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Peakuuy 3JMMHHUPOBaHUSA

Peakumio, npu KOTOPOH HBe TPYMNBEl OTIIEIUISIOTCS OT COCeX-
HHX aTOMOB H MexXJAy HHUMH o6pasyercs ABoHHas (MJIH TpOH-
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Hasl) CBSI3b, HA3bIBAIOT P-3AUMUHUPOBAHUEM; ONUH H3 aTOMOB IIpH
KpaTHOH cBA3H 0003HayaioT o, a gpyro#t — p. B peakuusax a-agau-
MHMHHPOBaHHSI 00e TpyNnBl OTIUEMJSIOTCS OT OXHOrO H TOTO Xe
aToMa, U B pesyabTaTe o6pa3syercs KapGeH (HJIH HHTPEH):
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ITpu y-31HMHHEPOBaHHH 06Pa3yl0TCsl TPEeXUIeHHbIE IHKJBL;
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HekoTopbie H3 3THX mpoueccoB o6cyxaajuch B T. 2, ra. 10.
Pa3HOBUAHOCTBIO 3JMMHHHDOBAHHSI sIBJsIETCS BHIGpoC (parmMenTta
U3 yrjepoiHO# nenu i uukaa (X—Y—Z-»X—Z+Y); peakuuu
TAKOr0 THINA Ha3LIBAIOTCH peakyusmu 3kcrpysuu. B HacTosmiel
rlaBe pacCMaTPHBAIOTCS peakUHMH B-3JMMHHHPOBAHHS, a TaKXeé
(B pasp. 17.19) peakuun 3KCTPy3uH. B-DNMMHHHDPOBaHHe NpH X=
=W=H — 370 peakuus OKHCJeHHs; TaKHe NPOLECCH paccMaTpH-
Balorcs B 1. 19,
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MEXAHH3MbI U OPHEHTAILUA

Peakuuu B-3/1MMHHHDOBAHHSI MOXKHO paslesNHTh Ha JABa THMNA:
OIHHM M3 HHUX IPOUCXOAAT NPEHMYINECTBEHHO B pacTBOpax, a Apy-
rHe — IJIaBHBIM 06pa3oMm B ra3oBoH (ase (IHPOJIMTHYECKOE 3JIH-
muHHpoBaHHe). IIpn peakuusx B pacTBOpax OJHA TpPynna YXOIHUT
CO CBOMMH 3JIEKTPOHaMH, a Apyras (uyalle Bcero BOZOPOX) — Ges
HHX; B TaKHX CJyyasix NEepBYIO YXOASILIYIO I'PYNNy NPHHATO Ha3H-
BaThb HykJeodyroM. [THposHTHUECKOE 3JTUMHHHUPOBAHHE MOXKET IPO-
HCXONHTb IO JBYM MeXaHH3MaM: NEePHLHUKIHYECKOMY H CBOOOXHO-
panukajbHOMYy. VM3BecTHO' TakKe HECKOJIbKO (HOTOXMMHYECKHX
peakuuil 3JHUMHHHPOBaHUs (HauGosee BaxKHas H3 HHUX — 3TO pac-
menyeHve keroHoB tHna II mo Hoppuuy, cm. 1. 1, pasa. 7.7), ox-
HaKO C TOYKHM 3DEHHs CHHTe3a 3TH peakKUHUH He HMEIOT G6OJib-
woro 3HaueHus [l] u B panpHefimiem o6cyxIaTbcss He OYAYT.
B GospmuHcTBEe peakuuit B-3MMMHHHPOBAHUS OODPa3ylOTCS HOBBIE
cBsid3h C=C umu C=C, B COOTBETCTBHH C 3THM H CTPYIIHPOBAHBI
paccmarpuBaemble MexaHusmbl [2]. CHauana o6GCy:KpaioTcs Mexa-
Hu3MHl peakuuit B pactsopax (E2, El, E1cB).

17.1. Mexanuam E2

B peakuusix GHMOJIEKYJSIPHOTO 3/JHMHHHDOBAHHS (MEeXaHHU3M
E2) nBe rpynnsl OTHICMJSIOTCS OLHOBPEMEHHO, IPH 3TOM HPOTOH
BBITAJIKHBAETCS OCHOBAaHUEM:

o) X ;
—C5C— — —C=C— + X~ +B
(H/-/a l

B

Takum o6pa3om, peakiyss NPOHCXOIAHUT B OXHY CTaiHI0O H XapakTe-
pu3yeTcsl KHHETHKOH BTOPOTO NOpSJKa: NMEPBBIM IO CyGCTpaTy H
nepBBIM 1O OcHOBaHHI0. OHa aHaJIOTMYHA peakLHsIM, IPOTEKaIOIHM
no Mexauusmy Sn2 (cm. T. 2, pasg. 10.1), u yacro ob6e aTH peak-
LMK KOHKYDHUDPYIOT IApYr ¢ apyroM. IlpuMeHuTesNbHO K cy6cTparty
pasHHLIa MeXJy ABYMS BO3MOXKHBIMH NYTSIMH peakLUHH 3aKJioya-
eTcs B HalpaBJEHHH aTaKW peareHTOM: JHGO YacTHIA C Hemoje-
JIEHHO# napo#l 3JIEKTPOHOB aTaKyeT yryiepox (M, Takum o6Gpasom,
JneficTByeT KakK HykJeodusa), Jub60o OHa aTakyeT BoJopox (u Tormpa
neficteyer kKak ocHoBanue). Kak M B MexaHusme Sy2, yxonsmas
rpynna MoxKeT OBbITh MNOJIOXKHTEJbHO 3apsiXKeHHOH HJIM HeHTpaJb-
HOH, a OCHOBaHHE OTPHLATEJbHO 3apSKEHHBIM HJHM HEHTPaJbHBIM.

Mexanusm E2 moxTBepxiaercsi psAOM HaHHHIX, B TOM YHCJe:
1) peakuus nposiBjAeT CBOMCTBA, XapaKTePHbie /A KHHETHKH BTO-



PEAKLIUM SJMMUHNPOBAHUA 7

poro mnopsjka;, 2) npH 3aMeHe aToMa BOAOPOAA, ABJSAIOLIEroCs
yxolslled rpynnofi npu SJUMHHMPOBAHHH BTOPOro MOPsAJAKAa, Ha
neliTepuii HaGJIo4aeTcss U30TONMHBIE 3¢ ¢eKT ¢ BEJUYHHOH OT 3 10
8, uTo corsacyeTcsi ¢ paspHIBOM 3TOH CBS3H B JHMHTHPYHOlLeiH
craauu [3]. OnpHako HH ONMH M3 STHX DPe3yJabTaTOB caM Mo cebe
He MOXeT CJYXKHThb [OKa3aTeJbCTBOM B MNOJNb3y MexaHusma E2,
IOCKOJIbKY M Te ¥ APYrHe COBMECTHMbl TaKXe C APYTHMH MeXxa-
Hu3MaMu (HampuMmep, ¢ MexanusmoM ElcB, cm. pasa. 17.3). Camoe
yb6enuTeNIbHOE JOKa3aTeJbCTBO HAHAEHO NPH H3Y4YEHHH CTEPEeOXH-
muH [4]. Kak BUAHO U3 NpPUBENEHHOrO HHXKe NMpuMepa, peakuus E2
cTepeocnenuuyHa: NsITh aTOMOB, YYacCTBYIOIIHX B peaknuH (BKJIO-
yasg OCHOBaHMe), B NEPEXOAHOM COCTOSIHHM HOJIXKHEI JIeXaTb B Of-
HOH MJIOCKOCTH. ODTO MoXKeT OBbITb JOCTHFHYTO JABYMSI HYTSIMH.
Fpynnet H 1 X MOryT HaxoAHTbCsi B TPAHC-TIOJIOXKEHHH IIO OTHO-
LIEHUIO APYT K APYry, U TOrJa [BYrPaHHBIH YroJ MexXIy HHMH
cocraBasier 180° (A), eciu e OHH HAXOAATCA B YUC-NIOJOKEHUH,
nsyrpannbifi yroa cocraBaser 0° (B) [5]. Koudpopmanus A Hase-
BaeTCs AHTU-NEPUNAGHAPHOL; SIUMHHUPOBaHHe U3 TaKoi KoH(Op-

X
A b

Manuy, npu KotopoM H u X yXoAsT B NPOTHBONOJIOXHBIX Hampas-
JIEHUSIX, HOCHT Ha3BaHHe AHTU-3sumunuposarus. KonpopMmaunus b
CUH-NePUNAGHAPHAs;, SJUMUHUDOBAHHE H3 3TOH KOH(POPMALUH, NPH
gotopoM H u X yXoZAT B OJHOM M TOM e HalpaBJIEHHH, Ha3Hl-
BaIOT CUH-3AUMUHUpOBAHUeM. VI3BeCTHO MHOro npuMepoB O0O6OHX
BUAOB 3JHMHHHPOBaHHS. B orcyTcTBHE onpeaesneHHEX 3¢ ¢eKToB
(koTopbie OyAyT O0OCYKHaTbCs MO3[HEE) aHTU-3THUMHHHPOBAHHE
OOBIYHO HaMHOTO NPEANOUTHTEJbHEE CUH-IJMMHHHPOBAHMS, BepO-
SITHO, TMOTOMY, YTO B 3aTOPMOXEHHOH KOH(pOpMamuH A MoJeKyJe
Tpe6yeTcss MEHbLI€ 3HEPrHH, YTOGH AOCTHYL MEPEXOJHOTr0 COCTOSI-
HHSI, 4yeM B 3acjoHeHHOH kKoHjopmaumuu B (cm. T. 1, pasa. 4.19).
Huxe npuBefeHO HECKOJBKO NPHMEPOB MPEHMYLIECTBEHHOTO HJIH
HCKJIIOUHTEJBHOI0 GHTU-3JHMHHHPOBaHHS.

1. Ilpu snumunupoBanuun HBr mus meso-1,2-pu6pomo-1,2-gude-
HHJ3TaHa o6Gpasyercs yuc-2-6poMocTHIbOEH, Toraa Kak Hu3 (+)-
unu (—)-u3oMepa moJsyuaercss Tpaxc-oiedun. Takoe crepeocrmeny-
(uyeckoe B3aHMOAEHCTBHe, onHcaHHoe eme B 1904 r. [6], ykasbl-
BaeT Ha TO, YTO B JAHHOM CJyyae MMeeT MeCTO QHTU-3JIUMHHHPO-
BaHue. BrocneacTBuu GBIJIO OGHApyKEHO MHOrO NOJOGHBIX NpHMe-
pOB, NpHUEM He TOJBKO C Me30-(POPMOH MCXOAHBIX COeIHMHEHHIL.
TIpu' aWTU-5JMMHHHDOBAHWH 3purpo-coeiuHeHns (kak dl-napa,
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Br Ph H Br
j( ~
Br/n _ c=C
H Ph Ph/ \Ph
Me30 uuc
Ph-_ Br Br<_Ph H Ph
Br B v=d
H unu Y'H —_— /C:C\
H” “Ph Ph” "H Ph Br
dl-napa mpare

TaK M ONTHYECKH AaKTHUBHBIH H30Mep) [MOJKHH JaBaTh YUC-OJie-
¢duHb, a Tpeo-coeiuHeHUs1 (dl/-napa WM ONTHYECKM aKTHBHBIH H30-
Mep) — TpaHc-ojieUHB; HMEHHO Takasi KapTHHAa HEOJHOKPaTHO
Habaofanach SKCIEpHMEHTaJbHO. DBUIO Takke I[0Ka3aHOo, YTO
GHTU-2JUMHHUPOBAHHE NMPOHUCXOAMT M B TeX CJyyasiX, KOTAa I0JIO-
JXKHTEJNbHO 3apsiXKeHHas YXOAsllas rpynna OTJHYHA OT BOAOPOAA.
Tak, B peakuuu 2,3-1u6pomMo6yTaHa ¢ HOAHMJ-HOHOM OTIIEMJSAIOTCH
IBa aToma 6poma (peakuus 17-29); B 3TOM ci1yuae u3 me30-GpopMel
HCXOJHOTO COeJMHEHHsl NoJyuaeTcss Tpaxc-ojeduH, a us dl-nape —
yuc-usomep [7]:

Me<_H H Me
B \ /
e — 5=
H” ~Me Me H
Me30 mparc
H<_Me Me~ - H H\ /H
Br unu Br —_— Cc=C
Bl’ Bl' / \
H” “Me Me~~H Me Me
dl-nopa uuce

2. B coenMHEHHSX ¢ OTKPBITOH LIENbI0O MOJIEKYJa OGBIYHO MOMKET
NPUHATL TakKylo KOHdopmanuio, npu koropoit H u X awnru-nepu-
niaHapHel. OfHAaKO B LMKJMYECKHX CHCTEMax 3TO HE Bcerjaa BO3-
moxHo. 1,2,3,4,5,6-I'ekcaxiopouyk/aoreKcal HMeeT AEBSTH CTEPeo-
H30MepoB: ceMb me30-¢opM H dl-mapy (cMm. T. 1, pasam. 4.14). Ue-
TBIpe Me30-COeMHeHHs H dl-mapy (Bce H3BECTHble KO BpEMEHH
NPOBEAEHHS SKCNEPHMEHTAa CTEPEOM30MEPHI) MOABEprajH 3JHMHHH-
poBanuio ¢ oruwenaesveM HCI. Tonbko oAHH H3 CT€peOH30MepOB
(1) He comepxur Cl B rpanc-nonoxenun ¥k H. Cpeau ocTanbHBIX
H30MepoB caMasi BBHICOKasi CKOPOCTb PeakIMH INpeBHIIajNa CaMyio
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HHM3KYyI0 NpHMepHO B 3 pasa, HO CKOPOCTb peakuuu H3oMmepa 1
6b1a B 7000 pas MeHblie caMO# HH3KOH CKOPOCTH OCTaJIbHBIX H30-
MepoB [8]. DTH [gaHHBe NOKAa3bIBAIOT, YTO QHTU-3JIMMHHHDOBaHHE
HaMHOI'O NPEeANOYTHTEJbHEe CUH-DTUMHHHDPOBAHHS, XOTSl COeIMHe-
HHe 1 JOJIXKHO NpeTepneBaTh CUH-3IHMHHHDOBAaHHE, HO, KOHEUHO,

O4YeHb MEeIJIEHHO.

3. IlpuBeaeHHble BhLIE pPe3yJbTaThl NMOKA3HIBAIOT, YTO 3JHMH-
HupoBahne HC] U3 mecTHYJeHHOro IMKJaa 06Jeryaercss NpH TPAHC-
pacnosoxxeud H u X, olHaKO HMeIOTCS H JApPYyrue OrpaHHueHHs.
CocenHue Tpawc-rpynnbl B IIECTHYJIEHHOM IMKJIE MOT'YT GHITH JAH-
aKCHaJbHBIMH' HJIM JOHIKBAaTOpHAJbHBIMH (cM. T. 1, pasm. 4.20),
H MoJeKyJa, BoOGlle roBOpsi, MOXeT NPHHHMAaTh JI06yi0 KOH(Op-

u3o -Pr
H
H
H
H
H a
Me ‘
2 )
“ m.% MeQuw-Pr
H 2 3
H u3o-Pr 5
M f Cl
e
H H *
H >
3
H
H
“us0-Pr 75% ’ :
H\ —> Me w3o-Pr
M 2
H (o]
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Maluoo, NpHYeM OJHa KoHbopMauusi MoxeT objanaTe 6oJiee BHI-
COKOH aHepruefi, ueM apyras. IIpu anru-nepunjiaHapHOM pacnoJo-
JKEHHH YXOAAIIMX TPYNI OHU MOJIKHH GBITH AMAKCHAJNbHBIMH, €CJIH
naxe Takasi KoHopMauus MeHee BHIrOAHA sHepreTHueckd. Mcxons
M3 3TOro NOJIOXKEHHS, HEeTPYAHO HHTEPINPEeTHPOBaTh pe3yJbTaThl,
HOJIyueHHble NpPH H3yYeHHH 3JHMHUHUDPOBAHHS M3 MEHTHJI- U Heo-
MEHTHXJOpHA0B. MeHTHJX/IOpDHA HMeeT JBe KOH(opMauuum Kpecid,
2 u 3. Kondopmarus 3, B KOTOpO# BCe TPH 3aMeCTHTeNsl 3KBaTOPH-
aJbHHE, GoJsee ycroitunBa. B HeomeHnTuixjopupe Gojiee ycToHuHBa
KoH(popManus kKpecia 4, B KOTOpOH aTOM XJiOpa HaXOLHTCH B aK-
cHaJIbHOM MOJIOXKEHHH, aTOMbl Bojopoxa B mnojoxenusx C(2) u
C(4) rakxe akcuanbHb. HeoMeHTHAXNOpHA GHICTPO HOABEpPraercs
E2-anuMuHHpOBaHUIO, B pe3ysbTaTe 4ero NpeHMYILeCTBEHHO o6pa-
3yercsi oslepun 6 (cooTHolleHHe NMPOAYKTOB 6 :5 cocraBjsieT mpH-
mepHo 3:1) B coorBeTcTBHH ¢ npaBujom 3afineBa (pasa. 17.6).
ITockonbKy ¢ 06eHX CTOPOH HMMeeTCs aKCHaJbHHIH BOLOPOX, 3TOT
(dakTOp He BJIMsSIeT HA HanpaBJieHHe 3JTUMHUHHDOBAHUS U HeHCTByeT
npasujo 3aiinesa. OgHako B c/lyyae MEHTHJXJOPHAA SJIHMHHHPO-
BaHHE NPOUCXOJUT HAMHOI'O MeJJieHHee M IMOoJyyaeTcs HPOAYKT b,
obpasyloluiics NpoTHB mpaBHia 3afiueBa. MaJsasi CKOpocTh Ipo-
Hecca CBsi3aHa C HEBHITOZHOCTbIO KOH(bOpMauuu 2, KOTOPYIO A0J-
XHa NPHHATbL MOJIeKy/la INpexje, yeM NPOH30HAET 3JHMHHHPOBA-
HHe, a HCKJIOYHTeJbHOe 06pa3oBaHHe H3oMepa 5 OOBSCHAETCS TeM,
YTO TOJIBKO MO OAHY CTOPOHY OT XJIOpa HMEeTCsl aKCHaJbHHIA BO-
nopoxn [9].

4. DaMMHUHHPOBaHHe NMPOHUCXOAMUT TaKkKe C o6pa3oBaHHEM TPOH-
HBIX CBfi3ell, TO NOKa3aHO Ha NpHMepe peakUWHd yuc- u Tpawuc-
HOOC—CH=CCI—COOH. B o6ounx cayuasix npogyKTOM peak-
uuu asasercs HOOCC=CCOOH, uo rpanc-onebun pearupyer
nmoutu B 50 pas GuicTpee, ueM yuc-usomep [10].

B MoJsekynax, KOTOpHE He MOTYT IPHHATb KOH()OPMAUMIO C QH-
Tu-nepuniaHapHEIM pacnosoxkenneM H u X, HaGaiopaercs cuw-
aMUMHHHpPOBaHHe., HMike mnpuBefeHH HeKOTOpble IpPHMephl TaKHX
peakuui. '

1. IefitepupoBannbiéi HopGopuuaGpomun (7, X=Br) maer
94 %, npoayxTa, He cofepxauiero gefitepus [11]. Anasornunse pe-
3yJbTaThl MNOJYYeHH M C JAPYrUMH GHIUKJIO0[2.2.2]coeuHeHUAMH
C Pa3HBIMH yxoismuMH rpynnamu [12]. M3-3a XKecTKoft cTPYKTypH
MOJIeKyJ/Ibl JBYTPaHHBIH yroa Mexnay sx3o-rpynnoit X u sn0o-somo-
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pOZOM B [-NOJIOXKEHHH He MOXeT AOCTHTHYTh BeJHuuHb 180°
cocraBaser Jaub 120°. B aToM ciayuae cux-3JMMHHHDOBaHHE YXO-
HOALIMX TPynm, ABYTPaHHBIH YroJ MeXJAy KOTODHIMH COCTaBJIsieT
okosio 0°, NpefNOYTHTENbHEE, YeM QHTU-3JMMHHUPOBaHHE TIPYMI
¢ yraom 120°,

2. 'pauueckn HarJsiAHbIA OpUMepP HEOGXOAHMOCTH MJIOCKOTO
NepexXONHOr0 COCTOSIHUSA AaeT MoJieKyJaa 8. 3xech o6a aToMa xJopa
HaxXoOAATCS B TPAHC-TIOJNIOXKEHHH MO OTHOIIEHHI0O K COCeJHHM aTo-
MaM BORODOAa, M eciu Obl He TpeGOBajach MJIAHAPHOCTb YXOAS-

=g

HC}I[ Cl
8

LIUX TpPyni, TO JIETKO MOTJIO Gbl POH3OHTH QHTU-3JTUMHHHPOBaHHE,
OpfHaKO H3-3a CTEPHUYECKOI'O 3aTPYAHEHHS B OCTAJbHOH 4acTH MoO-
JIeKyJIbl JBYTPaHHBIH Yros BHIHYXKIEHHO yMEHbIIEH NPHMEPHO MO
120°, moatomy asaumunupoBanue HCI u3 coeanuneHuss 8 HaMHOro
MeJJIeHHee, YeM H3 COOTBETCTBYIOLIHX HEMOCTHKOBBIX COeJHHEHHI
[13]. CiepyeT OTMETHTD, YTO CUH-IJIUMHHUPOBAHHE M3 COeJUHEHHs 8
ellle MeHee BEPOSITHO, UeM GHTU-DJMMUHUPOBAHHE. CUH-DJIHMMHHHPO-
BaHHe MOXeT NPOMUCXOAHUTh U3 Tpawc-uaoMepa 8 (ABYrpaHHHIH yroJ
B KOTOPOM cocTaBJasieT 0kKoJo 0°), KOTOPHI pearupyer moutd B 8
pas GricTpee, yeM yuc-usoMep [13].

IIpuBenenHble NPHMEPH HJIIOCTPHPYIOT [Ba BaXKHEIX MOMEHTA.
Bo-nmepBHIX, 1/ QHTU-3JIMMMHHDOBAaHHSl Tpebyercs ABYTPaHHBIH
yroa 180° u ecau B MOJIeKyJe He MOXKeT peasJH30BaThCs KOH(OP-
ManHsi ¢ TaKHM YIJIOM, GHTU-3JUMHHHDOBaHHE CHJILHO 3aMejJis-
eTcsl WJIM NOJHOCTbIO NpefoTBpallaercd. Bo-BTOpeix, B paccMoT-
PEHHBIX BBIIIE HOPOCTHIX CHCTEMAaX CUH-IJUMHHHPOBaHHE He HaGJio-
JaeTcsi B CKOJIbKO-HHOYIb 3HAQUHTEJNbHOH CTENEHH, €CHH TOJbKO
GHTU->NMMHUHHDOBAHHE He NOMABJEHO 3a CHET TOrO, YTO JABYIPaH-
HEIl yTOJl He MOXeT JHOCTHTHYTb BeJMuuHH 180°

Kak yxe roeopusoch B T. 1, pa3g. 4.24, cpeiu IHKJIHYECKHX
COelMHEHHH ¢ pasMepaMH LHKJa OT 4- 10 13-ujleHHBIX, TOJILKO
[IeCTHYJIEHHble LHKJIbl MOI'YT NDHHHMATh HEHANpSKEHHbIE QHTU-
nepumiaHapHele KoHdopManuu. IIpH H3yueHHM 3JIHMHHHDOBAHHS
U3 [HKJI0AJKUJITPHMETHIAaMMOHUHTHAPOKCHIOB (peakuus 17-6)
OblJ10 HalIEHO, UTO CUH-3JIMMHHHDOBaHHe ocyllecTsasieTcs Ha 90 9%,
B UeTHpeXWIeHHBIX LHUKJax, Ha 46 Y% B naATHuwIeHHHX, Ha 4 %,
B IIeCTHWIeHHbIX H Ha 31—37 %, B cemuuneHHbIX uuKAax [14]. Cie-
flyeT OTMeTHTb, 4To rpynna NMes*t nposiBiser HaHGOMbIIYIO CKJIOH-
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HOCTh K CUH-ZJIHMHHHDOBAHHIO MO CPAaBHEHHIO C OCTaJIbHHIMH pac-
NPOCTPaHEHHBIMH YXOAAIIHMH rpynnamu, takuMH, kak OTs, Cl
u Br.

CUH-DIMMHHHPOBaHHe HaO6JI0Jal0Ch TakKkKe JJs1 COeJHHEHHN
CO CpPeIHHMH pa3MepaMH ILHKJa, KOrja BO3MOXHO o6Gpa3oBaHHE
KaK yuc-, Tak H Tpanc-onedpuHoB (cm. T. 1, pasx. 4.13). B kaue-
CTBEe NpHMEpa MOXKHO IPHBECTH SKCIEPHMEHTHI, BHIIOJHEHHbIE 3a-
Bajgoi, Ceo6oxoit u 3ukepom [15], KoTOphle moaBepraju 3JHMHHH-
posanuio 1,1,4,4,-TeTpaMeTH-7-UHKJIOJHITPHMETHIaMMOHHAXJIO-
pun (9). OCHOBHEIM NPOAYKTOM peakluH OB TPAHC-TETPaMETHJI-
IMKJIOJELeH, HO II0Jy4aJoCh H HEKOTOPOE KOJIHYECTBO YUC-H30Mepa.
(Cnexyer OTMETHTb, UYTO TPAHC-UUKJIONELEHH HOBOJBHO YC-

H

® ———— mpaHC- W YUC- ONCPUHS!
NMe, CI~

H

¢

9

TOHYHBHI, XOTSl H B MeHbIUEeH CTEeNneHH, 4eM COOTBETCTBYIOLIME YUcC-
u3oMepnl.) [lasi yCTaHOBJIEHHS CTEPEOXUMHH PeaKIMH aBTOPHl MO-
BTOPHJIH 3IKCIIEDHMEHT C JeHTepHpOBaHHRIMH cyGcTpaTaMu. Ecum
cy6erpat 9 mefitepupoBaH mo rparnc-nosnoxenuio (Hiy=D), To mpu
0o6pa3soBaHHH H YucC-, U TPaxc-oNedHHOB Ha6JIOfaeTcs CyLIeCT-
BEHHHIH H30TONHBIH 3(QdexT, ecan ke 9 peATepUPOBaH MO YUC-
nonoxenuio (He=D), usoromHoro sdpdekra sBoobume He HabJ0-
JfaeTcs.

[TockosmpKy H30TONHBIA 3 (EKT MOKHO OXKHAATH HJS PEaKLHH,
nporekaomux no Mexanusmy E2 [16], nosayueHHble pe3yJbTaThl
yKaspBalOT Ha TO, 4TO B XOJe DEaKIHH TepsieTcs TOJBKO TPAHC-
Bogopox (Hi) HesaBHCHMO OT TOro, siBasiercsi JH 06pasyioluiics
NPOAYKT Yuc- UM Tpawnc-uzomepom [17]. To B cBOIO ouepenb 03-
HadaeT, 4TO yuc-usomep Ooaxen 06pa308bl8AT6HCA NYTEM QHTU-
IAUMUKUPOBAHUS, @ TPAHC-U3OMEP — NYTeM CUH-IAUMUHUPOBAHUS.
(anTU-DNUMHHMDOBAHHE MOXET INIPOHCXOAUTb H3 KOH(pOPMaIHH,
GJH3KOH MOKAa3aHHOH BhILIE, HO AJS CUH-IJIMMHHHPOBAHHS MOJIe-
KyJa JOJIKHAa OHITb 3aKpyyeHa B KOH(MOPMAaLHIO, B KOTOPO# CBS3H
C—H¢ 1 C—NMest cun-nepuniadapsbl). DTOT 3aMedaTesbHBIH pe-
3yJbTaT, Ha3bIBAGMBIH CUH,aHTU-OuxoTomuell, GBI Takxke NpOJe-
MOHCTPDHPOBaH ¢ NOMOWIBIO APYrHx pnaHHbIX [18]. ToT ¢akt, uyro
CUH-3JIAMHMHHPOBaHHe B 3TOM CJydae IpeobJafaeT Haj QHTU-3JIH-
MHHHDPOBaHHeM (O YeM CBHJETEJbCTBYET GOJIblliee KOJHYECTBO 06-
pasyiolerocsi Tpaxc-uzomepa), o6BACHAETCS KOH(GOPMALHMOHHBIMH
dakropamu [19]. cun, anTu-InxoToMHst Ha6Ja0fanach Takke WU
B JIPyTHX CHCTE€Max CO CPeJHHM pas3MepoM mukjaa (ot 8 o 12)
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[20], HO HamGoabwuii 3¢dekT mposiBaseTcs B caydyae 10-uneHHHIX
IUKJI0OB. B 3aBHCHMOCTH OT xapakTtepa yxogpse# rpynns [21] yka-
3aHHBI 3(dekT ocnaGeBaer B psiny NMest>OTs>Br>Cl, uro
corjacyercsi cO CTepHYecKMMH TpeGoBaHMsAMH. B ciydae Hanps-
JKEHHBIX YXOAAIIUX I'PYIN CUH-3JHUMHHHPOBAHHIO 6J1arONpHATCTBYET
NPHCYTCTBHE CHJBHBIX OCHOBAHHUH M CJaGOHOHH3UPYIOILUXCS pac-
TBOpHTeNel [22].

CUH-DJIMMHHHPOBAHHE M CUH, GHTU-JUXOTOMHS HabJI10Jal0TCA
TakKXe IJS CHCTeM C OTKPHITOH LeNblo, XOTS H B MeHblIeH cTe-
TNeHH, YeM IJIs LHKJIHYECKHX CHCTEM CO CPEIHHM Da3MepoM IHKJA.
Hanpumep, npu npeBpamenuu 3-rekcui-4-d-TpHMETHIaMMOHHEBOTO
HOHA B 3-rekceH NOX AEHCTBHEM BTOP-OYTOKCHAA KaJus peakuHus
npubausuTebHO Ha 67 Y% ciaepyer MO NYTH CUH, QHTU-TUXOTOMHH
[23]. Bausinne yxomsiue#i rPYIIbI, CHAB OCHOBAHHS H PacTBOpHTEJs
4HAJIOTHYHO COOTBETCTBYIOIIMM 3¢ (deKTaM B LHKJIHYECKHX CHCTe-
max. Kak npaBuso, B CHCTeMax C OTKPBHITOH IENbI0O CUH-DIHMHHH-
poBaHHe CyIUeCTBEHHO TOJIBKO B TeX CjydyasX, KOrja HMeITCs CTe-
puueckue sdekTh onpeneneHHoro tuna. OXHUM H3 NPUMEPOB CIY-
JKaT COeNUHEHHs,, B KOTOPHIX MMEIOTCSl 3aMeCTHTeNH Kak y p’, Tak
H y-aToMOB yriepoja (OykBamu Ge3 ITpHXa O6GO3HAYEHBl YaCTH
yrJIepOTHONH LeNH, M3 KOTOPHIX IPOHCXOAHT 3JIHMHHHPOBAHHE).
[Tpuunnbl HabaOZaeMOro SIBJIeHHSI OKOHYATeJbHO He SCHBl, HO
B KayecTBe YaCTHYHOIO OOBSCHEHHS ObIJIH MNPENJOXKEHH Clelrylo-
mHe KoH(popMmanuoHHble 3b¢ekTH [24]). Ilas ueTBepTHUHOH aMMo-
HHEeBOH COJIM MOXHO IPENCTaBHTb IBE QHTU- U JBE CUH-TIEpPHIIA-
HapHble KOH(OpMAaIUH:

® ' @
YH NMe, NMe, , NMe3 NMe,
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Uro6bl peakuust Morjia HATH 0 MexaHusMy E2, ocHOBaHHe HOJXKHO
MOJOHTH K NMPOTOHY, OTMeYeHHOMY 3Be3foukod. B koHpopmaunuu B
3TOT NMPOTOH 3KPAaHHUPOBAH 3aMecTHTeqssMH R u R’ ¢ 06enx cTopow,
a B KoHpopManuu I' OH 3KpaHMPOBAH TOJBKO C OJHOH CTOPOHBL
[TosToMy npH QHTU-3JMMHHHDOBAHMH M3 3THX CHCTEM YUC-TIPOAYKT
NoJKeH 00pa3oBLHIBATHCS B 6OJbLIEM KOJHYECTBE, YeM TPAHC-H30-
mep. Kpome Toro, eciin HOpMaJbHOe QHTU-3THMHHUPOBAHHE 3aTPy.-
HEHO HaCTOJIbKO, YTO BO3HHKAaeT KOHKYPEHTHO€ CUH-3JHMHHHPOBA-
HHe, NpeBpallieHHe GHTU—TPAHC JOJIXKHO TORABJSATHCS B GoJblief
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CTEIEHH, YeM IpeBpalleHHe aHTU—>yuc. EciM HauMHAaeT OCyILecTB-
JSITbCS NPOLECC CUH-IHMHHHDOBaHMs, OYEBMAHO, uTO HauGojee
BBITOJHOH JJIsl 3TOro sBJsieTcss KOH(opmanusi JI, MeHee 3acCJIOHEH-
Hasl, ueM KoH(opmanusi E, mosTOMYy CUH-3IHMHHHPOBAHHE LOJIKHO,
Kak IPaBHJIO, NPHBOJUTh K TPAHC-NPOAYKTY. B HesoM OTKJIOHeHHS
OT CUH, QHTU-JUXOTOMHH GoJiblile NPOSBJSIOTCS CO CTOPOHHI TPAHC-,
.a He yuc-coenunenuit. Takum o6pasoM, Tpaxc-onedHHbl 06pasyioTCcs
4aCTHYHO HJIH NpPEHUMYIIECTBEHHO NPH CUH-3JIUMHHHPOBAHHM, TOTAa
Kak yuc-oneuHbl 06pa3yIOTC HCKIIOUHTENbHO IPH GHTU-IJHMH-
HupoBaHHH. [IpenMylllecTBeHHOe CUH-3JIHMHHHDOBaHHe HaGJi0la-
Joch Takxe H3 coenuHeHuit obmeit ¢popmyant R'RZCHCHDNMe;*,
rae o6a samecrurens, R! u R?, o6bemuble [25]. B aToM ciyuae KOH-
¢opmanus, npHBOAsALIAs K cux-saumuHHpoBanuio (JK), Takxke Me-
Hee HamnpskeHHasi, yeM KOH(opmanus 3, AJsi KOTOPOH OCYILECTB-
JSIeTCS QHTU-3THMHHHpOBaHHe. B mocienneir kondopMauuu TpH
o6beMHBe rpynnbl (Bkialouas NMegt) HaxomaTcssi B 20ui-noJioxKe-
HHMH OTHOCHTEJBHO APYT Apyra.
@

<) NMe,
NMe; H,
R! R?
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Bhime OTMeuastoch, YTO CJAaGOHOHH3UDYIOLIHECS PAaCTBOPHTEJH
IPOMOTHPYIOT CUH-ZJIHMHHHPOBaHHE B Clydae He3apsiKEHHBIX YXO-
asamux rpynn. ITo-BHAMMOMY, 3TO CBSI3aHO ¢ 0oGpa3oBaHHEM HOH-
HHIX nap, KOTOpoe HaHboJjiee BHIPAXKEHO B HEMOJSPHBIX PacCTBOPH-
tessx [26]. O6pa3oBaHue HOHHOH Mapbl MOXKET CIOCOGCTBOBAThL CUH-
3JHMMHHMPOBAHHIO He3apsIKeHHOH yXxojsmledl rpynmel uepes nepe-
xoxHoe cocrosiHue 10:

Cc—C
n/~ (x
1O
ROI--K*
10
Aror 3¢ ¢dekT GBI NPOHIIOCTPHPOBAH HA NpHMepe SJIHMHHHMPOBA-
Hua us 1,1,4,4-retpameTua-7-uukiaonenuiaépomuna [27]). Ilpu obpa-
60TKe 3TOr0 COERMHEHHsI TpeT-OYTOKCHAOM KaJlusi B HENOJIIPHOM
pactBope, GeH30Jie, OTHOIUEHHE CUH- U QHTU-DJIMMHHHDOBAHHS CO-
crapasjio 55,0. OgHako npu AoGaBjieHHH KpayH-3¢Hpa, AUIHKJO-

rekcaHo-18-kpayn-6 (cm. 1. 1, pasa. 3.2), KOTOPHIY CeNEKTHBHO
ynaaser K+ us uonno#t mapn rper-BuO— K+, ocrapisss cBoGOAHBI
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uoH Tper-BuO—, 370 oTHOLIeHHe yMeHbuIasock 10 0,12. 3nauntenn-
HOe YMeHbllIeHHe OTHOLIEHHS Cux/aHTu NpH HOOAaBJEHHH KpayH-
s¢upa Ha6/I0aJNOCh C COOTBETCTBYIOIUHM TO3HJIATOM, a TaKXe H
NpPH HCIOJNb30BAaHHM APYTHX HeNOJsPHEIX pacTtBopHTeyel [28]. Ox-
HaKO B CJIyYyae IOJIOXKHTEJBbHO 3apsAKeHHOH yXoislleHd rpynmbl Ha-
G6mopaercss ob6paTHeii 3¢ddekT, a HMeHHO: oGpa3oBaHHe HOHHOMH
napel NOBHIIAET CTeneHb axru-anuMuHupoBaHusa [29]. Ilpu artom
OTHOCHTEJIbHO CBOGOJHOE ocHOBaHHe, HanpuMep PhO-, Moxer mpu-
TATHBATbCA K YXOAAIIeH rpymme, KOTOpasi B pe3yJbTaTe OKashl-
BaeTCsl B TOJIOXKEHHH, BBHITOJHOM JJIl aTak# IO CUH-B-BOJOPOAY;
JUIS HOHHOH Mapsl Takoe NMPHUTSKEHHe JOJXKHO ocsabeBaTh. MOXHO
c/le1aTh BHIBOZ, UTO QHTU-3JUMUHHDOBaHHE OGHLIYHO BHITOLHO B Me-

xaHu3Me E2, Ho 3a cuer o6pasoBaHMs HOHHOH maphl, CT€PHYECKHX
(necmocoGHBl 06pa3oBaThb GHTU-TIEPHIJIAHADHOE MEpPexojHoe CO-
CTosiHHe), KOH(GOPMaUHOHHEIX H APYTHX (AKTOPOB B HEKOTOPEIX CIy-
yasix MOXKeT BO3HHKATh (M Jgaxe npeob/afaTh) NPOHECC CUH-IIIH-
MHHHPOBaHHS.

