaM, U ¢ HUMM PEarupyioT TOJIbKO aKTUBHBIE apoMaTHyec-
Kue cybcTpatbl — aMUHB! U (peHonbl. KMCIOTHI 3aMEIISIIOT peakiMIo
a3ocoyeTaHHs. B ciyyae aMMHOB 9TO CBf3aHO ¢ o6pazoBaHHUEM Hepe-
aKLIMOHHOCTIOCOOHBIX MOHOB aMMOHHUs. B cnyyae xe ¢eHos10B 3aMen-
JSTI0LLIee JSUCTBUE KUCJIOT CBUAETENLCTBYET O TOM, YTO (PEHON BCTY-
naeT B peakuuio B dopme aHuoHa ¢eHoAATa. DTOT BBIBOJX
MOATBEPXIAETCSH TEM, YTO aHU30J (MeTHJIOBEI 3dup dpeHona) c 6orb-
LLIMHCTBOM COJieil AUa30HHUs HE pearupyeT, XOTS B APYIMX peaKLUsxX
3JIEKTPOHIBHOTO apOMaTHYECKOTO 3aMelleHHUsI PeHOJ U aHU30J1 BbI-
coKopeakiMOHHocnocoOHbl. IIpu yBenuueHuu pH pactBopa Bbille
IECATH CKOPOCTh 3aMeJUISeTCA MMOTOMY, YTO MOH AMA30HHUS Iepexo-
JUT B HEAKTUBHBII JHAa30TaT-MUOH.

B psine ciyyaeB B peakluu asocodeTaHUsi Habmomancs oblui
OCHOBHOM Kataiu3 (cM. 1. 3, 4. 1). 3T0 cBA3aHO C TEM, YTO CKOPOCTb
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OTIUEIUVIEHUS TIPOTOHA OT C-KoMmiulekca (k;) CpaBHHMMa cO CKOpoC-
ThIO 0Opa3oBaHKs 3TOro KoMmIuiekca (cM. pasgen 13.5):

H
k| ®, - k,[B)
k- SN=N-Ar'

rae B - ocHoBanue M

ArH + Ar'N=N ArN=NAr' + BH®

TIpuMeHsis NPUHLUMUIT CTALMOHAPHOCTH (IA. 3, 4. 1) MU O-KOMIUIEeK-
ca, MOXHO MOJYIUTD CIENYIOLIee BhlpaXeHHe LIS HabnonaeMoit KoH-
CTAaHTBl CKOPOCTH:

kl kZ
gy =
K +ky[B]

Ecnu nmumutupyronieit spisiercss nepsast cranus (k-; << k[ B)), to
3aBHCHUMOCTD OT [B] HCue3aeT, M Kya6, = k3. Eciiut ke k_; >> k[ B}, To
CKOPOCTb IIPOINOPLIMOHANBHA KOHUEHTpaUUK ocHoBaHus [B]. Korma
k—j ~ ky[ B], ckopoCTb 3aBUCHUT OT KOHUEHTPALMH OCHOBAHMS 110 He-
JIMHe#{HOMY 3aKOHY. B pasHbIX peakIMsx a30co4YeTaHHsT MOXHO Ha-
OnronatTh MOOYIO U3 3THX TPEX KMHETHYECKUX 3aKOHOMepHocTeil. B Tex
CIy4asix, KOrfa peakiusl KaTaJU3HpOBaIach OCHOBAaHMAMH, HabJo-
Jajics ¥ KuHeTH4yeckuit usoronHslit agpdext H/D umu H/T. IIpume-
pbI OBUTH NpHUBeneHB! B pasaene 13.5. Ilpu yBeIHYEHUH pasaenuTeNb-
Horo daktopa k_;/k;[B] xMHeTHYEeCKMH KOHTpPOJb CMEUIaeTcsl OT
cranud (1) x cragum (2), OpH 3TOM YCWIMBAETCS KaTaIUTHYECKHI
3¢ deKT OCHOBaHHI M BO3PACTAET BEJIMYMHA KHHETUYECKOTO M30TOI-
Horo 3¢gdexra.

Xopolueii HUTIOCTpalLiMeil SBJISIETCS peakuus n-xnopbeHsonaua-
30HMSA ¢ aHHOHaMM Hadroncynspoxucior (1—III).

0° $0,@ G
00 . OU° OO
o ©05S so(;)
SO
. 3 I I
JnanuoH Tpuauuon Juanvoun
4-nadron-1 7-nadron-1,3- 4-nadron-2-
cynsoKkHcoTH CYNbOKHCIIOTHI cyns(OKHCIOThI

(cTpenkaMM MokKasaHbl MECTa BCTYIUIEHUS n-Xn1op¢heHNWNa3orpynmsl).

B peakuun ¢ nuaHuoHom (I) Katanus He MposBIsieTCS ¥ HET KUHETH-
YeCcKoro H3oTonHoro addexra; CKopocTs Npoliecca onpeaensercs nep-
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BO# craaueil obpa3oBaHus C-KoMmruiekca. Peakuus tpuaHuoHa (II)
KaTaAU3UpyeTCcsl MUPUAKHOM U HMeeT GONBIION KMHETUUECKUH H30-
TomHbiM addexT. Auanuon (II1) 3anumaet mpoMexyroyHoe Moaoxe-
Hue Mexnay I u Il Kkak mo YyBCTBUTEJNBHOCTH K KATATH3Y OCHOBAHMUSI,
TaK ¥ O BEIMYUHE KMHETUYeCcKOoro u3oTolHoro adgekra (cMm. 13.5). B
3TOM clly4ae MHTEPECHO TO, YTO a30COYETAHMUE B MoNOXeHHEe 3 GoJiee
YYBCTBMTEIBHO K KAaTAIU3y, U UMeeT OoNbLIMI KUHEeTHMYecKHl U30-
TOITHBIA 3 ek, yeM azocoyeTaHne B nonoxexHue 1. CooTHolueHHe
MpoAyKToB 3/1-3ameleHus B caydae 1,3-auaeidTeponpoOU3BOLHOTO
anuoHa III moatoMy BhIlIe, yeM s HeMedeHoro II1. Takoit adpdexr
CBAI3BIBAIOT C MMPOCTPAHCTBEHHBIMM 3aTPYNHEHUSIMM aTakKd B IIOJIO-
XeHHe 3, KOTopoe MPUBOJMT K YMEHBIUIEHUIO K; HM3-3a TOro, YTO MpPH
OTLUEIUIEHWH MMPOTOHA OT O-KOMIUIEKCa JBUKEeHHe Ipyrnsl ATN=N—,
KOTOpas CTPeMHTCA DPACIOJIOXHTbCS B IJIOCKOCTH HadTaJuHOBOTO
LIMKIA, 3aTPYAHEHO 3aMECTHUTE/ISIMH B IOJMOXEeHUsiX 2 1 4.

PaccMoTpuM Gosnee moapoOHO MEXaHU3M a30COYETAHMSA KATUOHA
IHa30HUA ¢ aMuHaMy M deHomaMu. KaTUOH apeHANa30HUA B HENT-
paNBHOM cpelle NepBOHAYANIBHO aTaKyeT aTOM a30Ta MEPBUYHBIX MJIU
BTOPHMYHBIX apOMATHYECKHUX aMHHOB, KaK MecTo Haubosee BbICOKOM
3JIeKTpOHHOI IuIoTHoCcTH. [IpH 3TOM B pesynbsrate GbICTpPOro KMHE-
THYeCKH KOHTPOJIHPYEMOTo Tpoliecca o6pa3yioTcss fua3oaMUHoOCOe-
IUHeHHUs (TpMa3eHbl). DTa peaklMsi, ofHaKo, obpatuma, U MPOTO-
HHpOBaHHas ¢opMa TpHa3zeHa B KMCIIOH cpede JIerko pasjiaraercs
Ha UCXOJIHble peareHThl. bonee Me/MneHHAast peaKLiMst KATHOHA apeH-
IUA30HUS 110 Napa-IMOJOXKEHHUIO apOMaTUYECKOTr0 aMUHA MPHUBOIUT
K a30COeIMHEHHIO KaK KOHEYHOMY MPOAYKTY TEpMOAUHAMUYECKU
KOHTpoMupyeMoro mnpouecca. [TockonbKy obpasyioluuiica B Ka4ecTBe
NIPpOMEXYTOYHOTO COeJUHEHHS C-KOMILUIEKC obnanaer Oonblueit xuc-
JIOTHOCTBIO, YeM KaTHOH AHUA30HUS, OH JIETKO ACIIPOTOHUPYETCS AaXe
B C/1abOKKCIIOM pacTBOpe oA AeicTBUEM JI0OOro OCHOBaHHUS, MpPU-
CYTCTBYIOILIETO B pPEaKIIMOHHOMH cMecH:

ky @
AN + HZN-© — Ar——N=N—NH2—©
k-l

k2
l + H®|| - H*
ArN=NNH2 Ar—N=N-—NH—©
o \a=
g
roe k_ >> k> k,
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Ana TpeTUYHBIX aMUHOB, B MPUHLMIE, PEANIU3YETCH TOT XE€ CaMblit
MEXaHW3M, HO B 3TOM ciydae MPOTOHHUpPOBaHHAas ¢opMa TpuaseHa
eule bosee HectabU/IbHA, M €€ HEe yNaeTcsa U30JIMpPOBaTh B KayecTBE
NMpoMeXyToyHOro coenrHeHus. CouetTaHue C aMMHAaMU MOXHO TMPOBO-
OMTb B JBE CTaJWM, BbUIENSAS B HEHTPANbHOW Cpeje TPUA3EH, C Mocie-
nyiolileil TeperpyniypoBKOi B KMCJIO# Cpele B a30COeIUHEHHE.

CoueraHue ¢(eHONSAT-UOHA C KATHOHOM APEHAMA3OHUS TOXE
npencrasisieT coboii NpuMep TEPMOAUHAMUYECKU KOHTPOJIUPYEMOM
peakuuy. KaTHOH IMa30HUsl B pe3yibTaTte O4eHb ObICTPOR 0OpaTu-
MO peakUMH C KUCAOpPOLHBIM UeHTpoM (deHonsaT-uoHa obpasyer
1a303¢pup, KOTOPHIH JIeTKO HOHU3UPYETCS U B BOJE NMCCOLUUPYET
Ha UcxoaHsble pearedThl. ITocnenyiouiee 6onee MemieHHOE B3aUMO-
JeiicTBME KaTHOHA NMA30HHUS C YIJIEPOAHbIM LIEHTPOM aMOMIOEHTHO-
ro GeHoNAT-UOHA ITPUBOJUT B KOHEYHOM UTOTE K 0Opa30BaHHUIO a30-
COCOMHEHUS:

k
AN® +90—© —_— Ar——N=N—o—©>
k-,

k)

ArN=N7<—;—>—NH2 —_— NN=N—@OH

H
rae k—1>> k,> k,

3) BoccraHoBnenne coieil apeHAHA30HMSA B APHITHAPA3MHLI

BaxxHo# peakliMeil, B KOTOPO# a30T HE OTILEILIAETCS OT KATUOHA
NVAa30HMUS, SBJISIETCS BOCCTAHOBJEHUE COJlel NMAa30HUS OO0 apWITU-
pa3MHOB, LIMPOKO UCMONb3YyEeMbIX ISl UAEHTU(GHUKALUMK KAapOOHUIL-
HbIx coefrHeHun. CyliecTByeT ABa OOLIMX METOJA BOCCTAHORBJIEHUA
coJieit AMa30HUS 10 apuiruipasMHoB. Jlyyuunii cmoco® mis 3Toro npe-
BpalleHMs Obu1 nipeioxed D. Ouirepom B 1875 r. On 3akinoyaercsd B
BOCCTAHOBJIEHHHM KATMOHA apeHIWa30HUs CMEChIO cylbhHUTa U THI-
pocyibdhuta Hatpus. B nepBoii cranuu obpasyercsi KOBAJIEHTHBIN OH-
asocynb¢oHAaT, KOTOphIil Aajee BOCCTAHABJMBAETCS IO COJAM apuj-
ruapasud-N,N '-1ucynbpoKucIoTsl, KOTOpas Mocjie KUCIOTHOTO
rMpONM3a faeT apHIrMapa3uH:

®,0 NaS0;; NaHSO,
ANy X® — 22 5 ArN=N-SO,Na
H,0; 0°C H,0
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H
HCI
—» ArN—N-—S0,;Na —————» ArNH-NH, - HCI
| H,0; r°C -
SO;Na

Hpyroit cnoco6 BOCCTAHORJIEHUS COJEH OHA30HUS B apWITHipa-
3uHbI 6b1 paspaboran B. Meiiepom (1883 r.) M COCTOUT B BOCCTAHOB-
JIEHUH COJIEN IMA30HHUS IBYXJIOPHUCTBIM OJIOBOM B COJISTHOH KMCIOTE:

0—-10°C
—_—

AN°CI® + 2SnCl, + 4HCI ArNH—NH, - HC! + 2SnCl,.

20.3.3.r. PEAKLIHMH HYKJIEO®HUIIBHOT'O
APOMATUYECKOTO 3BAMELEHHA,
AKTUBHUPOBAHHBIE JUA3OTPYTINIOHX

Juazorpynna, xak o4yeHb CHJIbHBIA aKLENTOp, aKTUBHUPYET 3a-
MellleHHe TajloreHa WM HUTporpynmbl. OTIMYKUTETLHON 0COGEHHOC-
THIO 3TUX peakuUMil HYKIeohUIbHOIO 3aMELLEHUS SIBISETCS COXpaHe-
HUe MUa30rpynnel. Peakuuu Takoro THIa U3BECTHBI JABHO, OLHAKO,

K COXAaJICHHIO, 1O CHX IIOp CUCTEMATUUCCKH HE U3YYAIHWCh H NpPEeI-
CTaBJICHBI OTHEJIbHBIMH, PA3PO3HEHHBIMU NpUMEpPAMH, B YaCTHOCTH:

Cl@N2®+ SCN® ——» NCS—@N?
NO, NO,
H,0
W SRR o

B HekoTophIX cayyasx peakLUsa HyKjieodHUIbHOTO 3aMeILeHHS TIPOUC-
XORUT YK€ BO BpeMsi IMA30TUPOBAHUSI AMUHA:

NO,
NH, NaNOy _ N2 c® O _
HCL 0C HCL; 5°C
a
Nec®
— QO
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NO, NO,

NaNO,; H,SO,

- on, OH
H,0; 20°C

H,N

TaK)’lO BO3MOXHOCTb CjieyeT YYUTbIBATh NPpHU ANA3OTUPOBAHUU aMH-
HOB M HCIOJIb30BAHUM COJIEH apEHAMUA30HUS.

20.4. ATMPATNYECKHE
JAHNA3OCOEIVUHEHUA
(INA3O0AJIKAHBI)

Crpoenue anndaTUYeCKUX DUA30COENUHEHU MOXeET ObITb BbI-

paxeHo obuiei dopMynoii: R2C=§=N@. OTpuLaTeNbHbIA 3apsii B

IMa3oankKaHe pacrnpeneeH MeXIy KOHLEBbIM aTOMOM a30Ta W yrie-
pOIOM B pe3yabTaTe Me3doMepHoro addekTa ’

® © 9 @
CH,=N=N:=<— CH,~N=N:,

YTO OTPAXAET ero cBoHcTBa HyKIeoduapHoro peareHra. I[Ipu nporo-
HUPOBAHMU WJIU MPU B3aUMOJAEHCTBUU ¢ KUcioTaMu JIsiouca obpa-
3yeTcs 2JEKTPOHOAe(ULUTHAS YacTHLAa CO CBOMCTBAMM MOHIHOTIO
3J1eKTPODUNBHOrO areHTa, MO3TOMY IUJIs HUAa30aJ1KaHOB XapaKTepHbI
cBoiicTBa O6UdUIBbHOrO peareHTa. JMa3oaKaHbl OTHOCATCH K YHCNy
pPeaKLMOHHOCIIOCOOHBIX U HECTAOUIBHBIX coegHeHH . [a3006pa3HbIit
Iua3oMeTaH pa3faraeTcs CO B3PLIBOM IpH KOMHATHOM TemIlepaType
MPU CONMPUKOCHOBEHUH CO HUTMGOBAHHOW WM LLIEPOXOBATOM IMOBEp-
XHOCTBIO, TI0O3TOMY MpH padoTe ¢ razooOpa3HbIM OUA3OMETAHOM HE
pPEKOMEHIYETC Sl UCITONIB30BATh TocyAy co Huthdamu. B omamuue ot aToro
pacTBop nmaszoMeTaHa B 3dupe coxpaHsercs npu —20°C B TeyeHue
IUIWTeNbHOro BpeMmeHU. Ilaphl nna3oMeraHa SOOBUTHI, OH Bbi3blBaeT
MPUCTYIbl ACTMbI U pas3apaxaeT rya3a. [oMoJiord Jua3oMeTaHa ellle
MeHee CTaOuJIbHbI, ¥ pacTBOp AMMETHIAMA3OMETaHA B 3duUpe pasna-
raercs nipy —20°C B TeyeHHUe HECKOJIBKUX MUHYT. JluapunguasomMera-

Hbl Ar2C=§=Ne OTJAUYAIOTCA OT AMa30aNKAHOB ropasio 6osnee Bbl-
COKOH CTabUJIBHOCTBIO.
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20.4.1. MTOJYYEHME JUA30ANIKAHOB

JlyquinM B HacTosilee BpeMst CIIOCOOOM MOJyYeHMs IUa30MeTa-
Ha ocTaeTcs MeTol, npemtoxeHHbli ewe 8 1930 r. @. ApuaTom u 3ak-
niovaroLmiicss B 06pabotke N-HUTPO3OMETUAMOYEBHHB] KOHLIEHTPH -
POBAaHHBIM PACTBOPOM LIEJIOYH:

J ’CH3 soa—aahup
HyN—C—N + KOH —————= CH;N, + H,0 +
\N=O 0-5°C

+ K,CO; + NHs.

Cnenyer oco60 OTMETHTb, YTO N-HHUTPO3OMETHJIMOYEBMHA, KaK U
npyrue N-HUTpO30IpOU3BOAHBIE, KAHLIEPOreHHA.

MexaHu3M 3TOH peaklMH, Mo-BUAMMOMY, BKIIOYAET HECKOJIbKO
craguit. [lepBoHayaibHO rHAPOKCHI-HOH IIPUCOEIUHAETCSA MO Kapbo-
HHUJIBHOH I'pyiine MOYEBHHbBI. A BO BTOPOit CTAIMU U3 AHUOHHOTO TET-
PadAPHYECKOr0 UHTEpMEAUHaTa OTIUETUIeTCS AUA30TMAPOKCHI, KO-
TOPBIA B CUJIbHO LUEJIOYHOH cpele nmojBepraercs NErWIpaTaluH ¢
00pa3oBaHMEM JHA30METAHA:

0©
o |
CH3—ITI—(”3—NH2 + OH CH;—ITI-—fIE—NHz
O=N O O=N OH
0° "
H,C—N—C—NH, —» H,C—N=N—0© + HO—C—NH,
O0=N OH KapabmuHOBas
KHuanora

H,C—N=N—OH  CO, + NH,
JWa30rMapOKCcHUI

©

CH,—N=N-OH + OH

@@"Q‘)H —
U

® O =)
——» CH,=N=N+ OH .
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[unazocoeamHeHuss MOryT ObiTb MNMOJy4y€Hbl TaKXE OKHUCIEHHEM
COOTBETCTBYIOIIMX T'MAPA30HOB XEJTOH OKHUCBLIO PTYTH B 3¢dHpe Mnn
6ensone no T. Kypunycy unu tetpaaueratoMm csuHua 8 CH,Cl,.

HeO
GeHzon

©

R2C=N-NH2 R2C=9=N .

DTOT NyTb UCMOAB3YIOT [UIS MOJYYEHUS apUI3aMeLLieHHbIX IUa30a1Ka-
HOB, a TaKXe ISl TTOJTyYeHUst JMa30LMKI0ANKaHOB. [IMa30KeTOHEI To-
JiyyarorT auMJUpOBAHUEM JUA30OMETAHA AllUITAJIONrEHUIAMMU!:

o O
RC/QC] + 2CH2N2——-—>332MP Rcf ® © + CHyCl + N,.

C CH=N=N

M36bITOK UMa3oMeTaHa HeoOX0UM IJIsl CBA3BIBAHUS 06pa3yIoLerocs
XJIOPHCTOrO BOZOPOAA:

20 - ¥3° @
RC\ + CH2N2 ~ RC\CH -N=N —_
Cl 2
Cl
O 0
/
—_— RC/ o + Cle . RC( ®© © + HCl.
CH,N=N CH=N=N

CH2N2 + HCl ———» CH3C1 + N2 .

B orcyrcTBUe M30OBITKA AUA30METaHA XJIOPHI-HMOH 3aMELLaeT a3oT C
obpa3oBaHHUEM OL-XJIODKETOHA:

o 0
RC( + HCOl ——» RC? + N,
CHN, CH,CI

Beeneuue nuazorpynmns! B 1,3-nukeToHnl U 1,3-KeTo3¢dupsl ocyile-

cteasieTcs ¢ nomouisio tosunaszuga n-CH3CgHySON=N=N B

nByxda3HOM cUCTeEME BOMA-XJOPHUCTBIM METWIEH M COAM TEeTpaNKu-
JIAMMOHMS B KayecTBe Katanu3aTopa Mex¢hasHoro rnepeHoca:
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NaoH; NEOCPP
CH,CI,~H,0

R'COCH,COR? + n-CH,CH,SO,N,

®N=NO
——» R!ICO—C—COR?
(80—95%)

Jta peakuus UMeeT oOLIMI XapakTep ISt COeAUHEHMI, coepXallux
METUEHOBYIO TPYIINY, aKTHBUPOBAHHYIO ABYMS 3JIEKTPOHOAKLENTOP-
neimMu 3amecTHTesIMKM (COR; COOR; NO,; CN). Inazoacpups! obpa-
3YIOTCS NIPU HUTPO3UPOBAHUHU 3OUPOB OL-AaMHHOKHCIOT:

H,0
HzN(lIHCOOCsz + NaNO, + HCI T—gs?’

R

© @
—_— N=N=(12—COOC2H5 + NaCl + H,0
R

JMa30KeTOHBI B AMa303PUpsl ropasfgo cTabuiIbHEe OUA30ANKAHOB U
JIErKo BBUIEASIOTCH B MHAWBUIYaTsHOM Bue. Kak orMedeHo B . 19,
anucbaTUYeCKHe TUA30HUEBbIE COJIM HEBO3MOXHO BBLICJINTH B Kaye-
CTBE CTAOMNBHBIX MHTEPMEIMATOR B pEAKUMU HUTPO3UPOBAHUS Ep-
BUYHBIX anudaTuyeckux aMHHOB. JInazoHueBbIe coNM aTugaTHIECcKOo-
ro psiia CIIOHTaHHO PaIaraloTcsl ¢ BbiAeIeHEM a30Ta 1160 B pe3ybTare
aTak¥ HyKJIeoUIBHOro peareHTa Mo MeXaHusMy Sp2, JTu0o B pe3yib-
-Tate oOpa3oBaHMS «ropsgyero» KapboKaTHOHA MO MeXaHU3My Syl.

20.4.2. CBOMCTBA JJUA3ZOAJIKAHOB

JuazoMeraH U Opyrve AUa30aKaHbl KOJIUYECTBEHHO pearupyioT
C THIPOKCWIbHOM TPYIION KapOOHOBBIX KHUCIOT, (PEHOJOB U €HO-
JIOB, a NPM Katanuse 3¢pupaToMm TpexcdTopucToro 6opa U co crupra-
MM B 3¢pupHOM pacTtBope npu —10—20°C:

RCOOH + CH,N, _3—1‘1’(%» RCOOCH; + Ny;

adup; BF;
ArOH + CH2N2 —‘—_WDC':—» AI'OCH3 + Nz;

a¢mp; 0°C

+ —_—-
ROH + CHN> (G H,,0 - BF,

ROCH, + N,.
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[Mpeanonaraercs, YTO B KaXAOW M3 3THUX peakUUi B NEpBOH CTaduUM
MTPOUCXOAMUT NMEPEHOC TIPOTOHA K NMAIOMETAHY C 06pa3oBaHueM Kpau-
He HecTaGHJIbHOro KaTHoHa MeTuiauasonuss CH;N, ", koTopbiit 3atem
B3aMMOJIECTBYET C KApOOHOBOW KUCAOTOU WM APYTMM HyKJieohuab-
HbIM areHToM ¢ 00pa3OBaHUEM KOHEYHOTO MPOLYKTA METWIMPOBAHMS:

® O e ®
RCOOH + CH;=N=N -—» [RCOO CH3N; ]—+RCOOCH; + N,.

B cHHTETHYECKOM OTHOLIEHUH 3TO Haubosiee BaXHbIE peakKLMK QUa-
30IKAHOB.

MHorue peaklyM AXA30AIKAHOB MOAPOOHO OMHUCAaHB! B JPYTUX
rnapax. ObpasoBaHue KapbeHOB M3 AUa30OMeTaHa M JIMA30YKCYCHOIO
a¢upa onucano B ri. 5. [leperpynnuposka Bonbda npencrarnser co-
Oolf mpeBpaliieHUe IMa30KaApOOHUNbHBIX COEIMHEHHMI B KETEHbI, Ka-
TaJIU3UpyeMoe MoHaMM cepebpa win obnyyeHMeM. DTa meperpynu-
POBKa JIEXHUT B OCHOBe OOLIEro METOJA CHHTE3a KApOOHOBBIX KKUC/IOT
no ApHATY—3DNCTEePTY, pacCMOTpeHHOro B . 18:

2CH,N, Ag@ ] H,0
RCOC|——"3 RCOCHN;——— [RCH=C=Q — RCH,COOH.
vV

MexaHu3M neperpynnupoBku Bonbda u Apyrux poacTBeHHbIX Cora-
COBAaHHBIX CEKCTETHBIX MEPErPYNIIUPOBOK 0OCYXIaeTCs B Iil. 26.

BzauMoneiicTBue anbieruioB U KETOHOB C JHA30METAHOM IIpeld-
CTaBJIsIET COOOM METOA MONYYEHHUS] FOMOJIOTOB KapOOHUNBHBIX COSIU-
HeHMil. B kauecTBe MoGOYHBIX MPONYKTOB 0OPA3yIOTCA OKCHpPaHbl. B
MepBOi CTAUM B pe3yNbTaTe HYKICODUIHBHOTO NPUCOCANHEHUS Ha-
3oMeTaHa K KapOOHUNbHOM rpynie obpa3yercst 6etauH. OH cTabunu-
3UpyeTcsl OBYMS ANbTEPHATUBHBIMM NYTAMHM — 3aMBIKAHUEM Tpex-
YIEHHOTO LIMKJI2 B pe3ynbTare HyKieodUIbHOU Sy2-aTaky KMcIopoaa
10 METHJIEHOBOMH Ipyrniie ¢ OAHOBPEMEHHBIM OTLIEIUICHHEM MOJIEKY-
JIIpHOTO a30Ta, AMO0 3a cueT MUrpauuu rpynnsl R:

®
CH,-N=N
O S I R / \
R—CZ + c'lfa}%!r\q@ — R—C-00 —>= C—CH; +N
R & R
\ o o
ek RCH,CR + N
Ny + C > R 2
O

398



Anbieruipl B peaklUMM ¢ NMA30METAHOM AAIOT METHIKETOHb! U
OKCUDPAHBl, HO HE TOMONOTH WIBAETHAOB. JTO YKA3bIBAET HA TO, YTO
TUIPHUL-UOH MUTPUPYET Jierye, YeM ajaKuabHas rpynna. Anudaruyec-
K1€ albAeryapl pY B3aUMOAEHCTBUM C IMA30METAHOM HAlOT METMII-
KETOHBI ¢ YIOBIETBOPUTENbHbIM BbIXOAOM — rnopsaka 30—75%, B 1o
BpeMsl KaK [UISl ApOMAaTUYECKUX AJIbJAETHAOB BbIXO/ apWUIMETHIKETO-
HOB 3HAYMTENbHO Bblle. MCKIIOYeHHE COCTABRASIOT aNbIErWibl, CO-
NepXallyMe CUAbHbIE 3JIEKTPOHOAKLENTOPHbIE 3aMECTUTENH, NS KO-
TOpBLIX NpeobiagamiuyM HanpasjleHHEM CTaHOBUTCS obOpaszoBaHue
okcupaHoB. Peakuus guasomeraHa ¢ anndaTtMyeckuMM KETOHAMH He
MMeeT MPaKTUYECKOro 3HAYEHHS, MMOCKONbKY BBIXOJ I'OMOJIOIOB Ke-
ToHOB He mpeBbiiaer 20—30%, a A1 HECUMMETPUYHBIX KETOHOB
NMoay4yaroTes 002 BO3MOXHBIX TOMOJOra Hapsily CO 3HAYUTEIbHBIM
KOJIMYECTBOM OKCHpaHa.

IlpakTUyeckoe 3HayeHHe 3Ta peakuus npuodpena ST HEKOTO-
PbIX HUKIHYECKMX KETOHOB KaK MeTol pacluupeHus uukna. Obpaso-
BaHHE OKCHPAHOB MOXHO CBECTHM K MUHHMYMY, €CJIM IIPOBOAUTD pe-
aKLMIO B IPUCYTCTBUHY CWJIbHBIX KMcaoT Jlplouca — 6pomMuia uiu
x1opHaa anroMuHus. Kucnora JIbionca 61okuMpyeT HeloAelIeHHYIO napy
3JIEKTPOHOB aTOMa KMCIopona B GeTamHe, YTO NMPENsATCIBYET 3aMbl-
KaHUIO OKCUPaHOBOTO LIMKJIA B pe3yJIbTaTe BHYTPUMOIEKYASIPHON HYK-
JNeodUABHON aTakd KHCIopoJa M0 METHIEHOBOM rpymmne 6eTauHa:

_OBN,
<:>:O 3(Hp-MeTaHO C>= O<I

(63%) (15%)

C H;N,
3¢up—AlBr3, (60%)
0—20°C

daxkTryecKy peakUMs paciMpeH st UMKIA LXKIIOAKAHOHOB ITPUTOJHA
TOJIBKO I ITOJIYYEHUsT LIHKJIOTeNTAHOHA U LIMIKUIOOKTaHOHA. 1iukiu-
yeckue KeToHbl ¢ pasMepoM uukna Cg—C;; pearMpyioT HAaCTOJbKO
MEJIEHHO, YTO 3TOT METOA HE MMEET MPaKTUYECKOIro 3HA4YeHHUs, a
MaKpOUMKINYECKHUE KETOHBI 00pa3yloT CIOXHBIE U TPYAHOPA3NENU-
Mbi€ CMECH BbICLIMX 'OMOJIOrOB.

Ocoby1o rpynny peakuuy OUa30aTKAHOB COCTABSIIOT TaK Ha3bl-
BacMble peakuuy 1,3-IUNOJNSIPHOro LUMKIONPHCOEANHEHHUS K AKTHU-
BUPOBAHHBIM &1KEHAM M ajikKuMHaM. DT1a Oojbluas rpynmna peakuuii
6yaet nogpobHo paccMoTpeHa B 1. 25.
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20.5. HUKINYECKHUE A3OCOEAMHEHUA —
JAUASUPUHBI

B xonue XIX Beka a1s AMa3soMeTaHa ¥ APYTUX OUA30AIKAHOB ObLI0
NpeIOXEHO NiBe aIbTEePHATUBHBIE CTPYKTYpPHbIE (DOPMYABL: JUHE-

N
nast — CH,=N=N © (1. Ture) u unkmmuecxas — HZC:IQI (T'. ex-

maH). Kaxnas u3 HMX MMeJia CBOMX CTOPOHHMKOB U ITPOTHBHMKOB. Ha
MPOTSDKEHUM MHOTHX JIET He OBUI0 YO AMTEbHBIX apTYMEHTOB B [TOJIB3Y
KakKoi~Tu60 U3 3THX CTPYKTYp. CIeKTPOCKONMBYeCKUe JaHHbIE OMpe-
IeNeHHO YKa3bIBaJIM Ha TUHEMHYIO CTPYKTYDY AUa30MeTaHa M APYTUX
IHMA30aJIKaHOB, HO OJHO3HA4YHbIE JOKA3aTeJbCTBA B €€ MOABL3Yy ObLIH
MOJNyYEHb! CPABHHUTENIBHO HEeaBHO, ocsie Toro Kak 8. IImuri B 1961 r.

a -~ N
MOJIYYWI M30MEpHBIE MM AMa3upuHBI obueit dopmyns RyCT I
N

JuasipHHBI 00pa3yioTCs NPY OKUCIEHUHU LHKIHYECKHX THAPA3HHOB —
IHMa3sHPUIMHOB, C IIOMONIBIO TAKMX OKHUCIHUTENEN, KaK OKCHI cepe6-
pa WIM OKCHJI PTYTH:

i 1
R NH  HgOmwmAgO R N
RZ>C:NH >bup R2>C:IHI i

RY; R? = Alk (40—90%)

Hcxonusie 3,3-auankuiaMasupyouHbl MOJYYaIOTCS DK B3aUMOJEi-
CTBMM INU(PaTHYECKNX KETOHOB C aMMHMAaKOM M TMIPOKCWIaMHUH-O-
CyN1b(POKHUCIOTOMH:

BOZa MJIH METAHOI
>

R'COR® + 3NH; + NH,0SO;H

Rl\c’lfH H,0 SO
—— + 4
o 2 (NH4),S04

(30—80%)

JMa3supUHB HEOXHIAHHO OKa3aJIMCh ropasao 6onee cTabunbHE-
MU COEIMHEHUSIMH, YeM H30MepHbIe UM AUA30aTKaHbl. JJuasupuHsl
HE pacClUerUIsiiOTC NMPH AEHCTBMM PAaCTBOPOB KUCJOT M WIEJOYU NpHU
20°C ¥ DOBOJILHO YCTOWUMBHI Npy HarpeBanuu no 100°C. Onnaxko pe-
akTUBbLl ['pHMHBApPA FAAKO NPUCOEAMHSIOTCHS K ABOMHOM CBSI3U 1ua-
3UPUHOB ¢ 00pazoBaHUeM l-anKuAIuasupUANHOB:
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N MgBr H,0

\ / 3<bup R\,
2/ \” + R3MgBr 2//C N—R3 e

R

——

(50-95%)

C noMolubI0 3TOH peaklUUM THasHPHUHBI MOXHO JIEFKO OTIMYMUThL OT
IMA30aJIKAHOB, KOTOPbIEe NpHU JeHCTBUM peakTMBOB [ pHHBSApa HalOT
N-alKUNTHApa30OHbI:

1) (CH;);CMgCl C(CHa3);
R,C=N, 2;;203)’ 89 5 RyC=N-N7

JuasupuHel MOAOOHO AHa3oanKaHaM npu GoTonmuse FaloT KapOeHHl,
KOTOpBIE NPOSIBISAIOT CBOMCTBA, THMHYHbBIE UIS CHHIJIETHBIX KapOe-
HOB (CM. 1. 5, 4. 1).

HaubGonee uHTepeCHBIE CBOWCTBA AMA3MPHMHOB 3aK/IIOYAIOTCA B
HX U30MEPH3ALUHU B AUA30AJIKAHLI IPH OOIYYEHUM B MATPHLIE U3 TBEP-
noro asorta wiH aproHa nopu 20 K. Tak, HanpuMep, He3aMeleHHbIA
JHa3UPUH HAUENO NPEBPalliaeTCsl B 3THUX YCIOBUSX B nuasomeraﬂ s
IMa3sHpUHA, COAEPXKALIEro B KauecTBe MeTKu u3orton N, npu oGny-
YeHHM B TBEpPIOH MATpUlie HEMEYEHOIO a30Ta MMEET MEeCTO M30TOMN-
HbIil 0OMEH ¢ pacTBOpHTENEM. 3TO yKasblBaeT Ha TO, 4TO 0Opa3oBa-
HHeE OYa30MeTaHa M3 AMa3UPHHA MPOUCXOMMT 3a CYET OTILEIUICHUSA U
MOC/IEAYIOLErO NPUCOSAUHEHMS a30Ta!

<

L] @ e
Tl SESS

20.6. ASRJIBI

ITo cBoeit cTpykrype opranHmyeckue asumbl RNj, comepxaiiue
Lienb U3 TpeX aTOMOB a30Ta, ABJIAIOTCH GIU3KUMH aHATOTaMH JHAa30-
coenuHeHuit. CTpoeHHE a3suUOOB MOXET ObITh ONMKMCAHO C TIOMOIUbIO
IBYX I'PaHMYHBIX OpMYyIT:

o6 ® 0
R-N-N=N -<=—> R-N=N=N-

CoracHO JaHHBIM PEHTTeHOCTPYKTYPHOTO aHa/iu3a ANMHBL CBA3EH
A30T-a30T B METHWJIA3UAE CHIbHO OTJIMYAKOTCSI OT OAMHAPHON U TPO#-
HO# CBSI3M.
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20.6.1. IOTYYEHUE A3UI0OB

B TeueHHe JIUTENLHOIO BpEMEHHU a3UIbl OCTABANTUCE TPYAHOLOC
TYITHBIM KJIACCOM COEIOUHEHMH. 3a mocaeIHNe ABAMLIATh JIET MO0Xe-
HME KapAMHAJIBHBIM 06pa30M U3MEHWIOCH B PE3YJbTaTe BHEAPEHUS B
MPAKTHKY OPraHWYECKOTO CUHTE3a JUITONSAPHBIX alIPOTOHHBIX PAacTBO-
puTeieil 1 MeToga MeXdasHoro xarainsa. B Hacrosiuee BpeMs mep-
BUYHLIE U BTOPUYHBIE a3WAKI OJYYAIOT C TIOMOLIBIO OOBIYHBIX peak-
1Ml GUMOJIEKYJIIPHOTO HYKIE€O(DHIBHOrO 3aMelleHUs C y4acTHeM
a3UJ-UOHa!

TM®TA
C6H5CH2CH2Br + NaN3 20°C C6H5CH2CH2N3 + NaBr;
(86%)
CH,(CH,),,CH,Br -+ NaN, ——XB¥HS 1 (CH,)CH,N, + Nabr ;
CH,CN; 20°C ’
(90%)
18-kpayH-6
+ _— T e +
<:>—Br NaN, CHLCN, 20°C <:>—NJ NaBr .
(54%)

AHAIOTMYHBIM 006pa3oM M3 aLIMNTaIOreHUIOB MOTYT GHITH MOJYYEHbI
alMaasuibl, KOTOPbIE HAXONAT NPHUMEHEHHE B CHHTE3€ MENTHUIOB M
VIS TIONyYEHUS TIEPBMYHBIX AMHHOB C NIOMOIHBIO HEePErpyrnnupoBKH
Kypunyca (cM. . 18):

RCOCI + NR?N?QCI%E& RCON, + NR®CP
2Ch " (60-90%) '

AJBTEPHAaTUBHbBIN METOJ CUHTE3a AIKWIA3KUIOB COCTOMT B IIPUCOE-
JUHEHUM K aJIKEHaM a3Mula PTYTH ¢ MOCASAYIOIMM JeMEPKYPHPOBaHH-
€M aJIyKTOB C TIOMO1LbIO 60OpTUApKAa HATPpUsi. 3TOT METOI a0COITIOTHO
aHAJIOTUYEH TOJYYEHHUIO CIIPTOB C NOMOILBI0 OKCUMEDKYPUPOBaHHSI-
NeMepKYPHPOBaHMsA alikeHoB (I1. 5, 4. I):

TT®-H,0
RCH=CH, + Hg(N;), ml:R—(‘JHCHZ—HgNiI —
N3

NaBH,
W R'(I:H' CH3
N;

A3MIHYIO TPYIIly MOXHO BBECTH B COEIMHEHME C aKTUBHMPOBAH-
HOM METUJIEHOBOM I'PYNNOMH NPHY NOMOLUU N-TOAYOACYNbhOHNNA3MAA:
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NaH win J1JA =]
RCH(COOC,Hj), M3 sn T, —30° C; RCH(COOCHs);—™

n-CH3C6H4802N3
IM3; =30°C

~ R—C(COOC;Hy),

N;

ApoMaTHYecKHe a3uIabi MOMYYaloT Ipy 06paboTKe Coneil Ma3oHMs
a3UIOM HATPHA WIM C MIOMOIIBIO HUTPO3UPOBAHMSA apHITHIPA3HHOB.

H,0
AINPCP + NaN; ——» ArN; + NaCl + Ny

H H,OH
AINHNH, + HNO, 2200 (ArNH-NH-N=0] + Hy0 —>

—» AI-N-':%:ﬁ + 2H20

Jpyroii crapelit ¥ peako ynorpeGasaeMplii METOX ITOAYYEHUS apU-
Ja3MO0B 3aKIIOYAETCS BO B3aMMOMAEHCTBMH NEpOPOMULOB TMA3OHMSA
C aMMHaKOM:

AINPBrO + 4aNH; — AIN; + INH,Br.

TIpu Hanuuuu OByX wiu Oosee aKTMBHPYIOLUX 3J1€KTPOHOAKLEITOP-
HbIX 3aMecTUTeNe B GEH30JILHOM KOJIbLE apUIa3uibsl MOTYT OBITh
IONYYEHbl TAKXE U B pe3yAbsTaTe HyKIeODUIBHOTO 3aMEIEHHs Tajlo-
reHa Mo MeXaHH3My SyAT:

NO, NO,
18-KpayH-6;
+ ik shid Aulalibd B SR +
OZN@-G NaN;, CH,CN; 25°C OZN@N3 NaCl .

20.6.2. CBOMCTBA A3HJOB

TepMmuyeckasi yCTOHYMBOCTH a3MA0B YMEHBLIAETCS B PALY: ANKH-
aa3uasl < apunasunbl < cyasoHunasuabl < amwrasyabsl. OcoGeHHO
HU3KOH TEpMHUYECKOH CTaOWIBHOCTBIO OTJIMYAIOTCH a3uAbl ¢ HU3KOH
MOJEKYJIAPHOM Maccoif, B TO BpeMsi KaK a3uibl C BHICOKOH MOJEKY-
JISPHOM Maccoil CpaBHUTENbHO Ge3onacHbl B oOpalieHUH.

20.6.2.a. BOCCTAHOBJIEHHUE A3UJ0B 10 AMHUHOB

AJ[H(I)aTH‘{CCKHC a3uabl JIErK0 BOCCTAaHABJIHUBAKOTCA 10 aMHHOB C
NOMOUIBLIO ATIOMOTrMApUAa AuTHA B 3dupe, TT'O, IMI. [Ipu 3ToMm
HET HUKAKOM HeOGXOAMMOCTHM B BbLIEJCHHH a3WIOB B YHUCTOM BHUIE.
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HeouuiueHHBI a3sua cpa3y Xe BOCCTAHABAMBAIOT AJIOMOTHIPHUAOM
nUTHSA B 2(HPHOM pacTBoOpeE:

g, O - O
NH, ;
<:>'Br CH3CN Togmp 2

(54%)
N(CHy)? NP LiAlH,
CH;(CH,),4CH,Br “C—H3C—N—’ CH3(CH2)14CH2N3—;¢T

— CH;(CH,),sCH,NH, (78%).

BoccraHoBneHHE a3KMI0B 0 aMHHOB MOXHO NPOBOAUTD TAKXE K
KAaTAIMTUYECKH — Ha NMaUIaiHM U 1wiatnHe. V3buparensHoe BoccTa-
HOBJIEHHE a3UIHOM IPYIIbI B MPUCYTCTBUY ABOMHON CBA3U M Kapbo-
HWILHOM IPYNNB MOXET OBITh OCYIIECTBIEHO C TOMOILBIO KaTaln3a-
Topa Jlunanapa:

C¢HsCH=CH-CH,N; + H, % CH,CH=CHCH,NH, .
(93%)

AJIKEHB! YIaeTCsl CTEPEOCETEKTUBHO MIPEBPATUTE B 23UPHIAMUHAI B IBYX-
CTaAMIHOM TpoUecCe, e TIEPBOHAYANBHO K JBOMKHOMN CBA3M HPHUCO-
eAVHAIOT JIETKO AOCTYIHbIA MOAA3MA C MOCAeAYIOIIHM BOCCTAHOBIE-
HMEM a3WAHON IPYINbl C NMOMOIIBIO ATIOMOTHAPHAA JTUTHS:

H R N R , NH
Je=C + Ny Ehy, ey LA HLJAR
R H H-J N a¢up /A
R R H

Aunnasyisl MeperpyninupOBbIBAIOTCS B M30LMAHATHI, KOTOPLIE
[iajiee IpeBpallaloT B EPBUYHBIE AMUHBL. DTO NpEeBpallCHHE JEXUT B
OCHOBe onucaHHo# B 1. 18 neperpynnuposku Kypuunyca.

20.6.2.6. 1,3-AUNTONAPHOE HMKJIIONMPUCOENUHEHME A3UI0B
K AJIKEHAM U ATKHHAM

AJIKWIA3Ubl U apWwiasuiibl OTHOCATCS K MHOTOYMC/IEHHOMY ce-
MeHcrey |,3-aunonsipo¢punos, KOTOpble BCTYNAKOT B peaklMIO LIMK-
JIONIpUCOEAUHEHHA ¢ aikeHaMU (ri. 25). OcobeHHO Nerko npucoenu-
HSIIOTCS a3WUIbl TI0 IBOWHOM CBSi3H, COTIPSDKEHHOMN CO CIOXHOI(DUPHO#,
HUTPUJIBHOH, HUTPO-TPYNIIOH WK C OEH30NbHBIM KONbLUOM. B pesynb-
TaTte [4+2}-UMKIONPUCOEIMHEHNA a3UIIOB K JIBOHHOMN CBA3M o6pasy-
eTcsl 1,2,3-A2-TpHaBOHHHbIZ
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N
PN
CH,—N~ N  100°C

C¢H;—HC cH, N
CeH
e TS C=N-CgHs
CH;”
N
s
Cels— N 90°C
CH,00C—-CH=CH, + C{H,N,—> | —
H,C——CH-COOCH,
C6H5
|
— N + N,

H,C——CHCOOCH;,
(95%)

1,2,3-A2-TpHa3oNnHBl TEPMUYECKN HECTAGMILHBI M NPM Harpe-
BaHuH 10 90—100°C pasnaraiorcsi ¢ BbIe/ieHHEM a30Ta. EHaMWHLBI U
npocThle 3hUpbl €HONOB YPE3BLIUANHO JETKO IIPUCOEAUHAIOT a3UH,
a meperpyninMpoBKa 0Opasylouierocsi TpMa3uHa IPHUBOAUT K CyXe-
HMIO LIMKJIA:

QCH
0 CH3 3 SOzAI' IOOGC
O}/ + ArSO,N; ——> O: 100 >
2
ocH3 _mo_
NSOzAr H

1,3-AunonsapuHoe [4+2}-uuknonpucoeuHeHHE a3HA0B K ATKMHAM
M JernapobeH30/ly NPpUBOIMT K Oojiee ycToHunBbIM 1,2, 3-Tpuasonam:

N
AN
HC==C—COOCH, + @"N3——_> @‘N\ Nr

COOCH,
(67%)
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N/C6H5

\

+ CgHgN; ——» N (88%)
/
N

A3HIOBL CIAYXaT HMCXOOHBIMM BELIECTBAMU ISl I'€HEPUPOBAHHUS
QPCBBbI‘{aﬁHO HHTEPECHBIX peaxuuormocrxocoGme HHTEpMENIUATOB
RN, Ha3bIBACMbIX HUTPECHAMH. HHTpCHbI SIBJSIIOTCSA a30TUCTBIMU aHA-~
JIOTaMHU Kapﬁeﬂos U NOH0GHO CBOUM YIJIEpOaHbIM dHaJioTaM MOTYT

o
Haxoautbcs B cuHrreTHod RN- wnam tpurutetHoit ¢opme — RN,
ApoMaTHYeCKHe a3uAbl, AUWIAZMIBI ¥ TO3WIA3UA Npu GOTOIUTHYEC-
KOM WIM TepMHYeCKOM paznoxeHud npu 100—150°C naior cuHraet-
Hyio ¢opmy HUTpeHa. CHHINIETHBIA HUTPEH JIErKO HpeBpalliaeTcs B
OoJlee cTaOMNBHBINA TPUIUIETHRIN HUTPeH. POTONNU3 a3UI0B B IIPHUCYT-
CTBMH TPUILIETHBIX CEHCUOMIN3ATOPOB MPHBOIUT NPSAMO K TPMIUIET-
Hoit bopme HUTpeHa. [N HUTPEHOB, B MPHHIIUIE, XapaKTEPHB! T
Xe peaklLMH, YTO W IUIA KapGeHOB, T.e. MPHUCOeAMHEHUE K KBOMHOIM
yIJIepol-yriepogHoil cBA3U U BHeapeHue no ca3m C—H. Cunrner-
Hblif HUTPEH cTepeocnelUPUYECKH IPUCOSHMHACTCS IO ABOHHOM
CBSI3Y AIKEHOB C 06pA30BAHMEM IPOM3BOMHBIX A3UPUIMHA C COXpa-
HeHHeM KOHGUTYpallMH aJIKeHa:

! 2

. R _F~ R. KR
RN + H’C_C\H — H,C\N/C\H
R

3ra peakums npuobpena 3HaueHHe KakK LUEHHBIH METOIN CHHTEe3a Co-
eAVHEHWI psaa asUpPHAMHA IpM NPUCOENMHEHUH K allKeHaM Kapb6-
srokcuHuTpeHa: N—COOC,H;s u dpratdMuIoHUTpeHA:

L2 ]

t°C
+ N;COOC,H, ——» (}N—COOQHS +N,;
(50%)

0

N—N, + CH;=CH—COOCH, —~_18C
3 r * CH,Cl,

o
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CH, NH,NH,-H,0
—— NN~ NEL,NHHO o

CHcoocn, CH:OH

—= H,C——CH~—COOCH, + @[ !

IMocnenosarebHOE pafUKaIbHOE IPHCOSIHHEHHE TPUILUIETHOIO HUT-
peHa IMpOTEeKAeT HECTEPEOCEJeKTHBHO H IIPMBOAUT K 0Opa3oBaHUIO
CMECH IMAaCTepeOM3OMEPHBIX IIPOAYKTOB M HE HMEET [TO3TOMY TIpera-
paTuBHOTO 3HadeHus. JJist aHIHUTPEHOB, TO3MJIHUTPEHA U OTYACTH
APWIHMTPEHOB XapaKTepHO BHeapeHue mo cBsisn C—H npy sp*-rn6-
pHUAK30BaHHOM aroMe yriepoaa. CnocoOHOCTh BHEIpEHUST HUTPEHA,
Kak ¥ Kapbena, nmo ca3d C—H yMmeHbumiaeTcs B psiy: TpeTHYHas >
BTOpMYHAsl > NepBUYHAsd. BHepeHHE CHHITIETHOrO HUTPEHa ocylue-
CTBJISIETCS CTEPEOCENEKTUBHO C COXPAHEHHEM KOH(QHUIrypauuy:

CH,,
CH
~ 2
H “CH, Ny~ CHs
N3
——— + N2
N

N; |
H (78%)
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21.1. BBEAEHKE

PeHomaMy Ha3bIBAIOTCA COEAUHEHUS, Y KOTOPBIX 'MAPOKCHUJIb-
Hasl TPYNIa NpUCOENUHEHAa HEINMOCPENCTBEHHO K apOMaTHYeCKOMY
KoJibLy OeH3osna. CoeqMHEHUS, COIEePXAILME TMAPOKCUNBHYIO TPYIINY
Yy KOHIEHCHPOBAaHHbIX apOMaTH4YeCKMX COeJIMHEHMI, HA3bIBAIOT Ha-

dronamu, ¢eHaHTponaMu, aHTPONAMM U T.JA., HANPUMep:

Q 00 oo

1-vadron 2-HadTon
4—xnop(beuon
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OH OH
9-aHTpOn 9-dbeHaHTpoON

Haspanue sToro xnacca coefMHEHUH MPOMCXOIUT OT IPEYECKOro
cioBa «(peHo» — «HecylUuit cBeT». JIisa GeH3ona, BIepBbie BhIAEIECH-
Horo M. @apaneem B 1825 r. U3 CBETUILHOTO ra3a, GbUIO IPeIIOXKEHO
IBa Ha3BaHMA: «GeH301» U «(dEeHO», OTpAXAIOllEe ero MPOUCXOXIE-
HME U3 CBETU/bHOro raza. O6LUENpUHSATHIM CTAIO Ha3BaHUe GeH3oul,
a Ipyroe HasBaHHe ObUIO HUCIOJIB30BAHO [UIs1 0003HAYEHUS paxuKana
Cg¢Hs, a Takxe nna HasBanus runpokcubensona CgHsOH, xotopwrit
CTaJIM Ha3bIBaTh (peHONOM.

