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PaCCl\IOTpeHbl peaKIJIlll raJlOH.!1:I1pOBaHH5I HenpeJl,eJlbHblX COCJUlIlellllii B cpeJl,e 
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npHCOeJl,I1HellHeM ra;IOI1J1,a H <jJparMeHTa paCTBOpI1TeJl51 no KpaTlloii CB5131l. 

B paMKax TeopHn raJIOreHOHHeBblX HOllOB o6cyJKJI,eHbI npnQHllbl pa3JlHQH01I OPH­

eHTall.HH npllCO~IlHellmI pa3HOllMeHIlblX Qacnill. no KpaTHoiJ CB5131l B 3aBHCH­
MOCTH OT CTPYKTYPbl HenpeJl,eJlblIOrO COeJl,HHeHll5l, THna .:)J]eKTpoqJllJlblIOrO 
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t. BBe,ll,eHl-le 

B 0630pe pacoIOTpcHbI peaKll,1111 3JICKTpoqmJlbll0f0 npHCOenl1HeHI1H K 

HerrpeneJlbHbD1 COC,l,HHeHHHM, B KOTOPbIX 3JIeKTpO¢lIJIbHOH qaCTYIll,eH HBJIH­

eTCH rrOJIO)KI1TeJlbIlO 3a p51)KeHllbIH raJIOreH, a HYKJleoclHIJIOM - JIH60 pa3Ho­

HMeHHbIH 110H rcUlOreHa, JII160 IleinpaJIbHa5I MOJICKYJIa. B 06meM Bl1ne 3TT' 

pe3!Ul,!lH MO)K][O rrpCnCTaRI1Tb cxeMoH: 

/ y
C=c + Hal'. ---0>- C:::!=C / +/ 1/"" i , YH (y-)"---»-- c-c// "\ 6blCTPO / 'f .\I~:A.:l'~iiBn //1 "'- -- C-c" 

6hlCTPO / I "\ 
II R['- Hal Hal 

I1HTepec K lIOn06HbIM rrpOll,eCCaM 06YC.l0B.lJeH, C OnHO-a: CTOPOHbI, Te:VI, qTO 

raKHe peaKll,1111 HBJIHIOTCH yn06HblMI1 crrOC06aMlI OnHOCTanlIHHOrO rrOJIyqeHlI51 

HaCblmeHHbIX COenlIHeHHH C BlIll,I1HaJIbHbIM paCrrOJIOlKeHl1eM pa3JII1qHbIX 3a­

MeCTI1TCJlei1, OTKpbIBaIOIUI1X nYTb K naJIbHCHIllI1M CIIHTe3aM; C npyroH CTOpO­

RbI, TeM, qTO B CJIyqae Tal\HX peaKll,HH MO)KHO YCTaIIOBHTb rrOClJenOBaTeJIb­

HOCTb aTaKYl nBoimor! CB51311 peareHTaMI1 11 Opl1eHT(l.ll,HIO rrpl1COenHI1eHI1H aTa­

KYIOIUI1X qaCTHI] K IIeCIDIMeTpl1qHbIM Herrpene,lJbHbIM COenHHeHI15IM, qTO naeT 

B03MO)KHOCTb JI,OCTaTOlIHO 06neKTI1BHO Cynl1Tb 0 MCXaHH3MC rrpOll,CCCOB. 

CpenH OrpOMIIOrO ql1CJIa pa60T, rrOCB51IUeHHbIX H3YLJeHlIIO 3JIeI<Tp0<pI1JIb­

HOrO rrpHCOenHIIeHlI51, 3THi\! peaKll,I151M yneJIeHO HaHMCHbIllee BHI1MaHl1e 1-4. 

3rOT ¢aKT 06n51CH51eTC51 TeM, qTO nO HenaBHero BpeMeHI1 MeTonbI KOJIl1qeCT­

BeRHoro orrpene,leIHI5l CTPYKTypHbIX 1130l\!epOB 6bIJIH HeCOBepIlleHHbI, II rro­

3TOMY orrpeneJIeHl1e narrpaBJIeHII51 rrpl1COenl1HeHH51 pa3HOlIMeHHbIX LIaCTI111, ITO 

./LBOHHoii CB513H HeCI1MMeTpH"I!HbIX HerrpeneJIbHbIX coenllHeHI1H rrpenCTaB.lJ51JIO 

60abIllIie TpynHOCTI1. C rr051BJIeHl1eM HOBblX MeTOnOB aHaJIII3a (r)Kx, 5IMP) 
HHTepec K peaKI]I151M COrrp512KeHHOrO npl1COenl1HeHI151 3HalJIITeJIbHO B03pOC. 

BbI5ICHI1.lJOCb, LITO HeKOTopble npOnYKTbI, KOTopble paHbllIe Cql1TaJII1 QI1CTbIMI1 

http:eHTall.HH
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coe).!,HHeHH5IMH, npe).!,CTaBJI5I]{)T C060H CMeCb 1130MCPOB 3. l136IIpaTe.lJbHOCTh 

peaKIJ,HH COnpmKeHHOro npHCOe).!,IIHeHH5I 51BJIHeTC5I HaII60.'Iee Ba2KHbIM epaK­

TOPOM, onpe).!,eJI5I]{)ll1.Hl\1 nOCJIe)'!'Y]{)IUee npena paTl'IBHOe HCnOJIb30BallIIe nOJIy­

lJellHblX np0Ll.YKTOB. 11pH nJIaHHpOBaHIIH CHHTC3a He06xoLl.l1MO 3HaT]" KaKYIO 

opHeHTaIJ,H]{) npHCOe)J,HIICHH5I C.'ICLl.YCT OlKHLl.aTb npH HCnOJIb30BaHHI1 Henpe­

'l,eJIbHOrO coe).!,HlleHH5I 3a).!,aHHoH CTPYKTYPbl, Toro HJIII IIHoro 3JJeKTpoepI1JIb­

(Oro raJIOreHa II HYKJIeoeplwa. 0606ll1.eHIIe I1l\Ie]{)ll1.IIXC5I Ll.allHbIX no peaK­

UI5IM TaKoro Tlma n03BOJIHJIO BbI5IBIITb He[{OTOpbIe HX 06IUIIe 3aKoHoMepHo­

:nl, KOTOPbIMI1 MOlKIIO PYKOBOLl.CTBoBaTbC5I npl1 pa3pa6oTKe MeTOLl.OB CIIHTe­

la. 3KcneplIlvleHTaJIbHbIH MaTepHaJI HHTepnpeTIIpoBaH B CBeTe TeopHII raJIO­

reHOHIIeBbIX IIOllOB 3. 

2. llpHcoe).!,HHeHHe 3JIeMeHTOB mnOraJlOH)1,HbIX KHCJlOT 

3TH peaKIJ,HH HBJIH]{)TC5I HaH60.'Iee H3YlJeHIIbIM K.'IaCCOM peaKIJ,I1H Conp5I­

lKeHHOfO faJIOIlLl.IIpOBaHII5I 3, 5. Ha peaKIJ,HII nmox.'IOpIIpOBaHHH 3TIIJIena 6a­

3IIpyeTcH ).!,O CHX nop IIMe]{)IUHH npOMbIIllJIeHHOe 3~1alleHIIe cnoc06 nO,7]YlJeHII5I 

OKIICH 3TIIJleHa lJepe3 3THJIeHXJIOprH),!,PHH 6: 

85% 10% 1% 
-HCll 

CH2~CHc 

""'0/ 

AHaJIOfIIlJHbIM cnoc060M nOJIYlJa]{)T C BbICOKHMII Bblxo).!,aMH npOnHJleH­

XJIOprHLl.pHH 7, XJIOprHLl.pHHbI rJIHuepHHa H3 XJIOpHCTOro aJIJIHJIa 8, 6YTHJIeH­

X.7]OprHLl.pHHGI - H3 Cl\leCH 6YTHJIeHOB 9. 

XJJOpHCTGIH BHHH.'I npHCOeLl.HII5IeT 3JIel\IeHTbI XJIOpHOBaTHCTOH KHCJJOTbI no 

npaBHJIY MapKOBHHKOBa C 06pa30BaHHeM HeYCTOHlJHBOrO npoMelKYTOlJlIOrO 

1,2-Ll.HXu"IOp3TaHoJ1a -1, KOTOPbIH ).!,erH)'!'pOXJIOpIIpyeTC5I, 06pa3y51 C BbICOKHM 

BbIXO).!,OM XJIOpaIJ,eTaJIbLl.CfHLI. 10: 

CH2=ClICI HOCl_.• CICH2CH (CI) OB -HCI--c ClCII2:HO 
96,u 

11pH B3aIIMo)'!'eHCTBHII UHKJJOreKCeHa C 3KBHI\IOJ1CKYJI5IPHbIM KOJJIIlJeCTBOM 

XJIOpHOBaTllCTOH KHCJIOThl B BO).!,C B npIICYTCTBIIH OKllCH pTYTII 06pa3yeTC5I C 

BGIXOLl.OM 70 % 2-XJJOpUHKJIOreKCanoJI-1 11. 11pII )'!'encTBHH TpeT. -6yTHJIfHnO­

X.'IOpHTa Ha cTl'rpoJI B BO)'!'HOH YKCYCHOH KECJIOTe npE KOMHaTHoH TeMnepa­

1 ype nOJIYlIaeTC5I 2-XJIop-1-epeIlHJI3TaHOJI-1, B OTCYTcTBIIe YKCYCHOH EIIL'IOThI 

nOJIYlJaeTC5I TpeT.-6YTHJIOB],IH 3epIIp 31'OfO cnIIpn 12 (npO).!,YK1'bI npIICOeLl.HHe­

HEli no npaBHJJy MapKOBHEKOBa): 

TPtT.·]3uOCI 
C6115CH=CHz H.O, CH3CO.H . C6H5CH (OH) CH2Cl 

84% 

,D,EaJIJIIIJIOBblH 3epIIp B3aIIMo).!,eH:CTByeT C BOLl.HbIM paCTBopOM X,10PHOH: 

H3BeCTH, Ll.aB35I C nOlJTH KOJIIIlJeCTBeHHbIM BbIXOLl.OM 3,3'-).!,Hx.TIop-2,2' -Ll.IIOKCH­

Ll.HnpOIlII.'IOBbIH 3epHP 13: 

HOCl 
(CH2 =CHCH2hO ---c- [CICH2CH (OH) CH2120 

Ct, 0-HeIIaCbIll1.eIlHble KHCJIOTbI (HJIE EX 3epEPbI), HHTPEJIbI, cl.'Ib;I,efJI;I,bI :r 

KeTOHbI, CO;I,eplKall1.He He3aMell1.eHHbIH BOLl.OPO).!,HbIH: aTG:\! B Ct-nOJIO}KeHHII K 

epYIIKIJ,IIOIIaJIbHOH: fpynne, npECOe;I,HHHIOT fHnOraJIOELl.HbIe KHCJIOTbI npeHMy­

ll1.eCTBeHHO (HO He IICKJJ]{)lIHTeJJbHO) TaKHM 06pa30M, liTO BXOLl.Hll1.HH: faJIOreH 

HanpaBJI5IeTCH K Ct-yrJIepoLl.Y, a rHLl.pOKCIIJI - K 0-yrJIepo .uy 14-27: 

http:0-yrJIepo.uy
http:BXOLl.Hll1.HH
http:CO;I,eplKall1.He
http:BbIXOLl.OM
http:BGIXOLl.OM
http:MeTOLl.OB
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CH2=CHC02H HOCl_> HOCH2CHCIC02H15-17 

CH3CH= CHC02H HOC! -'> CH3CH (0lI) CHCIC02H +CH3CHCICH (OH) C02H20 

BbIXO,lJ,bI B TaKHX peaKQIIHX 06bILJHO COCTaBJI5IIOT 40-67 %22-27, O,lJ,l-IaKO 

B OT,lJ,eJIbHbIX CJIYLJaHX (HarrplIlvlep, rrpH mrrOXJIOpIIpOBaHlIII HeKOTOpblX ~-
3aMelI(eHHbIX a, ~-HeHaCbllI(eHHLIX KHCJIOT H HX COJleH) ,lJ,OCTIIraFOT 90­
95% 23. 