17.2. Mexauusm E1

Mexanusam El, mpexcraBaser coGoff aBycramuiHBIE mnponecc,
B KOTODOM J/IMMHTHpYIOIeH cTajHell sBJseTcHd HOHH3amus cyo-
cTpara ¢ o6pa3oBaHHeM KapOGOKAaTHOHA; MOCJHeXHHA ObICTPO OTHaeT
B-IPOTOH OCHOBAHHIO, KOTOPHIM YacCTO CJYMKHT PacTBOPHTeJb:

[ e
Omadun 1 —G—CLx T gl 4 x
[ ¥ [
H
. | l @ JPRCmBoprImesrs l . '
Crnatdus 2: — (l:-"—(l: —_— —C=C
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O6uiuHO peakuus uperT no mMexaHuamy El Ge3 dobasserus ocHoBa-
nua. TouHo Tak xe, Kak MexaHusM E2 aHajoruueH MexaHH3MY
Sn2 H KOHKypHpYyeT ¢ HHMM, MexaHu3M El cBf3aH ¢ MeXaHH3MOM
Sn1. He#ictBUTeqbHO, epBas cTagusa B MexaHusMme El B TouHocTH
coBnafaeT ¢ nepsoi craguell mexaHusma Syl. Bropas crapus or-
JIHYAETCS TEM, YTO PacTBOPHTE/Ib OTPHIBAET NMPOTOH OT PB-yIiepoj-
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HOrO0 aToMa CKOpee, YyeM IPOHCXOAMT aTakKa IO IOJOXKHTeNbHO 3a-
psiXKeHHOMy aToMy yrjepoia, kKak B mpouecce Syl. B peakmusax,
HAYLIHX 1o yHcToMy MexaHuaMy El (T. e. 6e3 o6pasoBaHHs HOH-
HBIX nmap U 6e3 Apyrux noGOYHBIX siBJEHHH), o6pa3oBaHHe NPOAYKTA
JOJIKHO OHITh HecTepeocnemu(HUHO, NOCKOJBKY Iepen TeM, Kak
OTHaTb NMPOTOH, Kapb6oKaTHOH MOxKeT cBOOOJAHO NPHHATH HauboJee
YCTORYHBYIO KOH(OpMALHIO.

Huxe npuBeleHb HEKOTOPHIE HOKa3aTeNbCTBA B IOJb3Y MeXa-
HusMa El:

1. Kak ¥ oxupajoch, peakuusi cjelyeT KHHETHKE NepBOro Io-
psinka (mo OTHOIIEHMIO K cy6erpaty). KoHeuHO, B ypaBHEHHH CKO-
pocTM He JoJKeH (GUTypHPOBAaTh pPAaCTBOPHTENb, Jaxe €eCJH OH
yuacTByeT B JHMHTHpYyIomeH craguu (cM. T. 1, pasn. 6.14), Ho 3TO
MOJIOXKEHHe JIETKO INPOBEPHTb, N00aBJsAs HEGOJMBIIOE KOJHYECTBO
CONPSI)KEHHOTO PAacTBOPUTeNI0 OCHOBaHHA. Kak mpaBuyio, cKopocTb
peakuMH NpPH 3TOM He yBeauuuBaeTcs. Eciu GoJiee CHJIBHOE OCHO-
BaHHE He BKJIIOYAeTCs B JHMHTHPYIOIIYIO CTaiHIoO, TO COBEPIIEHHO
HeBepOosITHO, YTOOH B Helt yyacTBOBaJs pacTBopuTesb. OmnucaH npH-
mep MexaHusma El ¢ Jjumurupyouie#i Bropolt crajgueii (mepeHoc
nporona) [30].

2. Tlpu cpaBHeHHH peakKuMi#t ABYX COeLHHEHMUH, omuqaloumxcx

TOJIbKO yxoJisllell rpynno#t (Hanpumep, rper-BuCl u rper- BuSMez)
OYEBHJAHO, YTO CKOPOCTH HMX JMOJIKHBE ObITh PAa3JIMYHE, NMOCKOJBKY
3aBHCAT OT HOHH3HpYIOLeH cnocoGHOCTH MoJekyasl. OxHaKo ecau
Kap60oKaTHOH yxKe 06pa3oBaJicsl, IPH YCAOBHH OJHHAKOBHEIX PacTBO-
pHTesNss M TeMIePaTypel, B 000MX CJAYy4asix OH JOJIKEH INpeTepme-
BaTb OJHO M TO e MpeBpallleHHe, TaK KaK NPHPOAA yXoasluei
TPynnbl He BJHSET Ha BTOPYIO CTAfHIO peakKuHH. DTO O03HAYaeT,
UTQ OTHOUWEHUE IAUMUHUPOBAKUS K 3AMeUyeHur0o G0ANHO ObiTb 00U-
HaKOBbIM. YTIOMSIHYTHE COeJHHEHHs MNOABEPraJii COJbBOJH3Y IPH
65,3°C B 80 %-HOM BOZHOM 3TaHOJIe W TNONYUYHJIH CJEAYIOLIHE pe-
syabTaTel [31]:

CH,—C=CH,

- |
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m-BuCI\ S mpem-BuSMe,
% /

XoTs CKOPOCTH [BYX peaKLUHil 3HauHTeJbHO OTJAHYAOTCH (KaK M
C/IefOBAJIO OXHAATh IPH CTOJb DPAa3JHYHBIX YXOASIIHX TpyInax),
COOTHOLIEHHe TNPOAYKTOB NpPaKTHYECKH OJHHAKOBOoe (pas3HHLA He
npesbimaer 1 %). Ecaun 6Bl uMesn MecTO MeXaHH3M BTOPOrO IO-
psillKa, TO OTHOILLEHHE CTENEHH aTaKH HyKJeoduia no p-BoJopony 1o
CPaBHEHHIQ C aTaKOH Ha HedTpaAvHbui XJODHA He MOIJIO Gbl GHITh
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rakUM ke, KaK OTHOLIEHHe CTelNeHH aTaKu MO0 B-BOZOPOAY IO CpaB-
HEHHIO C aTaKOi Ha MOAONHUTEAbHO 3apsascernyro rpynny SMes.

3. MHorue peakuuH, IPOBOAMMble B YCJIOBHAX KHHETHKH Mep-
BOrO MOPsAJAKAa Ha CHCTeMax, IJIs KOTOPBIX SJHUMHHHpOBaHHe E2
npejcTaBJisieT cO00H QHTU-TIPOLECC, MPOTEKAIOT OYeHb JIETKO, JaBas
osiepuHB], KOTOpHle 06Pa3yioTcsl NPH yAaJeHHH yuc-sogopozpa. Ha-
NpHMep, MeHTHJAXJOPUA 2 (cM. pasp. 17.1) B peakuuH, npoTekaio-
me# mo MexaHuamy E2, paer TOJABKO cOeJuHEeHHe 5, TOrga Kak
B ycaoBusx peakuud El1 mosyuaercsi 68 % coemunenus 6 u 32 %
coenuHenus 5. ITockoJbKy cTepHueckass mPHPOAa BOZOPOLA B 3TOM
cJlyyae He HMeeT 3HaueHHs, NPEHUMYLIECTBEHHO o6pasyeTcs GoJiee
ycroiuuBHil onedun (mpasuso 3afinesa, pasa. 17.6).

4. Ecim B xayecTBe HHTEpPMeJHaTOB 06pasyloTcsi KapOOKaTH-
OHBl, B cCJyyae NOAXOJSIIHMX CYOCTPATOB MOXKHO OXKHAATh Iepe-
FPYNNHPOBKY. DTO YacTo HAOJIOAAeTCs B pPeaKUHSAX SJIHMHHHPO-
BaHH$, NIPOBOJUMBIX B ycaoBusx El.

B peakuusx E1 moryr yuacrBoBaTh HOHHble Maphl, TOYHO TaK
Ke, Kak B peakuusax Syl (cM. T. 2, pasn. 10.3) [32]. EcrectBeHHoO,
uT0 06pa3oBaHHe HOHHHIX Nap HauboJiee BHIPAXKEHO B HELHCCOLHH-
PYIOLIMX PacCTBOPHTEJNAX: MeHee Bcero B BoJe, 0OJIbIIE B 3TaHOJIE
u eme OGosibllie B YKCYCHOH KucJjoTe. BrickasbiBajoch Mpeamnoso-
JKeHHe, YTO MeXaHH3M c¢ o06pa3oBaHHeM HOHHHX mnap (T. 2,
pasn. 10.4) pacmpocTpaHseTcs TakxkKe Ha PeaKUHH 3JHMHHHPOBA-
HHs ¥ uyTo B MexaHH3Max Snl, Sx2, El u E2 o6mum, mo kpaitnei
Mepe HHOrAa, ABJseTcs o0pa3oBaHHe HOHHOH Hapel B KayecTBe
uHrepMmeauara [33].

17.3. Mexanusm ElcB

B mexanusme El1 nepenim yxoaur X, a 3zatem — H. B mexa-
nusMe E2 gBe rpynnbl yxomaT onHoBpeMeHHO. CylecTByeT H
TPeThsl BO3MOXKHOCTb: NepBHIM yxoauT H, a 3atem — X. 1o gBycCra-
JUAHBIA mpouecc, Ha3biBaeMblH mexanusmom ElcB unu kapbanu-
OHHbIM MEXQHU3MOM, TOCKOJbKY HHTEPMEeLHaTOM CJYXKHT Kapba-
HHOH: ,
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O6osnayenne MexaHusMa cuMmBosioM ElcB orpaxaer yuacrue
B PeakuHH CONPSKEHHOro cyGCTPaTy OCHOBAHHMS, KOTOPOe BHITAl-
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KHBaeT YyXOAsIyio rpymnny (cMm. Takxke wmexaHusm SylcB, 1. 2,
pasp. 10.13). Pasnuuaior TpH KkpaliHux cayuas. 1. KapGauuon
nperepnesaeT o6paTHOe npeBpalieHHe B HCXOAHOe coeJHHeHHe Obl-
CTpee, ueM B NPOAYKT: cTamus 1 o6partuma. 2. Cragus 1 camas
MelJieHHasl; o6pa3oBaHHe NPOAYKTa NPOHCXOXUT OLICTpee, YeM BO3-
BpaT Kap6aHHOHa B HCXOZHOe coeJHHeHHe. B artoM ciayuae cramus
1 mo cymectBy HeoGparuma. 3. Craguss 1 OwicTpasi; kapGaHHOH
MeIJIEHHO NpeBpalljaeTcsi B NPOAYKT. DTO XapaKTEPHO TOJNBKO MJIs
caMblX ycToHuHBHIX Kap6aHHOHOB. B aToM ciyuae cragus 1 Takxke
NpaKTHYeCKH HeoOpaTHMa.

Tpun paccMOTpeHHBIX cJayuyass 0603HayalOT COOTBETCTBEHHO
(E1cB)r, (ElcB)1, (E1)ammon. XapaxkTepucTHKa BCeX Tpex CIy-
yaeB npuBefeHa B Tab6a. 17.1 [35]. C Gospiuolf BepOSITHOCTHIO
MOXKHO OXHAaTb, 4YTo no MexaHusmy ElcB 6ynyr pearupoBaThb
cy6cTpaThl, KOTOpble HMeEIOT a) caalbblii Hykaeopyr M 6) KHUCIBIH
BOZOPOA. DoONBbIIMHCTBO BHIMOJHEHHBIX HCCJENOBaHHH Kacaercs
HMeHHO Takux cy6crpatoB. B noswsy mexanusma ElcB cBuge-
TEJIbCTBYIOT, B YaCTHOCTH, CJIeLyolHe JaHHbIE.

1. IlepBas cragus mexanusma (ElcB)r 3akmiouaercs B oGpa-
THMOM OOMeHe NPOTOHOB MeXAy cyb6cTpaToM M ocHoBaHHeM. Eciu
B OCHOBAaHHH HMeeTcsl AeHTepui, BO3BpalIeHHOE HCXOJHOE COEIH-
HeHHe JOJIXKHO TakK¥Xe cOmepxkaThb gedrepuil. D10 GbLIO HMOATBEPK-
neHo npu nposemeHun peakiuuu Cl,C=CHCI ¢ NaOD, parowei
CIC=CCl. Peakuuio ocTaHaB/JUBaJH IO 3aBEpIEHHSI H B BO3Bpa-
meHHOM osiehuHe Haxoduau pefirepuit [37]. AHaJllOTHUHBIE pPe3yJib-
TaThl GBLIH MOJYYEHB ¢ NeHTarajoreHostaHamu [38]. YmomsHyThe
cy6cTpaThl OTHOCHTEJNBHO KHCJble, B O00HX CJIy4adgx 3JEKTPOHO-
OTTSTHBAIOLIHE TlaJIOTeHbl MNOBLIIAIOT KHCJIOTHOCTH BOAOPOAA;
KpPOMe TOro, B TPHXJIOPOSTHJIEHE BOJOPOA NPH Sp?-aToMe yriepoja
Gosiee KHCJBI 1O CpaBHEHHIO C BOZOPOAOM INpu Spi-aToMe yrie-
poma (cm. T. 1, pasn. 8.5). Takum o6pasoM, mexanuam ElcB Gosee -
BEpOSITEH [Jisl peakuuil >JTMMHHHPOBAHHUS, NPUBOASIUHX K NPOAYK-
raM C TPOHHBIMH, a He C ABOHHbIMH CBSI3sAMH. [pyro#i cayuait Be-
POATHOrO NpPOTEKaHHs peakuud no MexaHuamy ElcB Bkiiouaer
yuacrue cy6erpatoB Tuna PhCHy;CHyBr, nockosnbky o6pasyromufics
U3 HHX KapOaHHOH CcTaOUJIH3HPOBAH pe30HAHCOM C (peHUIbHON
rpynnoit. TeM He MeHee B 3TOM cJyuae Oo6MeH AeHTepHs He Ha-
6mopaercst [39]. Ecnu pyKOBOACTBOBaTbCS [JOKa3aTeJNbCTBOM Ta-
KOro THIA, MOXHO 3aKJIOuHThb, uTo MexaHH3M (ElcB)r moBosbHO
peiko BcTpeuaercs, IO KpafHell Mepe B peakLHsX 3JUMHHHPOBA-
HHSl TaKMX pacnpocTpaHeHHHX yxoAswmux rpynm, kak Br, Cl wniau
OTs, ¢ o6pasoBanuem ABoiHHbIX cBsizefi C=C.

2. EcaH peakuuio

n'N03C6H4'—CHz"—CH3—"NR3+ + B- —_— n'NOzC6H4‘—CH=CH2 + BH + NRJ



Ta6auya 17.1. Kunetnyeckoe NMPOTHO3HPOBaHHE peaKuufi B-SMMMHHHPOBaHHS, HHAYUUDYEMHX OCHOBanHeM [35]
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€X aH H3M a - Hble 3aMEeCTHTEJIH YXoxsiillen rpynns
peakuugn 3;1:;%%1 :;l:ﬂ KaTajlHsa H/*D npE Cﬁr SaMeCTHTENH NpPH Ca RAB SbdexT SneMenTa
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maetcs maercst
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maeTcs pPOCTH  He3HauH- | JO TpeHeGPEeRUMO
TEJIBHO MaJioro
E26 2 » » 28 To xe HeGoasmoe noBu- | HeGonbimoit
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npu samemennu y Cy u Cﬂ' He
Ke, KaK M Ha KOHCTaHTax laMMeTa NpH 3aMellleHHH B B H C-TOJOXEHHSX B apOMaTHYECKOM sApe.
3aBHCHT OT TOro, CIOCOGCTBYeT JH HMOHHas mapa YRaJeHHIO YXOAAIel TIpYIMbL

Jas Bcex MeXaHH3MOB Ha6mofaeTcsi KUHETHKa NePBOTO HOPSAKa
s 3lecb YuTEHH TOJNBKO Te IIePeXORHEIE COCTOSIHHS, KOTOPhle OGJNafalT CyLIeCTBeHHEIM KapGaHHOHHLIM XapaKTePOM.
. Ecnn crenmeHp HOHH3amMH cy6cTpaTa HHXKE IOYTH MaKCHMaJbHOR,
T HMmeeTca B BHAY BJHSIHHE Ha CKOPOCTb DEakNHH, He BEISEIBaiOlllee H3MEHEHHS MeXaHHSMa; CTepHuecKHe (aKTODHI,

paccMaTpHBaloTcsd.  IIporaosapoBarue

IeHHe CKOPOCTH

MO OTHOIIEHHIO K CyGCTpaTy.

MOXET HMeTb MeCTO crenuduyecKol OCHOBHOA KaTasu3.

BO3HHKawue

CKOPOCTH OCHOBHIBaeTcfl Ha 3ddekTax 3aMecTHTeNs Tak




20 TJIABA 17

NPOBOJUTb B BOJE B NPHCYTCTBHH alEeTOTHJPOKCAMaTa. B’ KauecTBe
6ycdepa, rpaux 3aBUCHMOCTH CKODOCTH OT KOHLEHTpauuuH 6ydepa
6yneT NpeACTaBJATbH COOOH KPHBYIO, IIPHYEM CKOPOCTb BBHIPABHH-
BaeTcsl NPH BHICOKHX KOHLEHTpauusx Oydepa, YTO yKas3bBaeT Ha
n3MeHeHHe JUMHTUpPYyIOWe# craguu [40]. DTo HCKJIIOYaeT MeXaHH3M
E2, B xotopom TosbKO onna cramusi. Ecim Bmecro HyO ucnodb-
30BaTh B KayecTBe pactBopuTtessi D90, HabmiofaeTcss mepBoHayasb-
HbHIH O6paTHHN H30TONMHHH 35¢deKT pacTBopuTensi, paBHHE 7,7
(nanGoJiblilee 3HaUeHHe M3 M3BECTHBIX K HACTOsIL[EeMy BPEeMEHH Be-
JHUYHH TakKHX 3¢ (eKToB). DTO CBHIAETEALCTBYEeT O TOM, uTo B D3O
peakuus nporcxonuT 6eicTpee, ueM B HpO, uTo corsacyercsi TOJbKO
¢ Mexanusmom ElcB, B xoTopoMm cranus mepeHoca NMpoOTOHA He SIB-
JfieTCs LeJHMKOM OIpelesiollel CKOPOCTb peakuuH. MsoTomHbH
3¢ ¢deKT BO3HHMKAeT 3a CyeT pas3fesieHHs INPOMEXKYTOUHO 06pasy-
folerocsi kap6anuona 11. ToT HHTEepMeAHAT MOXKET JHGO mpeBpa-
THTbCS B INPOAYKT, JHO6O mperepmeTb oGpaTHOe NpeBpallleHHe
B HCXOJHOe COeJHHEHHe, AJs 4Yero TpebyeTcs NIPUHATH NPOTOH OT
pacteoputensi. Ecin pactBopurenem cayxut DO, nocnennuit mpo-
necc 3amenisiercs (mockoabky cssisb O—D B DO pacuensasiercs
TpyaHee, ueM cBsisb O—H B Hy0), ckopocTs o6paTHOH peakiuu
TIOHHXKAaeTcs, a OTHOCHTeJbHAsh CKOPOCTh IpeBpaieHusi 11 B mpo-
JLYKT TOBBILIAETCS.

3. Kak yxe rosopusocs, MexanusMm ElcB ponmxen GHTbH Hau6o-
Jiee BeposiTeH B CJyyae CyO6CTPaTOB, COAEPKALIMX KHCJblE aTOMBI
BOJOPOZA M IUIOXHE YXOAsIHe rpymnnbl. K 3TOf KaTeropuu OTHO-
csatcsi coenuHenusi tuna ZCH,CH,OPh, rpe Z — asnexkTpoHoaxuen-
TopHas rpynna (Hanpumep, NO,;, SMey,t, ArSO,;, CN, COOR u
T. I.), a OPh — nnoxas yxomsmas rpynna (cM. T. 2, pasa. 10.13).
HiMeeTcsi MHOXKeCTBO HAHHBIX, NOATBEPKIAMOIIHX, YTO B JaHHOM
clyyae 3JHMMHHHPOBaHHE JEeHCTBHTEJbHO OCYIIECTBJSIETCS 110 MeXa-
Husmy ElcB  [41]. HsoromHne  3ddekThl B peakuuu

MeSOCD,CH,OPh MengDQCHzoph ¢ NaOD B D;O cocras-
as10T okoso 0,7. dto cornacyercsi ¢ mexanuamom (ElcB)gr, HO He
¢ mexaHuamoMm E2, npu KOTOPOM MOXKHO OXHAATh M30TOHNHHIH 3¢)-
GexT ¢ BeJHUYHHOH OKOJO 5 (MOHATHO, uTo MexaHusM El uckiio-
yaeTcss BBUAY Ype3BhHUaiHO HH3KOH cnocobHocTH rpynnsl OPh 6riTh
Hykiaeodpyrom). Tor ¢akr, uro BenuunHa Rm/kp MeHblle OXKHiae-
MOro 3HauyeHHs, paBHOro 1, oObSCHSETCS BJHSHHEM PaCTBOPUTEJNs
H BTODHYHBIM H30TONMHHIM 3(derToM. OAHHM H3 J0Ka3aTeJbCTB
B mosb3y MexaHusmMa ElcB B peakuusix paccMaTpuBaeMBIX CHCTEM
CJYXXHT TO, YTO M3MEHeHHe IPHPOAB IPynnbl Z OKa3blBaeT OTpPOM-
HOe BJIMSIHHE HA OTHOCHTEJNbHble CKOPOCTH PeaKLHH; TaK, PasHOCTb
B ckopoctax nns cy6erpatoB ¢ rpynnaMmd NO, m COO- mocrtH-
raer 10!, OrmeTHM, 4TO >JHMHHHDOBaHHe H3 CYGCTPATOB THNA
RCOCH,CH,Y saBasercs mnpoueccoM, 06PaTHHIM HPHCOELHHEHHUIO
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no Muxasmio kK apoiiHbiM cBsd3aM C=C. Kak mbl BHAeJH B T. 3,
pasn. 15.2, Takoe MNpHCOeAUHEHHE BKJIOYAET HAYAJNbHYIO aTaky
HYKJIEODHJIIOM C INOCJeAyolIMM NpoToHHpoBaHHeM. Takum obpa-
30M, NepBOHaua/JibHAas NOTepsl HPOTOHA cyb6CcTpaTaMH TaKOro THIIaA
(1. e. mexanusm ElcB) corsacyercss ¢ mpHHIMIOM MHKPOCKONHue-
ckoifi ob6patumoctu [42]. Bricka3eiBajoch NMpeAnoJiOKeHHE, YTO BcCe
HMHULIMUPYeMble OCHOBAHHEM peaKIUH 3JUMHHHDOBaHHS, B KOTOPHIX
IPOTOH AaKTUBUPOBAH CHJIbHBIMH 3JIEKTPOHOAKLUENTOPHBIMH TIpPYIl-
namy, NMPOMCXOJUT Mo KapOGaHuOHHOMY MexaHuaMmy [43]. Caenmyer
HaNOMHHUTh TaKXe, 4TO oOpa3oBaHHe jeruppoGensona (T. 3, pasn.
13.3) Takxe ocylecTBJseTCS NOLOGHEIM MyTEM.

M3 Bcex Tpex cayuaes Mexanusma ElcB mexanusm (ElcB):
TPyAHee Bcero oTanuuTh oT E2. OmuH U3 crmoco60B YCTaHOBHUTH
pas/inyde 3THX ABYX MEXaHM3MOB COCTOMT B H3YUeHHH BJIHSHMSA,
OKa3bIBAEMOro H3MeHeHHsIMH B yxoase#l rpymnmne. CooTBeTcTBYIO-
mye 3KCNEepUMEHTHl OblIM IpoJesaHel Ha Tpex alleHagTeHax 12;
B pesyJbTaTe YCTAaHOBJEHO, 4TO 1) CKOPOCTH peaKuHMH BO BCeX
TpPex cJayuyasix JOBOJBbHO OJIM3KY, caMmasi BBICOKasi CKOPOCTb Ipe-
BHIIIAET CaMyl0 HM3KYI0 JIMIIb B 4YeThipe pasa; 2) coelHHEHHE
B (X=Cl, Y=F) naer TonbKo NpoAyKT, cofepxkamuii Cl u ne co-
nepxamuit F, T. e. U3 cy6cTpara ypaJjseTcss TOJbKO GoJiee ciabblit
uykJaeopyr F, Torna kak Cl ocraercs [44]. I1epBrifi pe3ysnbraT HCK-
Joyaer Bce Buabl MexaHusmos ElcB, kpome (ElcB)i, Tak xak
BO BCEeX OCTAJIbHBIX MAOJXKHB OBITh 3HAUHTENbHB 3(¢eKTH yXxo-
asmed rpynnel (ta6a. 17.1). B mexanusme E2 apdert yxoasimei

HXY H X H X Y
mpem- a Br
_ BuOK a 6 Cl «Q
& mper-
BuOH

IPYINEl TakXke AOJMKeH GBITb BEJIHK, 32 HCKJIOUEHHEM TeX CJIyuaes,
KOTJa STOT MeXaHH3M HMeeT CyLIeCTBeHHbIH KapOaHHOHHEIH Xa-
pakrtep (cM. caexylolmuii pasnen). OnHAaKO ¢ MOMOLIBIO MEXaHH3MA
E2 Henb3si OGBACHHTH BTOPOH pe3yJabTaT, OH CTAHOBUTCS SICHBIM
TOJBKO ¢ yueroM Toro ¢akra, uto a-Cl Gosnee adQexTHBEH, yeM
o-F mJsi cTa6GMIH3alMM IUIOCKOro KapbaHHOHa, 006pasyrolerocs
nocae norepu nporoHa. Takum 06pas3oM (Kak U B HECKOJBKO IOXO-
JeM cjyuae apoMaTHYecKoro HYKJEO(HILHOrO 3aMeIIeHHs, CM.
1. 3, pasa. 13.7), ecau rpynnma X~ YXOAHT BO BTOPO# cTanuy, ee
yXOI ONpenessieTcss He TeM, 4UTO OHa JyulIMHd HYKJeodyr, a Tew,
YTO OHAa He COJEPXKHUT B-Bojopoza [45].

4. TIpumep MexanusMma (El)amon HaljeH B cayuae cyGerpara
13, koTOpbIi NpPU O6PaGOTKE METOKCHI-HOHOM INOABEpraeTcs 3JH-
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MHHHPOBAHHIO MO coeluHeHHs 15, KOTopoe HEYCTOHYHBO B YCJO-
BHSIX peaklHM M TNpeTepneBaeT YKa3aHHYIO NeperpynmnupoBky [46].

MeO Ph MeO Ph

Ph Ph
H —_— —— e —
13 14 15

[Mpeanonaraembliii MeXaHU3M B JaHHOM cjydae NMOATBEPXKIEH KHHE-
THYECKHMMH JaHHBIMH, DPe3yJbTaTaMH H3MEPeHHS H30TONHBIX 3¢-
(eKTOB, a TaKxe CIEKTPa/JbHBIM ONpejelieHHeM HHTepMenauara 14
[47].

5. Bo MHOTHX peakuusiXx 3JHMHHHPOBaHHS, IPHBOAALINX K 00pa-
soBanuio cBsize C=O0 unau C=N, HavajapHasd CTajusi COCTOHT
B NOTepe MOJIOXHTEJNbHO 3apsixKeHHOH rpynnbl (06bIYHO NPOTOHA),
KoTopasi Gbla CBSI3aHa C KHCJIOPOAOM HJH a3oToM. Takue peak-
MU TaK¥Ke MOXKHO paccMaTpuBaTh Kak npouecce ElcB.

HmeloTcst JaHHble, yka3biBalolide Ha TO, 4YTO B HEKOTOPHIX
cayyasix B MexaHuamax ElcB yuacTByloT HOHHble mapH, 06pasy-
eMble Kap6aHUOHOM, Hanpumep [48]:

Br\ /Br IMP Br\ /Br
7c=c\ + E4,N— eg=c\ —> HC=CBr + E,NH* Br~
H H Et,gﬂ H

dror cayuaiét o6osHauaior cumBojiom (ElcB)ip; ero xapakrepu-
CTHKH NpUBeJeHbl B Ta6u. 17.1.

Mru Bupenu, uro B MexaHusme E2 Bomopon u Hykjaeodyr noJ-
XKHH OBbITh JHGO B aQHTU-, JUGO B CUH-TIOJIOKEHHH; NPH B3aHMHO
NepPNeHAHKYNSIPHOM PacCMoJIOXKEeHHH peaKLHsi He MPOHCXOAMT. Hme-
IOTCSl YKa3aHHs, YTO 3TO TaKxke CIPaBeAJHBO M JJIsi MEXaHH3Ma
ElcB: ecau nocse norepu BOZOPOAA HYKJIeo(hyr 3aMOpOXKeH B Iep-
HeHJUKYJSIPHOM MOJIOXKEeHHUH, OH He MoxXeT yiTHu [49].

17.4. Cnektp mexauusamos E1—E2—E1cB

B paccMoTpeHHBIX BHIIe TPex MexaHu3Max GOJbllle CXOACTBA,
yeM pasnuuuil. B KaxpnoMm ciyuae uMMeeTcsl yxojsiias rpymna, Ko-
TOpasi yXOAUT CO CBOel MapoH 3JeKTPOHOB, U Apyras rpynna (oG-
YHO BOJOPOA), YXOAAIlass 6e3 3/JeKTPOHOB. EAUHCTBEHHas pasHHIA
3aKJjiouaercsl B nmopsjake crajufi. B Hacroslee Bpemsi umeercs 06-
LIeNPUHSATOE MNpPEeJCTaBJeHHE O CIeKTPe MeXaHM3MOB, OXBaTHBAlO-
meM 06J1aCTb OT OJHOrO KpaHHero ciayuasi, IPH KOTOPOM YyXOAs-
Hias rpynna Jierko otjejsieTcs paHblie nporoHa (uucthiit El-mexa-



PEAKLIUM 3JIMMHUHUPOBAHUS 23

HHM3M), 0O APYroro kKpamHero cjaydasi, IDH KOTOPOM IePBHIM YyXO-
IUT NPOTOH, a 3aTeM yepe3 HEKOTOPOe BpeMs OTHenaseTcs YXOAs-
mas rpynna (uncthiit ElcB-mexanusm). B cepeaune cmektpa noJ-
JKeH HaxonuTbcs #ucroii E2-mexaHu3M, npH KoTopoM ofe Tpymmsl
yxoasiT ogHoBpeMeHHo. OpHako GoJbmiMHCTBO peakuuii E2 Haxo-
JAATCS He TOYHO NOCEpefHHe CHeKTpa, a OJauxKe K OJHOH HJIH ApY-
roii cropone. Hanpumep, HykIeodyr MOXKET YXORZHTH Nepel CaMbIM
OTZeJieHHeM NpPOTOHA. Takyio peakuHIO MOXKHO CYHTAThb HPOHUCXOAS-
mell no Mexanuamy E2 c HeGosbuinm kKosnuecTBoM El-xapakrepa.
PaccmaTpuBaeMylo KOHLENIHIO MOXKHO BHIPa3UTh BONPOCOM: Kakas
u3 ceaseif, C—H uan C—X, B Gosbliell cTeneHH moABepraeTcs
pacluenJieHHIo B epexofHoM cocTosiHuu [50]?

