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8.1. BBEIEHHE

CrepeoxMMusl U3y4yaeT BIMSHUE MPOCTPAHCTBEHHOIO CTPOEHUHA
MOJIEKYJT HA XHMHYeCKUe U QUIMKO-XUMUUECKUE CBOMCTBA COENUHE-
HUI. CTepeoxuMus — 3TO «XUMUS B [TPOCTPAHCTBE»; OHA UMEET CBOH
COOCTBEHHBIN MOAXOJ] K M3YYEHHIO MOJIEKY/, COOCTBEHHYIO TEOPETH-
YecKyio 6a3y, CelUaNbHyI0 TEPMUHOJOTHUIO IS OMMUCAHUS CTEPEO-
XUMHUYECKUX SBIEHWH, U ee MeTodbl IPUMEHMMBl KO BceM 0e3 uc-
KJIIOYEHUS] MOJIEKYJISAPHBIM OOBEKTAM: OPraHM4YecKUM, HeopraHuyec-
KM, METULIOOPraHUYECKUM.

Ilon TepMHMHOM <«IPOCTPAHCTBEHHOE CTPOEHME» MOAPAa3YMEBAIOT
MOMIOXKEHUE sLIEP aTOMOB, COCTABISIONIMX HAHHYIO MOJEKYNy, B IIpO-
crpaHcTie. [TonoxeHue Xe 3eKTPOHOB (T.€. paclipefe/ieHUe JIEKTPOH-
HOH IUTOTHOCTH B MOJIEKY/IE€) HA3bIBAlIOT 2JCKTPOHHBIM CTPOCHUEM.
O4eBHUOHO, YTO IPOCTPAHCTBEHHOE U 3JIEKTPOHHOE CTPOCHUE MOJe-
KYyJbl TECHO B3aMMOCBSI3aHbL: ITPK M3MEHEHMH ITOJIOXECHUS fIep Me-
HSIETCS 3JEKTPOHHOE CTPOEHME, a NpPU HU3MEHEHMHU 3NEKTPOHHOIO
CTPOEHUSI MEHSIETCS TIOJIOXEHUE siiep. SIpKUM IpUMEPOM SARJISIETCST pac-
CMOTpeHHOE B 1. 2 (4. 1) pe3koe U3MeHEeHHe 3JIEKTPOHHOIO CTpoe-
HHUS METaHa [IpH IIepexolle 3TOU MOJIEKYJbl U3 OOBIYHOM TeTpasapu-
YeCKOM B «HEMPUPOIHYIO» IUTOCKYI0 GopMy. B cTepeoxuMuu, Kak npa-
BIWJIO, BHUMAHHUE KOHLICHTPHPYETCS HA ITOJIOXEHUH SIAEP, A 3IEKTPOHBI
B SIBHOM BMJE paccMaTpUBAIOTCS penko, T.e. 0ObIYHO HOIycKaeTcs,
4YTO IEKTPOHBI ONMTUMAIBHO (T.€. ¢ HAUDOJNBIIUM CBSI3BIBAIOLIUM 3¢-
thexTOM) pacnpenesieHbl B [POCTPAHCTBE BOKpYTr saep. Hanpumep,
Mojiekyna NH3; uMeeT npuGIM3UTENbHO TETPA3APUYECKOE DJIEKTPOH-
HOE CTpOoeHHME (C yYeTOM HEMOJEJIEHHOHK ITapbl), HO MO MOJOXEHUIO
siiep ABNASETCS TPUIOHaJbHOH nupaMuaoi (MHBepTHpyloueics). [To-
Japisiouiee OONBLUIMHCTBO OPraHUYECKMX MOJIEKYJI MMEET TPEXMEPHYIO
CTPYKTYPY, XOTS M3BECTHbI M JIMHEHHBbIe (OHHOMEpPHBIE) M IUIOCKUE
(xByxmepHbie) Monexkynbl. [IpuMepoM JHMHEHHON MOJEKYIbI SBIISISTCS
alUeTHIEH, MPUMEPOM IUTOCKOMH MOJEKYNbl — GeH3oi. B TouHoOM cMblc-
Jie cIoBa M aleTHIEH M DeH30Jl — TpexXMEepHbIE MOJNEKYIbl, OO OHH
UMEIOT <«TOJILUUHY», CPABHUMYIO [0 BEIUYHHE C «UIMHON» (M <IUMPU-
Hoit»). HanpuMep, auamerp Monekyasl 6eH30a oKoJio 7 A, a «Tonim-
Ha» — okoJio 3,5 A. «TomuuHa» 6eH30IbHOIO KOJIbLA 00YCIOBIEHA HC-
KIIOYUTEJBHO Pa3MepaMH 3JIEKTPOHHONH 0DOIOYKHY, HO ero AuaMeTp —
Ha 70% paccrositHreM MeXIy suIpaMyd aToMoB. SlmepHblif ocTOB npax-
TUYECKU HE MMEET «TOJNIUHUHEI», ¥ [T03TOMY, €CJTH HE YUUTHIBATh IEKT-
POHBI, MOJIEKYJTY O€H30J1a MOXHO CUMTATh ILTOCKOM.

B TeopeTHyecKoil cTepeoXMMHUH aTOMbI PaCCMATPUBAIOTCS KaK He3-
pa3MepHble TOYKH, U CTPYKTYpa MOJIEKYN OMMCBIBACTCS MPOCTPaH-
CTBEHHOM I'PYNIIOA TaKUX TOYEK, KOTOpBIE 0Opa3yioT 1IECTUYTONbHUK
B ciayyae OeH30j1a, MPSAMYIO JMHHIO B CIydae alleTHJIeHA, TeTpasip B
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cilyyae meTaHa W T.O. bnaromaps TakoMy YOpPOLLEHHIO MOXHO JIETKO
MPOBECTH KJIACCU(MPHUKALMIO MOJEKYJ 110 TOMOJOTMU U CUMMETPUH U
HaWTH aHAJIOTUIO MEXAY, Ka3a10Ch Obl, COBEPLIEHHO Pa3HbIMU CTPYK-
TypaMi, HallpMMeEp MEeXIy METaHOM M agaMaHTaHoM (cm. 8.2.2.r).

B TpexMepHOM MpOCTpaHCTBE BO3HMKAET fBJIEHUE, KOTOpDOE Ha-
3pIBaeTcsl cmepeouzomepus. Cmepeousomepsl — 3TO COECIUHEHUS, I1O-
CTPOEHHBbIE M3 OIMHAKOBOro Habopa aTOMOB ¢ OAMHAKOBOI IocCie-
JIOBAaTEJILHOCTBIO XHUMUYECKMX CBsI3€il, HO OTJIHMYAIOLLHECs pPAacCIIoNo-
XKEHUEM aTOMOB B TpeXMepHOM IHpocTpaHcTee. ITonoOHbie M3oMepbl
U1l TUTIOCKHUX MOJIEKYJ, HallpUMEpP WUC- U MPAHC-U3OMEPBI AJIKEHOB,
00BIYHO Ha3bIBAIOT FEOMETPUYECKUM M3oMepaMHu (Ii1. 5, 4. 1).

OCHOBHBIMHU CTEPEOXMMUYECKUMH MMOHSTHSIMU SBISIIOTCS XUPAAb-
Hocmb, KoH@ueypayus M KOHGOopmayusa, CMBICI KOTOpBLIX OyZET pac-
CMOTPEH B CAENYIOUIMX pazfesax.

8.2. OIITHYECKAA AKTUBHOCTH U XUPAIIBHOCTD

TloHsitue 0 XHUpabHBIX 06BbeKTax ObUIO BBeAeHO B KoHlEe XIX B.
KenssuHoM. CoracHo onpeaeieHuo, jiobass reoMmeTpuueckast bu-
rypa WIM TIpYyIa TOYeK HAa3bIBAETCA XUPAIBHOM, €ciud ee orobpa-
XEHHUE B UIEAJIbHOM IUIOCKOM 3epKajile HE MOXET ObITh COBMEUIEHO
¢ Hel camoil. B XuMUIO TEpMUH «XHPAIBLHOCTb» NPOYHO BOIUEJ JIUIIb
B 1970-x rogax B pe3ynbpTaTe TEOPETHYECKOTO U3YYEHHUS] ONTHYECKH
aKTHBHBIX BEIUECTB. S BlIeHME ONMTUYECKOH AKTHBHOCTH H3BECTHO C
Hayana XIX B.; B ero M3ydyeHWe Ha paHHEM 3Tarie INaBHbIA BKJIaI
BHecu ¢panuysckue yueHnie [. Aparo, XK. buo, JI. Ilacrep, 3. Kot-
ToH, O. OpeHens.

8.2.1. OIITHYECKAA AKTUBHOCTD

OnTtHyeckast aKTHBHOCTb — 3TO CITIOCOGHOCTH cpellbl (KPUCTAJLIOB,
pacTBOPOB, IMAPOB BEILECTBA) BBI3LIBATH BpallleHWe IUIOCKOCTU TOJIS-
PU3aLMH MPOXOISIIETo Yepe3 Hee ONTHYECKOro M3My4eHHs (CBeTa).

Bnepseie onTyUuyeckass akTUBHOCTh ObLia oOHapyxeHa B 1811T.
JI. Aparo B kpuctayuiax keapua. B 1815 r. 2K.bro oTKpbUI ONTHYECKYIO
AKTUBHOCTb YUCTBIX XHIKOCTEH (CKUIIMIApa), a 3aTeM pacTBOPOB H
MapoB MHOTIMX BEIIECTB, IJaBHbBIM 00OpaszoM opraHuyeckux. K.buo
YCTAHOBIJI, YTO IMOBOPOT IUIOCKOCTH [OJIIPHU3ALUM ITPOUCXOAUT JIMOO
T10 YacoBO# CTpesKe, JUOO NPOTUB Hee, eC/IK CMOTPETh HABCTPEedy XOIy
Jyde#l cBeTa, XU B COOTBETCTBHHM C 3THUM pPa3le/II OITUYECKM aKTUB-
Hble BellecTBa Ha npasoepauwjarouiue (Bpallaloliie MOJOXUTENLHO, T.€.
10 4YaCOBOU CTpeNKe) U negogpawiaroujue (OTPULIATEJIBHO Bpalllaiouiue)
pasHoBUAHOCTH. Habnionaemoe 3HaYeHUE yIa IOBOPOTA [UIOCKOCTH I0-
NSpU3alUMK B Cliyyae pacTBOpa CBSI3aHO C TONWIUHON obpa3ua (/) u
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KOHUEHTpauMell onTHYecKU akTupHoro Bellectpa (C) cienymoulen
¢opMyoit:

p=la]-I C (8.1)

KoadbduuueHT [o] Ha3biBaeTcs yHeJbHOH ONTHYECKON aKTUBHOCTBIO,
WU YAENbHBIM BpalleHHEM.

Onmudecku akmugnbimu BEUIECTBAMYM HA3BIBAIOT JIMIIL TE BELIE-
CTBa, KOTOpHIE IIPOSBISIOT €CTECTBEHHYIO OMTHYECKYID aKTUBHOCTB.
CyluecTByeT TakXe M MCKYCCTBeHHasl, WJIM HaBeJeHHasi, ONITUYecKas
AKTUBHOCTb. Ee MpOSBASIOT ONTHYECKH HEaKTUBHBIE BELUECTBA IIPH
rnoMelleHU B MarHuTHoe roie (3¢pdexr Papanest). Paznuuurs ecre-
CTBEHHYIO M HaBEJIEHHYIO ONTHYECKYI0 aKTUBHOCTb [OBOJBHO IMpPO-
CTO: eCJIM JIMHEHHO MOIApHU30BaHHBIM cBeT (cM. 8.2.1.6), npoluenumii
yepe3 C/ION BELECTBA ¢ eCTECTBEHHOH ONTUYECKOH AKTUBHOCTBIO OT-
paxaercss M TPOXOAMT 4Yepe3 BEelecTBO B 0OpaTHOM HAIpaBieHUM,
TO MCXONHAS MOJSPU3ALMS CBETa BOCCTAHABAUBAETCS (CyMMAapHBIN
yron BpawteHusa ¢ = 0). B cpene xe ¢ HaBeJCHHON ONTUYECKOH aK-
TUBHOCTBIO B aHAIOTHYHOM OIThITE YTOJT IOBOPOTa yiBauBaercs. B nanb-
HellieM MBI OyneM paccMaTpuBaTh JIUINDL BELIECTBA C €CTECTBEHHOH
ONTUYECKOM aKTUBHOCTBIO U JUIS KPATKOCTHU Oy/NeM HMX Ha3bIBATh [1pO-
CTO «ONTHYECKM AKTUBHBIMH BElIECTBAMU».

8.2.1.a. OIITUYECKHN AKTHBHBIE BEILECTBA

OnTHYecKH aKTUBHBIEC BellleCTBA MTOAPA3NENISIOTCS Ha apa Thna. K
11ePBOMY TUITY OTHOCATCH BEUIECTBA, KOTOPBIE OITHYECKH AKTHUBHBI
JIMIIG B KpUCTa/IMYeckol dase (KBapl, KWHOBapb). Ko BropoMy TUITY
OTHOCSITCSI BELLIECTBA, KOTOpPbIE ONTUYECKM AaKTUBHBI B JIOOOM arpe-
TaTHOM COCTOSIHMHU (HATrIpuMep, caxapa, kamdopa, BUHHAS KUCIO0Ta).
Y coenuHeHU MEPBOTO TUITa ONTHYECKAsA AKTUBHOCThD SIBJISIETCS CBOU-
CTBOM KpHUCTa/UIA KaK ILEJOro, HO CAMM MOJIEKYJIbl WIH HOHLI, CO-
CTaBSIIOLINE KPUCTALI, ONTHYECKH HeaKTUBHBI. KpHcTamisl onTHyec-
KM aKTUBHBIX BELLECTB BCEINa CYIIECTBYIOT B IBYX opMax — IpaBoOi
Y JICBOM; ITpM 3TOM pelieTKa MpaBoro KpUCTaia 3epKaJbHO-CUMMET-
pHYHA pelIeTKE JIEBOr0 KpHUCTA/Ia, U HUKAKUMU [IOBOPOTAMH M Me-
peMEILEHHUSIMHY JIEBBIM U IMPaBblii KPUCTANIbl HE MOTYT OBITH COBME-
LIEHB! OpyT ¢ ApyroM. OnTHYecKass aKTUBHOCTh NpaBoil u jeBoi dopm
KPUCTAJ/IOB UMEET pasHble 3HAKH M OAMHAKOBa ITO0 abCOMIOTHOU BeIU-
ypHe (MpY OAMHAKOBBLIX BHEINHUX yciaoBusix). [IpaByio u nesyto dop-
MBI KPUCTAJLJIOB HA3bIBAIOT ONMUYECKUMU QHMUNOOAMU.

Y coeauHeHU BTOPOro TUIIA OMTHYECKash aKTUBHOCTb OOYCJIOB-
JleHa JHCCHMMMEeTPUYECKUM CTPOEHHEM caMMX Moiiekyia. Ecnu 3epkaib-
Hoe oToOpaxXeHHe MOJIEKY/Ibl HUKAKMMU BPALEHUSIMU U TepeMele-
HUSMM HE MOXET ObITb HAIOXEHO Ha OPUIMHAJ, MOJIeKY/a ONTUYECKH
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4KTUBHA; €C/IM TaKOE HANOXEHHE OCYLUECTBUTDH YIAETCH, TO MOJEKY-
Jga ontuuyecku HeakTuBHa. (Ilom 3epkKajoM MOHMMAIOT OTPAXATENb,
JIeXaluMit BHE MOJIEKY/BI, U OTpaXeHHUE JAaeT oToOpakeHue Bcell Mo-
Jexynsl.) CnenyeT ocob0 NMOAYEPKHYTh, YTO HEOOXOAMMO YIIOTpeO-
JISITh BBIpPAXEHHE <«IMCCUMMETPUYECKOE CTPOEHME», a HE «aCHMMET-
PHYECKOE CTPOCHHE». ACUMMETPUYECKUE MOJIEKYAbl HE UMEIOT HUKA-
KUX 3JEMEHTOB CHMMETPHU (KpOMe onepauud HAECHTHYHOCTH;
cM. 8.2.2.B), Toraa XakK B JUCCUMMETPHYECKHUX MOJIEKYJIaX HEKOTOphIE
3JIEMEHTbl CHMMETPHH oCTaloTcs. JJucCUMETpHs €CTh HapylleHHe MaK-
CUMAJIbHON CUMMETPUH OOBEKTA.

MBI UHTYUTMBHO YYBCTBYEM, MTO MOJIEKYJA MOHO3aMELIEHHOIO
MetaHa CH;X 1oyxHa BBIMISOETh «MEHEE CUMMETPUYHO», 4EM MO-
Jexyia HezaMeileHHoro meraHa CH,, a MoyeKyia TpU3aMeILEHHOTO
MetaHa CHXYZ (X #Y # Z) — elue MeHee CUMMETPUYHO. B 3TOM psinty
BO3pAcTaeT CTENEeHb OUCCUMMETPHYHOCTH, HO MOJHOCTBIO ACUMMET-
PUYHBIM MOXHO HAa3BaTh JMIUb TPU3aAMEILEHHbIA METaH.

Monekyna 6pomxnopdropmeraHa (I) acuMMeTpuyHa, a MOJIEKY-
Jla mpaxc-1,2-TMXTOpUUKIIONPOITaHa JIMIIb JTHCCUMMETPUYHE, TaK KaK
UMEET OCh CUMMETPUM BTOporo nopsaka (C,), Ho oba BellecTpa OI-
TUYECKH aKTUBHBI, ITOCKOJbKY HE MIEHTHYHBI CBOMM 3€pKaJIbHBIM OTO-
GpaxeHUaM.

3EPKa0
H H u
-ala-; s
B B .y H | H
T F F T H H
Cl
3epPKaTBEHOES
OTOOpaKEHHE
I II
aCHMMETPUHA; JICCUMMETPIYHA,;
OITTHYECKH OITTUYECKU
aKTMBHA aKTHBHA

OnTUyecKyo aKTUBHOCTD IPOSIBIIAIOT BCE ACHMMETPHYECKUE MONEKY-
JIBI, HO JAJIEKO HE BCE NUCCHUMMETPHYECKHE MONEKYAbl. Tak, auccum-
MeTpudeckas Mosiekyna yuc-1,2-puxmopuukionpomnana (I1I1), umero-
11as [IOCKOCTh CUMMETPHHM G, IIPOXOISAIIYIO Yyepes aToM yrnepona CH,-
rpynnsl ¥ cepeauHy cBs3u C(1)—C(2) nepleHIUKYISIPHO TUIOCKOCTH
Konblua (M MO3TOMY HE acUMMETpUYecKasi), DUMCCUMETPHYHA, HO
OINTUYECKH HEAKTUBHA. 3epKaJIbHOE OTOOpaxeHue B ITOM CIy4ae
COBMECTMMO C OPUTHHAIOM:
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ITUCCUMMETPHYHA; 3epKaIbHOE OTOOPAKEHME;
ONTUYECKH HeaKTUBHa COBMECTUMO C OPHTMHAJIOM

CrnenoBarebHO, ONTHYECKAs] aKTUBHOCTD CBSA3aHA JIUIUBL C OIIpe-
JeNeHHBIM BHAOM TUCCHMMETPHHU (cM. 8.2.2), 2 MMEHHO ¢ JTHUCCUM-
METpHei, o0yCIoBIUBAIONICH HECOBMECTHMOCTb 00BEKTA C €ro 3ep-
KIbHBIM OTOOpaxeHHeM. Takoil BUI OIUCCHMMETPUM, KaK CKa3aHO
BBIIIE, MOJYYUA Ha3BaHUE XxupatvHocmse. XupansHoie o0wsekmuvl OTHO-
cATCS JAPYT K OpYry Kak MpaBas W JieBas pyKa, WIM BUHT C NMPaBod U
JieBoit pe3bboil, T.e. OHM HECOBMECTUMBI B IIPOCTPAHCTBE M IIPEACTaB-
JISIIOTCSA KaK 3epKalbHbIE OTOOpaxeHUsl Apyr Apyra. ONTUYecKH ak-
TUBHAs MOJIEKYJa XUpaibHa, 4 ONTHYECKH HEAKTHUBHAsS — axupab-
Ha, OJHAKO €CJIM MOJIEKYNY HEIb3sl COBMECTHTD C €€ 3CPKaJIbHbIM OTO-
OpaxeHHeM, TO 3epKaJbHOE OTOOpakeHHE COOTBETCTBYET IPYIroM,
OTJIMYHOHN MOJIEKYJIEe, KOTOPYIO B MIPHUHIIMIIE MOXHO CHHTE3HPOBATh.
CHHTE3MpPOBAHHOE 3ePKAUIBHOE OTOOpaAXEHHE XMPATBHON MOJEKYJBL
OyneT ee peaTbHBIM ONTHYECKUM HM30MEPOM (HE PEKOMEHOYETCS YIIoT-
peONISITL TEPMUH «ONTHYECKHUIM AHTHUIIOA», XK B CIyYae KPHUCTAILIOB).
Yucroe onTHYECKH AKTHBHOE COSNWMHEHHE MMEET [Ba M TOJHKO ABA
OINTUYECKMX M30Mepa (TaK KaK KaXIoMy OOBEKTY COOTBETCTBYET JIMLIb
OIHO 3epKajbHOe oToOpaxeHHe). ONTUYECKHE H30MEPbl Ha3bIBAIOTCS
axanmuomepamu (MIM HHOTOA 3HAHTUOMopdaMHu). YaenbHoe Bpaille-~
Hue ([oa] B popmyisie (1)) SHAHTUOMEPOB OJMHAKOBO IO abCONIOTHOM
BEJIMYHHE U MPOTHBOMOJOXHO II0 3HAKY: OAMH 3HAHTUOMED — JIie-
BOBpalUaloUHii, a BTOpoil — mpaBoBpawjaromuit. Kpome 3Haka Bpa-
LWIEHMUS, BCe Apyrve (PU3MYECKHUE M XMMMUECKME CBOMCTBA 3HAHTHO-
MEpOB B razoBoll ¢ase, a TaKXKe B aXMPAIBHBIX XUAKUX CPeoax Oau-
HakoBbl. ONHAKO, €CTU XHAKAsSE cpefa XHUpanbHa (HarnpuMmep, B pacTBop
HoOaBNeH XUPIbHbIH peareHT WM KaTajly2aTop, WIXM CaM pacTBO-
PHUTENb XHpaJeH), CBOMCTBA IHAHTUOMEPOB HAYMHAIOT Pa3In4yaThCs.
IMpy B3aMOJEHCTBUU C APYTHUMH XHPAJTBHBIMH COCOMHEHUAMH,
OT3LIBAIOLIMMUCS HA 3EPKATBHYIO H3OMEPHUIO MOJEKYJ, SHAHTHO-
MEpPBI PearupyroT ¢ pa3TIUYHBIMKA CKOPOCTSIMU. OCOOEHHO OUIYTH-
MO pa3iu4ue B PUIHOJOTHYECKOM M OHOXMMHUYECKOM AEHCTBUU

It



3HAHTUOMEPOB, YTO CBSI3aHO C SHAaHTUOMepHeH OUOJOTMYECKHX pe-
areHToB M KaTanu3aTtopoB. Tak, MpUpoAHbIe BETKU COCTOST M3 JIEBBIX
ONTUYECKUX M3OMEPOB AMHUHOKHMCIOT, ¥ NO3TOMY MCKYCCTBEHHO CHH-
TE€3UPOBAHHLIE MMPaBbleé AMHHOKHUCIOTHl OPIraHH3MOM HE YCBaUBAIOTCH;
IpOXKU cOpaXHBaAIOT JTHIUG MMPaBble K30MEpPhl CaxapoB, HE 3aTparueas
JieBbie, U T.4. OOlllee IpaBHUIO COCTOUT B TOM, YTO SHAHTHOMEpPHI TIPO-
ABIAIOT UAEHTUYHBIE CBOMCTBA B CHMMETPUYHOM (aXHpPATBEHOM) OKpPY-
KEHUHU, & B HECUMMETPUUHOM (XUPAJIbHOM) OKPYXEHMH HMX CBOMH-
CTBa MOTYT U3MEHSIThCSA. DTO CBOMCTBO HCIOJIb3YETCSI B aCUMMETPU-
YecKOM CHHTe3e u KaTtanu3e (cM. 8.6).

CMech paBHBIX KOJTUYECTB 3HAHTUOMEPOB, XOTS M COCTOUT M3 XH-
PaJbHBIX MOJIEKYJI, ONITHYECKH HEaKTHBHA, TaK KaK OJNMHAKOBLIE IO
BEJMYMHE ¥ NPOTHUBOIOIOXHBIE 110 3HAKY BpalleHWs B3aUMHO KOM-
neHcupyoTcsi. Takve cMecH Ha3bIBAIOT PAUEeMUMECKUMU CMeCAMU, WIH
payemamamu. B razoobpasHoOM COCTOSTHUH, B XHAKOH ¢asze U B pa-
CTBOPAX CBOMCTBA palieMaTOB OOLIYHO COBITANAIOT CO CBOMCTBAMHU YUC-
THIX YHAHTHOMEPOB, OJHAKO B TBEPIOM COCTOSHHH TaKHE CBOWCTBA,
KaK TeMmIieparypa IUIaBjJIeHHs, TEIUIOTa IUIABJIEHUSI, PACTBOPHMOCTD,
oObI4HO oTnuyarotes. HarpuMep, paueMuueckass BHHHAs KMCIOTA IUla-
Butca nipu 204-206°C, a (+)- wnu (—)-3HaHTHOMepsl — ripu 170°C.
PacTBOpHMMOCTb palieMHYecKoil BUHHOM KMCIOTH B Boje B 6,7 pasa
HUXE PACTBOPUMOCTH YHUCTHIX S3HAHTHOMEDOB.

8.2.1.6. PU3UYECKHUE NMPUYHUHEI ONITUYECKOW AKTUBHOCTH

B axupanbHOM cpele JBa SHAHTHOMEPA MMEIOT OXWHAKOBBLIE XM-
MUueCKHEe U (U3UIeCcKHUe CBOMCTBA, HO MX JIETKO OTJIUYHTH APYr OT
npyra no creunbHUyecKkoMy B3aUMOLEHCTBUIO co cBeToM. OauH M3
3HAHTUOMEPOB BpAlLAET IUTOCKOCTh IMOJSPU3ALNM JTMHEHHO MOMSIpU-
30BaHHOIO (IUIOCKOIOJSPHU30BAHHOIO) CBETA BIIPaBO, & APYroi 3HaH-
THOMEpP — Ha TOYHO TaKO# Xe YroJ BiIeBo. BO3HMKaeT BOIIPOC: IOYe-
MY TOJIbKO XUp&JIbHbIE MOJIEKY/bI BPAILAIOT IUIOCKOCTDb NONSpHU3aLIU?

DeHOMEHONIOTHYECKYIO MOENb ONTHYSCKOM aKTHBHOCTH TIPEIIO-
xun1 Openens emie B 1823 r. OHa ocHOBaHA HA BOJIHOBOM TEOPHUM CBETA
U C MO3ULHUI COBPEMEHHON HAYKM He SBNAETCH HJOCTATOYHO CTPOTOMH.
Tem He MeHee 5Ta MOIeJib JaeT OYeHb HAIJISIOHOE IIPEJCTABJIEHUE O
NMPpUYUHAX ONTHYECKOH aKTUBHOCTU U IPYTUX SIBIEHUSIX, CBS3aHHBIX
C TOIJIOIIEHUEM CBeTa XUPAJIbHBIM BEILIECTBOM, B paMKax KJIacCH-
4eCKON 3NeKTPOAMHAMMUKY, U MIO3TOMY €€ 4acTo MCITOIb3YIOT M B Ha-
crosiiiee Bpems.

CornacHo KJIacCHYECKHUM TIPEICTABIEHUSIM, TUHENHO IMOJISPU30-
BaHHBIA (TUIOCKOITOJNIIPU3OBAHHBINA) CBET XapakKTepU3yeTcsl TEM, 4TO
BEKTOPBI COCTABISIOILIMX €r0, 3aBUCUMBIX OT BpeMEHHU, 2NEKTpUYEC-
kKoro (£) u maruutHoro (H ) nojeil OCUMTHPYIOT BO B3aUMHO Iep-
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MEeHANKYJISIPHbBIX IOCKOCTSX, U
MX U3MEHEHHUS HOCST CUHYCOU-
JaJbHBIA XapaKTep BO BpeMEHU
1 B npocrtpaHctse (puc. 8.1, a).
Il1ockonongapu30BaHHBIH CBET
MOXHO paccMaTpUBaTh KaK KOM-
OuHaUMIO JEBOTO U IIpaBOro
UMPKYISIPHO MMOJSIpU30BAHHBIX
JIydyei, NBUXYyLMXcs B ¢ase 1o
OTHOLIEHUIO APYr K Apyry. Ha
puc. 8.1, 6 — 2 MarHuTHble cO-
CTABJSIIOLME HE I[OKAa3aHbl, a
MOKa3aHbl JIM1b ITEKTPHUYECKHE
BEKTOpPbl B MOMEHTHI BPEMEHH
1, 2, 3, 4 u 5 (3TOrO BHONHE
JIOCTATOYHO, TaK KaK MarHur-
Hbl€ BEKTOpPbl BCErJa OpPUEHTH-
pOBaHbl OPTOTOHAILHO 3JIEKT-
puyeckuM). Ecnu B HavanbsHoi

Puc. 8.1. ITnocko (JinHEHHO) NOAAPU3OBAH-
HBIA CBETOBOM Jy4 (@), mnpaBbiii (6) U ne-
TO4KeE BPEMeHHI STCKTPUYEC- gy (8) UMPKYASIPHO TIONSIPU3OBaHHbIE
KHE€ BEKTODBI JIEBOI'O M IIPABOI'0  nyyM (moKa3aHB TONMBKO BEKTOPHI 3JIEKTPH-

LUPKYJISIPHO MOJNSIPU3OBAHHBIX  $eCKOro nois). 2 — PesynsTar B3aHMOZAeiH -

CTBUSA SJEKTPUUECKUX BEKTOPOB Nyyeit (6)

JIydeid OpUEeHTUPOBAHBI BBEPX
y p P bX, ¥ (8), HaxondwMxcs B ¢ase

TO B TOYKE 2 BEKTPO IPaBOro
JIy4a OpPHEHTHMPOBAH BIIPABO, a BEKTOP JIEBOTO Jiyya — BJEeBo (eciu
CMOTpPETH B HANpaBJICHUU JBHXEHMST CBETa IO ocH z). B Touke 3 Bek-
TOPHI OOOHUX Jiyde#l OpMEHTHPOBAHBI BHU3, B TOUKE 4 BEKTOD IIPaBoOro
Jy4ya OpHEeHTHUPOBaH BJIEBO, & BEKTOP JIEBOTO JIydyad — BIIPaBoO U T.I.
Takum obpa3zoM, NMpapbii M JIEBBIH UHUPKYJISIPHO ITONSPHU30BAHHBIE
Jyqd o0JIANAI0T COOTBETCTBEHHO IPaBOW U JIEBOW CIIMPAIbHOCTBIO Bpa-
LIEHHUS BEKTOpa 3NeKTpHdeckoro ross. CyMMa 3TUX JIydel Jaer mioc-
KOTIOJISIPM30BAaHHLIN Nyu (puc. 8.1, &), mpu4YeM B MPOCTPAHCTBEHHO-
BPEMEHHBIX ToykKax 1, 3 ¥ 5 BEeXTOpBI CYMMUDYIOTCS, 2 B TOUKAX 2 U
4 — B3aMMHO YHUYTOXaTcs. PacctogHue Mexay Toukamu 1 1 5 co-
OTBETCTBYET OJHOMY BUTKY NpPaBOM MM NEBON CIIUpAIU WIH IJIHHE
MJIoCKOH BOJIHBI (puc. 8.1, 2).

Ilpu nomnagaHuy cBeTa Ha JMIO0YI0 MOJIEKYJY B IIPO3pavyHOil cpene
CKOPOCTB €ro 3aMelIsieTcsl (YMEHbBIIEHUE CKOPOCTH POMOPLIMOHANb-
HO NIOKa3aTeJio MPEeIOMIICHUS Cpelbl), TaK KaK CBET B3aWMOIEHCTBY-
eT C 3JEKTPOHHBIMU 00oNoYKaMu Mosiekyl. CreneHb TaKoro B3au-
MOJENCTBHS 3aBUCUT OT IOJSIPU3YEMOCTH MOJIEKYJIbI.

Ecau cpena axupaibHa, ABe LMPKYISIPHO MONSIPU3OBAHHBIE CO-
CTaBSIOLIME TIPOXOMSIT C ODMHAKOBOH CKOPOCTBIO (T.€. ¢ OMMHAKO-
BBIMY MOKA3aTEASIMHU IIPETOMICHHUS ISl IPABOTO M JIEBOrO JiydeH).
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Puc. 8.2. a — B3aumoneiicTBre CABUHYTHIX IO (pase KOMIIOHETOB PaBHOI aMIUTUTYZAbL;
6 — B3auMozeMcTBUE Haxomsuxcs B ¢ale KOMIIOHEHTOB Pa3sHON aMILIUTYIbI; 6 —
CYMMapHbIil pe3yasTaT casura no case. Touku 1, 2, 3, 4 COOTBETCTBYIOT TOYKaM Ha
puc. 8.1, 6 u 6. 3HaK «fUTIOC» [UIS TIPABOroO Jyya, 3HAK «MUHYC» JJIS JIEBOTO «OTCTAIO-
wero» U Gosiee CWILHO MOMIOLIAEMOTO JIyda

OfHAaKO XHUPAIbHbIE MOJIEKYIBI ITPOSIBIISIOT AHU3OTPOIIUIO ITONSIpU3Ye-
MOCTH, KOTOpasi 3aBMCHT OT TOIO, JIEBYIO WIH MPaByl0 CHUPAILHOCTh
UMeeT LMPKYISIPHO MOJSIPU30BaHHBIA Jy4y. Hampumep, JeBBIA LUp-
KYJSIDHO TOJISIpU30BAHHBIN Y4 MOXET 3aMeUIMThCS CHJIbHEee IpaBo-
ro. Torga npou3soitner casur no ¢ase. Tak Kak JIEBBIH JIyd OTCTAET OT
[1paBoOro, BEKTOPb! PABHOU aMIUIMTYAbl HE OyNyT HAXOAUTHCS B ONHM-
HakoBbIX ¢a3ax. B pesyapTare MI0OCKOCTh POIIEALIEr0 Yepe3 XUupaib-
HbIH pacTBOp Jiyia OyIeT BpallaThCsi HA HEKOTOPLIM YIol OTHOCUTEIBHO
ITOCKOCTH nagarouero Jiyda (puc. 8.2, a). [Ipu npoxoxneHuu yepes
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XMpPaNbHYIO cpedy B oblleM caydyae He ONMHAKOBbI HE TOJbKO CKOpO-
CTH, HO U K03 DULIMEHTH! TOINOLIEHKs JIEBOTO U MPABOTo UUPKY-
JISIPHO MOJSPU30BAHHBIX KOMITOHEHT IJIOCKOMONAPH30BAHHOIO CBETA.
B pe3ynaeTaTe BEKTOpPHI AT TPABOI0 M AEBOTO MPOIUEALIUX Yepe3 06-
pasen jydeil OYyAyT MUMETb DA3HYI0 AMIUIMTYAY, & Pe3yAbTHPYIOIUH
BeKTOp OyIeT ONMUCHIBATG 3JUIMNTHYECKYIO TpaekTopuio (puc. 8.2, 6). B
obliueM, MpH MPOXOXIEHUM IACCKOMOMAPU3OBAHHOIO CBETa 4epes
XMpPaJbHYIO Cpelly BEKTOp 3JEKTPHUYECKOTO ITOJSI HAYMHAET ONMUCHI-
BaTh UUIMIIC (JUIMIITHYECKAS MONAAPHU3ALUS) C NMOBEPHYTOH [/aB-
Ho#M ocklo (puc. 8.2, 6).

[Tonyyennoe @peHeneM BblpaXeHHUE UL yIJIa ITOBOPOTA ILIOCKO-
CTH TIONSPHU3ALMM HMEET BHIL

a=mn (IJA) (.- n), (8.2)

rae | — QIMHA KIOBEeTHI, A — JJMHa BOJHBI CBETa, N, M N_ — I10Ka3a-
TEJIX NMPeJOMJIEHUS IIPABOTO U JIEBOTO HUPKYISIPHO IONSPU30BAHHBIX
KoMIoHeHToB. Kak BHUIHO, yroa BpallieHHs YMEHBLIAETCS C YBETHU-
YeHWEM IUIMHB] BOJIHBI Najampluero cseta. OXHAKO 3TO CIIPaBEIMBO
JIMILB [UIS CBETa, JJIMHA BOJHBI KOTOPOTo GOJblle JIMHBI BONTHB! MaK-
CHUMYyMa TOIVIOIIEHUS B 3JIEKTPOHHOM CIIEKTpe JAHHOTO BEIEeCTBA.
W3MeHeHUE ONTHYECKOro BpallleHUS NMPH M3MEHEHWH IIMHBI BOJNHBL
Ha3sbIBaeTcsl ducnepcueli onmuyeckozo epauierus (JOB).

PazHoCTb TOIJIOIIEHKS MPABOi M JeBOH KOMIIOHEHT Ha3blBaeTcs
kpyzosvm duxpousmom (KI). KonndyecrseHHO# Xapaktepucriukoit K/
CIYXHT Yroi 3JUIMOTU4HOCTH W (puc. §.2), BEIMYMHA KOTOPOro o6-
PAaTHO NPONOPLUUOHAJIbHA IJIMHE BOJHBL:

v == (I/A) (& - &),

rae €, ¥ €. — KoaddunueHTs! akcTUHKIUUA. K1 otkpeiT B.KoTronoM
B 1911 r., u ero yacro Ha3wBawT 3Qpexmom Kommona. JOB u K]
BMECTE Ha3bIBAIOTCH Xuponmuveckumu sIBIEHUSIMH; B CBOei OCHOBE OHH
CBSI3aHbI € 3JIEKTPOHHBIMM IEPEXONAMM B XMPATbHOM OKPYXECHHH.
O¢pdext KoTroHa, T.e. NpeBpallicHHe TUIOCKOIOISIPU30OBAHHOIO CBETA
B 3JUIMNTUYECKU MOJISPU3OBAHHBIM, 3aMETHO TPOABJISETCS IJIABHBIM
00pazoM BOMM3H MONMOC COOCTBEHHOTO (pe30HAHCHOIO) HOITOLLEHHUS
BelllecTBa.

KBaHTOBYIO TEOpHIO ONTHYECKOH aKTMBHOCTH mocTpoun B 1928 r.
6enpruiicknit ¢usux JI.Pozendenpn. Jns oObSCHEHUS ONTHYECKOH
AKTHBHOCTU OKa3aioch HEOOXONMMBIM YYWUTHIBATh B3aHMOAEHCTBHE
3JIEKTPUYECKUX U MAaTHUTHBIX HUIOJBHBIX MOMEHTOB, HaBeAEHHBLIX B
MOJleKyJie [10JIEM MPOXOASILEH CBETOBOM BOJHBI.

B HacTosilee BpeMsl BO3POXAAETCS MHTEPEC K KOPIMYCKYISPHOHR
TEOPUM CBETA, KOTOpoi mpuaepxusaics eiie Heloton. Yacruueit ceera
sBisiercst GOTOH — peasbHag 3jdeMeHTapHas vacTula. B doroHHOM
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TEOpUM TMOJSIPU3ALUIO CBETA CBS3BLIBAIOT C MoJgpu3anueil ¢GHOTOHOB,
KOTOpasi OOYCNOBICHA HAUYUEM Y 3TUX YaCTUL CIIMHA M €ro oripe-
JeJieHHOH HaIlPaBJIeHHOCTHIO B IpocTpaHcTie. CIIMHOBLIE KBAHTOBbIE
4yycaa — 3TO Kak Obl JOMOJHUTENbHBIE BHYTPEHHHUE CTENIEHU CBOOO-
IIbl 4acTULbl. B oTinyne ot a1eXrpoHoB, MeoUIUX cruH /= 1/2, cnuH
dorona /=1. (310 03HAYAET, YTO INEKTPOHBI IPUHAMLIEKAT K KIACCY
¢epMHOHOB, WIS KOTOpPbIX cripaBenue 3anper [layiu, a doToHbl —
K kjnaccy O030HOB, MU KOTOPBIX He HEUCTBYET MPUHIIMII 3aIpeTa.)
CornacHO KBAaHTOBOM MEXaHHKE, YaCTHMIA CO CAIMHOM [ M HEHYJNeBoi
maccoi 1okosi umeeT (2/+ 1) BHYTPEHHMX KBAHTOBBIX COCTOSIHUMA,
OIpElENSIIOIINX €€ MOJIPU3ALMIO, T.€. CTENEHb ACUMMETPUH YACTHULIBI
B npocrpaHcTBe. Ho macca nokost GoToHa paBHA HYIIO, U TIO3TOMY
4YUCIIO CHMHOBBIX COCTOSIHUH Ha €IUHUUY MeHbIUE, T.€. PABHO IBYM
(+1 ¥ —~1). D10 O3HAYAET, YTO BO3ZMOXHEI JIUIIb ABE OPUEHTALIMHU 1PO-
eKILIMU CNMHa (OTOHA HA HAIpPABIEHUE €ro ABUXEHUS: NapaJuleib-
Hasl ¥ aHTUIIapanienbHas. B TakoM ciiyyae BOZHHUKAET ITOHSATHE «CIIH-
PaJIbHOCTDL YacTUlIbl». Eciu Tpoeklus clMHA HAa HAIpaB/eHUE ABU-
SKEHMUSI TTOJIOXHUTENIbHE, TO TOBOPSAT, YTO YaCTHIA MMEET NPaBOBUHTOBYIO
(npaBy10) CIUPANbHOCTD, & €CTU OTPUIIATEIBHA — JIEBOBUHTOBYIO (J1e-
BYI0) crnidpanbHocTh. CriMpanbHble OOBEKTH XUPAIbHBI, TTO3TOMY ¢o-
TOHBI SIBJIAIOTCA KaK Obl XMpaIbHbIMU YACTULIAMH.

ITockoabKy OTOHBI 06MANAIOT LIETOUYMCICHHLIM CITMHOM, B OI-
HOM U TOM XK€ COCTOSIHUM MOXET HAXOAUThCS JI0boe 4Ucao GOTOHOB.
3710 00YCIIOBIMBAET BO3MOXHOCTb OIMCAHMS 3JIEKTPOMATrHUTHBIX B3au-
MOIEUCTBHI C yqyacTUeM OobHIOro yucia (GOTOHOB B paMKax KJIacCH-
4ecKOoH (2 He TOJILKO KBaHTOBOM) MexaHukHM. LIUpKyIsapHO moaspuso-
BaHHBIN CBET MOXHO PAaCCMATPUBATH KAaK IOTOK (GOTOHOB, MMEIOLIUX
TOJILKO IIPABYIO WJIM TOJBKO JIEBYIO CIIUpaibHOCTh. IliTockomostpuso-
BaHHbBIM CBET COCTOUT U3 OJHHAKOBOTO KOJTHYECTBA «JIEBLIX» U «Mpa-
BbIX» (OTOHOB. BlauMonelicTBue 1o-pasHOMY IOJSPU30BAHHBIX (o-
TOHOB C XUPWILHO! aHU3OTPOITHON CPEefoil MPOUMCXOAUT HEONMHAKO-
BO, YTO MPHUBOAUT K XUPONTHYECKUM 3 HEKTaAM.

Crnenyer nomvepKHYThb, YTO axMpajbHasi MOJeKyJla He BpaliaeT
TUIOCKOCTD I1OJISPU3ALUKM CBETA TOJNBKO NPH ONpefesieHHON ee opu-
€HTalMM M0 OTHOUICHHUIO K najgaionieMy aydy. Hanpumep, axupars-
Hasi MOJIeKyJla, UMEIOLIAst MJIOCKOCTh CUMMETPUH, HE BpalllaeT IL1oc-
KOCTb MOJISIPU3ALMHU JIUILIL B TOM CJIy4ae, €CJM TUIOCKOCTh TONSIpU-
3aUMU COBIANaeT C IIOCKOCTbIO CUMMETpHH. Bce e ocraibHbIe
MOJIEKYJIbI, HE OpPUEHTHUPOBAHHBIE TAKMM 00pa3oM, BpalUalOT ILJIOC-
KOCTb IOJAPU3ALKMHU Jaxe He Oyaydyu XupaibHbIMU. OJHAKO B LIEJIOM
oOpasell He BpalllaeT, TaK Kak B MAcce MOJIEKYJIbl OpPUEHTHPOBAHB! bec-
MOPSIZOYHO, ¥ OIHU MOJIEKYNb! BpalllAlOT IUIOCKOCTh TOJISPU3ALMMK B
OJIHOM HAIpAaBJIeHUM, a IPYTHe MOJEKYJbl, BCTPEYAIOUIKUECS HA ITYTH
CBETOBOTO /y4a, BpalalOT €€ B IIPOTHBONOJIOXHYIO CTOPOHY. Takum
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06pa3oM, COBOKYITHOCTb aXMpaibHbIX MOJEKYJ MMEET CyMMapHOe
BpallleHue, PABHOE HYAI0, XOTH KaxXHas MOJeKyla MOXeT BpallaTth
[IOCKOCTh MOJSAPU3ALMU. B cirydae XxupanbHBIX MOJIEKYN POTHBOIIO-
JIOXKHON OPMEHTALUMHU MOJIEKYN (€CIH 3TO He palleMU4YecKass CMECh)
MIPOCTO HE MOXET CYLIECTBOBATh, U BpalieHWe Habnromaercs.

8.2.1.8. 3ABUCUMOCTD YTJIA BPAILEHHSA
OT YCJIOBUH 3KCMEPUMMEHTA

CornacHo ypaBHeHusiM (8.1) u (8.2), mnst Kaxmoro NAaHHOTO
3HaTuoMepa BeJIMYMHA BpPalIeHHS o 3aBHCHUT OT TOJIIMHBI obpas-
[1a, KOHIEHTPALHMH 1 AJIUHBI BOJHBI CBETA.
Kpome 3Tux $akTopoB o 3aBUCUT OT TeM-
nepatypsl, AaBieHusa (B ciydae rasoB) H
npupoasl pactBoputens. [TosToMy BMecTe ¢
yOeNbHbIM BpalieHWEM YKa3bIBalOT TEMIIE-
parypy ¥ 1iuHy BonHsl ([a),’). OBo3Haye-
Hue {a], o3Havaer, yTo BpalleHUE H3Me-
pPeHO NpH JJIHHE BOJHBI, COOTBETCTBYIOLIEH
D-nMHUM HATpUEBOU naMmrbl, T.e. pu 589
HM (KeJTbii cBeT). YacTo UCHOJNB3YIOT Be-
JMYMHY MoJspHoro Bpawenus [M],’, ko-
Topast paBHa yAeabHoMy BpauleHuio [al,’,
YMHOXEHHOMY Ha MOJIEKYJISIpHBIA BEC H
IeneHHoMy Ha 100.

HMapecTHbl cnyyau obpallieHHUS 3HaKa
BpalleHus] NPH MU3MeHEHWU IJIUHLI BOJHEIL,
pPacTBOPUTENSL U KOHLIEHTpaUK. TeopeTHyec-
KU yOeNbHOE BpalleHHe He JOJIKHO 32BUCETh
OT KOHIEHTpaUUM, TaK KaK KOHUEHTPALMS
yXe yIUThIBaeTcs B ypaBHeHUH (8.1). Tem He
MEHEeE BO3MOXHbB! OTKIIOHEHHS OT THHEHHON b £3 Coomomerme Mex-
saBucuMocTd [a] oT C 3a cyeT accolMallUM, ny Yd-cmextpom, KJ M
JUCCOLMALUMU U B3AUMOIEHCTBUA MeXAY pa- JAOB (B ciaydae HHANBMAY-
CTBODHTENEM U PACTBOPEHHBIM BELIECTBOM. JIbHOH monoch Y®-mo-
HanpuMep, xupaibHbie KapGOHOBBIE KHCIO- TOEHH)

Thl MOTYT MEHSTb 3HAK M BeJIMYUHY BpallleHUs B 3aBUCHMOCTH oT pH
U OCHOBHOCTH PAcTBOPHTENsI, TOCKOJILKY HEIUCCOIMUPOBaHHAS KHC-
JIOTa M €¢ aHHMOH 00nalaloT pasHbIM BPAlLIEHUEM.

Kpussie JOB 1 K]/l tecHo cBSI3aHBI C 3NEKTPOHHBIMU CIIEKT-
paMyl XUpaJbHbIX Monekysa (puc. 8.3). B ciiyyae MHIAMBUAYANbHOIO
3JIEKTPOHHOTO nepexona MakcuMyMbl Ha Y®- u KJI-XpHBbIX U To4-
Ka, B KoTopo#l kpuBas [JJOB MeHseT 3Hak, nouTtu cosnagawoT. [lpu-
Mep Ha puc. 8.3 oTBevyaer nonoxureibHoMmy 3ddpexry Korrona. Ecnu
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xe makcuMyM kpuBoi K]/l ¥ NIMHHOBONHOBBIN 3KCTPEMYM KDPHBOMH
J1OB otpuuarensHbl (HanpapieHbl BHU3), To 3¢gdexT KorroHa Ha3bl-
BaeTcsl OTPULATENbHbIM. DHAHTHOMEPH! AAKOT 3€PKANTBHO-CUMMET-
puuHble kpussle JJOB u KJI.

Ecnu uMeeTcss HECKOABKO MakcHMyMoB B Y®-cmexkrpe, 3ddexr
KotroHa MoxeT ObITh HOBOJBHO CHOXHBIM. XMPONTHYECKHE METONBI
LUMPOKO MCIIOABL3YIOTCS AJIS1 YCTAHOBJIEHUS OTHOCHUTENbHBIX KOHGDHU-
rypauuit Monexkyn (cM. 8.4).

8.2.2. XMPAJIBHBIE MOJEKYJIbI

Tereps HEOOXOAUMO PAaCCMOTPETHh BOIMPOC: KaK OIpPENeUuTh, Oy-
IeT ¥ JaHHas MoJjiekyia xupajibHa? OO0s3aTefbHBIM YCJIOBUEM XHU-
PAJIBHOCTH SIBISIETC HECOBMECTHMMOCTb OOBEKTA C 3ePKATBHBIM OTO-
opaxeHueM. B ciyyae mpocThIX MOJIEKYII JIETKO MTPOBOIUTCS 3PUTENb-
HOE pACTO3HABaHWE HECOBMECTHMOCTH C 3€PKAIbHBIM OTOOpakeHUEM.
OnHako MHOTHE OpPraHUYecKHEe MOJIEKYJbI HACTOJBKO CIOXHBI, YTO
Takoi criocob TpebyeT OueHb PasBUTOrO IPOCTPAHCTBEHHOTO BOOO-
paxeHus, KOTOPHIM O0JIaNaioT JaeKo He Bee.

CnenopareibHO, HEOOXOOUMO YCTAHOBHTH KaKHE-TO OOILUUE KpH-
TepHH, obnerdarolye pacrno3HaBaHUe XUPATbHbIX Monekya. [lpexne
BCero obparuMcs K TEODUM CHMMETPUH M KPaTtKo PacCMOTPUM 3Jie-
MEHTBI, ONlEPAIIMY U TPYIIB CHMMETPUH.

8.2.2.a. TOYEYHHIE TPYIIIIBI CHMMETPUH

Ilap — caMblif CUMMETpUYHBIA OOBEKT, IIOCKOJIbKY KaK Obl MBI
€ro HU TOBEPHYJIH, HU NEPEMECTHNHN B IIPOCTPAHCTBE, KU OTPa3HIH
B 3€pKaJje, OH BCerJa BBHIIVISIAUT OAMHAKOBO. TeTpasAp MEHee CUM-
METpHUYEH, YEM LUap, ITOCKOJbKY BOKPYT BHICOTBI €r0 HYXXHO IOBEp-
HYTh JHMLUb HA ompeneacHHbIA yroa (120 °), yTo6bl OH BHIIJIALEN TAK
Xe, KaK 10 [MoBopoTa. BpauieHue BOKPYT OCH SIBJISIETCS OHOM U3 one-
payut cummempuu. Ornepaliieil CHMMETPHH Ha3bIBAETCS AeHACTBUE HAX
00BEKTOM, KOTOPOE MPUBOAUT K €ro HOBOM OpHEHTALIMHM, HEOTIUUM-
MO OT UCXOJHON U COBMeELUaeMOi ¢ Heil.

Onepaluuy CHMMETPHH, KOTOpbie Mbi OyIeM pacCMaTpUBaTb, Ta-
KOBBI, YTO 10 KpailHe#l Mepe ofjHA ToyKa OOBEKTa OCTaeTcsl HEeIon-
BUXHOH. Takue onepaudy CMMMETPHM HAa3bIBAIOTCS TOYEYHBIMHM, a
HEMOABMXHAs TOYKA, KOTOpasi He MEHsIET TOJOXEHHUs IIPU BCeX TO-
YeUHBIX ONEpallMsAX CUMMETPHUM 3TOrO OOBEKTA, — 3TO LUEHTP TsKec-
T O0OBEKTa, B KOTOPOM [1€PECEKAIOTCSI BCE OCH U IUIOCKOCTH CHUM-
MeTpuH. Takoil ToUKOM SIBISIOTCS LIEHTPHI 1l1apa WIK TeTpasapa.

Kaxnoit onepauny CUMMETPHHM COOTBETCTBYET OIIpeNE/ICHHBIA 31e-
MeHm cummempui. DIEMEHTOM CUMMETPHUU HA3bIBAETCA NEOMETPHUYECKOE
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MECTO TOYEK, OCTAIOLIUXCS HEMOABHXXHBIMHU MPK JaHHOU onepalnuu
cumMeTpuu. OCHOBHBIMH 3JIEMEHTAMH CUMMETPHHU SIBJISIIOTCSI COO-
CTBEHHbIE OCH BpallleHHs, KOTopble B cucteMe obosHaueHui llleH-
¢dauca umeor cumBon C,, rAe 1 — NOPSIOK OCH, O3HAYAIOIIHUH,
4TO MMOBOPOT MOJIEKYJBI Ha Yron 2m/n NPUBOIUT K CTPYKType, Heo-
TAAYMMOH OT NNepBOHAYaibHON; HECODCTBEHHbIE OCH BPALLECHHUS, WU
3epKaJBHO-IIOBOPOTHBIE OCH (J3,); 3epKAJbHBIE IUIOCKOCTU CUMMET-
puH (o), AeJSIHKE MOJICKY/Y [ONONaM, TaK YTO OJHA MOJOBUHA SIB-
JISIETCS 3ePKANBHO-CUMMETPUYHON APYTOil NOJIOBUHE; LIEHTP UHBED-
cuH (i) M ToxaecTBeHHOe npeobpasoBaHue (F). B coorBeTcTBHU C
3TUM OMNEepauryd CUMMETPHUM HENSAT HA MOBOPOT BOKPYI OCH CHUM-
Metpuu C,, TOBOPOT BOKDPYT OCH C IMOCIEAYIOLIUM OTPAXEHHEM B
TUIOCKOCTH, NEPIEHAMKYASIPHORX 3TOH ocH S,, OTpaxXeHHME B ILIOC-
KOCTH CHMMETPHU G, HHBEPCHIO B LEHTPE CHUMMETPDHM [ U orepa-
Mo ureHThyHocty E. IlpH onepauuid MISHTHIHOCTH C MOJEKYIOM
HUYEro He AENaloT, HO 3Ta omepalus He OecCMBICIEHHA, TaK Kak
MTO3BOJISIET BXJIIOYHMTh B €AMHYIO KilaccHpUKAUUIO KaK CUMMETPUY-
HEBlE, TAK U aCUMMETPHUYHBIE OOBEKTHI.

PaccMOTpHM HECKOJBKO MoApoOHee NBa INIABHBIX BHJA 3JICMEH-
TOB CHMMMETPUU M CBSI3AHHBIX ¢ HUMM OIICpALMi CUMMETpHUU: cOO-
CTBEHHYIO K HECOOCTBEHHYIO OCh BPaLICHMS.

CobcTBennaa och cuMMerpHH. Bce MoJeKynsl HMEIOT TPUBHAb-
Hy1o ock C;, MOCKOJIBKY B JIIOOOM ciydae BpalieHue Ha 360° Bo3ppa-
IIaeT MOJIEKYJY B HMcXonHoe cocTosiHMe. CiaefoBaTeIbHO, ONepauus
C, skBuBaIeHTHa onepauuu uaeHtuyHoctH (C| = E'). JuxnopMmeraH
umeet ocb C,, aMMHaK — ock C;, MeTaH — ueThipe ocu (;, TeTpa-
xjiopruiaTvHat — ock Cy:

w2 D w3 | o WAGD

H _H H / ’ al

\c’/ Ne \\A a—p22
ey .

c1/ \c1 H/ \H H/ Sy

H c,

N

G G G G G

HecobGcTennas ock cummerpun. [Ipocreifiuas 3epKaibHO-ITOBOPOT-
Has oCb §; 3KBUBAJECHTHA MNEPHEHIMKYISIPHON €l IIOCKOCTH CHMM-
metpu (S = 6). [Ipumepom sipsieTcs Mosiekyna xtopdropmerana. 3ep-
KaJILHO-TIOBOPOTHBIE OCH DoJiee BBICOKOro rnopsiuka (S,) MoXHoO pac-
CMaTpUBAaTh KaK KOMOMHALIMIO BPALLICHUS HA YTOJI 21t/n C [TOCTEAYIOLIM
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OTPaXEHUEM B TUIOCKOCTH, IEPHEHAUKYISPHOR ocu BpauieHus. Tak,
ameH ¥ usobpaxeHHbIH HuUxe uzoMmep 1,2,3,4-TeTpaMeTHILIUKIO0OY-
TaHa UMEIOT 3epPKaAJIbHO-ITOBOPOTHYIO OCh .Sy

27/4
H CH;
CHjs H
CH
H
H
CH;4

54

1,2-Inxnop-1,2-nudroparad obnazaer ochio S,, KOTOpast COBIA-
naer co ceaspio C—C. Kak BuaHo, onepauus S, 5KBUB&TEHTHA UH-
BEPCHH B LIECHTPE CUMMETPHHU, KOTOPBIM B NAHHOM clyvyae HaXOZUTCS
ntocpenuue cesasu C—C (S, = i):

[Ullee]
1 4

,

»H

Cl . )
N Pid
s . -
R

N :
C—=s5, e C

e l/ | ey 72N TS
H F H ‘¥

Toveynbie rpynobsl CUMMeTpHH. J1OCKOMBKY Y MOJIEKYJI MOXET OBbITH
He OIUH, 2 HECKOJIbKO 2JIEMEHTOB CHMMETPUH, BX ymoOHee Kiacch-
$ULIMPOBaTh MO TOYSHUHOH rpyririe cuMMeTpuy. HaGop Bcex omepaunit
CHUMMETpHUHU 00BbeKTa 0GpasyeT ero Ipyriy cuiMMeTpruu. Ecny npu sTHx
NpeoOpa3oBaHUSIX OCTAETCS HETOABMKHBIM 1IEHTDP TSXKEeCTH (UTYpBI,
TO IPYINa CUMMETPUHU Ha3plBaeTcsi TouedHON. MI3BeCTHBI YeThipe TUIIA
TOYEYHBIX [PYIIl CUMMETPUM, KOTOPbIE MPEACTaBIeHBl B Tabu. §8.1.

K tuny 1 otHocsitcs Tovyeynsle rpynmsl C;, Cg, C;, KOTOpble He
MMEIOT HETPUBUAIBHBIX ITOBOPOTHBIX OCeil, ITIO3TOMY MX HA3BIBAIOT He-
axcuansibimu. K TUIy 2 OTHOCSITCSL TpyIbl ¢ €IUHCTBEHHOH ITOBO-
POTHOH OCBIO.

B rpynne C, npyrux 31€MEHTOB CUMMETpPUHM HeT, B rpynne C,,
VIMEETCST h BEPTUKAIBHBIX IIJIOCKOCTEN G, poxoasiumnx yepes ock C,,
a B rpynne C,, — OZHa TOPU3OHTAIbHASA IUIOCKOCTh Gj, INEPIEHIN-
kyaspHas ocu C,. Ciofa Xe BXOMT Ipyrrmna S,, HOCKOJbKY IPU HaIH-
YUY 3epKATbHO-NOBOPOTHOM OCHU IOpsiiKa n 0b6s3aTeNbHO UMEETCS H

o H Cl

ey

N
4
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Tabanuua 8.1

Toueqnme rpynisi CHEMMETPHRH

Tun | ObosHayeHue | DneMeHTbI CHMMETPHH Hpumepst
1 Cy E=(C coeavHeHus IV u VvV
Cs Siso
Q UIHAKJIOTENTEH
C; S =i F, /H
Cl?C—C“\'"‘CI
2 Cy C, coenuuenus VI u VII
npu R#H (C3)
A Sn+ Cupy coeguHenue VIII (Sy)
Coy Sp+no, H;0 (G,) NH3(C3,,), Konye

(Cop), unxitorexca {Ci,)
coenuHenue VI npu R = H (C3,)

Coun C, + loy coequnenre VIl npu R = H
3 D, C,+nClC, coeaqHeHust IX u X (D)

Dy Co+nGLC, + 1o,

D,y Cp+ nCyLC, + noy+ oy | 6enson (Dgp); 1,3,5-Tprxiop-

6eH30 (Dsp); wwmHap (D)

4 Tq 4C3 + 30, + 654 +60 TeTpasap (MeTaH, alaMaHTaH)

Oy 3C4 +4C; + 6C, + i+ 90 | oKTasap

I HKOCa3lp, IOAeKasap

cobcreeHHas ock nopsaka n/2 (G, y Sy, Gy S v 1.4.). [Ipu HeveTHOM
n ocH S, MOTYT OBbITh NIPENCTABIEHB! KAaK KOMOMHAIMYI IPYTHUX Oliepa-
uuit. g HU3WMX nopsaakoBs S) = ¢ u S, = i. ToueyHble IPYTIbI THIA 3
UMeloT ofHy ock C, U n oceil BTOPOTo MOpSNKa, NepreHIUKYJISPHBIX
ocu C,. Taxue rpymnrbl HaspBalwTCsl dusdparsiomu. Eciu Her mioc-
KocTell cMMMeTpuHM, rpynna obo3Havaercs Kak D,, €clH HMeeTcs
HECKOJIBKO IUIOCKOCTEH O, (BEPTUKAIbHBIX) — D,,; a €clu elle U
TOPU3OHTAIbHAS IUIOCKOCTD O, TO Ipynmna obo3navaetcs D,,. K tuny 4
OTHOCHTCS TOYEYHbBIE TPYMIbl, UMEOLHKE OoJiee YeM OOHY OChb MO-
psiika Bbille OBYX. Takue TpYINIbl HAa3bIBAOTCH kKybuneckumu. K Hum
OTHOCSITTCS] TOYE€YHBIE TPYIIIbl PaBWILHBIX TeTpasapa (7,), okrasiupa u
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Kyba (0,), ukocasapa u nogekasapa (/,). MakcUManbHy10 CUMMETPUIO
MMeeT Lap, KOTOPBI NPUHAMIEXKUT NpelensHoit rpynme K,, BKIO-
qaiolleil Bce BOZMOXHbBIE Ollepaldd CUMMETDPUH.

H, Ve R N R
By
N7

H CH R CRzH) R
IV (C) (o) CGR=H -y
R
CH, Ve R
CH /CH3 R\_ _/R
CH, N ¢
/ R
H R
v(cy H () CRH) VI
Gp(R=H)
CH of f _/R
7 G
o)
H CHZ R H,C” | ~CH,
VIII (S,) Sy c,
H M R G
H,C CH
CH S/cH CH, R\__ — 2N~ 2
\_]/ R X (Dy
H if R
IX (Dy)

OTMETHM, YTO TEPMHHBI <«TETPAIAPUUECKOE CTPOEHME» M «CUM-
Mmetpusi Tp» He uneHTH4yHbl. Hanpumep, monekyna xinopogopma CHCly
HMEeT TeTPa’ApHUYecKOoe CTPOEHHE, ONHAKO €€ CUMMETPHUS HE SIBJs-
€TCs1 TETPa3ApHUYECKOM; OHa NMPUHAMLIEXUT K rpynne C;, (KaK aMMU-
aK), a He K rpynne 7,
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8.2.2.6. CHMMETPHIAHOE ONPENENEHHUE XUPATBHOCTU

Tenepb paccMOTpUM: K KaKUM TOYEYHBIM TpYNIlaM CHUMMCTPHH
JOJIXHA NMPUHAIIEXATh MOJIeKya, 4Tobbl oHa ObL1a xupanbHoi? Jpy-
TMMHU CJIOBaMM, KAKOB JOJXEH ObITh XapaKTep JHUCCUMMMETPUHU MoJie-
KYJBl M KaKHE JEMEHTHl CUMMETPHUU 00s3aTeNbHO AOMXKHBI OTCYT-
creoBaTh? [lpexne BCero BCSIKOMY OYEBHUIHO, YTO XupajbHa ni0bas
MCTUHHO acMMMeTpHYecKasi MoJieKysia, oTHocsuasca x rpynne Cj,
HE WMEIOLAs HUKAKUX 3JIEMEHTOB CUMMETPHHU, KPOME MICHTUYHOC-
M (1 ocu (), Tak kak C)= E). OyeBUAHO TAKXKE, YTO MOJIEKYJBI,
MMEOLIME TUTOCKOCThE CUMMETPHU (G) WM LUEHTP CUMMETPHHU (7}, axu-
PaTbHBI, ITOCKOJBKY OHHM COCTOSIT M3 ABYX OLUHAKOBBIX «[1IOJIOBUHOK»,
M B 3¢pKaIbHOM OTOOpaXeHWH JIeBasi M IipaBasl ITOJIOBHHKHU Tpeobpa-
3YIOTCS APYT B ApYra WK 6e3 MOBOPOTOB ([IPpH HAIMYUM ILIOCKOCTH),
WK ¢ moBopoToM Ha 180 ° (IIpM HamMyuM LIeHTpa MHBepcHH). Mone-
KyJIbl, UMEIOLHE 3epKaJIbHO-MOBOPOTHBIE ocH (S,), TAKXE COBMEINa-~
JOTCSL CO CBOMIM 3€pPKJIBHBIM OTOOPaXKEHUEM, U OITOMY aXUpajibHBbIL.
CrenoBare/ibHO, XUpaJbHbl TONBKO MOJIEKYJIBI, OTHOCSIIMECS K aK-
cuanbpHbBIM ToueyHbM rpynmaMm C, u D,

Takum obpasoM, MOXHO cHOPMYJIHPOBATH CIEAYIOUIMHA CUMMET-
PUNWHBINA KpUTEPHUH XHUPATBHOCTU:

awbas Moaekyaq, Komopas He umeem Heco6CmEeHHOU ocu epauje-

Hua S,, xupanvHa.

Crapoe ornpenejieHHe OINTUYECKOM H30MEpPUH, 2 UMEHHO «y MO-
JIEKYNIB He HOJKHO OBITH HY IUJIOCKOCTH, HM LIEHTpa CHUMMETPHM»,
HeZOCTaTo4Ho TOYyHO. [lockoapky Sj=0 U S, =i, ecIu y MOJIEKYIB
HeT HeCOOCTBEHHOMH OCH BpAalUeHWs, TO ¥ Hee He JOJDKHO ObITh HU ©,
HU . CYWIECTBYIOT MOJIEKYNbl, ¥ KOTOPBIX HET HU i, HU O, HO €CTh
och S, ¥ KOTOpble TO3TOMY axvpaibHbl. [IpuMepoM siBasercs: Moie-
kyna 1,3,5,7-rerpamerununkiookrarerpaeHa (XI), y koTopoit HET HU
TUIOCKOCTH, HH LUEHTPAa CUMMETPUM, HO €CTh 3EPKATBbHO-IIOBOPOTHAS
ock S;. OHa oNTHYECKK HEAKTHBHA.

m‘paerne \ CH3
B IUIOCKOCTH ©

V

e CH
BpallieHHe

- (unentnuna XI)
BOKpYI ocH Ha 90°
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Brnepsrle 10Ka3aTe€ABLCTBO CHPABEANMBOCTH JAHHOTO BBILIE OIIpe-
JEJIEHUS] XUPUIBHBIX MOJIEKYJ [TOJIYYEHO IPU KUCCAEIOBAHUU H3OMED-
HBIX YETBEPTUYHbBIX AMMOHUMHBIX COJIEN CO CITMPAHOBLIM aTOMOM a30Ta
IV, V, VIII u IX. Hzomepsr 1V u V acummerpuunsl (rpymnmna C)),
usoMep VII nuccummerpuyeH (rpynna 0,). [ToatoMy 314 TpU U3ome-
pa LOMXKHBI OBITh XUpaNTbHbIMU. M neficTBHTENBHO, OHKM OBUIH TIONY-
4eHbl B ONTHYECKH aKTHUBHOH ¢dopme. OnHako usomep VIII otHOCHT-
cd K rpynmne S,, T.e. axupajieH, ¥ MOJYYUTh €ro B ONTUYECCKH AKTHUB-
HOW opMe Heab3s.

8.2.2.s. [IPABHJIA KJIIACCUDPUKALMU MOJIEKYJ]I [TO CUMMETPHUHU

CTpyKTypa MOJIEKYJl OpraHu4ecKuX coelUHEHNI ObIBAaET HACTONb-
KO CIIOXHOH, YTO MOUCK BO3MOXHBIX 3NEMEHTOB CHUMMETPHU YaCTO
NpeJcTaBasieT coboil odeHb TPYAHYIO 3agady. IlostoMmy Heobxoaum
Kakoy-1ubo pasyMHBIN MpaKTHYECKUI METON MOCIEN0BATEIbHBIX Neii-
CTBUIl NpH KiIaccHu(PUKAUMHA MOJEKYT ITI0 TOYEYHBIM IPYNIIaM CUM-
MeTpuu. Hiuxe omucaHa cxeMa Merona, npemioxenHoro @ Korro-
HoM B 1971 r.

1. CHayasia HeOOXOAUMO ONpPeNeUTh, NPUHAIIEKUT JIX MOJIEKY-
Ja X ofgHo# 3 caenymouux rpynit: C, (cummetpusi KoHyca), D,
(cumMmeTpus uMnuHApa), I,, O, T, (Tum 4, tabn. 8.1). 3TH rpynnsl
YCJIIOBHO HAa30BeM «ocobbie». OTMeTHM, 4TO K rpynne Cyg, unu Dy,
MpUHALJIEXAT TOJBKO JIMHEWHBIE MoJeKyabl, HanpuMmep H-C=C-Cl
(Cxp), H-C=C-H, CI-C=C-Cl (Dyy) 4 T.IL

2. Ecn1u MosieKkyna He NMPUHANIEXUT K OJHOM U3 0coObIX IPYIII,
HeobXoaMMO ITOMCKATh coOCTBEHHYIO ochk BpaueHus: C,. O6HapyXuB
Takylo ocb, nepexonuMm kK onepauuud (3). Ecau cobcrBeHHOM NOBO-
POTHOIl OCH HeT, HEOOXOOUMO UCKATh LIEHTP CUMMETPUM | MU 3ep-
KQIBHYIO IUIOCKOCTh G. EC/IM Yy MOJIEKYJIBI OKaXETCS LICHTP UHBEPCHUH,
OHa MPUHALIEXUT K ToyeyHoit rpynie C, a ecliyd oKaxXeTcst 3epKalib-
Hast TUIOCKOCTh — K TodeuHoit rpymie Cg. Eciau y MoJeKynbl HeT aje-
MEHTOB cuMMeTpuu (KpoMe E), oHa oTHocutcsl K rpynne (.

3. Jlanee HaxoouM riasHylo ock C,, T.€. ocb C HAMOONBLINM 3HA-
yeHueM n. OnpenensieM, ecTb JIM 3epKaJlbHO-IIOBOPOTHAS OCb S5, COB-
nagamouas ¢ raaBHoi ocbio. Eciu oHa cyliecTByer, a OpYrux aJje-
MEHTOB, 33 UCKJIIOYEHHEM, BO3MOXHO, /, HET, MOJeKy/1a NMpHHALIe-
KUT K OHOH U3 rpynm S, rae n — 4eTHoe yucio. Ecau och S, eCTb,
HO MMEIOTCSI U JAPYTHEe JeMEHTBI, WM €CNI¥ JIeMEHT .S, OTCYTCTBY-
€T, HeoOXOIUMO MepelTH K onepaunu (4).

4. VweM Habop U3 n ocell BTOpOTo Mopsixa, Jexalux B IUioc-
KocTH, nepneHnukyssipHoit C,. Ecnu takoit HaGop obHapyxeH, Mo-
NleKysia NMpUHaANeXHUT K ogHol u3 rpynn D,, D, win D,; v Torna
nepexoaum K omnepauvu (5). Ecau Xe takux oceit HeT, MOJEKyNa
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npuHamnexut K rpynne C,, wnn C,,, wiu C, . B atoM citydae nepe-
XOIMM K ofiepaunu (6).

5. Ecau y MONEKYJIbl €CTh ILTOCKOCTb CUMMETPUU G, NEpIIEeHIH-
KYJIIpHasl [IaBHOW OcH, OHA NMpHHAmNexuT K rpyrmne D,,. Ecin tako-
ro 3jJeMeHTa HeT, HeOoOXOAUMO HMCKaTb HAbop M3 n AUATOHAJNBLHBIX
IIOCKOCTeH G4 (T.€. IUIOCKOCTEN CHUMMETPUM, B KOTOPBIX HaXOLMTCS
rJaBHas OCh, HO He JIeXHUT HU OMHA U3 NEePIIEHANKYJISPHBIX oceil BTO-
poro nopsiika). Ecid oTcyTCTBYIOT M G; M G, MOJIEKY/a NpUHALIE-
XKUT K rpynne D,

6. Ectu Monekyna uMeeT G,, OHA IPUHALIEXKMT K TOYEYHOH IPYTINe
C,,- Eciu G, oTCYTCTBYET, HYXKHO HMCKaTb Habop U3 n IIOCKOCTER G,
(MpoXoMsILUMX Yepe3 INaBHYIo ock). Hamuume TaKMX ILTOCKOCTEi HO-
3BOJISIET OTHecTH MoJiekyay K rpynne C, . Ecay y Monexynbl HET HU
O,, HH G, OHa OTHOCHTCS K ToueuHo# rpymnne C,.

H3moXeHHBIH MeTON WJUTIOCTPUPYETCS OUarpaMMoit, MpHBeIeH-
Hoif Ha cxeMe §.1.

vy

Cxema 8.1

Ocobble rpyIIbl CUMMETPUHI

Her Ha
C
]
I
Her Ects o b d h
S, (utn S8, U TONBKO i),
G KOJUTHHEApHAsT
Her| Ectp C eIMHCTBEHHOM OChIO
_ i WIH ¢ riIasHoit ocsio C,
i
Her | Ecs Cg Her | Ectp
| | nClC, |
C C; Her Ectpb S
Op Ch
Hert | Ects Hert | Ectp
nc,v ‘ nGd l
Her | Ectb Con Het | Ectb Dy
C, Corp D, D,,
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8.2.2.r. TUIBl XUPAJIBHOCTH

Moekynbi, cogepxXaliye TeTpasnIpUYECKNi aToM, HAIPUMEp YI-
Jepojia, ¢ YEThIPbMSI PAa3HBIMU 3aMECTHUTEIISIMU, IIPHUHALIEXAT K TO-
yeyHoit rpymnne C,. OHM acCUMMETPUYHbI, ¥ LUEHTPAIbHBIA aTOM Ha-
3BIBAETCS ACUMMEMPUYECKUM amOMOM, KaK B IPUBEIEHHOM HUXE IpU-
Mepe a-OpoMIpONUOHOBOM KUCIOTHI (XII):

CH,
CH,
.C H-
H~"/ “COOH COOH
Br
(XII) Br x1m

AIaMaHTaHBbl, Y TPETUYHDBIX aTOMOB YIJIEPOJA KOTOPBIX MUMEIOTCS
YeTbIpe Pa3HbIX 3aMECTUTENS], XUPaJNbHbl M ONTHYECKU AKTUBHBI; Ha-
npuMep, coeguHeHue XIII Oputo pasmeneHo Ha 3HaHTUOMEpHL. [lpu
cpaBHeHUU dopmyn XII u XIII HeTpymHO BUHEETH, YTO CHUMMETPHS
oboux coequHEHUH OueHb nMoxoxa. OcTOB aiaMaHTaHa MOXHO Ipes-
CTAaBUTh KaK TETPasJp C <«MIJIOMaHHBIMM pebpaMu», OH HMEET CHUM-
merpuio 7, xoropast nepexoguT B C), KOTAA BCE YETHIPE 3aMECTUTENS
y TPETUYHBIX 4TOMOB YIJIepoda pasHble. Y IIPOU3BOAHOIO 3qaMaHTa-
Ha XIII HeT acuMMeTpHUYECKOToO aToMa yriepona, Kak B o-GpoMIIpo-
MUOHOBOH KHCIJIOTE, HO €CTh LUEHTP, HAXOISIUMHACS BHYTPU MOJIEKY-
76l (LIEHTD TSDKECTH He3aMelleHHOro agaMaHTaHa).

Acummempuueckull yeHmp — 3TO YaCTHBIN ciy4aid Gosnee obure-
rO IOHSITUSL XUPAAbHbU Yenmp. XUPUIBHBIN IIEHTP MOTYT UMETh He
TOJILKO ACHMMETPUYECKHAE MONEKYJIbI, HO U MOJEKYNIbl cuMmerpun C,
uiu D, B npuBeseHHBIX HHXE MPUMEPaX XUPAILHBIA LIEHTP [TOME-
YeH 3BEe3J0YKOM:

1 G

N*

— \S

S G

BHUI CBEPXY:
CZ
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XUpaibHbli LUEHTp SIBASIETCS] NUILbL OAHUM K3 BO3MOXHBIX 3Jie-
MEHTOB XUpAJIBHOCTH. MOAEKYAbl, XMPalbHOCTbh KOTOPBIX O0yCJIOBIE-
Ha HaJIU4YMEeM LIeHTpa XWPWIbHOCTH, Oe3yClOBHO, CaMble BaXHbIE B
opraHuyeckoi xuMuu. OZHAKO KPOME LIEHTPAIBLHOTO CYLIECTBYET €1LE
W aKCUQAbHBIL, NAAHAPHBIT U CNUPAAbHBII TUIBl XUPATBHOCTH.

Axcuanbroll xupanrsHocmbio O0NANAIOT MOICKYNBI, MMEIoIUe XU-
PUTBHYIO OCh. XMPAJIBHYIO OCh JIETKO MOJYYUTh, MBICJIEHHO «PACTSITH-
Basi» UEHTP XUPAIBHOCTH:

3
s
5
5

S
5
3
S
5

XMpAJIbHLIA LEHTp XUpanbHast och

XUpabHYIO OCh HMEIOT TAKHME KJIACChl MONEKYJI, KaK aUIeHbl U nude-
HuIbl. B anneHax uweHTpajfbHBI aTOM YTIepoaa Sp-TUIIAa MMeEeT IBe
B3aUMHOIIEPIICHAMKYNSAPHBIE p-OpOUTANH, KaXIas U3 KOTOPBIX Tepe-
KpPbIBAETCS ¢ p-OpOMTANIBIO COCENHEro aToMa yInepona, B pe3yjibTare
Yero OCTAlIUHECs CBSI3M KOHUEBBIX aTOMOB YIJepoia pacloiaraiorcs
B NEpHEeHAMKYIAPHBIX IUTocKocTsax. CaM amleH axupalieH, TaK Kak
UMEET 3epKanbHO-ITOBOPOTHYIO OCh 54, HO HECUMMETPUYHO 3aMellleH-
Hbie awteHbl THNA abC=C=Cab xupaibHHI:

H H

|

xupanen (Cy)

Anenst XHpAJIbHb! TOJBKO B TOM CJjydae, €Clnu 00a KOHILEBbIX aTOMa
yrinepoda 3aMElCHbl HECUMMETPUYIHO!

HyC_ HH,C H HC_ _H
C=C=C" C=C=C" C=C=C"
H,c” SH o~ S g7 NCH,
axppaseH axypaieH XHpaneH
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[Mpu a1060M HeYeTHOM YMCIE KYMYMTUPOBAHHBIX ABOMHBIX CBs3eil 4e-
ThIPE KOHLIEBBIE TPYIINbI PACIIOIAralOTCH YXKe He B pa3HbiX, 4 B OJHOMN
IUIOCKOCTH, Hanpumep mwis 1,2,3-6yratpueHa:

reneen

Takue MOJeKyNbl aXUpANbHbI, HO LIS HUX HaGMIomaercs yuc-mpawc-
H30MEepHUA.

IIpu 11060M YETHOM YHCIIE KyMYJIMPOBAHHBIX ABOWHEIX CBA3EH
XUpaIbHOCTh Bo3MoxHa. Tak, coenuHeHue XIV ObUIo pasgencHo Ha
OIITHYECKHE HU3OMEPHI:

(CH,); C(CH;),
Ar Ar

(XIV) (Ar = n-CIC¢H,)

Eciu onHy wiu 0Ge IBOHBIE CBI3M CHMMETPMYHO 3aMEILEHHOTo
ajyieHa 3aMEHUTh HAa LUKJIMYECKYIO CUCTEMY, TO IOJy4eHHEIE MOJe-
KYJIbl OyayT Toxe ofJagaTh aKCHANIBHON XUPaTbHOCTBIO, HAIPUMED:

H_ CH, NH, H
H H H 1NH2
axHpaneH XUPIEH

B audeHunax, corepxauiux 4eTolpe 0O0BEMHUCThIE MPYITILI B OPTO-
MONIOXEHUSAX, CBOOOIHOE BpallleHUE BOKPYT LEHTPAIBHOU CBSI3H 3a-
TPYAHEHO U3-3a CTEpPUYECKHUX NPEISTCTBUUA, U NTO3TOMY ABa BEH30JMBHbBIX
KONbIIA HE JIEXAT B OGHOH TutockocTH. 1To aHaoruu ¢ ajuteHaMu, €ClIU
OINHO WK 002 OEH3OABHBIX KOJbLA 3aMeLIeHbh! CUMMETPUYHO, MoJe-
KyJla axupaibHa, XUpaJbHbl X€ MOJIEKY/Jb! TOJBKO C IBYMSI HECHUM-
METPMUYHO 3aMELIeHHbIMU KOJBbLIAMHU, HAIIPUMED:
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NO, COOH COOH  COOH

<o <o

NO, COOH NO, O:N
axupaieH XHpaJIEH

M3oMepbl, KOTOpble MOXHO pa3ieluTh TONBKO Ojaroaapsi ToMy, 4TO
BpallieHUe BOKPYT IIPOCTOM CBSI3M 3aTPYIHEHO, HA3bIBAIOTCS ampono-
usomMepamu.

HMHorna mig npenoTBpallieHUs] CBOOOIHOrO BpalleHUs: B nudeHn-
Jlax JOCTATOYHO TPeX M JaXe ABYX OOBEMHCTHIX 3aMECTHUTENCH B OpTO-
nojioxXeHusAx. Taxk, yJagoch pasgeNUuTs HA 2HAHTHOMEpbl JubeHWI-2,
2’-pucynbdoHoByio Koty (XV). B coenunenun XVI csobonHoe Bpa-
[EHUE MOJIHOCTHIO HE 3aTOPMOXKEHO, U, XOTS €ro MOXHO [OJYyYUTh B
ONTHYECKU AKTUBHON (hopMe, P PACTBOPEHUH B 3TAHOJE OHO ObICT-
po patieMu3upyeTcs (HanoJoBUHY — 32 9 MuH 1ipu 25 °C):

SO,H, NO,
SO,H COOH OCH,
(XV) (XVD)

JI7sl HEKOTOPBIX XUPAJIBHBIX MOJEKYJI OIIPEACASIIOIUM CTPYKTYpP-~
HBIM 3JICMEHTOM SIBJSICTCS HE UEHTP, HE OChb, a ILTOocKocTh. IIpo-
CTEMIITYIO MOAEIb IJIAHAPDHON XMPATIbHOCTH JIETKO CKOHCTPYHPOBATD
U3 Moboit mnockoit GUTrypsl, HE UMEIOUIEH OCH CHMMETPUH, JieXa-
e B 3TOM MJIOCKOCTH, K OTAEJIBbHON TOYKH BHE ILIocKocTd. Hau-
0onee M3y4eHB! MJaHAPHO-XUpalbHble MPOU3BOAHBbIE ¢eppoleHa
(XVII). ApyruMu puMepamu sSIBISIOTCS apeHOBbIE KOMILIEKCH XPOM-
tpukapbonuna (XVII), a Takxe coeaunenus XIX u XX:

X 3epKaIo X



COOH

0
e HOOC
AN
OC7Cr (CHyy (CHp1o
ocC CH, Br
o

XVIII XIX XX

CnpansHas XMpajlbHOCTh 0BYC/IOBIEHa CIIMpalbHOI GhopMoit Mo-
Jexynbl. Criupaib MOXeT ObITh 3aKpydeHa BJIEBO WIH BIIPABO, HaBast
3HaHTHOMEpHbIe crupand. Hanpumep, B rekcareqMlieHe ofHA 44acTh
MOJIEKYBl K3-33 MPOCTPAHCTBEHHBIX NPEISITCTBUHA BBIHYXIEHA pac-
noJjararbcsi Haja Apyroi:

G.O rexc(irﬁeﬁl;ueﬂ
94

Crupasb rexcareJvueHa ¥ APYTUX MOoJOGHBIX MOJIEKYT UMEET HEIoM-
HbI{ TTIOBOPOT, HO COXpaHSIET JIEBYIO WIH ITPABYI0 OPMEHTALHIO.

8.2.2.n. XUPAJIbHOCTb MAKPOLIMKITMYECKHUX MOJIEKY ]I

MaxpoUMKIbl, cogepXaliiyie HeCKOJIbKO IeCSITKOB aTOMOB, CO-
€IMHEHHBIX B KOJBIO, CIIOCODHB! 06pa30BhIBATh YAUBUTEIbHBIE THIIBI
MOJIEKYJISIDHBIX CTPYKTYP, OOJIaNaloIINX JE€BOH WK NpaBoi CIUPAJib-
HOCTBIO.

Hanpumep, B coenurHennn XXI riasHasi Lelb HMEET BUL JIEHTHI
Mebuyca, KoTopasi TOJIXHA CYLIECTBOBATh B BHUIE ABYX 3HAHTHOMED-
HbIX ¢opM. CoenuHeHne XXI 6bpU10 CHHTE3UPOBAHO M AEHCTBUTEIBHO
0Ka3aJI0Ch XMPaNbHbIM.

CH,-CH,-O_
CH,-CH,—C—0—CH,~CH,-0O
O CHz"CHz"O\
>< CH,-CH,—C—0—CH,~CH,-O \<CH2 oD
O\ C—CHy—— CHy— O—CHy—Cl;~ 0—C—CH,” CH,
C—CH,——CH,— O—CH,—CH,— O—C—CHZ/
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Uuknel, cocrositive u3 66 win Gosee 4IEHOB, MOTYT CYLUIECTBO-
BaTb B BuIe yanoB (XXII), 3aBsizaHHBIX clieBa HAIPaBO MJM CIIpaBa
HAJIEBO, U O3TOMY AOJXKHBI ObITH XUPATbHBIMU.

XHUpaTbHBIMU MOIYT ObITh TAKXKE COOTBETCTBYIOLIMM 00pa3oM 3a-
MeILEHHBIE Kameranbl U POMAKCansl. DTH COeIUHEHMS COCTOST U3 ABYX
WTH HECKOJNLKUX CAMOCTOATENBbHBIX YaCTEU, KOTOPBIE HE CBA3aHbBI MEX-
Jty coboit BaNEHTHBLIMM CBS3SMH, HO TeM HE MEHee YIepPXKHUBAIOTCS
BMecTe. KareHaHb! NOCTPOEHB! U3 JBYX WIM HECKOJIbKUX LIUKIOB, CO-
eIVMHEeHHBIX KaK 3BeHb LieNH; B pPOTAKCAHAX JIMHEHHAs: MoJIeKyJa IIpo-
JIETA CKBO3b UMKIMYECKYIO MOJEKYIY M HE MOXET U3 HEE BbICKOJb3-
HyTb Gi1aronapsi HaMTMYUIO 06 BEMHBIX KOHIIEBRIX IPYIIII.

3epKano

]
1
1
i
1
1
]
1
I
i
i
i
]

3epKao

a3

b
VAT
NP g

[2] xarenaH {3] xarenan

a—.b

3epKaIo

-

®

KareHaHb! ¥ poTakcaHbl MOXHO TTOJYYUTb WU CIMAMUCMUHECKUM
curmesom, UTU HanpasaeHHovim curmesom. TIpHHIIUT CTaTUCTUYECKOTO
CUHTE3A IOSICHEH CAEAYIOWEH cXeMoil:

xxx e +O —= F+ b+ O
b B I A E

A b

1
1
1
1
t
1
'
'
'
1
1
1
)
|

B

pOTaKcaH
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CoenuHenue A cBSI3bIBaeTCs MO ABYM KOHLAM C coeiMHeHuHeM b B
TIPUCYTCTBUM OTPOMHOIO M30bITKA MAKPOLIMKIMYECKOTO CoeqrHeHs B.
Ho peakumu c MosnekyraMmy B xakas-To yacrs MoJjiekyl A IOJIKHA
CIy4YaiHO OKa3aThCsl MPOJAETOM CKBO3b UMK B, ¥ mo3ToMy Hapsay c
npoayktamu [ 1 E obpasyercs HeKoTopoe KojsMyecTBa poTakcaHa I.
IMpuMeps! npuBefeHbl HUXE:

H*(2-nadranuncynsdoHoBas
KHCIOTA)

fot— (C@ + HO—(CH2)13—OH _

Ar,COH

(CH2)32

(CH,);, ( Bbrxon 1%)

oH ¢ “YO(CH,CH0)
HO(CH,CH,0)s H + @( m =
OH O(CH,CH,0); 1

MOJIU3THIEHTIMKO/IBL-400

MTUPOKaTEXUH
po KpayH-ronuacup (B)

H+

B + ArPhC—0—(CH,CH,0)5 7—CPh,Ar

(Ar = Br-—CHfQ—)
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Ph I|’h
Ph— C O C—Ph

O(CH,CH,0);,
(CH2CH20)8 S POTaKcaH
(srixoxn 18,5%)
O(CH,CH,0); ; ¢H,
r‘ ————————————————————— ‘l‘ 1
| Br Bri
e o o e o e e e e _

ocph2 CH2 c Ph,

K O(CH,CH,0); 7 j KaTeHaH
(CH2CH20)3 ; (Beixon 14%)
O(CH,CH,0); ;

XMpaJleble KaTeHaHbl M pOTaKCaHbI B HACTOALIECC BpEMs €LIC HE
TIOJIY4YCHBI.

8.3. KOHOHUTI'YPAIINA U KOHOPOPMALIAA

Kougopmayus MOJIEKYJIbl ONIpeensieTcsl Kak 1:060e OTHOCUTEb-
HO€ pAacllojoXeHUEe aTOMOB MOJEKYIbl B IIPOCTPAHCTBE, KOTOPOE
MOXeT OBbITb JOCTUTHYTO 03 HapyLIeHHUs LEJOCTHOCTH MOJIEKYJIBI.
KoHgopMallMOHKBIE NMEepeXoabl BO3HUKAIOT BCIEACTBUE CTEPEOXU-
MMYECKOH HEXECTKOCTH OONBIUMHCTBA MOJIEKYJ, KOTHA IPOUCXOUUT
cBOOOIHOE BpalleHHE BOKPYT NPOCTbIX O-CBsideH WM nedopMmanus
BAJIEHTHBIX YIJIOB. BaxHo, uTo ogHa KoHdopMaluus NpeBpauiaercs B
apyryto 6e3 paspbiBa CYLIECTBYIOIUMX B MOJIEKYJIC BAJIEHTHBIX CBSI3EH.
Kak yxe rosopuiiocs B 1. 4 (4. 1) npu obcyxaeHuu cBoGoIHOTO Bpa-
IIEHUS, B alKaHaX pa3Hble KOHGOPMALMU MMEIOT PAa3HYK 3HEPTUI.
O6BIYHO NpH cBOOOAHOM BpalUEHWM BOKPYT G-CBSI3H DHEPTUSA H3ME-
HAETCH BOJIHOOOPA3HO: MAKCHMYMBI YEPEAYIOTCS ¢ MUHHUMYMAaMHU.
MUHHMYMBI Ha 3HEPIreTUYECKOH KPUBOW COOTBETCTBYIOT U3OMEPHBIM
KoHdpopMepaM.
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M3yyeHue cBoOOAHOrO BpalLlEHHMS U XUMHUYECKUX CBOMCTB KOH-
(OpMEpPOB HA3BIBAETCS KOHGOPMAUUOHHBIM aHAAU30M. OCHOBBI KOH-
(pOpMALIMOHHOIO aHANU3a UMKIUYECKUX YIIEPOXHBIX CUCTEM OYIYT
OaHbl B 1. 24 (4. 3); KoHdOPMALIMU AJIKAHOB yXe pacCMaTpUBaINCh
BT 4 (4. 1).

Kongueypayusa mMonekyapl — MOHSTHE ©GoJlee KadyeCTBEHHoOeE, ge-
TAJU3UPYIOLIEE MOJOXEHUE aTOMOB B IIPOCTPAHCTBE B MEHblUeH cTe-
nedu, yeM kondopmauusa. Kondurypauus — 3To crepeoxuMudecKast
0CODEHHOCTh JaHHOI'O DACIIONOXEHHUS] aTOMOB B ITPOCTPAHCTBE AAH-
Ho#t Mosiekyapl. OQHA ¥ Ta Xe CTEPeOXUMUYEcKass KOHPUTYpallvsi MO-
KET BKJIIOYATh B CE051 MHOXECTBO KoHbopMaIuii, OTINYAIOLIMXCST APYT
OT Jpyra BeJIMMMHAMHU COOTBETCTBYIOUIMX BaJIEHTHBIX WM TOPCUOH-
HbIX (IBYIpaHHBIX) VIJIOB BHyTpeHHero BpaueHuss. Kondopmauon-
Hble IIEPEXORbl MOTYT U3MEHHUTh, & MOTYT U HE U3MECHHUThL CTEPEOXH-
MUYECKYID KOHMHUIypaMio MOJIEKYbl.

B kauectBe npumepa paccMoTpuM Ae¢OpMaHIO XUPATbLHON TeT-
pas’ApUYECKON MOJIEKYAbl OpoMxiopdTopMeTaHa B ILTOCKYIO0 GopMy
(HepreTHYECKH OYEHDb HEBBINOAHYIO). Takyio nedhopMalivio MOXHO OCy-
IUECTBUTH ABYMS citocobamu. Bo-mepBbIX, MOXHO BpalllaTh IUIOCKOCTh
CICF otHocurenbHo Iitockoctd HCBr. Ilpu yMeHbUIEHMH yria @,
KOTOPBIA B HCXOTHOM TeTpasjpe paBeH 90°, no ¢ = 0 noixyvaemM nioc-
KOKBaJIpaTHBI 6GpoMxitopdhTopMeTaH, KOTOPBIA HA NIPUBCICHHON cXe-
Me IoKasaH crpasa. [Ipu BpalleHHu B 0OpaTHYIO cTOpoHY Iipu @ = 180°
rojyyaeM H3OMEpHBIH IIOCKUI TpurasomeraH. ITpogonxasi moBopoT
[UIOCKOCTH B TOM X¢ HampaBieHWH, npu ¢=270° BHOBL ITONyYaeMm
TeTpa’sp, HO 3HaAHTUOMEPHBIH TEPBOHAYATHBHOMY.

B obnactu 0° < ¢ < 180° cyuiecTByeT MHOXECTBO UCKAKEHHBIX TET-
PasnpoB, KOTOPBIM COOTBETCTBYIOT 3HAHTHOMEPHbIE UCKaXCHHBIE TET-
pasapsl B o6Gnactu 180° < ¢ < 360°. BHYTpH KaXIOro w3 3THUX ABYX MH-
TEPBAIOB U3MEHEHMSI (0 CTePEOXUMMIECKast KOHOUTypallus TeTpasipa He
meHsietcst. MiaMeHeHue KoHbUIrypauuu, T.e. [1epexo JEBOro 3HaHTHUO-
Mepa B IpaBblif, npoucxoaut mpu ¢ = 0° u ¢ = 180°, rne momekyna
nmeetr dopMy Ipyroit GuUrypbl — IUIOCKOro KB3japara, a He Terpasjpa.

¢=90°
H F H Cl
p—>180° p—0°
R _—
Br i Br F
l @—>270°
HY _F
Br Cl
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Bropo#t nyTh nepexona xMpalbHOTO TETPasipa B IUIOCKUM KBan-
paT 3aKIOUAeTCst B U3MEHEHUM BajieHTHbIX yriog oT 109,5° no 90°,
K4K [TOKA3aHO HUXE:

s
\
H ¢ o.M
R — X
Br
Br F F F Br
e

IIpu Tako#t nedopMarun obpasyercsl TPETUH U30MEp IUIOCKOKBAINPAT-
Horo OpomxiopdTopMeTaHa, M CHOBA CTEpPEOXMMHYEcKass KOHUTY-
pauusi CoXpaHseTcsl BIUIOTh OO IOCTHXXEHUS IUIAHAPHOU (POpMBL.
[lpononxas ykazaHHOe OBHXEHHE Aaiblie, NMpHIeM K 3HaHTHOMEp-
HOI ¢dhopMe HCXOIHOTO TeTpas’apa.

XUpanpHbI# TETPA3AP MOXHO IIEPSBECTH B SHAHTHOMED U O3 I1po-
MEXYTOYHOI'O aXxMpalbHOIO MHTEpMEraTa, KaKOBBIM ABJSUICS III0C-
KW KBagpaT Ha MPUBENCHHbIX BBILLIE CXeMaxX. DTO MOXHO OCYIIIECTBUTD
CEAYIOIUMM obpasom:

H H
H;\a \'a gc‘p
F F F
&>

Br
Br A Br
I 2!

/H H

' A
. ——

F
B Br Br

3neck Bee urypsl XuparbHbl. CleloBaTeNIbHO, MPOXOXIEHUE depe3
axMpasiibHbId MHTEPMEOMAT — He 0o0sA3aresIbHOe YCIOBUE HM3MEHEHMs!
CTEPEOXMMHYECKO! KOHGMUIYpALMU. YCIOBHEM U3MEHEHUST KOHGBUTY-
paUMU SBJISETCS TOJbKO M3MEHEHHE MOJEKYISIPHONW TOMONOIMYecKoHn
dopmbl.

XoTsi 3HaHTHOMEpPU3aLMsa GpoMxiopdTOpMeTaHa HA MIPAKTUKE HE
MPOUCXOMMT, TAK KAK yKaszaHHbie Bpiille fedopManuu TpeGyoT sHep-
THU aKTUBAUUM GOJbILEH, YeM IHEPIUsl pa3pblBa CBS3eH B MOJNEKY-
Jie, MIPOBENeHHBIH TEOPETUYECKHMIM aHANIKM3 JIOKA3bIBAaeT, 9TO KOoHO,U-
rypainusi XapakTepu3yeT CBOMCTBA LENON COBOKYITHOCTUA KOHGOopMa-
UM M OCTAETCH HEM3MEHHOH! IPpH KOH(OPMALHOHHBIX MEPeXonax Io
TeX IOp, MOKA He MeHsieTCs MOJIeKYJsIpHasl Torosiornyeckas GopmMa.
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['paHu4HbIE COCTOSIHUS MEXIY IBYMSI CTEPEOXMMUYECKUMH KOHGU-
rypauMsiMy MOTYT ObITh XUPAJIBHBIMM MU aXUpabHBIMU, HO 00s3a-
TEJILHO JPYTON TOIIOJOTUYECKOH (DOPMBIL.

8.3.1. ABCOJIOTHASA 1 OTHOCUMTEJBHAA KOHOUTYPAIIUU

TeTpasapryecKyo MoJeb CTPOCHUS OPTaHHUYECKMX COCHMHEHHI
npeninoxunu Baur-Todd u Jle bens B 1874 r. OHU NIPULUIK K BBIBO-
Iy, 94TO €CNIU [ABE MOJIEKYJIbI SABISIOTCS CTEPEOH30MEPAMH, TO UX MOX-
HO OIMCATh 3EPKATBHBIMU GOpPMYyIaMHU, ¥ €CIU OIUH H30OMEpP Bpaiia-
€T IUIOCKOCTb IONSIPM3aLUMH BAEBO, TO BTOPOI HOIKEH BPallUATh BIIPABO.
ITo 3HaKy BpallleHHUs] MOXHO OIpPEeNeNIUTh OMHOCUMEAbHYI0 KOHGUTY-
paluio crepeon3oMepoB. OQHAKO MeXIy abcoaiomuoll KoHDHUrypalu-
eil, T.e. UCTUHHBIM DACIIOJIOXXEHHUEM TPYIIIl BOKPYT JAaHHOIO XUPAIb-
HOTO LIEHTPA, Y 3HAKOM BpAILUEHMS TPSIMOTO COOTBETCTBUS HeT. Omn-
DPEHENUTh abCONIOTHYIO KOHPUIYPALMIO XMMHYECKUMHU METOIaMHU, €CIH
He u3BecTHa abcosioTHass KOHQUIypauus XoTst Ob ONHOIO XUpPaib-
HOTO peareHTa (a Tak 4 ObUIO BHaYale), HEBO3MOXHO. CnekTpais-
HBIEC METOJbl MOTYT JaTh HHGOPMALIMIO TONBKO 00 OTHOCHUTENIBHOM KOH-
durypauuu. B HacTosilee BpeMsl CyLIECTBYIOT JIMIIb B3 METOAA He3a-
BUCHMOTO ONPEAEICHUS a0COMIOTHOM KOH(PUTypalMK: TEOPETUIECKUN
pacyeT ¥ UCCIeOBAHUE aHOMAIBHOM AUGPAKIIMU PEHTTEHOBCKHUX JIy-
yeif Ha siOpax TSOKENBbIX DJIEMEHTOB.

Ho B xoHue XIX — Havae XX B. 9THX METOJOB He CYIIECTBOBA-
JIO, ¥ TO3TOMY XMMUKM IIPUIYMaIH CAENYIOUIMK BBIXOH. Peuny mpo-
CTO B3SITb B KAYECTBE CTAHAAPTAa KaKoe-HUOYIb OXHO COEHHMHEHHE U
MIPOU3BOJIBHO MPUIIKCATh EMY ONHY M3 BO3MOXHbBIX a0COIOTHBIX KOH-
durypauuit. Betbop nan Ha IIMTUUEPUHOBBIM AIBAETHL IO TOW TIPUYH-
HE, YTO OH CTPYKTYPHO CBSI3aH C caxapamH, KOTOpBIE B TO BpEMs
usyyan Imunb Quinep. (+)-M3oMepy 6buia npunucaHa abcomoTHAS
koHopurypauus XXIII, u on 6601 o6o3HaYeH OykBoit D (dextrogyrus —
MpaBOBPAUIAIOLIMI), 4 COOTBETCTBYIOIIMH (—)-u3oMep XXIV — Byk-
Boi L (laevogyrus — neBoBpaliaioUInit).

CHO CHO
HOCH{H OH HO H‘CHon
(XXI1D) XX1IV)
D-rnuiepuHOBBII a1bIerun L-rnuiiepuHOBEBIR ATbIETUIL
+a] —{a]

36



Kak Tonbko ObUl BBIOpAH CTAHAAPT, CTAIO BO3MOXHBLIM COOTHOCHUTH C
HUM KOHG}UIYpaLUIO Apyrux coequHeHuit. Hampumep, npd oKUCIeHUHU
¢ momowubio HgO (+)-rnuiepuHOBBIA abnerun naet (—)-IIMieprUHOo-
BYIO KUcHOTY. JaHHasg peaklus He 3aTparuBaeT acHMMMETPUYECKMI
aTOM, MO3TOMY OYEHb MAaJIO BEPOSITHO, YTOOBI ero KoHUrypauus Us-
MEHWIACh, M, CJIEJOBATENIbHO, (—)-DIMIEPUHOBAS KUCIOTA OTHOCHUT-

ca X D-psany:

CHO COOH
HgO
Wy - Wty
HOCH»"", HOCH3""
H OH H OH
(+)-D-rMIepMHOBBINA aNTBICTHI (=)- D-rnuuepuHOBast KUCJIOT

ITono6HBIM 00pa3oM MOXHO ITPOBECTH OTHECEHME IPYTMX COCIHHE-
HUH K TOM WIH MHOH KOHGMUTYpalUH IIMIEPUHOBOIO aJIbAETHAA, YTO
6bLTO CAENIAHO JUTSI MHOTHX ThicsTd coenuHeHuit. K D- wim L-psiny Obuu
OTHECEHBI JaXe TaKUe COeTMHEeHMS, KOTOpble HE UMEIOT aCHMMETpU-
YeCKHMX aTOMOB, HATpUMep ajUIeHbl ¥ IUGEHMIBI.

8.3.2. TPOEKIIUH PUIIEPA

N306pa3uts Ha Gymare IIPOCTPAaHCTBEHHYIO (OPMYIY CJIOXHOIO
OpPraHMYecKoro CoelIMHEHHUS MOBOJBHO TpyldHo. Ilostomy B 1891 T.
D.Dunrep NMpeIoXua MPeNCTABIATh NMPOCTPAHCTBEHHOE CTPOEHHE B
BUIEC MPOEKIMHA, HA3BAHHBIX €0 UMEHEM.

Jns mocTpoeHUs npoexkyuonHsix gopmya Quuiepa TeTpasnp NOBO-
pauMBaioOT TakK, 4TOOb! [Be CBSI3M, JIEXAIIUe B FOPU3OHTAJIBHOM IUIOC-
KocTH, ObUIM HANpaBlAeHbl K HaONIOmaTe o, a JBe CBSI3M, JICXKAIIHE
B BEPTUKAJIBHON IIOCKOCTH, — OT Haboxaressi. 3To paciolokKeHHue
MepeHocAT Ha OyMary:

CHO

HOH,C OH

L-rauueprHOBBIA aNbIerun
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[TockonbKy Ha TeTpa’fgp MOXHO CMOTPETh C Pa3HbIX CTOPOH, OAHA
MoZe/b MOXeT IaTh 12 BHeluHe HernmoXoxux ¢opmyia Puniepa. YTobbl
NMOJYyYUTh TIPABUJBHBIE PE3YJbTaThl, HEOOXOOUMO HOMHUTh, 4YTO
dopmynel Pullepa SBASIOTCS NPOSKUMSIMH HA TUIOCKOCTh, U UX HYX-
HO paccMaTpuUBaTh MHAYe, YeM IIPOCTPAHCTBEHHbIe Mojeau. [Toatomy
BBOIUTCS psii orpaHuveHnil. PopMysy Heib3st BBIBOOIUTH U3 ILIOCKOC-
TH 4YepTexa M Helb3sd noBopadyusatsk Ha 90°, xors mosopor Ha 180°
IOMYCTUM:

CHO OH

HOCH2+OH = HO+CH20H % OHC H

CHO CH,0H

MoxHO 1npu GUKCHPOBAHHOM ITOJIOXEHUH OXHOM IPYIIBI OCTAJIbHBIE
TPH BpALIATh IO YACOBOI CTpEJIKE MIIM IPOTUB YACOBOU CTPENKH. ITO
PaBHO3HAYHO BPAILLEHUIO G-CBS3M B IIPOCTPAHCTBEHHBIX MOLEJIIX:

CHO CHO CHO CHO
HOCHz—{—OH = OH+H = H+CH20H = H‘{—'CHzOH
H CH,0OH OH OH

OnHako B3auUMHas NEpecTaHOBKa JIOOBIX ABYX IPYNIT B HPOEKLIMSIX
Quiepa IPUBOIUT K TIPEBPAILEHUIO SHAHTHOMEPA B €r0 3epKalbHOe
oToOpaxeHue.

CHO CHO CHO CHO
HO+H H—}—OH HO+CH20H HOCHZ—}»H
CH,OH CH,0H H OH
N J
~
L-rnuuepyHOBBI D-TIU1IepUHOBBIN ANBIETHU
ATBIETU

IMpoexuuu Puiiepa HeNb3sS MPUMEHSITE K MOJCKYJNaM, XUPalb-
HOCTb KOTOPBIX CBSI3aHA HE C XMPAJIbHBIM LEHTPOM, a C IPYTUMHM JIe-
MeHTaMH (OChIO, IJIOCKOCTHIO). B Takux ciaydassx HeEoOXOAUMBbl TpeX-
MCPHBIE H300paKeHHUS.

8.3.3. CUCTEMA KAHA-UHTOJBbJA-TIPEJIOTA

Cucrema <Dmuepa B CBOC BpPEMA ITO3BOJIWJId CO30A4Th JOTHYHYIO U
HECIIPOTUBOPCYHBYIO CTEPCOXUMHUICCKYIO CUCTEMATUKY fonpuIoro Yyucia
IIPHUPOIHBIX COCIUHEHHUH, BEAYILUUX CBOEC IIPOUCXOXICHUE OT aMHHO-

38



KUCIOT U caxapoB. OTHOCHTENbHAS KOHPUTYpaLMgd I3HAHTUOMEDOB B
3TO# cHUcTEME OMNpelesUIaCh MTYTEM XUMUYECKON KOppesalUM, T.€. Iy-
TEM Mepexofa OT JAaHHOM MONEeKYIbl K D- wid L-IIUUepUHOBOMY AJTb-
JNeruay yepes MOCAENOBATEIBHOCTh XUMHUYECKUX PEeakllvii, He 3aTpa-
I'UBalolUMX acUMMETpHUYECcKH aToM yriepoaa. Bmecre ¢ teM, eciu
MOJIEKYJIa, KOHGUTYPALUIO KOTOPOH TpeboBaIoCh YCTAHOBUTH, [10 CBO-
elf CTPYKType OUYeHb CHJILHO OTIMYATIach OT [VIMLIEPUHOBOTO &JIbAETH -
[a, CKOpPpPeJUpOoBaTh €€ KOHPUrypauuio ¢ KoHdUrypauuei minuepu-
HOBOTO &JIBIErKad XMMUYECKHUM ITyTEM OBLIO OYEeHb OOPEMEHUTEBHO.
Kpome toro, oTHeceHUe KoHbUrypauuu K D- win L-psiny He Bcerga
6pUT0 OAHO3HaYuHO. HanpuMep, D-TAUIEpHHOBBIM ajblerun B NIPUH-
[IUIE MOXKHO IIPEBPATUTh B IIMILIEPUHOBYIO KHMCIOTY, 3aTeM IEeHCTBU-
eM Ma30MeTaHa B METUJIOBBIM 3dup U aajee CeJeKTUBHBIM OKHUCIEe-
HUEM MEPBUYHON CUPTOBOM GYHKUHY M 3TepuduKalUMei 1ua3osTa-
HOM B METWIOBO3TWIOBBIN 3¢Up THIPOKCUMATIOHOBOM KUCIOThI (XXV).
Bce atH peakuuy He 3aTparvuBalOT XMpaNbHBIA [EHTP, U I03TOMY MOX-
HO cKa3arh, 4yTo nuadup XXV otHocutcs K D-psiay.

CHO COOH COOCH;
H——OH —»H——OH ——2*2» H—-OH —>
CH,OH CH,OH CH,0H
COOCH COOCH
3 CH;CHN, 3
—>H—+0H ———3%H—|-OH
COOH COOC,H;
(XXV)
CH,CHN, §00CHs; g COOGHs oy
———> ‘H——OH —»H——0H —»
CH,0H COOH
COOC,H;
—»H—OH
COOCH; (OXXVI)

Ecnu ke nepByio 3TepudpUKALUIO NPOBOLUTH NHA3Z03TAHOM, a
BTOPYIO — OUA30METAHOM, TO Moiydyurcs nudcdup XXVI, KoTopbli
MO TOU Xe IPUYUHE TaKXe cleayeT OTHecTd K D-psiny. Ha caMom xe
nene coenrHeHuss XXV u XXVI npeactaBiasiior coboit S3HAHTUOMEPHI,
T.€. OIMH OTHOcHUTc K D-, a apyroit — kK L-pany. Takum obpazom,
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OTHECEHME 3aBUCUT OT TOrO, KAaKYI0 M3 CJIOXHO3(MUPHBIX TPYIIT —
CO,Et unu CO,Me — npu3HaTh «IJaBHOM».

YKa3aHHbIe OTpaHHYEHUS] (UILEPOBCKONH CHUCTEMBI, a3 TAKXKE TOT
daxT, yto B 1951 r. nossBMIICS pEHTreHOCTPYKTYPHBI METOX omnpene-
JIEHUs] UCTMHHOTO PACIIOJIOXEHMS TPYTIN BOKPYr XHPAJbHOTO LIEHT-
pa, NpYBENM K co3gaHuIo B 1966 r. HoBoIi, Bojee CTPOroil U Hempo-
TUBOPEYMBOM# CHCTEMBI OIMUCAHMS CTEPEOHU3OMEPOB, U3BECTHOW ITOA
Ha3BaHueM R, S-HomeHknatypnsl KaHa-Wuronsga—IIpenora (KHII),
WIH npasua nociedosamensiozo cmapuuHcmed. DT1a CUCTEMA B HACTO-
siliee BpeMsi MpakTuYecku BeITecHWIa D, L-cucreMy ®uiuepa (noc-
JIEIHsISI, OMHAKO, BCE ellle YIIOTpeOIseTcss WIS YIIEBOJOB U aMHHO-
kuciaor). B cucteme KHMII K oGBIYHOMY XHMHYECKOMY HAa3BaHHIO
MPUGABNSIOTCS ClEMATbHEBIE JECKPUIITOPHI R MM S, CTpOro U of-
HO3HAYHO OIlpeleNsiiouiMe abcoNMoTHYI0 KoHHUTypaluio.

Bo3bMeM coequHeHune Tura Xabed, comepxaluee OOUH ACUMMET-
pudeckuit HeHTp X. UTOOBI YCTAHOBUTH €r0 KOH(MHUIYPALMIO, HYEThIpe
3aMECTUTENS y aroMa X CIEAYeT NMPOHYMEpPOBAaTb M PACIIOJOXHTh B
PSII B MOPSIIKE YMEHBIIEHUS CTAPIIMHCTBA (CM. HIDKE), T.e. 1 >2>3>4.
3aMecTUTENIM pacCMAaTPHUBAIOTCS HabMIOAATeNeM CO CTOPOHBI, HAUOO-
Jlee yOaJeHHOM OT caMoro MJIATIIEro 3aMecTHUTENAs (0003HAYeHHOTO
HoMepoM 4). Ecau npu 3ToM HanpapieHue yObIBAHHSI CTapUIMHCTBA
1> 2 — 3 coBnagaer ¢ IBUXEHUEM I10 YACOBOM CTPEJIKE, TO KOH-
¢urypaliMio 1aHHOIo ACHMMETPHUYECKOIro IIeHTpa 0003HAYalOT CHM-
BoJioM R (ot nar. rectus — npaBblil), a €ClIM NIPOTHUB YaCOBOH CTpeJ-
KM — CHUMBOJIOM .S (sinister — neBbIi).

(D /@

9 e <«— Habmonarens a

© 99

(R) ($)

ITpuBeneM HeCKOJILKO IPaBWJ NOCAEJOBATEIBHOIO CTAPIIUHCTBA,
JOCTATOYHBIX ISl PACCMOTPEHMs Moaapisoulero 60JbHIMHCTBA XH-
PaJIbHBIX COCAUHEHUIA.

1. IIpeanoyTeHye MO CTAPIUMHCTBY OTAAETCS aToMaM ¢ DoJiee BbI-
COKMMM arOMHBIMKM HoMepamu. EciM HoMepa onWHaKoBb! (B ciydae
HU30TOMNOB), TO Dosiee CTApLUIMMU CYMUTAETCS aTOM C Haubonblle# aToM-
Hoit Maccoi. CaMbIii MIATIINH «3aMECTUTENb» — HETIOAETeHHAas! 3JIeKT-
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poHHas riapa. Takum o6pa3oM, CTapLIMHCTBO BO3PACTAET B PSIAY: HE-
nogeneHHas napa < H< D <T<Li<cB<C<«<N<O<F«<Si<
<P< S < Cl < Br < [. Hanpumep:

OH 1

H C F—C
RGO I )] S~ @ (R
D Br
o - \ag)

2. Ecnu ¢ acHMMETpUYECKUM aTOMOM HEITOCPEJCTBEHHO CBSI32HBI
[Ba, TPU MK BCE YeThIpEe OXMHAKOBBIX aTOMAa, NMOPSNOK YCTaHABIHU-
BaeTcsA IO aTOMaM BTOPOTO IIOSICA, KOTOPBIE CBSI3aHBI YX€ HE C XU-
paJibHBIM LEHTPOM, & C TEMHM arOMaMM, KOTOpble MMEId OXUHAKO-
Boe cTapmMHCTBO. Hanpumep, B Moaekyne XXVII o nepsomy atoMy
rpynn CH,OH u (CH,),CH yctaHOBUTH CTapLIMHCTBO He ygaeTcd,
onHako mpeanoyteHue ormaercsi CH,OH, Tak xak aroMHBIi HOMeEp
Kucjiopona 6onblie, yem yriepoaa. [ pynnia CH,OH crapure, HecMoTps
Ha TO YTO B Heil C ATOMOM YIJIEPOJA CBSA3aH JIMHIb OXWH aTOM KHMCJIO-
poxna, a B rpynne CH(CH;), — nBa aroma yriepoaa. Eciu u Brophie
aTOMBI B IPYIINE OJMHAKOBEI, MMOPSIOK ONPENENISIETCS IT0 aTOMaM Tpe-
TBHEro mnosica U T.A.:

(XXVII)

Ecnu ¥ Takas mpouefypa He MpUBena K MMOCTPOCHUIO OJHO3HAYHOU
HepapXyM, ee MPOROJIXAIOT Ha Bce OoJiee BO3PACTAIOLUMX PACCTOSIHU-
X OT LIEHTPaJLHOTO aToMa, MOoKa, HAKOHEL, HE BCTPETATCS pasin-
YHsi, ¥ BCE YEThIpE 3aMECTUTEIS ITOJIydaT CBOE CTApIIMHCTBO. [1pu 3TOM
Jn1060€ MpeArnoyYyTeHUe, MpUodpeTacMoe TeM UKW MHBIM 3aMECTUTENIEM
Ha ONHOH M3 cTaguil corjjacoBaHMUS CTApUIMHCTBA, CYUTAETCH
OKOHYATeJbHbBIM U Ha MOCIEAYIONIMX CTAAUsIX NepeolleHKe He IMOomLIe-
XUT. ECTH B MOJIEKY/I€ BCTPEYAIOTCS TOYKHU PA3BETRJICHUS, IPOLIEAYDY
YCTAHOBJEHMUs CTAPUIMHCTBA ATOMOB CJIEAYET NMPOAOAXATH BIOJb
MOJIEKYNIIpHO# Lenu Hauboblilero crapiuMHeTea. [Ipu 3TOM 115 TOoTO
WIM MHOTO LEHTPAJTbHOI'O aToMa pellaiolliee 3HAYCHUE HMMEET YUCIO
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CBSI3aHHbIX C HUM JIpDYTMX aTOMOB BBICILETO CTApIIMHCTBA. Hanpumep,
CCl; > CHCL, > CH,CL

3. ®opMalbHO IPUHUMAETCS, YTO BAIEHTHOCTL BCEX ATOMOB, KpPO-
Me BoAopoza, paBHa 4. Ecaiu UCTUHHAS BaJIEHTHOCTh ATOMAa MEHbIIIEe
(HanpuMMep, y KHCIOpoda, a30Ta, Cephbl), TO CYUTAETCS, YTO y STOTO
aroMa uMmeetcsl 4 —n (rme n — Hacrosiilasl BaJ€HTHOCTbh) TaK HAa3bI-
BaEMbIX anmom-3amecmumeneli, KOTOPbIM TIPUITUCHIBAETCH HYJIEBOMN
MOPSIIKOBBIA HOMED U OTBOIMTCS MOCHEeIHEeEe MECTO B IIepeyHe 3aMme-
ctuTesei. B COOTBETCTBUU ¢ 3THUM IPYIINLI C JBOUHBIMU U TPOWHBIMU
CBSI3SIMU TIPEJCTAB/ISIIOT TaK, KaK eciu Obl OHU OBUIM pacllerLIeHbI
Ha JBEe WUAM TP IMpOCThie CBA3U. Hampumep, NMpU MpeAcTaBICHUU
nBoiHoM cBsisu C=C Kaxablit aToM paccMaTpUBaeTCsd KakK CBsI3aH-
HBII C ABYMsI aTOMaMHM yrjiepona, IpyUyYeM CYUTAeTCs, YTO BTOpPOH
U3 3THUX aTOMOB yrjepoia uMeeT Tpu daHToM-3amecTuTens. B kave-
CTBE [pUMepa paccMoTpuM npeacrasneHus rpynn —CH=CH,, —-CHO,
—COOH, -C=CH u —CiH;. Oty npencrabBieHus: BBIIISAAT CIEAYIO-
IIMM 00pa3oM:

rpyIia MpEACTaBICHUE

Ll
Coo H

~—CH=0 ——C—04—Cyy0
OH 0—H

—C==CH —C—C—Cyy

—C4Hs —C
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[TepBhie aTOMBl BO BCEX 3THUX IPYNIAX CBSI3aHBI COOTBETCTBEHHO C
(H,C, ©), (H, 0, 0), (0, 0, 0), (C, C, C) u (C, C, C). Droit uH-
dopmauuu gocrarodyHo, 4yTobbl rpyniy COOH nocraBuTh Ha nepBoM
mecte (camas crapuas), rpynny CHO — Ha BTOpOM, a rpymnmy
CH=CH, — Ha nocienHeM (IISTOM) MeCTe, IMOCKOJbKY HaIUYUE Tpex
oauHakoBbix aroMoB 0 win C npennoyTuTe/IbHee HATUYUS ABYX TAKMX
ATOMOB, 4 HaJW4Yue XOTs Obl OIHOro aToMa KMUCJIOPOAA IPEeNIIoyYTH-
TeJIbHEE HANMUYMS laXe TpeX aToMOB yriepona. YToGwl caenath BbIBOL,
06 otHocuTenbHoM crapumHcTee rpyna C=CH u C Hs, HyxHO ot
nanslwe mo uenu. I'pynna C¢Hy umeeT ABa aroMa yriepofa THIIA
(C, C, C), ceazaunpie ¢ (C, C, H) , a TpeTuit aToM OTHOCHUTCH K
tuny (0, 0, 0). I'pynma C=CH uMeeT TOABKO OAHY TPYNIIMPOBKY
(C, C, H), no ase rpynruposxku (0, 0, 0). CregosarensHo, CgHjs
crapure, yeM C=CH, T.e. o mopsaKy CTapUIMHCTBA MSATh YKa3aHHbBIX
rpynmn 3aiimMyT pstt COOH > CHO > C¢H > C=CH > CH=CH,.
CrapuIMHCTBO HauboJiee YacTo BCTPEYAIOLIMXCS 3aMECTUTENeH
MOXHO oIlpeaenuThb o 1abi. 8.2, B KOTOpOil YCIOBHBIA HOMED O3HA-
YaeT CTapLIMHCTBO.
Tabnuua 8.2

CrapmuucTeo HekoTOpHX rpynn no Kany — Huroasay — Ipenory

Yenos- Yenos-

I'pynna bl Tpynna bt

HOMep HOMEp
1 2 3 4

A, —CH,CH=CH, 10 mpem-bytokcuxapOoHwu, 42

—COOC(CH3)s

AmuHo, —NH, 43 Bunun, —CH=CH, 15
Ammonno, ~NHjy" 44  Bogopon, —H 1
Auetuw, —COCH; 36  w-Texcun, —CgHjs 7
Auernmiamuio, ~NHCOCH; 48 T'mapokcu, —OH 57
Auetokcu, ~OCOCH; 64  I'nukosunoxcu 62
Bensui, —CH,CgHss 13 Jumermnamuso, —N(CHjs), 51
benaunokeu, —OCH,CeH;s 60  2,4-JuHUTpOodheHUN 34
Benzsowr, —COCgHj4 37 3,5-duuurpodeHnn 28
Bensonnamuyo, —NHCOCgzH; 49 JustwiamuHo, —N(C;Hs), 52
Bexsonnoken, ~OCOCgH; 65  uso-byrun, —CH,CH(CH3), 9
BenzounokcukapboHWIaMHHO, 50  wso-Ilentun, —CH,CH,CH(CHj3), 8
~NHCOOCH;CH; uso-TIponenwt, —C(CH3)=CH, 20
BpoMm, —Br 75  uzo-Ilponun, —~CH(CH;), 14
émop-Byrwn,—CH(CH3;)CH,CH; 16  Hon, —1 76
x#-byrun, —CH,CH,CH,CH; 5 Kap6oxkcnwn, —COOH 38
mpem-Bytun, —C(CH3)s 19 2,6-Kcunmun 31
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IMlpomoaxeHue Tabn.

8.2

! BEEN 3 4
3,5-Keunmn, 26  Tponaprun, —CH,C=CH 12
MepkanTo, —SH 69  Cynmsdo, —SOsH 73
Mertun, —CHj; 2 m-Tomun 25
Mernunamuso, ~NHCH; 45  o-Tonun 30
Metuncyappunun, —SOCH; 71  n-Tommn + 23
Metuncynsbunmnokcu, —OSOCH; 66 Tpumerunammonuo, —N(CHj3); 53
Metuncynsgponnn, —SO,CH; 72 Tputun, —C(Cg¢Hs)s 32
Metwicynbdonmwtoken, —OSO,CH; 67  ®ennn, —CgHs 22
Metwrtho, ~SCHj3 70  denunazo, —N=NC¢Hs 54
Mertokcu, —OCH; 58  ®enmnamuno, ~NHC4zHj5 47
Metokcukapbonun, —COOCH; 39  ®enokcu, ~OCg¢Hj 61
xeo-Tlentn, —CH,C(CH3)3 11 ®opmun, —CHO 35
Hutpo, —NO, 56 ®opmwiokcu, —OCHO 63
Hutposo, —NO 55 ®rop, —F 68
m-Hutpodenun 27 Xnop, —Cl 74
o-Hurpodenun 33 Huxunorexcun, —CgHypy 17
n-Hurpodeuun 24  O9tmn, —CH,—CH; 3
Ientnn, —CsHyy 6  Jmmnamuno, ~NHC,;H;s 46
Iponenwi, —CH=CHCHj3; 18  3Brtunuun, ~C=CH 21
Nponun, —CH,CH;CHj,3 4  3Brokcu, —OC,H;s 59
Tpornunun, —C=CCH;3; 29 %oxcnxapéoﬂm, —COOCH; 40

IlpaBuia mocxenoBaTeIbHOIO CTApUIMHCTBA ObUIM CIIELIHANILHO 3a-
IYMaHbl TaK, YTOOBI OKa3aThCsl B MAKCHUMAJIBHO OJIU3KOM COOTBET-
CTBUHM C paHHe# cucTeMartukoil Duiuepa, Tak Kak IO CUACTIUBOM
CITy4aifHOCTH OKa3aJioCh, YTO D-ITHLEPUHOBHIA aTbIEru UMeeT AeH-
CTBUTEJIbHO TY KOHQUIYPALIKIO, KOTOpAas eMYy ITPOU3BOJIBHO ObUIA IpU-
nucaHa BHavaite. B pesynbrate GOABIUIMHCTBO D-LIEHTPOB U, YTO OYECHb
BAXHO, CaM IJIMLIEPUHOBBIN anbrerun uMelot (R)-koHdurypanuio, a
L-crepeousomepbl O0BIYHO NpHHAMIEXAT K (.S)-psany:

C CH)

H

D -pan ( R)-pfm
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OnHUM U3 UCKIIOYEHHH sBsieTcsl L-LUCTEMH, KOTOPbIA NpuHamie-
XUT K (R)-psiny, TaKk KakK cepa IO MpaBM/IaM CTapILMHCTBA [IPEATIO-
yTuTeNbHee Kucaopona. B cucteme KUII reHeTHyeckoe poacTBo Mex-
Ly MOJeKyTaMu BO BHUMaHWE He MIPUHUMAaeTCsl. DTa CHCTEMA MOXET
MPUMEHATBCS TONIBKO K COETUHEHUSIM C M3BECTHON abCONIOTHOM KOH-
durypauueit. Ecny koHdurypauusa Heu3BecTHa, TO COEIUHEHHUE ITPH-
XOOUTCS 00s3aTeTbHO XapaKTepHU30BaTh 3HAKOM €ro BpallleHUS.