Homenknarypa ¢eHonoB npocra U He TpebyeT KOMMEHTapHEB:

OH OH OH
o, o
F
CH,
4-s1iibeHon 3-dropdenon 2-uutpodeHon

IIpn HaMUYUM HECKOJBKHMX 3aMEeCTUTENCi HadajJo HyMepauuu onpe-
IeNsieT THOAPOKCIIbHAS IPYINa U 3T COEIMHEHHS pACCMATPUBAIOTCS
Kak 1pous3BojHble ¢eHona. MHorue ¢GeHobl UMEIOT TPUBHUAIBbHBIE
Ha3paHuA (YKa3aHHbIE B CKOOKaX), KOTOphIE COXPaHSIOTCS U B CUCTE-
MaTHYecKo HOMeHKaType:

OH OH OH
CH,
CHs
CH;
2-MmeTundeHon, 3-metundexon, 4-merundeHon,
o-MeTuNgpeHoN, M-MeTUAdEHON, n-MetundeHon,
(o-kpeson) (M-xpe3somn) (n-xpe3on)

ITpy HaNTWYUM HECKONbKUX 3aMecTHTellell Hayaso HyMepauuu
oIpeneasieT TMIPOKCUIIbHASA IPYNA, ¥ 3TH COSAUHEHHUS paccMaTpu-
BAIOTCA KaK MMpOM3BOAHbIE (eHona:

OH OH
CH, CH(CH,),
(CH,),CH CHy
5-u3onponun-2-MeTuindeHon 2-u3onponuin-S-meTundeHon
(xapBakpoJ) (THMon)
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OH OH
@OCH} ©M3

CH,CH=CH,
2-meTokcudeHos, 4-anm-2-meTokcudeHon,
(reasikoun) (3Brexon)

MHorue IBYXaTOMHBIC U TpPEXaTOMHBIC d)CHOIIbI HMCIOT TPUBU-~
AJIbHBIC Ha3BaAHUS:

OH OH OH
o
OH
OH
1,2-muruapoxcubenson, 1,3-mrmapoxcntenso, L4-mrumpoxcubenson,
o-murnapokcubenson, M-IMTHAPOKCHOEH307, n-JMruapokcubeHson,
(mupokaTexu) (pe3opuuH) (rumpoxuHOH)
OH
Q. o @OH
OH HO OH
OH
1,2,3-Tpuruapokcuben3on 1,3,5-tpuruapokcubeHson
(nuporanon) 1,2,4-Tpurvapokcubenson (dropormonms)

21.2. IIOJTYYEHHE ®EHOJIOB
21.2.1. 3BAMEIINEHHME CYJIbQOIPYIIIIbI HA THAPOKCHII

®eHon B HEGONBLIOM KOJMYECTBE BBLAESIOT U3 KAMEHHOYTOJb-
HOJ CMOJIBI, OTHAKO KOKCOXMMHYECKOE MIPOU3BOACTBO HE MOXET YIEOB-
JAETBOPUTD MOTPEOHOCTH XMMUYECKOM NMPOMBILUIEHHOCTH B (deHore.
HauGosnee cTaphblil MPOMBILUIEHHBIA METO/ MTOy4eHns1 (heHOIOB 3aK-
JIIOYAETCS B CIUIABJICHUU LUETOYHBIX apMJICYI[bC])OHaTOB C TBEPIbIM
TMOPOKCUIOM HATPUSL UM MMIAPOKCUIOM KaNusd WIK CO CPAaBHUTENb-
HO JIETKOILIABKOM CMECBIO 3TUX ruapokcunos npu 300—350°C:

300—350°C
ArSO;Na + 2NaOH ——=——" ArONa + Na,S0O; + H,0 ;

ArONa + HCI —= ArOH + NaCl.
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BTOT METOX IMPHHSTO HA3bIBAaTh LIEJOYHBIM ILNaBACHUEM CYIb(poHa-

TOB. XOTs TOYHBIH MeXaHM3M PEAKLHM B PACILIaBe NBYX MOHHBIX CO-

SIMHEHUN HEU3BECTEH, €€ CIEOYET OTHECTH K MpOLIECCaM HYKIEOo-

¢$HIBHOrO apOMATHYECKOro 3aMEUIEHHs, [ M'MIPOKCHA-UOH HIpaeT

pOJIb HYKJIEOHUIBHOTO areHTa, a cylbdUT-UOH — YXOASLUEN rpyIibk:
S05 HO_ s05

©
=@ Q)

20
- + SO, + H0

Ipu wenouHoM muasjeHNU OeH3oncynsdoHaTa HATPHS, MEYEH-
HOTo aToMoM yritepofia I-!4C, ycraHOBIEHO, YTO TMAPOKCHIIbHAS IPyTI-
I1a BCTYNAaeT K TOMY X€ aTOMY YIJIepoha, Y KOTOpOro HaXomunach
cynbdorpymnmna. 3To UCKJIIOYAeT MEXaHU3M C yYacTHeM JerunpobeH-
30Jia B KaYeCTBE MHTEpMeIUaTa HYKIeOQWIBHOIO 3aMeLLEHHUS, U O~
TBEPXACHUEM CIYXKUT 00pa3oBaHHe HCKIIOUHMTENbLHO 4-MeTuadeHo-
Jla U3 n-TONyONCybDOKUCAOTHL:

SO,Na ONa

72% NaOH—28% KOH; 330°C

+ Na,S0; + H,0.
CH, CH,

Hns nonydyenns camoro eHona MeTo 1eA0YHOro IUIaBJIEHUs B Ha-
CTOslllee BpeMd He MCIOJb3yeTcsl, HO OH IIMPOKO MPUMEHSIETCS st
nosyyeHus 2-HadTona, pe3oplUMHA, aU3apUHA U Apyrux ¢eHoNoB.

SOJNa NaOH; 325°C _

SO;Na ONa
NaOH; 340°C

ONa

SO,Na ONa
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O OH

o
SO;Na ) NaOH; KC10,; 200°C OH
@‘@ 2) H,0°® @‘@

anu3apuH
(1,2-AMrHaApOKCHAHTPAXUHOH)

MeToq HieT04YHOro TUIABTEHHA YacTO YIIoTpebaseTcs s 3aMellleHUs
OMHOM cynsdoOrpynnel Ha MMAPOKCWI B IH- H TPUCYJIbGOKHUCIOTAX
HadToNOB M aMUHOHA}TONOB. B KauecTBe MPUMEPOB NpUBEIEM MONY-
YeHWe TaK Ha3blBAEMBIX alll-KHCJIOTHI M FaMMa-KHUCJIOTHI, HIMPOKO
KCIIONb3yeMbIX LISl TIONYYEHMS a30KpaCUTENe:

NaO,$ HO NH,

1) NaOH; 180°C
ol e
NaO,S SO;Na HO,S SO,H

8-amuHo- | -Hadron-3,6-
AMcyabgokucnora
(alu-xMciora)

NaO,S HO

NH, 1) NaOH; 180°C NH,
OO ™" Fsneo~ OO
NaO,S HO,S
6-aMuHO-4-TMAPOKCH-

2-HadpranuHcynbghokuciora
(raMma-xucnora)

21.2.2.3AMEIIEHME F'AJIOTEHA HA THAPOKCHJI

Benen 3a LUEJIOYHBIM [UIABJIEHUEM apuiIcyyib¢oHaToB ObLI Npen-
JioxeH GoJjiee MMPOCTOM M HOCTYNHBINA MeTox nojyueHus GheHoNoB U3
ApUITAIOTEHUOOB 3aMellleHHUEM TaJloreHa Ha TMAPOKCUI. ApUITano-
FeHUIbI, He colepXauiue aKTHBUPYIOLHUX 3JEKTPOHOAKLENTOPHbIX
rPYNIIMPOBOK, BCTYNAIOT B peakuuio o6MeHa B OYeHb XECTKUX YCJI0-
Busix. OQHaKo [pU HarpeBaHHUM xyopGeHsona ¢ 15—20%-M BOLHBIM
pacTBopoM rugpoxcuaa Hatpus npu 360—390°C u nasnenuu 28 mIla
(280—300 at™) o Pa3ye‘rcs; ¢eHon. Ha ocHOBaHUM 3KCMEPUMEHTOB C
xnopbensonoM-I1'*C 6buI0 MOKA3aHO, YTO B 3THX YCHOBUSIX PEAKLIMS
HIEeT MO apMHOBOMY MexaHU3My. Jerunpobensosn, obpa3syoiuiica U3
xJiopbeH3ona, npeBpaluaercs B ¢eHON 32 CYET NPUCOeIUHEHUS TUI-
POKCHA-UOHA, & IpPU NMPUCOEOUHEHUHU (PeHONAT-UOHA [JaeT CMecCh
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nudeHuoBoro 3¢pupa ¥ AHUOHOB 2-THAPOKCHOUDEHHNA U 4-THAPO-
kcuoudeHmna:

o
0
NaOH 360 NaOH; 360°C |
H20
C6H50 CHs0°
Hzo ) HZO
CeHsO” | 1,0 OH
5 2 H,0

o o oo

QeHONAT-UOHBI, TOJOOHO EHOMAT-HOHAM, MPEACTABNAIOT coboil
TUNMUYHBIE aMOMIEHTHbIE AHUOHBI, Y KOTOPBIX 3apsill AeIOKAUTM30BAH
MeXIy aTOMOM KHCIOpoJa M aTOMaMHU yIjiepoja B opmo- U nopa-
ITOIOXEHUsIX HeH30MbHOro Konbua. O6pazopaHue IUdeHKIOBOro 3¢u-
pa, 2-rHOPOKCH- U 4-ruapoKcHbUdeHHNIOB OGhICHAECTCS aMOMAECHT-
Hoit npuponoit peHonar-uoHa. dudenunosiit ac¢up npu 360—390°C
B BogHOM pactBope NaOH HeoOparumo rugponusyercs B ¢peHon. 2-
I'unpokcH- U 4-rugpoKCUOHDEHUNB B OTIIHYME OT HM(PEHUIOBOTO
3¢upa He MOABEPraoTCA THAPOIN3Y, UX CYMMApHOE KOMHYECTBO CpenU
cM0J1000pa3HBIX MPOAYKTOB peakiluu cocrasiset 20—25%. U3 atoro
clelyeT, YTO OCHOBHBIM ITyTeM CTAaOWJIM3ALIMH IernapobeH3ona siB-
JIieTCS 3aXBAT MMIPOKCUA-MOHA ¢ 00pasoBaHueM deHona.

ApHMHOBBIII MEXaHW3M 3aMelUeHHsi XJopa B HEaKTHBMPOBAHHBIX
apUIXJIOpUIAX Ha THAPOKCHMI MOX NEeHCTBUEM T'HAPOKCHUAOB LUENIOY-
HBIX METAIOB MOATBEpXKAAETCA TaKXKe 00pa3oBaHUEM CMECH Mema- U
opmo-MeTuiiheHONOB B COOTHOLIEHUHM 3:2 M3 0pmo-XJOpTOJyona,
cMecy 1- u 2-HadTonoB — Kak U3 1-xjopHadTaiuHa, TAK U U3 2-
xiopHadTanuHa. B npucyrerenu conet Meau (1I), urpatoniux posns
KaTajau3aTropa, apMHOBBI MEXaHU3M ITOJHOCTHIO NMOAABISAETCA K3-3a
pPE3KOro YCKOPEHUS MPAMOro 3aMellleHHsl TaJloreHa Mo SyAr-mexa-
Hu3my. IlpuMeHenue coneit menu (I1) mo3sossieT NpoOBOAUTL pPeruo-
CEJIEKTUBHOE 3aMelUcHHe rajioreHa Ha rujpoxcun 6e3 npuUMecH Ka-
KOro-iubo fpyroro usomepHoro ¢eHona:

CuSO;; 190—200°C
HJC@'CI + 2NaoH 239 19 -
H,0
—— H,C—@—ONa + NaCl + H,0 ;
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Cl

a1+ anaoy ~SuS0s: 190°C
- Al -
H,0

ONa
— @—ONa + 2NaCl + 2H,0 ;

a Q1 + aNaoH —20s IC
H,0
——— NaO@ONa + 2NaCl + 2H,0 .

Pojb HOHOB MeM B 3TOMH peakiMy 10 HACTOSLErO BpEMEHH HeE ToMYy-
YUJa YAOBIETBOPUTEJIBLHOIO OOBSICHEHUS.

BBeneHue B MOJIEKYNY apUITAIOTEHU/IA 3JIEKTPOHOAKLIENITOPHEIX
3aMecTUTeNIel B 0pmo- WU napa-TiojioXKeHUsT YBEJIHYMBAET CKOPOCTh
oOMeHa rajoreHa Ha rMAPOKCHI B HeKaTaIM3NpyeMoit peaknuu. Jdns
TaKo#! peakuu# Ha OCHOBAHMM MHOFOYUCCHHBIX DKCIEPUMEHTAIb-
HbIX JAHHBIX MPeTIOXeH SyAr-MexaHusM 3aMeLUeHUs], XOTS G-KOMII-
nekc MeiizeHreiiMepa He Obln 3adUMKCHMpOBaH B Iipolieccax obMeHa
rajjoreHa Ha I'MAPOKCHIT:

OZN—©>—C1 + 2NaOH 182C o OZN@ONa + NaCl + H,0 .

(76%)
NO, NO,
O,N Br + 2NaOH 9};_22(%9, O,N ONa + NaBr + H;0 .
NO, (97%) NO,

HakormneHue 3J€KTPOHOAKLENTOPHLIX TPYIN ITO3BOJSET OCYLUIECTB-
JISTh 3aMELIIEHUE B OUEHb MATKHX YCJIOBUAX, B OTAEABHBIX ClIyYasix
TMAPOJIU3 YIAETCS TPOBECTU B HEUTPILHOM cpene:

al OH
NC CN NG CN
+ H,0 0C + HCI
NC CN Te e CN
CN CN
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21.2.3. SAMEHIEHHUE JHUA3OTPYTIIIbI HA THAPOKCHWII

YHuBepcaNbHBIM METONOM 3aMEHb! AMHUHOFPYMITbl Ha THAPOKCHI
B apOMaTUYECKOM PSILY ABJAETCS AUA3OTUPOBAHUE NEPBUYHOIO aMU-
Ha C MocaeayOUHUM pa3loXeHHEM COMU JMa30HH1s B BOOHOM PacTBo-
pe CepHOi KUCNOTHI:

HNO,:
— 2 e
ANH: 56, H,0

— = ArOH + N, + H,S0,.

© H,S0,; H,0; 100°C
ArN=N HSOP —22-% 2 -

TIpUHATO CYUTATD, YTO 3AMELIEHUE NIMA30IPYIINbI HA TMAPOKCUI MPOo-
TEKAeT Mo Syl-MexaHHu3My, KpaliHe peKo pealn3yioleMycs st 1py-
rMX peaklMid B apoMaTM4YecKoM psny. MexaHu3M 3TOH peakuuu u
obnacTb ee CUHTETHYECKOTO NMPUMEHEHHUSs noapobro obcyxaaTces B
. 15 (M. 2). Haunyyiuve pe3ynbTaThl LIS MOJAYYEHUST ONITUMAJILHO
BBICOKOTO BbIXOA (PEHOJIOB JHOCTUTAETCS IMPU NOCTENEHHOM BBEAE-
HUHM pacTBOpPA COJU JMA30HUS B KUIIAIUUH PACTBOD CEPHOM KUCIIOTHI.
Hexotopble Haubosee THNIMYHbIE TIpEeBpalUEHHS TPeJCTaBIeHb! clle-
IYIOWMMY YpaBHEHUSIMHU:

® ®
N=N HSOS OH
. . °C
+ Hy0 H280s H0; 100°C @\ + N, + HySO,
NO, NO,
(81—86%)
® o
N=N HSO{ OH
OCH, o OCH,
+ HZO HZSO47 H2O, 1m C> ©/ +- N2 + H2804
(80—90%)
® ©
N=N HSO, OH
Q,; H,0; 100°C
2,39, B0: =©\ + N, + H,S0,
(CH,),C C(CH;); (CH; ;),C C(CH,),
(80%)
@ )
Ne=N HSOS OH
HzSOQ, H)O, 80°C
- + N, + H,S0,
Br Br

(78%)
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21.2.4. IOJTYYEHHUE ®EHOJIA N3 THAPOIIEPOKCHJIA KYMOIJIA

CoBpeMeHHBI ITPOMBIHILUIEHHBIA METON NojydeHus deHona 3ak-
JIIOYaeTcs B KHCIOTHO-KATUIM3HPYEMOM Da3JIOXKeHUU TUAPONEPOK-
cuaa xymouna. MicxorHoe BEeLIECTBO ISl BCEro LIUKIIA [TPEeBpalleHM —
KyMOJI — IoJly4aeTcsl B O4eHb DOJIbLIKUX KOJIMYECTBAX NIPH ATKUIMPO-
paHuu Gen3zona nponuwieHoM nmo Opumento—Kpadrey:

CH(CH,),

@ + CH,CH=cy, HsP0s 250C; 25 ame

Janee KyMoJl OKMCIISAIOT KHcIopoaoM Bo3ayxa ripu 100—130°C no run-
pOIEepOKCHAA KyMoJia:

CH

+0, 100—-130°C

Ora peakuys MPOTEKaET 110 LEMHOMY, PAIKMKATLHOMY MEXaHU3MY C
yJacTeM KyMWIbHOTO paiukana. UHHUMaTop pamyKalbHOrO IIpeBpa-
LI[EHHS OTLLETUISIET ATOM BOAOPOJAA M3 GEH3WILHOIO MOJOXKEHUA KyMoJIa
c 00pa3oBaHHEM [IOCTATOYHO CTAGWILHOIO TPETUYHOIO KYMMIIBHOTO
panukana. Pagukan nanee pearupyer ¢ KMCIOPOLOM ¢ 0Bpa3oBaHHEM
HOBOIO IEPEKMCHOTO pajiuKaia, KOTOpBIH OTWIEIUISeT aToOM BOLOpONa
OT MUCXOIHOIO KyMOJIA C pereHepalMeil KyMIIBHOTO paguKania:

@CH(Cﬂs)z + X — <©>~(.I(CH3)2 + HX ;

CH,

. o | R
©écm 56 —= Qpios
CH,
(|:H3 . (,:H3
@('Z-—O—O + H—(I: S

CH, CH,

GH, cr
— @-CII—O—-OH + $—© M T
CH, CH,
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Tpetbd, 3aKIOUMTENbHAS CTaAHg BCEro Mpolecca IO CBOEMY
MEXaHU3MY HallOMUHAET MeperpynnupoBKH KapOGOKaTHOHOB M aHa-
JIOTMYHA MEeXaHU3MY TNeperpyniHpoBKH B peakuuu Bakepa—Buanu-
repa. Pasnuuue 3akniouyaercs B TOM, YTO MUrpauus GeHuna mpoucxo-
JUT K NMOJOXUTENBHO 3apSKEHHOMY aTOMY KHCJIOpOAa:

CH CH
O Loonte @ Lippn—
| NCA

CHj

CH,
®
_ @ C-Q+H0| —» <€t)>o—c|:—CH3 —_—
CH; CH;
CH
H,0 [ @ °
—— O-C-OH+H — 0-C-OH —=
CH;, H CH,

0
I
— @-0}1 + CH;-C-CH; + H®

PasnoxeHue ruaponepoKcHia KyMoja o ¢eHola U aleToHA MPOBO-
AT B NPUCYTCTBUM 1%-it BoaHON cepHoit KucaoTe nmpu 50—90°C:

CH,

| 1%-5 HySOy; 50-90°C

O Lo :
| H,0
CH,

(90%)

B 1eaoM 3To 0YeHb 3KOHOMMYHBI criocob MmoaydYeHuss OQHOBPEMEH-
HO IBYX BaXHEHRIUIMX ITIPOAYKTOB — alleTOHA U (peHoJIa. AHAJIOTMYHO B
pe3yJIbTaTe OKMCJIEHUS napa- U Mema-aUuu30iponuinbeH30/M0B — T10-
GOYHBIX NMPONYKTOB KPYITHOTOHHAXHOIO NMPOHM3BOIACTBA KyMoia, 06-
pasyiorcst Gucrugponepokcuabl. IlpyM MX pasfoXeHHU MNONyYaloTCs
COOTBETCTBEHHO FMIPOXMHOH M PE3CPLIUH:
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G
CH(CHy), CH;—C-0-OH

0,; 100-130°C ®

2 - CH, H

] H,0
CH(CH,), C-0-OH
CH,
OH
—_— + 2CH3COCH3 .
OH

Teoperuyecku HaubGonee MepPCHEeKTUBHBIM IIPOMBIILIEHHBIM CIIOCO-
6oM nonyueHust deHona ABAsieTCs OKUCIeHHe 6EH30/1a KMCIIOPOAOM,
OIHAKO IO CHMX IOp He HaWIeHO HOCTATOYHO YHOOHBIX M NELIEBBHIX
KaTAMTUTUYECKUX CUCTEM JUIS1 3TOro peBpalleHus. beH3on MoxeT OBITh
OKHCIIEH 1o ¢eHona ¢ nmoMoubio peaktuBa PeHTOHA — MEpPEeKUCH
Bojopona, cogepxaiueit conu xenesa (II) u xenesa (I1I). [pu atom B
pesysbsraTte BoccTaHoBNeHUS H,O, OXHO3JEKTPOHHBIM BOCCTAHOBMTE-
JneM — uoHoM xenesa (II) — obpasyercss ruaApPOKCHABHBIA paguKa:

Fe®+ HO-OH —= Fe¥®+ OH®+ HO

IUApOKCHWIBHBIN pagukan gajiee NpucoelnHaeTcs K 6eHsony ¢ obpa-
30BaHHEM MMAPOKCHIIIMKIIOTeKCAIHEHIWIBHBIX pagukanoB. OKHCIeHHE
3TUX paauKanoB HOHOM xene3a (III) npuBomuT K monydyeHu1o ¢peHo-
Ja, a 1npu numerauun panuKanos obpasyercs 1,1'-4,4'-TeTparua-
pobudenunn-4,4'-quona, KoTopelif npespaiuaercs B OudeHusn B pe-

3y/IbTaTe NETUOPATALIMK:
. OH OH
O =0 — Qe
H H

'
OHOK — o

Bbixon deHona Bo3pacraeT Nnpu yBeJIMYEHUN KOHLEHTPALUH HOHOB
xenesa (II) u npu BBeJeHMM NpPYrUMX OKMCIUTENEil, HaNpUMep KHcC-
gopona win noHoB Menu (II), ¥ pe3ko cHHMXaeTcss B MPUCYTCTBUH
¢TOopUn-HOHOB, CBA3bIBAKOUIMX MOHB Xene3a (III) u TeM caMbim
MPEMSTCTBYIOLUNX OKUCJIEHHUIO PAAUKAIbHBIX YacTUL. TakuMm obpa3oM,
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obpazoBaHMe ¢eHoMa U3 OeH30j1a B 3TOM CiIyyae MPOUCXOXUT B pe-
3yJAbTATE MMIPOKCUNUPOBAHMS OeH3osbpHOro Konbua. CpaBHUTENbHO
HM3KUi BbIxol M ob6pa3oBaHUE INMOOOYHBIX IIPOAYKTOB HE ITO3BOJISIOT
PEKOMEHI0OBATh 3TOT cNOCOD IJIsT MOAYYEeHHUA 3aMEIEHHBIX ITPOU3BO/I-
Hbix deHona. 3BecTHO HECKOIBKO MPUMEPOB 3J1eKTpOhUIBHOIO THA-
POKCWIHPOBaHUS ApOMATHYECKHUX COEAVHEHUH o] AeICTBEM NIEPOK-
CHIIa BOAOPOJA U OPraHWYecKMX MEPKUCIOT B CYTIEPKUCIBIX Cpeaax:

OH
FSO,H
+ HO-OH ;
(56%)
OH
CH, CH;4 CH, CH,
BF;- (GHs);0
+ CF3C03H ol .
CF,COOH 80%)
CH3 CH3

OnHako 31eKTpo¢MIBHOE TMAPOKCHINPOBaHUE He npuobpesno
CEpPBE3HOrO 3HAYEHMS Cpedy APYTUX METONOB BBEACHMS IMAPOKCHIIb-
HOI IPYIINBI B apOMaTHYECKOE KOJBIIO.

21.3. CBOMICTBA ®EHOJIOB
21.3.1. KHCJIOTHBIE CBOYICTBA ®EHOJIOB

(DeHOoIBI 110 CTPOEHUIO NOJOOHBI CITUPTaM, OTHAKO OHM SABJISIOT-
cs1 HaMHOTO 60oJlee CHIBLHBIMH KHC/IOTaMM, 4eM cnupTh. g cpaBHe-
HKA NpHBeneM seauyuHsl pK, B Boae npu 25°C ansa ¢penona (10,00) u
unkrorekcarona (18,00). U3 atux naHHBIX cieayeT, YTo (PeHONbI Ha
BoceMb M 6oJiee MOPSAKOB MO KUCIOTHOCTH NIPEBOCXOMST CITHPTHI:

OH o®

@ + H,0 == @ + H;0® (pK, = 10,00);
OH o°®

@ + H0 == (j + H,0% (pk, = 18,00).

419



duccouuanus criupToB U (PeHOJIOB NMpeacTaBisieT coboit obpaTu-
MBIl Tpoliece, sl KOTOPOTOo ITOJIOXEHUE PABHOBECUSI KOJIM4YECTBEH-
HO XapakTepu3yeTcs BeJMYMHOU pa3HOCTH CBOOOAHBIX SHepruit AG®
MPOAYKTOB ¥ MCXOIHBIX BelllecTB. /IS onpeneneHus: BIUSHUS CTpoe-
HUsi cyGCcTpaTa Ha IOJIOXEHHE KUCIOTHO-OCHOBHOTO PaBHOBECHUS
HeoOXOMMMO OLIEHUTh pasHMLY 3Hepruilt Mexay kucioroit ROH u
conpsixeHHbIM ocHoBaHueM RO™. Eciu cTpykTypHbie (aKTOpHI CTa-
OHJIM3UDPYIOT colpskeHHoe ocHoBaHre RO™ B 6oJibliel cTeneHH, YeM
kucnotry ROH, koHcTaHTa AuMccouManuu BospacTtaeT U pK, cooTBert-
CTBEHHO yMeHblUuaeTcsi. HanpoTus, eciu CTpyKTypHBIE (DaKTOPHI CTa-
OHITM3NPYIOT KUCJIOTY B OOJibliiel CTENeHHU, YEM CONMPSDKEHHOE OCHO-
BaHHe, KMCJIOTHOCTb yMeHbluaercs, T.e. pK, Bo3pacraer. OeHon u
LMKJIOTEeKCAHO COAEPXAT LIECTUWIEHHOE KOJbLO M IO3TOMY CTPYK-
TypHO noxoxHu, Ho ¢eHox B 10% pas Gosnee cuwrbras OH-kucnora o
CPaBHEHHIO C IUKIOFEKCAHOJOM. DTO pasinyMe oOBSICHIETCS OOJIb-
wuM +M-3dpdexrom O B PeHOKCHUA-UOHE.

B ankoroisit-moHe LUKIOreKCaHOJA OTPHULATENbHEINM 3apsn JIo-
KaJIU30BaH TONBKO Ha aTOME KMCJIOPOAA, ¥ 3TO NpeIonpeaensieT MeHb-
LIY10 CTaOMJIBHOCTh AJIKOFOJISAT-MOHA IO CPaBHEHMIO ¢ (QEHOKCHUI-
HOHOM. (DEHOKCHI-HOH OTHOCHTCS K THIIMYHBIM aMOHICHTHBIM HOHAM,
T.K. €ro OTPMLIATENbHbII 3apsii AeIOKATU30BAH MEXAY KUCIOPOAOM H
aToOMaMH yrjepona B opmo- U napa-nojIoXeHUsIX 6EH30IbHOTO KOJb-
ua. ITostoMy niusg dpeHOKCHI-KHOHOB, KaK aMOUIEHTHBIX HYKneopH-
JIOB, JOJIKHBI OBITh XapaKTepHbI peaKilM{ He TOJIBKO C YYaCTUEM aTO-
Ma KHUCJOpoJa, HO M C y4YacTUEM aToMa yriepoxa B opmo- H
napa-nonoxeHusax B 6eH3onbHOM Konbue (cM. pasgen 23.3.2).

Crabunusauus (peHOKCUA-HOHOB 10 CPaBHEHHUIO C AJKOTOIAT-
MOHAMH 10 CBOEH MPHUpPOJe aHANOTMYHA CTAOWIM3ALUHU APYroro Kjiacca
aMOUIIEHTHBIX AHUOHOB — EHOJISIT-UOHOB KapOOHHILHBIX COEOUHE-
HHU MO CpaBHEHUIO ¢ KapObaHUOHAMHU aJIKaHOB. BMecTe ¢ TeM nejio-
KaIU3almsa 3apsaa B PeHOKCUI-MOHE IIPOUCXONUT B MEHbLLEH CTerne-
HM, YeM B KapOOKCWJIAT-UOHE, U COOTBETCTBEHHO (deHoNbl — Gosee
cnabble KUCAOTHI 110 CPAaBHEHUIO ¢ KApOOHOBBIMU KHcIoTaMu. DeHo-
JIbl PacTBOPSIIOTCS. B BOJHOM DAacTBOpPE TMAPOKCHUIIA HATpHsl, HO OHU
HE pearupyloT ¢ TMAPOKapOOHATOM HATPHA. DTO MPOCTEH LN, XOTS
U He OYeHb HaNEeXHBIH! TECT, IT0 KOTOPOMY MOXHO pa3iuyarth GeHONb!
K KapOOHOBBIE KMUCIOTHI, KOTOPbIe B3aUMONENHCTBYIOT ¢ rHApoKapbo-
HATOM HATPHUs C BbIAEJIEHHUEM YIJIEKMCIIOro rasa.

Biusinue 3amecTuTeis B GEH30JILHOM KOJbiE Ha KHCIOTHOCTb
¢eHonoB cornacyercs ¢ MpPEACTABAEHUAMU 00 MX JIEKTPOHHLIX 3d-
¢dekTax. DNeKTPOHOLOHOPHbBIE 3aMECTUTENM [MOHUXKAIOT, a 3JIEKTPO-
HOAKUENTOPHblE — YCUJIUBAIOT KUCIOTHBIE CBOMCTBA ¢peHoNoOB. B
Tabiu. 21.1 npuBeneHb! NaHHBIE O KUCTOTHOCTH HEKOTOPLIX (PEHONOB
B Boje npu 25°C.
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Tabnuua 21.1
Bemmunusx pK, opmo-, mema- u napa-zamemennnx ¢enonos » noge npn 25°C

3amecTvTens Opmo Mema Hapa
H 10,00 10,00 10,00
CH, 10,29 10,09 10,26
C(CH3y); 10,62 10,12 10,23
CgHs 10,01 9,64 9,55
OCH;3 9,98 9,65 10,21
COOC;,H; 9,92 9,10 8,34
F 8,73 9,29 9,89
Cl 8,56 9,12 9,41
Br 8,45 9,03 9,37
I 8,51 9,03 9,33
HCO 8,37 8,98 7,61
CN 6,86 8,61 7,97
NO, 7,23 8,36 7,15
2,4-unutpoderon 4,07
2,4,6-TpuuurpodeHon 0,42
1-Hadron 9,39
2-Hadron 9,63
IMenTaxmopdpeHon 5,26
IMenTadropdenon 5,5
HMupoxarexus (1,2-aurnapokcubeHson) 9,34 u 12,6
Pesopiumu (1,3-murnapoxcubenson) 9,32 u 11,1
I'vapoxyuHoH (1,4-auruapoxcubeH3on) 985u 11,4

21.3.2. TAYTOMEPM S ®EHOJIOB

MB&1 yxe oTMedanu TECHYIO aHAJIOTHI0 MEXAY PeHOKCHUA-UOHOM
U eHonsT-HoHaMKu. DeHoJ TAKKE SABJSIETCA aHAMOTOM €HOJa, U MEX-
ny ¢eHosioM U ero Keto-dopMaMu 2,4- U 2,5-UMKIOreKCaiue HOHOM
JNOJIXKHBI CYIECTBOBATb OTHOLUEHHUS, MOXOOHBIE TeM, KOTOphie Ha-
OyogaloTCsA A1 paBHOBECHS KETO- M €HOJbHOM $OpM KETOHOB.

OH

Q) 8)
H
I@l—‘:—l = | H
Z ~
H H

AH® = +23 kkan/Mons.

dnst camoro ¢eHoa 3HTAIBIUA 3TOrO0 PABHOBECHUS COCTABJSET
BEIMYHUHY MoOpAaKa 23 KKaj/Moib, YTO COOTBETCTBYET Jorapudpmy
KOHCTAHTHl paBHOBeCcUs B ypaBHeHUM ['mG6ca mopsimka 9,5 * 2,5, T.e.
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paBHOBECHE LIEJIMKOM CMELLEHO B CTOPOHY (eHoabHOH dopmel. Ta-
KMM obpa3oM, COOTHOUIEHHE OBYX TayTOMEePHBIX (POpPM 3AeCh ITOJIHO-
cThIO 06paTHO TOMY, KOTOpoe Habjiomaercs IS KETOHOB, Ile Mpe-
obnagaer keto-¢popma (. 17). 3to pasnuyue He YOIUBUTEAbLHO, €CIIU
MPHHATH BO BHUMAaHHUE apOMATHUECKYIO CTaBUIH3aIMIO 6EH30ABHOTO
kosblia ¢eHona. dna opyrux ogHO- M JBYXaTOMHBIX ¢eHoNoB GeH-
30JILHOIO psiia TaKXKe He yaaercss Habmoaarh NpOTOTPOIHYIO TAyTO-
Mepuio. JUIS MOJUIUKINYECKHX KOHAEHCHPOBAHHBIX aPOMAaTHYECKUX
COelMHEHUIt pa3jIHyue B TepMOAHHAMUYECKON YCTOHYMBOCTU PEeHONB-
HO# M IMEeHOHOBOH (opM pe3ko yMeHblllaeTcs, U IIA 1-HadTona
deHonbHag dopMa Ha 12,5 kkayi/Moib crabunbHee AUEHOHA, TOraa
KaK U1 9-ruapoKcHaHTpaleHa KetogopMa aHTPOHA YXKe OKAa3biBaeT-
cq TepMOIMHaMHU4YecKH Oosee cTabuwibHOM (opMoii:

OH

a0

AH® = 12,5 xxan/Mons;

7\
7\
o}

OH (0]
00— LD
——— AH® = —1,4 xxan/Monb.
X ~ AN ~
H H
aHTpPOH

Jns 9-ruapokcHaHTpalieHa U3BeCTHBI 06e GOpMBI, NpHYEM B
HEMONAPHbIX pacTBOpHUTENsAX (neTponeiHbiit 3¢up, Genson, CCl)
paBHoBecue caBuHYTO B cTopoHy anTpoHa (K¥'C =400 B 6enzone).
YcToiuNMBOCTbL TAYTOMEPHBIX KeTO-DOPM BO3paCTAET MPHU Nepexone K
MONAUATOMHBIM ¢eHonaM. Tak, Npu riapneHun 1,4-qUuruapoKcuHacg-
TaJlMHA MOAyYaeTcs paBHOBECHAs] cMechb, comepxauias 10% nukero-
dopmsL:

OH O H
pZ 150C A~
-— H
AN N
I H
OH
(90%) (10%)
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HMeroTcs BecKye apryMeHThl B [OJIb3Y NPOTOTPOITHOM TayTOoMeE-
puM KeTo- U ¢eHonbHol dopMm mas dnopormonuna (1,3,5-tpurua-
pokcubeHzona), Xxora Kero-popma He GbUia 3apHKCHPOBAHA CIIEKT-
PaIBHBIMM MeTonaMu. [INuTenbHoe BpeMs He IpeXPUHHUMAIOCh
NoTBITOK GUKCAMU WK CTabUIn3auuu Keto-bopMbl deHoNoB psioa
OeH3osa ¥ HadTanuHa U npobiemMa TayroMepUu HPEeHONOB HE NPUBIE-
KaJjia BHUMaHus uccaenosareieit. B 1968 r. B.A. KonTior ¢ coTp. npei-
JIOXWI [POCTOif M 4Ype3BhivaitHO 3¢ heXTUBHBIA cnoco6 cTabunmsa-
UMM KeTo-thopMbI pasHoOOpa3HbIX (EHONOB C MOMOILUBIO CUJBHBIX
KHcnoT JIplouca- xjopuia WiH OpoMHAA ATIOMHHMS. DTH XecTKue
KHUCNOTEl JIbIoHMCAa CBS3BIBAIOT XECTKHMH KapOOHWJIBHBEIR KUcCIopon
KeTo-(OpMBI B 0O4EHb CTAOWIBHBIN KOMILIEKC, KOTOPLII MOXeT ObITh
3aduxcupoBaH ¢ momoiusio IIMP- u UK-cnekrtpockonumu. [lpu atom
g 1-sadrona, 2-vadrona u dpeHonos 6GeH30IBHOrO psiia, comep-
XaLMX XOTA ObI OMHY ANKWILHYIO IPYNINY B Mema-ToJIOXEHUH K TUI-
POKCHJTY, pABHOBECHE B HEMOJIAPHOI cpelie Halelo cMelllaeTcs B CTO-
POHY KeTo-(pOopMbL

Z AlC,
2 CHCly; 20°C

0 - AlCL, 0—A1C13

8
g
O3

X
H H H
H H H H_©
Z AlBr, @\)i/ro' AlBry _Z I@ O-AlBrs
\< I j CH,Bry; 20°C AN \‘ ’
]
0 - AlBr; 0-AlBr;

OH
CHzBI'z
¢ CH,

H,C
Y Hu C

C H CH

DTH KOMILIEKCHl MOXHO pacCMaTrpuBaTh TAKXkKe KaK OUNOAspHbIE
MOHBI, T.€. KaK THIPOKCHapeHOHHEBble HOHBI, OoDpasylolHecs Mpu
IpPOTOHUpPOBAHHHU deHOoNOB Mo GeH30AbHOMY KONbLY. [ HUX 10IX-
HbI ObITh XapaKTePHbI PEAKLHH, THITUYHbBIE [UIS apeHOHHEBLIX HOHOB.
JelcTBUTENBHO, KOMILTEKC 2-HadTONA C XJIOPUIOM UTIOMHHUS MO-
XeT ObITh MCIONB30BAaH B KAUYecTBe 3JeKTPOHUIBHOTO areHra B 3J1€K-
TpoPWILHOM apOMAaTHYECKOM 3aMelUECHUM B OEH30JbHOM KOJIbLE!
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‘] L@ + S (90%).
NN 7z GHse X

=

KeTo-eHonbHas TayroMepHs JIEXUT B OCHOBe 3aMellleHHs de-
HOJILHOTO TMIPOKCHJIA Ha aMHHOTPYIITy, KOTOPOE MPOMCXOAMUT IIPH
HarpeBaHWM 1- wam 2-ruapoxcuHadTanuHa, CyabGONnpoU3BOIHEIX
o- ¥ B-HadTONOB, 6- WM 8-THIAPOKCHXHMHOJIMHOB U APYTUX THAPOKCH-
MPOU3BOAHBIX HadTaIMHA, aHTPALIEHA, XHHOJIHHA C BOOHBIM PacTBO-
poM cyinbduTa WK rugpocyibdura ammonus npu 130—150°C:

OH

150°C
+ NH4HSO; + NH;4 m’
2V 84

(95%)

NH,

Dta peakums, oTkpelras I'. Byxepepom B 1904 r., npuMeHuMa K On-
HOaTOMHBIM ¢eHoNaM psaa HapTaNMHA, aHTpaleHa M APYTHX KOH-
IEeHCUPOBAHHBIX ApOMATUYECKHX CUCTEM, HO B Hee MPAKTUYECKH HE
BCTYMNAIOT OAHOATOMHbIE (heHOIbl OEH30JBHOTO psAla:

+ NaHSO; —22C .
H,0; 30 u
SO;H

H,

CH,
(65%)
160°C
+ NH3 + SOz ————
@Nj H,0; 12 4 @@Nj
OH NH, (90%)
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B psagy npon3BoaHbIX GeH30/a B peaKUMIO BCTYIIAIOT MHOTOATOMHBIE

(bCHOJIbI, COICpXaluMe ABe UIU TPU TMAPOKCHUIbHBIC TPYIINbI B Mema-
ITOJIOXKCHUH

HO OH HO OH
NH;; SO,; 20°C ——
H,0; S 4
NH, OH
(100%)
HO NH,

NHj;; SO,; 40°C
—_— (82%)
H,0; 24 cyt

NH,

dnsa peakuuu Byxepepa npeqioxeH, HO CTpOro He JOKa3aH Mexa-
HHU3M, B KOTOPOM CYJIbhHT- WIH THAPOCYALOHUT-HOH TIPUCOETUHSET-
cs B B-nonoxeHne xero-¢opMel HadTona ¢ obpazoBaHueM [-kero-
CYNBGOKHUCIIOTH B KAa4eCTBe MHTEPMEIMATa, KOTOPHIH B OTAENBHBIX
ciIydasx GbUT BhUIENEH B YHCTOM BHAE!

@ (Ij HsoDNT, @;‘bi

so3NH4
HO NH, -
NH3 L H -H20 Z H ——
- H prmm— H -—
X
H H SO;NH4 H SOJNH4
NH,

Z
- + NH; + SO, + H,0.
X ~

ITocnenyollee aMHHHPOBAHHE W OTILEIIEHHNE CEPHHUCTOH KHCAOTHI
NPUBOAUT K aMMHy. Peakuus obpatuma, 1 nipu obpabotke 1- wiun 2-
aMMHOHadTANIMHA M MX MTPOU3BOAHBIX THAPOCYIbGUTOM HATPUS B BOJE
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rnpu 130—150°C oHM NmpeBpallaloTcsl B COOTBETCTBYIOLLME (HEHOJNBI,
HanpuMep:

NH, OH
SO;H SO,H
110-120°C
+ H,0 + NaHSO, —_H—(—)—.
A ? A
SO;H (96%) SOzH

IIpu BHanMYKMKA TpeX aMHHOIPYIIN B Mema-TIONOXEHUM ApPYT K APYry
ISl npeBpalleHUs B ¢eHOJ OTnamaeT HeoOXoOMMOCTh B KaTajiuie
peakuuy cyibpUT-HOHOM B cIabOKUCAO#R cpeje:

COOH .
H,N NH, HO OH
e +CO
H,0 2
NH, OH

(45-53%)

21.3.3. C- 1 O-AJIKWTMPOBAHUE AMBMIEHTHBIX ®EHOJIAT-UOHOB

PDeHOKCHA-HOHBI, KaK TUIIUYHbIe aMOMIOEHTHbIE aHWOHBI, CIIO-
coGHb! K peakuusaMm O- u C-ankuiupoBaHus. B GonblinHCTBE Cydaes
(peHOKCHI-HOHBI IOOBEPraloTCs PerroceNeKTuBHOMY O-aJKUINpo-
BaHHIO HE3aBMCHMO OT IIPHPOIbI PANUKANA ¥ YXONSUIEH TPYIIIBI ai-
Kujidpytouiero areHra. Cambie pazHOOOpasHBIE XECTKUE U MSTKHe
ATKWUIUDYIOLIME areHTh! HaloT 9¢Upbl (HEHONOB B pEAKUHAX CO lle-
nouHbIMHU deHonsTamu. Haunyunive pesynasrarsi i O-aakunvposa-
HUSI JOCTUTAIOTCS B AUTIOJSPHBIX ATIPOTOHHBIX PACTBOPUTENSAX, XOPO-
IO COJILBATUPYIOIMX KATUOHBI LIEJIOYHBIX METAJIIOB:

ONa OCH;
20°C
+ (CH,0),S0, ————» 96%),
(CH30),50, TIM®A
ONa OCH,(CH,);CH;4
60°C
+ CH3(CH2)3CH2BX' m— 5
(80%)
NO, NO,
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ONa ] OCH,COOC,H;
+ netcooc, -
(87%)

TIpu O-ankunuposaHuy 2,4-AMXJI0OPPEHONATA HATPUSA MOHOXJIOPYKCYC-
HOU KucnoToi nomyqaercs 2,4-IuxiopdeHOKCHYKCYCHasl KUCIOTa, KO-
TOpasi UCIIONIb3YeTCs B Ka4ecTse repOMLMAa Wi GOpbObl ¢ COPHSIKAMH:

ONa OCH,COOH
a a
+ CICH,COOH

a a

Ecnu xe pacTBopUTeNb M3OGUPATENbHO CONBBATUPYET KUCIOPOXHBIM
UeHTp GHeHOKCHI-MOHA, OTKPLIBAETCS BO3MOXHOCTh i C-aniKuiu-
poBaHusi. KucioponaHslit eHTp PeHOKCUI-UOHOB ITOABEPraeTcs U3-
61paTeIbHON CONBBATALIMM C ITIOMOIUBIO BOZOPOXHOM CBS3H B BoJe,
TpudTOpaTaHone, peHomne. B 3THX pacTBOPUTENSIX YAAETCs OCYLUECTBUTh
C-ankunupoBaHHe (PeHOKCHI-UOHA NOA JEHCTBHEM TAKMX MSITKHX
ATKWIMPYIOUIMX areHTOB, KaK aJUTMITATOTeHUAbl M GeH3WIraNoreHH-

ael (H. KopubmioMm, 1963 r.):
CH;OH
@'O"CHz"CH :CH2
(100%)

@om + CH,=CH-CH,Cl —
H,0

S a8 O~CH,~CH=CH, +

(45%)

CH,-CH=CH, (41%)

ONa OCH,CHs
+ GeHsCHoBr “cr cLoH +
(7%)
CH,C¢Hs
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KucnoponHsiii LieHTp aHMOHA GJ10KMpPYETCS B pe3yJsibTaTe H3bupaTessb-
HOM COJIbBATAllU, ¥ ANKWIMPYIOLIMKA areHT aTaKkyeT APYroi HyKJieo-
¢bunbHLI 1EedTp aMOMIEHTHOrO aHHOHA — aTOM YIJiepoAa B opmo-
MOJIOXEHUH MO OTHOLUEHHIO K aTOMY KHMCIOPOHa. AHAJOTMYHBIA
Pe3YAbTAT MOXET OBbITh JOCTUTHYT 32 cyeT BJIOKMPOBAHUS KHMCNOPO/I-
HOTO LIEHTPA MPOTHBOMOHOM B CJIOKHOM accolaTe HOHHBIX map Iie-
JIoyHbIX (PeHONSITOB U HAadTOMATOB. [JeCTBUTENBHO, NIPH ATKWIHPO-
BaHMHMM deHoasiTa HaTpus B OeH3ome auabpoMuaoM obpasyercs
2-ayuingeHo, Toraa Kak B alleTOHE B TeX Xe YCJIOBHSIX MojayyaeTcs
TOJIBKO aJUIMNAOBBIA 3dup deHona:

O—-CH,-CH=CH, ONa
B CH,=CH-CH,Br CH,=CH-CH,Br
aleToH CeHg
OH
CHz"CH :CH2 .

ITo Toit Xe NpUYKNHE ATIOMKHUEBBIE CONMH (PeHoI0B moasepraiorcs C-
ATKWIHPOBAHHUIO B 0pmo-T0JI0XeHUE GEH30JIbBHOro KOJbLA:

OAI(OC(Hj), OH

100°C; 17 arm
tonyon; CcH;OH

OH . OH
(CH3)3C©/C(CH3)3 (CH;);C_ i _C(CH,),
+ +

C(CHjy),

C(CHy),
+

+ (CH,),C=CH,

DTa peakuMsi UMeeT MPaKTUYECKOE 3HAYEHHE [UIsi CUHTE3a cTepUyec-
KU 3aTpyOHEHHBIX (PEHOJOB, UCIONb3yeMbIX B KavyecTBe crabuiuaa-
TOPOB TIOJMMEPOB NIPOTUB TEPMOOKMCIUTENbHON OecTpyKuuu. Jpy-
rasi BO3MOXHOCTb C-aJIKMIMpoBaHUs PeHONST-HOHOB OTKPLIBAETCH B
cJIyqae NpOCTPAHCTBEHHO 3aTPYAHEHHbIX (EHOJIOB, KOTIa JBE aIKUIIb-
HbI€ TPYIIB B OpMO-TIOJNOXEHUH OJIOKUPYIOT KMCAOPOOHBIA LIEHTD
aM6UIEHTHOrO aHHOHA!
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O-Na O—CH,CH; 0

+ C6H5CH2BI' P + CH2C6H5
CeHe i

(17%) (34%)
O—Na
(CHy),C C(CH,), (CH,); C(CH;),
CH
+ CH,l m’ 3
CH, Cu, (60%)

CenextBHOe O-MeTHIMPOBaHHE (HEHONOB NOCTUIAETCS MPH HX
B3aMMOECHCTBMM C AMA30METAHOM B 3¢pMpHOM pacTBope:

OH OCH;
® 0
+ CH2:N:N — + N2
adup

21.3.4. STEPHOHUKAIINA ®EHOJIOB

Apwiosbie 3¢buppl KapOGOHOBBIX KMCIOT HeNb3s IOJIYy4YaTh Ipsi-
Mo#t aTepuduKanueil peHomoB KapOGOHOBHIMH KKcioTaMu. ObpaTtu-
Mas peakius peHoNa ¢ YKCYCHOH KMCAOTON SHAOTEpPMHUYHA B OTIHU-
YHe OT 3K30TEPMUYHON peaKLUU 3TepHdHKaUUN CIIKPTOB:

CH;COOH + CgHsOH == CH;COOCgH; + H,0 (AH" = +1,5kxan/mons);

CH;COOH + C,H;OH == CH;COOC,H; + H,0 (AH" = —4,6Kkxan/monb).

ApunoBsie 3¢Upbl KapObOHOBBIX KMCIOT IMONYYAIOT alMAMPOBaHHEM
tdbexonor uau ux Na-, K-coneit ratoreHaHruApHAaMH WAK aHTUIOPU-
IAaMH KKCJIOT:

/
OH 0-C~CH,

H,SOy; 60°C
+ (CH,C0),0 —22 "~ o

0
/7
OH 0-C—CHj
(96—98%)
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O
Y
O-Na O-C-C(CHs);
,,O
+ (CH;);C -C\ —%—’
cl

NO, NO,

o)
H,S0,; 60°C v
COOH COOH

21.3.5. PEAKIIMY DJIEKTPO®PHUIBHOIO 3AMEIIEHNA B
APOMATHYECKOM KOJIBIIE ®EHOJIA

IuApoKCHABHAS IPYIINA OTHOCHTCA K YUCIY IPYII, aKTHBUPYIO-
IMMUX 3eKTpodIILHOE 3aMelleHHe B apOMAaTUYECKOM KOJbIE M Ha-
MPaBJIAIOUINX 3aMECTUTENb B 0pmo- U hapa TIONOXEeHUS. AKTHBHPYIO-
iiee BIMSHHE THAPOKCHJIBHOM IpYIIBI HACTOJBKO CHJIBHO, YTO B
OTHENIBHBIX CIyYasX PeakiHIO0 TPYAHO OCTAHOBMTh HA CTajUU BBele-
HMS TOJBKO OOHOro 3amMecturtenst. (PeHOJBl BCTYNAKT IPaKTHYECKU
BO BCE TUITMYHbIE PeaKiliy 31eKTpoHILHOIO 3aMellIeHHS KaK ¢ CHJIb-
HBIMH, TaK H CO ClabbIMM 3JIeKTPOMHIbHBIMH aIr€HTaMH.