OnuH H3 cnoco6OB, MO3BOJSIOIIHX ONPENEJIHTh NMOJOKEHHe NaH-
HO} peaknun B cnekrpe MexaHusmoB El — E2 — ElcB, cocrout
B H3yYeHHH H30TONHBIX 3((deKToB, KOTOPHE MOTYT HECKOJBKO
IPOSICHUTh XapakKTep IOBeNEHHs] CBs3ell B NMEPEeXOZHOM COCTOSIHHH

&%)
[51]. Hanpumep, usoronusiit abderr azora (k'4/k15) B CH;CHNMeg
cocraBaser 1,017, Toraa kak COOTBeTCTBYWOLIas BEJHUHHA MJ5

)

PhCHyCHy;NMey pasua 1,009 [52]. CaenoBano oxuiath, uTo G¢e-
HUJIbHAsA Tpynna JOJXKHa CABHIaTb PEaKIHIO B CTOPOHY MeXaHH3Ma
ElcB; 310 03Hauaer, uyTo AJs jAaHHOrO coejuHeHuss cBsisb C—N
B IIePeXOJHOM COCTOSIHHH He TaK CHJIbHO pa3pblBaercsl, Kak B CO-
OTBETCTBYIOIleM He3aMelleHHOM cyGcrpate. HM3otonHui#i a¢dekT
3TO MOATBEPXKJaeT, TaK KaK OH IOKa3biBaeT, YTO B (peHH/I3aMelleH-
HOM COeIMHEHHH Macca a30Ta OKa3blBaeT MeHblllee BJIHSHHE Ha
CKOPOCTb peakllMH, YeM B He3aMelleHHOM coep,unenun Ananoruu-

Hble pPe3yJbTaThl NOJYYeHbl AJIS YXOASIIMX TPy SR2 (mo uso-
tTonHomy 3t dekry 325/34S [63]) u Cl (mo usoromHOMY 3ddekrTy
35C1/37Cl) [54]. TlomoxxeHne peakuuii B CHEKTPe MEXaHH3MOB 3JH-
MHHHPOBaHHS H3yuaJOChb TaK¥Xe C APYyroil CTOPOHE BHOBb 00pasy-
lomefics ABOHHON CBSI3H € NOMOIIbIO H30TONMHBIX 3¢ dekToB B-H/D
n H/T [65]. Onnako MHTepmpeTamuss 3THX De3yJbTaTOB 3aTPyAHH-
TeJbHA NpexJe BCero M3-3a TOro, YTO H30TONHHIE 3(hdeKTH PB-BO-
J0pojia IJIagKO H3MEHSIOTCS OT MaJsblXx A0 GOJBIIHX H CHOBa MO
MaJIblX 110 Mepe YBeJHuYeHHs CTeleHH nepeHoca B-Bojopoia oT B-
yriepona K OCHOBaHHIO [56] (cieiyeT HamoOMHMTb, YTO H30TOI-
Hble 3((GeKTH MaKCHMaJbHB, KOTZa B IEPEXOXHOM COCTOSIHHH Iie-
peHoCc BOJOpPOJa MPOH30ILeJ HaNQJOBHHY, cM. T. 1, pasam. 6.15).
KpoMe TOro, Hy:XHO YYHTHIBAaTb BO3MOXKHOCTb BTOPHYHBIX H30TOM-
HbIX 3¢ dekToB (Hanmpumep, HaaHuHe P-AeHTEepPHS HJIH TPHTHA MO-
KeT 3aMe[JINTh OTHeJIeHHe YXOAsuieH Tpynnbl), a TakkKe BO3MOXK-
HOCTb TyHHesaupoBaHus [567] (cm. T. 1, ra. 6, mpumeuanue [35]).
[TpoBoauaOCh TaKke H3yyeHHe H3OTOMHBIX 9¢)¢emoa C HCMOJIb30-
BAHHEM MEUEHBIX a- H B-yriepoja, a-BOAOpPOJa MJIH OCHOBaHH:A [51].
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Ipyro#i cmoco6 ompenesneHHsi TNOJOXKEHHS PeaKUHH B CIEKTpe
MEXaHH3MOB 3aKJ/I0uaeTcss B HCIOJNb30BAaHHH [-apHi3aMellleHHs.
ITocko/MIbKY MNOJIOXHTENbHAsi KOHCTaHTa ['aMMeTa p CIYXHT YKa-
3aHHeM Ha OTPHLATEJNbHO 3apsiKeHHOe NMepeXOJHOe COCTOsIHHE, Be-
JIMYHHA p JJISl 3aMeleHHBIX B-apHJbHBIX TPYII HOJXKHA BO3pacTaTh
0 Mepe CMELIEHHsI PeakIMH B CIEKTPe OT MeXxaHu3Ma, GJH3KOro
El, x mexanusmy, nogo6Homy ElcB. Dra 3akoHOMepHOCTb Oblia
NPOJAEMOHCTPHpPOBaHA Ha MHOTHX mpumepax [68]. Tak, BenmnuuHa p
nass ArCH;CHyX Bo3pacraeT ¢ yMeHblieHHeM cnoco6HocTH X
BHINOJIHATb (YHKIHH yXOAslle#t rpynnsl. TunHuHbE HaAboOp BesH-
yuH uMeeT ciaenytomui Bux: 2,07 aasa I; 2,14 pas Br; 2,61 gna Cl,
2,75 pas SMeo*; 3,12 nas F [69]. Kak MBl yke BHIEJH, YMEHbILe-
HHe CcHOoCOGHOCTH X CJAYXMTb YXOAsIEH Tpynmod Koppeaupyer
Cc noBHIlIeHHeM xapakKTepa ElcB.

HsBecTeH eme OfHH METOMA, OCHOBAHHBI Ha HU3MEPEHHH aKTH-
BallMOHHEIX 06beMoB [60]; mas MexanusmMa E2 OHH OTpHIIATEJNIbHBI,
a nns mMexaHusma ElcB nosoxutenpnbl. M3Mepsii akTHBaLHOHHbIE
06beMbl, MOXHO COCTaBHTb HENpPEPHIBHYIO LIKaJNy, ¢ MOMOILBIO KO-
TOPOH MOXKHO TOYHO ONPENEJNHTh MECTO PeakIHH B CIEeKTpe MeXxa-

HH3MOB.

17.5. Mexanuusm E2C [61]

Hekoroprle aJKHJITaJOreHHAb H aJKHJITO3HJATHl NOJBEPraloTcst
peakuusiM sJHMHHHpOBaHus E2 GricTpee, ecau uX oGpabaThiBaTh
He CHJIbHBIMH ocHoBanusiMu THna RO~ B ROH, kak o6nuHO,
a TaKUMH CJ1a0bIMH OCHOBaHHSAMH, KakK Cl~ B MOJIAPHBIX allPOTOHHBIX
pactBoputensix uau PhS— [62]. [Insi 06bsCHEHHS 3THX Pe3yJbTaTOB
ITapkep u cotp. [63] mpemnoxuau, uto umeercs cnektp [64] mpo-
MeXYTOUHbIX MeXaHu3MOB E2, B KOTOPHIX OCHOBaHHE MOXKET B3aH-
MOJEHCTBOBaTh B IIEPEXOAHOM COCTOSIHHH Kak C Q-YIVIEPOAOM, TakK
H ¢ B-yraepogoM. Ha oJHOM KOHIE 3TOrO CHEeKTPa JIEXHT Mexa-
Hu3M, HaspiBaeMmblli E2C, B nepexolHOM COCTOSIHHM KOTOPOTO OCHO-
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BaHHe B3aMMOJEHCTBYeT TIJIaBHBIM 06pasom ¢ yraepomoM. Mexa-
uuam E2C xapakTepeHn JJsi CHJbHBIX HYKJEO(DHJOB, SBJSAIOLINXCS
cnabbIMH OCHOBaHHSIMH. [Ipyro#i kpaliHu#i cayyail — oGbIUHBEIA Me-
xanusm E2, xoropuiii o6osnavaier E2H, uto6m oTamuuts or E2C;
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OH XapaKTepeH /s CHJAbHHX ocHoBaHMiH. [lepexonHoe cocrosiHue
MeXAy INByMS KDaHHMMH CJydYasiMH NPENCTaBJEHO CTPYKTypo# 16.
IlokasatenbcTBa B moJib3y Mexanuama E2C [65] ocHoBaHb Ha pac-
cMOTpeHHH YypaBHeHusi DBpéncrema (1. 1, pasnm. 8.3), adderrax
cy6eTpaTta, M30TONMHHIX 3¢ ¢deKTax, a TakkKe Ha JAaHHHIX O BJHMSIHHU
pacTBOpHTEJIs HA CKOPOCTb peaKUHil.

Onnako npencraBieHHe o mexanusMme E2C moaseprajioch Kpu-
THKE; BBICKa3bIBaJOCh yTBEpXKAEHHE, YTO BCE 3SKCIEPHMEHTa/bHbIE
pesysabTaThl MOXKHO OOBSICHHUTH C NOMOIIBIO OGHIYHOIO MeXaHH3Ma
E2 [66]. MakJleHHaH DpeNJIOXUA IJsi ONHMCAHHUS MEPEXOLHOro CO-
crosHus cTpykTypy 17 [67]. Ilpennarascs Takmxe MeXxaHH3M ¢ 00-
pasoBanuem HOHHOl napel [68]. HecmoTps Ha npOTHBOpEYHBEIE
OpejicTaBJeHHs] O TOM, KaKOH MeXaHH3M MHCTHHHBIA, HECOMHEHHO,
YTO CYIeCTBYeT KJacC peakUU# 3JMMHHHUDOBaHHS, AJS KOTOPHX
XapakTepHa araka cJaGbIMH OCHOBAHHSIMH IO KHHETHKE BTOPOTO
nopsinka [69]. [TomuMo 3TOro mJjsi yKasaHHEIX peakUuil XapakTepHHI
caenyolte obue npusHaky [70]: 1) nporekaHuio peakiuuu 6jaro-
OPHUATCTBYIOT IOABHXKHBIE YXOAsAlIMe TPYyNmbl; 2) peakUHH CIo-
COGCTBYIOT NOJISIPHBlE allPOTOHHBIE PACTBOPHTENH; 3) peaKIHOHHAs
CMOCOGHOCTb CYOCTPATOB YMEHbIUNAETCs B PSAY TPETHYHBIN>BTO-
PUYHBEI >nepBHYHBIA, 4TO 06pPaTHO MOPSAKY PEaKLUHOHHOH crmoco6-
HOCTH B OOBIYHBIX peakuMsx E2 (pasp. 17.8); 4) peakuumum cux-
SJHMHHHDOBAHHS IJIs paccMaTPHBAaeMOro KJacca He H3BECTHHI,
BCErja MPOHCXOIHUT GHTU-3JMMHHUPOBAaHHE, ONHAKO B CJyyae IpoO-
H3BOJHHIX IHKJIOreKcaHa IHIKBAaTOPHAJbHOE AHTU-3JIMMHHHPOBA-
HHe HabJaiofaeTcs TaK XK€ YacTo, KaK H JHAKCHAJbHOE GHTU-3/IH-
MHHHPOBaHHe (B OTJIHYMe OT OGHIYHEIX peakuuit E2, cM. pasn. 17.1);
5) peakuuHu NPOHGXOASAT B COOTBETCTBHH C NpaBHJoM 3ajineBa (cM.
pasx. 17.6, nyHKT 3), 4TO He NPOTHBOPEUHT 34ECh YCJIOBHSAM QHTU-
3JIMMHHHPOBAaHHSI.

17.6. OpueHTauus ABOIHOMN CBsI3U

B HexkoTOopHX cy6cTpaTax TOJIBKO NMPH OXHOM aToMe YIJiiepoja
uMeeTcsl -BOJOPOA, W HAEHTH(HKALHUSA NMPOAYKTA He BEHI3HIBAET CO-
MHeHMH (3a HMCKJIOUeHHEM TeX CJyyaeB, KOrJ4a NPOHUCXOIAMT mepe-
rpynnupoBka). Hanpumep, us PhCH;CHyBr moxer o6pasoBaTbcs
roneko PhCH=CH;. OxHako BO MHOTHX JApDYrux cJyyasx BO3-
MOXHO o0pasoBaHMe IBYX HJH TPeX HeNpeleJbHHIX NPOLYKTOB.
Tak, B npocrefimiem ciayyae B8TOP-GYTHAbHOE COENMHEHHE MOXKeT
AaTb Ju6o 1-6yteH, Jau6o 2-Gyten. Mmeercs psax npasuJa, mo-
3BOJIAIOIIAX NPeACKasaTh MPEHMYLIECTBEHHOe 06pasoBaHHE TOr0
WJIH MHOrO mpojaykrta [71].

1. HezaBucuMO OT MexaHM3Ma peakllHM [BOWHas CBf3b HE MO-
)eT 06pa3oBaThCsl PH aTOMe yrjepoja B rOJIOBE MOCTa MOCTHKO-
BOH CHCTEMH, 32 HCKJIOYEHHEM CHCTEM C JOCTAaTOYHO O60JbUIMM
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pasmepom uuKJa (mpaBuiao Bpexra, cM. T. 1, pasa. 4.25). 310
O3HayaeT, HalpUMep, He TOJbKO TO, 4TO coejuHeHHe 18 maeT B Ka-
yecTBe €JMHCTBEHHOro npoaykra 19, a He 20 (coeguneHue 20 He-
H3BECTHO), HO TakK¥Xe H TO, YTO coeiuHeHHe 21 He MmojJBepraercs
SJIUMHHHPOBAHHIO.

Br

20

2. HezaBHCHMO OT MeXaHH3Ma peakluH, €ClH B MOJEKyJe yxke
uMeercs: ApoiiHas cBsizb (C=C uau C=0), kKoTopass MOxeT OKa-
3aThCSl B CONMPSIXKEHHH C BHOBb 0Opasyiolleficss ABOHHOH CBA3bIO, TO
00blyHO mpeobJiajaloliuM OYyAeT CONPSKEeHHHH NPOAYKT, INpHYEM
HHOrAa 3To HabJlomaeTcs na)ke B TeX ciaydasiX, KOrja CTepeoXHMH-
yecKH 00pa3OBaHHe TAKOTO NMPOAYKTA HEBHITOLHO (HCKJIOUEHHS CM.
B pasn. 17.7).

3. B mexanusme El yxopsimas rpynna oTAessieTcsi A0 TOro, Kak
cHejlaH BBIOOD OTHOCHTEJNbHO HAalpaBjieHHs OGpasoBaHUsS HOBOH
ABoiiHOR cBsAsH. [losaToMy HampaB/ieHHe MOYTH IIEJNHKOM OIpejeJis-
eTCSl OTHOCHTENbHOH YCTOHYHBOCTBIO ABYX (MJIM TpeX) BO3MOXXHBIX
onepunHoB. B Takux cayuasx Oedcrsyer npasuso 3aiiyesa [72],
COIJIaCHO KOTOPOMY OB0LHAA €836 NpeumyulecT8eHHO 06pasyercs
Yy Hauboaee 3ameujennozo aroma yesepoda. Tak, U3 8TOP-GYTHIb-
Horo cy6cTpara mojyuaercs GoJblule 2-6yTeHa, ueM l-6yTeHa, a U3
3-6pom-2,3-nuMeTHINeHTaHa obpasyercsi GoJbliee KoJjuyecTBo 2,3-
NMMeTHJI-2-TIeHTeHa, 4eM 3,4-AHMeTHJ]-2-eHTeHa HJH 2- STHII-3-Me-
THJ-1-6yTeHa. Taknu o6pa3oM, B COOTBETCTBHH C HpaBujaoM 3ai-
LieBa NpeHMylliecTBeHHO 06pa3yloTcsi oJieHHB ¢ MAaKCHMAaJbHO BO3-
MOXKHBIM YHCJOM aJKHJIbHBIX TPYNI NPH aToMax yrjepojaa CBA3H
C=C; rakas kKapTuHa HabJojaercs B GOJbLIHHCTBe ciaydyaeB. M3
JaHHBIX 110 Temjotam cropanus (t. 1, pasm. 1.12) wusBecTHO, uTO
C pOCTOM UYHCJa AJKHJbHBIX 3aMeCTHTeJeH ycTOHYHBOCTH oOJiedH-
HOB MOBBIILIAETCS, XOTSI MPHYHHBI STOrO HE SICHBI.

Yaime Bcero mpuHATO OOBSCHATH 3TOT (PAKT THIEPKOHBIOralues.
B peaknyusx snumunupoBaHus El opueHTanus ABofiHOH CBsI3U nox-
YHHseTCsl NPaBuJy 3alueBa HE3aBHCHMO OT TOrO, SIBJSETCS JIH
yXOAsluasi rpynmna HeATPAJbHOR HJH MOJOXHTENBHO 3apsiKEHHOM.
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Kak yxe roBopuJoch, 3TO CBfI3aHO C TeM, YTO yXOAsllas rpymnna
OTAEJSETCS OT MOJIEKYJB 10 TOrO, KaK MPOHCXOAHT BLIGOP Hampas-
nenns o6pasoBaHus ABOMHON cBssu. las peakuuit E2 sto yTBEpX-
JleHUe He HMeeT CHJIB; YTOOGHl MOJUEPKHYTh OTJIHYHE pe3yJbTaToB,
MOXHO YINOMSIHYTh 3JeCh CJelyloliue AaHHble: B pPeaKHHH SJIHMH-

(<]
HupoBanuss E1 Me,CHCHMeSMe, naer 91 % npoxykra, oGpasy-
jolerocsi no npasuay 3afineBa, u 9 Y mpoxykra, o6pasyiolmerocs
npotuB npaeuga 3afimeBa [73]. OmgHako u38ecTHbl cayuaH, Korpa
yxoasilnasi rpynna BJHSEeT Ha OPHEHTANHIO JBOHHOH CBSI3H NPH 3JH-
MHHUpOBaHMHM Mo MexaHuaMmy El [74]. Oto Moxer OHITb CBsI3aHO
c o6pa3oBaHHeM HOHHBIX Nap, KOTAa yxojsllas Trpynmna He moJ-
HOCTbIO OTHeJIeHa B MOMEHT yxoxa Bojopopa. IIpasmio 3akneBa
He BBIIOJIHSIETCS B CJyuasiX, KOrga ADYrod NPOAYKT, C HEMaKCH-
MaJbHO BO3MOXHBIM YHCJIOM 3aMeCTHTeJNell NpH ABOHHOH CBS3H,
OkasbiBaeTcs 6GoJiee YCTOHYUHBBIM IO CTepHuYeCcKHM NpuHunHaM. Ha-
npuMmep, mpu sauMuHupoBaHuu no THny El us 1,2-mucdenunn-2-X-
nponanos PhMeCXCH.Ph o6pasyerca 50 % CH;=CPhCH,Ph,
HeCMOTpsi Ha To, uto B mnpoiaykre 3ainesd (PhMeC=CHPh)
IBOfiHasi CBsi3b COMpsXKEHa ¢ JBYMS GeH30JbHBIMH KoJbIaMHu [75].

4. JIns ocylleCTBJEHHS GHTU-3MUMHHUpoBaHus E2 Heo6xomumo
HaJanyue B-nporoHa. EcaM oH HMmeercs TOJNBKO C OJHOH CTODOHBI,
opHeHTanHst o6pasylolledicss JBORHON CBfI3H mpeponpenesneHa. dToT
¢dakTop pacrnpocTpaHsieTCsl TOJBKO Ha HIMKJIHYECKHE CHCTEMH, TakK
KaK B alUK/JIUYeCKHX COeLMHEHHUSX BpallleHHe BOKDYT cBsideHl CBO-
6onHoe (3a HCKJIOUEHHEM CJyyaeB, KOTZa HMeeTcsl 60JbLIOe CTepH-
yeckoe 3aTpynHeHue). Ecau aToMbl Bomopoaa B Tpasc-B-mosoxe-
HHH HMeIOTCA NpPH JABYX HWJIH TPeX aToOMax Yriepoxa, BO3MOXKHBI
IBa HampasJieHHS 00pa3oBaHHS NPOAYKTOB B 3aBHCHMOCTH OT
CTPYKTYpH cy6cTpaTa M npHpoabl yxonsimefi rpynmel. Hekoropeie
COeAVHEHUs CJefyIOT npaBuly 3afineBa U HalOT IVIaBHEIM 06pa3oM
MaKCHMaJIbHO 3aMelleHHble oJieQHHH, IpYyrHe CJIeLYIOT hnpasusy
Topmana: 0soiinas cea36 npeumyuyecT6eHHo obpasyercs npu Hau-
MeHee 3ameuwjenHom arome yzaepoda. HecMOTpss Ha MHOXKECTBO
H3BeCTHBIX HCKJIOYEHHH, MOXHO chopMyaHpoBaTh clenyloliine 00-
mue mosioxeHHs. B GOJbIIMHCTBE CJIyyaeB COEIMHEHUs, COIepXKa-
HHe He3apsiKeHHble HYKJIeo(yrH (rpynmel, yXoAsiliHe B BUAE OTPH-
IaTeJbHBIX HOHOB), CJAEAYIOT MpaBHay 3afiieBa TOJNLKO B peakUHsiX
saumunupoBanuss El HesaBHCHMO OT cTPYKTypw cy6cerpara. Ogn-
HaKO 3JMMHHHUPOBAHME H3 COEAVHEHHH C 3apiXKEHHBIMH HYKJeody-
ramu, Hanpumep NRst, SRe* (yxoasimumu B BHAe HeHATpaNbHBIX
MOJIEKYJI), nopuuHsieTca mpaBuiay [obmara B ciayuae aunuKiaHye-
cKHX cy6crpatos [76], HO mpaBuay 3aHneBa B TeX CJIyuasX, KOraa
yxojsilas rpymmna Oblja CBfi3aHa C LIECTHYJEHHBIM LHKJIOM [77].

TIpuuyuHbl pa3JHYHOH OPHEHTAIMH [BOHHOH CBSI3U HcCJenOBa-
JHCb BO MHOrux pa6orax. IlockosbKy opueHTanuss mno 3aiiueBy
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MOYTH BCerja NPHBOAMT K TEPMOAMHAMHUYECKH 6oJiee yCTOHYHBOMY
H30Mepy, HeoGXOAMMO ObLJIO HAaUTH OOGBACHEHHE TOMY (akxTy, 4TO
B HEKOTODHIX cjyyasix npeobJjajzaeTr MeHee YCTOHYHBBIH NPOLYKT
lopmana. Ons cayyass H3MeHEHHS] OpHEHTALHH B AalMKJIMYECKHX
CHCTeMax HpM IepexoJe OT He3apsAkKeHHOro HykJaeodyra K 3aps-
JKeHHOMY GbIJIH NpeAJIOKeHbl TPU BapHaHTa 06bscHeHus. Tak, Xbio3
u Huroabn [78] nosarawot, uro opueHtanus no ['odpmaHy BhI3BIBa-
eTcsi NOHHXXEeHHeM KHCJIOTHOCTH [B-BOAOPOJA B NPHCYTCTBHH 3JEKT-

®
POHONOHOPHBIX ankuabHbIX rpynn. Hanpumep, Me;CHCHMeSMe,
(22) B ycaoBusax E2 nmaer Goubiie npoaykra ['odmaHa; 3mech OCHO-
BaHHeM OTpbIBaeTcsl 6osiee KMC/IbIH BOZOPOL.

YT,

I\j’le
banee rucomict Me—C=CH—CH,
Me [ / npodyrm no Saiiyesy

I
Me—CH —CH —CH,

I . M
menee ,—j ®5Mez \ | ¢

Keeenoiid 22 Me—CH —CH=CH,
npodyrm no Iogmaky '

Koneuno, aTombl Bogopoxa rpynnsl CHs mosKHBEl GbITh GoJiee KHC-
JabiMH, yem B rpynne Me,CH, naxe B mpucyTcTBuH He#TpasbHOR
yXoasiled rpynnbl, Ho oObscHeHHe Xblo3a u HHrosbina noxpasy-
MeBaeT TOT (pakT, uTO KHUCJIOTHOCTh HMeeT 3HAaueHHe B clydyae 3a-
PAXKEHHBIX, a He HeHTpaJbHBIX YXOINAILUX I'PYINN, MOCKOJBLKY 3aps-
JKeHHble TPYNNbl NPOSBJSAIOT CHJAbHBIE 35JE€KTPOHOAKLUENTOPHBIH 3(-
DexT, yTo AesaeT Pa3HHUIY B KHCJOTHOCTH GoJiee CYILECTBEHHOH,
4eM B cJydyae 3JIeKTPOHOAKUENTOPHHIX HeHTpaJbHBIX rpynm (78]
AnanornyHoe oGwbsicHenue npepioxun Banuer [79]. CorsacHo ero
OOBSICHEHHIO, Nepex0J K IIOJOXKHTENbHO 3apsiKeHHOH yxomsiiel
rpynne BbI3bIBaeT CIBHI MeXaHH3Ma B CIEKTPe B CTOPOHY MeXxa-
HusmMa ElcB, roe B auMutupyromeii craguu paspois csizu C—H
6oJsibllle M, CJeJOBaTENbHO, KHCIOTHOCTb HMeeT GOJIbllioe 3HaueHHe,
[Tostomy B cayuae HeHTpasbHOH yXOAsiIIEe# TPYNNbl 'MeXaHHU3M
6nuxe k tHny El, Gosee BaxeHn paspwuiB cBsizau C—X, U opHeHTa-
uus obpasylolleiics ABOHHOH CBS3H ompenessieTcsi yCTOUYHBOCTBHIQ
onepuna. TpeTH#, coBeplIEHHO OTJHYHBIH BapHAaHT OOBICHEHHS
BeIBHHYN BpayH. CorsacHo ero BepcuH, 3¢¢eKThl MOJsi He UrpaloT
HMKaKOH DOJIM, a pa3jiMyHe B OpHeHTAalUH B GoJsbliofi Mepe fBJS-
eTcsl NpOsIBJIeHHEM CTepHYecKoro 3¢d¢ekTa, BHI3BAHHOIO TeM, UTO
3apsKeHHble TPyNNBl, KaK NPaBHO, KpymHee HelTpanabHBX. ['pynna
CH; Gosee oTkpriTa mas araku, yuem CHyR, a rpynna CHR, eme
MeHee nojBepxeHa aTake. KoHeuHO, 3TH pacCyXAeHHS NPUMEHHMBbI
H K HeHTpalbHOH yxoAsgmel rpynme, Ho, corjacHo BpayHy, B mo-
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cJIeHEeM CJIyYyae OHH ropasf0 MeHee BaXKHHI, TaK Kak HeHTpasbHbIE
TPynnbl MeHbllle 10 pasMepy H He CJHIIKOM OJIOKHPYIOT AOCTYI
K aToMaM Bojopoza. BpayHy ymasioch mokasaTb, YTO CTeNeHb 3JIH-
MHHHPOBaHHs 1o 'o¢MaHy noBHILIaeTCs C YyBeJHYeHHeM Das3Mepa
yxonse#t rpynnel. Tak, mosas l-eH-mpopykTa, NOJYYE€HHOrO HS3
CH;3;CH,CH,CHXCHj;, nosblumiajiach mpH yBeJHYeHHH pa3MmepoB X

&)
caenyromum o6pasom: Br 31 %; I 30 %; OTs 48%,; SMe; 87 %;

SOsMe 89 .9%: Ié\?Mes 98 9 [80]. [TokasaHo Takxe, 4TO CTeNeHb 3JH-
mMHHHpOBaHHs mo TodpmaHy mnoBHIIIaeTCss ¢ yBeJHUYeHHeM OOGbeMa
cy6erpara [81]. C mocTaTouHO GOJIBIIMMH MOJIEKYJaMH OPHEHTALHMs
no I'odpmany Habiionaercs naxe B cjayyae raJIOTeHHJOB; HampH-
mep, u3 Tper-amuabpomuna moayuaercs 89 Y npoaykra I'opmana.
Jaxe npuBepKeHUH NEPBHIX JBYX BapHAHTOB OGbSCHEHHS, OCHO-
BAHHBIX Ha YyueTe KHCJOTHOCTH, COIJIAILIAIOTCH, 4YTO B KPaHHHX
cayuasix AefiCTBYIOT PaccMOTpPeHHbIe cTepHueckHe dakTopH [82].
Vimeercsi cepusi pesyJbTaToB, HE COBMECTHMBIX CO CT€PHUECKHM
0oGbsSICHEHHEM: 3JHMHHHpOBaHHe E2 W3 uyeThipex 2-raJjiloreHONeHTa-
HOB NPHBOJHUT K CJeJYyIOIIeMy NPOIEHTHOMY COIepxKaHHio l-neH-
tena: F 83 %; CI 37 %; Br 25 %, I 20 % [83]. Takoit xe mopsiiok
HalileH HJig '4eThipex 2-rajoreHorekcaHos [84]. Ecam eme wmoryt
ObITb DPa3HOPEUYHBHIE CYXKIEHHS 006 OTHOCHTEJNbHHIX CTE€PHUECKHX
tpe6oBanusix Br, Cl u I, To HecoMHeHHO, uTO F — HaumeHbluuil U3
rajioreHoB. [ToaTomy, eciu Gbl GBLJIO CIPABENJHBO TOJBLKO CTEPHYE-
ckoe OGbsicHeHHe, ()TOpOaJKaHbl He MOIVIH Obl JaBaTb B KauyecTBe
[JIaBHBIX NPOAYKTH peakiuuu mo I'odpmany. IIpyroit pesyabraT, CBH-
JIETEJbCTBYIOMUA NMPOTHB CTEPHYECKOr0 OGbSICHEHHS, COCTOHUT B 3¢~
(ekTe H3MeHeHHs- MPHPOALl OCHOBaHHA. BHn npoBeneH skcmepu-
MEHT, B X0Jie¢ KOTOpPOoro 3¢p¢heKTHBHBIE pasMep OCHOBaHHS NOAIEp-
JKHBaJICS TNOCTOSHHBIM, TOrJa KaK €ero OCHOBHOCTb MOBBIILIA-
nach (B xauecTse ocHOBaHHH mcmosb3osanu pspx uonos XCgH,0-).
DKcnepuMeHT IOKas3aJ, YTO C YBeJHYEHHEM CHJB OCHOBAHHS, NPH
HEH3MEHHLIX ero pasMepax, CTeleHb JHMHHHpOBaHHS mo [odmany
nopbimaercs [85]. DTH pe3yabTAaTH COrNACYIOTCS ¢ OGBbACHEHHEM
BaHHeTa, MOCKOJNBKY YBEJHUYEeHHE CHJIBI OCHOBAHHSI CIBHIaeT peak-
uuio E2 B cnekTpe MexaHU3MOB B CTOPOHY MexaHusma ElcB. Jlanb-
HefilllMe SKCNEPHMEHTHI MOKa3aJH, YTO OJi1 MHOTHX CEepHil pasjiug-
HBIX OCHOBAHHMH BBINOJHAETCS NPUHIHI JHHEHHOCTH CBOGOJHBIX
SHepPruil NPUMEHHTEJbHO K OCHOBHOCTH M CTENEHH 3JHMHHHPOBAHHUS
o To¢pmany [86]; HCKaIOUeHHe COCTABJSIOT HEKOTOPHE OY€Hb
KpyNHbBle TO pasMepy OCHOBaHHs (Hampumep, 2,6-mu-Tper-GyTHi-
(eHOKCH), 115 KOTOPHIX GoJiee BaXKHBIMH CTAHOBSATCS CTE€PHYECKHE
atp¢dextel. Hackonbko 60JbLIMM HOJMKHO GHITb OCHOBaHHE, YTOGHI
HaOJIIOAIUCh CTePHYECKHe 3((eKTH, 3aBHCHT OT XapakTepa aJ-
KHJIbHOT'O 3aMellleHHst B cy6cTpaTe, HO He OT NMPHPOJH HYyKJeodyra
[87]. Crepnueckne s(pgekTh OCHOBAHHSA MOIYT TaKXKe CTaTh BaX-
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HBIMH B T€X CJy4asx, korja 3(p¢ekTUBHLIA pasMep ero yBeJHYHBa-
eTCSl 3a CYUeT aCCOLHALHH, €CAH YXOASEH rpynmoH CJAyXHT rajo-
red uau OTs [88]. Ecau xke yxogsumeil rpymnmnoit ssiasercs NMest,
nogo6GHble 3((eKTH acCoUMalUM OCHOBaHHS HeBaxHH [89].

5. Mi3BecTHO JIMLIb HECKOJIbKO HCCJeJOBaHMH, NOCBSLIEHHBIX
OPUEHTALMH CUH-3auMHHHpOBaHHs E2, HO Bce OHM NOKa3bBAIOT,
yTo opueHTauus no ['opMaHy 3HauuTe/bHO HpeobiafaeT Hajl OpH-
eHTapueit no 3atinesy [90].

6. Bonpoc 06 opueHTaUHM B peaklUMAX, IPOTEKAIOWHKX MO MeXa-
Hu3My ElcB, Bo3HHMKaeT pelko, MOCKOJBKY 3TOT MeXaHH3M Hab.io-
JNaeTcs, KaK NpPaBHJIO, TOJbKO AJIS COeJHUHEHHH, cofepkKalluX aJeK-
TPOHOAKLENTOPHbIe T'PYyNNE B B-NOJOXKEHHH, Tle H obpasyercs
JBOIHAS CBS3b.

7. Kak yxe roopujocs, peakuuu E2C npeumyiiecTBeHHO Npo-
TekaloT no npasuay 3ailneBa [91]. B HekoropmIx cayuasx 3To
MOXHO HCIOJIb30BaTh B NpenapaTHBHBIX Heasax. Hanpumep, coenu-
nedde PhCH,CHOTsCHMe, paer okoao 98 %, PhCH=CHCHMe,
B OGbIUHBIX ycioBHsix peakuuu E2 (rper-BuOK B rper-BuOH).
B aToM ciyuae gBofiHasi cBA3b 06pa3yeTcsi CO CTOPDOHHI MeHee 3a-
MeIeHHOTO0 aToMa Yrjepoja, NOCKOJbKY B 3TOM cJyyae oHa GyaeT
conpsixeHa ¢ GeH30JbHBIM KOJbLOM. OXHAKO NPH NMPOBEAEHHH pe-
akuMM co caabeiM ocHoaHHeM BuyN+ Br— B amerone c¢ 90 %,-HBIM
BHIXOAOM o6pasyercs mnpoayktT 3afinesa PhCH;CH=CMe, [92].