[IpaBuia nocienoBaTeNIbHOTO CTAPIIMHCTBA IPUMEHUMBI TAKXKe
1 K OMMCAHHIO TEOMETPHUYECKUX N30MEPOB HETIpeAeIbHBIX COENUHE~
HUH. 3aMECTUTENH Y KaXIOro KOHIA KPaTHOM CBS3H MPH YCTAHOB-
JIEHUY CTaplUIMHCTBA JOJXKHbI paccMaTpuBaThes otnensHo. Ecnn 3a-
MECTUTEeNH, HMelolline GoJiee BBHICOKOE CTApIIMHCTBO, PACIIONIOXE-
Hbl C OOHOH K TOH XK€ CTOPOHBI IBOWHO! CBA3M, COCIUHEHHIO
npucBauBaloT npedukc Z (OT HEMELKOro zusammen — BMeECTE), a
€CJIM 110 pa3Hble CTOPOHBI, TO NpeduKc E (entgegen — HANpPOTUB).
(Z, F)-HoMexkarypa ankeHoB paccMaTpuBaiach B 1. 5 (4. 1). Huxe
IIpUBENEHbl MPHMEPHI OTHECEHHS CTPYKTYP C MCITOJIb30BAHHEM
(Z, E)-obo3HadyeHHIA.

o, _O© o, @

X=Y X=
~ ~ ~ ~
@ @ @ ®
(2) (£)
@ O
H H @ H\ /CHs
N7 CH; C—C
Y —-C\ \C_C/@ Ny
® @
(Z)-6yren-2 2,(3F),4,5(E)-2-xnoprekcanueH-2,4
H\5 /H
—=74 1
Cli_ S%H o @ \3 _CH,0H
C=N =72
C&DHS/ ®® H\ / \H
CI/ (£) \H
( E)-okcuM anerodpeHoHa 5-xnop-3 [2(F)-xnopBuHuI}

neHragueH-2(2)-4(2)-on-1
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[TocnepHuit IpuMep MOKa3biBaeT, YTO [PEUMYLUECTBEHHOE IpPABO
BKJIIOUEHHUS B [JIABHYIO LIETlb UMEET 3BeHO ¢ Z-KoHpurypauueit. O6o-
3HaueHust R, S MoryTt OBITH IIPUMEHEHBI M IS COCIWHEHHM ¢ aKCH-
aMbHOU XUPaIbHOCTBIO. [N oTHeceHUs] KOHOUIypauuu u3o0paxaior
npoekiMio HpioMeHa Ha IUIOCKOCTh, NEPHEHIUKYISIPHYIO XHPATBHOM
OCHU, U jajiee INPUMEHSIOT JONOJIHUTEIbHOE MpPABHIIO, COIIACHO KO-
TOPOMY 3aMECTUTE/NIM HA KOHIE OCH, Onmxaileit x HabiomaTtenio,
paccMaTpyBaIOTCsl KaK MMelowe 0ojiee BHICOKOE CTApLIMHCTRO, YeM
3aMeCTUTENHU Ha NATbHEM KOHIE ocH. Torma KoHGbHIypallHio MOJIEKY-
JIBl OTpefesISiIOT HallpaBlIeHneM 06X01a 3aMEeCTUTENeH [0 WK IPOTHB
YaCOBOX CTPEJKU B OOBIYHOM IOpsIIKE YOBLIBAHUSI CTAPLIMHCTBA OT
[IEPBOIO KO BTOPOMY M 3aTeM TpeThbeMy JuraHay. Hiuxe aTo npowuio-
crpupoBaHo mia 1,3-auenaukapboHoBoit u 2,2-fomaudeHunn-6,6-
IUKapboHOBOM KMUCIIOT:

HOOC I @ »
== HOOC
I COOH
(R)-pan (S)-pan

IIpaBuiia mocaeoBaTEIFHOIO CTAPUIMHCTBA pa3padboTaHbl TaKXe
U1 IUIAHAPHO- U CIIUPAIBHO- XUPAJIbHBIX MOJIEKYIL.

IIpu M306paxeHUH CoeqUHEHUN C ITOMOUIBIO (DUILIEPOBCKUX IIPO-
eKLUH MOXHO JIETKO OIpeleNuTb KOHGUIypaliuio 06e3 MMOCTpOEHUS
IPOCTPAHCTBEHHBIX Mogeneil. PopMyly Hamo 3amucarb Tak, YTOOBI
MJIAMIUUI 38MECTUTENb HAXOMMUIICST BHU3Y; €CNYU MIPU 3TOM OCTAIbHBIE
3aMECTUTENHU B MOPSAKE YMEHBIUCHMS CTaplUMHCTBA paclojararorcs
10 YacoBO# CTpeNiKe, CoequHeHHe OTHOCAT K (R)-psiny, a eciu Ipo-
TUB 4acOBOU CTpesIKU, To K (S)-psiny, HarpuMmep:

OH OH
HOCH, CHO HOC CH,0H
H H
(R) - IMMLEPVHOBBIA AJTBAETUL (.S) - TIMLIEPUHOBBIA aJIbeTU

Ecnu mnaguias rpynma He HAXOAUTCSI BHU3Y, TO CIEAYET MOMEHSITh €¢
MECTAMM C HMXHEU [PYIIION, HO CIedyeT IMOMHUTL, YTO I[IpU ITOM
npoucxoauT obpalueHue KoHbuUrypauuu (cM. 8.3.2).
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8.3.4. COEIMHEHHUS C HECKOJBKNMU XUPAIIBHBIMM HEHTPAMM

Ecay B Monexyne UMEIOTCS ABa XUPATbHBIX LIEHTPA, TO, ITOCKOJIbKY
K&K [BpIM UeHTP MoXeT uMeTs (R)- wiH (S)-KoHbUIypaluio, BO3MOXHO
CYLIECTBOBaHUE YyeTbipeX nsoMepoB — RR, S5, RS u SK:

U U U U
(RT——V  (S)V—T RT—1—V (S)V——T
(RX——2Z  (HZ——X ($)Z——X R)X——Z

Y Y Y Y

(RR)- (S5)- (RS)- (SR)-

[MockonbKy MoJlekyia MMeeT TOJBKO OIHO 3epKajlbHOe OTOOpakeHUE,
3HaHTHOMepOM coeauHeHust (RR) MoxXeT OBITE ToJMBKO H3oMep (SS).
AHaJIOTMYHO IPYIYIO Napy 3HAHTHOMEpOoB 06pa3yioT usoMepsl (RS) u
(SR). Ecnu MensieTcs KOHQUTYpaLMS JIMIUB OJHOTO aCUMMETPUYECKO-
ro LEHTpa, TO TaKUe M30MEpPb! HA3BIBAKOTCS duacmepeomepamu. Ana-
CTEPEOMEDPBI — 3TO CTEPEOU3OMEpPHI, He SIBISIOLIMEeCST SHAHTHOMEpPa-~
mu. Tak, nuacrepeoMepHsl napsl (RR)/(RS), (RR)/(SR), (SS)/(RS) u
(55)/(SR). U3omepsl (RR) u (S55), a taxxke (RS) u (SR), Oynyuu sHaH-
THOMEpPAaMH, JONMXHBEI UMETh OMMHAKOBEIE CBOMCTBA (32 MCKIIIOYEHU-
eM 3Haka BpalueHus). OIHAKO CBOKCTBA JUACTEPEOMEPOB HE MACHTHY-
HbI: OHY MMEIOT Pa3HbIE TeMITepaTyphl IUTABJICHUS X KUIIEHUS, pACTBO-
PUMOCTh, PEAKLIMOHHYIO CIIOCODHOCTD M CIEKTpaIbHbIE cBOMcTBA. B
YACTHOCTH, QHACTEPEOMEPH MMEIOT PATHYHOE YOeHAbHOE BpalICHUE.
OnuH guactepeoMep MOXET ObITh XUpaieH M BPAl@Th [LUIOCKOCTDb IO-
JIIPU3aUMM CBETa, a ApYyroil MoXeT ObITh axupaleH W He Bpaillarh.

XoT1s B o0uieM ciydyae MpHM COYETAHUHM JIBYX XMPaJIbHBIX LIEHTPOB
00pa3yioTcsl YeThIpe H30Mepa, coYyeTaHHe LCHTPOB OAMHAKOBOIO XM-
MUYECKOro CTPOEHUS JAeT JMUIUb TpH u3oMepa: (RR) u (SS), aBasio-
lyecst 3HaHTHOMepaMu, U (RS), HaxomsIIMHACS B AUACTEPEOMEPHOM
OTHOLIEHHWH K oGouM 3HaHTHOMepaM (RR) u (SS). TUnuyHbIM NpH-
MEPOM SIBJISIETCS BHHHASL KHCJIOT2, KOTOpasl UMEET TOJBKO TPU M30-
Mepa: napy 3HaHTUOMEPOB U Me30-(hopMy.

HOOC\ H H_ COOH HOOC\ _OH

C—=OH Hom—¢” C~H
(©) | © 157

.C C. .C
H'/ Ncoon Hooc” \H H/ Scoon
HO OH HO

(S, §)-BunHas (R, R)-BuHHas (R, S)-BUHHAsT KMCJIOTA
KMLIoTa KMCJIOTa (Me30-BHMHHAs1 KUCIOTA)
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me30-BuHHas kuciota sipisietcst (R, S)-M30MeEPOM, KOTOpPBIM axupa-
JIEH, [IOCKOJIbKY O0OBbeIMHEHME JIBYX 3epKaJIbHO-CHMMETPUYHBIX ¢par-
MEHTOB I[IPUBOIUT K IIOSBJICHUIO IJIOCKOCTH CUMMETpUH (C). Me30-
BuHHas KuUCAOTa NpPEACTaBIseT COOOH NMpUMEp aXMPAIbHOTO COEdH-
HEHUS] Me30-KOH(MUIYpaUUHY, KOTOPOE ITOCTPOSHO M3 PABHOIO YHMCIa
OJUHAKOBBIX O CTPYKTYpe, HO pa3HBIX MO abCONIOTHONH KOHGHIYpa-
UMM XUPANbHBIX 37eMEHTOB. Bee allMKiiMyeckue Me30-CTPYKTYPbl UMeE-
10T cumMmeTprio Cg, T.€. aXUpaTbHBI.

Ecnau B Monekyne UMeeTcss n XMpaJbHBIX LHEHTPOB, MAKCHMAb-
HOE YHCIO CTEPEeoM30MEPOB MOXHO PAcCuMTaTh 1o dopmyie 2°;
IpaBia, MHOTAA YMCAO M30MepoB Oymer MeHblle Onarogaps Hajau-
qu10 me30-¢popM. UHCI0 XUPATBHBIX LIEHTPOB MOXET OBITH OYeHb Be-
JIMKO, HallpUMEpP, B MOJIEKYJAxX PETYISIpHBIX roiiuMepoB. Ocobblit
MHTEpeC NMPEACTABISIOT MOJIEKYNbI, B KOTOPBIX OXMHAKOBBIE [0 CTPO-
€HUIO KOHLICBbIE IPYNNHUPOBKU CBSI3dHBI MeXIy coboil Ienblo, Co-
crosilieil M3 ONMHAKOBBIX (parMeHToB. IIpocTeifiiuM mpuMepom
SABAAIOTCA 2,3,4-TIEeHTAHTPUOJ M CXOAHbIE MOJEKYNbl. ECH aTOMBI yT-
Jiepoja B nmoJioxeHus1x 2 ¥ 4 o6a (R) unu oba (S), To cpenqHUit aToM
yIJiepoJa HEaCUMMETPHYCH:

CH, CH, CH, CH,
(S) HH—OH (5) H—H-OH (S) HH—OH (R) HO—H
H—+—OH HO—H HO—H H——OH
(R) HH—OH (R H——OH (S) HO—4—H (R) HH—OH
CH, CH, CH, CH,
JIBE ax¥paibHbie OMacTepeOMEpHbIe Tapa 3HAaHTHOMCPOB

(ariMepHEIe) Me30-HOpPMBI

JBa muacrepeoMepa, MMEOLINE PA3NTUYHYI0 KOHOUIYPALMIO TOJILKO
IIPH OTHOM XUPaJbHOM LIEHTpE, Ha3bIBAIOTCS numMepami. DNIUMEPHbIE
Mme30-GopMBl B LEJIOM aXUpanbHBEl, TAK KaK UMEIOT IJIOCKOCTH
CUMMETPHH, HO HOPMATBHO LIEHTPAJIBHBIA aTOM BCE XK€ aCHMMETpHU-
YeCKUM, MOCKOJABKY OH CBSI3aH C YETBIPhMSI Pa3sHBIMHU IpyNIaMu, U
TEepeCTaHOBKA JIIOOBIX IBYX U3 HUX TOJKHAE ITPUBECTU K 00pa30BAHUIO
npyroro crepeousomepa. st Toro 4ToObl BBIAENUTH ACUMMETpUYEC-
KHE HEHTPHl TaKOro THUIIA, MX HA3BIBAIOT YeHmpamu nceg0oacuMmem-
puu. VI3BECTHBI TAKXe COCAUHEHUS C NCeedoxXupanrbHol oceio ¥ ncesdo-
XUPAALHOU NAOCKOCHIbIO.

J1si HANMEHOBAHUI CTEPEOU3OMEPOB MOJIEKYJI, COAEpXalIuX IBa
ACUMMETPHYECKUX aTOMA YIepona, ABa 3aMECTUTENs NPH KaXIOM U3
KOTOPBIX OJIMHAKOBBI, & TPEThU OTIHUYAIOTCS, YACTO HCHOJB3YIOT IIpe-
(hUKCBHI 3pumpo- U mpeo-TIPOU3BOAHBIE OT HA3BAHMUII CaXapoB 3IPUT-
PO3bI ¥ TPeo3bl. DTU NpedUKCHl XAPaKTEPHUIYIOT CUCTEMY B 1IEJIOM, &
HE KaxXIpId XUpaIbHbIA HEHTP B oTaejabHOCTU. [1py u3zobpaxeHuu Ta-
KHUX COeNMHEeHUI ¢ momolnbio npoekuuid Ouiunepa 8 nape apumpo-
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M30MEPOB OAMHAKOBbIE TPYIIBl PACIIONaralcTcs C OAHOU CTOPOHBI,
u ecnu 6bl pasHele rpynnbl (Cl 1 Br B npuBeieHHOM HUXE pUMe-
pe) ObLIM OJMHAKOBBI, NMoJy4Yuiack Obl me30-dopMma. B mape mpeo-
H30MepOB ONMHAKOBBIE I'PYIITHI PACMIOAraloTCcsl C pasHbIX CTOPOH, U
ecu Obl pasHble TPYNIbl OBUTM OZMHAKOBBI, HOBAsl ITapa OCTaslach
ObI 3HAHTUOMEPHOHN Mapoiu.

CH, ! CH; CH; | CH;
a—+H | H-EQ a-4H | H-C
Br——H : H-—1+—Br H~r—Br : Br——H

CH,4 I CH; CH; | CH;

spumpo- | 3pumpo- mpeo- ] mpeo-
CH,4 CH, CH;
Cl—+H Cl-—H H—Cl
Ci—+—H H—Cl Cl——H
CH,4 CH, CH,
Me30- DI-napa

8.3.5. DHAHTHNOMEPHBIE KOH®OPMALIMHX

[Ipu BpamieHM# BOKPYT MPOCTBIX CBA3E€H B allMKIHYECKHX MOJE-
KyJlax MOTYT BO3HHMKHYTb KOH(OpMAalUM, HaXxoAsiuecss B 3HAHTHO-
MEpHBIX OTHOLEHHSIX APYT K Apyry. Harpumep, mus Monexyns! Gyrta-
Ha MHUHHMYMaM M MaKCUMyMaM Ha KpUBOH 3aBUCHMOCTH CBOGOIHOMH
SHEPruy OT BEJIMYMHBI JBYIPAHHOTO YIJa MeXIy IUIOCKOCTAMU, B KO-
TOPBIX JIEXAT aTOMBI YIJIEpoaa, COOTBETCTBYIOT CleAyIOlHe 1HeCTh KOH-
dopmanuit (ra. 4):

CH; ™\ CH, CH,
H CH, H H CH; H
(B) (H (E)
H H H H H H
H 4y CH, ap H —sc
CH; CH; ’ CH;
CH, H H
A4 (B) e 4
H
H pioH CH, H H
24 +ac —ac
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CornacHo npasunaM IUPAC, xoHdopmaumnu cienyeT Has3blBaTh TaK:
A — cuHnepuriaHapHas (sp); b u E — cuHximHanbHeie (s¢); Bu J—
AHTUKJIMHANBHBIE (ac); I — aHTUNepUILTaHapHas (TiepUrutaHapHas —
Jexaiass B OJHOW TUIOCKOCTM, KIMHAIBHBIA OT rped. clino — THY).
Hpiomenosckue dopmynsl 5, ' ¥ E COOTBETCTBYIOT OTHOCHUTENBHO
YCTOMUMBBIM KOH(MOpMaUuusM, T.e. KoHhopMmepaM. MoXHO BUOETh, YTO
CUHKJIMHAaNbHBIe KoHDopMepsl (b) u (F) sHanTrHoMepHb. UToOBI
pa3nuyaTth MX, koHdbopMmepy (b5) MPUCBAUBAIOT 3HAK «IUTIOC» (+SC), a
kKoHpopmepy (F) — 3HaK (—). AHATOTUYHO aHTHKIHMHAIBHBIE 3aCI0-
HeHHble koHbopMmauuun (B) u (4) (comepXaHue KOTOpPBIX B oGpaslie
OyTaHa NpakTU4eCKU PABHO HYJIO, TAK KaK OHH COOTBETCTBYIOT Mak-
CHMyMaM cBOOOAHOH 3HEPIUM) 0003HAYaIOT KaK +ac U —ac. BeiGop 3Haka
CBA3aH € TeM, 4yTo ckolueHHbI ¢parmeHT CH,—C-C-CH; MoxHO
paccMaTpHMBaTh KaK 4acTh criupaiu. CorjlacHO NpaBuIaM, IIpaBoO3aKpy-
yeHHbIe (MMOJOXHUTENbHBIE) CIIUPATU YXOAST OT HabmomaTens ITo
qacoBoil cTpesnke (cM. KoHdopManuuu b U B), Torna Kak JIeBO3aKpy-
yeHHble (OTpHIlaTe/IbHble) CIIMPAIU YIASIIOTCS B HAlIpaBIeHUM TIPO-
TUB YaCOBOM CTPEJIKH.

B ciyyae 6yraHa He BO3HMKAeT COMHEHMI, HA B3aMMHOM pacIio-
JIOXEHUU KaKUX 3aMecTUTeNie ocHOBaHO obo3HaueHWe KoHGopMa-
umii: 310 CH;-rpynnel. B Gosee CIOXHBIX CITy4asix pyKOBOICTBYIOTCSI
CJIeIYIOIUMMU [paBuilaMu: 1) ecnu Bce 3aMECTHTENH Pa3Hble, BLIOU-
paloT ABa M3 HUX (IO ONHOMY Y KaXIOTO U3 IIEHTPAIbHBIX aTOMOB
HBIOMCHOBCKOM MTPOEKIIMH ), CTAPIINX IO IIPABUITY OCIEI0BATEIbHO~
CTH; 2) €cl¥ OOUH WM 002 LEHTPaNbHBIX aTOMa OTHOCATCS K THUITY
A;BC, TO B KayecTBE OMOPHOrO BBIGUPAIOT «YHUKAILHBIA» 3aMECTHU-
TeNb, B NaHHOM ciy4ae B, KOoTOpbeIlf MMeeTCst B €IUHCTBEHHOM YMC-
Jie. B COOTBETCTBUY C 3TUMU NPaBWJIaMH NIPUBEACHHYIO HIDKe KOHMDU-
rypauuo 2,2,3-tpuxiopbyraHa cieiyeT o003HAYMTh Kak +sc. OTMe-
TUM, 4YTO 3T0 of03HayeHMe He 3aBUCHUT OT TOro, KaxK MpoeuupoBaTh
5TaHOBBIH $parMeHT Ha IJIOCKOCTh: co cTopoHsl rpynnsl CCl, wiu
co cropoHsl rpynnsl CHCL:

CH3 \ CH3
H a a a
cl a o H a
CH, CH; </
+sc +sc

BepHeMcss BHOBb K pPacCMOTPEHMIO BUHHBIX KUCITOT. B pacTtBope
MOJIEKYJIBI OIITUYECKU aKTUBHBIX (+)- U (—)-BHHHbBIX KUCJIOT MOTYT Ha-
XOOUTBCS B pasHblX KOHGOpMALMAX, IIpUYEM BCe 3TH KOH(MOPMAaLMHU
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xupanbeHbl. ComepxaHue jaoboro u3 KoHgopmepoB B obpasymwolueics
PaBHOBECHON CMecu olpelessieTcss cBOOOIHOM 3Hepruelt 3TOro KOH-
dopMmepa, KOoTopasi 3aBUCUT OT T€OMETPUYECKHX NTAPAMETPOB JAHHOTO
kKoHdOopMepa, HO He 3aBUCHUT OT ero XuparbHocTH. ClieqoBarTe/bHo, JIo-
B6oMy M3 KOHGOPMEPOB, CYILIECTBYIOILIMX B pacTBope (R, R)-BUHHOHN KHUC-
JIOTHI, 0BS3aTENbHO JOJDKEH COOTBETCTBOBATh AHANOTWYHBIN KOHGOD-
Mep ITPOTHBOIIOAOXHOU KOH(pUIYpalMy B pacTBope (3,.5)-BUHHON KHC-
notel. CootrpeTcTBylomuit (S,S)-koHdopMmep npeacrasiasieT coboit
sepkanbsHoe otobpaxenue (R, R)-koHdopMepa ¥ UMEET TOYHO TAKYIO
Ke BeJHunHy cBobogHoit sHeprud, Kak (R,R)-kondopmep. Takum
06pa3oM, KOHGMOPMAUMOHHBIA COCTaB YHAHTUOMEPHBIX COCAMHEHUH
JOJKEH OBbITH ONMHAKOBBIM:

CO,H ! COH COH | COZH
H H OH c02H HO,C
|
Hi H I
CO,H ; C02H }
(5,5); tsc* (R,R); —sc (S,S); —sc (R,R); +sc
COH ! CO,H
HO,C OH | HO COH
|
HO H | H OH
H : H
(5,5); ap (R,R); ap

Mme30-BUHHAg KUCIOTa CYLIECTBYET B pacTBOpPE B BHIE CMECH axu-
pajibHBIX KOHGOpMalMi cUMMETPHH S, (= §) 1 IBYX XHUPaIbHBIX aCUM-
METpUYECKUX KOH(pOpMALIMKM, 00nagamolldX COOTBETCTBEHHO (+)-
(—)-cnupabHOCTBIO 3TaHOBOTO ¢(parMeHTa. [TOCKONBKY XHpajibHBIE
KOH(QOpPMEpPBI SHAHTUOMEPHBI, OHM 00Ja1al0T ONMHAKOBOR CBOGOI-
HOU 3HEeprueil U MO3TOMY IIPUCYTCTBYIOT B PAaBHBIX COOTHOILUCHUSIX,
T.€. XHUpajibHble KOHGOPMAIUM COCTABIAIOT PalEMHYECKYIO CMECH.
CrnemoBatesibHO, obpasell, COAepXalluii MHOTO MOJIEKYJ Me30-BUH-
HOH KHUCJOTHI, B I0OOOH MOMEHT BPEMEHH OYyIET aXUPAJIEH:

COOH COOH | COOH
H OH HOOC H | H COOH
I
HO H HO H 1 H OH
COOH \s OH : OH ./
(R,S); ap; (S2=1) +sc —sc

(R,S); C
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[MogobHble paccyxaeHus NPUMEHUMBI K 110601 KOHGOPMAIIUOH -
HO-TTOIBMXHOHN cucTeMe. UTOOBI YCTaHOBUTH, OYAET M TaKasl CUCTe-
Ma XMPaJIbHOU MM axXMpPAIbHOH, HEOOXOOUMO BBISIBHUTH IJISI JaHHOM
MOJIEKY/bl TAK HA3bIBAEMYIO CTATUCTUYECKYI0 CUMMETPHIO, T.€. Hai-
TH KOH(QOPMALMIO, KOTOpasi HE3aBUCHMO OT €€ OTHOCHTENbHOU yc-
TONYMBOCTY MMEET HAaMBBICIIYIO CUMMETPHIO. JIIsi Me30-BUHHOM KUC-
JI0THl €10 Oyzner sp-koHdbopMauust, Ul HUKIOTeKCaHa — IOTHOCTbIO
3aCJIOHEHHas! IJIocKas rekcaroHanpHast KoHdopmauus Cg, U T.I.:

COOH COOH Ce

COOH

COOH
HO
H OH HO H
H {
HO H p c
6h
C; (S =0)

KoHpopmanu BuICHIEH CHMMMETPUH B 3THX CIYYasiX aXHPaAIbHBI, Cle-
IoBaTeNbHO, 00pa3lbl Me30-BUHHON KHUCJIOTBHl M LMKJIOreKcaHa oyayr
axvpanbHbIMU. st D- ud L-BUHHBIX KMCJIOT aXUPaIBHBIX KOHGOP-
Maluil BooOlle HeT, T.€. U OTHE/IbHbIE MOJIEKYNIbI, ¥ 00pa3ibl, COAep-
Xalupe MHOTO MOJeKYJ, OyayT obianaTth XHpalbHBIMU CBOHCTBAaMHU B
106071 MOMEHT BPEMEHH.

8.4. METOJABI ONIPEAEIEHNSA KOHOUTYPAIIUHA

8.4.1. ONIPEJEJEHUE ABCOJIIOTHON KOHOUTYPALIUU

st onpexeneHust abcomoTHON KOHGUTYpalMK TPUMEHSIIOTCS JBa
MeTo[a: IKCIIepUMEHTANbHOe KCCleNoBaHHe aHOMAIBHOM Audpakiuu
PEHTTEHOBCKMX Jy4ell Ha SiApax TsXeNbiX aTOMOB M TEOPETHYCCKUM
pacyeT BeJIMYMHBI OITUYECKOro BPALIEHHS.

8.4.1.a. IUOPAKIINA PEHTTEHOBCKUX JIYYEHA

Biaronapsi ToMy 4TO peHTIEHOBCKME JIYYH HPH ITPOXOXAECHUH Ue-
pe3 KpUcTalibl AT AMGPAKUMOHHYIO KAPTUHY, METOJI PEeHTreHO-
crpyKrypHoro aHanuia (PCA) 1IMpOKO UCHONb3yeTCs JUISI YCTaHOB-
JIEHHs CTPOEHMSI XUMUUYEeCKUX coenuHeHui. Korma nudpakuus mpo-
HUCXOIUT HAa 3JIEKTPOHHBIX obomoukax jerkux atromos (C, H, N, O,
F, Cl), xapakrep Habnalogaemoli MHTepdEpEeHLIMOHHOK KapTHHBI OIl-
penessieTcsl TONbKO HAIUYUEM CaMUX siaep, HO He UX NpUpOHoi. DTo
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OOBICHAETCS TEM, YTO JerKMe aTOMbI JIMILUb PACCEeMBAIOT PEHTIEHO-
BCKME JIyYM, HO HE MOCJIOLIAIOT UX, U IIO3TOMY B XOIE 3KCIEPUMEH-
T4 HEe MPOMCXONAMT U3MeHeHHUs (a3bl PacCeSTHHOTO H3NIyYEHMS.

Tsxenble aTOMBI HE TOJBKO PacCeUBAIOT, HO W IMOLJIOLIAIOT PeH-
TreHOBCKHE JYYH B OIpeHENeHHBIX OOJIACTSIX KPHBOM MOTJIOIIEHUSI.
Ecnu 11MHa BOJIHBI [IaJAOLIErO HITYYEHHS COBIANAeT ¢ HAYaNbHBIM
C1a60IOMIOIAIOIIMM YYACTKOM 3TOM KPHBOI, TO HAO/oHaeTcss He
TOJBKO OBbIYHAS AHGPAKLMA, HO TAKXKE H HEKOTOPBI CABUT 1o ¢ase
paccessHHOTO H3Jy4YeHUsl, oOYCNTOBIEHHBIM TEM, 4YTO YacTh €ro Io-
[JIOIAETCsl. DTO SBJIECHUE HA3BIBAETCS QHOMAALHLIM PACCEAHUEM PEHT-
reHOBCKMX Jiyyeit. [Ipy Hanuyuy JTUIb Jerkux aromos PCA nospossi-
€T OIpPeNeJUTh MEXDbINCPHBIE PACCTOSIHUS MEXIY CBSI3aHHBIMH U He-
CBSI3aHHBIMU aTOMaMM M Ha MX OCHOBE CI€JaTh BBIBOOBI O CTPOCHHUMU
JMAHHOM MOJIEKYNbl M HATMYUM B HEil XMPANbHBIX 31eMEeHTOB. B aToM
cryvae pas3muYUTh SHAHTHOMEPHI HeNb3si. OIHAKO MPY HANWYHH TSLKE-
JIBIX aTOMOB XapaKTep aHOMAJbHOIO PACCESIHHUS 3aBHCUT HE TONEKO OT
PacCTOSTHUS MEXIY aTOMaMM, HO M OT HX OTHOCHUTEIbHOIO PacIiojio-
KEeHUS B IIPOCTPAHCTBE. SIBeHne aHOManbHOM Tudbpakuuy peHITeHO-
BCKHX JIyYed TMO3BOJISET HEMOCPEICTBEHHO OIpeNeuTh abCOMIOTHRIE
KOHOUTYpAlIMU MOJIEKYJ, CONEPKAUIMX TSXKEAble aTOMBI, 2 TaKXe
MOJIEKYJI, B KOTOPBIE TSIKENble ATOMBI MOTYT OBITH BBEAEHBI B Kaye-
CTBE CITELIHATLHBIX METOK.

Briepeble Takoil aHanu3 Obul mipoBeseH B 1951 r. BeitdyrtoMm, Ko-
TOPBIH Ha OCHOBAaHMH TOTO, YTO Ky -HU3IydeHHe LMPKOHHUS COBNagaeT
C HAYaJIOM II0JIOCH NOTJIOLUEHUS pyOUunus, a Lo-u3nydyeHue ypaHa —
C HAYaJIOM IONOCHl MOIVIOUIEHH OpoMa, BIIepBblE YCTAHOBIWI abco-
JIIOTHYIO KOHGUTYpauuio (+)-HaTpuipybuauiitaprpara (XXVIII) u
ruapobpomuaa (~)-usoneituusa (XXIX):

COORb COOH
e ®
HO——H Br H;N——H
H—}—OH H,C——H
COONa CHs
(XXVIID) (XXIX)

ITocne ycraHoBaeHMA abCONOTHON KOHGMHUrypanup COeqMHEHUS
XXVIII BbIsIcCHUNIOCH, YTO paHee MPOU3BOJILHO BEIOpaHHas KOHQH-
rypauusi (+)-rJIMUEepUHOBOrO anbaernna (cM. . 34), KaK 3To HU yOu-
BUTEJIBHO, yragaHa [paBUJIbHO.

B Hacrosuiee Bpems ¢ momoilbio PCA onpezneiera abconroTHasn
KoHGUTYpaLUsT HECKOJIBKUX COTeH coenuHeHui. Crenyer cka3arhb, 4To
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AHAJIU3 AHOMANbHbIX NUPPAKIIMOHHBIX KAPTUH BPYYHYIO Ype3BbIyaii-
HO TpyloeMKuil mnpouecc. OIHAKO ¢ NOMOIIbIO COBpEMEHHBIX aBTO-
MaTM4YecKMX AUGpPaKTOMETpoB, cHabxeHHbIXx DBM, Ha 310 yxoauTt
BCEro HECKONBbKO JHEN.

8.4.1.6. TEOPETUYECKUI PACUYET OIITUYECKOI'C BPAILIEHWUS

B 1952 r. 6bL1 OIyGIMKOBAH KBAHTOBO-XMMHYECKUI pacyeT OITH-
YECKOTO BpalleHWs 3HAHTUOMEDPOB HA IIpUMEpe mpaHc-2,3-3110-
kcubytaHa (XXX). Koudurypauus sToro s3rokcuia MoXer ObITh CKOp-
penupoBaHa ¢ KoHdUrypauueit BUHHON KHUCIOTHI M Jajee ¢ [IHUIe-
PUHOBBIM anpaerunoM. Ilpu 9ToM cHoBa OGHApYXMIIOCH, YTO paHee
MpOU3BOJIbHO BhIOpaHHas crepeodopMyna D-TIAIEpHHOBOIO ajbIe-
[UZ1a COBEPIUEHHO MpPaBUIbHA, U HET HEOOXOAMMOCTY U3MEHSITh IIpH-
HSITOC B JIMTEPAType B TEYEHHE MHOTHX JIET M300paxeHue 3TOi KOH-

burypanuu:
H CH,4

H,C H
0

(XXX)

8.4.2. ONPEAEJEHUE OTHOCUTEJILHON KOHOUTYPAITUN

Ilpu ompeleNeHUU OTHOCUTEABHOM KOHOMUIYpALUM COCHAMHECHUE
C HEHM3BECTHOM KOHGUIYypalueil COOTHOCAT C APYTUM COCIUHEHHEM,
KOHGUTYpAlUs KOTOPOTO YXe u3BecTHa. PaceMoTpuM Haubosiee BaX-
HBIE U3 3TUX METOJIOB.

8.4.2.a. XUMHWYECKAS KOPPENAIINA

XUMHUYECKUE METONBI, KOTOPbIE MOIYT OBITH HMCITOJIB30BaHBl IS
yCTaHOBJIEHUS] OTHOCHTEJIbHBIX KOHGUIypauuid, o4eHb pa3HooOpas-
Hbl ¥ HACTOJIBKO TECHO MeperuieTeHbl ¢ 00UUM MaTePUAIIOM OPraHU-
YECKOM XMMMH, YTO BCTPEYAIOTCS MPAKTUYECKU BO BCEX IJIABAX 3TOH
KHUATH, MOCBALICHHBIX PACCMOTPEHUIO OTHAECNIBHBIX KJIACCOB OpraHu-
yecKMX coequHeHui. [1oaToMy 31ech Mbl PACCMOTPUM Ha HECKOJIBKHUX
MIpUMepax JIUIIb OCHOBHBIE IPUHIUAIIBI UX TIPUMEHEHMUSI.

IlepBas rpynna METOAOB CBS3aHAa C IIpeBpallleHHWeM COeAMHEHUS
C HEM3BECTHOH KoH(UTypauued B cCoeIUHEHUE C U3BECTHOH KOHODU-
rypaluyei uiy obpa3soBaHUEM HEU3BECTHON KOH(MUIYpaUuu M3 HU3BECT-
HOM 6€3 HapyleHUs] XMPATLHOTO 3JIeMEHTa, HANPUMED XHUPaAJIbHOTO
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ueHTpa. [TockonbKy B XoOe NpeBpalleHUs] XUPAIbHBIA LEHTP He 3a-
TparuBaeTcs, OYeBMAHO, YTO NMPOAYKT NOMKEH UMETh TY Xe KOHOpH-
Iypauuio, YTO U UCXOIHOE COEIUHEHHE.

Tlpu aTOM BOBCe HE 00s3aTENBHO, YTO €CNU HEM3BECTHOE COEIU-
HeHMe oTHocuTtced K (R)-psay, To U usBecTHoe dynet umMerhb (R)-KOH-
durypanuuio. Hanmpumep, npu BocctaHoBieHHM (R)-1-bpom-2-6yTa-
HOJIa B 2-OyTaHOJ, He 3aTPardBaloOlUeM XHUPAIbLHBIA LEHTpP, NMPOIYK-
ToM OymeT (5)-U3oMep, HECMOTPSI Ha TO YTO €ro KOHQHIypallus He
U3MeHMWIacs. Jto cBsi3aHo ¢ TeM, uro rpynna CH;CH,, no omnpene-
neHuio (cM. 8.3.3), muamue rpynnsl BrCH,, Ho crapuie rpynnsr CHj:

OH OH

CH;CH, CH,Br ———— CH,CH, CH;
H H
(R) ()

OZHUM M3 MHOTHX NPUMEPOB XUMUYECKON KOPPEJSILIUAM SIBISICT-
Csl YCTaHOBJIEHWE OTHOCHTENBHOU KOHGUIYpaluuu [-TrajakTo3bl
(XXXI) nyteM ee oxucneHus. [TockoabKy 3TOT MpoIiecc IMIPUBOAUT K
00pa3oBaHUIO ONTUYECKW HEAKTHBHOW TUKapOOHOBOM KUCJIOTHI, OT-
HOCHUTEIbHAS KOHGUTYpAIIUS €€ YeThIPeX XUPAIBHBIX LIEHTPOB MOXET
COOTBETCTBOBATE WIH crpyKrype XXXII, wmm crpykrype XXXIII. Ho
nukapboHosas kucnorta (XXXIV), nojnydyeHHass M3 rajlakTo3bl HYTEM
OKMCJIUTEIBHOTO OTLIEIUICHUS aIbIeIHAHOIO aToMa yIJIepoia, OlTH-
yecKM akTHBHA. CienoBareibHO, J-raakro3a UMEET OTHOCHUTENIbHYIO
KOHGUTypanuio, rmokasaHHuyio gopmynoin XXXI:

CHO COOH COOH COOH
H—7—OH H———O0OH H—OH HO———H
HO——H HO———H H——OH HO——H
HO———H HO——H H—/O0H H—F—OH
H—/—OH H—/—OH H——O0H COOH
CH,OH COOH COOH
(XXXI) (XXXII) (XXXIII) (XXXIV)

AHAJIOTHYHBIE MpPEeBpalleHus ¢ L-TAIAKTO30# J2I0T TaKKE XK€ Pe3ylib-
TaThl, 38 UCKIIIOUEHUEM MTPOTUBOIOJIOXKHOIO 3HAKa OIITHYECKOIO Bpa-
weHust. CrenoBaTe/bHO, IOJOOHBIM IIYTEM MOXHO BBISICHMTB JIHUILB
OTHOCHUTENBHYIO KOHOMUIypaluio HCCAeqyeMbIX MOJIEKYI (B JAHHOM
ciayyae XXXI u XXXII), HO He ux abcomTHBIE KOHGUTYypalKu.
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Huxe npuseneH npumep KOHGUTYPALMOHHON KOPPEIALMU (+)-BUH-
HO# KMCIOTHI ¢ (+)-(R)-TTHLUEPUHOBEIM AJTBAETMAOM Ha OCHOBE IIpe-
BpalleHU, He 3aTParuBalILMX aCHMMETPUYECKHI LIEHTD:

COOH COOCH, OOCH,
— H——0A H~T—0Ac
H——OH ° soaq, Zn

HO—+—H —*»—> HO—4T—H ——» HCI —H+—>

COOH COOCH; COOCH;,
(+)-BUHHAasA KUCIOTa

00 0
“Hs \H OOCH; N 0Br OH HNO,
—H OH NHy H OH —=> H OH —

OH™
CH,NH,
COOCH3 CONH2
OOH Lo HO
—> H——OH <—— H——OH
CH,OH " CH,OH

(R)-(+)-rIMuepyHOBBIM abAETHI

Bropas rpynma MeToI0B XMMHUYECKON KOPPEIAIIMA OCHOBaHA Ha
NpeBpalleHUH IPU XHUPATHLHOM LEHTPE, MEXAHMU3M KOTOPOro TOYHO
u3BecTeH. Tak, peakuuu SyZ2 NpoucxomsT ¢ oOpaineHueM (MHBEPCH-
eif) KOHOGUIypallMK peakUOHHOro LieHTpa (cM. 111.9). C rnomouipko rnoc-
JIEIOBATEIbHOCTH TAKUX peakuyit KoHpurypauus (+)-MOJOYHON KHC-
JIOTBI ObLIA CKOppepoBaHa ¢ KoHpurypauuei (S)-(+)-aTaHuHAa:

COOH COOH COO COOH
NaOH NaNO,
HO——H <—— H——Br —"N, H———>H2N
S 2 S 2 HORBRJICHUC
CH, W CH, N CH,
(8)-(+)- (R)- (8)- (S)—(+)—
MOJIOYHasA AJTaHWH
KHOI10Ta

Crenyer Noq4epKHyTh, YTO MOHATHE «O0palICHUE» WITH «COXpaHe-
HUE» KOHOUIypauMK NPUMEHHMO M K aXUPUIBHBIM PEAKLIMOHHBIM
UEHTPaM U CIYXUT VISl YKa3aHUSI KOHKPETHOIO MEXAHU3Ma DEaKLUHU.
OnHako Korza peyb WIEeT 06 abCOMOTHBIX KOHGDHUTYPAUMSIX XHPAIbHBIX
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pPeaKIMOHHLIX LEeHTPOB (KOTOpbIE OMNpPENENsiOTCS TpaBMjaMHy I10C-
JIEOBATENBHOrO CTAPLUIMHCTBA B paMKax R,S-HOMEHKIATypsl), MpU-
BJIEKATh IMOHATHE «obpauleHHe» WIM «COXpaHEHUe» KOHQPUIypauuu
HET CMBICHA, TaK KaK Ta WJIM MHag KoHduUrypaluus onpenensiercs
TOJBKO CTAPLIMHCTBOM 3aMECTUTENEH, U U3MEHEHHUE CTapLUMHCTBA
B pe3yJbTaTe 3aMelleHUs] OOHOMU M3 IpyNIl He o0sa3aresbHO CoBIa-
[IaeT C peajlbHOR NMPOCTPAHCTBEHHOU OpHeHTaUUER €ro BCTYNIEHUS
B MOJIEKYJy, HalpuMep:

C,H, CH;
CH;80;—0—C_ o LIAID, S
2t > HsCs
CH obpaitieHHe C
3 KOHbUTYpauum 3
(S)- (S)-

K Tpertbeit rpyrre oTHocSTCS OHMOXUMMYECKUE MeToasl. B psimy oxa-
HOTO KJIacca COENHMHEHMI, HAllpUMEp aMUHOKMCIOT, ONPEACICHHbBIH
¢epMeHT aTaKyeT MOJIEKYNBI TOJbKO OfHON KoHurypauuu. Ecnu ka-
KON-T0 (pepMeHT, CKaxeM, aTakyeT TOJbKO (S)-aMHUHOKHUCIOTHI, HE
tporas (R)-dopMy, ¥ 3TO SKCIICPUMEHTAILHO YCTAHOBJIEHO Ha psie
[IPUMEPOB, TO €llle OfHA AMUHOKMCIIOTA, NOJBEPTaloLIasics NeUCTBUIO
Toro xe bepMeHTa, NOXKHA IMPUHAMIEXaTh K (S)-psmy.

8.4.2.6. YCTAHOBJIIEHWE OTHOCHUTEJIBHOY KOHO®UTYPAITUU
C MOMOLIBIO PU3HYECKUX METOIOB

B mpunuune misi nonydeHuss MHGOpMallMM 06 OTHOCHTENbHOMH
KOHGUIYpallMU MOJIEKYJ IIPUIoNeH NpakTUYecKd Noboil dusuyec-
KU METOI, MPUMEHsIEMBIH B opraHuyeckoil xuMuu. OnHako Haubo-
Jlee IIMPOKO MUCIMONB3YIOT Xxupontuyeckue metonbl (IOB u KI; cM.
8.2.1) u cnekrpockonuio AMP.

IHpocreitiunit nyTs UCIOIBE30BAHUSA XUPONTHYECKUX METOLOB IS
YCTaHOBJICHHA KOHQUIypauuy 3aKiiodaercd B CpaBHEHWH NapaMeT-
poB OB u K]I B cepusix moxoxux coenyHeHuM. B xauecTse wutocT-
palMy NpUBEAEM MPUMED ONpPENeICHUSI OTHOCHUTEAbHBIX KOHMUTYpa-
uui coenuHeHuin XXXV u XXXVI. BkcnepuMeHT nokasall, yTo 3Ha-
k1 3¢dexra KoTToHA ISl 3TUX ABYX COEIUHEHHUI MPOTUBOMOJIOXHDI,
HO GopMa U HHTEHCUBHOCTD CIIEKTPATbHBIX KPUBLIX OAMHAKOBEHI. JIpy-
ruMu ciosaMi, kpuBble JIOB u K]I 3epkaibHO-CUMMETPHUYHEI, U, Clie-
noBaTenbHOo, coeqMHeHUst XXXV u XXXVI MOxXHO paccMarpHUBaTh Kak
K6a3u-3HaHTHOMEDPBI B XMPOIITHYECKOM (HO He B MCTUHHO CTPYKTYp-
HOM) CMBICJIE TEepMMHA:
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B o) B 0 (XXXVI)

(BblIEJIEHB! CTPYKTYPHO NOX0oXue ¢hparMeHThl)

B npuBeaeHHoM npuMepe Y@-nornouleHue obyciaoBiIeHo kapbo-
HUJIBHBIM XpOMO(OpOM, KOTOPBIM axupaieH. TeM He MeHee HaTUyue
XUPATBHOIO OKPYKEHMST OKa3bIBAeT BO3MYILAIOIICE IEMCTBUE Ha 3JIeKT-
DOHHBIHA nepexon rpymnmbsl C=0, MO3BOJSS YCTAHOBUTH OTHOCUTE/Ib-
Hble KOHQUIYpaLIVH.

IIpu onpeneneHUM OTHOCHUTENBHBIX KOHDUTYpaLuit Metorom AMP
OOBIYHO HUCIOJbL3YIOT XUMMYECKHE CIBUIM M KOHCTAaHTbI CITMH-CIIM-
HoOBOro B3aumopaeicTeua. Tak, Hanpumep, B 1,3-mutuane (XXXVII)
9KBATOPUAIBHbBIE ATOMBI BOJOPOJA B ITOJIOKCHHUHU 2 UMEIOT 3HAYUTEIb-
HO 0oJiee BBICOKUM XUMHUYECKHU CIBUT, 9YEM B aKCHAIBHOM I1OJOXE-
HHUH, Ha OCHOBAHHWHM YErO JIETKO ONpPeAEIUTh KOH(MUTYpAIIUIO 2-3aMe-
LIEHHBIX TUTHAHOB:

Ha (3,32 m.1.)
H (XXXVID)
S e (4,07 M)
S

- *
KoHCTaHThl CIPH-CIMHOBOTO B3auMomeicTBus (J) suyuHatbHbIX TIPO-
TOHOB B 3TaHOBOM (bparMeHTe KOPPEIUPYIOT ¢ BEIMYMHAMHU COOTBET-
CTBYIOLUMX JBYIPAHHBIX YIIOB (:

Hag ¢° 0 60 90 120 18
<>HB

Jag T 8 2 0 35 10

.
To ects MMPOTOHOB, HAXOOALIMXCA Y COCCOHHUX aTOMOB YIJIEpOAa,; NMPOTOHLI, CBA-
3aHHBIEC C OJHUM M TEM XE€ aTOMOM, HA3bLIBAKOTCS CEMUHANbHHBIMU .
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Ha 3ToM OCHOBaHHMM MOXHO ONPEAENsITh KOH(PUIYPALMIO, HO TOJbLKO
B pANAX CTPYKTYPHO-POJCTBEHHbIX COSAMHEHUM, TaK KaK BEIMYMUHA J
3aBUCHT TAKXKE U OT IIPHUPOLbl 3AMECTUTENEH.

Eule ooMH crioco® 6CHOBaH Ha SIBMEHMU U3MEHEHMS] XUMHUYECKUX
CIBUIOB 10/ BIUSHUEM JIAHTAHUIHBIX KOMIUTEKCOB, KOTOPBIE Ha3bIBa-
I0TCA cdeueaiouumu peazenmamu. VI3BeCTHO, 4TO ILIECTHKOODIMHALIM-
OHHBIE XeJIdTHRIE KOMIUIEKCHI HEKOTOPBIX TApAMAarHUTHBIX JJAHTAHUAOB
(Hanpumep, B-nukeroHat esponua XXXVIII) Moryt yBeTU4MBaTh KO-
OPIMHALIMOHHOE YMCIO0 0 8§ nyTeM oOpa3oBaHUsS HEYCTOHYMBBHIX ac-
COLIMATOB C MOJISPHBIMU 3JIEKTPOHOLOHOPHBIMU Ipyrinamu THa C=0,
OH, NH, u ap. 310 NpUBOIUT K CHIbPHOMY U3MEHEHUIO BETHYMHBI
XUMHYECKUX CABUIOB sIep, OJIM3KO PACONOXKEHHBIX K KOOPAUHUDY-
IolIeMy atoMy. TakuM MyTeM MOXHO, HallpUMEp, OTIKXYHUTD 3K30- U
axdo-u3oMeprl GopHeona (XXXIX):

t-Bu DS emary  @OBK  cneg
—0
H Eu/3
\
0
t-Bu CH, OH ...(Eu) CH,
(7.DH (10,5) (17,6)H (8,6) OH
XXXVIII K30-XXXIX anoo-XXx1x (EW

(B cKobkax npuBemeHb! MHAYLMPOBAHHBIE XMMWYECKUE CABUIH, 00Y-
CJIOBJIEHHBIE NEeMCTBUEM JaHTAHUIHBIX CIBUTAIOLIMX PEAreHTOB, B M.J.)
KoH(UIrypalirfio roMoIoroB MOXHO OIPEAe/HTh IMPOCTO M0 3HAKY
OINTUYECKOTO BpallleHUsI. B roMooruueckux psiiax BpallieHHe oObIYHO
MEHSIETCSI TTOCTENIEHHO U B OJHOM Hanpap/ieHUMH, [TO3TOMY, €CJIK HU3-
BeCTHA KOHGUIrypauMsi KOCTATOYHOTO YHCJA WICHOB HAHHOIO pAnd,
KOH(UTYPALUIO OCTATBHBIX MOXHO YCTAHOBUTD SKCTPAIIOISIHUCH.

8.5. METOAbBI PASAEINEHHNA SHAHTHOMEPOB

Onepaumd pasgcneHus palEMUYECKUX CMECEH Ha COCTaBJSIOLINE
HX OINTHUYCCKH AKTHBHBIC KOMITOHCHTBI HA3LIBAKOTCA pacuienieHuem.
Ecim xots1 681 0MH HAHTHOMED YAACTCs BbLIACIUTHL B YHMCTOM BHIC,
pacCliCINICHUE HA3bIBAIOT ITOJIHbIM, B ITPOTUBHOM CJlIy4ac 'oBOpST, 4YTO
MPpOU30UIN0 YACTUYHOE pacCUICIVIEHHUE, T.€C.ONTHYECKH AKTHBHOE CO-
COUMHEHUE COHECPXHUT IIPUMECH BTOPOI'0 3HaHTUOMEDA.

OTHolleH e IKCIIEPUMECHTAIBHO HabI012eMOT0 YAEABHOTO Bpa-
LIEHUS BELIECTBA, MOJYYEHHOTO IMYTEM padCUICHICHHS, K VAEAbHOMY
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(abCONIOTHOMY) BpALLEHWIO YUCTOrO 3HAHTUOMEpAa HasbIBaeTcs OIl-
TUYECKOU YUCTOTOM (p). ToXIECTBEHHBIMM OITUYECKON YMCTOTE SIB-
JISIIOTCS TIOHSITUSA SHAHTUOMEPHOU YUCTOTHI MM S3HAHTUOMEPHOIO U3-
ObITKA (3.1.):

o] maHHOTO OGpasua

p= - 100% |
[a} yucToro aHaHTHOMEpA
_ *
3.U. "_—.__E__._E_*_ . l(x)% s
E+FE

rae £ — MoJbHAast 10/ 3HAHTHOMEpa, Haxoqsuerocs B uaberrke; E* —
MOJIbHAsA 10J1s1 IpYroro SHaHTUOMeEpaA.

Jro6oii mpouecc MOMyYeHUS OINTHYECKM AKTUBHOIO BEIleCTBa M3
OINTUYECKM HEAKTMBHOIO IpeAIeCTBEHHHUKA, B TOM YHCIIe U pacluerr-
JIeHUE palieMUYecKUX CMeceil, Ha3pIBaeTCs onmuueckol axmugayuetl. O6-
LM OPUHLIMIIOM BCEX IIPOLECCOB ONTUYECKOM aKTMBALMH SBJISIETCS CO-
30aHUE B TOH WIM MHON ¢opMe MHUacTEPeOMEpPHBIX B3aUMOAECHCTBUIA.

8.5.1. PACIIEILIEHHNE YEPE3 TUACTEPEOMEPEI

DTOT METOH IO HAcCTOSILIEero BpPEMEHH HMCIOJIb30BaJICS Haubosee
gacto. Ecniu panemuyeckoe coeqUHEHHE COAEPXHUT KapOOKCHIBHYIO
CPYIIIY, TO MOXHO MOJYYUTh COJIb C ONTHYECKH AKTUBHBIM OCHOBA-
HUueM. Ecnu Xe paleMar colepXHT aMUHOIPYILITY, TO MOXHO HOJy-
YUTb COJIb C ONTHUYECKH AKTUBHON KHUCJIOTOH. [JOmnycTuM, 4YTO ONTH-
YecKM aKTUBHbBIM peareHT (B AaHHOM cJydae OCHOBaHME WK KMCJIO-
ta) umeeT (S)-koHdurypauuio. Toraa obpasyrwouuecs coiau OyayT
cMeceio (RS)- U (SS)-nuacTepeoMepoB, B OTIMYUE OT 3HAHTHOMEPOB
HX CBOMCTBA OYIYT yXX€ pa3THYaThCS:

(R, $)—= (R)
@) | L " (R, ) IpoGHas
S KPUCTAJUTH3ALMS
® 9 8, H—>
paleMaT ONTHYECKH CMech JMa- YUCTBIE YUCTHIE
aKTUBHBIH  CTEpEOMEPOB IAACTEPCO~ IHAHTHO-
(S)-peareHr MEpBI MEpHI

B mpuHIMIE IS pasgesicHUs OTIMYAIOIIHUXCS 110 CBOMCTBAM JTHACTE-
pPEOMEPOB MOXHO HCIIOJNb30BaTh pPasHble METOAbl, HO Ha MIPAKTHKE
Yaiye BCero MPUMEHSIIOT KPUCTAUIM3ALKIO, T.€. HCIIONB3YIOT pasInyue
B PACTBOPHMOCTH ABYX AHacTepeoMepoB. B Hacrostuiee BpeMs Bce yalule
TIPUMEHSIIOT XpoMaTorpaduyeckue MeToanl. Ha mocnenHe craauu us
COJIA BBLIEJSIIOT SHAHTUOMEP.

Tlonbop peareHTa WIS pasneleHUs TaHHOU paleMHYecKOH cMecH
MPOU3BOJIMTCS UCKIIIOYUTENBHO IMITUPDUYECKH, TaK KAK KAKUX-IUB0
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TEOPETUYECKUX [IPEIOChUIOK AJIsi IIPOTHO3UPOBAHUSA pa3iMyHol pa-
CTBOPMMOCTH IMACTEPEOMEPHBIX COJIEH HE CYLIECTBYET.

Jnsa pazgeneHuss paleMUYECKUX KUCIOTHBIX COeIMHEHUN MpUMe-
HSAIOT MPUPOLHbBIE ONTHYECKH aKTUBHbIE OCHOB2HHS, KOTOPbIE HA3bI-
BAIOTCH ATKAJIOHIAMM, HarmpuMep OpyluH, 3deapuH, CTPUXHUH, XU-
HUH, UMHXOHUH, MopduH U ap. Ilocie npoBeneHUs pasme/ieHHST KX
pereHepHUPYIOT U UCNOAB3YIOT cHopa. OJHAKO STH BEIlECTBA CUJILHO
TOKCHUYHBI, M [TO3TOMY MX CTPEMSTCS 3aMEHUTH CHHTETHYECKUMH OII-
TUYECKH aKTHBHBIMU aMHUHAMH, HANIpUMED o-beHWIdTHIaMUHOM. Ta-
KUM NyTeM paculeruisieTcst palueMuyeckass 3-MeTus-2-¢peHundyTaHo-
Basi KUCJIOTA!

COOH COOH Ph
Ph+H + H—+—Ph + H NH, ——
CHzMez CHzMez Me
L) ® (R
Y
pauemar — (S, R)-conn
KPUCTAJLTU3ALIMS

— CMCCh THACTEPCOMEPHBIX
conei (S, R) u (R, R) M3 BOJHOIO CIiMpTa

— (R, R)-conb

st paznereHUst paUeMUYECKHX OCHOBHBIX COSNMHEHHMH INprMe-
HSIIOT ONTUYECKM AKTUBHBIE KUCJIOTBI, BUHHYIO, MUHIANBHYIO (0-THI-
poKcHpeHUITYKCYCHYIO), aclaparuHoBYI0 (aMUHOSHTAPHYIO), TyTa-
MMHOBYIO (a-aMHHOIJIyTapoByio), KaMmdopcynsdoHosyw (XL) u mp.

K coxaneHuio, pasiuyre B pacTBOPUMOCTH IHAHTUOMEDPOB pEel-
KO OBIBaeT JOCTATOUYHO BeaUKO. Js TOro 4toObl OCYLIECTBUTD IO~
HOe pa3JeNeHue B XOJe OJHOI onepauun, OObIUHO MPUXOLUTCS ITPO-
BOIMTH MHOTOKPATHYIO KPUCTAUTU3AIKIO, UTO JAEIaeT pazieieHue JI-
TEJbHBIM, TPYOOEMKHUM IIPOLIECCOM.

Ecnu Mosiekynia He COAepKUT KMCTOTHOH MJIM OCHOBHOWM IpyI-
MUPOBKH, TO €€ MOXHO CHAyYajia BBECTU B MOJIEKYJIY, a 3aTeM IIOCJe
pasjiesieHUs] Ha YHAHTUOMEDHI CHSITh, HAIIpUMEpP

CO
~
cl CH—OH + 0O —-»
| <~
panemat Ph CO
0]
I} S-GpyLuH
— (] CH—0O—C Bae—

Ph
pauemar HOOC
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0 1) KpucTayLTM3aLusi
il U3 3TWIalleTara
—» (] CH—-0—C >
[ 2) THAPONU3
Ph

)
@
ooc (6pyuun H)
[IMacTepeoMepHBIE COJIU

—» (] CH—OH (onTudyecku aKkTHUBHEIN)
Ph

HuactepeoMepbl MOTYT 0Opa30BRIBATLCH HE TONBKO B pe3yjbTarte
B3aUMOJENUCTBUM KMCIOT U OoCHoBaHMN DbBpeHcTena, xak ommucaHo
BbILLIE, HO TAKXE B peaklUIX, B KOTOPHIX B3aUMOLENHCTBYIOT KUCJIO-
Tl U OocHoBaHHUA JIpiouca. Tak, Ipu paclUemIeHUH apoMaTHYeCKHX
COCIMHEHHH, B COCTAB KOTOPBIX HE BXOOSIT HU KHUCJIOTHEBIE, HH OC-
HOBHBIE TPYTIITUPOBKM (HANpUMeEp, XUpaibHbIX HabTHIOBBIX 3¢HPOB),
MOXET OBITb MCITOJB30BaHA UX CHOCOOHOCTH O0Opa30OBHIBATH T-KOMII-
JIeKChl ¢ HUTpoduiyopeHoM. s 3TOH 1eNH MCIIONb3YIOT peareHT
(XLI), B KOTOpPOM 3EKTPOHOAKIIENITOPHAS TETPAHUTPODIYyOPEHOHOK-
CHMHasl TpYIINa IPUIOAET €My CIIOCOGHOCTh K KOMIUIEKCOOOpa3oBa-
HUIO C 3JEKTPOHONOHODHBIMM apOMAaTHYECKHMMHU KOJbLaMHM, a ¢par-
MEHT 3HAaHTHOMEPHOM MOJIOYHOMN KUCIOTH oDeciieYUBaAET peareHTy B
LIEJIOM OIITUYECKYIO aKTHBHOCTBL. JIpyrMM TIpUMEpPOM SIBJISIETCS pac-
UIETJIEHHE MPaHC-UMKIOOKTEHA NMYyTeM 0Opa3oBaHMUs KOMILIEKCA C
COJIBIO NBYXBaJIEHTHON NMIaTHUHBI (Kuciora JIpiouca), BTOPBIM JIUTaH-
IOM Yy KoTopo# siBisieTcst Monekyna (R)-a-dbeHwrstunamuba (XLIT):

CH,SO,H

NO, NO,
T oo
0, 7 No,

I
N—O—(!:—COOH

(XL) xLp s
acon
CH /
( \2)j PE—NH;—C—H
o Ph
(XLII)
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8.5.2. XPOMATOTPAONYECKOE PACIIIEIIIEHHE

Ecnmu paneMuyeckyio cMechb XxpoMarorpadupoBaTh HA KONOHKE,
3aMnoJHeHHOH XUpalbHbIMUA BEIIECTBAMU, SHAHTUOMEDPDBI JOJLKHBI [IPO-
XOAUTh C pA3HBIMHU CKOPOCTAMH H, CJICHOBATEJIBHO, UX MOXHO pas-
IEeIUTh. TakuM IIyTeM, HalpUuMep, MUHIAIbHYIO KHACAOTY Pa3lieNsioT
Ha KOJIOHKE, 3arojHEeHHON KpaxManoM. MoXHO HUCIIOIb30BaTh OyMax-
HYI0, KOJOHOYHYIO, [a30BYIO U XUIKOCTHYIO XPOMATOIPDADHUIO.

8.5.3. MEXAHNYECKOE PACHIEIIJIEHHME

B cny4yae pauemMudeckod HAaTpUHaMMOHHEBOI COJM BUHHOW KHC-
JIOTEI BHAHTUOMEpEBI IpH TeMrepatype Huxe 27 °C (3mech TeMnepary-
pa OYeHb BaXHa) KPUCTULIM3UPYIOTCS pa3le/ibHO: B OOHOM KpucC-
Taie cobuparTcs {(+)-U30Mepshl, a B ApyroM — (—)-u3oMepnl. Takue
KPUCTALIB! OTIMYAIOTCS APYT OT ApYyra 3epKaTbHOCTBIO QOPMBI, M HX
MOXHO pa3JeNIuTh C ITOMOIULIO MTUHLIeTa U MUKpocKoria. IMeHHo Ta-
kuMm nyteM JI.Ilactep B 1848 r. BnepBble 40KA3aJ, YTO paleMUYecKast
BHHHAS KHUCIOTA B IEHCTBUTEILHOCTH TIPENCTARIISET coboit cMech (+)-
U (—)-HU30MEPOB.

OjJHaKo Takoro poia KpHUCTLIHU3aIIUsS CBOMCTBEHHA ML HEMHO-
rHM BeliecTBaM. OmncaHo, HalpuMep, pacilellieHHe rerrarejluieHa
(ceMb cupajibHO COYNEHEHHBIX BEH30JbHBIX KOJELl; aHANOT reKcare-
nuueHa). OgMH U3 9HAHTHOMEPOB 3TOIC COEAHHEHHA, UMEIOILIMN HEo-
ObIYHO BBICOKOE onTHyeckoe Bpalnenue ([a] 1)20 = +6200°), cnoHTaH-
HO BbIKPUCTJLIM30BbIBAeTCS U3 OeH30Ja.

[lpu aHaOrWYHOM pacilelUIeHUH 6-MeTH-3,3~Au3ThHI-2,4-111-
nepuauHguona (XLIII) 6sto Basro 20 xr pauemara u nocie 400
NepeKpUCTAUIM3AUMI TTONYYEHO BCEro 3 I' ONTHYECKH YHCTOrO IIpa-
BOBpalaimouero udomMepa. OIHUM U3 HEMHOIMX COCOIUHEHUH, KOTO-
poe MOXHO pa3ieNuTh NUHLETOM, no Metogy Ilacrepa, aBiagercsd
1,V -guuadbrun (XLIV). Ilpu narpesanuu pauemara ripd 76—150 °C
npoucxogut ¢azosoe U3MEHeHHe ¢ obpa3oBaHUEM JIEBO- W IIpaBO-
BpAaIUAOUIUX KPUCTALIOB:

O
C,H;
C,Hs
HCTONTS0
H
(XLIID) (XLIV)
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8.5.4. DEPMEHTATUBHOE PACIIEIIJIEHUE

JloBOJIBHO YacTo ISl NMOJNYYEHHMS ONTUYECKU AKTUBHBEIX BELIECTB
M3 palleMaToOB UCHOJB3YIOT HPEepMeHThI, KOTOpbie 061a0aloT BHICOKOIA
cTepeocnelnpUIHOCTRIO NeicTBus. HaubGosbilee 3HaYeHUE METOI NIPH-
obpen 4y1si ctepeocneuUIECKOro ryaporsa N-auuiaMiMHOKHCIOT.
[Ton meitictBueM c¢epMeHTa auuIasbl Ha paLeMHYecKyio N-alerusia-
MHHOKUCIOTY L-u3omep runponusyerca B 1000 pas Opictpee D-u3o-
MEpa, U rocjie oKoH4YaHUsT GepMEHTATUBHON peakLMH JIETKO MOXHO
pazaenuTs L-aMHHOKUCIOTY U D-aleTHIaMHHOKHUCIIOTY.

8.5.5. YCTAHOBJIEHUE OIITUYECKOH YUCTOTHI

B GonpluMHCTBE CIy4yaeB IpM paclUeIUIEHUM PALEeMAaToB IToIyda-
I0TCS 3HaHTHOMepPHI, He uMetoine 100%-i onTudyeckoil wucTotsl. st
YCTaHOBJIEHUSI COAEPXAHUSA B HUX BTOPOro 3HAHTHOMEpA MpPUMEHS-
10T GaKTUYECKH Te XK€ MEeTOIbl, YTO U JJISI paclierUieHus], C TOW JIULIb
pa3duieif, 4To B JAHHOM clyyae obpasyiouiudecs NHACTepEeOMEpPHBIE
KOMILJIEKCH! HE pas3felisioT, a TEM WIHM UHBIM CIIOCOOOM OTIpenessior
HX KOHHeHTpaluio. OTHOCHTENbHbIE KOHIIEHTPAllMK THACTEPEOMEPOB
MOXHO OIpEeNe/JUTh JIOObIM criocoboM, Hanpumep ¢ nomouibio [2KX-
unu SIMP-cnekrpockonuu.

8.6. ACHMMETPUYECKNI CUHTE3 U KATAJIN3

Acummempuueckum cuHme3oM Ha3bIBAIOT peaKIlMU, B XONE KOTO-
PBbIX OOWH Y3 IBYX SHaHTHOMEPOB XUPAJIbHOIO IIPOAYKTa obOpasyercs
B DOJbLIEM KOJUYECTBE, YeM BTOpPOi. B acuMMeTpHYecKOM CHHTE3e
KJIIOYEBOM SIBISETCA CTaIMsl, B KOTOPOH TaK Ha3blBAEMBIl npoxupans-
Hulll peazenm npeapaujaemca 8 xupaavHuili npodykm. I1poxyupaibHBIMU
Ha3blBAIOTCS MOJIEKYJbI, CIIOCOOHBIE [IPEBPATUTHLCA B XMPATbHbIE MO-
JIEKYJIBI ITYTEM «OHOLIAIOBOro» IIpeobpasoBaHus cTpykTypsl. Harpu-
Mep, PEHUNYKCYCHYIO KUCNIOTY B OXHY CTAIHIO MOXHO ITPEBpPATUTh B
0-OpoM(EHUIYKCYCHYIO KMCIOTYy, KOTOpast XMpalbHa:

1) PBr
C¢H;CH,COOH + Br, ———» CéHsCHCOOH
2) H,0

2
T

NpOXHpaIbHas XYipaJibHast
MOJIEKyJa MOJIEKYJIA

B atoit peakuuu (R)- u (5)-usoMepHsie o-OpoMbeHUITYKCYCHbIE
KHCJIOThI 00pa3yioTes B CTPOro OAUHAKOBBIX KojauyecTBax (3.u. = 0),
W, CIEJ0BaTeAbHO, PEAKLIMIO Helib3sl Ha3BaTh AaCUMMETPHYECKUM CUH-
TE30M, XOTSl OHAa WM MPUBOAUT K 00Pa30BAHMIO XUPAIBHOTO MPOAYKTA
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13 axupayibHoro. YTobul 3HaHTHOMEPHBIA U30LITOK ObUT OTIMYEH OT
HYJI, HEOOXOAMMO 0BS3aTeibHO cOoBJIIOCTH OQHO OYEHb BaXHOE yC-
JIoBKE. DTO YCHOBHE COCTOUT B TOM, UTO B XO[€ pEaKkLUU 00s3aTeNb-
HO HOJIXXHbI BOSHUKHYTh JTHAcCTEpPEOMEPHBIE OTHOLIECHUS MEXAY BHOBb
BO3HUKAIOUIUM XHPATBHBIM 3JIEMEHTOM (B paccCMaTpvMBaeMOM IIpUMeE-
pe — LHEHTPOM XUPAIBHOCTH) U BTOPBIM XUPAJIBHBIM 3JIEMEHTOM, CITe-
UMAbHO BBOAMMBIM B pearvpyolyio cucremy. Hanmpumep, npoxu-
paTbHAsT MOJIEKYJIA HATPUEBOU COMH METHWISTHIMATOHOBON KHCIOTHI
pyu JeKapOOKCUIMPOBAHUHM [AeT PalleMUYECKYI0 2-METHUIMACISIHYIO
KHUCJIOTY, HO OpYLMHOBAasl COJNIb HAeT MPONYKT ¢ U3OBITKOM JIE€BOBpa-
[LIAIOLIETO U3OMEpA;

COO
CH3\ / H 1) HarpeBanue, — CO,
/C\ o " > C6H5FH—COOH
®
CHY “coona 2 HiO CH,
[a]D =0 (u =0
CH3\ /COOH 1) Harpesanue, — CO,
C -+ C¢H;CHCOOH
s N\ 2) H,0" |
,H3 COOH:- 6pyiun CH,

[l , = —1,7 (2.u. = 10%)

Peakiuus nekapOoOKCHINPOBaHKUA OPYIIMHOBOM COMU SIBIUIACH TTEPBBIM
NMpUMEpPOM acuMmerpuyeckoro cuHresa (B.Mapksaasn, 1904). 3necs
BTOPbIM XUPAJbHBIM 3JIEMEHTOM SIBISETCS ACHMMETPHYECKHA LEHTpP
B MOJIEKyJie OpylIMHa.

B tom xe 1904 r. A.MakkeH3U OCYILECTBII ACHMMETPUYECKHE CUH~
Te3bl, B KOTOPBIX UCXOJHBLIM PEAreHTOM CIYXHJ (—)-MEHTHJIOBBIH
3bup GeHUNTIUOKCWIOBOM KHCIOTH (XLV):

0 1) CH,Mgl THs
CH—C—cZ ————» CH~C*COOH (5.u. =25%)
[ o 2) H,0* |
o) OH
(XLY)

B 3TOM mpuMeEpe BTOPBIM XUpPaNbHLIM 3JEMEHTOM SBIAAETCA XUPaib-
HbIA LIEHTP B MEHTHWJIOBOI IpymnIe.

[ tyboxkuit cMbIc] HEOOXOMMMOCTH IIPUCYTCTBUA BTOPOro XUpPasib-
HOTO 3JIEMEHTA COCTOMT B TOM, YTO «JI€BOe» OYAET NpEeATOUYTHTENIb-
HO, YeM «II1paBoe» (WIK «IIpaBoe» Oojiee NPEATIOUTUTENBHO, YeM «JIe-
BOE») JIMIIB B TOM Cjlyyde, KOIZla UMEETCsl BTOPO# 3JEMEHT, KOTOPBIH
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TOXE MOXET ObITb JIEBBIM WIM NIPABBIM, U MTOTOMY «PacliOo3HAET» 3HEP-
TeTMYECKYIO pasHULYy MexIy rnoaxonoM peareHta (CH;Mgl Bo BrO-
POM INpUMEpE) cjieBa WM CIpaBa, U CNOCOOCTBYET ONpeneieHHOU
Haubosiee BLITOAHOW OPHEHTALIUMU.

B paccMOTpeHHBIX BbILIE IPUMEPAX BCIIOMOTATEIbHbINA XUPAIbHbIN
2JIEMEHT coiepXaicsi B caMoM cyberpate. OJHAKO CTEpPEOXMMHUYEC-
KMii pe3yabTaT peakliMy 3aBUCUT HE OT CUMMETPUM OXHOTO JIMIIEL pe-
areHTa, a OT ITOJIHOI CUMMETpUM pearupympouleit cucremsl. Iloatomy
NIpY MPOBENEHUU ACHUMMETPHUUYECKOro CHHTE3a UCIIOAb3yloTes (1) xu-
pajbHbie CyOCTpaThl, COIEpXallie MpOXUpaldbHple Ipynmsl, (2) xu-
pajbHble peareHThl (HampuMep, XWpaibHbie TMAPUABL NPU TUIPH-
pOBaHMM KpaTHBIX cBsi3eit), (3) xupanpHbIEe KaTanu3atopsl U (4)
XUpajbHble pacTBopUTenn. CTepeoceNeKTHBHOCTh (3HAaHTHOMEPHbIH
HU30BITOK) AaCUMMETPUYECKOTO CHHTE3a KOJeONIeTcS B OYeHb IIUpO-
KUX Ipenenax, JocTuras 98% mpu HCIIOJIB30BAHUM HEKOTOPBIX XH-
PAIbHBIX KaTaIKU3aTOpoB (CM. HUXe, a Takke I1.27 B 4.3), a B dep-
MEHTATHBHBIX peakuuax — gaxe 100%. Peakuuy ¢ celeKTUBHOCTBIO
100% HaspIBAIOTCS Cmepeocheyupuueckumu.

CoBpeMeHHBIEC MPEACTARIEHUS O MEXaHU3ME ACHMMETPHYECKOro
CHHTE3a LIEJIMKOM OCHOBAHBI Ha koxgpopmayuonrom anaruze. Ho npexne
YeM MepeiTd K MeXaHU3My, HeoOXoouMo elle pa3 U 6Gojee NETATBLHO
pPacCMOTPETh BOIIPOCHI BHYTPUMOJIEKYNSIPHOM CHMMETPUH, ITOCKOb-
Ky MHOI'ME MOJIEKYJIbI COAEPXKAT ATOMBI MU TPYIINEI, KOTOPLIE JHUILb
KaXyTcst 9KBUBAJICHTHBIMM, HO IIPH CTPOroil MpoBepKe Ha CAMOM Jeie
OKa3bIBAIOTCS PAa3HBIMH.

8.6.1. SHAHTHOTOIIHBIE U THACTEPEOTOIIHBIE ATOMBEI,
I'PYIIIbLI U ITOBEPXHOCTH

Hoenmuunoimu TpymnaMy HasblBAKOTCHA (PPArMEHTH MONEKY/, UMe-
IOIIHE OJHHAKOBBIE COCTaB, CTpoeHHUE U KoHburypauuo. MneHTUYHbIE
IPYNIbI MOTYT 3aHMMAaTh OJUHAKOBbIE WJIH pa3Hble MoioxeHus. Ha-
npumMep, B moiekyie 1,3,6,8-terpanurpoduyopera (XLVI) unentud-
HBI BCE YeThIpe HUTPOIPYIHIbI, HO OJHHAKOBBIE ITOJIOXEHUS 3aHUMA-
IOT MOIMAPHO IPYIIILI B MoJoXeHusx 1,8 u 3,6:

. 2 O
O,N : NO,

u (XLVI)

NO, NO,

I'pynnmel, 3aHUMAIOLINE OJUHAKOBBIE ITOJIOXEHHUS, HA3bIBAIOTCS 3K-
BUBANEHMHBIMU, WA 2omomonHbimu (OT rped. TOnol — MecTo); OHHM
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NepeBodsiTCA OOHA B APYIYIO NPy [OBOPOTE MOJEKYIIbl BOKPYT €€ OCH
Bpawenust C, (KoHeyHo, n # 1 u n # ). B coeannenmn XLVI C=G;

HUXE TpUBENEHBI IPYTHUE LIPMMepPhl TOMOTOITHBIX IPYIIN:

o)

v,

P
/1IN Ph H=—)|—--H
pn” | pn

G

TOMOTOIIHELIC
TPYIIIIbL:
Ph/Ph/Ph H/H

\\Ha
H; H,
/ Cz
Hy/H, 1 Hy/H,

[
0

O=COH

OH/OH

0

MeTtunbHble TpyHnel B U3ONPONWIXJIOPHUIE HE IOMOTOITHBI, TaK KakK
MOJIEKYJIAa HE UMEET OCH BpalI€HMS IIOpsAIKa BHILE €AHMHHUUIbI:

Cl

~—

—H

(C, orcyrcrByeT)

Y1068 NPOBEPUTD, SBISIOTCS JIA aTOMBI WIH I'PYIIITE S3KBUBATCHTHbI-
MU, KX MBICJIEHHO 3aMEHSIIOT Ha KakKue-HUOynb OPYTHME€ aTOMbI WM
rpynnel. Ecnu B pesynprare 3ameHbl HOBbIE MOJIEKYJIBl OYIYT MIEH-
TUYHBI, 3HAYUT, U B HCXOAHBIX MOJIEKYNax aTOMBI ObUIM 3KBUBAICHT-
nel. Hanpumep, B audropMerane atomel H, u H, romoromnHsl, mo-
ckonbky 1py 3aMeHe H, u H, Ha nobyio rpynmy Z rioiy4aiorcsl uieH-

TUYHBIC MOJICKYJIBI:

? HOCHTUYHBI
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HaoGoport, npu 3ameHe pasHbIx atoMoB Bogopoaa CH,-rpynmsl
B 3TAHOJIE Ha IpyNIy Z NoJy4yaroTcs pasHble SHAHTHOMEDHI:

OH h
OH 1) )\‘Z
- SHAHTHOME
3
F K
N H

CnenosarensHo, atoMbl H; u H, He romoromnHsl. Takue aroMsl Wi
[PYIIBL, AAIOLIME [PU 3aMELICHUM TPEThEH TpyNIof 3HAHTHOMEPHI,
HA3bIBAIOTCS IHAHMUOMONHbIMU.

C TOYKM 3peHMST CHMMETPUH SHAHTUOTOITHBIMY HA3BIBAKOTCS TPYII-
IIbl, KOTOpPBIE MEPEBOASTCS ONHA B APYTYIO IIyTEM OTPAXEHUS B 3ep-
KQJIBHO# IUIOCKOCTU WM (pexe) NMpU onepauuyd CUMMeTpud S, (3ep-
KaJIbHO-NOBOPOTHAas ock). Ilockonbky o = S (1abn. 8.1), aHaHTHO-
TOMHBIE FPYINbl MOTYT NPUCYTCTBOBATH TOJABKO B aXMpajabHBIX
MoJieKynax (Cp. oIlpegesieHUe XUpAJIbHOCTH, AaHHOe B pa3nene 8.2.2.6).

Huxe npuBeneHbl HEKOTOPHIE MPUMEDPBI COEIUHEHUH, COIepXKa-
IUMX 3HAHTHOTOMHBIE ATOMBI BOAOPOLA, KOTOPbIE YCIOBHO 00O3Ha-
yeHbl cMMBoJIaMH Hg u Hp (T.e. «IeBbld» U «IIpaBBIil»):

H\ /CH3 Hp Hg
C=—=C
\/
C\
HS/ \H R H3C

DHAHTHUOTOITHBIE TPYNIbI HEJIb3S OTJIMYUTE IPYT OT Ipyra B axu-
PATBHBIX ycioBusiX. He noMoxer HH MpUMeHeHHE PU3NYECKUX METO-
JoB (MK- n SIMP-crieKTpoCcKOoMusi), H4 IpoBeJeHHe XUMUYECKOH pe-
aKIHWHU C aXUpaNbHBIM peareHToM. Y TonbKo B yc/IoBusiX, obecrieynBa-
IOLMX MOSIBJEHUE Pa3IMYysl MeXIY IMPaBbIMUA ¥ JIEBBIMHA MOJICKYJIAMHU,
SHAHTHUOTOIMHLIE TPYIIIBLl CTAHOBATCSA PATHYUMBIMU. [JIs1 3TOrO HYX-
HO CO31aTh BO3MOXHOCTb B3aMMOIEHCTBHMSI cyDcTpaTa, MMEIOLIEro
SHAHTHOTONHBIE PYIIbI, ¢ KAKOK-IUOO XUpaNbHOW YacTHLIEH, Ha-
IpUMep C HepalleMUYECKUM XUPAJIBbHBIM PEarc¢HTOM IWIU HEpaleMU-
YEeCKMM XHPATbHBIM KaTalU3aTOpPOM.

HanpuMep, MeTHJIEHOBBIC TpYIIIEBI, BXOASIIME B COCTaB JUMOH-
Hoit kucaoTsl (XLVII), sHaHTHOoTONHEL. Eciau B OXHY M3 HUX BBECTU
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U30TOMHYI0 METKY, a 3aTeM IpOBeCTH (hepMeHTATUBHOE [peBpalle-
HHe B 2-KetornyrapoByw kuciory (XLVIII), To okasbiBaercs, 4To
M3 IBYX UMEBILUXCS B UCXOIHOU MOJIEKY/C METHIEHOBBIX IPYIII OKHUC-
JiteTcsl TOJNILKO Ta, KOTOpasl He coaepXana HedTepueBoil METKU:

ICOOH ICOOH (leOH
C|:HZ ?Hz epMeHTBI (1:O
HOOC—Cli—-OH HOOC—(':—OH _— (‘:Hz
o o o
COOH COOH COOH
(XLVII) , (XLVIII)

JTa peaklUus HCKJIIUYMTEIbHO BaXXHA B OMOXMMUM; OHA BXOJUT B Me-
TaGOJIMYECKUH YuUKA AUMOHHOU Kucaoms:, UK yuka Kpe6ea. [lpuumnHa
U30UPATENbHOCTH OKUCIEHH METHIEHOBBIX I'PYIIT COCTOUT B TOM, YTO
3HAHTHOTONHEBIE TPYNIBEl B XHPaIbHOM OKPYXEHHHM CTAHOBSATCS
JHUACTEPEOTONHBIMH.

Auacmepeomonnsimu HA3BIBAIOTCSL ATOMBI HJIM IPYIIIBI, PACOJIO-
JKEHHbIE B MOJIEKYJie TAKUM 00pa3oM, YTo IoclieoBaTe/IbHAasl 3aMeHa
KaXIOH M3 HUX Ipynioi Z MPUBOJUT K MTOJYUYSHUIO JUACTEPEOMEPOB
(Mu Z- u E-u30MepoB B ClTydae aJIKEHOB):

e
Z—C—H
cH, W O—C-H
Hy~C—Hy &,
Cl—C—H > IHACTEpEOMEDHI
3 (B) H_(I:__Z
Cl—(IZ—H
(Hs 1 Hp anacrepeoromnHbi) CH, y
Z H
N/
T
H (A)
Ha M8 / AN
C H,C H
él: > Z,E-usomepbl
AN H
Il
7/ C\
H,C H _J
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III/IaCTCpCOTOHHbIC I'pynnbl HE CBA3aHBI MEXIY coboif HUKaAKMMU
3JIEMEHTAMH CUMMETPHH. Huxe NpUBEOEHBI IIPUMEDPB] COEOIMHEHU,
CoJIEpXKalMX NMACTEPCOTOIIHbBIC IIPOTOHDI.

H O
H g a He—

H

H He—-
H H 3HAHTHO- T T
TOITHBIE
JIHMACTEPEOTOIHBIE
JIHACTEPEOTOTHBIE

TIPOTOHBI B HEUAEHTHYHBIX
ITONOXEHUSIX (MIpH 3aMEHE
Ha Z NOJy4aloTcsl pasHbie

M30MEPHI ITONOXEHHU)

. r——_£—‘ JHacTepeo-
H CHFC TOITHBIC

H H
sx{aﬂmo—{ }:maﬂ'mo-
TOITHBIE TOIHEIE
H H
H H
t—‘——j H,C H

JTMACTEPEOTOITHbIE
JTHACTEPEOTOITHBIE

Ilpu dbepMeHTATUBHOM OKUCIEHUM JIUMOHHON! KUCIOTH (CM. €.66)
MTOBEPXHOCTh GepMeEHTA, B3aHMMOAEHCTBYIOLIEro ¢ cybCcTpaToM, co3ia-
€T XMpPAJIbHOE OKPYXEHHE CcyOcTpaTa M YHUYTOXAET BJAEMEHTHI CHM-
MeTpHuH, ObIBlIME B CBOGOIHOM MoJieKyne cybcrpara. Komiuieke cy6-
cTpaT-epMeHT CTAHOBUTCS IMACTEPEOTONHbIM. IIpH 3TOM aKTMBHBIH
LIEHTp, 0DO3HAaYEeHHBIH CHMBOJIOM Ox, OTBEYaeT 3a OKUCJEHUE IpPH
YCJIOBHHM, YTO MOJIEKyJa cybcTpara IpelBapdTeNbHO ObLIa MpaBHIBHO
OPMEHTHPOBAHA IPU €6 UMMOOWIM3aLMHU Ha IMOBEPXHOCTH (epMeHTa.
TIpaBwibHass OpUEHTALMS] BO3MOXHA JIMIUIbL B TOM CIY4Yae, eCJIH MEXIY
MOBEPXHOCTHIO hepMeHTa ¥ MOJEKYNOi TUMOHHON KHUCIOTHI, CONlepXKa-
LIEN DHAHTHUOTOITHBIE TPYIITbI, OCYLUECTRISAETCS «TPEXTOUEYHBI KOH-
TakT» TpeMs rpynmnamMu COOH. 3T1o nosicHAeTCs Cenyolei cxeMoii:
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LHEHTPHI CBA3BIBAHUA

rpyrin COOH
—OH E!
HO— C COOH
CBOOOHBII TPaBIIbHAS HETpaBIWIbHAS
bepmeHT OpHEHTALIU; OpPUEHTALHS;
okucnsercss CHjp CD, He okucisercs]

JuacTepeoTonHble TPYIIL ¢ aXHPAJIbHBIMU peareHTaMH B3auMO-
IEHCTBYIOT C Pa3HbIMU CKOPOCTAMH. [Ipyroil BaXHO# 0coOeHHOCTHIO
SIBJIIeTCS pa3iuyue B criekrpax AMP, B KOTOpPBIX JHACTEPEOTOIHBIE
NIPOTOHBI HOJIXHbBI HABATh PAa3HBIC CUTHAIBI, paclieIUVICHHbIE 33 CYET
CIUH-CITMHOBOIO B3aMMOAEHCTBUS OPYT C OPYTOM. DTO PE3KO OTJIH-
YaeT MX OT 3HAHTHOTOIIHBIX ATOMOB BOJOPOIA, KOTOPBIE HEpa3IAYM-
MbI B IMP-criexTpax, 3a MCKIIOYEHHEM TEX CIY4aeB, KOTIA HUCIIOJIb-
3YIOTCSE XHpIbHBIE pacTBOpUTeNH. OOTHAKO HA NMPaKTHKE CUTHAIBI JUa-
CTEPEOTOITHBIX MMPOTOHOB 4acTO GBIBAIOT HEPalTHYMMBI, TaK KaK 3TH
CHUTHAaJIBI OYeHBb OJIU3KO0 pacIoNoXeHBl APYT K Apyry. YTobbl 1oGUTHCs
UX paspelleHusi, IPUMEHSIOT JAaHTAHUIHbBIE CIBUTAIOLIUE PEareHTHI,
U3MEHSIIOT KOHIEHTPALUIO WM MMOAOMPAIOT PacTBOPUTENb.

OtMeTuM, 9To B coequHeHuax Tuna Xo,CYZ rpynnsl X 3HAHTHO-
TOIHBI, ecni Y U Z axupaibHbl, HO JUACTEPEOTOIHBI, €CIK Y WIH
Z XUpaNbHBbI.

[lycte rpynna Z xupanbHa, Hanpumep Z = Cabc, rae a, b u
C — pa3Hbie 3aMecTUTeJIM. TOrga MOryT CYHIECTBOBAaTb TPHU poTame-
pa — A, b u B, — B KOoTOpbIX Onuxaililiee OKpYXeHUE MISHTHUYHBIX
rpynmn Xa ¥ Xg HEOIUHAKOBO:

Y Y Y

le]
0
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B poramepe A rpynna X cOnMXeHa ¢ rpynnaMmu a M c, a rpynna
Xpg - crpynnamu b u c. B poramepe b rpyrma X cbiauxeHa ¢ rpyn-
naMu a ¥ b, a rpynna Xg — ¢ rpynnaMu a u c. B poramepe B K
rpynne X G1uxe HaxoOsiTcs TpyNIbl b U ¢, a K rpynne Xg — IPYIIIbI
a 1 b. TakuM oOpa3oM, B KaXIOM poramepe rpynnbl Xa U Xp
HE3KBUBAJIEHTHBI. boJjiee Toro, MOXHO MOKa3aTh, YTO IIPH BCEX BO3-
MOXHBIX NepexoJax Mexny poramepaMu 4, b u B, T.e. B npouecce
BHYTPEHHEr0 BpallC¢HMsI, HUKOTIa He MoXeT ObITh KoHpopMauuu, B
KoTOopoif XA HMeeT TOYHO TaKoe Xe OKpyXeHue, Kak Xp. Jlaxe B
yCIIOBUSIX OBICTPOrO BHYTPEHHEIO BpAlLEHUS, KOTAA IPOUCXOAUT yC-
penHeHUe WHOUBUAYAJIBHOTO CTPYKTYPHOTO OKPYXEHHS OTHENbHO
rpynnn Xs ¥ Xg BO BpeMeHH, UCTHHHOIO YCPEIHEHHS IIPH CpaBHe-
HUHM 3THX Fpynn Mexmay coboif B JaHHBIA MOMEHT BPEMEHHU IIPOMC-
XOIOUTh HE MOXET. B 3TOM HAIJISITHO NPOSIBISIETCS UCTHHHAST HEDKBU-
BJIEHTHOCTb IMACTEPEOTOITHBIX TPYIIII.

Ilo aHamorMM ¢ 3HAHTHMOTONMHBIMM WIHU JUACTCPEOTONHBIMU aToO-
MaM¥ ¥ IPYNIAMH B TPUMTOHAJIBHBIX MOJIEKYJIAX PaIMYAIOT IHaAHMUO-
monHble WK OuacmepeomonHsie TIOBEPXHOCTH. PaccMOTpUM MOJIEKY-
N6l opMaibaeryaa WIH aleToHa. ATaka axMpaJIbHbBIM pPEAareHTOM A~
[0 KapOOHWIBHOMY YDJIEPOAY NPUBOAUT K OZHOMY M TOMY Xe IIpO-
nykry. TakuMm obpa3oM, NBe ITOBEPXHOCTH ([B€ CTOPOHBI IUIOCKOCTH
KapOOHWIBHOM TPYIIIbl) 3KBUBAJIEHTHB! (20MOmMOnHbL):

B 6yraHOHE WIM aleTaIbIEIHIe aTaKa aXMPAIBbHBIM PEareHTOM C
OITHOH CTOPOHBI MOBEPXHOCTH IIPUBOJMUT K IEPEXONMHOMY COCTOSTHHUIO
M MPOOYKTY, KOTOPBIE SIBISIIOTCS 3HAHTHOMEPAMM IEPEXONHOTO CO-
CTOSIHHSI ¥ NTPONYKTa, 00pa3ymollerocsi IIpH aTake ¢ APYroil CTOPOHBI
[MOBEPXHOCTH MCXOOHOM MOJIEKYJIBIL:

©
. eO\ / A
+ /(:\\
R T‘R'
l
3HAHTUOMEPBI
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Taxkue noBepxHOCTH HA3BIBAIOT 3HAHTUOTOMHBLIMU. [10CKOJIBKY B TOM
ciydae, €c/id MCXOJHBIE BEUIECTBZ U Cpela ONTHYECKHM HEAKTHBHBI,
€O31aTh ONTHUYECKU AKTUBHBIHA MPOAYKT HEBO3MOXHO, B paccMaTpu-
BaeMOM ciiyyae obpasyercd paleMHMYecKash CMECh IHAHTHOMEDOB.
OzxHako fMpy aTake 3HAHTHOTOITHON NMOBEPXHOCTH XMPAaJIbHBIM OIITH-
YeCKH aKTUBHBIM peareHToM obpa3yioTcsl AMacTepeoOMeEpDl, U NPH 3TOM
HE B PAaBHbIX KOJUYECTBAX.

,[[Be 3HAHTHOTOITHbIE MOBEPXHOCTH MOJIEKYJIb! CBA3dHLI MEXIOY CO-
6ol onepauueil CUMMETPUU — OTPAXKECHUEM B 3€pKAIBHON TUIOCKO-
ctu. Ecnu Xe Be NOBEpXHOCTH HEJIb3S CBSI3aTh HUKAKMMHU OllepalH-
SIMM CUMMETPUHU (KpOMe UIEHTUYHOCTH), TO TAKHE [TOBEPXHOCTH Ha-
3BIBAIOTCH IMACTEPEOTONHBIMU. Hampumep, B MpuBEeIcHHOM HHUXe
KETOHE ABE ITOBEPXHOCTH HUACTEPEOTOIIHbl, U B PE3yJbTaTe B3aHMO-
neficTBusi 0Opa3yloTcsl AMacTepeoMephl:

A O °% A
N _ 7 N 7

& H * S H

c/ \'c/ H.C C
Hy ““Ph 3 ““Ph

Me Me
JAacTepeOMeEpPhI

JIrobele IMACTEPeOTOIHbIE MOJIEKYIAPHbIE TTOBEPXHOCTU B3aUMOJIEH-
cTBYIOT Au¢¢epeHIMPOBAHHO C JIIOOBIM TUIIOM PEareHTOB, IOCKOJIb-
KY PEareHT, IOAXOOs K pa3HbEIM CTOPOHAM ITOBEPXHOCTH, MCIIBITHIBA-
€T pa3Hoe BIUSHUE.

8.6.2. CHHTE3bI HA OCHOBE KAPBOHH.JIBHBIX COEAUHEHUIT

OnuH 13 HauboJee pacpOCTPaHEHHBIX NMyTeil aCUMMETPHUYECKO-
ro CHHTE3a 3aKJII0YaeTcsl B 0Opa3OBaHUM XUPAIbHBIX CIIUPTOB IIyTEM
nprcoeqMHeHUs 110 KapOOHWIBHOI rpymne. st oCcyIeCTBIEHUS acCUM-
METPUYECKOI'0 CHHTE3a C IPOXHPATbHBIMU 3HAHTUOTOITHBIMU Kap6o-
HWIbHBIMU COEHMHEHMSIMU IIPOBOOSIT PEAKLMIO C XMPAIbHBIM pea-
FEHTOM, XUPIbHBIM KaTaJIM3aTOPOM WIM B XUpANbHOU cpene. B cay-
4yae QUAcTEePEOTONHBIX KAapOOHWIBHBIX IDYII XUPAJIbHLIA peareHr,
KaTaIU3aToOp WJIH PAcTBOPUTENHh HE TPeOYIOTCS, ITOCKOJILKY HEo0Xo-
IUMBIH JUISI OTJHAYHUS «IIpaBOro» OT «JIEBOIro» JJIEMCHT XUDPAJIBHOCTH
YX€ CONEPXHUTCH B UCXOIHOH MOJICKYJIE. AchMerpuqecxnﬁ CHUHTE3 C
TOMOTOTIHBIMM KapOOHUIBHBIMU COEIUHEHUSAMH (HOPMaIbIETHIOM,
aueToOHOM, 6eH30(eHOHOM U T.I.) IIPOBECTH HEBO3MOXHO MO MPUH-
UUIHAATBHBIM NPUYMHAM, CBSI3aHHBIM C WX BBICOKOH CHUMMETPUEH.
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OO6BIYHO [JIST ACHMMETPUYECKOTO CUHTE3a CIIMPTOB U3 KApOOHMIb-
HBIX COCOIMHEHUNA MCIOJB3YIOT PEAKUMIO BOCCTAHOBIEHUSI KapOOHMITb-
HOM Ipyrinbl KOMILIEKCHBIMU TMAPUAAMH ATIOMUHUS WIH TUAPUAAMHU
fopa MM peakUHUIO MPUCOCAUHEHUS METALIOOPTaHUYECKHX COEXH-
HeHU# K rpynne C=0.

8.6.2.a. ACHUMMETPUYECKOE BOCCTAHOBJIIEHHUE
KAPBOHHWJIBHOW TPYITHI

KapGoHWIBHBIE COEIUHEHHS ¢ SHAHTUOTOITHEIMM CTOPOHAMM BBO-
IAT B PeakilHi0 C ONTUYECKM aKTMBHBIMH peareHTaMd. daile Bcero
HCIIONB3YIOT THAPUIHOE BOCCTAHOBJIEHHE OITHYECKH aKTHBHBIMH
TMAPUIAMH AJIIOMUHUS M Gopa. XupalbHble 'MIOPHUIBI ITOMYYAIOT U3
Pa3IMYHBIX OIITHYECKYW AKTHMBHBLIX MOJIEKYJ, COHEpPXAlUX TPYIIIHI,
cnocoOHbie KOOPAUHUPOBATHCS ¢ OOPOM UIM ATIOMHUHHEM C obpa-
30BaHHEM KOH(pOpMAUIMOHHO XeCTKMX KoMIulekcoB. Hampumep,
2,2’-murunpokcu-1,1’-gunadprn (XLIX), Monekynsl kotoporo obja-
HJAIOT aKCHAJIbHOH XMPAIHHOCTHIO, MOXET OBbITh pa3lesieH Ha HAHTH-
OMEpPBI, M3 KOTOPBIX MOJYYalOT ONTHYECKH aKTHBHBIE KOMILIEKCHBIE
THAPUIBI ATIOMUHMUS:

OH ) ® O /H
(XLIX) XUpTbHbIA THUIPUL

st roydeHHUsT XMpaNbHbBIX THIPUIOB IMOMHUMO coenuHeHuss XLIX
MPUMEHSIOT MHOXECTBO APYIMX XMPAJIBHBIX JIUTAHOOB, HMXE NpUBE-
[IEHBbI HEKOTOPHIE HPHUMEPBI:

Me COOH CH,NMe,
H——NMe, H——Me
PhCH,NH H
H——OH HO—+—CH,Ph
Ph CH,SH Ph
(«ZapBOH»)

OnTryecky aKTUBHBIN 'MApua aJIIOMUHUSA, pearupysa ¢ S9HaHTHO-
TOITHBIM Kap6OHI/UH>HbIM COeIMHEHNEM, CIIocobeH «pas3yinyaTb» OBEC
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Pa3HblE CTOPOHBI ILIOCKOCTH KapOOHMIBHOW rpynnsl. IlpuyuHamu,
OOYCJIORIMBAIOLIMMHU TAKOE «XUPAIbHOE PACIIO3HABAHUE» PA3HBIX CTO-
POH MOJIEKYJIBI, SABISIOTCA MMPOCTPAHCTBEHHBIE U 3J€KTPOHHbIE B3aU-
MOJAeHACTBHSA (XOTA TNPOCTPAHCTBEHHBIE B3AUMOIEHCTBUSA, IO CYLUE-
CTBY, 3TO TOXE 3JeKTpPOHHBIE B3aUMOIECHCTBHUS, 3aKIIOYAIOIIHECS B
OTTAIKMBAHMHM 3aMOTHEHHBIX 060J10UeK CONMMKEHHBIX B [IPOCTPAHCTBE
rpynim). B xayecTBe npuMepa peakiiuy, B KOTOpO JeHCTBYIOT «3NE€KT-
POHHBIE (DAKTOPBI», PACCMOTPHM PEaKIIHIO BOCCTAHOBJIEHUSI KapGo-
HUJBHOU TPYIIBI o, -HEHACBIIIIEHHBIX KETOHOB KOMIUIEKCHBIM THI-
puMIoM amoMuHuA L, xoropelit Hocut Ha3BaHue BINAL-H. Bra pe-
aKIMs B BBICOKOH CTENEHH 3HAHTHOCEJECKTHBHA!

v R(R)-BINAL-H U"\/R ($)-BINAL-H R
k |

HO H

\\\\

H ©OH

(R) (3.1.~ 90%) U,=apun, ankenwi, arkauun  (S) (3.4.~ 90%)

190 "
H
o\AI Y O H_
AL L == AL L
O ORrR ~o0 (l)
L Oe i R’
(L) (5)-BINAL-H (LI)

Ilpenmonaraercs, ytro BINAL-H pearnpyer B ¢opme LI, B Kotopoii
HMMeeTCs JIMTUEBBIA MOCTHK MeXay kuciaoporoM rpymmel OR (R’ = AlK)
Y TMAPWIHBIM BOIOPOIOM. MexaHH3M BOCCTaHOBJIEHMSI MOXHO IIpen-
CTABUTD CACAYIOIIEH CXEMOIM:

/

~5=2 | >C_‘l)
I;:I_El - I-Ii Li
O——l\l———lo O0—Al—O

L
{
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CornacHo 3TOH CXeMe, peaKlMsl OCYLIECTBISIETCS Yepe3 HMKIHYECKOE
11epexoqHOe COCTOSHUE, B KOTOPOM JMTUN WMIpaeT BaXHYIO pOJb:
KOOPAMHHUDYSACH MO aTOMY KUCIOpoAa KapOOHUJIbHOW TIpYINbI, OH
CITOCcOBCTBYET Mepexony TMAPMIHOTO aToOMa BOAOPOIA K aToMy yIiie-
pona. PaccMaTpuBasi CTPYKTYPhl KOOPAMHALMOHHBIX KOMIUIEKCOB, Ha-
npumep (S)-BINAL-H c keronom (LII m LIII), mMoxHO mpuiitTu X
BeIBOAY, uTO cTpykTtypa LI, nmpusogsiias x obpaszopsauuio (S)-crimp-
Ta, 6osiee BBIroJHa, NOCKONbKY B crpykType LIII umeercs Hebnaro-
MPUSITHOE OTTAJKMBAHUE MEXIY HETIONEIEHHOU ITapoi OZHOro U3 aTo-
MOB KHCJIOPOJA H T-3JIEKTPOHAMHU HEHACHIIHEHHOHN TDYIIIILL:

(S)- /O . :\O /0\ H p
~0 o—1i >0 o—1Ii
/ \ / \
R S R S

(L) (LI

(3mecb S—MoJEKyna pacTBOPUTEIS)

Taxum o6pa3oM, B 3TOM IpUMepe NMPUYMHOH SHAHTHOCEJIEKTHBHOC-
TU SIBASIETCS N, T-B3aUMOLEeHCTBME (OTTAIKMBAaHKE), BO3ZMOXHOE IPHU
CONMKEHMH aTOMa KHCIOPOAA ¢ HEHACBHIIIEHHOM Ipymnnoi. XoTs npu
yBeJIHM4eHUH obbeMa rpynnsl R mpocTpaHCTBEHHOE OTTaJKMBaHUE
Mexny Hed u HadToMbHBIM KUCTOpoaoM B cTpykType LII yBenuyusa-
eTcsl, B3aUMOAEHCTBYE HEIONEeHHOM! Maphl C T-CUCTEMOIl BCE Xe
ocTaeTca Oojiee CHIBHBIM, U IO3TOMY Jaxe sl oO6beMUCTBIX R yka-
3aHHasl 3HAHTUOCEJECKTUBHOCTb COXPAHSETCS, MpaBaa, SHAHTHOMED-
HBI U30BITOK B 3TOM CJIy4dae MeHBbIIIE.

B xayecTBe Ipyroro rnpuMmepa aCMMMETPHYECKOTO CHHTE3a MOXHO
[IPUBECTH BOCCTAHOBJIEHHE SHAHTHOTOIHOIO OCH3AIbIEruaa KOMII-
JIEKCHBIM JEUTEPUAOM aTIOMUHHS:

0
|| LiAID,(OR®), - o d

C
/ \ “~H H-~
Ph H \ph 141
R-(17%) S-(17%)

{R*OH = «napBoH»; cM. ¢. 72)
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Xopoilxe pe3y/nbTaThl MOJyYeHb! IPY UCIIOAB30BAHMM B Ka4eCTBe
BoccTaHoBUTENS B-3-nmHaHuin-9-6opabunivkio]3.3.1]JHoHaHa (nuMHa-
uui-BBN). C nomoulbio 3T0ro peareHTa acMMMETPpUYECKOEe BOCCTa-
HOBJEHUE ITHHHIKETOHOB, a TakXke 3(pUPOB (1-OKCOKUCIOT YIAETCH
MPOBECTH C 3HAKTUOMEPHBIM M36bITKOM 80-100%:

BBN (G}

H,0
R—C—C=CR'+ — > R—CH—C=CR' ——3>R—(IZH—CECR'
;ﬁ OBBN OH
BBN = —B

Paznuyre MexXay CTOpPOHaMU MOJIEKYNIBI CHJIBHO BBIPAXXECHO B KOH-
dopMalHOHHO XECTKON MoJieKye 4-mpem-OyTHIIIUKIIOTEKCAHOHA, B
KOTOpO# mpem-OyTWIIbHAS TPYIINla BCEraa 3aHMMAET 3KBATOPHAJIBHOE
rnoJjioxeHue. B aToM ciydae rogxox o6beMUCTbIX PEareHTOB CO CTOPO-
HbI, 3aHUMaeMoK mpem-OyTWIBHOM TPYNIIOH, 3aTPYAHEH, U [O3TO-
My oOpasyeTcsl TEpMOAMHAMUYECKH MEHEEe YCTOMYMBBIM aKCHAIBHBIA
YuC-CITAPT.

H

H
1) -78°C
(CH3)3C/E?H\— B(i-Bu), —)——> (CH;),C
\\O 2) ruaposu3 H

aKCHaNbHBIN
crupt ( 96%) OH

Ilpu yMeHbILEHHH pasMepoB peareHTa obpasyeTcsi SKBaTOPUATbHBIN
mMpanc-CIHpT:

H H
(CH3);C + Li Al H,— (CH3):C
- 40°C
NS _—OH
O 3KBATOPHAJIbHBIN

criupt ( 95%) H

U3 aroro mpumMepa BUIHO, YTO MCKIIOYMTEILHO BaXHOE 3Haye-
HHUeE TIpH TIOJIXO/I€ peareHTa K KapGOHWIBHOM IPYIITe MMEIOT IPOCTPaH-
CTBEHHBIE NIPEMNATCTBUSL. B OOBMHBIX CITydasiX CTepeOCeIeKTUBHOCTD BO3-
pacTaeT ¢ yBeJMYEHHEM pa3MEpPOB peareHTa, HarpHuMep:
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CeH; H C¢H;

(R)- ; LiAIH, (72%)
LiAIH(OBu'); (82%)

AcHMMeTpUYeCcKOe BOCCTAHOB/IEHHE KAPOOHMIBHOM IPYIIIIBI MOX-
HO OCYIIECTBUTH TAKXE€ C ITOMOLIBIO JUTHIPOIIHPHIUHOBBIX COCHH-
HEHHUU. DTU peakuuu AaHAIOTHYHH (HEePMEHTATUBHBIM ITPOLIECCAM,
OCYLIECTRIISIEMBIM B XXMBbIX OPraHM3Max IoA aeicTBreM QEepMEHTOB,
CoIepXallliX BOCCTAHOBICHHYIO GOopMy HUKOTHHAMUIANCHUHIMHYKIIE -
otaa (NADH), akTUBHBIM LEHTPOM KOTOPBIX SIBISIETCSI JUTMAPOHU-
KOTMHOBBI# (bparMeHT, a pojib XMpaJIbHOIO pacro3Harpoliero ¢pparMmeHTa
BBHTONHAET OejIKoBas Lenb. B cuHTeTHYecKoM auruaponupuaute (LIV)
0€JIOK 3aMCHEH Ha OCTATOK ONMTHYECKHM aKTHUBHOM aMHHOKHUCIOTHI —
npoiguHa. [1ocKOABKY MpH 00pa3OBaHHUM XMPAIBHOTO peaKIHOHHOIO
KOMIUIEKCca BoBce HebGe3pasiMyHo, KAKMM oOpa3oM cyOcTpaT M pea-
reHT LIV pacnosoxarcsi OTHOCUTEIBHO APYT Apyra, BOZHUKAET pas-
HHMIA B 3HEPTHSIX AMACTEPEOMEPHBIX ITEPEXOIHBIX COCTOSHHUIM, KOTO-
pasi JOCTaTOYHO BelMKa ¥ obecreYrBacT SHAHTHUOMEPHBINA H3OBITOK
okono 80%:

CON
Ph——ICI:—COOEt + I | E—
CONH,
]
CH,Ph (LIV)
— PhFHCOOEt + O/ CONQ
H/
CONH
(3 u. ~ 80%) 2
CHPh
*
[LCOOH
NH MpONMH (TIPUPONHAA AMUHOKUCIOTA)
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8.6.2.6. ACUMMETPUYECKOE ATTKHUJINPOBAHUE
KAPBOHMUWJIBHOM I'PYIIIHI

OueHb BaxKHOH NMpobGaeMoH OpraHMYeCKOro CUHTE3a SIBISIETCH
3HAHTUOCEIEKTUBHOE ATKWIMPOBAHUE ATbIETUIOB META/LIOOPraHUYEC-
KHUMH COEIMHEHUSIMH. Peakuuro MOXHO OCYILECTBHTD C MIOMOLLBIO JIK-
THIf-, Maruuii-, UMHK-, ATIOMUHHUH- 1 COpOpPraHUYECKNX COEIVHEHUNA.
Hanpumep, npu B3auMoaeACTBIY BCIIOMOTATEIBHOIO XMPAJIbHOIO pe-
aredTta LV ¢ aBymMs MossiMu OyTWwiIMTHS oOpasyeTcss KOH(hOopMaluoH-
HO XecTKMi#t xoMmruieke LVI, koTopbiil B peakiiuu ¢ OGeH3aIbIeruioM
[aeT ONTUYECKH aKTHUBHBIN 1-(eHMnineHTaHom:

QCHz Q 2BuLi_ / > \ PhCHO

—BuH

l

CH,0H . l

0
— Ph|CHBu /
OH (LVI)

Lo~}

T

Huxe npuBeneHs! Apyrue IMpuMepbl aCHMMETPHIECKOTO IIPUCOe-
JIWHEHMS] METAJUIOOPTaHUYECKUX COENUHEHUN K SHAHTHOTOITHBIM aJlb-
JEeTHIaM:

Li
o

C >R Ph. H P H
N TrO—AMD (1:1)
o Mg\R 0 “l0c
OO S’ HO K
(.1 92%)
0 (OH
“~y ©-pmB, B0
R22n+©/ L ot i 4 H (.1 98%)

CH,CH=CMe,
OH Me
LB 1) RCHO |
————» RCH—C—CH=CH, (2.1. 96%)
2)H,0® *

Me
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Jis peakuuit 1MacTepeOTONHBIX AJbIETHIOB B KETOHOB aCUMMET-
PHYECKUM CHHTE3 OydeT Ha3bIBAThCS duacmepeocesekmusHbim, 110 aHa-
JIOTUM C SHAHTUOCCJIEKTUBHBIM CHHTE30M B CJIyYae 3HAHTHUOTOIHEIX
MoJIeKyJ. JIMacTepeoceeKTUBHOCTh MOXHO YCTAHOBHUTDE C MOMOLIBIO
npasuna Kpama n npasuna Ilpenoza (cM. Takxe ri1.16).

IlpaBuno Kpama npemckasblBaeT MpedMyLIECTBEHHYIO KOHQUry-
paluio AMacTEPEOMEpPOB B TEX CydasiX, KOTHa ACHMMETPHYECKUN
LEHTP B MOJIEKYJIE UCXOIHOrO K€TOHA HEeIOCPENCTBEHHO CBS3aH C Kap-
OOHUIIBHOM TpPYIIITON.

B mponykte peakiivm, CrupTe, OyoeT yXe ABa XMpPaJibHBIX LIEHT-
pa: paHee CyLIECTBOBAaBIUMH B MCXOOHOM KapOOHWILHOM COEIMHE-
HHMHY M BHOBb BO3HHMKAIOUIMI M3 KapOGoHWILHOM rpynnsl. Juactepeo-
CENICKTUBHOCTh 32BHCHUT OT Pa3sMEpOB 3aMECTUTEJIeil, CBA3AHHBIX C
ACUMMETPHMYECKUM LIEHTPOM B HCXOJHOM CyOCTpare, a TaKXkKe OT IIpel-
MMOYTUTEAbHOK KoHGOpMalMH HaHHOTO KapOOHMNIBHOro cybcerpara.
MoXHo nmojiarath, YT0 OOBIMHBIE KapOOHWIBHBIE COCTUHEHUS IPEUMY-
IECTBEHHO CYILECTBYIOT B KOH$pOpMalUWH, H300paxeHHO! (hopMyoit
LVII, B xotopoit cumBonamu b, C u M 0603HaYEeHBI COOTBETCTBEHHO
OOJIBILIOM, CPEIHHIT M MaJIbIM 3aMECTHTEIH (IT0 OTHOCHTEJIbHBIM pa3-
Mepam). OYeBHIHO, YTO aTaKa PEareHTOM HNOJKHA OCYILECTBISITHCS
[IPEUMYILECTBEHHO C TOM CTOPOHB! KApOOHMJIBLHON IPYIIIBI, KOTOpast
[IPOCTPAHCTBEHHO MEHee 3aTpyaHeHa (Ha CXeME YKa3aHO CTPEJIKOH):

0
A ¢

b (LVII)

M
R

310 npaBmo MOATBEPXAAETCS MHOTOYHUCIEHHBIMY TIPHMEPaMK;

MeMgX R=Me (66%)

H.C
3
peareHT CoH, EtMgX Et (75%)
PaMgX  H CH,  Ph(83%)

Hj
(OCHOBHOI/I MPONYXT)

IMomo6Hble Hpouecchl ITOJIYYWIM Ha3BAHUE acUMMempuqeckoli undyx-
yuu. BUEHO, 4TO NPH yBEJIWYEHUU Pa3MEpPOB MarHUMOpPraHU4ecKoro
COEAUHEHUS] TUACTEPEOCEIEKTUBHOCTD PEAKIIMMA BO3PACTALT.

Mpasuno KpamMa npuMEHHMO He TOJBKO K AJKUIUPOBAHUIO, HO
1 K TUAPUAHOMY BOCCTAHOBJIEHUIO KapOOHWIBHON IPYIIILL.
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Tlpasuio [Ipesnora aHanorunyHo nmpasuny Kpama, Ho TojabKO Io-
CBOEMY MIPE/ICKA3BIBACT MPENNIOYTUTENBHYIO OPMEHTALMIO peareHTa B
MEPEXOJHOM COCTOSIHMU. DTO IPABUJIO UCIIONB3yeTCsA, HAPUMED, IS
MpeICKa3aHUs CTEPEOCENEKTUBHOCTH ITPUCOCIMHEHUS peakKTUBOB ['pU-
HbAIPA K ONTHYECKM AKTHBHbIM 3(UpaM o-OKCOKAPOOHOBBIX KUCJIOT.
Ilpeamnonaraercsi, 4TO B pe3ynbTaTe CBOGOMIHOrO BpAalLlEHHMSI CYLLIECTBY-
10T TpH KoHpopMepa 3dupa a-oxkcokucnorsl: LVIII a-B. [To npocrpan-
CTBEHHBIM nIpHYWHaM KoHdopmepnt LVIIIa u LVIII6 momxHb! aTa-
KOBAThLCS PEarcHTOM CJIEBa OT IJIOCKOCTH, B KOTOPOH PaCIONOXEHEL
C=0O-rpynnel, a xoHGopMep LVIIIB — cripaBa ot 3TOlf IUIOCKOCTH.
Ecnu cyurats, YTO BCe TpU KOHGPOpMEpa B UX CMECH cOIepXkarcsl B
PaBHBIX KOJHMYECTBAX, TO IIPEANOYTUTENbHONH OymeT araka cjieBa OT

IIOCKOCTH.
,/L M C ./OI C 5 r/OI B M
| )( | )( | )(
R R R
(o ° YLO Y M%O :
/ o) / 0 o) )
A / A2 / / A2
LVIia LVII6 LVIIIe

IMonTBepxnenueM npasuna [Ipenora sIBASETCH, HATpUMEp, CIEOYIO-
1Ias peaKlus:

(M)
0 HO Me
I H ( (O 1. MeMgl \§
/' \NJ/ 2. OH
Ph ICI 3. Al/Hg Ph \C—OH
3 CH,
CH(CH,),

R- (62%
(5) (62%)

8.6.3. IPUCOEAMHEHUE K JBOMHBIM CBA3IAM C=C

ACHMMETpHUYECKHE CHHTE3bl, OCHOBAHHBIE HA pEAKUUAX IPKU-
coenuHeHHs K ABoiHoH C=C-cBf3H, ~— 3TO B OCHOBHOM I'MIpo6o-
PHpPOBaHUE AIKEHOB C MOMOLIBIO XMPANbHBIX DopaHoB. Peakius run-
pobopUpoBaHus MoApoOHO paccMoTpeHa B 1. 5 (4. 1). B peaynprare
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OKHUCIIEHUs] o0pa3yroluuxcs Npy IIPUCOEIMHEHUMH OOpPaHOB K alke-
HaM OOpOpraHUYeCcKMX COCAMHEHUM MMONYyYalOTCs CIIUPTHL.

H,C. H H BR,
x (I:H3
R ,BH H,O *
SR 0 ?H—OH
C,H
H,c” H 2
* S oyt 100%-s
R = (mananmn-3) OITHYECKasT YUCTOTA

Kpome nu-3-nuHagmwiGopaHa MOXHO MCIIONb30BATb TAKXKE U MOHO-3-
nuHaHun6opad (R BHj7). B Hacrosiiee BpeMst ¢ ITIOMOILBIO 3TUX ABYX
pPEeareHToB MOXHO YCIIELIIHO OCYILECTBIIST, CHHTE3bl MHOIMX OITTHYECKU
AKTUBHBIX clTUpTOB (Tabi. 8.3).

W3 panHbIx Tabn. 8.3 BUAHO, YTO R BH, 6onee a¢pdexTuBeH 11a
mpaHCc-aJIKCHOB U MPOCTPaHCTBEHHO 3aTPYAHEHHBIX YuUC-AIKEHOB, TOT-
Aa KaK JUIsl IPOCTPAHCTBEHHO HE3AaTPYAHEHHBIX KUC-ANKEHOB JIy4lle
ucnonb3oaTh Ry BH. Bto Heobxogumo yIUTHIBATL IPH BbIOOpE pea-
FeHTa Il KOHKPETHOTO CHHTE3a.

Tabnwuua 8.3

T'uppoGopHpoBaHHe ANKEHOB IH- H MOHO-3-NEBAHAI0OpAHAME

DHaHTUOMEPHBIH
U36BITOK (%)

R/BH |R'BH,

HcxonHble aiKeHbl

2-Mertunankensi-1 CH, 5—30 1,5
s
CH,=C—-R
yuc-AJIKeHbl R R 76—98 20—24
7
“CH=CH
mpanc-AJIKeRbl R 13 70—-92
N
CH=CH
“R

[TpocTpaHCTBEHHO 3aTpyAHEHHbIE aIKeHbl (4uc- U MpaHc-) 1422 52—-100

KpomMe rugpobopUpoBaHMS [UISi aCHMMETPUYECKOro CHHTE3a Ha
OCHOBE JIKEHOB MOXHO HCIIOJIb30BaTh peakinio Muxasnsg — NpUco-
eIVMHEHHEe DEareHTOB C MOINBKKHLIM aTOMOM BOAOPOIA K aKTHUBUPO-
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BAHHOM 1BOIHOM cBsi3u (cM. 11.16). Pacrno3Haonmit XupaibHbI LUEHTP
MOXET WJIK BXOLUTb B COCTAB OJHOTO M3 PEAreHTOB, WU ObITh Npen-
CTaBJIEH OINTHYECKHM AKTHUBHBIM PACTBOPHUTENIEM MM KATajlM3aTOPOM,
HAIIpUMeEDp:

CH,NO;,

Bt
Ph—CH=CH—COPh + CH3NO, — Ph—CHCH,—COPh (3.n. 51%)
XAJIKOH

(B" — XMHMWAMH, MPUPOLHBIN ATKATOUN).

8.6.4. ACHMMETPUYECKMYA CHHTE3 AMUHOKUCIOT

OueHb 5¢h¢heKTUBHBIM OKa3acsl NyTh CUHTE3a ONTUYECKH aKTUB-
HBIX CL-aMMHOKHCJIOT Yepe3 Meapoprannyeckue komiutiekcs! (FO.H. be-
JokoHb, 1982). CHavana oNTHYECKU aKTUBHBIA N-OCH3WITIPOJUH IIpe-
BPAILAIOT B AMMJI peaKUuel ¢ opmo-aMHHOaUeTOHeHOHOM. 3aTeM 110~
JIVYYEHHBIA TPOOYKT KOHICHCHUPYIOT C IIMUMHOM (aMUHOYKCYCHOH
KUcCIoTOM) B nmpucyrctBuM coneii menu (II) ¥ B pesynprare monyda-
T Meanbii komiuieke LIX, B xotopom CH,-rpynna (Ha cxeme BbI-
JeneHa) obamaeT MOABUXHBIM BoxopoaoM. IIpH anpaonpHOM KOH-
OeHCalMY ¢ YYACTUEM 3TOM IPYITIHI MONYYAIOT (L-AMHHO-[3-THAPOKCH~
KUCIOThI, 4 NMpPH ATKWJIMPOBAHMM 3TOM IPYIIbI — pPa3HOOOpa3HbIE
aMHUHOKHUCIOTEI BBICOKO# ONTHYECKOU YUCTOTBL:

CH,COCH,NH,-opmo H,NCH,COOH
( B—C > C I ——
CH,Ph CH,Ph COCH,

N-6eH3WTIPOINH
(OIITHYECKHY aK THBHBIH)

DERCHO CH(OH)CH(NH,)COOH
O—CON 2)H;0" 3 2
> /N c ]
PRCH, /N 1)R,NLi "
o N ‘ch, R—CH(NH,)COOH
)—CHZ 2)RX . O-aMUHOKHCIIOTBI
0 3)H,0

DHaHTUOMEpPHBIE U30BITKH B TAKOM CHHTEe3e pocturamoT 97-100%.
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8.6.5. CHHTE3bI B XMPAJIbHBIX CPEJAX

Ecnu peareHTsl axupasibHbl, HO OfMH U3 HUX MPOXUpAIEH, TO B
OINTUYECKH AKTHBHBIX CPENaX MOTYT [IPOMUCXOIUTL ACUMMETPUUECKHUE
CHHTE3bl SHAHTUOCEJIEKTUBHOrO TUMma. Hanpumep, npu neiictsuu mar-
HUHAOPraHUYeCKUX COeNMHEHHWH Ha KETOHB! B IIPHUCYTCTBHMU 3(PHUPOB
BUHHOM KHUCJIOThl OAMH U3 3HAHTHUOMEPHBIX CIIMPTOB ITOIYYaeTCS XOTS
¥ B HebonblioM (3.M. = 2,5%), HO Bce Xe B M3bwITke. IIpn nukiMsa-
uuM 2-amnuicdeHoNoB B B-iuHeHe (ONTHYECKH dKTHBHBIA pPacTBOpU-
TeNb) 3.4. coctaswr 12,5%:

2 “CH,4 0,
—

aleTaThl
OH Cu u Pd, Y
B-niuHeH

(3.u. 12,5%)

1-BuHMN-1,2-qurnapobeH3odypaH

Bonee Toro, eciy ooMH peareHT XMpaJleH, HO BOAMTCH B peak-
UWIO B BMAE PALEMUYECKON CMECH, TO B ONTUYECKU AKTUBHOM pa-
CTBOpHTENE OJUH M3 SHAHTHOMEPOB XUPAJIBHOIO PeareHTa pearupyer
ObICTpee pyroro, 4ro NPUBOLUT K ONTHYECKH AKTHBHOMY IIPOHYK-
Ty, HallpUMep:

CH; 1) (+)-CH3;CH(OCH3)CH(OCH;)CH; CH;

I (PacTBOPHUTEND)

CHMgCl + CO, » HCCOOH
} 2) runponus |

QHS C2H5
(+, ) )

Monekyibl ONTHYECKH aKTUBHOIO pacTBopHTes [(+)-2,3-IMMETOKCH-
O6yTaHa] B CUIYy NMPOCTPAaHCTBEHHBLIX INPHYUH OOpPa3ylOT NMPOYHBIE
COJIbBATBI C OJHON M3 ABYX SHAHTUOMEPHBIX dopM MarHuitopraHu-
yeckoro coequHeHusi. ConbBaThl JieBoi M npasoit dopm cyberpara
OTHOCSATCS IpYr K APYTY KaK JHacTepeoMepbl, U IMO3TOMY BO3HHKAET
pasnyuue B ckopocTsx ux peakuuu ¢ CO,. Euwe pa3 nogyepkHeM, 4To
SHAHTHOMEPBI MOIYT ObITh AU dbepeHUMPOBaHbl TOJBKO C ITIOMOIUBIO
ONTHYECKH AKTUBHBIX BELIECTB, B JAHHOM CJy4Yae C MOMOLUbIO
ONTUYECKHN aKTUBHOIO PACTBOPHUTES.

ACHMMETpHYECKHUE CUHTE3BI IPOBOASTCS TAKXKE B XUPaJIbHBIX (XO-
JIECTEPHUYECKMX) HcUdKux kpucmaniax. Hanpumep, TakuM MyTeEM MOX-
HO OCYLUECTBUTb CUHTE3 (-AMHHOKMCJIOT C HEBHICOKON ONTUYECKOMH
YUCTOTOM. :
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8.6.6. «<ABCOJIIOTHBI¥» ACHUMMETPHYECKUN CUHTE3

«Abcontomuoim» ACUMMETPUYECKMM CUHTE30M HA3BIBAETCS TaKoW
ACHMMMETPUYECKHH CHUHTE3, KOTOPHIH OCYILECTBISIETCS B OTCYTCTBUE
aCHMMETPUYECKMX XHMUUYECKUX PEAreHTOB, B TOM HUCle HEHACTBYIO-
IIMX B KAYECTBE KATAIM3ATOPOB. 3HAYMUT JIM 3TO, YTO B JAHHOM CJy-
yae SHaHTUOMepHBIe KOH}UIrypauuu obpa3yioTcs B HEPaBHBIX KONHU-
yectBax 6e3 BcgKoro acuMMerpuaywoollero areuta? Bosce Het. «AbGco-
JIIOTHBIH» acUMMETPUYECKHUH CHHTE3 OTIHYaeTcd oT OOBIYHBIX,
PACCMOTPEHHBIX BbIILIE, JUIUb TEM, YTO B HEM HCIIOIb3yeTcs Ghu3u-
YecKUl aCUMMETPUYECKHI areHT, HalpuMep LIMPKYISpHO MONSIpH-
30BaHHbIM cBeT. ClegOBATENIbHO, U B 3TOM CJIy4ae «IIpaBoe» U «ie-
BOE» MOXET OTIMYUTH TOJBKO XMPANbHBIN areHT (dusuueckuii), B3s-
ThIl B CBOEH «IIpaBoii» UK «ieBoi» ¢dopMe, U TePMUH «aOCOTIOTHBIH»
He NOMXKEH BBOAWTH B 3a0JIyXIeHHE 10 MOBOLY 0053aTe/IbHOIO YCI0-
BUSL — HAJIMYMSI aCHMMETpHYecKoro daxropa.

«ADCOMIOTHBI» aCUMMETPUYECKUIT CHHTE3 YXX€ IaBHO IIpUBJIEKA-
eT K cebe BHHUMaHHe YYEHbIX, TIpEXKAE BCEro B CBA3HM C IpobieMoi
BO3HMKHOBEHHS OITHYECKH aKTUBHBIX MOJIEKYT Ha 3eMJie B NEpBO-
HayaIbHBIX aOMOreHHbIX yciaoBusX. OnHa U3 rHIOTE3 COCTOMT B Ipel-
MOJIOXEHUH, YTO NPHUYMHOM BO3HMKHOBEHMS IEPBOHAYAILHBIX OI-
THYECKU aKTHBHBIX COSIUHEHHH OBUI LIUPKYJISIPHO IMOJSIPU30BAHHBIH
CBET, TaK KaK TaKas MHOJIIPU3ALUs BO3HHKAET IIPH OTPAXEHUHU ecre-
CTBEHHOTO CBETa OT BOJHBIX ITOBEPXHOCTEM.