TIPH HaJIIILJIlII MCTIIllbHoro 33MeCTHTeJI5I rrpH ,lJ,Boi':!HOH CDH3II B a-rrOJIO­

lKeHIIH K 3JIeKTpOH03KQerrTopHOH CPYHKQIlOHaJIbHOH rpyrrrre Opl1eHT3QIl5I rrpII­

coeJJ,IIHeHII5I MeH5IeTC5I: BXO,lJ,5ImHH raJIOreH rJIaBHLIM 06pa30M HarrpaBJI5IeTC5I 

K ~-yrJIepo,lJ,y, a m,lJ,pOKCHJI - K a-yrJlepo,lJ,y 23,27. BbIXO,lJ,bI rrp0,lJ,YKTOB peaK­

l\nH COOTBeTCTBeHHO paBHbI (%): 
CH3 CH3 CH3 

I HOCI I I 
CH2=CY --'> CICIIzC (OH) Y + HOCH2CC1Y 

(Y=COOH 90 II 10; Y= COOCZH5 70 H 30; Y=CN 58 II 42) 

:V13YQeHO HarrpaBJIeHHe rrpHCOe)l,llHeHIlH XJ10pHOBaTIIcTOH KHCJIOTbl K reJ{­

ceHOBbIM KIICJIOTaM B 3aDIlCIlMOCTIl OT rrClJIO)KeHH51 ,lJ,B0 i'moi'I CB51311 OTHOCH­

TeJIbHO Kap60KcHJlbHOfi rpyrrrrLI 22. a,~-feKCeHOBa5I KHC,10Ta peampyeT TaK 

Me,Il)IeHHO, LJTO 3HaLJIITeJlbHaH LJaCTb XJIOpHOBaTHCTOH KI1CJIOTLI p33,laraeTC5I, 

npH 3TOM C HH3KIH.J DbIXO,lJ,OI\! (15 %) 06pa3yeTC5I e)l,l1HCTBCHHLIH rrpO)l,YKT-­

a-xJlOp-f3-oKcHK3rrpoHoD3)J KI1C,lOTa. ~,y. f eKceHOB3H KIlCJ10T3 pcarllpye'i' 

3HaLJIlTeJIbHO JIerLJe 11 )l,3eT C XOpOIll11M BbIXO,lJ,OM CMeCb rrp0JJ,YKTOB IIpIICOe,lJ,11­

HeHIUI - ~-XJIOp-1'-KarrpOJI3I{TOH II ~-oKcH-y-XJIOpKarrpoHoBylO KIIC~OTy: 

HOCI 
CH"CI 12CHCHCICHzCO + C]-J"CH2CIICICHCH2C02HCH3CH2CH=CHCHzC02H ~--

1---0 --1 6H 
20% 

y,8-feKceHOBaH KHCJIOTa rrpII mrrOXllOpl1pOBaHlU! ,lJ,aeT C rrOlJT11 KOJI11LJeCT­

BeHHbIM BbIXO,lJ,OM 6-XJIOp-y-KarrpOJIaKTOH, BbIXO,lJ, rrpO,lJ,yKTa C rrpoTHBOrrOJIQ)K­

HOH 0pHcHTaU11eH rrpIlOOe,lJ,IIHeHH5I MeHbille 5 % : 
HOCI

CI-I3CH=CHCH2CH2C02H ~---7 CH:,CHCl CHCH2CH2CO 

1_0 _1 

TIpIlCOe,lJ,HHeHlle nmOraJI011JJ,HLIX KHCJIOT K 6yT3JJleHy llPOIIC_\O;I,IlT rrpe­

HMymecTBcHHO B 1,2- !!O/IQ)KeHl1e 28, 29: 

TpJT-DuCCI
CH2=CH-CH=CH2 H20,CHaC02!! -. CICH2CH (OH)-CH=CIIc + CICHzCH~-CHCH20H 

20~'o 14~~ 

TIPII )l,eHCTBHl1 DO,lJ,HOro paCTBopa 6pOMaueTaMl1,lJ,3 H3 XJIOpOrrpeH H 

6pOMorrpeH C BbIXOJJ,OM 30-35 % rrOJIYLJeHbI rrpO,lJ,yl\TLI 11CE,l1OLJlneJlbHO 3,4­
npHCOe,lJ,11HeHl15I 30-32: 

HOBr
CH2=CCI (Br) ~CH=CH2 --) CH2=CCI (Br)--CH (OH) CH2Br 

I-BpoM-H 1,2-,lJ,HXJIop6YTa,lJ,HeHbI TaK)Ke npHCOe)l,HH5IIOT 6pOMHOBaTHCTYlO 

KHOIOTY rro He3aMemeHHOH ,lJ,BOHHOH CB5I3H 32, 33. TI P0,lJ,YKTbI l,4-rrpHcoe,lJ,HHe­

HHH J{ ra,TJOreH3aMemeHHbIM 6YTa)l,l1eHaM He 06Ha pY)KeHbI. ABTop 06b5ICH5I­

eT 3TOT cpaKT CTepHLJeCKHMH rrperrHTCTBl15IMH, KOTopble OKa3blBaeT raJIOreH­

3aMeCTl1TeJIb rro,lJ,xo,lJ,Y aTaKYlOmero 3JIeKTpocpHJlbHoro raJIOreHa 34. 
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¢YH).l,aMeHTaJIbHble HCCJIe).l,OBaHlHI no peaKIJ.I1Hl\I npI1COe).l,l1HeHHH nmora­

JIOH).l,HbIX KHCJIOT (XJIopHoBaTHcToH, 6poMHoBaTHcToH H HO).l,HoBaTHcToH) l( 

Henpe).l,eJIbHbIM COe).l,l1HeHHHM npIlHa).l,JIeLKaT aHrJIHHcKoH llIKOJIe XHl\lHKOB :!. 
OCHOBHble 3aKOHOMepHOCTH, HaH).l,CHHble npH H3Y'IeHlHl 3THX peaKUHH, KaE 

6Y).l,eT nOKa3aHO HHLKe, HMCIOT oamee 3HaQeHHe. 06mfipHble ).l,aIIllbie nOJIy­

'1eHbI npH H3Y'leHHH HanpaDJIeHHH npHCOe).l,HHeHlUI XJIopHoBaTHcToH KIiCJIOTbI 

K nponeHOB~M COC).l,HHeHHHM B pa36aBJIeHH~X BO).l,H~X paCTBopax XJIOPHOH 

KHCTJOTbI H ncpXJIopa cl:pC'6pa (Jl.TJ51 CBH3blBaHH5I aHHOHa XJIopa) no cxeMe 1 
(Ta6JI. 1). 

exc \18 I 

H 1< 1< !~ 
I I 

CHL=C-CH,X + HOC! ~ CIClI.iCl-!:.x • Cil. -C ClUI,X CI :Il,nr' 
I 2:) i I 

Oil OI! ,\ 

(6), !1f" rl':< 

'11' .r'\'~.?pKoBm~- npaBH:iJ lliiOi.'IlR il(';:1aiL'lJ 

KOGr~ i\\apKOBI!l1- ;\12 Ph(;IJ, Illlh (\ ,u. 

(c :l-"-~ 

lHlt'r1 :JJi','L' ,"iT­

IP,,,' X) 

YCTaHOBJICHO, 'ITO KaTHOH X,TJOpa npHCOC).l,HHHeTCH KaK K C1, Tal( Ii l( C2, 

npH'IeM H36HpaTeJIbHOCTb peaKUHH 3aBlIClIT OT HaJIlIQHH 3aMeCTHTe,TJeH y C2 

H C3. B aMIHJIraJIOreHlI).l,ax Ha6J1IO).l,aeTCH "Il1rpaUlIH raJ10reHa OT C3 K C2. 

DpOIl,eHT np0).l,YKTa MlIrpaIJ.IiH YBeJIHlIl!BaeTCH B P5I).l,Y Cl <Br< I, npH'ICM 

rlI).l,pOKCHJIbHaH rpynna, CBH3aHHaH C C3, He MIirpHpyeT. HaJIH'llIe y C2 Me­

TII,1a lIJIlI ra.TJOreHa cnoco6CTByeT npelIlvlymeCTBeIIHOMY nplICOelU1HCHHIO n;) 

npBBlIJIy MapKOBHHKOBB. DOJIY'IelIHble ).l,3rIHble n03BOJIHJIH npe}lJImKlITh 

C~ll:).l,YIOmHII j.,!CX a HlI3:\! pcaKUHlI (cxcMa 2). 

0' 

«(112 ---~-l\ ---( ~ i--"l~'{ 

! // 

(1) 

KaTlIOH XJIopa, nplICOe).l,HHHHC'b no MCCTY H aH60JIbllICH 3JIeKTpOHHOH 

nJIOTHOCTH Henpe).l,eJIbHOrO COe).l,HIleHl1H, o6pa3yeT 3a CqeT KOOp).l,HIIaIJ.HH 

CBOHX HerrO).l,eJIeHH~X 3JIeKTpOHH~X nap C Kap6oKaTHOHH~M IJ.eHTpOM XJIO­

pOHHeBbli'! KaTlIon (1). 3Ta CTa).l,HH onpe).l,eJIHer CKOPOCTb peaKUHH. ECJIH 

3aMeCTHTeJlb X TaKLKe cnoco6eH K TaKoi'! KOOP).l,HHBIJ.HH, TO B03MOLKHbI TaK­

LKe npyKTYPbI (I I) Ii (I II). llaJlbHeHllIaH peaKIJ.HH 3THX HOHOB C BO).l,Oi{ 

http:peaKIJ.HH
http:KOOP).l,HHBIJ.HH
http:KOOp).l,HIIaIJ.HH
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,n:aeT a,n:,UyKT (A) (rro rrpaBlwy MapKoBHHKoBa), (E) (HerreperpyrrIHlpoBaH­


HbIH a,U,UyKT rrpoTl1B rrpaBHJIa MapKoBHHKoBa) H (B) (rreperpyrrrrHpoBaH­


HbIi:J a'u'uyKT rrpOTHB rrpaBHJIa MapKoBHHKoBa). MeTHJIbHa51 rpyrrrra y IWP­

60KaTHOHHoro u,eHTpa CTa6HJIH3HpyeT rrpoMeLKYTO'IHbIH KaTHOH H crroc06cr­


ByeT 0pHeHTaUlpH rrpHcoe,UHHeHHH rro rrpaBHJIy MapKOBHHKOBa 35,45,46, rrpH 


3TOM ,UJI5I 3-XJIop-2-MeTHJIrrporreHa-l H3 6% a,U,UYKTa, 06pa3YlOmerocH rrpo­


THB rrpaBlwa MapKoBHHKoBa, 2 % cooTBeTcTByeT rreperpyrrrrHpoBaHHoMY 


rrpo,UyKTy (B) 40. ATOM XJIOpa y Kap6oKaTHOHHOrO ueHTpa TaKLKe crroc06cr­


ByeT opHeHTaUHH no rrpaBHJIy MapKOB­


HIiKOBa 43, 45, o,UHaKo 3-+2 l\llIrpaUIiH 
 TAEJIl111,A 1 
aJIJIIIJIbHOrO raJIOreHa He IIMeeT Me­

npOAYKTbl peaKL\1f1f fHnOXJlOp1fpOllaH1f1l 

CTa 43. 
 nponeHOBbIX COep,IfHeHIfH no cxeMe (1) 