21.3.5.a. TAJJIOTEHUPOBAHUE ®EHOJIOB

lanorenupoBanne (GeHOJOB He TpeOyeT Karaiu3a KHUCIOTAMM
JIblouca, Takumu Kak FeCls, FeBr;, AlCl; ¥ ap., ¥ JIerKo ocyiuecTs-
JISleTCH TI0J JeMCTBMEM MOJEKYIAPHOTO rajioreHa. I'aJoreHupoBaHue
tdeHona MonekynsipHBIM GPOMOM MITH XJIOPOM B MOJISIPHOM cpelie Mpax-
THYECKH HEBO3MOXHO OCTAHOBUTE Ha CTAANH MOHOTANTOTEHUPOBAHUSA,
MIOCKOJIbKY PEarvpylolleii 4acTUlieil 3xech ABASETCS (EeHOMSAT-HOH.
DeHONAT-UOH COAEPXUT OYEHb CHIBHYIO aKTHBUPYIOULYIO TPYIIy —
aHMOH KMCJIOpONa M CKOPOCTb T'aJIOTEHUPOBAHUs (PEHONAT-UOHA [0
KpaiiHeil Mepe B ThicAYYy pa3 Bbille, yeM cdeHona. I'anoreHsamerueH-
HBI eHoN ABAsIeTCSs HoJiee CUABHOM KHCIOTOM, YeM deHON; OH Nerye
JUCCOUNUDPYET, YTO oOJsieryaer BBECACHUE BTOPOIO U TPETHEIO ATOMA
rajioreHa B opmo- ¥ napa-ToJIOXEHUS:

o® 0 ] 0©
C H B
© T
Br,; 5°C Br | —HBr Br,
— Br =
/ H0 i & H0
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B Br
T2 B | ~HBr Br
H20 H2O
H Br Br
0O OH
B H Br Br Br
2. | g Br® | — + 3HBr
H,0 )
Br Br

BpoMupoBanue ¢eHona B Bojie MPHBOAUT K 00pa3oBaHUIO HEPACTBO-
pumoro 2,4,6-tpubpoMdeHona. DTta peakiys HACTOIbKO YyBCTBUTE b~
H4, YTO IO3BOJIIET OOHAPYXUTH (hbeHON B KOHLEHTPALUMU 107°M B
BOJHOM pacTBope. 2,4,6-TpubpomdeHon B3auMoIeiCTBYET ellie ¢ o~
HUM MoneM 6GpoMa ¢ oBpasoBanueM 2,4.4,6-teTpabGpoMuUKKAOreKca-
2,5-nMeHOHa, OKPALIEHHOTO B XeJTHIH I[BET:

OH o)
'Br Br Br Br
+ B, — + HBr .
Br Br

Br

IIpu obpabGoTke MPOAYKTA 3TOH peakuuH pacTBOPOM TFHApPOCYNb(dHTA
HATpUs WIM Jpyroro cyiaboro BOCCTAHOBMUTENS OH JIETKO Mpespalia-
€TCSl B MCXOMHBIH 2,4,6-Tpubpomperon. IpousBoaHble HUKIOreKca-
JVeHOHOB MOTYT GbITh BbUIENEHEI P GpoMupoBaHuu 2,6-a1- 1 2,4,6-
TpU3aMEIUEHHBIX MPOCTPAHCTBEHHO 3aTPYAHEHHbIX (PEHOJIOB!

OH (o]
(CH3):C C(CHy); (CH3),C C(CHy);
+ Br, W Br + HBr ;
C(CH3y); C(CHj3);
OH 9
(CH;)5C C(CH3); (CH3),C C(CH3);
+
Q B2 “CH,COOH *+ HBr
H Br
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IIpu 6pomupoBaHHU deHoja B pacTBOpe OGPOMUCTOBOLOPOLHOMN
KUCIIOThI WM [PHU XJOPUPOBAHMM B COJITHON KUCIIOTE AUCCOLIMALIUSA
MMOJIHOCTHIO MMONABASAETCS M TAJIOMeHUPOBAHHUIO ITOABEpraeTcs cam
texon. IIpy 3TOM B 3aBUCUMOCTH OT YCIOBHH M KONIKYECTBA raioreHa
MOXET ObITh MonyuyeH n-6pomdberHon unu 2,4-gubpomdeHor:

OH OH
HBr; 5°C
+ 3
Br, H—zo— + HBr
Br (81%)
OH OH
. HBr; 40°C Br
+ 2B o + 2HBr.
Br (87%)

AHaJIOTUIHBIM 00pa30M IMPOTEKAET M XJIOPHpOBaHHKe ¢deHoa, HO 30eCh
MIOJIy4aeTcsl 3HaYUTE/IbHOE KOJMHUYECTBO o-XIopdeHoa.

MoHoranoreH3amellleHHbIe MTPOK3BoaHbIe deHONOB ynobHO Mo-
JIy4aTh I[P rajlorTeHUPOBAaHUM B HEMOJAPHOM cpcne YTO TaKXe MUC-
KJIIOYAeT HUCCOLMALMIO (PEHOJIOB:

OH OH
+ Bry __oc__ @
CS,

Br (80—84%)

+ (:]2 ————-——.
ccl,

(74%) (26%)
B kauecTBe rajloreHHpPYIOLIEro areHTa KpoMe CaMHX FajJioreHoB MOX-
HO MCIIONb30BaTh KOMIUIEKCHI rajloreHoB ¢ JuokcaHoMm, IM®A, a
TaKxke xjaopul win 6pomun menu (II).

OH

OH OH
20°C
* Gl MR
Cl (83%)
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OH OH

7\ 20°C
+0  O-Brn
_/ CHCl

Br (88%)

Bo Bcex ciryqasix COOTHOLUEHME napa/opmo-u3oMepoB IpH GpoMUpoBa-
HUM U MOOUPOBAHUMU 3HAYUTENLHO BhILIE, YEM [IPH XJIOPHPOBAHUH.

21.3.5.6. HUTPOBAHHE ®EHOJIOB

HutpoBanue deHonos pazbapnernoit 20—25%-ii a3oTHO#M Kuc-
JOTOM MPHUBOIMT K MOMYYEHUIO CMECH 0pmo- U napa-HUTpo¢eHOoNOB:

| OH OH
20% HNO;; 10°C NO,
H,0 *
NO,

Hx nerko pasge/uTh C MOMOLLUBIO MEPErOHKU C BOASHBIM MApoM, rae
JIETYYMM OKa3bIBAETCS TOJIbKO opmo-u3omep. Jlerydects opmo-HUTpPO-
¢enonoB obycinoBreHa oO6pa3oBaHUEM MPOYHOM BHYTPUMOJNEKYJSIP-
HOM BONOPONHON CBA3HU:

OH

Jlaxe B TAKMX MATKHX YCJIOBUSIX HUTPOBAHUE COMPOBOXHAETCA OKUC-
neHueM deHoNa, U 3TOT MPOLECC CTAHOBUTCH JOMUHUPYIOUIMM, ECIH
U1 HUTPOBAHMUSA HCITOJB30BaTh KOHUEHTPUPOBAHHYIO a30THYIO KHC-
soty. Ilo3sToMy Wist monydeHus 2,4,6-rpuHuTpoderona (MKpUHOBOM
KHMCJIOTRI) MCIIOAB3YIOT BUAOM3MEHEHHbI cnocod HutpoBaHus. Pe-
HOJI TIEPBOHAYANBHO CYAbMUPYIOT 10 4-rUapokcH-1,3-6eH301aUCyMb-
GOKHCIOTHI, a 3aTeM HUTPYIOT a30THOM KHCJIOTOM:

OH OH

) SO;H
xoHu. H,SOy4; 100°C HNO;; 0°C
———

SO;H
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OH OH

O,N NO
? SOsH | yNoy: 100 ON 2

SO,H ] NO, (70%)

Bropasi craiusi 1o CYLIECTBY IIPEACTaBAseT coB6oil anekTpodunpHOe
unco-3aMelleHue cynbGOrpymnsl Ha HUTporpyniy. [TukpuHoBas Kuc-
J10Ta LIKPOKO IMPUMEHSETCA B KadecTBe CWIBHOrO akIenTopa mif
MIONIyYeHUs CTaOMIBHBIX KOMILIEKCOB C IIEpEeHOCOM 3apsana (IoHOop-
HO-aKIENTOPHBIX KOMIUIEKCOB) ¢ KOHIEHCHPOBAaHHLIMM apOMaTHYeC~
KUMH YTIEBOZOPOAAMM, TEHTAMETHIOEH30JI0M U MHOTHMH APYTHMM
apOMAaTUYECKHMHU YIIeBOIOPOIAMM.

Jlna uuTpoBanua ¢GeHONOB B KaYeCcTBe HUTPYIOLIEIo areHra Kpo-
Me a30THOM KMCJIOTHI MOXHO HCIOJIb30BaTh aueTHIHUTPAT U N,O,,
3TH peareHThl CIOCOOGCTBYIOT IMPEMMYIIECTBEHHOMY HHUTPOBAHMIO B
0pmo-TIOJIOXEHWE K THIPOKCUIBHOM Ipymne.

21.3.5.8. CYJIb®PHPOBAHUE ®EHOJIOB

MoHocynsdupoBanue ¢eHoNIa cepHOit KHCIOTOH MPHUBOIHUT K
06pa3oBaHUIO CMECH 0pmo- U hapa-u30MepoB I'MIPOKCHOGEH30ICYb-
cdoxcunorsl. I1pu 20°C B peakumoHHo# cMecH conepxurca 49% opmo-
usoMepa ¥ 51% napa-n3zomepa, torna kak npu 120°C nons napa-uso-
Mepa Boapacraer 10 96%:

SO3H
20°C
OH

98%-a H,SO, (49%) SO3H (51%)
OH
SO;H
b
120°C
(4%) SO,H (96%)

W3MeHeHHe B COOTHOLUEHUM MPOOYKTOB CYjibpHUpOBaHUSL 0Oyc-
JIOBJIEHO OOPaTUMOCTBLIO peakUMit cylbPUpPOBaHHUs, KOTJa B paBHOBE-
cuy npeobnanaer TepMORMHAMUuYecku Oojiee crabuiabHbIL napa-n3o-
Mep (moapobHee cM. . 13, u. 2). CynsdupoBaHue B opmo-NnoJoXeHUE
npotexkaetr ¢ OoJiblUEH CKOPOCTBIO, HO 0pmo-rUAPOKCHOEH30JICYJIb-
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dboxucioTa 1€rKko rUAPONMU3YETCS HA UCXOMHBIE peareHTH B OTIWYUE
OT napa-u3oMepa, 1Sl KOTOpOro cKOpocTh THOpoaH3a Mana. dpyrum
[IPUMEPOM IMPOSIBJICHUS TEPMOAMHAMHUYECKOIO KOHTPOJISI SBISIOTCH
JNaHHbIE 110 cyabdpupoBaHUIO 2-HadTona:

SO,H

gzl;é-u H,S0,; 100°C (9)?%-51 H,S0y; 100°C OH
HO,S

98%-1 HzSO4, -10°C

"<
AR
Tl @
wv—(
[]
NE
[=,%

OH

e ey

Ipu cyasdupopanuu 2-Hadronaa 98%-it cepHoit kucnoroit npy —10°C
B KayecTBe eIWHCTBEHHOro NMpoAyKTa obpasyercs 2-rugpokcuHad-
TaNKUH-1-cynpOKKCIIOTa, ONHAKO IIpH CyabbupoBaHUHU 2-Hadrosa
92%-i1 cepHoit kuciaoroi npu 90—100°C monyuaercsi cMech 6-rus-
poKcHHADTATHH-2-cyAbPOKUCTOTH H 7-THIPOKCHHADTANIHH- | -Cyab-
dokucnorsl. B 6onee xecTkux ycaoBusix npy 120—130°C B cmecu
npeobanaer 6-rufpoKCcH-2-HapTaTHHCYIB(MOKUCIOTA HapsaLy ¢ 3-rui-
pokcuHabTaTHH-2,7-aucyabdoxkucaotoit (R-Kuciora) — MpogykToM
aucyiabpupoBanusa 2-Hagrona.

O

SO;H

21.3.5.r. HUTPO3UPOBAHHUE PEHOJIOB

HuTtposuposanue GpeHONMOB OCYLUECTBISETCS ¢ MOMOLIbIO a30TH-
CTOM KMCIOTHI B Bojeé MJIM B YKCYCHOR KHcCIOTe M1 Tex (HEHOJNOB,
KOTOpbIE COBEPILEHHO HepacTBOpuMbI B Boxe. HutposuponaHue e-
HOJIOB OT/MYaercss OYeHb BBLICOKON PeruoceleKTUBHOCTBHIO B hapa-
NMOJIOXEHWE MO OTHOWEHHUIO K TMOPOKCUIbHOM rpymnne. Tunuusoe
pacrpenefeH’e opmo- K napa-u3oMepoB IMPU HUTPO3UPOBAHUU MOX-
HO IPOWUIIOCTPUPOBATh Ha [IpUMepe caMoro ¢eHona:
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OH
_NaNO,; HOl _ @—
TH0; 0-5C

HutposodeHoNbl B pacTBOpax CYLECTBYIOT B BUIE TAYTOMEPHBIX CMe-
ceil HUTpo3odeHoaa ¥ MOHOOKCHMMAa XHHOHA, PaBHOBECHE CHIBHO
CMEIIEHO B CTOPOHY MOHOOKCUMHOMR (hOpMBI:

@ o, _ @ ¢ _NHOH @

N—OH

B XMMUYeCKUX peaklUsaX #N-HUTPO30(MEHOEI IIPOABISIOT APKO BbIpa-
XEHHYIO IBOMCTBEHHYIO PeaKLUOHHYIO criocobHocTh. Ilpu okucine-
HMUY OHH MIPEBPALIAIOTCSA B HUTPO(DEHONbI, a8 TIPH B3aUMOAEWUCTBUM C
TUAPOKCUJIAMMHOM JAIOT XMHOHAMOKCHUMBL:

N-OH

25%nas _NH,0H
HNO3
N=0

ALIETUIMPOBAaHME n-HUTPO30¢heHO 2 NPUBOAUT K CMeCH aueTara de-
HOJIA K OKCHUMa, IIPUYEM aleTaT XMHOHOKCHMa IIpYU HarpeBaHUM U30-
MepU3yeTcsl B alleTaT n-HuTpo3odeHona:

OH OCOCH; OCOCH;
@ R @ Q @
N=0 N-OCOCH; N=0
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21.3.5.a. ATKUJIUPOBAHUE N ALUWJIMPOBAHUE ®EHOJIOB
IO OPUAETO~KPADTCY

DeHOoNBbI ANKWITUPYIOTCS B KOJBLIO IO NMCTBUEM CAMBIX Pa3Ho-
06pa3HBIX ANKWIMPYIOLMX ar€HTOB: ANKEHOB, CIIMPTOB U ANKHITa10-
TeHWUIOB B YCJIOBHAX KHCIIOTHOrO Katanu3a. Tak Kak ¢peHoNb! B3auMo-
IeHCTBYIOT € raTOTeHUIAMK AJIIOMHHUS ¥ IPYTUMH KHcToTaMu JIbionca
¢ obpasosanueM coneil Tuna ArOAICl,, B KayecTBe KaTaau3aTopoB
MPpeANoYMTAIOT UCIIONb30BaTh (PTOPUCTOBOAOPOAHYIO, docdopHYio
KUCIOTH uaM KatdoHuThl KY-2, nayskc M Apyrue KaTHOHOOOMeEH-
Hble cMobl. TakuM obpa3oM, M3 n-Kpe3oja U M300yTHJIeHA B Ipo-
MBILUIEHHOCTH ITONIY4YalOT MPOCTPAHCTBEHHO 3aTPYIHEHHBI eHon —
2,6-n1- mpem-6yTun-4-mMeTAGDEHOI (MOHO), KOTOPBIIA ILIMPOKO MpH-
MEHSIETCS U1 CTaOMAM3ALUM TOTHMEDPOB:

OH OH
(CH,);C C(CHj;),

KV-2
-+ = —— -
(CH,;),C=CH, T00°C

CH, CH; wnoHon

AHANOrMYHO U3 (HeHONa U U3OMPOIMIIOBOTO CIIMPTA ITonyvaercs 2,4,6-
TPUN3ONIPOTIIUIDEHON:

OH OH
o (CH3)HC CH(CH;),
HF; 0-8'C
+ CH,CHCH; ——————»
o1 (95%)
CH(CH),

MoHOATKUJIMPOBaHHE APOMAaTUYECKOrO KOJIbLia, KaK M Jpyrue peak-
uru ankunupopauus no dpuaemo—Kpadrcy, ornuyaercas HUIKOA
pPerMoceeKTUBHOCTHIO M MIPHBOAMT K CMECH COM3MEPHUMBIX KOJTMYECTB
opmo- ¥ napa-wu3oMepoB. AJKWIMPOBaHME oDpaTMMoO, U B IPUCYT-
CTBHM CHJIBHBIX KHcnoT JIploKca B yCIOBMSIX TEPMOAMHAMUYECKOrO
KOHTpoJA HabnonaTes NneperpyniupoBKU:

OH OH OH
AICl;; HCI; 100°C
- +
CH;
CH,3 CH,
(20%) (80%)
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Amwirposanue (HeHONOB B KIACCHYECKUX YCIIOBUSAX peakumuu Ppu-
nens—Kpadrca KOMIUIEKCOM aUUNTATIONeHWAA M XJIOpHAA aTIOMUHHSA
TAKXKe [IPUBOMMT K HEYIORIETBOPUTENBHBIM PE3Y/IBTATaM, TaK KaK aL{|-
JIMPOBaHUIO MTOABepraeTcs rMAPOKCWIbHaA rpynna ¢eHona. Bonee 3¢-
cdexTHBHA Takas Mogu(UKALIMS STOTO METONA, KOTAA B KAYECTBE ally-
JIMPYIOLLIETO areHTa MCIIOb3yeTCsl KOMIUIEKC KapOOHOBOH KUCJIOTHI H
tpexdTopucroro Gopa. ALWIbHASA IPYIa IPY 3TOM BBOAUTCA NMPaKTH-
YecKH UCKIIOUMTEIBHO B napa-nosoxeHne 6eH30JbHOrO KoJbla. Tak,
HanpuMep, ¢eHon Mpu B3aUMOAEUCTBHM C KOMIUIEKCOM YKCYCHOMM
kuciotst 4 BF; maer napa-rugpokcuanerodeHoH ¢ 95%-M BBIXOLOM:

OH OH
+ CH,COOH - BF; —2C o
(95%)
H,C—C=0

Haunbosnee obuii MeTo moyy4eHUs THAPOKCUMKETOHOB apOMaTH -
YeCKOro psAa OCHOBaH Ha IeperpynnupoBke ®puca. K. ©puc 8 1908 r.
HaLlleNl, YTO apuioBble 3¢uUpbl KapOOHOBBIX KHUCIOT IIPH HArpeBaHUM C
AlCl; wnu AlBr; neperpynnupoBbIBalOTCS: B MU30MEPHBIE 0pno- WIK hapa-
rugpoKcukeToHbl. Kaxk mpaBuno, B pe3ynbTare neperpyniupoBKH 00-
pa3yeTcsi CMech 0pmo- ¥ napa-u3oMepoB 6e3 MpUMeCH Mema-H3oMepa:

It
0-C—-CH,CH,

OH 0 OH
1) AlCly; C¢HsNO,; 140°C C-CH,CH,
2) H,0; HCL; +

(35%) CH;—CH,—C=0
(50%)
CoOoTHOLIEHHE 0pmo- U napa-u3oMepoB 3aBHCUT IJIABHBIM 00pa3oM OT

TEMITepaTypbl U pacTBopHuTes. B Gosee XecTKHX YCIIOBHUSIX peobianaer
0pmo-TUAPOKCUKETOH, a nipu 20—25°C — napa-ruIpOKCUKETOH:

OH
o AICly; 25°C /@
1 N

0—-C—CH, GHsNO,  H,C

. ° 1l
AlCl3; 165 *C t E-cn,
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Ieperpynnuposka PpHca 4acTO UCITONB3YETCH /I MOAYYEHUS MH-
JUBUAYaJIbHBIX THAPOKCHKETOHOB. M3 alle TWICAIMIIMIOBOM KHUCIOTHI
(acriupuHa) moay4aeTcsl S-aueTHII-2-THAPOKCUOEH30MHAsd KMCIIOTA,
a U3 n-aneToKCHMOeH30MHOM KUCIOTHl — 3-aueTun-4-ruIpoKcubeH-
30ilHas KHUCJIOoTA:

o
CH,C?
1) AICL,; C(H,NO,; 25°C
COOH » COOH
2) HCl; H,0; 20°C
OCOCH, OH (83%)
o
CH,C*
1) AICL,; 180°C
CH3coo—©~c00H ) Alch, » HO COOH
2) HCL; H,0; 0°C

MexaHuaM neperpynnupoBkd ®puca, 11o-BUIMMOMY, 3aKTI0OYaeTcs
B MEXMONEKYISIPHOM ALWIHPOBAHHWU OpMO- WIN Napa-TOJOXECHUs
0EeH30IBHOIO KOJbLA apWIOBOTrO 3¢Hpa KOMIUIEKCOM BTOpPOM MoJie-
KyJnt ciroxHoro a¢gupa u AlCl; ¢ oOpasoBaHHeM aLWIBHOTO IIPOU3-
BOIHOI'O TMEPOKCUKETOHA W (eHoa:

0
y; AlCl
OCOCH,; + CH,C~OCgHs
0
—_— C&—C@OCOC& + C4H:OH.

Ileperpynnuposka 3aBeplUaeTcs MEXMOJEKYISIPHBIM NMEPEHOCOM
ALIMWJIBHOM TPyIIbl K ¢deHony:

0
/
CH;—COO@CLCH3 + @—OH ——
0 o)
4 4
_— <@>vo—c—c1{3 + HO—@C—CHg.

B oTnnume or caMux GpeHOJIOB UX IPOCThlie IGUPHI OYEHb JIETKO MO~
BEPraloTCs permoceseXTHBHOMY auuaupoBaHuio o ®punenio—Kpad-
TCY B MSITKMX YC/JIOBMSX C 06pa3oBaHUEM Hapa-aIKOKCHAPUIKETOHOB.
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Haunyyuine pesyabTaThl JOCTUTAIOTCA NMPH aUMIMPOBAHUHU NPOCTHIX
3¢pupoB (EHOJOB ALUMJITAIOreHUIAMH B XJIODHCTOM METWIEHe IIpH
0°C B npucyrcTBuH aByXx moieit AlCl; unan AlBr;:

0]

0
/° . AICy; 0-5C /
R‘O-@ + RC—C —2—— R'O~—<©>——C/\ :
CH,Cl, R?

(85-95%)

PeakinvoHHocnoco6HbIe (heHoNb! (00BIYHO NBYyXaTOMHBIE deHO-
JIbI, TIPOM3BOAHBIE PE30OPLIMHA) MOTYT ObITh ALMIMPOBAHBI IPK B3AHU-
MOJECHCTBUM C HUTPUJIAMU M CYXMM XJIODUCTHIM BOIODOJOM B NpPH-
CYTCTBUM XJOpMIA LMHKA Kak ci1aboit kucnotsl JIblonca (peakius
K. Tema, 1915r.):

® ©
OH OH WHZ a
HC, ZnC12 C‘CH:; H20; 100°C
+ CH;CN —-———-—W; oC — -
HO OH HO OH
OH %
HO OH (74-85%)
® ]
CgHsCHz‘—C=NH2 a
HO OH
. HCl; ZnCl, HO OH y.0; 100°C
CsHsCH,CN W _—-
CgH;CH,—C=0
HO OH
(60—70%)

Cam deHon u MHOrue Apyrue oAHOATOMHBIE (DEHONBI B YCIOBHAX
peakuuu leura p[alOT He KETOHBI, & COAM HMHUHO3PHUPOB
ArOC(R)=N*H, CI".

KonpneHcauuio GpeHonos ¢ prajeBpIM aHTHAPUIOM B TIPUCYTCTBUM
cepHOil KMcnoTel WM xjopuiaa umHka (A. Baitep, 1874 r.) cnenyer
paccMaTpyBaTh Kak OAHY U3 pa3HOBUOHOCTEN peakUMy auWIHpOBAHUSA
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no ®puneno—Kpadrcy. B atoM ciayyae npe Monekynnbl ¢geHoNa KOH-
JEHCHUPYIOTCS C OHOM Monexynoi ¢grrateBoro aHruapuaa ¢ obpasona-
HHMEM NPOU3BOAHBIX TpuUdeHUIMeTaHa, Ha3bIBaeMbIX (TaNleMHAMMU:

@ @ @ H,50, 120°C QC\@?

=

o]

(beﬂomplancmi
(GeCLBETHBIH JIAKTOH)

Ipu pH > 9 Boxukbiit pacrBop deHondTaneMHa OKpalIMBAETCSA B Ma-
JIMHOBBIN 1{BET B pe3yJIbTaTe pacllefIeHHUs JJAKTOHHOIO LIUKJIAa ¥ 06-
pa3oBaHUs AHAHHOHA:

OH OH o® o
< C

C COOe
Y

Mpu KoHzeHcanuu ¢rajeBoro aHrUAPMAA C pe30pLUHHOM 0bOpa-
3yeTcsl XeJITO-3eJieHbli GiyopeclienH, IHMPOKO MCITONb3yeMblif B Ka-
yecTee ¢GIyopecUMpPYIOLET0 CPEACTBA:

SO O G - @gﬁ .

¢nyopeclieH

HHankaTopamu SBIAIOTCA M Bpyrye ¢TalenHsl, roayvyaeMslie u3 ¢ra-
JIEBOTO aHTHAPHIA U 0-Kpe30J1a WIKM TUMOJa — Kpe3oadTaieuH, TH-
mojibTanenH U 1.4.
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21.3.5.e. POPMUIHUPOBAHUE GEHOIIOB

Pasznoo6pasHble MeTOAbl BBelleHUS] GOPMUIIBHON I'PYIIIBLI B apo-
MaTnyeckoe koiblLo (peakuuu Iarrepmana—Koxa, BunbcMmeitepa—
Xaaxa u znp.) 66UTH MOAPOGHO paccMOTpeHH! B I1. 13. B aToM pasaene
1“3 MHOXECTBA METOIOB BBeNeHUs (pOpMUIIbHOK TPYNNELI B 0pmo- U
napa-nojoXeHus: K THIPOKCUIIBHOM rpynne ¢eHonoB 6yaeT noapos-
HO paccMoTpeHa Toabko peakiusa K. Peitmepa—®. Tumana (1876 1.).
DTa peakiivs MO CBOEMY MeXaHU3MY Pe3KO OTAMYACTCS OT peakiLiuit
3JIeKTpoGUIBHOIO 3aMEILEHUST B apOMaTHYECKOM KoJble (PeHONOoB,
[I03TOMY €e liejiecoo0pa3HO pacCMaTpUBAaTh OTAEIBLHO OT APYFHX CIIO-
coboB popMUIMpoBaHUS (EHOOB.

OopMmmnuposanue ¢eHosoB no Peitmepy—TuMaHy nocruraercs
[IpH HarpeBaHUu cMecH deHona 1 Goblloro U30LITKa XJIopodopMa ¢
BOJAHBIM PacTBOpoM IMApoKcHaa HaTtpus npu 50—70°C. Beixons! ans-
JeruaoB oOBIYHO HEBEJMKH M pelko npesbliaioT 30%, onHAKo Me-
TOL MCKIIOYUTENBHO IIPOCT U JOCTYTICH B [IPAKTHYECKOM OTHOILIEHUH.
I'maBHOe HOCTOMHCTBO peakuuu Peiimepa—TumaHa 3axkioyaercs B
NIPEUMYLIECTBEHHOM O0Opa3oBaHMM opmo-, a He napa-u3oMepoB, Kax
3TO UMeeT MecTo JUisl peakuuii Farrepmana u BuibcMeitepa—Xaaka:

OH OH OH
+ CHCI + NaOH ——2¢ » cHo ,
CHC]:; - H2O
(10%)
CHO
OH
NaOH; CHCly; 60°C OH
H,0 — CHCl,
(38-40%)
OH OH OH
CH OHC
* NaOH; CHCl;; 60°C CHs . CH,
Hzo - CHC13
(8%)
(20%) CHO

@@] NaOH; CHCl;; 60°C @@—cm

MexaHu3M 3Tol cBoeoOpa3Hoili U HeoOblyHOM peakuwu 6bUT cdop-
MYJIMpPOBaH B Kjlaccuyeckux paborax JIx. XaitHa ro oGpa3oBaHHIO K
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H3yYEHHUIO peaKLIMOHHON! crioco6HOCTH quxiopKapbeHa. Jluxnopkap-
6eH — :CCl, — BBHINONHAET posib ASKTPOGUNBHOTO areHTa Mo OTHO-
LeHHIO K eHOKCHA-HOHY, 06pa3ylonieMycs B LieJIouHol cpene. [Ipen-
noJjiaraeMbiii MexaHW3M peakuuu Peiimepa—TwuMaHa MoxXeT ObITh
[IpeACTaBAEH CAeAYIOLIEH MOCIeN0BATEIbHOCTHIO IIPEBpALIEHMH:

OH® o
CHCI, H,0 + cc —» :ccl, + O3 H,0.
o°
0 o 0 o
cal, CHCl, + OH
+:00,—> gy _HOH H
7 7
o

— @‘ | CHQ

® 4C
CHCI o
o NG, o)

I((;)JH

c’ °
Ny +HO+

Ipu nposenenun peakuuu B D,0 Gonee 97% neiitepus Biniovaercs
B (OPMMILHYIO IPYITITY CATHIMIOBOIO aNbAeruaa. 9To 03HA4YaeT, YTo
npeBpalleHue

) OH
CCl,
HOH CHCl,

HE OCYLLECTB/ISETCA KaK BHYTPUMONEKY/IAPHbIHA 1,2-THOPUIHDBIA CABUT,
3anpelleHHbIA NpaBHIaMK OpOUTANbHOM CUMMETPUU. XOTA aHHOH JHX-
JIOPMETHILIUKJIOTEKCAIUEHOHA He ObUT BBIACIEH B KaYecTBE NPOMEXY-
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TOYHOTO NpoIyKTa peakuuu Peitmepa—Tumana mist camoro ceHona,
[MpUBEJEHHBIN BBILIE MEXAHHU3M HMMEET IKCIIEPMMEHTAaNbHble JTOKa3a-
TenbcTBa. s peHONST-UOHOB, Y KOTOPBIX Opmo- WIH Napd-rojoxe-
HME 3aHSTO ANKMJILHOH IpYMNoii, MOMHUMO I'MApPOKCHOEH3aIbaCrMaa
JpYTrUM TPOAYKTOM peaKLMU BCETAa OKa3bIBAETCS LUKIOTEKCAAUEHOH,
coiepXaluif JUXTOpMETIWIBHYIO rpyriry. Tak, Hanpumep, U3 napa-Kpe-
30J1a [MOJIy4aeTcsl 2-THAPOKCH-S-MeTHIOeH3aANbIernn U 4-MeTHI-4-aUX-
JIOPMETWILMKIIOTEKCAWUEH-2,5-0H MPUMEPHO B PABHBIX KOJUYECTBAX:

NaOH; CHCl;; 60°C
Hzo - CHC13
CH; H,C" "CHC,

(25%) (26%)

2,4,6-TpumetundeHon obpasyer 06a BO3MOXHBIX M3OMEPHBIX IUX-
JIOpMeTHIILIMKIIOreKcanueHoHa, B Kotopeix CHCl,-rpynma He mon-
BEpraeTcsi ruapou3y:

OH 0O CHCI 6]
H,CSAr M NaoH; cHaly; 60 HC i e e
- 3> > CH3 + ’
H,O — CHCI
CH, 2 ’ &n H,C CHCl,
3 (77%)
B TO BpeMS Kak 2,6-1u-mpem-0yTuii-4-MeTHIQEHO) B 3THX YCIOBUAX

JaeT, KaK ¥ CIEeIOBANO OXHUAATh, TOMBKO OXMH M3 JBYX BO3MOXHBIX
HU30MEpOB:

OH

OH
CH3):C C(CH3)3
NaOH; CHCl;; 60°C
H,0 — CHCl;
CH, ¢H,CHCl,
(78%)

O6pa3oBaHNe aHOMAIbHBIX IIPOJYKTOB CIYXHT yOe N TeTbHbIM O/~
TBEPXKOCHMUEM MEXaHM3Ma, MpelTaraeMoro sl HOPMAJIBHOrO Harpas-
JIEHUsA peaKklivy, NIPUBOSAILErC K 00pa3oBaHMIO aNbAErUIa 110CHe U30-
MEpPHU3aLMU U TMAPOAN3A AUXJIOPMETHILHOM rpyninbl. Peakius npotekaer
TONBKO B CWJIBHO LUEAOYHOM cpele MpH HAIMYHUK (GeHONBHOIro ruapo-
KCWIa, TOTAa Kak MpocTble 3¢upbl GHEHONOB U AMANKWIAHWIMHBLL He
(bopMUITHPYIOTCS B 3TUX YCIOBUSX. BbIXOIBI ATLIETUAOB B peakuuu Peii-

(CHy),C C(CHys
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Mepa—TumaHa HeBeIMKHM, TaK Kak 6oibllasi YacTh JUXJIOpKapbeHa ruj-
poausyeTcsl B BOAHOM weno4yd ¢ obpazosannem CO u NaCl:

:CCl, + Hy0 —> [HO—CHClz] NaOH, -6 + 2NaCl + 2H,0.

KpoMe Toro, nuxinopMeTIoBbli 3dup deHona, obpasyiouuiica 8 pe-
3yJIBTATE aTaky AUMXJIOpKapbeHa Mo KUCJIOpOAHOMY aToMy aMOuIeHT-
HOro (peHONAT-UOHA, HALIEJO THAPOIU3YeTCS A0 UCXOAHOro (heHona:

CClz O~CHCl,

1CCly @ HO_ NaOH
+ HCOO®,
HO

21.3.5.x. KOHAEHCALIUA ®EHOJ0B C AJIBAETUJIAMY 1 KETOHAMU

QeHonbl peardpyior ¢ GopManbIeruioM B BOLHOM pacTBOpe B
[IPUCYTCTBHM OCHOBaHUsSL ¢ 0Opa3zoBaHMEM IMOJUMEDHOIO MPOOYKTa,
TTOJIYYMBILIEr0 Ha3BaHHe (eHoNo-PopMaTbACTHIHON CMOJIBI, Kap6o-
nuta wiy 6akenura. B 1909 r. JI. bakenxyHa 3amareHToBal crocob mo-
JIYYEHHSI 3TOTO IEPBOrO0 CHHTETHYECKOIO BBICOKOMOJIEKYISIPHOTO CO-
eIMHEHHSI, KOTOpOe cpasy Xe HALLIO IIKUPOKOoe NMPHUMEHEHMUE B
Pa3NMYHBIX O6NACTSAX MALIMHOCTPOCHHS, JNEKTPOTEXHUKH M ObiTa,
HaIpUMeEp, IIpPH H3rOTOBJIEHWHM KOPIYCOB TeNedOHOB, 3NeKTpUYec-
KHYX BBIKJIIOYATENEH M T.1.:

OH

. @ o HCHO NEOH; 20-150°C
H,0
OH OH OH OH
NCACRCRC
OH
©) @ ©
@ @

CrpykTypa heHOno-popManbIernaHoH cMObl
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BsaumogeiicTBue dpeHOKCHMA-HOHA C (POPMANBAETrUIOM HATIOMMU-
HaeT aJILJOJBHYIO KOHIEHCALMIO € TOW JMIUb pa3sHHUIIEH, YTO pOJb
HYKJIEODWIBHOIO areHTa BMECTO EHOJISIT-UOHA BBINTOJIHAET aMOUAEH -
THBIH (PEHOKCHI-UOH, a2 KApOOHWIBHBIM KOMITOHEHTOM siBisieTcst ¢pop-
MalbACTUA;

o° o
CH,0°
I© o H C//O NaOH 2
-7 - N
= H H,0 & H

u O CH®
OH OH
CH,0H

Pazymeercsi, o6pa3oBaHue opmo- ¥ napa-rufipoKCUMeTHI(eHOIOB
MOXHO PacCMATPUBATh U KaK 31eKTporiIbHOE 3aMellleHUe B apoMaTH-
YeCcKOM KOJibLie o[ AeiicrueM dopManbaernia Kak 371eKrpoduibHOro
arenTa. [Tono6HO anbaonsM, opmo- ¥ napa-n3oMepbl THIPOKCUMETWI~
deHona noaBepralOTCA Aerwaparaldu ¢ oOpa3oBaHUEM XMHOHMETH-
OB — COEMHEHM, PONICTBEHHBIX 0pMo- N Hapa-XWHOHAM:

o
O 0

cn,Cbu LS + OH®;

o
O
l —>t°C l¢, + OHO.
CH2Q)H CH,

lMocaeayouee npucoenuueHne GeHOKCHA-UOHA K XMHOHMETURY Tipe-
cTapisier coboit npucoeqMHeHHMe aMOMIEHTHOrO aHUOHA K «, 3-He-
NpeaeisbHOMY KETOHY o Muxasinio:
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o°
(S o —
F ——

0] OH
— OGOcH2D —> Oe“Q_CHz‘O

B pesynbTaTe panbHeiued NoJMKOHIEHCAUUH B 0pmo- U napa-1oso-
XeHUe K FHAPOKCU-TpyIne ¢eHona MoayyaeTcsl TpexMepHast CTpyK-
Typa KOHEYHOTro mpoayxra — 6akenurta. bakenut npeacrapiset coboi
[PO3paYHYIO CMOJIY, TOE JIMHEHHBIC 3BEHDbSI CBSI3aHbI «[IOMEPEUHbI-
MU» CBSI3SIMHU B 1apa-IONOXEHUSX.

®eHon TakkKe KOHICHCUDPYETCsS C alleTOHOM B KMCIIOH cpene ¢
obpazoBandeM Tak HasbiBaeMoro 6ucceHona A:

OH OH
o
+ CH;COCH, + _Ha_ HO—©-|C—©-OH.
CH,
6ucdenon A

ITonyseHo MHOTrO NOAOGHBIX MPONYKTOB KOHAEHCALMU (HEHONOB
¢ keroHaMH. OHM HAXOAAT MIPUMEHEHHE B KaYyeCTBe aHTUOKCUAAHTOB
¥ MOHOMEPOB IS [TOJTyYeHUS SMOKCHAHBIX CMOJI, IOJyYaeMblX, Ha-
MpUMeEp, NPU KOHAEHCcAUWH 6ucdeHona A ¢ SMUXTOPTUAPUHOM:

CHZ/—-CH—CH2C1 + oe—@?@o% CH{—CH—CH2C1——
CH,
o CH, 0
\ | /7 \
— CH/—CH-Cﬂz—O—@?'@O—CHz—CH—CH2 —
CH,
g
)
0 C lot
@ i 1@ o CH,
3 CH{—CH—CH,—O-@-$-©-0——
CH,
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CH,
l
—CH,—CH-CH,—0 C & urn
| |
oe CH,

DMOKCUAHbIE CMOJIBI IUMPOKO MPUMEHSIIOTCSI B COBPEMEHHOM TEXHM-
K€ U B ObITY.

21.3.5.3. KAPBOKCUIIMPOBAHUE ®EHOKCHUA-NOHOB —
PEAKLIMA KOJIbBE

OpHIMHaNbHBIA METOJ BBEAeHUS] KApOOKCUIBHON IPYNNbl B apo-
MaTnyeckoe KoJiblio 661 oTKphiT I. Konbbe B 1860 r. Ilpu Harpeba-
HUU cyxux ¢eHoaaToB Hatpust wiM autnsa ¢ CO, npu 150—180°C u
JaBjaeHUU S aT™, oOpasyloTcsd HaTpMeBbie WU JIUTHEBLIE COJIM CaNu-
LMJIOBOM KHUCJIOTbI. B aHAJIOTHYHBIX YCJIOBUAX U3 (GEeHONATOB Kaiusl,
pyoMIMs H LIE3Us TONY4aloTcsd TOJbKO CONM napa-rUIpOKCHOeH30i -
HOM KMCJOTBI:

ONa . OH
COONa
+ €O, 180°C; 5 atm
OK OH
+ o, 200—220°C; 5 at™
COOK

Takoe pa3nuMuyue B HanpasieHHMU KapGokcunauposaHus Na- u K-co-
neit dbeHoNna NPUHATO OOBSICHATL pa3jIMuUeM B XelaToobpa3oBaHUU
3TUX ABYX KAaTHOHOB ¢ aToMoM Kucyiopojga CQO, B nepexolHOM CO-
CTOSIHUM peaKliMM, NMpUBOASILEM K CalHLUIoBOi Kucnote. Karuo-
HBbl HaTpus M, OCOOEHHO, JUTUS 3HAYUTENAbHO Oosiee 3¢ PeKTUBHDI
110 CPaBHEHHUIO C KATUOHOM KajiUsl B CIOCOOHOCTH K 0Opa3oBaHMIO
KOOPAMHALMOHHON! CBSI3¥ C aTOMOM KUCJIOpPOAA:

8. N

ONa .o OH
pY COONa
+ COp, == e C‘\O - '

l’lpennonaraeTCﬂ, 4TO A QJCHOJISITOB Kajius, py6mmﬂ H LE3UA IJICK-
TpO(bHﬂbHaﬁ aTakKa OCYLUECTBAACTCA HMCKIIOUYUTEIBHO B ngpa-nojo-
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XeHue 6e3 Kakoit-11mbo KOOpAMHALIMYU KAaTHUOHA MO aTOMY KNCA0poaa.
3Ta 0YeHb pacMpOCTpaHEHHAS TOYKA 3PEHMS HA MEXAHM3M peaxKLivu
Konbbe Bce-Taky He OOBSCHSIET McUepribliBalOMM o6pa3oM AMaMeT-
pajibHO NMPOTHUBOMNOJIOXHOE MMOBeAeHUE (PEHOSITOB HATPUS U KUTUA B
3TOI peakLiMH, TaK KAaK M3BECTHO, YTO KAaTHMOH Kajius cnocobeH K
06pa3oBaHHI0 KOMIUJIEKCOB ¢ KUCHOPOLAHLIMU AUTaHAAMK, HanpuMep
KpayH-nonuagupaMiu. bonee noapobHoe U3yyeHHe yKa3bIBAET HA TO,
YTO MEXAHU3M 3TO BHELIIHE OYEHD NTPOCTON peakKU MU HAMHOTO CJIOX-
HEE, YE€M [PUHATO CYUTATD.

be3BonHble MOHOCAIMUMAATBl Kaiusl ¥ pyOoMaus rpu Harpesa-
HuM po 200—220°C narort au-K- u au-Rb-conu napa-ruapoxcuben-
30MHOI KUCAOThI U eHou:

OH

2 COOK =% 2007220 @-COOK + @OH + CO,.

Jukanuesas cojib CATMUMIOBOM KHCJIOTBI MEPETPYNIIAPOBLIBAETCS B
JUKAIUEBYIO CONtb NApa-rUAPOKCUOEH30MHON KUCIOTHI:

OK

2 COOK 2207250C 2 KO—@—COCK

HarpueBast conb napa-ruapoxcubeH30HHONW KHMCAOTHI NpU Harpesa-
HWH MPEBPALIAETCA B JUHATPUEBYIO COJIb CAULIMIOBOH KUCIOTHI:

290°C
o—@coom e @coom + @OH + CO,.

N3 storo cnemyer, 4To KapOOKCHIMPOBAHUE LUEJOYHBIX (heHONSITOB
npeacTaensgeT coboil o6paTUMYIO peakidIo, U HalpaBieHWe €€ 3aBU-
CHT TONBKO OT NPUPOIbl KATUOHA. AHAJIOTMYHbIE 3aKOHOMEPHOCTH Ha-
6moparoTcs Npyu KOpOOKCHIMPOBaHMM LLENOYHbIX cosiell 2-HadTona:

ONa OH
260°C; S atm
A = AN

COONa
OK OH
& 250°C; 5 am™ &
-+ C02 — -
= F 7

KOOC



B oTiiMuMe OT OAHOATOMHBIX (PEHOIOB, IBYX- U TPEXaTOMHbIE (EeHOJEI
KapboKCHIUPYIOTCA B Bosiee MSrKUX yeloBUsX. Tak, pe3opuuH xap-
6okcunupyerca npu nponyckaiuu CO, B BOLHBIM pacTBOp ero quKa-
nuesoit conu npu 50°C ¢ ob6pazoBaHueM 2,4-IUTHIPOKCHOEH30HHOIM
KHCNOTBI:

COOH
1) COy; H,0; 50°C
o : - OH
2) HCL; H,0 ‘
KO HO (57-60%)

Tlpu xap6okcunrupoBaHUM Mema-aMuHodeHoNa oOpasyerca napa-
AMMHOCAIMILMIOBAS KHUCJOTa, KOTOpas [OJ TOProBbIM Ha3BaHHEM
ITACK ucrmonb3yeTcd B KauecTBe JIEKAPCTBEHHOro MpeliapaTta IS
JleyeHusl TyOepKynesa:

COONa
ONa NaHCO:; OH
H,0
H,N H,N

21.3.5.u. ASOCOYETAHHUE

OeHoJbI IIPH B3aUMOIEHCTBHH C COJISIMH apeHIHA30HUS B Clla-
6oluenouHoit cpene obpasyior apunazodeHoabl. ITa peaklHs MHony-
YWJia Ha3BaHUE a30COYETAHUS, OHA ObLIA MOAPOGHO pPacCMOTpPeHa B
ri. 20. B kavyecTBe mpuMepa NMPHUBEAEM 3[ECh NOJYYEHUE KPACHTENS
nyHuoBoro 2R, KOTOpLIil MoNMy4yaeTcsi MPU a30COYETAHUU JUA30TUPO-
BaHHOI'O Mema-KCHWIMANHA U R-kucnorsr:

H; Nao3s SO3N
- CH3@N=N HO
NaO,S SO;Na
nyHuosbIi 2R
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21.3.6. IEPETPYIIIIMPOBKA KIAA3EHA
AJUTHUJIAPUIIOBBIX 3OHPOB

B 1912 r. JI. Kngit3eH oTKpbUT HHTEPECHYIO U CBOe0OpasHyIo ne-
PEerpyInnupoBKy a/tuiloBsIXx 3¢upoB (eHONOB B aLMUADEHONBI, KO-
Topast cTana MPOTOTHIIOM Uit MHOTHX POACTBEHHBIX CHIMATPOIHBIX
neperpynnupoBOK, NpUBENeHHBIX B T1. 26. AJMIIOBLIH 3¢Up deHoNa
npu Harpesanuu go 200—220°C npeBpainaercst B opmo-ajuiwiageHon,
T.e. AUIMJIbHAS TPYINIa MUTPHPYET B 0pmo-IIONIOKEeHHE OEH30JIbHOTO
KOJIbLA:

O-CH,-CH=CH, OH

200-220°C CH,~CH=CH, .
(73%)

Ecau oba opmo-TIOJIOXKCHUS 3aHATHI 3aMECTHTEC/IAAMU, TO aJUTWIbHaA
rpynma nepeMeuaeTca B napa-rnoJiIoXKeHHUE:

O-CH,-CH=CH, OH

H,C CHj, CH;

nec  HC

CH,~CH=CH,

YcTaHOBEHO, YTO U 0pmMo-, U hapa-neperpynimdpoBKH SIBISIOT-
Csl BHYTPHMOJNEKYJISPHBIMH peakUMsIMH NEepBOro Mopsiika, KOTOpbIE
COIIPOBOXAAIOTCH MHBEPCHEH MUTPHPYIOWIEH ATHIBHOM IPYILILI, T.€.
AUIMABHASA TPYIIAa NMPUCOEAUHAETC K OEH30JbHOMY KOJbLLY CBOMM
Y-yDJIEPOAHBIM aTOMOM:

O-CH,-CH=CH-CH, OH

220°C CH-CH=CH,
CHj,

W3 3Toro crenyer, 4TO HEpeXORHOE COCTOSTHHE TeperpyrnnupoBKU
KngitzeHa AOJ2KHO GbITH LIUKIUYECKHMM LIECTU3IBCHHBIM. Takoe nepe-
XO4HOE COCTOAHME BKIIOYACT LUECTh W-INEKTPOHOB U SABASETCA apo-
MaTHMYECKHUM, YTO COCTaBJISET ABMXKYLUYIO CHJIY 3TOH TepMHUYECKON
NneperpynnmMpoBKH. Ha ﬂOCJICIlHCﬁ CTagAuK TIPOUCXOMUT N3OMEpHU3aA-
UMl HUKIJIOTEKCAAMEHOHA B o-ajulniieHon. JTa CTanHsl MOJHOCThIO
aHaJorMyHa U3OMEPU3ALMH KEeTOHAa B eHOJbHYI0 dopmy:
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/CHZ 4’C~I\‘I 2
9 “cH Q" CH 9
I e~ CDy CDsCH=CH,
CD, t°C | —| H
= 7z =
HUKJIOr¢KCaJuCHOH
OH
CDs-CH=CH,
H30MEpHU3aLInA o l
=

2,4-1luxnorekcagueHOH SBJISIETCA WHTEPMEAUATOM MeperpyniupoB-
KY AJUTHIapUIoBbIX 3¢bupoB. Takoi MHTEpMEAUAT MOXET OBITh BblIE-
JIEH TpH MeperpyrnupoBKe autioBoro 3¢upa 2,6-nuMetindeHona,
KOTJa aJUTWJILHAS IPYINIa MUTPUPYET B Napa-NoNOXeHUE, [IOCKONIbKY
EHONMU3ALMA KETOHA B (heHOM B DTOM CJIyYyae HE MOXET IIPOUCXOIUTH
13 opmo-nonoxeHusi. KoHeyHbIM pe3yabTaToOM JABYX [OCAE0BATENb-
HBIX MUTPALIK AJUIMIBHOM IPYIIIbl SIBJSETCS COXPAHEHUE CTPYKTYDHI
MUTPUPYIOLIEN TPYIINBL

_CH,~CH=C
o-CHz~CH=CD,

H,C CH,4 H,C CH; .
1°C ve_
— CD,-CH=CH,
= 7
o) OH
H,C CH
H3C7¢W/CH3 t°C 3 \©/ 3
H CHZ"CHchz CHZ"‘CHchz

uknorekcagueHOH YJaBJIMBAETCSE B BUIE AJNyKTa C MAJEMHOBBIM
AHTUIPUIAOM, KaK HUEHO(DUIOM.

TleperpynnupoBka KnsiizeHa KaTtaausdpyercs KUcaoTaMu. Tak,
Hanpumep, opmo-aynuicdeHon obpasyercs U3 PeHHIAUIMIOBOrO
adupa B TpudTOpYKCYCHO# KHcnoTe yxe nmpu 20°C, a B MPUCYTCTBHH
xiopuaa turana (IV) B xiopucroM MeTwieHne — paxe npu —78°C.

Murpauusi aUIMIBHOM IPYIIIbl XapaKTepHa He TOJIbKO IS aJlTU-
JioBbix 3¢upoB (HeHOoNOB. AJUTIOBbIE 3(PUPb]I EHOJIOB TAKXKE TMOABEp-
raiorcst aJUTWIbHOM reperpynmnupoeke. Hanpumep, aJuIMIBUHUIIOBBIE
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3¢bUpEl B pe3yabTaTe MUIPaUMU aJUIMJILHOM CPYIINbI [IpeBpallaloTes B
Y, O-HEHACBIIUEHHbIE KAPOOHW/IbHbIE COEOUHEHUS!