B 1abopaTopHbIX YCIOBUSIX IMEpPBbIE CHHTE3bl TAKOTO THUIA OBUTH
ocywecTsieHsl B Havame 1930-x rogos. Hampumep, mpH ocBeIeHHU
palleMMYEecKOro JUMETUIAMUAA O-a3HAONPOIIMOHOBOU KHUCTOTHI
CH;CH(N;)CONMe, HUupKyNsIpHO IOJIAPU30BAHHBIM CBETOM HabIIO-
Jajach MPEUMYLIECTBEHHAs AECTPYKUHUS OIHOTO U3 SHAHTHOMEPOB,
K OCTaTOK NpUOOpeTaT ONTUYECKYI0 aKTHBHOCTh (aCUMMETpHUYecKast
nectpykuus). B 1970-x rogax ¢ moMoIbio HHPKYIASPHO MOJSIPU30BAH-
HOTO CBETa ObUIM MOJIYYEHBI FeULUEHBl B OITHYECKH aKTUBHOH (op-

Me, HanpuMep:
. 9@
—( 1 )— O
313 umM,

10 4
Z

rexcarenuueH (3.1. ~ 0,2%)

BenuuuHa s3HaHTHOMEpHOro H30bITKAa NpH (HOTOXMMHUYECKUX
acHMMETPHUYeCKMX CHHTEe3aX 3aBHCHT OT TOro, HACKOJBbKO CHJIBHO
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OTJIMYAIOTCA MexXny coboit Ko3hpUIIMEHTH! MOrJIoNIEHU MIPAaBOro U
JIEBOTO LIMPKYJISIPHO MOJISIPU30BAHHOIO CBETa JAaHHBIM BELIECTBOM.

B nocnegHee BpeMs MCHOJB3YIOT LMPKYJISPHO IOJSPU30BAHHOE
JlazepHoe M3nyyeHHe. TakUM myTeM M3 3aMelleHHBIX TpoltoHoB (LX)
ObUIH ToNydeHb! OMUMKIUYecKue KeToHsl LXI:

X = _X
hv
0] — (3.1/[. 3%)
N 6]
(LX) (LX)

M3BecTHBl Takxe «abCOMIOTHBIE» ACHMMETPUYECKHE CUHTE3Bl B
TBepAoH ¢ase, NPUUMHONA KOTOPHIX SIBJISIETCA BO3NEHCTBHE SHAHTUO-
MopdHOI KpUcTaUTMYecKoi pewetku. Hanpumep, npu 6poMuposa-
HUM IapaMu OpoMa 3HAHTHOMODGMHBIX KPHUCTALIOB* mpaHc-4,4-nu-
MetwixaikoHa (LXII) nmpoucxonur mpanc-nipucoeauHeHue 6poma 1o
JIBOMHOM CBSI3U M MONYYaroTCs ABA SHAHTHOMEDPA:

\

CH,C.H, H ..
> CH;CgH,~CH—CH—COCH,CH;
H COC¢H,CHj, Lo
(LXIT) (5.11. 6%)

8.6.7. ACHMMETPUYECKASA HHAYKIIUA AKCUATBHON
M IJIAHAPHOM XHPAJIbBHOCTH

Brilre Mpl paccMaTpuBaIM ACUMMETPUYECKHE PEaKIUH, B KOTO-
PBIX BO3HMKaJ XHPATbHBINA HIEHTP IO BO3EEICTBUEM IPYroro Xupajib-
HOTO LIEHTpa (HanmpuMep, U3 THACTEPEOTONHBIX KAPOOHMIBHBIX COSIH -
HeHWIt 06pa30BLIBATIUCH AUACTEpeOMepHble CIIUpTHI; 8.6.2). M3BecTHHI
TaKXe [pUMepPBI, KOrIa XHPaJbHBIH LUEHTp MHIYLHUPYET XUPAIBHYIO
OCh WIH XHPAIBHYIO IIJIOCKOCTS.

Tak, HauGosee pacrIpoCcTpaHEHHBIM METOJOM CHHTE3a aKCHAIb-
HO XHPAJIbHBIX AJUIEHOB B ONTHYECKU aKTUBHOU GopMe sBIsETCS Ie-
pexoJ OT NPONMapruJibHBIX COSAUHEHUM C XHpadbHBIM IeHTpoM. Ha-
MpuUMep, IIPU BOCCTAHOBJEHUM TO3MWIATOB I'MAPUIAMH:

- R H
R—C=C—CH—0Ts 1Al >c=c=c.
& H R
LCHTpaJIbHASA XUPAJIBHOCTDH dKCHaJIbHAsl XUPaJIbHOCTDh

*
BHauTHOMOpdHBIE KPUCTALIB! MOTYT 0GPa30BbIBATD BELECTBA, MOJIEKYJ/IBI KO-
TOPBIX aXUPaIbHBL.
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ACHMMETPHUYECKYIO MHAYKIIMIO IIAHAPHON XUPATbHOCTH MOXHO IpO-
WUTIOCTPUPOBATh HA MPUMEpPe CHHTE3a ONTHYECKH aKTUBHOTO MPAHC-
LHKJIOOKTEeHA:

H
“Noeg RO
/ =S —*> + CO, + (RO),PS
0]
H
(+)-usomep, (R)-(+)-n3zomep,
LIEHTpaTbHasA XUPATBHOCTh [UTaHapHas XUPaTbHOCTh

8.6.8. ACHMMETPHYECKHNH KATAIN3

OnuH u3 nyreil noBbllleHUS 3Pp¢PEKTUBHOCTH aCHMMETPUYECKO-
IO CHUHTE32 COCTOMT B UCTIONIb30BAHUM KaTATUTHYECKHUX KOJUYECTB XM~
panbHoro areHta. Haubosiee oOUIMM M3 M3BECTHBIX B HACTOSIIEE Bpe-
M BHAHTHOCEJICKTUBHBIX KATAIUTHUYECCKHX METONOB SBISACTCS NPHUME-
HEHME XUPAIBHBIX KOMILIEKCOB [TEPeXONHBIX MeTaLIoB. M3BecTHO, 4TO
METAJLIBI CIOCOOHBI KaTAUIM3HPOBAThL MHOTHE OPraHUYECKHE Peakluu,
U TYTEM BapbHpOBaHUS MPHPOAb METAUIA, OPraHUYECKHUX JIMTaHIOB
U XMPaJIbHBIX NOOABOK MOXHO HAIpPaBUTH IIPOCTPAHCTBEHHOE Teue-
HU€E peaKlWM MPaKTHYECKH I10 JII0OOMY HYXHOMY ITyTH.

MeTainoKOMIUIEKCHBIH KaTalu3 pacTBOPMMBIMU KOMILIEKCAMHU
METAJUIOB, B TOM YHCJe U SHAHTHOCEJNEKTHBHBIN, €ro MPWHLHUIBL U
ME€XaHU3MBbI MogpobHO paccMaTpuBarTcsd B 1. 27 (4. 3). 31ech Xe Mbl
[pUBENEeM JHUUIb HEKOTOPbIE CUHTETHYECKHE IIPUMEpPHI KaTAIUTHYEC-
KHX peakidil, NPUBOMSIIUMX K NMPOAYKTaM C BBICOKHM H3OBITKOM Of-
HOTO M3 3HAHTHOMEPOB.

Yrob6bt co3nath 3PPEKTHBHBIN KAaTATUTHIECKHH SHAHTUOCEIEK-
THBHBIH METOJ CHHTE3a, HeoOXOOMMO HUMETh IPOCTOH, OYeHb peak-
LMOHHOCIIOCOOHBIN KaTajiu3atop, obnanaiomnil xopouiei cnocobxo-
CTBIO K XMP&JIBHOMY PacloO3HABAHUIO YHAHTHUOTOIIHBIX CTOPOH IIpO-
XMPaAbHBIX MoJIEKYI. CrenoBaTeNbHO, IIOMUMO BEIOOPA UEHTPAIBHOTO
HMOHA METAUIA NIPAKTUYECKU BaXXHO MUMETh MOJIEKYJIIPHBIN OU3aitH (T.e.
MPOEKTH! BO3MOXHBIX CTPYKTYP) XHPATBHBIX JUTAHIOB. XOpOLIUE JTHU-
raHabl JOMXKHBI CONEpPXaTh IMOAXOAAIIHNE JUIS CBI3bIBAHHA C HAHHBIM
MeTaUIOM GYHKUUOHANBHBIE TPYIIILI, MOAXOAALUNE MOJEKYISPHbIE
3JIEMEHTBl CUMMETPHH, 3aMeCTHTENH, criocoOHBle nuddepeHUMpo-
BaTh pa3Hble OOJACTH OKPYXAIOUIEro MPOCTPAHCTBA CTCPUYECKH WU
3JIEKTPOHHO (CM. BBILlIE); KPOME TOTO, JIUTaHIbl JOJLKHBI 00J1anaTh WIN
CKeNeTHOM (KapKacHOM) XeCTKOCTbIO, MU, HA060pOT, CKEJIETHOMH
rMOKOCTHIO (B 3aBUCUMOCTHM OT KOHKPETHON pEAKUMH).
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OnHUM U3 MEepBbIX MPUMEPOB aCUMMETPHUYECKOIO CUHTE3a U3 [1po-
XUPUIbHBIX COSNUHEHUH, KAaTATU3UPYEeMOr'0 paCTBOPEHHBIMYU XUPAJIb-
HBIMH KOMILTEKCAMM METAJLIOB, ObUT ONy6IHKOBaAHHBIN B 1966 I. cUH-
Te3 3dupa yuc- U mparc-2-PeHUIUMKIONPONIaHKapOOHOBOM KHUCIO-
THI C UCTTOJIL30BAHUEM XUPANLHOTO KOMILUIeKca g ¢poBa OCHOBAHUS
¢ Cu(Il) (LXIII). Peakuus mpoTtekaeT yepe3 KapbeHOUI MeOU B XH-
PaJIbHOM OKPYXECHHH:

Cu® — xar * . COOEt
Ph—CH=CH, + NZCHCOOEt—————b
cTHpOn JIMA30YKCYCHBIH
aup yuc- v mpanuc-
PthHCH3 (z.1. ~ 10%)
—N O
/Cu<
Cu* — xar = o) N=
|
(LXIID) CH,CHPh

B 2TOM cnyyae 3HaHTHOMEpPHBIM H3OBITOK cocraBua Bcero 10%, Ho
TOCJIe CUCTEMATHYECKOr0 CKpHHHUHTA (T.€. MpOoCTOoro mnepebopa MeTo-
oM npob) xupanbHbix ocHoBauui llludda ObuLr HailmeH kKaranusa-
TOp, NPUBOAAIUHIA K 3.4. = 94%. Ha 3TOM OcHOBaHMH ObLt pa3paboTad
METOJ ITPOMBINIUIEHHOro cuHTte3a (5)-2,2-IMMeTWIHHKIONpOoaHKap-
GoHOBOM KMCIOTH (KoTopas HeoOXODMMA JUIA TonydeHus dapMipe-
mapara MHFHOUTOpa AeTHAPOIenTHAA3bI-1).

B Hactosuee Bpemst Haubosnee 3¢ppeKTUBHBIE SHAHTHOCETEKTHUB-
Hble METAJUIOKOMIUIEKCHBIE CUHTE3BI IMIAaBHBIM 0Gpa3soM OCHOBaHBI HA
peakuuu ruapupoBanus C=C, C=0 u C=N-cBs3eil B OCHOBHOM Ha
KOMIUIEKCAX poAusi ¥ pyTeHHs. Huxe mpuBeleHB Haubojee sipKue
npumMeps! (CM. Takxe 4. 4, 1. 27).

1) Cunres (~)-MeHTONA:

\
)\/\/”\/ —_— WNE&

JUSTUWITCpaHWIAMWH
l (S)-BINAP-Rh" | cenextusras
KaTUTUTIHECKASL

J\/\/k/ /k/\/k/\ P
7 "NE,)

LMATPOHELIAD (R)-; 3.1. = 96—99%

'

3HaHTHO-~

%
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(e

PPh,
PPh,

PPh,
PPh,

G
(J

W

(U
9

(S)-BINAP

DY

(R)-BINAP

A

g
-

_— @\ (—)-MeHTON
OH OH

(S)-BINAP-Rh™

% OCH €]
P\ Vd 3
P/Rh\OCH3 4

Ph,

2) IMonyyeHue ONTHYECKU AKTHBHBIX CIIUPTOB:

HO H 0O
/

X

H,
_ (R-BINAP-Ru )K
R R

OH
H, B

(S)-BINAP-Ru

R R R

(R = Alk, Ar)

DHAHTHOMEPHBIH M30BITOK crivpra, %

—CH,CONMe,
~CH,COSEt
—CH,COR" (R’ = CHj;,Ph)
—CH,CH,0H

Br

(opmo-6pomdenin)

"CHzNMez
—CH,OH
COOH
=

Il (opmo-xapbokcndernmn)
R

96

93
94—100

98

92

93-96
92

92
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o R
L T
(5)-BINAP—Ru = ;:R(Z
SOLBA
0 R
R = Al

AJKMTHpoBaHue KapOOHWIBHBIX COCIHHEHHUH METa/UIoOpraHuyec-
KAMH COEIUHEHHUSIMU HENEepPeXOIHBIX METAUIOB B IIPUCYTCTBUH XHU-
PATBLHBIX KOMILIEKCOOOpa3oBaTesieit TAKXKe MOXHO CAENATh KaTaJIUTH -
YeCKUM IpoileccoM. Hampumep, GeH3anbaerun B peakuUUU C TUMeE-
TWI- WM TUITHIUMHKOM B TOJYOJIe B IIPUCYTCTBUM KAaTATUTHYECKUX
KOJMYECTB XUPATLHOIO KOMIUIEKCOOOpa30BaTeiss Ha OCHOBE OMLIMK-
nuyeckoro 6opHaHa (—)-DIAB obpasyet (R)-CIIUPTHI ¢ 3HAHTHOMED-
HbIM H36bITKOM 92%:

0 R OH
(-)-DIAB-kar. H,0 H

RZn + H T

NMe,
OH

B peaxuuu c (-)-DIAB cHayana o6pa3yeTcss JUMEPHBIA KOMILIEKC
LXIV, xoropelit umeer cummerpuio C,, U rnostoMmy xupaieH. Eciau
Xe€ B peakLMIO BeCTH paleMuyeckudil (1)-DIAB, obpazyercs mumep-
Hbll KoMIuieke cummerpud C;, Koropslit axupaneH. Komriuiexc xe
cummerpud C, B 3TOM ciyyae He obpasyercs, TaK Kak IO MPOCTpaH-
CTBEHHBIM (haKTopaM OH TepMOOWHAMHUYECKH MEHee CTabWIeH, YeM
xomruieke Cy

Me,
NR, ™,
2 on + 2R,Zn ?RI‘I_’ /
DIAB (R = Me, Et) N,
N
Me,
(LXIV)
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R

iy ot

C; (xvpanen) C; (axupaneH)

B peakuuu ¢ GeH3IRNETHIOM 3HAHTHOCEJIEKTHBHOCTBIO, CIEHO-
BaTesIbHO, OyneT obnagath Tonbko Komruieke C,. Karanutuueckuii
LMKJI OIMMCBHIBAETCS CNENYIOLIEH cXeMoil:

M Ph M Ph
62 O:/ ei /O_:/
1(LXIV) + ArCHO —>£I Zn\ ‘RZn_ D: zﬂ\
\ /
\
R R
MCIJICHHO
Mez Mez
N N
N N
/Zn\ - Rzzn /Zn\ h
-ZnR, o) R o) 0
\Z / N, /
n n R
o\ 7\
R_ 4 R R R R
“CH—OZnR =
Ph

8.7. ICEBJIOBPAIIIEHUE

B omume ot asora ¢pochop MoxXeT 0OpazoOBLIBATD MATH KOBAJIEHT-
HBIX CBSI3eH MyTeM paclUMpeHMs CBoeil BaJEHTHON 00OJIOYKU OT OK-
TeTa 40 Aeuera. Mojekyibl, HEHTPAILHBINA aTOM KOTOPBIX HMeeT 60o-
Jlee BOCBMH 3JIEKTPOHOB B BUIEHTHOI 060JI04YKe, Ha3bIBAIOTCS 2unep-
eanenmubimu. IlogoGHbIe coelMHeHUsT TpHOOpeTaloT KOHMDHUTYpaluio
TPUIOHATbHON OMIIMpaMMIbl, HAIPUMED:

F cCl, Las
_.-CH; - 1N
H;C—P* Cl—F agsT P
| F | Nl SN
Cl e (LXV



[1aTs 3amecTuTENEH 3aHUMAIOT CTEPEOXMMUYECKU HEOAMHAKOBOE I10-
JloxeHue: Tpu 43 Hux (@, b U ¢ B dopmyne 1L.XV) Ha3bIBaIOT 3KBATO-
pUaNBHBIMH, a aB2 (d M e) — anMKaIbHBIMU. MHTEpEecHO, YyTO MoOJE-
kyia LXV ¢ ngarTbio pa3sHbIMHM 3aMECTUTENISMU y aroMa docdopa B
NMPUHIUIE MOXET CyllecTBoBaTh B Buae 20 XMpajabHBIX U30MEDOB,
cocrapnstowux 10 map sHanTHoMepoB. Eciy nBa 3aMecTuTesst oquHa-
KOBBI, YHCJIO U30MEPOB cokpainaercsa no 10, cpeai KOTOphIX [Be Iaphl
OynyT HAaHTHOMEPHBIMH.

Monekynbl, B KOTOpbIX LEHTPAIbHBIK aTOM UMEET KOOpAMHALM-
OHHOE YMCIO 4 Uanu 6, OOBIYHO COXPAHAIOT YyCTOWUMBYIO GOpMy TeT-
paszapa wid okrasgpa. OQHaKo B MEHTAKOOPIMHALIMOHHBIX COCIUHE-
HMSIX JTUTAHIbI HETIPEPHIBHO MEHSIOT CBOe IoyioXeHue. [1o 3Toi npu-
YWHE MATUKOOPAMHALMOHHBIE coequHEHHUs docdopa (a TakKe MHOTHUE
Ipyrue, oTIMyalomyecs aHaIOTMYHBIM TUIIOM XUMUYECKOIro MoBe/e-
HUSI) NIPUHSTO HAa3bIBaThb KOHOUIYpallMOHHO HEYCTOMYMBBIMHU. st
OOBSICHEHHUSI HEIPEepPbIBHOW CMEHBI MOJOXEHUS JMIAHAOB B TPUIO-
HaJbHOH OMITHpaMKIe MpelToXeH MEXaHHU3M ncegdogpaujerus — 006-
PaTUMBIH [epexol MeXNy KOHPUIypauMUsIMU TPUTOHATIBHONU OMmUpa-
MUIb] ¥ TETParoHAIbHON MUPaMUIBL:

1 3 [ICEBIIO- 1 3 1.3
_--°~ BpallieHue S S
4 4
2 4 2 2
Dy Cav Dsp,
(aToMbl 1 ¥ 2 amUKaNbLHBL) (atombt 3 ¥ 2 anmUKaJIBHBL)

B npouecce 3Toro MHUMOIO BpallEHUsI OOUH M3 SKBATOPHAIBHBIX
3aMECTUTeNeH, Ha3bIBaCMbIN OMOPHBLIM JIUraHIoM (B HalIeM ciy4ae
obozHayeH uMdpoit 5), ocraeTcss B 9KBATOPHAILHOM ITOJIOXEHUH, B
TO BpeMsl KaK Jpyrue JUranasl ¢opMUPYIOT cob0oi OCHOBaHuE BOOO-
paxaeMoil TeTpParoHaJbHOM NMUPAMUABI 33 CYET UCKaXKEHUS BaJIEHT-
HBIX YIJIOB. BaIeHTHBIHA yroi Mexny cBsi3ssMu 1-P-2 yMeHblIaeTcs oT
180° mo 120°, a mexuny cea3amu 3-P-4 ysenuuusaercsa ot 120° mo 180°,
T.€. alMKaIbHbIE JTUraHabl 1 ¥ 2 B KOHIE KOHLOB 3aiiMyT 3KBaTOpU-
aJibHblE, & DKBATOPUAIbHBIC JUTAHIb! 3 U 4 — anUKaJbHBIE TOJOXE-
HuA. B pesynaprare obpasyercsi IMacTEpeOMEpP UCXOIHOM CUCTEMBI, T.€.
[IPOMCXOJUT KaxXYIUMicsi MOBOpPOT JuraHgoB Ha 90° OTHOCUTEIBHO
OITOPHOrO JTUTaHIAa 5.

IlcepnoBpauieHe IPOUCXOJUT IIOTOMY, YTO IHEPreTHYECKasi pas-
HULA Mexny koHodurypauusiMmu Dip u (4, B IEHTAKOOPAUHALIMOH-
HBIX cOeIMHEHHUsIX pocdopa ouyeHb HEBETHUKA.

IloHsTHE «ICEBOOBpALEHUE» TIPUMEHSIOT U JUIS 0DO3HAYeHUs
HEKOTOPBIX KOH(MOPMALMOHHBIX MpPeBpallleHWiA ¢ YIacTHEM LMKIIMA-
YECKHUX CHCTEM, HallpUMep JUISl IIEPEXONOB MEXIy BaHHOOOPAa3HbIMU
KOH(pOpPMalUSIMH UMKIOTeKCaHa.
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OpuH 13 Haubonee oOUIMPHBIX U BAXHBIX KJIACCOB OpraHUYECKHUX
peaxuui HOCUT Ha3BaHUE HYK1eoQuabHoe 3ameujeHue y HACHULEHH020
amoma yaaepoda. B pesynbTaTe TAKKX NMPOLIECCOB yxonsiuas rpynna Z
B opranuieckom cyberpate RZ, comepxaiuem ceasp Cg3—Z, 3ame-
waercss HykieobWIbHBIM peareHToM Nu : TakuM obpa3oM, 4YTO He-
nojfieieHHas mnapa Hykneodwra B npoaykre peakuvu RNu crasoBUT-
csl 3AeKTpOHHOM napoit o-ceazn C—Nu, a 3/eKTpoHHasl napa G-CBsi-
3u C—Z cTaHOBMTCS HEITOJeeEHHOM Mapoit oTwenuBIUeHCs yXxoassuieh
IPYIIIBL:

{ {
Nu: + —CI:_Z — Nu —IC— + Z:

Yxonsuyio rpynny Z 4acTto HasbIBAIOT Hykaeogyzom («TIOZBUAX-
HBI B BUIE HyKJIeodunas). Xopolltue yXOOSIMe IPYIIIBI UMEIOT Bbl-
COKYI0 HYK/I€O(YTHOCTD, TUIOXHE YXONSIIUKE IPYNIbl — HU3KYIO HYK-
aeogyrHocTh. K XopomiuM HyxieodyraM OTHOCSTCSI, B YACTHOCTH,
tpudnarHas (OTS), yxonswas B sune anuoHa Z~ =CF;80;57, ¢rop-
cynbbonatHass FSO; ™, napa-tonyoscyibboHaTHass WIM TO3WIaTHAsA
(OTs)” u mp. K cnabsiM HykneogyraM MOXHO OTHECTH aUETaTHYIO
rpynny, xapboxkcunar-uoH (RCOQ7), a tTakxke F .

Peakuuy HyKJIeODHIBHOro 3aMmellleHUsI YIoOHO KiaccupUUHpo-
BaTh B COOTBETCTBMH C U3MEHEHMEM 3apsiia B cyOcTpare WIM HYKJIeo-
duie no TNy MexaHu3Ma 3aMelieHus. [lo 3apssgHoOMY NPU3HAKY 3TH
peakuuH LejecoobpazHo pasmeanuTh Ha YeThIpe GOJbIIKEe IPYIITHL.

1. Bzaumodeiicmeue HedimpansHozo cybcmpama ¢ HelmpaabHbiM

HyKkaeogurom

@ e
Nu: + RZ —— Nu—R + Z°.
Hanpumep:
@ Q
H;N: + RHal ———— RNH;Hal
R;N: + RHal ———> R,N"Hal®
R,P: + RHal——— R,P®Ha®;
R,S: + RHal ——— R,S®Hal®;
ROTs + AcCOH————— ROAc + TsOH ;

(Ts — napa-tonyoncyabhoHwI CH;@—SO;—)

ROH + HBr —— > RBr + H,0 ;
R'OR’ + Hl —————» R'I + R°OH ;
RHal + ROH——————— ROR + HHal ;
RHal + HOH ————— ROH + HHal .

peakuust I'odpmana;
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2. Bzaumoodeiicmegue wnelmpansnozo cybcmpama ¢ QHUOHHBIM
HyKAeOPUAIOM

Nu:®+ RZ — NuR + Z:°.
Hanpumep:
RO® + R'Hal ————— ROR! + Hal®;
Rs®+ R!Hal ——— RSR! + Hal®;
CN®+ RHal ———— R—C=N + Hal®;
Hal®+ RHal” — RHal + Hal‘®

(3aMeHa OfHOro TajgoreHa Ha JPYroil MJIM HM3O0TOIHBINA OOMeH raiore-
HOB, Harpumep RI + I¥ === RI* + [~ ).

NOS + RHal—— RNO, + Hal®+ RONO.

R'R°C_c_R’ , ,
G)‘(') + RHal——» R —¢—Cc—R’ + Hal®
[, I
EHOJISIT-HOH R’ O
o) o)
Q0 @
N: K + RHa ——» NR + KHal
O o)
GramMMUIK TN (peakumst [abpusiis)
O 1 o ©
S =
RCC o RHal ——> RCT o1 * Hal

N2+ RHal — RN, + Hal®;
RC=Ci+ R'Hal —» RC=CR! + Hal®.

3. Kamuonnbsiii cybcmpam — HelimpanbHstil HyKaeogua

® @
Nu:t+RZ¥ —  » Nu—R + Z:.

Hanpumep:
olc)
N/NHz ® XNH&\
:S=C_  + RS(CHy,X —» /C—S——R + (CHj),S

THOMOYEBUHA S-ankunTuypoHueBast conb
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4. Kamuonnbii cybcmpam — aHuoHHbLI HyKaeogpun

Nu:®+ RZ® NuR + Z:.
Hanpumep:
0]
1 e ®@ © /7 C]
R COO + R;0 BF, R1—~C\ + R,0 + BF,;
TeTpadTopbopar OR
TPUATKWIOKCOHUSA
© ® (|:H3
(CH;),CHNO, + RCH,N(CH;);—* RCHz—IC—NO2 + (CHy);Nz
CH;
P 0] © P O
\ © \OR
0]

W3 sToro manexo He IMOJHOTO MepedyHs MOXHO CIENaTh BBIBOZ,
YTO C MIOMOUIBIO PEAKUMIA HYKICODHUIBHOTO 3aMEUIEHUs] ¥ HACBIUIEH-
HOTO aToMa yIJIepoJa MOXHO OCYILECTBHTH CHHTE3 MPAKTUYECKHU JIIO-
foro Knacca coefMHEHMH anudaTHYECKOTO psia.

Ilo TNy MexaHU3Ma peakUMH HYKIeOpWIbHOIO 3aMEIIEeHHUs] IOk~
pasnessiioTcss Ha GMMONeKyISIpHbIe, 0003HaYaeMble CHMBOJIOM Sy2 (sub-
stitution nucleophilic bimolecular) 1 MoHoMonexynspHble Syl (substi-
tution nucleophilic monomolecular). B rrase 3 (3.1) opranudeckue
peakuuu ObUTv pasfesieHbl Ha TpU KAaTeropuu: 1) M3OMEepU3auUu U
NeperpynnupoBKu, 2) auccouyauust ¥ pekoMbuHauusi, 3) bumore-
KyJsipHoe 3aMeliieHue. B cooTBeTcTBUM ¢ 3TOM Kinaccudukauuei peak-
MM Sy2 OTHOCATCS K TpeTbeH, a Syl — ko BTOpoil Kareropuu:

N

Nus+ R—Z — Nu—R + z:° SA2 ,

MOHM3ALMA o o Ne®
RZ <=<———= R +Z

» RNu Spl .
peKoMOWHALIU

HayyeHue HyKIeodWIBHOIO 3aMEIUEHUS ¥ HACBIIIEHHOro aToMa
YTJIEpOoJa ChIrpajo MUCKIIOUHUTENBHO BaXHYIO pOJjb B CTAHOBJIEHHHU H
pasBUTUM DYHIAMEHTAILHBIX IMPEOCTABICHUNA O MEXaHM3Me peakllui
M BMECTE C TeM NpeJcTaBiseT coboit Hanbosee 1eTabHO U3YyYEeHHBIN
TUN OpraHuyeckMx peakuui. HccrenosaHue MeXxaHU3Ma HyKIeo-
dunvHOro anudaTvyecKoro 3aMelleHUs ObUIO HayaTo B cepeluHe
1930-x ronos asyms Beizatolmuca yueHoiMH K. K. MHronesaoM u
3.. Xb1030M, KOTOPLIM TNPUHAIJIEXUT CEepHs ONecTSIILNX OCHOBO-
MONArallUX NUOHEPCKUX padoT, COCTaBIAIOIIMX 30710TOH (OHA
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¢bu3anyeckoi opraHuyeckoit xumun. Brnocneacrsum vien MHronsna u
Xb1032 NOJNYYMUSIM JajibHEHINee pa3BUTHE H ObUIM 3HAYMTEIbHO MONU-
¢uunpopansl. Tem He MeHee IpeIoXeHHasT UMM KinacCH(UKaLIUs Me-
XaHU3MOB HyKIeodHibHOro anudaTuyeckoro 3aMeHIeHUs Ha Sp2- U
Syl-THIBL IO CHX DOpP ocTaercs caMmMoi yroOHO# OCHOBOH, € KOTO-
po¥ clegyeT HAYMHATh O0CYXIeHHEe MeXaHU3Ma HyKIeo(UIBHOTO 3a-
MeLIEHHUs ¥ HACKILUEHHOTO aToMa yrieposa.

9.1. OBIIAA XAPAKTEPUCTHKA MEXAHHU3MOB Syl B S)2

IMpu peanuzaluu KIACCHYECKOTO MOHH3ALMOHHOIO MEXaHHU3Ma
Syl HUnronpga—Xp1o3a onpenensiolieil CKOpocTh peakiuM cTagvei
SIBSIETCS] TETEPOJIMTHYECKAs JUCCOLMALIMsI, Belyllias K o6pa3oBaHUIO
cBODOIHOTO TPEXKOOPAMHHUPOBAHHOTO KapOGOKAaTHOHA U yXomslUueu
rpynnsl. [lanee cnenyeT BTopas cTagus — ObICTpast peKOMOUHALMs
snekrpoduibHOro kapbokatuoHa c Jo6GHM ocHOBaHHUeM Jlbiouca
(HykneoduioM), MMEIOUIMMCS B PAacTBOPE, BKIIIOYAasi U caM pPacTBO-
pHUTEIb. DTOMY MPOLECCY COOTBETCTBYET SHEPreTUYECKAasl 1uarpamMma,
NpeAcTaBieHHass Ha puc. 9.1, a.

a 6
tE: [Nu---R---Z]e#
g
T
B
&
©
ol
0
IS
T
<
I
T
2 ) =)
I~ Nu+RZ NuR+Z
RZ+Nu: RNu+
KoopawviHata peakuum
H B
\ Sy 2
<D + Gz —>
R2/F<1
Hy * /H
5 \ 5- e
Nu <Q>4c\<.>z<) — Nu<B > <D+ >z
1 N 2 / N2
R R r! R

Puc. 9.1. OHepreTuyeckue AMarpaMMel U IPEIEALHOTO Cyyast MeXaHH3MOB Syl (a)
u Sy2 (6). IepexoqHoe cocTosiHue Sy2-MexaHM3Ma (6)

4—2778 97



Takoi AUCCOHNUATUBHBIA MEXaHU3M MMeeT ClelyIoUMe XapaKkTep-
Hble CIeNCTBUS.

1. [TockonbKy onpenenseT CKOpPOCTh BCei peakLIMH CTaiusi HOHH-
32U, PEaKIUs MOMUUHSIETCS KUHETUYECKOMY YPaBHEHUIO ITEPBOIO
OpSIKA:

_ _dRZ] _
CKOpPOCTb = di = k[RZ].

TakuM 00pa3oM, CKOpOCTh HOHU3ALMHU cyOCTpaTa He MO/KHA 3aBU-
CeTb HU OT NPHUPOABI, HU OT KOHIEHTpalluM HyxicodbWibHOro pea-
reHta Nu:.

2. VI3 sHepreTH4YecKoOH nuarpaMMbl CIERyeT, YTO DHEPIus Irepe-
XOIHOI'O COCTOSTHUSI CTaAMHU HOHM3alMM R—Z O1u3Ka K 3HEepruu npo-
OyKTa [epBoi cramuu, Kap6okaTvoHa. ClenoBaTenbHO, MEpPEXONHOe
COCTOSIHHME «[10XOXE» HAa KapOOKATHUOH U B CTPYKTYPHOM CMBICIE, TOT-
a CTPYKTYpHbie (aKTOphl, NMOHMXKAIOUIKE SHEPTUIO KapOokaTuoHa,
JIOJTXXHBI IOHWXATh ¥ SHEPIHIO ITEPEXOMHOTO COCTOSHUS. DTO SIBISIET-
cs CIeCTBUEM MOCTyJaTa X3MMOHIA, MTOAPOOHEE paCCMOTPEHHOIO B
rr. 13. [pyrumu ciosaMy, yeM crabuibHee R, TeM BbIiIE CKOpPOCTh
Syl-peakuuu cyberpara RZ.

3. MoHu3aums NOJKHa 3aBUCEThb KAK OT MOHU3UPYIOLUEH CHIIBL
PACTBOpUTENSI, TAK U OT IIPUCYTCTBHUSI B pacTBOpe cOjeil ¢ oOluM
HOHOM Z , BIIMSIIOLIMX Ha JUCCOLMALMIO BCAEJCTBUE 3aKOHA JEHCT-
BUSL Macc, Unu 6e3 obluero MoHa, cIocOoOCTBYIOIUMX HOHU3ALUHA
BCJIEICTBUE YBEJUYEHMS] MOHHOM CHJIbI pacTBOpa.

4. Ecnu xapbokaTHoH, oOpasyroluMicsl IpY MOHM3ALMU, JOCTa-
TOYHO CTaOWJIeH, OH [TPUMeT HauboJjiee BBITOAHYIO IUIOCKYIO0 KOH(H-
rypauuio, KoTopasi axupanbpHa. ClieqoBaTeNbHO, CTEPEOXUMUYECKUM
pe3yJIbTaTOM KJIACCUYECKOro (mpemenbHoro) Syl-mMexaHuM3Ma HOJIK-
Ha ObIThH palieMHU3alusl.

Kiaccuueckuii GnMoeKyISpHbIA MEXaHU3M 3aMeILEHUs Sy2 OIu-
ChIBA€T CHHXPOHHYIO OZHOCTaMUMHYIO PeaKlHIO, B KOTOPOil nepexon-
HO€ COCTOSIHHUE MpPEACTABJISIET cOOON TPUTOHAIbHYIO OMIIUpaMUAy C
TIEHTAKOOPIUHUPOBAHHBEIM aTOMOM yriepona (puc. 9.1). Baxueituieit
0COBEHHOCTBIO Sp2-MEXaHHU3Ma SBISAETCS OTCYTCTBHE Kakoro-iaubo
WHTEPMEIMATA B IIPOLIECCE COIJIACOBAHHOIO 3aMEIUEHUS IpynIsl Z
Ha Nu (cM. puc. 9.1, 6).

B Takux peakuusix [VIABHBIM IHEPreTUYECKUM (HaKTOpOM SIBJISIET-
cs B3aUMOJEHCTBUE HeCBA3bIBAONIEH opouTanu Hykieodpuna (B3MO)
¢ paspexisiolei o*-opburtainsio ceazu C—Z (HCMO).

CorylacoBaHHbI MEXaHU3M HYKJIEODHUIBHOrO 3aMElUEHUS] HMEET
KMHETUYECKME U CTEPEOXUMUUYECKUE CIECACTBUS.

1. Peakuus umeetr oOLUK BTOPOM KMHETUYECKUN MOPSAOK, Mep-
BBII MO CyOCTpaTy U IEPBBIN IO HYKIIEOPUIY:
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CKOPOCTb = —% = /»[RZ} [Nu].

Hyxneodun yuactByeT B 06pa3oBaHUU MEPEXOTHOIO COCTOSIHMSA, 109~
TOMY CKOPOCTb HOJIXHA 3aBMCETh KaK OT KOHLEHTpalWH, TaK U OT
NPUPOIBI HYKJIeo(HNa, YTO PE3KO OTINYAET COTIACOBAHHYIO Sy2-pe-
aKLHIO OT MOHU3ALMOHHOTO MeXxaHu3Ma Syl.

2. Ipyroii NpUMHIMIHAIBHO BAXHOM XapaKTepHUCTUKON Sy2-Mexa-
HU3Ma SIBNsIETCS cTepeoxuMusi peakiMud. CHUHXpOHHAsl Sy2-peaxkuus
JoJXHa OBITh cTepeocnelUPUYecKOH, MOMEKYIAPHO-OpOUTAIBLHOE
OINMCAaHME CTPYKTYPHI MepeXoJHOro COCTOSIHUS 3TOro Ipolecca (cM.
9.2.2) noka3sbIBaeT, 4YTO aTaka Hykineodwra Habnronaercs ¢ Tbuta. Hyk-
neoduabHbIM areHT Nu : atakyer cyocrpat RZ co cTOpoHBI, IpoTH-
BOIIOJIOXKHOM yxonsulei rpynne Z, TakuM obpaszoM, yToObl oOpazo-
BaHue cBsi3d C—Nu CONpOBOXZAIOCHh CHHXPOHHBIM pacllelUIeHUEM
cBszy C—Z B TPUIOHANbHOM OHITMPaMHIAILHOM IE€PEXOIHOM COCTO-
SIHUH € MEHTaKOOPIUHUPOBAHHEIM aToMoM yrepoaa (puc. 9.1, B). Cre-
PCOXUMHYECKHAM CIICACTBUEM TAKOrO IIpollecca JOJXHO ObITh TaK Ha-
3BIBAEMOE 8anb0eH08cKoe obpauiernue KOHGUTYpaAUUH IPH XMPATbHOM
4aTOME YITIepoaa, CBSI3aHHOM C YXOOSIIEH rpynmoi. 3T1o siBjeHue oynet
nogpobHO paccMoTpeHo B pasgene 9.2.1. O6paieHue KOHOUTYpaLTUU
HEYKOCHUTEJIBHO BBIOJIHAETCH B Sy2-peaKuMsIX.

B stoM paspmene Oymer NpHBedeH TOJIbBKO OIWH, HO, BEPOSATHO,
caMblil HADISMHBIA ¥ YOeMUTEIbHBIN MTPUMEDP, B KOTOPOM MPOUCXOIUT
M30TOMNHOE 3aMellieHMe iona B (+)-2-HOMOKTaHe NMOoI XEHCTBUEM pa-
IroakTuBHoro #onun-uoHa (Muronea, Xeio3, 1935):

13116+ TC—I AlI€TOH l3lI—C/H + I@
cHy” | | cn
CeHy3 CeH3
(+)-2-HiomoKTaH (—)-2-itonokraH

Kaxnapii 3meMeHTapHBIA aKT 3aMeleHUs Homa Ha pajguoaKTHB-
HBI HM30TOI CONpOBOXIaeTcs obpauneHueM (MHBepcHeH) KOHUry-
pauuy. TakuM obpasom, 11 OMMONEKYISIPHOIO 3aMelUeHHUs Xapak-
TEPHO OOpalIEHUE CTEPCOXUMHUYECKONH KOHPUIYPAUUH Y XUPATIHLHOIO
aToma yriaepoza.

3. B mepexolHOM COCTOSIHUHM COIJIACOBAHHOM Sy2-peakLuM cre-
NeHb KOOPAWHALMM LEHTPaJIbHOTO aTOMAa YIJICpOAa YBEIUYUBAETCS N0
MSITH, 8 caMO TepPexXoJHOE COCTOSIHUE MNpencTaBisieT coboil Tpuro-
HanbHYylO Oumnupamuay. M3 atoro cienyer, uTo CKOpOCTh peakl MU
LOJIXHa OblTh B OYEHb CUJILHOM CTEIIEHU YYBCTBUTE/IbHA K IIPOCTPaH-
CTBEHHbIM (aKTopaM, B IIEPBYIO oYepeib K 00beMy 3aMecTUTeNel TpU
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Du3nueckne CBOACTBA ANKHITANOTEHANOB

Ta6nauua 9.1

AJKWITanoreHua ®Dopmy.a nzig:ﬁizp.% Eﬁ::ii??é [tnoTHoCTS, r/cM3
Metundropun CH;F —142 —-78 0,87 npu —78°C
MeTunxinopua CH;Cl1 -97 —24 0,92
Metunbpomun CH;Br —96 4 1,73
MeTtunitonuzn CH3;l —66 42 2,28
MeTtuenxsiopua CH,Cl, —96 40 1,34
Xnopodopm CHClL —63 61 1,50
YeTblpeXXUIOPUCTRII CCly —23 77 1,60
yTIepox
Bpomodopm CHBr; +8 150 2,89
Otundropun CH;CH,F —143 —-38 0,82 npu —38°C
STHIXJIOPHL, CH;CH,Cl1 —140 12 0,92
BTUICpOMUI CH3;CH;Br —120 38 1,43
Smuwnitonua CH;CH;I =111 72 1,94
n-Tlporundropun CH;CH;CH,F -160 -3 0,78
H-TIponunxiopun CH;CH,CH,Cl ~-123 47 0,89
n-TIponunbpomMun CH3;CH,CH;Br —110 71 1,35
H-TIponwnitoanx CH3;CH,CH,I -101 102 1,75
Hzonponundropun (CH3),CHF —-133 —10 0,77
Hsonponunxiopun (CH3),CHCl —-117 36 0,86
Uzonpormnbpomus (CH3),CHBr -89 60 1,31
Hanponunitonun (CH3),CHI —91 89 1,70
H-Bymundropun CH;(CH,)5F - +32 0,78
H-ByTHWIXIOpKL CH3(CH,);Cl1 ~123 +78 0,89
H-ByTwibpoMun CH;3(CHy);Br —112 101 1,30
H-ByTwritonua CH3(CHjy);sl —103 131 1,62
mpem-ByTunmxiopua (CH3);CCl —28 51,5 0,85
mpem-ByTUn6pomMu (CH3)3CBr —20 73 1,23
mpem-ByTunitonun (CH;);CI -12 100 1,54
H-TTeHTHNdTOPHA CH;(CH,)4F - 63 0,78
H-TIeHTUWIXTOpUL CH;3(CH;)4Cl —-99 108 0,88
H-TTeHTUNGpOMULR CH3(CH;,)4Br -95 130 1,22
x-TleHTUNROOMA CH3(CHj)4l —86 155 1,52
H-Texcuaxsiopua CH;3(CH,;);Cl1 —94 135 0,88
#-Texcunbpomun CH3(CH,)sBr —85 156 1,18
x-Texkcunonun CH;3(CH;)sl - 180 1,44
1-XnopokTaH CH;(CH;,);Cl —61 182 0,87
1-BpoMoxTaH CH3(CH;),Br -55 201 1,12
1-Xnoprekcanexan CH3(CHj,),5ClI - 149/1 MM 0,87
1 -bpomrekcanekaH CH3(CHj3),sBr +17 190/11 MM 0,99
AJUTHIXIIOPUA CH,=CHCH,C! ~-136 46 0,94
AnnbpoMua CH,=CHCH;,Br —-119 71 -
Amunionna CH,=CHCH,I -99 102 1,85
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Tabanuua 9.2

Bansune cTpykTypHbiX GaKTOPOB B cyGcTpare Ha CKOPOCTH Sy2-peakuu
anKniaxaopunaos u ankmadpomuaos ¢ KI B auerose npu 50 °C

Cyberpar Koy CybBerpar Koy
CH;Cl 200 yurno-CgH 1 Cl 0,003
CH;CH,Cl1 2,50 C¢HsCOCH,;ClI 100,000
CH;CH,CH,Cl! 1,10 CH;COCH,Cl 36,000
CH;CH,CH,CH,Cl 1,00 | CICH,COOC,Hs 1700
#-CgHy3Cl 1,30 CICH,CN 3000
#-C12H,5Cl 120 | CHy—CH—CH,Br 0,040
CH,
CH3ICHCH3 0,02 (CH;);CCH;Br 2:1075
Ci
CH, CHCH,CH; 0,02 | CH;CH,Br 2,200
Cl
CH,=CHCH,Cl 79 CH;CH,CH,CH;,Br 1,000
CgHsCH,CI 200

LEHTpaJIbHOM aroMe yriaepopa. CKopocTs Sy2-peakuuil ais alKuira-
JIOTEHUIOB ¥ &TKWICYJIb(OHATOB YMEHBIUAETCS B PSIOY

CH; > GHs > RCH, > R,CH > R;C.
[IEPBUYHBIA  BTOPHUYHBIA TpEeTHYHBIA

Cpenn anKuMiITanoreHUIoB U AIKMICYJIbPOHATOB CKOPOCTh peaKIIUi
Sy2-3aMeuleHUs Haubomee BhICOKA IUISI METHITATIOTEHUAOB U METHII-
cynsdonatoB CH;X. IMocnerosarensHoe 3aMellieHle aTOMOB BOJIOPO-
a B METWJIBHOM I'PYIIe HA aJIKWIbHBIE IPYIIIIBI CO3TAET [IPOCTPAHCT-
BEHHbIEC MNPEISITCTBUS LI HYKJIeodUIbHON aTaku M BHI3BIBACT He-
IIpEPBIBHOE YMEHBLIEHUE CKOPOCTH peakumu. Pusnyeckue cCBOMCTBA
AIKMITAJIOTEHHMIOB MpelcTaBieHbl B Ta6a. 9.1. B Tabn. 9.2 npuBeaeHsl
3HAYeHUs] KOHCTAHT CKOpPOCTe# st peaKlU¥ Pa3NHYHBIX ATKWIXIO-
pUIOB U WIKUJIOPOMULOB C fonumoM Kamus B auetoHe npu 50 °C,

W3 maHHBIX, npeacTaBAeHHBIX B Tabia. 9.2, ciemyer, YTO CKOPOCTh
Sy2-peakuyuy pe3Ko YMEHbIIAeTcs IpH 3aMelleHUHW BOOOpoAa IIpH
O-YTJIEPOTHOM aTOME Ha aIKWiIbHyIo rpymmy B psgy CH;X > CH;CH,X ~
~ CH;CH,CH,X >> (CH;),CHX, T1.e. mpu mepexone OT [ME€PBHYHBIX
KO BTOPHUYHBIM JIKWJIbHBIM panukanam. s TpeTUYHBIX aJKHIra-
noreHunoB R;CX u3-3a crepudecKux MPEnsiTCTBUI 3aMellleHUE Mo
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S\2-MexaHU3My He TPOUCXOIUT. BMecTo 3TOro NMpoUCXOAMT 3aMelle-
HMe no Syl-MmexaHusMmy, comnpoBoxiaemoe El-31MMHHHPOBAHUEM
(rn. 10). [Uist BTOPUYHBIX ATKWITAJIONEHUIOB M AIKWICYIbGQOHATOB B 3a-
BUCUMOCTH OT NMpUpOnbI cyberpara, HyKIeodWIBHOIo areHTa, yXoms-
LUeH TPYIIIBI M [JaXe PACTBOPUTENS MOXET PeaIM30BaThcsi KaK Sp2-,
takK ¥ Syl-Mexanuam 3ametieHusi Z 8 RZ wa Nu (nonpobhee cM. 9.4.2).
YmeHbuieHue ckopoctu Sy2-peakuuit B psny CH;> RCH,X >>
>> R,CHX 00ycioB/IeHO YUCTO TIPOCTPAHCTBEHHBIMU NIPUYMHAMU IS
JOCTHKEHHUSI MEpPeXOJHOTI0 COCTOSTHUS TPUTOHAJIBLHON OUITMpaMMIbL.
3aMelieHHe MpH B-yIJIEpOOJHOM aTOME B AJKMJITUIOTEHMAE TaKXe
BbI3BIBAET MOHMXEHHE CKOPOCTH PEaKLMHU, XOTS U HE CTOJIb PE3KOe,
KaK 3aMelleHHue MpHU o-yriepoJHoM aroMe. CKOpOCTh B3aUMOIACHCT-
Bus ankuwidopomunoB ¢ KI ymeHblaercs B psaxy

CH,CH,Br (2,2) > CH;CH,CH,Br (1,0) >> (CH;),CHCH,Br (0,04) >
> (CH;);CCH,Br (2,0-107).

Takyio mocnenoBaTeJbHOCTh JErKO OOBSICHUTb NPH PACCMOTPEHUU
MpOeKUHOHHBIX (opMyn HuroMeHa u306yTHAOGpOMUAA U HEOTIEHTHUII-
opoMmuna. Haubosee ctabunbHass anmu-xopdopmauus uzo0yTuidpo-
MHZIa HEBBITOOHA ISt aTaKu HyKieodwmia Nu : M3-3a IpoCTPaHCTBEH-
HBIX MpeISITCTBUI, CO3JaBaeMbIX METHJIBHOW rpynIiod B B-nonoxe-
HuK. Hawnyuiime npocTpaHCTBEHHEIE YCIOBHS U aTaKK HyKiieodia
C TBUIA CO3JAIOTCSt B 3aCNOHEHHOH (cuH-) KOHdopMauuu, HO OHA
SHEPIreTUYeCcK ropasfio MeHee IIpEeANOYTUTEIbHA [0 CPABHEHMIO C
aHmu-KoHgopMaluei, YTo IIPUBOAUT K POCTY SHEPTHU aKTUBALUHU
3aMelieHUs. B HeonmeHTUNTAIOreHUAE TP METUWIbHbBIE TPYIIBI B
B-moOXEHUU OYEeHBb CHJBHO J3KPaHUPYIOT Q-aToOM yriepoda AJs
HyKJIeo¢HIbHON aTaku B JI000H KoHGOopMaLMH.

IIpy voHM3aUMOHHOM Syl-MeXaHU3Me PN ANKUAbHBIX TPYII
JIOJDKEH ObITh MonHocThio obpatHhIM: R;C > R,CH >> RCH,.

mpem-AJKUATAJIOTEHUOBl PEArUPYIOT TOJBKO MO Syl-MeXxaHus-
My, IUISI BTOPUYHBIX UIKWITAIOTEHUAOB peanusyercs Kak Syl, Tak u
Sy2-MexaHu3M, a nepsuuHble RCH,X pearupyor Tonbko no Sy2-Me-
XaHU3MY.

Taxum obpasoM, Mexny Syl-u Sp2-MexaHH3IMaMU HMMEIOTCA Kak
KUHETHYECKHE, TaK U CTEPEOXHMHYECKUE Pa3IMyMsi, HA OCHOBAHUHU
KOTOPBIX MOXHO B O0lLIeM cilyyae 0CTAaTOYHO HaneXHO CyAMTb O pe-
aJIbHOM MeXaHM3Me PEeaKiHH.

Tem He MeHee peakUUM COJILBOJIM3a, KOTa poJib Hykieoduia
WUrpaeT caM pPacTBOPHUTENb, KOHICHTPAUMUs KOTOPOTO B XOIE peak-
UMY NpPakTU4YeCKH He U3MEHSETCS, IMOAYHUHSIIOTCS KHHETUYECKOMY
YPAaBHEHUIO MEepBOTO MOPSIIKA HaXe B TOM Cly4yae, KOraa MCTUHHBIN
MEXAHHU3M COJbBOJIM3a OTHOCUTCS K Sp2-THmy. Takue peakuUuu Ha-
3pIBAIOTCH MpolieccaMy IMceBaorepsoro nopsinka. CrnemosaresibHO,
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OTCYTCTBYET KMHETHYECKUH KpIdTepVIﬁ BbIGOpa MEXaHHN3Ma COJIbBOJIM3A.

CTCpCOXI/lMI/Iﬂ HyKIIGOCbI/UIbHOFO 3aMEIICHUA TAakKXe HE BCeraa Jact

OJHO3HAYHBLIA OTBET Inpu BbI60p€ MEXIY MOHH3AUMOHHBIM U COrjid-

COBAaHHBIM MEXaHHU3MaMH, B ocobeHHOCTHU ISt OeH3WI- U 66H3FH,H,*

PHATAIOreHUAOB, HANPUMED:

CGHSCHCH + CH;COOK ~ s CHsCHCH, ( 15% )
3

CH,COOH:
Cl 30 °C OCOCH VHBePeH

aueroH; 50 °C WHBEPCHH

® O
CHSCHCH + (CoHg)sNOAC ———. C6H5?HCH3( 65% )
a OCOCH,

C.H.CHCH, + H,O
675y 3 2 pona—cnuprt; 50 °C
Ci OH

HabGaonaemast yacTUYHAast MHBEPCHS 3aTPYIHSET OTHECEHUE ITHX
peakUMit K KaKoMy-THOO M3 MpelebHBIX MeXaHM3MOB., MoxHo mpen-
CTABUTDH JaXe TAKOH ciy4ail, Korga peakuust ripoxoxut co 100%-i
HHBEpCUEH, HO JpyTHe OJaHHBIE CBUIETEJILCTBYIOT B [I0JIb3Y MOHM3A-
LIMOHHOro MexaHu3Ma. OcobGeHHO TPYIHO PEIIMTH BOIIPOC O MEXAHU3ME
IS émop-IKWITAIOTEHHIOB, CYJIbL(MOHATOB ¥ OEH3WITaIoreHUIOB,
KOTOpbIe BeXyT cebsl Tak, KaK OyATo IS HUX MEXaHU3M SIBISIETCS
(opManbHO NPOMEXYTOYHBIM MeXny Syl- u Sy2. B nocrenyroniux
pasgenax 3TOoi IJ1aBbl MEXaHH3M HYKJIeodHIbHOIO 3aMelleHUs y Ha-
CBIILIEHHOTO aTOMa Yyrjepofa MUisl TaKoro pojaa cybcTparos Oyger pac-
CMOTpPEH boJjiee NMoaApobdHO.

» C.H;CHCH, 33%
! WHBEPCHH

9.2. MEXAHHU3M S,2
9.2.1. BAIBJEHOBCKOE OBPAIIEHHME

YCTaHOBUThE, OTHOCHTCS JIM JAaHHAS PEaKUMs] K Sy2-TUILYy, MOX-
HO COBEPIIEHHO OIpEeNeICHHO, H3y4asl €€ CTEPEOXUMHIO. B opraHu-
YecKO# XMMHUM, BO3MOXHO, HET APYTHX peakiuuit, KpoMme Dumole-
KYJISIPHOrO HYKJIeO(PUIBHOIo 3aMELUCHUSI, [1I€ CTEPEOXUMMUS CIYXHUa
Obl OMHO3HAYKBIM KpPUTEpHEM MeXaHu3Ma. Y HMCTOKOB HAalUWX 3Ha-
HUH o MexaHusMme Sp-peakuuil CTOST NUOHEPCKHE HCCIeLOBAHUSA
IT. Banpaena (1895 r.), NocBslIeHHbIE CTEPEOXUMHYECKUM LIMKIIAM pe-
akuuii. B aTux ncciaenosaHusx BanpaeH oTKpbUI psi peakiuif, KoTo-
phle MPOMCXOAMIU ¢ HHBepcHeil (obpaiieHueM) KOHGUIYpAIHH
XUpaJIbHOro artoMa yrnepona (cM. ri. 8). Hanpumep, npu B3aumonei-
CTBUM (—)-TUAPOKCUSIHTapHOH (s101049Ho#) KuciaoTel ¢ PCls obpasy-
eTcsl (+)-XJOpsIHTapHasi KUCI0Ta; C OIpYTrodl CTOPOHBI, NPU AEHCTBUHU
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TUOHWIXJIOPUAA Ha (—)-TUAPOKCUSIHTADHYIO KMCJOTY IOJIy4aeTcs
(—)-xn0opsAHTaApHAS KHUCJIOTa

CH,COOH CH,COOH
| PCl; |
CHOH > CHCI
(—) COOH on® COOH  (+)
soale AgOH AgOH U SOCl,
CH,COOH oH® CH,COOH
CHCl - > CHOH
] PCl |
(=) COOH 5 COOH (+)

fAcHo, YyTO OoxHA K3 3THUX peakIIMid IPOUCXOAUT C UHBEPCUEH, a
Ipyrasg — ¢ CoxpaHeHHeM KoHourypaluu, Ho Kakas? Kak yxe oT-
Meyanoch (cM. 8.3), 3HaK BpallieHUsS He JaeT OTBeTa Ha 3TOT BOIPOC,
MIOCKOJIBKY OH HEIIOCPEICTBEHHO He CBS3aH ¢ abCoMOTHOM KOHGU-
rypauureii. [ToaHbli cTEpEOXUMHUYECKUNA LMK, [IPUBEIEHHbIN BBILUE,
BKJIIOYAET MpeBpallleHHe KaKIOro U3 3HAHTHUOMEPOB XJIOPSHTAPHOH
KHUCJIOTBI B 00€ 3HAHTHOMEpPHBbIE SI0JOYHbIE KMCIOTBHI, HO BOIIPOC O
TOM, AEeHCTBME KAKOI'O peareHTa IIPUBOAUT K COXpaHEHUIO Wiu obpa-
LWEHWI0 KOHGUIYpallud, OCTAeTCS HEepPelIeHHBIM.

B nepBoM cTepeoXUMUYECKOM IIHKIIE, OTKPBITOM BansaeHoM, cyo-
cTpaThl GbUIH AOBOJBHO CJIOXHBIMHU; OHH CONEPXaIX HECKOIBKO (yHK-
LMOHATBHBIX TPYII, YTO 3aTPYOHSUIO pellleHHE ITpoDIEeMBl O COXpaHe-
HUU WM 00OpalleHu KOHPUIypauuyu Ha KaKIO# KOHKPETHOM CTanuH.
BriocnencTeuu nepeuutd K 6ojiee NpOCTBIM OOBEKTaM, 4 MMEHHO K
OINTUYECKH AKTHUBHBIM CIIUPTaM, HE COAEPXALUMM HMKaKHUX IPYTUX
¢yHKUMOHANBHBIX rpymnn, kpoMe OH-rpynnel. Hanpumep, TUIHYHBIM
SIBJISIETCS CNEAYIOIMM MK

R R R® R R
\ TsCl \ KOAc A
OH > OTs > AcO
/ COXPaHCHUC / MHBEPCHS \

H (4 H (+) H

Q
HO® Ac,0 Ac,0 OH
(runponus)| | coxpatienue COXpaHEHME (FPIIIPOZHW)
2 1 1 R
2
R* R R R ;. R
KOAc ; TsCl
OAc «——Ts <« HO
HHBEpCHs COXpaHEHUE
(t) H (+) H




[Ipy BHUMATENBHOM PACCMOTPEHHM 3TOTO LIMKIA MOXHO IMPUUTH K
BBIBOJY, 4TO MHBEPCUS KOHMUIYPALUH JOJXKHA MPOUCXOAUTE WM HA
ONHOM, WIM Ha BCEX TPEX CTANMSIX IIpeBpallleHUs OJHOTO U3 XHUpalb-
HBIX CIIMPTOB B ero aHaHTHoMep. Ilo psigy NMpHYMH CYMUTAETCS, YTO
MHBEPCUSI BO BpeMsi ruiaponusa cioxHoro 3dupa (rn. 18, 4. 3) uau
TO3UAUpOBaHUs cnupTa (1. 11) He nmpoucxonutr. MHBepcus pomxHa
NPOHCXOIUTH HAa CTANUHK 3aMEHbl TO3MJIATHOMR IPYINbI HA AUETATHYIO,
ITOCKOJILKY B XOJIe 3TOTO Ipolecca pa3phiBaeTCs CBA3b MEXIY XUPANb-
HBEIM YDJIEpOIOM H KHCIopomoM. M3ydeHue MOmoOHBIX LHUKIIOB IS
OYeHb BOIBIIOTO YHCJIA BTOPUYHBIX CIIUPTOB M MX ITPOM3BOMAHBIX BCETNA
MPHUBOIWIO K COTJIACYIOIMMCS MEXIy coboit pesynprataM. Bo Bcex
cay4asiX MOXHO I0oJIarath, YTO 3aMellleHHe To3winatHoit rpynnsl OTs
Ha OH™, OR™, OAc npoucxomut ¢ uHBepcueil. OTciona BO3HUKIIO
MpPEATNONIOXEHHE, YTO H 3aMEelUeHHE TajoreHa B alKWITAJIOreHHIAaX
MpH NeACTBUM raJOreHUI-UOHOB JOJKHO NPOTEKATh aHAJIOTUYHO, T.€.
¢ uHBepcueil KoHburypauuu. [IpsMoe noareepxaeHue 3TOro mpen-
MOJOXEeHHS ObUTO MoydeHO XbI030M U MHTOIBAOM, KOTOpPBIE U3ME-
PHMJIM CKOPOCTh M30TONHOTrO OOMEHAa rajloreHa M CKOpPOCTH paleMU-
3allMM OINTUYECKW AKTHUBHBIX 2-HonokraHa, 1-dheHwIsTwiOpoMuaa M
2-OpOMITPOIIMOHOBOH KHCJIOTHI NP JEUCTBUM paguoakTUBHoro Nal
unu LiBr B auerone:

H ‘(‘:6H13 CeH;s H ° I.Can
‘\\ * - * /' E)
1© + 7_1___> L. C(--I — 1 +1
1
CH CH, CH;
N\ (I WHBEpPCHUsI
CH CeHys
13 H\™
H A ,_' -’I » N I* + Ie
CH{ CHj

CkopocTs o6MeHa ONpelessiiach ITyTeM U3MepeHHs] UHTeHCHBHOC-
TH PagUOAKTUBHOTO H3INYYEHHS UIKWITATIOTEHHARA HIN TaloreHnna
LI{EJOYHOTO META/LNAa, CKOPOCTh PAllEMU3AIIMH — C IOMOHIBIO TIOJIs-
PUMETPa MO HM3MEHEHMIO Yria BpalIEHUS TLIOCKOIOJISPUIOBAHHOIO
cBeta. CKOPOCTh palleMU3alldi B 2 pa3a BhILIE CKOPOCTH BHEAPEHUSA
paauoaKTUBHOIO Hola B MoaeKyny Homokrana. (Hanpumep, 9UCThIN
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JIEBOBPALAIOUIMII UCXOAHBIM MaTeprall OYIEeT Hallejlo palleMU3HpPOBaH,
eciu Toapko 50% ero mpeBpaTaTcd B IIpaBOBpalIalOLIUIi H30Mep.)
Otcioga cienyer, YTO MEPEXOAHOE COCTOSHUE B Sp2-peaklysix UMeeT
ctpykTypy (I).

WHBepcust (obpalleHue) KOoHOUTYypauuu B Sy2-peakiusix Moiy-
YyyJia Ha3BaHUE 8a1b0eH08CK020 obpawenus. B HacTodlllee BpeMs ycra-
HOBJIEHO, YTO 3aMELIeHUe 4Yepe3 IepexofHoe cocToaHue Tuna (I),
T.€. C aTakoil HyKJIeopuIa C ThUILHOM CTOPOHBI IO OTHOIUEHUIO K
yXOIALIEH IpyIle, sABJAAETCA OOLIMM IIPaBUIIOM [UISL BCEX Sy2-peak-
LM HE3aBUCUMO OT WX 3apsifHoro Tuma. Jlaxe B TexX ciayyasix, KOria B
HCXOOHOM cyOcTpaTe Ha yXOHSIIEH IpyIe UMeeTcs TTOJOXUTEIbHbIA
3apsii, a HyKIeo(Wl 3apsiXeH OTPHUHATENBHO, ¥ U3 3JIEKTPOCTATH-
yecKMX cooOpaxkeHHi ¢poHTanbHasg aTaka yepe3 MepexoJHOoe COCTO-
suue tdna (I1), kazamocey GBI, TOMXHA OBLITH Gojlee IIPENIIOYTHTENb-
HOM, peakuLMsl BCe PaBHO INPOMCXOIUT C MHBepcHeld KOH(UTypalluu.
DT0 JIETKO NPOWLTIOCTPUPOBATH CIECAYIONIUM IIPUMEPOM.

CxemMma 9.1
CcH H
H, ®5 CHLEB g, ot /CH3
i T ' ®
SCH, : > | B° S
COXpaHEHHE AN
CH CH CH;
(=) (=)
coxpanenue | (CH;),S WHBEPCHSA Br®
Y
H :C6H5@/CH3 GeHs
: CH;),S /;
S po| « (S 5 aH (CH,),S
AN MHBEpCHS
CH CH, , CH,
(-) (+)

Takum obpaszoM, MoxHO chOpMyTUpOBaTh cielyioiiee obilee
MIPABUJIO: GUMOAEKYAAPHbBIE PEAKUUU HYKALOPUABHO20 3AMEWEHUSL NPOUC-
Xx00am ¢ uHgepcuell KoM@ueypayuu peakyuoHHoz20 yenmpa cybcmpama.
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9.2.2. IPUYHUHLI HUHBEPCUH KOHOUI'YPAIIUM B S,2-PEAKIINAX

IlepBoHayabHO HHBEPCHUIO KOHPUIYPALMU B Sy2-peakuusax obb-
SICHSUTM YMCTO 3JIEKTpOCcTaTU4ecKUMH ¢akTopamu. B camoMm nene, B
MEPEXOJHOM COCTOSTHMM THIA | HecylllMe OTpHLATENBHBIN 3apsi] BXO-
IALUAS ¥ YXOISIUAST CPYIIIbI HAXOOSITCS Ha GO/bIUEeM PACCTOSHUU JPYT
OT Ipyra, YeM B lepexoaHoM coctosiHuM tuna II, ajsexTpocratuyec-
KO€ OTTaNKMBaHWE MEXAY ITUMU IpyNIIaMé B CTPYKType 1 MeHblue,
yeM B cTpykType 1. OnHako obpaleHue KoHGUIypallMy B peaklUu,
NpuBeleHHON Ha cxeMe 9.1, rae Bxoasilas ¥ yXOLALIME TPYIIbI 3a-
PSIXEHBI PA3HOMMEHHO U MEXIY HUMHM JOJDKHO OBITh 3leKTpOCTaTH-
YECKOE MPUTSDKEHUE, CBUETEIBCTBYET IIPOTHB IIPOCTOr0 OOBSICHEHUSI,
OCHOBAHHOTIO Ha 3JEKTPOCTATHYECKOM B3aUMOIEHCTBHH.

B Hacrosiliee BpeMsl MHBEDCHIO B PEaKUMsIX Sy2 OOBSCHSIIOT B
pPaMKax TEOPUU MOJNIEKYJSIpHBIX opbuTtaneii. B ciydae TpeyroiabHoro
rnepexoaHoro cocrosiuus (puc. 9.2, a) 3jeMeHTOM CUMMETPHH, [IpU-
cymuM Kak cBsisu C—Z, tak ¥ HykiIeodwy ¥ NepexXoJHOMY COCTOSI-
HUIO, SIBJISIETCSI BEPTUKAJbHAs 3€PKAIbHAS TUIOCKOCTh, MMPOXOISIIAs
(B epexomHoM coctrosiHuK TIC”) yepes neHTp Hykneodmnia U cepe-
JuHY cBsi3 C—Z. OTHOCHMTEJBHO 3TOW TLIOCKOCTU OpOUTANU h U G
CHUMMETPHUYHBI, a opbuTaip ¢* aHTHcUMMETpHYHa. ClenoBarTenbHo,
3¢ GEeKTHBHO B3aMMOAEHCTBOBATh MOTYT JHIIB [BE 3aIlOJHEHHBIE Op-
ourtard — n u o, ¥ B3MO JTIC* Gyner UMeTh BBICOKYIO 3HEPTHIO.
J1st iuHerHOoTO nepexogHoro cocTosHus (puc. 9.2, 6), COXpaHsIOLMM-~
CsSl B XOE peakly 3JIEMEHTOM OpPOMTATBHON CHMMETPHH SIBJISETCS

£
c-Z nc Nu

oNu<o
oNu<O>Ce>Ze

6

Puc. 9.2. Inarpamma BO3MyUIeHHsI TPaHUYHBIX opGuTaneil B Sy2-peakuuu npu ¢poH-
TanbHOM (a) H ThUIOBOH (6) aTake Hykieobuna (Nu) Ha cBase C—Z. ITC* — nepe-
XOXHOE COCTOSIHUE
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ocb C.; OTHOCHUTENbLHO 3TOTrO 3JIEMEHTA BCe TpaHUYHBbIE OpPOMTANH,
O, 0¥ U N CUMMETPUYHBI, NO3TOMY peaTu3yeTCs Ciaydyail TpexopdOu-
TUIBHOTO B3auMOJeHcTBUA (cM. It 2, 4. 1). BoamylueHue opOGUTaibIO
O TOBBILUAET PHEPTUIO N-OPOUTATH, HO BO3MYlllEHUE OpOUTANBIO G¥,
Hao0OpoT, MoHuXaeT ee 3Hepruio. CirenosartenbHo, sHepruss B3AMO
TIC* He OymeT Takoil BHICOKOMH, KaK B ciydae, M300paXeHHOM Ha
puc. 9.2, a. TakuM o0pa3zoM, 3HEpPTUS NMHHEHHOIO NEPEXOIHOTO CO-
crossHus ‘(puc. 9.1, 6) nosmxHa ObITh MEHbLIE SHEPTUMU TPEYTOJHHOTO
IepeXoHOro coctosiHus (puc. 9.1, a).

KBaHTOBO-XMMHYECKHE pacyeThl IOKA3BIBAIOT, YTO pa3iu4yue
3HEPIruid MepexXogHbIX COCTOSIHUM NMPH ThLIOBOK U (POHTAIHLHOM aTa-
ke Nu roctatouHo Beauko (mo 20 Kkan/MoJb), 4T06BI CYUTATH A6CO-
JIIOTHO HaJeXHBIM BBIBOJ 00 WHBEPCHMH KOHOUrypauuu 1pu Sy2-3a-
MeUICHMY Y HACHILIEHHOTo aTtoMa ymiepona. Peakuust Sp2 sipisiercs
COTTIAaCOBaHHBIM TIPOLECCOM OIHOBPEMEHHOro paspniBa cBssu C—Z
U obpazoBaHusa cBs3n C—Nu, [103TOMY aHaJIOTMYHO IPYTHM COLJIa-
COBaHHBIM peakuuaM (ri. 25, 4. 3), oHa KOHTpOJUpYeETCS opOUTaTh-
HBIM B3aUMOJEICTBUEM, a HE NIEKTPOCTATUYECKUMH (HAKTOpPaMH.

HuBepcuss koHpurypauuu Habnionaercs He TOABKO IS Sy2-pe-
aKLuii B pacTBOpe. DKCIEPUMEHTAIBHO OBUTIO YCTAHOBJICHO, YTO U B
ra3oBoil aze HGUMOEKYISIPHOE HYKICODUIBHOE 3aMELLIEHUE TTPOUC-
XOOHUT ¢ obpameHueM KOHOUTYpalMU, HApUMep B peakUd XJOo-
PUO-UOHA C U3OMEPHBIMHU Huc- U mpanc-4-6p0MuMmoreKcaHonaMn.

o© 0B razoBas
(ba3a

mpanc- yuc-
N\ e rasosas N
uuc- mpaHc-

9.2.3. BIUAHHUE PACTBOPUTEIIA, NPHPOABI HYKITEODWUIIA
M YXONAIIEHN TPYIIbI HA CKOPOCThE S)2-PEAKIIMH

Bonpoc o BIMAHUM NPUPOAB! HYKJIEO(MMIBHOTO peareHTa U yxousi-
me# rpynnet Z B RZ Ha ckopocts Sy2-peakliMii Henb3sl paccMaTpH-
BaThb, HE NPHHUMasi BO BHUMAaHUE IIPUPOABI PACTBOPUTEIIST, B KOTOPOM
ITpoBOMTCS peaklust. «CobcTBeHHAs! HyKI€OPHIBHOCTE HYKIIEODWIb-
Horo peareHta Nu:, TaK Xe Kak M «COOCTBEHHAss HYKJIEO(YTHOCTb»
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VXOAsuIed rpyniel Z :, NposBisieTcsd TOAbKO NPU MPOBEACHUHM peax-
umit mexay Nu: u CH;Z B razosoit dase. B Hacrosiiee BpeMst cKo-
pocTH ra3odasHbIX peaklMi HYKJIeo(GUIBHOTO 3aMELLICHUSI MOXHO U3~
MEpPUTH, HaIpMMep, METOJIOM MOHHOIO UMKJIOTPOHHOIO pE3CHAaHCca
(MIP) mau MeTomoM IrociecBeYeHUS B IIOTOKE. DTH JaHHbIE Mpen-
CTaBJISAIOT OONBIUYIO EHHOCTDb ISl U3YYEeHUS BIAUSHUS COJbBaTALIMHU.
B nanHOM pa3zaene Mbl cHadajga pacCMOTPUM OCOOEHHOCTHU peakLMii
Sy2 B Tas’oBoi ¢ase, a 3aTeM NepedneM K aHIM3y BIMSHHSA pacT-
BOPUTEJSI C LeJbl0 BhIpabOTKM peKOMeHOaluil 1o BrIOOpY pacTBO-
pUTEAs A1 OpOBeleHUS KOHKPETHOTO IMpeBpallleHUsl B ONTHUMAalb-
HBIX YCJIOBMSIX.

9.2.3.a. MEXAHHM3M S,2-PEAKIIUH B I'A30BOH DA3E

B Hacrosiiee Bpemst OOILUENMPHUHSTO, YTO IpocTeilive rasodas-
Hble peakliM{ OMUCHLIBAIOTCH ABYXBAMHON MOTCHIUHATBHOW KPHBOM.
Takast KpuBasi Uil peaku U

Nu:®+ CH,Z —— NuCH; + 2:° 9.1)

u3zobpaxeHa Ha puc. 9.3. JleBblit MUHUMYM COOTBETCTBYET Npeipe-
AKIIUOHHOMY KOMILIEKCY Nu®... CH,Z, a npaBelif — mnociepeak-
uuoHHoMy kKomruiekcy NuCH; ... z®. DHeprus npeapeakKllHOHHOTO
KOMILIEKCa HUXe, 4YeM SHEePrusl peareHToB (Nue + CH;Z), a snep-
IUsl TTOC/IEPEaKIIHOHHOTO KOMILJIEKCA HUXE DHEPruH IPOILYKTOB pe-
akuun (CH;Nu + Z9).

3T0 CcBS3aHO C TeM, yto SHeEprus
cBOGOIHbBIE HOHBI B ra3o-

BOH (ha3e UCKIIOUUTEIBHO F=0
HecTabWIbHHL (TI1. 3, 4. 1).
Cas131, 0603HAYEHHEIE B
KOMILTEKCAX MYHKTUPOM,
HUMEIOT B OCHOBHOM BJIEKT-
POCTATMYECKYIO MPUPOLY, [NuCH3---Ze]
MpY 3TOM BO (parMeHTax KOOPBVIHATA DEaKUIH

CH;Z wiu NuCH; csizu Puc. 93 5 ) .

HOYTH HE MCKAXKEHBI U uc. 9.3. HepreTudeckKuii npoduis razodasHon
peakuuu Sy2-tuna. E, — KMHeTHYecKasi 3HEPIHs pe-

MMCIOT B OCHOBHOM KOBA-  arentop; AH — TernoBolt 3ddexT peakumu; AH™ —

JIEHTHBIA XapakTep. Hpe— SHTATbIIUSL aKTUBAIIUU

BpalleHUe Tpeapeakilm-

OHHOI'O KOMIIJIEKCA B nocnepeaxuuouﬂmﬁ IIPOHUCXOOUT YEPE3 Ccel-

JIOBYIO TOYKY HA KPUBOH, KOTOPOH OTBEYaEeT MEPEXOTHOE COCTOSTHUE

INu...CH; ... Z]e * ¢ Gojiee WIM MeHEe CUMMETPUYHON CTPYKTYpO#
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(B 3aBMcuMoOCTH OT Nu :©u Z) ¥ neNoKa30BaHHBIM 3apsaoM. Obpa-
30BaHUE MOH-MOJIEKYJSIPHBIX KOMIUIEKCOB YCTAHOBJIEHO 3KCIIEPHMMEH-
TanpHo. Hanpumep, B rasoBoit ¢ase nosydeHbl KOMILJIEKCH THUIIA
Hal®. .. CH;Hal, sHeprus 21eKTPOCTATUYECKON CBA3M B KOTOPBIX CO-
cranyisiet ot 8,6 no 14,4 xkan/Mojib. DTH KOMIUIEKCH B [IPUHIIMIIE aHa-
JIOTUYHBI KOMILIEKCAM C BOXOPOMHOl cBsizbio BE...HA, Kotopsie 06-
pasyroTcs [IpU [iepeHoce NnpoToHa Mexny kucinoroit (HA) u ocHoBa-
HHEM (Be) BpeHcrena (rn. 3, 4. 1).

KyiHeTHKy 2K30TepMMUYECKOTO Tipoliecca ¢ ABYXBSIMHBIM IIPOdu-
JIEM MOXHO OIIMCATbH CAEeNYIOUIel cXeMOf:

k
Nu:®+ CH;Z —-—-———».kl [Nue_ .. CH3Z],
—1

[Nu® . . CH,Z] —%2 o nponykrs

IIpuMeHsiss npdHUMN cranuoHapHocTH (rI. 3), JUIS KOHCTaHTHI
CKOPOCTHU TIOJIYYUM COOTHOUISHME
kﬂaﬁn = M‘ -
k_ +k,
CrnenoBaresibHO, K6, B OOILEM CITy4ae 3aBMCHUT KaK OT CKOPOCTH
0o6pa3oBaHMsi, TaK U OT CKOPOCTH paclaja NpeapeakIlMOHHOTO KOM-

~ 1 ~
wiekca. Ecnu k_ >>k;, 10 k6, ~ ﬁkz' Ecmu ky >>k_y, T0 ks, = K,

T.€. CKODOCTb OIlpenessieTcss craaueit o6pa3oBaHusi KOMIUIeKca
[Nue....CH3Z]. O6pIyHO A1 razodasHbix Sy2-peakuuit Habmronaics
IepBbI Cciiyyal, Koraa k_; >>k,, U CKOPOCTh 3aMEIUeHUS OIperessi-
eTcsl KaK craaueil obpa3oBaHusl, TaK M cTaaueil pacriaza rnpenpeak-
LMOHHOTO KOMIUIEKCA.

B aTOoM ciyyae peakiinoHHasi CIOCOOHOCTh 3aBUCUT OXHOBPEMEH-
Ho u ot npupomsl Nu®, u or TIPUPOOBI Z, MO3TOMY EIMHYIO raso-
$a3HyI0 «LIKATY HYKJIEODIIBHOCTH» aHHOHOB NU ~ HJIH «IUKATY HYK-
JleopyrHOCTU» AaHUOHOB Z c031aTh TpyAHO. TeM He MeHee B razogas-
HBIX peaKlysX (32 HEKOTOPbIMU MCKITIOUEHUSIMHU)

K<) v @)
Nu:~+ CF;C—O0—CH;—— CH;Nu + CF;C00°,

Nu:®+ CH;0C4H; > CH;Nu + CgH;0°®,
Nu:®+ CH;Br > CH;Nu + Br®,
Nu:®+ CH,Cl » CH;Nu + C°,
Nu:®+ CH,F > CH,;Nu + F®,

Ka4YC€CTBCHHBLIC pAABI UBMEHECHUSI CUJIBI HYKJICO(I)I/UIa NU:e BBITIAOAT
OOIHUHAKOBO.
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Hykaeoguasnocmo 6 2azosoii gase:
HO > F > CH;0” > CH;S" >CN ~Cl” > Br.

3aMeTHUM, YTO TOT Psii HYKIEODHUIBHOCTH IPUMEPHO COOTBETCTBYET
U3MeHeHHIO0 KucioTHocT Nu—H B razosoit ¢ase (cM. puc. 3.8 B
ri1. 3) (32 uckimoyenueM toro, yto F~ u CH;0  nomensinuce
MECTaMHu).

HecMoTps Ha cylIecTBOBAHME OTIEHBHBIX KOPPEASUMHA MEXIY
OCHOBHOCTBIO M HYKJIEO(DIILHOCTHIO, B LEJIOM CKOPOCTH Sp2-peak-
LMA He KOppeIUpYIOT C OCHOBHOCTBIO HYKJiIeoduna, T.e. 6ojee Cub-
Hoe ocHoBaHMe BpeHcTena He 06s13aTeIbHO JOJDXHO OBITH GoJiee CIIb-
HbIM HYKJIEODUIOM.

9.2.3.6. ITIEPEXO/I 13 TA30BOU ®A3Hl B PACTBOP

[Ipu nepexone OT ra3oBoi (pa3pl K MOMSIPHLIM PACTBOPUTENSIM
CKOPOCTH THUIIUYHBIX Sy2-peakuuit ymeHpluaorcs Ha 10—20 nopsig-
KOB, HarpuMmep:

Fo+ CH,Cl rasosast asa » FCH; + c®; k= 10" JI/MOJIb-C;
25 °C

FOo+ CH,Cl DacTsop B H2O= FCH; + c®; k= 10°® JI/MOJIB-C;
25 °C

Psiapl akTHBHOCTH HYKJIEeODHIOB B rasoBoil ¢ase W B pacrtsope
MOTYT ObITb pPa3fIMYHbI, 3 TAKXKE MOTYT MEHSTHCSI B 3aBUCUMOCTHU OT
pactBopuTens. HanpuMep, razodasHuoiii psa F- > Cl” > Br > 1 obpa-
LIaeTcs [pH Iepexoie K MPOTOHHBIM CPeAaM, OOMHAKO B alpOTOHHBIX
pactBopuresix psg HykaeodpmrbHoctH (Cl” > Br > 1) Takoit xe,
Kax B razosoif ¢ase.

ITpu nepexome oT rasoBoif ¢a3bl K IMOJSAPHOMY PACTBOPHUTENIO
IIPOMCXOAMT OYEHb XapakKTepHOe H3MeHeHHe IHEPreTUYECKOTo Ipo-
dunsg Sp2-peakuuu. [ToreHUMaNbHbIe KPUBBIE CIIAXUBAIOTCS U MPH-
obpeTaloT NpUBBIMHBIH Mpodunb, U300pakeHHEBIH Ha puc. 9.1, 6 u
9.4. (kpuBas 2). Oto 03HAYaeT, YTO B MOJAPHOM pacTBopureie obpa-
30BaHMUSA 3NEKTPOCTATUYECKMX KOMILIEKCOB HE [IPOKCXOIHT.

PaccMOTpUM OCHOBHBIE [TPHUYMHBI, O0YCIOBIUBAIOIME U3MEHEHUE
SHEPreTHYecKoro npoduis rpy nepexome ot ra3oBoit ¢assl K pacTBo-
py. [lepBass DpUYHHA «CrIIAXUBAHUS SIM» COCTOMT B TOM, 4TO B Tiepe-
XOIHOM COCTOSSHUM peakiluu (9.1) ajeKTpuuecKuil 3apsin OeIOKaIH-
30BaH, 2 B MCXOOHbIX ¥ KOHEYHBIX TOYKAX KPHBOH OH JIOKAJIM30BaH HA
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Nu® wm Z®. Crenosarens-
HO, 3HEPTHUST COJIbBATALMHU
[EPEXOLHOTO COCTOSIHMS
3HAYMUTESILHO MEHBIIIE SHEP-
CUM COJIbBATALIMKM aHHOHOB C
JIOKATM30BAHHBIM 3apsiIOM,
YTO [MOKa3aHO Ha pHcC. 9.4.

Bropas mpuyuHa u3-
AHeoms MEHEHMS GOpMbBI KpUBOH

o
&
IS
o
X
<

aHeprus

AHcons

;o COCTOMT B TOM, 4TO peak-

Q uud Hykiaeoduna ¢ cy6-

Z, CTPaTOM B pacTBOPE HAOJIXK-

e" Ha OpenllecTBOBATh XOTHA
NU+CHaZ - OBl YacTHYHasg HeCOJbBa-

[+]

NuCHz+Z  rtanus nykrteoduna u cy6-

cTpara, NpyuBoasias K Bbl-

CBOOOXIEHUIO HEKOTOPOIo

Puc. 9.4. HzmeHeHHe SHEPreTHECKOro npobwit  yyena MOJIEKYJI PACTBOPHU-

NPH Aepexone OT ra3oBoit ¢assl (1) K nonsipHo-

MY pacTBopHTEMO (2) TEA. UIIOHYCTI/IM, 4YTO Ha
nepBoil craguu Sy2-peak-

LMK BMECTE C YACTHUYHOM JIeCOoJIbBaTAlIUEH MPpOUCXOINT 06pa30BaHI/IC

HOH-MOJIEKYJSIDHOI'O KOMILIEKCA:

KoopanHara peakiuimn

Nu®- nS + CH;Z - mS =——=[Nu®...CH;Z] - (m+n—2) S + 28,

(S — monekyna pacrBoputens). TemnoBoit 3ddekT 3TOM cTaguu
CKJIaAbiBaeTCsd M3 3HAoTepMHUueckoro a3ddexra mpeconpBataliuu
(AH,,,, Ha puc.9.4) u sk3orepmuyeckoro 3bdekra obpasoBaHus
HOH-MOJIEKYJISIPHOTO KOMIUIEKCA. DKCHEPUMEHTAIBHBIE U PACYETHBIE
HAaHHBIE IMOKA3BIBAIOT, YTO TEIUIOTA JECOJbBATALMHU MO abCOMIOTHOH
BEJIMYMHE 3HAYUTEIBHO MPEeBBIUIAET SHEPTUIO O0Opa30BaHUSI KOMIUIEK-
ca. [ToaToMy aHepreThyeckasi «sIMa» CTAHOBHUTCSI HE3aMeTHOM, a no-
TeHUMAJbHbIE KPHUBBIE IUIST CJIEAYIOIUEH, COOCTBEHHO XMMHYECKOM,
CTaOUM CIIaXUBAIOTCS, IpHobpeTass OOBIYHBIM BUA.

[Nu® CH;Z] - (n+ m—2)S ——> nponyxTs! .

Otcrona MOXHO CHEJAaTh BBIBOJ, YTO DHEPreTUYECKUE pacYeThl
Sy2-peakumit B razosoit ¢ase B MpUOTMKESHUU U30NMPOBAHHBIX MO-
JIEKYJl HEIOCTATOYHBI JUISI ONMCAaHMs peakuuil B pactsope. Heobxo-
JUMO YYUTHIBATh U3MEHEHUE BUAA NOTEHUHUAbHONU KpUBOMH (pHc. 9.4).
B obnactu nepexoaHOTro COCTOSIHUSI M3MEHEHUS HecyllecTBeHHbL. On-
HaKo B OOJIACTH HaYalbHOI'O COCTOSIHMSI U3MEHEHHE KPUBLIX HAaCTOJIBKO
BEJIMKO, YTO MOXHO I'OBOPHThH O PE3KOM M3MEHEHHMM MeXaHu3Ma Sy2
Mpu fepexoie U3 ra3oBoit ¢aspl B NONAPHYIO XKHIKYIO Cpeny.
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9.2.3.8. BMMAHHWE MMPUPOAL PACTBOPUTENA

HM3MeHeHUe MPUPOIbI PACTBOPUTENS BIUAET HA 3HEPreTHYECKYIO
auarpaMMmy (puc. 9.4, kpusasi 2) oObINHBEIM 00pa3oM, T.€. IPOUCXOANAT
CIOBUTH 3HEPTUN HAYATIBLHOTO U MEpPEXOTHOrO COCTOSHMIA.

CKOpOCTb peakIMit ompeaenseTcsl BeIUYHMHONH CBOOGOIHOM 3HEpP-
My aktususauuu AG¥, KOTopasi paBHa PasHOCTH CBOOOIHBIX SHEp-
TUI UCXOMHBIX PEATEHTOB U MepeXogHoro coctosHus (rn. 3, 4. 1).

YeMm meHble BennyuHa AG”, TeM ckopocth 6ojbiie. B pactope
MCXOOHBIC pEareHThl M MepeXoJHOE COCTOSIHHE CTabWIN3UPYIOTCS B
PA3THYHOMN CTeMEHU B 3aBUCHMOCTH OT CONBLBATUPYIOLIEH CIIOCOGHOCTH
pactBopuTensa. PasnmuuHas conbBaTalls MCXOIHOIO U IEPEXOTHOTO
COCTOSTHMSI B PAa3HBIX PACTBOPHUTENSIX IPUBOIUT JHUOO K YCKOPEHHIO,
b0 K 3aMeIeHUI0 peakuuu (puc. 9.5).

Kpussie [ oTpaxanT usMeHeHre AG™ B MASAIM3UPOBAHHOMN XU -
KOH cpele, I HU MCXOAHBbIE COCOWHEHUSI, HH IEPEXOIHOE COCTOS-
HME HE conbBaTHpoBaHbl. Kpupasi [l cOOTBETCTBYeT CiIy4alo, KOraa
COJIbBATUPOBAHO TOJBKO IIEPEXOJHOE COCTOSHUE. DTO IPHBONHMT K
YMEHBILIEHHIO BeJUYMHBI AG™ U, CIeOBAaTENBHO, K YCKOPEHUIO peakK-
uMH. Eciu conbBaTHPOBAHbBI TOJIBKO HCXOAHBIE BellecTBa (kpusas 1),

cBo6ogHan aHeprusi AG

KOOpAMHATE PEaKLMM

Puc. 9.5. 3BuepreTuyeckue NpoHiid peakumii:

a — C HeCOJIbBAaTUPOBAaHHBIM (/) ¥ conbBaTUpOBaHHBIM ([/) MepeXOIHBIM cOCTOS-
HWEM; 6 — C HeCONbBaTHPOBAHHBIMHU (/) U conbBaTUPOBaHHBIMU (JI]) MCXOaHBIMM
pearcHTaMu.

AGH AG,u AGy — cBOGOOHbIE SHEPIMK aKTUBALMK PEAKUMM B PaCTBOPUTENsX /,
I 1Il, A — vcXoHbIe peareHThl; # — MEPEXOIHOE COCTOSIHUE; B — KOHEYHBIE TIPOAYKThI
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TO CBOOOIHAs dHEprusa akTuBauuu AG* GymeT Bo3pacTaTh, YTO IPU-
BEJET K 3aMEIEHMIO peakiuu. B neiicTBUTENIbHOCTH, B PEATbHOM CH-
TYalUuH COJIbBATUPOBAHLI U UCXONHbIE PEATEHTHI, U IEPEXONHOE CO-
CTOSIHUE, ¥ CKOPOCTh pEaKi[UU OIlpeNensieTcs pa3sHOCTbIO 00EHX CBO-
OonHbBIX 3HEpruii conbBatauuu. [IpobiemMa BAUSHUS pacTBOPUTENS Ha
CKOpPOCTh peaKlLiiy¥ CBOAUTCS, TAKUM 0Opa3oM, K OIpeNeN€HUIO CBO-
OONHBIX 3HEPTUit COMBBATALMU UCXOAHBIX PEareHTOB U MEPEXONHOTo
cocTosiHUs. TouHOE KOJMIMYECTBEHHOE OIpee/leHie 3TUX BETUYUH 3a-
TPYAHUTENIHLHO U BHINIOJHEHO TOJBKO LIS OY€Hb OIPAHUYECHHOIO YHC-
Jia peakuui.

Kauecmeennas meopus 8AUAHUA pacmeopumenn
Ha CKopocmb Hymeod)wlbnoeo 3ameuieHus

BriepBble YUCTO KAaYECTBEHHYIO) TEOPHUIO BIUSIHUS DACTBOPUTEIS
HAa CKOPOCTb PeakLUHUU HYKICOOMDWIHHOTO 3aMELUCHHUS TPETOXUIN
K. Uuronea v D. Xpi03 HA OCHOBE IPOCTOM MOJETH CONBBATALUUA TIPH
yd4eTe TOJBKO 3JIEKTPOCTATUYECKOTO B3aMMOIEHCTBUS MEXIYy UOHAMU
¥ MOJIEKYJIaMHW PacCTBOPMTES B UCXOJHOM U MEPEXOLHOM COCTOSIHHH.

CoracHO 3TOH TeopHUH, Ui peakuui, re B IepeXOqHOM COCTO-
SIHUM BO3HUKAIOT 3apsSKEHHBIC YACTULIBI MM YK€ UMEIOLIMHCS 3apsn
JIOKAJIM3YETCS] B MEHbLIEM 00beMe, CIeNyeT OXUIATh YCKODEHHUS pe-
akuuu B Oosee noysApHOM cpefe c Hojiee BLICOKUM 3HaueHHEM IU-
3NEKTPUYECKOH NpoHuuaeMocTH. Ecinu nepexoqHoe cocrosiHie MeHee
NOJIAPHO, YEM HCXOJHbIE DEATeHTHI, WIM XK€ 3apsi B NEPEXOLHOM
COCTOSIHMM pacmpefensercss B OoibliueM obbeMe, 4YeM B peareHrax,
cleAyeT OXMIATh 3aME[JIeHUSl peaklUd B OoJjiee IMOJSIPHOH cpere.
IIpennonaraerca Takke, YTO COJbBATALUS YBEAUYUBAETCSI C POCTOM
3apsia MOHA ¥ YMeHbIIaeTcs MpH AeNOKAIN3aUY 3apsia B UCXOMHOM
WIN TEPEXONHOM COCTOSIHMHU. B cooTBeTcTBMM € 3TOM Ka4eCTBEHHOM
TEOpUEH peakuusi MexXIy ABYMSI ONHOMMEHHO 3apsDKEHHBIMU HUOHA-
MM YCKOpSIETCS, @ MEXIY ABYMSI HPOTUBOIIOJIOXHO 3apssKeHHBIMU
HOHAaMU 3aMeIsieTcs B MojsApHoi cpene. Kpome Toro, ckopocTs pe-
aKkiyM, II€ B [EPEXOAHOM COCTOSIHUM BO3HMKAIOT WM HEUTpalIu3y-
I0OTCSI MOHHBIE 3apsiibl, NOJIXKHA 3HAYUTEILHO CHUJIbHEE 3aBUCETH OT
MOJIIPHOCTH CPEABI MO CPABHEHUIO C TEMU PEAKUHUSIMH, IUIST KOTOPBIX
B MEPEXONHOM COCTOSIHMHM IIPOMCXOOUT JHILUb paclipefie]IcHUe 3apsiaa.

IlyTeM TakuX HECIOXHBIX PACCYXHEHHUIH, B NMPUHLIUIIE, MOXHO
MpeAcKa3aTh BAMSIHME PACTBOPUTENSI HA CKOPOCTb JIIOOOW IeTeposu-
THYECKOH peakUUU C U3BECTHBIM MexaHusMom. B tabn. 9.3 npuseneHa
KpaTKasi CBOAKA pe3yJhTaTOB TAaKOro IPOTHO3MPOBaHUS HJS peak-
uuit HyKJIeopHUIBHOroO 3aMeLLeHH s Y HACBILIEHHOTO aTOMa yrjiepoaa.
B Tabinily BKIIOYEHDI HE TOJIBKO Sp2-peaKuiMu, HO Y peakuuu Syl-tumna,
KOTOpble noApobHO OyayT obcyxnatbes B pasgene 9.3.
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Ta6nuua 9.3

Biausnue pacTeopuTens HA CKOPOCTh PEAKUMH HYKJICODHILHOIO 3aMeMmenns
¥ HACBHINIEHHOTO ATOMA Yriaepoja

Tun PeareHThl AKTMBUpPOBaHHbIH | H3MeHeHMe 3apsina H3MeHeHre CKOPOCTH
peaxuuu KOMILTEKC MpY aKTHBALMK | PEaKMK MPH yBEAMYERHH
NONAAPHOCTA PACTBOPHUTEIA
a) Syl RZ R*™ .. Z*™ pasiesieHHe yBeJIMYeHME
Pa3sHOMMEHHBIX
3apsI0B
6) Sl | [RZ)® R* .2 pacrnpefeficHie | yMeHbLUEHME
3apsa
B) Sp2 Nu + RZ Nu**..R..Z*- pasfeneHue YBETUYCHHE
Pa3sHOUMEHHBIX
3apsIoB
NSy |[Nu®+RZ |Nu=..R.Z- |pacnpenenerne |yMeHblueHue
3apsna
0 Sy2 | Nu+ RZ® Nu**t...R...Z** | pacripeseneHue | yMeHbIIEHUE
3apana
©+Rz® o+ i
e) Sp2 Nu~ + Nu..R...Z HeHTpanu3auMsi | yMEeHblIeHHe
3apsaaa

MOHOMONEKYISPHBIA CONBLBONU3 mpem-OyTHIXJIOPHIA, ¥ KOTO-
pOT'0 CKOPOCTh PEAKIIUM OINpEAEISeTCS CTaAneil HOHU3AUM CBSI3H YT~
nepox-xyiop (cM. 9.3), npoucxomut B Boxe B 335000 pa3 OwicTpee,
YeM B MEHee INOJSIPHOM 3TAaHOJIE. DTOT IMPHUMED WUIIOCTPUPYCT THUIL
peakuuu (@) U3 tabn. 9.2.

B mosiHOM COOTBETCTBHUM C NMPEACKA3aHUSAMM [UISE peakilvil THIa
(6) TepMuYecKoe paclieiUIeHHe GpoMMIa TPUSTWICYIbGhOHMS 3aMe/-
JISETCS [IPYU YBETIUYEHUU TIONSIPHOCTH PacCTBOPUTEIS:

£
070 °C C2H5\5+ #+ | o
(QH5)3SBT—’ / . GHg [ Bt — (C,Hy),S + C,HBr.
C,Hs
Pacteopurens CH;OH CHNO, CHCl;  auerton
Koy 70°C 1 180 20 290

IIpuMepoM peakuuu tuna (8) sBasgeTcss o0pa3zoBaHHE 4YeTBEPTUY-
HBIX COJIEH aMMOHMSA NPU B3AaUMOIEHCTBUM TPETUYHBIX aMHUHOB M
ANKMJITAIOTeHUAOB (peakuusi MeHUWYTKMHA), HAllpUMED [TMpUIMHA U
o-6pomanieTope HOHa:

d  TN:+ BrCHZC—CGHS — 7 :N——CHZC C6H5

MUpAUIMH  a-6pomanerodeHoH
Pacreopurens  tomyon CH,CI, ALETOH CcH,CN HUTpOOEH30A
K 30 °C 1 14 16 2 25

OTH.,
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C apyro# cTopoHbl, CKOpocTh peakuuu OuHKenbluTedHa (THI (&),
OOMEH rajloreHa MexXIy MeTHINONMIOM M pPalMOaKTUBHBIM HOOUJ-
MOHOM) OYEHb CUJIbHO MNOHMXAETCH I[P IEpPexoie OT Maloloisip-
HBIX K ITOJISIPHBIM NPOTOHHBLIM PacTBOPUTEISIM:

0 °C * C)
*19+ CHj] ——— CH, 1 +1°.
PactBOpurens CH,COOH C,H,OH CH,0H H,0
K 0°C 27000 65 2 {

OTH.,
B cooTBeTcTBMM C npenckasaHusMu Sy2-peakuusi tana (d) Mexny

MOHHBIM HUTPATOM TPUMETHICYIbGOHHUS U TPUMETUIAMUHOM 3aMel-
Jsetrcs B Dosiee MoJisipHOH cpejie:

® o 40°C ® o
Pacreopuresnts CH;NO, C,H,OH CH,0H H,0
Ky 40°C 119 10 6 1

CkopocTh B3aUMOJENCTBUA IBYX PasHOMMEHHO 3apSDKEHHBIX HOHOB
TAKXKE YMEHBLIAETCS NMPU YBEIMYEHHU CONEPXAHUsI BOABI B OMHAp-
HOM CHCTEME 3TAaHOJ—BOXA:

HO® + (CHy),S—1%"C o CH, OH + (CHy),S .
% H,0 B cMecu
C,H,0H — H,0 0 2 40 100
Ky 100°C 20000 480 40 1

Taxum o0pazoM, aeKTpocTaTudeckass Moaesib Muronsna—Xpio3a
KaYeCTBEHHO ITPABWJIBHO MPENCKA3bIBAET BIMSAHHME PACTBOPUTEJS HA
CKOpPOCTh HYKNEO(MILHOIO 3aMEIeHHA Y HACBIIIEHHOTo aroMa yrie-
pona. OMHAKO OHA YYMTHIBAET JIUILIE 3JIEKTPOCTATUYECKYIO OpUEHTAa-
LIMIO PACTBOPHUTENSI OTHOCHTEIBLHO PEareHTOB U COBEPUIEHHO HTHO-
pupyeT cneurduieckoe JOHOPHO-AKIIEIITOPHOE B3aUMOAESHCTBUE WIN
obpa3oBaHUEe BOJNOPOHHBIX CBSI3€H C MOJIeKyJIaMU PacTBOPUTENS,
KOTOpblE BMECTE COCTABISIOT Hauboee BaXXKHYIO OCOOGEHHOCTH IpO-
LIECCOB UOH-JMUIOJBHOIO ¥ IHUIOJIb-IUIIOJIBHOTO B3aUMOACHCTBHSI.
KpomMme Toro, sTa TeopMsl paccMaTpPUBAET TOJBKO OAHY COCTAaBJSIO-
LIYI0 CBODOMHON 3HEPIrUM aKTMBAUMHU AG™®, a UMEHHO SHTAIBIIHIO
akTuBauMu AH”, He npuHUMAsg BO BHUMaHHE M3MEHEHME SHTPOITHH
akTUBauuu AS™, deit BKIan MoxXeT OBITh OYEHb 3HAYMTENIEH.

JanbHeH1ee pa3sBUTHE 3TOM TEOPUU OBLIO CBSI3AHO C yYETOM 3¢-
dekToB cneuudruyecKoi conbBaTaUMU. AHUIU3 crienu¢puyecKoi conb-
BAaTallUX UCXOOHBIX COENMHEHUH Y IEPEXOMHOI0 COCTOSIHUS IT03BO-
JIleT 3HAYMUTENbHO pACIUMPUTh M YTOYHHUTH IIPEACTABICHUS O Mexa-
HU3ME HYKJICODUIIBHOTO 3aMeleHHS.
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Vexopenue Sy2-peakxyuil uon-dunoavroeo e3aumodelicmeus
6 OUNOAADHBIX ANPOMOHHBIX PACMBOPUMENAX

HyxireodusbHOCTh aHHOHA B Sp2-peakuusiX aHUOHHOTO HYKJIeO-
bunbHOrO areHTa Nu:® ¢ koBaneHTHBIM cybctparoM RZ onpenesnsi-
ercsl psiIoM (aKTOpPOB, CpelM KOTOPBIX OMHUM U3 BaKHEHIIMX SBISI-
€TCS COAbBATALMA.

HykneodunbHocTh yMEHbIUAETCSI IO Mepe TOro, Kak BO3pacraer
COJbBATallUsl aHKWOHA. B 3JieMeHTApHOM aKTe OQHOCTAOUMHOIO IMpo-
necca BHMONEKYISAPHOIO HYKIEOQIIBHOrO 3aMEIIEHMSI CONbBaTHAS
oBojloyKa arakyouiero HykieoQuibHOro areHra Nu:® nomxna vac-
TUYHO paspyluathcs. [ToaToMy 3Heprus aktuBatuu AG” 1o/KkHA ObITh
TeM Oospliie, 2 CKOPOCTh peaKUUM TeM MEHBIE, YeM IIPOYHEE COJb-
BaTHast o6osouka aHWoHa. JIpyrMMu cjioBaMH, YeM MEHee COJIbBATH-
pOBaH aHMOH, TeM OH DoJjiee PeaKIIHOHHOCHIOCOBEH.

[IporoHHBIE pacTBOopUTenU (BOAA, CIUPTHI, IIMKOIMU, KapOoHO-
Bble KHMCNOTBI, ¢eHOoN U Ap.) 3¢ GEeKTUBHO CONBBATHPYIOT AHHOHBI
332 cyeT oOpa3oBaHUST BOAOPOILHON CBSI3H. DTO B3aUMOICHCTBUE, CO-
rnacHo npuHuuny KMKO, nHaubonee 3¢ deKTUBHO peaiu3yeTcs IpU
conbBaTallUuu XecTKUX ocHoBaHui JIptouca (rn. 3). [TostoMmy B npo-
TOHHOMN cpelge B HaUOONBIIEH CTENEeHH COJbBATUPOBAHBI XECTKHE
GHHMOHBI HeDOJIBILIOTO pasMepa MATOH MOJAPHU3YEMOCTH, OTHOCSILIUECS
K yucny cnabeix BoccraHoeuteneit — F; HO™; RO™; RCOO; CN;
NH,; NR, .

JunonspHele anpoToHHble pactBoputean — AMOPA, IMCO,
TM®TA, aneron, JIMAA u agpyrue He MOTYT oGpa3oBBIBATH BOLO-
POIHBIE CBS3M ¢ aHHOHAMH. MX B3auMOaeCTBUEe C aHMOHAMM BBI3Ba-
HO IJIaBHBIM 0Opa3oM HMOH-IUIIOJBHBIMHM CHIAMM, BO3SHUKAIOIIMMH
MIpY B3aUMHOM ITONISIPU3YEMOCTH AHMOHOB U MOJIEKYJ PACTBOPHUTENS.
[MosToMy AMMONAPHBIE ANPOTOHHBIE PACTBOPUTENH Tropasfo ciabee
COJIbBATUPYIOT XeCTKHEe aHHOHBI HEGOIBIIOro pa3Mepa, 4eM ITPOTOH-
HbI€ PACTBOPUTEIU. DTO CIOCOOCTBYET NMOHMKEHHIO CBOOOLHON 3HEp-
MU aKTMBM3ALMU AG™ [ HyKIeohWIBHOTO 3aMellleHUsT Mol Aei-
ctBueM anuona Nu:® (puc. 9.5, a). ConbBaranyiss aHMOHOB B pacTBO-
pUTese Pa3TMYHON NMPUPOALl YMEHBUIAETCS B PSIOY

H,0> CH;0H > C,H;OH > HCONH, > CH;NO, > CH;CN > JIM®DA >
> IMCO > TM®DTA ~ N-MeTWITUPPOIUIOH.

CoOTBETCTBEHHO HYKIEOMUIBHOCTh AHMOHOB BO3PACTaET MpU Iepe-
xoAe ot Boabl uin meraHoda K JMCO u I'MOTA. unoaspHtble an-
POTOHHBIE PACTBOPUTESIM UIPAIOT BAXKHYKO POJIb B OPraHHYECKOM CHH-
Tese. CMHTE3 HUTPUWIOB B Pe3yJIbTaTe B3aUMOACHCTBUSA MEPBUYHLIX U
BTOpMYHBIX ankwiranoreiugos ¢ KCN cineayer nposoguts B AMCO
unu T'MO®TA, a He B MPOTOHHOH cpele:
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RCH,X + KCN—2%C o RCH,CN + KX .

IMCO

ANTKUIUpOBaHUE pTatuMua-uoHa o I'abpuanio (ra. 21, 4. 3) B
HacTosiiee BpeMs ocyuiectsasgercs B JM®PA, a He B crupre. Kap-
6oxcunar-uoH RCOO™ npeacrasnseT coboil HACTONBKO Cladbll HYK-
Jeodun B MPOTOHHOMN cpejie, a CKOPOCTh €ro B3aUMOIEHCTBUSA C al-
KWITAUTOTEHUAAMM TaK Maja, YTO 3TO MPAKTUYECKU UCKIIIOYAET UC-
[MOJB30BAHUE DTOW peakKUMK I IOJYyYeHUS CIOXHBIX 3(hUpOB.
Onnako Ta xe camas peakuus B IMOTA win N-MeTHINHUPPOIU-
JIOHE TPHUBOIMT K OOpa30BaHHUIO CIOXHBIX 3(UPOB C MPEKPACHBIM
BBIXOJOM:

7° //O
1
R—CZ—0—Na + R'CH,X——— RCZ—OCH,R" + NaX.
TM®TA

Cond 1ENTOYHBIX METAIIOB, cofepxamue xecrkue aHuoHsl (KF, LiF,
F, KCN; NaCN, RCOONa u 1p.), Iioxo pacTBOPUMBI B IMIIOJSP-
HBIX aNPOTOHHBIX pacrtBoputessix — AM®DA, numerunaneramune
(AMAA); AMCO; TM®DTA, anerounutpuie. s Toro 4Todbel 060MTH
3TO 3aTPYAHEHHE, CACOYET MCIONb30BATh COJH TETPAATTKMIAMMOHMS,
takue, Kak (C;Hg),NCN,(CHg),NN; u ap., wim xe 6uHapHbIe cMecH
pactBopureneit JMCO—CH,;0H; IMCO—H,0; TM®TA—H,0, co-
nepxamue 5—10% IIPOTOHHOIO PacTBOPHUTEIS.

OnHako coibBaTalUMs HyKJieopHUIbHOrO peareHTa Nu® oxasbisa-
eTcs He eAWHCTBEeHHBIM (aKTOpPOM, ONPEAENSIONIMM pPe3KMit pocT B
JUITOJSIPHBIX AIIPOTOHHBIX CPENaxX CKOPOCTH Sy2-peakuuii aHnona Nu
¢ KOBJIEHTHBIM cybecrpaToM RZ. TlepexoqHoe cocTOsSIHME TAKOro Npo-
1iecca MeHee IOJISIpHO, HO Dojiee moJIsipU3yeMo, YeM HMCXOIOHbBIE pea-
IeHTBI, TO3TOMY IUIIONSPHBIE AIIPOTOHHEIE pacTBopUTeaU Gojee 3¢d-
(eKTUBHO CONBBATHPYIOT MEPEXOAHOE COCTOSHUE [0 CPABHECHHUIO C
MPOTOHHBIMM pacTBOPUTENSAMU (ri. 3).

D710 TaKXe NPUBOAUT K MOHUXEHUIO BETUYUHBI AG *.

Cnabas conpBaTauus aHMOHOB U 3¢h¢eKTUBHAS CONbBATALUS TIepe-
XOJHOTO COCTOSHUSI IPENONpenesiioT pe3KUi pocT CKOPOCTH HOH-
JUTIONBHBIX Spy2-peakuril B JUIIOJSIPHBIX AIIPOTOHHBIX PACTBOPDHTE-
Jisix. B tabn. 9.4 npuBeneHb! NaHHBIE IO CKOPOCTSIM ABYX Sy2-peakuuit
B Pa3IUYHbBIX PACTBOPUTEIISIX:

k2
25°C

S ky [}
N5 + 5-CyBr——2 ——> #-CjHoN; + Br 9.3)

a®+ cH,l cH,Cl + I°, 9.2)
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Kak cienyer U3 maHHbIX, [peACTaBIeHHBIX B Tabna. 9.4, ckopocTs
VOH-IMIIONLHBIX Sy2-peakuuit Bospactaet B 10°—10° pas rpu 3ame-
HE TMPOTOHHbLIX Ha AUMOMSPHBIE ANPOTOHHBIE PACTBOPUTENM, Cpeau
KOTOpPBIX HAMJIYYLLIHME pe3ynbTarsl gocturarorcss 8 TMPTA, N-metun-
nupposuaoHe-2 win B 6oinee goctynHsix JIM®A unu JJMAA. Asano-
IMYHBIM 0GPa3oM B ZHITOISIPHBIX allPOTOHHBIX PACTBOPHUTENISX BO3pac-
TaeT CKOPOCTb PEeaKUMH apOMAaTHYECKOro HYKIeOGhHILHOIO 3aMellie-
HUsT SHAT-TUNA ITON JeHCTBUEeM aHUOHOB (cM. ri1. 15). Tak, Hanpumep,
CKOPOCTb 3aMelleHus dTopa B n-HUTpodTOpOEH30/Ie o OeHCTBUEM
asun-uoHa Bo3pacraer B 10° u 107 pa3 mpu nepexore oT MeraHoNA K
AM®A u TMDOTA, cooTBETCTBEHHO.

AKTHBAalLUA aHUOHOB B TUIOJAPHBIX AIIPOTOHHLIX PACTBOPUTE-
JISIX 3aBUCHUT OT pa3Mepa M IUIOTHOCTH 3apsiaa MOoHA, T.e. (pakTuuec-
KM OT XeCTKOCTH aHroHa. Hanbomapliiee ycKOpeHHe IS HOH-IHIIONb~
HbIX Sy2-peakluit B AUIIONSIPHOH ANPOTOHHOM cpexe HabmomaeTcs
IUT XKEeCTKMX aHMOHOB HeOOJIBIIOre pasMepa, Takux, kak F; RO™;
HO™; C(H;O; RCOO™; CI™ u r.n. (Taba. 9.5).

Ta6auua 9.4

OTHOCHTEXBbHBIE CKOPOCTH Sp2-peakunii (9.2) u (9.3) B npoTOHHBIX
H QMNONAPHLIX ANPOTOHHMX pacTBopHTensx npu 25°C

kO’TH

w1 peaxuin (9.2) | ans peaxaan (9.3)

Pactsoputens

IIpoToHHBIE pPacTBOPDHTEIH

Meranon, CH3;0H 1 1
Bona 1 7
N-Memwraueramuzn, CH;CONHCH; - 8,5
dopmamuz, HCONH, 12,5 11
N-Memundopmamug, CH3NHCHO 45,3 ~
JAunonsipHsle anpoTOHHbIE PAaCTBOPHTEIH
TetpaMeTunencyasgoH {cyandonan) - 400
l SO,

Aueronurpwi, CH3CN 45000 5000
Aueron, CH3;COCH; 1,6:10% 4000
AMCO, CH;S0CH; - 1260
IOIM®A, (CH;3);NCHO 8:10° 2500
N, N-Inmermnaneramua, CH3;CON(CH3); (IMAA) 2,5-106 7950
N-MemuanupponuaoH-2 7,4-108 -

N 0

~CH;

Fexcamernndocdoprpuamun (TMPTA) - 2108
O=P[N(CHj)2]5

119



Ta6nuua 9.5

CpasHenye norapudMoB KOHCTAHT CKOPOCTe# peakunii MeTHIRoaRIA
¢ pa3MYHBIME aHHOHaMH B mMeTaHose u JIM®PA npa 0°C

k, (IM®DA

AHMOH lg Icz(—fs(ﬁmo;)xe)
CI- 5,9
Br 48
I~ 2,6
N3~ 5,1
Ce¢HsO™ 6,3
CgHsCOO™ 5,45
CH;CO0O~ 6,2

MeHbLunit 3dbeKT focTUraeTcs A MATKUX [TONAPU3YEMBIX aHUOHOB,
Takux, Kak I ; CNS™; RS™ u apyrux, Xotss ¥ B 3TOM cllydae CKO-
pocTh Spy2-peakuyy B AUIIOJSIPHBIX AIIPOTOHHBIX PACTBOPUTEJISIX BBILLIE,
YeM B IIPOTOHHEBIX PACTBOPHMTENSX — CHHPTaX, ITHKOJSIX, KapboHO-
BBIX KHUCJIOTaX # T.I.

BosibLioe paszauuyue B CTEIEHM COJNbBATAIMM XECTKMX M MSTKHMX
AHUOHOB B TIPOTOHHBIX M IMITOJSIPHBIX AIIPOTOHHBIX PACTBOPHTENSX
BBI3BIBAET U3MEHECHUE HYKIEOPUIbHOCTH aHHOHOB B 3THX HBYX KJIAC-
cax pacreoputeneit. J{eACTBUTENIBHO, PAABE HYKIEODWIBHOCTH B IIPO-
TOHHOW ¥ ampOTOHHOM cpefe CHJIBHO OTAMYAIOTCH HIPYr OT Apyra
(tabn. 9.6). B mepsyio ouepelb 3TO OTHOCHTCH K HYKJICODIISHOCTH
FAJIOTEeHU-UOHOB B Sy2-peakuusix, JJisi KOTOPhIX B METaHONE, 3Ta-
HOJIE ¥ JPYTUX NMPOTOHHBIX PACTBOPHUTE/ISIX HYKIeODWIbHOCTh yOBIBA-
erBpsaay I > Br > Cl” > F . Ognako 8 IM®A, IMCO, anetoHUT-
puUJIe U alleToHe COOMIONAeTCs COBEPIICHHO HHAS [TOCAIELOBATENBHOCTD
Cl" > Br > 1", Kotopas coBmagaeT ¢ HyKIeOWIBHOCTHIO B ra3oBoil
daze (cM. pasgen 9.2.3.a). Psaa HykieodIBHOCTH B IIPOTOHHO cpede
COOTBETCTBYET M3MEHEHMIO MMOJSIPU3YEeMOCTH aHMOHOB, TOIIa KakK B
alipOTOHHOW Cpefie OH COOTBETCTBYET U3MEHEHUIO OCHOBHOCTH (T.€.
CPOJNCTBA K MPOTOHY) aHUOHOB.

HykneodurIbHOCTh TIOTeHUI-HOHOB B PEaKLUM METHITO3UJIaTa
C rajJoreHuZaMy TeTPaaJIKWIaMMOHUS, IIe CaM PAaCIUIABJICHHBIA ra-
JIOTEHM TeTPAATKWIAMMOHHUS CIYXHT X pPeareHTOM U pacTBOpUTe-
JIeM, U3MEHSIETCS B TOM XKe PSIy, YTO U B Ta3oBoM ¢ase, U B QUITIO-
JISPHBIX alpOTOHHBIX pactBoputensx: F > Cl > Br >1.

Orciona cienyet, YTO HYKIeoPUIbHOCTE AHHOHOB B AUITOISPHBIX
aNPOTOHHBIX PACTBOPUTE/ISAX I'OPA3/I0 JyYlle COOTBETCTBYET MX HCTHH-
HOW HYKJIeODUIbHOCTH, YeM 2TO HAOJIOZAETCS B MOJSIPHOM NMpPOTOH-
Hol cpene. PeakilMoHHast cnocobHOCTh HECOJIbBATUPOBAHHBIX,
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«OOHaXEHHBIX» aHUOHOB B Ta30Boi (a3e, COracHO 3KCHEePUMEHTAT b~
HbIM HAHHBIM, 10 KpajiHel mepe Ha LecsiThb MOPSIAKOB BbIILE, YEM B
JUTIONSIPHBIX AIIPOTOHHBIX pacTBOpUTENAX (cM. 9.2.3.0).

Ta6anuua 9.6

OTHOCHTEIbHAA HYKT€O)MILHOCTE AHHOHOB B Sp2-PeAKHHAX B Pa3sIHYHBIX
NPOTOHHKIX H AHINOJAPHLIX ANPOTOHABIX PACTBOPHTENNX

Peaxinis Pacreopurens PeaxamoHHas criocobHOCTL

cHyl + M8 CHOH; 25C | CHS® > 5,6, >1°>
>SCN® > CcN® > cH,(P>
> ¢®> cH,co0® > F@

CH,0Ts + M x° CH,OH; 25°C CHS® > cH,0®> P >
> ScN® > BP > P
CcH,0Ts + M x° JIM®A; 0°C c®>BO>1® (9:3:1)
o e . O, 70 . ©
#-CHyOTs + N(C,Hy),X aeTor; 25°C a®>B°>1° (8:5:1)
e -
#C,H,0Ts + N(CHy) X° | IMCO; 25°C 5,07 > oH® ~ cH,0° > F® >

>cP >BP>1°

CHCH,0Ts + K®X® | averormpnn; 3°C | N> cH,c00° > NP >
>FP>cf>B®>1°

CH,OTs + (CSH“)‘}I?IXe PacIUTaRIEHHAS COJTb C[e> Bre > Ie 2:L,2:D

RicH, ) x°; 1s0c

cH,Br + X rasosas dazm o® > F° > cu, P >

> cH,s® > oN® > ¢ > BP

9.2.3.r. MEXX®A3HBIN KATATTU3

B npenbimyuiem pasgene ObUT onmucaH Haubolee paclipoCTpaHeH-
HBbIA crioco0 YBEIMYEHUS] HYKIeODHIBHOCTH aHHOHOB U HEHTPAaIbHBIX
HYKJI1€0(pWIOB B pe3yiabTaTe MpPOBEAeHUS] pPeaKUUil B JUITOISPHBIX
alpOTOHHBIX pacTBopUTeNsiX. boliee mpocToil M JOCTYNHBIX criocod
AKTUBAalUlMH HYKJIeohHIoB ocHoBaH Ha MexdasHom karanusze (MOPK),
rIe HYKJIeOQWIbHBIA peareHT MEepeHOCUTCS M3 BOAHOIO pacTBopa B
MATOIIONIAPHYIO opranuyeckyio cpeay (CHCl;; CH,Cly; C(HsCH;; CiHg
¥ [Ip.), HE CMEIIMBAKOLIyIOCs ¢ Bojgci. Merton MeXdasHoro Katainsa
6pUT BHEAPEH B MPAKTUKY OpPraHUYECKOro cuMHTe3a Oraromaps uccie-
nopauusM M. Makoums, Y. Crapkca u A. bpenacrpema. OCHOBHYIO
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uiero Mex(pa3Horo Karaaus3a IIpollle BCEro IPOMJUTIOCTPUPOBATH HA
[puMepe NpOoCTeALIMX peakuil GUMONEKYNSIpHOTo HYKIeohHIbHOIO
3aMelIeHMs B Cy6CT83.T€ RZ npu B3anMOJeMCTBUM C HyKJIeohMIb-
HbIM peareHToM Nu~ .

Hmerores nBe HecMmewrmpaiolpecst $hassl -— BOOHAA U OpraHu-
yeckasi. B BonHo#t ¢aze Haxogurcst cons M Nu®. Opranunyeckas daza
cogepxuT cyoerpar RZ, KoTOpbiit JOAXEH pearupoBaTh C HYKJIEO-
dmwiom Nu®. Comp M Nu®, rze M@=Li+; Na*; K*; Cs* u 1.1,
COBEpLUICHHO HEpPACTBOPMMA B TAKMX OPraHUYECKMX PACTBOPHUTEISIX,
Kak xj1opodopM, XJIOPUCTLIH METWJIEH, TONyos, OeH301 U HZp., CO-
CTARJSTIOLLIMX OpraHuyeckyio ¢asy, no3ToMy B OTCYTCTBUM MexXda3Horo
KaTaJIN3aTOPa HUKAKOTO B3auMoaeicTBust RZ u Nu® He [IPOUCXOIMUT.
B 3Ty cMech BBOAUTCS KaTATU3aTOp MeX(Gas3HOTo MepeHoca — XJIOpHUL
win 6pomun terpaankwiammonuss RyN'Cl™, RN*Br™ wnu terpaan-
kundocdonuss R,P'Cl™, B KOTOPBIX KATHOH COJTH SIBJISIETCS JTUTIODUIB-
HBIM, 2 aHWOH — THAPOGMWIbHBIM. JInnodWIbHBIE KAaTHOH obnagaet
CIIOCOBOHOCTBIO HAXOLUTBCS KaK B BOJHOM, TaK U B OPraHHYECKOi
¢aze. IlepBoHavyanbHO B BOZHOM (ha3ze OCYLIECTBISCTCS aHHOHHBIN
0OMeH MEeXITy COJISIMU TETPAaTKIWIAMMOHUS Y UCXOMHBIM HYKICODIWIH-

HBIM peareHTOM MON®:
S
(1) Q@Xe(BonH.) + M®Nu@(sozm.)z—> (53 Nue(BOIIH.) + M®X (BonH.),
® ®
roe Q®= R4N wiu R4P .

Oy 0 ., .
3aTteM mpoucxomguT repeHoc cond Q Nu~, comepxaiuei TpebGyeMbli
HyKiIeoduI Nue, M3 BOJHO¥ B opraHuyeckyio ¢dasy. JlunogribHbie

) @
CBOMCTBA KaTHOHA Q@(R4N; R,P) criocobeTByIOT npoueccy Mexdas-
HOTO IIEpeHOoca COJIU:

2) ONE(som.) === Q Nu(opr.).

B opranuyeckoit ¢paze ¥ NpOUCXOAUT HEINOCPEJCTBEHHO mpolecc OH-
MOJIEKYJISIDHOTO HYKJIEODUIHHOIO 3aMeIIeHUS:

Sy2
3) N+ RZ — %> RNu + QP2 opr).

Becs uukia 3aBepiuaercsi pereHepauueil coau Q@Xe A INEepEeHOCOM
£e B BOIHYIO (da3y:

® €]
@) Q°Zopr. dasa) + MX == G xTsoms) + M Z°
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Krnaccruyeckast cxema KaTalUTUYECKOro HUKAA ¢ MeXdazHBIM
[IEpPEHOCOM peareHTOB MOXET OBITh MpeacTarieHa, cornacHo Y. Crapk-
cy, cledyiolium obpaszom:

® © ® 0
QNu+RZ— RNu+ Q Z (opr.)

@ O ® ©
QNu+MZ<____"—""._.__.__MNu+QZ(BonH.),

rae Q — KaTHOH TeTpaaKMUJIaMMOHUS Wiy dochoHus, Nu®= CN
SCN™; NO,; RCOO™; Ny; RS™ u t.a. B atoM nmuxne conp Q z®
reHepyupyeMasl B opraHu4eckoi ¢ase, He 0643aTeIbHO JOKHA 6bITI>
HIEHTUYHA COJIM, MEepBOHAYATLHO BBOAMMOM B KAaYeCTBE KaTaIM3a-
Topa. O6sA3aTeIbHBIM YCIOBHEM SIBISIOTCS HAIWYUE NHITODUIHBHOTO
KaTHOHA Q ¥ BO3MOXHOCTb 0B6Mena anvoros Z° u X© na HYyKJIeo-
dun Nu®

Posp Mex«bamoro KaTaJIU3aTopa MOTYT BBITIOJIHATH TOJIBKO TAKHE
cony aMMOHUS WK GochoHHs, Y KOTOPBIX KATHOH MOXET HAaXOAUThCS
KakK B BOAHOM, TaK W [JIaBEBIM 0Opa3oM B opraHuyeckoit ¢asze. Bro-
MY YCJIOBHIO YAOBJIETBOPSIOT YeTBepTHYHbie MOHB RyN* miau R,P™ ¢
ATKWIBHBIMY TPYINaMH, cofepx)ammmu oT 4 o 10—16 atomoB yrire-
poIa, KaK CUMMETPUYHOIO, TAK M HeCUMMeTpuuHoro crpoesus. Cpenu
HuX Haubonblilee pacnipoctpatenue noxyanna CgHsCH,NT(CH;),Cl;
(CgH,7)sN"CI™; (C4Hg),N"Br~; (C,Hy),N"CI"; C;sH33N"(CH;);Br™ u
PO Opyrux conen amMMoHus U dochoHus.

B ManononsipHoM opraguyeckoM pactesoputene (CH,Cl,, CHCl;,
C¢Hg, CéHSCH3 U Ap.) obpazyercss KOHTaKTHas MOHHAs mapa
R,;N*Nu™, obnagarmouas oueHb BBICOKOM PEaKIMOHHON CIocobHOC-
ThO. BeIcOKast HYKJIeOGUIBEHOCTh aHHOHA Nu® B MaJTOTOJISPHBIX Op-
raHHYECKMX PACTBOPUTENSAX OOYC/IOBJIEHZ, BO-IIEPBBIX, TEM, YTO OH
MpakTHYECKH He COJbBATHPOBAH B BTOH cpele U, BO-BTOPBIX, GOJIb-
LIMM MEXUOHHBIM PAcCTOSSHMEM (rmopsiaka 4—5 A) MexXny KaTMOHOM
RyN* u anroHom Nu“ B KOHTAKTHOIf MOHHOM Iape 3THX UOHOB, T.C.
HeJNOCTATOYHO CWJILHOM SJIEKTPOCTATHYECKOM cTabuiusaunveil aHuo-
Ha B MOHHOH riape.

B kayectBe npocreiiuiero npumepa peakuuit Sy2-3aMelleHUs B
yCIoBUSX Mex}ha3sHOTO KaTajli3a MOXHO ITPUBECTH CUHTE3 HUTPUAOB
MpY B3aUMOJEUCTBUM ANKWIXIOPUIOB U Gpomunos ¢ NaCN B
BUHApHON cHCTeMe Boga—NeKaH, KaTATU3UPYyeMOM OeH3WITPHUITHIIAM -
moHuxnopuaoM (TBBAX — karanuzatop Maxkomu).