TIOJ1HpHble paCTBOpHTeJIH cTa6HJIH­
I6COCT2!B IIpOP.YKTOB. % -\CCL.'.. 'TlKH3HPYlOT rrpOMeLKYTO'IHbIH Kap60KaTH­ _________ Ha .1H­x 

OH H TeiVl caMbIM crroc06cTBYlOT 3-+2 
\ 

(A) I (G) ! (B) Tel~.?;Y' 
CMemeHHlO aJIlIHJIbHOrO raJIOreHa. TaK, \ I 
rrpH rImox.loplIpoBaHIIII aJIJIIIJI6pOMI1" 	 H H 91 9 0 115, 36 
,n:a He B Bo,Ue, a B MeHee HOHII3I1PYID­ H OH 7:) 27 lJ 37, 39 

H 36Cl 30 (lG 4 38. 40 
mel\I paCTBOpmeJIe - 40 II 70 % IlOTI­	 3')H Br '-' 40 28 41 

HOM ,UIIOKcaHe 41_ KOJIH'IeCTBO rrepe­
 H I 30 22 48 42 

rpYTIrrlIpOBaHHoro a,U,UYKTa YMeHbIlIa­ CH 3 H 100 lJ o 35 
36Cl 9()eTCH C 28 ,UO 18 II 11 % COOTBeTCTBeHIlO. 	 Cl 4 o 43, 44 ; 

CH3 36Cl 94 4 2 I 40AHa.'10rlI'IHOe HBJIeHlIe pa6JIlOiIa.'lOCb 

.n:JIH aJUIlIJIHO)J,II,Ua 42. TI pH rHrrOXJIOpH -" 

pOBaHHH 2,3-,UHxJIoprrporreHa-l B TIpHCYTCTBHH rrepXJIOpaTa cepe6pa B~XOa 
06bI'IHbIX rrp0,UYKTOB rrpHcoe,UHHeHIIH (Ta6JI. 1) rra,UaeT H rrOHBJIHeTCH HOBbI}! 

rrpo'uyKT -1-xJIop-3-oKcHrrporraHoH -2 44, 48, 1,9. TIpH IICTIOJIb30BaHHH OJlecj)J1Ha 

Me'IeHOrO 36Cl B TIOJIOLKeHHH 3 6bIJI rrOJIY'IeH l-xJIop-3-oKcHrrporraHoH-2, co,Uep­

)KamHi'! rrOiIHOCTblO Me'IeHbIH XJIOp. KI-IHeTlI'IeCKHe H3MepeHH5I B rrpHcYTCTBlIH 

1I36bITKa HOHOB cepe6pa H OJIecj:mHa rrOKa3aJIH, 'ITO HMeeT MeCTO aBTOKaTa­

JU!3, EOTOPOMY crroco6CTBYlOT rrOBbIIlIeHHe KOHuellTpaUHH XJIOpHOBaTHCToi'r 

KHCJ10Tbl II OJIecplIHa II HH3KlIe KOHueHTpaUlIlI (a JIy'IIlIe OTCYTCTBHe) MlIHe­

paJIbHOii KlICJIOTbI. AHaJIH3 rrp0,UYKTOB B KlIHeTWIeCKlI KOHTpOJIHpyeMbIx 

YCJIOBH5L\ IlOKa3aJI, 'ITO aBTOKaTaJIlI3 CBH3aH C 06pa30BaHlIeM l-XJIop-3-0KclI ­

rrpOTIaHOHa-2. ABTOp 49 06bHCH5IeT 3TlI pe3YJIbTaTbI TeM, 'ITO TIplI HaJIlI'IlIiI 

1I0HOB cepe6pa HapH,Uy C 06bI'IIIOH peaKUHeH 3JleKTpocj:mJIbHOrO nplIcoe,UlIHe­

HlIH IIMeeT MeCTO HYKJIeocplIJIbHaH aTaKa ,UBOHHOH CBH3lI rlITIOXJIOpHT-aHlIO­

HOM C rrOCJIe,UYlOmHM 06pa30B3IIHeM 3TIOKClI,Ua. B YCJIOBlIHX peaKUlIlI TIpOHC­

XOJjJlT paCKpbITHe 3TIOKCH,UHoro KOJIbua C 06pa30BaHHeM KeTOJIa: 

/Cl 
CH 2=C --. CH 2 -CC1-CH 2 Cl --- HOCH2~CH,Cl 

"'-CH2CI "----0/ 	 0C
0­

Af+ tl 

3TOH peaKulIH CTIOC06cTByeT HaJIlI'IHe rrpH ,UBOHHOH CBH3lI 3JIeKTpOHO­

3ImeTITOpHbIX 3aMeCTHTeJIeH. 

B peaKUHHX rrpHcoe,UHHeHHH C Y'IaCTHeM 3JIeKTpOcpHJIbHbIX 6pOMa 11 Ho,Ua 

OpneHTaUI1H TIpOTlIB rrpaBliJIa MapKOBHHKOBa rrpOHCXO,UHT B 60JIbllleH CTe­

rreH!], 'IeM ,U.'1H 3JIeKTpocpHJIbHOrO XJIOpa 41, 42, 50-52 (cp. C Ta6JI, 1), 
Br+ 

CH2=CH-CHa C\- -0' BrCH2CHCICH3 + CICH2CHBrCH3 

46~1o 

IianHqHe rrpH ,UBOHHOA CBH3lI ClIJIbHhlX 3JIeKTpOHO,UOHOPHhlX HJIH 3JIeKT­

pOHOaKueTITOpHbIX rpyrrTIl1pOBOK crroc06cTByeT H36HpaTeJIbHOMY rrpOTeKaHHlO 
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peaKIl,lnI COrrpmKeHHOrO rrprrCOe;UlHeHl151 50-52: 

1+ 
CSH5CH=CH2 Cl--> C6H5CHCICH21 (95%) 

1+ 
CH3CH=CHSOaH Cl- -> CHaCHCICHlS03H (90?il). 

nprrCOe,lI,rrHeHlIe 6pO~IHOpaTrrCTOii KrrCJIOTbI K 3,3,3-TpHxJIOprrporreHy-1 

rrpOHCXO,lI,rrT 1136rrpaTeJlbHO npOTrrB rrpaBllJIa MapIWBHIIKOBa 53. 

Br+ 
CH2 =CHCCla H 20-7 OHCH2CHBrCC1 3 

AHaJIOrWIHaB OpHCIlTaIl,IIB npllCOe,lI,llHeHllB IIi\ICeT MeCTO npll rllrrOXJIOprr­

pOBaHllrr 3,3-,.rUIXJIOp- rr 3,3,3-TpllxJIOprrpOrreHoB-1 .54. rIpHCOe,lI,ImeHrre XJIOp­

HOBaTrrCTOii KllCJIOTW K MeTllJIeHIl,rrKJIOaJIKaHaM rrpllBO,lI,llT K ,lI,ByM CTpyKTyp­

HblM ll30MepaM, TOr,lI,a KaK rrprrCOe,lI,llHeHlle 6pOMHOBaTllCTOii KHCJIOTbI ,.'!aeT 

rrOlJTH rrOJIHOCTblO O,.'!HH ll30Mep, 06pa3YlOIll)!iiCB npOTHB npaBHv'la MapKOB­
IlHKOBa 45, 55, 56: 

rIPH fl=4,6 ,.'!J15I IV 60 II 67%; ,lI,JIB V - 40 rr 32% 

rIPH fl=5,7 ,.'!JI51 IV 41 H 35%; ,lI,JI51 V-50 rr 64% 

TIprr fl=4,6 ,lI,JIB VI 99 II 98%; nprr fl= 5,7-91 II 87%, 

ABTOPbI 55 ClJrrTalOT, lJTO HeKOTOpOe rrpe06JIa,lI,aHlle aHOMaJIbHOii OpHeIl­

TaIl,HH B CJIYlJae Il,llKJIOB C4 II C6 06bBCHBeTCB TeM, lJTO TpllrOHaJIbHbIl'r yrJIe­

pO,.'! B COCTaBe T3KllX Il,llKJIOB CTepHlJeCKH 3aTpY,lI,HeH, O,lI,HaKO rrprr3HalOT, lJTO 

TaKOe 06bBCHeHlle HerrOJIHO OTpa:IKaeT BJIHBHHe Il,HKJIa Ha OpHeIlTaIl,HlO B 

3TOH pCaKIl,llll, rrOCKOJIbKY rrprrCOe,lI,llHeIlrre HBr K TaKllM COe,lI,llIleHll51"I rrpo­

TeKaeT C 06pa30BaHlleM a,lI,,lI,YK1a CTporo no npaBllJIy MapKOBHHKOBa 57. rIpI1 

B3am'vIO,lI,eiicTBllll aJIJIeHOBbIX yr,'leBO,lI,OpO,lI,OB C BO,lI,Hoii cycrreH3lleii rrrrrOXJIO­

pllTa KaJIbIl,rr5I B aTI\IOc4Jcpe yrJIeKllCJIOrO ra3a njHlCOC,lI,rrHCIllle rrpOHCXO,lI,rrT 

TaKllM 06pa30M, lJTO KaTrrOH xJIopa HarrpaBJI51eTC51 K Il,eHTpaJIbHOMY yrJIe­

P0,lI,HOMY aTOMY, 3 OKCH-rpynna - K COCe,lI,HeMY 3TOl\Iy, II 1\1 e IOLll,C My HaH60JIb­

Illee lJHCJIO a,'lK]WbHbIX 3aMeCTHTeJIeii 58, HH B O,.'!IlO"! CJIYlJae He Ha6JIlO,lI,a­

JIOCb 06pa30BaHH51 a-XJIOpKeTOHOB, KOTopble ,lI,OmKHbI nO,'lYlJaTbCB npH rrpo­

THBOnOJIO:IKHol'r opHeIlTall,HH npHCOe,lI,HHeHllB: 

Cl+ 
CH2=C=CH-C2H5 H 20-'> CH2=CClCHC2H5 + CH2CCl=CHC2H5 

I ! 
OH OH 7% 
63% 

B orry6JIllKOBaHHoii :IKe paHee pa60Te 59 nOJIYlJeH XJIOpaIl,eTOH npH ,lI,eii­

CTBHH XJIOpHOBaTllCToii KllCJIOTbI Ila aJIJIClI, 

PeaKIl,llB COrrpB:lKeHHOrO npllCOe,lI,llHeHllB K Herrpe,lI,eJIbHWM COC,lI,llHeHll5IM 

C lJeTBepTlllJHbIM aTOMOM yrJIcpO,lI,a rrpll ,lI,BoiiHoii CBB3ll cOrrpOBO:IK,.'!aCTC51 

06pa30BaHlleM He60JIbIllllX KO,'llllJeCTB Herrpe,lI,eJIbHbIX rrp0,lI,YKTOB 3aMelll,c­
lIllB 4,43, 44, 46,47: 
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CH3 


J Cl+

CH2=C-CH3 ----> 

11,01 I-H+ 
II 

(CH3hC=CIICI 
87,6% 

(CHalzC (OH) CH2Cl 
0,4~u 

B03MOLKHbIC npHlJl!IIbI TOro, nOlJeMY IIMeHHO HOilbI Tlma (VII), HMelOlll.IIe 

3JleI<TpOHo,nOHOPHblC 3aMeCTIITeJIli Y Kap60KaTl10IIHOrO ueHTpa, CKJIOHHbI K 

KOlIKyplIpYIOIlLCii pcaKUIlll nOTepli npOTOHa, paCCIvIOTpeHbI E pa60Tax 4, 60-62. 