S cn2oN o, Zon-cn, -239€

o |7
CHE “ScH, 0
— = = — CH2=CH -CH2CH2C\
Oz .-~ CH
Lt (50%)
CH=CH, »opc Q
CH,;=CH-O-CH ~——= CH,=CH-CH=CH~CH,CH,~C .
CH=CH, H

Bce 3TH neperpyniupoBKM B paMKax COBPpEMEHHOU TEpMUHOJOTUU
onpeaensiorcs Kak [3,3]-curmarpomnibie. MexaHM3M CHUTMATPOITHBIX
MEeperpynimupoBOK ¢ NMO3IULKHA OpOUTANBHON CMMMETPUH IMOAPOOHO
NPOAHAIU3UPOBaH B Ii. 26.

21.3.7. OKUCJIEHUE ®EHOJIOB

OKucleHHe MPOCTPAHCTBEHHO He3aTpyAHEHHBIX (PeHOJIOB OTHO-
CHUTCSI K YMCIY CNOXHBIX, MHOTOCTaIMI{HBIX IPOLIECCOB, MEXAHU3M
KOTOPBIX MaJIOo H3ydyeH. OYeBUIHO JHIIb TO, YTO MEXAHU3M OKUCIIE-
HUSL MOXET CHJIBHO MEHSITHCS B 3aBHCUMOCTH OT IIPUPOJIbI OAHO- WU
IBYX3JIEKTPOHHOro okuciautensa. CaM ¢eHON npu OKUCIEHUM ABYX-
3/IEKTPOHHBIM OKHCANTEIEM — JUXpOMAToM HaTtpust Wim MnO; B cep-
HOM KHUCNIOTEe 00pasyeT ¢ yAOBIETBOPHUTENLHEIM BbIXOIOM Hapa-XUHOH:

OH (0]
NazCr207
H,SO, — H,0 l |
(6]
A-XUHOH

IMpenmonaraior, 4T0 NepBOHAYaNbHO K3 (eHONa U XPOMOBOH
KMCNOThl niony4yaercst deHUWI0BbIH 3dUD XpPOMOBOIl KUCNOTHI, KOTO-
pblit 3aTeM otiueruiter aumoH HCrO;™ ¢ obpasoBaHueM KapbokaTu-
OHa, cTabMJIM3UPYIOLIErocsl MpU rUApaTauyM A0 MMIPOXWHOHA, KO-
TOPbIN fajiee OKUCASETCS OO XMHOHA:
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oClon

| ~HCOP _ Kj
O
Na2Cr 207 l
"H,S0,, H0
0]

YHuBepcanbHBIM ONHO3/JEKTPOHHBIM OKHCIHTENEM (DEHOJIOB SBISET-
cs1 conp OpeMu — HUTPO30AHUCYNBGOHAT KATUS — pPENKHIl IpUMEpP
CTaOWIBHOrO HEOPraHUYECKOTO HUTPOKCHIBHOIO CBOOOZHOrO pagu-
KaJa, rojydyeHHoro BiepBsie eule B 1845 r. OxkuciaeHue ¢peHoIoB co-
nb1o OpeMH HAET B OYEHb MATKUX YCIOBHUSX 110 paAHKaIbHOMY MeXa-
HU3MY M TIpDUBOOUT K Napa-XMHOHAM C BBIXOZaMH, ONU3KHUMH K
KOJIMYECTBEHHOMY:

OH 0
(KO,8),NO-; 20°C
(O——0)
O (97%)

HOH ﬁj +H®| ___

ApOMawaecxne AMHHBI I'MAagKO OKMCJIAIOTCSA COABIO (Dpeml 0 napa-
XHHOHOB.
NH, 0

CH,0 CH
CH0 CH, (KO;S),NO-; 200C  ° 3

“ H,0 — aueron

O (96%)

Cosp @peMiu JIerko AOCTYIHA Y MOJy4aeTcsl B HACTOSLLEE BpPEMS Clle-
AyoimuM obpa3om:

0=5°C
NaN02 + Na2$205 + CH3COOH H-0
2

0—20°C

(Na0,S),N—OH + CH;COONa;

3(NaO;S),N—OH + KMnO4

3(NaOJS)2NO + MTIO2 + KOH + Hzo

2(Na0;S),NO - + 4KCl 2(KO,3S),NO - + 4NaCl.
2
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Camblit mpocto#t 1 yoo6Hblit criocob nojiydyeHus: opmo- U napa-6eH-
30XMHOHOB COCTOMT B OKMC/NEHUM COOTBETCTBEHHO MUPOKATEXHHA U
THIPOXHHOHA. B KayecTBe oKUCHNTENE MOXHO UCIIONL30BATH CAMBIE
pa3HooOpa3Hble peareHTbl: IUXPOMAT HATPUs, rekcauuaHodeppar
(II1) xanua, nepKUCNOTHI, OKCHA cepebpa, THOKCHA CBUHIIA M psl
JPYTUX OKUCHUTENEH:

OH
Na,Cr,05; 30°C
H,S0,; H,0 |
OH O (86-92%)

AHRAanOTHYHO BeAyT cebs U napa-aMUHODEHONBI:

NH,
A NayCr,05; 10°C
H,S0, — H,0
OH

O (83%)

YnoBneTBOpUTENBHBIE PE3YAbTAThl IPU MONYYEHHH 0pmo-OGeH30XMHOHA
M3 MUPOKATEXHUHA JOCTUIAIOTCS B TOM Clyyae, ecld B KayecTBe OKHMC-
JIUTEJIS1 UCTIONB3YeTC OKCHJ, cepebpa B 3pupe B MPUCYTCTBHH CYJb-
data HaTPUs A1 CBA3BIBAHMS BbLICIAIOIUEHCS IIPH OKHCASHWH BOBL:

OH
o Neq
3¢up :
OH "0
XUHOHBI, coiepXall{e TEKTPOHOAKLENTOPHbIE 3AMECTUTENN —
2,3,5,6-TeTpaxnop-1,4-6eH3oxMHOH (x10opaHui) win 2,3,5,6-TeTpa-

uMaHo- 1,4-6eH30XHHOH CJIYXAaT NpeBOCXOAHbIMH OKUCIUTEIAMHU IJIsA
NpEeBPAILECHUS IBYX- H TPEXaTOMHbIX d)CHOJIOB B XMHOHBI, HATPHUMEP:

OH o OH

/ j¢fCl 80°C C@CH, aﬁq
+

N CH3 al CeHg > X CH, a o

OkucneHue IByXxaToMHbIX ¢peHo10B 10 1,4- unu 1,2-XMHOHOB ocylle-
CTBJISIETCS B HECKOJbKO CTamuit, BKIIOYaOUKMX obpasoBaHue aHUOH-
pagMKanoB M paauKanoB. MexaHU3M 3TOMH BaXHOH’ B TEOPETUYECKOM
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OTHOLUEHUU MOJEJIbHOW peakKUuU OyleT pacCMOTpPEH B pa3zesie «XH-
HOHBI».

MexaHuaMm okuciieHusl (GeHOJIOB, COAEpXAallUX B 0BOUX 0pmo-
MOJIOXEHHUAX U Napa-rojioXeHNH ATKUIbHbIE, apUIbHbIE UK ATKOK-
CUJIbHBIE TPYNNBI, TiateJbHO U3yyeH. E. Miostep (1953 r.) u Hesa-
BucuMo oT Hero K. Kyk oOHapyXuiu, 4TO Opu OKHCIEHUH
2,4,6-Tpu-mpem-6ytundenona rekcauuaHodpepparomM(Ill) xanus
K;Fe(CN)g B 6uHapHO# cucreMe GeH301—BOJa B MHEPTHOM aTMoOC-
¢epe obpasyercss YCTOMYMBLIM palvKan OMHOBANEHTHOIO KMCIOpO-
na — Tpu-mpem-6yTHN(pEHOKCU, OKPALIEHHbIH B CUHUR LIBET:

OH O-
(CH,);C C(CH3); K,Fe(CN)g; NaOH (CH;),C C(CH,),

Ce¢Hg — HyO; apron
C(CHy); C(CHy),

DTOT paguKajl HaxoAuTcsi B MoHoMepHoil ¢opme B 0,1 MonsspHOM
pacTBope B 6eH30Jie WM 3dMpe, a TAKXKE B KPHCTALUIMYECKOM COCTO-
aHuM. OH OYeHb YYBCTBMTENEH K HEHCTBMIO KHCJIOPONA BO3MyXa, OK-
cuaa aszora (IV), okcuna asora (II) u Apyrux panukajibHBIX YacTHLI.
OKuCNeHHe NMPOCTPAHCTBEHHO 3aTPYAHEHHBIX (PeHOJIOB N0 (PEeHOK-
CUNIBHBIX (APOKCWIBHBIX) PAINKANOB OCYLUIECTBSIETCS MOX NeHCTBH-
eM rekcauuaHodeppara (I1I) kanus B OuMHapHO# cucteme GeH30JI-
BoAa, AMoxcuaa ceBMHua PbO,, okcuaa cepebpa, conn Dpemu wiu
JPpYyroro OAQHO3JEKTPOHHOIO OKUCIUTESA B HHANDGhEPEHTHOM cpene:

(CH3),C C(CH3);
PbO,; 20°C; apron
HO N O »
3dup
(CH,);C C(CH3;)3
(CH;):C C(CH;);

_— - O—Q—N:Q:O
(CH,);,C (70-80%) C(CH3)s

UHAOGEHOKCHI

(MeHoKCHIbHBIE pafUKalbl, COAepXallue B 000X opmo- U napa-
NOJIOKEHUAX TPETUYHBIE aTKUJIbHbIE IPYITNbi, MOHOMEPHBI U HE Mpo-
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SIBISIOT TeHAeHUuM K oOpasoBaHMIO 1uMepoB B pacTeope. C apyroit
CTOPOHBI, (PEHOKCUJIbHBIE PAJIUKAJIbI, CONEpXaliue (HPeHWIBHYIO WU
ATKOKCHILHYIO IPYNITy B 0pmo- Wi napa-noJIOKEHUSAX K paIUuKaIbHO-
MY LEHTPY, NpPOSBJISIOT SIPKO BbIPAXKEHHYIO TEHIEHLIMIO K 0ob6pasoBa-
HHI0 IuMepoB. Tak, HanpuMep, NpH oxucineHuu 2,4,6-tpudeHnnde-
Houa rexcauuanogepparoM (II1) kanus nonyuaercs (c BoixogoM 95%)
numep, kortopsrit B 0,01%-M GeHsonbHOM pactBope npu 20°C nucco-
uuMpoBaH Toabko Ha 10%. Pagukanbl ¢ aJIKOKCWIBHOM IpynIioi B
napa-nonoxeHuu 6osee cTabuabHbI ¥ 2,6-01U-mpem-6yTHI-4-METOK-
cuderHokcun B 3%-M pacreope B GeHzone MoHOMepeH Ha 70—75%.

[Tpu okucneHun deHONOB 0Opa3yeTcsi HECKOJIBKO Pa3IMMHBIX
dopM nruMepoB B peaynbTaTe 06pazoBaHusa HOBBIX cBa3ell C—C mexay
opmo-opmo, opmo-napa- ¥ napa-napa-mojioXeHUsAMH UCXOIHBIX pa-
IUKaIoB, a Takxe HoBHIX C—O cBsizeit MeXAy aTOMOM KHUcCIopoaa
OIHOrO paguKala U opmo-II0JIOXKEHUEM NpYTroil paquKaibHOA YaCTH-
bl Beero, TakuM o6pasoM, o6pasyercs NOTEHUHAJIBHO He MEHee TISATH
PAJUYHBIX THITOB KUMEPOB, KOTOPHIE HAXOMATCS B PaBHOBECHH C
HCXONHBIM (hbEeHOKCHUJIBHBIM PAaIUKAJIOM, HAanpuUMep IJIE MOHO3aMe-
LeHHOro ¢deHoma:

— H
Xostet o
R H =
— oG
R

]

Jdumepnl, BOZHHUKAWOIINE B pe3y/ibTaTe PeKOMOMHALMM paguKa-
JloB ¢ obpasoBaHueM HOBoi C—C-cBs3H, Ha3bIBAIOTCS XUHOJIWAAMM.
XUHOMUABI Aanee U3OMEPUIYIOTCS ¢ 00pa3oBaHHEM HU3OMEPHbIX IM-
ruaApoKcHou e HUNOB. Jpyroi THIT AUMEPOB, COAEPXKAILUX UEHTPAb-
Hy10 cBs13b C—O, HOCHT Ha3BaHHE XHHOJIOBBIX 3pupoB. O6paszoBaHue
XMHOJOBbIX 3(pMpOB CBONCTBEHHO JJTSI MHOTHMX IIPOCTPAHCTBEHHO 3aT-
PYAHEHHBIX (PEHOKCHIbHBLIX PAIUKATOB, HaripuMmep s 2,4,6-tpude-
HudeHoKcUuna, 2,6-au-mpem-6yTun-4-gpenunncperokcuna; 2,6-gu-
mpem-6yTUII-4-aNKOKCU(PEHOKCHUIOB U T.II. XMHOIOBbIE 3¢UPbI MOTYT
OBITh MOJNydeHbl NMPSIMBIM OKHCJIEHMEM COOTBETCTBYIOLLMX [TPOCTPAH-
CTBEHHO 3aTPYAHEHHBIX heHOoN0B:
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OH

Cg¢Hs CeH;s K3;Fe(CN)g; KOH; apron

C¢Hg —H,0

CeH; C¢Hs

— enC—of o

H
ST CeHs

B pacTBOpe IpH HarpeBaHHW OHU AUCCOLMMPYIOT HA pamMKaibl. Xu-
HonuaHast ¢dopma guMmepa obpasyercs B TOM cCjiydyae, KOTAa napa-
IMOJIOXEHHE WIM OHO U3 0opmo-NOJOXeHUi (PeHoKcHIa He 3aMellle-
HO. JIpyruMy caoBaMM, XMHOJMHABI MONYIAIOTCA MMPU OKHCIEHUU 2,4-

u 2,6-auankwicdeHoNOB ¢ nocaeaywlleil guMepusalmeid obpasywo-
UxcsA HPEHOKCUIBHBIX PAIMKAJIOB!

OH O-
(CH;),C C(CH3)3 PbO,; apron (CH3),C C(CH3)3
—_— —_—
acdup
(CHy,C C(CHy;
JMMepH3aLust o 0
H H
(CH;);C C(CH3)3
(CH;);C C(CH3);
PbO,; apron
HO OH
a¢up
(CHyC C(CHy);
(CHy),C C(CHy)s
(0] (¢
(CH;);C C(CH3)3
IrheHOXMHOH

HJanbHeilllee oxucieHUe XUHONUIHOTO AUMEPa WIM €ro TayTo-
MEpPHOIt $popMbl — OurnapokcudbudeHnIa — MpUBOIMUT K obpa3oBa-
HH11O IudheHOXMHOHA.
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Takum o6pazoM, npou3BOAHbIE IUDEHOXMHOHA SIBJAAIOTCSA [J1aB-
HBIMY KOHEYHBIMH TMPOAYKTAMH OKMCAeHUs 2,6-nuankuncdeHosoB
TAKUMH OKMCIHTENAMU, KaK PbO,, Ag,O, KiFe(CN)g.

Jdumepusanusa kak cnocob cTabUAM3ALMM PATMKANOB XapaKTep-
Ha 11 (GeHOKCHIBHBIX PaIuKaJIoB, CONEpXalIUX B opmo- U napa-
MOJIOXEHUSIX APHIILHBIE WIH mpem-aNKWwibHble rpynnbl. GeHOKCHDL,
UMEIOLLME B AAPA-TIONIOXEHUU K PAIUKANBHOMY LIEHTPY MEPBUYHYIO
WY BTOPUYHYIO AIKMIBHYIO TPYINY C OL-BOLOPOAHBIM aTOMOM, CTa-
OMJIM3UPYIOTCA B pe3yJIbTaTe AUCIIPONOPIHOHKMpoBaHus. Tak, Hanpu-
Mep, ¢heHOKCHIIBHBIN paguKan, o6pa3yloluiics NpuU OKUCIEHHH HOHO-
Jla JTUOKCHIOM CBHMHIA HMaM rekcauuaHoodpeppatom (III) kanus,
IUCIMPOIMOPLMOHUPYET ¢ 00pa3oBaHueM (eHoNa U METHICHXHHOHA!

C(CHjy); C(CH3);
CH, OH Pb(:;:;m CH; o ::‘::2:::“"0'
C(CHjy); C(CH3)3
C(CH3;); C(CH3)3
— CH, OH + CH, o)
C(CH;); C(CH3)3
METUICHXUHOH

MeTuneHXMHOH ManoycToiHuMB M mnpeBpawaercsa B 1,2-6uc(3,5-gu-
mpem-6yTUi-4-ruIpoKCHEHU)ITAaH U CTUALOCHXMHOH.

(CH,);C C(CH3);
o CH, + CH, o —
(CH3):C C(CH3)3
(CHy),C CH)s
——= HO CH,-CH, OH kil
(CH;);C C(CH3)3
(CH,):C C(CH;)3
—_— O CH—CH o
(CH;);C CTWNBOE HXMHOH C(CHjy),
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Oudenon nanee nerko oxuciasiercss PbO, no ctunpbeHxuHoHa. [lo-
JOOHBIN TUII NpEBpAllEHUs] XapaKTepeH U M OpYruXx ¢eHOKCHIOB,
colepXalllkX aIKMIbHYIO IpyINy ¢ O.-BOIOPOIOM B napa- Wiu opmo-
nofoxeHuu (2,6-nu-mpem-6ytun-4-stundenona; 2,6-nu-mpem-6y-
TUI-4-u3onponwideHona U T.4.).

Cpeay MHOTOYMCIEHHBIX CTAOMNBHBIX aPOKCUIbHBIX PAAUKANIOB,
BEpOSITHO, Hambosee M3BECTEH paguKas, Ha3blBa€Mbiif rajJbBUHOK-
CUJIOM. DTOT paauKal IToJy4yaeTcss IpYM OKHUCJIEHMH 3aMELLEHHOrO
mdennnMerada PbO, B adupe:

(CH)C_ C(CH3);
PbO,; apron
adup; 20°C; 84
(CH3)C C(CH3),
(CH3),C C(CHa)3
(CH3),C (63%) C(CH3),
raIbBHHOKCHI

BTOT paguKall OKpallieH B TEeMHO-CUHMH LIBET U O4€Hb MELJIEHHO pea-
rupyeT ¢ kucaoponoM. OH MHOINA UCIIOIb3YeTCs LIS YIABIMBAHUS OPY-
TMX, MeHee CTabWIbHBIX panuKaioB. CrabuwibHble apOKCHIbHBIE Paly-
KaJIbl UTPAIOT BAXHYIO pOJb B IIpolieccax MHIMOHPOBAHMS CTApEHMS M
pa3pylIeHUS MONUMEPOB, IOCKOJIBKY (hEHOJbI BBIITOIHSIOT POJIb JIOBY-
LIEK HHULMATOPOB PANHKAIBHBIX IIPOLIECCOB CTAPEHMS TTOJIUMEPOB.

21.4. XMHOHBI

XHUHOHBI MO CBOE CTPYKTYype SIBASIIOTCS LMKJIOTeKCagUeHOHa-
MM, HO X Ha3BaHUe NMPOUCXOAUT OT APOMATHYECKUX YT/IEBOAOPOIOB:
OeH30XHMHOH — OT OeH30/1a, TOJYXUMHOH — OT TOJYyoJja, HagpTOXH-
HOH — oT HadTanuHa U T.4. Uudpr B Hauane Ha3BaHUst 0O03HAYAIOT
MOJIOXKEHHE JBYX KapOOHWILHBIX IPYIII:

O
o O
"0
1,2-6eH30XMHOH o
(0pmo-6eH30X1HOH) 1,4-6eH30XMHOH

(napa-6eH30XUHOH)
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0
0

OH
H,C H,C

OCH,

0]
3-ruapoKcHU-2-MeTOKCH-
5-metun-1,4-6eH30XMHOH
(aHT6MOTHK (PyMUTaTHH)

0 0
F CH; mo F A
A 0 7 \ 7
(o) (0]

2-memn-1,4-HadroxuHoH  2,6-HadTOXMHOH 9,10-aHTpaxMHOH

@)
2-Mmenwi-1,4-6eH30-
XMHOH (TOJMyXMHOH)

MHorue Mpou3BoAHbLIE XHHOHOB COCTAaBISIOT BaXHYIO IPYINy NpH-
PORHBIX BELIECTB — KpacHUTeNeif, MUTMEHTOB, aHTUOMOTHKOB, BUTa-
MHHOB # T.QI.:

O OH 0O 0O
QO™ QO
~ 7 AN CH,

O

OH O 0
anuM3apvH (IpOTpaBHOM J0I7I0H (5-rMapo- ¢d1viokon (aHTMOUOTHK)
Kpacutenb) 1,2-aMrvapo-  kcm-1,4-HadroxuHoH) 2-THIPOKCH-3-METH-
KCH-9,10-aHTpaxuHoH 1,4-HadTOXHHOH
O O (IZH3
OH
Gy H,
A en e, €,
CH, CH;,
2-ruapokcH- 1 ,4-HadTOXHHOH suramiH K (duinoxmHon)

(aeicTBYIOLLIEE HAYAIO XHBI)

CH;
0 | OH O
CH;0 (CH;—CH=C-CHp)p0-H  HO CH,CH;
CH;0 CH, HO OH
O OH O
YOHUXHHOH (KO3H3KUM Qo) 3XMHOXpoM A (ITMFMEHT MOPCKOTO €Xa)
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IMpouseoaHbie 9,10-aHTpaxyHOHA LUMPOKO UCIIONbL3YIOTCH B Ka-
YECTBE CHHTETHYECKHUX AHTPAXMHOHOBBIX KpacuTeiaeidl Uil XJIOMKa,
LUEPCTU ¥ CUHTETHUYECKMX BOJIOKOH. DTH KPacHTENM OTIUYAKOTCA Ap-
KOCTbIO 1IBETA, BHICOKOM TEPMUYECKOU U (POTOXHUMUYECKOMN YCTOHUH-~
BOCTbIO. B KayecTBe npuMepa npuBeneHbl GOPMYJIbl HEKOTOPBIX aHT-
PaxHHOHOBBIX KpacUTeNei:

0]
P N
O NH,
i i t : i OCgH;
O NH,
MHAAHTPEHOBBI cHHuMii P OpWUIMAHTOBLIA KpacHhI Ans
UL XonKa (MHOAHTPEH) NoNUXOUPHBIX BOJIOKOH

HMHIaHTpeH noay4yaoT U3 2-aMUHOAHTPAXUHOHA ¥ €0 MPOU3BOAHBIX,
HalpHMep:

0 NH, O HNTY Z
_KOH; KCIO; 7 NH O
T20250C N\ (35%)

0

21.4.1. TIOJYYJEHHUE XHHOHOB

XHUHOHBI MOJIYYAIOT OKMCAEHHUEM OMHO- M JBYXaTOMHbIX ¢(heHo-
JIOB, aMHHOB U JUAMMHOB apomaTtuyeckoro psga. Camblilt ynoOHbIi
Croco0 Mony4eHUs XMHOHOB 3aKJIIOYAeTCd B OKUCIEHUH OJHOATOM-
HBIX deHooB coNbio PpeMyu — HUTPO3OAUCYNBLPOHATOM KAIUs. JTa
peakuusl OCYLIECTBISIETCA B UCKIIOMUTEIbHO MATKUX YCIOBHUSIX B BOJI-
HOM CHOMpTE WIH alleTOHE, BbIXOH OOBIMHO npeBbiiiaeT 90%.

(0 .
(KO;S),NO- {f | (KO,S),NO-
l BONa — alUECTOH
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0
— Hijl — 1 +HNGOK

H™ 0-N(SO,K), O ©7%

IMpuBeneHHbIit Ha 3TOM cXeMe LIMKJIOreKCaaIUeHOHOBbIR UHTED-
MeauaT ObLT BbUIENEH, YTO J0KA3bIBAET MEXAaHU3M OJHO3NIEKTPOHHO-
ro oKMcJIeHUsE GeHooB cojibio Opemu. [pyruM OQHO3/EKTPOHHBIM
okucaureneM ¢QeHoJIOB ABNAeTca KapOboHaT cepebpa. DTOT peareHT,
COTJIACHO JIaHHBIM IMOCIEAHUX JIeT, 0COOEHHO NMPUTONEH /i OKHCIIe-
Hua 1,2-puruapoxkcubeHsona ¥ ero NpOU3BOIAHBIX OO 0pmMo-XUHOHA:

OH
o - L
——i
X" Nog T N0 (100%)
yHHKaJ'XbeIM pearcHToM IJid NOJAYYCHHsT opmo-XNUHOHOB U3 OOHO-

aToMHBIX ¢eHonoB okasanca (C¢HsSe0),0. Ero npuMeHeHue orpa-
HHUYUBACTCSH TOJBKO AOCTYIMHOCTBIO pE€arcHTOB HA OCHOBE CCJICHA:

OH
R

R o)
(CGHSScO)ZO. (50-60%)

Jdns okucneHusi GpeHONOB, ApOMATUYECKHX AMMHOB M TMAPOXH-
HOHOB 10 1,4-6eH30XMHOHOB U 1,4-Ha(PTOXMHOHOB YACTO MCIIOJIB3Y-
10T peareHThl Ha ocHoBe xpoMa (VI). K HUM oTHocATCS okcul Xxpoma
(VI) B ykcycHOl KMcIOTe WIH peareHT Kunuanu (QUXxpoMar HaTpHs
U CepHasl KUCNOTA), OHHAKO BHIXOABl XHHOHOB, KakK IpPaBWIO, HUXE,
YeM [pH OKUC/IEeHWH coiablo Ppemn unu KapboHaTOM cepebpa:

NH, 0
CH; Na,Cr,0y; 5°C CH,
H,80, - H,0
O (44%)
OH o
Na,Cr,05; 30°C o
H,80, — H,0 . (90%)
OH o
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1,4-HacdroxuHoH, 9,10-aHTpaxuHon u 9,10-peHaHTPEHXHHOH
MOTYT ObITh MOJY4YeHb! MPSIMBIM OKHCIEHUEM YFJIE€BOJOPOIOB OKCH-
oM xpoma (VI) B yKCycHO#M KUCIOTE WIM AUXPOMATOM HATpud B
CEepHOH KHCJIOTE:

QQ/ CH3COOH AN
0 (38-42%)
| Z
@‘:§ NaZCr207, 80—100 C> (44_48%)
“ H2SO4; H20 I (6]
o

o
e Y GO, & X
(86%)
AN ~# CH;COO0H X F
(0]

B NpOMBIIUTEHHOCTH TOT XK€ CAMBbIil PE3YNBTAT JOCTUIAETCS IIPK OKHUC-
JIEHUH KUCJOPOAOM B MPHUCYTCTBUM oKcunaa BaHamust (V) kak xara-
Jy3aropa. TakuM criocoboM MOXHO IMOJIy4YaTh aHTPAXUHOH U (peHaH-
TPEHXUHOH:

A A V20 s
+ 0, (70—80%)
x 320—390’C x

9,10-AHTpaxyHOH ITOJYYRIOT TaKXe allIMpoBaHueM GeH3ona drare-
BbIM aHruapuaoM 1o ®Opunento-Kpadrey ¢ mocnenyiomei nukm3a-
e opmo-6eH30UN0eH30MHO! KUCIOTHI:

O+ 0 5000

(93%)

\

/
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0]
i O

C
H,SO,; 100°C
- IO e
COOH

0]

BTO OOMH U3 CaMbIX MPOCTLIX U CTAPBIX criocoboB MPOMBILUCHHOTIO
[MOJIY4CHHsT aHTPAXHHOHA.

21.4.2. XUMHYECKUE CBOHCTBA XUHOHOB

21.4.2.a. BOCCTAHOBJIEHUE XMHOHOB

HauGonee BaxHON peakuueil XHHOHOB SBJISETCS UX BOCCTAHOB-
JIeHUe 40 ABYXaTOMHBIX ¢eHoIoB. BoccTaHOBNIEHHEe XMHOHOB OCYIIie-
CTBAsETCA B ABe cTaguu. Ha nepBoit cTaguu B pe3yibTaTe OXHOINEK-
TPOHHOI'O BOCCTAHOBJIEHUS 00pa3yioTCsi aHMOH-paJIMKaNbi, KOTOphIE
HAa3pIBAIOT TAKXE CEMUXMHOHAMHU. DTU YACTHMLIBI MOLYT OBITH JIETKO
3aperucTpupoBaHst ¢ momoiubio BTTP-cnekrpockonuu. Ha Bropoii cTa-
IUM aHUOH-PAaTUKaT MPUCOeIUHSET €lle ONMH 3JIEKTPOH ¢ obpa3o-
BaHHEM OUaHUOHA IBYXaTOMHOIO (deHona:

0 o o°
” [I + ; [i] + e— [i]
o) o° 0°

CEMNXMHOH

CriocoGHOCTh XMHOHA BOCCTAHABIMBATHCA IO ABYXaTOMHOTO (eHOo-
Nia, T.e. CBOMCTBO €ro KaK OKMCIIUTENs, OLEHUBAETCS C MOMOILBIO
HOPMAJIBHOPO pPEeNOKC-MOTEHLMANA, ONpPEeIeNnsieMOro U3 YpPaBHEHUS
HepHcra s peakuuu

OH
|| +2e+2n+
o} OH
2,303RT [xuson] - [HO)?
E=F+ 222" |
n-F [runpoxvHoH])
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[x1HOH]

npu 25°C E= E — 0,059pH + 0,296 Ig
[rnapoxuHoH)

BenuuuHa E° npencrasasier coO0if HOpMaJIbHBIA ITOTEHLIMAJ, XapaK-
TEPHBIA AN KaXIOoW cUCTEMbl XMHOH—TMAPOXHUHOH, MPHU pPaBHBIX
KOHLIEHTPALMSIX XUHOHA M THUAPOXMHOHZ M KOHLEHTpAaliMd HOHOB
Bojopoaa, paBHou eauHuue. Takum obpazom, £ ° sBisieTcss Kojauye-
CTBEHHOM XapaKTEpPUCTUKOMN OKUCIUTENLHOM crlocoGHOCTH XMHOHA. B
Tabn. 21.2 npuBeaeHbl 3HaYEHUS HOPMAIBHBIX PeJOKC-NOTEHHANIOB
E° nnst HeKOTOpbIX XMHOHOB B Boje npu 25°C.

Tabaunua 21.2

BenHunHBN HOPMAJILHLIX PEAOKC-NOTEHNHANOB E ° HEXOTOPHIX XMHOHOB B BOJE
npn 25°C (8 mB)

Xunou E’ XunoH E*

1,2-6eH30XHHOH 783 2,3-nuxnop-1,4- 499
HA(pTOXUHOH

1,4-6eH30XMHOH 700 9,10-aHTpaxHHOH 130

2-meTun-1,4-6eH30XMHOH 645 1,4-aHTpaxuHoH 400

2-x710p-1,4-6eH30XHHOH 713 9,10-deHaHTpeHXNHOH 440

1,2-nHadroXHHOH 566 1,4-beHaHTPeHXMHOH 520

1,4-HadpTOXHHOH 470 1,6-nHpeHXNHOH 610

2,6-Ha(pTOXHHOH 758 2,3,5,6-Tetpaxsiop-1,4- 740
6EH30XHHOH

2-MeTH- 1,4-HaTOXMHOH 422 IMGEHOXHHOH 954

W3 pnanHbIX, npeacTaBleHHBIX B Tabu. 21.2, ciaenyer, yto 1,2-
XWHOHBI O0jiee CUAbHbIE OKUCIUTENM, YeM 1,4-XHHOHBI, a OEH30XU-
HOHBI [IPEBOCXOMST N0 OKHUCIUTENBbHON COCOGHOCTH XMHOHBI Ha-
¢ranruHOBOTO psia, KOTOpHIE B CBOIO O4YepeAb IPEBOCXOAST
aHTPaXMHOHBI U PeHAaHTPEHXUHOHBI. DNIEKTPOHOAKUEIITOPHBIE Py~
Nbl YCWIMBAIOT OKMCIUTENbHEIE CBOMCTBA XMHOHOB. OTMETUM NO-
MYTHO, YTO BEAWYHMHBI PElOKC-NOTEHLHANIOB KOPPEJUPYIOT C dHEp-
rueit HCMO xuHoHa. BricoKHe penoKC-MOTEHLHaNbl XMHOHOB
OMpPENENSIIOTCS TEM, YTO BOCCTAaHOBJIEHWE XWHOHAa B JBYXaTOMHbIMI
¢beHoN conpoBOXAAETCA MpeBpallleHUEM HEHACBIIEHHOIO KETOHA B
apoOMaTUYECKOe COedHHEHHE.

Bocctanosnetine XMHOHOB [0 OBYXaTOMHBIX (DEHOOB OCIOXHS-
eTcst 06pasoBaHUEM XMHIMAPOHA — aJIyKTa coctasa | : 1 Mexay xu-
HOHOM M [BYXaTOMHbIM $eHOJOM. XUHTUAPOH MOXET GbITh OKUCIEH
0 XMHOHA WM HAlleNI0 BOCCTAHOBJIEH MO F’MAPOXMHOHA:
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{O]
O OH OH 0 l l
+ —_— . PO 0
OH
o OH OH o] [H]

XUHTUAPOH
OH

OkpallueHHbIK B TEeMHO-3€JIeHbIi LBET XUHTHAPOH IpEACTaBIsAET
co00it KJIaCCHYECKUI MPUMEP MOJIEKYNSIPHBIX KOMILIEKCOB, Ili¢ OXUH
KOMITIOHEHT CJYXHUT AOHOPOM, a ApPYroii — SIBIAETCA aKUENTOPOM
3JeKTpoHa. Takue KOMIUIEKCHI, I1e [IPOUCXORMT NepekpoiBaHue B3MO
nounopa ¥ HCMO akuenrtopa, MoJIyMHId Ha3BaHHE KOMIUIEKCOB C
nepeHocoM 3apsana. K HHM OTHOCATCS T-KOMILIEKCHI apOMaTHYECKHX
COeNUHEHHH C rajioreHaMH, KaTUOHaMH cepebpa ¥ pTtyTH, 1,3,5-TpH-
HHUTPOGEH30JI0M, THKPHHOBOM KHCIOTOM. KOMIUTEKCHI FraIoreHOB WIH
TETPALMAHO3THICHA C n-JOHOpPaMH (CMMPTAMU, TPOCTHIMH 3dupa-
MH) WIH T-JOHOpaMH (aJKEHAMHM WM aNKMHAMHM), TaKXe CleayeT
paccMaTpUBATh KaK KOMILUIEKCHI C ITEpeHOCOM 3apsina. B kpucramiax
XMHTMOPOHA MONEKY/bl XMHOHA M 'MIPOXMHOHA YepeayioTcs H pac-
MoaraioTcs B ABYX NapaulebHbIX MIOCKOCTAX Apyr Haa Apyrom. Cra-
OMNBHOCTh KOMIUIEKCOB C IIEPEHOCOM 3apsiia ONpeAe/sieTCs pasiid-
YHeM B SHepreTHdecKux ypoBHsax B3MO goxopa 1 HCMO akuenrtopa
(rn. 2, 4. 1). KoMIUtekchl ¢ iepeHOCOM 3apsijia YacTo MHTEHCHBHO OK-
paiwensl. Tak, HaripuMep, TeTpallMaHOITHIEH WiK 1,3,5-TpuHUTpO-
6eH3on obpasyer ¢ aypoinoM (1,2,4,5-TerpaMeTHNOEH30I0M) KOMII-
JleKC, OKpalleHHbI# B KpacHblil nBeT. OKpacka KOMIUIEKCOB
oDycCJIOBJIEHA MEPEHOCOM 3aps/ia OT apoOMaTHYecKoro JOHOpa K ak-
LENTOPY, XOTS CTEMeHb MepeHoca 3apsaaa HEeBEeJHKa U PelKo NpeBbl-
waet 0,1 3apsiia 37eKTpoOHA.

BoccTaHOBJIEHHE XMHOHOB 0 IBYXaTOMHBIX (P€HOJIOB HPOBONAT
C MOMOILBIO CAMBIX pPa3HOOOPA3HBIX BOCCTAHOBHUTENEH, cpequ KOTo-
PBIX B JIAGOPATOPHBIX YCIOBHUAX IPENIIOYTCHHE OTHASTCA TUTHOHUTY
Hatpust Na,S,0, B 11en0YHOIl cpene:

CH

3 CH

Na,S,04;, NaOH ’ HCl
- 2

x Boaa — 3up N

o) 0O
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OH
CH,

/

OH

[MoMUMO OUTHOHMTA HATPUS B KaYECTBE BOCCTAHOBUTEJEH ymoTpeG-
JISIIOTCSL AJIIOMOTMIAPUA JUTHS ¥ OOpruipuia HaTpusi, XJIOpPUI OJIOBa
(11) B consgHoit KUCIIOTE, IIMHK B YKCYCHOM KHCoTe ¥ Ip. B ripoMeIii-
JNIEHHOCTHU BoccCTaHoBlieHHE 1,4-O66H30XMHOHA OO IMIPOXKHOHA OCY-

LIecTBIsIeTCsl ¢ MoMoluklo okcuna cepobl (IV) M Xxeneza B Bome npu
70—80°C:

0] OH
SO,; HyO; Fe; 70—80°C
H,0

o) OH

9,10-AHTpaxMHOH IPpU BOCCTAHOBJICHUH OUTHOHUTOM HaTpus obpa-
3yeT 9,10-aHTpanuon (aHTparMIpOXUHOH):

0o OH
& 1) Na,S,04; NaOH A~
o OH

Ilpn BoccTaHoBneHMH 9,10-aHTpaXxHHOHa OJIOBOM B CMECH COJISTHOM
YU YKCYCHOWM KHCJIOT ITOJIy4aeTcsl AHTPOH — IMPOCTEHIINHA KETOH psaa
aHTpaleHa:

o

& _SmHCl _

AN = CH3COOH A
0

BoccTaHoBneHME aHTPaXUHOHOBLIX M ApYruX KyBOBBIX KpacuTte-
Nneit TUTHOHUTOM HATpHs B WIENIOYHOW Cpele MCIOb3yeTcs I Ie-
peBOJa 3TUX HEPACTBOPHMBIX B BOAE COENIHHEHHMI B TAK HA3bIBAEMYIO
nefikodopMy, KoTopasi B BUlle JUHATPUEBOH COJNIM XOPOIUO PacTBO-
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puMa B Bose. TakuM oOpa3zom, HAmpuMep, YITOMSIHYTHI Bbiille MH-
JAaHTPEH BOCCTAHABIMBAIOT B TETPArWJPONPOU3IBOLHOE, MMEIOLIEE
yeTbipe GEHONbHBIX FMApPOKCUNA. DTO JEHKONPOU3BOAHOE XOPOLIO
pacTBOPUMMO B Boje. XJIOM4YaToOYMaXHYIO TKaHb NpPOIMUTHIBAIOT pa-
cTBOpOM felikodopMbl M BhUIEPXKUBAIOT Ha Bo3ayxe. Jleitkodopma
OKHUCJSETCST KUCIOPOOOM [0 MCXOAHOro Kpacurtenst. Takoi crocob
KpalUEHHS rapaHTHpYyeT OAHOPOAHOCTh OKpackH TKaHU. OH mpume-
HSIeTCA NPH KpalU€HUM UHIMTOMAHBIMU U IPYTMMM KyOOBBIMU Kpa-
CHUTEJISIMU:

o H

| |l N~ | +2z +2H®
Y °
H O

WHIUro nelikodopma

21.4.2.6. XMHOHBI KAK JETHUAPUPYIOIIIHE ATEHTHI

JlerkocTb BOCCTAHOBNIEHHMA XMHOHOB JI0 (heHOJI1a OTKPBIBAET BO3MOX-
HOCTb JUIS1 UX UCIIOAb30BAHHUS B KaYeCTBe JerHAPUPYIOLUMX areHToB. [ns
3TOM LEAM BbIOUPAIOT XMHOHBI C BLICOKMM OKHCIUTENBHO-BOCCTAHOBH~
TEJIBHBIM [TOTEHUHANOM, TaKde Kak 2,3,5,6-teTpaxiiop-1,4-6e H30XMHOH
(uropanun); 2,3-guxiop-5,6-ouunano-1,4-6edzoxuron (JJIX), au-
¢peHoxuHOH. 1,2-XMHOHBI BBUIY HeCTaOWJIBHOCTH MPAaKTHYECKH He
HUCMONb3YIOTCS] B KayecTBe NernIpHpYIOLIMX areHToB. Jdernapuposa-
HMIO TIOJIBEPraloTcsa TUFHAPOapOMAaTHYECKHE COeIHHEHUS psiia OeH-
30J1a U TeTparuApoIpoOU3BOiHbIe pana HadTaluHa, aHTpalleHa, rere-
POUMKIMYECKUX COEMUHEHNH, TPOIMUIUIEH U T.1.:

OH

0
~ a a PN a
+ @ DL
; 8
o a a " e cl
) OH

H H 1 Cl
ql Cl HBF,
/ )+ CeH
— Cl Cl BFO Cl
(0]
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0
al CN
a CN 6
0
OH
a CN
OO
a CN
OH

JerunpupoBaHue ¢ NMOMOUIbIO XMHOHOB OOBIYHO IPOBOJAT B OEH30-
Jie, TaK Kak oOpasylouuiics ABYXaTOMHBIN ¢eHOa HepacTBOPHUM B
OeH301€e, YTO MOXHO MCIIOJB30BATh /ISl KOHTPOJIA 32 XOOM PEeaKLMH.
MexaHu3M AerMIpupoOBaHUS YIJIEBOLOPOAOB 3aK/IIOYAETCH B OTLUEI-
JIEHUY XUHOHOM IMIpHMA-UOHA c¢ obpa3oBaHMeM KapOOKaTHOHA, KO-
TOpbIiA CTAOMIM3UPYETCA OTLIEIUIEHHEM npoToHa. [loaToMy meruapu-
POBAHMIO MOABEPTAIOTCS YIJIEBOLOPONbl, KOTOPbIE IPH OTLIETUIEHUH
TMAPHUA-UOHA 00pa3yIOT CPaBHUTENBHO CTaOMIIbHBIE KApOOKATHOHBL.

21.4.2.8. XUHOHHI KAK «, B-HEI’IPEHEHBHHE KETOHBI
1,4-XUHOHBI TIPEACTABNAIOT cOBOM TUMHYHBIE O, B-HEHACHILLEHHbIE
KETOHbI Y Il HUX XapaKTepHbI peakLinu 1,2- ¥ 1,4-npucoequHeHus
K COMpSDKeHHOH cucTeMe (cM. 1. 16). 1,4-BeH30XHHOH pHUCOoeAMHSIET

XJIOPHUCTHIA Bogopon B 1,4-nonoxeHue ¢ o6pazoBaHUeM 2-XIOpruf-
POXHHOHA:

cl

O=<;>=O + HCl — HO@OH

2-XJIOprUaPOXUHOH OKUCIISETCSI MCXOIHBIM XHHOHOM JI0 2-XJI0p-
1,4-6eH30XxMHOHA, KOTOpPHIit BHOBL NMpucoesuHser HCl ¢ obpasosa-
HUEM 2,3- IUXJIOPTUAPOXMHOHA!

OH O (0] OH
Cl a
+ e +
OH 0] 0 OH
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0] OH
Ci Cl
+ HC] —
Cl
o OH

3TOT MpueM HCMOAbL3YeTCs I CHHTe3a 2,3-nuxiop-5,6-auuuaHo-
1,4-6enzoxrHoHa (JJIX).

o) OH  OH
CN
2 | + 2HCN —= +
CN
0 OH  OH
OH o

N aNo, N ya

—_—

CN

CN
OH o}

CN HNO; CN _HCL
HO
a
OH 0
. Ct CN HNO, Ci CN 0%
a CN cal CN
OH o)

Bmecte ¢ TeMm 1,4-XHHOHBI BCTYMAIOT B TUMUYHBIE peaKUMK 1,2-1IpH-
COeAMHEHHUS 10 KapOOHUABHOMN IrpyIne U ¢ TMIPOKCUIAMHUHOM JAIOT
MOHO- M JIHOKCHUMbI. ONHAKO I MepBUYHbIX AMHUHOB XapaKTEPHO
CONpSIXEHHOE NnpHcoeauHeHue K 1,4-xuHoHaMm. [IpH B3auMonehcTBUH

1,4-6eH30XMHOHA ¢ aHWIMHOM nojayyaetcs 2,5-6uc(deHaMuHO)-
1,4-6eH30XUHOH:
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NHC¢H;

0=<:>=0 + 2CH;NH,

HO OH | —
C4H HN
NHC¢H;
O S

CeHsHN

21.4.2r. XMHOHB KAK AUEHO®UIIBI B PEAKIIUHU
OUEHOBOI'O CHHTE3A

1,2- u 1,4-beH30XxuHOH, 1,4-HAPTOXMHOH U UX IPOU3BOIHBIE [TPO~
SIBJISIOT CBOMCTBA aKTUBHBIX JUEeHOMUIIOB B peakunu dunbca—Anbie-
pa. I1pu B3auMoneiicrsuM 1,3-6yranueHa c 1,4-6eH30XMHOHOM mipu 25°C
roJjiyyaercss MOHOAJAYKT, KOTOpPbI MEMJIEHHO eHOau3yercs ¢ obpa-
30BaHMEM COOTBETCTBYIOILETO I'MAPOXHHOHA. BTO IpeBpallieHue, Kak
U CIEHOBANIO OXHUOATh, KaTAIU3UpyeTcs KHCAOToi. Ilpu mnociaenyro-
IeM OKUciaeHUuM okcuaoM xpoMa (V1) nonyvaercst 1,4-HapTOXUHOH:

Oy
20°C | \ l HCI
C(,H6 48 4 CH,COOH
o H
@:j CH3COOH ¢O (76%)

OH (88%)

IIpu HarpeBaHuM 1,4-6eH30XUHOH IIPUCOEIUHSAET IO ABYM JBONHBIM
CBSA3SIM IIB€ MOJIEKYJbI 1,3-OyranueHa.

CrepeoxuMusi LTMKJIONPUCOEIUHEHUS] LUKIONEHTanUeHa K 1,4-6eH-
30XMHOHY WMJUTIOCTPHUPYET BBICOKYIO CTEPEOCENEKTUBHOCTh HMEHOBOTO
CHUHTE3a C yYacTHEM XHMHOHOB. M3 yeThIpex BO3MOXHBIX CTEPEOM3IOMEPOB
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noJy4yaeTcsl TONbKO 3Hdo-yuc-annykr 1:1. [IpucoeaHeHne BTOpPoil Mo-
JIEKYJIB! LIMKIONEHTaAWeHA IPOUCXOJUT TaKXKe cTepeocneupuyHo:

0]

H
| ' + I 20"C Iy l
CH CH,OH
H
@)
3HAao-yucl:1-anaykr
0]
80 C;5u
O CH;CH,0H

IHIO0- LuC-aHTH-3HA0- Yucl: 2-anaykT

DNeKTPOHOAKLENTOPHBIE 3aMECTHUTENH B XHHOHE AKTUBHUPYIOT AMeE-
HOQWI, a 3MEKTPOHOMOHOPHbIE 3aMECTHTENH 3aMEUIAIOT IIPUCOCIH -
Henue 1,3-gueHoB. X u 2,3,5,6-TeTpaunan-1,4-6e H30OXHHOH HC-
KnoyuTenbHo 3¢bdekTMBHE B KadecTBe JAueHodHIoB. JIneHOBBIH
CHHTEe3 ¢ y4yacTtveM 1,4-OeH30XMHOHa HCHOJIb3yeTcsl JJIS TOJyYEeHHs
NMONHITUKIIMYECKHX KOHIEHCUPOBAHHBIX apOMATYECKHX YIJIEBOZOPO-
noB. B kayecTBe MpUMepa NMpHBEAEM CHHTE3 TIeHTalleHa U3 1,2-qumMe-
THICHIKKIIorekcaHa u 1,4-6eH30XHHOHA:

0
CH, H,C
O —
H,C
o)

CH,

0
o

00000
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B 3aknioyeHue 3Toro passesa cjlenyeT OTMETUTh, YTO Ha TpOTSH-
XEHUU JUIMTENLHOrO BpeMEHU XUHOHBI MIPHUBJIEKATH K cebe HHTepec
B MPOU3BOCTBE OMPOMHOIO KOJIMYECTBA BHICOKOKAYECTBEHHBIX aHT-
PAXUHOHOBBIX KpacuTeneﬁ. OHu HIMPOKO MCIIONIb30BANUCH B KAYCCTBE
NEeTUIPUPYIOLIUX areHTOB. B HacTosliee BpeMst HHTEpeC K 3TOMY KJIaccy
COEAUMHEHHH CHOBA BO3pOC, MOCAE TOro Kak ObLIO YCTAHOBJIEHO, YTO
uesnasi rpynmna XuHOHOB HIpaeT XHU3HEHHO BaXHYIO pPOJib IMepeHOCUM-
Ka 3JICKTPOHOB B JbIXaTEeNbHbIX U (POTOXUMHUYECKHUX LIENAX OHOIOrn-
YeCKHUX CUCTeM. B XHUBBIX opraHM3Max 3Ty pOJIb TPAHCIOPTA 3JEKTPO-
HOB B IbIXaTeJbHbIX LIEMSAX B KJIETKAX BBITOJIHSET IpyIna KopepMeHTOB
Q, Ha3biBaeMbIXx YOUXHHOHAMHU. B npHpoae BCTpeyaeTcss HECKOMBKO
KodepmeHToB Q. OHY OTNIMYAIOTCS APYT OT APYra JUlUb YUCIOM H30II-
PEHOBBIX €IMHHUIL, CBSI3aHHBIX ¢ 6BEH30XHHOHOBBIM KOJbLIOM. B opra-
HM3Me YeJOBeKa BAXHYIO poJib Urpaet KodepMeHT Q;q (CM. BBOIHYIO
4yacTh K faHHOMY paszeny). IloapoOHbie cBeeHUSI O MEXaHU3MeE Oeif-
CTBHUSl XHHOHOBBIX KOPEPMEHTORB B a3pOOHBIX CHCTEMaX MOXHO HaiTH
B yueOHMKax U MoHorpadusax 1o 6HOOPraHUYECKOH XUMUH.
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B nepron HenmocpeACTBEHHO ITOCHE CO3JAHUA TEOPUH XUMMUEC-
KOTO CTpOEHUsI ObUIo OBLUENpPH3HAHO, YTO Cpedy LHMKAMYECKUX CO-
€MHEHU JOJKHbl CYWIECTBOBATL LMK/bI C HIECTBIO WIH C ISATHIO
aToMaMH yriepoja B LMKJIE. DTo ObUIH apoMaTHYECKHE COelMHEeHHS
psiza 6eH30J1a, KOHACHCUPOBAHHBIE apoMaTH4eCKHe COeMHEHHS, a
TaKXe MMPOU3BOAHBIE LIMKJIOMEHTAHA W LIMKIOTeKCaHa, BbIICJICHHbIC
u3 Hedtu B.B. MapkoBHuKoBbIM. CoelHHEHUSA C MEHBIUHUM H Gonb-
LIMM pasMepOM UMKJIA B TO BpeMsi 6pUinM HeusBecTHHI. [lonoxeHue
KOpeHHBIM 00pa3oM u3Menunoch mocne 1883 r., korma B. Ilepxuu-
MJIAAILMI Hayal cBOe 3HAMEHMTOE McCCJeoBaHUe B oBJIacTH MasbixX
LUKIOB. B TeyeHre KOPOTKOro MpOMEXYTKa BpEMEHHU U3 MAJIOHOBOIO
acdupa u 1,2-a1n6pomaTaHa wiu 1,3-aubpoMriporiaHa eMy yqajnoch
CUHTE3MpPOBATh COOTBETCTBEHHO LMKJIOMPONMAaHKAPOOHOBYIO U LIMK-
N06YTaHKAPOOHOBYIO KMCJIOTBI U HEKOTODHIE APYTrHe COCAMHEHMS C
TpeXx- M YeTbipexwieHHbIM UMKioM. B. [TepkuH cran, Takum obpa-
30M, «OTLOM» IIEJIOTO KJIACCa OPraHUYECKHX COEJUHEHUN alTMLUK-
anyeckoro psaa. Yetsipe roga cnycrtst I'. I'ycrascod B Poccuu Bniep-
BbI€ MOJIYYWJI CaM LUKJIONIPOMNAH NMPHU NeHCTBUM LIMHKOBOM TbIIK HA
criuprosoii pactsop 1,3-gubpoMnponaHa. O6a oTKpbITUA ObLIK
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KPYITHEALIMMU CODBITUSIMM B OPraHUYEeCKOM XMMHUU TOTO BPEMEHU U
ChITPANIY BBIIAIOLUYIOCS POJb B MOCAEAYIOLUEM Pa3BUTHU XUMHH LIMK-
JIMYECKUX CUCTEM. 3HAYEHUE UX ObUIO CTOJb BEJIMKO, YTO yKe B 1885 r.
BBLIAIOMIMICS XUMUK-0OpraHUK A. baiiep onybinkoBar IHMCKYCCHMOH-
HYIO TEOPETUYECKYIO CTaThlO, B KOTOPOH HM3JOXWI CBOU B3rjsiabl Ha
CTaOMIBHOCTb UMKJIOAIKaHOB. PaKTUYECKOro Marepuana ObUio elue
CJIIMIUKOM MAJIo, ¥ OH MPOCTO H3M0XUJ CBOU MPEAIIOIOXEHHUS O CTa-
OMJIBHOCTH LIMKJIOAJIKAHOB U (pakTOpax, ONMpEeAeISIOLUIUX KX YCTONYM -
BocTh. Bo H30GexaHne pasHoOro poga HegopasymMenuit A. baiiep cre-
UMANTBHO IMOAYEPKHYN NHUCKYCCHOHHBIMH XapakKTep pa3BUBAEMBIX
npeacrasiaeHuit. OQHAKo ero aBTOPUTET ObUI CTOJNb BEIMK, YTO CO-
3[aHHAasi UM CHCTeMa pacCyXICHUM cpa3y Xe MOoJyywia Ha3BaHHE
«TEOPUH HAIPSKEHUS» Y OIpeie]nia pasBUTUE 3TOM obsacTu opra-
HUYECKOH XUMHMU HA MSITBACCAT JIET.