8. B cayuae GoJsblINX H30TONHHIX 3((eKTOB NPH 3aMeHe BOMAO-
poxa B cy6GcTpaTe Ha neHTepHil opHeHTalusl ABOHHOH CBSI3H MOXKET
meHsaTbesl. Hanpumep, peruaparauns cnupra RR’COHCH; npuso-
aut npeumyuectBeHHo K RR'C=CH,, Torma xak us gefirepupo-
BanHoro aHajora RR’COHCD; noayuaercs apyro# npoaykr [93].

17.7. TIpocTpaHCTBEHHAs OpHeHTAalus ABOHHONK cBA3M

Ilpu snumunupoBanun u3 coepunenuii tuna CH;—CABX uiau
CHAB—CGGX o6pasywomuiics onebuH He o6Janaer yuc — Tparc-
H30MepHell, ONHAKO B peaKNusAX coeJuHeHHH ob6mell ¢GopMyJas
CHEG—CABX (rze Es£H u G%H) (23) u CH,E—CABX (24)
BO3MOXHO o0pasoBaHHe yuc- WU Tpac-uaomepoB. Eciau peakuus
NPOTEeKaeT [0 MeXaHU3My awTu-ajuMuHupoBanus E2, coemunenue
23 paet u3omep, obpasymouuiics npu Tparc-pacnosoxennn X u H,
npuyeM, Kak GBLJIO NMOKa3aHO paHee (pasn. 17.1), u3 apurpo-coenm-
HEeHHsl TNOJy4YaeTcs yuc-ojebuH, a H3 TPeo-COeAUHEHHS — TPAHC-

E G A E
X H _— \C=C/
A B B/ \G

23
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usomep. [asi coenuHeHuss 24 B NepexXoJHOM COCTOSSHHM BO3MOXKHBI
JIBe KOH(opMauuH, KOTOPhle NPHBOAAT K PasHbHIM H30MepaM, IpH-
yeM yacTo noJayuaioTcs o6a mpoaykra. OnHako oGbIYHO npeoGJa-
JaoIIUM SIBJSIETCS NPOAYKT, oO6pasylomuiics H3 3aCHOHEHHOH KOH-
¢dopmanun [94]. Hanpumep, snuMHHHPOBaHHe MO mpaBuay 3afuena
H3 2-6POMONEHTaHa MOXKET NMPOHCXOAHTH CJeAYIOIIHM ob6pa3oM:

H Et H, /H
Br/\f  ——18%  C=C
/ \
H Me Me Et
25
Et H H\ /Et
B/y  ——51% =c\
H Me Me H
26

B koHdopMauuu 25 3Tu/bHAs TPynma pacrojoxkeHa Mexay Br u
Me, Torna kKak B 26 — mexny Br u H. dto osnauaer, uro KoH}oOp-
Mauus 26 Gosee ycroAuMBa, M SJHMHHHPOBaHHe AOJIXKHO OCYILECT-
BJISATbCS [VIAaBHBIM 06pa3oM M3 3TOH KOH(popMmainuu. [leficTBHTENbHO,
KOJHYecTBO oO6pasylollerocss Tpaunc-uzoMepa (mox  HeficTBHeM
KOEt) cocrasasier 51 %, no cpasuenuio ¢ 18 Y% yuc-onepuna (oc-
TaJlbHOe TPHUXOAMTCS Ha JoJwo npoaykra lopmana) [95]. C yse-
JauyenveM pasmepos rpynn A, B u E stu adoekth ycumusaworcs.

Onnako 3acaoHsmomuii s¢ppekT He eIMHCTBEHHBIH (akToOp, BJIH-
SIOIMHA Ha COOTHOLICHHE YUC/TPAHC-H30MEPOB NPH AHTU-IIMMHHH-
posanun E2. Cpemm npyrux ¢akTopoB HMeeT 3HaueHHe NPHPOAA
yXopsllefi TPynnsl, OCHOBAaHHS, PaCTBOPHTeJsl M cy6cTpaTa, HO He
Bce 3P heKThl MOJHOCTbIO MOHATH [96].

Ilpu cun-snumunupoBanun E2, kak yxe rosopuJjocs B pasa. 17.1,
6anarogaps sdderraM 3acioHeHHs Tpaxc-onedUHE 06pas3yroTcs
B 3HayHTeJbHO OoJibliel Mepe, ueM yuc-uzoMepol. Tak, Npu CUH-
SJMMHUHHPOBAHHH H3 5-JeLHJITPUMETHIaMMOHHEBOTO HOHA HabJio-
LaeTcsi OYeHb BBLICOKOE COOTHOIIEHHE TPAHC[yUc-U30MepOB, BHIILE,
yeM MOXKHO OblJIO OXHAATb TOJbKO HAa OCHOBAaHMM CPaBHEHHS yC-
TofiynBocTH oJeduHoB [97].

Ecan B peakuusx saumuHupoBauusi El oGpasyercs cBOGOAHBIH
kap6okaTHOH (27), B HeM uMeeTcsi cBOGOJHOe BpallleHHe; NMO3TOMY
He3aBHCHMO OT TOTO, KakoBa Obla TreoOMeTpPHs HCXOLHOTO COEnM-
HeHHus, 6oJee ycrofiuuBoii 6yner Takas KoHbopMauus, B KOTOpPOit
Gosiee KpynHas mno pasmepy napa D—E Oyzer mpoTHBONOJIOXKHA
MmeHbllled mape A—B; u3 Taxo#l KoHpopMauuu H HoJKeH o6Gpaso-
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BBIBATbCs COOTBETCTBYIOWIHH oseduHOBbIH npoaykT. Ecan kap6oka-
THOH He IIOJIHOCTBIO CBOOOJEH, TO B HEKOTOpPO#l creneHH o6pasy-
I0TCSl MPOAYKTHI, XapaKTepHble 151 peakuuit E2. AHasoruuHoe pac-
CMOTPEHHe NPHMEHHMO K peakuusim sauMuHupoBanus ElcB [98].

PEAKILTHOHHAS CIIOCOBHOCTb

B stom pasgene paccmarpuBaioTcsi 3(deKTH, BO3HHKAIOLIHE
IpH H3MeHEHHUsIX B cy6CTpaTe, OCHOBAHUH, YXOAslleH rpynne, cpele
U BJMSOIIME Ha 1) peakUHOHHYI0 CIOCOGHOCTb B IEJNOM; 2) Me-
XaHu3M peakuuu, ero capur B ctopony El, E2 umu ElcB [99] u
3) THD peakuHH, STUMHHHPOBAHHE HJIH 3aMElIEHHE.

17.8. BausHue cTpyKTyps cyGerpara

1. Bausnue na axtusnocte 8 yesom. OGO3HAUMM aToOM yrie-
pona, comepxawmuit Hykaeopyr (X), Kak a-yrjaepoi, a aToM yrJe-
poja, TepslOLIMH NPOTOH (MM APYLYIO MOJIOXKHTEJIbHO 3apsiKeH-
HyI0 4acTHLY), Kak PB-yriepon. CBsi3aHHBIE C a- HJIH B-YrJI€pPOAOM
TPynnbl MOTYT OKasblBaTh MO KpaliHeH Mepe ueTBHIpe BHIA BJIHA-
HHSL: '

a) cTaGHUIH3HPOBATh HJH JecTaGUJIH3HPOBaTh HMeOILyoCs
ABOHHYIO CBSI3b (3TO OTHOCHTCS K - HJIH B-Tpynnam);

6) craGHAH3HPOBATh HJH AecTaGHIH3HPOBATh HMEIOILHHCH OT-
pHLaTeJbHBLI 3apsii, MeHsisl TeM CaMbIM KHCJOTHOCTb NPOTOHA
(TO OTHOCHTCS TOJBKO K B-Tpynnam);

B) CTaGHJIM3HPOBATh HJIH [eCcTabUIM3HPOBATh HMEIOLIMiCS IO-
JIOXKHUTEJbHBIH 3apsii (3TO OTHOCHTCS TOJNIBKO K o-Ipynmam);

r) BH3BIBaTh cTepuueckue 3(pdekTs, Hanpumep, sddekr 3a-
CJIIOHEeHHs1 (3TO OTHOCHTCS KakK K -, TaK M K B-rpynnam).

D¢dhexTH a) M T) MOT'YT NMPOABJATHCI BO BCEX TPEX MEXaHU3-
Max, npaBja, crepuueckue s¢pekTh HanGoJee BhHIPAXKEHH B peax-
ouax E2. Ddoexr 6) He xapakrtepeH mjs Mexanusma El, a ap-
¢ekr B) — s MexanusMa ElcB. Takue rpynnsl, kak Ar u C=C,
YBEJHUHBAIOT CKOPOCTh pPeakiuH NpH JIOOOM MeXaHH3Me He3aBH-
CHUMO OT TOTO, HAXOHSATCS JIU OHH B o- HJH B-NOJIOXKeHHH (3¢DdekT
a). DJIeKTPOHOAKLENTOPHbIe TPYNNBl B B-NMOJOXKEHHH MOBBILAIOT
KHCJIOTHOCTb, HO B @,-TIOJIOXKEHHH NPAKTHYECKH He OKa3BIBAIOT BJIH-
SIHHSI, 32 HCKJIOUYEHHEM TeX CJIyuaeB, KOrJa OHH HaXOASTCH B CO-
npsixkeHuH ¢ jBofHON cBsi3bio. Ilpu Haauuuu B B-moJsoxeHun Br,
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Cl, CN, Ts, NO; uaun SR ckopocTh peakuuil s3numuHHpoBaHusi E2
BO3pacrTaer.

2. Bausnue na cnektp mexanusmos peaxyuu EI—E2—EIcB.
o-AJIKUJIbHEIE ¥ Q-apHJbHBIE TPYNNbl [OBBILAIOT CTENEHb JIUMH-
HupoBaHus El, MOCKOJNBKY OHU CTaGUJIH3UPYIOT KapOOKAaTHOH B Ie-
PEXOJHOM COCTOSIHMH. MIHBIMH CJIOBaMH, 3TH I'PYNnbl cnocoOCTBYIOT
CHBHUTY CHEeKTpa MeXaHH3MOB B cTOpoHY El. B-AJIKHJIbHBIE TPYNIBI
TakXKe CABHTalOT MeXaHU3M B CTOpPoHY El, MOCKOJbKY OHH INOHH-
KaIOT KUCJOTHOCTh BoJOpoxa. OxHaKo B-apuibHBE IPYNOBl CABH-
raloT MexaHu3M B IAPyryio cropoHy, kK ElcB, 3a cuer crabuiusa-
uud kap6aHuoHa. IledcTBUTENbHO, KaK yXKe GBIJIO MOKas3aHo (pasf.
17.3), BCe 3JIEKTPOHOAKLENTOPHBE I'PyHnbl B [3-TOJOXKEHHH CIBH-
rajor MexaHuam B cTopoHy ElcB [100]. o-AnkujapHble Tpynmbl
TakKKe NOBBILIAIOT CTENEHb JUMUHHPOBAHHUS NOJ JeficTBHEM cJa-
6bix ocHoBaHuil (peakuuu E2C).

3. Bausnue una Tun peaxyuu (IAUMUHUPOBAHUE UAU 3amelie-
nHue). B ycnoBusIX NMpOTeKaHHs PeaKUUH BTOPOro INOPsiiKa «a-pas-
BETBJIEHHE CIOCOOCTBYET 3JUMHHHPOBAHHIO JO TeX NOp, NOKa Tpe-
THYHEIA CyO6CTpaT He HAuHHAeT MOJBEpPraThcs peakuusm Sn2 (cMm.
T. 2, . 10). B kauectBe mpuMepa B TabJa. 17.2 npuBeleHH KaH-
Hble, MOJIVUEHHBIE [AJisT HEKOTOPHIX NPOCTHX aJKuIAGpoMHAOB. AHa-
JIOTHYHBlE Pe3yJbTaThl HaGJIONAJHCh NIPH HCNOJb30BAHHH B Kaye-

o
cTBe yxoxsiei rpynnsl SMe; [104]. Yka3aHHYI0O TEeHAEHIHIO MOXHO
00'bsICHUTD ABYMSI npuunHaMu. OHa U3 HHX HOCHT CTaTHCTHUYECKHH
XapakTep: C POCTOM o.-pPa3BeTBJIEHHS MOSIBJsieTCS OO0JblEe aTOMOB
BOZOPOJAa, KOTOPEle MOI'YT OHITh aTaKOBaHBE OCHOBaHHeM. Jlpyras
NpHYKHHA 3aKJIoYaeTcss B TOM, 4TO o.-pa3BeTBJEHHE CO3[JaeT CTEpH-
yeCKHe NpPensTCTBUS AJS aTakd aroMa yIJepoa OCHOBaHHEM.

Tabauya 17.2. Bausiuue o- H B-pa3BeTBJIEHHS] Ha CKODOCTb 3JHMHHHpOBaHHS E2
H KOJIHYecTBO o6pasyromerocs ofiedpHHa

Peakuusi NpOBOAMJACh MeXZRY aakua6poMumoM u OEt-, Ecam yyuThHBaTh pasHOCTb
TCMNEpaTyp, CKOPOCTh JMJsi H3ONPONMHAGPOMHIAa B HeACTBHTEJNbHOCTH Oyler GoJjblue, YeM
Ans 3TUAGpOMHAA. CaefyolluM B pPAALY f-pasBeTBJACHHBIX COeAMHEHHH CTOMT HEONMEHTHJ-
6pOMKI, HO €ro HeJb3si CDaBHHBaThb C OCTaJdbHBIMH COEJHHEHHSIMH, TaK KaK OH HE COJAEPKHT
B-BOmOpOoZa M He MOXKeT 0o6pasoBaTh NPOAYKT SJIHMHHHPOBAHMS Ge3 NeperpynmnHpOBKH.

CxopocTh

T , B

cerpen I | ondhunes | PRERED | Mursparyps

CHgCH2Br 55 0,9 1,6 . 1ol

(CHj),CHBr 25 80,3 0,237 102

(CHy)sCBr 25 97 4,17 103

CH4CH,CH,Br 55 8,9 5,3 101

CHgCHCH,Br 55 59,5 8,5 101
Hy

2 3axas M 1155
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B yc/ioBusx nepBOro nopsiika ¢ POCTOM «-Pa3BETBJEHHS CTeNeHb
JUMHHHPOBaHHUA MmO cpaBHeHHo ¢ 3aMenienHeM (El mo cpaBHeHHIO
¢ Sn1) He3HauuTeNbHO NMOBBHIIIAETCS, HO OOBLIUHO NMpeobJiafaloT Mpo-
ILyKThl 3aMelieHus. Hanpumep, npu coJbBoJu3e Tper-6yTHI6pOMHAA
SJMMHHUPOBaHWe npoucxogut Jjump Ha 19 % [103] (cp. c¢ Taba.
17.2). p-PasBeTB/ieHHe TaKXe IOBHIIIAET CTENEeHb 3JHMHHHPOBAHHS
E2 mo cpasHeHuio ¢ 3amemienueM Sn2 (ta6a. 17.2), HO He H3-3a
TOro, YTO SJHUMHHHPOBaHHe NpPOMCXOAUT ObicTpee, a H3-3a
TOro, 4to peakuus Sy2 oueHb menseHHas (cm. T. 2, pasa. 10.11).
B ycnoBusix mepBoro mopsigka P-pasBeTBJEHHe Takxe O6JaronpH-
ATCTBYeT 3JMMHHHPOBAHHIO NO CPaBHEHHIO C 3aMelLieHHeM, Bepo-
SITHO, Mo cTepuyeckuM npuunHam [105]. Opnako E2-3numunupoBa-
HHe U3 COeJHHEHHH C 3apsiKeHHOM yxojsuied rpynmoi npu f-pas-
BeTBJEHHH 3aMejJsieTcs. DTO corJjacyercsi ¢ nmpasuiaoMm [opmana
(cM. pasn. 17.6). DneKTpoHOAKUENTOPHEIE TPYNIbI B B-NOJNOXKEHHH He
TOJIbKO NMOBBILIAIOT CKOPOCTh peakuuil E2-3MHMHHUPOBAHHS H CABH-
raloT HX B CIEKTPe MEXaHH3MOB B CTOpPOHY MexaHusma ElcB, Ho
TaKXe YBEJHYUBAIOT CTENEeHb 3JUMHHHPOBAHHS B CPaBHEHHH C 3a-
MelIeHHEeM.

17.9. BausHue aTakyiouiero 0CHOBaHus

1. Bauanue na cnexrp mexanusmos EI—E2—EIcB. Ina peak-
nuil, nporekamiux no MmexaHusmy El, ocHoBaHuHeM OGBIYHO CJIy-
XKHT pacTBOPUTENb M APYroe ocHoBaHHe He Tpebyercs. [loaromy
npu no6aBJieHHH OCHOBaHMH H3BHe MeXaHH3M PeaKLUHH CABHIaeTCs
B CTOpoHy MexaHusMa E2. UeM cujbHee OCHOBaHHe H BhIllle €ro
KOHIIeHTpalusi, TeM GoJblile casur B ctopory ElcB B crnektpe E1—
E2—El1cB [106]. Onnako cja6eie OCHOBaHHS B HOJISIPHBIX alpOTOH-
HBIX PAacTBOPHTeNSIX TakKke 3((PeKTHBHH B peaKUHSIX SJHMHHHPO-
BaHHUsS HeKOTOpHIx cy6crpatos (peakuus E2C, pasm. 17.5). OGbiu-
Hoe sjuMHHHpoBaHHe E2 mnpoBoguioch ¢ TakKMMH OCHOBaHHSMH,
kak HyO, NR3, ~OH, -OAc, -OR, -OAr, “NH,, CO3?>-, LiAlH,, I-,
CN- [107], a Takxke c opraHuyecKumu ocHoBaHHsAMH. OJHaKo
IJIs TIpenapaTHBHBIX LieJiedl NMpH HCNOJb30BAHHH OOBLIYHOH peakLHuH
E2 npurozusl Toapko —“OH, “OR u ~NH; — 06eluHO B pacTBOpH-
Tesle, SIBJISIOLIEMCS CONPSKEHHOH KHCJOTOH JIJisi JAaHHOTO OCHO-
BaHusl. K cnabbiM ocHOBaHHSIM, 3¢¢ekTHBHEIM B peakuuu E2, or-
Hocarcss Cl-, Br—, F—, “OAc, RS—; ux uyacTo HCmOJB3YIOT B BHIE
coseft ¢ RyN*. '

2. Bausanue Ha Tun peaxyuu (3AUMURUPOBAHUE U 3ameuierue).
CusbHBle OCHOBaHHsSI HE TOJIBKO CIOCOGCTBYIOT peakuusm E2 mo
cpaBHeHMIO ¢ peakuusiMu El, HO M 3JMMHHHPOBaHHIO B CPaBHEHHH
¢ 3ameuieHueM. IIpu BBHICOKON KOHIEHTPALUH CHJBHOIO OCHOBaHHS
B HEHOHH3UPYIOIIMXCS pAacTBOPUTENSIX BooOuie 6oJiee NpeNNOYTH-
TeJbHBl GHMOJIEKYJspHble MeXaHu3Mbl, Ho peakuuu E2 npeobaa-
zaloT Hag peakuusaMu Sn2. I1pH HU3KHX KOHUEHTPAlUSX OCHOBAHHUS
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WM B €ro OTCYTCTBHE B HOHHM3HPYIOLUIMXCS PACTBOPHUTeJSiX NpPeol-
JajaloT MOHOMOJIEKYJISIDHBIE MeXaHH3Mbl, NpH 3TOM peaknuu Syl
npesanupyior Han peakuusmu El. Panee oTmeuasocy (T. 2,
pasz. 10.12), uto HekOTOpHle YACTHUIK MOTYT OBITH CHJLHBIMH HYK-
JeoduJaMH, HO clabbIMH OCHOBAHHMSIMH; OYEBHIHO, YTO MX HCIOJb-
30BaHHe OJIarONPHUATCTBYeT 3aMelleHHIO, 32 HCKJIOUEeHHeM TexX CJay-
yaeB, KOT'Za B NOJIAPHBIX allPOTOHHBIX PACTBOPUTEJSIX NpeobJaamaer
sJuMuHHpoBaHue, Ha nmpumepe Takoro ocHopanusi, kKak CN—, 6bl10
0Ka3aHO, YTO B MOJSPHBIX AaNPOTOHHBIX pPaCTBOPHUTEJAX, UYEM
MeHbllle OCHOBaHHe 3aXBaThIBaeTCs NMPOTHBOMOHOM ¢ 0OpasoBaHHeM
HOHHOH mapel (T. e. yueM OHO cBoOoxHee), TeM GoOJiblile 3aMelleHHe
npeoGJiajaet Haja sJauMuHUpoBanuem [108].

17.10. Bansinue yxopsimeil rpynnsi

1. Bausnue Ha peakyuoHHY choco6HOCTs. B peakuusix sJuMH-
HHPOBaHMs yXOJsillMe TPynnbl OOBIYHO TaKHe Ke, KaK M B peak-
HUAX HyKJeo(HJIbHOrO 3aMellleHus. DauMuHHpoBaHHe E2 npoBoau-
JOChb €O ciaeiylomuMu yxoasimumu rpynnmamu: RsN*, RsPt, RSt
OHR*, SO2R, OSO;R, OCOR, OOH, OOR, NO, [109], F, Cl, Br,
I u CN (#o ne c HOt). B peakuusix snumunupoBanusi E1 B kaue-
CTBe YXOAfAWHUX rpynn yuactBoBaiu RsN*, RS+, HyO+, OHRF,
OSO:R, OCOR, CI, Br, I u Nyt [110]. Onnako aJsi npenapaTHBHBIX
nesell ucnosbsyior tosbko HeO+ (Bcerna B peakuusx El) u Cl,
Br, I u RsNt+ (o6biuno B peakuusx E2).

2. Bausanue Ha chexkTp mexanusmos EI—E2—E1cB. Bojee xo-
pouiMe yxoisllHe I'DYNNBl CABHraloT MexaHusMm B cTopoHy El, Tak
KaK OHHM 006J/1eryaloT HOHM3auHuIo. DTOT 3(deKT H3ydascs pasHHIMH
cnoco6amu. Opue W3 HHUX, yKe YNOMHHABIUHACS paHee, COCTOHT
B H3yueHHH BeJH4HMH p (cM. pasn. 17.4). Ilaoxue ¥ mosoKuTeJBHO
3apsi>KeHHble YXOAsllHe TPYNNbl CABHTAalOT MeXaHH3M B CTOPOHY
ElcB, nocKo/MbKYy CHJbHBIE 3JEKTPOHOAKLENTopHble 3¢ (eKTh noJs
NOBHILAIOT KHUCJOTHOCTh B-Bojopoma [l111]. Xopouwme yxoasiide
rpyninsl cnoco6eTByloT peakuusim E2C.

3. Bausnue na Tun peakyuu (3AUMUHUPOBAHUE U 3ameujerue).
Kak 6buio mokasaHo B pasf. 17.2, B peakuusx nepBoro nopsuka
yXOAAIUas TpPyNna He MOXKET BJHSTh Ha KOHKYPEHLHIO MEXAY 3JIH-
MUHUDPOBAHHEM H 3aMellleHHeM, NOCKOJbKY OHa OTAeJ]sieTcs HO0
TOrO, KaK BO3HHKAaeT BO3MOXKHOCTb BHIGOpA TOTO HJIH HHOTO NYTH.
OzxHako 3TO He TakK, eCJH B peakLUH ydyacTByeT HOHHasl napa;
noJlyyeHbl JaHHble, YyKasblBalolllMe, YTO B 3TOM CJydae MPHPOAA
yxonsiiue#l rpynnel BJHsieT Ha o6pasoBaHue nponaykra [112]. B pe-
aKLHUSIX BTOPOro MNOPSIAKA, KOTJAa yxoAsuleH Tpymnofl CAYXHT ra-
JIOTeH, COOTHOLIEHHe 3JHMHHHPOBaHHe/3aMelleHHe MaJo MeHSeTCs
Npd H3MEHEHHHM TaJloreHa; MpaBla, CTeNeHb 3JIUMHHHDPOBAaHHUS
cierka Boapactaer B psany I>Br>Cl. Ecau yxopsawe# rpynmoit
spasierci OTs, OOBIYHO 3aMellieHHE NPOUCXOAUT B ropasino O6OJb-
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weit crenenn. Hanpumep, mpu o6pa6oTke Tper-6yTHIATOM KaJHs
B OJHHAKOBEIX YCJOBHSX JLOJS SJHMHHHDOBaHHS COCTaBJIsIeT IJs
#-C1gHz7Br 85 %, torga kak aas #-CigHi;OTs oma pasua 99 %,
[113]. C ppyroit CTOPOHBI, MOJIOKHTENbHO 3apsiXKeHHBIE yXojsllHe
TPYIINbI MOBBIIIAIOT CTENEHb 3JIHMHHHPOBAHHSI.

17.11. Bansinue cpeppl

1. Bausnue pacrsoputesrss Ha cnekTp mexawusmos EI—E2—
ElcB. Bonee moJisipHOE OKpY:KE€HHe MOBBIIIAET CKOPOCTb JI060H
peakuuH, KoTopasi HOET M0 MeXaHH3MY, BK/IOYAIOLIeMy MOHHbIe WH-
TepMenuaTel. [IpH HaJUYHH HEHTPaNbHBIX YXOISUUX [PYNN OXH-
naetcst, uro peakuusiMm El u ElcB 6yzer cnoco6erBoBaTh MOBbILLE-
HHe TNOJISIPHOCTH pAaCTBOPHTENS W €ro HOHHOH cuabl. B ciayuae
HeKOTOPEIX CyGCTPAaTOB NOJIPHEIE alPOTOHHbIE PACTBOPHTENH IIPO-
'MOTHPYIOT 3JIHMHHHDPOBaHHe TIoj JeficTBHEM cJabbiX OCHOBaHHH
(peakuusi E2C). B peakuusix 3JHMHHHPOBAHUS TO3HJIATOB OBLIH
HCIIOJIb30BAHbl KPayH-3(HPE, YTOOH MOXKHO ObIIO GBITh YBEpEH-
HBIMH, YTO peaKLHsl LeJHKOM HieT mo mexaHusmy E2 Ges comyrct-
Bylowero npouecca E1 [114].

2. Bausnue pacrsoputess Ha Tun peaxyuu (3AUMUHUPOSBAKUE
u 3ameujenue). C yBesnyeHHEM MNOJSIPHOCTH PacCTBOPHTENsS BO3pa-
craer goasi peakuuit Sny2 3a cuer peakuuit E2. Knaccuueckum npu-
MepoOM SIBJISIeTCS HCIOJIb30BaHHe crnupToBoro pacrsopa KOH nns
OCYILIECTBJIEHHS 3JUMHHHPOBaHHS U GoJjiee MOJSIPHOIO BOLHOTO pac-
tBopa KOH pns 3amewenusi. PaccMorpeHue pacnpenesieHust 3aps-
I0B, Moj06HOe onucaHHOMY B T. 2, pa3a. 10.14 [115], moxer ciay-
JKUTb TOJBbKO YAaCTHYHBIM OO'BSICHEHHEM 3TOrO sIBJEHHS. B 6oub-
LIMHCTBe pacTBopuTesell peakiuu Syl npeo6nafaloT Hal peakUHIMH
El. Tlocnennne HaubGosee KOHKYPEHTOCNOCOOHBI B  MOJISIPHBIX
PacTBOPHTENAX, SIBJSIOWIUXCS caaGbIMH HYKJIeoDHIaMHu. .

3. Bausnue temneparypot. IIpH NOBEIIIEHUH TeMIepaTyphbl 3JIH-
MUHHPOBaHHe NpeobiajaeT Haj 3aMellleHHeM He3aBHCHMO OT TOrO,
HMEET JI PeaKLHsl IepBblil Ui BTOpPod mopsinok [116]. DTo cesizaHo
C TeM, YTO DHEPrHsl aKTHBAIlMH DeakUHil SJUMHHHPOBAHHS BhHILIE,
yeM peakuuii 3aMelleHUs (NMOCKOJNBKY IIPH 3JMMHHHPOBaHHH
GoJibllle H3MEHEHHH B XHMHUYECKHX CBS3S1X), II03TOMY CTEIeHb 3JIH-
MHUHHPOBaHHSl BO3pacTaeT C MNOBHLILUIEHHEM TEMIIEpPaTypHL.

MEXAHHU3MbI H OPUEHTALLUS B PEAKILUAX
MUPOJIUTUYECKOTO 3JIMMUHHUPOBAHUA

17.12. Mexauusmsi [117]

MHorne THIBI COeAMHEHHH IOJBEPraloTCs 3JHMHHHPOBAHHIO NPU
HarpeBaHUH B OTCYTCTBHE KaKHX-JH60 peareHToB. IlomoGHBIE pe-
aKUHM 4YacTO NPOBOAAT B rasoBoil ¢ase. OuyeBHAHO, MEXaHH3MBI
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NMUPOJIMTHYECKOTO 3JHMHHMDPOBAHHSI OTJIHYAIOTCS OT DPacCMOTpeH-
HBIX paHee MeXaHH3MOB, TPeOYIOLUIMX MNPHUCYTCTBHS B OZHOH H3 cTa-
JIHH OCHOBaHHS (KOTOPBIM MOXET CJYXKHTb pacTBopuTesb). Iloka-
3aHO, YTO NHPOJUTHYECKOE IJIHMHHHPOBAHHE MOXKET MPOHCXOAMUTH
no aByM MexaHudMaM. OIHH M3 HHX BKJIOYaeT IIMKJHYECKoe mepe-
XOJHOE COCTOSIHHE, KOTOpPOe MOXKeT GBbITh YeThipex-, MATH- HJH Ile-
CTHYJIEHHBIM, HallpUMep:

A
.H/ ‘;O N +
0= C\ H\ //0 ( peam;ua
0—C 17-3
R \
R
L Il
o €= s
H.ONR; + 17-7)
' “CH, H NR,
N
ci,
&b E=t—
L3¢ L=V (pearyua
ll;‘ A — S
H—Br

B srom MexaHuame, Ha3biBaeMoM E;-mexanusmom, ABe TIpynmbl
YXOIAT TOYTH OAHOBPEMEHHO M CBSI3BIBAIOTCS JAPYT ¢ APyroM. STO
JNOJKHO OBITh CUH-ZJUMHHUPOBAHHE; B Cjyyae 4YeThHIpeX- H MATH-
YJIEHHBIX TMEePeXOJHBIX COCTOSIHHI YeThipe HJIM NSITb aTOMOB, o6Gpa-
3YIOLUX IHKJ, NOJXKHB JexaTb B OXHOH mJjockocTH. st uiectH-
YJEHHOTO MEePeXOJHOr'0 COCTOSIHHS KOMJaHapPHOCTh HeobOsi3aTelbHA,
[IOCKOJIbKY HMeeTcs] MPOCTPaHCTBO AJS BHEUIHHX aTOMOB, KOI'Za
yXoJslllie aTOMBI cOJHKeHBl (28).

Kak u B peakuusx E2, HeoGs3aTesbHO, YTOGH B IepPeXONHOM
cocrosinud cBsi3u C—H u C—X 6blau pasopBaHbl B OJHHAKOBOH
creneny. Jle#icTBHTENBHO, 3JeCh TaKxkKe HMeeTcsl CIeKTP MeXaHHU3-
MOB, HauuWHasi OT MexaHu3Ma, B KoTopom cBsis3b C—X pasopsaHa
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HeMHoOro GouJibliile, yueM cBsisb C—H, U KOHuasi MeXaHH3MOM, B KO-
TOPOM CTelleHh pa3pbiBa YKa3aHHBIX CBsI3eH MpPaKTHYECKH OJHHA-
KoBa. B mosib3y mexanusma E; cBUAETeJbCTBYIOT clelyloliue HaH-
HElE.
1. Peaxnuu E; xapakTepusyloTcs KMHeTHKOH NepBOTO NOpPsAJKa,
T. €. B peaklHH yyacTBYyeT TOJbKO OJHAa MoJeKyaa cy6erparta (eciH
OllHa MOJIeKyJla aTaKyeT APYTylo, peaklHs HOJKHA HMeTb BTOPOH
nopsiiok no cyb6erpary) [118].

2. CpobomHOpaayKaJbHbie HHTHOUTOPH He 3aMelJsioT peak-
LIMI0, U3 Yero MOKHO 3aKJ/IOUHTb, UTO PeaKLHs He HAEeT 1o cBOOOA-
HOpaJHKaJpHOMY MeXxaHH3My [119].

3. CorylacHO 3TOMY MeXaHHU3MY, BO3MOXHO HCKJIOYHTEJNBHO
CUH-2IUMMHUPOBAHHUE, YTO U HabJuiojaercs B GOJBIIHHCTBE CJIyYaeB
[120]. 3To moxasaTesrCTBO OGpPaTHO HOKAa3aTEJNbCTBY MeXaHH3Ma
anTu-3auMuHupoBanus E2 u BkJoyaeT OGHIYHO ciaenylolive (DaKTH:
1) apurpo-usomep [HaeT TPAHC-OJeHH, a TPEO-U30Mep — YUc-0Jie-
¢uH; 2) peakuus HOET TOJBKO [PH HAJHUYUH Yuc-B-Boaopona;
3) ecad B NUKJIHYECKHX COENMHEHHSIX YUC-BOAOPOJ HMEETCs TOJIbKO
C OAHOMH CTOPOHBI, JUMHHHPOBaHHE OCYLIECTBJsIeTCS TOJbKO B 3TOM
HanpaBneHuH. Jlpyras uacTb J[oOKa3aTeJbCTBa OCHOBaHAa Ha
pacCMOTPEHHH Naphl CTEPOMAHBIX MOJeKyJ. 3p-Anerokcu-(R)-5a-
MeTHJICYNbbHHUNIX0MecTaH (Konbua A u B atoro coepunenus mpen-
cTaBJeHBl CTPYyKTypo#t 29) u 3B-auerokcu-(S)-ba-mernacynbdu-
Huaxosecran (xosbla A u B mpencraBneHwl crpykTypoi#t 30) otam-
4alTcsl APYr OT JApyra TOAbKO KOH(pUrypamued Kuciopoga H
MEeTHJIbHOM I'pynnel npH atoMe cepsl. I1pu nuposuse coenuHenus 29

(pearyus
009 17-13)
H R
1 AcO i@
Me
29 30

3JIMMHHHDOBAHHe NPOMUCXOAMT TOJBKO CO CTOPOHBI MNOJIOXKeHHs 4
(o6pasyetcss 86 % 4-en-mpoaykTa), TOrJa Kak NPH MHPOJH3e coe-
JuHeHusi 30 SJUMHMHHpPOBaHHe MPEHMYILIECTBEHHO OCYLIECTBJSETCS
CO CTOPOHH mnoJioKeHus1 6 (o6pasyercs 65 Y% 5-en- u 20 Y%, 4-en-
npoaykra) [121]. M3 Mopnenelt BHAHO, 4uTO MepeKpPLIBaHHE C aTo-
MaMH BOIOpPOZAA B NOJIOXKeHHAX | W 9 BHIHYXJAaeT JBe TPYIIL NMPH
aToMe cepbl pacloJarathCsi neped Hum MO OTHOIUEHHIO K KOJIblaM,
a He mo3ajgu Hero. ITockosbky cepa XxupaJibHa, 3TO O3HAYaeT, 4TO
B COEIMHEHHH 29 KHCJOPOJ PacHoJioKeH 6JMXKEe K BOLOPOAY B IO-
JIOXXeHHH 4, Torga Kak B coefuHeHHH 30 — GiuxKe K BOLOPOLY
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B noJyioxkeHHH 6. OnHcaHHBIH 5KCNEPHUMEHT COIJIACYETCS TOJIBKO
C cun-s3MUMHHUpOBaHueM [122].