3. npUcOe,ll.UHeHUe raJIOH,ll,OB B OpraHH'leCKHX paCTBOpUTeJl5lX 

B3all:VIO,ll.eHCTBlie Herrpe,ll,eJIbHbIX COe;:LIIHCHIiH C MOJIeKYJI5IpHbIMH ra,TJO­

l1,ll,a:VllI, N-raJIOreHaMll,ll,aMII HJII1 TpeT.-6YTIIJIrIInOXJIOpIiTOM B cpe,ll.e HeKOTO­

pbIX OpraHl1lJeCKllX pacTBopIITcJleH (crrl1pTOB, KIICJIOT, aHrll,ll.pl1;:LOB KlICJIOT) 

IWl1 MIIHCpaJIbHbIX KIICJIOT (cepHoH, CPOC(POPHOH II ,ll.p.) rrpIIBO;:LllT K con PH­

IKCHIlO:VIY npIICOe,ll.IIHeHIIIO raJIOII,na H cpparMeHTa paCTBOpIITeJI5I no KpaTHOH 

CB5I311. 06Illl1pHble IICCJIe}l,OnaHI1H no peaKUI151M raJIOreHaJIKOKCI1JII1pOBaIlI1H 

MOHOIiClIaCbIIlLClIHbIX, ;:LHeHOBbIX 11 eHI1HOBbIX yrJleBo,nopo,nOB II CBOHCTBa:VI 

06pa3YlOIlLIIXC5I npOCTbIX 3CPlipOB ~-raJIOreHCmjpTOn nO}l,pOOIIO Yl3,TJOLKelibI ~ 
;vloHorpacpmI 63 . 

rIPH O,QHOBpeI\ICHHO:VI nponYCKaHIiH 3TYlJIeHCl II xnopa B paCTBOp aueTaT:1 

HaTpH5I B YKCYCHoi\ KIlCTJOTe nOJIYlJaeTCH C!\]CCb ;:LIJXJIOp3Tana 11 l-XJIOp-?­

aueTOKCH3T211a 64: 

CI, 
CI I,C02 H. CH,CO,Na 

DpH IlpOBe,ll,eHI111 3TOH peaKILIm B aUCTaHrll,ll.pII,ll.e BbIXO,ll. XJIOp3cpl1pa no­

BbILIIaeTC51 ,no 87%. I1cnOJIb30BaIIHC B KaqeCTBe paCTBOpIITeJIH I\lCTHJIaUeTa­

Ta nOBbIlilaeT BbIXO,ll. ,ll,IIXJlOp3TaHa. X,TJOpHpOBaHI1e (HJII1 6POMHpOBaHI1e) 

3TI1.1l'H3 B MypaBbIIH0I1, YKCYCHOH H X,TJOpYKCYCHOH KHCJIOTaX B npHCYTCTBI1H 

aueT3Ta PTYTII TaKLKe rrpl1Bo,nHT K 06pa30BaHI11O ~-raJIOreH3cpI1pOB GS. 

rIPE ,'IeHCTBIIII N-,nI1XJIOp6CH30JICYJlbcpa:vm,ll.a B MeTalIOJIe Ha 6YTell-2 

nOJIyqClI 2-XJIOp-3-MCTOKCH6YTaH HapH,ll,Y C He60JIbIIlI1M KOJIl1qCCTBOI\l 2,3-,'U1­

x,11Op6YTalIa 66: 

CI+ 
C! I"CH=CHCII3 CH 30H ~ CH3CHCICH (OCH:I) ClIo + CI loCI ICICHCICH3 

70-80% 

3Ta )Ee PC3KUII5I C 6YTeHol\l-1 npI1BO,ll.HT, flCP05ITIIO, !{ 01eCI1 H30l\lepOB 

C 33l\ICCTllTC.TJ5I1\l11 B nOJlOLKCHllH 1,2 66 , 67. rIPI1 ;l,eHCTBHI1 Tpcr,-6yTHJIfllrIOXJIO­

pI1Ta Ha O,lCCPl1lIbJ (3TJ1.!IeH, npOnI1JICH, rreIlTeH-2, rCKCeH-3, rCfneIl-l, UI1!{JIO­

reKCCH) B 1I1CT3HOnC, 3TaIIOJIe, cpeHOJIC, YI{CYClIOH KHc.TJOTe n rrpl1CYTCTBHII 

KaTaJIllTHlJeC!{l1X KOJIHIJCCTB P-TOJIYOJICYJIbCPOKHCJIOTbI C y,nOBJIeTBOpI1TCJIbHbI­

MI1 BbIXOJI,aMll (OT 30-40 ,ll.0 60--70 %) nOJIYlJCHbI COOTBeT'.'TBYIOIlLHe B-X,TJOp­

3CPl1pbI 58 . Ha,ll.o nOJIaraTb, lJTO B CJ1YQae HeCI1MMeTpI11l!,; ,IX aJIKeHOB nOJIY­

qeHIIbIC npO,ll.Y!{Tbl npe,ll.CTaBJI51.IOT C060H CilICCI1 ll30MepOB. 0 CHllTe3e [)-ra­

JIOreII3¢HpOB CllJIbHbIX KI1C,TJOT npll COrrpHLKCHHOM raJIOll,ll.llpOBaHHI1 a.TJKCIIOB 

B CpeJI,e 3THX KIICJIOT C006lll.eIIO B p360TaX 69, 70. f1pllCOe,ll.llHeHl1e CIOCH3 K 

1,3-6YTa]UleHY rrpll ,ll.elICTBHH I1a rrOCJICJI,HllH 6eH30JICYJIbCP0,ll.HXJIOpa:VIHJI,OM B 

MCTaHOJIC npl1BO,ll.llT K CMCCH npo,nYKTOB 1,2- II 1,4-npHcoe,ll.I1HCHHH C 06IlLlllvl 

http:npI1BO,ll.HT
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BbIXOJI.OM 46 % H CIWbHbIM IIpeo6J1a,lLarmeM nepBoro npOJI.YI\Ta 71: 

CIOCH3 
CH2=CH~CH=CH2 ----'> CICH2CH-CH=CHz + CICH2CH=CHCH20CHa 

I 
OCHa 83% 17~o 

npOM- II lIO,lLaJIKOKCHJHrpOBaHHe 6YTa,lLHeHa rrpHBO,lLHT I10lJTH HC!(.TIOlJH­

TCJIbHO K npO,lLYKTai\I 1,2-rrpHcoe,lLHHeHHH 28, 71-73. TaK, npH ;l,eflCTBml Ha 

6YTa,lLHeH paCTBOpOM 6pOi'vla B MeTaHOJIe o6pa3yeTcH 4-6pOM-3-MeToKcH6y­

TeH-l (63%) C He6oJlbIllOH npHMecbIO 1-6poM-4-MeToKcH6YTeHa-2 (4%) Ha­

pH,lLy C npO,lLyKTal\!H rrpHCoe,lLHHeHH5I ,lLByX aTOMOB 6poMa 73. X.TlOpaueToKcH­

.1JHpOBaHHe UHKJIOneHTa,lLHeHa npH ,lLeHcTBHH Ha rrOCJIe,lLHHH Tper.-6YTHJIrH­
rrOXJIOpHTOM B pacTBope YKCYCHOH KHCJIOTbI ,lLaeT C BbIXO,lLO~1 47% npOII,yKT 
COnp5l)KeHHOro J,4-npHCOe,TLHHeHII5I - TpaHc-J ,4-aueTOKCHXJIOp- ~\2-UlII(JlOrreH­
TeH 74: 

n rpcr·BuOCl 
CH3CO.H -\I 

"'-./ CHaCOO/"/"Cl 

XJIOP- II 6pOMMeTOKCHJIHpOBaHl:!e H30rrpeHa rrpOHCXO;:I.HT T3KID! 06pa30l\!, 

'iTO BXO,lL5ImHH raJIOreH BCer,TLa HaXO,lLHTC5I B rrOJIO)!{eHHH 1. n pH .3TOM B CJIy­

lJae x.1JOpaJIKOKCHJIHpOBaHIl51 HaH,lLeHbI lIpO,lLyETbI KaE J,2-, TaK H 1,4-npHco­

e,lLHHCHIl51 B OTHOIlIeHHIl 2 : 1 COOTBeTCTBeHHO 75, 76. 

CHa 
I 

CICH2CCH=CH2 +CICH2C-=CH---CHzOR 
f i 

OR CH8 

npH 6pOMaJIKOKCHJIHpOBaHHH H30rrpeHa H,lLeHTHqJllUHpOBaHbI JIlHUb npo­

;XYKTbI J,2-11pHCOe,lLlIHeHII51 - 4-6pOM -3-a.1JKOKCIl-3-MeTHJI6YTCHbI -J 63, 75 

OPOM- H HO,lLaJIKOKCHJIIIpOBaHlIe XJIOpOrrpeHa H 6pOMOrrpeHa B OTJIIIlJIIe OT 

I130npeHa npOIICXO,lLIIT LTlaBHbIM 06pa30M B rrOJIO)!{eHHe-3,4 77 - 79 : 

OR 
BrOR J 
-- CHo=C-CH-CHoBr 

" [ ­
CI 

npH XJIOpaJIKOKCHJIH pOBaHHI1 .3TI1X )!{e COe,lLI1HeHHH 06Ha py)!{eHbI npo­

,lLYKTbI KaK 1,4-, TaK H 3,4-rrpl1cOe,lLI1HeHI15I B OTHOIlleHIIII 4: 1 COOTBeTCTBCH­
HO 80. 

TaKI1M 06pa30M, y II30npeHa 60JIce peaKUHOHHOCrroc06Ha 3aMemeHHa51 

,lLBOHHa51 CB5I3b, TOr,lLa KaK Y raJIOreHrrpeHOB - He3aMemeHHa51. 

faJIOreHa.1JKOKCHJIIIpOBaHIIe BHHHJIaueTII.TCHa II ero rOMOJIOrOB npOIIC­

XO,lLHT rJIaBHbIM 06pa30M no BHHHJIbHOH rpyrrne 81, 82: 

CH2=CH~C=CH HaIOR--,> HaICH2~CH~C=CH 
I 
OR 

npH ,lLeHCTBHH TpeT.-6YTHJIflmOXJIOpHTa II aJIKIWnI,lLpOnepelOlceH HJIII 

nepeKHCH BO,lLOpO,lLa Ha HeKOTopble OJIeqH!HbI (2-MeTIIJIneHTeH-l, reKceH-3, 

IIHKJIOreKCeH H ,lLp.) 06pa3YIOTCYI B-XJIOp3aMemeHHble nepeKHCH C BbTXO,lLOM 
20-50% 83: 

(45%)CI+ 
C,H,C(C1-1 3).OOH 

http:rrpOHCXO;:I.HT
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CHa 

T Cl+ 


(26%)CHa(CH2hC=CH2 H.O,--o, 

BIIHIIJIOBble 3qmpbl peanrpyIOT C TpeT.-oynlJIflInOXJIOpIiTOM B npIIcYTcT­

BHH nepBIIqHbIX IIJIII BTOPIIqHbIX cmlpToB, aJIKIIJIrII,lI,pOnepeKliceH IIJIII nepe­

KHCII BO,lI,OpO,lI,a C Oopa30BaHlieM COOTBeTCTBeHHO XJIOpaueTaJIeH, XJIOPMOHO­

rrepoKcII- II XJIOpfII,lI,pOnepOKCliaueTaJIeil C YMepeHHbIMIi BbIXO,lI,alVIlI 83. 