Meton M®K upessbiuaiino 3¢p@dexTUBeH U AT MHOTUX IPYTHX
Sy2-peakuuii, HanpuMmep:
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© o
C4HsCH,N(C,Hs),Cl
> CH,(CH,),CN + NaCl,

(95—100%)

CH}(CH2)7C1 + NaCN BOJa—/I€KaH; 100°C

® R
(CgH,7);NCH,CI
H,0—C4H,CH,; 100°C

CgH,3Br + NaN, » C,H;N; + NaBr,

(92%)
® e
N(C,Hy),Cl
2RHal + Na,S » RSR + 2Na(Cl,

® Q
CgH,7);NCH;Cl
CI(CH,),Cl + NaOH (Gt NCH, > + 2NaCl,
H,0—C¢Hg; 80°C o

(88%)

@ e
(C4Hg),NHSO,
CH3(CH2)7OH + H-C4H9C1 + NaOH HZO_CGHG Souc >

(80%)

Mexda3Hblif Katanu3 He OrpaHUYHBAETCS IMEPEHOCOM PEareHTOBR H3
onHOU xuaKoit ¢aspl B APYryio, Takxke XuUnkyto ¢asy. Eiie ogHa Bo3-
MOXHOCTb 3aKJIIOYaeTcsl B IIEPEHOCE peareHTa M3 TaK Ha3blBaeMoOM
«TBepoft ¢a3pl» B pacTtBop. Ilox 3THUM TEPMUHOM ITOAPA3YMEBAETCS
repexo] HEpPacTBOPUMBIX BO MHOTHMX OpPraHUYECKHMX PACTBOPHUTEISX
HMOHHBIX COCIUHEHHUH B OpraHU4ecKyio ¢a3y ¢ OMOIIbI0 KATAIU3aTO-
poB MexdasHoro nepeHoca CoBeplleHHO oco0oi mpUpoabl. TakuMu
KaTaIU3aTOPaMU MOTYT ObITh HOBBIE KOMILIEKCOOOPA3YIOLIME aT€HTHI —
MaKpOUMKAWYECKHUE MONu3pUphl, Ha3pIBAEMble KpayH-IonusdupaMu
(OT aHra. crown — KOPOHA), UX OMUIMKIUYECKUE H ITOJTULUKITIHYEC-
KHe aHatord U T.4. (1. 11). HauGosee yacTo UCons3yor 18-kpayH-6,
15-xpayH-5 u [2,2,2]-kpunTann (nepeast uudpa B KpayH-apupax o3-
HayaeT pasMep LIMKJIA, BTOpasi -— YUCIO aTOMOB KUCJIOpoJa:

(SN ooy g oy
O SR S IR AL D

18-kpayH-6 15-kpayH-5 [2,2,2]-KpHrrTaHg
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O0l1ueit yepToif BceX KpayHOB, KPUIITAHAOB U POLCTBEHHBIX UM CO-
eAMHCHUI SIBNSICTCS HAIWYME ITOJMOCTA BHYTPH OJHOIO LHMKJIA MIU
HECKOMbKHX IIUKJIOB. B pesynbraTe xeaaTUpoOBaHUS BHYTPU 3TOH MO-
JIOCTU 0DOpa3yloTcsl JOHOPHO-aKUENTOPHEIE KOMILIEKCHl ¢ KaTHOHa-
MH UIEJTOYHBIX, LIEJOYHO3EMENbHBIX U JPYTUX METaJJIOB, pa3IHyHbIe
no CcTabWJIBHOCTH B 3aBUCUMOCTH OT pagMyca U IUIOTHOCTH 3apsna
KaTHOHA, pasMepa TOJOCTH LHUKIOB, MPHUPOAbI aTOMOB-IoHOpoB (O;
N; S; P), obpasyrouwmx uuxi. g MOK Haubomiblimii mHTEpEC Ipe-
CTABJISIIOT KOMIUIEKCHI, 0Opa30BaHHblE KpayH-T10MU3(hUpaMH WIH KpUIT-
TaHAaMM ¢ KaTMOHAMHM HAaTpusi, Kanus M jutua. Jas katmona K¥
Hanbosiee cTabuabHBIE KOMILJIEKCHI MOJIYYAIOTCA ¢ 18-4IeHHBIMH
KpayHaMH M KpurnrtaHnaMu. KatmoH Hatpusa obpasyeT Haubosee cta-
OMIbHBIA KOMILIEKC ¢ 15-KpayH-5, a KaTHOH JuTUs — ¢ 12-Kpayx-4.

B Takux KoMIuieKcax «opraHuyeckas o6oJI04Ka» KaTHOHA LUEI0Y-
HOTo MeTajlia obecrieyuBaeT oOpa3oBaHue 110 CYLUIECTBY HOBOTO «OHUE-
BOro KaTHOHa», KOTOPBI MOXET 3KCTPardpoBaThCS WM PACTBOPSTH-
csl BMECTE C @aHHOHOM B (opMe HOHHBIX MMap TOYHO TaK Xe, KaK U
CcaMU OHMEBBIE COJH B MAJIONOJSIPHBIX OPTaHAYECKHUX PACTBOPUTENAX.
Anvonnas gacts Nu® rakoit monHHoI rnapsl Ype3BbIYAHHO peaklM-
OHHOCNOCOOHA, ITOCKOJBKY 3JEKTPOCTaTHYECKOE B3aWMOJEUCTBUE C
33KOMILUIEKCOBAHHBIM KaTUOHOM PE3KO OCablIeHO MO CPaBHEHHIO C
HCXOIHOU conbio 6e3 KoMIUIeKcoobpasylolero areHTa. oHHbIE napbi,
Yy KOTOPBIX KaTHOH 3aKJIIOYCH B MOJOCTh LIMKIHYECKOro Moauadupa,
boJiee peaKLIMOHHOCIIOCODHDI, YeM T€ Xe aHMOHbLI B IIPOTOHHBIX pac-
TBOPUTEJISIX, TJ€ OHK CHJbHO COJbBATUBUPOBAHBI 34 CYET oOpa3oBa-
HMS1 BOOOPOIHBIX cBs3eit. boyee Toro, Takue MOHHBIC [TAPBI HEPEAKO
obnanaior Gosee BBICOKOU peaklMOHHOM CIIOCOOHOCTBIO, YEM TE XKe
AHHOHBI B JUITOASPHBIX alTPOTOHHBIX pacTBOPHUTEISIX. ISt TAKOro Ciy-
yasi OBUI JaXKe BBEIEH CHELUMATIbHBIN TePMUH «pPEaKLUMM 0OHAXEHHBIX
aHHOHOB». OIHAKO 370 06pa3sHOe Ha3BaHHE He SBISETCS CTPOTUM, TaK
KaKk B peaklMy NpUHUMAEeT YYacTUE HEe HMOH, a MOHHAas napa, B
KOTOpPOH aHMOH BCETAAa B KaKOM-TO CTEIIEHU CONBbBATHPOBAH B cpele
066 TOJSIPHOCTH M OCHOBHOCTH.

Karanmutuyeckuit mepeHoc HyKJI€OQPHIbHBIX PEareHTOB W3 TBEp-
ol daszel B XUIKYIO cpeqy ocOOEHHO BAXEH B CIy4Yae XECTKHUX HYK-
geodwros: F~, CI7, RCOO™ u HykIeopUIOB IPOMEXYTOUHON XecT-
KocTH, Hanpumep, N5 . [IpumeHeHne KkpayH-3¢bHpoB [103BOJISET IPO-
BOAUTHL Pa3HoODOpa3Hble CUHTE3b! C BHICOKHUM BBIXOLOM.

Huxe npuseneH psa MpUMEDPOB:

o
2
CH;COOK + #-CgH 3Br CPIISE:K;%Y;Q"G(:: cH,C. 4 KBr,
S (100%) OC¢H 5-1
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0]

I } )
(CH3);CCOOK + BrCH,C—C¢H; 18-xpayH-6

CgHg; 80°C
0 6116

Y Y
-_—> (CH3)3CC_O_CH2—C—"C6H5 + KBI',
(95%)

18-kpayH-6

H,-0SO,CH-, + KCl
CsH;0S0,CH;3 100°C

CgH,7Cl + CH;SO5K,

18-kpayn-6

-CyH,0S0,CH; + KF —oDAYHD
#CHZOSO0CH, + KE o 80°C

H—CgH 17F + CH3SO3K,
(92%)

CgHsCH,Cl + #-C,HyONa % C¢HsCH,0CHy-# + NaCl.
’ (87%)

MexdazHplit KaTarTu3 Hallen IPUMEHEHUE B CaMbIX Pa3HOOOPA3HbIX
o0acTsiX OpraHUYecKoW XMMMHU: ISl NIPUCOENMHEHMS JUXJIOpKapbe-
Ha K ABOMHOU cBsI3W ayikeHa (I1. 5, 4. 1), OKUCIEeHHUS aIKEHOB U al-
KWIOEH30JI0B U T.I.

9.2.4. OTHOBJEKTPOHHBIV CABUT

[IpUHATO CYUTATH, YTO NMPU OOPA3OBAHMHU ITEPEXONHOTO COCTOSI-
HUS Sy2-TUNA HECBSI3BIBAIOILAS JIEKTPOHHAS I1apa HYKJIeo(WIbHOIO
areHTa cMellaercs K aToMy yriepojaa, U OJHOBPEMEHHO CBS3BIBAIO-
1Has 3JIeKTPOHHAsA Mapa o-cBa3u C—Z cMellaeTcs K yXonsiueil rpyn-
rte. Teopusl 3JeKTPOHHBIX Tap JIEXKXUT B OCHOBE BCEW BJIEKTPOHHOHU
XMMHM, OHA ITO3BOJISIET YIOBIETBOPUTENLHO OOBSICHUTH OYEHb MHO-
rue siBneHusi. CyllecTByeT, ONHAKO, ¥ MHOM IMOAXO/, COIJIACHO KOTO-
POMY DJIEKTPOHBI MOTYT [I€PEXOAMTh OT OIHOIO BELUIECTBA K APYIOMY
B OOUH U TOT € MOMEHT BpeMeHM TOJIBKO 0 ofHOMY. Ecnu BCTaTth
Ha 3Ty TOYKY 3pEHHS, TO IEPBUYHBIA akKT Sy2-peakuuyd HOpMaJbHO
MOXHO 3aIHUCcaTh ClledyIoInM 06pasoM:

Nu®+ R—Z =—= [Nu'(R—2)"].

Hyxiieodun ornaer oxuH 3JeKTpoH cyObCcTpary, IpeBpallasich B pa-
IUKaji, Torna Kak cyOCTpaT IipeBpalllaeTcsa B aHUOH-panukain. Obe
PaAUKaIbHbIE YACTHIIBI HAXOASITCS B HEMIOCPENCTBEHHOU OIM30CTH APYT
OT Apyra B «KJIETKE», CTEHKHM KOTOpPOU 0OOpa3oBAHBI MOJIEKYJIaMU
pacTBOpHUTENS. AHMOH-pafukan (R—Z)° HeycTOW4YUB M OBICTPO
pacrnajgaeTcsi Ha aHHOH AR panuxan R°. INocrenyrowas pexoMobu-
Hauus paaukanoB R u Nu® npuBoauT K ripoaykTy 3amelieHns RNu:
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[Nu' (R—2) } [Nu', ‘R, z@] ——=RNu + 7°.

OnucaHHbI TaKUM 0Opa3oM MeXaHHU3M Sp2-peakLMM HOCHT Ha-
3panue SET-mexanusma (single electron transfer). ITono6Hblit Mexa-
HU3M YCTAaHOBJIEH B psiie cliydaeB [UIS TAKUX PEaKIIUi, KaK TMAPHUI-
HOE BOCCTAaHOBJICHUE, HYKICODMJIBHOE ApOMATHYECKOE 3aMElICHUE
(rn. 15), HykieodunbHOE IMPUCOEAUHEHNE METAIOOPTAHUYECKUX CO-
eIVMHEHUH, 3aMelLIeHUEe MeTala B MeTATIOOPraHUYeCKHUX COeIHHe-
Husix (1. 20, 4. 3) u ap. O6e1YHO SET-MexaHU3M HOKA3BIBAIOT ¢ MMO-
MOILBbIO 3KCIIEPUMEHTA, B KOTOpoM MNpsiMo (¢ momouibio DIIP unu
XITA; eM. . 14) wiu KocBeHHO (HAIpHMeEp, € IMOMOIUbIO CITHH-JIO0-
BYLLEK MJIM 10 XapaKTEePHbIM MPOAYKTaM AUMEpPU3ALHH, AUCIIPOIIOp-
LHUOHUPOBAHUS MU MEPErpYHIIMPOBOK PATHKAIOB) MOXHO OOHApy-
XUTh WM IOCTYHPOBATh PATHKATBLHBIE YACTHIILI. DTO, KaK MPaBuio,
He yJaeTcs cIenaTh BCIAEACTBUE TOTO, YTO BCE IMOCHEAYIOLIUE 32 Mep-
BOHAYAJLHBIM IMEPEHOCOM 3JIEKTPOHA PEaKUUM MIYT CAUIIKOM ObI-
ctpo. Toraa BO3HMKAET BOMPOC: B YEM rapaHTHsSI TOrO, YTO pEaKIIUK
unyt no SET-MexaHU3My, eCIM HET 3KCIepUMEHTAIBHBIX HAHHBIX,
ONpeAeICHHO MOATBEPXIAIOLINX PATUKATLHBINA MTYyTh?

B nomnbiTke oTBeTa Ha 3TH Bompockl . [Ipoce (1985) npemnoxur
TEPMUH «ONXHO3IJIEKTPOHHBIN CABUI».
Dnexmponnsili neperoc 03HAYaeT MPOCTO PEHOKC-TIPOLIECC, B KOTOPOM
MIPOUCXOAMT IePEHOC OTHOTO IEKTPOHA. H3MeHneHue noroxceHus anexm-
DOHA, KOmopoe covemaemcs ¢ U3MEHeHUEeM XUMUYecKuXx céAa3ell ObUIO
NpEeUTOXEHO HA3bIBATH IAEKMPOHHbIM CcO6UzoM. BaXHO NMOMYEPKHYTh,
YTO 3NEKTPOHHBIM COBUT He 06S3aTeJIbHO NPHUBOAMT K 0GPa30BaHUIO
PaiMKaIbHBIX YaCTHII.

Sy2-MEXaHU3M C TOYKM 3PEHUSI OTHORAEKTPOHHOTO CMELUECHUS
OMUCHIBAETCS CAEAYIOIIMM 0OpasoM:

Nu:2+ RNZ _— Nuu R+ Z:°,

Yactuua NuT!R B npaBoit yacTu — 3To He pagMKaIbHAs 11apa, a
KOBaJIeHTHAast MoJjleKyna npoaykra peakuun Sy2. [lpouecc mepexona
rpynnsl R K Hyk1e0dMny MpOUCXOIUT CHHXPOHHO C OJHOJIEKTPOH-
HBIM CIABUIOM M pa3pblBOM cBsSI3M R—Z. OgHO371eKTPOHHBIR CABUI OT
Nu® u RZ NPUBOIUT K pa3pbiBy CBSI3M R—Z; mpu 3TOM [BE paaM-
KaibHble yacTHUbl Nu® u R° Haxomsitca B HeNocpeacTBEHHOU Oiu-
30CTH APYT OT ApPYTra U [O3TOMY OBICTPO OOBEAUHSIOTCS.

[ToHsiTHE «CMHXPOHHOCTb» O3HAyYaeT GECKOHEYHO MAJIOE BPEMS
XU3HU uHTepMenuata (rn. 3). B takoMm ciyyae MOXHO NMPEATOJIOXUTS,
YTO B PEAKUMSAX OAHO3JEKTPOHHOrO COBMIA BpeMeHa XU3HM paau-
KaibHbiXx yacTull Nu® U (R—Z)* oueHb Majbl, a CKOPOCTH paciiaga
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(R—=Z)" > R" + z° v pekomOuHauuu Nu® u R° oyens Benuku. B
MPOTHBOIMOJIOXHOCTh 3TOMY B SET-peakiuysix BpeMeHa XU3HU pajiu-
KQJIBHBIX YaCTHILl JOCTATOYHO BEJIMKH JIst TOTO, YTOObI UX MOXHO ObLIO
3aperucTpupoBaTh. BpeMeHa XU3HM 3aBUCST OT IPUPOABI HyKIeodu-
na ¥ cyberpara. Hanmpumep, HaTpuit pearupyer ¢ ajlKwirajaoreHuaa-
Mu (peakuust Biopra) mo SET-MexXxaHH3My, MOCKOJBKY B 06pasyro-
LIEMCS B pe3yJbTaTe 3JIEKTPOHHOro rnepeHoca moHe Na' Bce CIIMHBI
cIapeHbl, ¥ OH He MOXET peKOMOMHHUpOBATh ¢ panukaioM R°.

o
Na+ Rf| z —2EL o N Lk + z:
[ paiUKaILHbIE
peaKkuuu

KoHIemus «0JHO3JIEKTPOHHOIO CIBUIa» YTOYHSIET KAPTHHY 3JIeK-
TPOHHBIX HM3MEHEHH, MPOMCXOOSUIMX B IIpoileccax Sy2, HO HE U3-
MEHSIET CTPYKTYpY (paciioJoXeHHE siiep) «CHHXPOHHOIO» I1epeXoll-
HOTO COCTOSIHMSI M HE NMPOTUBOPEYMUT HAOMIONAeMOMY BaJIbAEHOBCKO-
My OOpallieHMI0 YU OTCYTCTBHUIO PAAMKAIbHBIX IIPOAYKTOB B 3THUX
peaKuusx.

KoHuenuuio oIHO3JIEKTPOHHOTO CIBUTA CAEAYyEeT paccMaTpUBaTh
KaK OpUTMHAIBHYIO TMIIOTE3y, HUYETO HE MEHSIOUIYIO B CaMOH CyTH
npespauieHusl. Ilpy MHTEepnpeTalMu JAHHBIX aTUGaTUYECKOro HyK-
JIeoQWIBHOrO 3aMEIEHUS MOXHO YCIIEUIHO UCITOJIb30BATh KJIacCHYeC-
KYIO TEOPUIO CMELUEHUSI SJEKTPOHHBIX Map, YTO MBIl U [ejiaeM B 3TOM
rnape. OgHako B ri1. 26 (4.3) MBI HCHOAB3YEM IIPEACTABIEHHUS 00
OHOBJIEKTPOHHOM CABUTE ISl OOBACHEHHUS HEOOBIYHOIO MEXaHU3Ma
3JIEKTPOPUIBHBIX [IEPETPYNITUPOBOK.

9.3. MEXAHU3M Sy1

Jpyroil npeaenbHblA MeXaHU3M HYKI€ODHUIbHOIO 3aMEUICHHUS Y
HACBILIEHHOIo aTtoMa yriepoaa Syl BKIIOuYaeT ABse cramMu: 1) rere-
poauTHyeckoe pacuierieHue cesizu C—Z B cyberpate RZ ¢ obpaso-
BaHUEM TPEXKOOPIMHUPOBAHHOrO KapbokaTtmoHa R® u yxomauieit
TPYIIIBL A BUJAE aHMOHA U 2) B3aUMOJEeHCTBUE KapOoKaTUoHAa R®
¢ HykieodUIbHBIM areHToM Nu Ui Nue, B pe3ysIbTare 4ero nojy-
yaeTcsl KOHEYHBIA MPOAYKT 3aMeleHUS:

k,; MeJJIEHHO k,; obicTpo

s ® 0 Ky OBICIP

—————* R Z —— RNu. (9.4)
k., Nu

DTa peakuus, B OTIMYHe OT Sy2-MeXaHM3Ma, He SIBJSIETCS COIJIAco-

BaHHAIM IIPOLECCOM M BKJIlOYaeT nBe crtaguu. CTagust reTeposinsa CBs-

3u C—Z B cybeTpare sIB/IsieTCs MEeIJIEHHOMN, ONpelessTIoleN CKOpoCcTh
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Bcero rpouecca. B3aumMmoneictsue xapbokaTuoHa ¢ HYKIEODUIOM
MIPOUCXOIUT B ObicTpoit cranuu. st ypaBHeHHUs (9.4), UCIIONB3ys METOX
CTAIMOHAPHbIX KOHUEHTpauui (1. 3, 4. 1), MOXHO BHIBECTH CHENYIO-
uiee ypaBHEHHE:

ki ky [RZ] [Nu]
koy (28] + ky [Nu]

(9.9)

CKOPOCTb =

Ecnu ky[Nu] >> k_l[Ze], ¢opMaIBLHO CKOPOCTh OMUCHIBAETCS XO-
POLLIO 3HAKOMBIM KHHETHYECKHM YpaBHEHHUEM IIEPBOro MOpSIKa JUIS
Syl-peaxuuit:

cKopocTh = k, [RZ]. (9.6)

Ha puc. 9.6 npuBenena sHepreTHyeckas AuarpaMma UAeantu3upo-
BaHHOI0 MOHOMOJIEKYJISIPHOTO HYKIEOQHIbHOTO 3aMEILeHUS.

W3 nByx mocnemoBarenbHBIX cTagMit — MoHu3auuM RZ u pe-
koMbuHanuuu R* u Nu — neppas xapakTepusyercs Hambosbluei
SHEPIrUed aKTUBALMM, TOTAa KaK 3HEPIrusi akTHUBAUMH IJISI peKOoM-
OMHaUMU HMOHOB JOJIXKHA
6bITh Mana. Bropasg cragus
HE BIHSIET HA OOUYIO CKO-
pOCTB, HO ONpEAeseT KO-
JIM4ECTBEHHBIN COCTAB MPO-
AyKTOB Syl-peakuuu. Ecnu
B pPaCTBOpE IPUCYTCTBYIOT
Cpasy HECKOJIBKO PA3IMYHBIX
HYyKJIe0(dHUI0B, TO OTHOCHU-
TEAbHBIA BBIXOJ MPOAYKTOB
peakiMy ¢ KapOOKaTHOHOM
R* 6yner onpegenarbes, Puc. 9.6. Tepsas cTaams woHusauuy RZ
€CTECTBEHHO, BBICOTOH BTO-
poro 6apeepa. JIpyrumMy cJ10BAMU, B MIEANM3MPOBAHHOMN Syl-peakiuu
CKOPOCTb peaKUMU He HOJXKHA 3aBUCETh OT IIPUPONbl HyKiIeoduna,
HO cOCTaB IIPOJAYKTOB peakKUUU NPpH KOHKYPEHIIMM HECKOJBKUX HYK-
JIeoQWIOB 3aBUCHUT OT HUX OTHOCHTEIbHOM HYKIeO(pUILHOCTH.

Honuzauus RZ npencrapnsier coGolt 9HIOTEPMUYECKHMIT IIPOLIECT,
M, COrJIacHO MNOCTynaTy X3MMOHJA IS SHAOTEPMHUYECKUX peakIMit
(r1. 3), mepexopHoe cocTosiHuEe i MoHU3auMM RZ nogobHo Kap-
Goxatuony R’. [TosTtomy m106bie (akTOpbl, CTAOMIM3UPYIOLIUE Kap-
GOKaTHOH, CTADMAM3MPYIOT M [EPEXOAHOE COCTOSIHME, NPUBOISIIES
K obpazoBaHKIO KapOokatnoHa. Crabunusauus xkapboKaTHOHOB 33 CYET
3 DEKTOB CONPSIKEHUS U TUITEPKOHBIONALINY, & TAKXKE MHIYKTUBHBIX
3¢ }eKToB 3aMecTHTenell Oblta paccMoTpeHa paHee (. 2).

CrabuiapHocTh anudaruiyeckux KapOOKATUOHOB YMEHbBIIAETCS
B psiAy. TPeTUYHBI > BTOPHYHBIM > MEpBHYHBbIA. Syl-MexaHusm

5—2778 129
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peanusyeTcs I8 TPETUYHBIX M BTOPUYHBIX, HO HE MEPBUYHBIX al-
KWJITUIOTEHUIOB ¥ JIKUJICY/IbGOHATOB. JeHCTBUTENBHO, CONbBOIU3
mpem-0yTHUI6poMUIa Mo MexaHu3My Syl B IOJSIpHOM (€*'=58) u
WOHU3UPYIOUIEM PACTBOPUTENIE — MypaBbMHOMK KucioTe vaeT B 1 000 000
pa3s ObicTpee, YeM uzo-npommidpoMuna. [TogoOHoe cooTHOILLIEHHUE CKO-
pOCTel IUIS TPETMYHBIX M BTOPHMYHEIX RZ siBnseTcs XapaKTepUCTHY-
HBIM J1/I1 MHOTHX COJIbBOJIMTUYECKUX Syl-peakuui. AHanroruuHag 3a-
KOHOMEPHOCTb Habiionaercs W IS HUKIOANKUITAJOTEHUIOB HU
cynbdoHaTOB. BhGHeKT CONpsLKeHUs1 00YyCAOBAMBAET OTHOCHUTENBHO
BBICOKYIO CTaOMJIBHOCTh TPHAPHIMETMIIBHBIX Ar;C*, GeH3ruApHIBbHBIX
Ar,C'H, 6enswibHbIx ArC'H, ¥ aJuimipHbIX Kap6oKaTUOHOB. MOHO-
MOJIEKYJSIDHBIM MeXaHHM3M 3aMellleHHs XapaktepeH st Ar;CX;
Ar,CHX, a Taxcke yacTo HabromaeTcs UL aJUTHITAJIOTEHUIIOB M CYJIb-
¢donaros. ['maponus rpudenmwmiopmerana (C4Hs);CCl B 80%-M Bon-
HOM alleTOHE IIPOTEKaeT B MWLUIMOH pa3 OpicTpee, 4eM OeH3TMADHUII-
xnopusaa (CgHs),CHCI, xoTopetii B cBOIO oyepenp TMAPOIM3YETCA B
ThIcsI4y pa3 GwicTpee, 4yeM 1-xuop-1-denwmnatan C H;CH(Cl)CH;,
CPaBHUMBIHM IO CKOPOCTH THAPOIM3A C AJUTHIXIIOPHIOM.

bosee BHMMAaTenbHBIN aHaM3 ypaBHeHHs (9.5) no3BossieT obHa-
DPYXHUTh CHOXHYIO 3aBUCHUMOCTB CKOPOCTH Syl-peakiuii oT KOHLEHT-
pauuy aHUOHA YXOHIIe# Ipymmbl Z . B caMoM Hadane peakildd KOH-
LieHTpauusi Z O4YeHb MaIa, M TOJbKO Ha HAYaJbHOM YYaCTKE KUHETH-
YEeCKON KPHMBOM CKOPOCTh PeakIIMW OIMUChIBaeTCA ypaBHeHHeM (9.6):
v=Kk[RZ]. Orciona cnenyeT, YTO CKOPOCTb HE 3aBUCUT HE TOJBKO OT
KOHIICHTPAlMM, HO AaXe OT nmpupoasl Hykiteodpwra Nu. Takoi cioyuai
JCHCTBUTENbHO ObUT OOHAPYXEH M1 peaklMu OeH3rMAPWIXJIOPHIA C
pa3sHooOpa3sHLIMU HyKIeodmiaMi B HEHYKICODWIBHOM IOJISIPHOM pac-
TBOpUTENE — XUAKOM okcuzne cepsl (IV) SO, (Muronen, Xeio3, 1940).
ITo xony peakuuu koHueHTpauus Z =Cl  pacreT, 4, B COOTBETCTBHH
¢ ypaBHeHueM (9.5), ckopocTb ymeHblaercsi. bonee Toro, ecnu B pac-
TBOp creuuanbHo BBecTH cosb LiCl, comepxaiuyro obmmit anuox Cl,
peakuMs Takxe 3amemnsiercsa. O6a sTux addekra HabIIOTUTHCE LIS
peaxuuu (CgH;),CHCI ¢ caMpiMu pasindHbIMU HYKI1€O(DIIAMU B XHI-
koit SO,, oHU nonyyuau Ha3BaHue 3@gexma obujezo uona.

B nonapnsiouieM OOABIUMHCTBE CAy4yaeB JUIST U3YYEHHS] MEXaHU3-
Ma peakUHUH MOHOMOJIEKYISIPHOTO 3aMElleHUs TPYAHO rnonobparth Ta-
KUe HAeaNbHbie YCNOBHS, KaK IPH M3YyYeHUH KHWHETUKH DEeakUUM B
pacTBope XUIKOH ABYOKHCH cepbl. OOBIMHO Syl-peakuuu SBASIOTCS
COJIbBOTUTUYECKUMHU, TOAE pACTBOPHUTENb HE TOJABKO BBI3BIBAET MOHH-
3auuio cessu C—Z B RZ, Ho ¥ caM BbICTYyHaeT B poJid HYKJIeohHIb-
HOTO peareHTa BO BTOpOM cTtamuM ypaBHeHUs (9.4). B takoM ciyuae
KOHUEHTpauus Hykjieoduna (pacTBOPUTENS) MPAKTUYECKU HE MEHS-
€TCs B XOAE pEeaKkUWM, U OoHa OyHeT UMETb IEPBbIH KHHETHYECKUI
MOpAIOK HE3aBUCUMO OT TOTO, KaKOH MeXaHu3M — Syl wind Sy2 —
peanbHO peaju3yercs ML JAHHOTO MpeBpallie HUs.
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W3MeHsITh KOHLIEHTPAUMIO HYKJIeO(hHIa—pacTBOPUTENS B ILIMPO-
KOM JiManasoHe He UMeeT CMbICNA, TaK KaK IpY 3TOM HU3MEHSIOTCS
MakpocBo¥cTea cpensl. Tak, HAIpUMeEP, CKOPOCTh THAPONN3A mpen-
6yTunbpoMuaa B BOOZHOM aleTOHE BO3PACTaET B COPOK pa3 IpH H3-
MCHEeHUY KOHUeHTpauuu Bogbt oT 10 no 30%, HesacHo, OIHAKO, CBS-
3aH JU 3T0T 3¢ GeKT ¢ pocToM HYKIeODMILHOCTHA Cpedbl (MTO BRKHO
1St Sp2-peakuuit) WK ¢ yBeJIMYSHUEM MOJIIPHOCTH Cpelbl (UTO BaX-~
Ho 11s1 Syl-peakuuit). [TposICHUTL CHTYALMIO B TAKUX CAYyYassx IIOMO-
raeT usyyeHue coneBbix adpdexTos. Cxopocth runponusa (C¢Hs),CHBr
npu BeeAeHum B pacteop LiCl u ckopocts ruapoausza (C¢H;),CHCl
nipu gobasnenuu LiBr Bospacralor. 310 00yCI0OBIEHO JEHCTBHEM HOP-
MaJIBHOTO coJieBoro a¢¢exTa: peakilisi YCKOPSIETCS BCJIEACTBHE TOTO,
4YTO YBEJIWYCHHUE MOHHOM CHJIBI pacTBOpa CTAOWIHU3UpPYET MOJSIDHOE
nepexomgHoe coctosiHue Syl-peakumu. OgHAKO BBEAECHUE CONEH, UMEIO-
uX obunit uoH ¢ opranuyeckum rajgoreHunoMm (LiBr B ciyuae
(C¢Hs),CHBr u LiCl mna (C¢H,),CHCI), sameniser peakunio. B aTom
clydae JEHCTBYET KaK HOPDMAaIBHBIN cojieBoi a¢hdeKT, yCKOPSIOIHA
peaxkuuIo 3aMmelleHusT, Tak U 3pdekT obiiero MoHa, KOTOPHIHA, CO-
[JJaCHO 3aKOHY INEHCTBHS Macc, OOJDKEH 3aMeISITh peakuulo, CMe-
11as paBHOBecUE MOHU3aUuM BieBo. CymMapHo npeobnagaer sdpdexr
obwero uoHa. Ta xe camMasi 3aKOHOMEPHOCTh HAOJII0NaeTcsl TpU TUIL-
POJIM3e TPUAPMWIMETWITATOreHUIOB.

B cBoeMm nepBoHavyaTbHOM BapuaHTe MeXaHU3M Syl npeanosarai
o6pazoBanye CBOOOMHBIX, IHCCOIIMMUPOBAHHELIX HOHOB R* 1 Z~. B aToM
MEXaHHU3Me CTanusl, OMpeAesiiollas CKOpOCTh Ilpoliecca, M CTaIus,
onpenesiioniasi COOTHOLUEHHE TIPOAYKTOB, HE COBNAZalT. 3TO
[IpUBOAUT K PSIAY BaXKHBIX CJAEACTBUIl, KOTOPBIE CIIOCOOCTBOBAIU BhI-
paboTKe OfpeAeNeHHbIX, NOCTATOYHO CTPOTUX KPUTEPHUEB, C IIOMO-
IIbX0 KOTOPBIX AUCCOUMATUBHBIN Syl-MEXaHU3M MOJAAETCA IKCIIEPU-
MEHTaIbHOH nposepke. CylUecTBYET MITh INABHBIX HE3ABMCUMBIX KpH-
TepHUEB IMCcCOLMATUBHOTO Syl-MexaHuama.

IlepBrIif U3 HUX COCTOUT B TOM, YTO CKOPOCTHb PEAKLIMH AOIXHA
YMEHBLUIATLCS C POCTOM KOHLEHTpaUuMu aHuoHa Z , NMpUYeM 3Ta 3a-
BUCHMOCTb, COIJIACHO 3aKOHY IEUCTBYIOLIMX Macc, JOJXHA HMEThb
NUHEHHBIH Xxapaktep. DddeKT olluero MoHa MNOMYYMS Ha3zBaHHE
«BHEIIHEro BO3BpaTa U3 OMCCOLMUPOBAHHOI dopMbl». [Ipyroit xpu-
TEpHUil 3aKJTI0YAETCS B BBEACHHU «HYKIEO(DHUIBHOM JTOBYIUKK», HATIPH-
Mep, asun-uoHa Ny~ mas xapbokatuoHa R™:

e SolOH ROSol + K2+ 7°
JJIEHHO @ o '
> R + Z7— N3®

3 > RN, + Z°

rae SolOH — npoTOHHbIA pacTBOPHUTEND.
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A3UI-UOH He JOJIXEH BIUATH HA CKOPOCTh PEAKLIMK, HO JOJIKEH

BIMSITH Ha COOTHOLLIEeHUe mpoaykTos peakumu RN; u ROSol, npu-
[RN;]

geMm (bakTOp ceNeKTUBHOCTH (aKTOp KOHKypeHuuu) Fy = m
B XOJ€ peakUUU JOJLKEH OCTABATLCS IMOCTOSHHBIM. BTO BTOPOH KpH-
Tepuit nuccouuatuBHoro Syl mexanusma. TpeTuit KpUTEpUH# COCTOUT
B HE3aBUCHMOCTH BEIMYHUHBI Fy OT NPUPOLb! yXOasilleil rpynnsl Z B
cyberpare RZ. dna anudarudeckux ¥ aIMIIMKIUIECKUX COCNMHEHUH
MOHOMOJIEKYJIIpHOe 3aMelieHue Syl KOHKypUpyeT ¢ MOHOMOJIEKY-
JASPHBIM 3TUMMHUpoBaHueM E£1 mpotoHa ¢ obpasoBaHueM akeHa. B
3TOM CJIy4ae COOTHOLUEHHE MPOJYKTOB COJIBBOJIM3d U &JIKEHA IO XO4Y
pPeaKiMK JONKHO ObITh NOCTOSTHHO (4ETBEPTHIM KPUTEPHUH), U 3TO OT-
HOIUEHHE HE JIOJIXKHO 3aBHCETh OT IPUPONB! YXousiled rpynnsl (ns-
TBIA Kputepuii). [Ins guccolMaTuBHOro MexaHuama Syl Bce ATH KpH-
TEpHEB HOJIKHBI BBITTOJNHATHCA OJHOBPEMEHHO, TOJBLKO TOrJA peak-
UMIO MOXHO C YBEPEHHOCTBIO OTHECTH K AMCCOLMATMBHOMY TUny. B
peakuUuu TUAPOIU3a OeH3TMAPUIXIOpUAa U OeH3IruaApuabpoMuza B
80%-M BONHOM aleTOHe B INPUCYTCTBUM a3uaa HATpusi GakTop ce-

[RN;] .
nekTuBHocTH Fy = [ROH] = 1,94 felicTBUTENBHO HE 3ABUCUT OT IIPH-
POABI YXOMAIIEN IPYTINIBI gxnopa wiu 6poMa), XOTs CKOPOCTb THAPO-

nu3a (C¢Hs),CHBr B 34 pasa BmlumIe, 4eM CKOpPOCTh THMJpOJNIM3a
(C¢H5),CHCI (B 3TO# peakuuM HEBO3IMOXHO OOpa3oBaHHUE AIKEHA B
peayaptare El-snmumuHuposanust). Takue npuMepsl, OXHAKO, eMIUHUYHBI.
B nopaensiioiieM O0JBUIMHCTBE CYYaeB 3TH ISITh KPUTEPUEB OJHOBpPE-
MEHHO HE BBITIOJHSIOTCS. Tak, HampuMep, B peakUUH I'MAPOaU3a On-
HOTO U3 KJIacCHYecKHX oObeKToB Syl-MexaHusma — mpem-0yTunopo-
MUEA WIH mMpem-OyTHIXJIOPUIA — COOTHOIUEHME U30-OYTHIIEHA U
mpem-0yTUNOBOrO CIIUPTA 3aBUCUT OT MPHUPOABI YXONSIUEH IPYIILL.
AnanoruyHo (HaKkTop KOHKYPEHUMHU Fy 3aBUCHUT OT [IPUPOIBI YXOUSI-
weii rpynns! st rugponusa (CgHs);CCl; (C¢Hs);CBr; (CgHs);CF B
NPUCYTCTBUU a3un-uoHa. PakTop KOHKYpEHUUH Fp CHIBHO H3Me-
HSETCS U JUISL OPYTHX THIIMYHBIX cyOcTpaToB Syl-MexanuaMa: 3-xjop-
3-meTundyreHa-1 (o,a-guMeTHIAIMXIIOpUAA) U |-xiop-3-MeTundy-
teHa-2 (y,y-auMmeTwnauiwixiaopuaa). Ilpu woHuzauuu 3-xiop-3-me-
TUNOYTeHa-1 obpa3yeTcsi TPeTHYHBIN aNIMJIbHBIN KapOOKATHUOH.
CoueraHHe CBOUCTB OMHOBPEMEHHO AIMIBHOIO U TPETHYHOLO Kap-
HOKaTHOHA IMO3BOJISIET PACCMATPUBATE 3TOT AJUTWITAJIOTeHU KaK OOUH
U3 Haubosiee TUNUYHBIX IPUMEPOB 0OBEKTOB MOHOMOJIEKYISIPHOIO Me~
XaHM3Ma 3aMelueHus. JedCcTBUTEIbHO, TMAPONU3 O, 0~ THMETHIIALII A~
XJIOpUAA U Y, Y-AUMETUNAIMIXIOPULE TPUBOIUT K CMECH TIEPBUYHLIX
U TPETUUYHBIX ALIMIOBBIX CIUPTOB, YTO (POPMAJBHO COTNACYETCS C
00pa3oBaHUEM KapOOKaTHOHHOro MHtepmenuara. OQHAKO NMpU UA-
POJIM3e 3TUX U30OMEPHBIX A/UTWITATONEHUIOB B BOXHOM 3TAHOJE B [TPpHU-
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cyrctBuu NaBH,, xak HywreopunbHOU NMOBYIIKHA, 0Opa3yoTcs HO-
MOJTHUTEABbHO 0Ba W30MEPHBIX AIKEHA, COOTHOLIEHUE KOTOPBIX HU3ME-
HSIETCS BIIBOE TIPU Iepexojle OT ¢,0-AUMETWIALTUIXIOPUAA K 7, Y-IH-
METHAULTAAXIIOPULY:

(CH3)2'C—CH::CH2

Cl
o, - IMMETWIAUTHIIXJI0OP U

NaBH,; HOH

(CH3)2—(!3—CH=CH2 +
CH;CH,OH—H,0 OH

(CH,),C=CH—CH,Cl
¥, Y- EUMETIWIUIVIIXJIOpU

+ (CH,),C=CHCH,OH + (CH,),CH~CH=CH, + (CH5),C=CHCH,.

Orciona ciaefyet, 4To B peaklMH NPUHUMAET yYacTHe He CBOOOI-
HBIA KapbOKaTHOH, oOpa3yolluiics NpH JUCCOLHMALMM aLTMIXIIO-
puna, a aApyras, pelJlliecTBYOlIasi MOHHAas ¢opMa, Iie KapGoKaTHOH
eule cBA3aH ¢ yxomsugeit rpymnmnoit ClI'. DTo NOATBEpXAAeTCS TEM,
YTO MCXOLHBIH O,0-AUMETHIAJUTWIXJIOPUI B IIPOLIECCE PEAKIIUU CaAM
H30MEPU3YETCA B v, y-IUMeTUIALTHIXIopUL. CKOpOCTh TaKoi U3oMe-
pHU3aluuy He U3MEHSETCS IIPU ITPOBENEHUH peaKlMM B YKCYCHOM KMC-
JIOTE B NPHUCYTCTBUU XJIopuAa NUTHS, T.¢. 3ddekT obiuero HoHa
(BHELIHUH BO3BpaT) M3 NMCCOLUMUpOBAHHOM ¢dopMbl He Habawoaa-
ercsl. Ilpu BBEEHUM B pEaKLIMOHHYIO CMeCh PAIUOAKTUBHOIO XJIOPUI-
MOHA TOJBKO HE3HAYMTEJIbHAS ero 4acTh BXOAUT B COCTAB MCXOOHOTO
annunranoreHuaa. [Tostomy HabnonaeMass B3aUMHass U30MEpU3aLIUs
o, Ct-IUMETHIAUIMIXJIOPUIA U ¥, Y-AMMETHIAIMIXIOpUIa o0sg3aHa
BHYTpeHHeMy Bo3Bpaty R*'Cl™ u3 mpeluuecTByOIIUX CBOGOIHOMY
HOHY MOHHBIX Map.

Best COBOKYMHOCTD MMEIOUIMXCS B HACTOsIIee BpeMsl 3KCIEepH-
MEHTAIbHBIX HAHHBIX 3aCTABJISIeT pacCMaTpUBaTh AUCCOLIMATUBHBIA
Syl-MexaHU3M TOJBKO KaK NPEeNIbHYIO, PEAKO pealru3yIOLYIOCs Ha
TIPaKTHUKE CUTYALHUIO.

9.3.1. HOHHBLIE ITAPHI B ITPOIIECCAX MOHOMOJEKYJIAPHOI'O
HYKIEOOHUIBHOTO 3AMEIIEHUA

MOHOMOJIEKYISIPHBIA COMBbBOJU3, KAK IIPABUJIO, OCYLISCTBMS-
eTCA 10 MEXaHH3MY, pe3KO OTIMYAIOLIEMYCST OT MEXAHU3MA C yda-
CTHEM «CBOOOIHBIX» CHMMETPHUYHO COJIbBATUPOBAHHBIX KapOOKaTH-
oHoB. Haubonee ueHHas uHdopMalus o MexaHU3Me peakiuil Mo-
HOMOJIEKYJISPHOTO 3aMelleHUST MOXET ObITh ITOJydeHa MpH H3yYeHHHU
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cTepeoxMMuM mpouecca. HexoToprle JaHHbBIE 110 CTEPEOXUMMU COJIbBO-
JIN3a ONTUYECKH AKTUBHBIX CYIb(POHATOB M KapOOKCUWIATOB IIPEACTaB-
JIeHbl B Taba. 9.7.
Ta6nuuma 9.7
CTepeongHn COJIBBOJH3A

OITHyecKy aKTHBHBIA CybcTpaT | YeioBus conbBosiuza | % uHBepcHy | % palleMU3aliH
*
1. #-C;H,CHDOBs CH,COOH; %9°C 100 0
*
2 1 CaH CHOTs CH,COOH; 75°C % 8
CH,
CH,
3. 160-C,H, C *-Ohph CH,0H; 64°C 71 46
CH,CH,
*
4. C,H,CHDOTs CH,COOH; 25°C % 2
*
5. CgHy CH~CH, CH,COOH; 50°C 56 )
a
6. #-CH,0C,H, CH~ Ohph CH,0H; 30°C 100
C6H5
C2H5
7 CGHS__?_CH3 CH3COOH; 70°C - 98
(o]

1
mON —Cell,—Cy

Mpumewanue Bs = O,SCHBrn, Ts=0,8—~CH,CH;-n
hph = OC

COOH

Obe cTOpPOHEBI TUIOCKOTO CBOOOZHOro KapboxarwoHa (Ti1. 2) oxu-
HaKOBO NOCTYIHBI U151 aTak¥ HykiIeoduia, MO3TOMY KOHEUYHBIM pe-
3yJBTATOM JOYCCOLMATHBHOIO Syl-MexaHu3Ma HOKHA ObITh NMOTHAS
paleMHu3anus poaykra peakuuu. Ecnu aTo ycniosue He cobmonaercs
U KapOOKAaTHOH COMBBATHPOBAH HECHUMMETPUYHO, YTO, IIO CYTH, 3K-
BUBAJICHTHO TOMY, YTO [IPOTHUBOMOH Z OCTAeTCsd KaKMM-TO 00Opa3oM
CBSI3aHHBIM ¢ KapOokaTuoHoM R*, MOXET IOJYYUTHCS ONTUYECKH aK-
TUBHBIM MPOAYKT YaCTUYHO palleMH30BAHHBIA U ¢ YaCTHYHO obpa-
LUEHHOX KOH(UIypaluuen.

TIpu auneronuse n-6pombeHsoncynbdoHaTa AEUTEPUPOBAHHOIO
H-OyTtaHona Habmonaetcs 100%-a unsepcud koHdurypauuu (1-i npu-
Mep B Tabn. 9.7), T.e. B NaHHOM clly4yae peanusyercs Sy2-MeXaHU3M.
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Oznnako B npuMepax 2—>5 HabII0IAI0TCs YACTUYHAS palleMU3aLUsl WIK
HelnoJjHas “HBepcHus. Kak MOXHO OObSICHUTh YACTUYHYIO palleMHu3a-
uuw? CaMoe mpoctoe OOBACHEHHME 3aKJIOYaeTCs B TOM, YTO B 3THX
cJlydastx MapaiienbHO pealin3yloTcsl 06a MexaHuaMa — U Sy2 1 Syl.
OnHa yacTe MOJEKYJ UCXOXHOIo cybcrpaTa pearupyeT mo Syl-mexa-
HU3MY C NMOJHOU palieMM3alMel, a Apyras 4acTb — IO MEXaHU3MY
Sy2 ¢ uHBepcuel KoHpurypauud. OQHAKO ¢ TAKUM IPEANONOXEHHU-
€M TPYOHO COINIacUTHCH. TaK, CKOPOCThH COJIBBOJIM3a ONTHYECKU aK-
TUBHOro l-geBUMaTIWIXIOpKAA (TIpUMep S5) He BO3pacTaeT Npu I0-
DaBRIeHUHM alleTaTa HaTpusl, T.e. COMU ¢ obIIMM HoHOM. /loGaBKkH ale-
TaTa HATPUs HE YBEJIMYMBAIOT TAKXKe M CTEleHb WHBEPCUU B 3TOH
peaxuuu. CienoBaTeibHO, HHBEPCHUS B JaHHOM Cllydae He CBSI3aHa C
[TapaJUIEbHO PEaNU3YIOIMMCS Sy2-MexaHu3MoM. ipyroe oObsicHeH e
OCHOB3HO Ha MpPEAIIOJOXEHHUHU, YTO YAaCTUYHASA palEeMMU3aUMsi OTpa-
XKAeT padinyKe B cTabUIbHOCTH KapOoKaTUOHOB. MeHee CTaOMIbHBbIN
KapOOKaTHOH pearupyeT O4eHb OBICTPO AaxXe TOrAa, KOrjma oaHa U3
ero CTOPOH elle KPaHMPOBAHA YXONAILEH IPYIION, U 4TaKa HYKJIEO-
thuna ocyuecTpiIsIeTCsl IPEUMYILECTBEHHO C ThUIBHOH CTOpPOHBI. I1pu
[TOJIHOA JUCCOLIMALIMM XMPaJBHOTO cyOcTpaTa oOpasyeTcsl axupaib-
Hbl{ KapOOKAaTUOH, JUISE KOTOPOro B2 albTEPHATUBHBIX IEPEXOAHBIX
COCTOSIHUSI, COOTBETCTBYIOIIMX (PPOHTANBLHON aTake M arake C ThUIA,
SIBJISIIOTCS] SHAHTHMOMEPHBIMU H, CJIEIOBATEIbHO, HMEIOT ONMHAKOBYIO
3Hepru. YacTHUHAs palieMU3alug o3HayaeT, OJHAKOo, YTO JIBa Iepe-
XOIHBIX COCTOSIHUSI HMEIOT Pa3Hylo dHepruwo. TepMUH «3KpaHUpOBA-
HHUE YXOOsLUe TpyIIbl OOHO CTOpPOHB! KapOOKATHOHA» O3HAYaeT,
YTO YXOASILIASI FPYIIIA B 3THX NEPEXOIHBIX COCTOSHUSIX BCE elIe OCTA-
€TCHd CBSI3aHHOM ¢ aTOMOM YIJepola, ¥ axupaibHbIA HOH He obpa3sy-
ercss. TakuM ob6pa3oMm, Ha mepBoif, caMoi MemXJeHHON cTaguu
HoHu3auuu RZ yxomsiuas rpymmna BXOSUT B COCTaB II€PEXOMHOrO CO-
CTOSIHMSI, 4 MHTEpMENMAT Ha puc. 9.6 yxe Hesab3s omucarth Kak R'.

C. YiiHcTe#H BIiepBbie OOpaTHJI BHUMAaHME Ha TO, YTO MOHM3aA-
M1 KOBAIEHTHOM OpraHMYecKoi MOJIeKyibl JOJXHA NPOUCXOAUTE HE
B ONHY, & B HECKOJIKO ITOC/TefoBaTeNbHbiXx cTanguil. IlepBoHaYabHO
IpM MOHU3ALMHK cyOcTpara RZ obpa3yeTcss KOHTaKTHAS («UHTUMHAas»
B TepMHHOJIOTMM YiiHcTeliHa) uoHHas napa R*Z™, rne xatHoH ¥ anu-
OH HEIOCPEICTBEHHO CBA3aHbI MeXIy co00H M MEXIy HUMHU HET pas-
JeJSIIOLUX UX MOJIEKYJ pacTteopuTenst. [Ipd nanbHelIeM pasneieHuu
KOMIIOHEHTOB MOHHOM mnapbl KOHTAKTHAS MOHHAs Napa MpeBpaliaeT-
sl B COJIBBATHO-PA3NENCHHYIO («PhIXIYIO») HOHHYIO mapy RY||Z™, rne
MOHBI pa3eaeHbl OJHOR WM OOJBIIMM YUCIOM MOJEKYJ PACTBOPU-
tenst. CospBaTHO-pa3e/ieHHass UOHHAS Napa jJajee JUCCOLIMUPYET Ha
«CBOBOIHBIE» COJbBATUPOBAHHBIE MOHBI. DJIEKTPOCTATUYECKOE B3au-
MOZEHCTBME B KOHTAKTHONH HMOHHOM Iape ropasfo CUJIbHee, 4eM B
COJIbBaTHO-pa3fieleHHOM WOHHOM Tiape, 4TO mnpeaonpenensier doinee
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BBICOKYIO PEaKILMOHHYIO CIIOCOGHOCTD COJIbBATHO-PA3LENEHHBIX UOH-
Hbix nap. O6e ¢opMbl MOHHBIX IIap HE BHOCST HMKAKOIO BKJAAA B
3JEKTPOINPOBOAHOCTh PACTBOpPA, KOTOpAasl LIEJUKOM ONpeaessieTcs
BKJIAZIOM CBOOOJHBIX, TMCCOLIMMPOBAHHBIX HOHOB. MoHHBIE apsl cy-
ILIECTBYIOT B pacTBOpe B TOM cCily4yae, KOI/Ia 3HEPrusi 3MeKTPOCTaTH-
4eCKOro MPUTSDKEHMSI NBYX MPOTUBOMONOXHO 3apsKeHHBIX YACTHIL
MPEBBIIAET SHEPIUIO TEIUIOBOTO JABUXKEHHUSA HOHOB.

CriocoBHOCTh PACTBOPUTENS] K HOHU3AUUM KOBAJIEHTHONH MOJIEKYBL
R—Z onpenensiercsa He €ro MOJSPHOCTBIO, a CIIOCOOHOCTBIO K
crrenuguyeckoil conpBaTaluy, MO3TOMY CEIYyeT pa3iudaTbh HOHU3U-
PYIOUIYIO ¥ TUCCOUMMPYIOLYIO CITocobHOCTh pacTBopuTens. Knaccu-
YeCKHUM IPUMEPOM TAKOIO pasNuyusl SBISIOTCS UOHMU3ALUSI U AUCCO-
MauMsa TpudeHUIxJIopMeraHa (TpUTHAXJIOopKHaa). B MagononsipHbIx
PACTBOPHTENISIX — napd-Kpes3oje, YKCYCHOM KHCJIOTE U Ap. —
(C4H;);CCl B 3ameTHO! CcTereHH HOHM3MPOBAH, HO HE AUCCOLUUPO-
BaH. MoHu3auus TprpeHIWIDIIOPMETaHA JIETKO OIPENENsIETCS M0 CIIEKT-
paM TOIJIOLUEHUsI, ITOCKOJIBKY ero KoBaJeHTHasi (popMa He okpalile-
Ha, a noHHas mapa (C¢H;);C'Cl™ u cam kapbokaruoH (CgHs);C
okpaitreHbl B XeaTeid 1seT. Monusauus (C¢H;);CCl B ykcycHo Kxuc-
JIOTE ¥ napa-Kpe3oJie BBI3bIBAETCS 00pa3soBaHUEM MPOYHON BOJOPOXA-
HOM CBSI3U C yXOmsilel rpynnoﬁ:

0]

2
(CeHg),CCl . . . H-O— c/ CH3.’2’“‘_(CGH5)3CC1 . H-0-CZCH;.

OnHako B HUTpOOEH30JIe M aUeTOHUTPUJIE C BBHICOKOH MMAJIEKTpUYEC-
KOl NMPOHMLIAEMOCTBIO, HO 0e3 crielnuduyecKoil CoNbBATALIMMA aToMa
xtopa TpudeHWIXIOpMETaH 1aXe He MOHU3MpoBaH. Pelaromas poss
3J1eKTPOHOAKLENTOPHAIX CBOMCTB Cpedbl I UOHU3aHKH RZ obHapy-
KMBAETCSl TEM, YTO SKBUMOJSIpHbIE n00aBku kucioT Jivtonca SnCly;
SbCl; AlCL,; B pactBop (C¢Hs);CCl B HUTpOOEH30ME UITH AIIETOHUTPH-
Jie BBI3BIBAIOT MOHM3AIIMIO U MTOCHEAYIOUIYIO TUCCOIMAIIMIO cybeTpaTa:

SbCl knomn kmcc. ® ]
(CHg),COlm—— s (C6H5)3CSbC16 ————» (C¢H,);C + SbClg.
CsHsNO,

BecuBeTHBIN TpUGEHWIXIIOPMETAH IIpeBpalllaeTcsd B OKpAalEHHYIO B
xentelit uset noHHyio napy (C¢Hs);C'Cl™ B xuaxom SO, B 10% pas
abdekTUBHEE, YeM B HUTPOOGEH30/€, XOTS U AURMEKTPUUYCCKAsT Npo-
HULAEMOCTb, U NUIOJBHBIA MOMEHT Y HUTpOOEH30JIa ropa3fo BBILUE,
yeM y SO,. B xunkom okcune cepsl (IV) tpudbeHunxmopMera npu —
10 °C yacTUYHO MOHU3UPOBAH M YACTUYHO JUCCOLIMMPOBAH:

HOHU3ALMS; ® 0 nnccounauw{
(CeHs);CA=——=, (CeH);CC (C6H5)3C + C1
MOHU3. knucc.~
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C. VitHcTeitH 0OHapyXul, YTO KOHTaKTHBIE M COJbBATHO-pasie-
JIEHHBIE MMapbl UTpatoT BAXHYIO poJb B MPOLIECCAX MOHOMOJEKYJSID-
HOTO HYKJIEO(GUIBHOTO 3aMeleHMs ¥ HACBIIIEHHOro aToMa yIjiepoaa.
Ki1o4eByto posiib MOHHBIX MAP B COJMBBOJIMTHYECKUX MPOIIeccaX MOXHO
NpOAEMOHCTPHUPOBATh HA MpUMepe aleroiaunsa (+)-mpeo-3-aHu3nady-
TUI-2-0po3unara. BbU1o YCTAaHOBIIEHO, YTO IIPHM HarpeBaHUM ITOTO
COCAMHEHHUS B YKCYCHOKMUCIOM PACTBOpPE IPOUCXOAUT HE TOJIbKO
COJIbBONU3, T.€. 3aMeHa OpO3WIATHOMN IPYIIIILI HAa AllETATHYIO, HO TAKXe
M paLeMHK3aiUsl KCXOJIHOro HellpopearupoBasiiero cybcrpara:

(C]
OCH,
H,CO.
CH,
- H rorvsaws CH,COOH
OBs H H—™

~ 1

CH,
CH3\ CH,

—— NpoIyKThl aueronu3sa (araka CH;COOH pasHoseposiTHa
o oOOMM HATIPABJICHUSIM: g U 0).

AHU3UIOYTUABHBIH KapOOKaTHOH, OOGpa3ymolHiica MpH OTIIEeN-
neHuu aHuoHa OBs ™, uMeeT NpUBeIeHHYIO BBIIIE MOCTHKOBYIO CTPYK-
TYpY, T.€. axupajieH.

CKopocTh palieMH3alldi McXogHoro 6posuiata GoJibllle CKOpPOC-
TH ero CoJILBOJM3 B YKcycHOH kucnote. Hanbonee mpocroe oGbscHe-
HUE OoMepexalolleil CONMbBOIM3 palleMU3ALMK CyOCcTpaTta COCTOHT B
TOM, YTO 3a OBICTPOI U OOPaTUMON HOHHM3AIIHEN HCXOMHOr0o Opo3MIaTa
caenyer Oojiee MeJJieHHass aTaka MOCTHUKOBOro kap6okaTHoHa
Mosiekynoif pactBoputensi. C 3THUM IIPEIIIONOXKEHHEM, OIHAKO, HE
COIJIACYETCS TO, YTO COJIBBOJIM3 HE 3aMEUISCTCS B IPUCYTCTBHHM CO-
neit ¢ o6wmm norom OBs®. Ha atom ocHoBanuu [peanoyreHue 6puUT0
OTIaHO AIbTEPHATUBHOMY HOH-IIAPHOMY MEXaHU3MY, B KOTOPOM M€ -
JIEHHO# cTamueit sipisgeTcss oOpa3oBaHUe HOHHOM Maphl U3 UCXOLHOTO
Opoawiara:

MOHM3AUMS; K) o o AcOH

RZ &=———* R 7" ————» ROAc + HZ . 9.7)
k_1 UOHHast
napa

PaneMusaius HcxogHoro 6posuiata oOycloBiIeHa GbICTPEIM paB-
HOBECHEM C yyacTueM voHHOU mapel. Ha obpaTtHoiil cranuu k_;, Ko-
Topasl [MOJyYu/ia Ha3BaHUE «BHYTPEHHHUI BO3BpaT», GpO3MIaT-aHUOH
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BHYTPY MOHHOM Mapbl MOXeT C PABHOU BEPOSATHOCTBHIO aTaKOBaTh 06a
COCEOHUX aToMa YIlepofa d U 6, 9TO BBI3BIBAET PaLEMHU3ALUIO. DTO
YUCTO BHYTPUMOJIEKYJISIPHBIN Mpoliecc, B KOTOPOM Opo3nIar-uoH He
CTAHOBHUTCS CBOGOIHBIM, NO3ToMYy nobasku obiuero MoHa OBs He
BJIMSIIOT HA CKOPOCTb COJIbBOJIM3A.

Tlpu BBemennu B pactBop nepxiopara nutusi LiClO, (comm c
HeoOLIUM HOHOM) MPOUCXOAUT YBEIUYEHHUE KAK CKOPOCTH COJILBO-
JK3a, TaK ¥ CKOpOCTH pauemusauuu. [Ipu noctatoysHo GONBIIOH

kouuenrpanuu LiClO, xpu-

gk Bble HOPMAJIBHOI'O COJIEBO-
ro acddexra 1151 CONbBOIU-

ueMV‘M 32 ¥ paleMM3alyy I[10YTH

P2 mapasutenbHbl. OQHaKo NpU

HHM3KHUX KOHUEHTpaLUaX

LiClO, tanreHc yria Ha-

KJIOHa 3aBUCHMOCTU CKO-

POCTH COJIBBOJIMA3A OT KOH-

COM nentpauuu LiClO, He-

OXMIaHHO OKa3ajics OYeHb

6osp1mM (puc. 9.7). Kpyroit

a MMOABEM KPUBOM 3aBUCHMO-

CTH CKOPOCTH COJIbBOJIU3A

0,62M oo ©O7 [LiC10,] npu HH3KHX

KOHUEHTPALMAX 3TON CoIH

Puc. 9.7. Bmwsnue konuentpaunu LiClO, Ha cko- 61 HA3BaH CHEYUAAbHBIM
POCTB aUeToNMH3a (t)—mpea—3—aHu3}m6y'rpm—2-6po- coneswitm Sdpexmom.

3UaTa B YKCyCcHO#M xucyiote. TaHreHc yrna b xa- - -

CrneuranbHbIA CONEBOH

PaKTepH3yeT HOpMaIbHBIH colieBoit 3¢ dekT, TaH-
FEeHC yIJIa a — CIIeUHaIbHbIHA colieBoit 3¢ dekT addexr Habmogancsa ToIb-

KO UISI COJIBBONM3a, HO HE
1A paleMH3aldi. DT0 00CTOSTENILCTBO MPUBENO K IIPEAIONIOXEHHIO,
YTO B XOJ€ peaklIuy oOpa3syloTcs IBa THIIA MOHHBIX Iap.

B HOHHOH nape NpoUCXOOUT MOHHBIN 06MeH Opo3unaT-uoHa OBs®
Ha nepxiopar ClO, . B pesynbraTe 3T0r0 06MEHa «BHYTPEHHUI BO3-
Bpart» ¢ 00pa3oBaHUEM MCXOIHOTIO, HO paleMHU3UpPOBAHHOro Opo3u-
JlaTa CTaHOBHUTCS HEeBO3MOXHBIM. MoOHHas mapa ¢ nepxjiopar-aHuo-
HOM IIpM BHYTPEHHEM BO3BpATC MOXET NPEBPATHUTHCS TOJBKO B KO-
sBateHTHbIA nepxiopatr ROCIO;. U3BectHo, uTo coennnenus RO—ClO;
ropasno 6oJjiee peakKIIMOHHOCIIOCOOHBI B peaKUMsIX CONbBOJNN3A, YEM
6po3unatel ROBs. CnemoBaTtenbHo, 3aMeHa aHuoHa OBs™ Ha aHHWOH
ClO, B voHHO! nape hakTUYECKU JUKBUAUDYET 3aMeIIISIOLHUIA CKO-
pocTb conbBoin3a 3¢hdexT cTaiuu BO3Bparta k., M3 MOHHOU napsl
R*OBs™ (ypaBHenue (9.6)). Onnaxo oomeH noHa OBs™ na ClO, npo-
HCXOIMUT HE B TOH Xe MOHHOH Iape, KOTOpas OTBeyaeT 3a ObICTpPYIO
palieMU3aLMI0, 8 B MOHHON Mape Kakoro-To APYroro THIA, TaK Kak
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B [IPOTMBHOM CJIy4ae M B palieMU3aUMM TOXE IPOSIBILUICS Obl CIIEHM-
TbHBIA coieBOR 2¢hdeKT, KOTOpEIH HAa caMoM Jefle He Habmojpaercs
(puc. 9.7). IMoatoMy JOTMYHO IPEAIOXKUTH, YTO PALIEMHU3ALMS IIPOUCXO-
JUT Ha CT3IMY BOZHUKHOBEHMS caMoil nepBoil (hopMbl MOHHOIH ITaphI,
B TO BpEMS KaK B COJIbBOJIM3E IPUHMUMAET yJdacTue Apyras ¢opMa HOH-
HbIX [1ap, KOTopasi obpazyeTcst U3 MepBOHAYATHEHOUN GOPMBI MOHHOM MaphIL.

TakuMu ZBYMsI ITOCIENOBATEIBHO 00pasyolmMucs GopMaMU UOH-
HBIX [ap MOJIKHBI ObITh KOHTAKTHAsI M COJIBBATHO-PA3AC/IEHHAast KOH-
HBIE I1Apbl, [PUYEM paleMM3alUM T1OJBEPraeTcsi KOHTAKTHASI WOHHAas
napa, a BO B3aUMOJEHCTBUY C pacTBOPUTENEM (COMbBOJIU3E) NIPUHU-
MaeT y4yacTHe COJIbBaTHO-pasieseHHass MOHHAs napa.

[IpoaHanu3upOBaB OrPOMHBINA 3KCIEPUMEHTANBHBIN MaTepHan,
C. YitHCcTeliH npemtoxul Hanbonee oOILYIO CXeEMY, OIIMCHIBAIOLIYIO
pEaKIMKM MOHOMOJIEKY/ISSPHOI0 HYKJIeO(HIBHOIO 3aMEIEHHST U BKJIIO-
YaIOILYI0 HECKOJIbKO POpM HOHHBIX YACTHUIL:

k, k, 3
RZ =———> R®z®————>l R® ” 294__'__—___.’ R® + Ze (9.8)
k.| omraxtHas k., conbBaTHO- ks CBOGO/IHBIE
UOHHAaI pasneneHHas HOHBI
napa MOHHas Iapa
lSolOH SolOH
ROSol ROSol

B cooteercTBumM ¢ ypaBHeHueM (9.8) nobaBku IepxiopaTa JUTHUS HE
[PUBOISAT K HOHHOMY OOMeHY B KOHTaKTHOM HOHHOH Iape, rie oda
npotuBoroHa R*Z™ oueHb IPOYHO CBS3aHBI SMEKTPOCTATUYECKHUMU
crtamu. MoHHBIM 0OMeH Opo3wrar-uoHa Ha NEepXIopaT-UOH JOJDKEH
MIPOUCXOUTh B COJIbBATHO-PA3AEICHHON MOHHOH mape:

@ e _ k, @@ .
R“ OBs + LiClO, <-—-.———->R“ ClO, + LiOBs .
k-4

B pesynpraTe HOHHOTO OOMEHA OHA CONBBATHO-PA3JeICHHAS] NOHHAsS
mapa R*|lOBs™ npespaiuaercs B npyryio, 6oiee peakKLIHOHHOCIOCO6-
HYIO COJIbBATHO-pa3feleHHylo uoHHyo napy RY[[ClO,”, npu 3tom
MPaKTUYECKH TIOJHOCTBIO NIOAABJISIETCS CTAIMsI BHELIHEro Bo3Bpara k_,
yxe npu Mansix gobaskax LiClO,. TakuM obpasom npearnonaraercs,
4YTO MEPXJIOPAT-UOH BBITOMHSET POJIb «HYKIEO(DUIbHONH JTOBYIUKH»
KapOOKaTHOHA, MPUBOISIIEH K HOBOM, OYeHb peaKIIMOHHOCIIOCOOHOMH
vonHoit maps! R*||ClO,”. Takoit mexanuam neitctsust LiClO, noarsepx-
IaeTcs MOAABIEHUEM crielMalbHoro cosieoro sddexra npu nobas-
JIEHUM coiM ¢ obLMM aHHOHOM — LiOBs BcieacTBMM KOHKYpEHLIUMHM
nByx anuoHoB OBs™ 11 ClO,” 32 cosnbBaTHO-PA3AENCHHYIO HOHHYIO [Tapy
R*||OBs™. Cnenyer oco6o oTMeTuTh, uTo LiOBs He oka3biBaeT addexTa
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oblIero MOHa, T.e. He 3aMeUIseT conbBoau3 uexonqHoro ROBs, a Tonbko
YCTpaHsSeT NEHCTBUE CHELUATLHOIO COJIEBOro 3¢@¢eKra co CTOPOHEI
TiepxJopaTta JUTHS.

CornacHo 00001IeHHOM cxeMe YHMHCTEHHA, IIPOOYKThl CObBOIM3a
0o0pa3yloTcs U3 CONbBATHOM-PA3JeJbHOM MOHHOM Maphl U YACTUYHO,
BO3MOXHO, M3 cBOBOJHOro KapOoKaTMOHA, HO HE U3 KOHTAaKTHOH
MOHHOI mnaphl. Bo3BpaT K KoBajgeHTHoMY cyberpaty RZ moxer npo-
HMCXOIMTh HA BCEX CTANMsX: «BHEIUHHWI BO3BpaT» U3 CBODOLHOIO Kap-
OokaTuoHAa K_j;, «BHEIIHUM BO3BpAT» U3 COJbBATHO-pA3JEIbHON HOH-
HOU napb! k_, U «<BHYTPEHHUM BO3BPAT» U3 KOHTAKTHOM MOHHOM IAaphI
k_,. B COOTBETCTBUH C 3THUMH PACCYXKACHMUAMH OITHCAHHASA BhHILIE B3a-
MMHas U30MEpHU3ALMS o, 0-IUMETHIIAUUTWIXIIOPHIA ¥ ¥, Y-IUMETUIAN-
JIMJIXJIOpUAA [POUCXOJMUT, NO-BUIMMOMY, B pe3yJbTaTe BHYTPEHHETO
BO3BpAaTa U3 KOHTAKTHOW MOHHOM ITapkl, HOCKOJILKY palMOaKTUBHBIN
XJTOPUI-UOH M3 XJIOpUIA JUTHASA INPAKTUYECKM HE BXOIUT B COCTaB
ucxonHoro cybcrpara. C Apyroi CTOPOHBI, NPH THAPOJIM3E ITHX XKe
XJIOPUAOB B BOAHOM 3TaHOJIE B MPUCYTCTBMHM MUCTOYHHUKA MMAPHUA-HUOHA
NaBH, kak «Hyk1eo¢pHUABHO! JOBYIUKU», ITOMUMO CITMPTOB o6pasy-
€TCSl CMEChb IBYX M30MEPHBIX AJIKEHOB, COOTHOLLIEHHE KOTOPBIX PE3KO
pasnuyaercs Ui o0OMX JUTMIXJIOPHUAOB. DTO COBEPLIEHHO OIpele-
JIEHHO YKa3bIBAET Ha TO, YTO TMAPHUI-HOH 3aXBaThIBAET HE CBOOOX-
HBIH KapbOKaTHOH, TAK KaK B 3TOM CIy4ae COOTHOLICHHE AJIKECHOB
IOJDKHO ObUIO OBITh OIMHAKOBBIM, a NMPEOUIECTBYIOLIME €My JIpYrue
MOHHbIE YaCTHULIbl, BEPOSATHEE BCEIO, COJNBBATHO-PA3AEIbHBIE HOHHBIE
napbel 61M3KOro, HO He HUIOEHTHYHOro crpoeHus. Mmess o6 yyactum
HOHHBIX 1ap 6bUTa yCIEeLWIHO MCIIOIb30BaHa ISl OOBSICHEHUS] pa3iu-
YUA B KOHCTAHTaX CKOPOCTEH paleMU3aUMKU W COJBBOJM3Aa MHOTHUX
OINITUYECKY AKTUBHBIX HMKIOCAIKUICYJIbGOHATOB M apHIAIKWICYIbDO-
HATOB, HanpuMep, 3-beHWI-2-6yTIWITO3WIaTa, hapa-X10pOeH3THAPILI-
XJIOpUAA ¥ T.A., TOE, KaK U JJIsI mpeo-3-aHU3UI0YyTHI-2-06po3niara,
CKOpPOCTh palleMHU3alMy IIPEeBbIIIAET CKOPOCTh COJBBOJIM3A B YKCYC-
HOM UM MYPABbMHON KMCJOTE, 3TAHOJE, a4 TaKXKEe CKOpOCTb oOMEHa
napa-xJ10pOeH3THIPUIXIOPUIA C PAXMOAKTUBHBEIM XJIOPUA-HOHOM B
AleTOHUTPWJIE U HUTPOMETAHE.

HauGonee Beckue U CTporve JOKA3areNnbCTBa B IOJB3Y CYLUECT-
BOBAaHMA IBYX BUIOB HOHHBIX NMap ObUIM MOJYYEHB! IPK U3YUEHUH THI-
poiu3a napa-xnopﬁemmnpnn—napa-Hmépo6eH30aTa, MEYEHHOro Mo
KapbOHWILHOMY KMCJIOPOAY M30TOIIoM °0, B 90%-M BOIHOM aleTo-
He. Ha stoM npumepe ObL1 pa3paGoTaH OPUTHHAIBHBIA M M3SIIHBIA
criocob o6HapyXeHUs pasHbIX TMIIOB MOHHBIX I1ap, OCHOBAHHBIA Ha
W3MEPEHHHU CKOPOCTEH TpeEX ONHOBPEMEHHO HMIYIIHUX MPOLECCOB:
1) paueMuzauuu ucxogHoro cyodcrpara, 2) CONMBBONH3a U 3) «3KBU-
JMOpHUpOoBaHUS» (PAHAOMU3AUMU) — IepepacrpeleeHus] U30TOMHOMN
METKM B yXOJSLIEH rpyIe B Ipolecce M3oMepu3aluyd aHHOHHOrO
¢dparmMeHTa UOHHBIX Map.
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R*—O—C‘@NO;,_————» MP . RTOH + HOOC—@—N02
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9:1
3. Iepepacnpedenenue (sxeunubpuposanue) memxu 20
18

O
" i ke, « 18
R~—0—C NO; ————» R—0—C NO, .

Tpu yxasaHHBIX Bbillie MpoLlecca MAYT C Pa3sHBIMM CKOPOCTSIMH, T.€.
Ky s Kryp.» U Koy HE COBIANAIOT MO BeNMYMHE. CKOPOCTh 3KBUIUODH-
POBaHMsS METKH K, [IPEBBILIAET CKOPOCTb PALIEMU3AUMH K, , KPOME
TOTO, Koy > Kpypp - I3 HEPABEHCTBA Koy > Kyyyyp CTIELYET, UTO SKBIIIMO-
pHUPOBaHUE MCTKI/I 80 npoucxonuT Ha Gonee paHHEH CTALMH, YeM
paLeMu3anus.

OTO MO3BOJIAET OPEATIONOXKMTE, YTO TIepepacipeaeeHue U30Tol-
HOIf METKM KMCIO0pOoAa MPOMCXOZUT Ha CTAIUM BHYTPEHHEro BO3Bpa-
Ta U3 KOHTAKTHOH MOHHOM Mapshl, TOrJa KakK paleMr3alusl IPOUCXOo-
IUT Ha CTaUH COJIbBATHO-pa3NeIeHHON HOHHOM Mapel. B KOHTaKTHOI
UOHHOHM Mape gBa aTtoMa Kucjopoga KapOOKCHJIATHOTO aHMOHA
SKBUBJIEHTHDbI, U IIPOLECC BHYTPEHHEIO BO3BPATa IIPUBOILMT K CTa-
THCTUYECKOMY PACIIpefeeHII0 METKH *O MexXIy o6OMMM aToMaMu
Kuciopoaa kapboxcunat-uoHa. OgHAKO IJIs paLieMU3aluu TpebyeT-
cst, 410661 aHMOH n-O,N—C.H,COO™ mnepeluen ¢ ofHOH CTOPOHDI
OeH3THIPUILHOIO KaTUOHA Ha JAPYIYIO €ro cTopoHy. O4eBUIHO, 3TOT
MIpoLECC TOPA3N0 JIerdye OCYILUECTBISIETCS B COJIbBATHO-PA3NEIEHHOM,
4YeM B KOHTAaKTHOU («TeCHO!») MOHHOH Iape.

DTo nmonTBEpXAaeTcs TeM, YTo nob6apku asuna Harpus NaN; no-
JaBJISIIOT paleMU3aLMI0 OIITHYECKU aKTUBHOIO n-XJIOPOEH3ITUOPHII-
n-HUTpoOEH30aTa, HO MOYTH HE BIMSIIOT HAa CKOPOCTb IEpPEMEILEHUS
metkd '80. CruabHBbIH Hykieodwt N; OKasplBaeTCsl «JIOBYUIKOH» JUIs
COJIbBATHO-PA3AE/AeHHbIX MOHHBIX I1ap, IONABJSISE CTafgMIO BO3BpaTa K_,
M3 COJTBBATHO-pAa3AeeHHOM B KOHTAaKTHYIO HOHHYIO napy. Otciona cie-
JYVET BBIBOJ, YTO UMEHHO «BHEUIHHI BO3BpaT» k_, M3 COJIBBaTHO-pa3-
eJIeHHON MOHHON napbl MPUBOLUT K PaUEMU3alLMy, a «BHYTPEHHHN
BO3BpaT» M3 KOHTAKTHO! HOHHOI Mapbl COMPOBOXIAETCS COXPAHEHHUEM
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Koudurypaumy. CreayeT uMeTh B BUILY, YTO BEIMYMHA K, OTpaxaer
HE BEChb BO3BpAT MOHHbLIX ap, a SBASETCS TOJBKO €0 HUXHUM
MIPEIEsIOM, TOCKOJIbKY YacTh BO3BpaTa MPOUCXOAUT Oe3 repeMeueHus
u30TONHON MeTKU. ITonobHbIe Xe 3aKOHOMEPHOCTHA B OTHOLLIEHUH K-
BIIMGPHPOBAHUS M30TOMHON MeTKH '°O M IOTEpM ONTHUYECKOH aK-
TUBHOCTH HaOMONATHCh B PEAKLMSIX COJIBBONM3A H-AHU3HIIOCH3TUAPILI-
n-HUTPOOEH30aTa, N~METHJIOEHITHIPUI-H-HUTpOOEH30aTa, mpaHc-4-
mpem-0yTUJILIMKIIOreKCHJITO3UIaTa, OEH3THAPUITMOMAHATA, TOE
yXoZslllasl rpyrna IMposiBIseT CBoHCcTBa aMOUIEHTHOrO aHHUOHA:

(C¢Hs),CH—-S—C=N g&=—*> (C6H5)28H 8—CEN _—

W (CgH5)CH—N=C =S .

CnenyeT oOpaTUTh BHUMAaHHE HAa TO, YTO B COJIbBOJIH3E 3-aHU-
3WI-OyTUN-2-0po3niiaTa palueMu3aliusi, 10-BUIUMOMY, ITPOUCXOLUT
Ha CTaAMW KOHTAaKTHOII HMOHHOM NAaphl, 8 B THAPONHU3E n-X10pOeH3-
TUIpUI-n-HUTPOOEH30aTa — Ha CTalUM COJbBATHO-pA3e]eHHOI HOH-
HOU Mapbl. 3T0 OOBSICHIETCS TEM, YTO MEXaHM3M 3THX JABYX IpoOIlec-
COB pAalEMHU3ALIMK CYLUECTBEHHO Pa3IMueH. AHU3WIOYTHWIBHLIA Kap-
OOKaTHMOH UMEET CUMMETPUYHYIO MOCTHKOBYIO CTPYKTYPY, U ObICTpas
paueMu3anus obycloBieHa TeM, YTO araka rpotusouoHa OBs mo
o0OHMM COCEIHHUM aTOMaM yriepoAa B KapOOKATHOHE paBHOBEPOATHA
(cMm.BhllIE). B 3TOM ciiyyae aHMOH JULIb HEMHOIO CMEUIAETCs] BJOIb
cesiau C,—C,, Toraa kak B GeH3rUIPWILHOW MOHHOM I1ape aHUOH IIPU
CBOEM JBHXeHWH JoaxeH Ha 180 ° oGorHyTth KaTuoH, uto Gojiee pe-
aJIbHO B COJIbBAaTHO-Pa3JeIEHHOH, HO HE B KOHTAKTHOM MOHHOM Iape.
Tunponus n-x1opOeH3ruAPUI-n-HUTPOOEH30aTa TPOUCXOIUT C y4ac-
TUEM COJILBATHO-Pa3JeJIeHHBIX HOHHBIX I12p, 4 He CBOOOIHBIX HOHOB,
[TIOCKOJIBKY OOMEH MeXIy CyOCTpaTtoM M n-HUTpOOEH30MHOW KHCIOo-
TOM, Med4eHHOH u3otoroM *C 1o KapOGOHWIBHOMY YIJIEpOLy, Mpo-
HCXOOUT UCKTIOYUTENIBHO MEIJIEHHO.

9.3.2. OBOBIIEHHASA CXEMA HYKIEOQHWUJIBHOTO 3AMEINEHUA

Eciu naxe paccMarpuBaTh BCEro TOJBKO JBA BHAA MOHHBIX Map —
KOHTaKTHYIO M COJIbBATHO-Pa3feIeHHYIO, BCC PAaBHO CTAHOBUTCS SIC-
HbIM, YTO CYLUECTBYET LUIMPOKOE MHOToo0pasue MeXaHW3MOB HYKJIeO-
bUIBHOTO MOHOMOJIEKYJIAPHOro 3aMmelleHus (cxema 9.2). Peakiun,
MEIUIEHHON CTaaMeid KOTOPBIX SIBISIOTCS cTaguu 1, 2 win 3, MOXHO
obo3HauuTh Kak Syl (KMII), Syl (CUITD) u Syl(H) cooTsercTBEHHO.
Ecnu xe MemneHHON cragueil sBTIOTCH cTazuu 4, 5, 6 win 7, 1O
3T0 buMoneKyisipHble npoueccsl Sy2 (KUII), Sp2 (CUIT) u 532 (H).
Ho naxe takoe omucaHHe OKa3bIBaeTCsi HEOCTATOYHO IOJHBIM. Ha-
npumep, ecnu B peakuun Syl (KUII) ks> k,, To oHA 3aKaHuUBaeT-
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csl OplcTpoit Hyk1eo(UIbHON aTaKOM TeCHOW MOHHOI Mapbl, HO €CIIH
ky > ks, TO TecHas MOHHASA Mapa MOXET NMCCOUMUPOBATh AaJIblUe, U
CTaAUSIMH, ONpede/SIOIIMMU COCTaB U CTPOEHHME MPOAYKTOB, OYIYT
craguu 6 win 7.

CxeMma 9.2
HoH-napHble MexaHU3MBI HyKIeobUWIBHOTO 3aMelleHUS
k

1
Rz === R°Z2° =R | == ®+z°

Ky xum K cum ks m

k, Nu ks Nu k| Nu k.| Nu
_ J
~
IPOLYKTBI

IIpumeuvanue. KUIl — xoHTakTHasn nonHas napa, CUIl — conbBaTHO-pa3neneH-
Hasi MoHHas napa; 1 — cBoBonHble HOHbLI

Krnaccuyeckuii Sy2-mexanuam MHronbga—Xplo3a — 3T0 peaKkuust
k4, a Knaccuyeckuil Syl-MeXxaHM3M 03HAYaeT, YTO IIPOMCXOOUT IIOJI-
Hasl JMccoLMalIns, U MPOAYKTH! obpa3syiorcst Ha ctanum 7. Crepeoxu-
MUYECKHH pe3ysbpTaTt KiIaccudeckoil Sy2-peakluyu — I[OJHAasi HHBEp-
cusi KoHurypauuu (9.2.1), Ho, comracHo ompeaeienuo MHronpaa,
CTEPEOXUMHUYECCKMI pe3ynbTaT Syl-peakiun MoXeT ObITh JIOOBIM: OT
IIOJTHOM palleMH3alli 10 MOoJHOH WHBepcHH. Kak npapuio, peakius,
KOTOpasgs He HAET najblile TECHOH WOHHOH mapbl, NMPUBOAUT K
UHBEPCHUH, YTO HAOIIOAATI0Ch NIPY THAPOIH3E Hapa-XI0pOeHITUAPHI -
napa-HUTpobeH30aTa B npucyrcrBumn NaN; (cM.Bbime). JIobas peax-
LM, UOYLWAs 4yepe3 IMOJHOCTBIO JUCCOLUMPOBAHHBIE HOHBL, JOJIKHA
MIPUBECTH K IONHOM paneMu3anuu. JacTHyHas paLleMH3alMsl Xapak-
TepHa IUIs1 peaklMi ¢ yYacTHEeM COJILBATHO-Pa3eIeHHbBIX HOHHBIX Tap.

9.4. CTPOEHUE OPTAHUYECKOTO CYBCTPATA
U THII MEXAHHU3MA

O6obuieHHast cxeMa 9.2 103BoJISIET OOBICHUTH UIUPOKOE PAa3HO-
ofpasue MEXaHU3MOB HYKJI€ODMWIbHOro 3aMenieHrs. ONHAKo Bce-TakH
OCTAIOTCSd COMHEHUSI OTHOCHUTEJILHO TOYHOIO MEXaHU3Ma peakuMH,
KOTOpBIE HE OTHOCSATCS K KPAHUM CIIydasiM YUCTOTO Sy2- U KJIACCH-
yeckoro Syl-npouecca. B yacTHOCTH, BO3HUKAET BOIIPOC: €CIHU B pe-
aKlKM He Habmogaercsi MOJTHOM WMHBEPCHMM WM [TOJHOM palleMH3a-
UMM, TO OTHOCHTCS JU 3Ta peakuusi K OZHOMY U3 MOH-TIApHBIX Syl-
TUIIOB, MIM Kiaccudyeckne Sy2- ¥ Syl-MexaHuaMmpl Aas JAHHOTO
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cybcrpaTa peafin3yloTcsl OIHOBpeMeHHO? DTO OYeHb Cepbe3Hast Mpo-
0JjieMa Teopuy HyKJI1eodWIBHOrO 3aMEIIeHHUS, [I03TOMY HUXE MBI pac-
CMOTPUM HEKOTOPBIE UITIOCTPUPYIOLIME €€ TTPUMEDDI.

9.4.1. AIKWJIBHBIE COEIMHEHNA

He BbI3bIBaeT COMHEHHS, YTO IIEPBUYHBIE ATKUIbHBIE CYOCTPATh
pearupymoT 1o KJlacCHYecKoMy MexaHu3my Sy2. Beickaszannoe B 1973 1.
OpeAoIoXeHUe, 4To AaxXe MeTwibHble coequHeHust CH;Z pearupy-
10T 110 MOH-1IapHoMy MexaHuamy Sp2 (KMII) c OsictpeiM obpasosa-
HHEM KOHTAaKTHOW MOHHOM MIaphl ¥ OCACAYIOUIEH MeUIEHHOH aTaKoH
HyKJIeodwia, BbI3BAJIO OCTPYIO JUCKYCCHUIO U 3aTeM ObLTIO OTBEPTrHYTO.

TpetuyHble cyOCcTpaThl OaXe NPU caMbIX HEOJIAronpUsiTHBIX 06-
CTOSITEJIbCTBAX, HAIlpUMEP B CIa00 MOHM3UPYIOUIMX pPACTBOPHUTEISX,
pearupyioT 1o oHOMY U3 THIIOB Syl-MexaHu3Ma.

BropuyHble aNKMIbHEBIE CYOCTpaThl KJIacCHPUUMPOBATEH MO TUILY
MeXaHH3Ma Ype3BblYaifHO TpyAHO. OOBIYHO JaxXe B TAKOM MaJOHYK-
JIeopUIbHOM pAacTBOPUTENE, KaK MYpPAaBbMHAS KHCIIOTA, BTOPHYHBIE
ATKUJIBbHBIE COCAUHEHHUS 4ACTO JAIOT NMPOMYKT COMbBOIN3a ¢ HakTU-
9eCKH IMoNHok uHBepcuei. [ToaToMy MeXaHH3M MOXHO KiacCcupuu-
poBaTh Kak UCTUHHBIA Sy2 miau kak Syl (KHWII), unymuit gepes
KOHTAKTHYIO MOHHYIO Imapy. OQHAaKO BO3MOXHO ¥ YacTMYHOE 00pa3o-
BaHUE pa3feeHHBIX MOHHBIX Iap, TAK KaK YACTHYHAS palleMU3aluys
BCE X€ Habuomaercs.

Paznuuuth kiaccuyeckymo peakuumo Sy2 or mMexaHusma Syl
(KUIT) (cMm. cxemy 9.2) sKclepHMEHTANIBHO Ype3BbLIYAHHO TPYIHO,
€CJIKH 3TO BOOOIIE BO3MOXHO.

PaccMoTpuM onuH u3 Hambosiee UHTEPECHBIX, HO U CIIOPHBIX MOM-
XOJOB K pelIEHHIO HaHHOTro Bolpoca. M3MepeHHE OTHOCHTENBHOMH
cTabWIBHOCTH KapOOKATHOHOR B ra3oBoi (haze U CymepKUCIIBbIX cpeaax
(cM. 9.7.2) mo3BosisieT cHENaTh BBHIBOJA, YTO MOHHU3ALMUS TPETHYHBIX
CyBCTPaToOB JIOJDKHA MPOTEKaTh CO CKOpocThio B 10° — 10"2 pa3 Gonee
BBICOKOH, YeM MOHU3ALMUS BTOPUYHBIX coefuHeHMi. OKa3anock, YTo K
3TOMY pe3yabTaTy Haubosee OJU3KU 3KCIEPUMEHTAIBHbIE NJAHHBIE 11O
COJIbBOJIM3Y 2-aJaMaHTWI- U 2-MeTWI-2-aqaMaHTWIOpOMHIOB: KaK B
YKCYCHOM KHCNIOTE, TAK ¥ B BOJHOM 3TaHOJIE CKOPOCThH COJBBOJM3A
TpeTHuHoOro cyberpara Gsura B 108 pasa BBILIE cKOpOCTH COJIBBONH3A
BTOpHUYHOTrO coeguHeHus. Ha stom ocHosaHuu I1. [llnaitep npeanono-
XKW1, YTO BTOpMYHAS 2-alaMaHTWIbHAsL CHCTeMa pearupyeT mo Syl
(KWII)-MexaHu3My, T.e. O MEXaHH3MY C OIpEeAeNSIomiell CKOPOCTh
cTaaviedl MOHHU3ALMKU J0 UOHHOHN Maphl, BKIIOYAMOIIEH 2-amaMaHTHIIb-
HBIA KaTMOH, KOTOPHIM HE COJBBATHPOBAH HYKIECOMDUIBHBIM pacTBO-
pUTEIEM N0 KATUOHHOMY LEHTPY, XOTS YXOASIIAs IPYIITia MOXET COJTb~
BaTUPOBAThCS Yyepe3 0O0pa3oBaHKE BONOPOJHON CBS3U
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HOHHAA Iapa

B rmognepxxy 3TOro npenronoXeHuss roBOpUT TOT (aKT, 4TO JAXKE A3UM-
WOH He BCTyMaer B Sy2-peaklyio ¢ 2-agaMaHTUIbHBIMU cyOcTpaTamu
(BEpOSATHO, MO CTEPUYECKUM MPHUYHMHAM), MO3TOMY BpsSO a4 ciabo
HYKJeodUIbHble MOJEKYJIbl pacTBOPUTENS MOT'YT YJYacTBOBAaTb B
NePEXOJHOM COCTOSIHUM 00pa3oBaHUS MOHHOM IApEHL.

Jlanee cpaBHUBaIOCh BIUSHUE HYKIEO(QUIBHOCTH U UOHU3UPYIO-
LIeH CUJIBl PACTBOPUTEIIS Ha U3MEHEHHE CKOPOCTH COJIBBOJIM3A 2-a1a-
MaHTWICY/b(OHATOB, PSIIa BTOPUYHLIX M HEKOTOPBIX NEPBUYHBIX
cyoctpatoB. OKa3anock, YTO BIMSIHUE HYKICOGMIBHOCTY pacTBOPH-
TeJS IOCTENIEHHO YMEHBIUAETCS NpPH NEepexoie OT METWIBHBIX CY0-
CTPATOB K 3TWIBHBIM, M3OINPOIMIbLHBIM W APYTMM BTOPHYHBLIM CO-
eIVMHEHUSIM Y Aajlee K 2-aNaMaHTWIbHBIM CUCTEMaM. DTU JaHHbIE ObLIN
HHTEPIIPETUPOBAHBI KAK ITOCTEIIEHHBIH IIEPEX0/] COMBBOJIUTHYECKOTO
MEXaHU3Ma OT KJIACCUYECKOTO Sy2 uepe3 «HyKIeodWIbHO COJIbBATH-
POBaHHYIO UOHHYIO MMapy» K afaMaHTWIbHON MOHHOM nape, B KOTOPOH
pPacTBOPUTENL B PONM HYKJICO(DUIA HE YIaCTBYET.

Kak mokazaHo Ha cxeme 9.3, npexnonoxenue [lratiepa cocrour
B TOM, YTO IIpM MEpexoje OT OJHOro cybcTpara K APYroMy Iocre-
[MEHHO YMEHbLIAeTCS HYKJIEO(hUIbHOE B3aMMOIeHCTBHE MOJIEKYN pac-
TBOPUTES (KOTOpbIE B COJIBBOMIM3E BBIMOMHAIOT TakKe HYHKUHMIO HYK-
JNeoUILHOrO pearcHTa) ¢ 3J1eKTpo¢UNbHBIM aToMoM yriepoga. [lo-
BHIMMOMY, pELIAIOLIYI0 POJb B 3TOM MIPAIOT IIPOCTPAHCTBEHHbIE
TIPENATCTBUS, KOTOpble OCOOEHHO BEJIHMKH B Cllyyae 2-anaMaHTHIb-
HBIX COEUHEHUH.

Cxema 9.3
= 4
HS+R—Z =——= [HS...R...Z] S a2
NEPEXONHOE COCTOSTHUE \ KJIACCHYECKHUH
MEXaHU3M

—2 o ®
HS + R—Z === |[HS ... R Z }—> HS—R| npoMexyTouHblit

HOHHaAd I1apa / MEXaHU3M

R—z +=—= [R°Z° Sl (KHID)
HMOHHAs rapa (cMm. cxemy 9.2)
v

(HS — Monexysna MpOTOHHOIO pacTBOPHUTENIS)
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9.4.2. BIMAHUE YXOISIIEN I'PYIIIIBI

Kak B Sy2-, Tak U B Syl-peakuuax yxonsiuas rpynmna Z or-
LIETISIETCSE BMECTE CO CBSI3BIBAIOIIEN 2JIEKTPOHHOU napoit, mo3rto-
My B oDoHX ciyyasix cledyeT OXMIaTh OINpeAeeHHOW KOppeasiluuu
MeXIy CTabMIBHOCTHIO @aHMOHa Z U CKOpPOCThIO peakluii. [leitct-
BUTEJIBHO, B OTHEJbLHBIX CIYyyasix CYLIECTBYET KOJMYECTBEHHAs 3a-
BUCUMOCTh MEXIY KUMCIOTHOCTBI0O HZ M peakIMOHHO#R crocoOHOC-
ThlO, OJHAKO TaKHE€ KOJMYECTBEHHBIE KODPPEISLHMU CIIPaBEITHBbI
TOJIBKO [JIST Y3KUX CepUil POACTBEHHBIX YXOASIUMX I'PYIIIl, HAIIPUMED
mst Z© = XC4H,S0,°.

Ecniu xe B3ATh LIMPOKUM DSl YXOLAIIUX TPYNIl U CPABHUTh UX
Hyxkieodyrnocts ¢ pK,(HZ), B BogHbIX pacTBopax Habogaercs cie-
Lyroliasi ocieloBaTeIbHOCTS:

® @
Z= RSO;~ROSO;>1 > Br> Cl>Me,S > NO; > F>RCO,> Me;sN
pK, HZ) ~-5 ~-2 —-10—-9 -7 -5 -1,3 32 5 10

CoBeplileHHO SICHO, YTO HYKiIeo(dyrHocTb CBSI3aHa He TOJBKO C OC-
HOBHOCTBIO, HO U C IPYIUMH (baKTOpaMH, HAIpPHUMEp C BIMSTHUEM
pacTBopuTtesisi, 0COOEHHO KOTra CPaBHUBAOTCS 3apsUKEHHBIE M He3a-
DSDKEHHbBIE YXOOSALIME TPYIIIIbI.

B kavecTBe KOHKPETHOIO NMpUMeEpa BIUSHUS ITPUPOABI YXOISIIei
IPYOIB HA CKOPOCTh HYKJIeohWIBHOrO 3aMelleHUs] MpUBEIeM HaH-
HbI€ [10 CKOPOCTSIM CcOJIbBOIU3a 1-eHunranoreHuaoB 1 1-peHuasTu-
JnoBbIX 3¢upos B 80%-M BogHOM 3TaHojde npu 75 °C:

PhCHCH, + HOH [EAS » PhCHCH, + HX
| 3 HOH—-C,H,OH | 3
X 0

S} S}
X = CF80%; n-O,NCH,S0T; OTs; CH,80%; 1% B°;
ko 1,4-108 4,4-105  37-104 3.104 90 14

CF,c00°; c®; ¥°, »-0,NCH,C00°; CH,c00°
2,1 1,0 9-107¢ 5,5-1076 1,4-1076
OTHOCUTENbHAS «aKTUBHOCTD» (PeaKIiMOHHASA CIIOCOGHOCTD) HYKJIEO-
(byl"OB H3IMECHSCTCSA INAapaJlJICIBHO HX 3JICKTPOOTPHUATCIBHOCTH!

CF,CO0™ »> CH;CO0™ u n-NO,C¢H,SO;™ > n-CH,C¢H,SO;~. Ox-
HaKo B pAny TaJIOT€HUI-UOHOB HabawonaeTcss MHas II0CIeN0BaTeIb-
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HocTe I” > Br > Cl7, Kotopas npsIMO IIPOTUBOIOJIOXHA U3MeEHe-
HUIO MX ajekTpooTrpuuareibHoctu F > Cl > Br > I. Ocoboe 3Haue-
HUE cpely APYTHX YXOASILIUX Ipymn npuobpenu cyabdoHatel RSO;,
KOTOpBIE MO CBOEll HyKJIeo(pyrHOCTH HAMHOTO ITPEBOCXOAST rajore-
HHUA-UOHBI ¥ KapOOKCUJIAT-UOHBI (kCF3SO3“/ ko =~ 10%). Cynsdona-
TBI IIEPBUYHBIX YU BTOPUYHBIX (HO HE TpPeTUYHBIX!) CIHUPTOB MOJIy4a-
I0T 10 CTAaHAAPTHOM METOXMKE IpPH B3aMMOAEHCTBUU 3KBUMOJBHBIX
KOJIMYECTB CITUPTA U CYJibGoxJIopraa B pacTBOpe B MUpUauHe npu 0—
5°C. Cpenu cynb¢hoHATOB HAWIYYIIEH yXOomsilled Irpyniiod, Mo-BHU-
ArMoMy, siBasgeTcst TpudropmetaHcynbboHat (tpudnar) CF,S0,,
KOTOPBIN 1Mo HYKJIE€O(DYTHOCTH HAMHOIO MPEBOCXOAMUT APYTroi CTaH-
HaptHeiit cynbdoHat n-CH;CH,SO; (tosmnar). Tax, Hanpumep,
CKOpPOCTH alleronu3a uuxronpomnwitpugiara B 100 000 pas npepbiina-
€T CKOPOCTh aUeTONH3a UHUKIOIPOMMITO3UIATA B TEX Xe YCIOBUSX.

XoTa psn HywieodyrHoctd Kak mjast Syl-, Tak u mng Sy2-peax-
UMH ONMH U TOT X€, [MPU U3MECHEHUH YXOMSIUEH IpyIibl MOXET Ipo-
U30HTH U3MeHEeHMe MexaHu3Ma. B nepexozHoM cocrosiHuM Syl -peak-
upy cBsi3p C—Z paspeiBaercs B Oonplueii creneHH, 4eM B Sy2, Hos-
TOMY XOpollas yXomsiunas TpyIiIa MOXeET cliocobcTBoBaTh 6olee
ry0OKOoW MOHH3AUMY, TOTAA KAk IS 3aMEIeHUs IUIOX0H YXORSIueH
IPYIIBl HYyXeH Gosiee CUIBHBIH HyKIeodu.

Monudukauueit yxoasiei rpyrmnbl MOXHO KaTUIM3UPOBATh AaH-
HY10 peakuuio. Hanpumep, B 0GBIYHBIX YCIOBUSX ATKUIDTOPUALI HHEPT-
Hbl K ACHCTBHIO HYKICOMWIOB, HO OHHM THIPOJIU3YIOTCS B PACTBOpPAx
H,SO,. B sToMm crnyyae yxonsiiueit rpynnoit 6yner ve F 7, a HF:

@
RE + H®=—> R—PH —Y » R—Nu + HF .

AHAIOTMYHO B CHJIBHO KMCJIEIX Cpelax PaclUelUITIOTCs IIpocThble 3UPHI:

(O]
1@ MeQID—R — = Mel + ROH..
H

mpem-bByTUIOPOMUI B HUTPOMETAHE pearupyer ¢ TaKUMKU HyKIIEO-
dunamu, kak Br, Cl', NO, , H,0, EtOH, PhOH, B3sTBIMM B HU3-
KHX KOHUEHTpaLUsX, C ITOYTH OJIUHAKOBOUM CKOPOCTBIO U I10 IEPBO-
MY TIOPSAKY, YTO THIIUYHO It Syl-peakiinn. IIpy BHICOKMX KOHLEHT-
palusIX peakuusl ¢ THApoKcuicoaepxaimumu Hykineodbwiamu (H,O0,
EtOH, PhOH) umeeT yxe Bropo#l KHHETUYECKUH MTOPSIOK, NIPU 3TOM
CKOPOCTH peaki{M¥ MPOITOPIMOHANbHA He HYKIeO(DHIBHOCTH, 4 KUCIOT-
HOCTHM 3THX PeareHTOB, KOTOPAast U3MEHSIETCS B ITPOTUBOIIONOXHOM PSLY
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M0 CPaBHEHHUIO C PSLOOM HYKIeopUIbHOCTH. [lonaraior, 4To peakuus
B 3TUX YCJIOBMsAX ocTaeTcsi Syl-ripolieccoM, MeIeHHON cTagueit
KOTOPOTO OCTaeTCsd MOHM3aLMs, HO NMpHU OOJbLIMX KOHLEHTpaUUsIX
ROH ortiuennesne OpoMua-uoHa KaTalu3upyeTcss 0Opa3oBaHUEM BO-
JOPOOHOMU CBS3M:

-Bu—Br + HOR =—* #+Bu—Br.... H—-OR =—*

—>[+BY....B® ... H-OR ]|— -BuOR + HBr

EcTrecTBeHHO, YTO TAKOH KaTald3 MOXET OCYIUECTBISTHCS U MO-
JIeKyNaMy MPOTOHHOIO pacTBOpuTessi. BeiemcTtBue Takoro xarajiusa
MIPOUCXOOUT YACTUYHOE HHUBEIHPOBAHUE PEAKIIMOHHON CIOCOOHOCTHU
ATKWITaJIOTeHUIOB, TTOCKONBKY CIIOCOGHOCTh 06pa3oBhIBaTh BOAOPON-
HYI0 cBSI3b yBeauuuBaercss B psany I < Br < Cl < F, a nykineodyr-
HOCTb — B obpaTHOM nopsiake. Tak, B peakuuud CH,;X ¢ a3ui-uoHoM
B IM®A 1npu 25 °C cootHolwuenue ckopocreit wisg X = Cl, Br, I co-
crapisiet 1:250:2000, a B meraHone — 1:60:100. IToxpo6Hoe cpaBHe-
HME MMPOTOHHBIX Y IMIOJISIPHBIX AIIPOTOHHBIX PACTBOPHUTEIIEH B peak-
uusax Sy2 6buUIo NpoBeneHo B pasneine 9.2.3.B, IIe TOBOPUIOCH TAKXKeE
Y O BIMSHUM IIPUPOIBI YXOASIIEH TPYITIIBL.

IlIupoxko pacrpocTpaHeH TakkKe KaTaliu3 Sy-peakUuid KHUcjoTa-
mu JIprouca, HarpuMep XJIOPUAOM LIMHKA, MOHAMH cepebpa Wik pTyTH
(o 11):

ROH+HC1—Zn—C12—>RC1+HZO,

(O]
RBr + H,0 —28 ROH + AgBr + H®.

9.5. HYKJIEO®UIbHBIN PEATEHT

9.5.1. HYKIEO®WIBHOCTh

Jrobasg HelTpanbHas WM OTPULIATENBHO 3apsKeHHAS YacTUIIA,
UMEIOIIAS HeMoAeNeHHYIO Mapy 3JeKTPOHOB, T.e. ocHoBaHMe Jlplou-
ca, npencrasisier coboit Hykieodwl. Ho TepMuH wykaeoguasHocms,
T.€. KOJIMYECTBEHHasd Mepa CHIbl HyKiIeodriIa B JAHHON XUMHYECKOM
peakuuu, He UMeeT cTpororo onpegeneHus. [loHaTHe «HyKieobHIb-
HOCTb» IMPUHATO OTHOCUTh K BIMSIHHIO OCHOBaHus JIbiouca Ha CKoO-
pPOCTh peaklUMy HYKICOMWIBHOTO 3aMeLieHUS, T.€. 3TO KHHETUYECKAS
XapakTepUCcTUKa OCHOBaHHUs JIploMca 1O OTHOIIEHHUIO K KOHKpPET-
HOMY 3JIeKTPOQHJIBHOMY LIEHTPY, Y KOTOPOro IIPOHUCXOAUT HYKJIE-
oduibHOE 3aMelleHMe (5P -rUGPUIU30BaHHbIH aToM yrrepona B RZ,
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Z
(I)I/UIBHOCTI) ClenyeT OTJIMYaTh OT OCHOBHOCTH KaK INOHATHA YHUCTO TECP-

MOJMHAMHYECKOr0, KOJIUYECTBEHHO OITMCHIBAIOIIETO KOHCTAHTY paB-
HOBECHS B3aUMOHENUCTBHS HYKIeohUIa ¢ TIPOTOHOM.

CoBepIlUeHHO OYEBHOIHO, YTO OTHOCHTENbHAA HYKICO(MWIEHOCTD
pPa3IMYHBIX HYKIEO(MWIOB NOMKHA H3MEHSITBCS U peaklUHu 3aMe-
WEeHHS Y sp°-THOPUIHOTO YIJIEpOa [10 CPABHEHHIO C 3aMEIEHUEM Y
sp*-TUOpUIHOTO yriaepola U TeM Goiee g/ IPYTOTO 3AEKTPOPUIBHOTO
HeHTpa, HalpuMep y atoma cepsl B RS® *— Zs’, npu oOMeHe JUraH-
JOB y IUIATUHB!I B KOMIUIEKcax minatuHel (11) v 1.1.

W3 aTOro CnenyeT,YTo HEBO3MOXHO COCTABUTh €AMHYIO, a0CONIOT-
HYI0 LIKa1y HYKIeO(DWIBHOCTH B peaKUMsIX 3aMEILLeHUS y 2JEKTpO-
GUIBLHOrO HEHTPa Pa3IMYHON NPHUPOLbI. DTa CUTYALHSI COBEPIUEHHO
aHAJIOTMYHA TOM, KoTopas Habnwoaaercs IS OCHOBHOCTH, TIe OTHO-
CUTENbHAsl CHJIa OCHOBaHHUit JIpOHCca 3aBUCHUT OT HCIIOIb3YEMOM ISt
ee olleHKU KucoThl JIslonca (1. 3). Jlaxe s peakuuil HyKieodwib-
HOro 3aMelUSHUS Y HacblleHHOro aToMa yrjepola cjlelyeT pasiu-
4aTh HyKJIEOMUIBbHOCTE B Sy2-PeakiiusiXx 0T HyKIeOQUIBHOCTA OCHO-
BaHui JIprouca B Syl-peakuusix. Ckopoctb Sy2-peakiuii Henocpen-
CTBEHHO CBSI3aHa CO CIOCOOHOCTBHIO HYKJIeO(QUILHOTO peareHTta
3aMELIATh YXOLSIIYIO TPYHIy B OMHOCTANWITHOM IIPOLECCE IPSIMOTO
saMelleHusA. B apyrom npenenbHoM ciaydae Syl-3amMelieHUs1 HYKIIEO-
GUIBHOCTD peareHTa He BJIMAET Ha CKOPOCTH MOHM3AIUM cybCTpara,
HO BJMSIET HA COOTHOLIEHHE IIPOJYKTOB pEeaKIIUU, IMOCKOJNBKY Kap-
BokatuoH R* obranaer pasinyHoli M36MpPATENbHOCTHIO 1O OTHOILIE-
HUIO K HYKJIEODWIbHBIM peareHTaM pa3luyHO# MpUpPObL.

Hdns Sy2-peakuuif MOXHO BBLIENUTh HECKOJIBKO OCHOBHBIX (hak-
TOPOB, OIPede/ISIOIIMX HYKIEO(DWIBHOCTb peareHTa. K HUM oTHOCHT-
cs1: 1) oNISIpU3yeMOCThb, 2) OCHOBHOCTB, 3) 3JIEKTPOOTPULATEIBHOCTh
aTaKylollero atoMa, 4) sHeprus coJbBaTAllMM OCHOBaHHUA JIprouca,
5) cuna ero c¢BsA3UM ¢ 2p-opOUTanbio yriepona, 6) addekTHBHBIH
o0beM HyKieoduna. IonsipusyeMocTb HyKiieopuIa 3aBUCUT OT TOTO,
HAacKOJIBKO JIETKO €ro 3JieKTpoHHas obojiouka nedopMHpyeTcs Npu
BO3[I€MCTBUM BHEUHETO 3JIEKTPOMATHUTHOTrO roJisl. I1onsipu3yeMocTs,
KaK [paBUJIO, BO3pAcTaeT CBEPXY BHU3 B OJHOU KM TOH Xe rpyIlne
Hepuoauyeckoit cucreMsl, HanpuMmep I > Br > CI” > F; RSe™ >
>RS™ > RO™; R;As ~ R;P > R;N, yro orpaxaer nedopMupyeMocTs
YOAJIEHHOM OT siipa BHEIUHEH 3JeKTpOHHOM 00onouku. bojee anekT-
POOTPHLATENBHBIH aTOM HYyKJIeo®hH/Ia MPOYHEE YAEPXHUBAET CBOIO
3JIEKTPOHHYIO I1apy, YeM MeHee IeKTPOOTpHLaTeNbHbIH. B Sy2-pe-
aKUMAX HernojejeHHas napa 2JIeKTPOHOB HYKiIeodMWIbHOrO pearcH-
Ta B3aMMOAENCTBYeT ¢ pasphixjsiouleit opburanpio cBszu C—Z
(9.2.2), nmo3aToMy BBICOKASl 3JEKTPOOTPHULIATEIBHOCTL HYKJIeodhUiIa
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HeGnaronpusTHa [Us 3aMeLLeHUs o Sy2-MexaHu3My. Bricokas sHep-
I'¥sl CONbBATALMM [IOHMXAET SHEPTUI0 OCHOBHOIO COCTOSIHUSI HyKJIe-
o(pUIbHOrO peareHTa OTHOCHUTENILHO IEPEXOTHOTO COCTOSIHUS, YTO
Heu36eXHO MPUBOIUT K MOHUXKEHUIO CKOPOCTH peakuuu (cM. 9.2.3.8).
HeconbBatauusi HyKi1eoGpUIbHOIO peareHTa MPUBOAUT K YMEHBUIEHUIO
SHEPruM akTUBaUMKU AG ™ U TEM CAMBIM CIIOCOGCTBYET YCKOPEHMIO pe-
akumMu Sy2-3ameuieHust. bonee npoyHasi ¢BsA3b, obpasyeMasi HyKJIeo-
dunom Nu: 1 atomoM ymiepona B R—Z B 11epexofHOM COCTOSHHM,
ITOHUXAET 3HEPrUI0 MEPEXOJHOTO COCTOSIHUSA M TEM CAMBIM CIIOCO0-
cTBYeT Sp2-3amelleHUI0 (yckopsieT 3amelneHue). HykreodmibHblit
peareHT Gosibiioro obbeMa J0KeH OBITE MeHee peaKLMOHHOCIIOCO-
6eH, yeMm Hykieodun HeOOMBLIOrO pasMepa M3-3a IIPOCTPAHCTBEH-
HBIX IPEMSITCTBUM, BO3HUKAIOLLIMX B OUMMPAMUIANBHOM IIEPEXOLHOM
COCTOSIHMH Sy2-Tmpoliiecca.

DMIUPUIECKH HYKIeoDUNBHOCTb MOXET OBITH OIpedesieHa U3
JIAHHBIX 10 OTHOCHUTEJILHBIM CKOPOCTSIM PEaKIIUMU CTAHIAPTHOIO CyO-
cTpaTa ¢ PazIMYHBIMUA HYKJIeoPWIaMH. DTH HaHHbIC BLIPAXAIOT B BUIE
CITEIIMAIBHBIX KOHCTAHT HYKITeodWILHOCTH (1), BBeOeHHbIX CBEeHOM
1 Cxorrom (1953) mnsg peakuumi CTaHZAPTHOTO cyGcTpara METMII-
Hoauna (nCH 1) C PAIIMYHBIMU HYKIeODWIBHBIMUA PEareHTaMu B Me-
TaHoJje, T.€. 11)1;1 meranona n=0,00. TakuMm obpasom,

Ncyy = log e B CH;0H npu 25°C.
CH30H

B tab1. 9.9 npuBeneHbI 3HAYCHUS napameTpa Ncy,1 WISt GOBLIOTO
YHCJIa 3apSKEHHBIX M He3apsDKeHHBIX nyneO(prIbeIx peareHToB. U3
STUX AAHHBIX CACAYET, YTO HYKICODIWIBHOCTh Pa3IMYHbIX PEareHTOB
B IPOTOHHOM cpele He KOoppeaupyeT KakKuM-1ubo o0pa3oM ¢ UX oc-
HOBHOCTBIO II0 OTHOLUEHMIO K IIPOTOHY. A3uu-, GeHoKcun- U Opo-
MUI-WOHBI 00JIaaI0T OOHON U TOH Xe HYKJIeOo(pUILHOCTBIO IO OTHO-
wenuio K CH;l B MeraHose, HO MX OCHOBHOCTE Pa3nnyaercsl Ha BO-
CeMHAMIATh TIOpSIAKOB. Te Xe oTHolUeHus HabmogarTes M g I u
HOO™ anuoHOB, pK, CONpsEKEHHBIX KUCIOT pasiuydarorcs Ha 20 equ-
Hui. C Ipyroil CTOpPOHBI, a3U-MOH ¥ aUueTaT-uoH 00alaloT ONMHA-
KOBO# OCHOBHOCTBIO, HO Ncyy JUISL a3UI-HOHA 3HAYUTE/IBHO BBIILE,
YyeM IUIsI alleTaT-UOoHA. Tpnamnamnn foJee OCHOBEH, YeM TPUSTUII-
docduH, Ho TpusTUidochuH Goliee CHUILHBIN HymeO(bI/m, YeM ero
a3oTHBINA aHanor. [Uisg HykieodUIOB ¢ OHHUM M T€M Xe JOHOPHBIM
aTOMOM HAb/TIONACTCS] KAYECTBEHHAsK KOPPEJLILMs BETMIUH Ny 1 U pK,,
Hanpumep CH;0™ > CHO > OAc™ > NO; . HyKneod)I/UIbHoc:Tb 00BIY-~
HO yMeHbIUAaeTcsl [pH ABHXEHUM 1o nuaroHanu B [lepuomudeckoi
cucteme: HO > F u RS7 > Cl', yto nporie Bcero oGbIcHIETCS U3-
MEHEHHEM 3JIEKTpooTpUuLIaTeNbHOCTH. HykieodunpHOCTD, KaK MpaBu-
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Ta6bnuna 9.9
Hykneoduasnocts no ornomennio kK CH,I B meTanone

acogmn | ncys | P Smeeoh | pmacotua [reny | PR sonposeios
CH;0H 0,0 -1,7 NH,OH 6,6 5,8
NO; 1,5 -1,6 NH,NH, 6,6 7.9
F 2,7 3,45 (CH;CH,)sN | 6,7 10,75
CH;CO0~ 43 4,74 CN- 6,7 9,3
cI- 44 -6 (CH;CHa)sAs | 7,1 -
(CH;),S 5,3 - - 7,4 -10
NH; 5.5 9,24 HOO- 7,8 11,6
Ny~ 5,8 4,72 (CH;CH,)sP | 8,7 8,7
CeHs0~ 58 9,9 CsHsS™ 9,9 6,6
Br- 5,8 -8 CeHsSe™ 10,7

CH;0- 6,3 15,7 (CsHs)Sn™ 11,5

HO" 6,5 15,7

JIO, BO3pacTaeT IpH Tepexode cBepxy BHU3 B Kaxnou rpynrme [lepuo-
nuyeckolt cucteMel: RSe”™ > RS™ > RO™; RySn™ > R;Ge >R3Si; I >
>Br >Cl > F (B nporoHHO# cpeae). Petnaroinum dhaxropoM B 3TOM
ciydae, BEPOSITHO, sIBIsieTcs Oojiee BBICOKAS IOMSIPU3YEMOCTb 4TO-
MOB GONBILOro pa3sMepa, pacloNOXeHHBIX B HuKHe# wacTH [lepuo-
IUYECKOUW CUCTEMBI.

OnHako HYKIeO(GWJIBHOCTh B OIPOMHOM CTENEHH 3aBUCHUT OT
conbpatauuu (cM. 9.2.4). IIpuBeneHnbie B Tabn. 9.9 naHHbBIE 1O HYK-
J1Ie0PWIBHOCTH MMONYYEHBI, K COXaJNEeHUIO, B IPOTOHHOI cpelle — Me-
taHoJie. [Ipu nepexode oT MeTaHoJIa K TUITOMSIPHBIM allPOTOHHEBIM pac-
tBOpuTENaIM (JIM®A u gp.) psan HykieoQHIBHOCTH TAIOTEHUI-HO-
HOB M3MeHsieTcs Ha obpatHeiid F > ClI” > Br > 17, B LiesoM xe psin
HykneobuwibHocT B IM®MA o4yeHp CHIIBHO OT/iMYAeTcs OT pSaa
HYKJI1eO0(pUJBHOCTH B NMPOTOHHBIX cperax (9.2.4). UsMepeHUEe cKo-
pocTedt Sy2-peakuuit B ra3oBoii ¢ase ¢ NMOMOILUBI0 HOHHOTO LHMKIO-
TPOHHOTO PEe30HAaHCa IT0KAa3aJI0, YTO B OTCYTCTBHE COJIBBATALUM DSUT
HYKJICODWILHOCTH COBEpPLIEHHO HEITOXOX Ha TOT, KOTOpBIH IIpHBE-
neH B Taba. 9.9. Takum o6pa3oM, ZOCTATOYHO YETKO OINpeneauTb Mo-
HATHE «HYKJIeODIBHOCTS» YPE3BBIYAMHO TPYIHO, U HYKIIEODHIEHOCTD
3aBHCUT HE TOJIBKO OT MPHPOABI caMoTo Hykiaeoduaa, HO TakKe U OT
MPUPOJILI CyOCTpaTa U pacTBOPUTES.

151 KauecTBEHHOTO IpeJCKa3aHUusi OTHOCUTEIbHON HYKIIeOhUhb-
HOCTHU peareHToB B Sy2-peakuusax noneseH npunuun KMKO (. 3).
CornacHo xinaccudukaimu 2KMKO, sp3-m6pmuaoBaHHbU?1 aToMm yr-
JIEPOJA OTHOCUTCH K MATKUM 3/eKTpoduIbHbIM HeHTpaM. [Tostomy
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CKOpOCTb peakUUM Sy2-3aMELIeHNs BO3pACTAET, €C/IM B KaYeCTBE HYK-
JleoUIBHOrO peareHTa MCIONb3YeTCs MSIrKoe ocHoBaHMe JIblouca
(RS7; RSe™; R3P; HOO™; RC=C" u np.) ¥ yMeHbLUAETCS JUIST KECT-
kux ocHoBauuit (F~; RCOO ; RNH,; OH ; RO; NO;; CIO, u T.1).

Kpome Toro, xoHuenuusst ZKMKO npeanonaraer, YTo CKOpOCTb
peakUMH BO3pPACTAET, €CAM M BXONALIAS M YXONAILAS TPYIIIbl OXHO-
BPEMEHHO SIBJSIOTCS MAM MSATKHMH, WIH XECTKMMH OCHOBAHHSIMHU
JInlouca. Takoe aBnenue B KoHuenuuu XMKO HocuT HazBaHUE cum-
buomuueckozo agppexma. Cumbuotuieckuit 3ddekr B Sy2-peakuusx
[IPOSIBJISIETCST TOJILKO TOTHA, KOINa HyKJIeodhUa M yXomsuiast rpyrnra
OTHOCATCA K MATKUM OCHOBAHHSAM.

9.5.2. a-SPPEKT B HYKIEOPUIBHOM PEATEHTE

AHUOHBI UMM HEUTPaTbHBIE MOJIEKYNBI, UMEIOILHE aTOM C HeIo-
OEJICHHOW Iapoil 3JIeKTPOHOB, KOTOPBIA HENOCPEACTBEHHO CBS3aH C
HYKJITIeODWIBHBIM LICHTPOM, [TPOSIBASIOT CBOHCTBA ropasfo 0osee CHlb-
HBIX HYKJICOMIIOB, YCM HX AHAJIOTH, HE COAEPXALIUE TAKOTO aToMa
IO COCEACTBY C peaKLIMOHHBIM HEHTPOM. Tak, Hampumep, TMApPa3sUH
NH,—NH, unu rugpoxcunamus NH,OH 3nHauutensHo 6osiee CHIb-
Hble HyKIeo(duIbl, Y4eM aMMHMAK M NMEepBUYHBIE aMUHBI, TAK X€ KakK
nepokcug~-anuod HOO™ ™ u runmoxnopun ClO™ 3HayuTtenpHo Oosee
CHJIBHBIE HYKJIeOHAbI o cpaBHeHHIo ¢ HO™ (1abn. 9.9). Takoe oco-
6oe moBeJeHHE 3TUX HYKJICODWIOB NOJYYUIO Ha3BaHUe O-3¢dexma.
C TOYKHM 3peHUsl OpOUTAIBHBIX B3auMoneicTBui -3¢ dext obycios-
JIEH B3aMMONEUCTBUEM MEXIY OpOUTAISIMU HENONCNEHHBIX 3JIeKTPOH-
HBIX [1ap COCEIHUX aTOMOB!

B3MO

o
S)
Do@.
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Ilpu TaxoMm B3ayMoOmeHCTBMM 0OOpAa3ylOTCsS [BEe HOBbIE BO3MYILEHHbIE
MO (rn. 2), ogHa ¢ 6Gonee HuU3Koit, a Bropas (B3MQO) ¢ Gonee BbI-
COKOM 3HEepruey 1o cpaBHEHMIO C 3HEPTHel HenoJeJeHHbIX rap U3o0-
JIUPOBAaHHbBIX OPYr OT Apyra aToMOB. AHOMAJIBHO BLICOKAsl SHEprus
B3MO npubnuxaer 3ty opbutans Kk HCMO anextpoduna, Hanpu-
Mep IKUITATOTEHMA, YTO CIIocOOCTBYET peakuuu Sy2. B peakuuu c
MSITKMM 3J1eKTpOodhHIOM THAPOIIepOKCH ropasno 6onee peaklMOHHO-
crocobeH, YeM TUAPOKCH.

9.6. IPYTUE S,-MEXAHU3MBbI
9.6.1. MEXAHU3M Syi

M3BecTHBI peakiuu HyKJI€0DUIBHOIO 3aMeIeHIsT, KOTOPHIE UMe-
IOT IEPBBIH KMHETUYECKH IOpSIOK, HO TeM He MeHee IPOTEeKaloT ¢
coxpaHeHueM KoHGUTrypalluy y aToMa yriaepoaa. Hampumep, nipn pas-
JIOXEHUM BTOPHUYHBIX aJKWIXJIOpGOPMHUATOB OYEeHb YacTo Habmiona-
€TCcsl coxpaHeHHe KoHduUrypauuu. YToObl OOBICHUTE 3TOT CTEPEOXH-
MUYeCcKUt pe3yabTaT, Hronsa ¥ Xbio3 MPEANONoXMINH, YTO pasjio-
JKEHME IIPOTEKAET Yepe3 LIMKJIMYECKOE YeThIPEXIIEHTPOBOE IIEPEXOIHOE
COCTOSIHME, W peakUMH TAKOTo THUMAa OpUIM 0003HAYeHbl CUMBOJIOM
S# (internal nucleophilic substitution):

CeHys Cetis - CeHis
\ | ,_—O\\ '\
>;O = >':\ ‘::.:O :C—O’ >-Cl .
CHj >=o CHj4 Mo 2 CHg
Cl
ankwpdiopdopMuar

[dpyruM mpuMepoM sIBsieTCSl peaKUMs PasIoXeHHUs aAJKHIXIOP-
cy1b(UTOB, 00pa3yIOWMXCS NMpU JeUCTBHU HA CIHPTH XJIOPUCTOrO
THOHUJA!

0
Y
ROH + SOCl, ———— R—0—S%—Cl + H{l .
ANKWIXIOPCYIb(UT

AnxumxotopeyabduTsl pasnaraiorest Ha RCl u SO,, npu 3ToM yacTo
HabnogaeTcs coxpaHeHue KoHuUrypauud. OnHako NaHHas peakiius
He KMJIET Yepe3 YETLIPEXLEHTPOBOE IEPEXOJHOE COCTOSIHUE, a Ocylle-
CTBASIETCS COBEPILUIEHHO UHbIM NyTeM. CTereHb COXpaHEeHUs WIW HUH-
BepcuK KOHGUIYypaUMH 3aBUCUT OT IPUPONBI pacTBopuTelss. Hanpu-
Mep, pa3joXeHUE ONTUYECKU aKTUBHOTO eémop-OyTHUIIXIOpCyabduTa

153



[IPOUCXOOHUT C MPAKTUYECKH ITOJHBIM COXpaHEHUEM KOH(I)I/II'ypaHI/lM B
JMOKCaHe, HO [OYTHU C ITOJHOU I/IHBepCI/IeI?I B TOJIYOJIE!:

GHs
. Cl (coxpaHeHue)
C,H; JHMOKCaH H-
. O—S/L CH3
H-~
CH;, TOJYOJt C,Hs (unBepcus)
a -
~. H
CH;

Y1o6Bl OOBSICHUTE TAKOE PE3KO IIPOTHBOIOI0XHOE BIUSIHUE pac-
TBODUTE/S, ObLT NPEANOXKEH MOH-TAPHBIA Syl-MeXaHU3M, BKIIOYAIO-
i voHM3amuK cBs3H S—Cl B ompenensiolie CKOpOCTh CTaIUU.
Cynapba obpasoBaBliieficsi MOHHOU Iapbl 3aBUCUT OT IIPUPOIBI PaCTBO-
putessi. Eciu pacTBOPUTEb JOCTATOYHO OCHOBEH, OH MOXET CTa0WIU-
3HpOBATH MOHHYIO Napy, COJIbBATHPYH €€ C ThUIBHOM cTopoHsl. [Tocne-
IYIOLIUA BHYTPEHHHH BO3BpAaT MPUBOIHUT K COXpaHEHUIO KoHdbUrypa-
1mu. C gpyrol CTOpOHBI, PacTBOPUTENb C HHU3KOH COJMBBATUPYIOLUECH
COCOOHOCTBIO (TONYOJI) HE MOXET CTaOWIM3MpOBAaTh MOHHYIO IT1apy,
¥ nipoucxonut 3aMmelieHue SO, noHoM Cl™ ¢ TbUIbHOM CTOPOHBL:

C,Hs CHs CH;s
P 0SOCI MCIVIEHHO b o— SO JUOKCaH :/ \ ) ® Cl@
H H” c® —so, \__/H/
CH, CH, CH,
TOJIYOJI JUOKCAH

GHs CH; o C,Hs
a " ——q® 0SO P cl
“H H- H”
CH;, CH, CH;

Takolt MexaHU3M coriacyeTcsi ¢ HabmaeHHeM Ipeobaanarolei
UHBEPCUH ITPU PAZJOXEHHH [IEPBUYHOIO ONTHYECKH aKTUBHOIO XJIOp-
cynbduTa 1axe B nMokcaHe. B aToM ciaydae ctabwinsupyloulee BIUs~
HHUE MOJEKYJIbl JUOKCAHA 3HAYMUTENbHO MeHee 3 GhEKTUBHO, TaK KakK
MIEPBMYHBIN aTOM yIJiepoJa He IpeBpallaeTcs B KapOOKaTUOH:
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GH, C;H; GHy C3H,

JHUOKCaH
_>-0SOCle=——= oso<—C1 030-»Cl +so2
-
D

SlcHo, uTO S)i-MeXaHM3M SBNISETCS CIIELHATBHBIM ciIyyaeM Syl -Mme-
XaHM3Ma, B KOTOPOM YXO[SIIasl [PYyINa MMEET CIOXHOe CTPOEHHME.