4. Hzoronusle sddekts “C B peakuuu Koyna (peaxuusi 17-8)
YKa3blBaIOT Ha TO, YTO B IepeXOXHOM cocrosinuu ob6e cBssu C—H
1 C—N cuipHO pasopBansl [123].

5. BHJIO NMOKa3aHO, YTO HEKOTOPhle M3 ITHX peakUuH XxapakTe-
PH3YIOTCS OTPHLATENbHOH 3HTPONHeH. aKTHBALMH. DTO YKa3HBaeT
Ha TO, YTO TeOMETPHS B INEPEXOJHOM COCTOSIHHH GoJjiee XKecTKas,
4yeM B HCXOJHOM coenuHenuu [118].

ITonoxkenne  peakuufi  NUPOJHUTHYECKOrO  SJHMHHHPOBAHHS
B CINEKTPe MeXaHH3MOB 3aBMCHT IJIaBHBIM 06pa3oM OT yXxoasuieH
rpynnsl. Tak, B ciayuae rajioreHoB Bce HMewolIuecs JaHHBlE yKa-
3BIBAIOT HA TO, YTO B NepexojHOM cocTosinuu cBsisb C—X paclien-
JleHa B ropasgo Goablueii crenenu, yem cBa3p C—H, T. e. nepe-
XOJlHOe COCTOSIHHEe B 3HAuUTeJbHOH Mepe obOjajaeT KapOOKaTHOH-
HBIM XapaKTepoM. DTO coryacyercs ¢ TeM (akTOM, YTO COBEPILEHHO
HenoJIIPHOe YeThIPeXUJIeHHOe LHKJHYECKOe IepeXOZHOe COCTOsi-
HHe NpPOTHBOpedYHT npaBusnaM Bynpsapna — I'opmana (cM. aHa-
JIOTHYHBIH cayudait B T. 3, peakuus 15-48). IloaTBepxkueHHeM Kap-
60KaTHOHONOJOGHOIO IMEPEeXONHOTO COCTOSIHMS B peaklUHsx, The
yXoAslasi rpyimna — rajoreH, CJAYXKHT NOPSJOK YMEHbIIEHHS OTHO-
cutesbHON ckopoctH: I>Br>Cl [124] (cm. 1. 2, pasa. 10.12),
a Takxke TO, YTO C YKAa3aHHBIM IEePEXOAHBIM COCTOSIHHEM COIJacy-
eTCsl XapaKTep BJIMSIHHS 3aMecTHTesJeH Ha ckOpocTb peakuuu [125].
CooTHollleHHe CKOPOCTel NHPOJH3a HEKOTOPHIX aJKHJIGPOMHIOB
npu 320 °C uMeeT cielyoluil BHL: STHAGPOMHA 1; usonponuabpo-
mug 280; rper-6yrun6pomuy 78 000. CkopocTe nmuposusa a-heHus-
STHJAGPOMHJA OYeHb OJIH3KA K CKOPOCTH AJsl TpeT-6yTHAOGPOMHAA.
B 10 xe Bpems B-QeHUNITHAOPOMHJI HOJBEPraeTcs HHPOJH3Y He
HaMHOro ObicTpee, yeMm 3THAOpoMHJA. CJefoBaTesNbHO, B MEePEXO-
HOM COCTOSIHHH Topasjo BaxkHee pacuienjenue cBsasu C—Br, a ne
ces3n C—H, nockosbKy 3apoxjawpomuiics Kap6aHHOH CTaGHJIM3H-
pPOBaH o-aJKHJBHBIM H Q-apHJbHBIM 3aMECTHTeNsIMH, a Kap6aHH-
OHa, KOTOPBHIH Obla 6Bl CTAGHIH3HPOBAH P-apUJbHBIM 3aMECTHTeE-
JeM, He BO3HHKaeT. DTH 3((eKThl 3aMecTHTesNel, Kak H 3(PQeKTH
ocTasbHBIX I'PYNN, oyeHb G6JH3KH 3¢ dekTaMm, HabJOLaeMbIM B pe-
akiusx Syl, H XOpOLIO COrJacyloTcs ¢ KapOOKaTHOHOMOIOGHBIM
nepexofHbIM cocTosiHMeM. OnucaHBl TNPHMEPHl BJHSHHS COCEILHHX
rpynmn, nogo6HOro o6cyxaasmemyces B T. 2, ra. 10 [126].

B cayuae ca0XKHBIX 3()HPOB COOTHOLIEHHE CKOPOCTEH XapakTe-
pu3yeTcsi 3HAUYHTeJbHO MeHblleH BeauuuHOi [127], xoTsi 3TO ele
BeJHYHHA TOTO XKe NOPSAKa, TaK YTO MeXaHH3M peakUHil Guanxe:
K uHcTOMYy MexaHu3My E;, HeCMOTpS Ha TO, YTO mMePeXOAHOE COCTOS-
HHe Bce elle 06JiaaeT HEKOTOPHIM KapOOKaTHOHHEIM XapaKTepOM.
Eme ogHuM MOATBepKAeHHeM O6oJiblilefi CTeeHH HayaJbHOrO pac-
menyeHus: cBA3H C—O B CJHOXKHBIX 3(HPAaX CJIYXKHT KOPPeJsiius
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peakuuii B psay l-apu/isTHJaneTaToB ¢ KOHCTaHTaMH o+, a He O,
YTO yKa3blBaeT Ha KapOOKAaTHOHHBIH XapakTep B IOJOXeHHH |
[128]. Crenennp xapakrepa El B nepexoZHOM COCTOSIHHH CJIOXHBIX
3(UpOB yBeauynBaercs B psny aneraT<denumanerat<GeHzoar<
<kap6aMatT<kap6onat [129]. MexaHH3Mbl TakMX IPOLECCOB, Kak
paciiensiende KcaHToreHatos (peakuus 17-4), pacluenjieHHe CyJb-
dokcunos (peakuus 17-13), peakuus Koyna (peakuus 17-8) u pe-
akiua 17-7, no-BUAUMOMY, OYeHb GJM3KH NPSMbIM MeXxaHu3MaM E;
[130].

MexaHu3M NHpOJIH3a APYroro THNA, OTJHYHBIH OT MeXaHH3Ma
E,, BKaouaeT cBoGOAHBE pajukajbl. MHHIHHPOBaHHe BbI3HIBAETCS
NHPOJIHTHYECKHM T'OMOJIHTHYECKHM . Pa3pPhlBOM CBSI3H; OCTalJIbHble
CTaJHH MOTYT pasjHyaThCsl, HaNpUMEp:

Hruyuuposarue: R,CHCH,X — R,CHCH,* + X
Pocrm yenu: R,CHCH)X + Xe—> Rz(;CH,X + HX

RIQCHIX —_— RIC=CH2 + X

Obpsie yerme (Gucrponopuuomgposanue)
ZR%(.ICH,X — R,C=CH, + R,CXCH,X

CBo6onHOpaAuKalbHble MeXaHH3Mbl XapaKTepHbl TIJIaBHBIM o6pa-
30M JJI51 MHPOJIH3a NOJHAJbAErHAOB H TEPBHYHBIX MOHOTraJsIOreHH-
noB [131], HO OHH NOCTYJHPOBAJHCh TaK¥Xe AJs NHPOJH3a HEKO-
TOPHIX caO0XKHBIX 3¢upoB [132]. ITockonbky 06 3THX peakUHAX
H3BECTHO OYeHb MaJjo, MB He OyAeM paccMaTpHBaThb HX B JaJjbHeH-
meM. H3BectHo Takke CBOGOAHOPAAHKAJbHOE 3JIHMHHHpPOBaHHE
B pacTBOpax, HO OHO pefko HabGuiomaercs [133].

17.13. OpueHTauuss NPH NHPOJHUTHYECKOM ISJIUMHHHPOBAHUH

Kak u B cnekrpe mexanuamos E1—E2—ElcB, k paccmarpuBae-
MBIM peakUHsM NPHMeHHMO npaBuio Dpeara; eciu B cHcTeMe HMe-
eTCsi ABOHHAsS CBsI3b, NPEANOUYTHTENbHO OyneT 06pa3oBHIBATbHCS CO-
NpsiXKeHHasl CHCcTeMa, eCIH K 9TOMY HeT CTePHYeCKHX NpensTCTBHA
(pasz. 17.6). Kpome Toro, ajisi sJJMMHHHPOBaHHsS Mo MexaHH3My E;
CIpPaBeAJIHBHl CIeLyIOLUIHe YTBEPKACHHUS.

1. B oTcyTcTBHE OrOBOpPEHHBIX HHXKE YCJOBHH OpHEHTAlHs HO-
CHT CTATHCTHYECKHH XapakKTep H OIpefe]sieTcss YHCJIOM HMelo-
IIHXCS aTOMOB BOZOPOZA B B-NOJIOXKEHHH (NOSTOMY BBIHOJIHSETCSH
‘npasuso logmana). Hampumep, srop-6yTunauneraT gaeT or 55
a0 62% 1-6yrena u or 38 mo 45.%, 2-6yrena [134], uto 6sH3KO
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K COOTHOLIeHHIO 3 : 2, mpencKa3aHHOMY IO qnc.ny HMEIOIIKXCS aTo-
MoB Bogopozna [135].

2. Heo6xonumo Hasnnuyue B-Bomopoia B L;uc nosnoxenuu. Ilo-
3TOMY, €CJIH B IUKJIHYECKUX CHCTEMaX aToM BOJLOPOJA B {UC-TIOJIO-
JKeHHH HAXOAHTCS TOJNBKO C OJHOH CTOPOHBI, C 3TOH CTOPOHH H Oy-
IeT o6pa3oBhIBaThbCA ABOHHAs cBsidb. OQHAKO B CAyuyae IIECTHYJIEH-
HOr0 NepPexOofHOr0 COCTOSIHHSI 35TO He 00s13aTeJbHO O3HAyaeT, uTO
yXOoAsilliie IPYNNbl LOJKHBl HAXOAUTHCS B YUC-TIOJIOKEHHHU OTHOCH-
TeJIbHO IPYr LPyra, HOCKOJbKY YKa3aHHble NepeXOHble COCTOSTHHS
He 0053aTeJbHO AOJKHBI OBITb COBEPIIEHHO MNJOCKHMH. Ecau yxo-
Jslllasi I'pynna pacrnosioxeHa aKCHAJbHO, OYEBHAHO, YTO BOLOPOL
JOJI2KeH OBITb PacnoJIoKeH 3KBAaTOpPHAJbHO (M, CJIeHOBaTeNbHO,
B yuC-TIONIOKEHHH K YXOAsillel rpymme), TaK Kak MepPeXOfHOe CO-
CTOSIHHE ¢ J[BYMs AaKCHaJbHLIMH TDyNNaMH He MOXET peaJjin3o-
BaThcsd. Ho ecnu yxopsiuias rpynma SKBaTOpHAaJbHA, [-BOLOPOJ,
B NEPeXOJHOM COCTOSIHHH MOKeT ObITh KaK aKCHAJbHBIM (H, CJIefO-
BAaTeJbHO, YUC), TaK H SKBATOPHAJbHBIM (H, CJ€ZOBaTeJbHO,
rparc). Tak, coenunenue 31, B KOTOpOM yXxoAsillasi rpynma, Ho Bcef
BEPOSATHOCTH, aKcHajbHa, He oOpa3yeT [OBOHHOH CBsi3U IIPU aToMe
yrieposa, 3aMellleHHOM KapOOKCH/IbHOH IPYNNOH, HECMOTPSl Ha TO,
YTO TNPH 3TOM JOJIKHO TOJYYHTbCS CONpPSIKEHHOE COefHHEHHE; 3TO
0OBsICHSIeTCSE TeM, 4TO CO CTOPOHBI -KaPOOKCHJBHOH TIpPYyNIbEl HeET
9KBaTOPHAJbHOrO aroMa BojopoAa. B pesyabrate co 100 %-HbiM
BHIX0JOM o6pa3syeTcsi coeiunenue 32 [136].

H H
(pearuus
[ COOEt ——> COOEt 17-3)
H OAc
31
H Me
H Me + ve Y0
: OCSSMe e e 17-4)
H
33

B To xe Bpemsi coenuHeHHe 33, B KOTOpOM yXojslllas Tpynna 3K-
BaTOpHa/JbHA, faeT MOYTH PaBHble KOJHYECTBA TOTO K APYroro oJe-
(¢hHuHa, HECMOTPS Ha TO, YTO NPH SJIMMHHHPOBAHHMH C 06pa3oBaHHEM
l-ena yxopmsilllasi rpynmna KOJXKHa OTIAENATbCS C TPAHC-BOLOPOAOM
[137].

3. MHorma, B 4YacCTHOCTH B cJydYae LHKJHYECKHX COEIHHEHHH,
ob6pasyercss 6oJiee YCTOHUHBBHIH OJe(HH H K peakUUH NPHMEHHMO
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npasujio 3aliuesa. Hanpumep, mentunauerar paer 35 % mnpoaykra
Fopmana u 65 Y, nmpoaykra 3aliuesa, xoTs B cyb6cTpaTe ¢ 00eHX
CTOPOH HMe€eTCsl YUC-BOJLOPOL H BO3MOXKEH NyTb CTaTHCTHYECKOTO
pacnpelesieHusi NPOAYKTOB. AHaJIOTHYHBIH pe3ysibTaT NMOJYYeH NpPH
NHPOJIH3e MeHTHIXJopua [138].

4. Cnenyer Takxe YUHTHIBaTb cTepHueckHe 3ddexTe. B Heko-
TOPHIX cJyuasiX HampaBJieHHe 3JHMHHUDOBaHHSI ONpejelseTcs He-
06XOAMMOCTBIO CBECTH K MHHHMYMY CTepHYeCKHe B3aHMOJEHCTBHUS
B NE€PEXOZHOM COCTOSIHHH HJIH OCJNaOHTh CTepHYeCKOe HampsiKeHHe
B OCHOBHOM cocTosiHuH [139].

17.14. ConpsxeHunoe 1,4-31MMHHHPOBAHHE

1.4-D1MMHHUPOBaHHE THIIA
H—C—C=C—C—X — C=C—C==C

BCTPEYaeTCs Tropa3jo pexe, YeM COMNPSIKEHHOe INPHCOeIHHEHHe
(r. 3, r. 15), HO HEKOTOpHE cayyau ussecTHsl [140], Hanpumep

[141]:
HH H
-
CH,
CH; croAe CH,

PaccmoTpuM cHavajia peakiuuH, B KOTOPBIX 06pasyloTcsl CBSi3H
C=C umu C=C. C cuHTeTHYeCKOH TOYKM 3peHHS HJs1 oGpasoBa-
HHsl [OBOHHHIX cBfidel HauOGosiee BaxKHbl peakuuu 17-1 (ugymue
06bluHO no MexaHusmy El), 17-6, 17-14 u 17-29 (unyuue oGBIYHO
no mexanuamy E2), a takxe peakuuu 17-3, 17-4 u 17-8 (unpymmue
06blyHO no MexaHusMmy E;). EZMHCTBEHHBIM CHHTETHUYECKH NPHTOJ-
HHIM MeTO#OM 00pa3oBaHHsl TPOHMHBIX CBsi3ell sBJSeTCA peakius
17-14 [142]. Bo BTOPOM pasjese 6yLyT pacCMOTPEHH peakmUH 06-
pasoanus ceaseii C=N un C=N, a 3atem 3/ UMHHHPOBaHHE C 06-
pasosanueM cesselt C=O0 u auas3oankaHoB. B 3akiioueHne GyayT
06CyXKAaTbCs PEaKIHH SKCTPY3HH.

PEAKILUY
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17.15. Peakxuuu ¢ o6pasoanuem ceazeii C=C u C=C

A. Peaxyuu, 8 koTopolx 8000pod
orpsieaeTcs ¢ 00HOU CTOPOHbL

Jlpyroit yxoasimeil rpynnofl B 3THX PeaKIUsIX MOXKeT GbITb KHC-
jgopon (peakuun 17-1—17-5) uau asor (peakuuun 17-6—17-11).
IIpouecchl, B KOTOPBIX BOLOPOJA OTLIEMJsieTcs ¢ 06eHX CTOPOH, pac-
cCMaTpHBaloTCs Ha npuMepe peakuui 19-1—19-6.

17-1. Jezudparayus cnupros.

TuppO-rHAPOKCH-2HMHHHPOBAHKE

l H,;SO, unu l I
—C—‘I,’— a0, s’ C=C—

H OH

JlerunpaTtanyio CIHPTOB MOXKHO OCYIIECTBHTh HECKOJbKHMH
cnocob6amu. Yame Bcero B KayecTBe peareHToB Hcnonb3yioT HySO4
u H3PO4 omHakO BO MHOTHX cjyyasix NpH 3TOM 00pasyioTcsi Ipo-
OYKTHl NMeperpynnupoOBKH H NMpocTeie 3¢pupn (T. 2, peakuus 10-18).
[TpekpacHbiM MeTOnOM sBJsieTCs sMMMHHHpoBaHHe Haj Al,O; B na-
poBoit (hase, Tak Kak IPH 3TOM 3HAYHTEJbHO MORABJSIOTCS IO-
6oyHble peakUHH. DTOT METOA NPUTrOJEeH TOJNBKO AJs TeX CIHPTOB,
KOTOpble MOXHO MOABEPrHYTh HCHAPEHHIO, OXHAKO OH G6BLI yC-
MEWIHO NMPHMEHEH JajKe K TaKHM BLICOKOMOJIEKYJSIPHBIM CIIHPTaM,
kak l-nomekanoa [143). Ins pmerugpaTanuu CHOHPTOB HCHOJB3YIOT
H Jpyrue oxkcuiael MerannoB, Hanpumep CrqOs, TiOs, WO;, a Takxke
CyJb(HIB, COMH MeTasJoB H IeQaHTH. H3bexaTh MOGOUHBIX pe-
aKIHA MOXKHO M ADYTMM NyTeM — MpeBpaIeHHEM CIIHPTOB B CJIOXK-
Hble 3(DHPBI H MHPOJIH3OM NocjelHHX (peakuuu 17-3—17-5). C poc-
TOM pas3BeTBJIEHHS B O-NMOJOXEHHH JIETKOCTh JAErHApaTalluH
MOBHILIAETCS; TAK, TPETHYHbIE CIHPTH HACTOJBKO JIETKO AErHApaTH-
pyloTcst yxKe B NPHCYTCTBHH CJIENOB KHCJOTHI, 4TO 3TOT MpPOLECC
HHOTAAa Jaxe MellaeT IKCIEPHMEHTATOPY, €CJH He BXOAHT B ero
uean. Cjeayer TakxKe HAaNOMHHTb, YTO BO MHOTHX PEaKUHSAX KOH-
JEHCAlMH, KaTaJu3HpyeMbiX OCHOBAHHSIMH, NMEePBOHAYaJbHO 06pa-
3YIOLIHECs] COUPTHI NPeTepneBaloT CNOHTAHHYIO AETHAPATALHIO (CM.
T. 3, ra. 16), NMOCKOJABKY BHOBb O6pasyouasics ABOHHAs CBS3b
MOKET OKa3aTbCSi B CONPSXKEHHUH C YyxXKe HMeloleiics IBOHHOH
cBs3b10. M3BeCTHH OTJENbHBIE CJHY4YaH HCIOJNb30BAHHS Pas3MYHBLIX
JEeruapaTHPYIOIIHX areHToB, B ToM uucae Py0s, I, ZnCly, BF; —
s¢upart, pumeruicyiabdokcun, KHSOs, KOH, 6Gessogubii CuSOy
[144], ¢raneBnlit aHrHAPUA. BTOpHYHBIE H TPETHYHBIE CIHPTH MOTYT
TakKe [ErHAPAaTHPOBAThCS Ge3 MeperpynnHPOBKH NPOCTO NPH KH-
nsiueHud B rekcametuiapocpoprpuamune( TMPTA) [145]. IIpakru-
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YeCKH CO BCEMH peareHTaMu Jerujparalis NPOHCXOAMUT MO Ipa-
BuJay 3afineBa. MckJ/ioueHune cocTaB/sieT Ipollecc NPONYyCKaHUS To-
psYMX [apoB CHHPTA HAaA OKCHAOM TOPHS INIPH TeMIepaTypax OT
350 mo 450°C; B 3THX YCJOBHSIX peaklMs HAET B COOTBETCTBHH
¢ npaBuiom I'opmana [146] u, no-BuauMomy, MMeeT Apyroil mexa-

HH3M,
IIpu nuposnsde kKap6OHOBHIE KUCJIOTH AETHAPATHPYIOTCS ¢ o6pa-

30BaHHUEM KeTeHa:
R—CH—C=0 —> R—CH=C=0
H OH

Ha sToit peakunu OCHOBaH IPOMBIIIJIEHHBIH CNOCOO MOJYYEHHST Ke-
TeHa. AHaJoruuHblfi Npolecc HarpeBaHHs MaJIOHOBOH KHCJOTHI
¢ P;Os npuBoauT K 06pa3oBaHHI0 HEJOKCHAA yTiepoja:

[100C—CH,—COOH —> 0=C=C=C=0

[TopoGubiM oGpasom mnox zefictBHem POs, nupuauna u  Aly,Os
MOXKHO JerHJpaTHpOBaTb aMHAbl H MNOJYYHTb KeTeHHMHHB [147]:

R.CH—C—NHR' o> R,C=C=NR’

Herunparauyueii COHPTOB HeJb3s MOJNYYHUTh MNPOAYKTH, COAep-
JKalllie TPOHHYIO CBSI3b: reMHHaJbHBIE JHOJbl M BHHUJIOBBIE CIHPTHI
He CYILIeCTBYIOT, a BHIUHaJbHBle AuoJabl [148] nubo maioT compsi-
)KEHHbIEe JHEHBl, TH6O TePSIOT TOJMbKO 1 MOJIb BOABI ¢ 06pa3oBaHHEM
aJbJeruia uix KeTOHa:

| |1
—C—C—H ——— —C=C
I

Lo
HO OH i OH

—CH—-C—

OpnHako aeruapaTauiedl apH/JIKETOHOB MOXHO MOJIYYHTh TPOLYKTHI,
comepxamue TpoiHywo cBsisb (ArCOCH:R—ArC=CR), c BHX0-
AaMH OT HH3KHX JO YMepeHHBIX; HJis 3THX LieJeHl B KauecTse pe-
areHTa HCIOJB3YIOT 2-XJ10p0-3-3THAGeH30Kca3o/HiATeTpadTopGopar
B M36BITKE TpUsTHIAaMHUHA [149].

HerungpaTaluss CIHPTOB B YCJAOBHAX KaTajHu3a MPOTOHHBIMH
KHCJIOTaMH TpoucxoauT mo mexanusmy El [150]. OcHoBHO# npouecc
sakgouaercs B npeBpaumenud ROH B ROHy* u pacuensiesun mo-
caegaero Ha R+t u HyO, oaHako B ciyuae HEKOTOPHIX KHCJOT
IPOHCXOAUT TNOGOYHBIM MPOLECC, BKAIOYAIOIIHIA TpeBpallleHHe CIHpPTa
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B CJOXHBIH 3(Up HeOpPraHWUYeCKOH KHCJIOTH H HOHH3ALHUIO NOCAEO-
Heeo, KaK, HanpHMep, B clyyae CEPHOH KHCJOTHI:

ROH 22, ROSO,0H — R* + HSO,~

Caenyer OTMETHTDb, YTO 3TH MEeXaHU3Mbl OGPaTHH MeXaHU3MaM THI-
paTauuu ABOHHBIX CBf3efl B yCJOBHAX KaTajau3a KucaoTaMu (T. 3,
peakuus 15-2), 4TO COOTBETCTBYeT NPHUHLUMNY MHKPOCKONHUYECKOH
o6paTuMocTH. BeposATHO, clOXHBIH 2¢up obGpasyercs W NPH HC-
NOJIb30BAHHHM TaKUX aHTHAPHIOB, KakK PyOs MM (TaseBbll aHTHA-
PHI, a TakXe HEKOTOPBHIX APYFHX peareHToB, Hampumep I'MOTA
[151], u yxonsilueill rpynno#i NpH 3TOM CJYXKHT CONpPSKEHHOE OC-
HOBaHHe COOTBETCTBYIOILEH KHCJAOTH. B 3THX cayyasix peakius
MoxkeT uATH no mexaHusmy El uan E2. Mexanusm peakuuii ¢ AlyO3
U JPYrHMH TBepPAbBIMH KaTaJH3aTOPaMH MaJIONOHSTEH, HEeCMOTpPS
Ha HHTEHCHBHbIE NONBITKH €ro uayueHus [152].

JleruapaTanuio COHPTOB MOXHO TaKXKe NPOBECTH nyreM ob6pa-
6OTKH COOTBETCTBYIOIIHX a.skxoxcudos Gpomodopmom [153]. Dty pe-
aKUHMI0 Ha3bBaOT Oe30KucierHuem. VI3BecTHO, uYTO B MLIEJOYHOH
cpege OpomModopm o6Gpasyer nHOpPOMOKapGeH, TaK YTO BIOJIHE
BEPOATEH CJAeAYIOUIHHA MeXaHH3M:

RO~ + CBr, ——— R—0O—C—Br —» R~ —— | anKewHs:
+ , +

Br~ CO + Br~

Cuenyer 3aMeTuTb, uTO pacuyenjeHue uHrepmenuata ROCBr ana-
JgoruyHo pacuienseduio RNgt (1. 2, pasa. 10.13); TouHo Tak xe
CXOAHO H pacnpefejeHHe NpoaykroB [154]. AnKokcHAB MarHus
(o6pasyromuecs no peakuudn ROH+Me;Mg—~ROMgMe) mnoasep-
rajd TepMHYeCKOMY Pa3JIOKeHHI0 NpPH HarpeBaHuu no 195—340 °C
u nonydaau anken, CHy u MgO [155]. ITpu strom Ha6aiogancs npo-
. LlecC CUH-3IMMHHHPOBAHHSA, AJS KOTOPOrO BEPOSTEH MeXaHH3M Ej;:

|
—C—C—
VASN
0) H — —C=C— + CH, + MgO

AN
MgECHJ

Anajoruunble peakUHH DPasJIOXKEHHS BHINOJHEHbH C aJKOKCHAAMH
aJIIOMHHUS U UUHKa [156)].

OS, I, 15, 183, 226, 280, 345, 430, 473, 475; 11, 12, 368, 408,
606; III, 22, 204, 237, 312, 313, 353, 560, 729, 786; 1V, 130, 444,
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771; V, 294; 50, 66; 52, 96; 60, 101; 61, 56. Mb He mBITAJHCh
NPUBECTH 3JieCh CCBHIJIKH Ha peakUuM AerujpaTauuu ¢ o6pasoBa-
HMeM oJie(DMHOB, CONMpPOBOXKAaloliuecs KOHAeHcallHed HJM mepe-
rPYNNHPOBKAMH.

17-2. Pacujennenue npocrolx agupos ¢ o6paszosanuem 0sepuUHO8.

I'uppo-anKoKCH-3AUMHHHPOBAHHE

-—(:3—'-(:3—— bt —é=c|— + RONa + R'H
H OR

Ousepurbl MoryT o6pa3oBBIBAThCSl MPU 06paboOTKe NMPOCTHIX 3HU-
POB OUEHb CHJBHBIMH OCHOBaHHSIMM, HampHMep aJIKHJIHATPHEBBIMH
HIM aJKWJJIUTHEBBIMH CO€AMHEHHMSIMM HJIM aMHJIOM HaTtpus [157],
OJHAKO MpOILEeCC OGBIYHO CONMPOBOXKAAETCS MOGOYHBIMH peaKIHUSIMH.
[TpoTekaHui0 OCHOBHOH peakUHH CNOCOGCTBYIOT 3JE€KTPOHOAKLEN-
TOpHBle rpynnbl B B-nmosoxenuu; Hanpumep, EtOCH,CH (COOEL),
moxkHo mpeBpaTuth B CHy=C(COOEt), mpocto npu HarpeBaHHH
B OTCYTCTBHE Kakoro-iu6o ocHoBanusi [158]). HauGosee serko pac-
HIENVISIIOTCS TIPOCThle TpeT-GyTu/oBble aduphl. Ias paccmaTpuBae-
MBIX peaKUHH 3JTUMHHHPOBAHHS BO3MOXKHO HECKOJIBKO MeXaHH3MOB.
Bo wMmHornx ciayuasix BepositeH Mexauusm ElcB unun mexaHusw,
O/MU3KMH K HeMy B CIEKTPe MeXaHH3MOB 3JHMHHHpoBaHHs [159],
MOCKOJIbKY [JIsSl peakUuu TpeOyeTcsi OoueHb CHJIbHOe ocHoBaHue. Ox-
HakKo ObIo mnokasano (¢ ucnoab3oBanuem PhCD,OEt), wuto
PhCH,OEt pearupyer mo mexanusmy E; ¢ o6pa3oBaHHeM IsITH-
YJIEHHOTO TepPeX0oJHOro cocTostHus [160]:

©

= - _ CH
Ph—C»H—Lo\I _— ph—?H~Qp + C/{{ :
H<*CH 2
\CHZ 2 H

ONOKCHIB MOXHO NPEBPATHTh B aJJHIOBble cnupTH [160a] nox
HeACTBHeM TaKHX peareHTOB, KakK JauTHAguatumamun [161], Tper-
OytunguMetuacuaunnonun [162], mpuankunbGopuarpucdaar [163] u
austTHaamoMuHuianankuiaamuy RoNAIEt, [164]. pyro#t Bo3MOXK-
HbIH MeTOJ NMpeBpalleHHs] OCHOBaH Ha peakuuu 17-13.

° o® OH
"‘f/"\‘f‘?“" _EGNLL _(:;_?=C_ ’ﬁ”lﬁ’ﬂ’f””_%_(;;.(l;_
] | '
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Ilpu npomyckaHuu mapoB NpOCTHIX 3¢upoB Haj ropsuum PyOs
nan Al,O3 oHM mpeBpamialoTcs B OJe(HHBI H COHPTH; 3TOT METOJ
aHajloruuen peakuuu 17-1, Ho He HocuT o6mero xapakrepa. Ogx-
HAaKO TaKHM Cnocob6oM aleTaji MOXKHO NPeBPAaTHTh B BHHHJIOBHIE

30hUpHL:

| | [
——CH—(IZ—OR —P‘AQ’-’ —C=C—OR + ROH
OR

dra peakuus HueT Takxe mox peficrBueM Me;sSil B npucyTcTBHM
reKcaMeTHJJMCHJIAa3aHa NPH KOMHaTHOH TeMmmepartype [165].

Bununosoie >upe mOABEpraloTCs NHPOJH3Y A0 OJNE(PHHOB H
aJIbJeruoB; MPOLECC aHaJOrHyeH peakuuu 17-3:

| ]
—CH—(I:—O—CH=CH2 A, —?=?— + H—(HI—CI-L

Ckopocrp peakuun past cy6erpatos R—O—CH=CH, yBeanun-
BaeTcst B papy Et<uso-Pr<rper-Bu [166]. Ilo-suaumomy, mexa-
HH3M aHaJIOTHYEH MeXaHHM3MY peakuun 17-3.

77 %8,6[5% 298, 404; V, 25, 642, 859, 1145; 53, 17, 116; 54, 19, 74,

17-3. ITupoarus croxcrolx apupos KapbOHOBbLX KUCAOT.
T'uapo-anunoKcu-3IMMHHHPOBaHHe

] I .
—C—C— C , _C=C— + RCOOH

[
H O—(”:—R

Cnoxuble 3QHpH, B KOTOPHIX aJIKH/IbHAsi TPynma HMeeT B-BO-
JOpPOJ, MOXKHO NHPOJIM30BAaTh, KaK NpaBHJO, B rasoBoil (ase 10
COOTBETCTBYIOIleH KHCJOTH M ojeduna [167]. Ias peakuuu He Tpe-
OyeTcsi pacTBOPHTeJb. IT0CKOJNBKY neperpynnupoBKH H ApYyrHe IO-
60uHbBle peaklMM He3HAUHTEJNbHH, NMPOLECC NPEACTaBJ/sAET CHHTETH-
YECKYI0 LEHHOCTb H YacTO HCHOJb3yeTcs KaK KOCBEHHBIH MeTOJ
npoBefienus: peakuuu 17-1. Brixonbl oueHp xopomine, a o6paboTka
HecJI0XKHa. DTHM crnoco6oM OBLIH MOJy4YeHB MHOTHe ojedHHH. Jlas
NoJIydeHHs] BHICHIMX OJiehHHOB (C YHCJIOM aTOMOB yriepoga 6oJiee
JeCsiTH) HaMJY4YLIUM METOAOM CJYXKHT HHPOJH3 CcAUpTA B MPHUCYT-
CTBHH YKCYCHOTO aHrHipuza [168].
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Peakuus uner mo mexanusmy E; (cM. pasp. 17.12). JIakToHBHI
MOXHO MNHPOJH30BAaTh JO HEHACHILEHHBIX KHCJIOT IIPH YyCJOBHH,
4YTO MOKET peasH30BaThCsl LIECTHUYIEHHOE NEepeXOZHOe COCTOsIHHE,
Heo6xoxuMoe majisi peakuud E; (3T0 BO3SMOXKHO TOJBKO AJSI JIAKTO-
HOB C pasMepoM ILHKJa O6ojibliie NSTH- M IlnecTHuseHHoro [169]).
B nomoGHyi0 peaknuio BCTYHAalOT TaKKe aMHIbl, HO HPH 3TOM
TpebyeTcs NMOBLILIEHHAs TeMIepaTypa.