XJIOpMeTOKCIIJIlipOBaHlie aJIJIIIJIOBOfO CmlpTa MOJIeKYJI5IpHbIM XJIOPOM 84 

JIHOO reKCaXJIOpMeJIaMIiHOM 85 B MeTaHOJIe npIIBO,lI,IIT K Cl\[eCIi II30MepHbIX 

MeTOKCIIXJIOpnpOnaHOJIOB Ha p5l,lI,Y C 2,3-,lI,JIxJIopnpOnaHOJIOM-1. 

B CMeCH II30MepOB npeOOJIa,lI,aeT npO,lI,YI<T npHCOe,lI,IIHeHH5I no npaBII.'1Y 

MaPKOBHHKOBa. OpOMMeTOKCII.'1IIpOBaHMe a,a-,lI,IIl\[eTIIJIaJIJIMJIOBOfO cnIIpTa 

N-6pOMCYKUIIHIIMII,lI,OM (NBS) B MeTaHOJIe 86 ,lI,aeT C BbIXO,lI,OM 46% npO,lI,YKT 

H36HpaTeJIbHOrO npIICOe,lI,IIHeHM5I npOTIiB npaBMJIa MapKoBHMKoBa, XJIOpMe­

TOKCHJIlipOBaHlie 3TOfO COe,lI,IIHeHM5I TpeT--6YTIIJIrIInOXJIOpIiTOM B MeTaHOJIe 86 

Jl,aeT CMeCb CTPYKTypHbIX II30MepOB C CIIJIbHblM npeOOJIa,lI,aHMeM TaKoro JKe 
H30Mep3. 11pIICOe,lI,IIHeHIIe CIOCOCH3 ,lI,aeT CMeCb paBHbIX KOJIHLJeCTB CTPYK­

TypHbIX II30MepOB. 11pH 3TOM T3KJKe oopa3YIOTC5I ~-XJIOpKeTOHbI, nOJIyqaIO­

lI1HeC5I B pe3YJIbTaTe neperpynnHpoBKH nliHaKOJIIiHOBOfO nma 87; 

NBS 
CH.OH --'> (CH3hC (OH)CHBrCH20CH3 

H3C", 
CCH=CH2 

H3C/~H 
Tper-BuC! 

CH.OH--O> (CH 3hC(OH) CHCICH20CII3-1-(CH3hC(OH)CH(OCH3)CH2CI + 
rper.- BuOCI 

CH3CO.H 
3,5%70% 

+ CH3CCH (CH3)CH2CI 
II 
o 8,5% 

(CHah C (OH) CH (OCOCHa) CH2Cl+(CHahC (OH) CHCICH20COCH3+CH~CCH (CH3)CH2CI 
II 
o 

23% 23% 20% 

XJIOP- H opoMMeTOKCHJIHpOB3HHe ,lI,HMenIJIII30npOneHHJIKa pOliHOJ1a TaKJKe 

PHBO,lI,HT K Cl\leCH OOOHX II30MepHblx np0,lI,YKTOB npHCOe,lI,HHeHH5I. IlpH 3TOM 

6pa3YIOTC5I 3HaqHTeJIbHble KOJIHqeCTBa '~-raJIoreIIKeToHOB 87-92. Ileperpyn­

HpOBKa C Oop330BaHMeM ~-raJIOreHKeTOHOB CTaHOBHTC5I rJIaBHbIM HanpaB­

eHHeM peaKUHM ,lI,HMeTHJI (apIiJIMeTIIJI) H30npOneHIIJIKaPOMHOJIOB C TpeT.­

YTHJIrIInOXJIOpHTOM npH 3aMeHe npOTOHHbIX paCTBOpIITeJIeH Ha anpOTOH­

hie (MeTMJIeHXJIOpH,lI" HHTpOMeTaH) 93-97. 

3,3,3-TpHqJTopnponeH-l JIerrw B3aHMo,lI,eHCTByeT C OPOMOM B pacTBope 

KCYCHOil KIICJIOTbI B npIIcYTcTBHH aueTaT3 IIJIH cYJIb<jJaTa pTyTII, ,lI,aBa5I C 

blCOKHM BbIXO,lI,OM (78%) npO,lI,yKT cOnp5IJKeHHOfO npHCOe,lI,HHeHH5I npoTHB 

paBHJI3 MapKOBHHKOBa 98, B OTCYTCTBHe cOJIeil PTYTII nOJIyqaeTC5I rJIaBHbIM 

6pa30M ,lI,H6pOMH,lI,. 

Br+ 

CFaCH=CH2 CH.co.H,Hg(OCOCH.ls 
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1600 n. c. DorycJJaIlcKal1 

AHa~OrHqHaH 0pHeHTaUHH 3~eKTpO~H~bHOrO rrpHcoe~HHeHHH HMeeT Me­

CTO rrpH corrpmKcHHoM X~opHpoBaHHH 3,3,3-TpHx~oprrpOneHa -I 99 H 3,3,3­

TPHX~Op-2-MCTH~nponeHa -I 100. 

opH X~OpHpOBaHHH COC~HHeHHrr, CO~ep)KaJUHX -CI-I = CC1 2 -rpynnHpoB­

Ky, B CMeCHX YKCYCIWH KHC~OTbI H aUCTaTa PTYTH, MypaBbllHOH H KOHUCHT­

pnpOBaHHOrr CepHOH KHCJIOT C BbICOKHl'vUI BbIXO~aMH no~yqeHbla-X~Op3aMe­
JUeHHble Ka p60HOBble KIICJIOTbI 101: 

~ . H~R (CH2)n CH=CCI2 HCO.H-' [R (CH2)n CHCICCI20COH] ---> R (CH2)n CHC1C02H 
(60 -80%) 

TarmM 06pa30M, HaJJI1qlIe Tpex aTOMOB ~TOpa II~II xJlopa B a~~II~bHOl'v1 
nOJIO)KCIIHII cnOc06cTByeT 0plIeHTaUIIII TIpIICOe~IIHeHHH rrpoTIIB npaBlula 

MapKOBIlHKOBa. HaJlHqlle ~ByX aTOMOB raJlOreHa B I-BHHIWbIlOM nO~mKemi!l 
cnocoocTByeT rrpHCOC~IIHCIIlIlO BXO~5IJUero ra~oreHa K coce~I1eMy yr~epo~­
HOMY aTOMY rrpH ~BorrHorr CBH3H 98. 101. 

OpHcoe~HHelllIe CIOCH3 K X~OpIICTOMy H 6POMIICTOMY aJlJIFWY rrpOHC­

XO~HT C 06pa30BaHHeM Bcex B03l'vIO)](HbIX npo~yKTOB npHCOe~IIHeIlIIH, npH­

qCM npo~yKTbI rrpOTI'!B rrpaBHJla MapKOBHHKOBa 06pa3YlOTCH B npe06~a~alO­
mcl'v! EO~lIqeCTBe 102, HanpHMep 

Cl+ 
CH2=CHC]-]zCl CH 3OC( > CICH2CH (OCH3) CI-I2Cl + CI-I,{)C]-I2CI-IC1CH2CI 

12,5% 18,5% 

X~OPMCTOKCH~HpOBaHHe 2-raJlOreHa~~H~XJlOpH~OB npoHcxo~HT no rrpa­

B1wy MapEOBHHEOBa 103, KaK H c~e~OBa~o O)](II,ll.aTb no aHa~orlIlI C rHnox~o­
PHPOI3ClHHCM 2-x~opaJIJll::lJlx.'IOpH~a 43, 44. OPH 3TOM oopa3Y]{lTCH TaK)](e I1e­

npC~'l,e.TJbHble rrpo~yKTbI 3al'vIeJUeHHH: 

F 
I 

+ CliJOH I 

[C1CH2CFCH2Cl] ----) CICH2CCH2CI 
I 

-H+ I }CI- 50% OCH3 

3,5% 

C1CH2CFCl CH2Cl 
1,5% 

COnpH)ECHHOe ra"'IOH~HpOBaHl1e ~BOHHbIX CBH3CH xo~eCTepIIHa 104. 105 JI 

~BOHHUX CBH3CH KOpTHKOCTepOH~OB 100 HB~HeTCH npHMepOM H36HpaTC~bHO­
fO npHcoe~HHeHHH npOTIIB npaBlIJIa MapKOBHHKOBa. 

4. ranoreH~TopHpoBaHHe 

B 1959 r. orrYOJIl1l\OBaHbI nepBble p 800TbI rro corrpmKellHoMY ra~OleH­
q:nopHpoBaHIIIO CTCpOll~OB N - raJl0rCHal'vIll~aMII II 6e3I30~I1bIM ~TopncTLIM 
BO~OpO~OM B npHcYTcTBHH OpraHHqeCKHX aKuerrTopOB npoToHoB (crrHpToB 

H~H npOCTbIX 3~HpOB) B X~Opo~opMe 107-110. 

OPH 6pOM~TopHpOBaHHn N-6pOMaueTaMH~OM H ~TOpHCTbIM BO~OpO~OM 
L'.5-cTepOH~OB 06pa3YloTcH 5 a-6poM-6 B-~TopcTepoH~bI (npoTHB rrpaBFwa 

MaplwBHnKoBa), Tor~a KaK HO~~TOpHpOI3aIlHe N-HO~CYKUHIIHMH~OM H ~TO­
PJlCTbIl'vI BO~OpO~OMT1,aeT 5 a-~Top-613-Ho;J,cTepoH~bI 110. ra~oreH~TopHpO­
BaHne npOTeKaeT no TllIly TpaHc.-nplICOC~I1HeHlIH 106, 108. 109. 

TaK, H3 UHIworeKceHa B OImcaHHbIX BbIIIle YCJ10BJlHX no~yqeHbI BHUH­

Ha~bHble Tpm{c.-6pOM~TOP- n nO~~TopUHK~oreKcaHbI C y~oB~eTBOpHTe~b­
HbIMH BbIxo~aMn 109. 



COllp5DKeHHoe :OWCKTpoqlHnbHoe ra.~OIl.QllpOBaHlle KpaTHbIX cBH3eH 1601 

B ,lLaJIbHeHmeM 3TOT CIIOCOG GblJI I1CIIOJIb30BaH ,lLJI5I CHHTe3a GOJIce IIpO­

CTblX GpoMClnop- H XJIOpqnopIIpOH3BO,lLHbIX. 13POI\ICPTOpHpOBaHHe 3CPHPOB 

a,~-HeHaCbTrueHHblx Kap60l1OBblX KHCJIOT, lIe I1MeIOruHx 3aMeCTI1Tcm=r B a-IIO­

JIO}KeHI1H, ;J,aeT C BbIXO,lLO~I 50~70% 3CPl1pbI U-6pOM-~-cpTopam<aIIOBblx KI1C­
,~OT III. 112: 

XnopcpTopHpOBaHHe 3TI1JIeHa, IIpOIIHJIeHa, BHHHJIH,lLeHXJIOpl1,lLa, BHHHnH­

ileHcpTopl1,lLa H MeTHJIaKpl1JIaTa ocyruecTBJIeHO C YMepcHHblMH BbIXO,lLaMlI 

(30~60%) XJIOpHpOBaIIl1eM 3THX COe,lLIIHeHI1H ra300Gpa3HblM XJIOPOM B 

lKH,lLKOl\[ cinopIIcTOM BO,lLopO,lLe IUIll reKCaXJlOpl\IelI8MHHOM H cjnopliCTblM BO­

Il:OpO,lLOl\I B 3(jlIlpe 113, HaIIpHi\Iep, 

OpmlelKYTOIIHoe oGpa30BaHHe~-XJIOpKaTHOHa B IIpouccce COIIP5IlKCHHOro 

ITPHCOC,lLHHeHHH xnopa H cpTopa K OJIccpHlIaM ,lLOKa3aHO aBTOpaMI1 11 3 Ea IIPH­

Mepe X"IOpCPTOpl1pOBaHHH 3TI1,'1eHa B IIPHCYTCTBIlI1 GeH30JIa. I1pH 3TOM Ha­

pR,UY C 1,2-cpTopxJIop3TaHoM, l\]()HO- H ,lLHxnop6ell30JIOM C I3LIXO,UOl\I 8 % IIO­

JIyqeil ~-X,1(1)3TI1JIGeH30J1: 

BpO~ICPTopllpOBaHHe a-o,:lcCPIlHOB OT C 2 Jw CIS N-GPOl'v!aIl,CTa\lll,lLOM H 

~TOpHCTbDI BO,lLOPO,lLOM B OICCI1 3cpl1pa H X.7IOpocpopMa ,lLaCT C XOpOllIl1MH 

BbIXO,lL8illIi (Il,O 60-70 %) 1-6pOl\I-2-cpTopaJJKaHbl, IIpl1 3TOM 06pa3ycTcH TaK­

lKe HeKoTopoe KO.'1IFICCTBO 1130MepHblx l-cpTop-2-6pOl\JaJIJ\a!loB (3-8 %) II'. 