B ocHoBe Teopum Hamnpsixehus Baitepa nexar nBa nocrynara. Ox
[1oJlaraji, 4To BCE LWKJIOANKAHBI IUIOCKHUE M JII060€ OTKJIIOHEHHUE Ba-
JICHTHOTO yrja B ITUIOCKOM HMKIE OT Terpasapuyeckoro 109° 28' Brui-
3bIBAET BHYTpEeHHEE HANMpsLKeHWe ukia. HanpuMep, coequHeHue OByx
yrJIepONHbIX ATOMOB JBOHHOMW CBSI3bI0 COMPOBOXIAETCS YMEHbLIEHM-
€M «HOpPMAJNLHOrO» BAJIEHTHOIO yIjia BABOE, T.€. Ha 54°44'. Y uukio-
NporiaHa 3To OTKJIOHeHue cocTassier 1/2 (109°28'—60°) = +24°44') y
uukinobyraHa 1/2 (109°28'—90°) = +9,44°, y uuknonieHrana +0,44°, y
nuKIorekcana —5°16' u T.x. DT1a Teopusa oOBACHANA HEMHOTHE U3BEC~
THbie B TO BpeMsi (pakThl O CTAOMIBHOCTU ISITU- M LIECTUWICHHBIX
UMKIIOB U OoJjiee HU3KOW CTAaOMIBHOCTH TpeX- U YETBIPEXWICHHBIX
LIMKJIOB, HO OHA CTaBWIA MMOJ COMHEHME CAMO CYLIECTBOBAHHE MakK-
POLIMKJIOB, [UISI KOTOPBIX HAMpSDKEHME B TUIOCKOM KOJIbLIE HOJDKHO
OBITh OYEHBb 3HAYUTEIBHBIM. T€M CAMBIM «T€OPHS HATIPSXEHUS» TUTH-
TeJIbHOE BpeMsl MPEISITCTBOBAJA BO3HUKHOBEHMIO M DAa3BUTHUIO XU-
MUY MaKpOLMKIUYECKHX coenuHeHuil. Teopus baitepa okasamach
oluMOKOU, KOTOpast HALOro 3aTOPMO3HKJIIA TAKKE U Pa3BUTHE HCCIE-
JOBaHMIM CTEpEOXUMUHU LUKIHYECKUX coequHeHu. [1peanonoxenme
O TOM, YTO COENUHEHUS ¢ OOJBIIMM pa3MepoM KOJbLia HE MOTYT Cy-
LUECTBOBATH BCJIEACTBUE HAMPSIKEHUst, ObLII0O OKOHYATEIbHO OIPOBEPT-
HyTo B pabotax JI. Pyxuuku (1926—1930 rr.) ¥ APYTHUX y4YeHBIX IO
HM3YYEHHUIO CTPOCHHS MYLIMCTBIX BELIECTB — AKTHBHBIX COCTaBJSIO-
UIMX MycCKYca U LUOeThl. DTH COENMHEHHS OKA3AJIUCh MAKPOLIMKIM-
4EeCKUMH KETOHAMHU WJIM iakToHamMu. Huke npuBeneHo cTpoeHUE He-
KOTOPBIX HauboJjlee BaXHBIX U3 HUX:

CH
CH —CHSHZ‘C—O CH. /CHZ‘C—O Hﬁ/( 2\)é—0 HC’(CHZ)S\C//O
3 ~ 7 2 am HC 7 Hg \
(CHa)1, (CHy)p2 ~(CHp)y ~(CHy)y—©
MYCKOH 3K3anbTOH uubeToH aMOpoBBINt MyCKYC —
aMbpeTtTonua
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[Tocne 3TOro OKOHYATENBHO CTANO ACHO, YTO TEOPHS HANPSIKEHUS
B CBOEM I[IepBOHAYAILHOM BapHaHTE HECOCTOSITE/NbHA, HO BlepBbIE
BBefeHHOe DBailepoM oYeHb BaXHOE MOHATHE <«HANpPSUKEHHE LIMKJIa»
0KAa3a/10Ch MPUCYLIUM OOJBIIMHCTBY LUKIOANKAHOB U UX PYHKIIMO-
HaJbHBIM [TPOM3BOIHBIM.

TepMUH <«HANpsDKEHHE» — 3TO TEPMOIMHAMUYECKASt XapaKTepuc-
THKA CTAGUILHOCTH LIMKA, TIO3TOMY CAMO MOHSITHUE O HAIIPSDKEHUH 1LIMKIIA
IOMXHO OCHOBBIBATECA HA TEPMOAMHAMHYECKMX JAHHBIX MO TEILIOTaM
00pa30BaHMS WM TEIUTOTAM CTOPAHMA LUK/IOATKAHOB. JTH JABA ITOAX0AA
B3aMMOIOMNONHSIOT APYT APYTa ¥ MPUBOAAT K ONMHAKOBBIM BBIBOJAM.

22.1. DHEPTUS HANIPSKEHUA B LIUKJIOAJTKAHAX
M TUIHI HAIIPSKEH U

PaccMoTpuM cHavana AadHBIE 110 TEIUIOTAM OOpa3OBaHHUA H-all-
KAHOB, [/I¢ 10 CYIUECTBY HET HAMpsKeHUs, TAK KaK OHY JIETKO MOTYT
NPUHKMATDH 3aTOPMOXEHHYIO KOHGOPMALMIO, [TOTHOCTHIO CBOBOAHYIO
OT Harpsokenus (. 4, 4. 1). Terutotsl obpasoBauus AH; npenctas-
JISTIOT cOB0i1 3HTANBMHUIO 00pa30BaHUA NAHHOIO COEAUHEHUNR U3 3ne-
MECHTOB B CTAHHAPTHOM cocTostHUU 1ipu 25°C u gaBnenuu B 1 at™. s
yIIepoja CTAHJAPTHBIM COCTOSIHHEM BbIOpaH rpadur, s BoLopoaa,
KHCJIOPOJA M pYTMX ra3oB — rasoo0pasHele Monekynbl H,; O, u ap.
Hns 6yraHa ¥ H306yTaHa TEIIOThI 0Opa30BAHKUS PABHBI COOTBETCTBEH-
Ho —30,16 £ 0,16 u —32,40 £+ 0,13 kxan/Monb.

4C+5Hy, —a u-CHyp; AH? = ~30,16 % 0,16 kxan/mon;
4C+5H; — u30-C4H,o; AH; =—32,401 0,13 xxan/mons.

OTpuuartensHas sHTaNbNUA o6pasoBaHuA H-OyTaHa u U3o0yTaHa
03HAYAeT, YTO AIKaHbl Goyiee CTaGWIBHB, YeM MCXOAHbIE COEAUHE-
HUs — rpaduT U BogopoA. U3 aTux JaHHBIX CleAyeT TaKXe, YTO U30-
OyTaH cTabunbHee H-OyTaHa Ha 2,3 KKaln/MOJb U, CAEHOBATENBHO, H-
OyTaH MoXeT ObiTh MpeBpalueH B u30-0yTaH, HO He HAoOOpOT:

CH;
|
CH,;CH,CH,CH; ——» CH3;CHCH; + AH/; AH; = —2,3 xxan/Mons

DTOT BbIBOJ OCTAeTCSA B CHJIE M JUJIS M3OMEPH3AUMU APYTUX H-
aKaHOB B UXx Oojiee pa3BeTBJEHHbIE M3oMepbl. UeM Oosice oTpHUa-
TENALHO 3HayeHue AH, 118 JaHHOIO COEUHEHUS, TEM BBILIE €r0 Tep-
MOIUHAMHUUeCcKast yCTOMYMBOCTL. B Tabin. 22.1 npupeleHbl 3HAYECHUS
CTAHZAPTHBIX TEIIOT OOpPa30BaHHUS HEKOTOPbIX aJIKAHOB, AJIKEHOB,
AIKUHOB U JIUEHOB.
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Tabaunua 22.1

Cranpaprinie TennoTl 06pazosanus AH; HeKOTOPBX ANKAHOB, A1KEHOB,
AJKHHOB M JHEHOB

Coenunenne AH, Coeaunenue AHf, Coennnenne AH,
xKan/Moan KKan/mons XKat/MOAR
CH, —-17,9 CH,;=CH, +12,6
-2,2
CH;CH; —20,2 CH;CH=CH, +4,9 O
CH;CH,CH; —24,9 |CH;CH,CH=CH,;| -0,2 O
-6,5
CH;CH,;CH,CH3 | —30,1 yuc-6yTeH-2 -1,9
H-CsH |, -35,0 mpanc-6yTeH-2 -3,0 HC=CH +54.3
H-CgH 4 -39,9 yuc-TeHTeH-2 -17,0 CH,C=CH +44 .4
#-C7H,¢ —44,8 || mpanc-nenren-2 | 7,9 ||CH;CH,C=CH| +39,5
H-CgH g —49,7 [j' CH;C=CCH; | +34,7
+37,5 e
u30-C4H o -32,4 CH,=C=CH, | +45.6
(CH;3);CHCH,CH;3| —36,9 H,C=CH
+8,2 _l +26,1
(CH;)4C -40,1 H,C=CH
3-MetunneHran —41,1
~1,1 @ +31,9
2,2-Inmerunbyran | —44,5

Kak cnenyet U3 JaHHBIX, IpeCTaBlIeHHBIX B TaOu. 22.1, aHeprus
00pa3oBaHUsl H-AJIKAHOB IIPH Mepexole K CIEAYIOLUEMY FOMOJIOIY B
psiny oT OyraHa KO OKTaHAa BO3pAcTaeT HAa ONHY M TY Xe BEIMUYHHY:
4,9 xxan/mons, T.€. AH; B nepecyere Ha onHy CH,-rpynmy coorser-
ctByeT 4,9 KKaJI/MOJIb.

Omnmpuyeckast popMyna nukinoankaHos C,H,, Moxer ObITh BbIpa-
xeHa u kak (CH,),, a seniunny AHy s CH,-rpynmel 11060ro HuKiIo-
AKaHa MOXHO PaccuMTaTh, pasnenus AH; mid KaXaoro KOHKPETHOTO
I{MKJIOaJIKaHa Ha BEJIMYMHY 71, COOTBETCTBYIOLLYIO pa3sMepy Lukia. Or-
KJIOHEHHUe Benm4yuHbl AH; /n o —4,9 KKa/MoJb CIYXUT KOJTHYECTBEH-
HOW XapaKTepHMCTUKON HanpspkeHMs uMkia. B tabnune 22.2 npuBeneHbl
3HavyeHust AH;, AH;/n v obwias aHeprus HampsbkeHus uukia. Jlerko
3aMETUTDb, YTO IUIA BCEX LMKIOAJKAHOB, KPOME LIMKJIOTEKCAHa, BENM-
uuHa AHp/n 3HauMTeNIbHO OTAMYaeTCs oT —4,9 KKaj/MoMb U, clenoBa-
TEJIBHO, 3TU LMKIIbI UMEIOT SHEPTUIO HAIPSLKEHHS.

HenanpsikeHHBIM UHKIOM SIB/ISIETCA TONBKO LIMKJIOTEKCAH, a HE
LUMKIIOIIEHTaH, KaK 3To IpeacKasbiBana teopus baiiepa. [pyroe pes-
KO€ PacXOXICHHUE IKCMEPUMEHTANbHBIX JAHHBIX C 3TON TEOpHUeR Ha-
bionaeTcs Ui UMKIOB, CollepXaluux Gosee MATHAAUATY ATOMOB YT-
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Ta6bavua 22.2
Dueprus 00pa30BaAHHA ¥ SHEPrUs HANPAKEHNA LUHKIOANKAHOB

Huxnoankanst AHy, AHf /n, O0u1as 3neprua HANPDKEHHUA
KKaN/MOJB KKJ1/MOMb NMKNA, KKaj/Moms
UMKIONPONaH +12,7 +4,2 27
uvknobyTaH +6,8 +1,7 26
LHKIONEHTaH —18,4 -3,7 6
LIMKJIOTEKCaH -29,5 ~4,92
yuwno-C1H 14 —28,2 ~4,0 6
yurao-CgHg —29.4 -3,7 10
yuxao-CoHg -31,7 -3,5 12,5
yukao-CyoHzg -36,9 -3,7 13
yukao-C1Hap —42,9 -39 11
yukao-Cy3Hag —55,0 —4,6 4
uukno-CisHjg ~72 —4.8 2
uumo-C|6H3z —76,9 —4.8 -

Jlepojia, TAe IHEPrysi HANpsSDKEHUs] OYeHb Mana. Takue MaKpOLUKIIBI
MIOXOXHU HA aJIKaHBI C IJIMHHOM yrnepox-yriaepolHoi nensto. Obias
SHEPrus HaIpPSKEHMS LMKIa, NpUBEAeHHas B nociaeaHeil rpade Tab-
JIMLIbI, PACCYUTHIBAETCA CAEAYIOMM 00pasoM. [Iiist THLIEHHOTO HAIpsI-
XeHMA UMKIIorekcaHa senuunHa AHy /n pasHa —4,92 kkan/monb. Tor-
I1a, HaMpUMeEp, JUISI THIIOTETHYECKOI'O «HEHAINPSKEHHOI0» LIMKJIOOKTAHA
SHeprus o0pa3oBaHud JoJKHA ObrTh —4,92 x 8 = —39,4 kxan/mons. [Ins
PeaIbHOTO LIMKN0OKTaHa A Hy = —29,4 KKaj1/MOoJb. DHEPrHsl HANPSDKEHUS
U1 UMKIIOOKTaHa paBHa pasHocTH: —29,4—(—39,4) = + 10 kxan/MoJb.
TakuM xe 0o6pa3zoM pacCYMUTBHIBAIOTCS SHEPTUUM HANPSXKESHUR M LA
BCEX OCTAIbHBIX LMKNOAJIKAHOB. K aHAaJMOTMYHBIM BBIBOJAM MOXHO
NPUATH U NpM aHanu3e 6oJiee TOYHBIX JAHHBIX MO TEIUIOTAM Cropa-
HUS UMKII0AanKaHoB (cM. Taba. 22.3). O6a nonxxona Kak sl JOMORHSIOT
ApYT Apyra.

Ha puc. 22.1 npusefeHa 3aBUCUMOCTb 3HEPTHU HAMPSKEHHUA OT
pasMepa umuxia juis uukioankaHos C;Hg _ C¢Hs,. Ha ocHoBaHuM Be-
JIMYUH OOLUEit SHEPTUU HAMPSLKeHUS BCe UMKIOAIKAHBI MOXHO pasfe-
JIMTh Ha YeThipe rpynmsl Manble uukisl CsHy u C;Hg, HopmaiabHeie
HUKITbBI CSHIO, CGHIZ 14 C7H]4, «CpEOHUE LHKNDBI» CgHm - C“H22 U
MaKpOLIMKIBI ¢ GONABUIMM YHCJIOM ATOMOB YIJIEPOAA.

Ob611ast 3HEprusi HanpsEXeHUs SIBASIeTCs CYMMOM TpexX OCHOBHBIX
COCTABJISIONHKX: YIJIOBOIO HATpSXEHUS, HATIPIXKEHUS 3aCAOHEHHBIX,
nporuBocTosiiiux C—H-cBsizeil M TaKk Ha3pIBaeMOro TpaHCAHHYSIp-
HOTro HaImpsAXCHHUA. Yrnosoe HarnpsxKeHue (CMHOHMMbIZ HanpsoKeHUe
YIJIEpON-YrIepOAHbIX CBsidei, unn HanpsxeHue balfiepa) BhI3BaHO
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Puc. 22.1. UsMeHeHNe 3HEPTUN HANPSKEHUS IMKIIOAIKAaHOB B 3aBUCHMOCTH OT
pa3Mepa L1KIa

TennoTs CropaHus NHKIOAJIKAHOB

Ta6banuna 22.3

Pasmep Temnora | Tennora cropanns Ha | O6man sneprus
IInxknoankan KoJbia| CrOpamms, onny CH;,-rpynny, HaNPOKeHHA,
KKaJ/Mob KKAl/MOJIb KKaj1/ MO
Huxnonponax 3 499,8 166,6 27,6
Luxno6yraH 4 655,9 164,0 26,4
UnknoneHTan 5 793,5 158,7 6,5
uknorekcan 6 944.5 157,4 0
Luxnorentad 7 1108 158,3 6,3
LuxnooktaH 8 1269 158,6 9,6
LuknoHoHaH 9 1429 158,8 12,6
UuxknoaexaH 10 1586 158,6 12,0
LuxioynnekaH 11 1742 158,4 11,0
Linknononexau 12 1891 157,6 2.4
UuxnoterpanekaH 14 2204 157,4 0
H-AJNKaH 157.4 0
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PacCTSDKEHMEM WIH CXATHEM BAJIEHTHBIX YIJIOB U OTKJIOHEHHUEM HX OT
teTpaanpuyeckoro 109°28'. HanpsixeHue 3acioHeHHbIx C—H-cBg3eii
(CHHOHUMBI: TOPCUOHHOE HAMpsDKeHWe, WM HanpsokeHue [lutie-
pa) no cBoeit nMpupone aHaAIOTHYHO OTTAJIKHBAHUIO ATOMOB BOJODPO-
[a B 3aCJIOHEHHOH KOH(pOpMaLKUyY 3TaHa U JAPYTHMX IpeneabHbIX yrie-
BOJIOPO/IOB ANSL ABYX cocelHMX 3acnoHeHHBbIX C—H-cpsizeit; aHeprus
3TOro B3aUMOJEHCTBUS OLIEHUBAETCA TIPUOIU3NTENBHO B 1 KKan/MOb.
TpaHcaHHYISIpHOE HanpsiKeHUe, UNU HanpsxeHue Ilpenora, obyc-
JIOBJIEHO B3aHMOJENCTBHEM B IPOCTPAHCTBE ABYX WM GOJBIIEro YKcia
aTOMOB BONOpOJA IIPH aTOMax yrjiepoJa Ha MPOTHBOMOJOXHbBIX KOH-
uax uukna. Ero cnegyer npyHUMATh BO BHUMAHKE IIaBHbIM 06pa3oM
Ins cpeaHux uukinoB Cg—Cy;.

22.2. OCHOBBI KOHOOPMAIIMOHHOTI'O AHAJTITM3A
HIUKITOATKAHOB

22.2.1. TUKIONIIPOIIAH

luxnonponaxn npeacTapaser coboif MpaBWIbHEBINH TPEYTOJNBHHMK
c BaneHTHbIMU yriramu C—C—C 60° u H—C—H 114°. BajneuTHslii yron
C—C—-C B uuionponade Ha 49,5° MeHbllle TETPa3APHUYECKOro yria
C—C—C B ankaHaX, 4YTO NMPUBOAHUT K HANPSXKEHHUIO, HA3bIBAEMOMY
YIJIOBBIM HanpsbxeHuem baitepa:

H H

MonekynsapHo-opOuTanbHas KapTHHa 00pa3oBaHUs TpEXWIEHHO-
o YIIEpOAHOro UMKIA MOJIEKY/Ibl IMKJIOTIPOITaHa 13 TpeX ¢pparMeHTOB
CH,, conepxalmnx ru6pUIHYIO sp>- U HETHOPHUIAN30BAHHYIO p-OpOUTa-
iy, 6b11a gana B o1. 2 (4. 1). B ool KapTHHE paccMaTpUBaIKMCh AE10Ka-
JIM30BaHHbIE OpOUTANM G- ¥ TM-THUIMA, OXBAaTLIBAIOLIKE BCE TPH aToMa
yriaepona UMKiIa. AJbTEPHAaTHMBHOE OINMCAHWE CBA3BIBAHUS B LIMKJIIO-
MpoIaHe OCHOBAHO Ha NpefCcTaRieHHy o THOpUIM3alMu Bcex opbuTa-
neii aroma ymepona rpynn CH;, o6pa3yloliux TpexwieHHbI# MK,

Yrnepon-yrieponHas Wid jo6ast Apyras KOBaJIEHTHasl CBSI3b Han-
6oJiee NpoYyHa B TOM ciyyae, Koraa [aBe o0pa3sylouide ee ruOpUEHbIe
opOUTaNM nNepeKpbIBAIOTCS BAOAb OCH, CBsI3blBalowWel szipa oboux
16- 230 481



aToMOB. DHEpIrus, a CJNeJOBATENbHO, U MPOYHOCTb CBA3M yMeHbILA-
I0TCA, eCU MepeKphbiBaHue opOUTANEd MPOUCKXOAUT C OTKIIOHEHUEM
OT 3TOi1 OCH. B HUKITONpOoIIaHe MPH BAIEHTHOM yrjie 60° HEBO3MOXHO
JOCTUrHYTh MAKCHMAaJIbHOTO MEPEKPHIBAHHSA NBYX Sp~-TUOPUIHBIX Op-
6uTaneit aToMoOB yrjiepoaa NnNpv oOpa3oBaHUU YIIIEPON-YIJIEPOOHOHN
cBsA3d. B nukiionponaHe ruGpUAHBIE OPOMTANM Yrjiepoda He 3KBUBA-
JieHTHBL. [Be rubpuaHble OpOUTANH, KOTOPbIE 0OPA3yIOT IHAOLKUKIU-
YyecKHe Yrjepoi-yriepoJHble CBSI3U LUKIA, UMEIOT Gojiee BBICOKMIt
p-xapaktep (83%) u MeHbwMii s-xapakrep (17%), yeM rHOpUIHBIE
opoutanu cesizeit C—H. IIpu nepexpriBaHUM TaKuX opburtaneit obpa-
3YIOTCHL «M30THYTBIE» CBSI3U, KOTOpbIE HA3BIBAIOT TaKXe «OaHAHOBBI-
MH», WM T-CBA3SIMU. DJIEKTPOHHAS TUIOTHOCTh B TAKUX «U3OTHYTHIX»
CBA3SX MaKCHMAaJIbHA HE BIOJIb JIMHUM, COCIUHSIOMIEH SIApa aTOMOB,
a B cTopoHe OT Konbla. O CTENeHH <«M3OTHYTOCTH» CBS3EH MOXHO
CYAUTE [0 BEJUYMHE YIJIa MEXAY TUHUEH, COCIUHSAIOWEH aTOMBI yr-
Jlepoia, U YCIOBHOM NHMHMEH B LIEHTpe IepeKpbIBAHUS opOuTaeil.
Jns uuxnonponana sror yron cocrasnseT 21°. JInunHa cessy C—C B
LIMKJIOIpOIIaHe, 00pa3oBaHHOM NpHU MepeKpbiBAHUU THOpHIHBIX Op-
6uTtaneii, cocrapaser 1,510 A, T.e. oHa Kopoye nmo cpaBHeHHI0 ¢ C—
C-cesi3bio (1,543 A) B ankaHax, o6pa3oBaHHON NMEpeKPIBAHUEM ABYX
sp>-ru6puaHbIX opbuTaneil. [TpubmuxeHHo rubpuaM3annio opGUTa-
qeit C—C-cps3eif B IUKIONPOINIAHE MOXHO OINUCATh KaK Sp:

e gpyrue ruOpuiHble opOUTAIHM yIIepoda B LIMKIIONPOIMAHE,
KoTopbie 06paszyioT sksouukiandeckue cBasu C—H umxionpomnaua,
HAIpOTUB, UMEIOT Gosiee BHICOKME S-XapakTep M MEHBIUMH p-Xapak-
Tep MO CPAaBHEHUIO C Sp°-TUIIOM TMOPUIM3ALMM YITIEpONA B aNKAHaX.
OTH «BHELIHHE» TUOpUIHEIE o?6ma_rm YrJepoka B LIMKJIOMPOIAHE 110
CYLUECTBY O4eHb OJIU3KU K sp“-opOutansam, U Kaxnasgs C—H-cssas3p B
LMKJIONpONaHe 0Gpa3oBaHA MEPEKPHIBAHMEM Sp°-rHOPUIHOM op6u-
TaJY YrJiepoaa U s-opOuTany Bonoposaa. Takue CBsi3u XapaKTepU3YIOT-
cs ropasgo 6osee Boicokoit C—H kucnoTHocThiO, yeM cBsizy C—H B
ankaHax. JeiicrBurensHo, pK, uukionponana (36—37) ouenusaercs
BEJIMYMHOMN TOrO X€ MOpSAAKA, YTO M JUIA 3TUJIeHa. JIBa aroMa Bomopo-
Ja ¥ atoM yrinepoga CH,-rpynnbl pacnojioxeHbl B MIOCKOCTH, KOTO-
pasi TepneHIUKYISPHA [UIOCKOCTH CaMoro UMKJIONponaHa, ¥ yrona
H—C—H cocrasaser 114°.
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CornacHo ruriotese rubpuIn3alni, yriaosoe HarmpsoKeHUe B LIMK-
JorpornaHe oOyc/NOBNEHO IMaBHbIM 00pa3oM HaIMYUEM MIOTHYTBIX
CBSI3EH, OlHaKO olbuiee HANpSAXEHWE B LIUKIONPOIIAHE OIpeaesieTCs
HE TOMABKO YIJIOBLIM, HO K TOPCHOHHBIM HanpsikeHueM. Bce iuecth
cesizeit C—H B uukionpornaHe HaxoAsTcst B 3aC/IOHEHHOM IOJOXe-
HUHU. DHeprus HanpsoKeHUs AByx 3acioHeHHbix CH-cBsi3eit oueHHBa-
eTcq npuMepHo B | Kkkan/MoJb (cM. . 4, 4. 1). OOu1as sHeprust Top-
CHOHHOI'O HAIIPSDKEHUS B LIMKJIOMPOIIaHe COCTABISET IIPUOIN3UTENBHO
6 xka/Monb U3 o6uieil 3HEPTUM HANpPsLKEHUS B 27 KKaJI/MOTb.

22.2.2. HUKJIOBYTAH

O6was 3Heprusi HANPSKEeHHs LIMKIo0yTaHa O1M3Ka K IHEpPruu
HANpsDKeHUAST HUKJIONPOIIaHa, XOTS YIJI0BOE HaNpsDKEHUE JaeT 3/ech
MEHBLUMH BKAAM IO CPABHEHMIO C LUKJIONPONAHOM, TIOCKOJIBKY JaXe
B TUIOCKOM UMKJI0OyTaHe BajleHTHbIN yrox 6out 6l paBeH 90°. Ho B
T'MIIOTETUYECKOM IUIOCKOM LUKJIOOyTaHe NOJIKHO ObITh 8 map 3acio-
HeHHbIX C—H-cBs3eit, yto gaeT 8 KKaj/MONb 3HEPrHU TOPCUOHHOTO
HanpsokeHUs. [ToaTtoMmy uMkio6yTaH ¥ MHOTHE €ro IPOM3BOLHbBIE CY-
LIECTBYIOT B HEIUIOCKOH cKiIamyaroif KoHdopMauuu, e ofHa MeTH-
JICHOBASI IPYIIA OTKJIOHEHA Ha 25° OT MAOCKOCTH € TpeMsl OpYIMMHU
aTOMaMH yriepoja:

H

IIpu 3ToM aTOMBI BOXOPOAA OKA3bIBAIOTCS YXKE HE B 3aCNIOHEHHOM, a
B HECKOJIbKO CKOIIIEHHOM TOJIOXEHUH, YTO OTYETAMBO BHAHO HA MpO-
ekuuu HpioMeHa:

H
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Crxulanyarasa ¢popMa UMKI00yTaHa ABasieTca rubXoit M jerko npespa-
LIaeTcs B APYIYIO CKian4aryio popMy yepes IMIOCKYIO0 KBaAPATHYIO
¢dopmy:

3aMeHa OfIHOM METHUJIEHOBOM IPYNIbI LMKIOOYTaHA Ha aTOM KHMC-
JIopoJia NPUBOJAMT K OKCETaHY:

H,C—CH,

OKCECTaH
H,C—O0

B okcertaHe ucye3aior YETBIPEC 3aCJIIOHCHHBIX C_H—BSaHMOZICﬁCTBHH,
U MOJICKYJ1Aa CTAHOBUTCH TUIOCKOM.

22.2.3. HUKJIOIIEHTAH

B runoTteTMYecKOM MJIOCKOM LMKJIONEHTaHE BAJICHTHBIE YIJIbI
JOJKHBI ObITh 108°, 4TO OYeHb 6IM3KO K 3HAYEHUIO TETPA3IPUYECKO-
ro yraa 109,5°. Ongnako B mnockoMm CsH g ecth gecsath nap 3acjioHeH-
Hbix cBsizeit C—H, uyto cootBercTByer 10 KKaN/MONL TOPCUOHHOTO
HanpsokeHus. [103TOMy peajibHblil LUMKJIONEHTAH HEIUIOCKUU W 110
tbopMe HANOMHUHAET «OTKPHITHII KOHBEPT»:

H

npoekuuss HpioMeHa
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B srtoii koHdopmanuuu Heckosbko C—H-B3auMoneACTBUIA CTAHOBAT-
Csl CKOWIEHHBIMM, HO OTHOBPEMEHHO NPOMCXOIUT HeOONbLIOE UCKA-
XeHUEe BAJIEHTHBIX YIIOB. B pe3ynbTaTe HanpsXeHHOCTb MOJEKYJIbI
CsH|p 4acTMYHO COXpaHSETCH M COCTABASET BEJMYMHY TOpsAKa 6—
6,5 KKaJ1/MOJIb. DHEPTeTUMECKN i BLIMIPHILI NEepexoia MUIOCKOTO LHK-
JIONEHTaHa B KOH(OPMALIHIO KOHBEpPTA COCTAaBAAET 5,2 KKai/MOJlb.
HuknoneHTaH OTHOCHTCA K YHCIY TaK Ha3blBaeMbIX AMHAMHUYECKHUX
CTPYKTYpP, KOTJIa 32 CYET BHYTPEHHEro BpallleHUs OJHa KoHdopma-
UHST NEPEXOAHT B IPYIYIO, 3KBUBAIEHTHYIO el KOHGOPMALIMIO KOH-
BEpTa Yyepe3 TaK Ha3bIBAEMOE «I10JIYKPECI0». ITO JOCTHUTAETCSA ABUXKE-
HHMEM OJHOrO aTOMa BBEPX, a JAPYroro BHU3 OT ILUIOCKOCTH:

[
|

TIONYKpeCo KOHBEPT

KOHBEPT

IMonxetit noBopoT Ha 360° coBepiuaeTcs B ATh cTaguii. [Ipu 6bicTpoit
cmeHe xoH¢opMalMii KONbUO Kak Obl 0beraeT BojgHa. Takas ¢popma
MOJIEKYJISIPHOTO ABYDKEHHUS Ha3bIBAETCSH «nceBnospameHueM» TaK Kak
OHO BOCIIPOM3BOIMT CaMo ceOsl.

22.2.4. LTMKJIOTEKCAH C¢H,,

3TO caMblit BaXXHbIN U3 BceX LIMKI0ANKaHOB. CTPYKTYPHBIHA (par-
MEHT LHMKJIOreKCaHa BXOOMT B COCTAB OTPOMHOIO KONMHYECTBA IIPH-
POIOHBIX COEAMHEHU — CTEPOHAOR, JIEKAPCTBEHHBIX U TYLIHCTHIX BE-
L[eCTB, aHTUOMOTUKOB MU Ap. PeurreHorpaduyecku M APYTHMU
bu3nyecKUMH MeToAaMM JOKa3aHO, UTO UHKJIOTeKCaH HaXONUTCH B
dopme Kpecia, NOAHOCTBIO cBOBGOAHOTO OT Hanpspkenus (M. baproH,
O. Xaccens, 1950 r.). B 2T0it KOH(p>OpMaUIMK BCE BACHTHBIE YIJIbI CO-
OTBETCTBYIOT TeTpal3npH4eckoMy, a Bce cBasn C—H Haxomstcs B 3a-
TOPMOXEHHOM TOJIOXKEHHH:
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D70 Ay4ilie BCEro BUIHO Ha npoekuun HelomeHa Brons cBsizu C—Cy:

3 H 6
ng\ H /HZC H
<6 3
H,C | H “H,c” H
H H

dopma Kpecna LHUMKIOreKcaHa MMEEeT OChb CUMMETPHM TPETLErO I0-
psanka. lllectb aTOMOB BOAOPOAA, PACIIONOXEHHBIX NAPAUIENBHO 3TOM
OCH, Ha3bIBalOTCHd aKCHAJbHBIMH, LIECTh JPYTHX aTOMOB BOIOPOIA,
KOTOpbIE JIeXaT BOJIM3H BOOOpakaeMOi IUIOCKOCTU KOJbLA MOJX Yyr-
siom B 107,5° Kk akcuanbHBIM MPOTOHAM, HA3HIBAIOTCSH 3KBATOPHAIb-
HBIMHU. LIMKI0OreKcaH, Kak M LMKIIOMEHTaH, OTHOCATCA K pa3psny
JUHAMHKYECKHX CTPYKTYp. COracoOBaHHOE BpallleHUE BOKPYT yINIepoa-
YIJIEDOMHBIX CBA3EH MpeBpailaeT oJHy KOHGhOpMAaLMIO Kpecia B ApY-
T'Y10, MIEHTHUYHYIO €i 110 YHEPTMM KpPeCJIOBUIHYI0 KOH(opMalHio, B
KOTODO# BCE€ AKCHAIbHBIE aTOMbI BOAOPOA CTAHOBATCS IKBAaTOPM-
QIBHBIMH, M Ha0OOpOT BCE 3KBATOPHAIbHBIE — aKCUAJNBHBIMU. DTOT
NPOLIECC HOCHUT Ha3BaHHME KOHBEPCHH HMKIA:

DHepreTuyeckuii Oapbep Ui TNepexolla OQHOTO KPECIOBUIHOIO
KoH¢opMepa B ApyToit cocrasiser 10,8 kkan/monb. B npouecce aroro
nepexoja peaM3yloTcs APYrue, MeHee CTabWwibHblE IKCTpEMaibHble
KOH(OpMaLIMH LIMKIIOTEKCAHA: MOJIYKPec/io (NoMyTBUCT-(opMa), TBUCT-
¢opma ¥ BaHHa. Bce oHm oGnapaior Gosiee BLICOKOH DHEpPruei, yem
KoH(popMalus kpecna. OgHa M3 APYTHX 3KCTpEeMalbHbIX KOHGopMa-
IMH — KoHbopMauus BaHHbBI — I0Jy4yaeTcsi, eciu atoM C; B KOH-
c¢dopMalMM Kpecsa BpallleHHEM BOKDPYT OJMHAPHBIX CBA3El TepeBecTH
Ha JpPYryio CTOpPOHY TW1ocKocTH atoMoB C,, C;, Cs, Cq, rne HaxonuTcs
atom C,4. IIpn aTom usMeHsieTcsl NNOJIOXKEHHE aTOMOB Bogopoaa npu C,
C; u Cq¢. ATOMBI Bogopona, ObIBLIME B aKCMAIBHOM MOJI0XEHWH B KOH-
dbopmauun Kpecna, 3aHUMalOT SKBAaTOPUAIBHOE ITOJIOXEHUE B KOH-
¢dopMauMy BaHHBI ¥ Hao6opoT. XOTA B KOH(OpPMALIMK BaHHBI, TAKXKE
KakK 4 B KOHDOPMAIIMK Kpec/a, HET HCKaXEHWs TeTPa3ipHYeCKUX Ba-
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JIEHTHBIX yrnoB, KOH(POpMaLIUa BaHHB Ha 7 KKaJi/MOJIb BBILLE MO 3HEp-
THU MO CPABHEHMIO ¢ KpeCaoBUIHOM ¢dopMoit. HanpsokeHHOCTh KOH-
thopmaliy BaHHbI CO3JaETCA 3a CUET 3aCJIOHEHHBIX aTOMOB BOAOPOIa
npu C; u C;, atakke Cs u Cq. KpoMe Toro, paccTosHue MeXny «BHYT-
peHHUMH» aToMamu Bopopona npu C; u C4 cocrasnseT 1,83 A, Torna
KakK CyMMa BaH-1€p-BaaIbCOBBIX PaHYCOB JIByX AaTOMOB BOAOPOJA paB-
Ha 2,4 A. Bo3HMKaIOlIAS [IPH 3TOM SHEPIusi OTTAIKMBAHHKA 3TUX «iar-
LITOKOBBIX» aTOMOB BOJIOPO/A COCTABJSIET MPUMEPHO 3 KKaJI/MOJIb:

H CH H
HA 2 H
C%:% H
H H

npoekuus HoloMeHa nis Gopmsl BAHHE KOoH(popMaL U BaHHBI

H H

TBUCT-QoOpMa

ITpu cxpyuMBaHUM BaHHBI MO LIeHTpanbHOM ocu aroMbl C; u C4 Bpa-
LIAIOTCS B IPOTUBOIOJIOXHLIX HAMMPaBIEeHUAX. B pe3yibTaTe MeXaToM-
Hoe paccrossHue C,—C,4 Bo3pacraeT, aToMbI Bogopona nmpH C,, Cs, Cs
n Cg BBIBOOSTCS M3 3aCJOHEHHOrO IONOXKEHHUs, a2 ¢opMa BaHHbI Tie-
pexonut B TBUCT-(opMy. IIpu 3TOM B 3aBUCHMOCTM OT HamnpaBieHUs
CKPY4YHBaHMA 00pa3yloTCs ABe 3KBUBAJIECHTHBIE TBUCT-(POPMBI:

C] C4
Hasan (1) Ha3aa (2) 0 QNQ
C,( 43 C, Teucr-dopma (1)
G G _ ]
@ G Cs
BNEpER
Bn(ezp)en (o) G M G C, C Cs
BaunHna

Teucr-tbopma (2)
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IMepexoa umkiorekcaHa w3 ¢opmbl BaHHBI B TBUCT-(OpPMY comnpo-
BOXAETCsl CHATUEM B3aUMOAEHCTBUS «(JarliTOKOBbIX» ATOMOB BO-
nopona npu C; un C4, nosToMy TBUCT-(opMa ob1azaeT MeHbLIEH 3Hep-
ruei, yem ¢opma BaHHbl. OnHAKO B TBUCT-(POpME YACTUYHO
coxpaHsieTcsi 3acnoHeHue cpszeit C—H, u no sHepruu oHa MeHee
crabunpHa, yeM XoHcopmanus Kpecna. IIpespauieHue koHgopma-
LMK Kpecsa B TBUCT-GOPMY NMPOUCXOIAUT Uepe3 HEYCTOMYUBYIO KOH-
dopmauuio noaykpecaa (noayrBucT-¢opMsl), rie B OOHOH UIOCKO-
CTU pacliofiaraloTcsl YeThblpe COCEAHMX aTOMA YINEepoaa:

Kpecno INonyxpecno TeucT-opma

Kondopmauust kpecia npegcrapiser co6oit KoHpopMalMOHHO
XeCTKYIO (popMy, OCTaNIbHblE IKCTpeMajbHble KOHGOPMALIMH OTHO-
CATCS K YMCIY BECbMa IOABHMXHBIX POPM, TTOCKOJNIBKY OHHU JIETKO Jie-
dopMupyioTcs U mepexogaT Apyr B Apyra. Ha puc. 22.2. npuBeaeHa
SHepreTHyYeckKasl guarpamMma KoHpopMaUOHHBIX MepeXoNoB ISl B3a-
HMoIpeBpalleHusa 1ByX ¢bopM Kpecia, KOTOpoe HOCUT Ha3BaHUe KOH-
BEPCUU LIUKIIA.

IlepBoHayanbHO OAHA H3 KOH(POPMALMH Kpecia MEepPexXomuT B
dopmy nonykpecna, Koropas najgee NnpeBpaliaeTcss B TBUCT-GopMYy

oNyKpecno
(nonyTBucT)

&3]

NOMYKpeCIo
(nonyTBHCT)
m

53

TBHcT (1) TBMCT (2)

55

Puc. 22.2. DHepreruueckas auarpaMMa KOHGOPMalLlMOHHBIX NIEPEXOLOB
B LUMKIOreKcaHe
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(1). TBuct-bopMa yepe3d KOHGPOPMALUIO BAHHBI «CKPYYMBAETCSI» B
MPOTHUBOMONIOXHOM HAINPaBNeHUH B Apyryio TBUCT-dopMy (2). Teuct-
dbopma panee npeBpaiuaercsd B KoHdbopMauuo noaykpecia (2), xo-
Topast B KOHEYHOM MTOrE MEPEXOAUT B KOHEYHBIH IPOAYKT KOHBEp-
cun — Kpeciyo (2).

®opmMma monyKpecna Ssisercs MepexoqHoi Mexay KoHdopMaliu-
eit kpecna u TBUCT-chopMoit, a popMa BaHHEI — MEXIY IBYMS TBHCT-
dopmamu. KoHdopMmayiy BaHHBL ¥ OJNYKPECIA 110 SHEPTHH HAMHOTO
fpesocxofAaTr Kpecaosuahbie KoHGopMauuy (1) u (2). l'eomerpuyec-
KM 3TOT MpOUEecC MOXET ObITh OMMCAH CIEAYIOLIEH IToCIenoBaTesb-
HOCTBIO TIpeBpallleHUH, B KOTOPHIX CBOE MMOJNIOXEHUE U3MEHSIOT O~
HOBPEMEHHO JBa aTOMa Yrjepona:

%*%f—%:v‘h:R

KoHdopmepamu B 3TOM NpeBpalieHUM SBISIOTCA TONBKO KOHpopMa-
UMM Kpecia U TBUCT-GOpMBI (MUHUMYMBI Ha 3HEPreTHYEeCKOM Auar-
paMMme). PaBHOBeCHasi cMeck KOH(POPMEPOB LIMKIIOIEKCAHA CONEPKUT
npy 20°C 99,99% kpecioBHAHOI KOH(OPMALIMK, a CaAM IpOLiecC KOH-
BEPCHM LIMKJIA OCYLUECTBIIAETCA C YACTOTOM MOPSAAKA CTA ThICSY IIpe-
BpallieHU# B cekyHny npu 25°C.

22.2.5. KOHOOPMAIINHN CPEIHMX IIUKIIOB

s UMKJIOB € YUCIOM aTOMOB yrjiepoaa Gosiee HIECTH 4YMCIO
3KCTpeMANbHBIX KOHGpOpMaUuil pe3Ko Bospacraer. Tak, Harpumep,
MpY OLIEHKEe KOH(OPMALIMOHHOrO COCTOSIHMA LIMKJIOOKTaHa Cleayer
NMPUHUMATHL BO BHUMAHUE He MEHee ABEHANLATH SKCTPEMATBHBIX KOH-
¢opmauuii, U3 KOTOpbIX Haubosiee CcTaOHMJIBbHON, COTJIaCHO pacyer-
HBIM JaHHBIM, a Takxe NaHHbBIM SIMP-criexTpockonum 3aMmelle HHbIX
MIPOU3BOXHBIX, OKa3biBaeT (opMa BaHHA-KpeCno; MeHee CTabMIbHBI
BaHHAa-BaHHA M KOPOHA:

p vat

BaHHa-Kpec/o BaHHa-BaHHa KOpOHa

Paznuyue B 3Hepruu st 3STUX KOHPOpMaLUil 3HAYUTENIBHO MEHBIILIE,
4yeM JUIS LHUKIIorexcaHa, U KojebneTcs B AuManasoHe 5—7 KKajia/Mob.
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Jlns Bcex KoHdopMalMil UMKIOOKTaHA XapaKTepHO HAJIMYUE 3acilo-
HEHHBIX aTOMOB BOAOPOA, KOTOpOEe MPUBOAUT K MOSABJIEHHUIO TOPCU-
oHHoro HanpsixkeHust [Tutuepa. Kpome Toro, ansa LUMKIOOKTaHA M
OPYIUX CpelHHX UMKIIOB XapaKTepHO HAJIMYMe HAMpsSDKEHUS, BbI3bI-
BAEMOFO aTOMaMM BOAOPOAA, HAXOASLIMMHUCA Ha MPOTUBOITOAOXHBIX
CTOpPOHAX KoJibllda — TpPaHCaHHYJISpHOro HamnpspxeHus [lpenora:

H

H

TakuM 06pa3oM, 3Heprusl HAMIPSKEHHUS ISl CPEHHHUX LIKKIOB
CKJ1a/IblBaeTCsl U3 TOPCHOHHOTO M TPAaHCAHHYASAPHOTO HAMpPSIXEeHUs.
KoHdopMaluroHHbie MTpobeMbl 11 UMKIOAEKAHA Y BBICIIHUX LIKKIIO-
ATKAHOB HACTOJIBKO CJIOXHBI, YTO PEIIAIOTCS TOJbKO € IMOMOLIbIO
KOMIIBIOTEPHOI MaTeMaTHyecKoi 0O6paboTKM ¢ MUHMMM3ALMEH Tep-
MOIUHAMUYECKUX [TapaMETPOB [UIS KCTpeMaibHbIX KoHbopMauwuit. Lis
CaMOro LUHKI0AeKaHa PEHTTeHOCTPYKTYPHBIM aHAIM30M JOKa3aHO, YTO
B TBEPIOM COCTOSIHMH OH HaXoUTCAd B KOH(OpPMAlMM BaHHa-Kpec-
Jlo-BaHHa. DTa Xe KOH(pOopMalMs OKa3biBaeTcs JOMHHMpYOLIEH U B
razoBoii daze. nknonexaH bosee HanpsDKeH, YeM HUKIJIOOKTaH. Pac-
CMOTpEHME MOJENM BaHHA-Kpec/jo-BaHHA IMOKa3biBaET, YTO NPUYH-
HOH 3TOro pasjinyus SBASETCS BaH-ICP-BAaalbCOBHI B3aUMOLEIHCTBHUSA
JIBYX TPYIIN 10 TPM aTOMa BOAOPOJA C KaXJOH CTOPOHbBI MOJIEKYJIBI.
JMioboe M3MEHEeHUE TeOMETPUM NMPUBOIUT K POCTY TOPCHOHHOIO Ha-
MIPSIXEeHUS:

H
H

t: J\ o H LUMKI00eKaH (BAHHA-KPEC/J0-BaHHa)

—H

Hukisl ¢ 15 ¥ Oonee atomaMu yrjiepolia o CBOE reoMeTpUM TTOXO-
XU Ha aJlKaHbl C JJMHHOM yriepod-yriepoiHoi cBa3sio. Haubonp-
el ctabunbHoCcTbIO OynyT obnamaTth KOH(MOPMALMK, HANIOMHUHAIO-
IIKe 110 CBOEWA reOMETPUH pelleTKy ajaMasa.
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22.2.6. KOH®OPMALIUHA MOHO3AMEIIEHHBbIX IIMKIIOrEKCAHOB

MeTuiurKIoreKcaH, TakkKe Kak M BCe [JpYrMe MOHO3aMelleH-
Hble MPOMU3BOLHBIE LIMKIOTEKCAHA, MOXET HaXOAWTbCS B INBYX pas-
MUYHBIX KOHGOpPMAaUUAX Kpecaa, rie MeTWIbHAsA TPYIMIa WK APpYyroi
3aMECTUTENIb 3aHUMAET aKCUANIbHOE WM 3KBATOPHUATBHOE TOJOXEHHE.

H ’ H
a
S —— H
€ C'
el
H
aKcuanbHbIH XoHpopMep (5%) 3KBaTOpHaNBHBIIT KoHGopMep (95%)

K = sxBaTopuanpHblii/axcuanbHbtit = 20; AG® = —1,8 xkan/moinn

MoHo3aMellleHHbBIE LMKIOreKCaHbl aXUpaibHbl, €CIM 3aMEeCTUTENb B
KoJblie axypaneH (cM. 1. 8, 4. 2). OnHAaKo UX a- 1 e-KOHGOpMepSI Ipel-
CTaBNIAIOT coboi AuacrepeoMepsl M, CJIEIOBATENILHO, MOHO3AMEIUEH-
HBIl LIMKJIOTEKCAaH [posisisteT KOHGOPMALIMOHHYIO IHACTEPEOMEPUIO.
Bappep npeppalleHHil 3TUX IHACTEPEeOMeEpPOB HACTOJIBKO Maj, 4YTO He
[TO3BOJIIET NIPH TeMrepatype Boiille —120°C pa3neadTh 3TH ABE AUacTe-
peoMepHble KoHbopMauuu. 11 MOHO3aMellle HHbIX [IMKJIOTeKCAHOB 3K-
BaTOpPHANILHBIA KOHdopMep Bcerma Gosiee craGUiIeH, 9eM aKCHATbHbLIN.
s Metmnumkiorekcada npu 25°C paBHOBECHOE COCTOSIHHE OTBEYAET
95% e- u 5% a-xondopmauuu. Paznuure B CTaGUIBHOCTH e- U a-GopM
JUTSL 3aMELLEHHBIX LIMKJIOMeKCAHOB JIETKO [TOHATh, €CJIH PACCMOTPETb CO-
OTBETCTBYIOLUME NMpoeKilMd HploMeHa 1151 KoJiblia OTHOCHUTEABHO CBSI3H
C(1)—C(2). Ilpusenem nmpoexkiinu HrloMeHa JuUist METWILIMKIOTEKCAHA:

CH
3 3 6 |
H,C H BC CH,
<6 - 3
H,C H H,C CH,
H H

B sxBatopuanbHoit KoHpOpMaLMK METHIIbHAS TPYIITA PACIONOXeHa
B anmu-nonoxeHuu no otHoueHuo K CH,-rpynne C(3), B TO Bpe-
Msl KaK B aKCHafibHOI KOHGOPMALIMU 3TH IPYIIILI HAXOAATCS B CKO-
WeHHOoH (eow)-kKoHdopmauun. BaauMonaeiictBue aToMOB Boaopoaa
METHJIBHOM TPYIIbl ¢ aKCHaNnbHbIM BoxopoaoMm npu C(3) noxobHo
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B3aMMOLEHCTBHUIO aTOMOB BOJOPOAA B CKOLUEHHOI (20u-)xoHdopMaLinu
6yraHa (cM. . 4, 4. 1). HanoMuuM, yto 1wist eow-koHdopManuy OyraHa
TaKoe B3aUMOEINCTBHE NMTPUBOAUT K POCTY SHTANbIMHK Ha 0,9 Kkaj1/Mob.
B METWILIMKJIOTEKCAHE €CThb [1BA 20li-B3aMMOINEHCTBUS METWIBHOM Ipyil-
MBI ¢ akcHanbHbIM BoxoponoM — nipu C(3) u C(5), uro cooTBeT-
CTBYET pOCTY 3HTJIbIIUM Ha Beuuuny 0,9 x 2, T.e. 1,8 xxan/Mons. ta
BesiMuMHa (aKTUYECKM TOYHO COOTBETCTBYET peajibHO Habniomaemo-
MY pa3jIN4yMIO B SHEPTUH a- U e-KOHGOPMALIMH METHIIIIMKIIOTeKCaHa.