Ilpn narpeBannu ¢ O,N-6uc(TPUMETHJICH/INI)aLETaMHIOM H
MosinGJeHreKkcakap6oHHJIOM aJiuganeTatsl o6pasyiorT auens! [170].

OS, 111, 30; 1V, 746; V, 235.

17-4. Peaxyus Yyeaesa.

[ I
—C—C— AW20C _,  —C=C— + COS + MeSH

I
H O—ICI—SMe
S

ITpu o6paborke cmuproB NaOH u CSp mosyuaroTcsi npoAyKTH
RO—CS—SNa, koropble mom neHcTBHEM METHJHOAMAA IpeBpa-
LIAal0TCA B MeTHJKCaHToreHaTol. Iluposnus kcaHTaToB ¢ o6pasoBa-
Huem osepuna, COS u THOJIa HOCHT HasBaHHe peakyuu Yyzaesa
[171]. Kak u peakuusi 17-3, OHa CHYXKHT KOCBEHHHIM METOLOM IPO-
BeJleHus peakiuu 17-1. Peakuuu sJUMUHHPOBaHHS HAYT C KCaHTO-
reHaTaMu Jierde, yeM C OGBIUHBIMH CJIOXKHBIMH 3(UpaMH, U HpPH
6osee HH3KHX TeMIepaTypax; 3TO HMeeT GOJblLIOe NPEHMYLIECTBO,
IIOCKOJIbKY CBOAMT K MHHHUMYMY BO3MOXKHYIO H30MepH3alHio obpa-
syrolierocsi oeuna. Peakuus Uyraesa ucmosb3yercsi maxe yaile,
uyeM peakuus 17-3. Kak ¥ nocsaennsisi, oHa ujer mo mexanusmy E;.
Panee uMenHCb COMHEHHSI OTHOCHTEJIbHO TOI'O, KaKOfi M3 aTOMOB
cepbl yuacTByeT B 3aMblKaHHH IIMKJa, HO B HacTosllee BpeMs Cy-
LIECTBYET MHOIO [OKa3aTeJbCTB, BKJIOUas pe3ysbTaThl H3YYeHUS
usoTonHblx s dekroB 3*S u '3C, cBHAETENLCTBYIOUIMX O TOM, YTO
TaKHUM aTOMOM $IBJIsieTcsi aToM cepnl rpynnsl C=S [172]:

[ —C=C—
—C—-C— +
/N
H (0 —— H 0 ——RSH+(CO0S
~ 7/ N\ 7
s=( S—C
\ \
SR SR

Takum 06pasom, MeXaHH3M IOJHOCTBIO COBMAJAaE€T C MeXaHH3MOM
peakuuu 17-3.
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17-56. Paszaodcenue dpyeux cA0XHHbLX 3PUPOS.
I‘unpoxcu—'rosunoxcu-anuMmmposarme

I on- .
-—(IZ—(ll— ——> —C=C— HTsO™ + H,0
H OTs

ITox nmefictBHeEM OCHOBAHHH HEKOTOPHIE CJOXKHBIE 3(HPHI HEOp-
FaHUYECKHX KHCJIOT MOXKHO pacLienuTb A0 oseduHOB. B pacrBopax
CNIOXKHble 3(UPBH TaKHX KHCJOT, KaK CepHasl, CEPHHUCTasi, H HEKO-
TOPBIX JPYTHX MOXBEPraloTCs 3JUMHHHPOBAHHMIO MO MEXaHH3MaM
El nau E2 nomo6HO TO3MJIaTaM M APYTHM CJOXKHBIM 3(HpaM CYJb-
dokucaor. Ilokasano, 4To mojy [JefCTBHEM TaKOro peareHTa, Kak
6uc (rerpa-#-6ytunammonuii) okcasat  (BugN+t)(COO~),,  TO3H-
JaThl B ropasfo G6oJiblllefl CTeNeHH MOABEPraloTCsl 3JHMHHHPOBA-
HHIO, uem 3amelleHuio [173] (cm. pasp. 17.10). Ilpu HarpeBaHHH
apuicysnb(poOHATOB B TaKHX PACTBOPHUTENAX, KaK JTHUMETHJICYJb(-
okcug (IMCO) unu T'M®PTA, oneduHb MONY4aOTCst ¢ OYEHb BbI-
COKHMMH BbixogaMu [174].

0S, 50, 84.

17-6. Pacujennenue 4eTeepTudnolx ammoHutieuopoxcudos.

Fuppo-TpHaNTKUIaMMOHHO-3IUMUHIPOBaHKe [175]

I [
—C—C— — —C=C— + NR, + H,0

I lo _
H NR, OH

Pacmensienye 4YeTBePTHYHBIX aMMOHUHTHADOKCHIAOB SBJSETCS
3aKJIOYMTEJbHOH cTafMell Ipolecca, H3BECTHOrO IOJ Has3BaHHEM
ucuepnoisaroujee meruruposarnue no Iopmany WM pasioxcenue
no I'opmany [176]. B nepso#t craguu 3TOro mpouecca NnepBHUYHBIH,
BTODHYHBIH HJIM TPETHUHBIH aMHH 0GpabaThiBAIOT AOCTATOYHBIM KO-
JIMYECTBOM METHJMOAMJA, NpeBpaliasi CyGCTPaT B UYeTBEPTHUYHBIH
amMmoHuiHonuA (T. 2, peakuus 10-45). Bo BTOpO# crajguu HOAMA
npeBpamlamT B FMAPOKCH] NOJ AelcTBHeM okcujaa cepe6Gpa. B cra-
VU pacllelJieHHs] BOAHBIH HJIM CHOHPTOBOH pPacTBOP THAPOKCHAA
NEePEroHsI0T — YacTo INPH TOHHXKEHHOM JapJjieHMH. PasjoxeHHe
00bIYHO HacTymaer -Npu Temmepartype or 100 no 200 °C. [pyroi
Cnoco6 pas/iokKeHHs 3aKJIOYaeTcs B KOHILEHTPHPOBAHHHM pPacTBOpa
R0 cupona B TNpOLECCe MEPerOHKH HJM CYWIKH NpPH TeMIeparype
Huxe 0°C [177] u mociexyiollemM HarpeBaHWM CHPONA NPH IOHH-
KEHHBIX NaBJEeHUsAX. B 3TOM ciyuae paciien/ieHHe NPOHUCXOAHUT TpPH
Gosiee HM3KUX TeMIlepaTypax, yeM peaKuusi B OGHIYHOM pPacTBOpe,
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BepoATHO, noromy, uro ocHoBaHne (OH—- miau RO-) meHee coJib-
BaTHpoBaHO [178]. Peakuuio Henb3s pacleHHBATh KaK IpenapaTHB-
HBHIH MeToJ CHHTe3a 0Jie(HHOB, XOTS HEKOTOpHIE IMKJIHYECKHE oJie-
(GHUHBI Jyyllle BCEro NOJYYaloTCs HMEHHO TakKuM nyTeM. [JaBHOe
JIOCTOHHCTBO MeToja, 0co6eHHO B 6oJjiee paHHUI HepHON Pa3BHTHSA
OpraHHYecKOH XHMHH, 3aKJI0YaJOCh B BO3MOXHOCTH YCTaHOBJIEHHS
CTPOEHHs HeH3BeCTHbIX aMHHOB. Peakuus mnpezacrapjsieT 0co6yio
LIeHHOCTb TNPHMEHHTEJbHO K XHMHH aJIKaJIOHZOB. DBoJIbLIMHCTBO
9THX COeJHHeHHH colJepxkKaT aToM a30Ta B UHKJE HJIH Jaxe B MecTe
COUJIEHEHHS] JBYX LHKJIOB, U B 3THX cayyasix o6pasyioliuiicsi oJe-
¢GuH ele cOmepXKHT a3oT. I ero NOJIHOrO ynajieHus HeoGXOLHMO
HECKOJIbKO pPa3 MOBTOPSITh NMpPOLeCC, HapuMep:

1. Mel LA > l—iwiv
TW ®\ 2. Ag,0
. N_ TCH, ll‘l

N“cH ~,
l 3 M’/ \Me OH' Me
H ¢ Me
GL =L
o | K
Me~” | SMe NMe,

Me OH

Kak mnpaBuJso, peakLusi 3JHMHUHHDPOBAHHS CONPOBOXKIAETCS IIO-
60uHOH peaxkuuel HYKJeO(UJIBHOTO 3aMelleHHs, NPUBOASALLEH K 00-
pasoBanuwo cnupra: R4yNtOH-—ROH-+R;3N [179], HO aTo pexnko
BbI3bIBaeT 3aTpyAaHeHHs. OIHAKO eclM HH OJHH M3 YeThIpeX 3aMec-
THTesJeHl aToMa a3oTa He CONEPKHT P-BOZOPOZA, TO EIUHCTBEHHO
BO3MOXHOH peaklHefl oxkasbiBaeTcsi 3aMelleHHe. IIpum HarpeBaHHH
MesN+OH~- B Boje mosyuaercsi MeTaHOJ, a B OTCYTCTBHEe PacTBO-
purtesnss o6pa3yeTcss He MeTaHOJ, a JHUMeTHJOBBIH a¢pup [180].

Peakuus OOGBIYHO MHPOUCXOLUT No MexaHuaMmy E2; anukmauue-
CKHe Ccy6CTpaThl, Kak NpaBHJO, MOAYHHAITCA npaBuay lodmana,
a cy6eTpaThl, cojepiKalllie IMKJIOTeKCHJbHble TPYMNIbl,— NPaBUHIY
3afinea (pasg. 17.6). IlokasaHo, uTO B cJlyuae CTE€PHYECKH BHI-
COKO3aTPYLHEHHBIX Cy6CTpaToB ocyllecTBJsieTcs -MeXxaHH3M E;
C DOATHYJIEHHBIM TEPEXONHLIM COCTOSIHHEM, YTO aHaJIOTHYHO pe-
akuuu 17-7. 3pecy rpynna OH~ He orrsiruBaer B-BOZOPOA, a OT-
pHIBaeT OZHMH H3 aTOMOB BOJOPOZA METHJbHOH I'PYNIbI:

[y : Lo |
—C=C—
+ —

% Ve
HONR oWt HOR —— H AR,
n, o, CA,

OueBHaHbIA CMOCO6 OTJIHMYHTH 3TOT MEXaHH3M OT OGBIYHOTO MeXa-
Hu3Ma E2 3akaiouaercs B HCNOJNBb30BAHMH H3OTOMHONH METKH nen-
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TepueM. Hanpumep, eciu npoBOAAT peakLUUIO C YETBEPTHUHBIM
THIpOKcHAOM, AelitepupoBaHHbiM 1o B-yraepony (ReCDCHjyX
X NMezt OH™), 0 MexaHu3Me peakilMH MOXHO CYAHTh IO pacmpe-
JeJeHHIo aeHitepuss B mpoaykrax. Tak, B cayuae MexaHusma E2
obpasyloluiics TPUMETHJaMHH He NOJIKEH COlepxkaTh HeHTepHs
(mocnieaHui MOXET HaXOAMTbCS TOJbKO B BOJAE), TOTAAa Kak IpH
MexaHuaMe E; posxken o6pa3oBaThCsi HeHTepHPOBAHHBIH aMHH.
B peakuuu CO CTepHYECKH BBICOKO3aTPYAHEHHHIM CyGCTpPaTOM
1(Me3C),CDCHoNMeszt OH— peiitepuii nefiCTBUTENBHO MOSIBJSETCS
B aMHHe, uTO ykKa3biBaeT Ha MexaHusM E; [181]. B cayuae Goxee
NPOCTEIX COeIHHEeHHH peakuusi uper mo mexanusmy E2, Tak kak
3gech o6Gpasyloouuiics aMuH He colepxur neirtepus [182]. Ta xe
KapTHHA Ha6JofaeTcss U AJs YUC-HOPOOPHUJIBHOTO COeJHHEHHs 7
(X=NMes*+) (pasm. 17.1); B 3TOM cJjayyae 3JHMMHHHPOBaHHE IO
MexaHuamy E; He npeBnimaer 6 %, a ocyuiecTBasieTcst TVIaBHBIM
o6pasoM 1o MexaHu3My cun-E2.

Ecnn y aroma asora uMeeTcsi Gosiee OZHOH Tpymmbl, copepixka-
mei B-BOZOPOJ, BO3HHKAET BONMPOC, KaKas U3 TPYNI OTIIEMJSETCH.
CoranacHo mnpasuay [odmaHa, 8HyTpu rpynmel OTINENMJSETCS TOT
aToM BOJOPOJA, KOTOPHIH CBs3aH C HaHMeHee AaJKUJIHPOBAHHBIM
aToMoM yrjepoja. Ta Ke TeHJEeHIHs NPOSIBJseTCS NPH BHIGOpe OT-
WeNJsoWeNcs TPYNbl; TaK, STHJ, HMEIOWHA TPH aToMa BOZOPOAA
B8 [B-moJIOXKEHUH, OTILEMJAseTCss HaMHOro Jerue, ueMm Jjiobas GoJee
JUIMHHAsl H-aJIKHJIbHAsi TPyNIa, HMeolas ABa B-Bogopoxa. «B-Bo-
JOpOJ Jierue BCEro OTPbIBaeTCsl OT METHUJIbHOM TPYMNIBI, 3aTeM OT
rpynnel RCHj, a TpynHee Bcero — ot rpynmel RoCH» [184]. [de#i-
CTBUTENIbHO, TNpaBuao I'opmaHa, cHOpMyJHPOBAHHOE BIEPBHE
B 1851 r. [185], npHMEHHMO TOJBKO K OTILEMJSIOWIHUMCS pYIIaM,
a He K OpHeHTAanMH BHYTpH rpynnbl. ITocisemHuit Bompoc He Mor
paccMaTpUBaThCsl B TO BPeMsi, NMOCKOJbKY TEOPHsl CTPOEHHS Opra-
HUYECKUX COeJHHeHHH 6blia chopmupoBaHa Jjuuis B 1857—1860 rr.
Kouneuno, npasujo I'opmaHa (NIpuMMeHUTENBHO K OTIIEIIsIOLIeHCS
Tpymnne uAu K OPHEHTAIHH BHYTPH TPYNIBI) TepsieT CBOE 3HAuEHHE,
ecJH B cHcTeMe BO3MOXHO compsxenne. Tak, PhCH,CHyNMe, X
XEttOH- pmaer B KauecTBe OCHOBHOIO TPOAYKTA He 3THUJIEH,
a CTHPOJL.

ITuposiu3oM YeTBEPTHUHBIX aMMOHHEBHIX 1,2-GHC-cosiel GbLIH
MOJIyYeHbl COEHHEHHSI C TPOHHBIMH cBA3sMH [186]:

® @ -
HO"™ R,N—(::—(::—NR, OHW — » —C=C—
H H

OS, 1V, 980; V, 315, 608; 55, 3. Cm. Takxke: OS, V, 621, 883;
53, 13.
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17-7. Pacwennenue 4eT8epTuuHbLX aMMOHUEBbLXx cOaell nod Oeli-
CTBUEM CUAbHBLX OCHOBAHUL.

PhLi ! l '
— —— —C=C— + PhH + NR,—CH,R’ + LiCl

[
—C—C
i® ,
H NR,—CH,R
a-

IIpu o6paGoTke yeTBEPTHUYHBIX aMMOHHHTaJOTeHHAOB CHJIbHBIMH
ocHoBaHussMH, Hanpumep PhLi, KNH; B xuakom ammuake [187],
MOXKeT HabJ/104aThCsl 3IHMHHHDPOBAaHHE, CXOLHOE N0 06pa3yIoIHMCs
NpoAyKTaM, HO He MO MexaHH3My, ¢ peakuueil 17-6 [188]. Tak uro
paccmaTpuBaeMas peakuMs NpeACTaBJseT aJbTeDHATHBHBIH NyTb
MoJNyueHHs: oJepHHOB, He TPeGYIOIUH NpeBpallleHHst HCXOLHBIX
YeTBEPTHYHBIX aMMOHHMHIaJIOreHHAOB B THAPOKCHAB. Peakuus uger

no mexaHusmy E;:

I [ [

|
I l@ PhLi |"(|® +
H NR, ——— l-{ /NR, _— H\ /NR,
CH,R’ SCHr' CHR
wrud

Hns Toro yto6bl MOr 06pPa3oBaThCs HJHA, HEOGXOLUMO HaJHYHE
aToMa BOJOPOAA B MOJIOXKeHHH o’. MeXxaHH3M MOJOGHOrO THMA Ha- -
3bIBAIOT o,B-3JMMHHHPOBAHHEM, MOCKOJbKY B-BOLOPOA OTPHIBAETCS
o’-yraepogoM. MexaHusm GBI TOATBEPXKAEH 3KCIEePHMEHTaMH
C H30TONHOH METKOH, MOJOGHBIMH ONHCAHHBIM MIJs peakuud 17-6
[189], a TakXe BblIeJEHHEM NMPOMEKYTOUHO O6Pa3yloLIerocs HIHAA
[190]. CymecTBeHHBIM OTJHYHEM paccCMaTPHBaeMOH peakuHH H
6OJIBIUIMHCTBA NMPHMEPOB peakuuu 17-6 sABJsieTCs TO, UTO B JAHHOM
cayyae HaGOJIIONAETCS CUH-IJTAMHMHHDOBAHMe, TOTAA KaK IJs peak-
uud 17-6 XapakTepHO AHTU-3JIHMHHHDPOBAHHE; NOITOMY, ecjid o6pa-
3YIOIHHACA OJNle(HH MOXKeT CyILeCTBOBATb B BHAE YUC, TPAHC-U30Me-
poB, Kgucpnrypaunﬂ NPOAYKTOB ABYX peakuuid O6ylneT MPOTHBOIO-
JIOXKHOH,

Emle oauH MeTox NOJyYeHHS o0Jie(HMHOB, NMO3BOJSIOIMI H3Ge-
JKaThb NPHMEHEHHS OYeHb CHJBbHBIX OCHOBaHHM, 3aKjJiouaeTcs B Ha-
rpesanun coiqu ¢ KOH B MOHOMETHJIOBOM 3(Hpe NMOJHITHIEHTJIH-

Koais [191].
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17-8. Pacwennenue amunoxcudos.

Iuppo-(AuaNKHI0KCHA0aMMOHHO )-3JHMHHUPOBAHHE

|| -150° L
—C—Cs O, _C=C— + R,NOH
H NR,
0

Pacmennienne aMHHOKCHIOB, NPHBOAsIIIEE K aJKeHy M THAPO-
KCHJIaMHHY, HashIBaloT peakyueii Koyna (He caeldyeTr myrtaTh C ne-
peepynnuposxoii Koyna, cMm. peakuuio 18-36). DToT mpouece Takxe
MOXHO paccMaTpHBaTh Kak aJbTepHAaTHBY peakuusm 17-6 u 17-7
[192]. O6biuHO B peakiyio BBOAAT CMeChb aMHHA M OKHCJSIOLIETO
areaTa (cM. peakuuio 19-29) u aMHHOKCHJ He BhIAeJAIOT. Peaknus
HUAET B MATKHX YCJOBHSX, I03TOMY NOGOYHble DeaKUHH HEe3HauH-
TeJNbHB, a o6pasyiolllnecs: oJieGHHBl OGBLIYHO He MNeperpyniHpOBHI-
BAlOTCs, TaK YTO PeaKUHs CAYKHT yHOGHBIM METOJOM IIOJyYeHHS
MHOTHX oJieuHoB. OLHAKO 3THM METOLOM He YA4eTcs NpPOBECTH
PacKkpbiTHe WIECTHYJEHHBIX a30TCOAEPIKAIIHX TeTEPOIHMKIOB, XOTS
NSATHYIEHHBIE UMKJIb H HUKJIb OT 7- 10 10-y/IeHHBIX MOABEPraloTcs
packpbitHio [193]. CkopocTb peaKUHH NOBBILAETCS C YBeJHYEHHEM
pasMepa o- u f-samecturened [194]. Peakunio MOXHO IPOBECTH
npu KOMHaTHO¥ TeMnepartype B cyxoM JJMCO uau TI'® [195]. dau-
MHHHDOBAaHHE IPENCTaBJ/seT COOOH CTepeoCeNeKTHBHBIA CUH-TIPO-
uecc [196] u ocymecTpasercss no Mexauuamy E; uepes nsaTHusnenHoe
HepexoiHOe COCTOSIHHE:

|
—C+—C— —C=C—

A + _
o C\%z —— H_NR,
"\/\O//@ N2

BoapunHCTBO HMEIOLMXCSl JAaHHBIX YKa3bIBA€T HA TO, 4TO Nepe-
XOJlHOe COCTOsIHHe AOJIXXKHO ObTb NJOCKHM [197]. OTKJOHeHHs OT
NJIaHApPHOCTH, KaKk B peakuuu 17-3 (cm. pasm. 17.12), 3gmech He
oOHapy»KeHbl; HMEHHO IM03TOMY LIECTHYJIEHHblEe a30TCOAepIKallHe
reTepPOLHUKJ/IHYECKHEe COeJHHeHHs He BCTYNAlOT B peakuuio. Baaro-
Aapsi CTepPeOCeJEKTHBHOCTH M OTCYTCTBHIO IIepPerpymnmHpoBOK Ipo-
AYKTOB Deaklusi MPeACTaB/seT YAOOHHH Cnoco6 MOJNYYeHHs Tparc-
IIMKJI00/IE()HHOB C YHCJIOM YJIEHOB OT BOCHMH M BHILIE.

OS, 1V, 612.
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17-9. Pacujenaenue Opyaux npoussooHslx amMuHOs.

l"n,upo-marnuoa.nxun AMMHO-2JIHMHHHPOBAaHHE

| L] [ ]
I—-T—T—?—(I:— —— —C=C— + RH + (H—?—(l}—NMg), 1o, H——(l:-?—NH,
H Mg H :
| 35
R
34

ITox pmefictBueM peakTuBoB I'puHbsipa RMgX BTOpHUYHBIE aMHHBI
MOXKHO NPeBPATHTb B aMHAbl MarHus (34), KOTOpHIe IPH HArPEBAHHH
B TBEPJAOM COCTOSIHHH MJIM B HHePTHOM pas6aBuTese (HampHMep,
B H-JOfieKaHe) pasnaraioTcs c o6pa3oBaHHeM ankeHa, RH uocraTka
amupa (mpenacrasiieHHOro ¢opmysolt 35), cmoco6HOrO THAPONU30-
BaTbcs 10 nmepBuuHoro amuHa [198]. Kak u cxojgHoe pacliemjieHHe
AJIKOKCHAOB MarHHsi, YIOMHHaBIIeeCs MPH PAacCCMOTPEHHH peakIHH
17-1, s1MMHHUDOBaHHE B JAHHOM CJjyuae NpeAcTaBJseT CO60H cuH-
npolecc H, No-BHAHMOMY, OCYIIECTBJsieTCs Mo MexaHuamy E;. Ana-
JIOTHYHBIM OGPa3oM pearupyioT aMHAbl IHHKA H aJIIOMHHHS.

. IlepBnuHble aMHHBI, coJepxkalljie BTOPHYHbIE AJKHJbHbBIE
[PYNNBl, MOXHO PAacCIeNHTb HHPOJIH3OM COOTBETCTBYIOLIUX OHC (n-
HUTPOGeH30J1Ccy1b(0) Tpon3BoaHbIX [199]:

R
[ I
—(Il.—(li—N(SQ,Ar), — —c=é—,ﬂ + NH(SOAr),  Ar = n-NO,C{H;
H R

Hykneopyr B sroit peakuun [N (SOqAr).] aHamornuen yxogs-
we# rpynne NTsy, ynoMmuHasiefics B T. 2, pasa. 10.13. C amunawmy,
colepXallUMH mnepBHuHble ankuabHele rpynnel (R=H), peaxuus
He HJeT, OHAKO TaKHe aMHHbl, KAK H aMHHBl CO BTOPHYHBIMH aJ-
KHJbHBIMH TPYINaMH, MOXHO PacCILeNHTh MOC/]e NpeBpalleHHs HX
B NHPHAMHHEBble COJH (MOZOOHO NHDHJIJIHEBHIM COJSM, PacCMOT-
peHHBIM B T. 2, pa3n. 10.13) [200].

17-10. IToayuenue oaepuros u3 asugaruueckux coaeti OUA30HUSA.

I'nnpo-a1ua3oHNO-9THMHHHPOBAHHE

[ ] [ 1
—C—C— —> —C=C—
)
N,
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ITpu o6paboTke aiudaTHYECKHX AMHHOB a30THCTOH KHCIOTOH
06bluHO 06pasyeTcsi HEKOTOPOe KOJHYeCTBO oJiepHHA, HO Kak Impe-
NmapaTHBHBIA MeTOJ 3Ta peakKuus OoJibllie He HCIOJb3YETCs, XOTs
TaKHM MyTeM MOXKHO MOJy4aTh COHPTH (cM. T. 2, peakuuio 10-5).

17-11. Pasaoxcenue TOAYOA-N-CYAbHOSUOPAZOHOS.

I
—C—C— 1. 2RLi = —
T TaRo” TCTC

[
H N—NH-Ts H

O6pa6oTka TO3WJTHAPA30HA aJbJerHia HJIH KeTOHAa CHJBbHBIM
OCHOBaHHeM IPHUBOLUT K ob6pasoBaHui0 ojiepuHA; (HOPMANBHO 3TY
pPeaKIHI0 MOXKHO paccMaTpuBaThb KaK 3JUMHHHpPOBaHHe, CONPOBOXK-
naemoe ciasurom Bogopopa [201]. B ary peakuuio (peaxyuro Ila-
nupo) BBOAMJM TO3HJTHAPA30HBI MHOTMX aJbJAerHJOB M KETOHOB.
Haubosnee cuHTeTHuecKH YHOGHBI MeToJ 3akJ/iouaeTcs B obpa-
60TKe cybGcTpaTa MO KpailiHel Mepe 2 3KB. JHTHHOPraHHYeCKOro
coepunenns [202] (o6eiuno MeLi) B adupe, rekcane uiu TeTpame-
tunenguamune [203]. IIpu sToM mpomecc uaer 6e3 MOGOYHBIX peak-
HMH, aJIKeHbl MOJYYalOTCS C XOPOIUMMH BHIXOAAaMHM, a B Tex ciy-
yasx, Iie BO3MOXeH BbIGOp, MPEeNMYILeCTBEHHO 06pasyloTcsi MeHee
3aMeleHHble ojeuHb. TO3HATHADPA3OHH «,B-HEHACHIIEHHHIX Ke-
TOHOB HAAlOT compsixKeHHble AueHbl [204]. IIpemsoxen caenyrouiui
MexaHnusM peaxuuu [205]:

—C—C— ®Li . —CTC—
[ —— oy _ —
H N—NH—Ts N=N=Ts
eh
36
I | I
—C=(l:)— —_ =(]:— H,0 --c=(l,—-
—N It .
NNt Li H
38

37

B monb3y 3TOro MexaHu3Ma CBHETENbCTBYIOT CJeAyIOLHe AaHHbIE:
1) nna peakuun Tpebyercs 2 3kB. RLi; 2) kak mokasama MeTka
JefiTepieM, BOLOPOA B NPOAYKTE MOSBJISIETCS H3 MOJIEKYJbl BOJHI,
a He OT cocejHero aroMa yraepojaa [206]; 3) ynamoch YJIOBHTb
uHTepMeauathl 36, 37 u 38 [207]. DTa peakuusi, BHNOJHSIEMAas B TeT-
paMeTH/IeHIHAMHHe, MOXeT CJYXHTb CHHTETHYeCKH [PHUTOAHHIM
METOAOM reHepupoBaHHsl BUHHJJAUTHS 38 [208], KOTOpPHI MOXKHO
YJOBHUTb C MNOMOIIbIO PAa3JHYHBIX 3JeKTpodHyaoB, Hampumep D0
(c o6pa3oBanueM JAefiTepupoBaHHbIXx ajnkeHoB), CO. (c oGpa3sosa-
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HHEM o,B-HEeHaCBIIEHHBX KapOOHOBBIX KHCJOT, CM. T. 3, peakIHIO
16-35) uau JIM® (c o6pasoBaHHeM «,B-HEHACHIIEHHBIX aJbJETH-
IOB, CM. T. 2, peakuuio 10-107).

Peakuuio MOXHO NPOBOJUTL TaKXKe C APYTHMH OCHOBaHHSIMH,
Hanpumep ¢ NaOMe [209], LiH [210], Na B atunenraukose, NaH,
NaNH, [211], unn ¢ MeHbwuMH KosauuyecTBaMH RLi, Ho mpu stom
NOSIBJISIETCS] MHOTO NOGOYHBIX peakUWH, a OpHeHTauHs [ABOHHOH
CBSI3M NPHHHMaeT HHOe HanpaBJ/IeHHe, YTO NMPUBOAHT K 0GpasoBa-
HHI0 6oJiee BHICOKO3aMelLleHHHIX osiepuHOB. Peakuust ¢ Na B 3TH-
JIEHIJIHKOJIe HOCHT HasBaHue peaxyuu Bamgopda — Crusenca[212].
st 3THX peakuuil BO3MOXKHHI JBa MeXaHH3Ma — C 00pa3oBaHHEM
Kap6eHouza ¥ ¢ obpasoBaHHeM KapOokartHoHa [213]. Ha6mopae-
MbBle MOGOYHbIE pEeaKUHH SBJAAIOTCS Pe3yJbTaTOM TMpeBpalleHui
KapGeHOB M Kap6OKaTHOHOB, 06pa3oBaHHe KOTOPHIX MOXKHO OXKH-
JaTh B COOTBETCTBHH C T€M HJIHM HHBIM MexaHH3MoM. Kak mpaBmio,
B TNPOTOHHBIX DAaCTBOPHTEJSIX DeakUuss HJAeT uepe3 0o6Gpa3oBaHUE
KapOOKaTHOHA, a B aNpPOTOHHBEIX PacTBOPHTENIX — yepe3 06paso-
BaHue kKapGeHouna. O6a MexaHHM3Ma BKJIOYAalOT 06pa3oBaHHe JHA-
3ocoefHeHHs1 39, KOTOpOe MHOTJa ynaeTcs BblAeAHTDb [214].

—C—C— . OcHosaNue —-(‘:—-C-- medneno  —C—C—
| -_— I .© T [
H N—NH-—Ts H N—E-—\_’Ts H N=N

® ©

39

B orcyrcTBue mpoToHHOro pactBopuTensi 39 TepsieT Ng H NMPOHCXO-
JUT MHCPalHs BOAOPOAA, NPHUBOAAMIAS K OJe(HHOBOMY HPOILYKTY.
Murpauus BoJoposa MoxeT JHGO cpasy cjenoBaTh 3a Hoteped No,
Ju60 TPOHCXOAUTL OLHOBPEMEHHO ¢ HeH. B mMpOTOHHHIX pacTBOpH-
TeJsix 39 NMpPOTOHMpyeTcsd, maBasi MOH aua3oHus 40, KoTophlfi Te-

- [~ I
I e = e o i I
H H H N= H N=N
© @
39 40

psier Np; moaydalouuficss npH 3TOM KapGOKaTHOH MOXKET 3aTeM
NOABEPraTeCsi 3JIHMHHHPOBaHHIO (peakuus 17-10) wuam BcTymaTh
B Jpyr¥e peakuWH, XxapakTepHHe A/ Kap6oKaTHOHOB. PaccmaTpu-
BaeMasl peakUHs HCIOJb30BaHA KaK METOJ MOJYYEHHS AHa30COelH-
HeHuil THna 39 [215].

CM. Takxke peakiuio 17-28.

0S, 51, 66; 61, 141.
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17-12. Pacwenaernue cyroghonuesolx coeOurenull.

Tuapo-IHaNKHIACY b} OHUO-9IUMUHHPOBAHUE

[ R

|l
_?—(':— ——> —C=C— + SR, + H,0
H s% OH™
|| Ph,CNa [ ' .
? '_@_ ——> —C=C— + SR, + Ph,CH + NaBr
H SR, Br~

DIUMHUHHDOBaHHE H3 CYyJb(GOHHEBHIX COCAHHEHHH 1O 006JacTH
NPHMEHEHHUS M MeXaHH3My MNOAOOHO peakUHSM COOTBETCTBYIOLIMX
aMMOHHEBBIX coefuHeHHH  (peakuuu 17-6 u 17-7). TepMuueckoe pas-
JIOXKeHHe Cy/Jb(GOHHUATHIPOKCHAOB U3BECTHO C AaBHuUX mop [216], pe-
aKIys Hiaupga 6Gblia OTKPHITA CPaBHHTEJNbHO HejaBHO [217], HO HH
TODT HH APYrofi npouecc He HMeeT NpenapaTUBHOM LEHHOCTH.

17-13. Pacwenaenue cyrvgoxcudos, cenreroxcudos u cyavghoros.
Tuppo-ankuiacyabGHHHA-9TUMHHHPOBAHHE

| w1
—C—C— ———— —C=C— +RSO™ + R'OH

T'unppo-anKuiCyabGHOHUI-9TMMUHHP OBAHHE

l l OR" ! .
—C—C—  —%°, _C=C—+RSO,” +ROH

[
H SO,—R

Cynpdonbl H cyabhOKCHAb, COAEpKAlHe aTOM BOAOPOAA B P-
NOJIOKEHHH, MOABEPraioTCA 3JHMHHHPOBAHHUIO NMPH 06pabOTKe aJK-
OKcHJaMH, a cynabhoHnl [218] — naxe mox peficreuem OH- [219].
[To Mexanusmy sTH peakuuu npuHagiexar cunekrpy E1—E2—El1cB
[220]. XoTs yXoasilMe rpynmnbl He 3apsiKEHBl, OPHEHTAIUA ABOHHOH
CBAI3H cjaefyetr npaBuiay I'odpmana, a He mpaBuay 3afinesa. CyJbo-
OKCHAB (HO He CyJb(OHBI) MOJABEPraloTCcs JHMHHHPOBAHHMIO TaKkKe
B pesyJbTaTe NHpo/aH3a npu temmepartype okoJo 80 °C. Ilomo6Ho
peakuuu 17-8, a3TOT mpouecc NpeacTaBsieT COGO#H CUH-3THMHHHPO-
BaHHe mo MexaHusMy E; ¢ o6pa3oBaHHeM NSITHYJEHHOIO IEPEXOA-
Horo coctosiHus [221]. Cenenokcunrr [222, 223] U ci0XKHbIE 3DHPH
cyabduHOBbX KUCA0T ReCH—CHR—SO—OMe [224] Takxke noa-
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BEpraioTcsi JMMHHHPOBaHUIO no Mmexanusmy E;, mpuuem peakuus
CEJICHOKCHIOB NMPOMCXOAHT NPH KOMHATHOH TeMmmepatype [225]. Pe-
aKLHsl CEJIEHOKCHIOB GblJla pacHpoCTpaHeHa Ha NOJyuyeHHe MNPOAYK-
TOB C TPOHHBIMH CBf35IMH [226].