9.6.2. AJUTUJILHAA NEPETPYIITIMPOBKA (Sy)

AJUTWIBHBIE COEIUHEHMS PearupyioT ¢ HyKieohuaaMu jerde, yem
HACBIIIEHHbIE AHAJIOTH; B 3TOM OHU I1OXOXH HA GEH3WIbHBIE CHCTE-
Mbl. BTH peakLMM YaCTO COMPOBOXAAKTCS NeperpyIupoBKoi u 06o-
3HayapTCHd CUMBOJIOM S O6L1as cxeMa aJTUIBHON NeperpyiupoB-
KU UMEET CACOYIOLUMHA BUI:

A 7 e N— Y, A
LNuQ} _Ze

IleperpynnupoBKa MOXeT MATH 10 MexaHuaMmy Syl wm Sp2 (o6o-
3HayaeTcs Kak Sy2’). B tabn. 9.10 mpuBeneHsl JaHHbIE IS 3aMellie-
HHUs xjopa B 1-x1opbyreHe-2 U 3-xiopbyreHe-1 B pasHbIX YCJIOBHUSAX.

Tabnuuoa 9.10
ANNAIbHAA NEperpynnHpoBKa NpH HyKneo(GnIbHOM 3aMeleBHH

6e3 neperpyImmpoRKI

Y
NePerpyIIHPORKa

(A) Nu + CH,CH=CH—CH,CI » CH,CH=CH—CH,Nu (Y)

{B) Nu + CH;CHCI—CH=CH » CH,CHNu—CH=CH, (2)

2 §e3 MeperpyImmMpOBKH

Bexon, %
Yenorust peakimm A B
y4 TRz 4 TRy
2M EtO /EtOH, 100°C 100 — - 100
0,8M OH /H,0, 25°C 60 40 38 62
EtOH, 100°C 92 8 82 18

IlepBasi peakiiusi, BEpOSATHO, UMeeT MeXaHHU3M Spy2 U ocyllecT-
BJISIETCSI KaK IpsSIMOe 3aMellleHHE ¢ HyKIeo(uIbHOM atakoif no yrie-
pOLy, CBSI3aHHOMY € XJIOpOM. TpeThsl peakLUsl MOXET OCYLLIECTBJISITh-
cS1 MJIK Yepe3 MOHHBIE Napsl WIH 110 MeXaHU3MYy Sy2'(cM. Huxe). Tak,
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pauemMusauus ornruyeckd aktusHoro MeCH=CHCHZMe (Z = napa-
HUTPODEH30aT) NPOUCXONUT ObicTpee coiibBonu3za B 90%-M BoaHOM
auetoHe, a usomepusauus CH,=CHCMe,Cl 8 CICH,CH=CMe, uzner
ObicTpee aueronu3a. Hu B omHOM ciiyyae He MMPOMCXOAUT JUCCOLIMA-
MU, TIOCKONBbKY 3TH PeaklMy He 3aMeITIOTCH IIpY JO0GABICHUHU COMTU
¢ obIKMM HOHOM. Pan aBTOpoB rojaraimoT, YTo 0be peakilMu COJbBO-
Ju3a uayT no MexaHnusmy Sp2 (KHII).

w/\r\—k’ﬁ/\z/\r =_r N

(KHMIT) (KUID  ponevmsamms,
Nul ks Nu ks H3OMEpHU3aLIMS
ME/UIEHHO MEJUIEHHO
Nu Nu
N J
COJIbBOJIU3

Bo3MOXHO, YTO Ha caMoM Jgje aJUIMIbHBbIE IEeperpyrniupoOBKU
WIYT 110 COIVIACOBAHHOMY MEXaHU3My Sy2”:

o
Nu:°CH, @CHZD Z — Nu—CH,—CH=CH, + Z°.

TeopeTquC}m TakKast peaKIus MOXET OCYIUCCTBUTLCA KakK I10 armu-,
TdAK ¥ 10 CUR-TIYTH.

Z d ¢
> / b (aumu-Sp2")

a

Nu

d

/l C
> Nu (cun-Sp2%)

AY

b

DKCNepUMEHTATIBHO OBLIO YCTAHOBJIEHO, YTO B ITOJABISIOLIEM GOJb-
LIMHCTBE CJyyaeB OCYLECTRISIETCS CUH-TIPOLIECC, XOTS €CTh U MCKIIIO-
4eHUsl. ITOT HEOOBIYHbBIN CTEPEOXUMHUUECKUI Pe3YIbTaT ITOPOANI Maccy
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BCEBO3MOXHBIX OOBSICHEHUA M TOJKOBAHUM, GOJBIIMHCTBO M3 KOTO-
PBIX CBOAWJIOCH K MPEANONIOXEHUIO O B3aUMOAEHCTBUN HyKIeohHIa ¢
yXOIsiue# rpymnmoi B MSATULEHTPOBOM LUECTUIIEKTPOHHOM Iepexol-
HOM COCTOSIHMH!

\ /
\ /
VY
Nu Z

Tem He meHee crapoe obbsgcHeHHe C. YHHcTeliHA cun-Sy2'-peax-
UMM OBOWHBIM Spy2-3aMelleHUeM ¢ TBUIBHOW CTOpOHBI Haubosee
MIpUEMIIEMO:

N

\ ©
N2
\

B 3aKki09eHMe OTMETHUM, YTO CUH-CTEPEOXHMMIO MOXHO OOBSIC-
HHUTb MU Ha OCHOBAaHMMK HOH-NapHoro mexaHmsma Sy2 (KHII), ecou
CYMTAaTh, YTO KOHDHUTIYpAllMsl KOHTAKTHONH HOHHOHM Maphl TaKas Xe,
KaK KOH(}HUTypalmsi MCXOOHOIO KOBIEHTHOTO CybCcTpara.

9.6.3. YYACTHE COCEIHUX I'PYIIII

HUnput (ropuudHbli ra3; 6oesoe oTpaBJidiolliee BELIECTBO NEepBOMH
mupoBoil BoitHbI) S(CH,CH,Cl); B BOZHBIX pacTBOpax rMAPOIU3YETCS
B HECKOJIBKO ThICSY pa3 OwicTpee, YeM MNEPBUYHBIE ATKUIXTIOPHIBI.
[HlenoyHoit rUapoNU3 ONTUYECKH aKTUBHOro 2-OpoMIIporaHoara
CH3CHBrC02(9 MPOTEKAET ¢ coXpaHeHHeM KoHdwurypauuu. ['uaponus
xnopamuHa Et,NCH,CHEtCl paer neperpylnnupoBaHHBIH COHPT
Et,NCHEtCH,OH. D1u Tpu peakuuu ABASIIOTCS IPUMEPAMU YHACHUR
cocedHux 2pynn B HYKIEODWIBHOM 3aMellleHUH:

(v cﬁc ‘/I{ZO
———

. H,
CICH,CH,—S CHyCl ——— CICH,CH,—SZ ]
2 2 \ / T 2 2 \CH

CH,
———» CICH,CH,SCH,CH,0H

2

157



’Me MC 'Me
Br—Cg_H/(;@——b HO@/-\\C ( O —» HO—C —=aH O@
0]

H
O
COXpaHEHUE
£\ /¥ ®
EtN_ (/:H(Et)—Cl — Et2N<——/CHEt —> EtzN——CllHEt
CH
: oY % CH,0H

OH

Peaxuuio ¢ yyactTHeM coceqHeif TpYNIIbl MOXHO OMNpPEeReNUTh KakK
Ipolecc, B Xo[e KOTOPOTo ompeacieHHas PyHKUMOHANbHAS IPYIIa
pearupylomeii MoJeKyyibl Ha KaKoe-TO BpeMsi CTAHOBHTCS CBSI3aHHOMU
(ITOJTHOCTHIO WJIM 4aCTUYHO) C PeaKUMOHHBIM lieHTpoM. Obluas kap-
THHA TAKOTO Mpoliecca VI peakluil HyKIeodHWIbHOTO 3aMelleHUs
NnpuBeaeHa Ha cxeme 9.4.

CxeMma 94

S}
® |~
X—C— —, [IPOAYKTBI

s U BBICTPO

MeIUIEHHO T OBICTPO

\/ k ®]
: CcC—Z __rC 5 . — u
MEJUIEHHO U ooy, PO
ks
3 \/
Nu X' C—Nu

JJist 1oKazaTesibCTBa y4acTHsi coceHe! IpYIIbl IPUMEHSIOT IIIaBHBIM
00pa3oM TpHM THIIA 3KCIIEPUMEHTANBHBIX HAOTIONCHUH.

1. AxxuMepHOe CoeHCTBHE. DTUM TEPMUHOM ODO3HAYAIOT YCKOpEe-
HHUE peakllMU coceHel rpynnoii (apyroe HassaHue 3Toro xe sddek-
Ta — CUHapTETUYECKOe yCKopeHHUe). B MpUHLIUIEe MOXHO AOCTATOYHO
TOYHO ONpEeNeSIUTh CTeleHb YYaCcTUsl COCeJHEeH TpyNIibl B XO&e NaH-
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HOH peakuuu. Eciu yyacTtue IpOUCXOOUT BO BPEMS IPOTEKAHUS CKO-
pOCTbOIIpeaeisaolle#t cTaguu MoHM3auuu cesasu C—~Z (k, Ha cxe-
Mme 9.4), To peakUus [TOYTH HaBepHsKa Oymer uaTH OBICTpee, YeM aHa-
JIOTHYHBIE 10 NPUPOIE PeakLUMHU ke U kg, Mayuiue 6e3 yJacTus cocei-
Hel Ipymsl (Kg) WK ¢ ee ydacTdeM B OblcTpoit craguu. Miutioctpauueit
CIY>XKUT TIepBasi U3 IpUBENeHHBIX BhILIe peakuuit. K coxameHuio, He
BCEIA YIAeTCS YCTAHOBUTL, YCKODPSETCH JIM pEakLUs coceqHeil rpyr-
ITOif, ITO3TOMY HYXHO HCIIOIb30BATh U JAPYTUe METOIbI.

2. Crepeoxumusi. CrepeoxyMUs peakiMM, B KOTOPOI yyacTByeT
COCEIHsIS IPYIIa, 4acTo OTIMYAeTCsl OT OXMAAEMOM IIpA OTCYTCTBUHK
yyacTusi 310l rpynmel. Hanmpumep, B To BpeMsi Kak OOBbIYHBIE peak-
UMK Sp2 win Syl IPUBOASIT K MOJTHOA WJIM YACTUYHOH MHBEPCUH, B
peaKkuMsx ¢ y4acTHEeM cocefHeH TIpyImbl NpeoblagacT coXpaHeHue
KOH}UTrypauy (CM. BTOPOI U3 IPUBEIEHHBIX BBIIIE TPHUMEDPOB).

3. Monekyaspusie neperpynndpoBky. I1py yyacTuu coceniHel rpyi-
IIBI YACTO IPOUCXOIST MEePerpyInupoOBKA cKejleTa cybeTpara, yTo mpo-
HWUIIOCTPHPOBAHO TPETBUM IIPHMEDPOM.

BeposTHOCTh y4acTHs coceIHEH rPpYIIIBI 3aBUCHT OT pasMepa LIHK-
na, obpasyowerocss B NepexoqHoM coCTossHUHU. OOBIYHO B TAKUX pe-
AKLUAX MPEINOYTUTENbHO 00pa3oBaHUe TpeX-, MATH- U LUECTHLIEH-
HBIX LHUKJIOB.

BO3MOXHOCTD y4acTHs COCENHUX TPYIIl B XMMUYECKHX peakKlUsIX
obcyXkaanach O4¢Hb IaBHO, OZHAKO MEPBOE CEPbe3HOE HCCIEHOBAHUE
aToro sipaeHus 6su10 BeinorHeHo C. YuuacTeitHoM (1939). beuto ycra-
HOBJICHO, YTO NpU 0OpaboTKe paleMHYecKoro mpeo-3-6poM-2-Oyra-
Hosa HBr nonyvaercs pauemuueckuit 2,3-mubpoM0GyTaH, TOraa Kak
paLEeMUYECKUN 3pumpo-u3oMep 1aeT TONbKO Me30-IIPOLYKT.

Me30-
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, CH3 ‘\ : I‘CH3
CH3

OH CH3

mpeo—
.ﬂir__» —_— > d,l

HO C'%H CH3
CH(;’ ( / \® ; \ CH3> <
o B

T

B obeux peakuusax koHdurypaius coxpatsiercsi. Pesynbrarsl ObUTH
HHTEPIPETUPOBAHEl KaK JOKAa3aTeJIbCTBO 00pa30BaHUSI MOCTUKOBOIO
OPOMOHHEBOr0 MHTEPMEIUATA.

Huxe npuBelneHs! elle ABa IpUMepa peakluil 3aMelleHUs ¢ co-
XpaHeHHeM KOHOUIYypallMH.

Pearxyuu N-smua-3-xnopnunepuduna

C] MewIeHHO N\ ObIcTpO,
Et—N U Et—NT— - Nue
@\JH

@ q°
WOH a3UpHUANHKA

Et Nu
@ H

Dta peakuusi ObUla npoBedeHa ¢ 14 pasHeIMU Hykieoduiramu. CkKo-
POCTb He 33aBHcesa OT NpUpoabl HykJIeoduIa U B 104 pa3 npesbliana
CKOpPOCTE peaklUy LUKIOTEKCUIIXJIODHUIAA C TMAPOKCHIIBHBIM HOHOM
(aHxuMepHoe coneiicTeue). IlpoMexyTouHasl cclib a3UPUAMHUS ObLia
CUHTE3MPOBAHA HE3aBUCUMO U Beja cebs aHanorunyHo. Ha atom ocHo-
BaHUM ObUIO BBIABHHYTO IPEATIONOXEHUE 00 ydyacTUU cocelHeH

TPYIIIIBI.
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Auem0/1u3 mpauc—2-auemozccuuumoeexcwzmmwzama

CH,

0 \3 O—__ @ CH; ISOCOCH3
—_— MS O0A H
H O H
OTs H OAc

OCOCH3

B nponykTax 3T0i peakiuuy METKA paclpeaesieHa IIOYTH TOPOBHY MEXTY
KapOOHWIBHBIM M 3QHPHBIM aToMamu Kucioponaa. I[lpeamnonaraercs
NpoMeXyToYyHoe 0DpazoBaHUE MATUWIEHHOIO JUOKCOJIEHHEBOTO
KATHOHA.

HWHTepecHbIH NMpHMep MeperpyniMpoBKYA C YYacTHEM COCeIHEH
METOKCH-TPYNIbl ObL1 HaWOeH INpH H3yYEHUH MEUYEHHOTO TPUTHEM
mpaHC—4—M6TOKCMHHKJIOFCKCI/IJITO3HHaTaZ

H, l

o: oTs H
OTs
CH3O —=
ACOH | cmoN\ OAc 4 c&oN OAc

B peakuuu obpasyeTcs mpaHc-aleTaT, CONepXalluuii TPUTHIt B I10JIO-
XeHussX 1 1 4, YTO CBUAETENIBCTBYET B TOAL3Y OOpAa30BaHUSI CUMMET-
PHUYHOIO OKCOHUEBOTO HOHA.

Bo Bcex pacCMOTpeHHBIX MPUMEpPAX COCEIHSIA rpyNria MpUHUMana
yJyacrve B HYK1eo(hUIBHOM 3aMEIUEHUH 33 CYEeT CBOCH HeroneseHHoU
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napbt. OObIYHO HEIOJAEJIEHHYIO Mapy 0003HA4YalT CHMBOJOM H, MO-
3TOMY TaKME€ peakl{MM Ha3blBalOTCA x-ydacTHeM. MOXHO npearoo-
XHUTh, 4TO KPOME HEMNOAEJIeHHOM Napbl HYKJIEOMPUILHOMY 3aMellle-
HUIO MOTYT OKa3blBaTb COHEMCTBUE COCEAHUE IPYMIIbI, 00JIanarclIne
JIETKOJJOCTYITHBIMH ISl CBSI3bIBAHUS T- BJICKTpOHHbIMM CUCTEMAaMH.
ITpuMephl TAKOro T-y4acCTUs] U3BECTHBI.

YyacTue cocegHeil apuAbHOU I'PYIIILI IPOSBASIETCS B YXe€ pac-
CMOTPEHHOM HaMM NpUMepe paleMUIalluyd mpeo-3-aHUu3niabyTHII-
2-6po3unara (cM. 9.3.1). Fpumpo-u3zoMep He palleMU3YETCST B 9TUX YC-
JIOBMSIX, XOTsl IJIS1 HEero TOXe Hallo4aeTcsl CIELMAIbHBIM COJIeBOM
addexT. BzauMonpeBpallieHUsI MEXILy mpeo- U 3pumpo-311iMepaMy He
NpoucxoduT. Bee aTo cormacyercs ¢ MpoMeXyTOYHBIM 06pa3oBaHUeEM
MOCTHKOBOro ¢eHOHHUEBOTO UOHA Giarogaps m-yJacTUIO aHU3UIbHON
TPYIIEl B mipouecce HoHU3auuu cesasu C—OBs:

@
OCH; A }/I
Z=Me
H OAc
_ . AcOH  Me
Me Me I;I\ Ar
"H
mpeo- axupaieH OAC Me
(parieMu3arus)
®
OCH, Me
Ar LH
H"} OAc
Me
“Me AcOH
H Ar
\
Me \Me
OAc H
(coxpaneHue)

Ecny BMECTO METOKCH-TPYIIIBI BBECTH 3JIEKTPOHOAKLICIITOPHBIM
3aMeCTUTENb, TO CTAOUIBHOCTh HGeHOHMEBOIO MOHA YMEHBIIAETCS, M
TOrIA peakuusl MOXET UATH depe3 HEMOCTUKOBYIO MOHHYIO Iapy, B
KOTOpO# BO3MOXHO BpallleHUE BOKPYr UeHTpaibHoOll cBsizu C—C. B
pe3yabTaTe MOXET MPOU30UTH 3MUMEPU3ALIUS:
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Ar H
]
. @ OBs
Me

JeHcTBUTEbHO, NPH ALETOJIM3E Mpeo-napa-HUTPOIIPOK3BOIHOro 00-
pasyercst 7% mpeo- v 93% apumpo-nipoaykTa. CTeneHb T-yJacTHs BeCh-
Ma YYBCTBHTeJbHA K MEXAHM3MY peakKuuu. Eciiy B peak IHOHHOM cMecH
IIPUCYTCTBYIOT HOCTAaTOMHO CHUJILHBIE HYKITeoGUIbl, OHU ITOAABISIOT
T-y4acTHeE, CMellast MEXAHU3M B CTOPOHY Sy2. Ecny e cHIbHBIX HYK-
JeodUIOB HET, T-YYaCTHE CTAHOBUTCS OYEHbB 3aMETHBIM. DTO MOXHO
[TPOMJIIIOCTPHUPOBATh CAEAYIOUIMM MTPUMEPOM:

EtOH
14 14
CHZ—CHQ\ OTS CH2"'CH2"“OEt
CF;COOH
- @ 14 14
CH5—CH,0COCF;+ CF;COOCH, CH
14 3
CH S CH,
OTs

B stanone uuer Sy2-peakuusi, OfHAKO B TPpUPTOPYKCYCHOH KHUCIO-
T€, KOTOpasi SIBISIETCS FOpas3fo MeHee HyKJeodUIbHBIM PaCTBOPUTE-
JeM, MEXaHHU3M U3MEeHseTcs Ha MOH-NapHbId Syl ¢ ydactuem de-
HUWJIBHOM TpYIINbI, O YEM CBUACTEIbCTBYET TiepepaclpeesieHue U30-
TomHoit Metku MC.

ORVHOYHAS TT-CBSI3b TOXE MOXET YyYaCTBOBATH B HYKIIEODUIBHOM
3aMenieHUHU. Ee BnusgHUe ocoOeHHO MPOSIBISETCS] B KECTKUX KapKac-
HBIX MOJEKYAAX, I7Ie OHA MPOCTPAHCTBEHHO COAMKEHA C peaKkIUOH-
HEIM LIEHTPOM. SIpKMM NpUMepoM SBISECTCS aALETONU3 aHmu-7-Hop-
OOpHEHUJITO3UIATA:

OTs OAc
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Dro coeauHeHUe combeoiusupyercs B 10'! pas GpicTpee, yeM Hachl-
LWIEHHBIA aHaNor, W IIpU 2TOM HabIIofacTCsd COXpaHeHUEe KOHGUry-
pauuu. B 1aHHOM ciiyyae pasMelleHUe T-3JIEKTPOHOB HACANbHO MMOI-
XOOUT UL OCYLUECTBIEHMS T-CONCUCTBUSL.

Ilociie pacCMOTpEHHUs h- Y T-Y4acTUs BO3ZHUKAET €CTECTBEHHbI
poripoc: «MoxXeT 1 GbITh G-y4acTHE DJEKTPOHOB COCEOHHUX CBA3ei
C—C wm C—H?» IIpexnme Bcero HeoOGXOoOUMO yKa3aTh, 4TO IpU G-
YYaCTUHM IOJIXHBI 06pa30BLIBATLCS HEKJIACCHYECKHE KapOOKATHUOHHI,
rIe B TPEXWIEHHOM LMKIIE OCYILIECTBIAETCS NBYX3JIEKTPOHHAS TpeX-
LIEHTPOBAsI CBsI3b. TaKde KarhoHBI OyayT, O6e3yclIOBHO, OYEHB MAJo
ycroituuBel (cM. rI. 26, 4. 3).

R,
R L AN L N N R R L
. — /——‘\ —_— .+
- -~
Nu N
. Nu
HEKJIACCHMYECKH
HOH

TeM He MeHee G-y4acTHe O4YeHb IUHPOKO PAcIpPOCTPAHEHO U SBISIET-
csl OCHOBOI M&XaHH3Ma BHYTPUMOJNEKYISIPHBIX HYKIEO(DUIbHBIX ITepe-
TPYIIIIHPOBOK, TaKHMX, KaK Neperpynnuposka BarHepa—Meepseiina,
MMHAKOJUHOBAS, NEPErPYNIIUPOBKH K 3JeKTPOHOXEGUIIUTHOMY a30-
Ty ¥ 1.1. [TogpoGHOe paccMOTpeHHE TaKUX MEPErpyIIIMPOBOK C pas-
HBIX TOYEK 3peHUs KaHO B IJI. 26.

9.7. KAPBOKATHOHBI
9.7.1. THIIBI KAPBOKATHOHOB

Kapbokamuonom Ha3bIBaeTCs 3NEKTPOHOAEPULMTHAS, IIOJOXUTENb-
HO 3apsDKeHHash 4acTHUAa, B KOTOpOH 3apsili COCPEJOTOYEH HA OLHOM
WJIH JEJOKATM3UPOBaH Ha HECKONbKHX aroMmax ymiepoxa. B Syl-peak-
UMSAX HA CTAAUM HOHHM3AUMHU oOpasyeTcsl TPEXKOODOUHHUPOBAHHBINK
kapGokatHoH obureit dopmynst R;C*. Jonroe Bpemst Takue KaTHOHBI
HA3bIBATIM «MOHAMM KapOGoHusi», XoTs eue B 1902 r. M. 'oMmbepr npu-
BeJl CEpbE3HbIE BO3PAXEHHSI ITPOTHB 3Toro TepMuHa. OH o6paTiul BHU-
MaHHUE HA TO, YTO TEPMHH «KapOOHUEBBI MOH» HE COOTBETCTBYET
crpykrype R;C*, nockonpKy cydodukc «OHHEBBIH» OTHOCHTCS K Ka-
THOHAM, B KOTOPBIX KOOPIMHAIMOHHOE YMCJIO BBIUIE, YEM Y HEHT-
paTbHOTO coeauHeHus, HanpuMep, NH; — ammuak, NH,* — wuon
amMMoHus, PH; — ¢docdun, PH‘,,+ — uoH ¢ocdoHus. s KaTHOHA
R;C" KOOpAMHALIMOHHOE YHMCJIO, HAPOTUB, HHXE, YEM IUIS HCXON-
Horo cyberpata R;C—X. 310 HEecooTBeTCTBHE NOJroe BpeMsi O5LI0 oye-
BUIHBIM IIPOTHMBOPEYHEM B XHMHHU YTJIEPOAA IO CPABHEHUIO C «OHUE-
BBIMH» COEIMHEHUSMU 3JIEMEHTOB COCEIHHX TPYIIIL.
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[Mocne Toro xak I'. Ona ¥ ApYrUMU YYeHBIMH OBUTM TIONYYEHBI
[0Ka3aTeJbCTBA CYILECTBOBAHUS [MEHTAKOOPAWHAIMOHHBIX KapOoka-
tronoB tuna CHs*, CRs™ u 1.1. ¢ Cg cummerpueir (cMm. 4.10), I'. Ona
NIPE/UIOXKUI HAa3bIBaTh MMEHTAKOOPAMHALMOHHBIE KAaTHOHBI kapboHue-
8bIMU UOHAMU, & [UTSI TPEXKOOPAMHALIMOHHBIX KATHOHOB UCIIOIb30BATh
Ipyroe HaszBaHue — kapbeHuesble UOHLL, TOJUEPKWBAIOLIEE UX IEHe-
THYECKYIO CBSI3b C KapbeHaMH, NMOCKOJAbKY KapOeHHeBble MOHBI 06-
pasyioTcs MpH IPOTOHUPOBAHHUM KapOGEeHOB:

@ @
:CH, + H — CH;,
KapbeH KapOeHHEeBBIA UOH

CH, + H®—> cH?. |
METaH VIOH MeTaHOHMS (MEeTOHMsI) — KapOOHUEBBIA HOH

Crnenyer I1o3TOMY pa3NnMyYaTh 5TH OBa THIA OPraHUYECKUX KaTHO-
HOB: KapOeHUEBble HOHBEI C TPEXKOOPAMHMPOBAHHBIM ATOMOM YIJie-
poia ¥ KapOOHHUEBBIE HOHBI C MATUKOOPIHHHUPOBAHHBIM YITIEPOIOM.

Cnenys obiueii TeHIeHIIMM, MBI GyleM Ha3blBaTh 062 THIA KATHO-
HOB KapOOKaTHOHAMH, CIELMaTBbHO OrOBApHMBAas CTEIEHb KOOPIUHA-
UMY aTOMA YIIepola 3THX yactull. OTIHYUTeIbHON 0c0O6eHHOCTBIO Kap-
GEHMEBbIX HOHOB SIRISETCS HAIMYHE TPEXKOOPIMHUPOBAHHOTO Sp°-TH6-
PHUIM30BAHHOIO aTOMa yrjiepoaa. B oTCYyTCTBHE MPOCTPaHCTBEHHBIX
3aTPYIHEHMI BCE TPM CBSI3H Sp’-THOPHMOM3OBAHHOTO aToOMa YIIepona
pacrnonararmTcss B OJHOM IUIOCKOCTHM, & ITOJOXHTEIBHBIH 3apsl co-
CpefoTOYeH Ha 2p-opOMTANIM aToMa yIiepona, IeplueHIUKYISIpHOH
3TOi rUIoCKOCTH. TaKOe CTpOEHHE XapaKTEPHO IUIS MPOCTEHINHNX aj-
KWIBHBIX KapOeHHEBBIX HOHOB.

9.7.2. CTABHJIbHOCTb KAPBOKATHOHOB
H EE KOJIMYECTBEHHASA OLIEHKA

9.7.2.a. KAPEOKATUOHBI B F'A30BOI1 ®A3E

O6pasoBaHue KapbOKAaTHOHOB B ra3oBoil ¢ase B pe3ynpTaTe HO-
uuszauuu RX Ha wonsr RY u X npencrasnser coboil sHgoTepMudec-
KU pouecc, KOTOPBIN XapaKTepU3yeTCsl O4YE€Hb BBICOKOM TIONOXH-
TeJbHOH aHTanbnueit. SHTtanbnus nonusauuu CH;Cl B rasosoit ¢ase
ompenessieTcs] U3 CIeAYIOLIEro TePMOAMHAMHYIECKOrO IMKJIA:

(1) CH;Cl——-CH; + CI*  AH = +84 xkai/Monb

(2) CH,———— CH, +% AH = +226 kxan/mon
(3) Cr+7% »Cl°® AH=-83 xxan/moms

CH,Cl ——CH? + C°  AH = +227 xxan/mons
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DHTaNbNUYA npolieccob cranuu (1) u craguu (3) npeacTaBasoT
coboit TabnnyHble 3HayeHust aHepruM cssizu C—Cl B CH;Cl u cpon-
CTBa K 3JIEKTPOHY aTOMa XJIopa. DHTANBNNSA TpeBpalleHUsi MEeTUJI-pa-
IUKajga B METWI-KAaTUOH B cTanuu (2) omnpepessieTcss Macc-CIEKTPO-
METPUYECKM KaK MOTEHLMA WOHM3AaUMH pagukajia R, TakuM xe
06pazoM MoryT 6bITh OIpeaesieHbl SHTATHIINY MOHU3ALMHU CAMBIX pa3-
HooOpa3sHbIx cyberparos RX B razopoit ¢aze. B 1aba. 9.11 npuseneHs!
IaHHbIe 110 MOHU3aUMU pasnMyHblXx RCl B razopoil dase.

Tabunuua 9.11
Duranenuy noanzauue RCl B razosoi dase

rcl— R® + ¢

Cy6crpar AH | xxan/mons CybGcrpar AH | xxan/Momb
CH,CI 27 CH, =CHCH,C 187
CH,CH,C1 191 C(H,CH,CI 180
CH,CH,CH,CI 187
CH,—CH—CH, 172 CH,Cl pre

Ci
(CH,,C-CI 157

1 olleHKH YCTOMYMBOCTY KapOOKATMOHOB Ha OCHOBE MOH-LIMK-
JIOTPOHHOTO pe30HaHca pa3paboTaH MeToll, NMO3BOMSIIOIUNA U3MEPUTH
sHepruo paspeia cesa3u C—Br B RBr ¢ obpasoBanuem uoHoB RY u
Br B razoBoif ¢aze ¢ BHICOKOU CTENEHBIO TOYHOCTH (+ 2 KKaj/MOJIb).
OTH JaHHble, NpUBEIEeHHBIe B Taba. 9.12, Takke MOIYT CAYXHTb Me-
pOH OTHOCHTENBbHONM YCTOMYMBOCTH KapOOKATUOHOB B ra3oBoi ¢aze.

Tadbnuua 9.12
DHeprEM reTepoNHTHYecKOH nrcconmanun RBr ma R* m Br™ B razosoii daze

®p O ®
KatnoHn D (R™Br-), KaTHoH D (R Bxe),
KKa/1/MoJb KKaJ1/MONb
cH® 218 (CH,,c® 149
CH,CHY 182 [HDe 161
® @
CH,CHCH, 163 CH,C =0 151

Eciu He y4UTBIBATH 5K30TEPMHUYECKUN MpOLIECC IIpeBpalleHUs

panukaia X° u3 RX B anuon X 1o peakuuu X° + € = X, To Temn-
Jota obpasoBaHus KapbokaTuoHa RY B pesysnbrare odHO3IEKTPOHHO-
ro oxuciieuusi RX— € —R* + X' MoxeT 6bITh paccyMTaHa U3 ypaB-
Henuss A=I(R") + D(RX), rne A — Temnora o6pazoBaHus Kapbo-
katuoHa R*; /(R") — moTeHUMan MOHM3ALMU paguKaia
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R'— & -R";

D (RX) — 2Heprus roMmonutudeckoit auccoumauuu RX Ha R* um X°.
Benuuuunl noteHinanoB noHusauuu /(R°) MOXHO omnpeneinTbh He-
[TOCPEACTBEHHO; 3HAad MOTeHUMasbl HOHU3aUMK pamukaitoB [ (R°) u
TenIoTy oOpa3oBaHusa pagukana R, MoOXHO paccuuTaTh TEIIOTY 00-
pasoBaHus KapGokaTioHoB R™. B Tabn. 9.13 npuBeJeHbI 3TH BEJIHYH-
HEBI ISl HEKOTOPHIX KapbOoKaTHOHOB.

Tabnanumua 9.13

Notenunans nogusanun J(R*) paxukanos R- (R-— € =R*) u TemoTn
0o6pa3oBaHus KapOOKaTHOHOB R®

R IR, | AHosp(R), R TR, | AHogpy(R),
KKa1/MO/Ib | KKaT/MOJb KKa&JI/MONb | KKan/Mosb
CH, 27 %2 | (CH),C 157 174
CH,CH, 192 21 | CH,=cCH 218 ~
CH,CH,CH, | 187 29 | CH,=CH—CH,| 188 26
(CH,),CH 173 192 | CH/CH, 179 215

B npyroM Metone kap60KaTHOHBI TeHEPHUPYIOT B PE3yNbTaTe MTPOTOHM-
POBAaHHUS ANKEHOB, HA OCHOBAaHMM 3TUX NAHHBIX MOXHO OIIPENEIUTH
CPOACTBO KapOOKATMOHOB K TMAPUIL-UOHY (Tabn. 9.14):

R* + H - RH + AH® xxan/mob,
rne AH® — cpoactso RY k runpun-uony H™.

Tabnuua 9.14
CpoacTeo KapGOKATHOHOB K TMAPHI~HOHY

R* ~AH’ | kxan/monb R* —AH, xxan/Momb
® @
CH{ 314 CH,=CH—CH—CH, 237
CH,CH,® 274 CH,=CH—C (CH,), 25
® ®
(CH,),CH 247 CH,CH=CH—CH—CH, 25
®
(CH,),C® 230 CH,=CH 287
@ ®
CGHS(CDHZ 233 C(H, 298
CgHCH 26 @ ® 3
CH,
®
C,H,C(CH,), 220 H> ® 200
@
CH, =CH—CH, 256
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W3 paHHBIX, IpenCcTaBleHHBIX B Tabn. 9.11—-9.14, cnenyer, 4to
OTHOCHUTENbHAsI CTAOUIBHOCTD IIPOCTHIX ATKUIBHBIX KApOOKaTUOHOB
YyMEHbIIAETCS B POy TPETUYHBIM > BTOPUYHBIA > MEPBUYHBIA >
> MeTu1. B 3TOM Xe psAlly yMeHbluaeTcsi cKopocTh Syl-peakuuy B
pacTBope. AJUIMJIBbHBIA U OCH3UIbHBIA KAaTUOHBI MO CTAGUIBHOCTH
B razoBoil ¢ase NpuMEpPHO COOTBETCTBYIOT BTOPUYHBIM M TPETUU-
HBIM aJKUJIbHBIM KAaTHUOHAM, TOrA4d KaK BHHHUABHBIA U (EeHUIb-
Hblif KaTMOHBI 10 cTabMJIBHOCTH HECKOJBKO BbILIE METHI-KATHO-
Ha. Cpeau CTpPYKTYPHOIONOOHBIX KapOOKaTHOHOB HMOHBI ¢ Gojee
BBICOKOH MOJSIpHO# Maccoil Gonee ctabunpHbl; HApHUMEp, Cpe-
Y TPETUYHBIX alKUI-KATUOHOB CTaOUIBHOCTh BO3PACTAET B pALY
mpem-C,Hy" < mpem-CsH,,* < mpem-C¢H,;", a cpenu nepsuu-
HBIX Kapb6oKaTHOHOB cTabuabHOcTh pacreT B panxy CH;CH,' <
< CH3CH2CH2+ < CH3CH2CH2CH2+ < CH,CH,CH,CH,-CH,".
Bonee BoicoKast cTaOMJIIBHOCTH GOJBIIIMX MOHOB B ra3oBoit ¢ase otT-
paxaeT UX CHOCOOHOCTh K AUCIEPCHH NMOJOXUTEIbHOro 3apsifa 1o
OospliEMYy YUCITY AaTOMOB.

9.7.2.6. KAPBOKATHOHBEI B PACTBOPAX

CrabmwibHOCTh KapOOKAaTUOHOB B PacTBOpE ropas3fio BhILUE, YEM B
rasoBoii ¢ase, NOCKOJIbKY BenTHYMHA AH ° HOHM3ALMHM PE3KO YMEHb-
1IaeTcs BCAENCTBUE CONbBATAUMHM KakK KapbokatuoHa R, tak u mpo-
THBOMOHA Z B NMOJSIPHOM cpene. B pacTBopax KapbOKaTHMOH MOXET
OBITh WJIM «CBOOOMHBIM», WX HAaXOIMUTLCS B BHUIE MOHHON mapsl, rie
OH CBSI3aH ¢ MOHOM Z . MoHHBIE NTaph! 00pa3yloTcsl B pacCTBOPHUTEIISIX
YMEPEHHOM MOJSIPHOCTH U MOHU3UpYIOLIEeH criocobHoCcTH. «Cobo-
Hblif» KapOOKaTUOH, 006pa3yIOILUIICS B CWIBHO UOHU3UPYIOUIEH cpene
C OYEHb BBICOKO! IU3NEKTPUYECKOH NMPOHULIAEMOCTBIO, HA CAMOM JeJie
He cBODOIEH, & COJIbBATUPOBAH MOJIEKYJIAMHM PacTBOPHUTEIIS.

IlpocTeiinine anKmI-KaTHOHBI OTHOCSATCS K YHCITYy KpailHe HecTa-
OMNBHBIX U PEAKIIMOHHOCIIOCOOHBIX YaCTHL, IO3TOMY IE€HEPUPOBA-~
HUE WX B pPACTBOPE BO3MOXHO TOJbKO B CYIMEPKHUCIBIX Cpeaax
(SO,CIF — SbFs; FSO;H — SbFs; FSOsH — SO, — SbFs), 1.€. B
pacTBopax, He cofepXallWX HMKaKHX [MOTeHLMATbHBIX HYKIeohHIoB
U OCHOBaHMH, CTOCOOHBIX B3aUMOJEHCTBOBATh ¢ KapboKaTuoHOM. Cy-
MEPKUCNOTHI yXX€ YINIOMUHAIHUCh paHee B miaBax 3 u 4. s camoit
cuIbHOU GpeHcTeqoBcKoi kucaoTel FSO,H 3HaveHune kuciaoTHoO
dyuxumnmn 'ammera H, cocrapiser —15, a g cmecu FSO;H u ca-
Moit cunbHo#t kuciaoTel JIptonca SbFs H,=—18. Haubonee nonxons-
MMM JJISI FeHepaluu KapOOKATUOHOB Pa3IMYHBIX KIACCOB OKA3aIKUCh
cucremsl SO,FCl — SbFs nnu FSO3H — SbFs — SO, (xuak.), nmo-
3BOJISIIOILME [eHEpUPOBATH KapOOKATHUOHBI B UHTEpBAJE TEMIIEpaTyp
ot 0 no —120°C.
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AJKH/IbHBIE KapOoKaTHOHH B cynepkucioi cucreme SO,FCl —
SbFs reHepupyOT U3 TKUIXJIOPUIOB U aTKWIGHTOPUIOB, @ MOHU3A-
UM ciupToB ocyuiecTBasietcss B cucreMe FSO;H — SbFy —
SO, (xunk.):

SbF
RCl —————» KSbELCL,
SO,FCl

FSO:H —SbFs o  H°
> ROH, — K+ Hy0".

ROH
SO, (xmaxk.)

Hekotopble ajikaHbl CIIOCOOHBI K HOHU3AIINK B CYTIEPKHCION cpejie
B pe3yNbTaTe OTLUETUIEHUs] TMIAPHI-MOHA ¢ 00pa3soBaHUEM TPETUYHO-
ro KapbOKaTHOHA, HalpUMep:

FSO;H — SbF;s ® e
(CH3)3CH > (CH3)3CSbF5FSO3 + Hz .

IleppuyHble, BTOPMYHBIE M TPETHYHBIE AJIKWIXIOPHUIBL, ATKHUIPTO-
PHIBI U CITUPTHI COBEPLUEHHO [TO-Pa3HOMY BEIYT cebs B CYNMEpPKHUCIO-
tax. IlepBuyHble ¥ BTOpHYHEIE cIUpTE nipd —110 °C B cucTeMax
FSO;H — SbF5 — SO,FCl wnu FSO;H — SbF; — SO, nporoHupy-
10TCSl ¢ 0OpPa30BaHMEM KATHOH2 AJIKOKCOHMUS:

® FSO3H - SbFS _ 8
SO,FCl; —110 °C

ROH + H

Karuonst CH;OH," u CH;CH,0OH," cTabuibHpl OpM HAarpeBaHUM
mo +50°C, oHM He OTUIEIUIAIOT Body c obpasoBanueM CH;" u
CH;CH,", xoTopble BooGlie He BO3HMKAIOT B CYNEPKHCIBIX CPeIaX.
o cux mop He ynanoch 3apHMKCHPOBATh B pacTBOPE HU OXHOTO MeEp-
BU4HOTo KaruoHa RCH,", KoTopblit MOXHO 6bUTO MAEHTUMDHLIKPO-
BaTh ¢ NoMollpo AMP npu HU3KMX TeMnepaTtypax. MeTHI-KaTHOH U
STWI-KAaTUOH He 00pa3yloTcss M NpPH B3aUMOIEHCTBUM COOTBETCTBEH-
Ho CH;3;F u CH;CH,F co SbFs B pactBope xunkoro SO,. I1pn HU3KHX
TeMITEpaTypax CH;F metunupyer no kuciopony okcux cepsl (IV),
Tora KaK 3THIGTOpHI 06pasyeT cMeCh OBYX TPETHYHBIX KATHOHOB —
mpem-0yTHI- U mpem-TeKCWIKATUOHOB:

@
CH,F + SbF; + SO,— CH;0—S=0 SbFg;

SbF
CH,CH,F ——» CH,=CH, + HSbF; ;
SO, (xuox.)
SbF -
CH,= CH, + CH,CH,F 5 > (CHy),C°SbFy .
SO, (xuax.)
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Mertan, 3TaH W nponaH B cynepkuciaoit cpene SbFs; — FSO;H
Takxe 00paszyioT mpem-OytunkatuoH. Jlaxe Boiciuve napauHBl U
MOJUATUIEH 0OpasyioT mpem-OyTHIKATHOH B cyrnepkuciaorax. Conp
(CH,);C®SbF4® crabunbna npu Temmneparypax Huxe —20 °C.

JanpHeine rpespalieHus] IPOTOHUPOBAHHOH (OPMBI IIEpBUY-
HbIX X BTOPHYHBIX CIIMPTOB, 32 UCKIIOYEHUEM METaHOJIA M 5TAHOJA,
3aBUCAT OT CTPYKTYPHBIX (PAaKTOPOB M TeMIiepaTypsl. IIpoToHMpoBaH-
Hasa ¢opma GyraHona-2 npu —60 °C npespaiaercs B mpem-6yTHIKE-
THOH B pe3yJibTaTe OTILEIUIEHUSI BOABI M IOCHENyIolledl OYeHb Obl-
CTPOM IeperpyniupoBKH BTOPUYHOIO B TPETHYHBIM KapOOKaTHOH.
[1poTOHMPOBaHHBIN TEPBUYHBIA M300YTUNOBBIA CIIUPT JaeT mpem-0y-
TUJIKATHOH NpH 6ojiee BbICOKOM TeMmmepatype —30°C, a GyraHon-1
npeBpauaetcss B mpem-6ytunkatuoH toabko npu 0 °C. Bo Bcex atux
cIyvasix obpasyeTcsi TepMOIMHAMUYECKH Oojiee CTaOWIbHBIN TpeTHY-
HBIA KapOOKATHUOH:

FSO,H — SbFs; (—60)—(—110°C)_ C @ @
» (CH,);C + H30 ;
SO, (xunk.) (CHys 3

CH3——(|ZH—CH2CH3 S oﬁiﬁi’);sfi & CH;—CH—CH,CH; —>
OH ® OH,

FSO;H — SbFs _

SO, (xuK.); —60°C

FSO;H — SbFs ®
» (CH,),CHCH,OH, —>
SO, (xuax.); —60°C (CHy), 2

(CH,);C—OH

(CHy),C®+ H;0%;

(CH;),CHCH,OH

FSO;H — SbF;s
SO, (xuak.); —30°

= (CH3):C®+ H;0%;

_ ®
FSO3H Sb FS . CH3CH2CH2CH20H2 -
SO, (xunk.); —60°C

CH,;CH,CH,CH,0H

FSO;H — SbF;
SO, (xunk.); 0°C

> (CH;);C®+ H;0°.

OHTANBIMS U30MEPU3ALIMKY BTOPUYHOIO KapOoKaTHOHA CH38HCH2CH3
B TPETUYHBIA (CH3)3C+—KaTHOH, COIIACHO OY€Hb TOYHBIM KAJIOpH-
METPUYECKUM U3MepeHUsIM B cyniepkuciaorax SO,FCl — SbFs, cocras-
jsieT —14,5 KKan/MoNb. AHAIOTUYHO M3 BCEX U30OMEPHEIX TTIEHTAHOJIOB B
CYIEPKUCIOTAX NOJYIAETCSl mpem-NeHTUWIKATHOH, 8 U3 reKCaHOJIOB —
mpem-reKCUNKaTuOH. TpeTUYHBIH |-MEeTUILUKIONEHTHIKATUOH
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TMOJIY4ae€TCqd B PE3YJIbTATEC MOHHU3ALMH BCCX H3OMEPHBIX CIIUPDTOB U

raJOreHNI0B:
e
CH, CH
2 SoFs "5, —60C
SO, —60°C
X ® ‘%
SO,, —60°C X—CH,~<

AHAJIOTHYHO TpeTHUYHBbIA OULMKIIo[3, 3, 0]OKTUI-KAaTUOH IOTy4YaeTcs
U3 BCEX CBOMX OMUMKIMYECKMX ITPeIILIECTBEHHUKOB:

X = Cl; OH

c

(I
<%/
Ype3sblyaitHO HM3Kasl HYKICOPUILHOCTL aHUOHOB SbFée; SbFSX@
CITOCOGCTBYET MEpPErpyHITHPOBKaM MeHee cTabWIbHBIX KapOOKaTHOHOB
B U30MEPHbBIE UM Dojice CTAOWIbHBIE UOHEL.
[Ipyu MoHH3aLMK BTOPUYHBLIX ankuidropunos rpu —110 °C ¢ no-
Moupio IMP ynanock 3adpuxkcupoBath 00pa3oBaHHUE BTOPUYHBIX &JI-

KUA-KaTHOHOB, KoTopble npu —40 °C Haueno Mu30MepHu3yloTcsl B Tpe-
TUYHBIE AJTKHJI-KATUOHBI:

@
SbF;
SO,FCL; ~78°C

SbFy . ®
CHg(lIHCHQCH3 SoFC, > CH;CHCH,CH; —*

—110°C
SHES

SbFs o ] @
SO,FCl; —40°C (CH;);C~ SoFg
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C nomoupio auHaMuyeckod AMP-crniekxTpockonuy yaanoch ole-
HMATb pasfvuue B IHEPTMM MEXIY Pa3TMYHBIMU BTOPWYHBIMHM U Tpe-
TUYHBIMH JIKMJIBHBIMU KapbOKaTMOHAMH, KOTOPOE COCTaBJsIET B Cy-
nepkucaorax 10—15 kkajn/Monb. DTU HaHHBIE OJU3KHA K Pa3HOCTH 3H-~
TajnbNuil 0Opa3oBaHUS BTOPHUYHEBEIX M TPETHYHBIX KapOOKaTMOHOB B
razoBoit daze (tabn. 9.10—9.12). PazyMHO mpeanosioXuTb, YTO pa3-
HOCTb 3HTANBIIUK OOpa3oBaHUs IEPBHYHBIX M BTOPUYHBIX Kapboka-
TUOHOB B CYIIEPKUCIOTAX TaKXKE COOTBETCTBYET PAa3HOCTH 3HTAIBIIHMHA
00pa3oBaHUsA 3TMX HOHOB B ra3oBoil ¢ase, T.e. COCTABJIAET IPUMEPHO
20 kkan/mMonb. TakuMm 00pa3oM, ¥ B pacTBOpax COXPAHSAETCS Ta Xe
MOC/IeIOBATELHOCTh B CTAOMIBHOCTH &JIKUJIBHBIX KATHUOHOB, YTO U B
ra3oBoii ¢ase: TpeTUYHBIE > BTOPUYHBIE > TIEPBUYHEIE.

AMP-cnexTpocKonus B CYIEPKHCHIBIX cperax IMO3BOJMIA HIEH-
THUGUIIMPOBATh U YCTAHOBUTH CTPOECHHE CaMBIX pa3MYHBbIX Kapboka-
TUOHOB: AJIKUIBHBIX, HUKIOAIKHIBHBIX, O~ ¥ TPHUIUKIO2JKUNIbHBIX,
OCH3WIbHBIX, LMKIONPONUIMETHIBHBIX ¥ MHOTHX ApPYrux Kapboka-
THUOHOB, HAIPUMED:

SbF. — FSO-.H ®
CH H: :}—CH OH 5 Mo cn O@CH
3 2 SO,FCl; —78°C 3 2

i_ FSO3H; SbFs _ l
[> ¢~OH =505, —60C SH

H
SbF;
CH3(F©CH2CH2C1 soFa ™ CHIO {

_ SbFs
Br SO, —60°C

1-6pomanamaHTaH 1-agamMaHTUIBHBIA KaTHOH

SbFs
Cl SO,FCL; —150°C

H 2-HOpOOPHWIKATHOH
(cMm. 9.7.4)

OnHako M B CYMEPKUCIION cpefie HE yHanoch 3aq)m<cnposarb obpaso-
BaHME HesaMelleHHoro 6eHawibHoro karuona CcHCH," u nepsuy-
Horo amtuabHoro katmoHa CH,=CH—CH,*. CornacHo pacyeTHbIM
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Taonuua 9.15

3uavenne pKg+ 1N HEKOTOPHIX KAPGOKATHOHOB
B BOAHBIX pacTBopax Kucaor mpH 25°C

Karuon pKg+ Karuon L pKg+
(n-Me/ZNCSH4)3c+ 9,36 (e,
O O —0,84
(n-HOC¢H,),C* 1,97 0
(xatnoH xcamwmx)
(n-MeOC4H,),C* 0,82 CH,
(n-MeOC4H,),C*"C,H —1,24 C(CH3)2 -124
6-14/2 6+'5
(n-MeCgH,);C* -3,56 CH{ CH,
(CHy);C* 6,63 O@O 166
(n-FC4H,);C* —6,05 CH3
6724/3
®
(n-CIC;H,);C” ~7,74 (l >)'C -23
3
(n-NO,C4¢H,),C* -16,27 CeHs CeHs 31
|
(n-MeOCH,),CH* -5,71
671472 C6H5
(n-MeC.H,),CH"* —104 us0-C3H, C;H;-us0 72
6114)2 ,
+ —
{CsHs),CH 13,3 C,Hy-u30
(n-CIC4H,),CH* ~1396
+4,7
(n-BrCzH,),CH" ~14,16
(XaTHOH TPOIWIHS)

JaHHBIM, n-METOKCHOEH3UIKATHOH Ha 14 KKain/MoJb cTabuIbHEe ca-
Moro GE€H3WJI-KaTHOHA, TOTHAa KaK napa-HUTPOOEH3UIKATHOH Ha
20 kkan/monp MeHee crabusieH, yeM OGeH3HWI-KaTHOH. TpHapHiIMe-
TUAKaTUOHB! Ar;C” U muapuiMeTakaTHoHsl Ar,C'H 3Ha4uTeNbHO
Oonee cTaGUJIbLHBI IO CPABHEHHIO C 3aMEUIEHHBIMM OEH3WJIBbHBIMH
KaTHOHAMH M TeM 6oJiee ¢ aJIKMJI-KaTUOHaMHU. TpUapUIMEeTHUIKATH -
OHBI U NUAPHIMETUIKATUOHBI MOTYT OBITh F'€HEpUPOBAHBL U3 CIIUP-
TOB yXe€& B CEpHON KHCIOTE M B BOIHONH CepHONl KHCIOTE. BTO OT-
KpbIBAET BO3MOXHOCTb CTPOTOM KOJUYECTBEHHOMN OLIEHKH OTHOCH-
TEAbHON YCTOMYMBOCTH 3TOro THUMa KapbokatuoHoB. Haubosee
paclpOCTPaHEHHBIH METOJ KOJIMYEeCTBEHHOM OLEHKM cTabMUbHOC-
TH KapOOKATUOHOB COCTOUT B M3YYEHUU MOHU3ALMY JIUAPWI-, TPH-
apuiIKapOHHOIOB ¥ HEKOTODPBIX IPYTMX CIIMPTOB B KUCHOM cpene (I
100%-it H,S0, Hy=—11,9):
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o HSO, o
ROH + 2H  =——— R®+ H;0°

CrabuiabHOCTh KapGokartioHa R MoxeT GBITh KOJTUYECTBEHHO OXa-
pakTepU30BaHa C MOMOLUBIO MapameTpa pKr+, ONPEAEISIEMOTO U3
YpaBHEHHUS

R
pK =Hp +1g——= [ROH]’

rae pKr+ — OTpULATE/NbHAs BEJWYUHA Jorapudma KOHCTAHTBl PaB-
HOBecHs IS npeBpaleHus cnupra ROH B kapGokaruon RY; Hy —
dbyHKIUs KUCTOTHOCTH pacTBopures (obsraHo emecu H,SO, u H,0;
cM. ra1. 3). 151 Toro yToOBl ONpPEAEIUTh BeIUYMHY pKi+ U1 KATHOHA
R*, ciupt ROH moMmewniaiotT B pacTBOp CEPHOM KMCJIOTHI C M3BECT-
HbiM 3HaYeHueM Hp. KoHueHTpanuio katTuoHa R 1 HEHOHU3UPOBaH-
Horo cnupra ROH onpenensior, Kax NpaBUNIo, U3 CIEKTPATbHBIX
JAHHBIX, M Jajee BBUUCILIIOT BeIUYMHY pKr+. TakuM MeronoM Obuti
onpeneseHb! 3HAaYeHUsT pKp+ UL MHOTUX TpUApWI-, OJUAPUJI-, TPH-
MKJTOTIPOITIIIMETIWIBHBIX M psilla IPYTUX KapOOKATHUOHOB, Pe3yiabTa-
ThI IIpUBeIeHb! B Tabn. 9.15.

9.7.3. CTPYKTYPHBIE ®AKTOPHI, OTIPEAENAIOHNIUE
CTABUJIBHOCTDh KAPBOKATHOHOB

JanHble, npuBeleHHbIe B Taba. 9.11 — 9.15, MO3BONSIOT BbIsIC-
HUTb, KaKUE CTPYKTYPHBbIE OCODEHHOCTHU CIIOCOOCTBYIOT CTaOMIU3a-
UMM WM JecTabunu3auuu KapbokaTMoHOB. B JaHHOM paszmene Mbl
paccMOTPUM CTPYKTYpHbIE (DakTOpBI, BIHUSAIOUIHE HA YCTOMYHUBOCTH
KapOOKaTUOHOB, He Kacasichb BIUSIHUSI COJIbBAaTallMM, Koropas, Oes-
YCJIOBHO, SIBJSIETCSL HE MEHEe BaXHbIM (DaKTOpPOM, YEM CTPYKTYpPHBIE
OCOBGEHHOCTH.

9.7.3.a. AJIKUJIbHBIE U HUKITOATKHWJIBHBIE KATUOHEI

Kaxk yXe HeoZHOKpPAaTHO OTMEYaJoCh B MPEIBbUIYLUMX pa3iaeiax,
K3 IIPOCTEHIINX ANKUIbHBIX KaATUOHOB HauMecHee cTabuwieH KaTUOH
CH;", a naubosiee cTabUIbHBI TPETHUHBIE KaTHOHb! R3;C*. Habo-
JaeMblil psii NepBUYHBIA < BTOPUYHBIA < TPETUYHBIH OOBACHAETCSH
TUNEPKOHDBIOTALIME! U UHOYKTUBHBIM 3G ¢dEKTOM aJIKUIBHEIX TPYII.
I'inepkoHbIOranus MeTHJIBHOM rpyrnbl (M. Il 2) obycjioBaeHa B3a-
UMOAEHCTBUEM METUJIBHOHN IPYNNbl ¢ BAKAHTHOWU p-OpOUTANBIO Kap-
6okatuoHHoro ueHtpa. Hanpumep, Ui 3THJIBHOTO KaTHOHA BO3MOX-
HBl CJEAYIOUIME aNbTEPHATHUBHBIE CXEMbI, OMUCHIBAIOILLUHE THIIEP-
KOHBIOTALUIO;
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H H

® .-
,C———C\ (Me30MepHOE CMELLIEHHE IIEKTPOHOB
HY H csizeit C—H)
H
H ® H
e %H Hc <
ST D e P
H H

{B3aMMONEHCTBYE KAHOHUYECKOH (B3auMoneiicTBue rHOpUIHBIX
opoutamn CH;-rpymmbt opburaneit CH-cpazeit
C BaKaHTHOU p-opOUTAIIBIO) C BaKaHTHO# p-opOUTaIBIO)

YBenuyeHue YKciIa METWILHBIX TPYII, CBSA3aHHBIX ¢ KapOOKaTHOH-
HbIM LIEHTPOM, NPHUBOAUT K YBEJIMYEHHIO CTAOMJIBHOCTU YaACTHUIIBI
BCAEeACTBUE OOJBbLICH AETOKAIM3ALUU MOJOXUTEIBHOTO 3apsiaa.

1 TaKoro B3auMOJEHCTBUS HEOOXOIMMO, YTOOB! BaKAHTHAS Op-
OuTaIb KaTHoHA Oblia p-opburtaiblo. OTCIOHA CledyeT, 4TO AJIKMIb-
HblE KaTWUOHB! JOJXHBI MMEThb IUIOCKYIO TPUIOHAIBHYIO CTPYKTYDY.
Ksanropo-xumuueckue pacuersl, a Takke MK- u IMP-cnexrpst no-
Ka3bIBaIOT, YTO IUTOCKAsS KOHOHUIYpaUUs AJKWIbHBIX KATHOHOB HEii-
CTBUTEJIbHO caMasl BeiroaHas. ComracHo pacyeTaM, IUIOcKass KOHMU-
rypauus MpearioYTUTe/bHA faxe [UIST METUIBHOTO KaTHUOHA, B KOTO-
POM THUIEPKOHBIOralMsl HeBo3MOXHA. OOGBICHEHUE COCTOMT B TOM,
YTO MIECTb BAJEHTHBIX 3JEKTPOHOB IUlockoro kaTwona CH;* pacro-
JIOXeHBbI Ha TpeX sp’-TUOPHIHBIX OPOUTANSIX aTOMA YIJIepona, H Io-
3TOMY OnuXe K SIpy, YeM B [TMPAMHIIBHOM KAaTHOHE CH3+, roe
OHH DACIIONIOKEHBI HA [IPUGTH3UTENBHO Sp°-THOPUIHBIX OPOUTANIAX,
ITOCKOJIBKY S-XaPaKTep Y sp°-opOUTaiy GOJIbLe, YeM V sp-.

[Topsinok YCTOMYMBOCTH TPOCTHIX AJTKMILHBIX KAaTHOHOB MOXHO
TaKxke oOBSICHUTH (+[)-3ddeKToM aiKWIBHBIX TPYIII, KOTOPBIK ITO-
HUXaeT KOHLEHTpAaUMIo 3apsiia Ha KapOOKATHOHHOM UeHTpe (Kak
MpPaBHUIIO, 3apsSKEHHAs YacTHLA TeM YCTOMYHBEe, UCM MEHbLIE KOH-
LICHTpALUs 3apsiaa).
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LIMKNOanKUILHBIE KATUOHBI, colepXatuue 5-, 7- uiau 8-wieHHble
LMKJIbI, cTaOMIIbHEE COOTBETCTBYIOLUMX ALUKIMYECKHUX aHAJIOTOB. DTHUM,
B YaCTHOCTH, OOBSICHSIETCS TOT (PAaKT , YTO paBHOBECHUE

H H
2 CH,CH,CHz~C~CH; === .
CH; CH,CH,CH,~C~CH;

CHj

B CyHEpKHCIOTaxX CABUHYTO Biepo. OOpa3oBaHMe KApOOKaTHUOHHOTO
LIEHTpa B FOJIOBE MOCT2 MOCTUKOBBIX CUCTEM MPOUCXOIUT C DONBIIUM
TPYIOOM, TaK KaK B 3TOM CJIy4ae TPH CBS3H YIjlepoda HE MOIYT Jie-
XaTh B ONHOM rutockocTH. TeM He MeHee 1-amaMaHTHII-KATUOH JIETKO
obpa3yeTcss B CYIEpKUCION cpene (cM.Ipeablayinuil pasnen). Cyura-
ercsl, YTO B 1-aJaMaHTUJIbHOM MOCTHKOBOM KAaTHOHE KAaTUOHHBIH
LICHTP MOXET OBITh IIOYTH IUIOCKMM, HECMOTpPSI Ha TO YTO ITOJIOXH-
TeJIbHBIN 3apsd JIOKAIU30BaH B rojIoBe MocTa. JpyruM IpUMeEpOM sIB-
naercs 1-mpuc-romobappeaIbHBIH KaTHOH, MoJydeHHbIH npu —78 °C
B CYIepKHCIOH cpene. B JaHHOM citygae HeyCTORYUBOCTE IOJOXEHUS
KapOOKaTHOHHOIO LIEHTPA B rOJIOBE MOCTa KOMIIEHCUDYETCSI YBEIU-
4eHUEM YCTOHYHMBOCTH 3a CYET COMPSIKEHHUS C TpEMST LMKIIOMPOITIb-
HBIMH rpymnmnamMu (cM. 9.7.4.B):

1
®
1-mpuc-roMobappeMIbHBIA KaTHOH

BaxHbiM GaKTOpoOM, CTAOUNM3UPYIOIIUM ANKWIBHBIA KapOoka-
TMOH, SIBJISIETCS HAJIMYHME B IIOJIOXEHUM, COCEIHEM C KapOOKaTUOH-
HBIM LIEHTPOM, TreTepoaTroMa C HEMOAENCHHOW 3JEKTPOHHOH mapoit
KMCIOpOoAa, a3oTa WJIM rajoreHa. Hampumep, MeTOKCHMETHIIBHBINA
KaTUOH MOXHO IIOJyYUTb B BHIE YCTOMYMBOIO TBEPAOIO BELIECTBA
CH,0CH,"SbF,~. CrabuibHOCTh MOTOGHBIX HOHOB OBYCIIOBIEHA Me-
PEKPBIBAHUEM BAKAHTHOM p-opbutaiu ¢ opOHUTANbIO HEHOLEeJIEHHOM!

Taphbi:
@l (1K I@

~C—X (X=O0R, NR,, Hal u T.n.) .

Gl
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[To Toit Xe MpUYUHE OTHOCUTEILHO CTAOMJIBLHBI U ALIMJIbHBIE Ka-
toHs! RCO. AutetuibHbiil kKatol CH;CO* ycToMYMB [MOYTH TaK Xe,
KaK mpem-OyTHJIbHBIA (Tabn. 9.12):

« OO
=i

9.7.3.6. AJUTUJILHBIA, BEH3UWJIbHBIY U TONTMAPUIMETHUIIBHBIE
KATHOHDB!

, T.e. ( R——gé\ﬁ ).

Ecii mOIOXUTENbHO 3apsDKeHHBIH aTOM YIrIepoJa HaXOOUTCS B
conpspkeHHH ¢ aBoitHo# C=C-cBS3bI0, YCTOMYMBOCTh KATHMOHA IIO-
BBILIAETCS BCJIENCTBHUE YBEIMYCHMS ACTOKAIU3AUMKU ITOJOXUTEIbHO-
ro 3apsina. B aumiibHOM KaTHOHE 3apsii NPUHAIEXUT ABYM KpaiHUM
aToMaM, IIO3TOMY aTaka HyKJIeodHsa paBHOBEPOATHA IO O6OUM
KpaifHUM ITOJIOXKCHHAM:

Nu: /'\‘ H :Nu

MonekynsapHo-opbUTaibHOE ONKHCAHHE AJUIWIBHOIO KaTHOHA, JaHHOE
B IJI. 2, noKa3bIBaeT, 4to rwuiotTHocts HCMO Ha IeHTpajJbHOM aroMe
yIiepona paBHa HYJIO, BCISACTBUE Yero Hykjieodun HUKOTAA He aTa-
KyeT LEHTPalbHbI aTOM AJUIMJIBHOIO KaTHOHA.

YcroluuBble ATUIbHBIE KATUOHBI ITOJYYaiOT B KOHUEHTPUPOBaH -
HOM cepHOW KHCIIOTE MpH PACTBOPEHUM B Hel 1,3-IMeHOB; HAMpH-
mep, 1,3-numeTni-1,3-uHKIIONEeHTa e B 3TUX YCIOBUSX obpasyer
KaTUOH, TOJHOCTHIO CUMMETPUYHASL CTPYKTYpa KOTOpPOro JOKa3aHa
criektpamu SIMP:

—_—
CH CH; CH CH;

H H

JA¥BUHAIMETUIBHBIA KaTHOH 6oJiee YCTOWYMB, YeM aIMJIBHBIE.
BaxHbpIM MPUMEPOM TaKUX KATHUOHOB SIBISIIOTCS apCHOHUEBLIE WOHEI,
WTpAIoIIME POJb KIIOYEBLIX MHTEPMEEUATOB B MeKTPodhUIBHOM apo-
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MaTH4eCKOM 3aMelleHUH (cM. 1. 13). TpUBUHUIMETHIBHBIE KaTHOHBI
YCTOMYUBBI UL MpHM HU3KHMX TeMIlepaTypax Bo (hTopcyibQoHOBOM
KUCJIOTE:!

(CH,= CH),CH* (CH,= CH),C*

BeH3nIbHbIE KaTHOHB! aHAJOTHYHO AJJIUJILHBIM CTaGI/IJII/IBI/IpOBa-
HBbI 32 CUCT OCAOKATHA3IUMIINHT 3apsiia IO UEIMH COIIPSIKCHUSA!

®
@
s ool
X X X
®
Do = L4
X © X3

Taxue KaTMOHBI OTHOCUTEIBHO YCTOMUMBLI B BUE coleii ¢ SbF~
B cynepkuciaorax. Euie 6osee ycToiRuuBbBI AMApUI- U TPUAPWIMETIb-
Hble KaTHOHEI. [IaBHO M3BECTHO, 4TO TPUDEHWIXJIODMETAH HOHU3HU-
pYeTcsi 1O MOHHBIX Map U YaCTMYHO 1O CBOOOIHBIX MOHOB BO MHOTHX
pacTBOpUTENISIX, He 00analonyX HykI1eoGWIbHbBIMU CBOMCTBAMM, Ha-
npuMep B xupxoMm SO, 6e3 gobapneHus SbFs uiu FSO;H:

Phy,CCl === Ph,C®+ C°.

Jns TpuapmwimeTmakatuoHos Ar;C' Tpu CBS3M LEHTPATHPHOIO aToMa
yrjIepona JieXaT B OQHOM IUTOCKOCTH, a TpH OEH30JbHBIX KOMbllA pac-
MTOJIOXEHR! MO yrjioM 54 ° Ipyr K Opyry, 4To IPUIAeT KaTUOHY dop-
My nponenepa. [ToBopoT apoMaTH4ECKHX KOJMEH OTHOCHUTEILHO IPYT
Ipyra BO3HMKAET M3-3a OTTAIKMBAHUS MEXIy aTOMaMH BOAOpPOHA B
0pmo-TIONOXEHUU. TpUaAPUIMETIUIBHBIE KApOOKATUOHBI 0BJIafatoT OT-
HOCHMTEJbHO BBICOKOH CTAaOUIBHOCTBIO BCACACTBUE NEIOKATU3ALWH
MOJIOXUTEJBHOIO 3aps/ia O TpeM OeH30JbHBIM KOJIbLAM 33 cyeT a¢-
¢ekTa p-m-ConpsLKeHUs.
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B 1abn. 9.15 npuseneHs! 3Ha4eHUst pKy+ 114 psila OTHOCUTENBHO
YCTOMYMBLIX KAPOOKATHOHOR JU- U TpUAPHIMETWIBHOTO psiga. Jlerko
3aMETUThb, 4TO 3eKTpoHonoHopHbele 3amecTuTenn (OR; OH; NR,),
obnanawomue +M-3¢pdekToM, YBEIMUHBAIOT CTaDMIBHOCTb Kapboka-
THOHOB. C IPYroi CTOPOHBI, 3JMEKTPOHOAKIIeNTOPHEIE 3aMecTHTen CN;
NO; un apyrue, obnanawowuve -M- u -I-3bdexrtoM, MoHUXKAIOT yc-
TOMYUBOCTh KapOOKATUOHOB, YTO OTPAXAeTCs B OCOOEHHO HH3KHX
3KCIEPHUMEHTaNbHBIX 3HaYeHUsX pKy+. TpudeHUIMETUIBHBIN KaTH-
OH U TpUGDEHUIKAPOUHO HAXOAITCA B pAaBHOBECUM B PaBHOM KOH-
uentpauuu B 50%-i1 BomHoi cepHoi kucaore. s 4,4',4”-tpuMe-
TOKCUTPU(pEHUNIMETUNIbHOIO KaTtuoHa U 4,4’,4”-TpUHUTPOTPHU-
deHIWIMETHIIBHOIO KaTuoHa paBeHcTBo KoHueHTpaumit R® u ROH
JIOCTUTAETCsl COOTBETCTBEHHO B 2%-ii u 88%-it BogHOMN cepHOH Kuc-
Jote. JuapunMeTuibHble KaTUOHBI Ha 6—7 enuHul pKr+ MeHee yc-
TOHYUBLI, YEM TPUAPUIMETUNIBHEIE, YTO OTPAXAET KYMYASTHUBHBIH
addexT apuwiIbHBIX TPYII Ha CTaOMILHOCTb KapbokaTHoHoB. K coxa-
JEHMIO, OEH3WIBHBIC KaTHOHBI HE HACTONLKO YCTOHYMBEI B PaBHOBE-
CUM C HCXONHBEIMH OEH3WJIOBBIMM CIIMpPTAMU, YTOOBI MOXHO OBUIO
TOYHO M HAAEXHO ONpPEIETUTh Wi HUX 3HadeHHs pKy+. [Tomumo Tpu-
APUIMETWIBHBIX Y OUAPWJIMETHIBHBIX KAaTHOHOB C IIOMOILBIO BEIU-
yyH pKg+ MOXeT OBITh OLEHEHA YCTOMYHUBOCTH TPULIUKIONPOIIIME-
THJBHBIX, TPUAPWI- M TPHANKWILUKIONPOIICHUABHBIX KapOOKaTHO-
HOB. B Tabn. 9.14 BKIIOYEHB! TaKXKe BEJWYMHBI PKp+ HJSI KATUOHOB
TPOIIWINSA M UHKIONPONEHWINS, 00JIafalolMX CBOMCTBAMM THIIUY-
HBIX apoMaTHYeCKUX cucteM (ri. 12).

9.7.3.8. UMKJIOITPOMMMIMETHIIBHBIE KATHOHBI

uxronponyuIMeTHIBHbIA KATUOH yCTOUYMBee DEH3UIBHOrO, OUC-
(LHKTOTIPOITMI ) METH/IBHBIN KATHOH ycToluuBee AUGeHUIMETUIBHO-
ro, a mpuc-MKJIONPONHIMETH/IBHBIA KATUOH YCToHYUBee TpUDEHUII-
MeTusbHOTO (cM. TabGi. 9.14). Takum o6pa3zoM, LUKIONPOIHIBHAS
rpyia cuiibHee cTabWIM3UpyeT KapboKaTHOH, YeM (eHUIbHA.

Ocobas ycTOMYUBOCTD LIUKIIONPOTHIMETHIBHEIX KATHOHOB MOXET
ObITh OOBACHEHA B paMKax TEOPHH MOJEKYISIPHBIX opbutanei
cnenyiolyMM obpaszoM. PaccMoTpuM LHUKIOIPOMUIIUMETHIMETHIBHBIN
KATHOH, KOTOPBIA JIEMKO ITOIy4aeTcsi IIPU PacTBOpEeHUM B 96%-it
H,50, ¥ no3TOMY AETATBHO UCCIELOBAH:

CH;
| __HS0,

‘ >—C—OH { >—c ® + H,0™
CH;

H;
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Cnextpnl IMP u mpyrue ganHble MOKa3bIBAIOT, YTO 3TOT KATHOH
6onee crabuneH B koHpopManuu A, yeM B KoHdopMauuu b, T.e. Ba-
KaHTHast p-opOUTaNb PACIOJIAraeTcsl MapajulelbHO [IOCKOCTH Tpex-
WIEHHOTO LUKJIA:

Me I\?Ie Me
I
Me @
H H
A )

Baprep BpaineHuss Mexny KoHdopMauusaMu A ¥ 5 oYeHb BEIUK U
cocrapiisgeT 14 kKajn/Monb. D1o oOBSICHAETCS TeM, YTO B KOoHopMa-
uuu A BaKkaHTHas OpOUTaIb OYEHDb CUIILHO B3aHMMOAEHCTBYET C OQHOM
13 NBYX BBIpoXAEeHHBIX B3MO HUKIONIPOIIaHOBOrO KOMbLA, 3 UMEHHO
¢ To# opbutaneio B3MO (1), koTopast He UMeeT HYJIEBOro BKJIaxa OT
OHOIO U3 aTOMOB yTJiepona (MOJIEKYISpHbIE OPOUTAIM LHKIONPOIIaHa
pacCMaTpUBAJIUCH B I1. 2):

B3MO (1)
BaKAHTHAsI
p-opburtans
KapOOKATHOH-
— HOTO LIEHTpa
B3MO (2) 2 M

B pesynpTaTe NpOMCXOIUT 3HAYUTENBHBIN ITEPEeHOC 3apsiid OT LHHUKJIIO-
NPONAHOBOI IPYIIbI K KApOOKATHOHHOMY LIEHTPY, YTO MOXHO I0sIC-
HUTb clenyionei dpopmymoii:

®)

B3MO (1)

Takoit addexr, BO-NEPBLIX, CTAOUIUIUPYET KOHGPOPMALIUIO A U, BO-
BTODBIX, JETAeT UHAKIONPOITMIMETIWIBHBIN KATHOH IOCTATOYHO CTa-
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6unbHbIM. OH XapaKTepeH TOJbKO IS LMKIOIPOIWIBHEIX TPYIIT H
HCYE3a€eT YKe MpH Mepexole K HHKIOOYTHIMETWIBHBIM TPOU3BOIHBIM.
Bcrenctere B3aMMoOOeHCTBUS ¢ BAKAHTHOM p-OpOUTAIBIO LUKIIO-
MpONKJAbHAS PYNIA aHAJIOIMYHO (GEeHUIBHONR M BUHUIBHOH MOXET
nposABAATh 3(deKT yyacTusi COCeHEH IPYIIIL B Sy-peaKIIUsIX.

9.7.3.r. BAHWJIbHBINA U ®EHUIBHBINU KATHOHEI

BOTH KaTHOHBI MANOCTabOMIIbHBI, IOCKOJBKY OpOUTab, Hecyllas
MTOJIOXMTENbHBIN 3apsii, OPTOTOHAIBHA 7-CUCTEMaM H HEe MOXET ¢
HUMM B3aumogneicteosath (1. 6). I1o3ToMy HEYIMBHUTEILHO, YTO HU
BUHUWIBHBIA, HU (GEeHWIBHBIM KaTUOHBI O HACTOSIIETO BPEMEHHU B
pacTBOpax CYNEPKHCIOT B BHIAE YCTOWYMBBIX YACTHI[ HE HMACHTHUDM-
LIUPOBAHBI.

CuuTaercss, YTO BUHUJIbHbIE KATHOHBI UMEIOT JIMHEMHYIO CTPYK-
TYPY, & HE TPUIOHATBHYIO:

®

1 1 R®
R Rz/ CD@

DTHM, B YaCTHOCTH, OOBSICHAETCS 5oJiee BHICOKAs CTaGWILHOCTD apit-
BHHUJIbHBIX KATHOHOB, BBIPAXAIOUIASICS B TOM, YTO COEJUHEHUS THIIA
R,C=C(Z)Ar Moryt pearupoBaTh I10 MeXaHU3MY Syl.

9.7.4. HEKJIACCHYECKHE KAPBEOKATHOHBI

Hexnaaccuueckum kapboxamuorom Ha3bIBAETCS IIOJIOXUTEIBLHO 3a-
pSDKEHHas 4acTHIa, B KOTOPOif AEJIOKATU3aLMs TOJOXHUTEIbHOIO 3a-
PANA OCYUIECTBJISIETCS C NIOMOIUBI0 MHOTOLEHTPOBBIX MOJEKY/ISIPHEIX
opbuTaneit, 06pa3oBaHHBIX IMEPEeKPHIBAaHMEM aTOMHBIX OpOHTANEH 110
o-tuny. Hanpumep, aJUTHJIbHBIN KaTHOH CH2=CHCH2+ SIBJISIETCS KJIac-
CHYECKHMM, TOTHA KaK FoMOAUTWIbHHI Katvon CH,=CH—CH,CH,"
B KOHGOPMAIIMH, B KOTOPO#l BaKaHTHas p-OpOHUTaNnb MOXET IepeKpbl-
BaThCs C M-OpPOUTANBIO, PACCMAaTPUBAETCA KaK HEKJIACCUYECKUIA:

Ti-IeJIOK T3 a1 ) (o-menoKaM3aliusg)
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B amnmunpHoM kartuoHe TpM B3aumomeictByromue p-AO repe-
KpbIBAIOTCS 1O T-TUITY, 00pa3ys AeJIOKAIU30BAHHBIE T-CUCTEMBI, TOT-
Ja KaK B TOMOAJIMJIbHOM KATHOHE OCYLIECTBISIETCS IePEKpPhbIBAHUE
O-THUITA, ITOCKOAbKY BaKaHTHag p-opbutans Ha C(4) B3auMomencT-
ByeT ¢ p-opburtansimu Ha C(1) u C(2) nuwb OZHOM CBOEH LOJIEH.
Hanmuuue n-cBsazu Mmexnoy C(1) u C(2) nmpuHUMITHATIBHO HEBAXHO,
TaK KaK BaKaHTHas opOUTaIb JIOKAJTM30BaHa JIMIIL C OJHOH CTOPOHBI
TJIOCKOCTH ABOMHOM CBSI3U, YTO OOYCITOBIMBAET Pa3IUIHE B CUMMET-
PHM MEXIY &JUTUIbHBIM M TOMOULTUIBHBIM MOHAMHU. AJUTWILHBINA Ka-
TUOH UMEET T-CUMMETPHUIO, TOTJa KaK IOMO@LIMABHBIA — G-CUM-
MeTpuio. Ha cxeme 9.5 npuBeneHbl NpuMephl KIACCUYECKUX M HEKIac-
CUYECKHUX CTPYKTVP KapOOKATUOHOB.

CxemMma 9.5

Knaccuweckue cmpyxmypoi

0 H H
H ° 1 °07 p
_,\C—Q;H \c——g\.é F; H

w4 Ol O

H

STWI-KaTHOH 1-dTopaTiwi-KaTHOH HOH HOH
OGeHzomoHMsT  ATUIEHGDEHOHHS

Hexnaccuueckue CMpPYKmypbl

H
H
UUKIIOJeWI-KATUOH 2-HOpPOOPHWI-KATUOH
/R
H,C------- CH
RO
H
7-HopbopHeHW1-  OMLMKIO[3.1.0]rekcii-  HMOH LIMKIOIIPONAHOHUS
KaTHOH KaTUOH (IUKIIONpONaH, MpoTo-

HUPOBaHHBIN "o pedpy”)
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B dopmynax HekmaccMYecKUX HOHOB MYHKTUPHBIMM JIMHUAMHU
0003Ha4al0T MHOTOUEHTpOBbIE (OOBIYHO TPEXLEHTPOBbIE CBI3M), 4
CIUTOLUHBIMMA JIMHUSMH — HOPMAIBHBIE KIACCHYECKUE IBYX3EKTPOH-
HbIE G-CBSI3H.

Hexnaccudeckue KaTHOHBI MOXHO I€HEpPUPOBATH B COJBBOJIMTH-
YeCKHX peaKUUsIX MyTeM OTIIEIUIEHUs YXOUSLIeH IPYIIs] ¢ yYacTHEM
WIM cocellHei ®-CBs3u (m-NyTh), WJIM cOCeAHel G-CBSI3U (G-NyTh),
HalpuMep:

H HeXIacCU4YeCKHit
KATHOH

OnHako caM GakT yyacTHs COCeIHEeH TIPYIUIB He OO0SI3aTeIBHO
yKa3plBaeT Ha oOpasoBaHHEe HEKJIACCHYECKOro MOHA, TaK KaK aHXU-
MEpHOE COLEeMCTBHE MOXET IPUBOAMTE M K KIACCHYECKOMY KaTHOHY:

R\/\‘ H R._ o /R

S Y 2
’// / \\‘H
R | COTS R H
R (x1accHvecKiit KATHOH)

Jokazath o6pasoBaHye HEKIACCHYECKOTO MOHA YPEe3BbIYAHO TPYA-
HO, TaK KaK BCEIIA CYLIECTBYET aJIbTepHATMBHOE OOBSICHEHHUE IKCIIE-
pHUMEHTANbHEIX AaHHBIX HE 4Yepe3 HeKIacCHYeCKUil KapbOKaTHOH, a
Yepe3 o4YeHb OLICTPOE pABHOBECUE MEXIY ABYMS KIACCHYECKMMU

CTPYKTYPAMHU:

R R
AN @ _- 6bIcTpOE ~._® /
C——C¢ P —— ~C——~C

-~
~

/’/(1) )\ paBHoseche 7 (1) (2)\~

Ilpu 6nicTpom mepexonze rpynnel R or C(1) x C(2) u Haobopor
CBOVWICTBA 3TUX aTOMOB yIJIepoia YCPEOHSIIOTCS, M IOJy4aeTcss KapTH-
Ha, HEOT/IMYKMMas OT TOH, KoTopas Habionanach Obl B caydyae HeKJac-
cuyeckoro HoHa. B oueHb GuicTpoit paBHOBECHOR M30MEpPU3aLIMU KIIac-
CUYECKMX CTPYKTYP MOH C HEKJIACCHMYECKON CTPYKTYPOIl MOXET SABIATHCS
WJIH O4YEHb KOPOTKOXHWBYIIMM HMHTEPMEAMATOM, HJIM MEPEXONHBIM
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cocrosiHueM. [1ogo6HbIE NTEPEXONHbBIE COCTOSIHUSI XapaKTepHb! IS psiia
BHYTPUMOJIEKYISPHBIX IEPErpyIIUpPOBOK, KOTOPhIE pacCMaTpUBAIOT-
csa B 1. 26 (4. 3).

N3-3a 3TUX U APYIMX TPYAHOCTEH CYLIECTBOBAaHHE HEKJIACCHYEC-
KHX HOHOB, IPUBEIEHHBIX Ha cXeMe 9.5, Helb3s CYUTATh IIOJHOCTBIO
ycraHoBNeHHbIM. Hauboee Beckie QOKA3aTeNbCTBA B MONb3Y HEKJIAC-
CHYECKOTO CTPOEHUS MONyYeHB! ISl 2-HOPOOPHWI-KAaTUOHA. DTH J10-
Ka3aTe/JbCTBA, OCHOBAHHBbIE Ha HH3KoTemIieparypHoit AMP-cnekr-
POCKOINHUMK B CYNEPKHUCIBIX cpelax, NMOXpo6HO paccMOTPEHbI B
. 26 (4. 3).
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10.1. KJIACCU®UKALIMA PEAKIIUA BIUMUHHUPOBAHUA

Peakuuu saumunuposarus (OTILEIUIEHUSI) MOXHO KiIacCUMULIU-
POBaTb B COOTBETCTBUM C OTHOCHUTEIBHBIM pAaCIOJOXEHUEM aTOMOB
yIJIepoaa, OT KOTOPAIX NMPOUCXOAUT OTILEILUICHHUE IBYX aTOMOB MM
rpymn. Eciu o6a orwenisommnx dparMeHTa cBsI3aHbl ¢ OOHUM A TEM
XK€ aTOMOM YIJIEpO[a, TAKOM IIpOLecC HAa3bIBAETCA O.-2TMMHUHHPOBA-
HUueM. B pesynberare a-saumunuposanus obpasyeTcsl He3apsKeHHast
3/1eKTPOHOAeDULIMTHAS YaCTULA C IBYXKOOPAMHHUPOBAHHBIM YIJIEpO-
IIOM, WU3BeCTHAasl MoA Ha3BaHWeM KapOeH:

2 2

j ;
R—~C-X —— R-C: +HX.
I\{ KapheH

Peaxkuum o-2TMMUHHHPOBAHHUA ¢ 06pa3oBaHueM KapbeHOB Moj-
pobHo paccMatpusatoTes B I S (4.3). Ecad nBa OTLUETUISIOIMXCS aToMa
WIU TPYNIbl aTOMOB CBSI3aHBI C COCENHMMHU (BULMHANHLHBIMH) aTO-
MaMH yIyiepoa, Takoi Ipolecc Ha3bIBaeTCs [-aaumunupoeanuem. B
pe3yibTate [3-3JIMMUHUPOBAHUA 0Opa3yercs Ti-CBS3b:

II-I H
Rl——(lj—CIJ-—RZ ~————» R'CH=CHR? + HX .
H X

Peakuuu 31MMUHUPOBAHUSA TPYNI, OTACICHHBIX APYr OT APYyra
ONHUM, IBYMSI ¥ OOJBIUMM YMUCIOM aTOMOB YIJIEpOJa, HOCST HAa3Ba-
HUSI COOTBETCTBEHHO Y-, O- W T.I. 3MUMHUHUpoBaHus. [IpomykraMu
3JAMHHUDPOBAHMS B 3THX CIy4YasX SBISIOTCS HUKIUYECKHE COENHE-
HHMS — TIPOU3BONHBIE LMKIONPONAaHa, HUKIOOYTaHa U T.X.

CH,

X—CH,~CH,~CH,~Y — | “CH,+XY.

CH,
Y - 3JIMMUHUPOBAHNE

715t Toro, 4TOGB! IIPOU3OILUIO 3aMBIKaHME [IHKJIIA, MOJICKYIa OIK-
Ha [IPUHSITH CTPOTO OIIpele/IeHHYI0O KOH(POPMALKIO, T.€. JOJXKHO OBITh
OTPaHUYCHO BpallleHHEe BOKPYT HECKOJBKUX YIJIEPOI-YITIYPORHBIX CBSI-
3eil. DTO MPUBOAUT K BO3PACTAHHIO SHEPTrUM aKTHBALIMH LIUKIN3AIIUK
AG* = AH* — TAS® 3a cyeT MOHMXECHHUS SHTPOIIMU aKTHBALMH AS™.
A1 B-3JIMMUHUPOBAHMSA HEOGXOAUMO OTPAHMYUTH BpalleHHe TOJb-
Ko BOKpyT oxHoi C—C-cBsa3u. CrnenoBatenbHo, B-3AMMUHHApOBaHME
B MPpUHLMIIE JOJKHO OCYHIECTBASATHCS JIErYe MO CPaBHEHHIO C IIpo-
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LieccaMy OTIUEIUIEHMS, MIPUBOASIIMMU K obpazoBaHuio uukina. Huk-
JJoobpazoBaHue CTAHOBUTCS KOHKYPEHTHOCHOCOOHBIM TOJBKO TOTIA,
Korga y y-, 8- unu 0ojiee OTHAJICHHOTO aToMa yrlepona HaXOOWUTCs
cuIpHas 3nexTpoHoakienTtopaus rpynna CN, COOH, NO, u ap.,
HalnpuMep:

NaNH,
CICH,CH,CH,CN —— [>>—CN + NaCl + NH; ;
adup
(67%)
0 0
2NaOH I
CICH,CH,CH,~C—CH,CH,CH,Cl ————> c— +
+ 2NaCl + 2H,0 ;
Zn; 80 °C
BrCH,CH,CH,Br —————»C - \/ + ZnBr,.
2 (70%)

B 5Toit rmaBe 6yayT paccMOTpeHHl peakliy [3-3TUMHUHUPOBAHMUS,
KOTOpbIE MPHBOIAT K 00paz30BaHHIO AJIKEHOB.

10.2. MEXAHHU3M B-3JIMMHUHHPOBAHHNA

Ina peakuuu B-sTUMUHUPOBAHUS BO3MOXHBI TP MEXaHU3MA,
Pa3IMYaOIMeCs TOCHEI0BATEILHOCTBIO OTILEILUIEHHS [IPOTOHA U yXO-
nauied rpynnsl X: E1, ElcBu E2.

10.2.1. E1-3JIMMHUHHUPOBAHHUE

B mexanusme El (3MUMUHUPOBaHUE MOHOMOJIEKY/ISIPHOE) CTalNeH,
OIpeNeNsiiolel CKOPOCTh BCEro Mpollecca, SIBASeTCsS MOHM3aluus cyb-
crpara ¢ obpazoBaHMeM KapOOKATHOHA, KOTOPLIA CTaOMIM3UPYETCsSl B
pe3y/bTaTe OTLUEIUIEHMS NTPOTOHA OT [3-yNepoJHOTo aToMa B ObICTpOR
CTaJlM, HEe BIMAIOIEH HA CKOpPOCTh peakuuy (Sol — pacTBOpUTENb):

MEIJIEHHO o OwicTpo
R' CHz(IZHR <=——= R CHZCHR X —S—IO_H_,’
O

X
1 2 @ @
—» R CH=CHR" + H,0S0l + X"
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[lepBas cTanus MOHOMOJEKYJISIPHOTO 3IMMUHUpOBaHUS El umeHTny-
Ha OMpenesioleit CKOpoCTb CTAOUM PEeaKLUMKU MOHOMOJEKYIASIPHOTO
HykieopunpHoro 3ameleHus Syl (1. 9). Ilostomy oba Thna peax-
uuit, 1 E1 u Syl, onuchIBAIOTCS OZHUM U TEM XK€ KUHETHYECKHUM
ypaBHeHMeM v = k;[RX], rue ckopocTtb peakiuym He 3aBUCHT HHM OT
KOHLIEHTpPAllMU, HU OT IPUPOABl OCHOBAHHS, OTIUEIUISIOIIETO IpO-
TOH BO BTOpOH, ObicTpoit craguu El-npouecca. PakTHYECKH KapOo-
KaTUOH, 00pa3yrolIUiics B pe3y/lbTaTe MOHM3AUMU cybcTpara, ydact-
BYeT B JBYX [MapauleJbHbIX, KOHKYPHUPYIOIIUX peaKugxX: MPpUCOeTU-
HeHUS] HyKJIeo(MNBHOTO areHTa K KapOoKaTUOHHOMY UEHTPY (Syl )
Y OTLIEIUIEHHS [POTOHA OT [3-yTMEepOXHOro aToMa IpH JeHCTBUMM TOro
ke ocHoBaHus1 (E1). B roxarnsiioiueM GONBIIMHCTBE CIYYaeB poJib HyK-
neoGUNbHOrO areHTa npu Syl-mexaHusme u ocHoBaHus npu El-mexa-
HHU3ME BBITIOJHSIET pacTBopuTenb. B KoHKypupyumx Syl- 1 El-peakuusx
JIOJISL MIPOZYKTa COJIbBOJM3a OKAa3bIBA€TCS 3HAYMTEIBHO BbILIE, YEM
anKeHa, obpa3ymolierocsi B pe3yjbTaTeé MOHOMOJEKYISIPHOTO 3JTHMHU-
HUPOBAHUS, HAIPUMED:

80% EtOH—20% H,0;
> (CH,);C—OH + HCl

Sl
(CH3);CCl— (83%)
80% EtOH—20% H,0; ® o
= > (CH,),C=CH, + H,;0 + Cl
(17%)
CH,
C,H.OH; 40°C |
| N
I C,HOH; 40°C
CH3 —T CH3CH=C(CH3)2+CH3CH2_(|:=CH2
(30%) CH,
(6%)

Ilpy cpaBHEHUHM POACTBEHHBIX PEAKLMH IS OBYX COSIMHEHHH, OT-
JIMYAIOUIMXCS TOJIBKO YXOASIUEN rpynmoi X, o4eBHAHO, YTO CKOPO-
CTH UX IOJXHBI ObITh PA3NUYHBI, [IOCKOJBKY CKOPOCTH peakuus Syl
u F1 onpenenstiorest ctanueit nonusanuu cessu C-X. OxHako nocie
obpazopaHMs KapbokaTUOH B OOOUX ClIy4asix MpeTerneBaeT ofHO U TO
Xe MNpeBpallleHue, TaK KaK MPpUpOoda YXOAAIUeH TpYIIBI He BIHSAET
Ha BTOPYIO CTAaIUIO ITpoliecca. DTO O3HAYAET, YTO B HAEATBLHOM CIY-
Yyae COOTHOUIEHHE NpOLYKTOB peakuuit Syl/El momxHo ObITE Ou-
HaKOBBIM U HE 3aBUCETb OT NPUPOIBI yXoAswei rpynnsl (ri.9).
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HeiicTBuTenbHO, NPU conbBoau3e B 80%-M BOLHOM 3TaHOJE MpU
65 °C mpem-6yruxiopuna u (CH,);C-S*(CHj;), nonyyaor mpem-6y-
TIJIOBBIA CITUPT M U300YTHJIEH B OJHOM M TOM X€ COOTHOIUECHHH,
XOTSI CKOPOCTH PEAKLHMit CHIBHO OTIHYAIOTCS:
CIMpT—BOZR; (CHy),C~OH CIMpT—BOJA;
65°C, 41 (64%) 65°C, 41 @
CHy),cCl— &€ 41| (CH,),CS(CH,),

CIMPT—BOIA,; (CH3)2C CHZ CIHpT—BOIR,
65°C, 41 (36%) 65°C, 4:1

Pazymeetcst, Takoit pe3ynbraT HaOMIOZAETCS TOJNBKO A IIPOLECCOB C
ydJacTdeM «cBoOOIHOro» KapbOokaTHoHa; misg Syl- U El-peakuuil c
yJacTHeM HOHHBIX Nap COOTHONIEHHE NMPOAYKTOB COJIBBOJIM3A M BIH-
MUHMPOBAaHUSA 3aBUCUT OT NPHPOABI YXOAsIiel rpymnrsl. Tak, Hanpu-
Mmep, npH conbsonuse (CH;);CX B MeHee moisipHOM, 4eM BOAa, pac-
TBOpUTEIE — 3TaHONe — Jois £1-3TUMUHHMpOBAHUS Pe3KO BO3pacTa-
et u usMeHsercs B psiay Cl > Br>S*(CHj),.

Hns El1-31MMUHUPOBAHMS, TAK Xe KaK U JUIS APYTHX MMPOLIECCOB
c obpasopaHMeM KapHOKATHOHA B KayeCTBE MHTEPMENWATA, Xapak-
TEPHBI MEPETrPYIITUPOBKH, BKIIOYAMOIINE aHUOHOTPONHYIO 1,2-Mur-
pauMIO THAPUA-HOHA HIM IKWIBHOH Tpymnmel. B xauecree npuMepa
MOXHO [IPHBECTH KHCIOTHO-KATAIM3UPYEMYIO ACTMAPATalMIo 3-Me-
tibyraHona-2 B 80%-it cepHoil KUCITOTE:

H OH }PGbxcrpo II‘I \O MeJICHHO Iila
CH;— C C -CH; &= CH;— C——C CH, &= CH;— C C —CH,—Hg
CH3H CH3H CH3H
BTOPUYHBIA KapOOKaTHOH

1,2H-caBur —H® —H?

o PN CHy_ |
CH,—C—C—CH, oo C=CH—CH;  CHy—C-CH=CH,
Hy CH; H, 3 CH,
TPETUYHBIN
KapOOKaTHOH —H®

_H® x

|-

_CH,
CH,),C=CH~CH CH,=C
(CHy), 3 2 \CH2CH3
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IIpuMepoM CKeJeTHOM M3oMepH3aLuu KapbokatnoHa B El-31uMUHU-
POBaHMHU MOXET CIYXHUTh Aeruiparaius 3,3-nuMeTunoytatosna-2:

CH, 85%-s H,PO, CH; CH,
CH3—|C—CI:—CH3 W (CH;),C=C(CH;),+CH,=C — CH—CH;,4
CH, OH (80%) (20%)

BeicTpo MEUIEHHO
(CHy);C-CH-CHs+H <= (CH,);~CH-CH; &—=
OH .0,
He H

e 1 2-cmur cH, CHs
= CH,~ c C-CH, —————= >CH,~ Ic CH,-CH,

CH, CH,~H,
TPETUYHBIN KAapOOKATUOH
_e| e CH,
(CHj),C=C(CHy)=—24—2 » CH,~C-CH-CH,
(80%) CH,
(20%)

O61uM mnpasunoM I El-3AMMUHHPOBAHUS SBIACTCS MPEUMY-
1IecTBEHHoe ofpa3zoBaHue Haubonee 3aMEIUEHHBIX IIPH JBOHHOHN CBsI3U
AJIKEHOB, T.€. AJKEHOB, CONEpPXallUX MAKCUMAIBHO BO3MOXHOE YHUC-
Jlo ankunpHeIX rpynn npu C=C-cBsa3u, HanpruMep:

85%-5 H;POy
Q (79—84%)
T60-170 C

onCHs
mparc-
CH
I 3 45%-1 H,SO, CH3
0 °C
oH ¢ (86%) (14%)

B mexanu3sMe E1 yxomsiiuas rpyIa oTEeAsIeTcS IO TOro, KAK IIPOHUC-
XOIUT OTLIEIUICHUE ITPOTOHA M3 KapbokatuoHa. [losToMy Hanpasie-
HUe 00pa3oBaHus HBOWHON CBSI3M OIpeaeisieTcss OTHOCUTENbHOM ye-
TOMYMBOCTBIO JBYX MJIM TpeX BO3MOXHBIX aIKeHOB. M3 maHHBIX Tio
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TEIIOTAM IUAPUPOBAHUS (1. 5) U TeIJIoTaM CrOpaHMs CIeNyeT, YTO
C pOCTOM 4YMCJa ANKUIBLHBIX 3aMECTHUTENEed BO3pacTaeT U TepMOIU-
HaMuyeckKad cTabuibHOCTb ajKeHa. TakuM obpazom, npu El-3a4-
MUHHMPOBAHMU NPEHUMYLIECTBEHHO, HO HE MCKIIOUUTEJIbHO o0pasy-
eTcd Haubosee 3aMeUleHHBbIH NPy JBOMHON CBA3U U, CIENOBATEb-
Ho, Haubojee cTabMABHBIMA adKeH. DTa 3aKOHOMEPHOCThH Oblia
9KCIIEpUMEHTaTbHO o6HapyXeHa pYyCCKUM yuyeHBIM A.M.3aiieBbM
(1875) 1 HocuT HasBaHue npaeusa 3aliyeea, KOTOPOE SMIIUPUYEKH
Mpe/icKa3blBacT HANpaBACHUE MUMUHUPOBAHUSI HE TOJbKO npu El-,
HO YAacTo U Ipu E2-MexXxaHW3Me 3JIUMHUHUPOoBaHUSA. OHO HE BHINOJ-
HSETCSl B TEX CJIy4YasiX, KOrJa HauMeHee 3aMCLICHHBIA aJIKeH oKa-
3pIBaeTCsI MO CTEPUYECKUM MpUUMHaM Gosee ycToluyuBbIM. Ha-
npumep, npu El-snuMuHupoBaHny U3 1,2-qudeHnn-2-xaopiponaHa
C6H5C(CH3)C1 —CH2C6H5 OJy4dacTcst 60% CH2=C(C6H5)CH2C6H5,
HECMOTpsI Ha TO, YTO B IIPOAYKTE 3JIMMHUHUPOBAHUSA, MO 3aiiUeBy,
CsH;C(CH;)=CHCH; nBoiiHas cBsI3b COIpSXEHa Cc ABYyMs OeH-
30JIbHBIMU KOJIbIIAMH.

DIUMMUHMPOBAHKE NTPOTOHA M3 KapOOKAaTHOHA HE OTJAMYaeTCs CTe-
peoCeNeKTHBHOCThIO. ITpoTOH oTiueruisieTcs: OT B-YIIeposHOro aroMa
KaK W3 CcuH-, TaK U U3 aumu-nonoxenus. [lostomy peakuuum El
HecTepeoceeKTUBHbBL. MoHoMoiekyasipHoe oTiuennesue HCl ot MeH-
TUJIXJIOPHAA JaeT cMeCh 00OMX U30OMEPHBIX ATTKEHOB B COOTHOLICHHUH
npuMepHo 1 :2:

CH3\ CH

e CH3CH(CH3)2 + CH3—@—CH(CH3)2

(32%) (68%)

B ominuue ot atoro F2-anumunuposanve HCl U3 MmeHTHxIopuna (cM.
CITEYIOILIMHA paszes) IpoTeKaeT CTPOTo CTEPEOCTICIUDUYHO, KAK aHmu-
MUAKCHATHHOE OTUICIUIEHHWE ITPOTOHA U XJIOPHI-KUOHA ¢ 06pa3oBaHUEM
TOJIBKO OJHOT'C MEHTeHa C ABONMHOM cBs3bio B noyoxeHnu C(2)—C(3).
HpyruM eie GoJiee HAMSUIHBIM TTPUMEPOM HECTEPEOCETEKTUBHOCTH pe-
aKIMi, NpOTeKAMMX No £1-MEXaHU3MY, MOXET CIYXHUTh COJBLBOJIM3
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3-xnop-3MeTirekcana B MetaHone. B satoit peakuuu obpa3yercs WecThb
PasNUYHBIX MPOAYKTOB, IISTh U3 KOTOPBIX IIPEACTABISAIOT coboii U30-
MEDHBbIE AJIKEHBI:

CH; CH,4

| 60 °C |
CH,0H
Cl 3 OCH,
CHn_ _H CHn_ __CH,

+ Cc=C + C= +
CH,CH,CHs” “CH,  CH;CH,CHy” ~H
CH;CH.___CH, H_ _CH,

+ C=C + C=C +
;4 SCH,CH, CH;CHy” “CH,CH;

+ CH;CH,CH,C=CH, .
CH,CH,

TToaToMy HEyOIUBUTENBbHO, YTO peakuuu El1-3JIMMUHUPOBAHUS HE WI-
paroT 3aMEeTHON poJiM B OpraHuueckoM cHHTe3e. Hanpumep, s no-
JIYYEHUST ATKEHOB M AJTKWHOB MpPEANOYTEHHE CIIEAYEeT OTAATh IpOLEC-
caMm E2-3ITMMHHHAPOBAHHUS.

10.2.2. E1cB-MEXAHH3M 3JIMMHUHHUPOBAHHA

Mexanusm ElcB, Ttaxxke xak MexaHu3M FEl, Bxiwouaer nBe cra-
IUY, HO B oOpaTHOM mocnenoBatenbHOCTH. Omujeniexue MPOTOHA
TIpeIIeCTBYET OTPBIBY YXOISIUeH TpyIIIIbL:

~

o 1 2 18 2 1 2.°
B: + R (I:H—ICHR =—>R C|3—~|CHR + BH—R ‘C"—-‘ CHR* + X: .
Y X Y CX Y

DTOT ABYCTAAUHMHBIA MEXaHU3M SIBISAETCS KapOaHMOHHBIM, MOCKOJIb-
Ky MHTEpMEIMAaTOM CJYXHUT KapOaHHOH, a cuMmBoa FElcB ykassiBaer
Ha TO, YTO YXOHSLUAsl IpyIlia OTLUEIUISIETCS OT CONPSOKEHHOTo cy0-
cTparty ocHOBaHMs. MexaHu3M FlcB onuchiBaeTcsi KMHETUYECKHUM
YPaBHEHMEM BTOPOIO MOPSAAKAa C MEPBbHIM MOPSIKOM 10 OCHOBAHHIO
B™ u no cyberparty: v = k[cyberpat][B ). Tem He MeHee peaxuus sB-
JisleTCs] MOHOMONEKYISIPHON, TOCKONbLKY B CTaAuH, JUMHUTHUPYIOLIEH
CKOpPOCTb, YYaCTBYET OlHA YacTHLA.
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Peakuuu, npotekatiuue no £lcB-MexaHM3My, OrpaHUYeHbl TAKUMH
cybcTpaTtamMy, KOTOpble COAEPXAT 3J€KTPOHOAKUEHTOPHBIE 3aMECTU-
TEIU NpU B-yriepoagHoM aroMme, CTaOWJIU3UPYIOLIMeE POMEXYTOYHO
obpasyouuiicsa kapbaHHoH. DTOT MEXaHU3M Hanbosiee BEpOATEH B TOM
clyyae, KOIAa yXomnsliilas TpyIllla HaXoOUTCSI B P-HOJOXEHUM K
KapOOHMJIBHOM, IIUAHO-, HUTPO- WIH CyJbGOHWIBHONI rpyImre, cIo-
COOHBIM CTaOUJIM3UPOBATh OTPULIATE/ILHBIA 3apsd Ha aTtoMe yriepona
B kapboHHOHe, oOpa3ylolieMcsl INpHU OTIUENJIEeHUH NPOTOHA U3

R’CH(X)—CH—Y , rme Y=C(O)R; CN; NO,; SO,R; COOR, a X —
Y
yXoasilas rpyrna.

C npyroit croponsl, ElcB-MeXaHU3M CIEAYeT OXWIATh LIS cyO-
CTPATOB, COAEPXAIUMX CHJIBHYIO 3JeKTPOHOAKUEINITOPHYI) YXOISIIYIO
rpyriny: F, N*(CH,);; OSO,CF; u np. Tot e camblif MEXaHU3M JOJDXEH
ObITh XapakrepeH It neHtaranioreHsTaHoB Tuna CHCL,CF; u nogo6-
HBIX IIOJIMTAJIOTEHANKAaHOB, COAEpXaluX IOCTATOYHO <«ITOIBHXHBIN»

aToM BOAOPOAA, IIPH OTIIEILIEHHH KOTOPOro obpasyercss OTHOCUTENb-
HO CTaOWIBHBIN KapOGaHMOH:

OH 6I>ICTp0 ) -Fe

CHCIzCF:; - — CC12CF3 W CClz = CF2 + F‘

A1 oOBIYHBIX ATKWITATOTEHUIOB U alKuiacyiabdoHaroB FlcB-mexa-
HU3M He peanuayetcsi. Hambosmee NMpoCThIM, HO, K COXAJIEHHUIO, HE
YHUBEpCATbHBIM TECTOM Ha MexaHusM FElc¢B, N03BOSIIOIUM OTIMYUTh
ero or £2-MexaHW3Ma, SIBISIETCS METOJ MedeHbhIX aToMoB. [lepmas
cranus KapbaHuoHHoro £1cB-MexaHM3Ma 3aK104aeTcss B oOpaTuMOM,
KaTaTU3UpyeMOM OCHOBaHMeM oOMeHe MMpOTOHa MEXIY CyOCTpaToM M
cpenoif. Ecnu pacTBOpUTENb COMEPXUT HEUTEpHil B TMAPOKCIIIbHON
rpyIe, pereHUpMpyeMoe HMCXOJHOE COENMHEHME TaKXe HOJXHO
COEPXKATh NEUTEPUN, HAlIpUMED:

(o
CCl,==CHC(I + OD —>CC1 C—CC=CC + C]

pe:

oD° l
2 DO
CCl,=CCl === CCl,=CDA.
on°®
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e o
OH,H,O =~ o
DCCl—CF, s> c1(|:—CF2f1‘= — CL,C—CF,+ F.
e}
e H,0
OH® 7|

B oboux cnyyasix HamMuMe 3JeKTPOHOAKIIENTOPHBIX aTOMOB TajIoTeHA
nosblaer KUciIoTHocTb C—H-cBsi3u M cTabuiIbHOCTE 00pa3yroLIKXCs
Kapb6aHUOHOB (cM. 171.3, 4.1). OnHaKo B ApYrux ciayyasix, HalipyuMmep Ipu
FElcB-anumunupoBanud u3 cyberparos tuna Z—CH,CH,CH,—X He
HabjlonaeTcs M30TOMMHOrO o0MeHa IpOTUsi Ha JeUTepuH, T.e. MU30TOII-
HbIA OOMEH MMEET MECTO JajieKO He BO BCEX CIydyasix KapOaHHMOHHOIOo
MexaHusma. M3oronHsiit 0OMEH OTCYTCTBYET B TOM ciiydyae, Korja nep-
Basi CTanMsl OTLICIUICHMS IIPOTOHA CTAHOBUTCS CaMOM MeIICHHOM, a
00pa3oBaHue MPOAYKTa IMPOUCXOIUT OBICTpee, YEM BO3BpaT KapbaHUO-
Ha B UCXOJJHOE COCAMHCHME. B 3TOM cirydae mepBasi CTafiusl CTAaHOBUTCS
10 CYIIECTBY HEOOPATUMOIA.

Hanpagpnenue snuMuHupoBaHus npu ElcB-MexaHusMme orpene
JIIETCSL TIPEXIE BCEro KMHETUYECKO KucioTHocThlo C—H-cBsizeid,
KOTOpast B CBOIO o4epedb OIpeHeisieTcs UHAYKTUBHBIM U ME30Mep-
HbIM 3¢xpexTamy OIHXalIINX 3aMeCTUTENIeH B o-ITooXeHUH. B riase 3
yXe OBLUIO OTMEYEHO, YTO aNKWIbHBIE IPYIIbl YMEHBIIAIOT KHUCIOT-
HocTth C—H-cBA3KM BTOPUYHOIO U TPETUYHOIO aTOMOB yIjlepoaa. DTo
oDycJIoBIEHO AecTabunu3anueil KapbaHHMOHA AIKWIBHBIMM 3aMECTH-
TENSIMHU, BCJIEACTBUC Yero OTHOCHTENbHAS CTaOWIBHOCTL KapbaHUo-
HOB M3MEHSETCS B PSANY NEPBUYHBINA > BTOPUYHBINA > TPETUYHBIMA, KO-
TOPBIH TMOJHOCTBIO 0OpaTeH psAdy cTabHWIBHOCTH KapOokKaTHoHOB. U3
3TOrO CJIeNyeT, YTO KUCTOTHOCTh KOHIleBor CH4-rpynmsl nonxua ObiTh
BBILIE, YEM KHCJIOTHOCTh BHYTPEHHMX BTOPUYHBIX CH, M TpeTHYHBIX
C—H-cBsazeir. Takum obpazom, npu KapbaHuoHHOM FElcB-MexaHuU3-
M€ 2JIUMHHHPOBAHMS CIAEAYyeT OXUOATh OOpa3oBaHUSI HAUMEHES 3a-
MEUIEHHOTO TepMUHaJIbHOIO oneduHa.

IIpocTpaHCcTBEHHBIE MPENATCTBUSI TAKKE CIIOCOOCTBYIOT OTLIEI-
JICHHIO TIPOTOHA OT MEPBUYHOTO, 4 HE BTOPUYHOIO U TeM Dojee Tpe-
TUYHOIO aroMa ymiepoia. DTo UMeeT ocoboe 3HAYeHHUeE JUISl IPOCTpaH-
CTBEHHO 3aTPYAHECHHBIX OCHOBAaHHUW, TaKMUX, Kak (CH3)3CO_K+;
(C,Hs);COK"; (u30-C3H;),NC,Hs; Li"N™(C;H;-u30), u np. Ipen-
MOYTUTEbHOE OTUICIUIEHUE NIPOTOHA U3 HEe3aTPYAEHHOTO IMOJOXEHUS
IIpY4 NIEPBUYHOM ATOME YIJIepoda BeleT K OoOpa3oBaHHUIO MEHee 3aMe-
eHHoro ajikeHa. Takoe aHTU3alilieBcKoe HanpaeaeHue ElcB-amumu-
HUPOBAHUSI Pe3KO OTAWYaeT ero oT El-MexaHu3Ma, e BBITOJTHSET-
csl IpaBwiIo 3aiflesa.
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10.2.3. E2-MEXAHU3M. HAIIPABJEHMUE E2-3JIMMHUHUPOBAHUA

B peakuusix 6MMOJIEKYASIPHOTO 3JIUMUHUPOBaHMS F2 nBe rpyniibl
OTUICIUISIIOTCA OAHOBpeMeHHO. Ilpupoaa aTvx rpynn ObIBaeT pa3ivd-
Ha, HO Yallle BCEro 3Ty POJib BBIMOJHSIOT ¥XOASLIAsl rpynmna (HyKjeo-
¢yr) 4 NpoTOH OT B-YIVIEPOAHOTO aToMa:

#*
Be
) ‘H R? e
R'CH,—CHR*+B: —> v.---,/ |—>R'ICH=CHR’+BH+X .
I Rl AN X
X
20 IM®dA

CH3(CH2)3CHCH3 +(CH3)3CC\ 100 ‘,'CCH3CH2CH2CH:CHCH3+

I
+ CH,(CH,);CH=CH,.

(6%)

C,H:OH
CH3CHCH2CH3 + C2H50Na —_— CH3CH:CHCH3 +
I 80°C (81%)
Br

+ CH,CH,CH=CH,.

(19%)

(CH,);COH

CH3(CH2)3(|:HCH3 + (CH3)3COK W

Cl
—— CH;CH,CH,CH=CHCHj, + CH;CH,CH,CH,CH=CH, .

(9%) 91%)

OTuweruieHHe MPOTOHA M YXOISILUEH TPpYNITbl WAKM ABYX APYTUX IPYyNIl
NPOMCXOAUT B OAHY CTaJHIO OJHOBPEMEHHO M XapaKTepu3lyeTcs Ku-
HETMKOI BTOPOro NMopsaKa: MepBbIM 110 cyOCTpaTy U IEPBBIM IT0 OC-
HOBAHUIO, AaHAJIOTHYHBIM I peakuuu Sy2-3amewmteHus. Ilo cyme-
CTBY, obe peakuuu: £2 U S)2 KOHKYPHUPYIOT ApYT ¢ ApyroM. Pasmu-
yue MeXIy JBYMsI 9TUMU IIpolieccaMy 3aKJIIO4aeTcsl B HaIpaBJICHUHU
aTaKkM peareHTa: YacTHla C HernmoJeJeHHON Mapoid 3JIeKTPOHOB ara-
KyeT aToM yrjepoja ¥ JeHcTByeT Kak Hykieodun B Sy2-peakuuu,
JinbO OHA aTakyeT BOAOpOJ M AeMcTBye KaK ocHoBaHMe BpeHcTena B
E2-npouecce.

XapaxkTepHou 4yepToit £2-MexaHW3Ma 3JUMUHUPOBAHUS SIBJIAETCSH
HaJKM4Me OOJIBLIOro MO BEJIHMYMHE M30TONHOro a3ddeKTa npu 3amMeHe
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aTOMOB BoIopoda MpH B-yriepogHoM atoMe Ha geitepuit. CKopocTb
Br

/
peakuuu otinenyeHus DBr ua CD;CH—CD; mox OeicTBueM 3TH-

JlaTta HaTpus B 3TaHojie B 6,7 paza HUXe, YeM CKOPOCTb OTILEILICHMS
HBr or CH;CHBrCH; B Tex xe ycnoBusx, 1.e. ky/kp=6,7. Benuuu-
Ha u3otonHoro addekra ky/kp ans E2 peakuuil, Kak MpaBwio, U3-
MEHseTCcs B AUanasoHe ky/kp=3 — 8.

B pamkax kraccugpuKauud MeXau3MOB IJIMMUHHpoBaHus Ha El,
ElcB u E2 oueBunHo, 4yto E2-MeXaHM3M 3aHMMAET IMPOMEXYTOYHOE
[IOJIOXKEHUE MEXIY ABYMS IPYTUMH IpeacIbHBIMK MeXxaHu3MaMu El u
ElcB. TlepexonHoe coctosiHue B £2 peakiHsIX MOXET MEHSIThCSI B BECh-
Ma LIMPOKUX I1peJeax B 3aBUCUMOCTH OT OTHOCUTE/ILHOY CTENIEHU pac-
mwereHus cesgzed C—X u C—H. Pacuwiermienune cpszeit C—X u C—H
MOXET OCYLIECTBISITbCS HE CTPOro COIJIaCOBaHHO, U BO MHOTHX CJIy-
4asix pa3pblB OLHOH CBS3HU OIepeXaeT pa3phlB APYroi cBs3u. BTa unes
JIer/1a B OCHOBY «TEOPUM II€PEMEHHOrO IEePEXOTHOrO COCTOSIHUSI» IS
E2-MexaHu3Ma. «Teopusi mepeMeHHOIO MEPEXOIHOTO COCTOSHHUSI» IS
FE2-peaknuit npeanonaraer, 4ro £2-3MAMUHHPOBAHUE, MTPOTEKAMOIIIEE
yepes «FEl1-nmogobHOE» IepexonHoe COCTOSHHE, OymeT MOXYMHSTHCS
3aKOHOMEPHOCTAM, XapakTepHbIM IS El-amumuuupoBaHus. C npy-
roif cropoHsl, E2-anuMuHupoBaHue ¢ «£1¢cB-MogoOHbBIM» [TEPEXOIHBIM
COCTOSTHUEM JOJDKHO IMOXYMHSITHCHI 3aKOHOMEPHOCTSM, XapaKTepHBIM
s ElcB-mexanusMa. Ha puc. 10.1 npuBeseHbl CTPYKTYPBI ITEPEXOM-
HBIX COCTOSIHHIM, TUNUYHBIE IS «TEOPHM MEPEMEHHOTO COCTOSHHUSI»
peaxkuyit 3MTMMUHUPOBAHUS.

IIpennodTUTEIBHOE HAINpPABIEHUE ITUMUHHUPOBAaHUS Wi E2-Me-
XaHM3Ma 3aBUCHUT OT KOHKPETHOM IPUPONBI NEPXOMXHOTO COCTOSHHSL.
JlBa sKCTpeMaIbHbIX IEPEXOIHBIX COCTOSSHUN F2-3THMUHAPOBAHUSA T10
CBOEMY BJIMSIHHUIO HA HAIpaBACHHUE OTIUEIJICHUS OYAYT IMOXOXHM Ha

yBennyeHne xapbaHnoHHOro Xapaktepa yBenuueHve kapboKaTMOHHOIO xapaxrepa
gl ) -

% '

H—B H nee B H
\“
3 +d .
\‘ x ~
5- \o-
Eilcs X Eice X E2- X E1- X E1
nogo6Hoe CUHXDOHHOE nofobHoe

\ J
Y

E2 —nepexonHbie COCTOSHNS

Puc. 10.1 Crnektp nepexomHbIX COCTOSHUMN peakLMil 3MTUMHHUpPOBaHUsS F2
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nepexogHble coctossHus E1 u ElcB-Mexanusmos. B ciayyae, GIM3KOM
K ElcB-rpaHuue FE2-mepexogHOr0 COCTOSHMUSI, MEXIY ITPOTOHOM H
OCHOBaHHMEM HMMEETCS CHJILHO pas3BHTasl CBSI3b. YXONsIIas rpyrmna
OCTaeTCsl eille IPOYHO CBA3aHHOM ¢ cybcTpaToM, MoaToMy 06pa3oBa-
Hue [BoiHO#N cBsizan C=C B repexoIHOM COCTOSSHUM pPa3BUTO cliabo.
B cnygae, 6au3koM K El-rpaHulie, nepexogHOE COCTOSHHE XapaKTe-
pU3yercst BBICOKOM CTeNeHbIo paciuerieHus cBsisH C—X M NpakTu-
yecku He3aTpoHyTou cBsisbio C—H. B crtporo cuhxpoHHo#t £2-peak-
LMY ABOMHAS YIJIEPOA-YITIEPOAHAS CBSI3b B IIEPEXOJHOM COCTOSIHHH
yX€ B OCHOBHOM 0O0pa3oBaHa 3a CYET CHHXPOHHOIO pacllerieHUs
obeux cpsazelt C—X u C—H. E2-a3nuMUHUpOBaHKME, KOTOPOE MPOTEKA-
€T Yepe3 MEPEXOAHOE COCTOSTHUE C PA3BUTON ABOMHOM CBSI3bIO, MPHU-
BOOMT K Haubojiee 3aMeLUeHHOMY IIpU OBOMHON CBSI3H &JIKEHY B Ka-
YecTBe OCHOBHOTO MPOAYKTA, [TOCKONBKY €ro CTabWIBHOCTL OTpaxke-
Ha H B MEpeXOOHOM COCTOSIHMM. TakuM o6pa3oM, HampaBieHUE
CHHXpOHHOro E2-31MMHUHUPOBAHMS COOTBETCTBYET IIpaBmHily 3aiiieBa.
BOTO Xe MpaBWIO OMNpeJessieT HalpaBleHHe F2-3JTUMMHHMPOBAHUS C
E1-1ogo6HBIM MEepexoNHbIM COCTOSIHHEM. EC/IM IIEpEXOIHOE COCTOS-
HUe E2-3JTMMMHHUPOBHUS MMeEET SIBHO BhIpaXeHHbIN FlcB-xapbaHu-
OHHBIN XapakKTep, HalpaBjeHHe OTIIEIIEHUS OIpedeNsaeTcsl JIETKoC-
ThIO OTPhIBA IPOTOHA, IIO3TOMY B IPOAYKTaxX peakilHd Mpeobnamaer
HauMeHee 3aMelUeHHbIN TpY JBOMHOM CBSI3M AJKCH.

33100 10 Pa3sBUTHSA 3THX TEOPETUYECKUX 0DOOIIEHUT OB CO-
OpaHbl SKCMEPUMEHTAIbHEIE JaHHBIE, TOATBEPXIAIOINE BRIBOABI CO-
BpeMeHHOI Teopuu. Bojyee cra ser Hazam 6bUTH cHOPMYNHPOBAHBI
IBA YHMCTO AMITMPHUYECKHUX IpaBHIIA, OIPENENSIIOHIUX HampaBleHHe
sMIUMUHUpoBaHus. CorlacHo npaBuny 3aiilieBa, OIIMCAHHOMY B pa3-
nene 10.2.1, B pe3yaprare oTIUEIUIEHUSA B Ka4eCTBE OCHOBHOTO IPO-
JyKTa IMoJjydaercsl Haubosiee 3aMelleHHbIN ankeH. [Jpyroe mnpaBuiio
6pui0 chopmynupopaHo A.l'opMaHOM IpH H3YIEHUH SIUMHHHPO-
BaHUS TPETUYHBIX AMUHOB M3 TMAPOKCUIOB TETPAAIKIIAMMOHMS. DTa
peakuus, Takke oTkpbitas ['odmanoM B 1851 r., npuBoaAUT K obpa-
30BAHUIO HAMMEHEE 3aMEILIEHHOro Npyu ABOHHOM CBSI3M ajkeHa. B Ta-
KHX CJIy4Yasix TOBOPST, YTO OTIIeNIeHHe ciexyer mpasuny [odma-
Ha, HarpuMep:

CH;—CH,—CH—CH; —120C

H,O
N(CH3);0H® ?

CH;CH,CH=CH, + CH;CH=CHCH;+ N(CH;);+ H,0.
(95%) (5%)
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s,

+ N(CH3); + H,0.

(99 %)

120—150 °C
tenpons ZiE O y-on
N(CH;);0H 2

(1 %)

IIpaBuna 3aiinesa U I'opmaHa ovyepunBaOT KpaitHue TPaHUULI B Ha-
NpaBlIeHUU £2-3TUMUHUPOBAHUSA. PeaTbHOE COOTHOLUEHUE U3OMEPHBIX
IIPOAYKTOB 3JIMMUHUPOBAHUS, pA3IMYAIOLIUXCS [10J0XEHUEM TBOKHOM
CBSI3M, 3aBUCHUT [JIaBHBIM 00pa3oM OT NPHPORBI YXOIsUIeil IPyIbl B
cybcTpaTte, NpUponbl OCHOBAHMSI M ITPOCTPAHCTBEHHBIX (PaKTOPOB B
cybctpare. B tabn. 10.1 npuBeneHb! MaHHBIE MO BAMSHUIO YXOISILEMH
IPYINbl HA HaNpapieHue FE2-3IUMMHHUPOBAHUSA [UISI 2-TeKCWIBHBIX U
2-OYTWIbHBIX CUCTEM B COIMOCTABUMBIX YCIOBUSIX.

Tabnuuma 10.1
Bamsnne npupoam yxonsuei rpynnsl Ha Haopasiesde E2-3JBMHHHPOBRHEA

Cyberpar OcHoBaHMe, pacTBOPUTEND % anxeHa-1 | % ankena-2
CH3(CH2)3CIH—CH3
X=I X CH;0"; CH;0H 19 81
X=Br CH,0™; CH;0H 25 75
X=Cl CH;0; CH;0H 3 67
X=0Ts CH,0™; CH,0H 30 70
X=F CH,0"; CH;0H 69 31
X=I (CH,);CO™K"; (CH,),COH 78 22
X=0Ts (CH,),CO™K*; (CH,);COH 83 7
X=Cl (CH,);CO™K"; (CH,),COH 91 9
X=F (CH3)3CO_K+; (CH,),COH 97 3
X=N*(CH,), OH; HOH 98 2
CHJCHZC!H—CH3
X=1 X (CH,),CO™K*; IMCO 21 79
X=Br (CH,),CO™K*; IMCO 1 p
X=Cl (CH;),CO™K"; IMCO 43 57
X=0Ts (CH,),CO™K"; IMCO 61 39
X=S8*(CH,), C,H,0"; C,H,OH 74 2
X=N*(CH,), OH ; HOH 95 5
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Honst onedrHa ¢ KOHLEBOW NBOWHOM CBSI3bIO IPU JTHMHUHUPOBAHHUH
6MOop-AIKWITANOTEHUI0B BO3PACTAET B PANY

[<Br<Cl<OTs<<S"R,<F <N'R;,

T.€. IO Mepe TOro, KaK YXOISIAsl rpyIlla CTAHOBUTCS OoJiee BIEKTPO-
AKLENTOPHOHU M DoJiee KeCTKUM ocHoBaHWeM JIponca. DIeKTpoakuen-
TOpHBbIE IpyTinbl 3a cyeT [-3ddexkTa BhI3BIBAIOT Bojlee CUIbHYIO MOJIS-
PH3ALMIO CBSI3U [3-yINIEPOJHOrO aToMa C BOILOPOJOM, YTO objierdaer
OTLUEIVIEHKE POTOHA NPU AEACTBUU CHJIBHBIX OCHOBAHUM, TAKUX, KaK
mpem-OyTUAAT KJIKsI, aMUI HATPUsl, IUHA3OIPOINIAMUI JIUTUSA U Ap.
IlepexogHoe cocTosHUEe E2-3MUMUHUPOBAHUS ITPH HATMYUHK CUJIBHBIX
3neKkTpooTpuuarepHbx yxomsammx rpynn (F, N*R;, STR,) u cuss-
HBIX OCHOBAHUM UMeEET SIBHO BhIpaXXeHHBIH ElcB-xapakTep, U Halpas-
JICHUE JIUMMHHPOBAHHS COOTBETCTBYET IpaBuny lodmana. Msarkue
Xe yXOAsillMe TpyNIbl Hox U OpoM, obnamarouide CpaBHUTEIBHO He-
BBICOKOM 3JIEKTPOOTPULATEILHOCTBIO, CITOCOGCTBYIOT CHHXPOHHOMY
E2-31MMUHMpPOBaHHUIO 1O NpaBHTy 3aiieBa.