J],oGaBJIeHlle K paCTBOpHTeJIIO IIHpH,lLHlIa B HeKOTopLIX CJIYIIa5IX YBe.TJWIHBaCT 

BbIXO~L TIpO,lLYKTa IIpHCOe,lLI1HeHI15I. TaK, 6POMCPTopHponaHHe CTHpOJIa B 3CPH­

pe ,lLaeT a-cpTop-~-Gp01vI3THJI6eH30JI C BLIXO,lLOM 25 %, B 3cpHpe - IIHpl1,UHHC 

lKe (4: 1) I3LIXO,lL IIpO,lLyKTa PC3KUHH IIQDblWaCTC5I ,lL0 68%. I3pOl\ICPTOpHpO­

BaHHe 6polvIHcToro aJIJIlwa ;raCT 06a H30l\ICPHbIX ,lLH6pOMCPToplIponaHa, IIpll­

qeM npeuGna;l,aeT IIpO,lLYKT npIICOe,lLHHeHIHI npOTllB IIpaBII,'1Cl MapKoBHH­

KOBa: 

22% :32% 

0PIl 6POMCPTOPHpoB8111m l\ICTHJIaKpH.1aT<1 I3hlTlleYKa3allHLIM CIIOCOGOM B 

cpe,lLe 3cpHpa ~ IIHpH,lLHHa HapHiT.y C ())Kll/l,aCl\lhll\! MeTHJI-~-CPTOp-rx-6poMIIpO­
ITIlOHaTO\l no.!IyqeHbI HeOOJILWlle KO.TJHIICCTB<1 l\IeTI1JI-a-cpTop-~-OpoMilponllo­
HaTa II l\ICTIi,'1-a-3TOKCI1-[j-opOl\TTIpOmlOHaTa 112. I1PI1 GpOMcpTOpl1pOBaHHl1 

MeTl1JIMeTaKpl1JlaTa IIOJIYIIeH e,lLI1IICTBCIIHbIH IIpO,lLyKT IIpHCOe,lLI1HeHHH MeTH.1­

a-¢Top-~-6pOM-a-l\IeTl1JIIIpOIII10HaT 115, TaK lKe l1,lLeT X,'10PCPTOpl1pOBaHHe MC­

TIlJI-a-MeTOKCl1aKpHJIaTa reKCaXJIOpMeJIaMI1HOM 11 CPTOPI1CTblM BO,lLOPO,lLOI\l 116: 

CH3 

Br+ I 
CH2 =C (CH3) C02CH3 ~-. BrCl-I2CFC02CH3; 

13pOlIIClnopHpOBaHHe a,'1,1I1Jl8ueTaTa N -OpOl\laueTaMH,lLOi\! 11 CPTOPI1CTbli\l 

BO,UOPO,lLOM ,lLaeT C HH3KI1M BbIXOJl,OM 2-cpTop-3-Gpo~mpoTII1JI-l-aueTaT. HaJIH­

qlle 1130MepHOrO np0,lLYKTa, 06pa3YloruerOC5I IIpOTHB IIpaBI1JIa MapKOBHHKOBa, 

He 6LIJIO YCTaHOB.1eIW 115. 
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XJIopqnOpl1pOB3Hl1e aJIJIl1JIOBOro CfmpTa reKCaXJIOpMeJIaMl1HOM 11 <tlTOPH­

CTbIM BO)1,OPO)1,OM B MeT3HOJIe - XJIOpOcpOpMe npl1BO)1,l1T K 06011lv! B03MOlK­

HblM 1130MepaM 85: 

XJIOpqlTOpl1pCJBaIme 2-QlTOp- H 2-XJIOpaJIJIH,TIOBbIX cmlpTOB, a T3KLKe 2-CPTOp­

11 2-XJIopa,'IJIl1JIXJIOPl1)1,OB npl1BO)1,HT K II3611paTeJIbHOMY npIICOe)1,lllIeHl1IO CIF 
no npaBllJIy M3PKOBHl1KOB3 103, 117: 

C1+ 
CI-l 2=CI-lalC1I20I-l --F- ... C1CH2CFI-laiCH20H 

Hal=F (llblXO)l, 76%), Cl (50%) 

IlpJ1lIel\1, B c,'IYLJae aJIcll1JIX,'IOPl1)1,OB - HapH)1,y C lIe60JIbllllL\I KO.'IJIljC'CTBmI 

npO)1,YKTOB 3aMeIl1,eHl15I 11 npl1COC)1,l1HeHII5I )1,ByX 3TOMOB XJIopa 103. XJIOPIICTbljr 

1I 6POMIICTbIH a.'IJIIIJI X.'I0PCPTOPl1PYIOTC5I C 06pa30BaHIICM Bcex B03l\1O)KHbIX 

npO)1,YI\TOB npIICOe)1,HHeHH5I, B CJIYLJae 6POMHCToro a.'I.'IHJIa 06H3pYlKCll T3K}K2 

rrpO)1,YKT l\1Hrpall,l1H 3TOM3 6p0l\13. IlP0)1,YI\TbI 33MeIl1,CllH5I XJIOPOl\! m: 
HaH)1,eHbI 102. 

HeKOTopbIe ClIell,IIcpl1LJeCKHC oc06eHHOCTH npHcoe)1,HHeHHH Me)lUcJl0HJJ,HbIX 

coe;J,HHCHHH H, B LJaCTHOCTH Hal, K cpTopo.'IecpHH3M 06cYLKll.eHbi B 0630­

pax 118, 119. 5POMCPTopHpoBaHIIe VIII N-6pOMCYKlJ,l1HIIMHlI.OM II CPTOPIICTblM 

BO)1,OPO)1,OM B .9CPl1pC )1,aeT npO)1,yKT neperpynnIIpoBKII BarHepa - MaHepBeH­

Ha (IX). IleperpynI1I1poBKa HMeeT MeCTO TaKLKe npH npIICOe)1,HHeHHH BrCI 

II ClOCH3 K VIII; npI1COe)1,HHelme LKe IC1 He conpODOLK)1,aeTC51 neperpynrm­
POBKOH 120 

5. MexaHH3M ConpH2KeHHOrO 3JIeKTpo$UJIbHOrO raJIOH,ll.HpOnaHHH 

PaccMOTpeHI1e I13,'IOLKeHHOro B pa3)1,eJIaX 1-3 ::)](CnepHMelITaJIbHOrO Ma­

TepI1aJIa nOKa3blBaeT, liTO Ha6JI1oll.3eMYIO OpI1eHTall,I1IO COnp5DKCHHOro npH­

coe)1,I1HeIII15I no KP3THOH CB5I3H B 60JIbllJI1HCTBe CJIYLJaeB M02KHO Yll.OBJIeTBO­

PHTCJIblIO 06b5ICHI1Tb cxeMoH 2 (CTp. 1594). 0606Il1,eHHC .9KCnepI1MeHT3JIbHbJ:\ 

ll.aHlIblX no pa3JIHlIHbnl peaKUI15IM COnp5DKeHHOro .9,'IeKTpocpl!J1bHOrO XJJOPH­

pOBaHH5I aJI.TmJIbHblX CHCTeM )1,aeT B03MOLKHOCTb Bbl5IBHTb BJIH5IHl1e HyK,'IeO­

cpHJIa H cTpoeHHe HCXO)1,HOrO Henpe)1,eJIbHOrO COe)1,l1HeHH51 Ha opHeHTall,HID 

npl1COC)1,HHeHH5I. 

I1PH OTCYTCTBHH 3aMeCTHTeJI51 B nO,'IOLKeHHH 2 HCXO)1,HOrO OJIecpHHa nplI­

COell.HHeHHlO HYKJICoqHwa Y npe)1,llJeCTByeT npOMe2KYTOLJHbIH ra.TJOreHOHIIC­

BbIH KaTHOH, H3 CTpyKTypy KOToporo 1, II H III (cxcMa 2) B.'IHHIDT COCe)1,HH~ 
rpynnbI (B LJaCTHOCTII, 3aMeCTHTeJIb X )1,JI51 paccMaTpHBael\lbIX B Ta6JI. 2 
COe)1,HHeHIIH) . 

B pe3y.'IbTaTC aTaKII HyKJIeocpHJIa Y Ha YKa3aHHble KaTHOHbl 06pa3YIOT­

C51: (A) - npOrlYKT npHCOe)1,HHeHH5I no npaBIMy Map](OBHIIKOBa, (5) - He­

rreperpymllIpOBaHHblii IIpO)1,yKT npIICOell.IIHeHI15I npOTI1B npanrMa MapKOBHI1­

EOBa, (B) - rreperpynnIIpoBaHHbIH npO)1,yKT npI1Coe)1,l1HeHI151 npOTI1B npaBI1­

http:6pOMCYKlJ,l1HIIMHlI.OM


ConpHlKeHHoe 3.~eKTpoqlllJIbHOe raJIOIUI,HpOllaHHe KpaTHblX CBH3en 16U3 

TAS.nHIJ,A 2 

COnpHJKeHHOe 9J1eKTpoIjJHJlbHOe XJlOpHpOBaHHe 8J1J1HJlbHblX coeJl-HHeHHH no 
cxeMe 2 

CH2=CHCH2X+CI++ Y (A)+(6)+(B)-7 

COCTaB rrpO,ll.)'KTOB, % 
CCblJUGI Ha yX JlHTepaTypY

(A) (E) .(B) 

H H2O 91 9 0 35~37 

H F- 100 113 
OH H2O 73 27 0 39 
OH CH30H 71 29 0 102 
OH F- 90 10 0 84, 102 
36CI H2O 30 66 4 38,40 
Cl CHaOH 41 59* 85, 102 
CI F- 68 32* 102 
Br H2O 32 40 28 41 
Br CH30H 26 74* 102 
Br F- 60 15 25 102 

" CYMMa (E+B). 