Peakuuu M ceseHOKCHEOB [227], u cysabdokcugos [228] 6blaH
HCIIOJIL30BAHHI B METOJAE IIpeBpallleHHsi KeTOHOB, aJbAerHiOB H
CJIOXHBIX 5QHPOB B COOTBETCTBYIOIIHE o,B-HEHACHILIEHHEIE TPOH3-
oanble. HiXe mnpuBemeH mpuMep MNOCJIELOBATEJbHOCTH IPeBpa-
EHUA 115 ceJIeHOKCHIA:

PhCOCH,CH, —212» PhCOCHCH, uto. , Phcocncu,}——v PhCOCH=CH,
SePh

Baarogaps MSrKMUM YCJIOBHSIM 3TO, MO-BHAMMOMY, HaWJAYYIIHH cro-
co6 mNpoBeleHHS YKa3aHHBIX NpeBpalieHHi. Peakuus c ceJleHOKCH-
JaMH HCIOJb30BaJach TaKXKe B NpOLeAype NpeBpallleHHA 3SMOKCH-
JOB B aJIJIMJIOBBIE CIIHPTH [229]:

, OH E OH
R,CH R
- E©OH - H0, !
TNy Hoese oM RiCH—CH—CHR' 53> R,CH— CH —CHR'
SePh ﬁePh
(o]
KoMHRMHAA
memnepamype | 104
(I)H
R,C=CH—CHR'

OnucaH Takxke mpolecc NpeBpallieHHss ojiehHHA B NEPerpymnmnupo-
BaHHBHIH amauioBbi cnupt [230):

rfdlf

R,CH—CH—CRJOH 52’ R,C—=CH—CR}OH
SePh

_PHSeOH

PhSeSePh
HO

R,CH—CH=CR} ———>

Ipyrue ciayuan NpHMEHEHHS DEaKUHMH CEJEHOKCHIOB ONMCAaHBI
B T. 2 npu onucanuu peakuuu 10-97. ITuposus B-ruapoKcHCYIbO-
OKCHJIOB NPHBOJMT K KeToHaM [231], HanpuMmep:

Maymomepu3auus
/‘\(\SOPh —L )\/ ‘ym—,_.p—‘ /k“/
, H OH .0
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AnnunbHple  cyabpoOKcHAb nojasepraioTcs  1,4-3JHMHHHPOBAHHIO
¢ o6pasoBaHHeM qHeHOB [232].

[Ipu narpeBannn ¢ KOH B nonsipHoM anmpoTOHHOM pacTBOPH-
teqe (TM®TA) cynabduael H AHCYJAbOHUAB TaKkKe MNPETEPNEBAIOT
snumunuposanue [223]. Ot npudeHunTHoaleTastel W AHGEHHITHO-
KeTaJjiefi MOXKHO OTLIENMHTb THO(EHOJ myTeM O6paGOTKH HX HOHAMH
menu (I) ¥ TpeTHYHBIM aMHHOM: —CllH—CIZ(SPh)2—>—C=C—SPh

I
[234]. Tlox meficTBHEM TaKOTO OCHOBAaHHS, KaK KaJHH-3-aMHHOMpO-
nunamug NHoCH,CH,CH,NHK, BunHACynBOMAB npeBpalnaoTcs
B aJKuHH [235].
0S, 59, 58, 202.

17-14. [dezudpozarozenuposanue aiKusear02eHudo0s.

I'nppo-ranoredo-snumunuposanune [236]

ol e L
e e

H X

daumuHupoBanne HX W3 anxuiarasoreHuaoB HOCHT o6muil xa-
pakTep M MOXKeT GHITh NMPOBENEHO C XJOpHAaMH, pTopHAaMH, 6po-
MHAaMM H HoauAamH [236a). B kayecTBe OCHOBaHHS yallle BCEro
ynotpe6bJasietcs ropsuuit cnuproBoit pacrsop KOH, Ho nomycka-
e€Tc M HCIoJb3oBaHHe GoJiee cHaAbHBIX ocHosanuit [237] (OR-,
NHy~ u T. n.) uam Gosee cnabrlXx OCHOBaHHMH, HalpPHMep aMHHOB.
B TpyAHBIX cJyyasix XOpOLIHMH peareHTaMH OKas3blBalOTCH OH-
UHMKJIHYeCKHe aMHIUHB, 1,5-auasa6uuukiao[3.4.0Jsonen-5 (JBH)
[238] u 1,8-nnasabuuukao[5.4.0lynnenen-7 (IABY) [239, 240]. Ilpu
NpOBEJEHHH peaKLH¥ ¢ TaKUM ocHoBanueM, Kak OH—, 6b1 HcnoJb-
soBaH Mex¢asHblii KaTaaus [241]. Kak yxe rosopumaoch B pasa. 17.5,

HEKOTOpble OCHOBAaHHSI B MOJIIPHBIX ANPOTOHHBIX PaCTBOPHTENAX
OKa3blBaloTcsi 3((DEKTHUBHBIMH peareHTaMHd JJsi JerHApOraJoreHHu-
poBaHusa. Tak, B IpenapaTHBHbIX LeJNsX Yallle BCErO HCNOJb3YIOT
LiCl uau LiBr—LiCO; B IM® [242]. HerugporajoreHHpPOBaHHE
OblIIO TaKXe OCYIIECTBJEHO NYTeM HarpeBaHHs aJKHJTAJOreHHAa
B TM®TA B orcyTcTBHE KaKHX-THGO APYrHX pearentos [243].
HauGonee nerko mnopsepraioTcs 3JHMHHUDPOBAHHIO TPETHUYHBIE
rajJloreHHAbl. DJHMHHHPOBAHHE XJOPHIOB, GPOMHIOB H HOAUAOB
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NONUHHSAETCS NpaBHJy 3aHleBa, 3a MHCKJIOYEHHEM TeX CJyyYaes,
KOTJla BaXKHbl CTepHyeckKHe 3G ¢ekTh (cM., Hanmpumep, pasn. 17.6).
DauMHUHHpOBaHHe (GTOPHUAOB INPOHCXOAMT B COOTBETCTBHH C Mpa-
Bujiom I'opmana (pasz. 17.6).

PaccmaTpuBaeMasi peakluss [NO CHX INOD CJYXHT HauboJee
BaXKHbHIM METONOM BBEJEHUS B MOJIEKYJYy TPOHHOH cBsA3H [244]; ee
MOXKHO NMPOBOJAUTH ¢ cyGeTpaTaMyu CJeAYIOIHX THIOB:

| |
S A o A
; H X X X H X

Jist mosnyyeHuss NPOAYKTOB C TPOMHOH CBSI3pI0 yalille BCEro Hc-
noas3yior NaNH,. B npucyrcTBuuM 3TOro OCHOBaHHS HpeHMylle-
CTBEHHO MOJIy4aloTcs 1-aJIKMHBE (€C/aH 3TO BO3MOXKHO), TaK KakK OHO
obpasyeT ¢ aJKHHOM COJIb, YTO CABHraeT J1000e paBHOBECHEe MeXIY
1- u 2-ankuHamu. [Ipu wHcno/b30BaHUM TakHX OCHOBAaHMH, Kak
OH- unn OR-, paBHOBeCcHe CTPEMHTCS CABHHYTHCS B CTOPOHY 00-
pasoBaHMs aJKHHOB C BHyTPeHHeH TPOHHOH CBA3bI0, KOTOPHle Tep-
MOJHHaMHuecKH OoJsiee ycroHuuBe. Ecau B cy6cTpaTe uMeercs
NMOAXOASIIMM 06pasoM pachmoJIOKEHHHIH Bopopon (HampuMmep,
—CRH—CX;—CHy—), B03MOXKHO KOHKYPeHTHOe 00pa3oBaHHe aJl-
JIeHa, XOTSl aJKUHBI 06BIYHO 60Jiee YCTOHUHBHI.

OO6rIyHO JNeruiporajioreHHpoOBaHue MPOBOASIT B pPacTBOpe B NPH-
CYTCTBHM OCHOBAHHS; Kak IPAaBHUJIO, PeaKLUHs UAET [0 MeXaHH3MY
E2, onHako 6BHLIO MOKa3aHO, YTO B HEKOTOPHIX CJydYasX OCyILecTB-
asiercst mexanusm E1. B 1o ke Bpems anumuHupoBanne HX moxHO
BHIIOJIHUThL MYyTeM MNHPOJM3a rajioreHuja; 3TOT Hpolecc HIeT IO
MexaHuaMmy E;, a uHOrza no cBoOOXHOPaAMKAJbLHOMY MeXaHH3MY
(pasm. 17.12). ITupoaus o6GryHO mpoBOAAT 6e3 KaTaJju3aropa NpH
temnepatype okoso 400 °C; u3-3a 06paTHMOCTH peaklUs He HpeA-
CTaBJseT CHHTeTHYeCKOH uneHHOCTH. [IpumepoB muposausa B MpHCYT-
CTBHH KaTaJiH3aTopa U3BECTHO Majo [245], B xauecTBe KaTaiu3aTo-
pOB NpPHMEHSJH TJIaBHHIM O0pPa3oM OKCHABl HJIH COJIH MeTaJlIoB;
N0-BUAMMOMY, peakuus uneT no mMexanusmy El uau E2.

Jns cuHTe3a aJKHHOB Obl1a MCMNOJb30BaHA peakuHus, codyeTa-
Iolllasi 3JUMUHUPOBaHME UM 3aMelieHue. B aTofi peakuum coeluHe-
une RCH=CFCl o6pa6aTriBaju coenuHeHuem YM, rpe M — Mme-
tami, a Y — anakus, apui, NRy uan OR:

RCH=C—F + YM — R—C=C—Y Y = R, Ar, NR,, OR

‘ ci ‘
Takum nyTeM MOXKHO MNOJYYHTb AaJKHHH, HHAMHHH H CJOXKHBIE
aneTHjeHosble sQHpPE [246]. AnanoruuHelM o6pasom TpHdTOpOME-
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THJCOAEpKalLlHe NPocThie 9GHPH H CyAbGHAb NPEBpallalH B NPO-
cTole aneTHaeHoBhle 3¢upbl u THO3pUpPH: CF3CHy—YR+R'Li—
—+R’—C=C—YR (Y=O0 uau S) [247].

0S, I, 191, 205, 209, 438; 11, 10, 17, 515; I, 125, 209, 270,
350, 506, 623, 731, 785; 1V, 128, 162, 398, 404, 555, 608, 616, 683,
711, 727, 748, 755, 763, 851, 969; V, 285, 467, 514, 921; 51, 115;
54, 97; 55, 12, 32, 86; 56, 49, 65, 107; 57, 41, 62, 65, 83, 117; 58,
68; 59, 10, 113; 60, 63; 61, 77. Cm Takxke: OS, 56, 118.

17-15. [lecudpozanrozenuposanue ayurearozenudos u cyroioearo-

eenudos.
R R

| |
R—C—C=0 — > R—C=C=0

]

H X

OGpabaTeiBasi allM/rajiOreHUAbB TPETHYHBIMH aMHHaMH, MOXHO
NOJYYHTh KeTeHHl. Peaklusi HaXOXMT LIMPOKOe NPHMEHeHHE, B Hee
BCTynaeT OGOJBUIMHCTBO alUJrajJoOreHuJoB, COAepKalluX B a-MO-
JIO3KeHHH aTOM BOAOPOAa, HO ecaH XOTsl 6bl omHa u3 rpynn R=H,
B KayecTBe INPOAYKTa peakUHU yHaeTcsl BHIAeJHTb TOJBKO HUMEP
KeTeHa, a He caM KeTeH. OpHako ecnn TpebGyeTcs BBECTH DeaKIH-
OHHOCNOCOOHBII KeTeH B PEaKLUHI0 C OlpelejeHHHIM COedHHEHHEM,
€ro MOKHO I'eHepHpOBaTh in situ B MPUCYTCTBHH 3TOr0 COENHHEHHS
[248].

PopcTBeHHOH peakuueill siBJsieTcsl B3aHMOJeHCTBHe TPETHYHBIX
aMMHOB C CcyJbdorajioreHuiaMH, coAepKalluMH a-BOfopoA. B stom
cJy4yae NepBOHayaJbHO 06pas3yloluics NPOAYKT NpeLCTaBJseT CO-
6011 BHICOKOpPEaKIIHOHHOCTIOCOOHBIH CynbdeH, ero HeJb3sl BHIAEHTD,
HO OH pearvpyer najee c OOpa3oBaHHMeM pPa3jHYHBIX NPOAYKTOB,

RCH,S0,Cl — [RCH=S0,] —> RCH=CHR + doyeue rpodynms
cyregoer

B YacTHOCTH aJkeHa, siBasiomerocss aumepom RCH [249]. 3gech
cyabdeH Takxe pearupyer in situ (cm., Hampumep, T. 2, peakuuIO
16-64).

OS, 1V, 560; V, 294, 877; 52, 36; 57, 117.
17-16. daumunuposanue u3 60paros.

I'napo-60paHTPUHI-2AUMHHHPOBAHHE

(R,CH—CH,),B + 3 I-deger — 3R,C=CH, + [CH,(CH,),CH,],B

Tpuankun6opaHsl MOXHO NOJAYyuuTb H3 oJjepuHoB u BH; (pe-
akuus 15-13). IIpun o6paboTKe o6pas3oBaBilerocsi 6opaHa APYTHM
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oseHHOM TIPOHUCXONHUT peakuus ob6MmeHa [250]. B pesysabrare ycra-
HaBJIMBaeTCsl pPaBHOBECHE, KOTOPOE MOXKHO CIBHHYTb (HCIOJB3YS
60/b1ION H3OLITOK oOJieHHA, HEOOGBYAfHO peaKIHMOHHOCIOCOOHBIH
ojeduH HAM osedHH c GoJiee BBICOKOH TeMIepaTypoH KHIEHHS)
B CTOPOHY 00pa3OBaHHsl HYKHOrO oJiepHHa, OTHEJNsEeMOro 3aTeM
neperoHkoil. Peakius npuMeHHMa AJS NOJIYYeHHS NPOAYKTOB, B KO-
TOpPBIX [BOHHAs CBfI3b CIBHHyTa B HaNpaBJeHUH, NPOTHBOIO-
JIOXKHOM TOMY, KOTOPOe peaJiudyeTcss NpH OOBIYHBIX MeTOJax H30-
Mepusanuu (1. 2, peakuus 12-2). drtoro HeJb3s AOCTHYL NMPH MPO-
croit o6paboTke GopaHa Tuna 42 ojepHHOM, TaK Kak IPH 3ITOM
JUMHHHpDOBaHHe cJjelyeT mpaBHjy 3alineBa: peakuus HIeT B Ha-
npaBJieHHH o00pa3oBaHUsl Hau6oJlee YCTOHYMBOrO oOJedHHa, TakK
YTO B KayecTBe NPOAYKTa HOJKHO oOpas3oBaThCsl coelnHeHHe 41,
a He 44. OpHako npu Heo6xoaumoctH 41 MOxHO npeBpaTHTb B 44
nyTeM npeBpallleHHs ero cHayaja B coeJHHeHHe 42, n3oMepH3alHU
42 u 43 (peakuus 18-13) u nocnenyiouero BBejeHus 43 B peakiuio

B B
7\ 7N\
41 42 43 4“4

o6MeHa ¢ BBICOKOKHMNSAIIUM 0Jie(pHHOM, Hampumep 1-nenenom; B pe-
3yJbTaTe 3TOH MOCJ/eL0BaTeNbHOCTH MpeBpalleHuH TOJTy4aeTcs: H30-
mep 44. C noMolpio 06bIYHOHA H30MepH3alMH, TAKOH, KAK peaKlHs
12-2 (1. 2), MOXHO TOJIbKO mpeBpaTuTh 44 B 41, HO He HAOG6OPOT.
Peakuuu 42—43 u 43—44 upyt npakTHYecKH Ge3 meperpymmupo-
BOK, BEPOATHO, 0 MeXaHH3My, O6pPaTHOMY MEeXaHH3My IPHCOEIH-
Henusi 6opanoB (1. 3, peakuus 15-13).

Ilokasano, 4TO 1/11 a/IKHHOB HMe€eT MEeCTO aHaJIOTHYHas peak-
M4, HO Heo6paTuMas [251]:

(R;CH—CH,);B + R’C=CR’ — 3R,C=CH, + (R'"CH=CR’);B

[Ipu o6paborke TpHaskuI60panoB (ocobeHHo B-ankua-9-BBH-
NPOM3BOJHBIX) GeH3aJbIeTHIOM IPOUCXONHUT OTIIEMJEHHe ONHONH M3
aJIKHJIbHBIX TPynn ¥ o6pasyeTcs osedun [252).

17-17. upoarus merarnroopeanuseckux coeOurenuii uenoUnbLx me-
TAAA08.

T'unpomeranio-anuMuHHPOBaHHe

[ |
—f—f— —4— —C=C— +LiH
H Li
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Ilpn HarpeBaHMH aJIKHJJIHTHEBBIX COEJHHEHHH, CcoxepXKallux
aToOM BOJOPOJA B P-NOJIOXKEHHH, MOXKHO NOJYYHTb TBEPAbIH THADPHIA
JuTHSL U oJedpun [253]. B cayuae 8TOP-GYTHIJIHTHS OpHEHTALHSA
JIBOMHOH CBSI3H NPOHCXOAMT IO npaBuJy 3afiueBa, xoTa o6paso-
BaHMe yuc-2-6yTeHa npeBasHpyeT Hajn o6GpasoBaHHeM TPAHC-HU30-
Mepa [254]. Peakuuio NpoBOAHJIH TaKXe C aJKHIHATPHEBHIMH H
aJIKHJIKAJHEeBEIMH coenuHeHussMu [255]. Peaxkrtupwml I'punbsapa paior
oNledHHBl NPH TEPMHUYECKOM pasJIOXXEHHH B HeCOJbBaTHDPYIOIIHX
pacTBOPHUTEJSAX, HanmpuMep B KyMoJje [256]. AJIKeHB mOJydeHbI
rakxe u3 RLi 1 RMgX B pacrsope noz aefictBuem stunena u NiCly
H HeKOTOpHX Apyrux pearedtoB [257]. Ormennenne H u HgCl or
B-HUTPpOMepKypraJoreHuoB [258] (mosyyaeMblXx HHTPOMEPKYPHPO-
BaHHeM, cM. T. 3, peakuuio 15-8) mpusoaut K HuTpoaskeHaM. Cuu-
TaeTcs, YTO pPeakKUHsl HAeT IO MepHUIMKJIHUECKOMY MeXaHH3MY yepes
YeTHIPEXUEHTPOBOE NepexoaHoe cocTossHHe (MexaHusMm E;) [259].

17-18. Hezudpoyuanuposanue.
l‘ml,po-uuano-aammnnnponaﬂue

-

' . BuOK
T g O ONRs

H CN

O6paGoTKo#i a-LHaHO3aMeleHHbIX TpeTHuHhx aMmuHoB KOH
unu Tper-BuOK B kunsiieM GeH3oJie HJH TOJyoJie HJIH IPH KOM-
HaTHOH Temneparype B Tper-GYTHIMETHJIOBOM 3()HPE MOXKHO IOJY-
YHTb eHaMuHH [260].

17-19. [exapboruruposarue ayurzarozenudos.

T'uppo-xaopodopMuI-3aHMIHEPOBAHHE

RCH;CH,COCI + RhCI(Ph;P), —> RCH=CH, + HCI + RhCICO(Ph;P),

AununxnopuaH, cofepiKalliie aTOM BOAOPONA B O-NOJIOKEHHH,
FJIafiKo nmpespalaprcs B odedunsl ¢ noteper HCl u CO; peaknuio
MPOBOASIT NPU HArpeBaHHM B INPHCYTCTBHH XJOPOTPHC (TpHUDeHHJ-
docouH) poaus, MeTalIHYECKOR MJIATHHE HAH HEKOTOPHIX JPYTHX
KaTa/u3aTopoB [261]. MexaHu3M, NO-BHAMMOMY, BKJIOYaeT NpeBpa-
mwenve RCH2CH,COCI B RCH,CH;—RhCO (Ph3P):Cl,, nociae uero
CJleflyeT corjiacoBaHHoe cux-snuMHHHpoBaHHe Rh u H [262]. Cwm.
Takxe peakuuu 14-40 (t. 3) u 19-13.
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17-20. Ob6parnasn peaxyus Muxasas.

I'uppo-6uc(3TOKCHKAPGOHHI ) METHI-9JIMMHHHPOBAHHE M T. 4.

ocKas-

[
Z_CH_C_C_’Z" ——— Z—CH:—Z’ + —(l:=t|:—-z”
I l Hue

’

IMpu pacwenniennn agxykToB Muxasis nop HAeACTBHEM OCHO-
BaHH# Moryt o6pasoBeiBaThbcsl onepuubl. (Cm. 1. 3, peaknuio 15-17
u onpenesenne Z B pasji. 15.2.) B Hekorophix ciayyasix paciienie-
HHe NPOHUCXOAMUT NPOCTO NPH HArpeBaHHH B OTCYTCTBHE OCHOBHOTO
KaTaJjusaropa.

b. Peakyuu, )
8 KOTOPbIX HU OOUH U3 YX00AUUX ATOMOB
He ssasercs 8000podom

17-21. [le3oKcucenuposanue suyunasoholx 0U0A08.

JIMrUApOKCH-2JIHMHHUPOBAHUE

[ ]

BununajbHEIE AMOJMB MOXKHO HE30KCHI'€HHPOBAThH NyTeM o6pa-
6OTKH AMIHTHHANAJKOKCHAA rajoreHunoM Boabdpama KeWClg nin
HEKOTOPHIMH JADYTMMH BOJb(QPaMOBBIMH peareHTaMH B KHIAIEM
TI'® [263]. HawuGosee ObicTpo pearupyior TeTpasaMelleHHbHIE
aunoanl. [Tpouecc riaBHBIM 06pa3oM, HO He B LEJOM HpPEACTaBJseT
co6oil cun-snuMuHupoBanHe. ONMHCAHO HECKOJNBKO APYTHX METOJOB,
IPH KOTOPBHIX OCYILECTBJSIETCS] NPSMOe Ae30KCHreHHPOBaHHe JHOJa
6e3 mpeABapHTEJbHOrO NPEBPAllleHHs] ero B aJKOKCHA. B stHX Me-
TOZAX NPHUMEHSIOT MeTaJunyeckuii THTaH [264], Me;SiCl—Nal
[265], PhsP—umupnaszon—I; B Toayose [266], PBrs—CuBr—adup
NpH NOHMXKEHHBIX TeMIepaTypax, mocje yero ciaeiayeT o6paboTka
HOPOINKOOGPa3HEIM HMUHKOM [267].

BuunHanbHEle AHOJNB MOXKHO TaKXke [Ae30KCHreHHPOBAaTb KOC-
BEHHBIM NyTeM yepe3 NMPOHU3BOAHbLIE CIOXKHHX 3(DHPOB CYJIb(HOHOBBIX
kucjor. Tak, suy-guMeswJaThl H 6uUYy-ZUTO3UJATH IpeBpallajH
B aJiKeHH npu o6paGoTke Hadraaun-narpuem [268] n.Nal B IMP
[269] coorBercTBenHO. Ilo apyro#i MeToxwke AHOJBI HpeBpallafu
B OucauruokapboHaThl (GHCKCAaHTOT€HATH), KOTOpPHeE NOX JefcT-
BHEM TpPH-H-GYTHJICTAaHHAHA B TOJyoJle WU GeH30Jie NpeTeprneBaioT
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9JIAMHHHPOBaHNe (BEpOSITHO, MO CBOGOAHOPAAHKaJbHOMY MeXa-
uusmy) [270]:

DD W D .

I
OH OH Mes—lcl—(') ‘(I)—(HJ——SMe

8uy-JInosbl MOXKHO AETHAPHPOBATH TaK¥Ke uepe3 HX LHKIHIECKHE
npousBoxHbie (peakuus 17-22).
2-En-1,4-guoan moj peficrBueM TiCls u LiAlH, nperepneBaioT

| ,
1,4-snumunnposanne [271: HO—C—C=C—C—OH—+—C=C—
-

|
L]
—C=C—.

17-22. Pacwennenue yuxau4eckux TUOHOKAPOOHATOS.

| Ll
_Ic__c— + P(OMe), —*— —C=C— + S=P(OMe), + CO,

Iluknnueckne THOHOKap6OHATH 45 MOXHO pacCUeNHTb 10 OJie-
¢unos (peaxyus Kopu — Yuurepa) [272] marpeBaHHeM C TpHMeE-
taadpochuToM [273] MM LPYrMMH COeJHHEHHSIMH TPEXBaJIEHTHOrO
docdopa [274], a Takke nyrem oGpaboTkH Guc(l,5-muKIOOKTaLH-
eH)HukeseM [275]. TuOHOKapGOHATH MOJYYaOT NPH B3auMojeficT-
Bun 1,2-n1mosoB ¢ THOOCTeHOM H 4-AMMETHJIaMHHONHPHIHHOM
(OIMAIT) [276]:

|
—C—C—+ a—c—a AmAn

45
(gH OH S

3pech Beerna HaGJIoJaercsl CUH-ZIHMHHHDOBAHHE, TaK 4TO BO3MO-
JKeH CTepHUYECKHH KOHTpPOJb NMPOAYKTa. TakuM NyTeM MOXKHO C BHI-
COKHM BBIXOJIOM HOJIYYHTbH OJie(HHBH, 06pasoBaHHe KOTOPHIX He SB-
JsIeTCsL  CTEPHYECKH BHIrogHbIM, Hampumep yuc-PhCH,CH=
=CHCH,Ph [277]. B ajkeHH MOXHO NpEBPaTHTb H HEKOTOPHE
JIpyTHe MOSTHWIEHHBIE LHUKJIHYeCKHe NPOH3BOXHHE 1,2-nuosioB [278]

3  3axas N 1155
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17-23. IIpespaujerue anoxcudos 8 oreureL.

! ||
—C—C— + Php —> —C=C— + PhPO
o

DnoKcuab MOXKHO IPeBPaTHTh B oneduHH [279] mox nefictBHeM
Tpudenuadocduna [280] uau tpustuadochura P (OEt)s [281]. Ilep-
Bas CTafiusl MEXaHH3Ma 3aKJI0YaeTcsd B HYKJIEO(DUJIbHOM 3aMelle-
HuH (T. 2, peakuus 10-51), mocse yero cjefyeT 3JHMHHUPOBaHHE
U3 YeTBIPEXUJEHHOrO NepeXoRHOro coctosHus. [TockoJbKy 3amelie-
HHe CONPOBOXKAAeTcsi HHBepCHeH, B L|eJIOM HpollecC SBJSETCS aH-
TU-3IHMUHMPOBaHHEM; TakK, ecad Ase rpynnsl, A u C, B amokcufe
HaXOMHJIUCh B YUG-TIOJIOXEHUH, B OJiehHHE OHH OKaXKYTCS B TPAHC-
TMOJIOXKEHHHU:

~C ® D
PhP )\ Ph,P~_C ® A D
A7 ——  af T AP =
o o B ¢
B B0 B >~o0 Co-
Bermaun

MoxHo Takxke oO6pa6oTaTh 3MOKCHA JHTHAAH(EHUIDOCHUIOM
PhyPLi, a 3aTeM NoJy4YeHHBI NPOLYKT BBECTH B PEAKUHIO C Me-
THJIMOAUAOM M IOJYUYHTh UETBEPTHUHOE coexuHeHue [282]. Ipyro#
MeToJ NOoJyuyeHHs GeTauHa, a OTCIOZA U oJedHHA OCHOBAH Ha pe-
akuun Burrura (T. 3, peakuus 16-47). OuiepuHB MOJMYYarOT INPU
B3aHMOMNEHCTBHH SMOKCHIOB CO MHOTHMH peareHTaMH, B HX 4YHCJe
[283] Li B TT'® [284], TsOH u Nal [285], TpUMEeTHUJICHIHIHOLUL
[286], numerunmnasomamonar [286a], 3-MeTHJ-2-CeseHOKCOGEH30-
tHasoan [287], Pl; [288], P.ls [289], ankunmapraHuesbie CoeJHHEHHS
[289a], Fe(CO)s [290], maTpuii (nukmonentanuenu)peppar. [292],
TiCls—LiAlH, [293], FeCls—BuLi [294], BosbdpaMoBbe peareHTs,
YNOMHHaABUIMECS NIPH PaccMOTpeHHH peaxmuu 17-21 [263], Nal—
NaOAc—Zn—AcOH [295]. Ilocnenuuii metox MmO CYLIECTBY $iB-
JsieTcsl BapHaHTOM peakuuu 17-31, Tak Kak B KauecTBe HHTEpMe-
Iuata obpasyercs HojgoruapHH. HekoTopele H3 NpUBENEHHBIX pe-
aKHMH OCYLIECTBJISIOTCS MO MyTH CUH-2JIUMHHHPOBAHHUS. ’

17-24. Ilpespaujerue anucyropudos 8 oreunet.

Iy [
—C—€— + PO, — —C=C—+ S=P(OE),

OnucyabOUAE MOXHO NPEBPaTHTh B OJMedGHHBI MO peaKiHH,
BHELIHe aHaJIOTHYHOH peakuMu 17-23 [297]. OxHako B HaHHOM CiIy-
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yae 3JMMHHHPOBAHHME INPeACTaBjsieT cob6oil CuUH-Tpouecc, TaK YTO
MeXaHH3M He MO)KeT ObITh TaKHM XKe, Kak B peakuuu 17-23. ®oc-
¢uT arakyer He aToM yriepoja, a aToM cepH. B kauecTBe pea-
FeHTOB HCIIOJIB3YIOTCS, B YacCTHOCTH, (eHumanuTHH, BusSnH [298],
P.l, [298], amoMoruapun sautus [299] (xoTophlii ¢ 3MOKCHAAMH Be-
neT ce6Gsi COBepLIEHHO HHaye, yeM C JAPYTHMH cy6cTpaTaMH, CM.
T. 2, peakuuio 10-81) u metuamoaun (300]. dnucyabdoxkcuas npe-
BpalaoTcs B oJieHHBl H MOHOOKCHJ CepHl IPOCTO NPH Harpesa-
Hum [301].

17-25. Peaxyus Pambepea — Baxaynoa.

'
R—CH,—so,—cl:H—R+0H~ —— R—C=C—R
a

Peakuusi a-rajoreHocynbpoHa ¢ OCHOBaHHEM, NPHBOASAILAS
K oJledQHHY, HOCHT Ha3BaHHe peakxyuu Pambepza — Baxaynda [302].
HecMoTpsi Ha TO YTO o-rajiOreHoCy/ab(HOoHH HepeaKUHOHHOCIOCOGHEL
B OOblyHHX peaknusix Sn2 (1. 2, pasa. 10.11), pas a-rajnoreHo-
cynb(hOHOB, COZEpKAIHX aTOM BOJAOPOJa B o’-MOJOXKEHHH, pac-
CMaTpHBaeMasi peakLUHs HOCHT OOMIHE Xxapakrep. Peakunonnas
CIIOCOGHOCTh raJsioreHoB yMeHbliaercsi B psaay 1>Br>>Cl. Peakuuio
NPOBOAMJH B YycaoBHAX MexpasHoro katanusa [303]. IIpomykTh
peakIHH NpeACTaBJASAIOT cO60f CMeChb yuc- H TPAHC-H30MEPOB, HO
00bIYHO mpeoGJiafaeT MeHee YCTOHUHMBHIH yuc-usomep. MexaHusMm
peakluu BKJIOYaeT o6pa3oBaHHe 3MHCYJb()OHA M MOCJAeAylollee
saumuHupoBaHHe SO, VMeeTcss MHOXKeCTBO JaHHBIX, CBHIAETEb-

R—CH, CH—R -2 gp eé‘:i\‘cu—-n R—CH—CH—R RCH=CHR
—CH, - —_ —> R—CH—CH —R —— =
S N pd
\s6, a1 56, vt 5o, %
2

CTBYIOLIMX B NOJB3y AaHHoro Mexanusma [304]. Tak, snucynbdoHsl,
noJiyyeHHble He3aBHCHMO, B YCJOBHSX PEaKUHH MHAIOT OJie(HHHI,
a He COOTBETCTBYIOIIHE o-rajoreHocynibdonsl [305]. CuHTe3npoBaH-
HEe JPYrHMH cnoco6aMM snHCyJAbGOHH (HampHMep, peakuuei
16-64, T. 2) aBAAIOTCS HOBOJBHO YCTOHUHBHIMH COEAMHEHHSIMH, HO
OpH HarpeBaHHH HJM HOPH 06paGOTKe OCHOBAHHSIMH OHH OTIIEM-
asior  SO,, naBasi ogeduHe. CpaBHeHHe peaKIHOHHOM CNOCOG6-
Hoctu PhCHSO,CH.OTs u PhCH;SO,CH;Cl mnokassiBaer, yro
TO3HMJIAT pearupyeT HaMHOro MeJJjeHHee, ueM xJopunx [306], He-
cMoTpsl Ha ToT (pakT, yro OTs siBasieTcss OGBIYHO HAMHOTO JYYLIHM
HykJaeodyrom (1. 2, pasx. 10.13).
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Ilpy BBeleHUH B peak[HI0O HEHACHIIIEHHBIX GpoMocyab(OHOB
RCH;CH=CHSO,CHyBr (momyuaemebix peakuueii BrCHySO.Br
¢ RCH;CH=CH; c¢ mnocienyoieii 06pab0oTKoil TpHITHIaMHHOM)
C BBIXOJAMH OT YMEpDeHHBIX OO0 XOPOWIMX MOJYdYaloTCsi IHEHH
RCH=CHCH=CH; [307].

AnanoruuneiM o6Gpasom 2,5-aurugporuoden-1,l-guokcuast (46)
¥ 2,7-puruaporuenuu-1,1-nuokcunsl (47) mperepnesaior 1,4- u 1,6-
3JMMHMHHPOBaHHE COOTBETCTBEHHO (CM. TaKkKe peakuuio 17-51).