3Ta 3aKOHOMEPHOCTD OTYETIMBO CleRYeT U3 AaHHBIX, IPUBEAEH-
HbIX B Tabia. 10.1, rae cooTHOWIeHHe reKceH-1/TeKceH-2 MpH OTLICH~
nenuun HCl ot 2-xnoprexcana uamensierces ot 0,5 no 10, T.e. B 20 pas
MpY 3aMeHe METHJIaTa HaTpusl Ha mpem-OyTwiaT Kanus. s 2-6pom-
2-MeTWIOyTaHa  HANpaBJe€HHME 3JIMMHUHHPOBAHHUSA INOJHOCTBIO
UHBEPTUPYETCS] NIPU NEpPexXole OT ITWIATA KaJIus K mpem-OyTHUIATy
KaJIUS:

CH;,
| 0 .® 80 °C
CH;CH,C—CH,+ GHsO K
| CHOH
Br
g
— > CH;CH=C(CH,), + CH,;CH,—C=CH,.
(71 %) (29 %)
CH,
CHLCH,—C—CH, + (CHy o K® —2 €,
3 2 I 3 3/3 (CH3)3COH
Br
e
—_— CH3CH:C(CH3)2 + CH3CH2C:CH2
(28 %) (72 %)
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HarmnpapneHue 31MMUHMPOBAHUS TAKXKE 3aBUCUT H OT IIPOCTPAHCTBEH -
HbIX dakropoB. CUIBHO NMPOCTPaHCTBEHHO 3aTPYAEHHBIE OCHOBAaHMS
CrocobCTBYIOT IErHAPOrajJloTeHUPOBAHUIO B COOTBETCTBMM C IIPaBU-
JoM T'opmaHa. BTo, MO-BUAMMOMY, CBSA32aHO C TEM, YTO aTOM BOJO-
pona C—H-cBsi3u BHYTpH yrJepoA-YrJIepOLHOM HENM CTAHOBUTCS Ma-
JIONOCTYIHBIM [UISI IIPOCTPAHCTBEHHO 3aTPYAHEHHBIX OOBEMHBIX OCHO-
BaHUM, TAKHX, KaK 3-3THINEHTAHONAT-3 Kaaus, JAA30INPOMHWIAMHULI
M JIp., HanpuUMep:

- (CzH5)3C0H

(75 %) 25 %)
+ KCl + (C,Hs);COH.
CH o, ®
3 2 l 3 (QH5)3COH 3 2l 2
Br CH3
(89 %)
+ CH;CH=C(CH;), + KBr + (C,H;);C—OH.
11 %)

10.2.4. CTEPEOXHMHA E2-DIHUMHWHHPOBAHUA

HauGoiee BaxxHOI 0cOGEHHOCTBIO E2-3TMMUHHAPOBAHUS SBISICTCS
ero crepeocneuuduaHocTs. [Ipy CHHXpOHHOM 3TMMUHMPOBAHMU He-
06xoanMo, YToObI p-OpOUTAIM EBYX aTOMOB YIJIEpOJa, OT KOTOPBIX IIpO-
KUCXOIUT SIMMHHUPOBAHKE, ObUTM napajuieabHbl. TOJIBKO B 3TOM CIIy-
Yyae BO3MOXHO oOpazoBaHue n-cBsi3d. /I 3TOro HeoOGXoZUMO, YTOOEI
TSITh aTOMOB, YYACTBYIOLIMX B peKLMM (IBa aToMa YIiIeposid, BOIO-
poil, HyKieodyr ¥ OCHOBaHUE), JEXAIU B OZHOM IUIOCKOCTU. BTO MO-
XeT ObITh JOCTUTHYTO ABYMS criocobaMu. I'pynnel X u H Moryt Haxo-
JUTBCSI B MPaHCc-TIOJNIOXKEHWH I10 OTHOLIEHUIO IPYT K ApYTY, TOraa ABY-
rpaHHBIHA yron MexXny Humu cocrtaaser 180° (koHdopmauus A), ecau
Xe OHM HaxOAsITCSl B KUC-TIOJIOXEHMH, OBYIPAHHBIA YroJl COCTABISIET
0° (xoH(popmauusa b). Kondopmaiuusg A HaseBaeTCA awmu-riepyILIa-
HapHOM; 2JIUMUHUPOBAHHUE U3 aHMU-TIEPUIUIAHApHOK KoH(opMaLUu
aHmu-nepyIUiaHapHbiX rpynn H u X HasbIBaeTcss aHmMu-3MUMHUHUPO-
BaHueM. Kondopmanus b HocuT HazBaHWeE CuH-TTEpHUIUIaHAPHOM, 37T -
MUHUpOBaHUE U3 KoH(opMaumu b cun-nepuruiaHapHeix rpynn H u X
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Ha3bIBAIOT CuH-ITUMUHUpOBAHUEM. MI3BeCTHBI MHOTOYUCIIEHHBIE [IPU-
Mepbl 000UX BHAOB 3JUMUHHPOBaHUS. B 00lleM ciayyae anmu-31aMHu-
HUPOBAHUE I[IPEAIIOYTUTENIBHEE CUH-IIUMHHUPOBAHUY, [MOCKOJBKY
SHEepPrusl aKTHBAUMH SIUMUHHUPOBAHUS M3 Oojiee CTaOMIIBHOM 3arop-
MOXeHHOI! KoHbopmMmaiuu A OOB[MHO HMXKe, YeM [UISl aHAJIOTMYHOU
peaKkuUMd U3 MeHee CTabMIIbHOM 3acoHeHHONH KoHdopMauuu b:

X
H H
X
3aTOPMOXEHHAs 3aC/IOHEHHAs
koHpopmaLws (4) koHdopmauus (b)

HaubGonsiee Yucno HCCIENOBAHNM CTEPEOXUMHMHU E2-3THMHUHU-
POBAHHUS BBITIONHEHO ISl MIPOM3BOAHAIX LIMKIOreKcaHa. [Ist muKio-
TFeKCWIbHBIX CUCTEM XapKTEepHa OYEHb BBICOKAS MPEAIOYTUTEIBHOCTh
aHmu-3TUMUHHPOBAHHA H3 KOHGOPMALIMH, B KOTOPOH IMPOTOH H yXO-
JsILuasi rpynmna 3aHMUMAaloT aKCHabHble moJloxXeHus . Ui LMKnorekca-
Ha Haubosee cTabuiibHOM GopMoOil sABNSIETCS KOHGOpMAaLus Kpecna,
rIe aTOMBbI BOAOPOJA MWIH 3aMECTHUTEH 3aHHMAIOT 3KBAaTOPHABHbIC
(e) unu akcuanbHble (@) moaoxXxeHus (oapobHO cM. 1. 24, 4. 3). cun-
DNUMMUHUPOBAHHE M3 IIPOM3BOAHEBIX LHUKIOreKCaHa SHEPIETHYECCKH U
NPOCTPAHCTBEHHO HEBLITOAHO ITOTOMY, YTO BOAOPOHd, YXOASIIAs
rpynmna X ¥ [Ba aToMa yriaepona, OT KOTOPbIX IPOMCXOIUT OTLIEILIe-
Hue HX, He JiexXaT B OTHOM IIOCKOCTH, H JIBYTPAHHEBIA YrOJ MEXIy
HUMH pe3Ko omingaercs 1 oT 0 u ot 180°:

cun-OnumuHuposanmne us CqH, X MoxXeTr npoucxoduTh Kax a, e-
wnu e, a-otwervienue HX. O6a 3Ty BapuaHTa, KaK HETPYAHO 3ame-
TUTb, He YIOBJETBOPSIOT YCHOBHIO KoriaHapHoctH H u X. Dromy
YCJIOBUIO YIOBJIETBOPSET TOJBKO aHmMu-3NTUMUHUpOBaHKE, Korga 1 H
U X aHmu-TiepUIUIZHAPHB M 004 3aHUMAIOT AKCHAJIBHBIC TIOJIOXEHUS
(TaK Ha3pIBAEMOE aHMU-IWAKCHANIbHOE DJIMMHHUPOBAHHUE).
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M3BecTHO orpoMHOE YMC/I0 IPUMEPOB GHMU-IUAKCUAIBHOIO OT-
HiefUIeHUs M3 MPOU3BOJHBIX LMKJIOrekcaHa. B kadectse Hauboiee
SAPKOTo IpUMEpa MpUBEIeM OTIUEIICHHUE XJIOPHCTOro BOAOPOJA U3
MEHTWIXJIOPHAA U HEOMEHTWIXJIOpMIA TNOoA NeiCTBHEM 3TUaTa Ha-
TpUS B 3TAHOJIE, U KOTOPOro ycTaHoBiaeH F2-mexaHusMm. MeHTWI-
XJIOPHJ MOXET HaXOOHUTBLCS B JIBYX KPECJIOBUIHBIX KOH(MOpMaLUsIX,
[Je 5KBaTOpUaIbHbIE M aKCUAJbHbIE 3aMECTUTENIM MEHSIOTCS MecTa-
MH, U 3aMECTUTENb X, aKCHAJIbHBIH B OMHON KPECIOBHIHON KOH-
¢opMaLMH, CTAHOBUTHCS IKBATOPHAIBHBIM B APYTO#l KpECIOBUIHOH
koH¢opMmauuu. OnHa U3 KoHpopMauMi MEHTHIXJIOPHUIA, B KOTOPOU
BCE TP 3aMECTHTENs] 3KBAaTOPHANILHbI, HAMHOTO (Ha 4 KKaJ/MOJIb)
bonee cTtabuibHa, YeM Jpyras, e Bce OHY aKCHANIBHBI (CM. II. 24,
4. 3). OnHako E2-31MMUHUPOBAHMUE OCYIIECTBIsIeTCS crepeocnendu-
4YeCKH W peruociienuduyecky U3 KoHPOpMalUuU ¢ aKCHUATbHBIM IO-
JIOXEHHEM aTOMa XJI0pa B Pe3yJIbTaTe aHmu-OTIUEIUIEHUS XJIopa U aK-
CHAJIBHOTO BOZOPOJA TIPU COCENHEM aTOME YIjepona:

H (CH;),CH
a a

He
pui—— e H —»
He a
L@ CH;
CH,
CH,ON%
—_—
C,H,OH
c
CH{ ‘cH,

Y MEHTUIXIOpPUAA C aKCUAJIBHBIM PACHOJIOXEHHEM XJI0pa UMEETCS
€JUHCTBEHHBIH BOXOpPOJA B aKCUAIBHOM II0JOXEHUU IIPU COCENIHEM
YIJIEPOLAE, [IOITOMY CTEPEOITIEKTPOHHBIE TpeOOBAHUS aHMU-ITUMUHHU -
poBaHUs 0OyCHOBIUBAIOT obpa3zopaHue 2-MEHTEHa B Ka4yecTBE €IHH-
CTBEHHOrO NPOAYKTa 3JMMHHHPOBAHMSA M3 MEHTWIXJIODHIA, HECMOT-
PSl Ha TO YTO TaKO€ HaIlpaBleHUe OTIIEIUIEHUS IPOTUBOPEYUT ITIPABILITY
3aiiuesa o HauboJiee 3aMelLleHHOM IIPU JBOWHOM CBSI3U IIPOLYKTE 3J1H-
MUHUPOBAHUS. B oTiMyre OT MEHTWIXJIOPUIA B €r0 [IMMEPE HEOMEH -
TWIXJIOpUJE aTOM XJopa B Haubosiee cTabuiIbHONH KOHGOpPMALMM Ha-
XOOUTCS B aKCHAIBHOM MOJIOXeHUU. AToMbl Bomopona rpu C(2) u
C(4) takxke akcuanbHbl. B pesynerate oTiuerieHuss HCl ot HeoMeH-
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TWDUIopKaa o0pa3yeTcss CMeCh ABYX M30OMEPHBIX MEHTEHOB B COOTHO-
WeHUM 3 : ] B MOJTHOM COOTBETCTBHM C NpaBMIoM 3aiflieBa, MOCKONb-
Ky 3-MeHTEeH TEPMOAMHAMUYECKU CTabWIbHEE 2-MeHTeHa:

CH
(CH3),CH CZHSQ NS
4l "C,HOH
H CH(CH3)2 H CH(CH3)2
3-MeHTeH 2-MeHTeH
(75%) 25%)

ButiuHansHble 1,2-nubpoMuIb! MOXHO 1e0pOMHPOBATE IO IEHCTBH-
€M Pa3TMYHBLIX BOCCTAHOBUTEIBHBIX PEAareHTOB, TAKMX, KaK HOAUI-UOH,
TpudeHundochur u ap. CrepeoxumMus 3Tol peakuuu Obuia ycra-
HOBJieHa ¢ IToOMollUbl0 MeyeHoro 1,1,2-TpubpoMIMKIIOreKcaHa, mo-
JY4EHHOTO [IPUCOCIMHEHNEM H30TOMNa ’Br, X HeMe4eHHOMY 6poM-
LHMKJIOTEKCEHY. PamnoakTHBHOCTE 2Br2, HCTOYHMKA Y-U3NY4CHUSI, 110~
3BOJISICT OMNPENEIUTh CTEPEOXUMUYECKUN XOI 3JTUMUHUPOBAHUS C
O4YEHb BBICOKOH CTEINEHbIO TOYHOCTH, HEIOCTYITHON APYTUMHU METO-
mamu. HeMeueRbIl OpOMUMKIOreKCeH N0MXeH ObITh €ANHCTBEHHBIM
MPOAYKTOM B Cjydae awmu-3TUMUHHPOBAHMS, B TO BpeMsl KaK IpHU
CUH-3TMMUHUPOBAHUH JOJXKEH OBITh IOJYYEH OPOMUMKIOIEKCEH,
MEYEHBIA 82Brz. Hebpomuposadue 1,1,2-TpuOpoMIMKIOreKcaHa Mnoj
IeicTBHeM HOOUI-HOHA NMPOTEKAET cTepeoceiuduIecKy KaK aHmu-
SJIUMHHHPOBAHUE:

Br Br

gt Nal + IBP
~p* CH;OH

H

OjnHako Takasl Ype3BbIMaHHO BBICOKAs CIIOCOOHOCTH K aHmMU-3JIU-
MUHHPOBAHMIO XapaKTEPHA TOJBKO JUIS LIMKJIOTeKCHIBHBIX U KOHACH-
CUPOBaHHBIX LIMKJIOTEKCUIBHEBIX cucTeM. J/Isi IUKIOB ¢ OPYrUM YHC-
JIOM 4TOMOB YIJIEpOOa aHmu-31THMMHUHUPOBAHHE YK€ HE SBJISIETCS €IMH-
CTBEHHBIM HaIlpaejeHueM peakuuu. s XecTko ¢pHKCUpPOBAHHON
OULIMKIINYECKOI cUCTEMbI HOPOOpHUITANOTEHUI0B (OMumMknof2.2.1]-
refraHa), rie ABYrpaHHBIA YroJl MeXIy aTOMOM rajloreHa M BOIOpPO-
JOM B 3K30-NIONOXEHUU Onu3ok K 0°, peanusyercsl cuH-3TAMUHUPO-
BaHHE raJoreHOBOIOPOA:
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©)
X B:
CUH-3JIAMAHUPOBAHUE H

H + X% DB
D

4 \ H
3HOO- H " sk30-
aHmu-JNMMUHUPOBAHHE HE TIPOMCXOIUT ITOTOMY, YTO IBYI'DPAHHBIH
yroia mexny rpymmnoit X ¥ 3HO0-BOLOPOIOM cocTamisieT auiub 120° u
M3-3a XKECTKOW CTpYKTypbl OHMIMKIO[2.2.1]renTaHa HE MOXET NOCTHT-
HYTb BeJIMYMHBI, O61Ku3Koil K 180°, HeoOXxomuMOM I aHMU-3THMUHUA-
pOBaHMA. AHAJIOTMYHO OOBSICHSIETCS W CUH-DIMMHHUDPOBAHHE U3
TMIPOKCHMIA HMKI0OyTrITpuMeTIaMmonms 1o [opmany. B aToM cirydae
M3-32 MAJIOTO pa3Mepa LIUKIIA MOJIEKY/Ia TAKKe HE B COCTOSIHMH IIPUHSTD
KOH}OpMaLHI0, HEOOXOOMUMYIO IS aHMu-3IUMHHUDOBAHUSA C
IBYTPaHHBIM YTJIOM, 6au3kuM K 180°:

H H

g o 120 °C

N(CH,);0H > + N(CH3); + HOD
H H

B npyrux ciydasix CUTyaliusl He CTOJIb ONpEAeNICeHHA, KaK B BBILUETIPH-
BEICHHBIX MpuMmepax. OTLIeIUIeHHe BOObI OT TMOPOKCHIA LIMKJIOEH-
TIWITPUMETWIAMMOHUS ocyluectsisteTcss Ha 50% xak cun- v Ha 50%
KaK agumu-31uMUHUpoBaHue. s mpanc-2-beHUIIKIONeHTHITO3H -
JlaTa CKOpPOCTb peakUUU CUH-3TMMUHUPOBAHUS TIOH AeACTBUEM mpem-
OyTuiaTa Kanus B mpem-OyTIWIOBOM CIIUPTE A0 1-(eHWIIIMKIOIEHTE-
Ha B JECSTh pa3 NPEBHIUAET CKOPOCTh KOHKYPHPYIOILIETO ¢ HUM IIpO-
lecca aHmu-31UMUHUPOBAHHUSA, NMPHUBOIAIIEr0 K 0O0pa3oBaHHIO
3-beHWIUMKIIOTIEHTEHA!

AHMU-3AMI- H  cun-smmm-
< MpoBaHne HHPOBaHUE,
G(CGHS (CH,),COK: C¢! (CH,),COK:
' (CHy,COH; 7 ™ . (CH,);COH;CH
9 %) 50 °C H OTs 50 °C 91 %)
3-denui- mpanc-2-QpeHn- 1-ernn-
LIMKJIONIEHTEH IAKJTONEHTHITO3WIAT IIUKJIOIIEHTECH

KpoMe Toro, ckopocts E2-anmumunupoBanus TsSOH u3 mpanc-2-de-
HWILMKJIOMEHTUITO3M/IaTa HAMHOTO IIPEBLIIIAET CKOPOCTh E2-31uMH-
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uupoBanus TsOH u3z uzomepHoro emy yuc-2-deHWILUIIONEHTUITO-
3WIaTa B TeX Xe YCIOBUSIX:

H arHmu-3J1 PIM]/IHPI})OBaHHe=
(CH3)3COK; (CH3);COH;
CHS “OTs S0°C CeH

YuUc-u30Mep

CooTHOUIEHHE MPOLECCOB CUH- U aHMU-3TUMIHUPOBAHUS 3aBUCUT OT
TOro, HaXxoAMTCA JK OCHOBaHHWEe B (opMe arjoMepara HOHHBIX I1ap
Uy cBoDOOHBIX MOHOB. ArjoMepaThbl MOHHBIX I1ap U MOHOMEPHBIE
WOHHBIE IaphI CIIOCOOCTBYIOT CuH~-3IMMHUHUPOBAHUIO 32 CUET KOOPAU-
HAlUMM KaTUOHA METaJUla ¢ YXOISIUIe Trpylnou:

|
\' 7 C ———>\c_c< +ROH+KX

'\{x

C npyroit cTopoHbl, UIsI CBOCOAHOr0 aHHOHA JOKHO ObITH Bosee xa-
PaKTepHO arHmu-3JIMMUHUPOBAHHE U3 KOHMOpMALWH, TAe YXOHSIILAs
rpyfmna ¥ BOXOPOJA HaxXONATCS B aHmMU-TIEPUIUIAHAPDHOM IOJOXEHUH.
JedcTBUTENbHO, COOTHOLUEHHE |-beHMIIHKIONeHTeHa H 3-heHWI-
LUKIONEHTeHA — IPOAYKTOB CUH- W AHMU-DIAMHUHHUPOBAHUS M3
mpanc-2-GeHUIIUKIONIEHTUATO3MIaTa — u3MeHseTcss ot 10: 1 B ot-
CYTCTBME CBSI3BIBAIOLIMX KATHOH Kanus nobasox no 1:2,5 B ipucyT-
c¢TBUHU 18-KpayH-6-nonuacdupa. 18-KpayH-6-nomuadup obnamaer yHH-
KaIBbHOH CIIOCOOHOCTHIO K 0Opa30BaHMIO CTabOWIBHOIO KOMILIEKCA €
KaTHUOHAMU KAJIUA M HAaTpUs B PE3yibTaTe BKIIOYEHUSI KATHOHA B I1O-
JocTh UMKiIa (cM. mi. 11). Cps3piBaHME KaTHOHA Kalus B CTAOWIBHBIA
KOMIUIEKC NMPUBOOUT K Pa3spyLIeHWIO MOHHBIX aCCOLMATOB mpem-Oy-
TWIATA KIUs ¥ OPYTUX AJIKOTOJISITOB UIENIOYHBIX META/UIOB BIUIOTH IO
MOHOMEPHBIX MOHHBIX Nap ¥ CBOOOJHBIX HOHOB. BTO COIIPOBOXAAETCSA
3HAYMTENbHBIM U3MEHEHUEM CTEPEOXUMHUU E2-3TUMUHUPOBAHMSA, TIE
npeobiafaolMM CTAHOBUTCS YXe aumu-3MTUMUHUpoBaHue. OXHAaKo
Iaxe co CBOOGOMHBIM, HE CBSI3aHHBLIM B MOHHYIO I1apy mpem-OyTwiIaT-
HOHOM M ADPYTUM AJIKOTOJISITOM, PEATHU3YIOTCS 00a KOHKYPHPYIOLIHMX
npoliecca — CUH- U awmu-3MTUMUHYpoBanue. [IpeuMyluecTBeHHOE Cun-
3JIUMHHHPOBAHUE HEONHOKPATHO HAOIIOAANIOCH B PANY LUKIOOKTHIb-
HbIX X UMKJIOAEIMWIbHBIX IPOU3BOIHBIX — COEWHEHHUI C TaK HA3biBa-
€MBbIM CPEeNHUM pa3MepoM LIMKJIA.

anmu- DITMMUHUPOBAHKE TAIOTEHOBOAOPOIa B ALIMKIMYECKOM DSITY
OBUIO MEPBOHAYAIBHO JOKA3aHO HA MpuMepe 2-Opom-3-meitrepobyra-
H4a, KOTOpbIH 6bUT UCITONB3OBAH B BUAE apumpo-usomMepa. [lnsa spumpo-
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¢opMbl 2-OpoM-3-geliTepobyTaHa BO3MOXHBI YETHIPE pPEaKIIMOHHBIE
KoHOpMALIMM, KaXaas U3 KOTOpbIX Onarojgaps IedTepueBON METKe
MIPUBOJIUT K 0Opa30BaHMIO XapaKTEPHOTO ISl Hee MPOAYKTa peaKLuu
snuMuHupoBaHus HBr wau DBr.

OTO JerKo NpOWUIIOCTPUPOBATh C IOMOILBIO CIENYIOLUUX YpaB-
HEHUH:

Br
CHs H CH aHMU-27TUMH- CHj
H——D 3 Huposanue DBr
H——DBr CH H o
CH; D H
3pumpo-2-6poM- mparc-OyTeH-2
3-neiTepoOyTaH
Br D
CH
CH; D 3
anmu-3mimMuHuposanue HBr
CH H CH
H H
yuc-0yTeH-2
Br
H D CH,
cun-anumuHupoBanue HBr
D >
CH CH3H CH H
mpaHc-OyTeH-2
Br
D CH;, H
cun-amuMuBuposanue DBr
CH cf, H H CH H
yuc-oyreH-2

BbLIO YCTAHOBIIEHO, YTO B pe3yjabTaTte 3JIUMHHHUPOBAHUS U3 2-OpoM-
3-peiTepobyraHa obpasyercst mparc-OyTeH-2, He COIepXallui mei-
TepHUs, U NeUTEPUPOBAHHBIN yuc-OyTeH-2. DTO COTNACYETCS TOJILKO C
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MEXaHU3MOM GHMU-ITUMUHVpOBaHUA. Ha 3ToM ocHOBaHUM OBLIO
copmynupoBano obiuee MpaBuo 00 GHMU-ITUMHUHUPOBAHMM TIpU
£2-MexaHu3Me B psiny asKUITaJIOTeHKIOB U ankuicyabgoHaros. On-
HaKO TaK Xe Kak M IS TPOM3BONHBIX LUKIOATKAHOB, pealbHasi CU-
Tyalus oKasanach 3HAaUYUTENBHO CIOXHee, YeM MepBOHAYaAIbHO Mpe/-
nojiarayioch. [ roMosyioros 2-rajyioreHo6yTaHOB — 3-TaflOreHreKCaHoB,
KaTUOHA 3-reKCWITPUMETHIAMMOHUS U psiia APYTUX 6émop-ajKvra-
JIOTEHUZIOB ¥ cynb(dOHATOB HAOGIIONAETCS KAK aHmu~, TaK U CUH-DITH-
MUHHUPOBAHME IIpU GopMaTbHOM E2-MeXaHU3Me, IPUYEM CTEpPEOXH-
MUST IMMUHUPOBAHMUS OYEHb CHIBHO 3aBUCUT OT IIPUPONBI YXOJS-
el rpymnsl 1 ocHoBaHus. B TaGi. 10.2 mpracraeieHbl JaHHBIE ITO
crepeoxuMuy E2-31UMUHUPOBAHUSA IS psina emop-AlkX.

Tabnuupa 102
Crepeoxumusa E2-3THMHHAPOBAHAA AUHKJIHYECKHX cyDcTpaToB

% aumu- | % cun-
CoenuneHue OCHOBaHHE M pacTBOPHTENb | SMHMUHH- | ATHMHHH-
POBAHMSI | POBaHUS
CH,CH—CHCH, (CH,),COK; (CH,),COH 100 0
bk
CH3?H—ICHCH3 (CH,),COK; (CH,),COH 100 0
D OTs
CH,CH—CHCH, (CH,),COK; IMCO 100 0
D N®cH,,
CH,CH,CH—CHCH,CH, (CH,),COK; (CH,),COH 32 68
b b
CH,CH,—CH—CHCH,CH, | (CH,),COK; (CH,),C—OH 20 80
D NOcH,),
CHJ(CH2)3(I3H—?H(CH2)3CH3 (CH,),COK; TMCO 38 62
D
CH3(CH2)3C'H-—C|H(CH2)3CH3 (CH,),COK; (CH,),COH 93 7
D OfTs
CH,(CH,),CH—CH(CH,),CH, | (CH,);COK; IMCO 2% 76
D NOcH,),
CH3(CH2)3(]2H—CIH(CH2)3CH3 (CH,),COK; C(H, 20 80
D F
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Kak cnenyer U3 JaHHbIX, TIpUBeNeHHBIX B Taba. 10.2, cun-31MMUHU-
POBAHHE CTAHOBUTCS OCHOBHBIM MPOLIECCOM NPH MEPEXOJE K INEKTPO-
OTPULATENbHBIM YXOISLUM IpyilaM — (Topy, TPUMETWIAMUHY ITPpU
UCNOJB30BAHUH B KAaYECTBE OCHOBAHUSA mpem-GyTpmaTa kanug. Takum
obpaszom, i E2-MexaHu3Ma [3-3TMMUHUPOBaHHS BO3MOXHO Hapa-
JIENBHOC CuUH- N aHMu-3JMMHUHHUPOBAHHE. DTO HEOObIYHOE SIBJIEeHHEe
TIONYYIIO HA3BAHHUE CUH,AHMU-IUXOTOMMH . B KauecTBe mpumepa cu-
U aHmu-JUXOTOMHHU W3 OLHOI'O CY6CTpaTa paccMOTpUM OTILUCIUVICHHUE
TPUMETWIAMHHA M3 KaTHOHA (HeLII-5)-TPUMETHIaMMOHMS.

CHe. H H_ CHy

(CH;);COK
CH3(CHy);—CH—CH,(CH3);CH; —— > +
+ (CH3);COH
N*(CHy); H “CHyH “CHy

Hcnonbs3ya MedeHHEIe JeidTepueM MCXOIHBIE COeIMHEHMS, 4 TAKKe C
ITOMOLLBIO APYTHX METOAOB, YAAIOCH He TOJNIBKO TOKA3aTh HAIMIUE CUH-
M GHMU-3IUMUHMPOBAHMUS, HO TaKXKe PACCYMTATh CTENEeHb YYacTHs
YEThIPEX BO3MOXHBIX PEAKIIMOHHBIX KOH(POPMALUI B KOHKYPUPYIOLIMX
rpoueccax saIMMHHHpoBakusg. s karuoHa (meuui-S5)-TpUMETH-
JJAMMOHHSI MOXHO MPEJACTABUTDL JIBE GHMU- W JBE CUH-TIEpUIUIaHAp-
Hble KoHGbOpMaIIUY, KaXaash M3 KOTOPbIX NPHBOAUT K 00pa3oBaHUIO
XapakTePHOTO IS Hee MPOAYKTA CUH- U GHMU-3TAMHHUPOBAHMS.

CH,);N* N(®
(CHy)3 " CH H N7(CHs)3
CUH-DITAMM - aHMu-3MAMH- H C4Hg
HUPOBAaHUE, HUPOBAHKE,
62% 9%
—— - -——
H H C,H
C4H C4H9 H 4119 C4H H* H
mparc-anKeH
A .y
CH,),N* HCH
(CH3)3 e C.H H NY(CHj3)3
CUH-DTTUMU - aHmu-3;1MMHN- C4H H
HUPOBaHUE, HUPOBaHHE,
2% 23%
C4 C4H H
CHY i\y CHS g °H
UC-aJKe
2 YUC-aIKEH r

'dichotomy -— JeJIeHHe LEJIOro Ha ABE YacTH.
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HetpynHo 3ameTtuts, 9to oKono 90% mpauc-neueHa-5 moay4aeTcss B
pe3ynbTaTe CuUH-IIUMUHMpPOBAHMS U3 KoHdbopmauuu A. HawubGolnee
[I0PA3UTENbHBIM OKA3bIBAETCS TO 0OCTOATEILCTBO, YTO ITOYTH BECh HlC-
JeleH-5 obpa3yeTcsl BCIAENCTBUE aHMU-3JIMMUHUPOBAHUS, U 3TO OT-
[UeTUIEHHE [TPOMCXONUT W3 SHEPreTHYECKW HeBBITOTHOM KoHdopma-
uuu I. [Ing Toro yrobb! npousounuio FE2-3nTuMHUHHpPOBAHUE, OCHOBA-
HUe B~ [OJXHO OTIENUTh MPOTOH, OTMEYEHHBIH 3Be3NOYKoil. B
koHboOpMaUuM b 3TOT NPOTOH 3KpaHMPOBAaH OYTWIBHBIMY TPYIIIIAMU
¢ o6eUx CTOpoH, a B KOH(opMaluy [ OH 3KpaHHPOBAH TOJILKO C OMHOMU
cTopoHbl. [ToaToMy npu anmu-3TMMUHUPOBAHMM U3 KoHpopMaruyu [
yuc-aJIKeH NOJIXEH IIoJy4yaThcsl B OOJIBLIEM KOJIMYECTBE, YEM €ro
mpanc-u3oMep M3 KoHdopMmauuu b5, yto U HabmiogaeTcs B AeHCTBU-
TeJsHOCTH. KpoMe TOro, eciu awmu-3IUMUHHPOBAHHME 3aTPYAHEHO
HAacTOJNbKO, YTO DEaju3yeTcss KOHKYPECHTHOE CUH-3NUMUHUPOBAHHE,
npespalieHue b—awmu—mpanc NONXHO IONABASThHCS B Oojbplueit
CTelleHH, YeM MpespalueHue I—anmu—uyuc. JIns cun-3smiMUHHPOBAHUS
3HEPreTMYEeCKH M IIPOCTPAHCTBEHHO HauboJee BBITOMHON OKasblBaeT-
cs1 KoHopmauus A, MeHee 3acCIoHeHHast, YyeM KoHdopMmauus B,
[103TOMY CUH-DITUMUHUPOBAHHE [IPUBONUT IPAKTUYECKH TOJBKO K
mpanc-ankeHy. Takum obpa3zoM, B obuieM ciaydyae mpaHc-aJIKeHBl 06-
pa3yloTcst NMPEUMYILECTBEHHO TIPH CUH-ITAMUHUPOBAHUU, TOIHA KakK
Yuc-aJIKEHbI MOJNYYaloTCsA MPAKTUYECKH LIETUKOM B pe3yJbTaTe anmu-

SJIMMWUHUPOBAHUS U3 COENUHEHUH RICHX—C\——R2 :

HY H,
R H,
anmu-3mivuEMposatue HpX
R! H R Ny
Hp Yuc-aIKeH
Hyp r{ H
cun-3numuHupoBaHue HpX
H L
R! =2 H HY g2

mpaHc-aJKeH

3HaHHe 3aKOHOMEPHOCTEH CUH- U aHmu-3TUMHUHIPOBAHUS TTO3BOJSIET
B psiie CJIy4YaeB BHIOpaTh ONTHUMAJbHBIE YCJIOBHUSI, CIIOCOGCTBYIOIIHE
MIOJIYYEHHIO aJIKEHa ompenesieHHoN kKoHdurypauuu. Tak, Hanpumep,
U3 UUKIOAELUMIXJIOPHIA NPU NEeHACTBUMU AUIMKIOTEKCHUIAMUHA B
HEIOJISIpHOM cpefie (TeKcaH) MoydaeTcsl NPaKTHYeCKH YMCTbIH mpaHc-
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LMKIOAELIEH B PE3YIbTATe CUH-3JIMMUHUPOBAHUS. aHmMU-DIUMUHUPO-
BaHHE XJIOPUCTOIO BOJOPOIA M3 TOTO X€ IIMKJIOAELIMIXJIOPUAA YAACT-
Cs1 OCYLLECTBUTb B CHiIbHO TonsipHoMm JIMCO (2= 49) non neitctsu-
eM mpem-0OyTWiiaTa KajMs, NPOAYKTOM pPeaklHK B 3TOM CIIydae OKa-
3BIBAETCS YUC-LMKIIOAELIEH.

IIpeuMyiLleCTBEHHOE CUH-3TUMUHHAPOBAHUE HAOMIOZATOCh faXe U3
IEPBUYHBIX COCAVMHEHUI 00leit dopMyIib RIRZCHCHDN+(CH3)3OH—,
ecmn R! 1 R? — pasBeTBieHHbIC JIKUIbHBIE TPYIINBL. B 3TOM ciydae
KoHpopmartus /I, IpuUBOASINAS K CUH-ITUMUHHPOBAHUIO, TAKXKE CTe-
pHUYECKH MeHEee HaIpsDKeHa 0 CpaBHeHWIO ¢ KoHdopMauueid E, u3
KOTOPO#M OCYLIECTBIISIETCS anmu-3TUMUHUpoBaHue. B koHbopManuu
E Tpu 06beMHBIE IPYNIBI HAXONSTHCS B 20Ui-TTOJIOXEHMU:

@ 2]
N(CH>), (CHy:N

H

R. R2
R2
H D H D

H* R
E y/4

HecMoTpst Ha To 4TO B Hacrosiliee BpeMsl HaWIeHbl MHOTOYMC-
JIEHHbIE NIPUMEPb! KOHKYPUPYIOUIETO CUH- U aHmu-3IUMUHUPOBAHUS,
$aKTopbl, OIpPENEIISIOIINE CTEPEOXUMUYECKHE OCOOEHHOCTH 3JIMMU-
HUPOBaHUSI, BCE €HIE OCTAIOTCH IMPEeIMETOM MHOTOYMCIEHHBIX MCCie-
JMIOBaHUH W muMcKyccuil. He uckitioueHo, uTo B OyayuieM 3TO IpuUBe-
JeT K KOPEHHOH PEKOHCTPYKUMM caMoit KJacCU(PUKAUMU MEXaHHU3-
MOB 3JJUMUHUPOBaHMSI.

anmu-DNMMUHMPOBAHUE CTAHOBUTCS OCODEHHO IMpPEAIIOYTUTENb-
HbIM, €CJIM B KayecTBE OCHOBAHMS HCIOJB3YIOT clabble OCHOBAaHUSI,
Takue, Kak XJIOpU-~, GTOPUA-, alleTaT- U THODEHONSAT-UOHbI, BMECTO
CWIBHBIX OCHOBAHMIl — mpem-OyTWIAT-UOHA M JPYTUX QJIKOIOJISTOB.
aHmMu-DTUMUHUPOBAHUIO B 3TOM CJIydae CIIOCOGCTBYET MCITOJIB30BAHUE
JUIOJSIPHBIX AIIPOTOHHBIX PAacTBOPUTENEH, a Takke Homaua-, OpoMui-
HOHOB U CYJIb(OHATOB B KAYECTBE YXONSIIEH IPYNIIbl B TPETUYHBLIX U
BTOPUYHBIX AJTKUJIUOIMAAX, ATKWIOpOMUIAX U IKMICYIbGOHATAX:

o La
TIM®A. 80 °C 0
Br CH; (76 %) CHj
CH,),CCOOK
CH3(CH2)3CH_CH3 (3)3—°> CH3(CH2)2_CH:CH_CH3
] JIMCO; 100 °C
Br (95 %)
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10.3. IPOCTPAHCTBEHHAS OPUEHTALIMA TBOUHOH
CBs3U B IIPOAYKTAX DJINMMUMHHUPOBAHU A

CaMoCTOSTENbHYIO Npo0JieMy B peakIUsIX SMUMUHUPOBAHUS CO-
crapisieT obpa3soBaHUE YUC- U MPAHC-U3OMEpPHbIX ankeHoB. Ilpu ot-
LWIEIUIEHWH TATOr€HOBOJOPOAa OT BTOPHUYHBIX WJIH TPETHUHBIX AJIKHII-
raioreHyua0B dakTUYecKu obpasyeTcst He NBa, a TpU ajiKeHa. Tak,
Halpumep, npu E2-31MMUHUPOBAHHHU U3 2-OpOMIIEHTaHA [10Jy4alOTCs
NeHTeH-1, yuc- U mpanc-nieHTeHbI-2 HapsSAy C 2-3TOKCUIIEHTAHOM —
MIPONYKTOM Sy2-3aMEILEHMs OpoMa HA 3TOKCWIBHYIO TPYIIITY:

CHOK®
CH,CHCH,CH,CH; > CH,=CHCH,CH,CH; +
L C,H,OH; 60 °C 5%

CH3\ s CHZCH3 CH3\ /H

+ c=C + c=cC +
/ AN Ve \

H H H CH,CHs,

(14%) (41%)

+ CH3|CHCH2CH2CH3 + KBr + CH3CH20H .

OC,H
oM (20%)

AHanorvyHo nipu otwerieHu HX mo 3aiiieBy v3 coeaHEeHUH 00-
e popMyisl RICHZCHXR2 BO3MOXHO 0OpO30BaABHUE YUC- U MPAHC-
JTKEHOB:

1 2 1

® R R R H

. 2

RICH2CHR2 _B: \C.:C/ + \C=C/ + BH + X:
| Ve \ s/ N2

X H H H R

X=F; CI; Br; I; OTs; OSO,R .

KoHdurypaiiuss ankKeHa TECHO CBSI3aHA CO CTepeoXUMuUMen [L2-amu-
MUHHUpoBaHus. [Ipy anmu-31TUMUHHPOBAHUM Yuc-JIKEH obpasyercs M3
KOHGOpMALIMU A, a mpaHc-anKeH — u3 KoHopmanuu b:
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R H
R H C]
B: ]
R E— + HB + X:
R H
R H
H
KombopMarms A Yuc-ankeH
X H R
H R €]
B: o)
—_— + HB + X:
R H
R
H
mpaHc-aJIKeH

koH¢opMauysa b

Kondopmauusi b sHepreTudeck Goliee BBIMOJHA, 4eM KoHbopMa-
uusi A, MOCKOJBbKY B KOH(popMauuu A ABe aIKWUIbHbIE I'PYINbI Ha-
XoIsaTcs OJIMXKe OpYT K ApYry, ueM B KoHdopmauuu b. [Tostomy mnpu
JIMMHUHMPOBAHUY 0Opa3soBaHUE MPaHC-aIKeHa HOJIXKHO OBITH IIpen-
IIOYTUTEIbHEE, IPUYEM [0Sl mpaHc-u3oMepa Jo/KHA BO3pacTaTh Mo
Mepe yBenuueHHss o0beMa 3aMmectHTensd R. Tak, NpH oOTiUETLUIEHHH
6poMHcTOro Bogopoaa ot 2-6poMbyraHa moxd neiCTBMEM TWIATA Ha-
TpUSI B CIIMPTE COOTHONIEHWE mpaHc- U yuc-OyTEeHOB-2 COCTaBISIET
npuMepHo 3: 1, musa aHamornyHo¥ peakumu 1,4-mudenwn-2-6poM-
Oyrana oHa BospacraeT Ko 50:1. B o6iueM ciydae cooTHollleHHE
mpaHc-yuc-u3oMepoB MpPU aHMU-ITUMUHUPOBAHUM pEIKO ObIBaeT
OosbuIuM, yeM 4 : 1 wim 5: 1.

OnHako cTepHyecKoe OTTAIKMBAaHUE IBYX aJIKWILHBIX TPYHII HE
€NUHCTBEHHBIN (paKTOp, BAUSIOIIMH Ha COOTHOLUEHUE LUC- KU MPAHC-
H30MEPOB MPOAYKTOB armu-E2-31MMUHUPOBAHUSI. DTO COOTHOILIE-
HHUE 33BUCHT TaKX€ OT NPUPOABI YXONSALIECH IPYIIBl X OCHOBAHHS.
s crepryecKH He3aTpyJHEHHBIX OCHOBAHMU IIpH 3JMMHHHPOBA-
HuM HX #U3 BTOPHYHBIX U TPETHYHBIX aJKWITAJTOTEHUIOB U AJIKUI~
cynb¢pOHATOB BEJIUYMHA MPAHC-/YUC-OTHOUIEHUS 3aKOHOMEPHO
YMEHBINAETCS B PALY

1>Br>CI>F.

CH;0K
CH;CH,CH,CH,CHCH; ————2————» CH;(CH,);CH=CH, +
| CH;O0H; 60 °C )
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CHCHCH, ~ H  CHCHCH, CH;
+ Cc=C + Cc=C
AN 7N
H CH; H H
@) (3)

(1) @ 3
19 % 63 % 18 %
27 % 56 % 17 %

33 % 50 % 17 %
69 % 21% | 10%

1

I

XX o) X
]
ma -

Anst 3TMMUHHPOBAHWA H3 2-rajJlIoTeHreKCaHOB NHOX NeHCTBHEM
METWIAT-HOHA B METAaHOJIe BEJMUYUHA mMpaHC-/yuc-OTHOLUIEHUST H30-
MEPHBIX F€KCEHOB-2 yMeHbiaeTcs ot 3,5 go 2,1 npu 3aMmeHe Hojxa Ha
dTop B KayecTBe YXOHSIIEH IPYIIIBI, XOTSI MPaHc-U30MEDP OKa3bIBa-
eTcsA IpeobiagaiomuM Ipu moboi yxomseit rpymme. IlomoxeHue
pe3Ko M3MeHseTcs, KOrJa B KayecTBe OCHOBAHMS MCIIONBL3YIOT CTe-
pHYECKM 3aTPYLAEHHBIE ANKOTOJISTHI TpeTUYHBIX cnupToB: (CH;);COK,
(C,Hs);COK wmu nuankmnamunsl autuss LIN[CH(CH,),],. 3t oc-
HOBaHMS MIPEXe BCEro M3MEHSIOT HAIpaBlIeHHE SJIHMHUHHPOBAHUS B
CTOPOHY MpeMMYIECTBEHHOro o0pa3oBaHMs ajkeHa-1 B cooTBeTcT-
BuM ¢ npaBwioM I'odpmana. Kpome Toro, Habmomaercs: 3HAYUTEND-
HOEe U3MEHEHHE B COOTHOIUEHMH mpaHc-/yuc-U30MepPOB 00pasylolle-
rocsi B MeHbIIEM KOJYYeCcTBe aTKeHa-2:

(CH3);COK
CH;CH,CH,CH,CHCH (Ch.COR CHsCHaCH,CH,CH=CH, +

(1)
CHCHCH, H CHCHCH, CH,

+ /C=C\ + /C=C\
H CH H
@ <5 H 3
(1) Q) 3)

X =1 78 % 15 % 7 %
X=Br| 91% | 5% | 4%
X=Cl| 9% % 1% 3%
X=F| 83% | 3% | 14%
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M3 2-xJioprekcana B 3TOM ciiyyae obpasyeTcsl IPUMEPHO PaBHOEC KO-
JIUYECTBO MPAHC- W YUC-TEKCEHOB-2, a U3 2-QTOpPrekcaHa M TO3WI4AT
reKcaHoNa-2 yuc-u3oMepa NojydyaeTcst B TpY pasa GoJIbllle, YeM mparc-
rexceHa-2. U3MeHeHUEe COOTHOWIECHHS YUC- U MparC-U30MEpPHBIX aJl-
KeHOB B 3aBUCHMOCTH OT IIPUPO/bI YXOHSAIIEH Ipylnbl U OCHOBaHHUS
ITOKa elle He HAalIUIO YAOBJIETBOPHUTEIBHOrO OOBSICHEHUS.

CoeaMHEeHUs ¢ JBYMSI XMPAJTbHBIMA aTOMaMHU YIJIEpola CyLIecT-
ByloT (r71. 8) B BUAE IBYX DUACTEPEOMEPOB: mpeo-GOpMbl (B CHUM-
METPUYHBIX COEJUHEHUSIX el COOTBETCTBYET paueMar R,S-) U apumpo-
dopMbl (B CMMMMETPHYHDIX COEIMHEHUAX el COOTBETCTBYET Me30-
¢dopma). /IluacrepeoMepsl R!CHX-CHXR? 1o pasHOMY BenyT cebst
B PEAKLUAX aHmu-31MMUENpoBaHus. [Ipu sTOM U3 mpeo-HopMEl Mo-
JlyqaeTcs mparc-, a U3 3pumpo-QopMbl — yuc-u3omep. Y 3pumpo-
¢dopMbI IS awmu-3TUMUHUPOBAHUS pEAKLIIMOHHOCIIOCOOHBIMU SIB-
JISIIOTCST ABe KOH(OpMallMK, KaXaasi U3 KOTOPBIX NPHUBOAUT K oOpa-
30BAHUIO YUC-ATKEHA;

X g2 X
H X X R?
Bt B
——> <___—_
H R! | H R!
R? HoOR H
Yuc-anKeH

Y mpeo-¢popMbl peaKIIMOHHOCIIOCOOHON [UIS aHmu-3TUMUHUPOBAHUS
OKa3bIBAaETCs TaKasi KoHopMarws, rae rpymmst R' u R? Haxomsitest B
QHMU-TIONIOXEHUU IPYT K ApYTY:

X

RZ X SN

[%

H R! H 1
. R

mpaHc-aJIKCH

B xavyecTBe mpuMepa, WLTIOCTPUPYIOIIETO CTEPEOXMMUYECKUH pe3yIbTaT
aHMU-3TMMAHUPOBAHUS U3 IBYX JUACTEPEOMEPOB, IPUBEIEM JTaHHEIC
no anuMuHupoBanuio HBr us 2-6poM-3-MeTunnenraHa. OTuIeUIeHHE
HBr ot aByx nuacrepeoMepoB 2-OpoM-3-MeTWINIEHTaHA NpoTeKaeT
[TIOJTHOCTBIO CTEpPEOCeUUPUYHO KaK awmu-3JIAMUHUpOBaHe ¢ obOpa-
30BaHHEeM 3-MeTHIIeHTeHa-2. DnuMuHupoBanne HBr u3 (R, R)- unu
(S,S)-usomepa NnpuUBOAUT K 00pa30BaAHUIO HUCKIIOYUTENbHO FE-M30Me-
pa aikeHa, Toraa xaxk us (R,S)- wiu (S,R)-quactepeoMepa noayyaer-
CS TOJIBKO Z-3-METUNIEHTEH-2:
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H__ .H  cH,cH,0°

-C—C
CH,CHjy / \ “CH,
H, Br CH;CH,. g
R.R- I {c=c\
CH CH
Ho. .-CHs cH,CHP 3
AN - (£)-3-MeTHIIEHTEH-2
CHs" / \MH
CH,CH, Br
S, -
H\C_C/H CH,CH,0°
P \
CHy \ “CH;
CH3CH2 Br CH}\ ,/H
S,R— . C=C
cH,cH,  “cH
H\C C,»CHz CH,CH,d 3 3
CH3CH2/2 \YH (Z)-3-meTwinenTen-2
CH, Br
RS-

Ilpu cun-31UMMHUPOBAHUM M3 3aCJOHEHHOM KoHGoOpMaluu
mparc-aIKeHbl 00pa3yloTcs B 3HAYUTEILHO OOJIbIIEM KOJIUYECTBE, YEM
HX YUC-U30MEpBHL:

@ ®
(CH3);N L H R (CH;:Ny
CUH-3TTAMU - CUH-3THMU -
——————— -
H HUPOBAaHUE HUPOBaHHE R2
1 2 Rl 1
R R™H H R R” H R H 'y
mpawc- yuc-

DrtoT cay4yai ObL1 onucaH paHee B paznene 10.2.4 Ha nmpumepe (me-
UMI-5)-TPUMETUIAMMOHUUTIMAPOKCHAA, TOE MPaHC-U3oMepa NIPU CUH-
3MIMMUHUPOBAHUM nojayuaercs B 30 pa3 Oosbuie, 4eM yuc-u3oMepa
MpU CUH-3TUMHHUPOBAHUHU U3 APYroil, MeHee YCTOWYMBOMH KoHdoMa-
uuu. VI3 aToro cimeayer, 4TO CUH-IIUMUHUPOBAHHUE OTIMYAETCS OT
aHmMU-3TUMUHUPOBaHUS ropa3no bojiee BHICOKOUW CTEPeoCeNeKTUBHOC-
TbIO B OTHOLIEHHHU KOHGMUTYpPALUH MMOMYYAIOLIErocs: AJIKEHA.
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10.4. KOHKYPEHIIS SAMEINEHNA
1 SJIMMHUHUPOBAHUA.
[MPUMEHEHUE PEAKIIUA DJIUMUHHUPOBAHUA
B OPTAHUYECKOM CHHTE3E

PeareHT Y: WIX pacTBOPHUTENb MOXET NEeHCTBOBATH U KAK HYKJIEO-
$uI Mo OTHOWEHHIO K aTOMY YTJIEpojaa, U KaK OCHOBAHHWE IO OTHO-
UIEHUIO K aTOMY BOIOpOJa MpH coceqHEM yriaeponHoM atoMe. [Tostomy
peakuuy HyKJIeoWIBHOIO 3aMellleHUs] U 3MUMHHUPOBAHUSI KOHKY~
PHUPYIOT ApyT ¢ ApyroM. B MoHoMonekynsspHoM npouecce El-MexaHu3M
KOHKYpUpYeT ¢ Syl-Mexanusmom 3amellieHus1. JleAcTBUTENbHO, MEp-
Basi ctaausi B MexaHusMe El coBrnagaeT ¢ nepBoi cTagueil MeXaHU3-
Ma Syl ¥ 3akmoyaercd B MOHM3aLMU cybeTpara ¢ ob6pa3oBaHUEM Kap-
6okatuoHa. Bo Bropoit cranuu El-npotiecca pacTBOPUTENb OTIIEILIS-
€T IPOTOH OT PB-yIJIEpOMHOro aroma, TOrga KaK npu Syl-MexaHusme
[IPOUCXONMT aTakKa PaCTBOPUTENS MO IOJOXUTEIBHO 3apsSDKeHHOMY
aToMy ymjIepoia. DTo COCTAaBJISIeT eUHCTBEHHOE pa3jIMdMe ABYX POJl-
CTBEHHBIX PEaKLMif — OTIUEIUIEHUS U 3aMelleHusi. Kak yxe ObU10 OT-
MeYeHO paHee, IUsT KapOGOKATUOHOB CKOPOCTh «3axBaTa» HyKJIeobuib-
HOTO areHTa NPEeBBIILIAET CKOPOCTh JeIPOTOHUPOBAHMSI, T.€. Syl > Fl,
¥ 3TO COOTHOIIIEHUE NMPAKTHYECKH HE YIAETCSl U3MEHUTH 3aMEHOH pa-
CTBOpHUTENSI WIKX HyKneodMIbHOro areHTa. bojiee CHIBHBIM HYKJIEO-
¢un criocobcTBYET 3aMEIEHHIO, a D0JIee CUIIBHOE OCHOBAHUE BBI3BI-
BaeT M3MECHEHHE MEXaHU3Ma 3MMMHHHPOBAHUS C MOHOMOJIEKYJID-
Horo FE1 Ha 6umonexynspHbiii E2. VI3aMeHeHHEe B COOTHOLIEHUH
ponyKToB Syl-3amemieHus u El-2MMMHHMPOBaHUS MOXET OLITh JOC-
TUTHYTO B MOHM3HPYIOWHX, ITONSIPHBIX M HEHYK/IEODUIBHBIX pPacTBO-
PHUTENSIX, TaKUX, KaK TpudTOpMeTaHCcynbgOKUCIOTa, U CYIIEpKUCIO-
tax FSO;H—SbFs, SO,CIF—SbFs wiu B Tex ciyyasx, Koraa XxapbokaTu-
OHHBIH LEHTP CTEPUYECKH NMOJHOCTHIO OJIOKMPOBaH Pa3BETBICHHBIMHU
ATKWIBHBIMU TPYIIIIAMU.

CoOTHOLEHUE TIPOAYKTOB Sp2-3aMeleHUs U E2-2TMMHHUPOBA-
HYSl 3aBUCHMT OT LieJIoro psiga (pakTOpOB, BAXHEHIHMMU K3 KOTOPBIX
SIBJSTIOTCA nipupona panukana B RX ¥ OCHOBaHUS, BHITOJNHSIOILETO
OIHOBPEMEHHO M poNib HyKIeodWIbHOro areHTa. bojiee cuabHbIE OC-
HOBaHUS CITOCOOCTBYIOT £2~3JTMMUHUPOBAHUIO, a 60JIee CHIBHBIE HYK-
JeodWIbHBIE areHTbl — Sa2-3aMEILEHUIO;

LiCl _
CH3’CH—(IZHCH3 WCH3(12H—(IZHCH3+CH3(IZ—CHCH3,
CH; Br CH; Cl CH;

(50 %) (50 %)
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o ®
CH,COO K .
CH3$H—ICHCH3 ateron > CH3CH—CHCH; +(CH;),C=CHCH,,

CH; Br CH; OCOCH;
(11 %) (89 %)
C,H,0K
— 25 5 (CH,;),C=CHCHj.
CH3|CH |CHCH3CZH50H, g0-C (CHs 3

3Ty 3aKOHOMEPHOCTD JIETKO TIPOCIEINTh HAa IpuMepe 3-6poM-2-MeTH-
byrana. C xjopun-moHoM E2-3TMMUHUPOBAHUE U Sy2-3aMeILEHHE UIYT
C PaBHBIMM CKODOCTSIMM, HO C alleTaT-UOHOM M, OCODEHHO, C ITWIAT-
HOHOM 3JTMMHUHHPOBAHUE CTAHOBHTCS IJIABHBIM WM [JaXe eIUHCTBEH-
HBIM HanpasieHUueM peakiiuu. [IpuMeHeHue bojiee CUIIBHBIX, TIPOCTPaH -
CTBEHHO 3aTpyAHeHHBIX ocHoBaHuil — (CH;);COK, (C,H;);COK,
(u30-C3H7),NLi — 1151 BTOPHYHBIX QJIKHWITAJOTE€HUIOB M AJIKUIICYJIb-
(hoHATOB pe3Ko cMelllaeT HalpaBJieHUWE PEaKUWHU B CTOPOHY IHMU-
HUpPOBaHUs, a WIS TPEeTUYHBIX RX F2-3TUMUHUPOBAHUE CTAHOBHUTCS
€IUHCTBEHHLIM HAIpaBJIeHMEM peaKIuu:

C,HsONa
=CH, + CH;CHCH
CH3(|:HCH3W CH;CH=CH, 3 3
Br (87%)  (13%) OCHs
CH,CHCH (CH;),COK CH;CH=CH
3 3(CH3,COH 3 %
Br (98 %)

OIHOBpEMEHHO MPOHMCXOOUT M3MEHEHHEe HAIIPaBJIEHUS OTLICIUIEHHS,
KOTOpOe IJIS 3THX OCHOBaHM onpenesieTcs rnpapuioM [odmana:

CH; 0. ®
| (GHs);CO K

— = + P
CH;CHZ(IZCH3 (C.Hy.Con~ CHiCH=C(CHy), CH3CH2(IJ CH,.
Br (11 %) (89 %) CH;

g Toro yToGn! INIABHBIM HATIPABIEHUEM PEAKLHMM CTAI0 JTUMWHU-
poBaHue Mo 3aifleBy, MU TPETUYHBIX AJIKWITAIOreHHIOB U [TUKI10aT~
KHJITAIOTEHHIOB B KAa4eCTBe JUIMAPOTAIOTEHUPYIOIIEro areHTa Heob-
XOIUMO HCIIO/Ib30BaTh XJIOPHUI JUTHS, GHTOPUA KATHS B JIMUIOISIPHBIX
almpoToHHbIX pacTBopuTtesisix — IM®PA, TMOTA unu JMCO:
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LiCl ~
IM®A; 80—100 °C
CH3C1 CH3

O O

18 BTOPUWYHBIX aTKMITAIOIEHUIOB U CylIbGOHATOB LISl JTUMAHUPO-
BaHUS IO 3ailieBy B KayecTBE OCHOBAHMS CJIeAyeT NPUMEHSITh COJHU
TPUMETHIYKCYCHOU (IIMBATHHOBOM) KHUCNOTHI WM APYTOH cTepudec-
KU 3aTpYyOHEHHOU KUCIOTbl. DT OCHOBAHMS IPAKTUYECKH JMLIEHBI
CBOHCTB HYKJIIEOQMJIBHOrO peareHTa, TaK KakK KUCJIOPOAHBIA LEHTP
KapboKcUIaT-UOHA TPUMETHMIIYKCYCHOM KHCJIOThl MPOCTPAHCTBEHHO
OJIOKHPOBAH IUISl ATAKU 10 Sp°-TUOPUIN3OBAHHOMY aTOMY YIJIEPOJa,
u E2-3JTUMUHUPOBAHUE CTAHOBUTCS IPAKTUYECKU E€JMHCTBEHHBIM
HAIpaBJIEHUEM DEAKLIMHU:

100
CH>(CH,),CH,CHCH; + (CH,):CCOONgqg ———»>
3(CH,),CH; } 3+ (CHj); a MDA

—— CH,(CH,),CH=CHCH; + CH3(CH,);CH=CH, +
(94%) (6%)

+ Nal + (CH,);CCOOH.

IlepBHUYHBIE ATKMITATOTEHUIBI [TOABEPTAIOTCS HeTUAPOTraIOreHu-
POBaHUIO M JAIOT aJKEHbl B KA4YeCTBE [JIABHOIO IPOJYKTa TOJBKO IIpU
HCIOJIb30BAHUH B Ka4eCTBE OCHOBAHMUSI IIPOCTPAHCTBEHHO 3aTPYIHEH-
HBIX TPETHYHBIX AMHHOB, TAKUX, KaK, HAIPUMED, ITHWIAMU3ONIPOIIK-
gamuH (u30-C3;H;),NC,Hy unu nuusonponwiamMun JUTHS:

(u30-C3H7)2NC/2H5, 180 °C

H-C6H13CH2CH2BX' > C6H13CH=CH2,
99 %)
CH © ® CH
[ [(CH3),CH],N Li ;
CH;CHCH,CH,CH,ClI > CH,;CHCH,CH=CH,.
TI'P, 60 °C 87 %)

Eme 6onee apdbeKTUBHBIMU HErUAPOraJOTeHUPYIOIMMMHU areH-
TaMU SBJISIOTCS OMUMKIHYECKHE a30TUCThIE OCHOBAaHUS — 1,5-mua-
3abunukio(4,3,0lHonen-5 (IBH) u ocobenno 1,8-guazabuiinkino-
[5,4,0lyuneuen-7 (ABY):
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N N
Z =
N ON/\J

1,5-m1azabuIuKIIO- 1,8-muazabmmxuio-
[4,3,01HoHen-5 (IBH) [5,4,0lyHneuen-7 (ABY)
ABY

CH3(|3H(CH2)5CH3—> CH,=CH(CH,);CH,+CH,CH=CH(CH,),CHj,

Br c 1:4
CyMMapHsIii Bbxon 90%

Crepuyecky 3aTpyleHHBIE AJTKOTOJSAT-UOHBI TaKXKe CIOCOOCTBYIOT
IEerMAPOTATOTeHUPOBAHMIO TIEPBUYHBIX ATKHMJITAIOTEeHUIOB, OMHAKO C
ankwicyibgoHaTaMU PeaTH3yeTcs TOJIbKO Sy2-3aMelleHue:

(CH3);CO K°
H-C18H37Br > H-C16H33CH=CH2 + H—C18H37OC(CH3)3,
(CHy);COH, 80°C~ gq0n (15%)
(CH;);,COK
H-C18H37OTS > H-C18H37OC(CH3)3 .
(CH3);COH, 80 °C (85%)

CtpyxTypHbie QaKTOPH B CyOCTpare TAKXKE UIPAIOT PEIUAIOILYIO
poOJIb B KOHKYPEHUMH Sp2-3amerneHust u £2-31MMUHUpOBaHUA. 3a-
MellleHUEe ATOMOB BOLOPOAA IPH O -YIJIEPOOHOM aTOME Ha aJIKMJb-
Hble TPYINbLl U3MEHSIET HaMpaBlcHHE peaKUHUHd B CTOPOHY FE2-3711-
MUHUPOBAHUA NOI AEHCTBUEM CAMBIX Pa3HOOOPA3HBIX OCHOBAHMH B
psily NMepBUYHBIN < BTOPUYHBIN < TpeTH4HLIH (1. 9). PasBeTBineHue npu
B-yrieponHoOM atoMe TakKe IMOBBIIIAET CTENeHb E2-3IMMUHUPOBAHUS
[0 CPaBHEHUIO € Sy2-3aMelleHUEM. JTO CBSI3aHO CO CTEPUYECKHMU
TIPENSITCTBUSIMU JUISL HYKTEO(MIBHON aTaKu CTEPUYECKH 3aTPYIHEH-
HOrO [-3aMeleHHOro aJKWIrajloreHuaa. JaHHble, MpeAcTaBleHHbIE
B Ta6s. 10.3, HaMIAOHO WLUTIOCTPUPYIOT KOHKYPEHIIHIO £2- B S)2-pe-
aKLUMM IS pa3sIMYHbIX ATKHJIOPOMUIOB.

PazpeTBICHUs NP B-yINIEpOAHOM aTOMe, KaK 3TO CIelyeT U3 aH-
HbIX Taba. 10.3, criocoberByOT £2-3TUMUHUPOBAHUIO, ITOCKOIBKY CKO-
pocTh Sy2-3aMEIEHUS Pe3KO YMEHbIIIAeTCsl, B TO BPeMsI KaK CKOPOCTh
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Ta6éanuua 103

Bansnne pa3BeTBieHHs NpH o~ ¥ B-YriepodHLIX ATOMAX
Ha COOTHOILIEHHE MPOAYKTOB Sx2-3aMemenns H E2-3 1 HMHHHPOBAHUA
B PeaKUMH 2IKHIGPOMAJOB C ITHIATOM HATPHS B ITAHONIE

Cyberpar Temneparypa, ‘C | % Sy 2-3a- | % E2-3mmmu-
MeEILEHMS HUPOBaHHA
CH,CH,Br 55 99,1 09
CH,CH,CH,Br 55 91 9
CH;CH,CH,CH,Br 55 90 10
(CH;),CHBr 25 19,7 80,3
(CH;),CHCH, Br 55 40 60
(CH,);CBr 25 - 100
CH3CH2|CHCH2CH3 25 12 88
Br

CHJC'ZH—ICHCH3 55 5 95

CH,; Br

E2-31MMIHYPOBaHMS U3MEHSIETCS HE3HAYUTENBHO. DIEKTPOHOAKIIET-
TOPHBIE TPYIINBI B B-MONMOXEHUH MOBBIIAIOT CKOPOCTh E2-3ITMMHHU-
poBaHUs, ¥ BbIXoA ctupona npu B3aumogeicreuu C¢H;CH,CH,Br
C STWIATOM HAaTpus B aTaHoje NpH 55 °C Goyee yeM BTpoe IIpEBBI-
LIAeT BBIXOJ [IpoIMJIeHa U3 1-OpoMmponaHa B TeEX XE YCIOBMSX.

Ha cootHolenue npoaykros Sy2-3ameluenust 1 £2-3IMMHHAPO-
BaHUS OKa3blBaeT BJAMSHHE Takxe TemIeparypa. [IpM moBbILIEHUH
TEMIIEpaTyphbl CKOPOCTh PeakUWH OTIUEIIEHMs BO3pacraeT HaMHOIO
BBICTpEE MO CPABHEHMIO CO CKOPOCTBIO 3aMelleHHUS.

10.5. DJIMMHUHUPOBAHUE IIPU IINPOJHU3E
CJIOXKHBIX DPHUPOB, KCAHTOI'EHATOB, OKCHJOB
TPETUYHDbBIX AMMHOB U JPYTI'HE PEAKIITMHA

TIpenpinyiive pazgenb! STOM IVIABHI ITOCBSIIEHBI PEAKIIMSAM SJIUMU-
HUPOBaHUSA, NPOTEKAIOILIUM I10 TeTEPOJUTUYCCKOMY, UOHHOMY Mexa-
HU3MY. M3BECTHO HEMANO NPUMEPOB PEAKITHiA, IIss KOTOPBIX XapakTe-
PEH COBEPLIEHHO MHOM MEXaHM3M 3MUMUHUPOBAHUA. Tak, HalpuMep,
cnoxHble 3¢Upbl KAPOOHOBBIX KUCIOT IPH Harpesanuu go 400—600 °C
B OTCYTCTBHUE KaKUX-THOO PEareHTOB ITOIBEPraloTCs MHUPOJIU3Y B ra3o-
BOIf (aze c obpazoBaHHEM BTKEHOB U KapOOHOBBIX KUCHOT:
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N / 400-600°C \ s
/ﬁ:)—c\ —— C==C{_+ RCOOH
H (0o

0=C—R

Y

Jnsg 3Tolt peaklUy Npe/lJIOXeH COIIAaCOBAHHBIN MeXaHusM £; ¢ Luec-
TU3BEHHON LUUKIUYECKON CTPYKTYpOH IE€PEXOOHOTO COCTOSIHHA, [Ie
pasphlB CTAapbiX U 0Opa3oBaHUE HOBHIX CBsi3ed IPOUCXOAST COIVIACO-
BaHHO B OfHY cTaauio. OMUCAHUIO MEXaHHU3Ma MoJ00HOro poJa Mepu-
LMKIHYECKUX PEAKLIMH NOCBsleHa 1. 25 (4. 3). 3aech Mbl OTpaHHYMUM-
csl JIMLIb KPATKMM OITMCAHUEM CHHTETUYECKHX BO3MOXHOCTEH 3TOro
METONAa MOJy4YeHHUs] ATKeHOB. HampapieHHE SNMHMHHUPOBAHUSL MPHU
MUPOJIU3e CIOXHBIX 3(DUPOB AUMKINYECKOro psijla HE OTIMYAeTCH
BBICOKOH DErMOCENCKTUBHOCTHIO M YaCTO HOCHT CTAaTHCTUYECKHUH
XapaxkTep, T.€. OIpPEHe/sIeTCS YUCIOM aTOMOB BoAopoda IpH B-yrie-
POIOHBIX aToMax. Tak, HalpHUMep, IPH IMHPOJIU3e emop-OyTuialerara
nonyyaercss 55—62% 6yrena-1 u 38—45% Gyrena-2, yro GNH3KO K
COOTHOLIEHMIO 3 : 2 MO YHCITY UMEIOIIMXCA aTOMOB BOIOPOAA MIPH IBYX
B-yrnepomHbIX aToMax:

i °
CH3C——O—(IZH-—CH2CH3M> CH;CH,CH=CH, +
CH; (55—62%)
+ CH;CH=CHCHj, + CH;COOH.

(38—45%)

s cun-31AMUHHPOBAHMS KapOOHOBOM KHCIOTEl HEOOXOAMMO HalIM-
gyye aToMa BoAOpoAa IpU P-yriaepone B yuc-TIOJOXKECHHHU IO OTHO-
LIEHUIO K CIOXHO3(UPHOM rpyrre. B alMKIMIECKUX COEAUHEHUSIX 3TO
JIETKO JIOCTUTAETCSl B pe3ysibTaTe BPAILeHUSI BOKPYT IIPOCTOH YyIyIepoI-
YIJIEPOAHONM CB3M 06EMX AIKWIBHBIX TPYI B B-nonxoxeHun. OgHAKO
IUIST CIOXHBIX 3¢HPOB UMUKIMYECKUX CIIMPTOB, KOrga cBobomHoe
BpallicHUE HEBO3MOXHO, OTLIEIIsIeTCA aTOM BOIOpOXA B YUuC-
MOJIOXEHUK K CIOXHO3(UPHOM TPYIIE, H PEUIU3YETCS CUH-IIUMH-
HUPOBAHUE KAPOOHOBOI KMCIOThHI. B MeHTWIalIeTaTe MMEIOTCS JBa ATOMa
BOAOPONA B KUC-TIONOXEHUU ¢ 00enX CTOPOH IO OTHOIUEHUIO K
alleTOKCUIpYTITie, U NpPU TEepMUYECKOM OTLUCIUICHHMU YKCYCHON KHC-
JIOTBI OT MEHTUJALIeTaTa OOpa3yeTcss CMECh IBYX M30OMEPHBIX MEHTe-
HOB B COOTHOUIEHUU 65 : 35, YTO pe3Ko OTIMYAET 3TOT THUM BAUMUHU-
POBAaHHUSA OT reTEPOJUTHYECKOrO CTEPEOCHeUMPUIECKOro axmu-31au-
MuHuporaHust HCl U3 MeHTUIXIOpUIA TIpU ACHCTBUY OCHOBAHMS, IIe
00pasyeTcss MCKTIOUUTEIBHO MEHTEH-2:
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CH-CH,
C
H 550 -C S
— > CH; CH
H {
= H CH
65%
CH; 0—¢=0 (65%)
CH,
/CH3 ﬁ
+ CH3—<—=_>—C\H + CH,COH .
CH,

(35%)

Takum obpazoM, U Ui LMKIMYECKHX CHOXHBIX 3(huUpOB HE Ha-
Gr0JaeTcs Kakoi-1ubo onpenesieHHON peruoceneKTusHocTy. [Tupo-
JIUTHYECKOE Pa3IOXKEHHE CIOXHBIX 3PUPOB KAPOOHOBBIX KHCIOT UMEET
[pelapaTUBHOE 3HAYEHME B TOM ClIydae, KOrma BO3MOXHO o0pa3opa-
HUE JIUIIBb OJHOTO aJKeHa 6e3 MPUMECU M30MEPHBIX IPOAYKTOB, Ha-
NIpUMep:

575 °C
AcOCH,(CH,);CH,0Ac — CH,=CHCH,CH=CH, + 2CH,COOH
(63—71%)

CH,OAc 550 °C CH,0A¢ CH,

——— +

(i)

HJIH NOJYYCHHUSA BBICUINX AJIKEHOB-1 ¢ 4YMCIOM YyIrJI€poaHBIX aTOMOB
OoJiee AecsSTH Hawily4dllue PE3YyABTAThI JOCTUIAKOTCS IIPpU INHUPOIM3C
CITMpPTa B CMECHU C YKCYCHBIM aHTMIPHUIOM:

CH,0Ac CH, CH,

600 °C
#-Ci3H3,0H + (CH3C0),0 —— C;gH3;CH=CH, + 2CH;COOH.
(68 %)
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Hdpyroii peakuuei, poACTBEHHONH CHUHTE3Y aJKEHOB MMPOJU30OM
3¢hupoB KapOOHOBBIX KHUCHOT, SBJISETCS TEPMHUYECKOE PA3IOKEHHE
KCAaHTOFeHATOB. 3Ta peakiius Obuta oTKpbsITa B 1899 r. pycckum yue-
HeIM JI.LA. YyraesbiM. KcaHToreHaTsl o0pasyioTcs NpH B3aUMOIEHCT-
BMM CIIUPTOB C CEPOYIJIEPOAOM B MPUCYTCTBUU TMAPOKCUIA HATpUS
C IOCNEAYIOLUM AIKUIMPOBAHUEM HATPHEBOW COJU THOYTOJBHOH
Kucaorel Metunfioguaom. [Ipu uarpeBanum go 130—200 °C mertwmi-
KCAaHTOTeHAaThl pasnararTcs ¢ obpasoBaHueM ankeHa, COS u CH,SH:

_I_I_gz_’_(lj | S CH;l _é_(l:_ .
| [ NaOH | | | | 7
H OH H 0—C__ H 0—C_
SNa SCH;
°C \ /
M'O—C./c=c\ + COS + CH3SH .

CKOpOCTh pacierUieHNs KCAHTOT€HATOB, KaK U CJIEHOBAIO OXHUIATD,
YMEHBLIAETCS] B PSily TPETUYHBIA > BTOPMYHBIN > epBUYHbIH. Mexa-
HHU3M 3JIMMMHUPOBAHUS U3 KCAHTOI€HATOB MOJHOCTHIO aHANOTMYEH
MEXaHU3MY [TUPONU3a CIOXHEIX 3¢UpoB. B mepexoqHOM COCTOSHHUH
[B-BONOPOIHBIN aTOM M KCAHTOTEHATHAS TPYIIA JOJIKHBI GBbITh KOIUIA-
HapHbl. B KayecTBe npuMepa MOXKHO MPUBECTH IIPEBpAllleHUe S-MeTWI-
KCaHTOTEHATOB 3pumpo- U mpeo-1,2-n1udpeHUANponaHoloB-1 B cOoT-
BETCTBEHHO MPAHC- U YUC-Q.-METHICTUIBOEH:

CH C.H CH C¢H
N S ) Cs, NaOH O
c—-C > CC -
C H/| I\H 2) CH;l C H/ !J I\H
%S H OH ©5 H{O
N 7/
apumpo-dopma =S
SCH,
190 *« CHj CeHs Y
150190 °G. “N _ ./ rns—c
cH?  OH t"l S—CH,
mparc-G-METWICTIILOEH COS+CH,SH
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CH,  H CH_ H

1) CS,, NaOH
—_—
| [ ™Nco. 2) CHJl < IJ CeH
C6H5 OH CgHjs 3 CGH (/O 6115
mpeo-dopma %C\SCH
3
o CH; H )
O190°C, "N _”  + COS + CH;SH

CeH¢ CeHs
YUC-0L-METWICTIWILOEH
IMTuponus S-MermiKcaHToreHaToB o Yyraesy nmpoBoAuTCA IIpU Oomee
HU3KOH TeMIepaType, 4eM Nnupoiin3 3¢bupoB KapOOHOBBIX KHACIOT, YTO
CBOAUT K MHUHHUMYMY BO3MOXHOCTb U3OMEpH3aUMHU 0Opasymollerocs
afKeHa. JTOT METOH IpHUMeHsIeTcs ISl OeTUApAaTallMd BTOPUYHBIX
CIIUPTOB U ayudaTHYeCcKOro, ¥ IMKIMYECKOTO PSINOB, HAIIPUMED:
o §
CH; O—ﬁ—-SCH3 (58 %)

150 °C

S N
/ 150—190 °C
o—& — + COS + CH,SH .
\
SCH;

CH,C,Hs
CH,C,H 95 %)

Y1oOHBIM U HOCTYIIHBIM METOLOM CHHTE3a AJIKEHOB SIBASIETCS TEPMU-
YecKoe pacuieruieHue N-OKCHIOB TpeTHYHbIX aMuHOB mo A. Koyny
(1949):

H,0 100~150 °C ,
R,CH-CH,N R} —=> RiCHCOH, ——— R, C=CH,+ RIN-OH.
RCO,H H, Y
02 N°R2
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DrumuHMposanne N N-THaNKWITMAPOKCIAMIHA OCYIIECTBIISETCS KaK
crepeociennGUIecKUi cun-Tpoliece MO MeXaHu3My £E; depe3 nATH-
4JieHHOE NepxojHoe cocTosiHue. Paculernenue N-okcuna npoMcxogut
obbruHo mpu 100—150 °C B BoaHo-crupToBoit cmecu IMCO u TTO.
bnaromapst cTepeoceleKTUBHOCTU M OTCYTCTBHUIO IIEPEerpyIiMpoOBOK
peakiiyio Koyna 4acTo MCMOib3yIOT IUISI ITOJNYYCHUST MPaHC-LUKIOAN -
KEHOB, colepXalux 6osee BOCBMM aTOMOB YIJIEpo/Jd B LIMKIE, a TaK-
Ke IS TTONYYeHHST 9K30-METHISHIIMKIOATKaHOB!

@O

CH,N(CH CH N
2N(CHj3), H,0, T 'C CH,

» H3 —>
H,0 — CH,0H, 20 °C

CH,

0c, + (CHa),N—OH.

(80—88 %)

ITomyyeHHBI! 3TUM cITOcOOOM METIICHIIMKIOIEKCaH HE COCPXKUT AaXKe
MaJICRIIEH IPUMECH U3OMEPHOIO |-MEeTHJILIMKIIOreKCeHa.

Cpenn MHOTOYMCIEHHBIX JPYTHX METONOB CHMHTE3a aJIKEHOB B pe-
3yJbTaTe peakKIUU [-3JUMUHUPOBAHHST OTMETUM peakuuio Kopu—
BuHTepa, KaTanuznupyeMoe OCHOBaHUEM pacileIUIeHUe CYIbL(hOKCHIOB,
CEJIEHOKCUIOB U CYNb(}OHOB, a TAKXKe ITUMHUHUPOBAHUE U3 OOPAHOB.

OpUIMHAIBEBIA U M3SLIHBI METOA CHHTE3a oie(hMHOB B PE3yb-
TaTe cuH-3AUMUHKMpPoBaHUs 6bL1 npemnoxeH WM. Kopu u P. Bunrepom
(1963). Iurnugeckue THOHKApOOHATHL MTPU HATPEBAHUM C TPHATKUI-
dochutoM (sdupom dochoprcToil KMCIOTH) pacilieruisioTes 10 ai-
KeHoB. McxolnHble THOHKApOOHATHI IOJYYAIOT IIPU B3aMMOIEHCTBHH
BULIMHAILHBIX (1,2-)aMooB ¢ trokapboHuiauuMugazonom (N, N-au-
UMUIA30JIMITHOKETOHOM) MIPH HarpeBaHUU B alpPOTOHHOH cpefe B To-
syone unu TI'Q:

TOJIYOJI,
b NZN /\N 110 °C NZN
U— — c c +2 NH
OH OH O /O AN
moxap6onmumnmma3on ﬁj UMUIA30J1
S
TUOKApOOHAT
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AN /
C——~C o
/ N 110—120 °C ~ /s
(l) (l) + P(OR); ——————> /C:C\+ (RO);P=S + CO, .
\C/ (75—95 %)

I
S

Peaxiius mporekaet cTporo crepeocneiiudUIHO KaK CUH-ITUMUHUPO-
BaHMe, YTO NpejonpelenseT KOHQUIypaluio KOHEYHOTO alKeHa,
HaIlpUMep:

S
N=\ | =N

H-C,H CsHg-# N—C—N

4\9 V4 M D ‘\/ \)

(I:—{C CH -
g “H 2) P(O
H ol OH ) P( 3)3
H—C4H9\ /C4H9_H
— C=C + (CH30)3P:S + CO2 .
/ N
H. H
(92 %)

KoHburypauusa ankeHa ornpenessiercsi, TaKuM obpa3oM, KoHdUrypa-
mueit 1,2-auona. Peakuus Kopu—Bunrepa ripeacrasnsier coboit npe-
BOCXOJHBIN cTepeocnenupuIecKkuil crrocod npeppauieHus 1,2-n110108
B OJIe(PUHBEI:

CH, 0 CH,
CH Nomg POCHY) Cth + S=P(OC,Hg); + CO
/115120 € =POCHy); + €O

O (63 %)

CynbdoKcuabl, ceeHOKCUABl U CYIb(OHDBI, COIEpXKalHUe aTOM
BOJAOPOAA B P-IMOJOXEHUU, ITOABEPTalOTCs B-3TUMHUHUPOBAHUIO MO
JIeCTBUEM ANIKOTOIAT-UOHOB WM 00Jiee CUJIBHBIX OCHOBAHUUI B MpO-
ToHHOM cpene wiu JMCO:

CH,),COK
N : (CHy), - \CZC: + RSO + (CH;);COH.
AT A (CHy);COH wmu ~
H S{—:O JIMCO
R
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Q. @
CHCH,0 N
:lc~c/ 222 2% > “c=c{ + RSO, + CH;CH,0H .

HanpapieHue 3JIMMUHUPOBAHUS MomYMHsAeTcsS npawiay [odmaHa.
CynphoKcHIbl ¥ CEJIEHOKCUABI, COOepXallrle B C-TTOJOXEHUM K-
TpoHoakuerntopHeie C{(O)R, COOR wuan CN-rpyIibl, OYeHb JErKO
[IOIBEPTAOTCS TEPMUUECKOMY CUH-3TUMUHHpOBaHUIO (cM. 1. 17) ¢
0bpazoBaHueM «,B-HEHACBIIUEHHBIX KETOHOB, CJIOXHBIX 3(UPOB WIH
HHUTPUIOB:

1 // 2
R'C—CH=CHR? + C¢H,SeOH .

Heckonbko mo-apyroMy NpPOMCXOZUT KATANU3UPYEMblif OCHOBAHUEM
pacraj o-rajJoreH3aMeuleHHBIX CYIb(POHOB. MexaHu3M 3TOH peakiuu
BKJIIOYAeT oOpa3oBaHUe 3MUcynbdoHa B pe3yibTaTe BHYTPUMOJEKY-
JIIPHOTO HYKJIEOMMIBHOTO Spi-3aMellleHUs TAToreHa ¢ MOCIeAYIOIUM
otwiennenueM SO, u3 anucynbdoHa:

S]
RCH,S0,CHR 28> | RCH ~ CHR |—| RCH—CHR|—>
| ANV \ /
s0; G SO,
3MUCYIbGOH

—» RCH=CHR + SO, .

TlpuBeneHHas BbIllIE NOCIENOBATELHOCTb NPEBPAILIEHUI U3BECTHA KaK
peakuust Pambepra—baknyuna.

IpucoenuHeHue Gopana K ankeHaM (ra. 5, 4. 1) npencrasiser
coboii obpaTUMBIit Tpolecc, MpU 3TOM paclleiUiIeHHe TPHAIKUIOO-
paHoB C nocienyoweld pekomMOuBamuen onebpuHa u BH3 npusoaur
K obpazoBaHUIO Haubosiee cTaOUABLHBIX TpUankuiabopaHoB. Cpenu
TPHAIKMIOOpaHOB Haubosiee YCTOMYUBBIMU SIBJISTIOTCS Takue OOpaHbl,
rae 6op CBsI3aH ¢ KOHUEBBIM ATOMOM yriiepona. Takum obpa3om, rua-
pobOpPHPOOBABME AIKEHOB HAeT YHUKAIbHYIO BO3MOXHOCTH CHHTE3a
AJIKEHOB-1 M3 M30OMEPHBIX UM AJIKEHOB C JBOHHOHN CBSI3bIO, PACIOJIO-
XKEHHOW BHYTPH YIJepoa-yriaepofHON LEMHU:
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BHy; ¢
RCH=CHCH, =—= (RCHleH)3B == RCH;_CH—CHz + BH; .

CH,
B normonHeHue K 3TOMY CYIIECTBYeT ellue OAUH, 6ojiee HaOeXHBIH,
CITIoco® U30MEPU3AUUU HETEPMHUHAJIBLHOIO ajJKeHa B TEPMUHAIbHBIN

anken. Beicoxokunsuit oneduns R?’CH=CH, MOXeT BHITECHUTH
Huskokursunit RCH,CH=CH, u3 TpuantkuibopaHa:f

o
RCH,CH,CH,BR} + R*CH=CH,—* RCH,CH=CH, + R*CH,CH,BR.
Tak, Hanpumep, 1-3TIWILMKIOIeKCEH MOXHO H30MEpH30BaTh B BH-
HWJILIUKIIOTEKCAH C [IOMOUIBIO CHCIIleI.L[Cﬁ Iociae0BaTCIbHOCTH MIPC~

BpallleHUM:

CH,CH,

CH,CH;, n-CoH,,CH=CH.,; ¢
BH 817 » L
TI® 3B

CH= CH2 CH,CH;

-~
2B - CHzCH2C8H17'H

(62%)
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11.1. OTHOATOMHBIE CIIUPTBI

CnupTaMy HA3bIBAIOT COEOUHEHMS], KOTOPHIE COAEPXKAT OfHY UM
HECKOJIbKO THAPOKCHJIBHBIX IPYII BMECTO aTOMOB BOJOpOAA B ajKa-
Hax. [1o uMcay TMAPOKCWIBHBIX IPYIIT CIIMPTHl MTOAPA3AENsIOTCS Ha
OIHOATOMHbIE, OBYXaTOMHBIE, TpexaToMHble U T.1. C Opyroi cropo-
HEI, OJHOATOMHBIE CIIHPThHI MOXHO paCCMATPHUBAaTh KaK ITPOM3BOLHbBIE
BOIBI, TIE OUH aTOM BOAOPOJAA 3aMelleH ATKWILHOH rpynmnoi. Jiu-
HBI CBSI3ed M BaAEHTHBIE YIJIbl B METHJIIOBOM CIHMPTE IPUBENEHB! HA
puc. 11.1.

H 0] JvHa cBa3H, /1 BaneHntHsii yrou
N/ N\ .
H“.n'C H C—H) 1310 H—C_H, 109
f{ O—H, 0,96 H—C—O, 110°
C—0, 1,43 C—0O—H, 109°

Puc.11.1. CTpoeHne METHIOBOTO CIMpPTa

BanenTHble yrist B 109 11 110° yKa3pIBaroT Ha sp°-rHOPHIN3AINIO
HE TOJBKO aToMa yrjepola, Ho M Kucjopoga. InuHa cesisau O—H B
CIIUPTAxX IIPUMEPHO TaKas Xe, YTO U B Boje. [IBe HeloneleHHbIe aphl
3JIEKTPOHOB KHCJIOPOA PACTIONIOXEHB! Ha Sp°-TMOPUIHBIX OpOUTANISIX.

11.1.1. HOMEHKIJIATYPA OJHOATOMHBIX CIIMPTOB

ITonoOHO ApyruM KjaccaM OpraHMYECKHMX COENWHEHUH, IS
CIUPTOB CYIIECTBYET HECKOJBKO PAIUYHBIX CIIOCOOOB HA3BAHUSL.
CoraacHo ogHoOM cucTteMe HasBaHM, crmupTel ROH HasplBaloT 1o
ANKAJBHOM IpylIle:

CH;
|
CH,CH,CH,CH,0OH CH3ICHCH7_OH CH3-(|J—— OH
CH; CH;
H-OYTWIOBBIA CITUPT HU300YTUIIOBBII mpem-0yTUIOBBIN
CIIUPT CITUPT

B 3T0if HOMEHKJIATYPE TIOJIOXEHUE 3aMECTUTENS B ANKUIBHOMN IpyIIie
crnupra obo3HavaeTcss OyKBamMul rpedeckoro andasura:

Y B « p «
BrCH,CH,CH,0H CH,;0CH,CH,0H

v-OpOMITPOTIWIOBBIL CITUPT  (-METOKCUITHUIOBBIA CIIUPT
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Ecnu 3aMecTuTens HaXOOMUTCA HA KOHUE JUIMHHON Henu, ero obo-
3HAyalT nociaegHeld OYKBO# ® rpedeckoro angasuTa, Harnpumep
w-6pomcnuptel Br(CH,),OH. Takas cucrema HazpaHuil HeynobHa U
HEONHO3HAYHa.

B npyro#t HoMeHKJIaType, Ha3blBaeMoOil KapOHMHOJBHOM, NPOCTeM-
wuit cnupr CH;OH HaspBaerca kapbunos. Bee octanbHble cIUPTHI
paccMaTpHBAIOTCA KaK KapGUHON, B KOTOPOM aTOMBI BOJAOPOJA 3aMe-
LIEHBl Ha AJTKWIbHbIE WJIH apUIbHBIE PYIIIIBL:

g i -
CH, CH;

METWISTUNKAPGUHON  TPUMETWIKAPOHHON — JUMETHI(he HUIKApOUHON

B 5Toil HOMEHK/IAType JIEMKO Pa3lIvyalorTcs IePBUYHBIE, BTOPHYUHbLIE
U TPETHUYHBIE COUPTHI, UMEIOILME COOTBETCTBEHHO OJHY, ABE WM TPHU
TPYIIBI IIPU YITIEPONE, CBA3AHHOM C TMAPOKCHJIBHOHN TpyNIof. DTa
HOMEHKJIaTypa YIOOHA TOJBKO [UISL CAMBIX IPOCTHIX CIMPTOB, HO OHA
COBEpPIIEHHO HEYAOBJETBOPUTENIbHA B CIOXHBIX CIy4asiX HJIsT Ha3Ba-
HUSI CIIMPTOB, COAEPXAILUMX JIMHHBIE, CHJIILHO pPa3BeTBJEHHBIE -
KWJIbHBIE Tpynnbl. B Hacrosillee BpeMsl 3Ta HOMEHKIATypa HE peKo-
MEHIYETCH.

B coBpemennoit HomeHnknarype MIOTTAK mnst Ha3BaHUS CIIMPTOB
K Ha3BaHUIO YIJIeBoJopona no6aBiseTcss OKOHYAHUE «OJI», T.€. CITUP-
TBI MIPEOCTABISIOT cobol Kiace ankanoiuoB. [L1g 0603Ha4yeHUsI KOpHS
Ha3BaHMUS BbIOUPAIOT CaMylo IUTMHHYIO LIeNb, COAEPXAaIylo QYHKIM-
oHabHYI0O OH-rpynmy. BTy Lienk HYMEpYIOT ¢ TOTO KOHIA, K KOTO-
poMy OJIMXe BCEro HaxXxOOWTCS TMAPOKCHIBHAS rpyrna. 3aMecTUTEH,
B TOM YMCAe aTOMbI rajioreHa, obo3HayalTcs B Ipedukce, a HyMe-
pauus onpenensiercss OH-rpynmoii:

g o
CH;—C—CH—CH—CH; CH3——CH——|CH—CHZOH

CH;CH; OH CH;-CH;
3,4,4-TpUMETIWIIIEHTAHOI-2 2-3TWiI-3-MeTWI0YyTaHoI- 1
CHy—CH,—CH—CH,0H CH;3

CH5;—CH,Cl
OH

4-x1op-2-3TWIGyTaHoI- 1 Yuc-3-METHIILIMKIIONIEHTaHOT
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HexoTopble cnupThl TPYAHO HA3bIBaTh KAK aiKaHoAbl. st HUX yno6-
Hee wist CH,OH-rpynmsi BBOIUTb TEPMUH TMIPOKCUMETHIL:

THIPOKCUMETWILUKIOOYTaH — mpaHc-(3-TUIPOKCUMETI)-
UMKJIOTIEHTAHO

CH,OH HO._

~

11.1.2. TIOJIYYEHHUE OJHOATOMHBIX CITUPTOB
11.1.2.a. THAPATALUS ATTKEHOB

KucnotHo-KaTaIu3upyeMas rujiparalysi aJKeHOB J€XAT B OCHO-
B€ IPOMBILIIEHHOTO CII0C00a IMOJIyYeHUsl ITAHONA M3 3TUJIEHA U IIPO-
naygosa-2 w3 npomwieHa (. 5, 4. 1).

JU1st mony4eHUsT OPYTUMX CIIMPTOB 3TOT METOL MMEET BechMa orpa-
HUYEHHYI0 00NacTh NMPHUMEHEHUs, NMOCKOJIBKY TUIpaTalius aJIKeHOB
YacTo COMNPOBOXIAETCS U30OMEpU3alMeil yIIepoqHOro cKejaera 3a cyer
MEepPerpynimMpoBOK MPOMEXYTOUHO oOpa3sylomuxcs KapbDOKaTHUOHOB
(cM. 1. 5, 9), YTO CHUJIBHO CYXaeT CUHTETUYECKHUE BO3MOXHOCTU 3TO-
ro, Ha IepBbIA B3I/l OYEHb IIPOCTOro, criocoba IOJYYEHUS] BTO-
PUYHBIX M TPETUYHBIX CIUPTOB. B nabopaTopHoil IpaKTUKE €70 10 CY-
LIECTBY BBEITECHHJ APYroiff crioco®, OCHOBAHHBIA Ha peaklUH OKCU-
MEPKYPUPOBAHUS-IEMEPKYPUPOBAHUS AJIKEHOB.

11.1.2.6. OKCUMEPKYPUPOBAHHUE — TEMEPKYPUPOBAHHE AJIKEHOB

DT1a peakuus NMPUBOIUT K 00pa30BAHUIO MHIUBUAYAILHBIX CIIUP-
TOB W HE COMNpPOBOXIAeTcs IeperpynnupoBkoi. HanpagneHue peak-
MU COOTBETCTBYET IIpaBUIy MAapKOBHUKOBA, PEAKLIMSI NPOBOAUTCS
B OYeHb MSITKMX YCIOBUSIX C BBIXOOAMH, OIM3KMMHM K KOJIWYECTBEH-
HOMY (TTOOPODHO cM. TJI. 5, YacTs 1):

1 .
) (CH;COOLHg TIO"H,0 11,(CH,),CH-CH,
2) NaBH,; H,0

OH (96%)

CH3(CH2)3CH:CH2

CH;,

- 1) (CH,CO0),Hg; TT® - H,0
CH - Y
} 3 2) NaBH,; H,0 02%)

OH
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11.1.2.s. TMIPOBOPUPOBAHHWE AJIKEHOB
C MMOCHEAYVIOIIMM OKHCIAEHHUEM

INiapoGopupoBasue ankeHOB W ITOCHEAVIOlee OKUCIeHUEe Bopa-
HOB LII€JIOYHBIM PACTBOPOM IIEPEKUCHU Bomopoxa ObLIO MOApOOHO pac-
cMoTpeHo B riape 5. OTMETHM TOJABKO, YTO HAlpaBJIeHHE Mpolecca B
LIEJIOM COOTBETCTBYET aHTUMAPKOBHMKOBCKOMY TMTPUCOCIUHEHUIO BOIBI
K JBOMHOWM CBS3ZU:

1) BH,; TT®
CH,CH,C=CH, > CH,CH,CHCH,0H (99%),
I 2) H,0,; NaOH l
CH, CH,
1) Sia,BH; TI'®
CH,(CH,),CH=CH, 2 > CH;(CH,)CH,CH,0H (99%).

2) H,0,; NaOH

11.1.2.r. BOCCTAHOBIEHHE AJIBAETHIOB U KETOHOB
AJTIOMOTUAPHIOM JIMTHUA UIHW BOPTUIAPUIOM HATPUA

O6a pearenra (LiAlH; u NaBH,) BoccTaHaBIMBaIOT aIbAETHIbI
IO TMEPBUYHBIX CIIMPTOB, 4 KETOHHBI JO BTOPUYHBIX. Bopruapua Har-
pUsl IpeANoYTUTENBHEE BCIECICTBUE MEHBIIICH CTOUMOCTH U Oe3omac-
HOCTH B obpauieHHU. OH MOXeT ObITh MCIIOJNB30BAH aXe B BOMHOM H
CIIUPTOBOM PACTBOpAX, TOIA KAK aTIOMOTHIPHI JUTHS pearupyer c
BOLOH ¥ CO CIIMPTOM CO B3PLIBOM M, KpOME€ TOrO, pas/jaraercsli co
B3pbBIBOM TIpH HarpeBaHuH Beiie 120 °C B CyXOM COCTOSTHHM:

1) NaBH; stanon

o)
CH,(CH,),cZ 5
H 2)H0

1) NaBH,; sranon
HO CHO ® » HO CH,0H (93%)
2) H,0
i
1) NaBH,;
OO O ww
o) 2 HO OH

_0 OH

> CH,(CH,);CH,0H (85%)

1) LiAIH,, s¢up
R (90%)
2) H,0
/2 1) LiAlH,
(CsH9),CH-C m» (C¢Hs),CHCH,0OH  (97%)
3
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CH, CH3

H,C CH3 1) LiAlH4, sgmp H,G C
(95%)
2) H,0°®

Kamoopa 3K30-00pHEON

Onnako amomorunpua autust pu 0—10 °C BocctaHaBiIMBaeT o, 3-HeHa-
CBILEHHBIE AJIBAETMABI U KETOHBI JO A/UIMIOBBIX CIIUPTOB, T.€. C CO-
XpaHeHUEM YIJIepoA-yIjiepoqHo# NBOiHOH cBs3u. BoccTaHOBIEHHIO B
3TOM cyyae rogsepraercss KapOoHWIbHAS Ipyna:

Q:O 1) LiAIH,, acpup; 0—10 °c©< <:>Z.
2) H,0%; 0°C

(94%) (6%)
1) LIAIH,,
@CH:CH—CHO —20pi 0, @CH:CH—CHon
@
2) H;07;0°C
(90%)

Ta xe camast peakiusi UMKIorekceH-2-oHa ¢ NaBH, npusonut x cMecn
UUKJIOTEKCEH-2-0J1a M IUKJIOTeKcaHoja B cooTHoueHuW 1,5:1 B
pe3ynbTaTe NPUCOSNMHEHNS TMIPUI-MOHA KaK K KapOOHWILHOMY YI-
Jiepony, TaK ¥ K YIJIEpOAy NpU JBOMHOU YIr/Iepoa-yrjiepOJHOM CBSI3HU:

<}O 1) NaBH,, STAHON <;><OH N O<OH
2) H,0°® Y Y
(59%) (41%)

Jlyqiuum peareHToM Ut U30UPATeIbBHOTO BOCCTAHOBIEHUST KAPOOH Wb~
HOU rpymItel B of,3-HEHACBINIEHHBIX aIBIETUAAX ¥ KETOHAX, HE 3aTpa-
IMBAOLIMM KpAaTHble JBOMHBIE YINIEpOA-yIriepoaHble cBsS3u (ri. 16,
y. 3), ssisieTca nuusobyrunamomuuniruopun (IUBAJI-H):

AUBAIL-H (90%)
tenzou, 10 °C

OH
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11.1.2.a. BOCCTAHOBJIEHWE CNOXHbBIX 3®HUPOB U KAPBOHOBBIX
KHUCIOT A0 NEPBHUYHLIX CIIMPTOB

INepBUYHEBIE CIKUPTHl 06PA3YIOTCH NIPU BOCCTAHOBJICHUM CIOXHBIX
3¢UpOoB ¥ KApOOHOBBIX KHMCJOT aJIIOMOTHAPHAOM JUTUS B 3dupe U
TIr'®. OcobeHHo ynobeH B IpelrapaTUBHOM OTHOLICHWM METOI BOC-
CTAHOBJIEHUS CIOXHEIX 3(UDPOB AMIOMOTHIPUIOM nTuTusA. Creagyer oT-
METUTB, YTO OOPrUAPHA HATpHSA He BOCCTAHABIMBAET CIOXHO3GUD-
HYI0O ¥ KapOOKCHJIBHYIO IPYNIIbI. BTO I103BOJISIET MPOBOJUTH CEJIEK-
THBHOE BOCCTAHOBJIEHUE KapOOHM/IBLHOM IpyNel ¢ noMoiusio NaBH,
B IIPUCYTCTBHH CIOXHO3GUPHON M KAapOOKCWILHOM Ipynil. Beixomst
MPONYKTOB BOCCTAHOBICHMSI penko ObBaroT Hipke 80%. Caoxuble ahupsl
MOXHO BOCCTAHABJIMBATEL M C ITOMONIBIO OOPTUAPUIA TUTHUS:

1) LiAlH; s¢up
® * C¢H;CH,OH + C,H;OH

2) H;O (90%)
1) LiAIH,

2) H,0°

——— CH,CH,CH=CHCH,OH + C,H;OH
(91%)

0
b/
CH,CZ0C,H,

CH;CH,CH=CHCOOC,H;

1) LiBH,; TT®, 65 °C

2) H,0 (95%)
1) LiAIH ,; adup; 36 °C
CH,COOH S CH,CH,OH
2) H,0°
97%)
1 ; TTO °C
CH,(CH,),CH=CH(CH,),cooy ) LAHs TP, 65°C
®
OJIEMHOBAS KUACJIOTA 2) H,0
- . CHs(CHa)y _(CH,),CH,0H
A= (87%)
H H
Z-9-okTageneH-1-oxn
O
I 1) NaBH,
CH;—C—CH,CH,COOC,H; ——'——>® CH3(I:HCH2CH2COOC2H5
2) H,0

OH (85%)
STWIOBLIA 3¢duUp
Y-OKCHUBAJIEPUAHOBOMA
KUCTIOTHI
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BoccraHoBneHue KapOOHWIBHON TPYNIBI KOMIUIEKCHBIMU THAPUAA-
MM OTHOCUTCH K PEaKUMsIM HYKICODUIbHOTO MPUCOCAUHEHMS, Xa-
paxTepHbIM M1 KapOOHMABHON rpynnsl (ra. 16, 4. 3). Pons Hykieo-
(bHIBHOrO areHTa B 3TOM CJyYae BBIIOJIHAET MHIPHA-UOH, NIPH 3TOM
aTOM yrjepoJa KapOOHWJIBHOM IPYIiibl MU3MEHSIET MMOpUAM3AIHUIO C
sp® no sp:

S
R R O ® R OH
@ ) Y
v 7 N\ 7\
R R H R H

11.1.2.e. CHHTE3 CITMPTOB U3 KAPBOHMIJIbHEIX COEJAMHEHUY
C [TOMOIbIO MATHUMOPTAHMYECKUX COETUHEHUA

3nech GynyT NpUBeIeHBI TOJBKO OTHeJbHbIE TpuMepsl. [loxpo6-
Hee O CHHTE33aX ¢ MAarHMMOpraHMYEeCKMMHU COCAMHEHUSMHU CM. B
. 19 (4. 3):

1) CH,0; adwup
<:>—MgBr o, O—CHZOH (65%)
2) H,0

O 1) PhMgBr, adu

~ gbr, p

(CH3),CHCH,CZ = > (CHy),CHCH,CH—Ph (73%)
H 2) H;O (l)H

OH
C o 1) CH,CH,MgBr, 3<1mp= <:>< (89%)

1) CH,;MgBr, adup CH
CH;(CH,);COOCHs ——— — CHy(CHp,C > (85%).
2) H;0 [ >CH,
OH

11.1.2.x. BOCCTAHOBJIEHHUE 3JTOKCHUIOB (OKCHUPAHOB)
C MOMOUIBIO AJTIOMOTUAPHUIA TUTHUA

Orokeuas! nok gevicreueM LiAlH, B adupe nnu TT'D npespara-
IOTCS B CIIMPTHI. PeakiiMsa cocTOUT B HYKJICO(UNBHOM aTaKe THAPUIL-
MOHa 110 HauMeHee 3aMeLIEHHOMY WJIM MPOCTPAHCTBEHHO He3aTpyl-
HEHHOMY aToMy yrjepona ¢ obpa3oBaHHEM BTOPUYHOTO WIH TPETHY-
HOro crnupra. PackpblTue 3MOKCUAHOIO KOJIbLA IIPOUCXOXUT B
pe3ynbTare aKCHTLHON aTaku TMIPHIA-UOHA.
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1) LiAIH ; a¢dwup

C¢H;CH—CH, » C¢H,CH—CH;
\_/ 2) H,0® |
OH H
o 1) LIAIH; spup
(CH3);C 2) H,0° (CH)C OH
H
CHy O _-H )y Liap,; sgup HO\
cZ D¢ 5 > CHj--C——C—=CH,
CH,” NCH, 2 H0 CHy/ ~p

DNOKCHAHOE KOJIBLO Pa3sMbIKAETCSl TAKXKE ITOJ ACHCTBHUEM IUAJIKMII-
KympaToB JuTug (1. 19, 4. 3). B xayecrBe npumepa npuseaeM odbpazo-
BaHUE MPAHC-2-METWILMKIOIEKCAHOA NMPU B3aUMOACHCTBUU LIUKIIO-
[eKCaHOKCHAA C IUMETHJIKYIIPATOM JIMTUSL:

H

e @® 1 = O

(:Do + (CHyCoLic 220 H
2) H,0 }C{H3

11.1.2.3. BBAUMOJEVICTBUE AJIKHUATAJIOTEHUIOB
" ATIKHJITO3UJTIATOB C CYITEPOKCHJIOM KAJIUA

OnmuH 13 caMbIX COBPEMEHHBIX METOMIOB ITOJIyYeHUSI CTUPTOB 3aK-
JI0YaeTcs BO B3AUMOAEHCTBUM IKUITATOTEHUIOB M TO3UIATOB C M3-
obITKOM cynepokcuaa xamust KO, 8 AMCO B npucyrcteun 18-kpa-

yH-6-Ttonuacdupa:

RX + Ko, 18XpavH-b _  pop (35759
JIMCO; 25°C

B kxauecTBe IMOGOYHBIX MPOAYKTOB BCErNd MOJIYYAKTCA ANKEHBI, BbI-
XOJl KOTODBIX, €CTECTBEHHO, BO3pacTaeT IpH CUHTE3e BTOPUYHBIX
cruptoB. [IpuMepoM MOXeT CIIYKHTB ITOJIydeHUE OKTaHONAa-1 M oKTa-
Hona-2 U3 l-HongokTaHa UM 2-HOOOKTaHA COOTBETCTBEHHO:

18-xpayH-6 -
AMCO; 25°C

CH,(CH,)CH,] + KO,

— CHy(CH,)¢CH,0H + CH;(CH,)sCH=CH, + CH4(CH,);CHO
(63%) (3%) (12%)
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JIMCO, 25 °C
I (48%) OH

+ CHy(CH);CH=CH, + CHy(CHy),~CH=CH
(48%) CH,

18-kpayH-6
(CH3)3C—®< OTs + KO, jvco 20 ¢ (CH):C >@-—OH

yuc- (95%) mpanc-

CHy(CH;)5CHCH; + KO, 8-xpayib oy, (CH,),CHCH;*

3aMeleHHe TajloreHa MM TO3MJOKCUTPYIIBEI Ha TMAPOKCHI COIpO-
BOXIAETCS IOJHBIM oOpalleHueM KOoHGUIYypalluu y acHMMeETpUyec-
KOTO aToMa yrjiepopa, M U3 To3uiaTa (S)-okraHosa-2 ObUl [OJy4yeH
(R)-oxTaHOn-2 ¢ ONTUYECKOH YyuctoToi 97—99%:

T8 Koy 18 6; IMCO yer
HunC—0Ts A2 KO 18-xpayi6; 1 > HOWC—H
I 2) H,0 I
CH, CH;

[1py HCIIOIB30BAHUM CTEXHOMETPUYECKUX KOJIMYECTB anKUITAIOTeHU-
HOB U CYNEPOKCHIA Kajlusl BMECTO CIIHMPTOB 0OpasyioTcsl B3pbIBO-
onacHble guankuinepokcuasl ROOR.

MeTaHoJ TOIY4aloT B NMPOMBILIUIEHHOCTH M3 oKcuaa yriepona (I1)
U Bozopoja (CHHTe3-ra3) HaJ CJIOXKHBIM KaTATM3aTOPOM, COCTOSILIMM M3
MeIU, OKCHIoB IIMHKA M Xpoma (I11), B XecTkux ycrnousx (1. 28, 4. 3):

Cu—ZnO—Cr20 3 _
250°C, S0—100 at™

CO + 2H, CH;0H

HMuTtepecHO OTMETUTh, YTO HAJ POAUEBBIM WIU PYTEHUEBBIM KaTalM-
3aTOPOM BMECTO METAHOJIa [ONy4aeTcsl ITUICHITIUKOMb (1. 28, 4. 3):

Rh wi R
2C0 + 3H, — 2 HO—CH,CH,—OH.

11.1.3. CRBOMICTBA OIHOATOMHBLIX CITUPTOB

MHorue cBOHCTBa CITUPTOB OOYCHOBIEHbI HATUYUEM TMAPOKCIIb-
HoOM rpynnsl. TeMmmeparypa kuneHus MeraHosa Ha 150 °C Belie, yeM
3TaHa, HECMOTPSI HA TO YTO MX MOJISIDHBIE MAacChl OJMM3KU. BTAHOJ
AMeeT TeMIlepaTypy KulieHus Ha 123° Bblile, yeM Irporiad 1 T.4. C
IpYyroi CTOPOHBI, 3TAHOJ KMIIUT Ha 104° BbIlEe, yeM U3OMEPHLIA eMy
razoobpa3Hbli AUMETUIOBBIM 2dup (tabn. 11.1). BTU ocobeHHOCTH
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Tabnuua

Du3ngeckHe CBOHCTBA CINHPTOB H NPOCTHX 3¢HpPOB

It.1

Crnpr Dopmyra Temneparypna Temnepaxyupa IInoTHOCTD,
riasienud, "C | xunenns, "C r/Monb
1 2 3 4 5
MeraHon CH;0H —-97 64,5 0,79
BraHon CH;3CH,0OH -114 78 0,78
TIporaHon-1 CH3;CH,CH,0H —126 97 0,80
[TponaHon-2 CH;CH(OH)CHj3 -89 82,5 0,79
Byranon-1 CH;3(CH,);0H —90 117 0,81
Byranon-2 CH;CH(OH)CH,CH, —115 99,5 0,81
2-Memwiniponaton-1 | (CH4);CHCH,OH —108 108 0,80
2-Memwwponadon-2 | (CH3);C—OH 25 82 0,79
{mpem-OyTAIOBBIN
CITUPT)
Nenranon-1 CH3(CH3)4OH =79 138 0,82
[lexraHon-2 CH;CH(OH)CH,CH,CHj3; — 119 0,81
2,2-Iumertnpona- | (CH3);CCH,OH 52 113 0,81
HOX-1 (Heo-neHTH-
JIOBBIA CIIMPT)
LuxnoneHraHon uukio-CsHoOH -19 141 0,95
lexcanon-1 CH;3(CH,)sOH —-52 156 0,82
LukrorekcaHon ukno-CgHy 1 OH 25 162 0,96
Tenraton-1 CH;3(CH,)sOH —34 176 0,82
OxtaHon -] CH4(CH,),OH -16 194 0,83
Honauon-1 CH;3(CH;)3sOH -6 214 0,83
JlekaHon-1 CH3(CH,)sOH 6 233 0,83
[Tponen-2-o-1 CH,=CHCH,0H —129 97 0,86
(aUIWIOBBINA CIIUPT)
(DeHIIMEeTAHO C¢HsCH,0H —15 205 1,05
(6eH3MNOBBIA
CIIUPT)
ydbenunmeraron (C¢Hs);CHOH 69 298 —
(mbenwixapbuHon)
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[IpononxeHnwue Tadbn. 11.1

1 2 3 4 5
Tpudenunmetanon (CgHs);COH 162 380 —
(TpudeHmTKapoMHON)

BTWIEHITHKOIb CH,0OHCH,0H —11,5 198 1,10
1,2-Tpormnenrnukons | CH3;CH(OH)CH,OH -8 188 1,07
JUaTHREHITHKOND HOCH,CH,0CH,CH,0H -10 245 1,12
TPU3TUIEHITUKONb HOCH,CH,0OCH,;CH;— 5 285 1,12
—OCH,CH,;0H
Inunepun HOCH,CH(OH)CH,0H 18 290 1,26
Jlumetnnosslit adup CH3;0CH;CH,0CHj3 —58 85 0,86
STWICHITIUKONSA
(1,2-0MMETOKCHITAH,
MOHOTJIUM)
JumetioBblit 3bup CH3;0O(CH,CH,0),CHj —64 162 0,93
IU3TIIEHTINKOJIS
(auranm)
JumeTiwioBslit 3¢Up CH;0(CH,CH,0)3CH; —45 218 0,98
TPUITWIEHITTHKONSA
(TPHIINM)
Humetwiosstit 3¢up CH;0(CH,CH;0)4,CH; —30 275 1,01
TETPA3THIEHT KOS
(TeTparium)
Tetparuapodypat —108 65 0,88
MoHo3THIOBbI! 3dHp C,HsOCH,CH,0H -90 135 0,93
STHIEHIJIMKONA
(ITUNLENNO30NbB)
Monometiossiii 3¢up | CH3O0CH,CH,OH —85 124 0,96
ITUREHTTTUKONA
(METUALIEIUIO30bB)
Mouometmnosntit 3dup { CH30(CH,CH,0),H -70 194 1,01
IUITWIEHTITAKONS
1,4-InokcaH 7\ 12 101 1,03
o] o
/
Annzon CgHsOCH; -37 154 0,99
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CIUPTOB OOBICHAKTCS 00pa3oBaHUEM NPOYHOH MEXMOJEKYJISPHON
BOROPOJHOH cBsi3u. HaMumne MexXMoIeKyIsIpHbIX BOMOPOAHBIX CBsI3ei
OOYCIOBJIMBAET BBICOKME TEMIEPATYPhI KUITEHUS! HU3IIUX CIIUPTOB IO
CPaBHEHHIO C [DPYTUMH COEAMHEHMSIMM GIM3KOU MOJSIPHOM MAaCCHI,
a TAKXE NPEeBOCXOJHYIO pacTBOPUMOCTDL HUIIIUX CIIUPTOB B Boie, TOE
BO3HUKAIOT MEXMOJEKY/ISIPHBIE BOAOPOAHBIE CBSI3U MEXIY MOJIEKY-
JJaMM CITUPTA U BOXBI.

R R R

i H— - O"'H\ 7 -7
.--H=0--H—07" H=0. X O--g—o~

11.1.3.a. CITUPTHI KAK CJIABbIE OH-KHUCJIOTHI

O0pa3oBaHUE MEXMOJEKYISIPHONH BOTOPOAHON CBSI3U B KOHIEH-
CUPOBAaHHOU (aze ompemenseT pasaHyHe B KHCIOTHOCTH ITEPBHY-
HbIX, BTODHYHBIX U TPETHYHBIX COUPTOB B Td430BOM MU KOHIEHCHPO-
BaHHO# ¢azax. B rasopoil ¢ase KMCIOTHOCTh CITUPTOB YMEHBILIAETCS

B pany (rn. 3)
(CH;);COH > (CH;),CHOH > CH;CH,0H > CH;0H > H,0,

TOTMa KaK B BOIHOM PacTBOpe M B KOHIEHCHPOBaHHOM ¢ha3ze Habmr0-
JTAeTCA TIPSIMO TIPOTHBOITOJIOXHAS I10C/IeI0BATE/IbHOCTB:

H,0 > CH;0H > CH,CH,OH > (CH,),CHOH > (CH,);COH.

B Ttabin. 11.2 npuBeneHs! BETUYMHBI pK, HEKOTOPBIX CIIMPTOB B BOJHOM
pacTBOpe, KOTOPbIE HAIMSAHO HWJLIKOCTPUPYIOT YMEHBIIEHUE KHCJIOT-
HBIX CBOMCTB IIPU NEpexone OT MEPBUYHBIX K TPETHYHBIM criMpTaM. [Ipu
BBEIEHHH 3JIEKTPOHOAKIENTOPHBIX 3amecTureneit — ¢ropa, xyiopa,
LUMaHOTPYTINBL M Ip. — BEIMYUHA PK, YMEHBIIAETCS, YTO COOTBETCTBYET
YCWICHUIO KUCIOTHBIX cBOCTB, U (CF;);COH no cBoell KicioTHOCTH
JIMLIb HEMHOI'O YCTYNaeT KapOOHOBBIM KUCIOTAM.

Paznuuue B KUCIOTHOCTH 3TaHoNa H 2-DTOp3TaHOIA, A TAKXKE ITa-
HoJa U 2,2,2-TpudTOp3TaHOIa MOXET OBITH OIIMCAHO C ITOMOILBIO
UHIYKTHUBHOro addexra (—/) aroma ¢ropa. Ha puc. 11.2 npeacras-
JIEHa SHepreTUYecKasl quarpaMma i JTHCccoluauy 2-¢gTopaTaHoa.
CrobonHas aneprust quccouuanuu AG, ° wig 2-GQTop3TaHona HUXe,
yeM AG, ° mi1st aTaHona (AG, * > AG, °), nockoisky pK, (CH;CH,OH) >
> pK (FCH,CH,0OH). CornacHo 0CHOBHOMY 3aKOHY TepPMOAUHAMUKU
I'mbbca, AG°=—RTInK, nostomy Benuuyunsl AG° u K, . obpartHo
nponopuMoHansHbl. [Ipouecch, XapakTepu3yroliMecss MeHbIIUMUA
3HAYEHUSIMU KOHCTAaHThl PABHOBECUS, UMEIOT OOJBLIYIO CBODOIHYIO
IHEPrulo U HaobopoT. YMeHbUIEHUE CBOOOJHOW 3HEPTUU VIS JUCCO-
HMauuu 2-PhTopaTaHOMa MOXET ObITh JIEFKO HMHTEPNPETUPOBAHO B
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Ta6nuua 11.2
KHCNOTHOCTh CIHPTOB B BOXHOM PACTBOpE

ROH pK,
(CH;);C—OH 18,0
(CH;),CHOH 17,1
CH;CH,0H 15,9
CH;0H 15,5
HOH 15,7
CICH,CH,0H 14,3
FCH,CH,0H 13,9
CF3CH,0H 12,4
CF3;CH,CH,0H 14,6
CF3;CH,CH,CH,0H 15,4
(CF3);COH 5,4

TepMUHAX 3JEKTPOCTATUYECKOTO B3aUMONEWCTBUS AUITONS CBS3U
C*—F® 1 oTpMuaTepHOrO 3apsiia Ha aTOME KHUCIOPOAA AJIKOKCHI-
Fo 4
HOHa + CH
~ N
CHy~ o
C*—F™® pacrionoxeH Giuke K OTPULATENBHO 3apSDKEHHOMY aTOMY
KUCJIOpOJAa, YeM €ro OTpHMIIaTebHBIA KoHell. [loaroMy amexTtpocra-
TUYECKHE CHJIbI IPUTSKEHUS NpeobaanaoT Hall OTTAIKUBAHUEM JBYX
OMHOMMEHHO 3apsIKeHHBIX YaCTHI, a4 3TO CTabUJIM3UpYET aHWOH
FCH,CH,0" otHocurensHo anuona CH;CH,—O".

. IHomoxutenpHBIH KOHEL IMUIIONS CBS3H

b
=
8 c] -]
z CH3CH,0+ H
AGS
FCH,CH,0%+H® |72
CH5CH,0OH 27 2
_________________ -
FCH,CH,OH AG

KoopaunHara peakumn

Puc.11.2 DHepreTnyeckas auarpaMma guccourauuu 2-¢GropataHona M 3Tasosa
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Crabunuzanus aHuoHa 2-(hTopaTaHoNa TIPUBOIKUT K YMEHbBLIEHUIO
csobonHoi sHepruu auccourauuu FCH,CH,OH otHocurenbHo
CH,CH,OH. Tot xe caMblif, HO 3HaUUTEeNBLHO OoJlee CUIIBHBIN OTPHU-
LaTeabHbIA MHAYKTUBHBIN 3¢ deKT Tpex aToMoB (hTopa oDyCI0BIUBACT
YCUJIEHUE KUCIOTHBIX CBOMHCTB 2,2,2-TpudToparaHona. BenuynHa vH-
IykTMBHOTO 3ddeKTa YMEHBIUAETCA MO Mepe TOro, KaK BO3pacTdeT
pACCTOSIHUE MEXIY AUIIOJEeM W aTOMOM, HECYIIHMM 3apsi, ¥ 3-¢pTop-
[IPOIaHOJ NOJIKEH MPOSBISTh CBOHCTBA Dosiee ci1aboil KUCIOTHI, YeM
2-bTOpaTaHo. ATOMEI TajloreHa, CTAOUIM3UPYIOIINE ATKOKCUA-UOH,
obnanaotT —/I-3¢dhdekToM, a aNKWIbHBIE 'PYNITBL, JecTabUIU3UPYIO-
III1e aIKOKCUI-UOH, obragawT +/[-adbdexktom. JdeitcTButensHo, pK, Tpe-
TUYHOTO OYTHJIOBOTO CIIMPTA B KOHIACHCUPOBAHHOM (haze M BOJEC BbIIIIE,
yeM JUIS TIEpBUYHBIX U BTOPHYHBIX crTUpToB (Tadm. 11.2). Jpyroe Bo3-
MOXHOE OOBSICHEHHE 00Jee HU3KOU KUCIOTHOCTU mpem-OyTUIIOBOrO
CIUPTA, HE CBA3ZHHOE C MposiBeHUueM +1-3¢¢eKTa METUIBHBIX IPYIII,
COCTOUT B TOM, YTO mpem-OyTWIbHAsA IpYIa CO3MACT CWIbHbIE CTe-
pUYECKUEe TPEeNSaTCTBUS UIA OoOpa3oBaHUs NPOYHOM MEXMONEKYJSIp-
HOH BOLOpONHO# cBA3U. Eciy oOpasoBaHue CHIBHOU MEXMOIEKYJISIp-
HOH BONOPOMHOM CBSI3M B pacTBOPE UIpaeT pPelliaiolryio pojib B UCCO-
UMalMK Boabl, crIMpToB U apyrux O—H-kucior (rn. 3, 4. 1), TpeTUYHbBIE
CIIAPTHI HOJDKHBI 06MagaTh cBoiicTBaMu Hosee ciaaboit O—H-KucCIOTH
[0 CPABHEHHUIO C IMEPBUYHBIMH HM3-32 CTEPUYECKUX IIPENSITCTBUHA LI
MEXMOJIEKYJISIPHON BOIOPONHON CBSI3M.

Crouptel KaK cinabole O—H-KHCTOTBI pearupyioT ¢ LIEJTOYHBIMY,
IEJIOYHO3EMENBHBIMH METALIAMHU, AUTIOMHUHUEM, TaJUIMEM M TaJUlu-
€M ¢ 00pa3oBaHHEM HMOHHBIX MJIHM KOBAIEHTHBIX AJIKOTOJISITOB!

(CH,),COH + K — (CH,);COK + H,,
(CH,),CHOH + Al - [(CH,),CHOJ,Al + H,,
CH,OH + Mg — (CH,0),Mg + H,.

AJIKOTOJIATBI MOTYT OBITh ITOJYYEHBI MMPU NEHUCTBUM HA CIIUPTHI CHJIb-
HBIX OCHOBAHHUI — T'MAPUAOB WX AMUJOB LIEJOYHBIX MJIM LIEJTOUYHO-
3eMEJIbHBIX METAJIJIOB, a TAKXE peakTUBOB [ pHHbsipa.

COupThl IPOABISIIOT CBOMCTBA HE TOJBKO CNabbIX KUCIOT, HO TaK-
Xe M cjabbIXx ocHoBaHUM Jlprouca, T.e. OHM 0073a1ai0T aMQUIPOTOH-
HbIMHU cBoiicTBaMU. Kak ocHoBanusi JIprorca cnidptel 06pasyoT go-
HOPHO-aKUENTOPHbIE KOMIUJIEKCH! ¢ TaTOT€HUIAMH U OKCHTAJIOFEHU-
namu docdopa, cepul Mau ¢ ApyruMu kKucioramu Jlswuca. C
CUJIbHBIMU MUHEPATbHEIMH KUCIOTAMU CIUPTHl 06pa3yioT CONM ai-
KoKcoHHUsl. Ha 3Tux cBoicTBax OCHOBaHbI MHOTHE BaXXKHbIE peaKLIUU
CIIUPTOB, CPEIU KOTOPBIX CJEIyeT BbLUIEIUTh 3aMElIEHUE MMIPOKCUIIb-
HOM TI'pyIIIbl Ha rajoreH, T.e. NpeBpallleHUe CIIMPTOB B ATKWIrajaore-
HMIbl, JETMAPATALMIO CITMPTOB ¥ 3TepUGPUKALUIO CIIUPTOB C I[IOMO-
UIBIO OPraHMYECKHUX U HEOPTaHUYECKHX KUCIOT U UX MPOU3BOIHBIX.
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11.13.6 3SAMEWIEHUE THAPOKCUNILHOM I'PYIIIIBl HA TAJIOTEH.
MOJYYEHHUE AIKWITAJTOTEHUAOB

3aMelleHMe TUIPOKCUIBHON TPYITILI Ha TaIOTeH IMPUHAMLIEKUT K
yyciay Haubosee BAXHBIX peakuuil B NMOBCEIHECBHOM IMPAKTHUKE opra-
HUYECKOTO CUHTE3a, UTPAIOLIMX KJIIOUEBYIO POJIb B CAMBIX pasHoobpas-
HBIX XMMHYECKHMX IpeBpalieHusx. CyluecTByeT O0JIBbIIOE YUCI0 METO-
JIOB 3aMEHbI TUIPOKCHUIBHON TPYIB! CIMPTa HA ranoreH. OHM OTIH-
YaOTCs] PA3TMYHON PETMOCENEKTUBHOCTBIO U CTEPEOCEIEKTUBHOCTBIO,
a BBIXOIB! CITMPTOB KOJEOMIOTCA B BecbMa INMpoKuX npenenax. Cra-
pble METOIbl 3aMeLEHHUs] TMIPOKCHJIA HA TraJIoreH OCHOBaHbBI Ha pe-
AKLMM CHHUPTOB C TajJOT€HOBOZOPONAMHM, 2 TAKXKE C TaJOleHUIaMU
WM oKcurayjoreHugamu ¢ocgopa u cepsl.

Hoayvenue aaxuizanrozenudoe u3 cnupma u 2a402eH08000p6008

ROH + HHal — RHal + H,O

PeakniroHHasi cmocOOHOCTh raJIOTeHOBOJOPONOB YMEHBIIAETC B
psany HI > HBr > HCI >>HF. Ckopocts peakiiuu ¢ HF ciauimkom mana
JUISL IIPSIMOTO TIpeBpallieHUsl CIIMPTOB B ankuiagropunsl. CKOpocTh pe-
aKUMU 3aMEIUEHHUST PE3KO CHUXKAETCS B pAAY TPETUYHBIA > BTOpHY-
HBI{ > [IEpBUYHBIA cnUpPT. {1 MolydeHUusT TPETUYHBIX aJKWITalore-
HUJIOB OOBIMHO JOCTATOYHO HACHITUTh TPETHUHBIH CIHUPT razoodbpas-
HbIM raioreHoBojgopogoM npu 0—10°C uau obpaborars BOAHOH
COJIsIHOM, OPOMUCTOBOJIOPOJHON UAM HOTUCTOBOIOPOIHON KUCIOTOH
B TEYEHUE KOPOTKOTO IIpoMexyTka BpeMeHH npu 0—20 °C. {1 momny-
YeHUs] NEPBUYHBIX M BTOPHUYHBIX ATKWIOPOMUIOB U AJKWIHONUIOB
OObIYHO TpebyeTCsl HArpeBaHUE CMECH CITMPTA, KOHIIEHTPHPOBAHHOH
OpOMUCTOBONOPOJHON MIIM HOAUCTOBOJOPOIHON KUCIOTH M KOHIIEHT-
PHUPOBAHHOMN CEpHON KHUCIOTHL B TEYEHHUE HECKOJIBKHX YacoB. Bmecto
KOHIIEHTPUPOBAHHBIX BOAHBIX pactBopoB HBr u HI mMoxHo ucnonb-
30BaTh OpOMUIBI U HOMUABI HATPUS U XAJIHS U KOHUEHTPUPOBAHHYIO
CEPHYIO KMCJIOTY. BBIXOABI aTKWITATOr¢HUAOB 1O 3TOMY METOIY OOBI4-
HO cocTasisioT 75—90%:

48% HBr + H,SO,, 120°
CH3CH2CH2CH20H—%—22—4"—> CH,CH,CH,CH,Br+ H,0
4
(95%)
<:><CH3 HCI (ra3) <:><CH3 . 1o
OH acup, 0°C cl 2
(90%)
HCl; ZnCl,

H,0 (76%)
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HCI; H,0, 20 °C
(CH;);COH ’ > (CH;),CCl + H,0

NaBr + komir. H,SO,, 60"9

CH4CHCH,CH;
OH
— » CH;CHCH,CH, + NaHSO, + H,0
Br (60%)
KI+85%H;PO,

HOCH,CH,CH,CH,CH,CH,0H 20°C

I(CH»)¢l +KH,;PO4+H,O
(78%)

CrupTh! Kak cjabele ocHoBaHus JIplonca NMpU TPpOTOHHPOBAHUHU
00pa3yIoT CONMU aNKOKCOHUSA. [TpoToHMpoBaHUE IMAPOKCIWIBHON rpymn-
bl [IPEBPAIIAET «ILUTOXYI0» yxomsauryio rpyrnny OH B «xopotiryio» yxo-
JSTLIYIO TPYIITY — BOAY:

@ S}
ROH + HBr RO H,Br.

MexaHu3M MocAeaAYIOINero HyKiieodUIbHOIo 3aMelIeHUS 3aBUCUT OT
MPpUpOIbl paavkana crnupta. st mepBUYHBIX CIIMPTOB peaiu3yeTcs
Sy2-MEXaHU3M 3aMeleHHs] BOIbl B KATHOHE AIKOKCOHHUS Ha IaJIOreH:

® Sy2
B + RCH,OH, —X° > RCH,Br + H,0,
® S NZ

©
I_+ RCH,0H, —¥*— RCH,] + H,0.

XJIOpUI-MOH B THAPOKCUWICOAEPKAIIMX PACTBOPHTENSIX CHIIBHO COJIbBA-
THPOBAH U MpOSBIsIET cBoMcTRA Hoee ¢Maboro HyKJIeoMWIBHOIO arcH-
Ta IO CPaBHEHUIO ¢ Opomun- U Homum-uoHamu. Iloatomy /s nosyde-
HUS UTKWIXIOPUIOB MPU B3aMMOAEHCTBUM TEPBUYHBIX CIIUPTOB C CO-
JITHOW KHUCJIOTON MCIOJB3YIOT 3NEKTPOMHUIBHBIN KaTalIu3aTop —
6e3BOMHBIN XTOpUA LIMHKA. CMeCh COJITHOM KHUCIOTHL U XJIOpHIA LIMHKa
HOCHT Ha3BaHMe peakTuBa JIykaca. XJIOpHI IMHKA KaK XKECTKAsk KUC/IOTa
JIsroMca KOOpOMHUPYETCSl MO aToMy Kuciopona, objierdast TeM caMbIM
3aMellleHUe THAPOKCHWIBHOM IPYIIIEI MO ASCTBUEM XTOPUI-UOHA:

RCH,0H + ZnCl,

® _H
ZnCl,
© @/H (e}
Cc + _CH—O0 g -—— RCH)Cl + Zn(OH)Cl,.
R ZnCl,
PeakuroHHast cnocobHOCTh CIUPTOB IO OTHOIUEHHUIO K PEaKTHBY
Jlykaca ymenswaercs B psny C4Hs;CH,OH > CH,=CHCH,0OH >
>R;C-OH > R,CHOH>RCH,0H.