B akcuansHOM kKoHdopMepe HabiogaeTcs BaH-Aep-BaalbCOBO
OTTAJIKUBaHMe MeXay aroMoM Bogopona CH;-rpynimsl ¥ akCHanbHEI-
mu Bogoponamu npu C(3) u C(5). Takue B3auMoaeiicTBUA HA3bIBAIOT
1,3-muakcraabHbIM B3aUMOJEHCTBHEM HJM 1,3-IMaKcHaIbHBIM OT-
TaJIKHBaHHEM. DTO Ipyroit crocod onucanus eow-3ddexra B METII-
LIMKJIOTEKCAHE:

H
7/

Paannyue B 3HEeprum a- U e-KoHdopMepos Ansa mobGoro MoHo3aMe-
eHHoro uukiorekcaHa CgH ;X B MosieKynsipHOi MexaHMKe 0OBIYHO
Ha3bIBAIOT CBOOOAHON KOH(OpMAlIMOHHOM 3Heprueil AG* rpynns X.
DHepreTudeckoe pasnuuue aByx KoHdopmauuit mnsg CgHp X moxHo
OMNpeNeNUThb C NTOMOILLBIO PA3THUYHBIX DPUMKO-XUMUYECKHX METONOB,
Cpely KOTOpbIX 0COOEHHO IoJIe3HOoM oKa3anach cnekrpockomnus SIMP
ua siapax 'H n *C. MHBepcus Kojbua IpMBOIMT K OGMEHY MECTaMK
9KBAaTOPHANIbHBIX M aKCHAJIBHBIX aTOMOB Bonopoda. B TepMuHomoruu
AMP 3T0 MOXHO paccMaTpUBaTh Kak Ipolecc o6MeHa MonoXxeHUH
nporoHa. Ilpy GbicTpoM o6MeHe ¢ KOHCTAHTOM CKOpPOCTH MOpsSAKa
10°c™! Ha6nomaemblit CIEKTp MNpencTaBiasier coboil ycpeaHeHHBIH
criekTp ob6enx xoHdbopMauui. [Ipu MemreHHOM oOMeHe co CKOopoc-
ThiO mopsiaka 10'—10% ¢! criekTp mposiBisieTcst KaK HATOXEHHUE CIeK-
TPORB ABYX pealibHbIX KoH(opmepoB. [IpH npoMeXyTOMHOI CKOPOCTH
o6MeHa HabmogaloTcs YILMPEeHHbIE CUTHAIBI, YTO BOODIIE XapaKTep-
HO [UIst IMHaMuueckoro pasHoeecus B SIMP-cnekrpockonuu. B [IMP-
criexTpe gefrepupoBaHHoro uxknorekcuwnotopuaa CsD;oHCl npu 25°C
HabmomaeTcs ycpeAHeHHBIH cuHrimer, npu —60°C nogsnsiorcd nsa
CWIbHO YILUMPEHHBIX CHUHIJIeTa, KoTopble npu —150°C mepexoasar B
IBa Y3KUX CHUHIJIETA, COOTBETCTBYIOLIMX MHIWBHAYATbHBIM KoHdOp-
MepaM (puc. 22.3). CooTHollleHHe KOHGOPMEPOB OTIpeleNnsieTcs 110
IUI014aAM COOTBETCTBYIOILMX CUTHAIOB.
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vatw
ALM

+25°C
Dpop
ci DANVAN
D 5 Va Y _s0°C
D
va Y 150°C

Puc. 22.3. TIMP cnekrp AexkaneiiTepoxiopUMKIOreKcara npu +25°; —60° u —150°C

Tabnuua 224
CrobGoanbie KoHDOpManBoaybie 3HeprHr AG® rpynn X

3amecTaTem X AG”, kxan/mons 3amecTrrens X AG’, Kxan/mons

F -0,25 CN —0,2

Cl -0,53 COOH —1,85

Br —0,48 OCOCH; -0,7

I —0,45 OH -0,87

CH;, -1,8 OCH; -0,55

CH,CH; -1,8 OTs -0,52

CH(CH,), -2,1 C=CH —0,41

C(CH3); -5.4 NO, -1,16
CsHs -3,1

B 1abn. 22.4 npuBeaeHH 3HaYeHUs CBOOOIHBIX KOHGOPMALIUOH-
HBIX SHEPrUil g 3aMecTUTeNeH caMoil pa3IMYHON NMpPUPOAR], Ofpe-
meneHHbie ¢ tomowpio IMP 'H u *C npu remneparype Hizxe —100°C.
Bce ranoredsl uMeloT HU3KKME U (KpoMe ¢ropa) GIM3KNe 3HAYeHHs
AG®, TaK KaK OZHOBPEMEHHO C POCcTOM 00beMa aToMa YBEJIHYMBAET-
cs1 IJIMHA CBA3K yriepoa-rajoreH. Beanunna AG° 3aKOHOMEPHO BO3-
pactaeT NpM nepexoje OT MEPBUYHON KO BTOPUMHOHN U Jajiee K Tpe-
THYHOM ajkuiabHOM rpyrne B psny CH; ~CH;CH; < CH(CHj3), <
C(CHs3);3. Tpem-GytunpHas rpynia umeeT Hanbosiee BhICOKOE 3HAYe-
Hue AG°, paBHoe 5,4 kxan/mons. Ilpu 25°C tonbko 1—2 Monekynbl
mpem-6yTunuukiorekcada us 10000, t.e. 0,01% HaxomaTcst B aKcH-
anbHOI KOHbOpPMaLIKH.

[1pennoYyTHTENbHOCTh 3KBATOPHANBHON OpUeHTauuu mpem-0y-
TWIBHOM TPYINIBI CAENAIO €€ OYeHb YOOOHBIM perepoM Ui U3yUYeHHUs
CUCTEM C 3afaHHo#t KoHdopMauuwen. Crenyer, O0HAKO, OTMETHUTS,
4YTO KOH(pOPMALUKU HeJb3sl PEenCcTaBASTh MOJMHOCTBIO 3aKPETUIEHHDI-
MM JaXe NMPH HATNYUU mpem-OYyTWILHON WM (heHUABHOM rpymIibl.
KondopmanuoHHass wHBepcus npu 25°C M Bblllle UMEET MECTO INPU
HaJMYUK JI060T0 3aMeCTHTENS, TOITOMY HEYMECTHO I'OBOPUTb O Ta-
KOH CHCTEME KakK O 3aKpeIuleHHON B OJHON KOH(pOpMaLUUH.
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22.2.7. KOHOOPMALIMHM IN3AMEUIEHHBIX HUKIOTEKCAHOB

1,2-, 1,3- u 1,4-JIusamMenieHHble MKIOIEKCaHbI CYILECTBYIOT B
BHMIE 1ap reOMEeTPUYECKUX YUC-, MPAHC-U30OMEPOB OTHOCUTENBHO IUIOC-
KOCTHM KoJibua. Kaxneiit nuactepeoMepHblii FeOMETPUUECKUI H30MeED
HaxXOAMUTCs B BUIE PAaBHOBECHOM CMECH IBYX KPECIOBUIAHBIX KOHGOP-
MepoB. PaccmorTpuM KoHdoOpMaUMH AH3AMEIUEHHBIX MPOU3BOIHBIX
UMKJIOreKcaHa Ha nmpuMepe IuMeTHIuuKiIorekcatda. [uc-usomep 1,4-
IUMETWIUMUKIOTEeKCaHd HAXOAUTCH B BUJIE pAaBHOBECHOI CMECH 3KBU-
BAJICHTHBIX €,a4- U a,e-KOH(}OpMEpPOB.

CH, CH,
a a
H AG° =0 H
e
H,C e CH,
H e,a-xondopmep a,e-xoHdopmep H

yuc-1,4-IMMETUILHKIIOTeKCaH
AG =0
Ecnu 3aMecTUTe M OOWHAKOBLI A yuc-1,4-IU3aMeUeHHOTO LIUKIIO-
rekcaHa, To AG® = 0. Ina mpauc-uzomepa 1,4-muMeTHNHKIIOTEKCA-

Ha B ogHoi KoHdopMauuu oba 3aMecTUTENs aKCHAJIbHBI (4,d), a B
Ipyroi KoH¢hpopMaLMK 3KBAaTOpUANbHEI (e,e) U AG” = —3,4 KKajl/MOJb:

\ﬂ\ AG®=-34 KKaﬂ/MOIlb ﬁ;

CH; a,a-xoudopmep e,e-KoHdopmep

mpatic-1,4- TUMETUNHUKIOTEKCAH

AG° = —3,4 kKan/mMons

Ans yuc- v mpanc-usoMepoB 1,2-1u3aMellieHHOIO IMKIIOTEKCaHa pe-
ANnU3yIOTCS Te Xe caMmble KOHdopMaluM, 94TO U IS YuUc- U MpaHc-
U30MepoB 1,4-1M3aMellieHHOro LUKJIOreKcaHa.

B yuc-1,3-muMeTunuukiorekcaie obe MeTHIbHbIE TPYIIbLI K60
aKCHAJIbHBI, JTHOO 3KBATOPHAIBHbI:
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CH,
a H H,C.e
D H e CH,
H
a,a-KoHpopMep e,e-koHbopmep H

uuc-1,3-IMMeTHILIMKIIOreKcaH

B mpanc-1,3-auMeTHNILMKIOreKCaHe 0JHA METHJIbHAsI rpyIid 3KBa-
TOpHaJIbHA, @ Ipyras akCHanbHAa.

CH;,
a
i H
H
/: ¢ CH, a € CH;
CH;
a, e-KoHpopmep e, a-koHbopmep H

mparc-1,3-TMMEeTUIILIMKIIOreKCaH

Takum obpazom, KOHGOPMAUMOHHOE COCTOSIHHE KUC- U MPAHC-H30-
MepoB 1,3-IM3aMeLIEHHEBIX HUKIOreKCaHOB IMONHOCTBIO MPOTHBOIIO-
JIOXHO KOHGPOPMAIIMOHHOMY COCTOSIHHIO COOTBETCTBYIOLUMX ylc- U
mpanc-u3oMepos 1,4- 1 1,2-nu3aMelleHHBIX HHKIorekxcaHoB. Kpome
toro, mng 1,2- u 1,4-mu3aMelieHHBIX mparc-u3oMep Ha 1,9 kkan/
Moub Gonee crabuieH, yeM yuc-uzomep. st 1,3-au3aMellieHHbIX Ha-
OnronaeTcst o6paTHas 3aKOHOMEPHOCTDb: LUC-U30MEpP OKAa3bIBAETCS
Gosiee cTabUNBHBIM.

PaccMoTpuM cuTyauuio, Koriga KoHpopMalus BAHHBI CTAHOBUT-
cs1 6onee cTabUIBHOM MO CpaBHEHHIO ¢ KOoHpopMauueir kpecna. Ta-
Kasi CUTyallMs1 MOXET ObITh BbI3BaHA HAJTMYHEM ABYX OOBEMUCTBIX mpem-
OYTUIBHBIX [PYNIN B mparc-1,3-qu-mpem-6yTinumkiorekcane. Kaxnas
U3 mpem-OyTUIBHBIX IPYNI BCEraa CTPEMMUTCS 3aHATb YKBATOPHAIb-
Hoe nosioxeHue. B mpanc-1,3-au-mpem-6yTUNUHKIOreKcaHe B Kpec-
JIOBUIHOMH KOHGOPMALMH 3TO HEBO3MOXHO, TaK KaK 31€Ch CYLLECTBYIOT
JBE 3KBUBAJIEHTHDIE €,a- U a,e-KPeCcAOBUIHbBbIE KOHPOpMaLUK:

CH,
Hc—c
a CH3 H
H

H —— yc

E \ca O
€ C(CH,); H,c~ CH, H

a,e-KoHgopmep e,a-XoH(opMep
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[TosTtomy B pe3ynbTraTe CKpydYuBaHUs mparc-1,3-gu-mpem-0yTUILUMK-
JIoreKcaH rnpuHumaeT GopMy BaHHbI, e obe mpem-O6yTUILHbIE TPYIT-
Nbl 32aHUMAIOT 3KBATOPUATBHOE [TOJIOXEHHUE!

H

CHy),C*=
C(CHs)3

H

Takoif nepexoi CONpPOBOXAAETCA CHATHeM HamnpsxeHus [lutuepa
mpem-6yTunsHoi rpynnst ¥ C—H-cBsizeit npu C—3 u C—35, yto noi-
HOCTBIO KOMIIEHCUPYET ITOSIBJIEHUE YeThIpeX nmap 3acnoHeHHbix C—H-
cBA3eil B KOHGOPMaiMM BAHHBIL.

22.3. BINAHUE KOHOOPMALIMOHHOIO COCTOAHHUA
HA PEAKIHUOHHYIO CIIOCOBHOCTD

BrusHue KoH(MOPMALMOHHOIO COCTOSIHUS HA pEaKLIMOHHYIO CIO-
COOHOCTb COCTARJSICT CaMblii BaXXHbBIA M MHTEPECHBIM pazmen KOH-
¢opMaILlMOHHOrO aHANK3a LUKIUYECKUX CUCTEM. DTOT acreKT Hanbo-
Nee noapoOGHO u3yyaicsg Ha NPOU3IBOAHBIX HMUKIOreKcaHa M
KOHIEHCUPOBAHHbIX CHUCTEM, COAEPXAILMX HECKOJBKO LMKJIOreKca-
HOBBIX Konel. HauGonee pacnpocTpaHEHHBIM CIIOCOGOM HM3Yy4EHUS
BJIMSIHUSI OPMEHTALIMY TPYNIBI HA €€ PEAKIIMOHHYIO CIIOCOOHOCTD SAB-
nsetcst pukcauus KOHGOPMALIMU C TOMOLILIO mpem-OyTHIILHOM TpyII-
Nbl B Ka4ECTBE 9KBaTOpUANbHOro pemnepa. Tak, Hampumep, B yuc-4-
6poM-1-mpem-OyTUNUUMKIOreKCcaHe aToM OpoMa HaxXxoXHUTCs B
aKCUAJbHOM [IOJIOXEHWH, ITOCKOJIbKY mpem-GyTU/bHASA Ipynna 3a-
HUMaeT 3KBaTOpUaNbHOE MnojoxeHue. s ero auacrepeoMepa —
mparnc-4-6poM- | -mpem-OyTHILMKIIOreKCaHa OpOM HaXOOUTCA B 3K-
BaTOPHUANIBHOM IOJIOXEHHUHU:

Br H
a e
H Br
(CH;);C e (CH;),C e
H H
yuc-4-6pomM- 1 -mpem-6yTun mpanc-4-6poM- 1 -mpem-6yTun
HHUKJIOTEKCaH LIMKJIOTeKCaH
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B peakuusax HyKJIeopUIbHOro 3aMelleHus Tia Sy2, NpoTeKaloKX
¢ obpauieHUeM KOHQUTYpAUMHU, HYKNEeOPUIbHBIA areHT Y 3aHu-
MAaeT MOJIOXKEHKE, [IPOTHBOIOIOXHOE MONOKEHUIO YXOOALIEH Tpyn-
Obl, T.€. YUC-U3OMED IPEBPAILAETCA B MPAHC-U3OMED, A MPAHC-U3O-
MEp B YuC-U3OMED:

Br
a
H
(CH3)3C e 82B O allCTOH (CH3)3 + Br
H yuc- mpanc-
H
e Br H
(CH,),C, + 82 g ALETOH, (CH3)3 " Bre
H  mpanc- uuc-

CrpyKTypa NEPeXoNHOro COCTOSTHUA WIS 00eUX peakIuii M30TOIIHOTOo
oOMeHa rajoreHa ogMHakoBa. CienoBatebHO, pa3IMiue B CKOPOCTH
peakLMy JOJXKHO OBITh BbI3BAHO TOJIBKO pa3iM4yMeEM B 3HEPIUM MC-
XOAHBIX YUC-U MpaHc-K30MEPOB, TAK KAK JHEPrusl aKTUBAIUH COOT-
BETCTBYET Pa3HOCTH JHEPIUU NEPEXOIHOIO M MCXOLHOIO COCTOSIHUMA.
Tpanc-u3oMep ¢ 3KBATOPUATBHBIM OpOMOM HMeeT 6ojiee HUBKYIO
JHEPrUi0 OCHOBHOIO COCTOSIHMSI, U MOITOMY SHEPrusi aKTUBALUMU
U3oTonHoro oO6MeHa QI Hero HOJLKHA OBITh BhILIE, YEM IJISL YUc-
H30MeEpa C aKCUATBHBIM OpoMOM. DTO COOTBETCTBYET Oosee BBICOKOM
peakUMOHHOM CMOCOOHOCTH AKCHAJIBbHOM CBSI3M YIJICPOI-TIOrEH B
Sy2-peakuusx Mo CpaBHEHMIO ¢ 3KBaropHabHOMU. [leiicTBHTENbHO,
Huc-N30Mep pearupyer ¢ S*Br” npuMepHoO B 4eThipe pasa GbicTpee,
yeM mpanc-u3oMep. DTO ciydyail TaK Ha3blBAEMOIO CMepu4ecKozo yc-
Kopenus peaxyuu. Ylpy MOHU3ALMK TO3UAATOB Yuc- U mparnc-4-mpem-
OYTHIILIMKIIOTEKCAHONOB 06pasyeTcs OMUH U TOT Xe KapbokatroH. Ecnu
I8 9Toi Syl-peakuuu MPUMEHUTh Ty Xe CaMYIO apryMeHTalUIo, 3TO
MPUBENET K BBIBOJY O TOM, YTO {UC-U3OMED C aKCHANIbHOMU TO3UIOK-
CUIPYNIIOH JOJIXeH ObITh HoJiee peaKLIMOHHOCIIOCOOHBIM MO CpaBHe-
HHUIO C mpaHc-u3oMepoM ¢ 3KBaropuanbHoil TsO-rpynmnoit, 4to u
HabmofaeTcsa B AEHCTBUTENbHOCTH.

To3unar yuc-4-mpem-OGyTHILUKIOrEKcaHoNa MoOJBEpraeTcs
COJIbBOJIU3Y B MYPaBEMHOM U YKCYCHOU KMCJIOTE COOTBETCTBEHHO B 4
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AG=AG” —AG*

yuc-n3omep ¢ akcuanbHoi OTs-rpynmoi

mpanc-n3oMep ¢ 3KBaropuanbHoi OTs-rpynnoi

Puc. 22.4. CooTHOUIEHHE SHEPrHil aKTUBaLMK COJIbBOJIM3A JUC- U mpanc-U30MEPOB
TO3UNaTOB 4-mpen-6GYTHILUKIOreKCaHO/Ia COOTBETCTBEHHO C aKCHANILHOMR ¥
3KBaTOPHaibHOM TO3UNOKCHUIPYTITON

K 2,3 pasa ObICTpee, YEM mMpaHC-U30OMEP, U pa3HUUA B CBODONHBIX
SHEPrusAX aKTUBALMM COJBBONU3A ABYX 3TUX SIIMMEPHBIX TO3UJIATOB
paBHA pa3jIMUMIO B SHEPTUM SKBATOPHAILHOH M aKCHU@JIbHON TO3H-
noxkcurpynmne (puc. 22.4).

Crepuyeckoe YCKOpPEHHUE peakliMM HabiofaeTcsl TAKXKe IIPY OKUC-
JIEHWY 3aMELICHHBIX LIMKJIOTEKCAHOIOB XpOMOBO KUCI0TO!. CnupThi
C aKCUAILHOM MMIPOKCWIBHOM IPYIIoi okuciastoress B 3—6 pa3s Gbi-
CTpee, YeM CITMPTHI ¢ aKBaTopuansHoi OH-rpynnoit. B tabauue 22.5
MpPUBENEHbl 3HAYEHUsS] KOHCTAHT CKOpPOCTEH OKHMCIEHUS HEKOTOPBIX
ATKWI3aMELUEHHBIX LIMKJIOTEKCAHOJIOB XPOMOBOM KUCIOTOH.

W3 naHHBIX, MPEACTABJIEHHBIX B Tabm. 22.5, cnenyer, 4yTo aKCH-
QTBHBIE CITUPTHI OKUCIIAIOTCS ObICTpee, YeM UX 3KBATOPUANIBHBIE 311U -
Mepbl. MakcuManbHOe YCKOpEeHHUE HabIIofaeTcsl B TOM Cliydyae, Koraa
MMEETCSl METWJIbHAS TPYINA B CUH-TIOJIOXKEHHUHM 10 OTHOIUIEHHUIO K aK-
CHAILHOMY THIAPOKCHIY. DTO yCKOpeHHe 0OyC/OBJIEHO U CTepuUyec-
KUM, ¥ NOIsApHBIM 3ddektamu. Tak, 6ojee BbICOKAsA CKOPOCTh OKMUC-
senus cnupra Il no cpaBHenmio co cuproM I ¢ 3kBaTopuanbHOMH
TPYHITION, MO-BUIMMOMY, BBI3HIBAETCS M CTEPUYECKHMMM, U TOJISIPHBI-
MU ¢dakTopamMu. B To XKe BpeMsl yCKOpeHHUe peaKUUM OKUCICHUS st
napsl coenHenuit 111 u IV, rme Her MOMONHUTENBHBIX CTEPUYECKHX
TIPETNATCTBHI, JOJIKHO BHI3BIBATHCS MOJISIPHBIM 3¢dhdekTom MeTIIbHOMN
rpynnbl. HanpoTus, ycKopeHUe peakKluH Ul napsl coequHeHuit IV u
V 06ycnoBieHO CTepHUIECKUMH NTpUYHHaMK. OO1UenpyHsIToe OOBbsACHE-
HHe HabmonaeMoro MopsaKa U3BMEHEHUS] CKOPOCTU OKHMCJIEHUSI OCHO-
BaHO Ha ocnablieHMM CTEPUYECKOro HAarpsiKEHHUS NPOCTPAHCTBEHHO
3aTPYOHEHHBIX CITUPTOB C Sp -TUOGPUIHBIM YIIEPOIOM IO CPABHEHUIO
c spz—FMGDI/UIHLIM YIJIEPOAOM KapOOHMJIBHOM TPyFIbl. YMeHbLIEHUE
HanpspKeHHs1 HEIOCPeICTBEHHO OTpaXKaeTcsi Ha pasjiiMduMM B 3HEPIU-
SIX IEPEXOIHOTO COCTOSIHUS, NONOGHOro TOMY, KaK 3TO Obio NpUBe-
IE€HO Ha npenblaylleM puc. 22.4, pazymeeTcs, IIpy YCJIIOBUH, 4YTO Iie-
pPeXONHOE COCTOSIHUE Ui ABYX SMMMEPOB TOXIECTBEHHO.

Hanpasnenue E2-31MMHUHHPOBAHHS B NMPOM3BOAHBIX LIMKIOTEK-
CaHa pellawilUM 06pa3oM 3aBUCUT OT KOHOpMaALIMKM YXOASLLEH rPpyTi-
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Tabaumua 22.5

KoHcTanTsl CKOPOCTH OKHCJICHHS UHK/IOTEKCAHOJIOB
xpomoBoit kucaoroi 8 90%-it soanoit CH;COOH

Coeauntenne K, 1/(mons - ¢)
e
OH
(CHy)C , D 13,2
OH
a
(IH 51,3
(CH,);,C e
e
OH  am 42,0
(CH;);,C , - CH,
' OH
a
(v 123
(CHy,C, .
CH;
OH
a
V) 146
(CH,)JCe 5 CH,

Mbl ¥ aTOMa BONOPOMAA IpU COCEIHMX YIIEpOAHBIX aToMmax. OOLIHM
CTEPEOIEKTPOHHEIM TpeboBaHUEM FE2-peakLMM MPOU3BOAHBIX LIUK-
JIOTeKCaHa SIBMISIETCA KOTUIAHAPDHOCTD U aHMU-OPUEHTALUS ITHX [PYIIIT
(rn. 10, 4. 2). [Inga npou3BOIHBIX LIUKIOTEKCAHA 3TOMY YCJIOBHUIO YIOB-
JIETBOPSIET TOABKO 1,2-AHMAKCHATBHOE PACIIONOXEHME BOAOPONa U YXO-
aseit rpynnel X. IToatoMy xoHdopmauus, rie X 3aHMMaeT 3KBaTo-
puanbHOE MOJOXEeHUE, OKa3bIBAETCS HepeaKIMOHHOCIOCOOHOH.
Haubonee HarIsSAHLIM MPUMEPOM, WUIOCTPUPYIOUIUM 3TO IOJOXE-
Hue, siBsieTcst E2-anumunupoanue HCl u3 MeHTUNIXJTOpHAA U HEO-
MEHTHJIXJIOPUIA [TOA OEHCTBUEM 3THIAT-UOHA B 3TaHoje. Jns toro,
4TOBb!I INUMUHUPOBAHUE CTAJIO BO3MOXHBIM, MEHTUIXJIOPUA LOJ-
XeH MpUHATH KOHGOPMALHIO, TOe aTOM XJIopa OyIeT aKCHalXbHbIM.
3To peanu3syercst TOJbKO TOTAA, KOLAa U BCE OCTANbHBIE 3aMECTUTE-
JM B KOJIbll€ 3aiiMYT aKCHaNbHbie nToNoxeHus. Takas koHdopMauus

499



JOJIXHA ObITh 9HEPreTUUECKHU HEBbIroaHa M Borata sHeprueii, NoaTo-
My €€ paBHOBECHAs KOHLIEHTPAlMA H0/KHA ObITh Masa, a 3To 3aMel-
JISIET SNIMMHHYPDOBAHHUE!

H CH,
H € Ao CH,CH,0°
== —_—
(CHJ)zﬂ(g . } H y cnmpr, 80°C
Cl
H CH(CH,;),
MEHTUJIXIOpU MEHTEH-2

OTlIervieHMe XJIOPUCTOrO BOLOPOJA OT MEHTHIXJIOpHIA NMPOMCXOTUT
pernocnenr¢puyHo ¢ obpa3oBaHMeM UCKIIOYUTENLHO MeHTeHa-2 6e3
MMPUMECH U30MEPOB C IPYIrUM TOJIoXeHeM NBoHHoMH cBs3u. OTiuen-
JIEHME BOJOpPOJA OT ATOMA YIJepoAa, COAEPXALIErO U3OMPONUABHYIO
rpynny, npugejo 6bl K Oojiee 3aMelieHHOMY MEHTEHY-3, YTO COOT-
BeTCTBOBIO Obl npaBuiy 3aiuesa. OnHAKO 3TOT BOAOPOA 3aHUMAaeT
3KBATOPHAJIBHOE MOJIOXKEHHME M OTLIENJIEHHE €ro HE POUCXONHUT, T.€.
3Ta peaxkuusi He NoAYMHsSeTCs NnpaBuny 3aifuena.

C opyroit cTopoHbl, B HauboJiee yCTOMYMBOM KOHPOPMALMH HEO-
MEHTUIXJIOpHIA XJIOp 3aHMMaeT aKkcUajJbHoe MojloXeHHue. [1pu s3ToM
MMEIOTCS ABA NMOAXOASILMX aToOMa BOJOPOAa B AKCHAILHOM IIOJIOXe-
HHMHU TIpH 0OOMX COCETHMX YIJIEPOAHBIX aToMaX. B peaynbrate 06pasy-
eTca cMech MeHTeHa-3 (75%) u MeHrteHa-2 (25%). IlpeoGnamanue
MEHTEeHa-3 yKa3plBaeT Ha TO, YTO 3Ta peakuus SJIUMHUHHUPOBAHUS
TOAYMHAETCS NpaBWly 3aiilieBa, HO 3TO JIUILb PerMOCeeKTUBHEIMN, a
He perMocrneuudUUYHbIH npolecc:

CHCH,0°.
(CHy),HC CHs Cmpr, 80°C

CH(CH;), CH(CH,),
MeHTeH-3 (75%) MeHTteH-2 (25%)

Apyrum uHTEpECHBIM NPUMEpPOM crepeocrienGpuIecKoro mpaHe-
IUAKCUHANBHOTO aHMuU-3TUMUHUPOBAHUS U3 TPOKU3BOAHBIX LIMKIIOTEK-
caHa siBjissetcs JebpomupoBaHue MeyeHoro 1,1,2-TpubpoMUMKIOreK-
caHa nox AeicTBUeM uoaua-uoHa. 1,1,2-TpubpoMuukiorekcad
obpa3yeTcsl IpU NMPUCOEANHEHUH PAAUOAKTUBHOIO 82Brz Kk 1-6pom-
uMKiorekceny. PanyoaktuBHocTh 6poMa-82, UCTOUHHMKA Y- U3JIYYEHHS,
TIO3BOJIsIET C OYE€Hb BLICOKOM CTEMEHBIO TOYHOCTH ONpEeAeauTh CTe-
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PEOXUMHYECKUH Pe3yabTaT 3AMMMHHUPOBAHUSA, NMOCKOJbKY HeMeue-
HBIA |-OpOMUMKIIOreKCeH N0AXEH OblTh EAMHCTBEHHBIM NMPOAYKTOM
B C/lyyae aHmu-3NUMUHUPOBAHMS, B TO BPEMS KaK B PE3YNIbTATE CUH-
3IIMM§[2HHPOBaHPIﬂ NOJIKEH MOAYyYUThCS 1-6pOMUMKIOreKCeH, MEYEH-
Hblt *“Br:

Br -Bér*
+ Bry* ——» H
Br*
Br* _Br
u * 19 ——» O/ + IBr,*©

Br Br*

JebpoMupoBaHUE € MOMOLUILIO MOAUI-UOHA MPOTEKAET UCKIIIO-
YUTENBHO KaK gHMu-3TUMHHHUPOBAHME K TIPUBOIMUT K 00pa3oBaHHUIO
HeMeueHoro 6poMuukiorekceHa. Mcronbsopanue Metku 6poma-82,
O4YEHb YYBCTBUTEJILHOIO TECTA, MOKA3bIBAET, YTO JErAIOrEHNPOBAHUE
MPOM3BOTHBIX IMKJIOTEKCaHA TaKXe TpeAcTaBisieT coboil cTepeocrie-
uudHUIecKHil npolece TUAKCUATILHOTO aHmMu-3IUMMAHUPOBaHMS.

Jl1st omHOCTaAMIHBIX IpolieccoB Sy2-3aMellleHHs] raioTeHUI-HOHA
B UMKJIOTEKCHITAIOFEHMAAX KOHpOpMED C aKCHANbHBIM TajJloreHOM,
KakK yxe ObUIO OoTMedeHo, GoJjiee peakKllMOHHOCIOCOOEH MO CpaBHE-
HMIO C IPYTHM, COAECPXKAIUM 3KBATOPHAIbHbIM TasoreH. Jjiss MHOTHX
JIPYTHX peaKilMii, BKJIIOYAIOUHMX 00pa3oBaHKe OTHOCUTENIBHO CTAGHIIB-
HOro UHTEpPMeInaTa, XapakTepHa obpaTHas 3akoHoMepHocTb. [lenou-
HOW THAPOJNU3 mparc-u3oMepa 3THI0BOTO 3¢upa 4-mpem-O6yTHILIUK-
JIoreKcaHkapboHOBoOI KUCHOTHl ¢ 3kBaTopuaibHO COOR-rpynmnoi
npotekaeT B 20 pa3 GbicTpee 10 CpaBHEHHUIO C 4LUC-W3OMEPOM, COIED-
XKALKMM KapOO3TOKCUIIBHYIO TPYNIY B aKCUATBHOM [OJIOXEHUH:

COOC,H COONa
+ NaOH ——»
(CHy),C (CH;»C

mparc-"uioMep mpanc-nIOMep
COOC;Hs COONa
+ NaOH —>
(CH3),C (CH3xC
yuc-u3oMep yuc-u3oMep
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Takoe Gonbuioe pasnuuue 0O6ycroBieHO 0Opa3oBaHMEM aHWOH-
HOTO TEeTpasJApHYECKOro MHTEPMEAUaTa ¢ OObeMHOMN Ipynmnoit B axk-
CHAIBHOM MOJIOXEHUH LUC-U30MEpPa. DTO NPUBOAUT K AecTabuiimnia-
UMK KoH)OpPMALUHK C e,a-pacriosioXeHUEeM 3aMeCTHTENE U pOCTY
3HEPrMM aKTMBAUMH IS TUADPOIAU3A YUC-U3OMEDPa 10 CPABHEHHIO C
TUAPONHU30M mparc-u3omepa. Ilo Toi Xxe npuumHe mpawc-4-mpem-
OYyTUILMKIIOreKCAaHKapOOHOBas KUCOTA OKa3biBaeTcs 6ojiee CHIBHOM
KHMCJIOTOM 110 CPAaBHEHHUIO C €€ KuUC-U3IOMEDPOM.

22.4. IPUHIAI KEPTUHA-TAMMETA

IIpunoun Ké€pruHa—TamMera ycTaHaBAMBAEeT COOTBETCTBHE ITO-
JIOXKEeHHs paBHOBECHUA MEXIY IByMsS KOH(POpMEpPaMH M HX PEaKIIMOH-
HoM cnocobHocThIO. Ecnum cBoGonHas aHeprusa AG° B3aMMHOIO IIpe-
BpaiieHuss KoHpopmepoB A u Al Huxe, yem sHeprus akTMBaLMM
peaibHOr0 XMMHUYECKOTO NPeBpalieHKst, COOTHOHICHHE 00pa3yIOIINXCH
npoaykroB (B u C), HUKAK He CBA3aHO C NOJNIoXeHUeM KoHhopMaLy-
OHHOro paBHOBecHS. [IpyrMMM ClIOBaMHM, B 3TOM CJly4ae Henb3sd YT-
BepXaaTh, Yro cooTHoumeHue B/C obpa3yioliuxcst mpoayKTOB COOT-
BETCTBYET PaBHOBECHOMY COOTHOLIEHHIO A/A! IByX KOH(pOPMEpPOB H,
cnenpoBaTeibHO, B 06pasyetcst Tonbko u3 A, a C TOJMBKO U3 A':

A
!
Ecnu xe cBobogHas 3Heprud AG° B3aMMHOrO NMPEBPALICHHUA KOH-
¢opmMepoB BhllLe, YEM DHEPIUS aKTHBALIMM XHMHYMECKOTO MpeBpaile-
HHS, COOTHOLUIEHHE IPOAYKTOB PEAKIUMM IOJIKHO OTBEYATh IOJIOXKE-
HUIO KOH(GOPMALIMOHHOTO PAaBHOBECUA. DTO JOTHYECKOe MPABUIIO,
u3BecTHoe xak npuHiMn Képruna—Iammera (1954 r.), MOXHO mpo-
WUTIOCTPHPOBATh C TIOMOILBIO 3HEPreTUYECKOM AMarpaMMel (pHc. 22.5).

CooTHolueHHe MTpoaykToB B/C He 3aBUCHT OT BEXMMHHBI AG°,
Tak Kak AG:" — AGg™ > AGL”, xapakTepu3yloliero KoHGOpMauHoOH-
HOE paBHOBECHE.

Ilpu B-31MMUHUPOBAHUYN TANOreHOBONOPOAa U3 I-xjop-1,2-nu-
deHnn3ITaHA MO MEHCTBUEM 3THIIATA HATPHS B cniMpTe obpasyercst

NpEUMYLIECTBEHHO mpaHC-CTMﬂbGCH Hapsaay C HEKOTOPBIM KOJIHNYE-
CTBOM uuc-c*rmmﬁeaa:

1

A —=

B

CH;CH,0Na_ CgHs H CeH CeH

CatsCHICHCH; GRGHS C e o1 Coflon (Celly
(lll e H CeHs H H
mpaHc-CTURLOEH yuc-cTunsleH
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| 3Heprus

KOOPAMHATA PEaKI{HH

Puc. 22.5. Baussue xoHGOPMALIMOHHOTO PaBHOBECHS Ha COOTHOLLEHHUE NPOLYKTOB
peakuuu

OnHakKo 3TO He 03HAYAET, YTO MpPaHCc-CTUALOEH obpasyeTcst B pe3yib-
TaTe aHmu-3MTUMHUHUPOBAHUS U3 KOHPopMepa A, a yuc-cTHiIbOeH U3
koHpopmepa A'. DT0 MoXeT GHITh TaK, HO MOXET OBITH U HAOGOPOT,
M 3KCIEPUMEHT HE MOXET B JaHHOM CJIy4ae HM TMOATBEPAUTDb, HH
OIPOBEPrHYTh 3TO 3aKIIOUYECHHUE:

Cl Cl
H
CeH C
CeHs e - otls
6115
H H
koHdpopmanns A xoHdopmanus Al

COOTHOLIEHHE TIPOAYKTOB 3aBUCUT TOJIBKO OT pasHulbl AGe” — AGy”,
HO He 0T AG°. 3TO CTAaHOBUTCS OYEBMIHBIM M3 CAEOYIOLINX CooOpaxe-
HHIl: BEPOSITHOCTh TOro, 4To KOH(}pOpMEp A JHOCTUTHET NEPEeXOqHOro
coctosinus (2), onpenensierca cymmoit AG:" + AG°. Kondopmepy A’
[ULst 3TOTO JIOCTATOYHa yXe BeanyuHa AG:". C Apyroil CTOpOHbI, KOH-
ueHTpaums koHdopmepa Al, onpenensiemas BeruuuHON AG°, 3HaYM-
TeJbHO MeHbllle, YeM KOHUEHTpalust KoHdbopMepa A. Ilpeumyluecrtso,
C KOTOpbIM KOoHpopMmep A! no cpaBHEHHIO ¢ A IOCTHTHET IEPEXOIHO-
ro coctosiHug (2), KOMITEHCUPYETCA Ma/lbIM COAEpXaHUeEM Al. 3ro or-
PAXKAETCs Ha CKOPOCTH peaklyu. Takue pacCyXAeHUsl ClpaBe/UINBLI Y
JU1sl JOCTHKEHMS mepexoaHoro coctosHusa (1) u3 xoHdgopmepa Al

503



CooTHOlIEHHE CKOPOCTel IBYX KOHKYPUPYIOLIMX peakuui yepes ne-
pexonHbie coctosuus (1) U (2) Takxke onpenensieTcss TONbKO BeTHYU-
HoMt AG:"— AGg™ v He 3aBUCHUT OT AG, ecniu AG:™ u AGg™ >> AG.

[Mpunuun KépruHa—lamMera uMeeT ropasgo Gosiee IIMPOKOE
MpUMEHEHHE B OPraHUYECKOH XMMHM, 4 He OrPaHUYMBAETCS TOJLKO
061acThio KOHGOPMAIIMOHHOIO aHanu3a. [e xe camble apryMeHTbl
MOTYT ObITb IPUMEHEHBI U K APYTMM CJIYYasIM JUISI OUEHKU peakUMOH-
HOH CITOCOOHOCTU JBYX HAXOASIIMXCH B PAaBHOBECUU COEOUHEHUIA.
KrnaccuyeckuM IpuMepoM CIYXUT COOTHOWICHUE TOHATUN TayToMe-
DHM Y IBOMCTBEHHON pEaKLMOHHONH CIIOCOOHOCTH OBYX TAYTOMEPOB.
Hanpumep, misi aueToykcycHoro 3¢upa B paBHOBECHUU HaXOISITCS
nBe GOpMBbl — KETOHHAS ¥ €HOJIbHAS:

AG®
CH;COCH,COOCH,CH; =—= CH3({3=CHCOOCH2CH3
OH

CoBepllieHHO HEOGOCHOBAHHO M OIIMOOYHO GbUIO GBI ITBITATHCS
JeJlaTb BBIBOJ O TOM, Kakas M3 HMX BCTYNAET B PEaklLUIO, SHEPIHs
aKTUBALMM KOTOpoii, AG*, 3HaYNTEJILHO BbIlUE, Y4eM CBOBOIHAS SHEP-
rust AG® onst KeTOHHOU U eHobHOU popMbl. COOTHOLUEHHE ITPOAYK-
TOB He OYHET 3aBUCETb OT IOJOXEHHUS JIETKO YCTaHABJIHWBAIOLETOCS
paBHoBecHst. 119 YUCTOro alleTOYKCYCHOTO 3¢ Hpa B paBHOBECUM Ha-
xonures 92% keto- u 8% eHonbHON dopmbl. B ManornosipHoi cpene
(rekcaHe, adupe, GeH301€e) KOHUEHTpauuM ABYX ¢opm OMU3KM, U
HEBO3MOXHO YCTAHOBHTE, KaKasl U3 HMX Y4YacTBYET B PEaKIMHU.

22.5. KOHAEHCUPOBAHHBIE ITMKIOAJIKAHDBI —
ITPOU3BOJHBIE TNKIIOTEKCAHA

IpuHuun Képruna—IamMMmeTa HaK1aAbIBAET XECTKHE OrpAHUYEC-
HUSI Ha U3y4YeHUe PeaKlMOHHOK cnocoOHOCTH HYHKLIMOHANBHO! IPym-
bl B 3KBATOPHUAJIBLHOM WJIM aKCHAJILHOM I10JO0XEHHH MIoOOro MOHo-
LMKJIMYECKOro coelMHeHUs. [ KOppeKTHBIX BbIBOJOB O 3ABUCUMOCTH
PEaAKLIMOHHOMN crtocoOHOCTH OT KOH(OPMALIMOHHOTO COCTOSIHHUSA IpO-
U3BOJIHBIX LIMKJIOTEKCAaHA, KAK 3TO ObLIO yX€ OTMEUEHO paHee, Heob-
XOIMMO HaMYHUE B KOJNbUE mpem-OyTUNBHON WU NpYyroil o6GbeMHOMN
FpYMIbI B KaY€CTBE 3KBAaTOPUAILHOro «pernepa». OQHAKO, OaXe 3TOT
npueM oxasbiBaeTcs Hea(p(PEeKTUBHBLIM B TOM Cllyyae, KOria SHEprus
AKTUBALMHU XMMUYECKOrOo MpEeBpPALICHMUS 3HAYUTENBHO MpeBbILIAET
BeNIMYUMHY AG” a1 paBHOBecHs ABYX KoHGopMepoB. CnelyeT oT™e-
TUTb, YTO GONBHIMHCTBO JAHHBIX O CBSI3H KOHQOpPMALIMHU C peaKUM-
OHHO/ cnocoOHOCTLIO ObUIK NoJIyyeHbl 6e3 yyeta npuHuuna Képtu-
Ha—laMMeTa, ¥ BbI3BIBAIOT MMO3TOMY CEPbE3HbiE COMHEHUS. DTO HE
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OTHOCHTCSl, OJIHAKO, K NpUMepaM, TIpUBeJeHHbIM B pazaene 22.3. [Ins
GYHKUMOHATBHBIX TPYMM ¢ O4YeHb HHU3KUM 3HAYeHUeM cBobGomHoM
xoHdopMaMoHHOM 3Hepruy AG°(cM. Tabn. 22.4) yacto BooDllle He-
BO3MOXHO KOPPEKTHO COOTHECTHM PeakI{MOHHYIO CIIOCOOHOCTH C Mo-
JIoXXeHHEM KOHGOPMaLUUOHHOIO pPaBHOBECHS.

Takum obpazoMm, KOHPOPMALIKOHHO TIOABMKHAS CHCTEMA CaMO-
ro UMKJIOreKCaHa MpeacTaBasieT coboil HeynNoOHYIO MOAENb ISl U3y-
YeHUs] CPABHUTENbHON PEAKIIMOHHOM CMTOCOOHOCTH KBAaTOPUATbHBIX
U aKCUAIbHBIX 3aMecTUTeRei. s aToit Henu ropasno 6onbliie oaxo-
JSIT «XKECTKHUE» KOHAEHCHUPOBAHHbBIE LIMKJIMYECKUE CUCTEMBI, HE CIO-
coOHble K MHBepcUHU LMKIIA. [IpocTeitiinM NpUMepoM XKECTKUX CHC-
TEM MOXET CAYXWUTb mpanc-geKauH. [Ing 3Toro coeivHeHUs IBe
KpecaoBUAHBIE HPOPMBI HE MOTYT COEAUHSATHCS C ITOMOILIBIO ABYX aK-
CHAIbHBIX CBS3€H, MO3TOMY MHBEpPCUS JBYX KPECAOBUIHBIX LIMKJIOB
HEBO3MOXHA. B NpoM3BOAHBIX mpaHc-AeKaINHa 3aMECTUTEb 3aHUMA -
€T CTPOro onpejeaeHHoe, GPUKCHPOBAHHOE MOJOXKEHHE — IKBATOPH-~
aJibHOE WIM aKCHAJIBHOE:

8 6: X
H
akcHanbHbIi (2a; 3B)* 9KBaTOpHANTBHBIA (2B; 3a)*

Tak kak akcuanbHble IIPOU3BOAHBIE MpaHCc-IeKAIMHA He TipeBpalla-
IOTCS B 3KBATOpHAJIbLHBIE, B3AUMOOTHOILUEHHE MEXIY KoH(popMavei
U KoHbpHUrypauueil B CKelleTe mpaHc-IeKaiMHA U APYIMX POACTBEH-
HBIX KOHIIEHCHMPOBAHHBIX CHCTEM COXpaHsIETCS MOCTOSHHBLIM U JUIst
IaHHONH KOH(UIypalUMy 3aMECTHUTENh 3aHMMAaeT (PHKCHPOBAHHOE e-
WIN a-TIOJIOXEHHUE.

CoennHeHus, coepXauye KOHIeHCHPOBAaHHbIE WIECTHWICHHbIE
M MSATHYIEHHBIE LIMKIBI C mparc-cowleHeHneM kone A, B, Cu D,
COCTABJISIIOT CTPYKTYPHBI CKeJIeT OrPOMHOI0 KOJIMYECTBA CTEPOMIOB.
Huxe npencrabieHa NMpOCTPaHCTBEHHas KoHdHUrypauus So-xonec-
TaHa — POAOHAYAIbHUKA MHOTHX GHOJOTHYECKH aKTUBHBIX CTEPOM-
JIOB; NpUBelIeHbl TAKXe aKCHAIBHBIE WJIH 3KBATOpUHaNbHEIE KOHpOp-
Maluy B-3aMecTUTeIeli BO Beex MOJOXKEHUSIX MONEKYIBI SO-XoecTaHa:

*TepMuH a-0603Ha4aeT, YTO 3aMECTUTEND B NPOCKUMOHHON hopMe pacrnoyioXeH
3a NMJOCKOCTbIO NPOEKLMM, TEPMUH -03HayaeT, YTO 3aMeCTUTEb HAXOANTCS nepei
TUIOCKOCTBIO. O -3aMeCTUTE b 9acTO 0603HaYaeTCsl MYHKTUPOM, B-3aMecTHTeIb — CIUTOL-
HOM JIKHUER.
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Sa-xonecraH

O4yeBUIHO, YTO KOHOpMaLUs O.-3aMecTUTeNeH TPOTHBOMONIOX-
Ha koHdopManuu [3-3amectureneii. Bee 4 uukia Sa-xonecraHa xecr-
KO CBSI3aHBI APYT € APYTOM U TIPH MPaHc-COUICHEHUH KOJel, KOHBep-
CHMSl UMKJIOB HEBO3MOXHa. [To3TOMY KaXOblif 3aMeCTUTEL B KOJIbLIE
HaxoAMTCS B (PUKCHPOBAHHOM a@- WIH e-TIOJIOXEHUH.

W3zyueHue peakiiMOHHOM criocoOHOCTH PYHKIMOHATBHBIX Py
B A-, B-, C- u D-xonbue CTEpOHMIOB AAET pPEAKYI0 BO3MOXHOCTb
[ONYYUTh MPSAMOH M ONHO3HAYHBIH OTBET 0O OTHOCHTENBHON peak-
LMOHHOM CIMOCOOGHOCTH 5KBAaTOPHAIBHBIX M aKCHAJIBHBIX 3aMECTUTE-
Jieil, 1 3TH XaHHbIE MOXHO 3aTeM IepeHecTH Ha 6osiee MpocThie MO
CTPYKTYpE COEMUHEHUS TONbKO C OJHHUM LIUKIOM.

Jis sUMepHBIX, He MpeBpallalolIMXcs APYr B Apyra Iap cre-
POMIHBIX COMPTOB ObUIO BRepBbie chOPMYJIMPOBAHO [IPAaBUNO, CO-
[IAaCHO KOTOPOMY CIMPThI ¢ aKCHaIbHOM IM'MAPOKCWILHON rpymnroi
OKHCIIAIOTCS OBICTpee, YeM ¢ 3KBaTOPUAIbHBIM THApOKCUNIOM. Jeii-
CTBUTEJIbHO, aKCHANBHBIN S0 -XonecTaHoN-2[3 OKUCAsieTCsl XPOMOBOIA
kuciaoroi B 20 pas ObIcTpee, YeM €ro 3KBaTOPUAILHBIN 3muMep So.-
xoJyiecTaHoA-20.. COBEpUIEHHO aHAOrHYHAs 3aKOHOMEPHOCTh Haburo-
JlaeTcst M peakuuid 6M- ¥ MOHOMOJEKYASAPHOro HyKJeodhHIbHOTO
3aMeLEeHUST B CTeporaaX, COAEPXKALUMUX YXOAAILYIO FPYNNy B LUKIO-
rekcaHosoM koJsibile A, B u C.

U3pecTHBI MHOTOYHCIIEHHBIE IpUMEPBI mpanc-THaKkcuaibHoro F2-
SJIMMUHHUPOBAHUS B PAAY CTEPOMOOB, Ille BCe YETBIpE YYACTBYIOLUIHX
LUEHTpa ITPUHUMAIOT B MEPEXOAHOM COCTOSHMM aAHTHIIEPHUIUIAHAPHYIO
koH¢popmanuio. Tak, Hanpumep, MeTwioBslit a¢dup 1183,120-mubpom-
50.-XOJIAHOBOM KHUCAOThI, B KOTOPOM 06a aTomMa GpoMa aKCHabHBI,
OTIUUEILISAET MOJIeKyNy Gpoma Moj KeHCTBHEM HMONMI-UOHA B OTIMYHE
oT muakearopuaibHoro 1la,123-aM6poMIpOM3BOOIHOIO, KOTOPLIH He
rpeTepnesaeT 1eOpOMUPOBAHMS B 3THX YCIOBUSX. BUUHMHANBHBIE mpanc-
JUAKCUAIBHBIE TaJIOTEHTWIPDUHBI B COIJIACHM C aHTUIIEPUIUIAHAPHBIM
PaCIIONIOXKEHNEM TAJIONEHA Y T'MAPOKCWILHON [PYINbl TOpasfio Jerye
00pa3yioT ITMOKCUIBE, YEM HX MPaHC-TUIKBATOPUAIbHBIE H30Mephl. s
3a-6pom-5a-xonectaHona-23 BpeMsi, HEOOXOOMMOE ISl IIpeBPaLLEeHUS
B 3MOKCUI B LIEJTOYHOH cpele, cocTasiasieT MeHee 30 ¢, B TO BpeMs Kak
st 2o-6pomM-Sa-xonecraHona-33 mwist atoro tpebyercst 754:
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Iluc-rajioreHruaApKHLI, y KOTOPLIX ONHA U3 IPyNn 00g3aTeAbHO
OJIXHA OBITh aKCHANBHOM, a Apyrasi 3KBaTOPUAIbHOM, [IpH B3aHMO-
OeHCTBUM C OCHOBAHMAMH MOABEPTAIOTCS AETHAPOTaOre HUPOBAHUIO
¢ o6pa3oBaHUeM KETOHOB M BoOOIIE He NAIOT 3MOKCUIOB.