Aa !viaPKOBHHKoBa. IlpH X= H npIfCOe.ll.IfHeHIfe KaK HOCI, TaK If CIF nOQTl1 

nO,1HOCTblO npOIfCXO.ll.IfT no npaBIfJIY MapKOBHIfKOBa. 
Ilpl1 X=OH, CI, Br KOJIHQeCTBO aHOMaJIbHbIX np0.ll.YKTOB (o+B) B03­

paCTaeT no Mepe YBeJIIfQeHHH .ll.OJIIf YQaCTIfH rpynn X B 06pa30BaHIfH Otme­

BbIX CTPYKTYP TIfna (II) H (III). 3Ta 3aKoHoMepHocTb Ha6JIIO.ll.aeTCH .ll.JIIi 

Reex Tpex paccMaTpHBaeMblx peaKlI,IfH (rIfnOXJIOpIfpOBaHIfH, XJIOpMeTOKcH­

RllpoBaHHH H XJIOpqJTOpHpOBaHHH). AHIfOH <pTopa, KaK HYKJIe0<pHJI, no 

cpaBHeHHIO C MOJIeKYJIal\!ll MeTaHOJIa H BO.ll.bI nOBbIlliaeT H36IfpaTeJIbHOCTb 

npllCOC,Ll.IIHeHHH B nOJIb3Y a.ll..ll.YKTa (A). BepoHTHo, 3TOT <paKT MO)!{HO 060­

ijCHIITb BbICOKOH HYKJIe0<pIfJIbHOH aKTHBHOCTblO H MaJIbIMH pa3MepaMII 

aHllOHa <pTopa, BCJIe.ll.CTBHe tIero nOCJIe,Ll.HHH B MeHblileH CTeneHIf, tIeM Heii:­

TpaJIbHble MOJIeKYJIbI MeTaHOJIa If BO,Ll.bI, nO.ll.Bep)!{eH CTepIftIeCKHM npenHTcT­

BHllM H JIerKO npoHIIKaeT K 3KpaHHpoBaHHoMY Kap60KaTIIoHHoMY lI,eHTpy, 

pacrrOJIO)KeHHoMY Y lI,eHTpaJIbHOrO yrJIep0.ll.HOrO aTOMa. 

TeM He MeHee npl1 HaJIII'lIIII 060eMHbIX 3JIeKTpOOTpIIlI,aTeJIbHbIX 3aMe­

CTllTeJIeil (Cl, Br) .ll.OJIH aTaKII aHHOHa <pTopa co CTOPOHbI MeHee 3KpaHII­

pOBaHHoro l-yrJIepO.ll.Horo aTOMa (KaTHoHbI I II II) If 3-yrJIepO.ll.HOrO aTOMa 

\KaTIIOHbI I I II III) B03pacTaeT H OTHOCHTeJIbHOe KOJIII'leCTBO a.ll..ll.YKToB npo­

THB npaBl1JIa MapKoBHHKoBa YBeJIH'lIfBaeTcH. 06palll.aeT Ha ce6H BHIfMaHIfe 

3Ha'II1TeJIbHO 66JIblilee OTHOlIleHHe neperpynnHpoBaHHoro (B) K Henepe­

rpymmpoBaHHolvlY (0) a.ll..ll.YKTY npH XJIOP<pTopHpoBaHHH (1,6), 'leM npIf 
HIIOXJIOpHpOBaHHH (0,7) 6poMHcToro aJIJIHJIa, 'lTO, BepOHTHO, 0605ICH5IeTC5I 

OJIee BbICOKOii: nOJI5IpHOCTblO Cpe.ll.bI, C03.ll.aBaeMOH )!{H.ll.KHM <pTOPHCTbIM BO­

AOPO.ll.OM. B TOM cJIYlJae, KOr.ll.a HYKJIe0<pHJIaMIf 5IBJI5IIOTC5I KpynHhIe no 060­

eMY II 06JIa.ll.alOllI.IIe OTHOCHTeJIbHO MeHblileH HYKJIe0<pIIJIbHoii: aKTHBHOCTblO 

MOJIeKYJIbI MeTaHOJIa H BO.ll.bI, aTaKa npOMe)!{YTO'lHOrO KaTHOHa npOHCXO.ll.HT 

B60.T!blIleIl Mepe co CTOPOHbI MeHee 3KpaHHpoBaHHblx 1,3-yrJIepO.ll.HbIX aTO­

MOB. ,U.151 3Tl1X HYKJIeo<pIIJIOB npH X=CI, Br npe06JIa.ll.alOT H30MepbI, 06pa­

YIOIlI,IIeC51 npoTHB npaBIIJIa MapKoBHIfKoBa. 

B COCTBeTCTBI1l1 C 3TI1MII npe.ll.CTaBJIeHH5IMI1 CJIe.ll.OBaJIO O)!{H.ll.aTb, 'lTO ne­

pexoLl, OT aJIJIHJIOBOrO cnHpTa K all,eTaTY H oc06eHHO K TpHraJIOreHall,eTaTaM 

a.~JIIIJIOBOrO ClmpTa 6Y.ll.eT cnoco6CTBOB&Tb II3MeHE:HIIIO OpHerlTall,HH Conp51­

eHHoro npIICOe.ll.HHeHH5I B nOJIb3Y a.ll.Ll,YKTa npOTHB npaBHJIa MapKOBHHKO­

a. ,UeHCTBlneJIbHO, npH x.110p<pTopHpOBaHHH H XJIOpMeTOKCI1JIHpOBaHHH 3THX 

P0I13BOLl,HbIX Ha6JIIO.ll.aJIH O)!{HLl,aelvlbIH 3<p<peKT 121 (Ta6JI. 3). IlpH'leM .ll.JI5I 

eaKllHH n pHCOeLl,HHeHH5I CIF OTHOCHTeJIbHOe KO.l1HlJeCTBO a.ll..ll.YKTa npoTHB 

http:a.ll..ll
http:6Y.ll.eT
http:npOHCXO.ll.HT
http:BO.ll.bI
http:AOPO.ll.OM
http:Cpe.ll.bI
http:a.ll..ll
http:a.ll..ll
http:BO,Ll.bI
http:a.ll..ll
http:BO.ll.bI
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npaBHJIa MapKOBHHKOBa 3-qlTop-2-xJIopnponaHoJIa-l YBeJIHqHBaeTC5I B p5I,ny 

OH<OCOCH3<OCOCCI3<OCOCF3, a ,nJI5I npHcoe,nHHeHH5I CIOCH3 KO­

JIHqeCTBO COOTBeTCTBYIOmero a,n,nyKTa 3-MeTOKCH-2-xJIopnpOnaHOJIa-l yBe­

JIHqHBaeTC5I B p5I,ny OH<OCOCH3<OCOCF3<OCOCCIa. 31'01' <paKT co­

rJIacyeTC5I C npe,ncTaBJIeHHeM 0 CTepHQeCKHX npen5ITCTBH5IX npH aTaKe HYK­

JIeo<pHJIa. rpOM03,nKa5I TpHXJIOpaIl,eTaTHa5I rpynnHpoBKa OKa3bIBaeT 60JIb­

wee npen5ITCTBHe 3JIeKTpOHellTpaJIbHOll HYKJIe0<pHJIbHOll MOJIeKYJIe MeTaHO­

JIa, QeM TpH<pTopaIl,eTaTHa5I. HecymHll OTpHIl,aTeJIbHbIll 3ap5I,n MaJIbIll no 

Q6'beMY aHHOH <pTopa, Bep05ITHO, B 60JIbWell Mepe no,nBeplKeH 3JIeKTpOCTa­

THqeCKoMY OTTaJIKHBaHHIO, QeM c06CTBeHHO CTepHQeCKHM npen5ITCTBH5IM, 

BCJIe,nCTBHe qero TpH<pTopaIl,eTaTHa5I rpynnHpoBKa OKa3bIBaeT B 3TOM CJIy­

Qae 60JIee CHJIbHOe 0pHeHTHpYIOmee BJIH5IHHe, QeM TpHXJIOpaIl,eTaTHa5I. Be-

TAEJIHll,A 3 121 

Co"pg~eHHOe xnOpUpOBaHUe aueTaTOB annUnOBOrO C"UpTa 

npO~YKTbI IlpHcoe~HIIeHHlI. % 

no npaBlwy MapKOBHHKOBa IIlPOTH,B IlpaBIIJla MapKOBII1!KOBa 

XJIOpqJTOpHpOBaHHe Cl CH2CHFCH20H FCH2CHCICH20H 
CH2=CHCH20H 90 10 
CH2=CHCH20COCH3 82 18 
CH2=CHCH20COCCI3 74 26 
CH2=CHCH20COCF3 67 33 
XJIOpMeTOKCHJIllpOBaHHe Cl CH2CH(OCH3)CH20H CHaOCH2CHCICH20H 
CH2=CHCH20H 71 29 
CH2= CHCH20COCH3 54 46 
CH2=CHCH20COCCl s 3G 64 
CH2=CHCH20COCF3 50 50 ) 

P05ITHO, npH 3JIeKTpO<pHJIbHOM raJIOH,nHpOBaHHH pOJIb CTepHQeCKHX <paKTO­

pOB Bo06me BeJIHKa. I1JIJIIOCTpaIl,Hell 3TOrO nOJIOIKeHH5I CJIyIKHT npeHMyme­

CTBeHHOe raJIOH,nHpOBaHHe npOTHB npaBHJIa MapKOBHHKOBa npOneHOBbIX CO­

e,nHHeHHll, y KOTOPbIX BCe aJIJIHJIbHble aTOMbI BO,nOpO,na 3aMemeHbI Ha ,npy­

me rpynnbI: CH2=CH-C(CH3)3122, CH2=CH-CCI353, 54, CH2=CH-­

-CF398 H CH2 = CH-C02R 1i1-1J3. 3TH ,naHHble HeJIb35I 06b5ICHHTb TOJIbKO 

pacnpe,neJIeHHeM 3J1eKTpOHHOH nJIOTHOCTH B OCHOBHOM COCT05IHHH paCCMaT­

pHBaeMblx Henpe,neJIbHbIX coe,nHHeHHll, HHaqe CJIe,nOBaJIO 6bI OIKH,naTb npo­

THBOnOJIOIKHOll opHeHTaIl,HH B cJIYQae TpeT.-6YTHJI3TH,TJeHa (n-6YTHJI3THJIeH 

,naeT 80 % npo,nyKTa npHcoe,nHHeHH5I no npaBHJIy Mapl(OBHHKOBa 122). OCTa­

eTC5I nOJIaraTb, QTO HaH60JIee cymecTBeHHYIO pOJIb 3,neCb nrpaeT 3KpaHH­

pYIOmee BJIH5IHHe ~-3aMeCTHTeJIell, KOTopble 6JIOKHPYIOT Kap60KaTHOHHbIH 

u,eHTp B HOHe (X), OCTaBJI5I5I 60JIee ,nOCTynHbIM ,nJI5I aTaKH HYKJIeo<pHJI3 
KOHIl,eBOll yrJIepo,nHbIll aTOM 122, 123: 

a" 
R
Ii-

CH,-CH-C-R 
1/1
Hal' P 
~-

IX) 

COnp5IIKeHHOe XJIOpHpOBaHHe 2-MeTHJI- H 2-raJIOreHaJIJIHJIbHbIX COe,nHHe­

IlHll npOHCXO,nHT nOQTH nOJIHOCTbIO no npaBHJIy MapKOBHHKOBa (Ta6JI. 4). 