245



TpeTuyHble COIUPTHI H, MTO-BUOIUMOMY, BTOPUYHBIE CITMPTHI B3a-
MMOJEHCTBYIOT C rajlOreHOBOIOPOIOM IO MexaHu3My Syl ¢ obpazo-
BaHMEM KapOoKaTHoHa B KayecTBe MHTepMeauara. [1pu mpespallleHUU
TPETUYHOrO CIMPTA B TPETUYHBIA AIKWJITAJIOTeHUN B PeaxIIMOHHOH
CMECH B BBICOKOM KOHLIEHTPALMU HaXOOAUTCs 60Jjiee CHIbHBIA HYK/IeO-

QUNbHBIA areHT, YeM Bojd, — laJIOTeHWL-MOH:
® BrIcTpO ® MeLIeHHO @
R3COH H R3C—OH2 R3C + Hzo

Hal; Guicrpo R,C—Hal + H,0.
ITosToMy KapbOKaTUOH CTaOUIIH3UpPYeTCsl HE BHIOPOCOM IPOTOHA MK
peKOMOMHAUMEN ¢ MOJIEKYJIOH BOIbI, 4 ¢ ITOMOLUBIO 3aXBaTa rajore-
HUI-UOHA, KaK HauboJiee CHIBHOIO M3 KOHKYPEHTOB HyKjieopuia.

Jpyroit BaXXHOH XapaKTepHOH OCODEHHOCTBIO ITPOLIECCOB C y4ac-
THEM KapOOKAaTHOHOB SIBJISIOTCA IEperpyriMpoOBKU. ATOM BOAOPOIa
MpY COCEIHEM aTOME YIJIEpOAa MOXET MUTPHPOBATh C ITApOH 3JIEKT-
POHOB B BMI€ THAPHA-UOHA K KAPOOKATMOHHOMY LIEHTPY. DTO CMe-
LleHWe HOCHT Ha3BaHue 1,2-ruppunHoro casura. IlomobGHoro poaa
NeperpyninupoBKY HaGNIONAIOTC OYEHb 4acTo, UX pOJb OCOGEHHO
BO3pAcCTacT TOrJA, Korna B pe3ynprate 1,2-TuapuiaHoro casura obpa-
3yeTcs Oojee cTabWIIBHBIN KapOOKAaTHOH:

@\/\ @ ~~ M

__—C C —_— ‘C C -----

H TN
Tak, HanmpuMep, Npy HarpeBaHWM 3-MeTHNOyTaHOAA-2, HACBIEH-
HOTO Ta3000pa3HbIM GPOMUCTBIM BOIOPOJOM, B KaYeCTBE €IUHCTBEH-
HOTO NpPOAYKTa peakuuu obpasyercs 2-OpoM-2-MeTHIOyTaH BMECTO
2-6poM-3-MeTUNIOyTaHa — «HOPMAIBHOTO» MTPONYKTA 3aMEeIeHUS THI-
pOKcHJIa HA ranoreH. Huxe npuBeneHa mpeamosaraeMas mocieaoBa-
TEJILHOCTb MPEeBpPALICHUN, BKIIOYAIOIAs H30MEPH3ALIHIO BTOPUYHOTO
kapbokaThoHa B boJiee cTabMIBHBIN TPeTUYHBIH KapOOKATHOH 3a cYyeT
1,2-rTUOpUIHOTO CABMIA:

HBr; 0-20°C “H,0
CHCH-CH-CH et CHs—CH—CH~-CHj 2

OH CH; ®OH, CH;

@ ®
CH3‘*CH—(|:—CH3 ""—>CH3CH2—(IZ—CH3 —

CH; CH;
Bre I|3r
- CH3CH2C’"CH3 (64%)
CH,
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[leperpynnupoBka Haba0IaeTCsS U B TOM cjIydyae, KOraa ABa KapGo-
KaTHOHA 613K no ctabuibHocTH. [lpu HarpeBaHUM ¢ BPOMHUCTOBO-
LOPOJHOM KHUCJIOTOM M IM€HTaHOJ-2, U MeHTaHod-3 0bpa3yioT cMech
2-bpoMIneHTaHa U 3-OpoMIleHTaHa, XOTA M B pasIMYHOM COOTHOIIIE-
HHH. [lo-BuauMoMy, 06a M30MEDPHBIX IMPOAYKTa OOPA3YIOTCS 34 CYET
MEeperpynIiMpoBKY JBYX BTOPUYHBIX KapOOKATHOHOB.

CH3FHCHZCH2CH3£B—L CH,CHCH,CH,CH,+ CH;CH,CHCH,CH,

OH Br (86%) Br (14%)
CH3CH21CHCH2CH3—@—3I> CHCHCH,CH,CH;+ CHyCH,CHCH,CH;
OH Br (20%) Br (80%)
@ 1,2-TUOpUAHBIA CABUT @
CH,CHCH,CH,CH, =—— ~ CH,CH,CHCH,CH,
l Bre l Bre
CH3FHCH2CH2CH3 CH3CH2|CHCH2CH3
Br Br

IleperpynnupoBka MOXeT IPOMUCXOAMTh HE TOJBKO INpu 1,2-Mur-
pauMy rMApUI-UOHA, HO TAKXKE B PE3YJIbTATEC CKEJETHOU M30MepH3a-
OMHA, KOTAAa MUIPUpPYET IKMJbHAsA rpynna. Tak, Hanpumep, eclu
CTPYKTYPHBIE (haKTOpbI CIIOCOOCTBYIOT 0Opa30BaHUIO TPETUYHOIO Kap-
6oKaTUOHA, MEPBUYHBIN CITUPT IpeTepneBaeT MeperpynupoBKy Bar-
Hepa—MeepgeitHa. B kKauecTBe NpuMepa NpHBENEeM IIpeBpalleHue
HEOITEHTUIOBOTO CIIMpTa B 2-OpoM-2-MeTHIOYTaH:

® ®
(CH;);CCH,OH + HBr === (CH3)2(llCH20H2 = [(CH3)2C—CHQ]—>

CH;
@ Br
—_— (CH3)2CCH2CH3 R (CH3)2CI:CH2CH3
Br
CH; H
I H | @
(CH3)3C—?H p—— (CH3)3C—(13—CH3<——* CH3—(|2-——CHCH3 —
OH ®OH, CH,4
CH Br CH
1,2-CHj-camur © [ ° g° L[>
—_— CH3—(|Z—({Z—CH3 —_— CH3—(IZ—(II—CH3
CH;H CH;H
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[Tenranon-1 B Tex xe yciaoBUsIX o0Opa3yeT Tojibko 1-OpomMiieHTaH 6e3
MPONYKTOB MEPErpyrnnHUpoBKU, U 3TO MpEBpallleHUe, HECOMHEHHO,
npoTtekaeT no Sy2-MexaHuaMy. OJHAKO MEPBUYHBIE CIIUPTHI C Pa3BeT-
BJIEHHOMN leNbI0 NAIOT YXe HEeKOTOpOE KOJUYECTBO HU3OMEPHOIO
rajjoreHuaa:

CH;,
HBr, H,SO |
CH;CHCH,0H TOC;J»CH;I:HCHZ& + CHy—C—Br.
CH, CH,4 CH;,
(80%) (209%)

TakuM o0Opa3oM, 3aMellleHre T'MAPOKCHIBHOM IpYIIIbI CIIHPTOB
Ha TajJoreH IOj JeHWCTBUEM TraJoreHOBOLOPONOB 0€3 M30MEepH3allvuU
OCYILECTBJISAETCA TOJIBKO [UISS TPETUYHBIX CITMPTOB U H-AJIKAHONOB-1.
das roydeHWs] MHAMBUIAYAAbHBIX ATKWITAIOTEHUIOB U3 CIIUPTOB,
CIIOCOBOHBIX K M30MEpU3allMyi WIH IeperpyIilupoBKe, CleayeT IpH-
MEHSITh IPYTHE MTpErTapaTUBHbIE METOIBI.

Iloayuenue arkunzanrozeHuooe us cnupmos u z2aiozenudos ocgpopa
Juis rpeBpallleHUsT CIIMPTOB B AJIKMJITAJIOTEHUIBI IPUMEHSIIOT pas-
JIUYHBIE TPU- U MeHTaranoreHuasl dochopa: PBry; PCly; POCL; wiu
Pl;, monyyaemslit u3 kpacHoro gochopa M Homa HEMmocpenCTBEHHO
BO BpeMsl peaKUMH. [y NeEpBUYHBIX U BTOPHYHBIX CIUPTOB HA TPU
MOJIS CITMPTa MOXHO PaCcXOAOBATh TOJBKO OJUH MOJIb TPEXOPOMHCTO-
ro uiau tpexitopucroro docdopa:

3 ROH + PBry — 3 RBr + H3POs.

lajoreHuas! U okcurajgoreHuas! ochopa oTHOCATCS K YMEPEHHO
CIJIBHBIM KucoTaM JIblouca, a UX aHHOHBI BBUIOMHSIIOT POJIb HYKIIEO-
¢dunpHOro areHta. MexaHU3M peaklWy 3aMelleHUs] TMAPOKCHIBHOMN
rpymnIsl Ha 6poM WiM Hox B peakuuu ciuptos ¢ PBr; wnn Pl; 3akmo-
yaercsl B 0Opa3oBaHUM NPOTOHUPOBAHHON ¢opMbI aTKUIIUOpoMboc-
¢uTa B KayecTBe MHTEpMEAMATA C MOCAEAYIOIeHd HYKIeohUIbHOU
arakoyt OpoMua- WU HOAUI-HOHA U OTUIEILICHUEM YXOJSIILEH TPYTIITbI
HOPX,. IlepBas cragust atoro mpoiiecca Mo CyIIECTBY HPEACTaBISET
coboii HykJIeodHJIbHOE 3aMelleHue y atoMa docdopa nox gefdcreuem
CIIMPTAa KaK HyKI1eodUIbHOTO areHTa:

. ®
RCH,0H + PBr; ——> RCH,—O—PBy; + BS
H
© @
Br: + RCH;_—C')—PBQ — RCH,Br + HOPBm,.

H
O6pasymoluiicss B pesynbrare qByxcraguitHoro npouecca HOPBr, na-
Jiee pearupyeT co CIIMPTOM TIO0 AHATOTMYHOMY MEXaHU3MY, U B KO-
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HEYHOM MTOre Bce TpH aroMma rasoreHa PBry unu Pl, mpuHmMalor
y4acTHe B peaklM 3aMelIeHNs [MAPOKCUIA Ha TIOTeH:

°

(CH;),CHCH,0H + PBr, %%»(CHQZCHCHZBr (60%)

37 °C
QCHZOH + PBry W Q-CHzBr (80%).

3aMmelleHHe TMMAPOKCUIABHON TpymnIibl Ha TaJoreH MOX HeHCTBHEM
PBr; u apyrux rajloreHMoB ¥ OKcHranoreHuaos ¢ocdopa npouc-
XOIUT ¢ MHBEpPCHEH KOHGMHUIYpallMH Y ACHMMETPHUIECKOTO aToma
yIiepoga, CBSI3aHHOIO ¢ THAPOKCMJIBHOM rpynrod. 3aMmelieHue
TMAPOKCWIa Ha rajoreH nox neiictsueMm PBr;, Pl;, PCls, POCl,
YacTO CONMPOBOXIAETCSA U30MEpPH3AlMeHd H MeperpyniupoBKaMu. DTo
HEYAUBHUTEABHO, €CJIHM TIPUHSTh BO BHUMaHME, YTO TAIOTCHHUIBI U
OKCUTAJIOTeHH B! ochopa NpOSBISIOT CBOMCTBA THITUYHBIX KUCIOT
Jptouca, cmocoBCTBYIOUIMX 3TUM HEXEJaTeJNbHBIM IIPOLIECCaAM.
[Meutason-3 B peaklUMu ¢ TpexOpOoMUCTHIM ¢ochopoM B adupe
obpasyer 85% 3-GpommnenTtana u 15% 2-OpoMileHTaHa — TMPOAYK-
Ta MeperpyninupoBKu. 3-MeTunbyraHos-2 U HEOIIEHTUIOBBIA CIUPT
¢ TpexOpoMUCTBIM (dochopoM TakXKe HAT CMECh HIOMEPHBIX
TaJOTeHUIOB, B KOTOPON AOMHUHHPYET MNPOAYKT H3OMEPHU3ALMMU.
CreneHb M30MEpU3AIUM U MEPErpPYNIIUPOBKHA 3[eCh HUXE, YEM B
peakuuax 3amellleHust nog neiicteueM HBr M apyrux rajoreHoBo-
JIOPOJIOB, HO BCE-TaKW BECbMA BEIMKA:

PBr
CH;CHCHCH,CH; m CH,CH,CHCH,CH; +
OH Br (85%)
+ CHyCH(Br)CH,CH,CH;
15
(15%) Cl:H3
PBi
CH,CH-CHCH; —————» CH;CHCHCH; + CH;CH,~C—CH,
| l adup, 20°C [ ] |
OH CH; Br CH, Br
(10%) (90%)
PB
(CH1);OCH,OH —————» (CH;);CCH,Br + (CHy),CCH,CH; +
XMHOIHH |
(63%) Br
(26%)

+ CH3ICHCH(CH3)2

Br
{(11%)
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MNpuMeHeHHEe TPETHYHBIX OCHOBAHMMN, TaKMX, KAK MUPUIHUH, XHUHO-
auH, N,N-nmuMmetunaHunuH, B cMecu ¢ PBr;, Pl;, PCls, POCl; ne-
CKOJIBKO YMEHbIUAET HOJIK MPOAYKTa MeperpynlupoBKYA, HO HE yCT-
pausiet ee. TakuM oOpasoM, TATOreHUIbl ¥ OKCHUraJoreHUIsl docdo-
pa He MOTYT ObITh PEKOMEHIOBAHB! B KAYECTBE PETHOCENEKTUBHBIX U
TeM GoJiee perrocrnelidpUYECKUX PEATEHTOB IS 3aMEILEHUA CIIUPTO-
BOM IMIPOKCHIILHOM IPYIIIBL. DTH PEareHThl CAeAyeT MIPUMEHSITh TONBKO
B HauGoJjee MPOCTLIX CIy4asxX, [Ae IEeperpyriupoBKa U H30MepH3a-
L1 HEBO3MOXHBL.

Iloayuenue aaxuaxaopuooé u3 cnupmoe u muoHuAxA0puoa

TuoHUNXJIOpKI TIpeBpalllaeT NepBUYHbIE U BTOPUYHBIE CIIUPTHI
B aKWJIXJIopusl ¢ BeixonoM 70—90%. TpeTuuHbie cIIMpPTBL IIpEeUMy-
HIECTBEHHO MOABEPralOTCs AEeTUApPATAIMU TIPYM B3aMMOACHCTBUM C
SOCI, ¢ obpazopaHuem ankeHoB. CienyeT pas3nvyvaTh IBe PA3HO-
BUAHOCTH 3TOM peaKUMU: B NPUCYTCTBUU UJIH B OTCYTCTBHE OCHO-
BaHUSA (NUPHIUH, TPUITHNAMUH, NUMETWIAHWINH ¥ IPYrde Tpe-
TUYHBIE AMUHBI):

a¢up

mon i, RCL+ S0, + HQL

ROH + SOCl,

PaHee mosrarasiv, YTo B OTCYTCTBME OCHOBaHMS 3aMelleHHe IMIpPOK-
CHJIA Ha XJIOp [IPOTEKAET KaK BHYTPUMOJIEKYISIpHOE Syi HyKIeopib-
HOE 3aMellleHHe B IPOMEXYTOYHO 00pasyiolleMcsl U3 CIIMPTA M THO-
HIWIXJIOpUAA XJIopcyabduTte. BHyTpHMONEKYIIpHOE 3aMeIlICHHE JBYOKH-
CH CepBl XJIOPOM B XJOPCYJbOUTE MO MEXAHU3MY Syi TOJXKHO
IPOUCXONUTb C TOH X€ CTOPOHBI, OTKYA2 OTLIEIUISIETCS YXOMSIIAs
rpynmna SO,. CrenoBaTenbHO, BHYTPUMOJEKYISPHOE HYKIEODHIbHOE
3aMellieHUe JOJKHO COIIPOBOXIATHCSl IOMHBIM COXpPAaHEHUEM KOH-
dburypaluy y aCMUMMETPUYHOIO aTOMa Yyrjiepoja:

R\, H RL_, Rl H
¢+ soa, — 6/@3:0 — ¢+ s0,
R” “OH R7A_a— R a

,D,.Hﬂ 3TOTO Iipolecca ObLI OpEIIOXEH MEXAHMU3M C YETHIPEX3BCH-
HBbIM HUKIIHYCCKHUM IEPEXOOHBIM COCTOAHUCM. B HaCTOANICC BPEMSI
HaAC€XHO YCTAHOBJIECHO, 4YTO TakKoH pouecc peajbHO HE ITPpOUCXO-
IWT, a PeaKL1HU, IIs1 KOTOPBIX PAHEE NPEAIIoNaranu Syl ~-MEXaHU3M,
B ﬂeﬁCTBHTeﬂbHOCTH BKJIIOYAKOT O6pa3OBaHI/IC NOHHBIX IIdp B Kaye-
CTBC MHTEpMEIHATA:

R ) Re o R
CH-0-s7 —= “CHO0SOCl —=  CH—Cl + SO,
R cl R RY”

HOHHAsl rapa
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JleTanbHoe HcclenoBaHUE CTEPEOXMMMH TEPMUUECKOTO pPasIoXeHHs
ONTUYECKN AKTUBHOTO 2-OKTUJIXJIOPCYILOHUTA [10KA3aN0 SBHOE HECO-
OTBETCTBUE C MeXaHU3MeM Syi. B oTcyTcTBHE pacTBopUTENst obpasyer-
csl 2-xJ0poKTaH ¢ 78%-M obpaiueHueM KOHGUTYpAIMH, YTO oIlpede-
JIEHHO YKa3bIBaeT Ha 3aMellleHHe XJOPCYIbGUTHON IPYIIB B pe3yiib-
TaTe aTakyd XJIOPHUA-UOHOB ¢ Thuia. IlpM TepMUYECKOM pa3jIOXEHHU
2-0KTWIXJIOpCYNbduTa B IMOKCaHe HabmomaeTcss coxpaHeHHe KOHMH-
rypauru Ha 84%, HO 3TOT pe3yJbTaT CilelyeT paccMaTpUBaTh Kak
CJIEJICTBUE JBOHHON UHBepcHU KoHMUIrypauuu. B nepBoit ctaguu auo-
KCaH B Ka4yecTBe HYKJICoMUIHLHOIo areHTa 3aMellacT xJIopcylbdUT B
OOBIYHOM [pOLIECCe DUMONIEKYIISIPHOTO HYKICO(DWIHHOTO 3aMELLIEHMSL:

O
/\ Il Sn2 /\® e
0 0: +R~0~S—Cl —X~» (3 O-R + Cl + SO,
N\ / A (A MMOKCAH 1\
Bo BrOopo# cTamMd XJIOpMI-MOH 3aMELIAET AMOKCAH B OKCOHUEBOM
KaTHOHE:
o @/ \ Sy2 /N
Cl~ + RO o0 —X° . R + O 0.
./
JBoiiHoe oOpallleHHEe PAaBHOCHJIBHO COXPAaHEHHIO KOHGUTYpaluMuu y
aCHMMETPUYHOIO aroMa yriaepona. AHATOIMMHO MOXHO OIHCATh IIpe-
BpallleHHe CIIUPTOB B XJIOPHUIBI WK OPOMHIIBI O] ASACTBUEM XJIOpP-
OKHCH WM OpoMokucH ¢ocdopa.
[Ipu 3aMelleHUY THIPOKCHIIA BO BTOPHYHBIX COMPTAX HA AUTOreH
C IIOMOUIBIO THOHWIXJIOPUAA WIN XJIOpOKUCH ¢ocdopa B IPUCYTCTBUH

OCHOBaHUSs Habmonaercs obpaiyesye KoHdurypauuu. B atom ciyyae
HMEET MECTO OOBINHOE BUMOJEKYISIDHOE HYKIIeO(PUIbHOE 3aMeLIIEHUE

0
O—S{ TPYIIIBl B XJIOpCYJIbduTe ITOX AEHCTBHEM XJIOPHI-UOHA
a
Kak HykieodwibHoro arenra. MCTOYHHUKOM XJIOPHI-UOHA CIYKMT THI-
POXJIOPHI TPETUYHOI'O aMHHa, oOpa3yioUIUMHAcS Ipyv B3aUMOOEACTBUHU
CIUpTa, THOHWIXJIOPUIA U TPETUYHOrO aMMHa:

H
R1>c’\" + soc,+ () 210€, Rl\ciH 0 +C)
R” oy NT R g oS T 5"
c®+ Rl\ciH -1c, Cl\c"H + S0, + cr.

R @—H—CI adup R i 2

O
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3aMellleHWe TWIPOKCUIA HA TJIOreH B PeaKUMH CIIMPTOB C rano-
reHUAaMu ¥ OKcHUramoreHuznaMu ¢gocdopa, MbIIIbIKA, CEpbl U Ce-
nena (PCl5, AsCls, POCl;, PBry, SOCl, u np.) B IpUCYTCTBUH
OCHOBaHUS BCeria [IPUBOAUT K HHBEPCUH KOHGUTYPALIUH Y XUPaATb-
HOro aroMma yrieposa. Jis BTOPHYHBIX CIMPTOB C 3aMeLEHUEM KOH-
KypUpyeT SJMMHHHUPOBaHKE C 06pa3oBaHUEM aAJIKEHOB, KOTOpPOe
CTAHOBUTCA JOMUHEUPYIOIIUM I TPETUYHBIX cnupToB. [leperpyn-
MUPOBKU ¥ U30OMEpPHU3ALUU NpU 3aMelIeHUH THIPOKCUIBHON IpyIl-
16l IEPBUYHBIX U BTOPHYHBIX CIIMPTOB HA XJIOP MOJ AEHCTBUEM TH-
OHWIXJIOPUA B NPUCYTCTBUM MUPUAMHA WJIU JPYIrOro TPETUYHOTO
ocHosanus npu 0 ... —10 °C npoucxoasiT B MeHbUIEH CTENEHHU IO
cpaBHeHHUIO ¢ 3amelleHueMm ¢ PBry wim PCls B cmecn ¢ nupunu-
HOM, XOTSl M HE HCKIIOYAIOTCS COBCEM:

socl,
CH,0 Cl + —
(CHy),CCH,0H T (CHy),CCH, (CH5),C—CH,CH;

(58%) Cl (42%)
CH,
SOCl,
CH,CH—CH—CH, CH,CHCHCH;+ CH,CH,—C-CH;,
[ I TIUPUIUH— [ |

OH CH;  -agup, 20°C Cl CH;20%)  (80%) Cl

sOCl
CH,0H ——2» CH,Cl
MUPUAUH—
4CH, 2dup, 20°C Sy (91%)
Cl
soCl, |
CH;CH—COOC,H; ——2» CH;CHCOOC,Hj,
i MIMPUIVH,
OH -10°C (95%)

Iloayuenue arkunzasozenudoe uz cnupmoé u Keasugocgonuesnix coaeii

CoBpeMeHHbIE METOJbl 3aMEIUEHUSI CUPTOBOH TMAPOKCUIBHOMN
TPYIIIBI HA TajJOreH OTAMYAIOTCS BBICOKOH pPETUO- M CTepeoceneK-
TUBHOCTBIO. B nocnenHue roiabl mis 3To¥ uHeau Haubosbliee pac-
MIpOCTPAaHEeHUE MOoAy4YMau KpaszudochoHUEeBBIE COMU — ANNYKThI
apoMmatuyeckux GochuHOB ¢ rajoreHaMH, TeTparajoreHMeTaHaMu
nny N-TaToreHCYKIMHUMMIOM. Takue peareHThl UCIIONb3YIOT UL pe-
ruocenekTuBHoro sameineHus: OH-rpynnbl B MSTKMX YCIOBHSIX M C
O4YE€Hb BBICOKOU CTeIeHbIo MHBepcUn KoHdurypauuu. Tpudenunndoc-
buH obpazyer cTaGWIBHBIE KOMILIEKCHI ¢ 6POMOM U XJIOPOM. BTH KOM-
TJIEKChI MPEBPAILAIOT CITUPTHI B AJIKMATAIOTeHUIB. MeTor ocobeHHO
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Ya00EH Ul BTOPUMYHBIX W TIEPBUYHBIX CIIUPTOB, LISl KOTOPBIX MOXHO
OXMIATh U30MEPU3ALIMK M NEeperpynnypoBKy. 3aMellleH|e TMIPOKCHa
Ha rajoreH nof aeficteueM komruiekcos (CyHs);P - Br, u (C4Hs),P - Cl,
OTJIMYAETCs] BBICOKOH PErMOCENeKTUBHOCTHIO:

150 °
(CH;);CCH,OH+(C¢Hy),P - c12—H—C> (CH;3);CCH,Cl+Ph; PO+HCL

(liH3 (l:H3
CH,CH-CHCH; + (CyHg)sP Brr%-» CH,CHCHCH, +
OH (|JH3 Br (44%)

+ CH,CH,CCH,+ Ph,PO + HBr.
(1,5%) Br
+ (CHg)P - Br, 20 & + Ph,PO + HBr.
JAUTTITAM
f T 62%
OH . H (62%)
3HA0-HOPOOPHEO 9K30-HOPOOPHWIOPOMUIL
CH, CH,OH _ CHy CHBr
+(C;HysP - Br, 22 C » + Ph,PO + HBr.
JM®A
(70%)

B mepBoii craguy peaxiMy CrUPT BBITECHSIET raioreHUI-KHOH U3 KO-
BAJIEHTHO MOCTPOEHHOIO COeNWHEeHUs: NATUBUIEHTHOTO docdopa ¢
obpaszoBaHHeM HOHHOTO (ocPOEHUEBOro UHTEpMeaMaTa UIM KOBa-
JeHTHoro ¢ocdopana. 3aTeM 3TOT HHTEPMEIMAT MOABEPracTes HyK-
JleohuNbHOW aTake rajforeHUI-UOHOM C OTLUEIIEHHEM TpUdeHUN-
dbochuHOKCUIA, UTPAIOLIETO POAb YXOAAILUEH I'PYIIBL:

Br @ e
ROH + (C6H5)3P\B —— RO—P(C¢H;);Br + HBr,
I

o ®

CornacHo 3Toit cxeMe, KOHEYHBIM CTEpPEOXUMUUYECKMM pe3yibTa-
TOM JOJXHO ObITh obpauleHue KOHGUTYPALMU ¥ ACUMMETPUYHOI0
aroMa yriepoja, Mpu KOTOPOM MPOUCXOIMUT 3aMELIEHUE THIAPOK-
CWJIa Ha rajloTeH.
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CnupTbl MOXHO IIPEBPaTUTh B XJIOPUALI WIM OPOMUJIBI IIPH B3au-
MoIeHcTBUU ¢ TpUpeHWIPOCHUHOM U YETHIPEXXIOPUCTHIM WIM Ye-
TBIPEXOPOMHUCTBIM YITIEPOIOM:

CH3(|ZH(CH2)5CH3 + (CgHs)sP + CBry M

OH

— CH;CH(CH,)sCH; + Ph;P=0 + CHBr;.

Br (90%)

H CQy; 80°C cl
+(GHspP+ CQy—— + Ph3PO + CHCl3

OH 57%) 1

3HOO-HOPOOPHEOI 3K30-HOPOOPHWIXJIOPUL

CH, CHj;
+ (CHs)sP + CCly ———>
CHe X SN OH (CgHs)s T Ca,
repaHuro

CH; CH,

—————
CHj)\/\)\/\q + PhP=0 + CHCl;.

TePaHWIXJIOPHIT
(82%)
(IZHZOH (IIH?_CI
HO-CH HO-CH
HsN; 0°C o
+(CeHs)P+ca, SRS + PhyP=0+CHCI,,
0] O
O——CH, O——CH;
CH; 96%) CH;

MexaHu3M 3Toi#l peakimu Gosee caoxeH. Msrkuil HykieodHIb-
Hblit areHT TpudeHwihochUH aTakyeT TETPAXJIOPHUI YIJIEpo/ia 110 aTOMY
XJIOpa KaK MSITKOMY JIEKTPODUWIEHOMY LIEHTPY 3TOH MOJIEKYJIbl. AHUOH
Cl;C — xopouiast yxomsiluasi rpyiia, Tak Kak xXJ1opodopM sIBIsIeTCs
jocratodHo cwibHoit C—H-xucnoroit (1. 3, 4. 1):

o+ 5~
PhP... Cl ... CCl;

Ph;P: + CICCl,

- @
e prp— T — Pngpocy .
T Tea
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B npucyTcTBHM MEpBUYHOrO MJIM BTOPUYHOTO CIIMPTA 0OpasyeTcs al-
KokcudochoHueBas cob:

[ Ph,P--Ci--CCl
Ph3P§.r.F. Cl...CCl; + ROH —— SN
® ©
— Ph;POR + CHCl; + CI.

XIOpUI-MOH aTaKyeT aTOM yrjiepoa B KAaTUOHe TpUGDEHUIAIKOKCHU-
¢ochoHuss ¢ oOpa3oBaHUEM NEPBUYHOIC WJIM BTOPUYHOI'O AIKUJII-
xjopuaa ¥ tpudeHmwidpochUHOKCUIA!
] ® SN2
1 + ROPPhy ——> RCl + Ph;P=0.
Tlocnenusss cragust MpencTaBAsieT coH60i OOBIYHOE GUMOJNEKYISIPHOE

HyKJIeo(pUIbHOE 3aMellleHue, OBUXKYIIEH CHJIONH KOTOpPOIo SIBISETCS
obpaszopaHue crabuisHoro tpudeHmwidbochuHokeuna. st mHTepMe-

C) ©
muata PhPOR, Cl 0o6praHO nipuHsiTo cTpoeHHe ¢ochOoHUEBOH CONH
C XJIOpUI-HOHOM B KayecTse NpOoTHBOMOHA. OZHAKO BO MHOTMX CIy-
yasgx G6onee 0OOCHOBAHHOM SBISETCS CTPYKTypa KoBajieHTHoro ¢oc-

OR
¢opana Ph pl C MATUKOOPAMHUPOBAHHBIM aToMoM ¢ocdopa.
3 \C1

Takast cTpyKTypa J0Ka3aHa Jisl IPOCTPAHCTBEHHO 3aTPYIHEeHHbBIX CIINpP-
TOB —— HEOIIEHTUJIOBOTO, 3HO0- U 3K30-HOPOOPHEOJIOB, XOJECTEpPUHA
u Jp. B moboM ciydae npeBpallleHHe CIUPTa B ATKUITAIOTCHU, IPO-
TEKaeT ¢ obpallleHueM KOHQUIypalvu.

OnHaKo BO3MOXeH MHOH MeXaHH3M NpeBpallleHUs CIUpTa B ajl-
KWITAIOTeHUA IpU B3auMoneicTBuu tpudeHwidocdrHa, crupra u
CCl,. ®ochonuepas cons Ph;POCCl,, Cl7, nonyyarmouascs u3 Tpu-
denundochpuna u CCl,, MOXKET pearupoBaTh CO BTOPON MOJIEKyIION
tpudenundochuHa ¢ obpaszopanueMm winna dochopa (rr. 16, 4. 3) u
auxinopuaa tpuderundocduHa:

@ O]
Ph;P: + PhyPCClL; I —> PhyP=CCl, + Ph3PCl,
uun, pocdopa
AnkKokcugpochoHHEBAS] COJIb MOXET ICJIYIATHCS [IPU B3aUMOJIEH-
CTBHUU WIHA2 U TpUpeHMIDOCHUHINXIIOPUIA CO CIIUPTOM:

@ Q @ e
Ph,P= CCl,+ Ph,PCl,+ ROH— Ph;PCHCL,Cl + Ph;POR CI .
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Janee npeanaraetcs caemylolas nocjaefoBaTelbHOCTs NPeRpalleHUI:

® Q
PhsPCHCI, C1 + PhyP —— Ph,P=CHCl + PhPCl, ——>

ROH @ © ® ©
—— Ph3PCH,CI C1 + PhPORCI

® o Sy2
Ph,POR + C —2»

RCl + PhP=0.
Wnunablit nyTs 6osee BEpOsITEH B MAJIOIOJSIPHOM Ccperie.

Ilpouecc B LeJOM XapakTEpHU3yeTcsl JOCTATOYHO BBHICOKOM pETHO-
CEJIEKTUBHOCTHIO 3aMEILEHUS] THAPOKCUIIA HA TaJIOreH IS OQHOATOM-
HBIX U MHOTOAaTOMHBIX CITUPTOB. PeakllMOHHAs CMOCOOHOCTh MOHM-
Xaercsl B psiy INEepBUYHBIR > BTOPUYHBIN > TPETUYHBIA criupT. Tua-
POKCHJIbHASI TPyNNa y IIEpBHYHOTO ATOMa YIIepoja MOXeET OBITh
CEeKTHBHO 3aMellleHa Ha XJIOp MpY HATWYUM BTOPUYHON CIIUPTOBOH
IPYIIBL. DTOT METOM MOJYYII IT03TOMY OCOGEHHO HIMPOKOE PacIpo-
CTpaHEeHHE B XMMUM YIIEBOJAOB U MHOTOATOMHBIX CIIMPTOB.

Haubosee BBICOKOW PErmoceseKTHBHOCTBIO 3aMEIICHUS CIIMPTO-
BOTO I'MJPOKCHUIIA HA TajJioTeH OTIMYAETCs METOA, Ie B KadecTBe YcC-
XOJHOTO peareHTa ucronbsyercs: koMmrvieke (CqHs);P ¢ CClL;COO0C, H
nin komruieke (C¢Hs);P ¢ CCL,CN, Hanpumep:

I CH,CN
OH
83%) C
CH,—CH—CH—(CH,),CH; + (CHs);P + CCl,CN ————— >
s HTEHT(CH)CHy T (Chs)s 3 CH4CN, 20 °C

|
— CH;CHCH(CH,),CH; + CH;C—CH,(CH,),CH; +
CH,;Cl  (40%) CH, (0,1%)
+ Ph;P=0 + CHCL,CN;
(CH;);CCH,OH+ (C4Hg);P + CC13COOC2H5M>(CH3)3CCH2C1+

(95%)
+ Ph,P=0 + CHCI,COOC,H;,
CH, cl
S GH + (CHy P + COLCN CHCH;, +

+ Ph;P=0 + CHC],CN.
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3aMelleHue ruapokcuaa B (S)-2-0KTaHoe [IPOUCXOIUT ¢ 95%-M
obpalileHueM KOHGUIypaluuu.

3aMelleHe TMAPOKCUIA Ha XJIOp C ITOMOUIBKD CUCTEMBI TpUde-
HWIPOCPUH — YETBIPEXXIOPUCTBIA yriepon M TpudeHundochuH —
CCl;COOC,H; B nepBUYHBIX JLUTHJIOBBIX CHMPTaX [POMCXONHMT ITpaK-
THYeCcKU 0e3 ULIWIbHON MeperpyIriupoOBKU:

CH CH ccl,, 50 *C CH CH
Sc=c{ 7 +(CgHy)yP+ CCly——> Se=c(
H CH,0H H CH,Cl

(100%)
0
(Hs OH I CH,Cl,, 0~15"C

CH7=C—C—CHj + (CgHg);P+ CCL,CCCly >

H

|CH3 ICH3

— CHZ:C——(IJH—-CH3 + CICH,—C=CHCH;,

92%) Cl (2%)

CH.CN, 0°..(-10°C

s NG
c=c< + (CgHg);P+ CCLLCOOC,H,
cud CH,OH
3

H
— c=c< + CH;—CH—CH=CH, .
cHy’ CH,CI 5

(98%) (0,5%)

OTCYTCTBHE AJUIWIBHOM MEperpynnupoBKH Uit ICPBUYHBIX aJUIH -
JIOBHIX CIIMPTOB BBITOZHO OTJIMYAET 3TOT METON OT APYTHX CIocoboB
3aMelleHHsl THAPOKCUWIBHOW IpYHIIbl HA TaJOTeH.

B »exotopbix cnydasix Bmecto komiekca (CyHs),P-Hal, wnun tpu-
dbennndochUHa ¢ YETBIPEXXIOPUCTHLIM YIIEPOJAOM yRoOHEEe B Kade-
CTBE UCTOYHHMKA «IIOJIOKHUTEIBHO 3aPSDKEHHOTO TaloreHa» UCIOoJIb30-
Batb N-xJop- U N-GpOMCYKUMHUMKI, OCOOEHHO IIPH CEJICKTUBHOM
3aMeILCHUH MIEPBUYHOIO CIIMPTOBOro UAPOKCUIA B TIPUCYTCTBUHU BTO-
PUYHOTO:

CH,OH CH,Br
0 1)(CgH 9 ,P~NBS, IM®A, 50 °C OAO oot
OH 2)(CH,C0),0 " c) (66%).
AcO OCH
OCH, 3
OH Ln OAc
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M3BecTHbBl MHOTOYUCAEHHBIC PA3HOBUMIHOCTH ITOM peaxiluu, [Le
BMecTo TpUdeHundbochuHa Ucnoab3yIoT Gojice OCHOBHBIE U peaKiiy-
OHHOcocobHbIe TpUc(OHaNKMIAMUHO)bhOChHUHBI, Cpeau KOTODBIX
HauOonbliuee pacrnpocrpanerue noxydna [(CH;),N];P. [Ipumenenne
3TOrO peareHTa IMO3BOJISIET B OYEHb MSTKMX YCJIOBUSIX BBOAMUTb B pe-
AKLUUIO M OpYyrue HYKIEODUILHBIC aTeHThI:

TT®; 25 °C

OH

Cl (62%)
T CH,),N];P T
1 , CCl,; TI'®; =30 C
C4Hs~C—CH,0H 2)[( 212N, > CeHs—C~CH,L
, )N(C,H),I
CH, CH, (70%)

Iloayuenue arkuazasozeHudos npu 3ameujeHuu cyss@oHamuol zpynnot
8 aaxuacyssponamax Ha 2ai02ex

DTOT METOJ IIMPOKO MUCIOIB3YeTCs ISt 3aMEHBI TMIPOKCUIbHON
IpYNNBlI B MEPBUYHBIX U BTOPUYHBIX CIUpTax Ha ¢dTop, xJop, 6pom
wid Hoa. C 3Tol LeAbI0 CITUPTHI NPeABAPHTENLHO STePUDULIUPYIOT C
MTOMOILBIO XJIOPAHTUAPUOOB CYIbMDOKUCIOT, OOBIYHO H-TOJNYOJICYb-
oxnopuaa (To3WIXJIOpUIA), MeTaHCYIboxIopuaa Wiu Tpudropme-
TaHCyNIbPOXIOpUaA:

O
/|  mwpummn; 0°C 1]

ROH+ n-CH;CcH,— \% Cl——— n- CH3C6H4\S\ OR + CSHSNHCI
O

RIOH + R250,c1 2P MPMBE - pi0S0,R? + C5HSI(?IH o
0°C

OctaTok n-TonyoncyrbGOKUCIOTH U APYTON CyAbGHOKUCIOTHI SIB-
JIIETCSA TIPEBOCXOMHOR YXOOSIIel Tpynroi, U mogoOHO XJI0pCyib-
duTy, nerko samMelaeTcss B MATKMX YCIOBHUSX MON JeHCTBUEM ra-
JIOTeHUI-UOHA. AJNIKWICYIb(POHATE B OTJMYHUE OT XJIOPCYJIbGUTOB
ROSOCI u anxunapubpomdocdutos ROPBr, nerko mMoryr OnIThb
BBIACJAEHDB! ¥ OYUILEHBI. 3aMellleHUe TO3MIOKCUIPYIIIILI HA TAJIOreH
06bryHO ocyinectsisiercss B JM®A, IMCO unu aneroHe 4 co-
MPOBOXIAETCS ITOJTHOM MHBepcUed KOHGUTYpPALUU:
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Br
IMCO; 25 °C

|
OTs (85%)
CH, CH,
)\/\)\/\ 1) CH,S0,Cl; IM®A; CHN
CHy ™ X OH  2)LCL AM®A, 0~20°C
repaHvon
CH, CH,
> (100%);
CHy X X Cl
repaHUIXJIOPULT
Nal
CI(CH,)sOTs » CI(CH,)] + NaOTs.

aneroH; 0—20 °C ($2%)
Jnst anuiabHBIX CIMPTOB 3aMellleHHue Cyab(OHATHOM rpyInbl Ha ra-
JIOTEH, KaK IpaBiIo, COMIPOBOXIAETCS IeperpynnupoBKoii. Jdost npo-
OYKTa TeperpynrupoBKH 3aBUCUT OT CTPYKTYPHBIX (aKTOPOB U YCJIO-
BUU ITPOBEHCHUSI PEAKUMM, NMPH HU3KMAX TeMIeparypax peakuus
NpoTeKaeT bonee peruoceaeKTUBHO:

1) CH,SO,CL; CHN
2)LiCl; AM®A, 20 °C

RCHCH=CH,
OH

I R-—ICH-—CH:CH2 + RCH=CH-CH,Cl

Cl
R=CH, (73%) (27%)
R=(CHy),C (6%) (94%)

B nocienHee BpeMs UIS MMOJYYEHHUS ANKWITAIOTEHUIOB M3 aJIKHJI-
CYJb(DOHATOB M APYTHX AJIKMNTAJOTCHUJOB IIMPOKOE NPUMEHEHHE
Haulesg MeTon MexdasHoro xkatanuza. Meroa Mex¢azHOro MepeHoca
peareHTOB C MCIIOIb30BAHHMEM B KadyecTBe KaTalu3aTopoB (ha3oBOTO
fepesoca YeTBePTUYHBIX COJieil aMMOHUS, KpayH-TIOJAU3(HUpPOB U
KPUNTAHJIOB HE UMEET IPEUMYIUECTB [10 CPABHEHHUIO C OOBIMHBIM 3a-
MeEIEHUEM NPU MOJYYeHUM ATKUAMOIUIOB U anKuibpoMuaoB. OnHa-
KO OH OKAa3aJICs UCKIIOYUTENBHO 3(hGEeKTUBHBIM LIS MOJIYUYEHUS 1Ep-
BUYHbBIX U BTOPHYHBIX aNTKUIXJIOPUIOB U MEPBUYHBIX aKUI(PTOPUIOB.
OO0BIYHO B Ka4yecTBe KaTaJIu3aTopa fepeHoca 13 Teepaoil ¢asml B pacT-
BOP HCIIONB3YIOT KpayH-110An3dUpsl, HO JUIS MOJIYYEHHS XJIODULOB
MOXHO NPUMEHSTh U COJM TETPAATKWUJIAMMOHMSI:
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CHCH,Br + KF —SKPWES . oy cpF + KB
auetoHUTpU; 20 °C (100%)

CH,(CH,)(CH,Br + KF—P¥HS oy cpy CHF + KBr
ALUCTOHUTPWI

(92%)
@ ©)
KF + #-C¢H;;CHOTSs Ci6t3P(CaHo)sBr #-CgH,3CH-F + KOTs;
| H,0 — feHzon _
CH, (57%) CH,
18-xpayH-6

KCl + u-C3H,0Ts
ALETOHUTPUI (89%)

@ ©
CgH,;);NCH,CI
Coll), N H-C;oHy,Cl + NaBr.

NaCl + #-C,gH,;Br

11.1.3.8. JETHAPATAIIMUA CITHPTOB

IIpoToHUpOBaHUE CIIMPTOB B HEHYKIEO(DHUIBHOU cpene NPUBOAUT
B KOHEYHOM MTOre K Jervjpatauuu. Jderuaparauus CIIMpTOB IIpoUcC-
XOOUT MPU HarpeBaBUW B KOHUCHTPUPOBAHHOW CEpHOU KUCIOTE,
dochopHO# KHCIOTe UK B CYIIEPKUCION cpele — cCMecH NsATUdTO-
pucTOoil cypbMbl U hTOpCYIbGOHOBOU KHUCIOTHI. KaTHOH aIKOKCOHUS
B pe3yjpraTe OTIUEIUIEHUs BoJAbl 0OpasyeT KapOOKATHOH B KauyecTBe
HecTabuJIbHOro HHTepMeauarta. B HeHykieodunbHOU cpene Kapboxa-
TUOH TepsieT NPOTOH ¢ oOpazoBaHueM ankeHoB. Hambonee memieH-
HOM cTagueil Bcero Ipoilecca OKAa3bIBAETCs IIpeBpalleHUE KaTHOHA
ATKOKCOHUSI B KapOOKATHOH:

H*, 6b1cTpO -H,0, MeteHHo
RICH,CHR? RICH,CHR? = ~
| BTE l +H,0
OH OH,
®
-H&), ObICTpO

®
RICH=CHR? + H.

= R1CHngR2
[IpuBeneHHas NMOCAENOBATENLHOCTh ITPEBPAICHUNA THIIMYHA [UIST pe-
aKUui MOHOMOJIEKYJIsipHOro amuMuuupoBanus El (or. 10). Hanpasie-
uue El -3JIUMHMHHUPOBAHUA OITPEACIISACTCA MPABUIOM 3a17meBa, T.C. CpeaU
NpOAYKTOB peakluM npeobiagaer Haubonee 3aMEUIeHHBIH IIpU
ABOWHOM CBSI3U AJIKEH.
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DIUMUHUPOBAHNE 10 MEXAHU3MY £] XapakTepHO AN TPETUYU-
HBIX ¥ BTOPUUHBIX CITUPTOB. BTOpUYHBIE CITUPTHI [TOABEPraioTCs Je-
rMApaTalvy pyU HarpeBaHuu ¢ 85%- docdopHON KUCIOTOH MpHU
160—170 °C wim ¢ 60—70%-i1 cepHoit xuciotoit npu 90-100 °C,
HanpasjcHUEe Aeruapartaliyd COOTBETCTBYET INpaBuiy 3aifleBa:

62% H,S0,
| 90—95 *°C 80
OH (80%)

+ CH;CH,CH,CH=CH, + H,0,
(20%)

85% HyPO,
CH; ——2 4y CH, + CH; + H,0.
160~170 °C
OH | (9-84%)

Jlervapatauuio TPETHIHBIX CIIMPTOB MOXHO IIPOBOAUTH yke B 20—50%-#
cepHo# kucnote 1ipu 85—100 °C:

CH, CH,
| 45% 1,80, |

CH3CH2—IC—CH 90 °C CH3CH:C—CH3 + CH3CH2C:CH2
OH (80%) (20%) CH3

TpeTI/I‘{HbIC CITUPTHI ACTUAPATUPYIOTCS TAK JIE€TKO, YTO BO3MOXKHAa
I/I36I/IpaTBJII>HaH ACruaparauus AuMojid, coAepXKaliero TpeTHYHYIO H
NEPBUYHYIO THAPOKCUJIBHBIE TI'DYIIIIHIL:

40% H,S0,

90
oH

Jerunpartaiiisi MHOTUMX CIIMPTOB COINPOBOXJIAETCS MEPErpyniupoB-
Ko#t, 3akjmpoyalomeifcss B 1,2-MUTpallMl anKUJAbHOW TpYMIlbl WU
rUApUI-UoHA. Takue meperpynnupoBKU TUNUYHEL [UISI IIPOLIECCOB
C y4acTHMeM KapOOKATUOHOB B KAa4eCTBE MPOMEXYTOYHBIX YACTHIL.
HabnonaeMbiit nopsifoKk yMeHbUIEHHUS] PEaKLMOHHOU crniocobHocC-
TU CITMPTORB: TPETUYHbBINA > BTOPUYHBIA > MEPBUYHBIR M HaJIU4YMeE I1e-
PErpyNIIHPOBOK COTJACYIOTCS ¢ KAPOOKATHOHHBIM £1-MeXaHU3MOM
JeruapaTtauuu:
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CH, CH; H

| 85% H3POy; 80°C I,
CH;—C—CH—CH; =< = CH3|C—C\~CH3
CH; OH CH, 8H2
CH CH
[ e © I H®
CH;—C—CH—CH; —> CH;—(IE—CH—CH3 —
CH,4

— (CH3),C=C(CH3); + CH,=C—CH(CHy), ;

(80%) CH, 20%)
OH H "y
I HzSO4, 80°C I ®
(CH3)2CHCH2~-—(lJ——CH3 ————= (CH3),CH-CH—-CHCH; =——=
H
1,2-H-cosur ®

&)
(CHs),CH-CH-CH,CH;— (CH3),C=CH-CH,CH3* H.

[ MepBUYHBIX CIMPTOB peajiu3yercsi, BEepOSITHO, MHOH Mexa-
HU3M JIETHOpaTalliM B KOHILIEHTPUPOBAHHOW cepHOil kuciaote. Ilep-
BUYHBIE CIUPTHI MTOABEPTAIOTCS NEeTHAPATALMH B ropasno Goyee xecr-
KHX YCJIOBUSIX I10 CPAaBHEHMIO CO BTOPMYHBEIMU M TPETHYHBIMU CITHD-
tamu. [Ipomanon-1 gaeT OpormuwieH Npy HarpeBaHUU ¢ 96%-it cepHoii
kucnotoit mipu 170—190 °C, B 3THX Xe yCHOBHSX U3 3TaHONIA NTOJIy4a-
€TCSL BTUJICH:

96% H,SO,4; 180°C

CH,CH,CH,0H CH;CH=CH,.

IlepBUYHBIE CITUPTHI NPH B3aUMONEHCTBMHU C CepHOU KHUCIOTOMH
JIeTKO 00pasyioT Nnosiy3¢gupbl CEpHOU KUCTOTHI. E2-3ITMMUHUPOBAHUIO
B 3TOM CJIy4de, NMO-BUIUMOMY, ITOJBEpraeTcsl Nnoayagpup, a pojb oc-
HOBAHHS BBIIIOJHSIET TUApocyibdaT-aHUOH WIM BOAA:

Y
RCH,CH,0H + H,SO, RCH,CH,~0-$-OH + H,0,

R-CH-CH,O_ ,O HSOP ©
}ll L 7—O—>RCH=CH2+ H,S0, + HSOj,.
/N - °
no” Yo 170-190 °C
[MpuBeneHHDBIH MEXaHU3M HerHApPATALMH ITEPBUYHBIX CITUPTOB KAXET-
ca Oosee BEPOSATHBIM, OOHAKO HEJIb35 UCKITIOUYUTHL U MEXaHU3IM EQ, B
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KOTOPOM CYOCTPAaTOM SIBJISETCS KATUOH aJIKOKCOHMS, & OCHOBAHUEM —
THAPOCYIbGaT-HOH:

RCH,CH,OH + H,S0,

@ o
RCH,CH,0OH, HSO,,

e @
HSO, + RCH,CH,0H, -——Ez—> RCH=CH, + H,SO, + H,0.

B Goiee MArkux ycroBUSIX NPM HATPEBAHUU NPOCTEUIIUX TEp-
BUYHBIX CIIUPTOB ¢ 96%-it cepHoit kucnotoi nmpu 130—140 °C mpe-
MMYLIECTBEHHO I10/1Y4al0TC MpocThle 9¢upsl. MexaHu3M 3Toro mnpe-
BpalleHUS 3aKA049aeTcs B aIKWJIMPOBAHUM [TIEPBUYHOTO CIIMpTa I1bO
noj, AedcTBUeM 1Mony3dupa CepHO KUCTIOThI, NHOO MMpU B3aUMO-
JEWCTBUU C KAaTHOHOM JIKOKCOHUS, KMHETHYECKU 00a 3THUX Mexd-
HH3Ma Sy2-3aMelIeHUsT Hepa3TudUMBbIL:

96% H,SO,; 135 °C
2CH,CH,0H > CH,CH,0CH,CHj,

H
CH,CH,0H + CH,080;H—> CH3CH2|((3CH2CH3 + HSO,
CH,
CH,CH,0CH,CH; + H,S0;;
WIn ® II{
CH;CH,0H + CH,CH,0H, > CH,CH,0CH,CH; + H,0 ===

CH,CH,0CH,CH; + H0"

DTUM criocoboM MoNyyaloT IpocTeiiiive npoctbie 3GUPbl — AUITH-
JIOBBIH, JUIIPOITUIIOBBIH M TUOYTHIOBLIH 3(bUPBl U HHUKIUYECKHE IIPO-
cThie 3hUpHI, HaNlpuMep TeTparuapodypaH WM JuokcaH. BropuyHbie
W TPETUYHBIE CIIMPTHI B 9THX YCIOBUSX AETUAPATHPYIOTCSE ¢ 0O6pa3oBa-
HHMEM QJIKEHOB:

H.SO, xouu. /—\
130-140 °C

(50—55%)
H,PO,; 260—280 °C
HO-(CH,);-OH ——— - |
aTt™ o (99%)

JIpyroif HEZOCTATOK 3TOTO criocoba MOJYYeHMS MPOCThIX 3(HPOB 3a-
KJII0O49a€TCA B TOM, YTO OH HECIIpHUEMJIEM JISI NOJIYYEHHSI HECHUMMET-
PUYHBIX 3pHPOB U3 ABYX CIIUPTOB, TAaK KAK B 3TOM clIyyae obpasyeTcs
CMech BCeX Tpex BO3MOXHBIX npoaykros ROR, R'OR" n ROR'.

HO-CH,-CH,-OH + HO-CH,CH,-OH
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i BHYTpH- MJIM MEXMOJIEKYJSIPHOM JerHapaTalMy CIUPTOB,
0CODEHHO B TPOMBIILIEHHOCTH, BMECTO CEpPHOM KUCIOTHI ynobHee
MCIIOAB30BaTh B KAYECTBE JErMIPaTUPYIOIIEro areHTa 6e3BOJHYIO0 OKHUCh
AMOMUHU. I'eTeporeHHast KaTUIMTUYECKAst IeTHIpATaAlUs TIEPBUYHBIX,
BTOPUYHBIX U TPETUYHBIX CIIHPTOB HAJX OKMCHIO ATIOMUHUS Ipu 350—
450 °C npUBOOUT K aJIKEHaM:

Al,O,
CH3CH20H ’——_’_—O—> CH2:CH2 + H20,
360 °C (98%)
e\
+ -
Q 400450 °C Hh0;
(90%)

(CH3),—C(OH)—C(OH)(CHj,),

————» CH,=C(CH;)—C(CHy)=CH, + 2H,0.
(70-85%)

KucioTHO-Katanu3upyeMas neTMapaTaldsi CITMPTOB He OTIWYaeT-
cs TpebyeMoil permoce/leKTUBHOCTBIO: U B OOJNBILMHCTBE CIIy4YaeB
MOJIYYalOTCsl CMECU PA3JIMUHBIX M30OMEPHBIX alKeHOB. Tak, HaIpu-
MEp, IIpHY Jeruaparaliuyd okraHosa-1 ¢ nomouusio ¢ochopHOM KUC-
JIOTBl oDOpa3yeTcsi cMeChb OKTe€Ha-2 M HeOOJBILIOro KOJHUYECTBA OK-
TeHa-3, He COoIepXallas OXHUIAeMOIo OKTeHa-1. DTo CBA3aHO C
JIETKOCTBIO U30MEPU3ALUHU U CKEJIETHBIX IEPErpyIlIKupoOBOK B MpoO-
MEXYTOUHO 00pa3yroiuxcsi KapOGoKaTHoHAaX. BTU CcTapbieé METOIbl
CHMHTE3a QJIKEHOB ¥ NPOCTHIX 3(PUPOB IMOCTEMEHHO BBITECHSIOTCS
COBPEMEHHBIMH PErvoCceIeKTUBHBIMU U CTEPEOCETEKTUBHBIMU CIIO-
cobaMM co3faHusl ABOMHOMN yriepon-yriepoiHON CBS3H.

11.1.3.r. TIOJIVYEHHE IMMPOCTBIX 3PHUPOB [1O BUJIIBAMCOHY

HauGonee npocToli MeTon MOJYyYEHUST MPOCThIX 3GUPOB 3aKIIO-
4aeTcsl BO B3AUMOAEUCTBAY AJIKOTOJSITOR 1UEJOUYHBIX METAJUJIOB C al-
KWITANOTeHUAMHU WIH alKUJIcyAbdoHATaMU. DTa peaklvs ObLia oT-
kpoitTa A.BunbsimMmcorHoMm B 1852 r. 1 no cux mop octaercss Haubolee
o0IIMM CITOcOOOM MOSMYYEHUS NTPOCTHIX 3(PHUPOB:

S\2
RIONa + R2X — 5 RIOR? + NaX,

X=Cl; Br; I; OTs; OTf; OSO4R.
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B oTauyue oT MeXMOJEKYIAPHOM AETMApaTaldM CIIUPTOB peakiiHs
BuibsiMcoHa MIpUIOfHA JUIS CUHTE3a KaK CUMMETPUYHBIX, TaK U He-
CHMMETPUYHbIX [TPOCTHIX 3(PUPOB:

(68%)
ag =
+ CH;3(CH,)sCH,OTs M
OCH,(CH,)5sCH;
+ KOTs;
(85%)
OK + CH;(CH,);Br > O(CH,),CH; + KBr;

Wik IHVI(DA, 65 °C (80%)

(CH;),CH-ONa + CH,CH,Br —— (CH3),CH-O—~CH,CH; + NaBr.
TMATA; 40°C (85%)

ITonyyenue mpocThlx 3¢UPOB MO0 BUIBIMCOHY IpencTaBasiecT coboi
0OBIYHYIO peaKlHI0 OUMOJIEKYISIPHOTO HYKIEODUWIBHOTO 3aMelleHHS
y HACBHILIEHHOTo aroMma yriepona Sy2 ¢ MOMOLIBIO ATKOKCUA- WM
deHoKcUI-HOHOB. JUIsl Hee XapakTepHB! T€ X€ CaMble OrpaHMYeHHs,
4TO W IS Opyrux peakinii. Eciu npoctoit sdup conepXUT BTOpUY-
HYI0O WIM TPETUYHYIO ANKHJILHYIO TPYIITY, €€ CIeAyeT BBOAMUTL C IO-
MOILBIO AJIKOTONISATA, HO HE AJKUTANTOTEHHIA WU ATKUICYIb(OHA-
Ta, MOCKOJBKY B OTOM CJIyyae UMEET MECTO MPEeUMYILIECTBEHHOE WIK
UCKJIIOYMTENbHOE F2-3]MMUHUPOBaHUE:

(CH;);COK + CH;l —— (CH,;);C—-O—CH; + KI,

CH;ONa + (CHj);CCl— (CH,),C=CH,+ NaCl + CH,OH.

Haunyuinpe pe3yapTaThl JOCTUTAIOTCA B TOM C/Iy4ae, KOIIa B KadecT-
BE AIKWIMPYIOLLErO areHTa MCIIOb3YIOTCA MEPBUYHbIE ANKMJITaiore-
HUObI U CYIb(OHATHI, 4 TAKXE ALIWI- U OEH3WITAJIOre HHUIIBL.

11.1.3.x. OKHUCJIEHHE CIIUPTOB

OxucieHue NIEPBUYHLBIX CIIMPTOB B aJNbACTUIABI U BTOPHYHBbIX
CIIMPTOB B KCTOHBI SABASETCS OOIHUM U3 BaXHEHUIMX rIpeBpameHnﬁ
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GYHKIUOHATBHBIX TPYTINT M OLIEHKOM U30MpaTeIbHOTO JeMCTBUS OKHUC-
JIMTEIBHONO ATeHTAa:

[O O
RCH,0H — 2> R—cZ ol R—CZ
H OH
[IEPBUYHBIA CITUPT ATBIETH]L KapOOHOBAs
KMCJI0Ta
icpr — Z
R |CH R¢ —> l—C\ -
OH R
BTOPUYHBIA CITUPT KETOH

TpeTuyHble CHUPTH! B OOBIYHBIX YCIOBMSIX HE OKHUCISIOTCS, a4 B
OYEHb XECTKHUX YCJIOBMSIX MX OKHCJIEHUE COIIPOBOXIAETCH HECTPYK-
LAEH YIJIEPOJHOIO CKEJIETA.

Cpeau OTpOMHOT0 YUCja Pa3HOOOpa3HbIX OKUCIUTENEH JJIs1 OKHUC-
JIeHUsI CTIMPTOB HauboJjlee LIUMpPOKOe NPUMEHEHME HallUTM peareHThbI
Ha OCHOBE NePeXOJHbIX METAUIOB — Iipou3BogHble xpoMa (VI), map-
raiua (VII) u mapraunna (IV).

CaMocTosATeIbHYI0O M HauboJiee CIIOXKHYIO MpoOjieMy INpH OKHC-
JIEHWUY NEepPBUYHBIX CIIMPTOB N0 AJNBAETHIOB COCTABISET NaTbHEHIICE
OKHCJIEHHUE aJBIeTW/IOB 10 KapOOHOBBIX KHUCIOT. ISt npenoTspalle-
HUS 3TOI peakilM¥ B KAYeCTBE OKMCIIMTEJS MUCIIOJb3YIOT KOMILIEKCHI
XPOMOBOI'O aHIMIPHIA C TPETUYHBIMM AMUHAMH, KOTOPBIE YMEHBIIAIOT
OKUCIIUTEIBHYIO CIIOCOOHOCTH XPOMOBOI'O aHTHAPHUAA U IEJAI0T OKHUC-
JieHue Oosiee celeKTUBHBIM. /1151 ceJIeKTUBHOIO OKMCIEHUS NEepBUY-
HbIX CIIMPTOB [0 AJBAETHIOB B HACTOSILIEE BpeMs JYYLIMMU peareH-
TaMu sBasiiotcss KoMrieke CrO; ¢ OByMST MOJISIMM ITHpUIUHA:
CrO;- 2CsHsN (pearent Cappeta—KosnuH3a) U XJIOPXpPOMaT NHUPHU-

] ®
aunus CrO,CICsHNH (pearent Kopu) B xsoprcroM metwieHe. Kom-

wieke CrO;- 2CsHsN kpacHoro usera mojtydaeTcsl P MEIJEHHOM
BBeleHUM okcuaa xpoMa (VI) x nupumuny npu 10—15 °C. Opanxe-
BB XJTOPXpOMAT MUPUIUHHUSA ITOJIy4aeTcss Ipu Jo00aBICHUM MUPUIH-
Ha K pactBopy Cr;0 B 20%-1i consgHo#t kucnore. Oba 3TUX peareHTa
pactBopumbl B CH,Cl, nimm CHCl;:
10 °C ® C]
CHiN .+ CrO; + HCl——— CsHyNH - CrO5Cl .
H,0
O06a peareHTa 0bOecneYUBAIOT OUYEHb BBICOKUE BBIXOAbI AJIbAEIH-
OB, OJHAKO XJIOPXPOMAT MUPHIMHHUS HMEET BaXHOE IIPEUMYLIECTBO
B TOM OTHOLIEHWHW, YTO 3TOT peareHT HE 3aTparMBacT ABOHHYIO WJIU
TPOWHYIO CBSI3b U MOTOMY 0cobeHHO 3(PpdeKTHUBEH Mt MOIYYeHHS
HEHACBIICHHbIX aJbIeTHIOB.
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Jlng monydeHust o,[3-HeHACHIUIEHHBIX ATbIETMIOB OKHUCIEHUEM
3aMELLCHHBIX AJUIMIbHBIX CITUPTOB YHUBEPCAIbHBIM OKUCIIUTENIEM 51B-
nsietcsl okeuna mapraHua (IV) MnO, (tabn. 11.3). AKTHBHOCTE 3TOro
peareHTa 3aBMCHUT OT citocoba ero monydyenusi. Haumydinne pesynbra-
Thl JIOCTUTAIOTCSl ¢ OKCUIOM Mapraliia (I'V), monyyeHHBIM [IPU OKHUC-
JIeHUM cyibdara mapradiia epMaHraHaTOM Kausi B clabouieiouHon
cpene. DTOT peareHT OKHUCISIeT B HeTpojieitHoM 3¢gupe WK XJIopUC-
TOM METWJIeHEe HEHACBLILIEHHBIE CIIUPTH C OOHON MIM HECKOJBKHMU
JNIBOMHBIMH WM TPOMHBIMU CBS3SIMU Oe3 M30MEpU3ALIUM H IIeperpyr-
NMUPOBKH, YTO C YCIIEXOM MCIIOJIb3yeTcsl B CUHTE3e IPUPOIHBIX CO-
CAUHEHUH.

Tabauua 11.3

OKHClIeHHe UepBHIHBIX CNHPTOB A0 AALAErAIOB
KoMmiekcoM okcHjia xpoma (VI) ¢ nupuanuom CrO3-2CsHsN,
XJOPXPOMATOM NHPHAHHEA H oKcHaoM Mapranna (IV)

CrO;- 2C;HN
1) CH4(CH,),CH,0H » CH;(CH),CHO  (93%)
CH,Cly; 25 °C; 10Mun

CrO,- CgH N+ HCl
2) CH,(CH,),CH,OH > CH,(CH,).CHO  (78%)
CH,Cly; 25 °C

Cr0, - 2CHN
3) ON CH,OH 3 -3 5 & ON CHO (97%)
CH,Cl,; 20 °C

CH, CH,

CrO, -C;HN - HCI
N SCH  CH__CHOH - -
4 CH; CH CH; CH; CHyCly; 25°C

LIMTPOHEJUION

Hy

CH, C]Z
CH CH CHO
—_— 20

LMTPOHEILIAh (82%)

C,H,N -Cr0, - HC ,
5) HOCH,(CH,),CH,0H —» OHC—(CH,),~CHO  (68%)
CH,Cly; 25 °C

CrO,» C,H,N- HCl
—» CH,(CH,),C ==C~CHO (84%)
CH,Cl,, 25 °C

6) CH,(CH,),C =CCH,OH

267



lMpoaoonxeHue tabn. 11.2

CrO,- CH,N- HCI

7y CH;CH,CH(CH CH,), —CH,0OH >
3 2 ( 2)4 N /( 2)6 2 CH2C12, 25°C, 24

CH;, H/ ~H

—— CH,CH,CH—(CHy), | _(CH,)s—CHO  (80%)

CH; il ~H
14-mMeTHn-8Z-rekcanelieHanb — TOJI0BOM (HPepOMOH KanpoBOIo XyKa

A Cr0, -CH,N -HC
8) CH4(CH,),C =C (CH,);CH,0H —
[~ N / © CH,Cly, 25°C
H C=C
/ \
H H
— = CHy(CHy),C H
\ s (82%)
c=cC (CH,);CHO
/ \ 7/
H C=C
s \
H H

527, 7 E-ponexamieHasib— OCHOBHOM KOMITOHEHT (¢ pPOMOHOB COCHOBOTO
¥ CUOMPCKOTO 1LEAKOTIPSIIOB

MnO,

9 CH,CH, CHOH ———=2 & CH,CH, CHO (64%)
Ne—c” CH,Cl, 1w Ne—c
/ \ rekcat; 20 °C VAN
H H H H
MnO,
10) CH,==CH~CH—C=CH = CH,—CH—-C—C=CH (70%)
| CH,Cly; 20 °C I
OH o)
MnO,
11) CH,(CH,),C =C—C=C—CH=CH~CH,0H -
CH,Cly; 25 °C
———— CH;(CH,),C =C—C=C—CH=CH—CHO (90%)
CH, CH, CH, CH; CH; CH,
MnO CHO
M CH0R 0% XN
12) CH, rexcas; 0°C CH, (80%)
PETHHOIT PETHHATDL
CH;, (BUTaMUH A) CH,
13) CH,0H CH; MnO, CHO CH,
ot 0T < (62%)
CH=C(CH,), CH=C(CH,),

XPU3AHTEMORBBIN CITHPT XPH3aHTEMOBBIM aThICTUI
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KoMrulekcsl XpOMOBOTO aHTHAPUIA ¢ OUPUAMHOM 3¢deKTUBHBI
¥ [IJI1 OKUCJIEHUS] BTOPUYHBIX CIIMPTOBR 10 KETOHOB C BBIXOAAMHM, TPH-
BIMKAIOIUMMUCS K KOTHYECTBEHHOMY:

CrO3~ ZCSHSNA_
CH,Cl,; 25 °C

CH5(CH,)sCH-CH, CH;(CH,)s—C—CHj (97%)
OH 0

Cr0O,-CsH N-HCI 4<:>:
CH,),C={ )--OH "= (CHj),C 0
(CHy); CH,Cl,; 25 °C (CHa);

(98%)

c,OH CH;Q
CH, Cr0,;.CsHsN-HCl ~ CH; (82%)
CH,Cl,; 25 °C
0O O

TECTOCTEPOH 4-aunpocreH-3,17-g1oH
{MY>XXCKOH TOJIOBOI TOPMOH)

Yaule Bcero, OJHAKO, JJSI OKHCIeHWS BTOPUYHBIX CIIMPTOB 1O
KETOHOB B K4aYeCTBE OKHUCIMTEJS MUCIIONIb3YIOT peareHT [XoHca —
pacTeop cTporo paccuuTaHHoro kojgudecrsa CrO; B BogHOH cepHOHR
kuciore. IIpy 3TOM cIIUpT, paCTBOPEHHBIHA B allETOHE, KAK OBl «TUT-
pyeTcsi» oTuM peareHToM Ipu 0—25 °C. IIpeumyliecTBo Merona co-
CTOHT B TOM, YTO OKMCJSIEMOE BEILUECTBO HaXOIMTCSI B PacTBOPE B
aleToHe, M peakl[MOHHASI CMech pazjensieTcs Ha nBe aspll HUX-
HIOO, comepxaiuyio coau xpoma (III), m BepxHIOIO, CoAEpXKAalIyIO
NPOAYKTHI peakiuu. pyroe BaxHoe NOCTOMHCTBO peareHTa JXoHca
COCTOUT B TOM, YTO BTOPHUYHBIE CIIUPTHI, coAepXKallye JBOUHYIO HUIIX
TPOMHYIO CBfA3b, OBICTPO OKMCJSIOTCS JO KETOHOB 0€3 3aTparusa-
HUsI KPATHBIX CBSI3EH:

(CH;5);C < > OH 20 C - (CH3)3C‘<:>:O
aneron, (90%)
OH Cr0,~H,0—H,SO O
3 H, 250, U (95%)
aretoH; 20 °C

O

OH
/ CrO;—H,0-H,S0,
aretoH; 20 °C B}

(88%)
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CH;CH=CH—-CH-C=CH -~ CH,;CH=CH-C—-C=CH,
I arreroH; 20 °C [l

OH O (75%)

CrO;—H,0—H,S0,
C¢H,CH-C=CH ~ C,Hs—C-C=CH (80%)
I I
OH 0

aueron; 20 °C :
IlepBuYHEBIe CITUPTBI OKUCIAIOTCA peareHToM J[)KOHCa 10 KapOOHOBBIX
KHUCJIOT. AJIBIETUIbI, HECOMHEHHO, 00pa3yloTCcad B KavyecTBe IPOMEX-
YTOYHBIX IIPOAYKTOB, HO OHM OBICTPO OKHUCISIOTCS MOI JeHCTBHEM
3TOr0 OKMCIUTES:

Cr0,~H,0~H,S0
CH,(CH,);CH,0H ——3 2~ 224 CH,(CH,);COOH (93%),

aterod; 20 °C

CH,OH COOH
U 2 CI'O3"‘H20’_H2804= [:X (85%),
C6H5 ALIETOH, 20 °C C6H5

HO—-CH,~C=C-CH,—OH = HOOC—C=C—COOH.
ateron; 0 °C (58%)

MexaHHU3M OKHMCIEHUS CITUPTOB IT04 AeHCTBHEM XPOMOBOTO aHTUI-
pya ¥ XpPOMOBOU KHMCJIOTBI MOAPOOHO M3y4eH. DTa peakiysl BKIOYaeT
HecKoNbKO cranuil. B meppoit craguu u3 cnupra u CrO, obpasyercs
CIIOXHbBIH 3¢dup XxpoMoBoil kucnotel. Bo BTOpO#t, KiI04eBol, cTamuu
IIPOMCXOLUT OKHCIUTEIbHO-BOCCTAHOBUTEIbHOE IIIUMMHUHUPOBAHUE,
IIPUBOJSILEE K 0Opa30BaHUIO AJbAETHAA WM KETOHA M YAaCTHIBI, CO-

nepxaieit Cr(1V). IIpu okMcIeHUH NeATepUpOBAHHOIO CD3(IIDCD3

OH

U HENEUTepUPOBAHHOrO TPOIAHOJA-2 HabIIoJaeTcs] KMHETHYECKU
U30TONHBIH 3PdeKT ky/kp = 7. CToNb 3HAYUTEIbHBINA IEPBUYHBIN KU~
HETUYECKUNA U3OTONHBIN 3¢ dEeKT MOKA3BIBAET, YTO JNMUMUHUPOBAHUE
sipjisieTcsl HauboJiee MEIUIEHHOMW cTaauel, onpenessiolleii CKOpocTh
Bcero mnpolecca. [locnenylomue craguu, npuponsiime K obpazopa-
HU1O coeauHeHUd xpoma (II1), Bce euie ocratoTcs NpeIMETOM HH-
TEHCUBHBIX HUCCAENOBAHUMN U JUCKYCCUIA:

R,CH—0O-Cr¥10;H

(1) R,CHOH + CrO, =——=

/O UMMM o o
B2 R ®

) RZ—C—O—QrW—{OHw ’C=0 + BH + HO-CiV?

E N R o)

(,0

i ©
B: B:= H,0; HSO,; CsH,N;
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YceraHoBAEHO, YTO 4aCTULIBI, colepxauiue xpoM (IV), Taxxke npuHu-
MAaIOT y4acTUe B OKMCICHUHU CIUPTA, HO MO PaJMKaJbHOMY MEXaHU3-
MY, KOTOpbI{, MO-BHAMMOMY, TAKXE BKITIOYAET HECKOJIbKO CTaAWi:

2R,CHOH + 2Cr(IV) —— 2R,COH + 2Cr(IIl);

R,COH + Cr(Vl) R,C=0 + Cr(V);
R,CHOH + Cr(V) — R,C=0 + Cr(lI);
2Cr(V) —— Cr(IV) + Cr(VI).

JTa cXeMa IMoKa3bIBaeT, HACKOJbKO CIOXEH B ACHCTBUTEIBHOCTU Me-
XaHU3M OKMCJICHHUS CIIMPTOB C IOMOIIBIO KOMIUIEKCOB XpPOMOBOTO
AHTUAPHIA WIM NOL NefACTBUEM BOJXHOI'O PaCTBOpA XPOMOBOMW KHUCIIO-
Tbl. OkMcieHre mon aeicTeueM coeauHeHUd Cr(IV) MoxHO ojHoc-
TBIO TMONABUTH C MOMOLIBIO cojiei, comepxamux uoHsr Mn(Il) unn
Ce(II1), xotoprie okucasioress Cr(IV). Kartanurudyeckue KoaudecTsa
Ce(IV) Ttakxe TOmaBASIIOT 3Ty MOOOYHYIO pPEaKlUUlO, MOCKOJIBKY
Ce(IV) xaranuaupyer aucnpornopiunonupobanne Cr(IV) na Cr(III)
u Cr(VI):

Ce
3Cr(IV)—(M> 2Cr(dID) + Cr(VD.
JUtst TpeTUdHBIX CIIUPTOB, HE CONEPXKALUUX aTOMa BOAOPOAA NpH
KapOUHOJIBLHOM yriepoae, 3GbUphl XPOMOBOH KUCHOTHI MOTYT OBITh
BBUIEIEHBI:

/
(CHp);COH + CrO; =——= (CH3)3C—0—C\<—0H;
0

Y, Y,
(CH9;COH + (CH3)3C-0—C{\—0H = (CH3)3C~O—C{;—O—C(CH3)3.
o 0

PactBop xpoMoBoro aHruapuna B mpem-OyTHJIOBOM CIIHMPTE TaKXKe
UCIONb3YETCS JUISI OKUCJIEHMSI MEPBUYHBIX U BTOPHUYHBIX CIIUPTOB.
PacTBop XpOMOBOTO aHIMAPHAA B YKCYCHOU KHUCJIOTE, MPEACTABIISIO-
Ui coboit Ha camMoM Jene CMeUIaHHBIH aHTWMAPHA YKCYCHOH M XpO-
mosoit kuenor CH;COOCrOsH, Hepeako yiioTpebasieTcss B Ka4ecTBE
3¢ HEeKTUBHOTO OKUCIUTENS] BTOPUYHBIX CITUPTOB LO KETOHOBR!

7 /
CHy—~CZ0-C-OH,
N
0
C6Hsﬁ3‘C(CH3)3 (64%).
0

CH;COOH + CrO;

CI'O3
CH;COOH

CeHs—CH—C(CH)3
OH



MexaHu3M JajJbHERIero OKMCACHUs aAlIbIernuaa 10 KapOoHOBOU
KMCJIOTH! 110 CYUIECTBY aHaJIOTHYEH MEXAHU3MY OKUCJIECHUS CIIUPTOB.
B BonHoO#t cpene anbaerun HaXoguUTCs B pABHOBECUHU C FEMUHAJILHBIM
1,1-nMonom, KoTtopblii 0oOpazyeT CHOXHBIM 3dUP ¢ XPOMOBBIM aH-
ruapuaoM. DnumuuuposaHue HCrO; ™ u3 sToro crnoxHoro a¢gupa 1npu-
BOIMT K KapOOHOBOU KMCIIOTE!

_OH
RCHO + HOH === RCH{
OH
OH O
H\ /OH / V/4
>c_ + coy== Rc{0-C{-OH
R” NOH N
0
OH 0 o
V4 E2 4 //O <]
R—C-0-cZon rRC  + HO—CZ + BH
2TON “oH ~F
g GO

IToaTtoMy, Wt TOro YToObl U30eXaTh NAJIBHEHLIETO OKUCIEHUS ajble-
ruaa, OKUCJICHUE IEPBUYHBIX CIUPTOB CIEAYET MPOBOAMUTL B alpo-
TOHHOM cpelle IpH [OJHOM OTCYTCTBUHM BIArM. STOMY YCJIOBUIO B IO~
HOH Mepe YIOBIeTBOPSIOT peareHThl KojutH3a u KopH, 1 KoTophix
B KayecTBE PACTBOPHUTE/SI MCHOJIB3YIOT TLIATEIBHO OOE3BOXEHHBIN
XJIOPHUCTBIA METUJIEH.

Cpen MHOXECTBA APYIHX COCOUHECHUMH IEPEXOIHbIX METAIIOB
JIMIIb HEMHOTHE HAlUIK NIPUMEHEHHUE B CHHTETUYECKOM ITPAaKTUKE I
OKHMCIeHMsl criupToB. IlepMaHraHaT Kanus MHOTIA UCIOJB3YEeTCs IS
OKMCJICHHSI B KUCTIOU cpelle MEPBUYHBIX CIIMPTOB 4O KapOOHOBBIX KMC-
JIOT, & BTOPHUYHBLIX CIIUPTOB — JO KETOHOB. MSITKUM OKMCIHUTEIEM
[epBUYHBIX CIIMPTOB B aXbIErHMABl oKasajucs kKapboHaT cepebpa Ha
LeauTe. TOT JOPOTOCTOSIIUMI pearcHT yroTpebiseTcs: IIpU cTepeoce-
JICKTUBHOM MSITKOM OKUCJICHUM JIAOMJIBHBIX LUKIIONPONUI- M LIMK-
JIOOYTHIIKApOHMHOJIOB:

CO 20
HOCH, CH=CH, A&C0y/1emT 1y CH=CH,

\VAA4 Gersor; 80 °C AV V4 (80%)

B OTAeNbHBIX M OYeHb PEAKUX CAydasiX B KAYECTBE AEUIEBOIO OKUC-
JIUTENIS. UCIIOJIB3YIOT a30THYIO KUCIOTY. [Ipu 3TOM U MEpBUYHBIE U BTO-
PUYHBIE CIUPTHI OKUCISIOTCS 10 KAPBOHOBBIX KUCIOT:

70%-5s BogHass HNO 0
2 3 o- C1CH2CH2C< (78%).

CICH,CH,CH,0H
25°C OH
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BropuuHble cnupThl NEpBOHAYATBHO OKHUCJISIOTCS IO KETOHOB, KOTO-
phle janee OKUCISIOTCS ¢ AeCTpYKUMeH yrieponHoro ckeiera. Kiac-
CUYECKHUM [IPUMEPOM CIYXUT NPOMBILUIEHHOE OKHCIEHUE LIUKIIOIEK-
ca”osia 50%-i1 a30THOM KUCIOTOM 10 aIMITMHOBON KHUCIIOTBI:

OH 50%-1 HNOs; V,0;
O/ o= HOOC(CH,),COOH _(60%)

B nocnennue nBaguath net pa3paboTaH HENbId Psii HOBBIX, OPH-
TUHATBHBIX W UCKIIOYHUTEIBHO 3¢h(EKTUBHBIX METOLOB OKHMCIEHUS
MIEPBUYHBIX U BTOPHYHBIX cHUPTOB ¢ rnomoubio AMCO wiu xoMi-
gexcoB IMCO ¢ KakuM-HUOYIb 37eKTpodWIBHEIM areHToM. Tosuna-
Tbl TIEPBUYHBIX CIIUPTOB, TAKXKE KaK U OCH3WITO3MIATHI, OKUCISIOT-
¢ B anbderuanl npu Harpesanud B IMCO B teyeHue 10—30 MuH
npu 120—150 °C B npucyrcrBuM ruapokapOoHara HaTpUs Kak ciabo-
ro OCHOBAHHSI:

H

® 9 150 °C | ® o
(CH;),8-0 + RCHZOTS,ZIMCO[ R—(IZ}—ODS(CHa)z]OTs—>
4 H conp ankokcucyibghoHUs

HCO3
NaHCO,
(CH;),S + RCHO + H,0 + CO, + TsONa.
(60—70%)

JIMCO B 210l peakUMM HCIIONHSIET PoJib HYKJICOQUILHOIO areHra,
KOTOPBIM 3aMeIaeT TOMIOKCUIPYIITY MO OOBIYHOMY Sy2 MEXAHU3MY
¢ 00pa3oBaHUEM AIKOKCUCYIbGOHHEBBIX cosieil. KaTHOH alKOKCUCYIIb-
¢oHUS ganee noJBepraeTcs OKMCIUTEbHO-BOCCTAHOBUTENBHOMY DJIH-
MUEHUPOBAHHUIO [0 MEXaHU3MY, AHAIOTUYHOMY IJISI OKMCAMTEIIbHO-
BOCCTAHOBHUTEJBHOTO PA3IOXEHHUS CIOXHBIX 3¢pUPOB XPOMOBOH KHUC-
Jotel. ['mapokap6oHaT WIKM KapOOHAT-HOH SIBISICTCSI OCHOBaHHUEM B
310N FE2-peakuuu 3IUMUHHUPOBAHUS, NPUBOASALIEH K aJIbAeruiy U
IuMeTHIcynsbuny. B kayecTse nprMepoB IpUBEIEM TONIYYCHUE Tell-
TaHasl U napa-6poMOeH3abIeTuIa:

IMCO; NaHCO,

CH,(CH,)sCH,0Ts T50°C. 5w CH;(CH,);CHO + (CH,),S,
(70%)
JIMCO; NaHCO, 5 o CHS
- + .
Br@CHZOTs 50C r@CH (CH;),
(65%)

BMecTo anKuITO3UIATOB MOXHO HCITOJIb30BaTh MEPBUYHbBIE aAJIKMITa-
JloreHUIbl, KoTopble Takxke oxucasores AMCO nmpu 150—180 °C no
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COBEPIUEHHO AHATOTMYHOMY MEXaHHU3MY. DTO OKUCIEHUE MEPBUYHO-
ro cCuMpTa B ajibierull TpeOyeT elle ONHOM NOMOMHUTEIbHOM CTaTUU
NpeBPAUIEHUs] CIIMPTA B TO3WJIAT MM TAOreHUI, HEPEIKO C UCIIONb-
30BAHMEM HECEJIEKTUBHBIX peareHToB. st MHOrOCTAIMUHBIX CHHTE-
30B CJIOXHBIX COEAUHEHUHN TAKOH MyTh YaCTO HENPUEMIIEM U JOJIKEH
ObITh 3aMEHEH ONHOCTAUIHBIM CeJTeKTUBHBIM OKUCIEHUEM. DTO HOC-
THTaeTcs NpeBpalleHueM ciaboro HykiaeoduisHoro aredta IMCO B
CUNBHBIN 2J1eKTPODUIBLHBINA areHT, KOTOPBIA HENOCpPeNCTBEHHO pea-
TUPYET C MEPBUYHBIMA M BTOPUYHLIMM CIUPTAMU B OUEHb MSTKUX
yeropusix nipu 0 °C u Huxe. HeoGOxomuMyro akrusauuio [JMCO mpo-
BOIAT C MOMOIBIO CEPHOIO aHTUAPUIA, TPUPTOPYKCYCHOTO aHTMIPH-
na, N-xmopcykuvHuMHIa unu N, N-IUIMKIoreKcunkapbomnumMuna
C¢H; N=C=NC4H,,. Bo Bcex ciyyasx B kadecTBe peakLIUOHHOCHOCOO-
HOIO0 MHTEepMeauaTta obpasyeTcss aKTMBUPOBaHHAS aTKOKCUCYIbDOHHU-
€Basl COJIb, KOTOPAsl fajiee IOABepraeTcsi BHYTPUMOJEKYISIPHON OKMC-
JIUTEJILHO-BOCCTAHOBUTENBHON GparMeHTaIlUK 110 MEXaHU3MY, aHaJIO-
TUMYHOMY JUISI OITHCAHHOTO BBILUE OKMCIUTEIHHO-BOCCTAHOBUTEILHOTO
Pa3IOXEHUS CJIOXHbBIX 3(UPOB XPOMOBOI KHCIOTBI.

s OKHUCIEeHUS MEPBUYHBIX MU BTOPUYHBIX CIIMPTOB HO JIbICTH-
JIOB ¥ KETOHOB B MSITKuX ycnopusix ac¢pdextureH Komaeke JIMCO c
SO;, obpasyrolniicss Npy B3aUMOIEHCTBUH MUPHIAUHCYIb(HOTPUOK-
cuga ¢ AMCO:

O O
®/ o © @/CH3 o / ®
CHN-§-0 + 0= CSHsN: + 0-STO-S(CHy),
CH,4 0
O
o / @ 0 °C @ ©
R,CHOH + 0-SL0-S(CHy), R,~C-0-S(CHy), + HSOj,
o) H

COJMb ATKOKCUCYIbDOHMSI

® 0°C
E,
H

CH N

® o
R,C=0 + CJH;NH HSO, + (CHj,),S.

SO; B kauecTBe 31eKTPOUJIBHON YACTULIBI MOXET OBITh 3AMEHEH VK-
CYCHBIM, TPUQTOPYKCYCHBIM aHTUAPUAOM MAU N,N-IUIUKIOTeKCUI-
kapboauumuaoM (JLIN). Haubonpiiryio NomnyasspHOCTh 3aBOEBAIA KOM-
dunauug AMCO ¢ N,N-guumMkioreKCuakapboiuuMuioM (MeTox
Idutnepa —Moddara):
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i nzend s 8_%<CH3)2_H‘iQNH_$:N@,

) R2C OH+ QNH o= N—O <:>—N C- N—<:>
o- S(CHy),
®

U

JduMeTwicynbdul Npu B3aUMOAEHCTBUU ¢ N-XTOPCYKIIUHUMUIOM
aeT XJopcyib(dOHHUEBYIO COJIb, KOTOpAasi pearupyeT co CIIUPTAMM YXe
npu —30 °C ¢ obpazoBaHHeM KapOOHMJILHOTO COCIMHEHUS:

P 0
R ® O Ry
"N—Cl —————>(CH3)23 = N—S(CHy,CI ———>R§§Ifé)H
L TONTyOI, LK -

C\o Yo

. ® N(GHs), ® O
Ry~ ? 40 G(CH3)2C1 o orc RO + (GH9NH G

ITpuBeneM 11 HIUTIOCTPALMK HECKOJIBKO MTPUMEPOB OKUCIEHUS CITUP-
TOB KoMruiekcamu JIMCO:
MCO;
CH;(CH;)¢CH,OH ﬂ@ AT - CH3(CH,)sCHO (100%)
C5H5NHOCOCF3, -20° C

CH3OH

CH,;O

9" JIMCO; JLIT; 0°C_ (93%)
@ o =
CsHsNH OAc
o TECTOCTCPOH 0
CH; CgHyz CH; CsHi
CHs JIMCO-SO3 CHis (83%)
C5H5N; CH2C12
HO™ ! 0O

H XoJecTepuH
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DTU METOHbl BLITECHUIU CTAPblil TPOMO3IKHUM CIIOCO0 OKUCIECHUS
BTOPUYHBIX clIUpTOB 1o OrmeHayspy (1937). Okuciaenue nmo OnneHa-
y3pY 3aKJIIOYaeTCsl B HarpeBaHMM CIIMPTA C AJIKOTOJSITOM aJIOMUHMUSA
B IIPUCYTCTBUM KapOOHUJBHOIO COEIMHEHUS, KOTOPOE BBHITOJHSIET
$yHKIMIO aKlenTopa ruapua-uoHa. OKUCIeHMe BTOPUYHBIX CIIMPTOR
no OnreHayspy npeacTaBisieT coboil o6paTuMeblil npouecc (obpat-
Hasl peakllys Ha3blBaeTcs BoccTaHoBJeHMEM o MeepeiHy—IToHH-
nopdy—Bepnew). PapHoBecue MOXHO CMECTHUTh BIIPABO, €CJIM B Ka-
YyecTBE KapOOHWJIbHONH KOMITOHEHTBI OyAeT BhIOpaH CHJIBbHBIA akiern-
TOp TWAPHUA-MOHA — N-XUHOH, (iyopeHoH, OeH30deHOH, XJIOpaHul
(2,3,5,6-tetpaxiop-1,4-6€H30XUHOH):

R R? A[O—C(CH3)j);  R! R?
“CH-OH + ‘C=0 = 3. " Nc=0 + “CH-OH
R RY R? RY
R Ry
CHOH+Al[OC(CH3)3]3-—(CH3)3(DH+ C—O‘AI[OC(CH3)3]2
27 2/|
R R g
Rl R
/'C*O—AI[OC(CH:;):;]Z + C=07/—
R¥H RY
RO .
2,<|:/V\¢1{OC<CH3)312
HY G0
C
R3/ \R4
R R
== C=0 + C—OAI[OC(CH;)3],
RZ R4/II<I

OxuciieHre cHHUpPTOB Mo OmnneHayspy B TEOPETHYECKOM OTHOILEHUM
NPeNCTaBAsieT coOOM MpUMEP OKUCITUTEIBHOTO IIpollecca ¢ MEePeHO-
COM THIPHI~HOHA OT BOCCTAHOBUTESI K OKHCIUTEIO B OOHY CTAIUIO,
B TO BpeMs KaK B paHee OIMMCAHHEBIX IIPOLECCaX OKMCIECHUE CITUPTOB
OCYHIECTBIISIETCS B HECKOJIBKO ITOCNENOBATEABHBIX CTAOIUH U COINpO-
BOXIAETCSl MOCAEJOBATEIbHBIM IEPEHOCOM OLHOTO MM HECKOJIbKUX
3JIEKTPOHOB.
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0O6nacts MPAKTUYECCKOI'C NMpUMEHEHUA OKMUCIICHUS IO OnneHaya-
PY B OpPraHA4YECKOM CHUHTE3€ B HACTOSLUCE BpEMs OrpaHHUYCH4 1J1aB-
HbIM o6pa30M OKHCJICHHEM BTOPHYHBIX CTEPDOMIHBIX CIIHPTOBRB!:

CH,
|
CH; CH-(CH,);CH(CH,),
6ensoir; 80 °C; 84
HO
G,
Cl; (63—-70%)

0

JUta nonyyeHUs1 aTbJErHIOB M KETOHOB M3 IEPBUYHBIX U BTOPMYHBIX
CITUPTOB BMECTO OKHC/IEHHUSI MOXHO BOCIIOJNB30BATHCS peakluel Ka-
TAJIUTUYECKOrO AEerMApUpOBaHUsS. DTHM METONOM B IPOMBIIDIEHHEIX
YCIIOBUSIX TONYYa0T (GOpMaTbIEIMI M3 METAHOJA, MACTSHBIN abae-
CUI U3 H-OYTHJIOBOTO CIIMPTA M LIMKJIOreKCAHOH U3 IMKIIoreKcaHona. B
Ka4yeCcTBe KaTalu3aTopa MEeTHAPUPOBAHUS HMCIONB3YIOT Melb, cepeb-
PO, XPOMMT MEIU:

O
CuO—Cr,0;, neonur; ¢° 4
CH,CH,CH,CH,0H “~ CH,CHCHC_ + H,
(62%) H
OH Cu, 600 °C o
(92%)

C , 600 °C 0
u Win Ag S ye#

~H

(88%)

CH,OH

+ H,
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11.1.3.e. SALIMUTHBIE T'PYIIIIbI
1)1 TUAPOKCHUJILHOW T'PYIIIBI CITUPTOB

Ilpu ocyuiecTBIEHUU MHOIOCTAIUHHBIX CUHTE30B CIOXHBIX Opra-
HUYECKHUX COEIMHEHUHN YacTo HeOOXOAMMO 3alUMTUTL OOHY U3 DYHK-
LIUOHAJBHBIX IPYII ISl TOro, YTOOBI OCYLUIECTBUTH TpebyeMoe Iipe-
BpallleHue ¢ Apyro (YHKUUOHaAIBHON rpyrnmoid. Tak, Hamnpumep,
JUIs TIOJIyYEeHHUS peakTUBa [ pUHBSIpa U3 raJIOreH3aMeIeHHOTO CITUpPTa
Br(CH,),OH HeobxonuMo npenBapUTe]bHO «3AIUUTUTh» THAPOKCHIIb-
HyIO Tpynmy cnupra. [IpyMeHeHMe TaK HA3BIBAEMON «3aLIUThI» BKIIIO-
yaeT TpU cTaauu: 1) obpazopaHHue MHEPTHOIO IIPOU3BOLHOTO, 2) BbI-
IToNIHEHUE TpebyeMoro mpeBpallleHus] ¢ Ipyroil dyHKUMOHANILHOMU
rpynrmoi ¥ 3) cHaTHe 3aliuTHOH rpynnbl. Hambonee yHuUBepcaib-
HBIM M XOPOLLUO ce0sl 3apeKOMEH/I0BABIUMM METONOM 3aLIUThl THOPO-
KCWIBHOM TpYNIBl CIMPTOB ABISIETCS oOpa3zoBaHue 3¢upa B pe3yiib-
TaTe KUCJIOTHO-KATAIU3UPYEMOTO MPUCOSIMHEHHS CIUPTA K 2,3-1U-
FUAPOIIUPAHY:

®
H
ROH + . B
@ a¢up w TIO RO“O (90—100%).

0] (0]
2,3-1uruaponypas 2-TeTparuapOUpaHIIbHBINA
ripocToit 3¢dup

ITomoOHO OpyruM NpocThIM 3dupaM, TerparuaponupadwisHeie (TITI)
3(¢pUpBl HHEPTHEI 110 OTHOIIEHHUIO K HYKICODWIBHBIM areHTaM, CHJIb-
HeM ocHoBanmaM (RMgX, RLi, NaH, NaNH,, RONa u np.), a tak-
X€ OKHUCIUTENSM ¥ BoccTaHoBUTeNsiM. Onanako TTTI-rpynma yyBcTBU-
TETbHA K KHCJIOTHOMY DAaCIIEIIEHUIO, HAIIPUMED JIETKO YAAISETCS B
pacTBOpe XJIOPUCTOro BOJAOPOAA B METAHOJE:

O ate: Q- o
R-0 CH;OH, 20 °C

O 0" "OH

Huxe mpuBeneH TUINIMYHLIA IPUMep UCIIOIB30BaHMA 3amuTHoi TTTI-
IPYIIIBL

O

HOO Br _ Trn—oOBr Mg
I TI®
1) CH;COCH;, OH
S Trn—o—Q MgBr 2 HOOC_CH3
2) HCI, CH,0H \

CH,
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JApyroil 3aliMTHOR Tpynnou SIBNSETCA TPUMETHICUIMIbHAS TpYINa,
KoTopast BBoauTcst ¢ nomolusio (CH;),SiCl. Dra rpynna jaerko yaaisi-
eTcs noj AeHAcTBUeEM (TOPUI-UOHA:

N(C,Hs), KF; HF
ROH + (CH,):SiC] ——== ROSi(CH :
(CHy)s51 Tro (CHy)s —5

ROH + (CH,),SiF .

OnHako TPUMETHICHIMIbHAS 3alUMTHAsE [PyINIa MaloycToHYuBa I10
OTHOIUEHUIO KaK KHUCIOTHBIM, TAK U OCHOBHBIM areHtaM. OHa JIETKO
CHMMAaeTCs JlaXe IpU XpoMarorpadguy Ha cHUAMKarene. 3HAYUTENBLHO
Bojiee ycToluMBa mpem-OyTWIAUMETHICUIMIbHAS IPYIIA, KOTOpas
sroautest ¢ nomoisio [(CH;3);CI(CH;),SiCl u ynansercs obpabort-
kot KF unu (C Hy),NF. [Ige npyrue 3auiuTHbIE IPYNIbl — GEH3WIb-
Hasli ¥ TpudeHWIMETWIbHAS (TPUTUIBHASI) — BBOISITCS NIpY B3aUMO-
IEeACTBUM crnupTa ¢ GEeH3WIOpOMHIOM WM TpUGDEHHUIXIOPMETAaHOM
(TPUTHIIXJIOPUIOM) B MPUCYTCTBUU OCHOBAHUS — TPETHYHOIO aMHUHA.
CHATHE 3THX 3AIIMTHBIX IPYIII IOCTUrAETCSl KATATUTUYECKUM TMAPO-
TEHOJM30M, & TPUTUJIbHAS TpYyINa YAAJISETCS TaKXe AeHCcTBUEM
pactBopa HBr B jensHolt yKCycHOH KHCIOTE WIH IIPU XpoMarorpa-
UM Ha KpeMHeBo# Kuciore. Bce 3TU rpymmel 1o obmactu cBoero
MMpUMEHEHMST YCTYTIAKT TETPAarMApONHMpPaHIWIBHOM 3aluTe:

H,/Pt
RONa + C¢HsCH,Br g™ ROCH,CH;—— ROH + C¢HsCH; ,

CHN;

HBr
CHQl,

JUIst 33U TRl THAPOKCYIIBHOM TPYIIIIBI OBUT ITPEUTOXEH HOAMETUITHO-
Merunoseiit adgup (U.Kopu, 1976):

RONa + ICH,SCH; W ROCH,SCH; + Nal

BeencHUe 3TOU 33IUMTHOM TIPYIIBI TIPUBOJUT K 0Opa3soBaHUIO
nonyTuoaueTaitst GopManbaernaa, KoTopblil, MogobHO ApYyTUM THOA-
LIeTAISIM, paclienisieTcss B odeHb MSTKUX yeixoBusx mpu 20 °C consi-
Mu ptytu (II) miu cepedbpa B cucrteMme aueToH—Bonaa. Cpead BCEro
MHoroobpasus samuTtHeix rpynn TITI octaercs Haubonee yHUBeEp-
CaJIbHOUW ¥ VIIOTPEOMMO 3aIUUTON CMIMPTOBOTIO MAPOKCHUIIA.
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11.2. IBYXATOMHBIE CITUPTBI

CnupTel, coaepxallle IBe TMIPOKCUIbHBIE TPYIIIbl, HOCST Ha-
3BaHUe OU0108.

B HoMenknarype MIOTTIAK mist ux Ha3BaHUsST BMECTO OKOHYAHUS
«OJI» UCIONB3YIOT OKOHYAHUE «IMOJ», 2 LHM(pPHl 0003HAYAIOT aTOMBI
yriepona riaBHON LelH, K KOTophiM mpucoeauHedsl ape OH-rpyn-
Ibl, HATpUMeED:

_OH

CHy~CH-CH,0H

OH OH
1,2-nponannuon mparc-1,2-1IMKIOTeKCAHIHUOI

C')H (l)H

CHy—CH~CH~CH~CH,CH,0H CH-CH,CH,CH~CH,

CH, CH, OH
4.5 -muMeTwi-1,3-rexcaHauon 1 -muxorexcui-1,4-neHraguosn

Takum obpazoM, cucTeMaTHyecKass HOMEHKJIaTypa [IpOBOMUT MuUd-
¢epennpaumto 1,2-, 1,3-) 1,4- u Ipyrux AHOJOB.

1,2-AMonbl HAa3BIBAIOT TAKXKE enukoaamu, cogepxammmu OH-rpym-
MBl Y COCEAHUX (BULIMHAIBHBIX) aTOMOB yriepona. Tak Kak ITHKOJIH,
KaK [IpaBUiio, MOJYYaloT TUAPOKCHIMPOBAHUEM anKeHoB (1. S), aTo
OTPAXAETCsl U B UX HA3BAHUSIX:

ICHz_CI:H2 CH3_(’:H“CH20H

OH OH OH
STWIEHIJIMKOJIb MPOITIJIEHTJIHKOJIb

(1,2-sTaHguomn) (1,2-nportanouon)

3TO HEepeAKO INPUBOAMUT K NYTAHHUIIE ¥ HEOOPa3yMEHMIO, NOCKOJIBKY
cydduxe «eH» 0ObIYHO 0003HAYAeT HATHYUE NBOMHON YIIepox-yTie-
pOJHOM CBSI3M @JIKEHA, HO IJIMKOJM He COMAepXaT MNBOMHOH CBS3U.
[ToaToMy st Ha3BaHUS DIMKOJEH JYYLIe BCEro MOJb30BATLCS HOMEH~
knatypoit MIOTTAK, ycTpaHsiolleil 3Ty HeollpeneeHHOCTb.
I'eMuHanbHbIC TUOJBI — OUOJIBI, conepxatuue ase OH-rpynmer y
OJHOTO M TOTO XE€ aToMa yIjiepoja, HecTaOMJIbHBI M pa3aralorcs C
OTLUEIVIEHUEM BOJBI U OOpa3oBaHUEM KApPOOHMIBHOIO COSTHMHEHMUS:

OH O
—d_R2 RI—cZR2 + H,0
R—(,\—R — = R—C- 20.
OH
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PaBHOBecHE B 3TOM Mpollecce CMELIEHO B CTOPOHY 0Opa3oBaHUs
KETOH&, [T03TOMY CaM¥4 FeMHHAIbHbIC JUOJbl OOBIYHO HA3BIBAIOT [HUI-
paTtaMM K€TOHOB M/ abaeriaos (ri. 16, 4. 3).

11.2.1. TIOJIYYEHME JHOJIOB

HauGonee ussecTHpIMU criocobamMu mosnyyeHuss 1,2-IHOJIOB SIB-
JISIOTCSL Pa3HOOOpa3Hble peaKLIMK CTEPEOCEIEKTUBHOTIO CUH- UIH aHMU-
TMAPOKCWIMPOBAKUS ANKEHOB, [TOXPOOHO paccMOTPEHHbIE paHee B
. 5 (4. 3).

KiaccudyeckuM METOAOM IOIYYEHHUS] CUMMETPHYHBIX 1,2-110-
JIOB ABJISIETCS BOCCTAHOBHUTEbHAS JMMEPHU3ALUMs KETOHOB. B Kaue-
CTBE BOCCTAHOBUTE/IBHBIX AT€HTOB OOBIYHO HCMONb3YIOT AKTUBHBIE
JIBYXBAJIEHTHbIE META/IBI — MAarHWH, HUHK, aMajibraMy MarHusi B
arpOTOHHOU HEeNOoJAsIpHOI cpeae — GeH3oje, Tonyone, TI'® u ap.
OO0pazoBaHue anKoroasiTop 1,2-IMONIOB MPOUCXOOUT B ABE CTATUH.
B nepBo#t cTamuyu KeTOH NPUCOSIMHSET OJUH NEKTPOH U BOCCTA-
HaBJMBAETCS OO AaHWOH-paiuKana, Ha3blBaeMOIo KeTHiIoM. Jume-
pU3alus ABYX aHMOH-paIWKaIoB BO BTODPOU CTaAMM IIPHBOIMT K
anKoroaatry 1,2-nuosa, KOTOphI Aajiee TUAPOJU3YIOT 1O BUI{MHATb-
HOTO IUTPETUYHOIO JTHOJA:

0 .
2 R—C/< + Mg —» R>C__0:6 Mg2® KEeTWI
R R ") (aHHOH-PaTUKAT)
... R
ch—o:e Mg2® —» Rz<'3——C|3R2 H0 R)C—Ci
- R”] | 'R
? O~Mg-O OH OH

IlockonpKy AMOJN, MOJIYYaeMbId 3TUM METOIOM M3 aleTOHA, UMEeT
TPUBUAIBHOE HA3BaHHE THMHAKOH, 3Ta peaklus IOJyYWIa Ha3paHue
NUHAKOHOB0E ROCCMAHOGACHUE.

) Me: 6 CHj_ /CH3
2CH,CCH E;_H%—m e~ (4350 %).
2 CH CH
O { OHOH  °
TIMHAKOH

[puMeHeHKe ODIUENPUHSTLIX peareHTOB (MarHus, LIMHKA WIW aJiio-
MHHHSI B GEH30sI€) NMPUBOAUT K IMOJYYEHUIO BULMHAILHBIX AUOJNOB C
BbixogoM He Gonee 40—-50%. CospeMeHHBIe MOIUMUKALMNA MHUHAKO-
HOBOTO BOCCTAaHOBRJEHUS MMO3BOJIMIMU HE TOJABKO PE3KO IMOBLICUTH Bbl-
X0/l MPOAYKTOB BOCCTAHOBUTEJbHOW AMMEpU3AUUMA KETOHOB, HO M
3HAYUTENIFHO PACIIMPUTH 00JacTh TIPUMEHEHUSE 3TON peakuuu, pac-
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[IPOCTPaHUB €€ Ha apoMaTUyecKHe U anudaTudecKue aJbIeTCUbl.
3TO CTAN0 BO3MOXKHBIM 0J1arogapsl NMpOBeNeHUIO PEaKIlMHM B IpU-
cyrcrBuu TiCl, B TI'® (MU.Kopu, 1976). IIpuBeseHHbIE HHUXE
MpUMEpBl HJIOCTPUPYIOT CUHTETHUYECKHE BO3MOXHOCTHU 3TOIO
MeTona:

CeH
Zn; Ticl, | Ces 6

CHsCOCH; 1 25 +C, 2 CH(|C_,C\CH3
0

(91%);

7 Mg(Hg); TiCl
1-CH,.C i 4y 4-C;H;s~CH—CH—C,H 51 (80%);
s Tr; 0, 13w TS (R G s (80%)
H OH OH

Mg(Hg); TiCl,
TI®; 0 °C, 2,5 4

CH3—ﬁ(CH2)2ﬁZ—CH3

ITMHaKoHbI 00pa3yrOTCs TaKXe INPU DJIEKTPOXMMUYECKOM BOCCTAHOB-
JICHUM KapOOHWIBHEIX COeNMHEHUM. BTOT METON MOJYYWI Haubob-
liee paclpocTpaHeHHe Ui CUMHTE3a LUMKIWYECKUX IHOJIOB C MAIbIM
pa3MepoM LIMKJIa NMPU BHYTPUMONEKYISPHOU BOCCTAHOBHUTENBHOMU
mukaMsanuu 1,3- u 1,4-IUKEeTOHOB:

CH,4 GeHs CeHs
] 3JIEKTPOBOCCTAHOBRJIEHHUE
CeHi—C—C—C—CeH - >
SR T ¢ CHOH, pH=37 HO ) OH
H;0 CH, CH;

NHTepecHOM U BaXHOU B CUHTETUYECKOM OTHOILUIEHUH MOIM-
dukanureil MMHAKOHOBOTO BOCCTAHOBJIEHUS SIBISIETCS BOCCTAHOBU-
TeJbHAasl IUMEPU3ALUMsI KETOHOB MM AJIbIETUAOB, KaTaIU3UpyeMast
COJISIMY TMTaHa HU3LIEH CTENEHU OKHUCIEHHMs. Tako# Karanu3aTop
obpasyeTcs npu BocctaHoBiaeHUU xyopuaa turana (I11) TiCl; me-
JIOYHBIM METAJUIOM WIM LMHK-MeIHOU mapoi. B oTnuyne oT Kiac-
CHYECKOro NMUHAKOHOBOIO BOCCTAHOBJICHMSI, MIPOAYKTaAMHM BOCCTa-
HOBHUTENbHON IUMEpU3ALUN KApOOHMUIBHBIX COCAMHEHUN, KaTalu-
3UPYEeMOl COJNSIMU TUTAHA HU3LIEH CTEMCHU OKUCIEHUS, SBISIOTCS
AJIKEeHHI:
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TiCl;; Li
2 O ﬁ—’ +Ti0,,
79%

TiCl;; K )

77%, (uuc - mpanc=3:7)
a5 oTol peaklMM NpeioXeH MeXaHU3M, e MHUHAKOHOBbIM aIKO-
ronst Tutaka (11) nomgeepraeTcss BHYTPHMOJIEKYISIPHOMY OKUCIUTENb-
HO-BOCCTAHOBHUTENBHOMY pacllUeIIeHUIo 10 ankeHa U TiO,:

o/TQO 2 pé
S R o R
R*---CLC---Rt —— ‘C=C + Ti0,.
l/ » 3 4 3
R R R! R

Y106HBIM METOOOM IMOJIydeHUusT mparc-1,2-IUO0JOB SIBASETCSI TUApO-
DopupoBaHUE CHJIMJIOBLIX 3(HUPOBR €HOJIOB C MOCIEAYIONIMM OKHUC/E-
HHUEM LUETOYHOM MEepeKUChIO BOAOPOAA. DTOT MeToL 0cobeHHO ynobeH
JUISL TIONYYEHMST LIUKITMYECKUX 1,2-a10J0B:

0 OSi(CH,),
1) LiN(Pr-i),; TI®, =78 °C
- _—
2) (CH,);SiCl; TI'®, —78 °C
OH
OH
1) B,Hy; TI® -
2) NaOH—H,0,;
CH,ONa, CH,0H (81%)

O6mMM MeToooM IoJydeHUs: 1,3-IM0JIOB SIBISETCS BOCCTAHOBIECHUE
COOTBETCTBYIOLIMX aIpAoJie (1. 17) B MATKHUX YCIIOBHUSIX:

O
/
Rl('ZH—CHg—C/ s RICH—CH—CH-R
OH R? OH OH

BbIX0gp! TTPOAYKTOB BOCCTAHOBACHHUSI GOPTUAPUAOM HATPHS HIH
ATIOMOTHIPHIOM JIUTUSI OOBIYHO HOBOJBHO BBICOKHE. JIpyro#l meron
cuHTe3a |,3-AM0NI0B OCHOBAH HA peakUWM OKCHMEPKYpUPOBaHUSI-lIe-
MEPKYPUPOBAHUSA COTIPSIKEHHBIX 1,3-IMeHOB:

283



1) 2Hg(OAc),; TTO—H,0
2) 2NaBH,; NaOH

RCH=CH—CH=CH,

—_— RICH—CH2—|CH—CH3.
OH OH

OKcHUMEpPKYpUPOBaHUE MEePBOHAYAIBLHO OCYILIECTBJSETCS IIo Dolee
pPEaKLMOHHOCIIOCOOHON KOHLEBOW ABOMHON CBS3UM C 0Opa3oBaHU-
eM aJutunoBoro crnupta. ['uapoxkcuasHas rpynna npu C(2) annuio-
BOTO CIIMPTa HAMNpPaBJSE€T BTOPYIO TUAPOKCHIBHYIO TpPYyIINy B
nmonoxenue C(4):

1) 2Hg(OAc),; TT®—H,0
2) NaBH,; NaOH -

CH;CH=CH-—CH=CH,

e CH3(|?H—CH2——(|IH——CH3 (79 %).
OH OH
CrapuBEHBIA MeToN cHHTe3a l,3-rnuKoseid OCHOBAH Ha peakllvy
I' Tipunuca (1917). @opManpaerui B MPUCYTCTBUM KATATU3aTOPOB KHUC-

JIOTHOM IPUpPObl IPUCOSIUHSIETCS K AIKeHaM ¢ 0Dpa3oBaHUEM CMECU
1,3-aMoa ¥ NUMKIXMYECKOro aleTansi — MPOU3BOAHLIX 1,3-muokcaHa:

0]
CH, /) 25%-s H,S0,
= + >
CH/C CH, HC\ HOH; 80 °C
3 H
CH, CH3\ /CHZCH?_OH.
_/O " ¢
CH
>0 cn! oy

CootHoutedue 1,3-guona ¥ 1,3-auokcaHa 3aBUCUT OT CTPYKTYpPhl ajl-
KeHa. JIIst aIKeHOB ¢ KOHUEBOUW ABOUHOH CBSI3bI0 B MPOAYKTAaX Mpeod-
nanaer 1,3-qnokcadH. CUMMETPUYHBIE HU3AMEILIECHHBIE aTKEHB! IPUCO-
eIUHSIOT (GOopMaNbIeril B KUCJIOU cpele ¢ OOpa30BAHUEM IIPEUMY-~
LIIECTBEHHO 1,3-1MO0J0B, OJHAKO BbIXOABI 1,3-IHOJIOB B pEakuUHUH
[Tpunca Hepenukd. B HacTosilee BpeMsi 3TOT METO/L MTONHOCTBIO yTpa-
TWJl CBO€ 3HAYCHHUE IS CHHTE3a 1,3-IUOJIOB, XOTS HEPENKO UCIIOJb-
3yeTcst ISt [MONYyYeHHUsT TPOU3BOAHBIX 1,3-IMoKcaHa.

[pyrue TUMBI AUOJIOB OOBIYHO IMOJIYYAIOT BOCCTAHOBJIEHHEM CO-
OTBETCTBYIOIUMX JUKAPOOHMUIBHAIX COEIMHEHUH KOMIUIEKCHBIMU TUI-
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punaMu. B KauecTBe npuMepa NpuBeeM BOCCTAHOBIEHUE JUSTUIOBO-
ro s¢upa ceHALUMHOBON KUCAOTHI U 2,6-renTaHIuoHA:

LiAlH,
C,H;00C—(CH,)g—COOCHs 5,0~ HO—(CH,),7—OH (75%);

NaBH,
CH,;CO(CH,);COCH; gror™ CH3(|ZH(CH2)3|CHCH3 (80%).

OH OH

11.2.2. CBOMCTBA JUOJIOB

sl 1Mo0B XapakTepHbl Te Xe PEakKUMH, YTO M IUISl ONHOATOM-
HbIX cnupToB. KpoMe Toro, 1,2-AMonbl NPOSBISIOT HEKOTOPHIE ClIe-
uuguyecKue cBoicTBa, 0O0yCIOBIEHHbIE HATUYUEM IBYX TMAPOKCHIIb-
HbIX rpyri. OHU GYIyT pacCMOTPEHB! B 3TOM pasfese.

11.2.2.a. AETUAPATALINA

[Ipy mermaparauiMy JMOJIOB BO3MOXHO IIPOTEKaHHE PA3JIMYHBIX
peakuui, KoTopble 4acTo NMPUBOAAT K 0Opa3oBaHMUIO CIOXHOU cMecH
MPOJAYKTOB, COCTaB KOTOPOM 3aBHUCUT OT CTPYKTYpPBI JMOJA, IPUPO-
NIl JerWIpaTUPYIOLLIEeTro areHTa u ycioBuit peakuuu. Obcyxnenue oy-
JIeT COCPEAOTOYEHO I[JIaBHBIM 00pazoM Ha TEX peaklMsIX, MeXaHHU3M
KOTOPBIX HaleXHO YCTAHOBJEH U KOTOPbIE UIPaloT 3aMEeTHYIO poJb
B OpraHuyeckoM cuHTe3e. Jeruapatauus 1,2-I1M0710B MOXET OCYyLIE-
CTBJSITbCS 110 TpeM TPUHIUIIKAIBHO pa3jIMYHBIM HallpaBIeHHUSIM:
1) nerunpaTtauus 10 OUEHOB; 2) NerUapaTailisi, CONIpOBOXIaeMas 1e-
perpyInmnupoBKoOi, -— Tax HaslblBaeMmas <«[IMHAKOIWHOBAS IIEPErpyIl-
NUPoBKay; 3) obpa3oBaHUE HUKINYECKUX 2¢GHUPOB 1 3r1oKcuaoB. Bee
3TU peakUUM KaTATUIUPYIOTCS KUCITOTHBIMU areHTaMu, MO3TOMY B
obuiem ciayyae Bce TPU HAMNPAaBACHUS KOHKYPHUPYIOT APYTL C APYTOM,
T.¢. XerUapaTanus AMoJIOB OTHOCUTCS K HECEJEKTHBHBIM IIPOLIECCaM.
Tem He MeHee MHorza ymaeTcs nopodpaThb yCJIOBUSI TaKuMM obdpa-
30M, YTOBBI OJHO M3 HUX cTajno npeobnanaiomuM. Heruaparauus
IBYTPETUYHBIX UJIN IBYBTOPUYHBIX 1,2-muoyoB no 1,3-AueHOB Jer-
Yye BCEro OCYILECTBASETCS [pW HarpeBaHuu ¢ 48%-it GPOMUCTOBO-
JOPONHOM KHUCIOTOM:

48%-s1 HBr, ¢
(CHy),C—C(CHy), —— =2 CH,=C — C=CH, (62%).

OHOH CH, CH,
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WM Ha OKMCHU altoMUHUA 11pu 450—470 °C:

203

— A0 oy —c — c=cH, (70-85%).

(CH3)2(’3 (‘Z(CH3)2 ws0-a70°C CH= 5 ( 6)
OH OH CH; CH,

B otnuyue ot 3TOTO AErMapaTauus JUTPETUYHBIX, IMBTOPUYHBIX U JaXKe
MEPBAYHO-TPETUYHBIX 1,2-IHOOB, KAaTAIM3UpYyeMasl CEpHOR KHMCIO-
TOH, n-TosyoscynbdokMcaoTol, kucinoramu Jsouca (BF; 1 np.), co-
npopoxnaaercs 1,2-MUrpanuveid aJKWILHOM, apUIBHON TPYNIB WIX
TUIpKA-UoHA. TIponyKTaMu neperpyniupoBKY SIBASIOTCS KETOHBI WIH
BT, DTa NeperpynmpoBKa osu1a otkpera P.OurrturoM B 1859 1.
NpY JeruaparalMy NMHAKOHA B MMHAKONKH C [IOMOILUBIO KOHUEHTPU-
POBAHHOW CEPHON KHMCIOTbI, IIO3TOMY OHAa MOAYYWIa HA3BAHUE MU-
HAKOAUHOBOU NepezpynnupoeKu:

CH, CH, CH,

| | H,S0 : |
CH,—C — C—CH, —2 ", CHy—¢ — C—CHy+H,0.

OH OH CH,; O
ITMHAKOH NUHAKOIUH
Hexkortopsie Hauboee TUITMYHBIE ITPUMEPBI ITMHAKOJIMHOBOM neperpyr-
MMUpPOBKH 1,2-1HOJOB IIpUBENCHEL B Tab. 11.4.
Tabnuua 114

IInnakonnHOBaSK neperpynnapoBka 3aMEmiCHHBIX l,2-zmonon

96%-5 H,S0
CHYE — CHCH, S e (CgHY,CH —C—Cyil; (100%)
OH OH o}
o [¢]
15%-5 H,S0,; 1 p
(CHy),C — CH,0H ———2—¥ 5 (CH),CHC.  (100%)
| H
OH
35%-1 H,S0,; t°
CH,— CH — CH — CH, > CHCCH,CH, (1%
bu bn
OH 0
--- CH,CH; BF, - (C,H,),0 CCH,CH, oo
— - l SZ
-~ OH CHCI, cuen, %P
CH,CH,
OH
H,SO, xomu; 0 °C . (100%)
:
OH
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Haubonbliee 3HaueHHe ISl OPraHMYECKOro CUHTE3a Npuodpena
NEePErPYNNUPOBKA JUTPETUYHBIX M AMBTOPUYHBIX 1,2-1KOJIOB, NpU-
BOISIHIASI K KETOHamM, KOTOopast XapakKTEpHU3YETCS BbICOKMM BBIXO-
oM KapOOHUIbHBIX coeguHeHud. B Tabn. 11.4 caenyet ocobo BbI-
JeNUTh NUHAKOIUHOBYIO NMEPErpyNNIUPOBKY LHUKIUYECKUX IHOJIOB
¢ o0pazoBaHUEM CIUPOUMKINYECKUX KETOHOB. OauH U3 Haubornee
MIPOCTBIX CIIOCODOB CO3JaHUS CIUPOUMKIMYECKUX COENMHEHUH
3aKJIFOYAeTCsT B BOCCTAHOBUTEIBHOU NTMMEPU3ALUU LIUKIOATKAHO-
HOB C MOCACAYIOLIEH MMHAKOIWNHOBOMW IeperpynnupoBKon:

Mg(Hp), T1C14 H2$O4 KOHIL
Otoyor

7 10 4 _
CHI/Ipo[4,5]—lleKaHOH—6

MexaHU3M NMUHAKOMMHOBOW I1ePerpyIiupoBKU O4€Hb IIOJPOOHO
uccaegoBaH. B npocreliiueM ciiydae B Ka4ecTBe [IPOMEXYTOUHOHR gac-
TULBI TIpH Jeruaparaluu 1,2-nuona obpasyercs KapOOKaTHOH, B KO-
TOPOM MPOUCXOMUT 1,2-MUIpalds aNKAJIBHON WIM apHJIbHOW rpyn-
OBl ¢ 00pa3oBaHUEM MPOTOHUPOBAHHOU (HOPMBI KapOOHUIBHOTIO CO-
envHeHus. IleperpyrnnupoBka 3aBepliaeTcs OTUIEILICHUEM NTPOTOHA U3
OKCOHHEBOIO KATUOHA!

L © 1 | -HO ]
R—C — C—R<=—=R—C — (':——R<——— R—C —C—R—
1
OH OH OH(8H2 OH R
R! o R!

| -H |
— R—C — C—R<=R— ﬁ_(l: R+H"
| S
®OH R! 0O R

Taxkoit MexaHU3M HAaxOOUTCS B COOTBETCTBUHU C SKCIEPUMEHTAIbHBI-
MK TaHHBIMH, COIJIACHO KOTOPBIM HU3OTOIMHBIA OOMEH KMCAOPOJA JUIs
TUHAKOHA B cepHOM KHciore, coaepxaiteit H,O, npoucxoouT B TpH
pasa ObicTpee, yeM mneperpynnuposka. CrielHAJIbHLIMUA ONbITAMHU ObLIO
YCTAHOBJIEHO, YTO KOH(QUTIYpALMsl MUTPUPYIOLIEH IPYNIbl TOJHOCTHIO
COXPAHSIETCSl B [IPOAYKTE NEPETrpyIIIIUPOBKU:
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*C4H9- emop. C4* Hg-emop.

40%-5 H,50,;
CHy—C — C(CH), o > CHy—C — C(CHy), (6%).
OH OH

0]

(S)- (-
DTo yKa3plBaeT Ha BHYTPMMOJIEKYJISIDHBIM Xapakrep 1,2-Murpauuu
ANKWJIbHOW rpynmnbl. Bo MHOIMX ciiyyasix NMHaKOJMHOBAsI Heperpymn-
NUPOBKA, MO-BUAMMOMY, IPOUCXOJUT KAK CTPOrO COTJIACOBAHHBIN
npoluecc 6e3 ob6pa3oBaHUsT KApOOKATUOHA B KAYECTBE MPOMEXYTOYU-
HO# yacTuupl. B cornacopaHHoM npolecce OTLIEIUIEHHE BOJbI IIPOHC-
XOJUT M3 MMPOTOHUPOBAHHOM (GOPMBI 1MONIA C aHXUMEPHBIM COLEHCT-
BHEM MUTIpHpYyIolIed rpynnsl. Jlerko 3aMeTHTh, YTO TaKOH MEXaHH3M
He TpebyeT oOpa3oBaHHUs KapboKaTHOHA KaK HeoBXOJMMOro YCIOBUS
s 1,2-Murpauuy alKMiIbHOR WM apWIbHOM IpyIIIbL:

R! R! R! R! R!
L] o | a
R—¢ — C—RH == R-C — C—R—>R—C — CTRI—>
OH OH (on om, ©OH R

RI s @
/ 1 ®
——> R—C— C=R! + H.
I g
o

s tetpaapuizaMelleHHBIX 1,2-IHOOB GBUI YCTAHOBJIEH MEXaHU3M
MEepPErpyNIIMPOBKH, B KOTOPOM B Ka4eCTBE MPOMEXKYTOYHOTO TPOAYK-~
Ta NOJIYYAeTCsl ITIOKCUIL:

(CH:),C—C(CH:) -(C H;),C—C(C¢Hjs)
o 64572 641572
652I | 6175/2 0°C \/

OHOH O
— (C6H5)3C_T|:_C6H5

H,SO, xoH1L.
—_—
e

C..H.- C,oH-a
[t “25%-5 H,SO4 0 H,SO, xoHL.
CoHs—CH—C—Ce;———= CHQH-C, -~
AN
OH OH o Cels
C,oH-a
-—>C6H5ﬁICH< o
O CeHs
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TakuM oOpa3oM, B 3aBHCUMMOCTU OT CTPYKTYPHbIX (PAKTOPOB Mexa-
HU3M [IMHAKOJUHOBOM! IEeperpyniiupoBKu 1,2-AM0N0B MOXET ObITh
pa3inyHbiM. OpOUTANBHEBIH KOHTPOIS MUHAKOJNHOBOW M APYTHX POJI-
CTBEHHBIX €} neperpyrupoBoK OyIeT paccMOTpPeH B 1. 26 (4. 4).
OTUNEHTIUKONb ¥ APYTUE NEPBUYHO-BTOPUYHEBIE |,2-0HOJBI 06-

el dopmynl R—ICH—CHZOH Npy HarpeBaHUUSI ¢ KOHUCHTPU-

OH
poBaHHoOi1 cepHolt WK 85%-if docdopHON KUCIOTON UAM N-TONYO.-
cyIbGHOKHUCIOTON Ha10T 1,4-NMOKCaHBI — HUKINYECKHE NpocThlie 3hu-
pBl C IBYMS aToMaMM Kucnopona. Huxkimonerugparauus 1,4-A10JI0OB U
{,5-040JIOB B TE€X X€& YCIOBUSIX CAYXHT Haubojiee BaXHBIM CIOCOOOM
MOJIYYEHUSI MPOU3BOAHBIX TeTparuapodypaHa U TeTparuapolrpaHa
COOTBETCTBEHHO:

JOH HO_ 0L
C':Hz CH, H,SO, koHit,, 140 °C CH, cCH,
+ > | +21,0
CH;,_\ CH CH{ CH, 2
OH HO 4

O
1,4-muokcan (50—55%)

CH,
85%-1 H,PO,, 260-280 °C, 90 atv _/ '\ S
CH,CH,CH,CH, - >CH, CH,—*>
OH OH :OH —>CH,0H,
H,0 lCHz" ' ’ICH2 ®
- g + H;0
@0 CH, CH,
| N/
H O (98-99%)

57%- H,S0,
HO(CH,);OH ——————>{ 0 (100%)

CH,OH CH.
C( 22" 85%-3 H,PO, C( N
_— o)
! /

CH,OH CH,
(90—94%)
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DTOT METOH HENPUIOLEH I MOJydyeHUs OKCUpAHOB U3 1,2-1MONOB,
OKCETAHOB U3 1,3-AUOJIOB U LHUKIUYECKUX MPOCTHIX 3DUPOB C YHUCIOM
3BEHBbEB UMKJIA OoJjiee WUECTH U3 O, -TUOJIOB.