DnexTpodUIbHOE MPHCOEAMHEHHE K [BOWHON CBSI3H CTEPOMIOB
MPOTEKAET TAKXKE IO JUAKCHanbHOMY IyTd. Tak, mpucoenuHeHHe
OpoMa K xosecteHy-3 crepeocrneuMPUYHO ¥ MPUBOANT K JUAKCHAID-
HoMy 3a.,4B-nubpomuny:

Bar i
m} L }

'a

Br H

CrepoHabl IHMPOKO PacIpOCTPaHEHB B IPHPOAE, MHOTHE U3 HUX
BBINOJIHAIOT BaXHeine $pU3HoaornYeckiue QyHKIHU B XMBOM opra-
Hu3Me. HekoTophie CTepoMAB! BHIITOJHAIOT (PYHKLIUIO TOPMOHOB, pe-
TYIUPYIOIMX OMOXUMHYECKYIO aKTUBHOCTh. B opraHM3me uyenosexa
CTEpPOUIHBIE TOPMOHBI KOHTPOJHMPYIOT, HAIIpUMED, IIOJIOBOE Pa3BM-
THE ¥ CIIOCOOHOCTb K NMPOU3BENSHMUIO MOTOMCTBA, & TAKXE BBIIIOJIHS-
10T PSUL APYTHX BaXHeimmx 6uonoruyeckux ¢pyHkuuit. Ionossie rop-
MOHBl MOXHO pa3leJiUTb HA TPHU TPYNIbi: MYXCKHE I10JOBBIE
FOPMOHBI — aHAPOreHb!, XEHCKUE I1OJIOBLIE TOPMOHBI — 3CTPOIE€HbI
U TIporecTHs! (ropMoHbl 6epeMeHHocTH). Hanbonee BaxXHbIM MyXc-
KHM TOJIOBbIM FTOPMOHOM SIBJISETCSI TecTocTepoH. McnpiTanus mnoka-
3aJ1M, YTO OH OTBETCTBEH TAKXKE 332 MHOTME APYrUe MYyXCKHe ITpu3Ha-
KM, Hanpumep TeMOp rosoca, pocT BOJIOC M Op. DCTPagHol
NpeAcTaBIseT coboM OCHOBHOM XEHCKHMI MoNoBOil ropMoH. Briepabie
HECKONBKO MHJIJIMTPAMMOB 3TOr0 ropMoOHa ObLTM BBIAENEHBI IKCT-
pakuuei n3 4 T SMMHMKOB CBUHBH. JCTpaquoi OTBETCTBEH 3a pa3BU-
THE BTOPUYHBIX XEHCKHUX IOJIOBBIX IIPU3HAKOB U PETYIUPYET MEHCT-
pyanbHbIit 1MKA. B KauecTBe omHOro u3 npocreiitMx MporecTHHoOB
(TOpMOHOB XeATOro Tejla) MOXHO MPUBECTU NPOTECTEPOH:
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TECTOCTEPOH 3CTpammot MPOrecTepoH

CrpykTypHoe nofobue crepouIHbIX TOPMOHOB ABJSETCA [PEBOC-
XOJHOH WJUTIOCTpALlMeil MX pe3KO PAIMYHON OMOJIOTUYECKON aKTHUB-
HOCTM M SICHO yKa3blBacT Ha Ype3BbIYaifHO CIOXHBIA MexaHU3M 6uo-
XMMHWYECKOro BO3IeCTBUS Ha opraHu3M. Huxe npuBeaeHbI CTPYKTYPhI
Tpex HauOoJiee MOMYJISIPHLIX B HACTOsIEe BpeMsl MPOTUBO3a4yaTo4-
HbIX (KOHTPALIENTHUBHbLIX) [penapaToB — HOP3THHOAPOHA, MeEcCTpa-
HOJIa U HOP3THHOJpEa:

HOP3THHOAPOH HOP3THHOAPE MeCTpaHo

Cpenn Bcex CTEpOMAOB B XMBOTHOM MHpe Hauboliee pacrpoct-
paHeH xoyecTepuH. Y 4YeJoBeKa OH [PUCYTCTBYET IOYTH BO BCEX Opra-
Hax, 0cOBEHHO B LIeHTPaNbHO HEPBHOM cucreMe (TOJOBHOM U CITMH-
HOM Mo3re). B opranuame s3pocioro yesoseka coaepxurca 200—300 r
xonectepuHa. OTIOXKEHHE XOJleCTEPHHA B COCYAAX BbI3bIBAET ATEPOCK-
Jlepo3 ¥ pa3iuyHble cepiedHbie 3aboneBanus. HecMoTps Ha To, 4YTO
Ouonoruyeckas GbyHKUHUS XOJECTEPUHA HE BIIOJIHE SICHA, OH WUIPaeT
BaXHYIO POJIb B KaYeCTBE MpPeAlieCTBEHHUKA CTEPOMAHBIX TOPMOHOB
M XKETYHBIX KUCHOT. JKeNMyHble KUCIOTH, HALIPUMED XOJieBasi KHUCIIO-
T4, CUHTE3UPYIOTCA B NedyeHU. OHU HeoOXOMMMBI [UISl SMYJIbIUPOBa-
HUS M YCBOEHUS XUPOB.

CH, CH, CH,

| on |
o, SHCH,CH,CH,CHCH, JH | CH-CH,CH,COOH

XOJIECTEPUH XOJeBasi KUCIOTA
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22.6. KOHO®OPMAINU HIECTUWIEHHBIX
TFETEPOIUMKINYECKHUX COEIUHEHHWH.
AHOMEPHBIN D®®EKT

ITpu o6¢cyxaeHUM KOHGOPMALIMOHHOTO COCTOTHHUS MOHO- U IH-
3aMELUEHHBIX TPOM3BOAHBIX UMKIOreKCaHa Mbl MOJIB30BAMCh TOJBKO
addexTUBHBIM 00BEMOM 3aMeECTUTENEiH, COBEPIIEHHO He NMpHHUMas
BO BHUMaHUE 31eKTpoHHbIe 3¢deKkTsl 3amectuTeneit. Takoit moaxon
ObL1 omnpaBAaH sl KApOOUMKIUYECKUX COEOUHEHUM, HO OH OKa3bl-
BAETCA COBEPILEHHO HEYAOBJIETBOPUTENbHBIM IS IUECTHUICHHBIX I'e-
TEPOLIMKIHYECKHUX COCTUHEHHH.

3aMeHa oJHOro U3 aTOMOB YIJIepo/ia B UHMKJIIE Ha reTepoaToM KHC-
Jlopoja, cepbl MJIM a30Ta CYLUECTBEHHO He W3MEHSIET KPECIOBHUIAHYIO
dopMy UMKIA LIS TETPArMApPONUpaHa, THAHA M NMUIEPUINHA, He-
OoJplIMe U3MEHEHUS KacaloTc JIUIUD [UIMH CBA3eH U BAIEHTHBIX YI-
JoB npu retepoaroMe. i Bcex 3TUX TeTepoOLIMKIOB Haubosee cra-
OmnpHOI KoHpopMauMei ocraeTcs KoHpopMalMs Kpecna:

-~ L

TETParuaponupaH S THaH A
—o] / :
S
o 1,3-nuokcau o 1,4-nnoxcan 1.3-anrnan

O//{/S

1,4-okcaTaH

BBefeHue OOHOTO WM JBYX reTepOaTOMOB B LMK INMPHUBOAMT K
YaCTUYHOMY CHSITUIO BaH-I€p-BaajlbCOBBIX B3AUMOACHUCTBUI HECBA3AH-
HbIX ATOMOB JBYX 3aMECTUTEIEH. DTO MOXHO HaIMISIAHO MTPOWLTIOCTPH -
poBaThb Ha IpUMeEpe yuc-5-mpem-6yTwi-2-MeTwi-1,3-nuokcana, wid
KOTOpOro rnpeobianaer KOHPOPMAaLUsl C aKCHAIbHBIM ITONOXEHHEM
mpem-6yTWIbHOI I'PYTINHI M 2KBATOPUATBEHOI MEeTWIBHOM rpynioii. [pu
AKCHAILHOM MOJIOXKEHUH mpem-OyTUIBHON TPYINNBI B 3TOM COEIMHE-
HUU HeT 1,3-AuakcuanbHOro OTTANTKMBaHUS, MOCKONBKY 3TH MOJOXe-
HMst 32HUMAIOT [Ba atoMa Kuciiopoaa. TakuM obpazoM, CTEpHUYECKUE
3¢ deKTh 3aMECTUTENEN B reTEpOLMKINYECKUX COEXMHEHUAX UIPAIOT
MEHEee 3aMETHYIO pOJib, Y€M [UTS NPOM3BOAHBIX LIMKIOFEKCAaHa:
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C(CH3);
a

O

CH3\C&O

Haubonee 3ameuaTesibHON OCODEHHOCTBIO MOHO3AMEIUEHHBIX
MPOU3BOAHBIX TETparMaponupaHa, TMaHa U 1,3-I1MoKcaHa sBiIsieTCS
PEaOYTUTENILHOE aKCHATBHOE IOJOXEHHUE DNEKTPOHOAKLETITOPHO-
ro 3aMECTUTENIA [IpU cocelHeM ¢ rerepoaToMoM yriepoae C—2. Tak,
Hanpumep, N0 aKcuanbHoro KoHdopmepa 11s1 2-METOKCUTETparua-
ponupaHa B CCl, cocrasiusier 83%, a st 2-TpUXJIOP3TOKCUTETPATHI-
ponupaHa oHa Bo3pacTaert Jo 95%:

OCH,
H, 20°C \\
0]
(17% (83%)
CCl4 OCH,CCl,
OCH2CC1 3 20“
\\O
(5%) H 95%)

AHaJoruyHas cuTyalust Habmiomaercsi OISl BceX 2-aJIKOKCHUTETpa-
CMOPONMPAHOB, IJe KOS aKCHaJbHOTO KOHOpMepa H3MEHSETCS B
uHTepBae oT 70 0o 95%, 2-anKOKCUTHAHOB, 2-ralloreHTeTparuipo-
MUPAHOB U MHOTUX APYTHX MTPOHU3BOAHBIX 3TUX IreTEPOLIMKIIOB, COAEP-
xawmx rpynns! Ny; NHAc; OAc u 1.10. B 1,3-nnokcanax u 1,3-gutHa-
Hax 3JIEKTPOHOAKLIeNTOpHast rpynna mpyu C—2 TakKe CTPEMUTCS 3aHATh
AKCHANBHOE MOJIOXKEHUE, e 3TO CTpEeMJIEHHE BBIPAXEHO CHIIbHEE,
4yeM [ FeTepoOLMKIIOB C OOHMM FeTepoaToMoM. Tpaxc-2,3-nuxiop-
1,4-nvokcaHsl, 1,4-qUTHAHBI M B PACTBOPE, M B KPUCTAJLIE LETHKOM
HaxoJsiTcs B NUaKcHalbHO KOHGOPMAIUHU:

Cl Cl
a a
H H
0] S
! :O H ! :S H
a a
Cl Cl
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st Bcex 3TUX coeAMHeHUI HabonaeTcst ABHO BHIpAXeHHOE OTKIIO-
HEHHUE OT KOHGOPMAIMOHHOIO MOBEOEHUS, XapaKTepHOro IS Kap-
DOLMKINYECKUX coefMHeHHl. OTKIOHeHUe KOH(POpPMALMOHHOTO 1No-
BEAEHUA NS UEJNOU IpYIIbl COEAMHEHUHA OT NPMHATOTO CTAHAApTa
HAa3bIBaIOT KOHGOPMaLUOHHBIM 3¢ heKTOM, KOTOPBIA B JAHHOM Cly-
yae HOCHUT Ha3BaHWe aHOMepHbIH 3ddekt. Creayer 3aMeTUTDh, YTO
aHoMepHBI 3¢ deKT Kak ApneHue ObIT OTKPHIT NIPH U3YYEHUH KOH-
dopmanuK rekcarnupaHo3s MOHOCAXapHIOB, KOTOPbIM OH 00s3aH u
cBouM HasBaHUeM. B tpu-O-auetui-f-D-KCHTONMUPaHO3IWIXIOPUIE BCE
3aMECTUTENU HAXOJATCA B AKCHUATBHOM ITOJIOXKECHUHU:

Cl
OAc |a o
a O - AcO Cl
AcO
a
a OAc

OAc

PaHHMe NONBITKH 0GBACHEHUST aHOMepHoro 3ddekTa Ha ocHOBe
JIEKTPOCTATHYECKOM MOINENH IHIOAb-AUIOJbHOIO OTTAJIKUBAHUS
3JIEKTPOHOAKIIEITOPHOTO 3aMECTUTEIIS U reTepoaromMa ObLUIU Heylay-
HbI ¥ ITPUBOAMNIM K HENPUMUPHUMBIM NMPOTHBOpeYUsiM. PaltmoHansHoe

Tabnanuua 22.6
Anomepuniit adgdexr ang O- 1 S-copepxamMX 6-wWIEHHBIX reTeponHKIMIeCKHX

coeHHeRnit
B__/Y <l X
-~ \/\
| cs, B Y
X A A
% AKCHABHOTO
Coenmmenue PparMent X1lY A B xondopMepa

2-XnopTeTparnaponmpat O0-C-C! |CH;| O Cl H 98—100
2-Merokcurerparuaponupan { O—-C—OCH; | CH;| O | OCH; | H 83
2-X10pTHaH S—-C—Cl CH,| S Cl H 93
2-Xnop-1,4-auoxcad 0—-C-Cl Ool|0 Cl H 100
2-Xnopautuan-1,4 S—-C--Cl S S Cl H 100
2-ANKOKCUTHAH S—C—OCH; |CH,;| S | OCH3; | H 90
2-Metokcu-1,4-a1HOKcaH O—C—-OCH3;| O |O|OCH;| H 80
2-Memuntvoretparuaponu- | O—C—SCH; |CH; | O | SCH; | H 90
paH
2-MeTtuntuoruad S—C-SCH; {CH;| S { SCH; | H 60
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onucaHue 3Toro ocoboro KoHpopMaunMoHHoro 3¢deKTa CTajo BOZMOX-
HBEIM TOJILKO B PaMKax METOAa MOJeKyIApHbiXx opburaneii. bonee Toro,
onucaHue aHoMepHoro 3¢ ¢eKra MOXHO CYMTaTh ITAJIOHOM B COBpe-
MEHHOM [OIXO/I€ K PELUECHHUIO CJIOXHOM TEOPETHMECKON MpobaeMbl.

22.6.1. IPNPOJA AHOMEPHOIO 9®®DEKTA

CHauana pacCMOTPHUM KOH(MOPMAUMH MPOCTHIX MOJNEKYI, CONEP-
>KAlIMX HernojJeJeHHble napel 31eKTpOHOB. HauHeM ¢ 3TWILHOTrO aHu-
ona CH;CH; . OauH U3 Tpex MeTWIbHBIX aTOMOB BOJOpPOJ2 B 3TOM
Kap6aHHOHE B caMOH BHITOHOW 3aTOPMOXEHHOM KOH(pOpMaUUK aH-
THUIIEpUILJIAHAPEH OpOUTAIM n, (MHOEKC G O3HayaeT sp3-m6pmm3a—
UHI0 OpOUTANH, HECYLIEH OTpHULIATENbHLIM 3apan):

H
©
H- —C_C‘ [ ==
g O H H
Ry ng

IIpn Takoi KoH$pOpMaLMKM BO3MOXHO B3aMMOIEACTBHE MEXIY
3aM0JHEHHOM’ Ny-OpOUTAIBIO H Pa3pBIXIAIONIEH 6*-0pOUTANBIO AHTH-
nepurianapHoi cesasu C—H:

pan

P . d X<

A}
N AY
\\ ‘\ L’
o*cH \ '—%
Xk nO' Y
O"CH . ng

Ecny onuH M3 aTOMOB BOAOPOJA B METWILHOM TPYyIIe 3aMeHMTh
Ha 3JIEKTPOOTPHULATENLHBIA aTOM X, TO OH 003aTeNbHO 3aiMET MECTO
aHTUNEPUIUIAHADHOTO BOAOPOAA. JTO CBA3AHO € TeM, uto B XCH,CH,~
opbutane ocx* NEXUT HHUXE OpOuTay ocy™, MOCKoabKy X Gosee anex-
TPOOTPULIATENBHBIA 31eMeHT. Clie0BaTEIbHO, Ocx™ MO CPaBHEHHIO C
Ocy* NEXUT 6IMXKE K Ny, ¥ BO3MYLIEHUE NODKHO GbITh BONBIUMM:

o*cy BO3MYIIEHHE MEHbIIE
7 — _H._ "o
.-
G CX BO3MYyIUEHHE GoblUE
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IE

Kpome Toro opbutans ocx* CKOHUEHTPUPOBaHa Ha yrniepoae 60Jb-
e, yeM opOUTANTb Gy ™, UTO YAydINaeT NepekpriBaHie. 3TO ABNIETCA
TAKXe CNEANCTBUEM PA3IMUMA B 3JIEKTPOOTpHUIIATENLHOCTH. TakuM 06-
pa3oM, o6a ¢daxTopa — 3JHepreTuueckass Hiedb MEXIY rpaHUYHbIMH
opburansMu M nepekpbiBaHMe — HenarT 0oliee NpeanoyTUTEIbHBIM
B3aUMOIEHCTBUE (R — Ocx™®) MO CpaBHEHUIO C (Mg — Och™)-

PaccMoTpuM Tenepb MONEKYNy MeTaHona. Jins Hee B cTabUnbHOMN
KoHpopmauuu 1 Tpu 3nexTpoHHbie napsl CH;-rpynnbl HaxoasTcs B
3aTOPMOXEHHBIX TOJIOXEHMAX K TPEM 3J€KTPOHHBIM IapaM IPYIIbl
OH. Ecaun MeTunpHyio rpymnny 3amMeHuTh Ha XCH,, rae X — 3nekrpo-
OTpHLATENbLHBIK aTOM MM rpynna (ranored, OH wiu NH,), To ms
XCH,0H, Bo3HukaloT aBe 3aTopMoXeHHble KoHdopmauuu II u II1:

H

H >
RS &\ 0D

g-2C—0"" = 4N @
H H v g CH
X LT] X
€07 = Q‘o@ W
H H H H

H

X
X 21 H (111)
c—0=H ==
He . H H

B anmu-xougpopmaunn 11 kaxnas rubpuaHas HeloaeaeHHas napa
37IEKTPOHOB aHTUNEPUILIAHAPHA JABYM COCEIHUM opOuTansam s* cBsa-
3eit C—H. B 2ow-kondopmauun 111 ogHa HenogeneHHas napa aHTH-
fepUILIAHApHA Ocy*, a Apyras — ocx™. YpoBeHb ocx* Onnxe 1o sHep-
MM K HENomeNeHHOW Iape KHUCIopoaa Mg, YeM YPOBEHb Ocy®, U
MO3TOMY B3aUMOIEHCTBHE (Mg — Gcx*) NpEeANOUYTHTENBHEE, YeM (ng —
— ocy*). TakuMm o6pazom, 2ow-koHdopmMaius 111 nonxHa 6biTh Gosee
CTaOUIILHOM.

Mpui paccmotpenn ctpoenne CH;CH,  u CH3;0H ¢ touku 3pe-
HUSl TEOPUH opbuTasel, TOKATKH30BAHHBIX HA OTAEABHBIX THOPUIHbIX
CBSI351X, a Telepb ONMUIEM CTPOEHHE METAHONA B PaMKax METOAA MO-
nekynsipHbix opoutaneii. CornacHoO TOMy METONY, AB€ HEMOXENeH-
Hble napel Kuciopoaa B CH,OH 3aHuMaloT aBe pa3Hbie opOuTanu —
n, ung
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Rx

H
nd@?)\cnzx

YpoBeHb 7y, JIEXUT Bbillle MO 3HEPrUH, 4eM ng. ClenoBaTeNbHO, C
TOYKH 3peHHUs SHEPreTUYECKOM! e MOXHO CAENaTh BHIBOMA, YTO U3
BO3MOXHBIX B3aUMOAEHCTBUI MEXIY 3TUMU IXBYMSI HEMOAENEHHBIMHU
rnapaMM M OpOHTANIMM Gcx* U Ocy* B3auMonmeiictBue (n,— ocx*)
Oynet Haubosee NMPeANOYTUTENbHbIM.

oCH™

Haubonee NpEaNOYTATENLHOC

GCX* B3aMMOJCHCTBHE
'\“_ nn

—i= ng

BaauMopeiictBie MakCHMAaNbHO, KOTAa AMIIpanbHbi yron (0) X-—
C—0—H pasen 90°

nc\ H n

T

OnHako TOHKHMIi GajlaHC APYTUX BO3MOXHBIX B3aUMOAEHCTBHIA: (ng —
—OocH*), (ng— ocx*), (ny— ocy*), a Takxke OMM3KOE pacnoNoXeHue
JBYX 20u-aTOMOB Bomopoga (auagpanbHblit yron H—C—0O—H Bcero
30°) uameHseT KoH$OPMALIHIO, TAK YTO HA caMOM JeJjie yroa O MeHs-
ure 90°.

C no3suuuu TeopuH opOUTaneil, JOKANIU30BAHHBIX HA CBS3fX,
MOXHO roBOpMTb 06 OUeHb MPOCTOM IIpaBWIE: 20u-KOHPOPMALIHs
XCH,0H npeano4yTUTeNbHEE MOTOMY, YTO OQHA FHOPHUAHAS HEIO-~
JeJIeHHas rnapa KMcjopoaa AoJIXHa ObITh aHTHIIEpHUILIaHapHa opOu-
TaIU Ocx*.

Tenepb BepHeMcs K aHoMepHOMY 3ddexty. KondopmaunonHas
MPEANOYTUTENBHOCTh aKCHAIbHOTO KOHGpopMepa B 2-aJIKOKCU- K 2-
ra710TeHTETPAruAPONMpPaHax U PONCTBEHHbIX COEMMHEHHUSX IO Cyllle-
CTBY 3KBMBAJIEHTHA IIPEXNOYTHUTENbHOCTH 20u-KOHGbOpMaLUK st
XCH,O0H:
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e sy
7
O/G)
®
ﬂl
™ I
o) 'Qo

x N » H
)( O@ = ‘.‘a BBIFO/IHO
8 8

Vo
[ Lx =
€
X

N AW

® H !
AHoMepHbI# 3ddexT onpenessieT He TOJBKO COOTHOLIEHWE KOHDOP-
MEpPOB, HO CKa3bIBAETCS TAKXKe M HA JUTHHax cBsiseil. [1pu B3aumoneii-

CTBUM (g — Ocx*) YCUINBAETCS CTENEHb CBA3bIBAHUSA MEXIY YIIepo-
JIOM KM KHMCIOPOAOM, M cinexoBaTenbHo, ¢BA3b C—O nonxHa

yKOpa‘-ﬂdBaThCﬂ.
o
*
——— oCX
s

31O B3aUMOAEHCTBHE NIPUBOAMT TAKXe K HEKOTOPOMY MepeHOoCy 3a-
psiia Ha pasphIXIIOLLYIO OpOUTANE Ccx*, YTO HOMXKHO OCIAOUTb CBA3b
Mmexay C u X, T.e. yiuiuHATS ee. [Ijist mpuMepa Bo3bMeM JUIMHBI CBSA3eH
C—0 u C—CI B yuc-2,3-guxiop-1,4-guokcaHe:

@@ C,—0, 1,394

0 Cy—0, 1,428
) C,—Cl 1,819 A
473 C,—Cl 1,781 A

@80 Cl

Cssasp C,—Cl akcuanbHa ¥ aHTHINEpPUILUIAHApHA HENOAENAEHHOM nape
O;. Ceasp C;—Cl sxBaTopHanbHa U HEe aHTUIIEPHUITJIAHAPHA HHU K Of-
HoOJ U3 HernoaeneHHbIX nap O4. [ToatoMy cBsi3b C,—O; Kopoue cBsA3U
C;—0;,, a cBsa3p C,—Cl nunuee csasu C;—Cl.

AxHoMepHblit adrdekT npeacrapiasgeT coboii obllee siBNIeHHE B opra-
HUYeCKOH XMMMHU M Ipogsiasgerca gaxe ans ceszet C—H, xotrs B
o6uieM B 3TOM ciy4ae Besu4vrHa 3¢ dekra n1oXKHA ObITh MEHBILIE U3-
3a BBICOKOTO YpOBHS Ocx*. Hanpumep, U3 ABYX cTaGMIIbHBIX KOHpOD-
maunit 2,4,6-tpuMertun-1,3-auokcados IV u V B koHdopmepe IV
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KaXObIi U3 aTOMOB KMCJIOPO/Ja UMEET HEMOMEIEHHYIO Napy, aHTHUIIe-
puriaHapHyio cesa3u C,—H, a B koHdopmepe V aHTHnepuruiaHap-
HbIX HeNnoJeNAeHHbIX nap HeT. CnenoBarenbHo, cBsa3b C,—H B IV pon-
JKHa ObITb ciabee, yeM B V. DTO INpOSIBIAETCA B TOM, YTO PaAUKAJAbHbBIIX
OTpBIB BOXOpOAA, cBA3aHHOro ¢ C,, noxa aeiicrBueM mpem-GyTHIIOK-
cu-paaukana B [V npoucxoamT co CKOPOCTHIO Ha MOPAAOK Gonbuiei,
yeM B V:

Hs
o H
%O
v
+-BuQ*®

-t-BuOH

22.7. IOJYYEHUE COEIUHEHUNA PAJIA
HHUKIOITPOITAHA 1 IUKJIOBYTAHA

HuxionponaH ObUl MojiyyeH C BbIxOoaoM 70% B 4YHCTOM BMIE
I'. TycraBcoHoMm B Poccuu B 1887 r. npu A€HCTBHM LHUHKOBOMH IBUIH
Ha 1,3-aubpoMnponaH B CHUPTOBOM PacTBOpe. DTa peakiius M cei-
4ac SBJISIETCS JIYUUIHM METOJOM ITOJYMEHHsI CAMOTo LIMKJIONPOMaHa:

Nal; Na,CO,
BtCH,CH,CH,Br + Zn - + ZnBr, .
CH,CH,0H; 80°C

(70%)

W3 npyrux MeTOoOB CO3NaHUs TPEXWIEHHOrO LHUK/IA CAEAyeT OT-
METHUTDb B MEPBYIO OYepelb METOJ, 3aK/IIOYAIOIHUNCS BO B3auMonei-
cTBuH |,2-n1M6poMaTaHa C HATPUHMAJIOHOBBIM MJIM HATPHHIIMAHOYK-
CYyCHBIM 3@HMpOM B YCHOBMSAX MeX(da3zHOro KaTajiui3a CONAMHU
TeTpaanKHaaMMOHUs (cM. 1. 17, 4. 3). PaHee ObUIO paccMOTPEHO 06-
pa30BaHMUE TPEXWICHHOIO UMKJIA NPHU CTEPEOCHEUH(HYECKOM IIPUCO-
cIMHEHUM KapbeHa M auraiokapbeHOB K ankeHaM (cM. . §, 4. 1).
3to HauGonee 0OIUME U BaXHbIE B CHHTETHYECKOM OTHOLIEHHUH Mé-
TOIbl CUHTE3a MPOU3BOJHbIX LKUKIONponaHa. K HUM NpUMBIKaeT Me-
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TOA, onKUcaHHbIi BrepBbie 3. bioxHepoM B 1885 r. o, B-HeHachluleH-
Hbi€ KETOHbI H CIOXHbIE 3¢PHPbI MPUCOCANHAIOT IUA30OMETAH C 00pa-
30BaHMEM THUPA30JIMHOB. 3Ta peakuus NpeacTaBiaseT coOOM YacTHBIMH
ciayyait GonblUIOH rpynnbl peakiui Tak HasbiBaemoro 1,3-mpumnonsip-
HOTO UMKJIONpUCOeOMHEHHUS (ra. 25, 4.4) U oThuvaeTcA BBICOKOIA
crepeocneUYHOCTBIO CUH-IIPUCOEAMHEHMS] IMAa30METaHa K aKTH-
BHMPOBaHHOMN IBOMHOMN CBA3U:

H
HC—COOCH,CH, n@ ) CH,——C—COOCH,CH,
u ; Hz_%; >
HC—COOCH,CH, N=N—C—COOCH,CH,
nnpaaonuH\H
H
H—C-COOCH,CH; ©f © _ CH,—C-COOCH,CH,
+ Hz—l‘t—)N —>| I
COOCH,CH,-C—H N=N-C—H
"COOCH,CH,

TIpu TepMUyecKoM WK (GOTOXMMHYECKOM Pa3NIOXKEHUH [TUPA3ONHHBI
TEPAIOT MOJIEKY/Y a30Ta M MPEBPalAlOTCs B MPOM3BOJAHBIE LIMKJIION-
ponana. OoHaKO TepMHUYECKOE M (POTOXMMHUYECKOE PA3JIONKEHHE ITH-
Pa3oIMHOB He cTepeocneuubHYHO K OOBIYHO IPUBOAUT K CMECH JIBYX
reOMeTPHYECKUX H30MEPOB 3aMELIEHHOTO LIMKJIONPOIaHa!

M C,H,00C

?Hz_(f‘COOCHzCHg vy /v\ . \v\cooczﬂs

N=NTCTCOOCH,CH; ¢ ,00C COOC,H;

~

H
CH; '
HJC\]/CQ{rCHJ t°C \v\
., T AVAYN CH
H ‘H 3
N=———

N CH; CH,

Oco6biit cityuait 3aMBIKAHHWS TPEXWIEHHOTO LIMKIIA MPEACTABJSAIOT pe-
akunu y-(1,3)-3nuMuHMpoBaHMs. Takoe 3IMMUHUPOBAHNE peau3y-
€TCs TOJILKO B TOM Cy4ae, eC/iM B y-TIONIOKEHHHU K YXONSLUEH Ipynne
MMEETCA CHJIbHAs 3JIEKTPOHOAKLIENTOpHas rpynmna, Hanpumep CN-
vnu C(O)R-rpynnsi:
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CICH,CH,CH,CN —?%:—Jg—*%» 7 N 1%

ITuxnobyTaHKapOOHOBasi KMCJIOTA TIOJY4aeTcst ¢ BbIXOOOM 42—
44% npy aJKUIMpPOBaHMU HaTpuitMaioHosoro 3cdupa 1,3-agubpomn-
POINAHOM, MOC/eNYIOHEM OMbUIEHHM U JeKapOOKCUIMPOBAHMHU LUK~
nobyran-1,1-1uKapbOHOBOH KHCAOTHI. DTO OAUH U3 OOLIMX METOAOB
CO3/1aHMS YETHIPEXWICHHOTO LIMKIIA, NTOCKOAbKY U3 cepebpsHoi conu
9TOI KHUCIOTHI C MOMOIbI0 peakliud BopoauHa—XyHcaMKKepa WIH
peakuuy Kouu MOXHO JIerKO MOAYYHUTb LMKIOOYTHITaNOreH UITbI.

Hpyroit obwiuit MeTon mocTpoeHHs UUKIOOYTAHOBOTrO KOJbIIA
3aKnovaeTcs B {2+2]-uukionpucoeivHeHuy ankeHos. CorjiacHo npa-
BIJIAM COXpaHeHUsi opOutaibHoil cuMmerpuM Bynsopma—TogmaHa
(rn. 25, 4. 4), 2Ta peaxiysi, XaK COrJacOBaHHBIN Mpoliecc, 3anpeLue-
Ha MO0 CUMMETPHUH Ui TEPMMYECKH MHHIIMHMPOBAHHBIX IPOLIECCOB,
HO pa3spellieHa A1 POTOXMMHYECKON UMKIOAUMEPH3ALMY JIKEHOB.
JIJ1s1 caMMX aJIKEHOB IIpernapaTiBHOE 3HaYeHHe (OTOXUMUYECKOM 1IHUK-
JION¥MEpU3ALMU HEBEJIUKO, TaK Kak NpH GoToBo3OyXaeHUH obpasy-
eTcsl MaJIopeakliMOHHOCcocoOHas TpUILteTHas dopMa ajkeHa, KOTo-
pasi yXe He MOLBEPracTcsi COrjacoBaHHOM peaklU My MPUCOCIUHEHUs
K HeBO30OyXaeHHOH MoneKkyne aikeHa. Takas peakiius IpoTeKaer CTy-
[IEHYaTO ¥ AAET CMECh YUC- U MPAHC-AJNYKTOB C HU3KKM BBIXOIOM.

®oTtoxumuueckas peakius [2+2]-LUHUKIONPHUCOEINHEHHUST NaAET
XOpouive pe3yabTaThl B clyyae BHYTPUMOJIEKYJISpHOro obpaszoBaHus
YETBHIPEXWICHHOr0 UMKIA TPU CUHTE3€ KapKACHBIX MOJMIIUKINYEC-
KHMX COeIMHEHMI, HalpuMep IpH IpeBpallleHHd HopbopHanueHa —
(6upuwno|2.2.1)renra-2,5-1ueHa) — B KBaAPHLMKIAH:

A =205 uM
(75%)
HopbOopHaaueH KBaipMLIHKIaH
Beixon xBagpullMKiIaHa Bo3pacTtaeT A0 95%, ecliM B Ka4ecTBe CeHCH-
OMIN3aTOpa HCNONbL30BaTh aueToGeHOH NpH ODJIYYEHHHM CBETOM C

INIMHO#M BosiHbI 313 HM. BoJsiee CIOXHBIA IPpUMEP WLIIOCTpUpYeET (o-
TOXUMMYECKYIO JUMEPHU3ALMIO UMKIOTIEHTEHOHOB:

(0] (0] (0} (0]
hv
zd———»é:@+ﬁjﬁ
(8]
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BHYTpUMOREKYISIDHBIMU peakUHSAMM [2+2]-UHUKAONPUCOCIHHEHHS
roNy4yeH psiil O4eHb UHTEPECHBIX KAPKACHBIX COEAMHEHUH, HANIPUMED
NpOU3BOAHBIX KyDaHa:

0 Br
0 o COOH
hv Br 7I [0)
Br
Br o

HOOC

I BoitHas cBSA3b B ., J-HeHACBIIEHHBIX KETOHAX, CIOXHBIX 3uUpax u
HUTPWIAX TAKXE BCTYMAET B peaklKi0o GOTOXUMHUYECKOTO UMKIONPHU-
COeIUHEHHS C ATKEHAMH:

CN

CN
+ CHy=CH, —™»

o (0]

BaxHoif B CHHTETHYECKOM OTHOLIEHMM M BecbMa oblleif peakiiuei
sBisgerca GOTOXHUMHUYECKOE MPUCOEAHHEHHE ANBACTUAOB WIH KETO-
HOB K aJIKEHaM ¢ 00pa3oBaHueM OKCETaAHOB — YEThIPEXWISHHBIX LUK~
JIMYECKUX MPOCTHIX 3¢HUPOB C OOHHM NeTEPOATOMOM:

//O hv 0
C&kc\ + _—> (70%)
H CeHs
H

O__
hv 10°C
(CgHs)C=0 + (CH;),C=CH, H 93%)
GHe o, CHs
QHS CH3
3,3-aumeTun-2,2-audeHIwiokca-
LMKITIO0yTaH
—_ ——py ZnCl, 10°C OKCa-2-1IMKNOBYTaHOH
H,C=0 + CH,=C=0——"2 — = |
XEToH adup (B -nporuonakToH)
(0]
(88%)
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IMpouasoaHbie LKKNOOYTaHA ¥ LMKIIONEHTaHA, HO He Donee BbI-
COKMX LMKJIOB, TIOJYYAIOTCS C MOMOLIbIO MOAMPHLIMPOBAHHONK peak-
uuu Bropua mns umknusauuy 1,4- unu 1,5-avranoreHnnoB. DT ra-
JNloreHMAb! OOLIYHBIM 0OpA30M MpeBpaLaloT B AMMarHMitopraHu4ecKkue
COEMHEHHUS TIpU B3auMoaeicTBUM ¢ MarHueM B TT'®, xoTophie 3a-
TeM o6pabartbiBalOT consaMu cepebpa, o6bluHO TpuduiaToM cepebpa
CF3;S0;Ag. Ob6pasyiollieecs B KayecTBe NPOMEXYTOYHOTO COeAMHe-
HUS OpraHMYecKoe coeauHeHue cepebpa passiaraeTcs C pacluerie-
HHMEM CBSI3H yrjepoa-cepe6po U ONHOBPEMEHHBIM 06pa3oBaHUEM HO-
BOi CBA3M yriaepoA-yrjiepoa. Peakuusi MpoTeKaeT B OYEHb MATKHX
YCJIOBUSIX C BBICOKMM BBIXOLOM [UISE MPOM3BOAHBIX LUMKIOOYTaHa U
LMK/IONEHTAaHA:

H H
Cl
—" 1) Mg; TT®
2) CF3S0;Ag (61%)
o Cl H
1) Mg; TT®
o DCFSOAg (82%)

22.8. XMMHYECKHE CBOMCTBA IIHKJIOIIPOIIAHA
M EIrOo MPON3BOJHBIX

Konblo 1uknonponata o4eHb YCTOHYMBO MO OTHOMIEHMIO K Jieii-
CTBHIO CaMbIX Pa3HOOOpPa3HLIX OKMC/IUTENICH: 030Ha, IepMaHraHaTa U
IIMXpPOMAaTa KajMs, YTO Pe3KO OTIHYAET LMKJIONPONAH M ero Nnpou3-
BOAHbIe OT aNkeHOB ORHAKO HaNpsDKeHWEe LUMKIA TPOSBIISETCS BO
MHOMMX peakUMsX LHMKIONPONaHa, NPOTEKAIOUIMX C PAaCIUETIIEHUEM
TpexyJeHHOro uukiaa. OH MoaBepraeTcs ruApOreHOJN3y 10 MporaHa
MpY KAaTaJIUTHYECKOM T'MIPUPOBAHWM, ONHAKO B GoJiee XKECTKHMX yC-
JIOBHSIX 11O CPABHEHHIO C 3THIEHOM M NPOIUIEHOM:

CH,CH,CH, ~—2 i 120°C Hy P S0C  H,CH,CH
3R T CHL,CH,0H CH,CH,OH T
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Hy; Pt; 80°C CH,
—_—— -

CH,CH,OH O1%)

CH,

cnupol4,2jrentaH

Kosnbuo umknonpornada pacliennseTcs pM HarpeBaHUMU C BOAHBIM
PacTBOPOM rajioTeHOBOJOPOAOB. DTa peakKUHMS MONYMUHAETCH NPABUITY
MapKOBHUKOBA:

Br

HBr l
-~ CH3_C"‘CH2CH3
(:I_l3 Hzo_CH3CH20H éH
3

CH,

HUHTepecHO OTMETHTDb, YTO CyxOH OpOMHCTBII BOZOpPOA HE paculeln-
JIseT UMKJIONpOonaHoBoe Koablo U nipu 300°C.

[Ipou3sBoaHble LUKJIONPONAHa PearupyroT ¢ CONAMHU PTYTH. DTa
peakuusi, oTkpbiTas P.5. JIeBUHOI, HAMMOMMHAET OKCUMEPKYPHPO-
BaHH€ alKeHoB. HanpasieHKue pacKpBITUS LIMKJIA TAKXKE COOTBETCTBY-
eT npaBuiy MapKOBHHKOBA:

CH;
CH |
D<CH3 + Heg(OAc), —- "";‘é"“a CHy—C—CH,CHyHgOAC ——>
3
CH, OH
NaBr |
e CH3‘-(I:—CH2CH2HgBI‘
OH

LuknonpornaH pearMpyeT Nmpu obJyd4eHHH C XJIOpOM M OpPOMOM,
IIPY 3TOM C XJIOPOM 06pa3yioTcs NMPOAYKThI KaK NPSAMOro 3aMELUEHUS,
TaK ¥ pacKpbITHs LMKIA, a ¢ 6pomoM Tonbko |,3-aubpommnponan:

Cl, Cl
—~—— —1 +
CICHCl = are > - [>—c1 + Ha

Brz
[> —> BrCH,)Br

L MKI0MIpONaHOBOE KONbIO HACTONIBKO CTaOWIBHO K IEHCTBHIO OKUC-
JUTENEH, YTO aNKHIUMKIONPONaHbl PEArupyIoT TOJbLKO MO ¢-I0N0-
xeHuIo 6e3 packpeiTig uMkia. Hanbonee HarnsaiHbIM IPUMEPOM Ta-
KOro poja peakuMM ABJSAETCS O30HOAM3 TeTPaCUPOLMKIONPONaHa,
NPUBOAALIMIA K MOHO- M JUCIIMPOKETOHAM:
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0 0
1) O,; CH,Cl,; 78°C .\
2) (C¢Hy),P
o}

AHaNOTMYHO OKUCIUTENbHBINA 030HOAU3 mpaHc-1,2-indpeHWIUMKIION-
pornaHa JaeT mpaHc-UMKIONpOoIaH-1,2-A1uKapboHOBYIO KMCIOTY:

1) Oy; CH,Cl,; —78°C
2) H,0,; CH;COOH
CgH; HOOC

6115 COOH

IIuxnonponaH sBisercsa Hanbonee cunbHoit C—H-kuciaoroit u3 Becex
IUKII0AJIKAHOB, YTO MOXHO IpencKa3aTh MUCXOOS M3 YCHJIEHMS S-Xa-
paktepa cs3u C—H B uykiIonpornaHe no cpaBHeHHuIo co cesa3pio C—H
B OCTAJIbHBIX LiMKJIoanKaHax. LlukionponaH xapakTepU3yeTcsl BEIu-
ynHo#t pK, nmopsiaka 36—38 ¥ 03TOMY METAJUIMPYETCA NPHU B3aHMO-
IEHCTBUU C H-OYTWILIUTHEM WIH mpem-OyTH/UINTHEM B TeKCaHE. Apri-
LIMKJIONPONAaHbl OTIUEIUISIOT IIPOTOH YXe NpH OeHCTBMH pacTBopa
mpem-6yruinara kanus 8 IMCO:

. TexcaH Li
A * CeHoli —gom Gl + A/
(CH,),COK®
. + (C CO
é CeHs “Tmco 25:C A/QHS (CH;);COH
(S} KO

3aMelueHHbIEe HUKIONPONWIKApOAHHOHDBI COXPAHSIOT CBOIO KOH-
urypaLuIo, YTo UCMONb3YETCS B pa3sHOOOPA3HBIX CUHTE3aX [UISl BBE-
JEHUS HOBBIX GYHKLUMOHANBHAIX I'PYMIT MPU B3aUMONEHCTBUM C pas-
JIUYHBIMHU 3J1eKTPOUIBHBIMU areHTaMH.

HuknobyraH 3HAaYUTENBHO MeHee PEeaKLHOHHOCIIOCOGEH, YyeM
uuxironponad. OH He pearupyeT ¢ pasMbIKaHUEM LMKIIA HHU ¢ rajgore-
HAMM, HU C TAIOreHOBOJOPONAMM, HU € aueTaToM pTyTH. Ero nmkn
paspyluaeTcs Mpyu KaTaTUTHYECKOM TMIPHPOBAHUHM HA TUIATHHE TOJMb-
ko npu 150°C ¢ obpaszoBanuneM x#-6ytaHa. LluknoneHTaH roasepraer-
cst ruaporenonunsy rnpu 300°C.

LlukioneHTaH, UMKIOTEKCAH M LIMKIOrenTaH He obnamaior Ka-
KUMM-JIUO60 crieunduyecKMMy CBOMCTBAMU, PE3KO OTIMYAIOLIMMU KX
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OT OOBbIYHBIX ATKAHOB, CBOMCTBA KOTOPhIX OBLIM paccMOTpeHbI B 1. 4
(4. 1). IMonyyeHue coequHeHUR ¢ NATU-CEMULWIEHHBIM LIMKIOM ObUIO
NpPHBENEHO paHee B Pa3/IMYHBIX pasmesiaX 3TOM KHMIM, U MBI 30€Ch
KPaTKoO MepeYyMucIuM 3TU MeTobl. KeTOHBI psla LIMKIONEHTaHA, IUK-
JlorekcaHa ¥ HMKIOrefiTaHa o6pasyloTcs ¢ YAOBAETBOPUTENBHBIM UIH
BBICOKMM BBIXOAOM npu nuponuse Ba-, Ca-coneit cOOTBETCTBYIOLIUX
OUKApOOHOBBIX KMCNOT WM NMPU KOHOEeHcAUKHU JJMKMaHa ¢ rrocneny-
IOLUHM KHCAOTHBIM THAPOIU30M HUKIHYecKUX 1,3-keToadpupos. Co-
eINHEHUS C MATH-CEMUWICHHBIM LIMKJIOM 00pa3yloTcsi NMpU B3auMoO-
NeUCTBUM COOTBETCTBYWOMIMX 1,4-, 1,5- U 1,6-auramoreHankaHoB c
HATPUNMATOHOBBIM 3¢ UpoM. [JUOpOMANIKAHBI PEATHPYIOT C HAaTpUeM
WM LMHKOM IO THMY peakuuu Bropua, npu 3toMm u3 1,5-gubpom-
neHTaHa o6pa3yeTcs UMKIIONEHTaH, a U3 1,6-1ubGpoMrekcaHa — LMK~
jorekcaH. HlukiorekcaH ¥ ero npou3BOAHbBIC MOXYYAIOTCS DU KaTa-
JIUTHYECKOM TMAPHPOBAHUY apOMATUYECKHX coequMHeHHH (I 12, u. 2).
HaxoHel, UMKJIONEHTaH, UMKIOreKCaH M HEKOTOPbIE UX AJKWIbHbIE
MPOU3BOJHBIE BBIIEISIOT HEMOCPEACTBEHHO M3 HedTH.

22.9. IOJYYEHUE COEIUHEHUH CO CPEIHUM
PASMEPOM ITUKJA U MAKPOLIMKIIOB

Hy‘{HIHM M HECOMHEeHHO Haubolee YHUBEPCAJIBHBIM METOAOM
CHHTE32 LIMKAUYECKHUX COEAMHEHHII C pa3MepOM LIHKJIA OT BOCBMHU H
GoJjiee aTOMOB yrjiepoja SIBISIETCST alMJIOMHOBAas KOHAESHCAIUS IU-
3¢pUpOB A, ®-AUKApOOHOBBIX KUCJIOT, ONKCAaHHas paHee B 1. 17 (4. 3):

Ly COOCHCH: g O
_—— mememace P
( Z)K keunon; 140°C ( 2)K“
COOCH,CH, C—ONa
. C—OSi(CHy); 11 oye c=0
- 33 H,O -
(CH,),SICL (CHZ)K” ale L (CHZ)Kl (50—95%)
C—Osi(CH,;), 120 CH
n=6-27 OH

Bropoit mo BaXHOCTH METOX CHMHTE3a MAaKPOLUMKIHYECKHUX CO-
eIUHEHM 3aKI04YaeTcs BO BHYTPUMOJIEKYJIAPHONA LUKIU3ALUK O, O -
OUHUTPWIOB. JTa peakilusi U3BECTHA MOA Ha3BaHHWEM KOHIEHCALUH
Topna—Iurnepa. Ilo cBoeil cyTd oHAa AHAJOTHYHA BHYTPUMOJIEKY-
JNapHoi KoHAaeHcauuu JlukMaHa, Ho BMecTo AM3GUPOB 30eCh UCIOJb-
3YIOT AMHUTPHMIBI KaK COEJAVHEHHUs, coiepxaluue Oosiee CHIbHYIO
3JEKTPOHOAKIENTOPHYIO IPYNMUpoBKY. it Toro, 4ToObl NOHU3UTH
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poib MEXMOJEKYNSIPHOA KOHACHCALMH, PEAKLIMIO HEOOX0AMMO Npo-
BOIHMTb B YCIOBUSIX BHICOKOIO pa3baBNeHHsl, T.€. IIPU KOHUEHTpALUU
AMHUTpMIA ropsinka 107> M. U3ameHeHHe KOHLEHTPALIMM HE OTpaXxa-
eTCs Ha CKOpPOCTH MOHOMOJIEKYJISIPHOM peakLUMH LMKIU3ALUHK, HO
yMeHbIIEHUE KOHLEHTPAIIMH O, O -IUHUTPWIA MPUBOIAUT K ITOHUXKeE-
HUIO CKOPOCTH OMMOJIEKYJISIPHOU peakUMK MEXMONEKYJSIPHOK KOH-
JNeHCAUMU. DTOT NPUHILIMII JIEXUT B OCHOBE METO/Ja BLICOKOTO pa3baB-
JIEHHsI TIpH JII0O00M BapHaHTE BHYTPUMOJIEKY/ISIDHOTO B3aMMOAEHCTBHA.
K. Hurnep BrnepBrie B opraHuyeckoit xuMuH (1933 r.) npuMeHun ero
K KOHAEHCALUU NUWHUTPWIOB B AUSTHIOBOM 3¢dHpE, UCIONb3YA B
Ka4yecTBe OCHOBAHUSl PACTBOPUMBINA B d(dHUpe S3TUIAHUIUA JTUTHSA
C¢Hs—NLi—CH,CH;. B Hacrosiuiee BpeMsi BMecTo 2¢dupa yaile uc-
nmonbzyloT TT'®, a B KayecTBe OCHOBAHUA — IMU3OMPONMIAMUL JIH-~
TUSI WM OMC-(TPUMETHIICHIIMI)AMUIl HATPUSL WIH JIUTUS:

. _CH,CHj
- CHC=N MN\( o )/CH,_CEN
2 : 2 g
“cH,c=N >pup NCH-C=N
Li®
e @ 0
_CHC=N-Li g0+ CH; -CO, CH;
—> (CH,] O -
SH—c=N e (CH2)"——C{{ (CH,);—CH,
COOH

Boicokoe pa3baBieHHe mgocTuraercs 6e3 npuMeHeHUst OoJbLIOTo
ofbeMa pacTBOPUTEJISL C IIOMOLUBIO OYEHb MEIJIEHHOro npubapieHus
adupHOro pacTeopa IMHUTPHUIA K KMITALIEMY pPacTBOPY KOHIEHCHDY-
foulero areHta. LIMKJIOrenTaHoH ¥ UMKIOOKTAHOH MOJYYalOTCs 3TUM
criocoboM ¢ BeixonoM 95 1 88% cOOTBETCTBEHHO, @ KETOHBI, COmEpXKa-
LMe NATHaZUATh ¥ Oosee aTOMPB YIJIEpOAa, — C BBIXOJOM B UHTEpPBa-
ne ot 60 no 80%. dnasa sxk3anbroHa (UMKIONEHTAIeKaHOHA) BBIXO CO-
crasnsier 60%. OgHako uukindeckue KetoHbl Co—C)3 MOMy4aoTcs ¢
odeHb HU3KUM (1—8%) BrIXOmOM, U Metoa Topria—lurnepa B cyiHo-
CTH HENPHUIOIEH IJIS1 TIOJIYYEHUS KETOHOB CO CPEAHHMM LIHKIOM.

MNuponus Ca-, Ba- 1 1axe TOpueBbIX CoJieil AMKApOOHOBBIX KHC-
not (rn. 16) naer He 6osee 5% LMKIMYECKUX KETOHOB TMpU n> 15 u
poobule He IIPHUBOAUT K 00pPa3oBaHUIO UMKIOANKAHOHOB ¢ Co—Cy,.

B rnage 7 (4. 1) ObUIM ONMcaHbI HEKOTOPBIE MPUMEPHI LIHKJIO0-
nuromepusanuu 1,3-n1MeHoOB U COBMECTHOH onuroMepu3auuu 1,3-n1u-
€HOB M 3THJIeHA HAa FOMOTEHHBIX KOMIUIEKCHBIX META/IO0OpraHuvec-
KHMX COEIMHEHMSIX TEePEXONHbIX METAUIOB MJIM KaTanu3aropax Tulia
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Hurnepa—Harra. 3TH npoueccsl HALIM IIPOMBILUIEHHOE NPUMEHE-
HHWE /ISl TIOJNIYYEHHUS [1ONMEHOBBIX LIMKIUYECKHUX YIJIEBOAOPONOB C
BOCBMM-, J€CATU- U IBEHAALATUWIEHHBIM LIMKJIOM U CAEJAIH UX JIeT-
KOJOCTYITHBIMU [NIS AaNbHel e TpaHchopMauuu. OnHaKO 3TOT Me-
TOJ HENPUIONEH [JiSl MONYYSHHUS LUKIMYECKUX VIJIEBOLOPOLOB C He-
YeTHBIM YUCAOM aTOMOB YrepoJia B LiMKJie. ENMHCTBEHHOH pa3yMHOM
AIbTEPHATHMBOM! B 3TOM CJIyYyae OCTaeTCsi AUWIOMHOBAs] KOHAEHCALUs
CJIOXHBIX 3(UPOB COOTBETCTBYIOIUMX JHKAPOGOHOBBIX KHUCIOT.