1,\ 

Yt 

COllprDKCHHoe 3m-'KTpOcjlll,lbHOe ra,101lAl1pOBaHlIe KpaTHbIX Cfl5I3CH '1(305 

j{ r) ;I C1+ 
CH 2=CCI1 2X ---- CI C1l2(i<~H ,x j _:;.:-'" 

I (YI) j
-/-j+i '-'­

r--~----T---~'-- Yt 
CJO:H2 CI;:=CHX ClCH=CFCli2X Ci C;;Ci?Yr:l-LX YCH,CRCICH 2X 

(r) 1'.11 

IlO-BH,ZlIIMOMY, npH HaJIHqHH Y B03HHKaJOmero Kap6oKaTHOHHOrO ueHTpa 

,neKTpOHO,Il,OHOpHOrO 3aMeCTHTeJIH (a-3aMeCTHTeJIb) KaK npHCOe,Il,HHeHHh) 

HYKJIeO(j)lIJIa, TaK H OTmenJIeHHJO n pOToHa npe,Il,IIlecTBye1' KJIaCCHlle-

TAEJIHlI.A 4 

COnpSllKeHHOe XJlOp"pOBaHle 2-3aMeUI,eHHbIX 3J1J1I1J1bHblX Coe)l.lIHeHIIH no cxeMe 3 
CH2 =CRCH2X+CI++ y ~ (f)-HAl 

CoetaB rrpOilyKTon, % \ _____,----____ CCbIJ1KH Ha 
R x Y 

(f) (,D,) J1H1'epa-rypy 

CH3 H H,O 100 [) 35 
CH3 Cl H;O 94 (j 40 
F OH F- 100 0 117 
Cl 01-1 F- 100 0 117 
F Cl CH 3OI-I 100 [) 103 
F Cl F~ 100 0 103 
Cl Cl H2O 9G 4 43,44 
Cl Cl CI-I3OH >9G <4 103 
Cl Cl F- 100 0 }03 

CKIlI! Kap60HHeBbIH HOII (XI). Y MellbIIleHHe nO,IIO)l{HTeJIbHOrO 3a pH,Il,a B Ka p­

OOKaTHOHHoM ueHTpe BCJIC,Il,CTBHe 3JIeKTpOHO,Il,OHOpHOro BJIHHHH5I 3aMeCTllTe­

RH R lIpen5lTCTByeT B03HI1KIIOBeHHJO raJIOreHOHIIeBoro KaTlIOHa (XI J) 3U 

~eT Koop,Il,HHaUHH p-3JIeKTpOHOB B-raJIOH,Il,a (B OCHOBHOM 31'0 OTHOCHTC51 K 

WOpy, cJIa60 B3aHMO,Il,eikTBYJOIll,eMY C Kap6oKaTHOHHblM u:eHTPOM 3). O,Il,Ha­

KG rrpOMe)l{YTOqHOe COCT05lHHe (X II) npl1 XJIOpHpOBaHI1H He I1CKJIJOqeHO, 

ITOCKOJIbKY He60,IIbIlll1e KOmIQeCTBa a,Il,,Il,YKTOB npOTlIB npaBlIJIa MapKOBHI1­

KOBa (4--6%) BCe)l{e o6pa3YJOTc5I (Ta6JI. 4, a TalOKe 84-89). 

Ilpl1 COnp5l)l{eHIIOM 6pO'v[J1pOBaHHH ,Il,HMeTHJIH30npOneHHm,ap6HHOJIa paB­

HOBeCHe Y)l{e B 3HaQHTeJIbHOH Mepe CMemellO B CTOPOHY raJIOreIIOHHeBoro 

HOHa (XII I) H KOJIHQeCTBa a,Il,,Il,YKTa npOTI1B npaBHJIa MapKoBHHKoBa (XIV) 
BeJIIlKO 87 -89; 

[CH 30H / ; CI I 30H (XIII) 
/CH 3 0H 

./ 
CHs 
I 

(CH3h CCBrCH20CHa 
! 

OH 35% 
(XIV) 
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OpIIeHTaIl)llI rrpOTIIB rrpaBIIJIa MapKOBHIIKOBa B 3TOM CJIyqae CIIoco6CTBY­

lOT TaKlKe ~-3aMeCTIITeJIII. CIIJIbHOe 0pIIeHTIIpYIOIIJ,ee BJIIIHHIIC u-3aMeCTIITe­

JIeH, CIIoco6HbIX K rronaqe 3.'IeKTpOHOB K Kap6oKaTHOHHOMY UeHTPY, rrp05lB­

mleTCH rrpH 3JIeKTpO<pHJIbHOM rrpHcoenHHeHHH K U-3aMeIIJ,eHHbIM aKpOJIeH­
HaM 124 H aKpHJIaTaM 23,115,116, CKJIOHHbIM B OTCYTCTBHe U-3aMeCTHTeJIH rrpH­
coenHHHTb rrpOTHB rrpaBHJIa MapKOBHHKOBa 5, 15-17, 22, ,23. i 11-113: 

R _ R, R 
•__ I ,HalT l;t y 1 
,.H 7-·CCO?R --">0- IHaICH2CC02R'l-_ HaICH 2CC0 2R' 

+ 1 

(,V) Y (XVI) 

3aMeCTIITeJIII (CH3 14, 15,23,115, OCH3 116, 124, 123 II, nep05lTHO, Hal 126) YBt'­

,1HqIIBaIOT HYKJIeo<pII,TlbHOCTb nBoHlIofl CBH3H aKpllJIaTOB 1I TeM CaMLIl\! crro­

C06CTBYlOT 06pa30BaHlIlO YCToflqlIBOrO Kap6oHJ!eBOrO lIona (XV), II, CJIenO­

BaTeJIbHO, annYKTa rro rrpaBIIJIY MapKoBHIIKona (XVI). TaKII\[ o6pa30M, 

pacrrpeneJIeHIIe 3JIeKTpOHHOH rrJlOTHOCTII B OCHOBHOM COCTOHHHIl Mo.'leKYJIbl 

HerrpeneJIbHOrO coenliHeHHH He HBJIHeTCH nOMHHHpYIOIIJ,IIM cpaKTopOM, orrpe­

ne,lHIOIIJ,IIM HarrpaBJleHlIe corrpmKellHoro 3JIeKTpo<pIIJIblWrO rrpIIcoenIIHeHHH 2_ 

OqeBIInHO, oplIeHTaUHH rrpHcoenlIlleHHH 3aBIICHT r JIaBHbIM 06pa30M OT 

CTPYKTYPbI rrepexOnHoro KaTHOHa, B KOTOPOM BalKHYIO pOJIb IIrpaeT 3,'leKT­

pOHHoe H CTepIIqeCI-::oe BJIHHHIIe 3aMeCTHTeJIefi B a- H ~-rrOJIOlKeHHII K Kap6o­
KaTHOHHOMY ueH'rpy 3, 61, 102, 103. 

PaCCMOTpHM B KaqeCTBC HerrpeneJIbHOrO COeJI,HHeHHH rrporreHOBYIO CIICTe­

My (XVII) (R H R'-3aMeCTHTeJIII, crroco6Hble K rrOnaqe 3JIeKTpOHOB K Kap­

6oKaTHoHHoMY ueHTpy). B pe3YJIbTaTe 3JIeKTpo<pHJIbHOil aTaKH raJIOreHa 

B03MOlKHO o6pa30BaHlIe Tpex OCHOBHblX TlIrrOB rrp0i',lelKYTOqHbIX Kap6oK3­

THOHOB (XVIII), (XIX) H (XX). HamlqHe I-BHHHJIbHbIX 3aMeCTHTeJleti R 
crroc06cTByeT o6pa30BaHHlO YCTO(lqHBOrO KJIaCCMqeCIWro MOHa (XVIII) Il, 

CJIenOBaTeJIbHO, rrpHcoenHHeHHIO ralIOreHa K C2 , a HYKlrc0<pHJIa Y - K Ct. 

HaJIHqIIe 2-BIIHIIJIbHOrO 3aMeCTIITeJIH R' 6JIarOrrpMHTcTByeT KJIaCCHqeCKoMY 
lWHY (XIX): 

p' 

I.., " 
R2~='~:--(; ,(, 

(XVIf) 
I ~ 

______~I r R' II" 
1 , 1 " R~c;:-C(r( !--c R~3! 1\ )~-(~-C-CH~l .-_. -"---( -: f~ --( --- i ,( 

- ~ oj., i I , I 
H6 I Hal 

IXV!I j) (XI,I (X,) 

Y i 
f 

II,C-l;R'-CP',' 

if rrpHCOenHHeHHIO I'aJl0reHa K C), a HYI-:lleo<pHJIa Y --- 1, C2. AJIJIl1JIbHble 3a·, 

MCCTHTeJIH R" 3KpalIl:PYIOT ueHTpaJIbHbIH aTOM ynICj)Ona B KanIOHe (XX) 
H crroc06CTBYlOT aTaKe HYKJIeo<pWla Ha C 1 II rrpHcoeWlHeHHIO raJIOreHa K 

C 2 *. I1pe06JIanaHHe Toro HJIH HHoro rrpOnYKTa rrpHcoenUHeHHff 3aBHCHT TaK' 

* 0 B03MO)KHbIX neperpynlIl1pOB](C!X aJWHJlbHbIX 33M-CCTlfTeaeII R" K C:, npH R" =CI, 
Br, I, a T3KiKC 0 neperpynnHpoBKilC; IlllHaKOJ1HHOBoro Tlina llpll raJlOH,lLllpOIl3m1J1 Bl1HlmaJl' 
KHJl(apHJl)Kap61IllOJlOB MbI YiKC yilO~'!l1!l<1JIH (np. 1595, 1599, 1603). 
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COnpH)KeHHOe 3JleKTpOrjJUm,HOC [a:IOII,:(t[pOB3IlHe KpaTHb[X cBH3eiJI 

lKe OT HYluleocpll.'lbHO}! aKTlIBHOCTli 1I CTepwlecKoro pa)l.lIyca aTaKYIOlll.erO 

pearcJITa y, 9TO B/IlIHIIlIC CHJIbHee Bcero BblpalKeHo B Tex CilYlIaflX, Kor)J,a 

R= R' = Ii, T. e. Kor)J,a )J,OMHHHpyeT npoMelKYTOqHblH KaTliOH raJIOreHHeBO­

fO TIHIa (XX). B npOCTeHUII1X CJIyqaHX, pa306paHHblx BbIIl1e, MbI Ha6JIIO)J,aeM 

H36HpaTe,TIbHOe npllcoe)J,HHeHI-Ie no npaBHJIy HJIH npoTHB npaBHJIa MapKoB­

HflKOBa. 11~!eIOTC5I II )J,pyrHe B3rJIfl)J,bI Ha MexaHH3M olJIeKTpocpHJIbHOrO ra­

JIOH)J,Hp013aHH5I Hcnpc)J,eJIbHbIX coe)J,HHeHHH, pa3BHTble illHJIOBbIM 127-131, KO­

Topble npe)J,YCMaTpHBaIOT 06pa30BaHHe pa3JIHqHOrO THna )J,OHopHo-aKu.enTOp­

HbIX KOMnJIeKCOB cy6cTpaTa C aTaKYIOlll.HMlI MOJIeKYJIaMH. O)J,HaKO C no­

MOllLblO npe)J,JIaraeMbIX cxeM He y)J,aeTC5I 06'bHCHHTb pa3JIHljHYlO opHeHTaUHIO 

npIICOC)J,JIHCH1I5I pa3HOlIMeHHblx qaCTHU no )J,BolmoH CBH3II II ncperpynnH­

pOBKlI, U6bFlHO Ha6JIIO)J,ael\Ible B TaKliX peaKu.H5Ix. 

TeOpeTHqCCKHe acneKTbI .3JIeKTpocpHJIbHOrO raJIOH,lJ,HpOBaHH5I )J,HeHOBbIX 

yrl!CBO,],OPO)J,OB C conpHlKeHHbIMH KpaTHbIMII CBH3flMH paccMoTpeHbI B pa6o­
Tax 3,7,2, 1;;2, B .3TOM Bonpoce HeT )J,OCTaTOIJHOH 5ICHOCTII 3, 132, H np06JIeMa Tpe­

6yeT )J,a,TIbHeHIl1erO H3yqeHI-IH. 
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