Jpyroit ob61mit crioco® nmoaydyeHuss UUKIHYeCKUX 3(UPOB COCTO-
UT B KaTAIM3UPYEMOM OCHOBAHHEM 3aMBIKAHUU ILUKJIA, UCXOOS M3
MOHOCYJIrpoHATa AHUONA:

CH,

|
TsOCH,CH,CH,CCH,CH, Q< , __CH,CH;

| CsHsN 0

OH CH,

(92 %)
CaCH-cH—c=c L TG GHN. 0 ¢ F 1
ST ~ 772) NaOH — JIMD; 20 °C
OH OH CH; O C=CH

(80 %)

11.2.2.6. OKUCIUTENBHOE PACIHIETIJIEHHUE 1,2-JUAOJIOB

B riaBe 5 paccMaTpuBaJIoCh HECKOIBLKO aTbTEPHATUBHBIX BapyaH-
TOB OKHUCJIUTENBHON NECTPYKUMU ATKEHOB B PE3YJbTaTe O30HONU3A.
ANKeHbl MOTYT TaKXe IIOABEPrarbCsl OKUCIUTEIBHOU NECTPYKUUHU B
pe3yJpTaTe CUH~ WU aHmu-rUIpOKCHIMPOBAaHUS Ao 1,2-IMOJIOB U
MOCJIEIYIOIETO OKUCIUTEIBHOTO PACIUEIUIEHNS] BUIIMHATBHBIX JUOJIOB.
CyuiecTByIOT JBa KJACCUYECKUX METONA OKHMCIUTEIbHOTO pacileruie-
HUs 1,2-I10JI0B U [IOJIMOJIOB ¢ TOMOLIBIO HapaifonHoit kucioTsl HIOg

u ee coneit (J.Mananpan, 1928 r.), a Takxke TeTpaaleTaToM CBUHIA
Pb(OOCCH;), (P.Kpure, 1931 r.):

CH;(CH,);CH=CH(CH,);COOH
OJIEMHOBAasA KMCI0Ta

10
> CHy(CH,);CH(OH)CH(OH)(CH,),COOH 15:%
IPUMPO-TNOTT CIHMpT — BoOla

———> CH4(CH,);CHO + OHC(CH,),COOH + HIO;
(76 %)

OH
PbOQOCH;), + Pb(OOCCH3), + CH;COOH
CHsCOOH 372 3
OH

O (82 %)
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Terpaauerar cBMHUA MOAYYalOT MpH B3aMMOAEHUCTBUM cypuka Pb,0O,
¥ YKCYCHOI'O aHTHADUAA B YKCYCHOM KUCJOTE:

CH,COOH
Pb,0, + (CH,C0),0

‘5‘5—%'_’ Pb(OCOCH,),.

(70—~75%)

Hawnydinye pesynibsTaThl JOCTUTAIOTCH TIPU KCTIONB30BAHUY B KadecT-
BE MSITKOTO OKMUCJIWNTEJIsI NapaloqHON KHUCIOThI, HO 06a MeTola OKHuC-
JNeHus 1,2-TM0JIOB Y TIOJMOJIOB YIAaYHO KOIMONHSAKT Apyr apyra. s
okucneHus 1,2-a1o0B, pACTBOPMMBIX B BOJE WIM B OMHApHOH cucTeMe
Boga — TI'®D, Bona — guoxcad, ucnonssyior HsIlOg ¥ ee conu, mns
OKMCJIEHUS! HEPACTBOPUMBIX B BOJIe AWOJIOB — TeTpaalleTaT CBMHUA B
6eH3071e UK B YKCYCHOM KucioTe. B 060MX BapMaHTaX OKHUCIUTEIBHON
JECTPYKUHMHA 1,2-IHMOJIOB B KAaYECTBE HHTEPMEAUATA 0OPa3yOTCs
nuKIHdeckue 3pupsl HOJHOM MIM CBMHUIOBON KHCIOTHL. IIuxinyec-
Kue 3QUpbI 3aTeM IIOABEPTalOTC OKMCIUTEIbHO-BOCCTAHOBUTEIBHO-
My SJMMHMHMPOBAHUIO ¢ 0Opa3zoBaHHeM KapOOHWIBHBIX COEIUHEHUH
K HoJaT-MOHA WJIM aueTara CBMHIA COOTBETCTBEHHO:

1 2

R' R’ R R
N / 7 —
M I
o >f7
1S oH
o) 0
2 7 ©
—= RC_+RC_ + 1—0 + H,0;
H H
1 3 Rl 3
R R R
AN /
Ne—c” + Pb(OCOCH,); c—c. , /™
> ~ | | >R?
R (I)H(I) R Ko o
H %
_Po_
CH,0CO  OCOCH,
R! R}
N N
—> _C=0+ "C=0 + Pb(OCOCHS,), + 2CH;COOH.
R? rRY

O6pa3zoBaHue [UKIUYCCKUX CIAOXHBIX 3UpPOB 00BSICHSIET Oojiee Obl-
CTpOE OKUCIIEHUE YUC-U30MEPOB UMKIMYECKUX THOJIOB IO CPABHEHMIO
C mpauMc-vi30MepaMH, a Takxke Oojiee ObIcTpoe paclieliieHue mpeo-
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MU30MEPOB ALMKIMYECKUX AUOJIOB 10 CPAaBHEHUIO ¢ 3pumpo-hopMoi.
[NMpoctpaHcTBeHHbIE (HAKTOPLI, KOTOPHIE 3aTPYAHSIIOT 00pa30BaHME 1IUK-
JIMYECKOTO MHTEPMEINATA, YMEHBILAIOT U CKOPOCTh OKUCIUTENHHOHN He-
cTpykuuu. OIHAKO TeTpaaleTaT CBMHIA OKUCIAET TaKXe U 1,2-AUobl,
He criocoOHbIe K 00pa30BaHUI0 UMKIMYecKOTo 3(hupa u3-3a 6oJpiIo-
ro pacCTOSHUS MeXNY 00eMM MMIPOKCHJIBHBIMM IrpynnaMu. Tax, Ha-
npumep, mparc-9,10- IMruIpOKCUAEKAIMH OKUCIISIETCSI TeTPAaLeTaATOM
0 UMKIOMeKaTuoHa-1,6, XOTsa OKHUCIEHUE MPaHC-K30Mepa MpoTeKa-
et B 300 pa3 MmemieHHee, YeM yucC-U30MEPE, KOTOPBIA MOXET JaBaTh
UMKIMYECKUH WHTEPMeIUaT:

OH
OH 0O HO
Pb(OCOCH3)4 Pb(OCOCH;3)4
CH;COOH CH3;COOH
OH 0]
MPaHC-A30MED Yuc-u3oMep
2
rR' R

\ 7’
» 0L Pr0co—cHy),
4+ Po(OCOCHy),  —~ [4 ¢
R'———Hto ¢ ‘ococH; —
RY R

R'R’Cc—CR’
OHOH
— RI(HZRz + R3(”:R4 + Pb(OCOCH;), + CH,COOH.

0

B rnaee 5 (4. 1) ObUTM onMCaHbI ABE Pa3sHOBUIHOCTA OKUCIUTENb-
HOW JeCTPYKLIMHU JUONOB. B 000UX cryyasix OKUCAEHUIO [IOABEpraeTcs
aJKeH, a OKUCIUTENBHBIM areHToM cyxuT napa KMnO,—NalO, unu
napa OsO,—NalO,. Tlepmanranar xanug wiu okcun ocmus (VIII)
OKUCHAIOT AIKEH N0 yuc-1,2-11ona, a nepronar HaTpusl pacllerisieT
OHOJ 10 KapOOHWIBHBIX COeTMHEHMIA U pereHepupyeT uoHbl Mn (VII)
win Os (VIID).

Jpyrue peareHTBl IS OKHCIHTENBHOro pacuiervieHus 1,2-guo-
JIOB O CEJIEKTUBHOCTH M HOCTYITHOCTH YCTYMAIOT AOTHON KUCIOTE U
TeTpaalleTaTy CBUHUA. DTO OTHocUTcs K coisiM uepust (IV), BaHa-
st (V), derunitonoszoaneraty CcH;I(OCOCH;),. B HekoTopeix ciy-
Yasx Mg OKUCIEHUS JUOJIOB B HEHTPaNbHOM cpele NPUMEHSIOT Iie-
pokcun Hukenst NiO, u okcua mapranua (IV):

NiO,

—_—
Hs 6enszon, 50 °C 2C¢H5CHO (85%)

OH OH
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OH 0

MHO2
_—
CH,(l,, 20 °C
OH o

WHTepecHbIM ¥ cBOe0Opa3HbIM AOMOTHEHHUEM K PEAKLIUSIM OKUC-
JIEHUS] gBASIETCS peakuus AeruApOKCUIUpoBaHus 1,2-AH0JIOB IO
Kopu—BunTtepy (171. 10). Tuo) npespamiaioT B HUKIUIECKUN THOKAP-
Bonar 1,3-1MoKconaH-3-THOH ¢ NTOMOIIBIO THOKAPGOHUIANUMUIA30IA
C TIOCNENYIOLIUM crieHMPUIECKUM cuH-2NUMUHKMpoBaHueM CO, nox
geiicTBueM Tpuankuidochurta win tpuankuidocduHa:

(90 %)

R H Re H :
~C-0H CcC—-0 (R'O)P
[+ NTON-C- NN SC=8 —
_C—OH | —] | | /C\TO
R g S R 'H
Re -H CUH-DITAMH- R\C/'H
c—-o
— T e + RIO)p=s P o, + I
C—0 .
R/ “H R/ ‘H
KAapoOeH
o NAN~%—NAN
I)L—‘—J S = H\C C/CsHs
CeHsCH—CH—CH > =
R T082) POOCHy), CHY
OH OH
(92 %)

11.3. IIPOCTBIE DPHUPBI

11.3.1. HOMEHKIIATYPA TPOCTHIX DPUPOB

CornacHo TPUBUAIBHOW HOMEHKIIATYpE, [IPOCThie 3¢GuUpsl HA3BI-
BAOT NO pajuKaiaM, CBA3AHHbLIM C ATOMOM KHCJIOpPOI4, nobagnsist
C/IOBO «3hUp»:

(CH3);CH—0C,H; (CH;),;CH—O—CH(CH,),
M3OIPOITUIATHIOREIM 3dup JHU30IPOITIOBBIA 3dup
CH3~'O‘_CH2CH2CH2CH3
H-OYTUJIMETHITOBBIA 3¢Up
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Ilo Homenxiatrype MIOITAK 3¢dpupsl paccMaTpuBarOT Kak aJKOK-
cuaykaHbl. KopeHb Ha3BaHMs ollpelensieT Haubosee IIMHHAS ATKWIb-
Has Ipynmna:

CH,CH,4
CH;0CH,CH,0CH; CH,CH,CH,0—CHCH,CH,CH;,
1,2-nuMeToKCU3TaH 3-nmpornokcurekcal
CH,
CH3—(:Z-—CH2CH2CH2—O—CH2CH3

CH,
1-3TOKCH~-4,4- IAMETWITIEHTaH

ITpocteie 3¢upsl UMeEOT Ty Xe reomerpuio, yrto ¥ H,O. BaneHtHbI#
yron C—0O—C cootsercreyer 112° ans CH;OCHj;, yto 61u3ko k Ter-
PAsIpHYECcKOMY YIJIy M YKA3bIBAET Ha Sp°-XapaxTep ruOpHIM3aliy aTo-
Ma Kuciopona. Ilpocteie 3¢HUPEl OTHOCATCH K YUCTY MAJTOPEAKIIHOH-
HOCITOCOOHBIX BEIUECTB M CTAOMIBHBI 10 OTHOUIEHUIO KO MHOTMM pe-
areHTaM (METJIOOPraHMYECKHUM COCIMHEHHUSIM U [Ap.), HO OHHU
YYBCTBUTEJIbHBI I10 OTHOIIEHHIO K KUCJIOPONY M JErKo o0pazyror
B3pbIBYATHIE MMAPOIEPOKCHIIbI, KOTOPHIE SIBJISIIOTCS IPUYMHOMN B3pPHI-
Ba IIPH HEOCTOPOXHOM OOpalIeHUHU.

11.3.2. IIOJYYEHHUE IIPOCTBIX DOHUPOB

CyumecTByeT TpM OOIUMX METOAA MOJYYEHUsS NpOCThIX 3(PUPOB:
MEXMOJICKYIIApHas XerdapaTalys CIUPTOB, ATKOKCUMEPKYPUPOBAHUE
aTKeHOB U peaklusl A.BunbsaMcoHa.

11.3.2.a. MEXMOJEKYIAPHASA OJETUAPATALIUS CITUPTOB

DroTt HauboJee CTaphIil CIIoCco6 MOMYYEHHS IIPOCTHIX 2DUPOB OITH-
caH paHee B 3Toi miase. OH MPUroeH ISl MOMYYCHUS] CUMMETPHUI-
HBIX IPOCTHIX 2(PHPOB U3 HEPA3BETBJIEHHBIX [IEPBUYHBIX CIIMPTOB:

H,SO, koHu.

BrCH,CH,0H 130 °C
(72%)

TpeTHyHble CIMPTHL B 3TUX YCJIOBUSIX 00pa3yloT aIKEHBI B Pe3ybTaTe
BHYTPUMOJIEKYISIPHON JAeruapatauuu. MeTon HenpUrogeH st [oay-
4YeHUS CMEWAHHBIX 3(UPOB, 3a UCKIIOYEHUEM TaKOro ciyyasi, Koraa
OJMH CIUPT TPETUUYHBIN, 2 BTOPOH — IIepBUYHBIN:
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KHSO,

ThA e~

100 °C

———# (CH;);C—0—(CH,);CH; + H,0.
(68%)

MexMoneKynsapHas IeryapaTalus CIIMPTOB UMeeT KpailHe OrpaHHYeH-
HOE€ 3HA4YEeHKUE B IIPAKTMKE OPraHMYEecKOro cHHrte3a. B mpomeilureH-
HOCTH 3TUM CIIOCODOM MMOJIYYaIOoT AMATUIOBLIN, AUOYTHIOBBIA U psilt
ApYTUX rpocreimnx a¢upos. I'opazno Oonee BaXHBIMU OOLIMMH Me-

TOOaMH CHHTE3a IIPOCTBHIX S(I)HPOB SIBJUAOTCH aNKOKCUMEPKYPHPOBA-
HHUE AJIKCHOB U pCaKIIMU Buneamcona.

(CH4)C—0OH + CH;CH,CH,CH,0H

11.3.2.6. ATKOKCUMEPKYPUPOBAHHE AJIKEHOB

AJIKOKCUMEPKYPUPOBAHUE AJTKEHOB I10 CYLIECTBY aHAJOTHYHO OK-
CAMEPKYPUPOBAHUIO (1. 5, 4. 1), eAMHCTBEHHOE Pa3TIUYHE COCTOUT B
TOM, YTO POJib «BHEHIHETO» HYKJeOMUIBHOrO areHTa BEITOJHSET
CIIUPT, KOTOPBLl MCIOJb3YyeTCA B Ka4eCTBe PACTBOpUTEN. g momy-
YeHUs! 3(UPOB, COAEPKAIMX TPETHYHYIO WIM BTOPUYHYIO RJIKMUIb-
HYIO TPYIIY B KadecTBe 3JeKTpodMIBHOro areHra, LejecoobpasHo
UCNOJIL30BATE TPUDTOPALETAT PTYTH:

1) Hg(OAc),; 3TaHoN
CH=CH
2 2) NaBH,; staHon

CH,(CH,)s—

——> CHy(CH)CHOCH,CH,,
CH, (92%)

ITocrenyrolee neMepKypUpoBaHUE OCYIUECTRISETCS ¢ TIOMOILbIO Bop-
rugpuaa Hatpuda. CyMMapHbIH pe3ysbTaT COOTBETCTBYET MPUCOCIUHE-
HUIO CIIMpTA [0 JBOMHOH CBSI3W &IKEHA B COOTBETCTBUU C TIPABHIOM
MapKoBHHKOBA:

1) (CF;CO0),Hg; (CH;),CHOH
2) NaBH, -

— <:>'O~CH CH,,
(98%)
cH 1) (CF5C00),Hg; (CH;)COH
2 2) NaBH,

———+ C4H;CH—OC(CH,),.
CH; (93%)

C¢H,CH=
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MexaHu3M peaklIMy MOJTHOCTHIO AHAJIOTMYEH MEXaHU3MY OKCHUMEPKY-
PUPOBAaHMS AJTKEHOB (1. 5, 4. 1).

11.3.2.8. CHHTE3 [MPOCTBIX 9PHUPOB 11O A BUWIBAMCOHY

DTa peakumsl pacCMATPUBAIACEH paHee B 3TOH Xe Iase:

199 1
RX + ROM — ROR™ + MX.

Tax MOXHO MoJy4yath Kak CHMMETPUUHBIE, TAK U HECHMMETPHYHBIE
3dupsl. MexaHu3M peakiMu U obiacTb ee IPpUMEHEHHUs 00CyXIaTuch
paHee. Drta crapas peakiUs HEOXUIAaHHO obpesna BTOpoe pOXIeHUE
flocae OTKPBITUS HOBOTO KJAacca NMPOCTHIX 3¢UPOB, TaK HA3LIBAEMBIX
kpayH-rionnabupos . KpayH-monuadupaMu Ha3slBaIOT MAKPOLMKITH-
yeckue noju3a(upsl, coaepxanue HECKOJbKO aTOMOB KHMCJIOpOAA B
uuxie. Bee xpayH-nionuadhUpel XapakTepU3yIOTCsl peTryIsipHOH CTpyK-
TYPOH, TIe KaXIble IBA aTOMa KUCJIOPOAA B I[UKJIE CBSI3AHBI IIOCPEX-
CTBOM JIBYX METMJIEHOBBIX 3BE€HbEB, T.€. GOPMANTBHO KpayH-noau3du-
pPbl MOXHO pACCMAaTpUBATh KAaK NMPOAYKTHl LUKIOOIUTOMEpU3aL U
OKMCH 3TWwieHa. B Hazpanusax kpayH-nonus¢upoB nepsas 1udpa yka-
3BIBAET HA pa3Mep LUKJ4, a BTOpas ONpefensieT YUCI0 aTOMOB KHUC-

JIOpOJAa B LIMKIIE.
~oy (9O

) (O™ 0 0 o) 0
[O O] 0 0 [ ] [ ]

) O\_/O i‘O 0’7 % ¢ P 9
N o/ k/O\_/O\)

12-xpayn-4  15-kpayH-5 18-xpayn-6 24-KkpayH-8

[epselit xpayH-rionuadup nubeHzo-18-kpayH-6 Obul noayuen K.ITe-
nepceHoM B 1967 1. ¢ roMolpio peakuuy BuibsiMcoHa MeXIy OUHAT-
pUEBO CONBIO NUpOKATeXMHA U OUC(2-XTIOP3ITUIOBBIM) 3(DHUPOM:

@iom CICH,CH;0CH,CH,Cl ONa© CHOH-HO; 100°C

+ +
ONa CICH,CH,OCH,CH,CI ONa

O-CH,CH,~0~CH,CH,~0
—CX ) e
O—CH,CH,~0~CH,CH,~0

"Crown (aHrn.) — KOpOHa.
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Jdpyrue KpayH-nojiiapupsl TAKXKE IONYYAIOT NMPU KOHAEHCALUMU AM-
TUIOTEHUJIOB WIM OUCYABDOHATOB ¢ [MAaHWOHOM auoioB. Hanpumep,
npuBeneM cuHtes 18-kpayH-6 (JI.Kpam) xax Haubosiee BaXHOIo M3
KpayH-nojiu3dupoB U 24-kpayH-8-monnagupa. BeIxon HMKIHYECKUX
KpayH-nonu3pupoB O4eHb CHUJIBHO 3aBHUCUT OT IIPUPOALI KATHOHA
OCHOBAHUS:

FoH  a™y o™y

0 0O KOH 0 0

[ o * O] H,O-TIr® [O O] (40-60%)
Lo a / o/
18-xpayH-6

OH TsO/—\O ()/_—\o
¢ 2O
0 O_ (CH;3;);COK O 0]
[ " TIr® win [ ] (15%)

0 0" & 0 0
K/O OH TsO \) et K/O O\)
N/ _/

24-xpayH-8

HawubGonee Boicokuit BIxon 18-kpayH-6-monuasdupa Habogaercs mpu
HCIIONIB30BaHUM AJIKOTOJNIATOB Kanusl, a nisa 12-kpayH-4 — ajKOroJjisi-
TOB JUTUS. BeIXoasr 0boux KpayH-IToan3pHpoB MMagaloT NpaKTUIECKH
[IO HyJsl, €CJIM B KAYECTBE OCHOBAaHMS GepeTcs rUApOKCHU TeTpaaIKu -
JIaMMOHUS. DTO YKa3biBaeT Ha TO, YTO KAaTHMOH UIPAET POJIb MAaTPULIBI
IIpY 00pa30BaHUM IIMKJIA, COJEPXKalUero onpeieIeHHOe YMCIO aTOMOB
Kucsopona. Pasmep 1MKiIa ornpeneigeTcs KOOPIMHAIMOHHBIM YHACIOM
KaTHOHAa IlenoyHoro Merauia. KoopauHanuonunoe yucio K mo
OTHOLLEHUIO K KMCIOPOACOAEPXKAIIUM JIUTAHAaM PaBHO LIECTH, I103TO-
MY KATUOH KaJiMa Haubonee adxpekTUBEH MpH HOAydeHKH 18-kpayH-6-
nonuadupa ¢ LWECThIO aTOMaMH KHUCIOpOoAa B LHUKIE. AHAIOTHIHO
KaTUOH JIUTUSI C KOOPAMHAUMOHHBIM YHUCIAOM YEThIpE CIIOCOOCTBYET
3aMBIKAHUIO [IUKJIA, COAEPXKAIIEro CTOJIbKO XK€ aTOMOB KHCJIOpOHA:

OTs
(OH Ts0™™ oo Pw‘ﬁ ah
0] O](CH3)3COK EO\’II'(?/O] [O\:If(@/o
o TIO o i o oo

O\/OH TsO/ L_O0_/ o/

BiussHUE KaTMOHA HA pasMep obpasyiouero HMUKIA MOaYyYMIo Ha3Ba-
HME MATPUYHOTO, WIH «TeMILIATHOro», 3ddeKTa.

Jots

(
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KpayH-nionuadupbl 06pa3yioT cTabUIBHBIE KOMIUJIEKCHl ¢ KATHO-
HaMH HEIEepPeXOOHBIX M MEPEeXOMHbIX MeTaLtoB. CTabWIBHOCTb 3THUX
KOMILIEKCOB 3aBUCHT OT COOTBETCTBUSI IHMaMETpa KaTUOHA Da3Mepy
MOJIOCTU KOJIbIIZ, & TaKXe OT KOOPAWHAIIMOHHOIO 4MCcja KaTHoHa
Mmetawia. KatuoH nutus ¢ guamerpoM uoHa 1,20 A obpasyeT ctabuib-
HBIA KOMILIEKC ¢ 12-kpayH-4-moans¢dpupoM ¢ OUAMETPOM I[IOJNOCTHU
konbua 1,2—1,5 A; xatmon Hatpusa (d=1,9 A) maer Haubonee cra-
OWILHBIA KoMILleKe ¢ 15-kpayH-5 (d=1,7—2,2 A), KaTUOH Kajius
(d=2,66 A) — c 18-xpayn-6 (d=2,6—3,2 A). KatuoH uesus c
d=3,38 A obpasyer npouHBIi KOMIUIEKC € 24-KpayH-8-TIoMU3bUpOM
c IMaMeTpPOM MoJIoCcTH Konbla nopsinka 4 A. KommiekcoobpasosaHue
KpayH-NoNMu3(dUPOB, UX CEPHUCTBIX Y A30THBIX AHAJIOrOB, a TAKXe
MOJIMLMKINYECKUX KPAYH-COeNMHEHU — TaK HA3bIBAEMBbIX KPUIITAH-
OB — C KaTMOHAMM METAJUIOB COCTABJSIET MHTEPECHBIM CAMOCTOS-
TEJIbHBIM paszfie/l COBPEMEHHONW aHANMTHYECCKON XUMHUU:

™\

O O
N O O N kpunranz[2,2,2]
Nasr it

0] O

s

11.3.3. CBOMCTBA ITPOCTHIX DPHPOB

B xuMHuyeckoM OTHOIIEHUM NMpOCThIe 3HPHI XapaKTePU3YIOTCS
BBICOKOW WHEPTHOCTBIO IO OTHOLIEHUIO KO MHOIHM pEareHTaM,
ocobeHHO oCHOBHOM MHpHuponbl. OHM HE PACUIEILISIOTCS METaIo-
OpPraHMYEeCKMMH COCTHHEHUSIMH, TUAPHIAMH M aMUIAMH IIEI0Y-
HBIX METAaJIOB, a TaKXe KOMIUIEKCHBIMM THApuIaMu 6opa ¥ amio-
MUHHUA. [IpocTrie 5dUpHl NPaKTHYECKH HE3aMEHHMMBI B Ka4YecTBE
pacTBOpUTENEN NPU MOJYYEHUM MATHUNOPraHUYECKUX U psaaa Apy-
FUX METAJUIOOpTaHUYeCKHMX coequHeHu (rin. 19, 4. 3), a Takxke mig
peaklyii BOCCTAHOBIEHUS QIIOMOTUIPUIOM JUTHS U €ro IIPOU3-
BOOHBIMH. CONBBAaTHUPYIOIASE CITOCOOHOCTL 3(HUPOB KAK PACTBOPH-
TeJield OCHOBaHA Ha WX CBOMCTBAxX XeCTKHUX ocHoBaHMi JIpouca. Ta-
KHE XECTKHME OCHOBAHHUS, KaK NTU3TUIOBBIN 3¢up, TeTparunpody-
paH, DIUMETOKCHATAH, MUMETHAOBLINA 3GHUp NUITHIECHIIHKONA,
JUOKCaH W Ipyrue, o0pasyioT MpOYHble KOMIUIEKCH C peaKTHBAMH
I'punbsipa RMgX, nuTUiiopraHUYeCKMMH COEIMHEHUSIMM, CONep-
XKAlIUMHU XEeCTKHE KHCIOThl, — KATHOHBI MarHusl Wid JUTUsA. Ddu-
pBl 06pa3syioT oYeHb INMPOYHbIE KOMILIEKCHI C XECTKHMH KUCIOTa-
mu JIsrouca — BF;, AlBr;, AlR;, SbCls, SbFs, SnCl,, ZnCl, n
T.I. coctaBa 1:1 unu 1:2:
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® O
(C,Hy),0 + BF;—> (C,Hy),0 —> BF;;

CHzcgz
CH;0CH,CH,0CH; + ZnCl, —» CH,0° S)CH3.
Zn 20
Cl Cl
Kak ocHopanus JIptonca mpoctsie 2¢hHpE 06pa3yioT KOMIUIEKCHI C
rajJloTeHaMH, B KOTOPBIX 3¢hUP UIPaeT poib JOHOPA, a ranoreH — ak-
uernropa. PactBop #iona B adupe okpallleH B KOPUYHEBBIA HBET B
oTnu4yue oT (pUONETOBON OKpAcKM #oja B pacTBOpe B aigkKaHax
5- 5+ R
I—I ... 0 . CgBur MakcCHMyMa IOTJIOLICHNUS TIpH KOMILTEKcoobpa-
R
30BAHMM MO3BOJIACT OLIEHUTH IPOYHOCTh KOMIUIeKca. Kpome Toro, B
yabpTpacduoneroBoil obacTy NMOSBASETCS HOBAS I10JIOCA IOTJIOLEHMS,
Ha3bIBaeMasi ITI0TOCO# IepeHoca 3apsiaa. Takue KOMIUIEKCHI TTONTYydITH
Ha3BaHUWe Komnaexcoe ¢ neperocom 3apada (KI13). Ddupsr obpasyioT
COJIM TPUATKIUIOKCOHUSA MPU B3AUMOJIEACTBUM C OY€Hb CHIIBHBIMU aJl-
KWIHPYIOUIUMH areHTaMU:

SbF, |R
RO + R'F =5 R:O—Rl ®SoFs .

MeTtoanl mosydeHUsT coNell TPHAIKUIOKCOHHUS OBUTH pa3paboTaHbl
[MeepgeitHoM B 1937—1940 rr. TpusTWIOKCOHMIAOOP(dTOPUN JTETKO
rmostygaercsl pu B3auMopneicTsum 3dupara tpexdropucroro 6opa c
BNMUXJIOPTUAPHHOM B abCOIIOTHOM 3dHpe:

adup; 36 °C ® ©
———— 3(C,H,);0BF, + (ClCHzCIZH—O—- );B.

(90%) CH,OC,Hj

B Hacrosniee BpeMs CONH TPUATKHIOKCOHHS MOJYYAIOT IIPYU B3au-
MOLEUCTBUHM MPOCTHIX 3GUPOB ¢ ankuaTpudiaTaMil HAA AJNKUI-
¢ropcynpdonaramu. KaTHOH TPUANKWUIIOKCOHHS — CHJIBHEHIUMHA aJ1-
KWIHPYIOUIMH areHT NoYTH NS Jboro, gaxe ciaboro HyKieo-
¢unsHOrO areHTa:
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@ e
R,0 + CF;SO;R ———> R;0S0;CF;
CHCl,

R,0 + FSO,R—» R;0080,F°
® o ® e
RC=N: + (C,H;);0 BF, @2’ RC=N—C,H;BF,
® 0o
ROH + (C,Hy),0BF, — ROC,H,

®@ © ® e

2

1 2
R R ® O R
AN / (C,H,);0BF, R—C C/
— —_— —_— =

e oc,Hg R

Ha cnocobHocTH mpocThiX 3¢UpOB NaBATh COMU OKCOHUSI OCHOBAHBI
criocodObl paclUEIUIeHHUsl ITPOCThIX 3(HUPOB Iof AeHCcTBUEM OpOMUCTO-
BOAOPONHON HJIK HOIUCTOBOIOPOLHOMA KUCJIOTHI, & TAKXE TpUTallore-
HUIIOB Oopa.

11.3.3.a. KHCIOTHOE PACHIEITIIEHUE MMPOCTHIX 3GUPOB

IIpocThie 3¢hUpEI paclueIsTIoTes py HarpeBanuu go 120—150 °C
C KOHLEHTPUPOBaHHBIMU (48%) BogHbpIMM pacTBopamMu HBr wim HIL
Drta peakuus 6pu1a oTKphIiTa B 1861 r. A.M.ByT/iepoBEIM Ha INpumMepe
pacllerieHus1 2-3TOKCHITPOIIAHOBOM KHCJIOTHI MOX AeitcTBueM 48%-it
HOIMCTOBOJOPOAHOM KHMCIOTHL. B CTOJIb Xe XeCTKMX YCIOBMSIX pac-
LUEIUISIOTCS] IPOCThie 3(Uphl hEeHOJIOB, HAIIPUMED:

CH,—CH—Co0H + HI 222°S chycnyr + CH3—(|ZH—COOH,

OC,Hs OH

150 °C
C¢HsOCH; + HBr ——— C4HsOH + CH;Br.
Onuako 3bupkl, cogepXallide TPEeTHYHYIO JKWJIBHYIO TpYyHIly, pac-
HIECTUISIOTCA OYEHE JIETKO:
H,0; 10 °C
CgH,OC(CH;); + HBr —==>——> C4H;,OH + (CH;);C—Br.
KucnoTHoe paciueryieHue npocThiXx 3hUpoB crenyeT paccMaTpu-
BaTh KaK TAUMUYHBIA ClyYyal peakKuUU HYKIeOo(UJIBHOro 3aMelleHUs
Yy HACBILIEHHOrO aToMa yriepojaa. B 3aBHCUMOCTH OT NpPUPOMABI ai-
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KWJIbHBIX TPYIII, CBA3AHHBIX C KHUCJIOPOLOM, peanusyercs: Sy2- wiu
Syl-mexanuaM. Eciu adup conepkuT repBUYHbIE UM BTOPUYHBIE al-
KWJIbHBIE TPYIIIBI, peayiu3yeTcsl Sy2-MeXxaHu3M, B KOTOpOM Opomu-
WM HOAMI-UOH aTakyeT NPOTOHMPOBAHHYIO (opMy 3dUpa Mo MeHee
3aMelleHHOMY aToMy yrjepona:

© ® Si2
[+ R‘—(l)—R2 ¥, R + R™OH.
H

B TtoMm cnydae, korna a3¢up comepXUT NEPBUYHYIO M BTOPUUHYIO aj-
KWJIbHbIE [PYNIlbl, paCUIEILICHHE OTJIMYaeTCsl BbICOKOH pervocesex-
TUBHOCTbIO M, KaK NpaBujio, obpasyeTcss TOJIbKO OJMH M3 JIBYX BO3-
MOXHBIX CHMPTOB (BTOPUYHBII) M TONBKO NEPBUYHBIM IKHIATIOrE-
HMA. XJI0pUa- ¥ GTOPUI-UOHBI B BOAE CUJIBLHO COJIbBATUPOBAHEI 3a CYET
BOZIOPOJHBIX CBA3el 1 00J1aHal0T HU3KOU HYKJIEO(PUIbHOCTBIO, IO3TOMY
CconsiHasA M OCOOEHHO MNNaBMKOBas KHUCJIOTbl HE MPUTOAHBI IS
KHUCJIOTHOTO PAacUIEIUIEHUs! TIPOCTHIX 3(PUPOB 1O Sy2-MEXaHU3MY.

[TpocTteie 3¢dupsl, comepxaliue TPETUYHYIO aNKUIBHYIO, OeH-
3WIBHYIO MW &UTHABHYIO TPYIIY, pearupynT rno Syl-mMexaHusmy
¢ obpaszoBaBMeM KapOOKaTHOHA B KayecTBE IIPOMEXYTOUHOH yac-
THUBI. DTH PEAKIIMU UAYT B OYEHb MATKHX YCIOBHUSX, 4 B KA4YCCTBE
kuciaotHoro arerra BMecto HI u HBr MoxHo ucrmoss30BaTh U
TpUGDTOPYKCYCHYIO KHUCIIOTY:

CF,COOH; 0 °C
O—OC(CH3)3 3 S O—OH + (CH,),C=CH,.
(90%)

PacuienieHne ahupoB ¢ MEPBUYHBIMU U BTOPUYHBIMH AJTKIIBHBIMU
rpynnamu ¢ nomoiusio HI u HBr ocyiuecreigercss B o4eHb XECTKMX
ycnoBUsiX. B mpenapaTMBHOM OTHOILUEHUM ropasfo Oosiee yIOOHBIMU
peareHTamu U atoit uenu seisitorest BCly wnu BBr;. B atoM cayvae
paciierieHre uaet yxe npu —20 °C. 9to HeoOXoauMo NMpU HAIUYUK
Ipyrux GyHKUMOHATBHBIX TPYIII MJIM TOTAA, KOr/a BO3MOXKHA M30Me-
pH3alKs YIJIEPOAHOIO CKEJIeTa:

1) BCl;; -10 °C;
CH,Cl,
NaOH; H,0

> C¢H;OH + CH,CH,CH,CI,
(75%)

1) BBrj; nexran; 0—20 °C
CH;(CHy)7—0—(CHY)sCHy 5 0R: H,0

———— CH;(CH,);Br + CH;(CH,),CH,OH.
(77%)

CH;CH,CH,0CH; 55
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11.3.3.6. PAIUKANBHBIE PEAKUIHUU TTPOCTHIX 5PHUPOB

TlogobHo ankaHaM, MpocThie 3QUPHI BCTYAIOT B PEAKIUIO padu-
KQJIbHOTO TaJIOf€HUPOBAHUSI, OTHAKO rajloreHUpoBaHue 3PUPOB OTIU-
Yy3aeTcst BbICOKOU PEruOCENeKTHUBHOCTBIO U OCYIIECTBISIETCS B (-I1O-
JIOXEHHUE [0 OTHOUIEHUIO K aToMy Kuciopoja. Cronb BBICOKasl pe-
TMOCENIEKTHUBHOCTh TAJIOT€HUPOBAHUSL OOBSCHAETCS OTHOCUTEIBHOH

crabunbHocthio pagukana CH;~CH—-O—R | rge necnapennsiit

3JIEKTPOH Ha 2p-opOMTAIM MEepeKphIBAETCS. C HEMOMAEIEHHON ITapoi
2p-3€KTPOHOB aTOMa KUCJIOPOJA.

hv;
CH,CH,0CH,CH, + C1,~22-"C> CH,CH—0—CH,CH; + HCl,
" al
CH,CH—O0—CH,CH; + Cl, 2% CH;yCH—O—CH—CH, + HCI.
L & b

ATOM rajioreHa B o-rajoreHzaMelIeHHBIX 3¢Upax JIETKO 3aMELIaeTCs
o JecTBUEM Pa3Ho0Opa3HbIX HyKIeohMWIbHBIX areHToB. CKOpOCTh
PeaKluy C o-TaJoreH3aMelieHHbiMy adupamu B 10°—10° pas e
10 CPAaBHEHHIO C COOTBETCTBYIOIIUMU AJIKIJITAIOreHUIaMH:

CH,0CH,CI + KCN 7= CH{OCH,CN + KCI.

HIpocrthie 3¢uphl NPOSIBASIOT MOBBILICHHYIO CKIOHHOCTh K 3yTOOKMC-
JIEHHUIO B NIPUCYTCTBUM KHUCJIOpoAa ¢ o0pa3soBaHUEM TMIPOIIEPEKUCEN.
Bra peaklUusi, HECOMHEHHO, MNPOTEKAET IO IEITHOMY pPaAMKATLHOMY
MEXaHU3My. AYTOOKHCIIEHUE HaUMHAETCsl ¢ oOpa3oBaHUs paauKaia Impo-
croro 3¢upa, 3pPeKTUBHLIM KaTaIU3aTOPOM AYTOOKUCIEHUSI MOXET
OBITH J1I0O0 UCTOYHUK CBOOOIHBIX PANHKAIOB. AyTOOKHCIEHUE 2PUPOB
NpeacTaBasieT OONbLIYIO MOTEHUMANBHYIO ONACHOCThL MpPHU pabore ¢
sdpuUpaMy B KavyecTBe pACTBOPUTENIEH, MOCKOJBKY TMAPOINEPOKCHUIbI,
HaKaIUTMBAIOLMECS B OCTATKE IPU IEePEeroHKe, MOTYT JAETOHUPOBATH
rpu cnaboM reperpene.
3apoxcdenue yenu:

X+ + RCH;~OCH,R—» RCH—OCH,R.
Pazeumue yenu: _
RCH—OCH,R + 0—0 —» R(IIH—OCHZR,

0—O0-
302



RCH—OCH,R + RCH,0CH,R ——
0—O0.

— R(IZH——OCHZR + RC.lH—OCHzR U T.A.
O—OH
[TosaToMy rHApOITEpOKCHUIbI JOJXKHBI OBITH TIIATEJIBHO YAANEHBI U3

aboro rpocroro 3¢upa A0 MNEPEroHKd ¢ MOMOIIBK BOCCTAHOBUTE-
neit — coneit xenesa (1) maum onosa (I1).

11.3.4. OKCHPAHBI (SITIOKCHIBI)

OxcupaHaMu (cTapoe Ha3BaHUE BMOKCHUABI) HA3BIBAIOT TPEX-
YWICHHbIE UUKINYECKHE COeNMHEHHUS, COlepXallle ONUH aTOM KHC-
Jjopoaa B nukiae. OKCHpPAHbI OTHOCATCS K YUCIY COeTWHEHUIt, 06-
JlajaluUX BBHICOKOH peaxkiMOHHOM CHOCOOHOCTBIO, KOTOpas Ipo-
SIBJNSIETCS B peakUMsSIX PACKPBITHSA TPEXUIEHHOro UMKJIA HOJ
NEHCTBUEM CaMbIX pa3sHOOOpa3HBIX HYKIeOoGUIbHBIX peareHTOB. DTH
CBOKCTBA OKCHPAHOB PE3KO OTJIMYAIOT UX OT APYIHMX LHUKIHYECCKUX
NpocTBIX 2(UPOB, TAKUX, KaK TeTpardapodypaH WIM TeTparuiapo-
MMUPaH, CTAOMJIBHBIX ITO OTHOIIEHHIO X HONBIINHCTBY HYKIeOohMIb-
HbBIX ATE€HTOB.

11.3.4.a. NONYYEHHE OKCHPAHOB

W3 aByx oO1IMX METOAOB CHHTE3a 3MMOKCUIOB ONMH yXXe ObUT MpHU-
BeleH B . 5 (4. 1). AJIKEHBI OKUCASIIOTCS [EPKUCITIOTAMHU B HETIOJNSP-
HOlt cpene ¢ obpa3oBaHUeM 3MOKCUIOB. MexaHu3M 4 obnacTb Hpu-
MEHEHHs: 3TOH peakLy NoapobHO paccMOTpPeHb! B raBe 5. 3xech Oy-
NYT TIpMBedeHbl TOJbKO NBa mpuMepa. Jpyroit obmui crnocob
MOJNIYYEHHSI IIMOKCHUIO0B 3aKIIOYaeTCsl B AETHApOrajoreHUpOBAHUAH
FAJOr€HIMIPUHOB IOJ NEHCTBUEM OCHOBAHUS

CH, H CICH,CH,Cl
Ne=c” + @-CO3H ——r,
/ AN
H COOC,H;
CH, H
s \C——Ci (70 %)
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CGHG; 25 °C

a
— CH3(CH2)5C\}\{—/CH2 (81%)

CH,C
@+ CO,H CH,Cl, <::Do (78%)

Cl
OH o°
R NG A “ /\ .
—"C—CT — /C—-C-_ — /C_
X Qx >

B cywHoCTH, 2TOT mpouecc npeacTasiisieT coboi BHYTpUMOJIE-
KYJISIpPHBIA cUHTEe3 3QUpOB IO BUIBAMCOHY, rie aJKOTONSIT-UOH
HUIpaeT poJib HYKIeohHIBHOIO areHTa, a rajJoreH — yXOonsillei rpym-
nel. McxonHple TAJIOTEHIMAPUHBI MOJYYAIOT MPU B3aUMONCHCTBUH
N-6poMcyKUMHUMHUAA WA N-XJOPCYKHUHUMHAZ C alKEHaMHU B
6uHapHoi#l cucreme IMCO — Boga MJIIM IpPYroro OpraHUYECKOro
pacTBopuTens ¢ Bofoi. CrepeoxuMuyeckue TpeOOBAaHUS, Hajlarae-
Mble Ha IpeBpalleHHe TAJOTEHIMAPUHA B 3IMTOKCHUI, JErKo Ipocie-
IHUTb HA [IPUMEpE peaKUUM Yuc- U mpaHc-2-XJI0PLUKIOTeKCAHOIOB
C OCHOBAaHUSIMU. BMOKCUJ IOJYy4aeTCsl TOJAbKO U3 MPAHC-U30MEPa.
st Toro 4ToObl B COOTBETCTBHM CO CTEPEOXUMHUYECKUMHU Tpebdo-
BaHUSIMHU 7151 Sp2-MeXaHM3Ma IIPOM3OLIIA aTaKa ¢ ThLIa, HEoOXO-
IvMa aumu-AuaKkcUalibHasi TeOMETPUS XJIOpPTUApPHHA, a el obia-
JIaeT TOJBbKO MPaHC-U30MED:

NaOH
H H2

(73%)
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[anoreHruaAPMHHBIA METOL CO34aHMS OKCHPAHOBOrO LIMKIIA ObLT HC-
IIOJIb30BAH LIS [MOYYEHHS UCKTIOYUTENBHO CBOEOBPA3ZHOro CoeANHE-
HUA — CuH-GEH3OJNTPUOKCHIA, XapaKTEPU3YIOIIErocss JOBOJBHO BbI-
COKOM CTabUIILHOCTHIO:

HO, OH
H HKMnO4 H H ko © O
P s ° . S CH,OH
Br Br H0,0-5°C p; Br 3
0 o 0

IMpocTeiumit ¥ Hambonee BaXHBIA U3 OKCHPAHOB — OKHCH 3THJIE-
Ha — MOJy4aeTcsl B IIPOMBILUICHHOCTH KaTAIMTUYECKUM OKMCIEHHEM
3TUJIEHA!

Ag/AL, 0O,

CH=CH, + 0y 5503350 -¢

CH~GH, (75%).

11.3.4.6. CBOHUCTBA OKCUPAHOB

B oTnuyue ot oOBIYHBIX NPOCTBIX 3(UPOB IS OKCUPAHOB Xa-
PAaKTEPHBI peaklid¥ DaclielIEHUS HAMNPSXEHHOTO TPEeXYJIEHHOTO
LUK IMoJ AEUCTBUEM caMbIX paszHOOOpasHBIX HYKJIEODUIBHBIX
AT€HTOB: THAPOKCHUI- W aJKOKCUI-UOHOB, aMUHOB, PEaKTHUBOB
[puHbspa, TMApUI-KOHA, NHANKUJIKYIIPAaTOB U ap. PackpwiTue
TPEXUJEHHOTrO LMKIIA Mo AeHCTBUEM 3TUX HYKICO(PHUIbHBIX areH-
TOB NPOUCXOOUT I10 S)p2-MEXaHU3MYy CTPOro crepeociiequ¢pUIHO C
obpalueHeM KOHPUIYpaLHU. DTO MOXHO NPOMJLIIOCTPUPOBATh Ha
IpUMepe PACKPBITHSI OKCHPAHOBOTO KOJbIA LIMKIOIeKCEHOKCUIA
noj AeHCTBUEM THAPOKCHI-MOHA ¢ OOpa3soBaHUEM HCKIIOUUTEINb-
HO mparnc-u3oMepa 2-oKcruiukiorekcanona. CTepeoXxuMHYECcKUE OT-
HOLLEHHUS B PSOY IMpEeBpallieHUM aKeH — 3IOKCUI — 1,2-110oN NpU-
BELEHBI B 1. 5 (4. 1).

- (9P o (on)
S
OH, 821 yo H HO
H,0
.
——
OH OH

Agr 6 6)
(70%; sHaHTHOMEpHI)

a)
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Hanpapneuune packpbITUsi OKCHPAHOBOIO LIMKJIA MTOJHOCTHIO COOTBET-
CTBYeT TpeOOBAHMSAM, XAPAKTEPHBIM Il IIPOLIECCOB OUMOJIEKYIsIp-
HOro Hyki1eodunrbHOro 3amellieHus. Ilpy HaIMYWM B OKCUPAHOBOM
LIMKJIE ATKWIBHOTO MJIM apHIbHOTO 3aMEeCTUTENs aTaka Hykieoduib-
HOTO areHTa HaIpaBisieTcsl MPEUMYLIECTBEHHO MO HE3aMEUIEHHOMY,
MPOCTPAHCTBEHHO GoJiee TOCTYITHOMY aTOMYy yrjiepona:

&}
oo

CHi—CH—cH—cH, SBCHONa oy Cp—cn—cu,——

| CH;CH,0H |
CH, OCH,CH,
"
—= CHCHOH)CHCH,
OCH,CHj

0 [SXO]

H CH,ON

H 3 CH~CH—CH,0CH, (85%)
C6H5 H CH3OH éH

MexaHU3M rMAPONM3a M AJKOIOJM3a OKCHUPAHOB MOXET IOJ-
HOCTbIO M3MEHMTBHCSI [IPH IPOBEAEHHM peaKLUUHU B KHCIOH cpele
MY B IIPUCYTCTBUM dJIeKTpodUIbHOro Karaiusatopa. B 6plcTpoit
U 0OpaTUMOM IepBOil CTaAMH IIPOUCXOJHUT IPOTOHUPOBAHHUE OK-
cvpaHa Mo aToMy Kucjopoga ¢ ob6pa3oBaHMEM OKCOHMEBOTO Ka-
THOHA. Bo BTOpO#l, MeleHHOH, cTaguM NMPOTOHUPOBAaHHAS ¢op-
Ma nozsepraercsl HykjieoduIbHOM araxe BONOH, CIUPTOM WJIH ra-
noreHUun-uoHoM. [IpoToHHpOBaHME OKCHpaHa PE3KO YCKOpSeET
pacKpbITHE KOJbLIA NPU B3aMMOHENCTBUU C HYKIEODHUIBbHBIM areH-
TOM 110 Sp2-MeXaHU3MY:

r X

@ .
CHs—CH, + H +—* CHs—CH,~— HO—CH,CH,—~X
NI N o, 2 e
?
H

B 33aBHCHMOCTH OT CTPOEHHSI OKCUPaHa MEXaHU3M PACIUETUIEHUS TpeX-
YJIEHHOTO UMKJIAa MOXET U3MEHATBCS OT Sy2 o Syl. Ecnu B pesynbra-
T€ PacKpbITUS LUMKIA 0Opa3yeTcsl OTHOCUTEBHO YCTOWYMBBIA TpeTHU-
Hblif KapOOKAaTUOH, KaTaJIM3UPYEMbIH KHCIOTOM COJNBBOJN3 OKCHpaHa
NMpoTeKaeT 1o Syl-MexaHusMmy:
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® R
AN H 6bicTpo N
C—CH, ==——*= C—CH, >

/
R\ ATA
|
H
R R
CH-,OH N
— C CH,0H 3 /Ci—CHzOH*FH&)
R R OCH;

Hanpapnenue packpeitis okcupaHa npH Syl-MexaHH3Me ITOJHOCTHIO
MIPOTHUBOIOJIOXHO TOMY, KOTOpOe HalIonaeTcs mpu Sy2-MexaHUu3Me.
Ecnu peanusyercs Syl-MexaHusm, HykieoduibHasi aTaka Hallpasisi-
€TCsl 10 Haubosiee 3aMeIieHHOMY aToMy yriepona. [Ipy KoHKypeHLMU
Sy2- 1 Syl-MeXaHU3MOB PAcKpbITUE LUKIA HE OTJIIMYAETCS BBICOKOM
pPETrMOCENeKTUBHOCTBIO ¥ INPHUBOAUT K 0OpAa3OBaHUIO CMECH ABYX
HU30MEPHBIX [IPOAYKTOB COJIbBOJIMTUYECKOIO PACLIEIUIEHUS] OKCHpAaHA.

BiauMoneficTBHEe OKCHPAHOB ¢ MArHUIOPTaHHYECKUMHU COEIU-
HEHUSIMU CIEIYyeT PaccMaTpUBaTh KAK DMMOJEKYJISIpHOE HYKIEO-
¢uiBHOE 3aMelleHHe Y HACBILIEHHOro aToMa yriepola OKCHpaHa
oA JAeHcTBMEM KapOaHMOHA META/IOPraHUYECKOTI'0 COCIMHEHHMS.
PackpbiTHIO IMKITA criocobCcTBYeT 0Opa3oBaHHe KOOPAUHALIMOHHO-
ro JOHOPHO-3aKUENTOPHOTIO KOMILIEKCa MEXIY aTOMaMH KHCJIOpO-
a U MarHusi, KOTOpO€ MOXHO paccMaTpuBaTh KaK 3JeKTpoQUIb-
Hblil KaTaJu3 B peakUU¥ HYKJICODUJIBHOTO 3aMEINeHUS:

R\ R\
C—CH, + R2MgBr PP, _CH—CH,R* —
H Y BrMgO
H0 1 2
R'CH—CH,R?
NH,Cl , CH:R
OH

Kak cnenyer u3 mpuBeNeHHOTO YpaBHEHMS, IPOIYKTAMHU 3TOM peak-
MU SBASIIOTCSH CHHUPThl. OKCHPAHOBBIA IIMKJI PA3MbIKAETCS TAKXKE I10I
OEACTBUEM JUAIKUIKYIIPATOB, NMPUYEM 3aMelleHue MPOHUCXOIUT Npu
HauMeHee 3aMellleHHOM aTOMe Yriaepoja:
1) (CH;),Culi; 3(1Mp
CH, (CH2)3CH—CH22) 00 » CH3(CH2)3CH—CH2CH3
2
O OH
(98%)
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BoccraHoBlieHHe OKCUPAHOB ¢ NOMOIUbBIO AIIOMOTMIPHULA JTUTHS,
KaK ¥ CJIe[0BaNO OXUAATh 1) Sy2-MEeXaHU3Ma, IPUBOAUT K PACKPHI-
TUIO LMKJIa [IPY HAMMeEHee 3aMelleHHOM aToMe yriepoxa c¢ obpaso-
BaHMeM HauboJjee 3aMeleHHOTO CIIMpTa:

1) LIAIH,; TT®; 0 °C Q (83%)
CH, 2 H0 CH,

’
.

O OH

CH; o0 M AD, spmp0°c T A
el ) 4 3 bup; 0 °C CHj --C—C—= CH, (74%)
/7 N D HO0°C /7~ \

CH,CH, CH, CH,CH,; D

HaumeHee 3aMelieHHbIN CIIUPT IIOJYy4aeTcsd IpH BOCCTAHOBICHHH
HECUMMETPHUYHBIX OKCUPAHOB 11H60paHOMZ

CH; o H H
SN\ Lo :
/c—c\ —12—;};5—’3@‘"» (CH3)2CH—|CH——CH3.
2
CH; CH, OH

OKCHpaHOBBIM LMKJ pacUleruisieTcss TakxkKe MpY HOMOIIM KaTalIUTH-
yeckoro rugporeHonusa. Haubonee 3¢d¢deKTUBHBIM KaTalIU3aTOpOM
TAOPOreHOMN3a B HEWTPANBHOM cpene sIBJsieTcsl NaIagui Ha yrie,
[IPU THIPOreHOIM3e B 3TUX YCIOBUSIX [10Iy4aeTcsl Haubosee 3aMeLeH -
HBlA crniypTr. OAHAKO MpU THAPOreHONHN3E B HeHTpalbHON cpele B
MPUCYTCTBMM HUKesst PeHest kak karanusaropa npeobiagaer HauMeHee
3aMELLICHHbBIN CIIUPT:

CHy-CH(CH)sCOOC,Hs + Hy ——*
0

Pd/C

aTaHoi; 1 arm CH3|CH"_(CH2)3COOCZH5_

OH (80 %)

Takum 06pa3oM, KaTaTUTHYECKUH THIPOTEHOJIHU3 OKCUPAHOB HE OT-
Juyaercsi TpebyeMoil permoceneKTUBHOCTBIO!

Ni N
H, + ngo—/CH-—(CHZ)7CH3 150°C 70 am HO(CH2)5CH; (85 %).

OkcHpaHbl HHOTAA [IPUMEHSIOTCSI B OPUTMHATBHOM criocobe 1ipe-
BpallleHHs] OTHOTO T€OMETPUYECKOro M30Mepa alKeHa B Jpyroi cre-
peoMep. DTo B3auMorpespalleHie E- 1 Z-U30MepoOB aJKEHOB OCHO-
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BaHO HA peakLUM [e30KCUTeHUpOBaHMSI (OTLUETUIEHHS KHCIOpOAa)
OKCHPAaHOB B &JIKE€HbI IO AeHCTBHEM TPETHYHBIX (pocuHOB, HAIPH-
Mep TpudeHwidbochuda. OKCUPaHOBBIN LUUMKII PACKPLIBAETCS B PE3YJIb-
TaTe HyKI1eodHUIbHON aTaku TpudeHUIPoCcUHOM ¢ 0OpazoBaHUEM
betauHa. [1pu BpallleHHMM BOKpYr MPOCTOH YII€pOA-YIJIepOJHOMR CBsI-
34 B GeTarHe U MOCTEAYIOLeM CUH-3TUMUHHUPOBaAHUM TpubeHwIdoc-
duHOKCcHIa obpasyercss anKeH, KOHGpUrypalys KOTOPOro IPOTHUBO-
MOJIOXHA KOHGUIYypalMyd UCXOLHOIO OKCHpaHa:

Rl O@

2 “CQC'I——R“
R™ A

4
R' ¢ ,R
“ /NS (CgHs);P
C —_—

C_
7 N SNZ
R? R’ (CeHy);P®

BpallieHue
——

R' ,R3 R! R
. {4 DIMMUHUDOBAHUE !
C — C—R > C=C + (C.H.),P=0.
R (CgHs)s
‘ > o 2/ » 4

®
PCHy), © R R

HUcxonHeit oKcUpaH Nojydaercs MpU crepeocnelrupruyecKoM 3I10K-
CHIMPOBaHUU aJIKEHA ¢ MOMOIIpI0 MepkucioT. [loaToMy npuseneH-
Has HUXKe IIOCNEeIOBaTeIbHOCTE MPEBpPALICHH TaeT B UTOre U3MEHE-
HHe KOHGUTYpaLMU aJKeHa:

R! ,R4 R! o ,R4
3
R2 R R2 R’
R R’
C.H.)-P;
(CgHs)s /CzC
R2 \R4

[MpocTe iU U3 OKCUPAHOB — OKHCb ITHJIEHA — LIUPOKO HC-
MOJB3YETCS B MPOMBILUIEHHOCTH [S1 MOJYYEHUS 3TUICHIJIUKOIIS,
IU3TUIICHTIMKONSL, TPUBTHUJICHIIIMKOJSI, UX MOHO- U IJUATKHUJIOBBIX
3¢hUpOB. DTHIECHITKUKOb [TONYYAETCH MTPU KMCIOTHO-KATATU3UPYEMOM
TUAPONU3E OKUCH 3TUJIEHA!

1%-s H,S0,

HOCH,CH,OH.
H,0; 70 °C

(90%)

/A
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AH&IOMHYHO M3 OKMCH STWICHA M STWICHITHKONS MOY4aeTcs MH-
STWICHIJIMKONb, 2 U3 OKUCH ITHIEHA M AMATWICHIJIMKONS — TpPH-
ATUJCHITTUKOJb!
/\ g®
CHy—CH, + HOCH,CH,0H - HOCH,CH,—0—CH,CH,OH.
[TonMMepH3aLMs OKMCH STHIEHA B IPUCYTCTBHH CHJIBHOTO OCHOBA-
HHUSI TPUBONUT K OOpa3’OBAHMIO IOIHUATUIEHITIMKONEH C MOJISPHOM

MAaCCOM OT HECKOJIBKMX COTEH A0 CTa ThICAY B 3aBUCHMOCTH OT ycio-
BUH MOJIUMEPHU3ALIUU

HO® + CH,—CH, —> HOCH,CH,0° —>
R/

(S]
2

N
CH,—CH,
n AN
—— HO—(CH,CH,0),,,H.
[TocKoNbKY 3TUIEHITUKONb ¥ APYTHE TUOJBI COAEPXAT NBe HYHKIIMO-
HanbHbie Tpynnsl OH, nonxumep pacrer ¢ oboux KoHuoB. [TonusTu-
JIEHTJUKOJb, MMEIOIMNA TOProBoe Ha3BaHHUe «KapOOBaKC», WJIHU
«TBUH», HAaXOQUT LUMPOKOE NpUMEHEHHE B KAaYeCTBE CMA30YHBIX Ma-
cell, rnacTudUKaTopoB, NMapPOMEpPHBIX Ma3ed ¥ B ra3o-XUIKOCTHOH
xpoMmartorpaduu.

MoOHOANKWIOBBIE U HUATKUIIOBbIE 3QUPHl BTHUICHIIMKONS, HU-
STWIEHTIMKOJISE UCITOJIB3YIOTCS B KAYECTBE PACTBOPUTEICH. MoOHOAIKH-
JIOBble 3QUPHl ITHICHITIMKOJA (LISJUIO30JIBBEI) MOJYYAIOTCA B Pe3yib-
TaTe B3aUMOJEUCTBUSI AJIKOFOJISITOB C OKUCBHIO 3TWiaeHa. MoHoankuwio-
Bble 3(GUPbl TUITUIECHIIUMKONA (KapOUTONBI) TMOJYYalOTCS B peakiUuu
LIeJUI030/IbBa C SKBUBAJIEHTHBIM KOJIMYECTBOM OKHMCH 3THJIEHA:

CH;0H
CH;0Na + CH,—CH, ———* CH30CH,CH;0H (MeTWILE/UT030EB).
N/
0]

HauGonee BaXHBIMM PAaCTBOPUTENSMHU, MPOU3BOJHBIMU TJIMKOJEMN,
SBJISIIOTCS NTUMETHWIOBble 3(UPHI STUIECHITUKONS (MOHOTIIUM, JUME-
TOKCHUITaH), IUMETHWIOBBIH 3DUp IUITWICHIIUKOMNSA (IUTIUM), TUMe-
TWIOBbIA 3HUp TeTpasTWIeHIIUKoNA (TeTpariuM). Bee 3ty anpoToH-
Hble MaJIOTIOJISIPHBIE PACTBOPUTENU O0M3aMaIOT IMIPEeBOCXOLHOMU CoJibBaA-
TUPYIOILIEH CIIOCOGHOCTBIO ITO OTHOLIEHUIO K KATHOHAM IIEJOYHBIX U
LLEOYHO3EMENBHBIX METAJUIOB U YPE3BbIYAaHO HIMPOKO UCIIOJIb3YIOT-
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Csl B peaklHsX T'MApOoOOpPHUpOBaHMS, PEaKLMAX METALIOPraHUYECKUX
COCOMHEHUN M B APYTUX CAMBIX Pa3HOOOpPA3HBIX [IPEBPAILICHUSIX B Op-
raHW4YecKoN XUMHUM. JuMeTuI0BbIe 3(PUPBI MOHO-, JU- U TETPA3ITH-
JIEHTJTUKOJICH MOJIYYaOT METUIMPOBAHHEM MX MOHOMETWIOBBIX 3HpPOB

JUMETUICYIBGDATOM B LIEJIOYHO cpefe:

(CH;0),580, + HOCH,CH,—0—CH,CH,0CH; —»

%fgﬂ» CH,0CH,CH,0CH,CH,OCH;,
2 JUTTTHUM

11.4. TUOJIBI X CYJIBbPHUIDI

Tuonsl RSH u cynsdunb R!SR? ceqyer paccMaTpiBaTh KaK IIpo-
U3BOMHBIE cTUPTOB K 3¢upos. Tuons! B HomeHkatype UIOTTAK ume-

10T OKOHYaHHUE THUOJ:

SH
|
CH3CH2(!3HCHZSH CH;CH,CHCH,CH;
CH;
2-MeT- 1 -6yTaHTHON 3-MeHTaHTHO
HUKIIOT€KCAHTHUO I-nponiavTHON

CrapMHHOE Ha3BaHHE CEpPHUCTBIX AHAJIOIOB CIIUPTOB — MEPKAIl-
TaHB! U SH-rpynmel Kak MepKarro- Telepsb pelKo yrnoTpebisercs.

Cynpdunbl Ha3bIBAIOT aHAJIOIMYHO MPOCThIM 3dupaM. B cooTBer-
CTBUU C OOIIEH HOMEHKJIATYPOMR Tepes CIOBOM CyabduI JaeTcs Ha-
3BaHHE IBYX &JIKWIbHBIX MM apWIBHBIX IPYHII, HAallpUMED:

CgHsSCgHj; CH;—S—CH,CH,CH;
mvdeHwICy b METHJITPOITMIICYTbhUI
‘ CH;
CH3—(|3—S— (CH,)¢CH;
th,

rentiun-(1, 1 -nuMeTin )aTiicynbshua

ITo HoMenknarype MIOTIAK cyabduabl Ha3bIBAIOTCS ATKWITHO-
ankaHamu. [Ipedukc ankuiatuo-(RS) monoben npedukcy ankokcu-
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B Ha3BaHuy npocTeix 3¢upoB. Kak u y npocteix 3¢upos, 6onabLIast
M3 JIKWJIBHBIX TPYII OaeT Ha3BaHUE IJIABHOM LeNy ajJKaHa:

CH;—S—CHz—-CHz—(IJH—CHZ——CH3

CH;
3-MeTii- (1 -MeTWITHO )IEHTAaH

CH3—C13H—S—CHZ—CHz—CHz—CHZ——CH:;

CH;,4
1 -(M30NPOITMITHO)IEHTaH

Homenxnarypa UIOITAK ang cynbdpuooB NMpUMEHSIETCS TOJBKO
U1 COEIMHEHMH CIIOXHON CTPYKTYpbl, B 00ji€€ IMPOCTBIX CIy4YasiX
MOJB3YIOTCA OOIe HOMEHKIATYpOU, A€ UX HA3bIBAIOT OUAIKMII-
(apwi)cynpdumamu. Hyke npuBeneHo CTpoeHUe MIPOCTEHNIIETO U3 THO-
JIOB — METaHTHOJIA:

H
\C—S
H//‘ \H
H
JlnuHa cBA3M, A BaneHTHbIH yTON, TPal
C—H 1,10 H—C—H 110
C—S 1,82 H—C—S 108
S—H 1,33 C—S—H 100

Ilo cTpoeHUIO METAHTHOJ HAIOMUHAET METaHOJ, HO cBA3b C—S
3HaYUTEJbHO JIuHHee cBsisy C—O. bapbep BpallleHHSI BOKPYT CBSI3U
C-S rakoit xe, Kak u s cesasy C—O, u cocrapnser 1,1 KKan/Molb.
Tuosel MPOSIBIISIIOT CBOMCTBA 0oJiee CHNIBHBIX KMUCJIOT, YeM CIUPTHI,
nopob6Ho ToMy kak H,S (pK,=7,05) muccouunpoBaH cuiIbHEe, 4YEM
Bona. [ns tHonoB pK, uaMeHsieTca B uHTeppante 9,5—11, T.e. ruapo-
KCHI-MOH IpeBpaHiaeT THOJbl HAlEAO B TUOJAT-HOH:

O]
C,HSH + OH === C,HS® + H,0;
pK,=10,6 pK,=15,7.

Cesi3p S—H 3HauuTeNbHO MeHee roJjsipHa, 4yeM cBsi3ab O—H, # THosbI
CBSI3aHBI MEXAY CODOM OUEHBb c1aboit MeXMONEeKYISIPHON BOJOPOJHOH
CBSI3bI0 B OTJIMYMUE OT CIIMPTOB. DTO NpOsSIBASieTcs B Oosee HU3KOH
TeMrepaType KMIeHUs TUOJOB. Tak, HalpuMep, 3TAHTUON KUIIUT NIPU
37 °C, Torna xak ataHon — npu 78 °C.

Haubonee BaXHBIM (PU3NYECKUM CBOUCTBOM THOJIOB SIBJSIETCS
OTBpaTUTENbHBIK 3anax. YenoBedyeckuit HOC paclio3HAET 3aax THoJa
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B KoHueHTpauuu 107—1078 mons/n (t.e. 1 M Trona B 50 MIULTHOHAX
JIUTPOB BO3AyXa), HE JOCTYNMHOHN N1 MHOTUX CIIEKTPAIBHBIX M XpO-
Matorpacduyeckux MeToroB. THOJbI B OYEHb HU3KON KOHUEHTPALUU
BBOISIT B [IPUPOAHBIH ra3 [Uist TOrO, YTOOB! MO UX 3aMaxy MOXHO GhUIO
OIpEeAEUTh YTEUKH rasza B MoMelleHUH. M3BecTHBI CBOUM MpPOTHUB-
HBIM 3a[1aXOM XOPEK CKYHC BBIIEJISIET IBA MPOCTHIX THOMA: 3-MeTHI-
1-6yranTvon u 2-0yreH-1-THOI.

11.4.1. HOJYYEHHE THOJIOB

CaMplii cTapblif MeTO[ MOJYYEHHUST THOJOB OCHOBAH HA peaKidu
OUMONEKYISIPHOTO HYKJIEODUIBHOIO 3aMELLEHUST TUIOTEHUI-UOHA B
NMEPBUYHbBIX M BTOPHYHBIX AJKUATAUIOTeHUAAX MO OECTBUEM TMAPO-
cyibhua-uoHa: .

NaSH + RBr 3manon~ RSH + NaBr,

CH3(CHy)1,CH,Br + NaSH ———» CH3(CH,);4CH,SH + NaBr.
20°C (60 %)

BbIxoasl THOIOB, NONYYEHHBIX 3TUM CIIOCOOOM, 4acTo ObIBAIOT HEBBI-
COKH, ITOCKOJIbKY THOJST-UOHBI OYEHb JIETKO ITOJBEPIaroTcs AabHEMH-
LIEMY JIKMWJIMPOBAaHMIO, [IPUBOISILEMY K 00pa30BaHUIO CUMMETPUYHBIX
arankuicynbdunos R,S. [l Toro 4yTobbI CBECTH K BO3MOXHOMY MH-
HUMYMY 3Ty IOCHEAYIOIIYIO peaKlUio, HeoOXOIUMO HCIIOJIb30BATh
OONILLION U3OBITOK CBEXEIPUTOTOBJIEHHOrO TMApOCYNb(pUIa HATPHUS.

CoBpeMeHHBI METOI CHHTE3a TUOJIOB 3aKJIIOYAeTCsl BO B3aHUMO-
NEeACTBUM @IKWIATAIOTEHUIOB WM AJIKWICYIb()OHATOB C TUOMOUEBU-
Ho#l. THOMOUYEBHHA B 3TO# peaKlMH UTPaeT POJib CEPHUCTOIO HYKIIEO-
duna, ¥ ATKUIUPOBAHUE OCYHIECTBISIETCS UCKIIOYUTENIBHO T10 aTOMY
Cepbl THOMOYEBHHBI ¢ 00PA30BAHUEM S-aNKWITUYPOHHEBOH conH. Pac-
LWEIIeHHE S-aTKMITUYPOHHEBOM COMU MOA JCUCTBUEM LUICIOYU [IPU-
BOLMUT K THUONIY:

®
C.H,4Br + s—c/NH2—>c H s——céNH2 BX (90%)
60 BPL T ST grapon, 78 °C 6 13 “NH, °
® THUOMOYECBHHA
NH

- 2 .
CHs—C” g D NaOH; H,0
’ NH,  2) HCL; H,0

(83%) )
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ﬂpyFMMI/I PasHOBUIAHOCTSAMMU I3TOTIO METOHA ABJSIOTCA AJTKUJIUPOBAHUCE
THOALETATA KAJIUd WU KCAHTOI€HATa KaJiusl ¢ NMOoCJACAYIOIIUM LEJIoY-
HbIM THAPOJIU3OM: ’

o)
4 7  NaOH
+ — +
CH3C\ o o RX—> CH3C\ 20 °C. HOH RSNa
S K SR
HCl
+ CH;COONa W RSH + CH,;COOH,
2
V4 //S
1) NaOH
— + —
CH;CHj; O——C\SK RX—> CH;CHj; O_C\SRm RSH.

KCAaHTOreHar Kajius

11.4.2. CBOMCTBA THOJIOB

HexoTopble U3 CBOMCTB THOJIOB 10 CYIIECTBY aHAJOTHYHBI CBOM-
CTBaM CIIMPTOB. AHHUOHBI THOJIOB BCTYIIAIOT B peakiiuio BuibsmcoHa,
NIPUBOMSILLYIO K NOJYYEHHIO THOIDUPOB (CYabdUIOB):

RIS® + RIX ~M» RISR? + X
Tuonat-uoHs! SBAAIOTCA Gojee CIIBHBIMU HYKICOMWIBHBIMU AreH-
TaMu, 4eM aJIKOTOJISIT-UOHBI, U CKOPOCTb 00pa3oBaHUs THOIGUPOB B
103—10* paza mpeBbllIAET CKOPOCTb PEAKIIMH ISl UX KUCJIOPOLHBIX
aHAJIOrOB. DTO IMO3BOJSIET OCYIIECTBASITh PEAKITUIO B MSITKMX YCTIOBUSIX.
Merton MexdaszHoro KaTtanmza UCKIIOYUTENbHO 3(p¢eKTUBEH IS
CUHTE3a CYJIb(PHUIOB:

e ®
CH,(CH,);S Na + CH,I CH,(CH,),SCH; + Nal

(71%)

® ©
o ® N(C,Hs);CH,C4H,Cl
@—s Na + CH,CH—(CH,)sCH, (ClsCHCAHC
| H,0 — C¢Hg; 70 °C
Cl

— -
ataHoi, 78 °C

— CH3—ClIH—(CH2)5CH3 (86%),
O
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@ )
N(CsH7)sCHC
H,0 — CgHg, 70 °C

Q @
CH;(CH,);S Na_+ CHy—(CH,)s—CH,Cl

——» CH;(CH,);—S—CH,—(CH,)s—CH; + NaCl.
(90 %)

Cynibduabl MOTyT ObITh TAKKe MOJIYYEHbB! B Pe3yNbTaTe IIPSIMOro B3au-
MOIECTBHUS Ccyab(hUaa HATPUS C JBYMS MOJSIMU AITKHJIUPYIOLIETO
areHTa:

> +
CUCH)CL + NayS 1570070 | . | + 2NacI

(73-78 %)

@ e
PC H33(C4Ho)3Br
2CHy(CH,),CH,Cl + Na,§ —2> Ho)s -
win N(C4Hg)(Cl ; HyO — CgHg; 20 °C
» CH3—(CH,)s—S—(CH,)sCHj + 2Nad(l,
(90 %)

»

® ©

PC cH33(C4Hg)3Br

H,O — 6ensomn; 20 °C

> (CH3);CCH,—S—CH,C(CHj); + 2NaBr.
81 %)

Bricokasi HyKJIeODUIbHOCTh 4TOMa CEPbl B CYab(HIAX OTKPHIBAET
BO3MOXKHOCTbD JUIS ITOJYYeHUSs] cojiei CyIb(OHUS B pe3yabrare aIKH-
JIUPOBAHUS CYIbOUNOB!

2(CH3)3CCH2BI’ + NaZS

[CHS]
_——»
(CH3),S + CH,l aueron; 20 °C (CH,);SI .

[Togo6HO CBOUM KHCIOPONHBLIM &HAJIOraM, CYJIb(POHMEBBIE COJMU MO-
TYT ObITh UCIOJAB30BAHBI B KAYECTBE AJKWJIUPYIOHIMX areHTOB B peak-

UHUSAX GMMOJIEKYISAPHOTO HYKIeOMUILHOTO 3aMeLEHUs Y aToMa yrie-
pona cynbGOoHUEBOH CONU:

e @ Sa2
HO: + CH, > S(CH;), —» CH;0OH + (CH,),S.

Ponb yxonsiueit rpynmbl B 3TOM peakuUUM UrpaeT AUMeTUICYIbdul,
HO, HECMOTpsI Ha Hanuyhe (OPMATLHOTO TIOJOXUTEJbHOro 3apsia,
(CHj3),S simsietcs xyauleit yxomsiieid rpyioit no cpasHenuio ¢ OTs - u
Br -uoHamu.
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OxucaeHue THOIOB PE3KO OTIMYAETCS OT OKUCIECHHUS cnupToB. B
3aBUCUMOCTH OT MPUPOIbI OKHUCIUTENS NIPOAYKTAMU OKUCIEHUS TUO-
JjoB sBasoTes aucynbguasl R—S—S—R, cynedbunossie RSO,H nnu
cyibdonobble RSO;H kucnorel. Tlpu aeficTBUM TaKUX OKUCIUTENCH,
Kak #Hol, 6poM, nepokcus Bogopona, MnO,, THOJbBl OKUCISIOTCS 10
MCYabbUIOB:

2RSH + [, - R—S—S—R + 2H],
Iucynbhum
2RSH + H,03 —» R—S—S—R + 2H;0.
Hucynpduabl 1erko BOCCTAHABIMBAIOTCS 0OPAaTHO 10 THOJIOB LIMHKOM
B YKCYCHO# KMCJIOTE YUIM JIYYILE BCEIO PACTBOPOM IIENOYHOIO MeTalia
B XHJIKOM aMMHAKE:
1) Na; xnnk. NH;, 33 °C
2) H,0; NH,Cl -
IlepkucaoTel, HANPUMep Mema-xJopriepbeH30HHasg KUCIOTa, B

UCKIIOYUTEC/IIBHO MATKHMX YCIOBHUAX OKHMCIAKOT THUOJIBI OO0 CyJ'Ib(bI/IHO—
BBIX KHMCJIOT:

RS—SR

2RSH.

S
0 0)
V4 CH,(Cl,, =30 °C e/
RSH + C\ > R—S\
cl 0O—0O—H OH
cyibHUHOBas
KHCIOTa

CUITbHBIE OKACIUTENM — A30THASI KUCJIOTA MM IePMAHraHaT Kaaus —
OKUCJISIIOT TUOJIbI IO CYJIBGOHOBBIX KMCIOT (IIPOAYKTOB UCYEPIHIBAIO-
IIero OKUC/EHUs OPraHUYECKUX COEAMHEHUN Cephl):

4 HNO,, ¢° 4
N sn i N )-soum o
_ : _

' 7
RsH 9% g” o,
H,0 X

KMnO,
(36%)

Cyabbuabl OKMCISIOTCS IIOCJAEeNOBATEIBHO OO0 CYJIb(POKCUAOB U
najee 40 CylbpOoHOB:
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Q S

® 9,0
r'sg? 19 Rls/ [O] R'SZ_R?
\R \
O@
cybhoKCcHA cyb¢oH

Cpeay orpoMHOI'0 KOJIMYECTBa pasHOOOPa3HBIX OKUCTUTENed HAU-
JyYUIMe Pe3yabTaThl I NpeBpalleHUs cyIbdUIOB B CyIb(OKCH-
OBl JOCTUTalTCAd NPU HCMOJL30BAHMU MeTanepuolaTa HaTpus
NalO,, mema-xnoprnepbeH30MHON KUCIOTH U mpem-OYTUITUIIO-
xaoputa. Cpead Hux Haubonee wupoko npuMmeHsercs 0,5 M Box-
HBIH pacTBOp MeTalepuomaTa HaTpus. DTOT PEAarcHT odecrieyuBaet
OYEHB BBICOKYIO CEJEKTUBHOCTL OKUCIECHUS CYIbQUI0B N0 cyAbdhoK-
CUIIOB MpaKTHYeCcKu O0e3 IpuMecH cyibhoHa U Ipyrux MoOOYHBIX
[IPOAYKTOB, €c/iu oKuciaeHWe npoBoauTes mnpu ( °C B 6uHapHol
CHCTEME BOIA — OPraHMYeCKUI PacTBOPUTENb (METAHOJ, IMOKCAH,
ALECTOHUTPHI):

NalO, _ - )
H,0; 0 °C. 16 > CH,;(CH,)5 Se CH; + NalOj;
~CH,0H (96%) O

CH,(CH,);SCH,

OO

. NalO %
C4HsSCH, W CeHs—S_  + NalO;

(99%)  CH;

NaIO4 @_d'a
» | S + .
CH,OH—H,0; 0 °C NalOs

(87%)

MexaHu3M OKHCIEHUs! CYNbDUIOB TIEPUOAATOM, I1O-BUIMMOMY, aHa-
JOTUYEH MEXaHU3MY paculleruieHHs 1,2-rIuMKoied M BKJIIOYAET IIMK-
JIMYECKUN HHTEPMEIUAT:
€]
R
o R\ /O\ /O H,0 @ 9 ©
RSR + IO4 > S I > /S——O + 103 .
N AN R
R 40) O
OxucieHue cyab@uUaoB 10 cyibPOKCHIOB [10]] ACHCTBUEM Mema-XI10p-
NnepOeH30MHON KUCIOThI U mpem-OyTHATUIIOXJIOPUTA MOXKHO [IPOHII-
JTKOCTPUPOBATH CIACAYIOIUMHA MPpUMEpaMU:
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Cl al
CO,H, 0—-20 °C
| } > |+ COOH
CH,Cl, 4

S i
0° (96%)
R g CI°
CH,0H ®
R,S + (CH;);C—0—Cl —2—» | S—OC(CHy),| —>
R

cH,0H R
—_— -
R

Crapeiit cioco6 oxkucieHus cyapdunos 1o cyasdoxkcunos 30%-M Bon-
HbIM [IEPOKCUJIOM BOJOPOJAa B YKCYCHOH KHCIOTE WIM alleTOHE [IpH
20 °C nocTeneHHO YTpadydBaeT cBoe 3Ha4YeHUE B JabopaTopHO# mpak-
TUKE, TaK KaK Hapsay c cyrmb(hOKCHIOM, KakK IpaBuiio, obpasyercs
HEKOTOPOE KOJNMYECTBO CYIb(oHa: '

@ o
’S—0 + HCl + (CH;),C=CH,

Oe
o/ &)

C4H,CH,SCH; + H,0, %”gf—“» C4H,CH,SCH, + C;H,CH,S CH.
(77%) (10%) ©°

OxkuciteHre cynb(UIOB 10 CyJIb(hPOHOB OCYIUICCTBISICTCS MOJ ACH-
cTBMEM Oosiee cuuibHBIX okucauTeneir (KMnO,; HNO; u ap.):

©
KMnO ®,°
4 > /_
CoHsSCeHs I COOH, 70 C6HSS\OgsH5 (78%).

OkucieHue cynbGUAOB B XecTKUX yeiaoBusax npu 90—100 °C ¢ nomo-
IWbI0 U30BLITKA TIEPOKCUIA BOAOPOAA MIIM mpem-OyTUATHIPOIIEPOKCH-
Ia B YKCYCHOH KHCJIOTE MpPeICTaBIseT coboi caMblif pacrpocTpaHeH-
HbIH MeTOJ MOAYMEeHHUS CYIb(HOHOB:

90 °C

CH;3(CH,);s—S—(CH,)sCH; + H202—C_ﬁ3_(_f)—o_f_1>
@/Oe
> CHy(CHy),s—S- éCH2)15CH3 + H,0.
(98%) 0
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CynboKcHabl TaKXe OKHUCISIOTCS 10 CYAb(hOHOB MpPH B3aUMO-
ngevcreuu ¢ H,O, B yKCYCHOM KHMCIOTE MM alIETOHE, T2 peaklus
KaTtanusupyercss okcuaamu aHanust (V,0s) u Boibdpama (WO; n
H,WO,):

e
o
® WO,; 90 °C
oP (84%) P

Cyabdoxcuapl IIpUHALIEXaT K YUCAY COSIMHEHUH C TpeXKoop-
JUHUPOBAHHBEIM aTOMOM cepbl. TIpHpona ¢BA3M cepbl U KHCIOPOAA B
cyapGhoKCHIaX B TeYeHHE IJIMTEIbHOIO BpeMEHH ObLIa MpeIMETOM
IUCKYCCHI M ocTpbiX criopoB. Jist cyabhoKCUIHON rpynnsl OOBIYHO
UCIIONIB3YIOT [Ba o6o3HayeHUuss: ST—O~, KoTopoe MOAYEpKUBAET AU~
MOJISIPHYIO, JOHOPHO-aKIEIITOPHYIO MPHPOAY CBA3M CEepbl U KHUCJIO-
poxaa, u S=0, KOTOpoe YKa3bIBAET Ha dy«—D,-B3aUMOJEHCTBHE BAKAHT-
HOM d-opOUTATH cepbl U HEMOACIEHHON Maphl p-3JIEKTPOHOB KHUCJO-
pona. JInMHa cBA3M cepbl M KUciaopoga B cyibpokcupax 1,47 A
GopMaTbHO cornacyercs ¢ IBOHHON CBA3BIO, MOCKOJIBKY OXMHApHAS
cBs13b S—O umeer uMHY 1,69 A. OgHako yMeHbIIEHUWE JUIMHEBI CBA3U
HE MOXET pacCMaTpHUBATHCA B KAYECTBE PEIUAIOIETO apryMeHTa o0-
pasoBaHusl JBOHHOM CBSI3M B Pe3yJIbTaTe p,—d,.-IEPEKPbIBAHMSI 3a CYET
MycToi d-opOuTanu cepbl. AToM cephl Kak 3jemeHT I11 nepuona 06-
JlafjaeT BBICOKOU MOJSIPH3YEMOCTBIO, ITO3TOMY IMIIONApHAs JOHOP-

HO-aKILEITOPHAsA CBS3b s*-0° ¢ nonoxurensHBIM 3apsIOM Ha cepe
JOJXHA OBITh 3HAYUTEIBHO KOpoYe TMPOCToil oadHapHoi cBsa3u S—O.
Benuunza mUIoOJBHOTO MOMEHTA KakK (GYHKIIUS JAMHBI CBS3U HE I10-
3BOJISIET CHEIaTh BBIGOP MEXIY ABYMSI 3TUMM CTPYKTYPaMH.

JlaHHBle KBAaHTOBO-XMMMYECKHMX PACYETOB TAKXKe He HAI0T OJHO-
3HAYHOI'O OTBETA Ha BOMPOC O IIPUPOIE CBSI3U Cepbl U KUCIOpOIa B
cynbdokcuaax U cyib(poHax, XOTSE COBPEMEHHBbIE pacueThl OTAAIOT
TPeATIOYTEHHE CTPYKTYPE C AUIIONSAPHON IOHOPHO-aKUEITOPHOR CBsl-

3b10 S®“—Oe, rie JOMOJHUTENBbHOE CBA3BIBAHKE OCYIIECTBIISICTCS IT1aB-
HbIM 00pa3zoM 3a CYET 3JEKTPOCTATHYECKOTO B3aHMOAECHCTBUS CEPBI
U KHCIOPO/Ja BCIAENCTBHUE BBICOKOM MOJIAPU3IYEMOCTH ATOMA CEPbI.
HecuMMmerpudnbie cynbGoKCUanl XUpalibHbl, U POIb YETBEPTOTO
3aMeCTUTEIS BBITTOJIHSIET HETIOACICHHAS T1apa 3MeKTPOHOB aTOMA Cephl:

e e

S 5
CH; | ~oP 07| ~cH;
CH,;CH,CH, CH,CH,CHj;
{(5)-aHaHTHOMED (R)-sHAHTHOMED
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PazneneHue cynbhOKCHAOB Ha 3SHAHTHOMEPB! BIIEPBbIE OBLIO OCY-
urectBireHo KenunonoM u @unnuncoM B 1926 r. Ha npumMepe mema-

O@

@

KapboxcudeHuIMeTUICYIbDOKCH A CH3S£—C6H4—COOH—M. I1pa-
BOBpAIUAIOIIWI 3HAHTUOMED S-autui- L-uucreuHcynbdokcuna (S-ai-
JuncynibPUHUIATAHUHA) SIBISIETCS TeM COeIUHEHHUEM, KOTOpOe
onpejesieT 3arnax yecHoka. PalieMusanysg HaHTUOMEPOR IUAPHIICYTb-
QOKCUIOB U ApUJIUIKWICYIb(GOKCUIOB B PACTBOPE IPOUCXOAHUT IpH
150—200 °C, yTo COOTBETCTBYET DHTANBIIUK aKTUBALUMY palleMU3ALIUU
AH® nopsiika 35—40 xxan/mons (150—175 k[[x/MoJb), T.€. 3TH SHAH-
TUOMEPB! BecbMa CTabHJIbHBI.

CynbghoKcH/apl OTHOCSTCS K HE3aAPSKEHHbLIM aMOMIEHTHBIM HYK-
neopunam. TepMUH «aMOMIEHTHBIA HYKJIeodHI» IIpUMEHSIETCS IJist
HEWTPAIBHBIX COCAUHEHMI 1 aHUOHOB, COIEPKALIUX IBA HYKIeoDUIb-
HbBIX LeHTpa. B cyabdokecunax 3To aToMbl cephl ¥ KUcaopoaa. B coot-
BeTCTBUU c¢ npuHUMNoM KMKO (rn. 3, 4. 1), cepa sipnsiercsl Msir-
KHUM, a KUCJIOpOHL — XECTKHUM HYKIeO(GHIbHBIM LEHTPOM CYJIbGOK-
cuIOB. MaArkue 3jieKTpodUibHbBIE areHThl, KaK 3TO U IpPeNCKa3bIBaET
npuHuun KMKO, arakylor MSIrKAM aTOM cepbl, a XECTKHE 3JIeKT-
POPHUIBI — XECTKUH KHUCIOPOIHBIA UEHTP CYIbPOKCHUIA, HAIPUMED:

OCH,|®
@
CH;—S—CH, + CH;0Ts —> | CH;S OTs
@O CH3
©
CH c';? CH, + CH.l CHD.0 ©
—_—— + —_—
3 3 3 ~
(I)e CHy CH,

AMOMIEHTHBIA Xapakrep Cyab(QOKCHIOB IMPOSIBISIETCS U IpU 00-
pa30BaHUM KOMILIEKCOB ¢ KATHOHAMU IEPEXOAHBIX M HENEPEXOJHBIX
mertawios. Msrkue kationst Pt**, Hg®, Ag", Pd* u npyrue xoop-
OUHUPYIOTCS 110 aTOMY CEpbl, XXEeCTKWEe KATHOHBI IIEeJOUYHbIX, LUET0Y-
HO3EMeJbHBIX MeTaL10B, Al*Y u Ip. — [0 KUCJOpONY.

Cynbphokcuanl U cybhOHBI COAEPKAT CHIBHBIE 3EKTPOHOAKIIEI-
TopHble rpynnsl SO u SO,. DT rpynnsl 3a cyeT cuwibHoro —I-adhdek-
Ta (cM. 1. 2, 4. 1) BeI3bIBAOT noaspusauuo C—H-cBg3u npu o-yrie-
pPOJHOM aTOME, U BOIOPOI B BUJE MPOTOHA OTIIEIUISETCS NIPH Heii-
CTBUHM OYE€Hb CHUJIBHBIX OCHOBAaHMUH, TaKWX, KaK FUIPUI HATpusi,
mpem-OyTUIAT KaJusl WKW OYyTWLIUMTHIMA:
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€] O@

0
9, 60—70 °C ® 9 e/
JUMCUIHATPUIA

o &£
) 70 °C @/ 0.
CH;SCH, + (CH;);COK =—2 CH;5—CH, K+ (CH;);COH
P 0®
L2/ 1 2
R'CH,S=R, + CHyLi g—(20 :C). - R CHTS—R + CH,,
TI'®-rexcan Li@

YHUBepcATbHBIMU PEareHTaMH IS NTOydeH st KapOaHUOHOB CYIb(OK-
cuaoB ¥ cynpdonoB sBistiores H-C4HqLi u (us0-C;H;),NLi, kotopbie
MO3BOJISIIOT OCYIIECTBUTL 3To mnpeBpamenne npu —80 °C, korma
CyIbDOKCUABI KOHMDUTYPALMOHHO CTaOHIIBHBL.

Kapbauuons! cympdoxkcunoB U cyab¢hOHOB ITPOSBISIOT CBOWCTBA
KaK CWJIBHOTO OCHOBAaHUS, TaK M MOIUHOIO HYKJICO(HUIIBHOIO areH-
T4, U 3TO OOCTOSITENLCTBO LUMPOKO MCIIOJB3YETCS B COBPEMEHHOM
opraHuyeckoM cuHTtese. CyabPHHUIKAPOAHUOHBI JETKO B3dUMOIEH-
CTBYIOT MIPAKTUYECKM CO BCEMH THIIAMM BNeKTPODQIIbHBIX PEareHTOB,
HEKOTOpble M3 HauGoJice BaXKHBIX IPEBpALICHUN C y4acTUEM CyJlb-
duHnIKapbaHMOHOB puBeneHsl HxKe. KapbaHuoHbl cyn1bGOKCHI0B
MTO/IBEPraloTcsl AIKUIMPOBAHMIO II0J AeHCTEMEM ITEPBUYHBIX AJIKUA-
TUIOTEHUI0B, s BTOPUYHBIX U TpeTUUHBIX RX mnpeobragaomum
HarnpasieHMeM OKa3blBAETCS INMUMHHUPOBAHUE:

Oe /Oe oe
C o ®
Rlcn, s e Sl | p18e” RZB—C—}—IlZ(——> R'CHSZR*+ X°
TI'®-rexcan; TT®-rekcan
-78 °C 0—(-20 °C) CH,R
Hanpumep:
€]
o® 1) C,HgLi, rexcan — 3cup; 0)
o -78 °C @
2) CH3l; -20 °C
CH; (88%)

TpexuieHHOE KOJIBLIO OKCHPAHOB PACKPBIBAETCS MPU B3aUMOAEHCTBUH
¢ xapbaHuoHaMU cyibGOKCHAOB Mo Sy2-MEXaHHU3MY € BBICOKOHR
PETHOCEJIEKTUBHOCTBIO C 00pa3oBaHUEM Y-THAPOKCHCYIb(MOKCHUIOB:

112778 321



] Oe
o, Q 0°C /
(CHy);C—S__ + R' g™ (CH3);,C—S_ 1
CH,R CIJH—CHz—(IJH—R

R o°

(80—90%)

Haubosee BaxXHOW B OpPraHUYECKOM CHHTE3€ SIBISIETCS KOHAEH-
cauusa CyaIbGUHHIKAPOAHHOHOB CO CIIOXHBIMH 3dupaMu, KoTopas
npuBoaUT K 1,3-kerocynboKCHIaM C OYEHb BHICOKMMH BbIXOJAMHU
(M.Kopu, M.Yaitkopckuii, 1965 r.):

e o

°

e/ C/ 0°C

da Cbe ) o°

2 9/ o
—»|CH— s——CH2 C—R —=RC—CH;—S, + CHyCH,0';
C/ CH;,
O—CH,CH
o° o°
®s e/
2) R—C—CH;—S—CH; +CH§ ~_ —*

. CH,

© )

® /O PAY

O
—— Rﬁ—CH—S—CH3 + CH,S—CHj;

Oe O@
@ o/ H,0* e/
3) RC—CH—S —~—-=» R—C—CH,—S—CH,.
I Ny, 2O 0°C ]
3 O

MexaHu3M 3ToH peakuud moxobeH CI10XHOI()UPHOH KOHAeHCca-
uuu Kisitzena (1. 17). Aunon JMCO (iuMcCWIaHUOH) TTIEpBOHAYab-
HO MpPUCOENMHSIETCS 10 KapOOHMJIBHOM IpYIIIEe cJoXHOoro adupa c
06pa3oBaHUEM AHHUOHHOIO TETPAAPUYECKOro MHTEPMEIHaTa. DTOT
HHTEPMEIUAT CTAaOUMU3UpYETCsl B PE3yNbTaTe OTIICIUIEHUS 3TUIIAT-
HoHa ¢ obpazoBaHueM 1,3-keTocyibdokcuna. 1,3-Kerocynbdokcumabl
NpencTaBasiioT coboit gocraroyHo cuipHble C—H-xucnotsl ¢ pkX, B
vHTepBane 10—12. Bropoii 5KBUBaJIEeHT IMMCHJIIAHMOHA MEPEBOLUT UX
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B CONpPSIKEHHBbIM aHUOH, NMPOTOHUPOBAHUE aHWUOHA C ITOMOILBIO MH-
HEPAILHOM KHUCJIOTHI pereHepupyet 1,3-keTocynphokcun. Hiuke npu-
BeAeHb! HauboJsiee THIMUYHbIE IIPUMEPBI KOHAEHCAUMH OUMCHIAHUOHA
€O CJIOXHBIMU 3QUpPaMKU MOHO- U JUKApOOHOBBIX KUCJIOT:

&)

TI® — IMCO
0—10 °C; 30 MuH

Vi e ey
CH,(CH,),C—OCH,CH; + 2CH,—S—CH,

(]
O
—— CH;(CH C//—SH—%/ HA
3( 2)4 \ H2O; 0°C
CH,
Q
/ Y4
—_—> CH3(CH2)4C_CH2_S\
(70 %) CH;
Oe
O' o o TF(D — I[MCO,
. 1) CH,S—CH,; 0-10°C N
OC OCH,CH; 5 e H,0; 0 °C o
i &
@
C—CHj; s/

Q0 @
1) CH,S—CHj; TT® —
JIIMCO; 10 °C

CH;CH,00C(CH,);COOCH,CH; 3 mm o s
s 2

o 0 0 o°
o/ 4 4 o/
(82%)

1,3-KetocynbGoKCHIBI IETKO BOCCTAHABIUBAKOTCS IO KETOHOB 0]

IecTBUEeM aManbraMbl altoMuHMsT Al(Hg) WiaM UMHKa M YKCYCHO#
KHUCJIOTHI:
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O@

q e/

Al(Hg) » CH;(CH,),C—C
TI®—H,0; 20 °C ol Hz)““ H
(98%) O

o° , o°
®/ @/
CH;S—CH,—C—(CH,);—C—CH,S —_—
I ] \en,

Al(Hg)
> —C— —C—
Tr®—H,0; 20 °C A, ﬁ (CHy)s I H,

(90%)

TaxuM 00pa3oM, OBYXCTAAUMHBLIA IpOLECC, BKIOYAKIIANA KOH-
JeHCAUMIO CcyTbGUHUIKAPOAHUOHOB CO CICXHBIMA 3dMpaMu ¢ TIoc-
JIeNYIOUMM BoccTaHoBIeHUeM 1,3-keTocynbghuna, rpeiacTasisier coboi
YHUBEPCATbHBIA METO CHUHTE3a KETOHOB. METON JIErKO MOXET ObITh
pacllMpeH ¢ LEJIbIO TOJyYeHUs] KETOHOB CAMOTro pa3sHooOpasHoro cTpo-
eHnst. 1,3-Kerocynbpdokena npu JeHCTBUM TAKHMX OCHOBaHUH, kak NaH;
[(CH3),CH],NLi, unu gaxe ajkorojsitoB ILIEJOYHBIX METAJLIOB IIpe-
BpalllaeTcs B eHoMaT-uoH (1. 17). EHoMSIT-UOH IoABepracTesl peruoce-
JIEKTUBHOMY C-aJIKUJIUPOBAHUIO IIPU B3aMMOIEUCTBHU C IEPBUYHBI-
MM M BTOPUYHBIMM aJKurajoreHuaaMu. BoccrtaHoBieHUE MPOLYKTOB
aroit peakuuu Al(Hg) wiy UMHKOM M YKCYCHOM KHUCIOTOH NPUBOAMT
K KETOHaM:
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0 o 0 o
/ ®  1)yNaH; TI®:0°C _ 7/ e/

R—C—CH,S - » RC—CH—S —>
\  2) RICH,X \
CH; CH,R! CHj
0
Zn___, & cncnp
CH;COOH ™ 2R

Tako#t crroco6 nmojydeHUsi KETOHOB YCIEIIHO KOHKYPHUPYET C APYTH-
MM METOIaMM, OCHOBAHHBIMHM HA QJKWIMPOBAHHUU €HONAT-UHOHOB U
«KETOHHOM pacllUelUIeHHU» [IPOU3BOIHBIX alleTOYKCcycHoro 3gupa,
KOTOpble OYIyT pacCMOTpeHb! B r1aBe 17. JIuTHeBbIe COMU CYIbGUHII-
KapOaHHUOHOB TMPUCOCAMHSAIOTCS MO0 KapOOHWIBHOMN I'pYIITle KETOHOB,
HaTipyMmep:

]
0 OH @
® —(-20 ° O
caH + 0=<:> o2 en 4 o/
\e o CH,S
CH,Li \
(77%) CeHs

Cynbpdokcunsi, comepXaique 1o KpaliHel mMepe OIHMH aTOM BO-
JOpOfa TIPH O-YIICPOLHOM aTOMe, NPH AeHCTBUM aHTMAPHIOB Kap-
HoHoBbIX KMcaoT u kuctot Jsouca (SiCly; POCL;; SOCI,; BCls; PCly
U T.0.) IpETePIIeBal0T OKUCIUTEIbHO-BOCCTAHOBUTEIBHOE TIPEBpallle-
HME B O-ALMJIOKCHCYNbO)UALI, MOJyYMBIIee Ha3BaHWE IeperpyImnu-
posku P.ITymmepepa (1909):

o

0

®/ 120 — 140 °C
Rls\ ¥ CHyL—0—C—CH,—————

CH,R
0
| /7 .
———>R'S—CH-0—C  + CH;COOH,
R’ CH,

tne R!' u R? = Alk; Ar.

HpelIHOJIaFaCMbIﬂ MEXaHU3M DTOMU peaklIuM BKIIOYACT HECKOJBKO
CTau#, B KOTOPBIX [TOCNIEAOBATCABHO o6pa3y}orc;1 AlUJIOKCUCYIIb~
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(oHueBass cosib, WIKA U CyIbGOHMEBBI KATHOH, KOTOPHIA IoOCIe
NMpYCOoeIUHEeHUS alleTaT-uoHa AaeT o-aleToKCcucynbdua. B ciydae He-
CUMMETPUYHBIX CYIb(DOKCUIOB ALMIOKCUIPYIINIA NIPUCOSTHUHSIETCS K
HauMeHee 3aMEelIEHHOMY OL.-YIJIEPOIHOMY aTOMY:

0° CH3COOe@
® .
(CH3)2CH—S< + CH3—|<|:—o—ﬁ—CH3 — (CH3)ZCH§CH3—>
ALMIOKCUCYTbOHUEBAs
COJNb

Y
CH3C/ O—COCH,
~ 0

°CH,c00°
O, (cHy,cHSs—cH, —59% (cny),cHS=cH,—
—-CH;COOH ®<’0 KaTHOH Cy/bdeHus

+ CH,CO0°

Vi
> (CH;),CH—S—CH,—0—C—CH,.
o-aterokcucyabdun (69%)
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12.1. BBEJEHHE

[lepBbift apoMatudeckuil yriesomopon — OeH301 — ObUl BhUIE-
ned M.®Qapazneem B 1825 r. U3 cBeTUJIBHOU XUIKOCTH, KOTOpasl MUC-
MOJIL30BANACH B TO BpeMs /UTSL ocBeleHus yiaul. Qapaneit ycTaHOBUI
aMIMpuyeckyio dopmyny bensona C,H,. B 1833 r. &.Muyepaux srep-
BbIe CHHTE3MPOBAT YUCTHIN OeH30J CIIIaBJIeHHEM OeH30aTa HaTpus
¢ NaOH u ycra”HoBui ero Monekyisipuyio dopmyny C Hg. B mocie-
AYIOUIMEe rolbl U3 NPOAYKTOB MepepabOTKU KAMEHHOIO YIJIsi — KOK-
COBOTO ra3a M KAMEHHOYTOJbHOM CMOJBI — OBUIM BbUIENeHBI Had-
TJIMH, aHTPALIEH, TOJYOJd, KCHJIOJAbI ¥ MHOTUE OPYIME apoMaTuyec-
KHE YIJIeBOIOPO/IHL.

TepMUH «apoMAaTHYECKUil» BO3HMK ITOTOMY, YTO MHOTHE COEHM-
HeHUsT — OeH3anblerun, OeH3WIOBBIA cnupT, 3¢bupbl GeH30UHOU
KHUCJIOTBI, cofepxauiue, Kak 1 6eHsol1, paguxkan denun CcHs, 6put
BbLIEJIEHBl M3 Pa3iMYHOro pola JaJaHoB, apOMAaTUYECKUX Maces U
Oanp3aMoB. Jlaxe mociae yCTaHOBJEHUS YEThIPEXBAJEHTHOCTH yrie-
pola ¥ BBEIEHHS IIOHSATHUS O KPaTHBIX CBSI3SX B &JIKECHaX U aJIKMHax
cTpoeHue OeH30JIa U APYrHMX apoMaTUYEeCKHUX COEeJIUMHEHUH ocTaBa-
JIOCh 3arafikoil, MOCKOJIBKY, SBISISICE HOPMANTBHO HEHACBIIEHHBIMU
COCIUHEHUSIMU, OHU ObUIM UHEPTHBIMU B PEAKIIMSIX IMPUCOCANHEHUS.
3TO NpOTUBOPEYHE YACTHYHO yaasioch ycTpaHUTh A.Kekyne, Korto-
pbiit B 1865 r. npemnoxwi mia GeHsona ¢GopMyly IeKcaroHajibHOro
1,3,5-uuknaoreKcarprueHa:

dopmyna Kexyne

B aToit dopmyiie Bce aToMbl yruiepoga U BCE aTOMBI BOAOPOAA 3K-
BuBasieHTHbl. Popmyna Kekyne oObsicHsIa CYIECTBOBAHUE TPEX AM-
3aMELIEHHBIX ITPOU3BOIHBIX OEH30J1a U OMUCKLIBAIA UX KaK opmo-(1,2),
mema-(1,3)- 1 napa-(1,4)-U30MepoI;

Cl Cl
Cl Cl
Cl
opmo-IUXJIOpOEH30T  Mema-TUXJOpOeH301  napa-oIuXJIopOeH301
(1,2-pux10pbeH301) (1,3-puxmopbenzon)  (1,4-guxJyiopbeHson)
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HecummerpuuHble 1,2-au3aMellieHHbIe IIPOU3BOAHbIE DeH301a,
corjacHo dopmyne Kexyie, toMKHbI ObLTH CYLIECTBOBATh B BUIE IBYX
pasnuyHbIX M3omepoB — I u I1:

X Y X Y
I II

PeanbHo, 0JHAKO, BCeraa CYUIECTBYET JUIIL OOUH opmo-u3omep. s
TOTO YTOOB! YCTPAaHUTH 3TO HECOOTBETCTBUE, KeKyse npeamonoxull,
4YTO [BOMHBIE CBS3UM B 1,3,5-HUKIIOreKcaTpUeHe HEIpPEephIBHO Iiepe-
MelaTcs, ¥ 06a u3oMepa OpICTPO NPeBpallaoTCcs APYT B Apyra (Teo-
pHA «OCLUMJUISIIMK BAICHTHOCTH»):

X X

[
————

Y Y

HecMotps Ha To yTo dopmyna Kekyne yaoBACTBOPUTEIBHO OIIHA-
ceiBana opMasbHbie OCOOEHHOCTH T€OMETPUU U CTpoeHUsl OeH3ola,
a TaKkXe ero MOHO-, M- U TPU3AMEIIEHHbIX, OHA HUKAK He 0OBsc-
HsLTa OTCYTCTBUE Y apOMaTH4YeCKHUX YIJIEBOAOPOJOB CBOMCTB HeHa-
CHILIEHHBIX coenuHenuit. 1,3,5-1[uknorekcaTpueH QoixXeH ObITh He-
HaCBIWEHHBIM COEAMHEHUEM, OOCCIBEYMBAIOIIUM OPOMHYIO BOAY M
pacTtBop nepMmaHraHara Kanusa. OH TaKxe HOoJUKeH ObUl OBl JIETKO [IPH-
COENUHATb U APYTUe peareHThl Mo KPaTHHIM cBSI3sIM. OnHako OeH3on
He BCTyIaeT B 3TU peakuuu. [MosTomy mns 6eH301a BO BTOpPOH MoOJNO-
BuHe XIX B. ObLI NpPeIOXEH PSUT APYTHMX CTPYKTYPHBIX (hopMyi; HE-
KOTOpBIE M3 HHUX YYHUTBIBAJIM €ro MHEPTHBINA XapakTep B peakLMsIX
OpUCOEIUHEHHUS.

JlagenOypr npemtoxui 1 6eH3oa TpeXMEPHYIO HopMyny MpU3-
MaHa, bailep — nentpudeckyio dopmyny, a sioap omucan 6eH301
Kak niaockuit ouuukio|2.2.0lrekcaguen-2,5:

~

6eHzon JlageHbypra Oenzon Jproapa  uenrpuyeckas ¢opmyia
(1869 r.) (1867 r.) Baitepa (1887 r.)
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Puc. 12.1. CumMmeTpHs ¥ y3/I0BbIE CBOHCTBA MOJIEKYIISIPHBIX opbuTasie 6eH3oma

®opmyna Jlanenbypra 6pUIa OTBEPrHYTa, IOCKOJNBKY OHA HE COOT-
BETCTBYET YHMCIY peabHbIX U30MEPOB AU~ U TPU3AMELIEHHBIX OEH30-
JoB. B rutockoM GeH3ose Jlproapa IJIMHA LEHTPAILHOM Yriaepoa-yrie-
POMHOM CBS3M JOJIXHA OBITh 2,8 A, YTO HAMHOIO IIPEBBIIUAET [UTHHY
noboit Bo3MoxHoit C—C-cag3u. CleloBaTeIbHO, MOJEKYJBl «Ibloa-
poBckoro OeH3oJia» JOJXHB! OBITh HEIUIOCKMMM, TOTAAa KaK HM3BECT-
HO, YTO MOJIEKYJIbl UCTUHHOIO O€H30Ja IIJIOCKUE.

HeHTpuyeckyo ¢oOpMyTy JIETKO OTBEPrHYTb MCXOLSI U3 TEOpPUH
XHMUYECKO CBs3u. Bee a3Ti anbTepHAaTUBHBIE WISl OeH305a GOPMYJIBI
ObLIM OTBEPrHYTHI ellle B KoHIle XIX B. B manpHeillneM MBI elle BEp-
HEeMCsl K BaJICHTHBIM M3oMepaM GeH3ona — OeH3ony /Jlbioapa, mpus-
MaHy 4 GeH3BaleHy XIOKKeJs, TIOCKOJBKY BCE€ OHU OBLIM IMOJYYEHBI
nocie 1963 r. ¥ o cBOMCTBAM pe3Ko OTIMYAIOTCS oT OGeH3oa.

JaHHble coBpeMeHHbIX (PUIUKO-XUMUYECKUX METONOB OJHO3HAY-
HO YKa3bIBAIOT Ha DKBUBAJIEHTHOCTb BCEX YIJIEPOI-YIJIEPOAHBIX U yI-
JIEPOJI-BOAOPOAHBIX CBsi3eil B 6eH3omne. CorlacHO 3TUM JaHHBIM, OeH-
30J1 IpeAcTaBisieT coboil NpaBUNbHBIM IIECTUYTOJIBHUK C JJIMHON yr-
nepoa-yraepoaHoi cesasu 1,397 A u BaneHTHBIMU yraamu 120°,
O6pa3soBaHue G-CBA3EH YINIEPOL-YIIEpOl MOXHO IpeNCTaBUTh Kak
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pe3yJIbTaT MEePEeKpPbIBAHUS Sp°-MOPUIHBIX OpOUTAIEH YIIepoaa, MpH
3TOM LLIECTh HETUOPUIM3OBAHHBIX p-OpOUTAIEH LIECTH ATOMOB YIJIepoaa
006pazyloT 3aMKHYTYIO T-3JeKTPOHHYIO CHCTEMY 3a cdeT GOKOBOrO IO~
napHoro nepekpbiBaHusi. OOpa3ylolMics MpH 3TOM CEKCTeT T-3JIeKT-
POHOB 0OYC/IOBIMBAaeT 0cOObIE CBOMCTBA U CTAOMIILHOCTEL OeH3oa.

Cornacro teopun MO (rn.1), miecTs aTOMHBIX p-opOuUTaeil aTo-
MOB yrjepoja KOMOHHHUPYIOTCSI ¢ 0Opa3oBaHUeM LIECTH MOJEKYIsp-
HBIX Tt-OopOuTaneif, U3 KOTOPBLIX TPHU SIBISIIOTCS CBS3LIBAIOLIUMH, a
Tpu — paspenuisiioltuMu. Ha purc. 12.1 uzobpaxeHb! MOJIEKYIISPHBIE
n-opbutany GeH3sona. CBs3blBaOIas MOMEKYJNsSpHas opburans m; C
CaMO#i HU3KO# 3Heprveil He UMeeT Y3J0B M OXBAaThIBAET BCE lIECTb
aTOMOB yrjiepoja. 3a Hell cleayioT ABe BBIPOXIEHHBIE CBA3BIBAIOLINE
MO n, 1 73, KaXaas U3 KOTOPBIX MMEET IO OJHOMY y3y. Y3el Ha
OpOUTANHU T, TIEPIIEHAUKYISIPEH Y31y Ha opbuTtanu n;. Tak Kak B 6eH-
30JI€ UMEETCS LIECTh P-3JIEKTPOHOB, TO KaX/Aasi U3 CBA3BIBAIOIIMX MO-
NEKYASIPHBIX OpOMTaNe#d =, M, U T; 3aHATA ABYMS INEKTPOHAMH c
MIPOTUBOIIONOXHBIMU CTTMHAMH. Ocranphpie Tpu MO 66H3ona — 11:4 ,
s U 1:6 — paspBIXISAIOLINE OPOUTAITH. Op6nrajm n4 5 n5 BBIPOXK-
JEeHBI X MMEIOT To Ba yana. OpOUTanb m, MMeeT TpH y3na. Bce pas-
pbixisitoniie MO B OCHOBHOM COCTOSIHUM O€H30j1a BAKAHTHBL.

KoabduuueHTsl, ¢ KOTOPbIMM aTOMHbBIE p-OpOWTaNd BXOIST B
MOJIEKYJISIDHBIE T-OpOUTANK He3aMelleHHOro OeH30y1a, UMEIOT Cclle-
IYIOIIME 3HAYEHHS:

1
tF 1
V6 -
L V3
L V6 1
2 T 23
-4
* *
n‘l_ T
V3 1 WL L
V3 2 2
g
- g]= 2V3 1 T,
T, 3

L2

Ilpyu BBEHEHHUU 3aMECTHUTE]S 3TH KO3(pODULHUEHTb MOIYT CUILHO
usMeHuTses (T, 13).
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12.2. KOHIEIIIINA APOMATUYHOCTHU XIOKKEJIA

CoBpeMEHHBIN MoOXol K pobjieMe apoMaTUYHOCTH OCHOBAaH Ha
MIpUMEHEHUH TEOPHUU MONEKYJSIPHBIX opbuTaeil. Bepsole Takoi noj-
X0l MPUMEHMUTENBHO K LUKIWYECKHUM, MOJHOCTbIO CONpPSXKEHHBIM
IUIOCKUM nonueHam Obul copmynmporaH D.Xiokkejaem B 1931 r. u
U3BECTEH KaK MeTol MojekysapHbix opoutaneit Xwkkens (MOX). Ero
OCHOBBI OBLTHM M3JIOXeHBbI paHee B riaee 2. HamoMHuM, 4TO B MeTone
MOX y4UTBIBAIOTCS TOJABKO BAICHTHBIE p-3JIEKTPOHBI, HAXOMSIUMECS
Ha MOJIEKY/ISIPHBIX T-OpOUTAISIX. YPOBHU 3HEPTMH LIMKIMYECKUX TUIOC-
KHX CONPSDKCHHBIX [TONMCHOB 3a1aK0TCA ypasHeHueM E;= o+ m; B, rae
E; — sHeprus j-ro ypoBHs; o — KYJIOHOBCKUM MHTErpal; § — peso-
HAHCHBIA MHTErpas; a m; — Ko3QPUUUEHT, ONpele/IsieMblil BbIpAXe-
HUEM, ITIOXOXHUM Ha COOTBETCTBYIOILEE BBIpPAXEeHUE IS HEUMKINYEeC-
KHX CONPSDKEHHBIX NTOJMEHOB, MPUBEAeHHOe B M. 2 (4. 1):

_ 2jn
m; = 2cos N
iN— IUISE HEYeTHBIX N,
=0 £1; 42 .. 2
iTN IUTS1 YeTHBIX NN ;

N — 4UCJIO ATOMOB YIJIEPOJA B LIUKIIE.

151 OLeHKM ypOBHEH 3HEPrHH IMKIHYECKUX COTIPSKEHHBIX ITO-
JMeHOB B pamkax Merona MOX ynoBHO BOCIIOJIB30BAThCS ITPOCTHIM
MHEMOHHUYECKUM TIPUEMOM, H3BECTHBHIM ITOJ Ha3zBaHUeM kpye Dpoc-
ma. 11 3TOro mnpaBWIbHBIA MHOTOYTOJBHUK C YHCJIOM YIJIOB, PaB-
HBIM KOJIMYECTBY aTOMOB YIJIEpoAa B LIMKIIE, BIMCHIBAIOT B KPYr C
nuamMetpoM 4f takum obpasomM, 4ToOBI OJHA U3 BepllIMH HAXOOUIACh
B CaMOM HM3LUEH TOoYKe Kpyra. 3Ta TOYKa Kpyra COOTBETCTBYET ypOB-
HIO 3HEepruy o+ 20, BepxHsA Touka Kpyra OpocTa COOTBETCTBYET YPOB-
HIO 9HEpIruM o — 2f. Toyku KacaHHUs Kpyra IpyTUX BeplIMH MHOTO-
YTOJIBbHUKA OIPElEsSIOT YPOBHU SHEPTUHU T-OpOUTANIEH UMKINYECKO-
ro conpsbkeHHoro nonaueHa. OueHKa ypoBHeEHW 3Hepruu m-opoutaneit
B 3TOM CIy4yae CBOAMTCS K PEUICHUIO IPOCTOH, YUCTO reoMeTpuyec-
KOU 3aJayu.

PaccMotpum ¢ momouibio Kpyra @pocra mpexie BCero ypoOBHHU
9HEepTUU OeH30j14, a 3aTeM M HEKOTOPBIX APYIHX LMKINYECKHUX CO-
[IPSDKEHHBIX [OJIMEHOB — HUKIOOYyTaAMeHa M LUKIOoOKTaTeTpaeHa. Ha
puc. 12.2 npuBeeHp] 1MarpaMMBbl YPOBHEH SHEPruu n-opbuTtaieil GeH-
3osa, LUKIoOyrtaguedHa u 1,3,5,7-UUKIOOKTaTeTpaeHa.

B 6eH3ojie UMEIOTCS TPU CBA3BIBAIOIIME U TPU Pa3phIXNLIONUE
n-opburanu. Bee Tpu cpsi3pRaore w-opOUTay GeH301a IONHOCTHIO
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2~ X
o < \ -0~
.
o+2f o+2B
028 a-2p a-2p
a-1,41B o-1,41P
B o ‘
A= ———— a | o=t o | ot 4+«
o+ o+f o+1,41B o+1,413
+- -
o+2p o+2f3 o+2B
6eH30n umknobyraaveH LKI00KTa-

TeTpaeH-1,3,5,7

Puc. 12.2. [uarpamMMbl ypoBHe# sHepruy mist 6eH3o/a, LMKI00yTagueHa ¥ HUK-
JIOOKTaTeTpacHa

3QHSTH, U HA KaXION M3 HUX pa3MellaroTcs Mo JIBa 3JIEKTpOHA C
AHTUIAPALTETBHBIMA CIIMHAMHU.

Bce pasphixisiouine opbutany 6eHsona m, ns' u n(,* B OCHOBHOM
COCTOSIHMM He 33HATHI 91eKTpoHaMyu. CuMMeTpus n-opburaneit 6eH30-
Jla nMpuBefeHa Ha puc. 12.1. O61uas aHeprus n-3JMeKTpOHOB OeH3071a 110
Xrokkeno cocrapisieT 2(a + 2B) + 4(o + B) = 6 + 8B. Myt 1,3,5-umxio-
reKkcaTpueHa ¢ JIOKAIM30BAHHBIMH, HE B3aHUMOAEHCTBYIOUIUMH MEX-
Iy co00i NBOMHBIMU CBSI3IMHU ODLIAA PHEPTUS IJIS LUECTH M-3JEKT-
POHOB H0JIXHA ObITh (60 + 6B). PasHOCTh MEXIY IBYMSI 3TUMH BeEJK-
YUHAMHU ZaeT 3Heprur O6eH30J1a OTHOCHUTEJNBLHO THIIOTeTHYECKOro
«HECOTPSDKEHHOTO» LIUKIOTeKCATPHEHA. 3Ta SHEPTUS IO CYLIECTBY OT-
paxaeT OeNOKAIU3ALMIO T-3JIEKTPOHOB B BEH30Je M HasbIBaeTcs 110-
9TOMY 3Heprueil nejokannsauuu. B Mmeroge MOX sHeprus nenokaiu-
3aUMM IS 6eH30n1a paBHa 2B, rae pe3oHaHCHBIM UHTerpal f oue-
HUBaeTcsl NpUMePHO B 18 KKaji/Monb, T.e. SHEPrds JeJOKaIU3aLUN
OeH3osa 110 XIOKKEJ0 paBHA 36 KKalI/MOJb. DTa BEIHYMHA OTpaXKaeT
0Cco0YI0 YCTOMYKBOCTh aPOMaTHYECKOTO CeKCTETA 3JEKTPOHOB.
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[ns Tmockoro KBagpaTHOTO UMKJIOOyTanueHa pacdyeT Mo XIOKKe-
JIIO WJIM MCIIONb30BaHUe Kpyra PpocTa NpUBOIAT K TPUMILIETHOMY OC-
HOBHOMY COCTOSIHMIO M HYJ€BOM 3HEPrHM AEJOKATHU3aLIMU, TaK KaK
JHEPrus T-3MEKTPOHOB HA OJHOM CBA3BIBAIOLIEH W IBYX HECBS3BIBA-
01X opbuTansix (cMm. puc. 12.2) pasHa 2(a + 2B) + o + o= 4o + 4P, T.c.
Takasi Xe, KaK ¥ I IBYX He3aBUCHMBIX OBOWHBIX cBsi3eif. PaccMoT-
PUM, YTO MpeacKa3bIiBaeT Teopusl XIOKKENs Uil TJIOCKOTOo LIMKJIOOK-
TATETpaeHAa, COAEPXALIEro BOCEMb N-3JEKTPOHOB. TpH m-opOUTAIU
HUKITOOKTATETpaeHa SBJSIOTCS CBSI3BLIBAIOLIMMU, TPU — Pa3phIXJISIO-
IUUMH Y IB€ — HECBSA3BIBAIOIIMMU, T.6. OHU HMEIOT TY X€ SHEPruio
(o), 9TO M HcxoaHbIe aToMHbIe opbuTtanu. lllecTs ®-371€KTPOHOB IO-
[MapHO pasMeLIAIOTCST Ha TPeX CBS3BIBAIOINUX OPOHTANIAX, HO OCTaB-
IIUecs ABa T-3JeKTPOHA MOJKHBI PACIIONIAraThcsl H2 HECBSI3bIBAIOUIMX
opbutansix. B cooTBeTcTBUM € npaBugoM ['yHAA 3TH BJEKTPOHBI IO
OIIHOMY 3afOJIHSIIOT [IBE BHIPOXICHHBIE HECBSI3bIBAIOLIME OpOUTAIH,
MpyYeM UX CIIMHBI NapauiensHsl. ClenopateibHo, MeTon MOX npen-
CKa3bIBAEeT, YTO IUTOCKUN CONPSIKEHHBIN ITUKIOOKTATETPAEH HOJIKCH
OBITh TPUIUIETHBIM OupanukaioMm. U3BecTHO, 4TO TPUILIETHBIE GHpa-
IHUKATbl OTHOCSITCSI K YMCIY KpaiHe HecTaOWIBbHBIX YaCTHII, JIETKO
[peTepreBaoIIUX JAUIbHeHIIMe npeBpalneHuss. CormacHo 3KCIEPpUMEH-
TaJIbHBIM JaHHBIM, CONPSKEHHBIR HUKIOOKTATETPAEH UMEET HEITIOC-
KOE CTpOEHHE C YepeIYIOLIUMUCH JIBOMHBIMH M OOMHAPHBIMU CBSI3S-
MU U CYUIECTBYET B (hopMe IBYX B3aMMHO MpPEBpalllalONIUXCS IPYT B
npyra KkoHdopMaluii BaHHBIL:

o=b — o

HOns toro ytoObl M30eXaTb YMEHBIICHUSI TEPMOAMHAMHUYECKOM cTa-
OWJIBHOCTY MpU JCNOKAJIMU3ALMU T-3JIEKTPOHOB, LIUKJIOOKTATETPAEHY
SHEPreTUYeCcKU BLITOJHEE MPHUHSITL CTPOEHHUE HEIUIOCKOTO MOJHUEHA.
Herurockuit 1-o1ueH BooOlue He MoxeT o6yanaTh apoOMaTUYECKHMU
CBOMCTBAMU W HE IOAYMHSIETCS] MPaBUJIY apOMaTHUYHOCTU XIOKKEst
JUIs1 MAOCKUX MOH DUUKIMYECKUX CONPSDKEHHBIX ITOJHMEHOB (CM. HUXE).
Lluki1ooKTaTeTpaeH NpeacTaBisieT cCo00M TUMMYHBIA HeHaChIIeHHbIH
YIJIEBOAOPOH, B KOTOPOM YEPENYIOTCS OBOMHBICE U OOUHAPHLIEC CBSI3U.
HukiookTateTpaeH HEIUIOCKHUIA, MOTOMY YTO OH HeapoMatuyeH. Pac-
NpocTpaHeHHoe obpaTHoOe yTBeEpXIeHUe (HeapOMaTUYeH, IIOTOMY 4YTO
HEIUIOCKUI) HEBEPHO, IOCKOJBKY B 3TOM cllydae MpUYHHA U Cilen-
CTBUE MEHSIIOTCSI MecTaMU. TakuM o6pa3zoM, Teopus XIOKKeNIs obHa-
PYKMBaeT IriybOKoe pazihyue B BJIEKTPOHHOU KOH(QUIypalMH YeThbi-
pex-, LIEeCTU- U BOCBMUDJIEKTPOHHBIX T-CUCTEM U IOLAECPXUBAET KOH-
LIEMIIUIO apDOMATUYECKOTO CEKCTETa M-3JIEKTPOHOB.
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Paznuysie B ypoOBHSAX 3HEPrUM T-3JCKTPOHOB i1 OeH30/a, LIHUK-
JIOOKTaTeTpaeHa U UMKIoOyTagreHa MOXHO 0D00LLMTh U paclIMpPHUTh,
pacnpocTpaHUB Ha JApyrue TUIOCKME MOHOUMKIHYECKHUE, MOJHOCTBIO
COMpsiXEHHbIE NOJMEHBI C [TIOMOLUBIO npasusa Xwkkeas. I11ockue Mo-
HOLMKJIUYECKUE COTIpsKEHHbIE YIJIEBOAOPOAbl OYNYT apoMaTHYEeCKH-
MH, €CIM LMK COAEpPXMUT (4n+ 2) m-3J€KTpOHOB, rne n= 1,2,3 ...
Uucao (4n+ 2) HA3BIBACTCS XIOKKEACBCKUM HUCAOM 31eKkmpoHog. Yuc-
o 4n (n=1 mng uukigobyraagueHa, n#=2 OIS LUKJIOOKTATETpaeHa
M T.I.) Ha3blBaE€TCS AHTHXIOKKEJIEBCKHM, WU MEOMycoBcKMM. B Ha-
cTosILIlee BpeMsl KpOME KJTaCCHYECKOIOo ITOHSTHUS apOMaTHYHOCTH IO
XIOKKEJII0 BBEIEHO NMOHATHE 00 apoMarudHocTy no MéEduycy, Koto-
past XxapakrepHa UIsI 4n-3/1eKTPOHHBIX LIUKINYecKUX nt-cricreM. Cornac-
HO TEOpUM, 8-3JNEKTPOHHBIK LMKIOOKTATEeTpaeH ObLl Obl apoMaTHv-
YeCKUM COCOUHEHUEM, eClTH Obl ero m-CUCTEMA CYLIECTBOBAJIA B CKPY-
yeHHO# ¢opme (III), T.e. B Buae nenmw Mébuyca. EcTecTBeHHO, 4TO
Takas cKpydeHHast dopMa OyaeT CMABHO HAIpsEKEeHA, TaK 4TO 3HEp-
TUS HAalpsDKEHHUS NepeKpoeT IHepruio apomatHaHocTd. [lostoMy k
peabHBIM LMKIWMYECKUM CUCTEMaM MPUMEHUMBI JIUIUb [IpeICTaBIeHUS
O XIOKKEJIEBCKOM (4n + 2)-3JIeKTPOHHOM THIIe apoMaTHYHOCTH. OfHa-
KO B LMKJIUYECKUX NEPexXoOHbIX COCMOAHUAX BO3MOXHA U MEOUYCOBCKAs
apoMaTu4yHocTh. [IpencTaBiacHus o ABYX TUNAX APOMATHYHOCTH LIK-
POKO HCIOJIB3YIOTCS B TEOPHH MEPULMKINYSCKHX peakuuit (1. 25 4. 4).

I
PaccMOTpHUM, HAaCKOJMBKO MPUMEHUMO MIPaBUIO XIOKKEJST A5 -
poKoro Habopa UMKIMYECKHX COMpPSLKeHHBIX MOJMEHOB, IUISI KOTOPBIX
CrieMalbHO ObUI BBEIEH TEPMUH «aHHYNeHbI» (anula (1aT.) — KOJBLO).
DToN mpobneMe MOCBSIUEH CAEAYIOLIMA pasnes JaHHOH CIaBbl.

12.3. AHHYJEHBI

TepMuH «aHHyneH» ObUT BBeAEH IUIsI HA3BAHUSI MOJHOCTBIO CO-
NPSKEHHBIX MOHOUMKIUYECKUX TTOIMEHOB. Pa3sMep MKIa aHHYJeHa
obo3Havaerca Hudpoil B Hayaine Ha3BaHUs. B COOTBETCTBUM C 3TOM
HOMERKJIATYpOH UMKIJIOOyTagueH IMpeacTaBisgeTr coboil [4]-aHHYyjeH,
GeH3o — [6]-aHHYMeH, a UMKIooKTaTeTpaeH — [8]-aHHyJeH. CBoii-
cTBa OeH3osa (1. 13) ¥ HEerMIOCKOro UMKJIOOKTATETPAEHA BCECTOPOHHE
U3YYCHBI.
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[lepBbIfi MpocTeHUIMA aHHYJEH — LUKJIOOYTaniUEeH — IIOJy4YeH
CpaBHMUTENIBbHO HelaBHO. IlepBoHAYaIBHO OBUT CHMHTE3MPOBAH OYEHb
cTabuibHBIMN T-KoM