22.10. XUHMHUYECKHUE CBOVICTBA COEIUHEHUN
CO CPEIHUM PASMEPOM IIHKJIA

B nepsoM pazznene 3TOMH riaBbl IPOBOIWIOCH NTOAPA3JIENeHUE LUK~
JIOUTKAaHOB ¥ HX TPOM3BOIHBIX Ha coeluHeHHs1 ¢ ManbM (C3;—C,),
o6buHbIM (Cs—C;), cpennuM (Cy—Cy ) LHKIOM U Makpouukiabl. Pa-
Hee yXe OTMEeYanoch, YTO BhlIEJEHHE B 0COOYIO IPyIITy CPEIHUX LIMK-
JIOB CBSI3aHO C POCTOM 3HEPT¥M HATIPSIKEHMS ¢ 6 KKaJ1/MOJb JUIST UMK~
JIOTIEHTaHa M LMKJIorenTaHa o 12—13 kxain/Monb — mnst Co—C-UMKIOB.
Bozpacranue oblieidl S3HepTUM HAIPSLKeHUsT 0OYCIIOBIEHO POCTOM TOP-
CMOHHOTO HarpsDKeHUs] Y TOSIBJIEHHEM Y STUX LIMKIOB HOBOICG THIIA
HanpsiKeHHUst — TpaHCaHHYJIIpHoro HanpsokeHust [Ipenora, xapakrep-
HOTO AJIS BaH-I€p-BaajibCOBA OTTAJKMBAHUSA ATOMOB BOAOpPOLA WK
IPYTHX TpYIT, HAXOOALIMXCA Y TTPOCTPAHCTBEHHO CONMXEHHBIX TMpO-
TUBOITOAOXHBIX KOHUOB KOJIBLIEBBIX CHCTEM C BOCEMBbIO-OAMHHAALIA~
TBIO aTOMaMM YIJIepoaa. OTo B CBOIO OYepenb OKA3bIBAETCA MPUYMHOMK
LeJIOro psiid aHOMAIMH B XMMHUYECKOM NOBEAEHUHU (PYHKIIMOHANIBHBIX
MPOU3BOAHBIX CpeAHUX LMKIOB. Tak, Hanpumep, urkranoubl Cz—C;
[IpakKTU4YeCKK He 06pasyloT UMAHTHAPUHOB, T.€. paBHOBECHE LMAH-
THAPUHHOTO CUHTE3a CMIBHO CMELIEHO BJIEBO. DTH Xe KETOHbI Kpal-
HE MEIJIEHHO pearupyot ¢ ¢beHmnruapasuHoM. st coelMHeHU co
CpeoHHUM pa3MepoM LIMKiIa Haubonee XapakTepHbl TaK Ha3bIBaeMble
TPaHCAHHYJIAPHbLIE PeakllMy, Koraa (yHKIMOHAIbHAsSI TpyIia BBO-
IUTCA K aToMy YIJIepoJia, PaclloJIOXEHHOMY C NPOTHBOMOJIOXHOMN
CTOPOHBI KOJbUA ITO OTHOLUIEHHIO K ATOMY, HECYLLIEMY YXOISLIYIO IPYTI-
ny. Takye peakuuy MHTEHCUBHO U3ydanuch B 1950—1960 rr. KoymoM,
IpenoroM u ap. IlpuBeaemM HecKoNbKO Hanbonee THITHYHBIX IIPUMEPOB
U3 GOJIBLIOrO YKC/a TPAaHCAHHYISIPHBIX peaKLMi B CpelHUX LIUKIIaX.

[1py B3aUMONEHCTBUM YUC-LUKIOOKTEHA C TTEPMYPABEMHONH KHC-
JIOTOM, KOoTOpasi ABIsIETCSl OOBIYHBIM PEATCHTOM LIS MOJIYUYCHUS mpauc-
1,2-nuonos, 6bi1o BelaeseHo aBa auoa (A. Koyn, 1952 r.). OnuH u3
HUX OCUCTBUTENBHO ObLN OXMOAEMBIl mpanc-LUKIOOKTaRaAHoI-1,2,
a BTOPbIM OKa3aics yuc-uukyiookrauguosn-1,4. Obpazopanue 1,4-au-
0/1a MOXHO MOHSATH, €CI4 TIPUHATH BO BHMMAaHHE, YTO B BOCHMM-
YIEHHOM LIMKJIE BO3MOXHO TPAHCAHHYASIPHOE MepeMellleHUe THAPUI-
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MOHa yepe3 KOJbLO K KapOOKaTUOHY, BO3HMKAIOUIEMY B Ka4yecTBe
nHtepMenuara. [IpennonaraeMas rociaexoBaTebHOCTD IPEBpalLCH Ui
BKJIIOYaeT oOpa3zoBaHue NPOTOHUPOBAHHOIO 3MOKCHIA C TOCAERYIO-
ILIMM TPAHCAHHYJISPHBIM MEpeMelIeHUEM THWIPUI-HOHA.

TeopeTuyeck BO3MOXHBI [Ba PA3NUYHbBIX ITYTH MUIrpallMy TUHL-
pun-uoHa 1—3 u 1—5, xoropble 06a MpUBOOAT K 06pa30BaHHUIO YucC-
LMKI00KTaHAKHOJa-1,4. C MOMOILUBIO CEAEKTUBHO HEHTEPUPOBAHHBIX
LUC-3TOKCUIOB ObUIO YCTAHOBJIEHO, YTO PEATU3YIOTCS 00a BO3MOX-
HBIX MEXaHU3Ma MUTPALMUY TMAPHA-UOHA, U 3TOT MPOLECC MTPOUCXO-
IUT CTPOIo crepeocneuudUyHo, MOCKONBKY U3 KUC-LIUKIOOKTEHA
[TOJIY4aeTCsl TOJNIBKO YUC-U30MEp UMKIOOKTaHAWOoja-1,4:

@
“OH

mpanc-1,2-unKino-
OKTaHAMON

- @® Q
- - uumooneu -3-on-1
- j N ]1/ HZO

Ny Y O

-3-071- LMKIIOOKTEH-4-01-]
UMKIIOOKTER-3-01-1  yuc-uuknooxranguon-1.4 yu c-uux.n ooktasuon-1,4

YUC-UMKNOOKTEH

OH
1 5-H©

HOO)O0H
HCOOH-H,0

TloMHUMO OBYX IKOJIOB [P B3aUMOAEHCTBUU YUC-LIMKIIOOKTEHA C
MepMypaBbUHON KMCJIOTOM IMOJY4YalOTCA NBa APYTHMX IPONYKTA: LIMK-
JIOOKTeH-3-0J1-1 ¥ LMKIIOOKTeH-4-051-1. OGpasoBaHue 3TUX AHOMATb-
HbIX IPOAYKTOB TAKXE COIJIACYETCS C MEXaHU3MOM, BKIIOYAIOUIUM
TPaHCAHHYJSAPHYIO MUTPALIAIO THUIPUI-MOHA.

IIpu rUBpOKCHINPOBAHUU MPaHC-UUKIIOOKTEHA 110 KeHCTBUEM
MEPMYPaBbMHON KHMCJIOTH! B Ka4YeCTBE IJIABHOrO IPOAYKTA IOJy4yaer-
csl mpaHc-UUKIOOKTaHAuoN-1,4, T.e. MUrpaluys THAPUI-HOHA B 3TOM
cliyyae TAKXKe OCYLIECTBJISIETCS CTPOro cTepeocnelupuyHo.

Huknoankeub ¢ 9-, 10-, 11-uieHHBIM pasMepoM LHMKIA [pH
FUAPOKCUIIMPOBAHUM MEpMYPaBbHMHON KUCIOTON BooOlLlE He oOpasy-
10T 1,2-AKOJIOB — «HOPMATHHBIX» NPOAYKTOB 3TOM peakuuu. [pu rua-
POKCUJIIMPDOBAHUU MPAHC-UMKIONELIEHA B KAYe€CTBE OCHOBHBLIX NpoO-
LYKTOB [MOJIY4aIOTCSl MPAHC-UUMKIOAEKAHANOA-1,6 U mparc-nexanon-1.
(B. Ipesnor, 1952r.):
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OH
_.OH
O e )
HCOOH-H,0
HO H

mpaHc-1HKI0AeKaH- mpanc-nexa-
anon-1,6 non-1

MexadusM 37O peaklHM MOXHO HHTEPMPETUMPOBATh TAKUM Xe 06-
pasom, 4TO ¥ I LUMKIooKTeHa. Kap6okaTuoH, obpasyrowuiica npu
PACKpPHITHM 3MOKCHAHOIO LMKJIA, MOXET CTabHIM3UpOBAaThCcd B pe-
3ynbrarte 1,5-ciBura ruapua-HOHa oT aToMa yriepoga C—5, npocTpaH-
CTBEHHO COMMXEHHOro ¢ KapbOKaTMOHHBIM LIEHTPOM:

(0]
o OH
HC(0)OOH H*
HCOOH-H,0 -

OH OH
OH
2 -
— A —" . — -
4 3 HO

mpaKc-UMKIogeKaHaron- 1,6

Hpyrasg Bo3MOXHOCTb CTaGUIM3aUMM UCXOJHOTO KapGoKaTHoHA
3aKiIoyaercs B 06pa3oBaHMY HOBOM YINEepOI-yrJIepONHOM CBSI3M Ye-
pe3 Kolblo Mexay aToMaMu yraepoxa C—1 u C—6 ¢ mociaeayonmm
OTLUeIUIEHWeM TipoToHa oT C—6 u o6pa3zoBaHneM mparc-aexanoia-1:

OH OH
1
3 -H
—_—
4 mpaxc-aexanon- |
6 ]
5 H

AHAIOrMYHO U3 YUC-UHKIIOLELIEHA TOJIyHaeTcs YUC-TIUKIONeKaH-
avon-1,6. B oTauume oT UMKI0ATKEHOB CO CPEAHHUM PasMEPOB LIMKJIA
TMIPOKCUIMPOBAHHME LMKJIOIeKCEHd, LIMKIOTENTeHa, UMKIOLOAELE-
Ha Y €ro BHICLIMX TOMOJIOTOB [PUBOAKT K MOJYYEHHIO OOBIMHBIX MPaHC-
1,2-a105108, 2 He NPOAYKTOB TPAHCAHHYJISAPHBIX peaKkLui.
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CXOAHBIM NpMMEp TPAHCAHHYJISAPHOrO fepeMeuieHUsT TMapul-
HOHA HAGMIONANCS NIPYU AeruapaTauuy 1-MeTunuukiIonekasamona-1,6
C oGpaaosam«eM B KOHEYHOM HTOIC 6-MCTHJXHMKJIOHCK8HOH33

CH, CH,

OH 0]

IlepBoHayanbHO B pe3yIbTaTe OTILEIUIEHUS! THUIPOKCUIIBHOMR IPyTI-
net oT aroMa C, oGpasyeTcst TpeTHUHBIN Kap6okaTroH. Ero crabumusa-
LU JOCTUrAETCS TPAHCAHHYISIPHBIM IepeMellleHHeM THAPUA-HOHA OT
atoma Cg, cOnuxeHHoro B npocrpaHcTie ¢ atoMmoM C;. OqHOBpeMeH-
HO M3 TMIPOKCHUIBbHOU rpynmbl npu Cg OTWIEIUIAETCS MPOTOH U OHA
MpeBpalaeTcss B KAPOOHHUIBHYIO IPYTITY 6-METHIHMKIONEKAHOHA.

TpaHcaHHyNsipHAsT MUTpauus THAPUI-HOHA HaOJIoHaeTcs U B
MOHOMOJIEKYJISIDHBIX PeaKIMAX CONbBOAM3A IUKIOATKHIITO3UAATOB CO
CpeXHHMM pa3MepoM LMkia. Tak, HarnpuMep, NMpH AUETONU3e yuc-5-
mpem-OYTUITHHUXIIOOKTUITO3UNIATA B Ka4yecTBe eAUMHCTBEHHOrO Ipo-
IYKTa peakilMM C OYEHHb BBICOKMM BBIXOIOM IIOJIYYaeTCs UHKIOOK-
TeH, o6pazoBaHUe KOTOPOFO MOXHO IIPEACTaBUTH TOJNbKO B PE3yJbTaTe
1,5-MMIpauMy TMOPUL-UOHA Yepe3 KOMbI[O:

OT
(CH3)3C\eM/ OSCH3COOH (CH,),C .
a
H

VAV AN
(CH,),Cwwne®
®

(99%)

Cpoeobpa3Hasa TpaHCAHHYJsSIpHAs UMUKJIM3AIMUS NPOUCXOIUT B
IEeBATU- U RECATUWIEHHBIX 1,5- U 1,6-a3anuKiaHoHax (KeToaMUHaX):

0 OH
. —

I ) e
CH, cH, CO4
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[MogobHoe TpaHCAHHYJISIDHOE B3aUMoneicTBUEe BbLIO 0DHapyXe-
HO 1Sl IeBATUWICHHBIX LIMKJIAX, COAEPXAILUX MPOCTPAHCTBEHHO cOMU-
KEHHbIE CHOXHO3DUPHYIO U aMuaHywo rpynnsl (B.K. AHToHOB,
M.M. llleMaKuH):

u 0 0
(}OI S
0 R OH R

TpaHcaHHYAsIpHOe B3aMMoAeHCTBUE HABGMIOAAaeTCA U B peaKIMsX
3MeKTPOPUILHOTO MPUCOEAUHEHUSI K JBOUHOM CBA3U COeNMHEHHH
CO CpPEeJHUM pasMepoM LUKNA. Tak, HanpUMep, [P NIPUCOCAUHEHUU
OpoMa K yuc-,yuc-IMKJIOHOHagueHy-1,5 oOpa3yercs OHUMKITUYECKHI
Jubpomu. Ero 06pa3oBaHuie MOXHO [TPEACTaBUTE KaK Y4acTHe BTOPOit
MBOMHOM CBSI3M B cTabWiIM3alMy KapOOKATHOHHOrO HHTEPMEIUATA:

Br
HEEee
Br

22.11. TUKITOAJIKEHBI 1 NUKJIOAJIKMHbBI

HuKnoankeH bl U3BECTHAI LI BCEX LIMKIOB, HAYMHAA C LMKIION-
poneHa. [IMKIOaIKEeHBI OT LUKIOIPOIIEHA 10 LIMKIOreNITeHa BKIIOYH-
TeJIBHO TMPEeICTaBIAIOT CODOM yuc-U30MeEpBl, OCKOJIBKY mpanc-(op-
Ma Tl HUX HEBO3MOXHA T10 CTEPUYECKUM TIpUYKMHaM. OTHAKO HUKIIbI,
HaYHUHAas C LMKIOOKTeHAa, MOTYT HaXoAMTbcsl U B yuc-, 1 B mpanc-
tdopmax. Ina uukroankeHos Cg—Co yuc-usoMep eule crabuibHee,
4YeM mpaHc, TaK KaK mpaHc-U30OMEPBI CONEPXAT «HAIPSKEHHYIO» [BOiA-
HYIO CBA3b, HO HAYKHHAA C MKITIONOJCUEHA BOCCTAHABIUBAETCS ODbIY-
HBIH VST ATKEHOB MOPSAIOK TEPMOJUHAMMYECKOH CTabMIBLHOCTH, KOTa
mparc-vzomMep Gonee crabwieH, yem yuc-uszomep (tabn. 22.7).

Tabnuua 22.7
CTaGuabHOCTh KUC- H Mpanc-uHKI0aNKeHOB

Coenunenne AH yue=BHmpanes Coenunenne AH e~ AHmpanes
KKaJ1/MOb KKaJI/MONb
LuknookTeH -9,7 HuxnoyHaeieH +0,1
UuxioHoHeH -2,8 liuxnononeteH +0,4
LinxnoneueH -35 uxknorpuaeueH +1,2
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LIMKiroankeHsl MoONy4alT TEMU XE€ METONAMM, YTO M ALMKIN-
YecKHe aHanoru — ankeHsl (eM. m. 5, 4. 1). Huc- n mpanc-usomepni
LUKIOOKTEHA U UMKIOHOHEHA BBLICOKOMN CTEMEHM CTEpPeOXHMMYEC-
KO YHUCTOTHI 00pa3yioTcs B pe3ybTaTe cTepeocreucduyecKoro Boc-
CTAaHOBJIEHUSI WIHU THAPUPOBaHWSA TPOHHOM CBSI3H LUHKIOOKTHHA H
XMKJIOHOHMHA. [Juc-UUKIOAJIKEeHBI ITONYYAIOTCS NMPY I'MAPHPOBAHHHU
LMKJIOAIKMHOB Ha KoJouaalbHOM HukKene P-2-Ni uwiau aumnzoby-
TwianioMuHuitruapunoM (JIMBAJI-H) ¢ nocnenyioluMM KUCIOTHBIM
pacuienieHUeM BHHMJaNaHA. TpaHc-M30MepH LIMKIOOKTEHA, LIMKJIO-
HOHEHA W MX BBICUIMX FOMOJIOroB 06pa3yroTcsi IIpU BOCCTAHOBJIEHUU CO-
OTBETCTBYIOLLMX LIMKJIOAIKHHOB PACTBOPOM HATPUS WIH JIMTUS B XU -
KoM aMMuake npu —33°C.

HO + Ni(OAc),; NaBH, -
2 CH;CH,OH; H,NCH,CH,NH,
LHUKJITOOKTHUH YUucC-1IUNKIOOKTCH
Na o
XMIK. aMMHak; —33°C
HUHKINIOOKTHH MPARC-1THKIJIIOOKTEH

IIpon3BoaHbBIE ¢ HECATUWIEHHLIM U 6oJiee BHICOKMM pasMepoM
LMK/IA B peakuusax sJuMUHUpoBaHus 1o l'odpmaHy TpuMeTUnaMuHa
M3 I'MAPOKCHIAOB LUKIOUTKMUITPUMETWIAMMOHMS NAIOT MPAHC-LUK-
JloankeHsl. I1pou3BOAHbBIE LUHUKIONEHTHI~, HUKJAOIEKCHI- M LHUKIIO-
reNTUITPUMETUIIAMMOHUS HAIOT IIPY THPOJU3E TOJIbKO YUC-IIHKIIO-
aIKeHbl, TAK KaK COOTBETCTBYIOLLUME MPAHC-U3OMEPH HEM3BECTHBI.
ITuponus ruapokcuna LHUKIOOKTHUITPUMETHIAMMOHUS TPUBOAUT K
CMECH YUC- U MPaHc-UUKIOOKTEHOB (2 : 3), rae npeobianaer mparc-
HU3oMep:

120—160°C e
~———» (CHy, + N(CH,), + H,0
H,0 2

(CHZ)n—Z
@ O]
CH—N(CH;);0H CH
n=5,6,7 yuc-uuknoankes
n=28,9 yuc- » mpauc-UMKIOANKEHEI

i

n = 10—12 mpanc-unknoankex
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® [S]
NCH;)0H 10-120ec
—_— e

H,0

yuc- (89%)  mpanc-
(yuc-/mpanc- = 2:3)

W3 LMKIO2NKEHOB CIIEUMANBHOTO YIIOMMHAHUSA, HECOMHEHHO,
3aCNYXUBAET LIUKIOMIPOIEH. DHEPrus HanpsXeHUs g HMUKIONpo-
MEHA COCTABJISET IIPUMEPHO 55 KKain/Monb (280 x/Ix/Monb), 4TO BABOE
[IpeBbILIAET BENAHYMHY SHEPrUM HANpPSXEHUS I LIKKIONpoIlaHa
(27 xkan/Monp) Ge3 mpoitHoit csasu. IluxnonporneH BrepBoie ObLI
onucad H.A. JempssHOBBIM eltle B 1923 1., HO BHIOEJIUTD €0 B YHCTOM
BMAE ymainoch JNHIUL 40 ner cnyctd. CHHTE3 LUKJIOMPOINEHa OCHOBaH
Ha MCYEPLIBAIOLIEM METHWIKPOBAHUHU IMKIOMPOITUAAMMHA U ITOC)e-
IyoleM rohpMaHOBCKOM paclUelUIEHUM YETBEPTHYHOIO OCHOBaHUS:

®
CI(CH,) CNNaNHz D_Cb 1) HC; a¢mp [> /NHZCI "i°C
273
¢up 2) CH,CH,0H OCzHS
b
CH,ONa 1) H,0; H,0
_Z____L___.,. 1) H,0; H0
—’| > CONH, cH.om [>’NHCOOCH3
CH,] ®
— >NH2 CH | [>—N(CH3)3IGA‘;—>
—= R(CH,),0H —2 =
(CHy) 00 T e aprona + N(CH,;); + H,0

KitioyeBo# cranneit 3Toif mocaeqoBaTe/IbHOCTH NIPEeBpalleHH SBIseTcs
rochMaHOBCKOE paciliefUIEHHE YeTBEPTHYHOTO AMMOHHEBOTO OCHOBAHMSI.
1{uxnonporeH abcosoTHO cTabuieH TOMBLKO B TBEpIOM BUIe rpu —196°C,
Ho yxe npu —80°C oH caMONMpPOU3BOJNILHO MOJIMMEPU3YETCS.

YpesBbpIyailHO MHTEPECHbIt M HEeOOBIYHBIH Kiacc HeHachILIEH-
HbIX LIMKJIMYECKUX YIIEBOAOPOIOB 00pasyIoT HMKIoanKuHbL. [1epBbie
HCcCaeqoBaHuUs IO 00pa30BaHUIO U CTAOMIBHOCTH LIMKAOANKHUHOB ObUIH
BbIMOJIHEHb! A.E. PaBopckuM H ero yueHrHKamu eie B 1936—1940 rr.
IIpu oTieruieHHM OBYX atoMoB Opoma oT 1,2-DubpOMIMKIOOKTEHa
oA gedicTBUEM MarHMs, HaTPMS WIM LMHKA Hapsily C JEBSTBIO ApY-
TUMU [POAYKTAMU 0OpasyeTcss B HEGONbLUIOM KOMKYECTBE U LUKIO-
OKTUH, HO OH He ObLn BblAe/NeH U3 HAX B YUCTOM BUIeE:
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—_—
U 3d)up G CZH OH 80‘ Q
Brz _..Zn"ﬂ_’
Thch &-QH@HSOC 3¢up

OnHako 3TUM METONOM HE YNanoch MONYYUTh LIMKIOTENTUH M
LMKIOTeKCUH M3 JUTaloreHUHMKIOTeNnTeHa U AUTalore HIMKIIOreKCee-
Ha. [Ipu obpabotke 1,2-gubpoMuMKiIOreKceHa-1 HaTpUeM WJIM Mar-
HyeM PaBOpPCKHil BbIAENMN TPUMEDP LUMKIOTEKCHHAa — TpUTETpaMme-
TUaeHOeH30J4. DTO onpeleNeHHO yKa3blBaeT Ha obpa3oBaHue
LUMKJIOTeKCHHA B KayecTBe KpaiiHe HecTabWIbHOTro MHTEpMeauara:

Br
" Na TPUMepHU3aLIns
agup

Br

Otcioga Obl1 cHeNaH BBIBOI, YTO LUMKIIOAIKMHBI CTAOUJIbHBI U
MOTYT OBITH BbLIENEHbl B YUCTOM BUJE JIMLLIDL HAYUHAS C LIMKJIOOKTH-
Ha. ITO INPEAIIONOXEHHE MMOJHOCTBIO MOATBEPAMIOCH YEpE3 TPUILIATD
JIeT, KOrAa yaaJloch YAOBUTb W Opyrue HecTaOuibHble LUKIOATKUHBL
C MEHbBLUMM YHCIIOM 3BEHBEB B LHMKJIIE. [Ins aToro npuuuiocs paspabo-
TaTb APYroit METOM CO3JaHUsl TPOHHOM cBsI3n B uukie. Crapble Kiac-
CUYECKME METOAbl AETUIPOraJIOreHUPOBAHMS MIW OETaloreHUpOBa-
HMS 3[eChb OKAa3dIMCh MAJIONPUIOAHbl, TAK KaK OHMU NPUBOAST K
CJIOXHBIM CMECSIM LUMKIHYECKUX ANKMHOB, AUIEHOB, 1,3-OHEHOB U
MOJMMEPHbBIX MPOAYKTOB. YIOBJIETBOPUTENbHBIM OKa3a1Cs METOJ OKKC-
JIeHUS AUTKUOPA30HOB UMKIMYECKUX 1,2-TUKETOHOB OKHCLIO PTYTH B
6eH3one B rnpucyrcTBun TBepaoil KOH. 3tum crocobomM A. baomk-
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BucT u B. Mpenor cuHresupoBany BOCbMH-4eThlpHAAUATHYIIEHHbIE
LMKJIOATKMHBI ¢ BhIxogaMmu ot 9 go 70%:

~—N—NH —N=NP2
2 HgO; KOH o

(CHZ),,—-Z C.H.: 80°C (CHZ)n—2
L=N—NH, 6°¢ _g=]ﬂze

AT s ME8OW
el + 2N =9 (39%)

y =NNH: - pyoao),
— e
CH,),- <y CHCly —70C (CH,), || + Pb(OAc), + CH,COOH + N,
- 2

n=28(52%) n=9(63%) n=10(67%)

KonuyecTBo HUKIOOKTHHA, MOJYYEHHOTO OKHCJIeHHeM AUIMApa3oHa
1,2-LIMKI0OKTaHAMOHA OKHCBIO PTYTH, He TipeBbliiiaer 9%, a Wi ukK-
JIOHOHMHA MoBbILIaeTcs 10 39%. Boixon HMKJIOOKTHHA TOBBILIAETCS O
52%, uMKJIoHOHUHA fo 63%, nuKiIogetHa 1o 67%, eciv B Ka4yecTBe
OKUCJINTEASS IUTHMIPA30HOB HCIIONb30BaTh TETPaaleTaT CBUHLA B XJIO-
puctoM MeTwieHe npu —78°C. BHeprus HamnpsoKeHusl LUMKIOOKTMHA
cocTapifer 21 KKa1/Mojib, a IMKIOHOHMHA 16,5 KKan/MOJIb.

OnHAaKO U 3TUM CHOCODOM He yaanoch MOJyYUTh B YHCTOM BUJE
UMKJIOTENITHH, UMKIOTeKCHH ¢ SHeprued HampsKeHUs Hellpelesb-
Horo uvkia 32 u 50 xkkan/moib, coOTBeTCTBEHHO. 3aUKCUPOBATh
o6pa3oBaHMe 3THX KpaifHe HeCTaOUJIBHLIX UMKIOAJIKHHOB YIAloch
I'. Burtury, npuMeHsist B Ka4eCcTBe «I1epexBaTyvMKa» 3TUX HecTabuib-
HbIX MHTEPMEAUATOB UCKIIOYUTENILHO aKTUBHBIN nued — 2,3,4,5-tet-
pade HUILIMKIONEHTANIHEHOH («TeTpalluKnoH»). LluKj1oankuH B 3TOM
cJyyae UrpaeT posib aKTUBHOro AvMeHognna. Beixoas! aiyKToB ¢ TeT-
PALIMKIIOHOM JUISl LMKJIOTENITHHA W LMKJIOreKCUHA COCTAaBISIOT 98%
1 88%, COOTBETCTBEHHO:

N FN-NH:  pyoac),
(CHy, 5 I wm oy, o e
N =N—NH :
N/ 2 CsHsN
|
NH,
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GeHs GeHs CH;
CeH;

—— (CH@ e - (CHJ,, +Co
CeHs

n=26-7 CeHs

Ilepuon monypacnaga [l UMKIOTENTHHA C 9HEpruei HanpsKeHUs
32 xxan/Moub coctaisieT okoso 1 4 npy —78°C 1 2 MuH — ripu —25°C,
IUTSL UMKJIOIeKCHUHA — HECKOIbKo ceKyHa aaxe rpu —110°C. Huxio-
OKTHH U LUHAKJIOANKUHBI ¢ GOJbIUIMM pasMepOM LIMKJIA CTAOUIBHBL TPU
20°C, x0T BCe OHM JIETKO OKMCISIOTCS Ha BO3AYXe.

22.12. BUIIMKINYECKME COEJMHEHNS,
CITMPOAJIKAHBI
H KAPKACHBIE YTIJIEBOJOPOZBI

CylecTBYET OTPOMHOE KOMUYECTBO OM-, TPH- M MOMULIHKINYEC-
KUX YII€BOLOPONOB, CIIMPAaHOB U KapKAaCHBIX COegHHEHMH, pacCMOT-
peHue KOTOPbIX BBIXOAUT 34 pAMKM 3TOM KHUTH. 3gech Xe OyayT npu-
BeJl€Hbl KPAaTKHE, HHOTHA IIPOCTO OTPLIBOYHEIE CBENEHUSA O HEKOTOPBIX
HeOOBIYHBIX MOJIEKYJIaX, 0OxanaloIIKX MO0 HeOOBIYHOU CTPYKTYPOH,
MO0 OYeHb BHICOKOH 3HEPrueil HaNpsDKeHusl, HO TEM He MEHee CIo-
COOHBIX K CAMOCTOSITEJIbHOMY CYLIECTBOBaHHIO.

CnupoaikaHbl — 3TO OHMIUKIMYECKHE COEIUHEHHs, UMEIOLIUE
TOJABKO OJMH OOWIMH 11 IBYX LIMKJIOB aToM yrnepoaa. Husiue wie-
HBI psiia CIUPOATKAHOB 00JIaJAlOT BBICOKOM 3HEeprueil HanpsoKeHHS,
OIHAKO BIOJIHE JOCTYIHBI C [NOMOUIBIO OOBIYHBIX METONOB OpraHu-
yeckoro cHHte3a. Cnupo[2,2]neHTaH MMeeT HEPIUI0 HarnpsKeHUs
63 kkan/monb. Briepsble 3TOT yrieBomopol 6bu1 nosnydeH I'yerasco-
HOM eute B 1896 r. feiicTBMEM LIMHKOBOM MbUIH HAa TETpaOpOMMUI MeH-
Ta3pUTPUTA B BOOHOM cnupTte. IIpH 3TOM Hapsay cO CITHPONEHTAHOM
NoJiy4aeTcsi HeKOTOPOe KOJIMYEeCTBO MeTHNeHUuKIobyraHa. Obpaszo-
BaHUE METHICHUMUKIIOOYTaHa KaTaMU3UpyeTcd MOHAMM UMHKA. Jist
TOro, YTOOB! MOJHOCTHIO IOJABUTH OGPA3OBAHHE METUJIEHLIMKIOOY-
TaHa, OISl CBA3BIBAHUS MOHOB LIMHKA BBOJUTCH HATPUEBAsd COJIb 3THU-
JeHOAUaMUHTeTpayKcycHoit kucsioThl (3 TA):

Zn; DJATA
cnupT-soja D < + 2ZnBr; .

(81%)

BrCH,, ,CH,Br
C

BrCH,” CH,Br
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CoBpeMeHHBIIt METO CMHTE3a crUpo(2,2]neHTaHa OCHOBAH Ha 3JIeK-
TPOBOCCTAHOB/IEHMHU TeTpabpoMuaa MeHTaIpUTpHUTa:

BrCHA BT IMa; LiBr; 408 °
/C\ + 4e - - + 4Br-
BrCHj CH,Br 4y; 20C

Ocobblit KJacc YrieBOAOPOMOB COCTABIAIOT MOJUCHUPOLUKIO-
MIPOMAaHbl, Y KOTOPBIX CKEJET [TOCTPOEH U3 CIIMPOCOUJIEHEHHEIX TpeX-
YIeHHBIX IUKIOB. Takue yrieBoJopoabl MOJYYHIU HAa3BaHHEe TPUAH-
rynansl, obuias GpopMyna Hepa3BeTRAECHHBIX TPHAHTYIAHOB MOXET ObITh
MpEACTaBNeHa CAEAYIOLIMM oOpa3oM:

n

B kauectBe npuMepa npuseneM {3]-tpuanrynaH u [6]-tpuaHrynax:

VANEVANEIVAN
VARV

[3])-Tpuanrynan [6]}-Tpuanrynan

O0mass cxeMa CUHTE3a TPUAHTYJIAHOB, COAEPXKAUIMX OT TpeX A0
1ecTH ¥ GoJjlee TPEeXWIEHHBIX LHMKIOB B MOJIEKYyJie, BKIIOYaeT TpH
craguu (H.C. 3edupor, 1990 r.). Ha nepBoil cTanuy oCylECTBISIETCS
HMKJIONPOMaHUPOBAHME METHISHUUKIONPONaHa XIOpMEeTHIKapbe-
HOM, TreHepHpyeMbIM U3 |, 1-guxjiopsTaHa fnod AeiicTBUEM H-OyTHII-
autus. Ha BTOpo#t cTainu NMpOUCXOOMT AETHAPOXJIOPUPOBAHME O]
nelictBueM mpem-6yrunata kausg B IMCO ¢ oGpa3oBaHHEM 3K30-
LIMKINYeCKOR OBOHHON cBsI3M MeTwieHcnupoankaHa. Ha saximoun-
TEJbHOU CTaAUH 110 3TOM NBOMHOMN CBSI3M METU/ICHCITUPOAIKAHA [IPU-
COCINHSETCS CHHIJIETHBIA METHJIEH, TEHEPUPYEMBII MTPU Pa3TOXKECHUU
NUa30METaHA, KaTAIM3MPYEMOM aLIeTaTOM IaNjafus:

Ci_ _CH,
cH CH,CHCl,; #-C,HyLi
2 fieHTan-3dup

(45%)

(CH,),COK MCH2 CH,N,; Pd(OAc), /\ /\

AMCO 3dup \/
(70%) (80%)
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7—CH, CH,CHCl,; #-C,H,Li A M
: o ’“H — -
[><r TNeHTaH-3¢hUp \/
45%)

@mco /N /\_
IIMCO \/ =CH,——
(75%)

CH,Ny; Pd(OA), _ /\ /\ (85%)
up N\

/\ /\_CH CH,CHCL; #-C,H,Li
\\/ 2 NeHTaH-3Gup

VANEANER CIRCITE:
\/ \/\Cl JIMCO
(60%)

/\ /\ by, CHaNy; PAOAD),
VAV e
(80%)

/\ /\ /\ (90%) u t.o.
VoV “

COBOKYITHOCTb 3TUX TpeX CTaAui MOXeT ObITh OCYLIECTBIEHA MHOTO-
KPAaTHO M SIBASIETCS YHUBEpPCAIbHBIM CMOCOOOM CHHTE3a TpUaHTysa-
HOB C JIIOObIM YHUCJIOM CHNHPOCOUWIEHEHHBIX HUKIIOTIPOITAHOBBIX 3BE-
HbEB B lLlENM CHNHPOCOYJEeHEeHUsA. Bce TpuMaHrynaHbl SABAAIOTCH
BBICOKO3HEProeMKMMHU YIJI€BOAOPOAAMH, HX SHTAILIIUU 06pa3oBaHUS
AHf nocTUraloT o4eHb BbICOKMX 3HAYEHHUH; B HUX YIAYHO COYETAIOTCS
BBICOKME 3HAYECHHS SHEPIUU HAMpPSXEHUsI U CPAaBHUTENBLHO BhICOKAs
CTaBUNBHOCTb.

Bbicokoii 3Heprueit HanpspkeHUs B 66 kkan/mMonb obnanaet 6u-
umkiio[1.1.0]6yraH. buunkinobyran nonyyaetcs ¢ 95%-M BbIXOAOM NPpU
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B3anuMoneucTeuu 1-6pom-3-OpomOyTaHa co cniaBoM HATpUsS U Ka-
aus B TI® vu AMD:

Br H

Na-K H
e —— T. €.
o

Br 95%)

AHanoruyHo NOJAY4YaloTCa €ro Nponu3BOAHbIC!

CH; CH;
Br Li-Hg
“IWioKCan
CH;
Br CH;
CH, CH,
Br  IM®A; LiBr; 40B (55—90%)
- - 0
e 20°C; 16 4
b H,C

Eiie oguH cnoco® co3gaHust OMLMKIOOYTaHOBOrO KOJIblA 3aK-
JIIOYAETCSl BO BHYTPHMOJEKYJISIPHOM LIMKINU3aUUHK 3¢dupa 3-6poMuuk-
JI0OYTaHOBOI KUCHOTHI:

Br‘<>—COOCH3 —Natl > COOCH;

Oco0y10 rpynmy coOCTaBJsIOT TMOJMLMKIOYTJIEBOAOPONBI, KOTO-
pble XapakTepHU3yloTcs MPaBUIbHBIM MOBTOpeHMEM Habopa aToMOB
yriepoga. MBI [IpocTo NEpeurciUM HEKOTOpble M3 Hauboliee UHTe-
PECHBIX CTPYKTYp peasbHO WM M'MIIOTETHYECKH CYLIECTBYIOILMX yriie-
BOIOPOJOB:

R

aaMaHTaH AXaMaHTaH TPHaAMaHTaH
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KybaH TBUCTAH npU3MaH
TeTpa’apaH 1,1,1-nponennan 3-poraH
4-poTaH 5-poran KBaIpHLUMIKIaH
TEeTpacTUpaH JonaeKa’jpaH, T. . 430°C

dynnepen Cq



[ToMCK CUIBHO HAaMpSXEHHBIX KOMBLLEBBIX CHCTEM WIJIM CUCTEM,
conepxamux UMK B GopMe BaHHbI, TBHCT-QOPMBI M APYIMX HECTa-
GMIbHBLIX KOHGQOPMALMIL, KOTOpbIE 3aKperieHbl AaHHETHPOBAHMUEM C
OPYTHMH KOJIbLIAMH, BbI3BAJ1 OTPOMHBINI MHTEPEC K XMMMHM Hanps-
XKEeHHbIX MOMNMUMKIOANKAHOB. 3a NOCAEAHHE rofbl B TOH 06IacTH
JOCTUTHYT OO0 NMPOrpece, yBeHYaBIIMIACA CHHTE30M LEJIOro psaa
YIJIEBOAOPOAOB C KpaiiHe HeOOBIYHOM cTpykTypoil. [ToMHMO noucka
COEIMHEHUH C QYeHb BLICOKON 3HEpryeil HanpsiKeHHs, CHMHTE3 Ta-
KHX COEIMHEHMI OTpaxaeT Bce Gonee M3OLIPeHHY0 GaHTa3UI0 XH-
MMKOB-OPTraHUKOB ¥ COBEPLIEHCTBO METOL0B COBPEMEHHOTO OPraHu-
YeCKOTO CHHTE3a. B xauyecTBe NpMMEPOB NPUBEEM CHHTE3 Ky0aHa —
nexraumkio[4.2.0%5.0*8.0*Jokrana; [1.1.1]-nponesnaxa 1 Mpou3Boa-
HOTO TeTpasjpaHa, YbHM MMEHEM Ha3BaH OOHMH M3 CaMBIX MPECTHX-
HBIX MEXAYHAPOIHbIX XYPHAJIOB OpPraHUYECKOH XUMHH.

Cxema nepporo cunre3a ky6ana (I1. Utod, 1964 r.) BkioyaeT
INMEPH3aLMNI0 O-GpOMIIMKIIONIEHTAINEHOHA 1o Jiuabcy—AJbaepy,
[2+2]-boTOouMKIM3aLUMIO IHOO-annyKTa (IHAOAMMEDA) M NeEperpym-
nupoBky PaBoOpCKOro, CONPOBOXAAIOUIYIOCH CYXEHHEM LHKJIA:

Br Br Br
NBS Br, KOH
CCly JHOKCaH CIHPT
Br
o
o O 0

—Br
THMEpH3aLHs . L —
: no Jumscy-Anpnepy
4
Br Br
O

O
O
hv /"" —+—Br OHe COOH
Br HOOC
O

HeszamemeHHB# KyDaH ObUI NONMyyYeH U3 AMKapOOHOBON KMCIO-
THI NOCAENOBATENbHBIM MpeBpallleHueM B OucxiopaHruapua, buc-
mpem-GyTUITNEPOKCH-KapOOHWIBHOE MPOU3BOAHOE, KOTOpOe pasfna-
Taii Apy HarpeBaHUH B NPUCYTCTBUH 1,3-num3onponunbeH3ona Kak
IIOHOpa aTOMOB BOAOpOAA:
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COOH 1) SOCl, o
2) (CH,);COOH

HOOC
(CH;),CH
4 CH(CH
COOC(CHj;), (CH;),
e —-
150°C
«}hhcooc§o tan

OHeprusi HanpsXxeHus KybGaHa, OINpeHe/ieHHas KCIEePUMEHTANIBHO,
cocTasnsieT 157 KKan/MoJib, YTO COOTBETCTBYET CyMMAapHON 3HEPruu
HanpsiXeHHs 1UeCTH MOoJIeKya uukinobyrana. [1.1.1]-IIponemwnad uH-
TEpECEH TE€M, YTO B 3TOI MOJIEKY/Ie aTOMbl YIJIEpO/Ja B «[OJIOBE MOC-
Ta» MUMEIOT HE TETPa’APUYECKyi0 KOH(PUrypauuio, a KOHQUrypauuio
TPUTOHUILHOM MMpaMHUAbI, B KOTOPOH Bce yeThipe o-cBia3d C—C Ha-
NpasJieHbl B OJHY CTOPOHY. BeencTBue TaKOro CTPOEHUA OYEHDb HEO-
obiyHa popma B3MO [1.1.1]-niponesnana: 3/MeKTpOHHAsA TUIOTHOCTh
Ha 3TOi OPOMTAIM CKOHLEHTPUPOBAaHA HE B MEXDBAEPHOM NPOCTPaH-
crBe ueHTpanbHOU cBa3n C—C, a cHapyxu. CnegoBaTeNbHO, LEHT-
panbHas ¢Ba3b C—C nomkHa ObITh Cab0i ¥ B XMMHYECKHX PeaKLiusX
pa3phbiBaThCA B MEPBYIO OYEPEND.

-
C

[1,1,1]-nponennan B3MO HCMO

3Jto noareepxaaercs Ha onbite. [1.1.1]-ITponennax nerko BCTynaer B
paaMKanbHbie peakiiuu ¢ oopaszoBaHHeM 1,3-3aMelIeHHbIX OMLIMKIIO-
[1.1.1]neHTaHOB:

Br
/ Br, / 1,3-aubpombuuxnof1.1.1]-
< lj hv < i neHTaH
Br
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Br

HBr 1-6pomGHumxnofl.1.1]-
< l /5 —_— < /5 MEeHTaH
hv
CBI'4
/ hv 1-6pom-3-TpubpommeTnouumro|1.1.1}-
MEeHTaH

HauGonee npoctoit M AOCTYNMHbIA MeTox cuHTe3a [1.1.1]-mpo-
TesiaHa B BUJle pacTBopa B 3¢upe 3aKIIo4aeTcs BO B3aMMOJENCTBUU
METHWUIMTHSA WiH OyTiinuTus ¢ 1,1-1uépoM-2,2-mu(XIIopMeTHI ) LIHK -
JonponaHoM. MCXomHBIA TeTparaJloreHUn MONYYAIOT B pe3yibTare
npucoeaMHeHUs1 AM6pomMKapbeHa K 3-xX10p-2-XJIOPMETHHIPONeHyY-1:

CICH, CICH
® © 2 2

0 —» C=CH,
cicHy” 0C  achy”
Br Br
[C] .
CICH~_ NaOH; PhCH,N(CH,CH,),C1®
C=CH, + CHBr, . CH.Cl
cichiy” CHBry/H,0; 12 v; 0-5°C 2
CH,Cl
(40—45%)
Br Br
3pup
CH,Q 4 CH,Li —ep (50%)
CH,Cl

[I.1.1|nponennaH (cTabuneH Npy HU3KOMH TeMIepaType)

ITepBoe npou3BogHOE TeTpa’apaHa — TeTpa-mpem-OyTUWITETpasipaH
ObLI CUHTE3UPOBaH TONLKO B 1978 r. CpaBsHUTENBHO CTAOUNABLHBIH TET-
pa-mpem-6yTUILMKIONEHTAAUEHOH NpH o0aydeHUH YD-ceeTOoM npe-
BpallaeTcs B TeTpa-mpem-0OyTUITETPa3ApaH:
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CH,),C C(CH CH,),C C(CH,)
(CH,)3 (CH,)4 A = 254 1m (CH3), )3

aproHHas -
(CH;),C C(CH;); marpuua; (CH;);C C(CH,);
O ~263°C O

(CH3),C C(CH,),
— + CO

(CH,);,C C(CHj;),
(CH,),C C(CH,), (CH,),C C(CH,),

135°C .
*apI‘OH; —263°C

(CH,),C C(CH,), hv (CH,),C C(CH,),

DHeprus HanpsXeHHs TeTpa-mpem-OyTWITETpa3ApaHa, COIIACHO
OLIEHKaM, COCTaBJIseT BeIUMMMHY nopsaaka 130—137 kxan/mMons. Ter-
pa-mpem-6yTHATETPARAPAH UMEET JOBOJBHO BHICOKYIO TEMIIEpATYpy
TUIABJIEHUS, Bblllle KOTOPOM OH INpeBpaliaeTcss B TeTpa-mpem-0y-
TUALMKIOOYyTanueH,; G6apbep 3TON MHTEPKOHBEPCHHM COCTABIAET
113 xJIx/Mob.

CHHTEe3 K M3y4YEeHUE XMMMWYECKHUX IpeBpalleHHH MOJU3APAHOB
M JPYTHMX KapKacHBIX COCIMHEHMI COCTaBJsAeT BaXHBIl pa3ien co-
BpPEMEHHOM OpraHYYecKoi XMMHUH U MIPOAOJIKAET CTPEMHUTENILHO pas-
BUBATbCS.

B 3akiiouyeHue 3TOM MIaBbl CACIYET YNOMSIHYTh O Upe3BbIYaifHO
MHTEPECHOM KJlacce COEeNMHEHHH, rie Kolbua GoNblIoro pasmepa
TOITOJIOTHYECKH 3aMKHYTHI APYT B Apyre (cM. Takxe ri1. 8, 4. 2). Takue
COENMHEHUS ITOJIYYMIM Ha3BaHUEe KATeHAHOB (OT JiaT.catena — UEIb).
B KaTeHaHax MAaKpOIMKIHYECKHUE MOJIEKYJIbI COEMUHEHBI YHCTO MeEXa-
HUYecKH 6e3 XMMHUYECKOI CBSI3U, HalpuMep:

)

[2]xaTenan [3]karenan

B kxauecTBe npumepa NpUBEIEM CHUHTE3 OAHOTO H3 KAaTEHaHOB.
KareHaH, conepxaiidii ABa KoJblia U3 TPUALATH YeThIpEX aTOMOB
yIJiepofia Kaxnoe, OblJl CHHTE3UPOBaH ClexyIOUMM obpazoM. Juatu-
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JI0BBIil 3¢Up TETPATPUAKOHTAHAUKAPOOHOBO! KUC/IOTHI B pe3y/bTaTe
AUMIOMHOBOI KOHIEHCALIUM TIPEeBpaLaeTCs B LMKANYECKUI TpUaLa-
TUYETBIPEXWIEHHBIA O-TUAPOKCUKETOH. ITOT KETOH BOCCTAHABIUBA-
10T 1o KiieMMeHceHy 10 LMKI0aNKaHa ¢ MOMOLLBIO aMAbTaMbl LIMH-
ka 1 DCI. TakuMm obpa3oM ObL1 MOJydeH LUMKIOTETPATPUAKOHTAH,
cofiepXallMi MATh aTOMOB JeiTepUsl B Ka4ecTBe JACHTEPHEBOH METKH.
Jdanee anunoMHOBas KOHAEHCAUUs HCXOAHOro OU3dupa Terparpua-
KOHTaHIYWKApGOHOBONH KHUCAOTH Oblna MpoBefeHa MOBTOPHO, HO B
PUCYTCTBUM AeiTeprpoBaHHOro HUKIoTeTpatpHakoHTaHa CyyHes Ds.
IIpu 3TOM B KayecTBe MPOAYKTOB ObLIO BBLAENEHO ABA COCHMHEHMS.
OnHMM U3 HUX OBUT «HOpMATbHBIN» ALMWIOUH, HO BTOPOU MPOAYKT,
colepXalMii neiiTepueBylo MeTKY, okasancs [2]-kateHaHom. Kare-
HaH oGpa3yeTcsl B TOM CAyyae, KOraa Ju3¢pup NPOHUKAET B IOJOCTh
KOJIblLa MAKPOUMKIA UMKIOATKAHA [0 ALMIOMHOBOM KOHACHCALUH U
[IPOHU3BIBAET €ro HackBo3b. LiMkauzanms aua¢pupa NPUBOAUT K BO3-
HMKHOBEHHIO IBYX LIMKIOB 6€3 XUMHYECKO# CBSI3M MeXINy HUMH, rie
OHH TOIMOJOTMYECKH 3aMKHYTHI ApYT B apyre:

CH,-COOGC,H l CH~
? 25 Na, kcuno CH C=
(CHz)30 DH0", B0 (! 2% CH.OH
CH,-COOC,H; CH,

Zn/Hg; DA ] |
e (CHz)w C4H3Ds
L

C4H3D5 (CHZ)m l) Na KCHION C4H3 (CHZ)m
COOC,H, - KWL
2) H,0%; H,0

(CHy)y~ ~COOC,H; (CH,)s

~1% KareHaH

GOCH; (CHp)z

(CHy)12 |
(CH2)12 N (CHa),
/O O\‘

AcO OAc C=0

(}N
CH; CHj
A0 (CHy), AY(CHz)u OAc
V
(CH)i2 COCH, (
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Takue xpaitHe HEOObIYHbIE COCAMHEHHUS! ObIJIM CUHTE3UPOBAHbI TPYII-
noit, sosrnasnsiemoit I. lllunnoMm, HauuHasg ¢ 1964 r. JpyruM npu-
MEpOM coellMHeHUM 6e3 CBA3M ABISIOTCA pOTakcaHbl {rota (nar.) —
KoJieco, axis — ocb). IlepBblit poTakcaH ObUI TaKXe CHUHTE3UPOBAH
Iunnom B 1968 r. Huxe npupefeHa CTpYKTypa OIHOTO M3 CMHTE3U-
POBaHHBIX K HAacTOsSLUEMY BpeMeHU [2]-poTakcaHOB:

™
CH-C

(C¢Hs5)3CO—|———(CHyp)jg—————0C(C¢Hs)3
———(CHp)pg—

Tabnuua 22.8
PDn3nyeckne CBORCTBA HEKIOAIKAHOB

Hnxnoaaxan Dopmyaa ;ﬁ::wz m:‘;:?:'g IlnoTaocTs, r/Ma
[uxnonponan C3Hg -127 -33 0,68 npu —33°C
Lnknobyran CsHsg -90 12 0,72 npu 0°C
Luknonextan CsHyp -93 49 0,75
Huxnorexcan CgH,, 6,5 81 0,78
IIuknorentan C;Hy4 —12 118 0,81
LiuxnooxTraH CsHg 14 150 ’ 0,83
LIukioHoHaH CgH 3 11 178 0,85
IIuxnoaekaH CioHzo 10 201 0,86
LinxnoyHnekaH Ci1Hyp 37 91 npu 12 MM 0,86
Uunknononekan Cy;Hyu 61 160 npu 100 MM | 0,86
Uuxnorerpanekan | C4Hyg 53 143 npu 16 Mm 0,86
HuknonenranekaH | C;sHjg 60 110 npu 1 MM 0,86
Huxnorexcanekan | CigHsy 57 170 npu 20 MM