= .. M\ O_A_.—
46 47

OGe peakuuu HAYT MO COTVIACOBAHHOMY MEXaHH3MY; B COOTBETCT-
BHH ¢ NpaBuJaMu opOutaibHOM cHMMeTpHH (T. 3, OomHCaHUe peax-
unH 15-47) nepBas peakuus [308] mpepcrasisier co6oit cymparmo-
BepPXHOCTHHH, a BTopasi [309] — aHTapamoBepXHOCTHBIH mpolEecC.
OTu mpaBuJa InpeicKashBalOT TaKxke, 4TO0 auMHHHpOBaHHEe SO,
H3 3NHUCYJb()OHOB HE MOXKET NMPOHUCXOAHTH IO COIVIACOBAHHOMY Me-
XaHM3My (NOCKOJIbKY aHTapamoBEPXHOCTHBIH Ipouecc HeBepOosTeH
JJIs1 TAKOrO IMKJA); UMEIOTCS SKCIEPUMEHTaJsbHble AaHHbIE, MOKa-
SbIBalolllMe, 4TO peakuusl AEHCTBHTENbHO MAET HECOIIaCOBAHHEIM
nytem [310]. daumunuposanne SO, us coenuneHuit 46 u 47 cayxuT
npuMepom xeaerponrsix peaxyuti [311]. Mx onpenensiioT Kak peax-
I[HH, B KOTOPHIX [Be O-CBSA3H, HAYILIHE K OLHOMY aTOMy (B ZaHHOM
E:Jllyztiae K aTOMy cephl), 06pasyloTcsi U pa3phHIBAlOTCs COTJIaCOBAHHO
312].

a,a-Iluxnopo6ensuncyaodonsl (48) mnom nefictBHeM H3GBITKA
TaKOTr0 OCHOBAHHS, KaK TPHATHJIEHAMAMHH B AMMETHJCYJIbDOKCHLE,
IpH KOMHAaTHOH TeMmmepaTtype pnaioT 2,3-guapuiatuupen-l,1-auok-
cunnl (49), xoropble MOXHO BBAeMMTH [313]. Tepmuueckoe pasio-
xeHue 49 mpuBoauT K ankuHaM 50 [314]. o,o-Iuxa0po6eH3UICYIb-
¢unst ArCH,SCCloAr MoxHO mpeBpaTuTh B 50 mpH 06paGoTke TPH-
denuncdocpunom u rper-BuOK B TI'® [315].

1 , Me, S SO
AICH,SO,CCLAr 775 M /N 8, prc=car

Peaknus TtHna peakuun PamGepra — BakiayHma npoBomusach
¢ a-ranorerocynbdusamu ArCHCISCHqAr, KoTOpHE HpH B3aHMO-
npeficreun ¢ Tper-BuOK u PPhs B kunsimem TerparuapodypaHe
Aaior ankedsl ArCH=CHAr [316). AnasoruuseiM 06pasoM o-6po-
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mokeToHH Ro;CBrCOCHR; npu o6pa6oTke ocHOBaHHeM H NEPOKCH-
noMm Bogpopona aawT onepunsl R;C=CR; [317]. B kauecTBe HHTep-
MenuaTta B 3TOH peakuuu o6pasyeTcs LUKJIONPONAHOH (CM. mepe-
rpynnuposky ®Pasopckoro, peakuusi 18-8), koropmii Tepser CO
npu B3aumogeiictsuu ¢ HpOo.

Peakuuio Pambepra — BakayHja MOXHO paccMaTpHBaTh Kak
npuHajiexallyio K Ipynne peakuuii skcTpysuu (cMm. pasp. 17.20).

0S, V, 877; 50, 43, 65.

17-26. Ilpespaujerue a3upudurnos 8 osedurot.

_l;)_ [ ]
+ HONO — —C=C— + N,0 + H,0

|
H

HesaMmemeHnHble no a30Ty a3UpPHAMHBL NOJ AeHCTBHEM a30THC-
TOH KHCJOTH jaioT oneduns [318]. B kayecTBe nnTepMenuara o6pa-
3yeTcsi HHTpo3ocoenuHeHue (T. 2, peakuus 12-50); nomoGHBE HH-
TepMeAHaTH, BO3HHKaloIIHe MOX neficTBHEM JPYrHX peareHTOB,
TaKxe IpeBpaIlaioTcs B ojeduHH. Peakuus crepeocnenucuyHa:
U3 Yuc-a3uPUAMHOB MOJYYAIOTCH Yuc-oJeUHB, a U3 TPAHC-a3HUPH-
IHHOB — Tpanc-ofedunsl [319]. N-AaxuinzaMelleHHble a3HPHIMHEL
MOXHO NPEeBPaTHTb B OJedHHE 06paGoTKOH HX HOLHIOM XKe-
Jqe3a(II) [320]. mau m-xnopomepGensoiinoi kucaorodt [321]. B mo-
ClIefHEeM clydae MHTEPMEIHATOM SIBJISIE€TCS, MO-BHAHMOMY, COOTBET-
cryromuit N-okcun (peaxkuusi 19-29).

17-27. IIpespaujenue BuyurasbHoLx OUHUTPOCOCOUHEHUL 8 OAe-
unet.

JIVMHUTPO-2JIHMHUHHPOBAHHE

TR rY
R—C—C—R =™, R C=C—R
NO, NO,

ITox neficTBmeM aMaJbraMHPOBAaHHOI'O KaJjlblHsl TeTpas3aMelleH-
Hble 8UY-ITHHATPOCOEAMHEHHUS NpeBpalaoTcs B odedunn [322]. Ha-
Jauune QyHkuuoHaapHBIX rpynm, HanpuMep CN u COOR, He BansieT
Ha peakuuio. [l peakIHH HCIOJb30BAJHCh M JPyrue peareHTH,
B TOM uucje cyabtdup Hatpus B JIM® [323], BusSnH [324], SnCl,
[325]. TTo-BHAMMOMY, BO BCeX CAydasX peakuusi HAEeT 10 HOH-paiH-
KaJbHOMY MexaHu3My. McxonHble 8uy-IHHHTPOCOECIHHEHHS MOKHO
NOJNYYHTh peakuuell o-o-IHMHHTPOCOEIHHEHHH C COJISIMH HHTPOAJKa-
HOB (T. 2, onncanue peakuuu 10-96).
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17-28. Ipespawerue Ousudpasonos 8 AAKUHbL.
).'I,urup,pasouo-p.us.numuﬂuponauue

R_ﬁ ﬁ—k’ H90 , R—C=C—KR
NNH

» NNH,

Iox neiicruem HgO, Agy0, CuCly—O;—nupuanH M HEKOTO-
PHIX JIPYrHX peareHToB 1,2-IUrHAPA30HB MOTYT TepATb 2 MOJA
asoTa ¢ o6pasopaHHeM ankuHOB. I'pynnel R m R’ moryr GHTH Kak
aJKHJbHBIMH, TaK H apuibHBIMH. C NMOMOILIbIO 3TOH PeakUHH OblIH
NOJIyYeHH BBICOKOHANpSIXKeHHble CeMH- H BOCbMHYJIEHHBIE IHKJIO-
ajxkuHbl (cM. T. 1, pasm. 4.25), a TakXKe UHKJIOAJKHHB GOJBUIAX
pa3mepos [326].

0OS. 1V, 377. Cm. takxke: OS, 55, 73.

17-29. [lezarozenuposanue BuyUHANbHOLX Ou2aA02eHUO0S.

JuranoreHo-saumMuHupoBanue [327]
|1 n ||
_(,:_(,:— —= s _C=C—
X X
dra peakuus NpoOBOAHJACH NOJ JAeHCTBHEM MHOTHX peareHTos,
yalle BCEro HCNOJAb3yeTcs LHHK, MarHuii H Homua-Hom ([327a],
pexe — penunnutui, enunrugpasuy, xjaopup xpoma (II), nadra-
aun-HaTpuit [328], Na—NH; [329], Na,S B IM® [330] u amomo-
rugpus autug [331]. Peanusi maet xopolllne BHIXOABI, HO C CHHTe-
THYECKOH TOUYKH 3pEHHs OHa He CJHUIKOM BHIOJHA, TaK Kak
HCXOMHBIE 8UY-AUraJIOTEHUAB NMPHXOAUTCA NOJYy4YaTh MyTeM IpHCOe-
IMHEeHHs] rajoreHa K ABOHHOH cBsisu (T. 3, peakuus 15-27). On-
HaKO ee IPEHMYIIECTBO COCTOMT B TOM, YTO NOAOXCEHUe IBOWHOM
CBSI3H B NPOAYKTe 3apaHee TOYHO H3BecTHOo. Hampumep, H3 coenn-
nenuft THna X—C—CXy;—C—X unn X—C—CX=C MOXHO moJjy-
YHTh aJIJIeHbl, KOTOPble TPYAHOXOCTYNHB APYTHMH Meroiamu [332].
Ilyrem 1,4-3MMHHHPOBAHHS OBIIH MOJYYEHB KYyMYJIEHbI:

Peakiyio MOXHO NPOBOAUTbL C COeIHHEHHSIMH, COAEPKAIMMH Trajo-
reHbl B JI060f KOMOHHAIMH, KPOMEe COENHHEHHH, B KOTOPHIX OZHHM
H3 3aMecTHTesell siBjseTcss ¢rop. MexaHH3M peakLHM CJOXKEH H
3aBHCHT OT peareHTa H ycJioBHil peakuuu [334]. Tak, Ajasi pasHBIX.
clyyaeB MNpeanoJiarajuch MeXaHH3Mbl, BK/i04aiollve o6pa3oBaHHe
Kap60KaTHOHOB, KapOaHHOHOB, CBOGOJAHBIX DaJHKaJOB B KauecTse
HHTEPMEJHAaTOB, a TaKKe COTrJIaCOBaHHblEé MeXaHH3MHl. DBhljo Hail-
JeHo, uTo peakuus c I~ crepeocmenvdHyHa H NMPOHCXOAHT C QHTU-
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opueHranueii (pasm. 17.1), mosToMy HJisl Hee NOCTYJHpPOBaJcs Me-
xaunsm E2. Ognako Gosee no3muue paGothl [335] mokasbiBaloT, 4TO
peakuus He Bcerga crepeocnenv(puyHa B OTHOIUEHHH GHTU-ODHEH-
Talli¥ U MeXaHH3M ee OoJjee cIOXKHBIH. IIpH HCHOJL30BaHHH B Ka-
YyeCcTBe peareHTa LMHKAa B OJHHX CJyYasiXx peakUHusi XapaKTepu3y-
eTcsa auru-crepeocnenuduunocteio [336], a B apyrux Her [337]

0OS, 111, 526, 531; IV, 195, 268; V, 22, 255, 393, 901; 50 21.
Cwm. rakxe: OS, 1V, 877 914 964,

17-30. [decarozenuposarnue o.-ear02enoayunrearo2eHudos.

i i
I

R—C—C=0 —%—» R—C=C=0
I
X X

JerasoreHUpoBaHUEM @-TaJIOT€HOANMJITAJIOTEHHI0OB IO HefcT-
BHeM LMHKA HJH TpHeHHADOochHHA MOXKHO NOJNYUYHTh KeTeHbl [338];
npouecc aHajoruueH peakuuu 17-2. Xopouue pe3y/ibTaThl OGBIYHO
noJiyyaorcs, eciu ob6e Tpynnmbl R apujbHble HJIM aJKUJbHBIE, HO
HH OJHA M3 HHX He sBJseTcs BogopoaoM [339].

OS, 1V, 348.

17-31. Saumunuposarnue zanrozeHa u zeTepoepynnbl.
Anxoxcu-ranoreno-anummmposanue
|| |
—C—C— —&—» —C=C-—
[
X OR
daumunupoBanne OR W rajoreHa M3 NPOCTHIX P-rajoreHosdu-
POB HOCHT Ha3BaHHe pearyuu Boopda. Peakuui0 MOXKHO NPOBOAMTH

C IHHKOM, MAarHHe€eM HJIH HaTpHEM. Brixonsl BHICOKHE, H peakuusa
HaXOAUT IIHPOKOE IIDHMEHCHHE. B-FauoreﬂoaueTann JIETKO JaioT

l ||
BHHHJIOBble 3(HUPHL: X—(IZ—C(OR)2—+—C=C—OR. ITomumo B-
rajoreHo3(HpoB, B peaKUHIO BCTYNAalOT COeJHHeHHs obued ¢op-
myan X—C—C—Z, rne X —rajgoren, a Z— OCOR, OTs [340],

NR; [341] uau SR [342]. Poapr 3aMecTuTe/]II MOXKET TaKiKe BHINOJ-
HaTh rpynna OH, Ho Torma maGop X orpanuueH rpynnamu Br u I.
ITogo6Ho peakuum 17-29, 3TOT METOX rapaHTHpPyeT ompelesieHHOe
N0JIOXKeHHe NBOHHOMN CBsA3H B oGpasywouiemcs npoxrykre. Ilonyuenne
peakTHBOB ['pDHHBSIpAa M3 3THX COEXMHEHHMH OTPaHHYEHO, NOCKOJIbKY
MarHufi BBI3BIBae€T 3JHMHHHPOBaHHe. DHJIO mOKasaHO, 4YTO NpH
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06pab0TKe MPOCTHIX H CJOKHHX B-raJlOréHo3(pHPOB UHHKOM JIHMH-
HHpOBaHHe Hecrepeocnenuduuno [343], Tak uyTo peakuus HAET NO
MexaHusMy, oTauyHoMy ot EZ2. BrickasbiBaJoch NpeanoJioXeHHe
o MexanusMe ElcB Ha ocHoBanHH caa6ofi cnocoGHocTH rpymn OR
u OCOR 6uTb yxomsmumu rpynmamu. ITox peficrBuem LiAlH,—
TiCl; G6pOMOTHADHHBE IpeBpallalOTCA B OJEGUHBl C BHICOKHM
BEIXOZOM (snuMunupoBanne Br u OH) [344].
0S, 111, 698; 1V, 748; 55, 62.

17-32. Pacujenienue p-zudpoxcucyavpudos, B-zudpoxcucesenudos
u poOcTeeHHblx coedunerud.
I‘unpoxcn-auxumno-snnmnHuponaﬂue H T I

!
I S YR S A

_(|: C— i Pl
OH R

B-I'uppokcHCcybGHAB MOXHO NPEeBpPaTHTh B aJKeHH moj Hefi-
ctBueM Poly, PI; nan (7151 mosiyyeHusi TeTpasaMelleHHBIX aJIKEHOB)
SOCI; [345]. Onucano HcnoJib30BaHME H APYrHX peareHToB [346].
Jns aunajoruyHofl peakiuH P-THIPOKCHCENEHHAOB HCIOJb3YIOT
SOCl; uau MeSO.Cl u Et3N [347], a Takxe Me3SiCl [348]. Ilpu
paccMoTpennu peakuun 16-42 (1. 3) ormeuajoch, 4TO B-FHAPOKCH-
Cyab(pUHAMHAB IPH HarpeBaHHH MPETEPHEBAIOT CUH-IJIHMHHHPO-
BaHue [349].

CoenuHeHHsi ¢ TPOHHOH CBSI3bI0 MOXKHO IOJYYHTH 3JIHMHHHPO-
BaHHeM H3 B-KeTocyab(}OHOB; IJsi 5TOi LeJH HX CHayaJa IpeBpa-
maioT B pochopunate eHosoB 51, mocje uero mocsaegHHe ob6paba-
THIBAIOT HaTpHeM B XuakoM aMMmuake [350] man Na—Hg B cmecn
TI'® — Me.SO [351].

-—(I:H—(":—- — —.c|=(l:— Lo C=C—
RSO, O. RSO, OPO(OE),
51

17.16. Peaxuuu ¢parMeHrauun

Ecau npu sJHMHHHDOBAHHH YXOAsIIEH IPYNIOR sIBJAseTcS IO-
JIOXKHTEJbHO 3apsiKeHHBIH YIyepof, peaKLUHIO Ha3HIBAIOT (hpasmer-
rayued [352]. Tako#t mpoumecc xapakTepeH IJisi CyGCTPaTOB OGIuei

popmynst W—C—C—X, rae X — oGbluHBIfi Hykaeodyr (Hanmpu-

mep, rajaoren, OHy*, OTs, NRs* u 1. n.), a W — asnekrpodyr, co-
HepXKallHi MOJOXHTEJbHO 3apskKeHHBI yraepox. Yame Bcero
B KauectBe W ¢urypupyor rpynnt HO—C— uimu RoN—C—,
B KOTOPHIX IOJIOXKHTEJbHHIH 3apsi Ha aToMe yriepoja CTaGHJIH-
3HPOBaH HENOJEJIEeHHOH 3JIEKTPOHHOH Nmapofi KHCJOpPOJa MM asoTa:
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' I ® | [
H—Q—C—QP—?—G’( _— H—Q=¢l: + (l:=? + X

Kak npaBuio, peakuus ujer mo Mexanusmy El1 mam E2. Pac-
CMOTDHUM JIHLIL HECKOJIBKO NMPHMEPOB peakiHil pparMeHTallu; XOTH
BO3MOXHO GOJIbILIOE YHCJIO TAaKHX peaKuuH, H3yueHH OHH HEHOCTa-
tToyHo. Peakuuu ¢ 17-33 nmo 17-39 u 17-41 MOXHO paccMaTpHBAaTh
Kak ¢parmeHTanuo. CM. Takxe peakuud 19-13 u 19-14.

17-33. Dpaemenrayus vy-pa3seTsAeHHbIX CRUPTO8 U 2aA02eHUA08.
AJIKH.)‘l-l‘aJlOl‘eHO-aJlHMHHH])OBaHHe

R R R R
l @ ! _
i N A
R R R R

[Ipu conbBoNN3e G- U y-Pa3BeTBIEHHHX AJKHJTAJOTEHHIOB MO-
XKeT HabaofaTbes (parMeHTanuss ¢ o6pasoBaHHeM oJedpHHAa H
Kap6oKaTHOHa. B 8aBHCHMOCTH OT yciaoBHA KapGOKAaTHOH HOJBEp-
raeTcs pajiee 3JHMHHHPOBAaHHMIO MM 3aMelleHHIo. Peaknus uper
no mexaHusmy El, nepBasi crasus KOTOpPOro 3akJIO4aeTcsi B HOHH-
3alMH TaJIOTeHHAa HJIH NPOTOHHPOBAHHOro cmupra. Haue rosops,

D
KapGokaTHOHBl o6meli popmynsi RsC—C—CR, Jerye TepsioT oT-

HOCHTeJBHO ycroHuuBHE HOH R3Ct, uem H+t. Kak u cjaenosato
OXHJaTh AJIsT Me€XaHH3Ma c o6pa3oBaHHeM KapGoKaTHOHa, 10j06-
Hble. peaKUHH (parMeHTaUHH HauGojee XapaKTEPHH AJs TPeTHY-
HBIX CYGCTPaToB, B MeHbIUeH CTEeNeHH — [Jisi BTOPHUHBIX H NPAKTH-
YeCKH COBCeM He HalJiofaloTcs AJA [EePBHYHBIX cy6CTPaToB, JaxKe
NIpH HaJHMYHM B HHUX Yy-pa3BeTBiieHHA. boJsee rtoro, ¢parmenranus
He BCerja IPOHCXOAMT H ¢, Ka3ajoch OBl, MOAXONAIUUMH IJ51 STOMH
LeJjH cyéerpaTaMu.

17-34. Dpazmenrayusn y-amuno u y-eudporcuzarozenudos.
,llua.nxmlamnnoa.nxu.n-ranoreuo-a.numuﬂnposanue H T. I

R’ R
|1 Ho || @ | |
BRI S g g — oy
R’ A R
y R R

Pl I
Ho—c':—ciz—-tl:—x ~OH" o=<': + <|:=$ +X~
R ‘ R
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[Tpu HarpeBaHHH C BOJOH y-AHAJKHIaMHHOTraJIOT€HHIbI OJBEP-
raioTcs (parMeHTanuy, faBas ojJedHH H HMHHHEBYIO COJIb, KOTOpast
B YCJOBHSIX PeakUHH THIPOJH3YeTCs [0 aJbJerujia HJIH KETOHa
(t. 3, peakuus 16-2) [354]. y-I'mapokcurajoreHuibl H y-FHAPOKCH-
TOSHJIATH (DPAarMEHTHPYIOT NOX AeficCTBHeM OCHOBaHHMH. B aTom ciy-
yae poJib OCHOBaHHMS HHas, 4eM B peakKlMsX 3SJHMHHHPOBAHHS;
3/leCb OHO CJYXKHT JJisi OTpeIBa nmpoToHa oT rpynmel OH, 4rto cmo-
co6cTByer GoJiee JIETKOMY OTHAEJEHHIO yriaepoicojepKauled yxo-
Isile# Tpynms:

‘R R R

| oo | LI o I
HO—C—?-——C—X — 0—C—C—C—X — I0—C—C—C — 0=C + C=C
I T ] [T ] BRE

R R R

Peakuun yacro uayt mo Mexanuamy El, npuuem noGouHble peak-
IHH TakKHe Xe, Kak B peakuun 17-33. OxHako B HEKOTOPHIX CJay-
yasx Habmaogaercs mexanusm E2 [355]. Ilokasano, uTo cTepeouso-
Mephl IMKJHYECKHX Yy-aMHHOTaJIOTeHHIOB H Yy-aMHHOTO3HJIATOB,
B KOTOPHIX ABE€ YXOIsIIHe TPYINB MOTYT HPHHATb QHTU-epHIJa-
HapHyl0 KOH(oOpMalHio, pearnpyior mo mMexanusmy E2, a Te Hu3o-
Mephl, B KOTOPHIX Takasi KoH¢opManus HeBO3MOXKHa, JH60 ¢par-
MEHTHPYIOT mo MexaHuaMmy El, snn6o BooOle He NOABEPraiTCs
¢parmenrauun, HO B JI0O0OM ciyuae HaiOT MOGOYHBle HPOAYKTHI,
XapakTepHble aJi1 KapOokaTHoHOB [356]. B HekoTophix caydasix
(mpu HaNHYHH 3JIEKTPOHOAKIENTOPHHX TPYNN B B-NMOJIOXKEHHH HJH
IJIOXHX HykJeodyros, Takux, kak ArCOOQO) nabaionaercs Mexa-
ausMm ElcB [357].

v-InaikuIaMUHOCIHPTE He IOJABEpraioTcs ¢parMeHTalHH, IO-
CKOJNBKY mnpu HoHHM3amuu rpynna OH gmomxHa mnpeBpaTHTbCA
B OHy*, uto BJieyer 32 coGoit npespauenne NRy B rpynny NRoH*,
He HMEIOUIYI0 HemoJeJIeHHOH mnapel 3JIeKTPOHOB, HeOOGXOXMMOH MJf
o6pa3oBaHus ABOHHOH cBA3HU ¢ yrieponoM [358].

17-35. @pazmenrayusn 1,3-duosos.

I'HApPOKCHANIKHI-THPOKCH-9IUMHHHDOBaHHE

R R
[ [0
Ho—f—cl:—f—OH —4 » 0=C+C=C+H,0

Lo
R R

1,3-IInosiel, B KOTOPHIX 110 KpaiiHeit mepe ogua rpynna OH Tpe-
THYHasl WJIH HaXOXMTCH NPH aTOMe YIJepoia, CBSI3aHHOM C apHJib-
HBIMH 3aMeCTHTeJIIMH, MOTYT pacUIelJIATbCS NMOA HefiCTBHEM KHC-
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Jor [359]. Tlo-BuauMOMYy, B HEKOTODHIX CJAydYasX PeakuUus HAET IO
mexanuamy E2, Tak kak HaGmiofaercsi awTu-3JMMMHHHpOBaHHe [360]:

R © R R
| | e 1Ll e @ | 1|
HO—C—C—C—O0H —— H—07CTCrC 0H —— H—0=C + C=C+HO
] 'L . I\,_I/“ll | | 'll

OpHako B APYrHX cayyasx peakuus uzer no mexanusmy El. B pe-
aKLHIO BCTYNAlOT TaKXe oInpeleseHHble [-THAPOKCHKHCIAOTH. Kak
O0TMeYaJioch NPHU PacCMOTPEeHHH peakuun 17-34, y-mHaIKHIaMHHO-
CIHUPTH He NOJABepraioTcsi (parMeHTaluy, OJHAKO He3aMelleHHEIE
IO a30Ty y-aMHHOCIHPTH BCTYNAIOT B peaklHi0 (¢parMeHTalUH IPH
06paboTKe a30THCTOM KHCJOTOH, JaBas Te XKe caMbe HPOLYKTH,
yTo W cooTBercTByoliye 1,3-nuonn [361]. B sTOoM cayuae HecoM-
HEHHO, YTO PeaKuHus HjeT mo mexanusmy El.

17-36. Lexapbokxcusuposarue B-eu0poKcukapbOHO86IX KUCAOT U
$-2axTOHOB.

KapG6oKCH-rHAPOKCH-3IHMHHUPOBAHHE
_é__(l:__ Me,NCHOMe), | (e

!
HO COOH

Ilpn xunsyeHHH QB-THAPOKCHKAPOOHOBHIX KHCJIOT C H3OHTKOM
JUMeTHJaueTaJass AuMeTmwidopmMamuna HabjiofaeTcss 3JHMHHHPOBA-
fane rpynn OH u COOH [362]. Takum MeTogoM GBIIH IOJYYEHEl
MOHO-, AH-, TPH- M TeTpasaMellleHHble OJie(HUHB C XOPOIIHMH BHI-
xoxamu [363]. HmeloTcs naHHBle, yKashBalOIIHe Ha TO, 4TO 3JH-
MHHHPOBaHUE ocymeCTBJmeTca no Mexaﬂnsmy El win E2 us LBUT-

&)
Tep-HOHHOTO HMHTepMeaHnara 02C—C—C—OCH—NMe2 [364]. ITox

neficresuem PPhy u a’rHJlasonnxapGoxcuuaTa EtOOC—N=N—
—COOELt peakuusi HAET B HCKJIIOYUTENHHO MSTKHX YCJOBHSX: B Te-
yeHHe HecKOJbKHX cekyHA npu 0°C [365]. AnajoruyHeiM o6pa3oM
P-MIaKTOHH TNOJBEPraloTCsi TEPMHUECKOMY JeKapOOKCHIHPOBAHHIO,
JaBasi oJlepMHBI C BHICOKMMH BBIXOZAaMH. BblJIO NOKasaHO, yTO pe-
aKUMs cTepeocnenudHUHa M HAET IO NYTH CUH-3JIHMMHHHDPOBaHHS

9760 —t ~Gigmren,
I

{366]. MiMeroTcsi maHHBIE O TOM, YTO 3Ta pPeaKUHsl TaKxkKe BKJIIOYaeT

LBUTTEP-HOHHBI HHTEpMeAHaT {367].
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17-37. Dpaemenrayusn o,B-anoxcuzudpasonos.
N—NH—Ts
C

, N
o OH li/C-——H
C—R
R Il
0

P

Ilnknyeckue o,B-HeHacHIIeHHBe KeTOHH [368] MoxHO pacuie-
NUTh NyTeM OGPaGOTKH OCHOBAaHHEM HX 3NOKCHTO3HJTHAPA30HOB;
B pe3yJbTATe MNOJY4YaloTCs aleTHJeHOBHle KeTOHH [369]. Bmons
B PEaKIHIO COOTBETCTBYIOILHe 2,4-THHHTPOTO3MJITHIPA30HHl, MOXHO
nosyyuth aneTHaeHoBble anbueruasl (R=H) [370]. I'mppasons,
MOJIyYeHHBle H3 3NMOKCHKETOHOB (Hampumep, 52), H 3aMellleHHbIE MO
KoJbly N-aMHHOA3HPHAWHBL MpeTepneBalOT aHAJOTrHYHyw ¢par-
MeHTaIlMIo pH HarpeBaHuu [371].

Ph

N—N C.
\A/U\ 150-170°C ﬁ‘{‘_f-u
» B O3
o : CHO
52 -

0, 55, 52.

17-38. Peakuuio, oOpaTHyI0 LMKJIONPHCOeJHHeHHIO No JIuiabcy —
Anbaepy, MOXHO paccMaTpHBaTh Kak ¢parmeHtamuio. Cm. T. 3,
peaxuuio 15-47.

17-39. Saumunuposanue CO u CO, u3 mocrurxossix 6dt4ux/zutte-

cKUxX coedurHerul.
(0}
_4 o © + CO
/.
53

Ilpu narpesanun Guuuk0[2.2.1]renTeHOHH (53) OOLIYHO TepAIOT
CO, paBas UMKJIOreKcaaneHH [372] mo THmy peTpPOpeakuHH
Hunsca —Anbpepa. Bunukio[2.2.1]rentanneHonsr (54) HacTOJNbKO
Jerko NOABepraloTcsi peakuuH (6saromaps TOMy, 4TO B pe3yiib-
raTe o6pa3yeTcs YCTOHUHBHIA GEH30JIbHBIH LMKJ), YTO HX, Kak mpa-
BHJIO, He YHaeTcs BbIAENHTb. Mcxoiuele coeiuHeHHss 53 u 54
MOXKHO MOJIYYHTb peakuueit IIuabca — AJbjepa MexAy UHKJIONEH-
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o R
R‘
1
R\\ 7+ R—c=cre —

R’ R} RS

R*

54

TaJHEeHOHOM H aJIKHHOM HJIH OJe(HHOM, Tak 4yTo peakuus 17-39
npeacTaBaseT YAOOHBI MeTON NOJydYeHHS CHelu(UYHQ 3aMelleH-
HEIX GeH30JI0B M lukKJorekcaaueHos [373]. HenachliueHHbIe GHIHK-
JHYecKHe JAKTOHB THNA 55 Takxke NOABEPraloTCs peakUHH C IO-

55

repeft CO,. CM. TakXke peakuuio 17-50.
0S, 111, 807; V, 604, 1037.

17.17. Peakuun,
B KoTopbix oOpasyiorca cBsisau C=N wuwan C=N

17-40. [Jecudparayus arb00Kcumos u Ccxo0HoLx coeQuHrerul.
C-T'uppo-N-ruapoKcH-3IMMHHHPOBAHHE

R‘—ﬁ_H Ac,O
HO—N

R—C=N

ASbIOKCHMBI MOXHO JErHAPaTHPOBaTh A0 HUTpUiOB [374] mon
IefCTBHEM MHOI'HX JErHJPaTHPYIOIIUX areHTOB, H3 KOTOPHIX yalle
BCEro NMPUMEHSIOT YKCYCHBIH aHruapua. B markux ycaosusx [375]
(mpu KoMHaTHO# TeMmmeparype) () (EeKTHUBHH TaKHe DeareHTH, Kak
pugenunaruapodocthonar [376] (PhO),PHO, stumoprodopmuar u
H+ [377], 2,4,6-Tpuxnopo-cumm-Tpuasuu [378], anruapus TpudbTOpoO-
meTaHcyabGoKucaOTH [379], Pols [283], SeO, [380], CS; B ycaoBuax
mexdasHoro kataausa [381], Cl3COCI—EtsN [382], xmopomeru-
aeHaumeruaammonuiixmopun, MesN=CHCI+Cl—- [383], auuukIo-
rekcunkap6onuumuy B npucyrcrBuu EtsN u uonos Cu(II) [384].
Peaxuusi uger HauGojee ycmemwno, ecii H u OH Haxoasrcs
B TPGHC-TIONIOXKEHHU OTHOCHTEJbHO ApYr jApyra. Pasiuunbie aJg-
KMJIbHEE H aunuJbHble TNPOHU3BORHLIE aJIbJOKCHMOB, HampHMep
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RCH=NOR, RCH=NOCOR, RCH=NOSOAr u ngp., TOXe
ZaloT HUTPUJHL, Kak H xaopouMuHel RCH=NCI (nocnexnne — noj
neiicteueM ocHoBauuii) [385]. N,N-IluxnoponpousBojHEE HepBHY-
HBIX aMHHOB 06pasyioT HuTpuabl npu nupoause: RCHeNCly—RCN
{386].

YeTBepTHYHBIE COJH THAPa30HHs (MOJYyYeHHHE H3 aJbAErHiIOoB)
Jal0T HATPuJH npu o6paboTke OEt~ [387]:

‘OEt”
R—C—H "+ R—C=N + NR, + HOEt

a pumermwiruapasonsl RCH=NNMe; — nox neficteuem Et;NLi u
I'MO®TA [388]. Bce npuBelieHHble peaKUHH JeXKaT B OCHOBE MeETO-
OB NpeBpalleHuss NPOM3BOAHHIX aJblerHAoB B HHUTPHJHL. [Ipsmoe
npeBpallleHHe aJbJerH/iOB B HUTPHJBb Ge3 BhJAeJNEHHS HHTepMeAHa-
TOB PacCMOTPEHO Ha npuMepe peakuuu 16-22 (T. 3).

OS, 11, 622; 111, 690.

17-41. Ilpespaujenue KeTOKCUMOB 8 HUTPUNSL.

C-Auna-N-ruapoxcu-siHMHHHPOBaHHE

9%, R—C=N +R'COO"~

Ilon neiicTBHEM KHCJIOT, KaK MPOTOHHHIX, TaK H KHCJOT JIbloHca,
HEKOTOPHle KETOKCHMHl MOTYT HpeBpaliaThcsi B HUTpuJb [389]. Ilpe-
BPaILEHHIO TNOJBEPraloTCsi OKCHMBI o-IHKETOHOB (IpHBeJeHHas
BbILIE PEaKUHs), G-KETOKHCJOT, o-AHaJKHIaMHHOKETOHOB, O-THA-
POKCHKETOHOB, P-KeTo3(upOB M APYrHX CXOAHBIX coexuHeHu# [390].
IIpouecc mnpexcraBiaser co60i peakuHio (¢parMeHTalHH, aHaJo-
ruynylo peaxuusm 17-34 u 17-35. Hanpumep, u3 o-puanxujiaMu-
HOKETOKCHMOB KpPOMe HHTPHJIOB NOJYYalOTCS aMHHBI H aJjibJerHAbl
HIH KeToHH [391]:

80% - Harz @ H,0

R—h:jCHz'f}ﬂlz smmon> R—C=N + CH,=NR, —— CH,=0 + NHR,
HO--N
prd

O6bluHo moj meHCTBHEM KHCJIOT KETOKCHMBI NpeTepleBaioT Iepe-
rpynnupoBky DBekmana (peakums 18-20); peakuun ¢parmeHTalnuu
CUHTAIOTCS NMOGOYHBIMH, M HX YacTO Ha3HBAIOT aHOMAaJbHOH Iepe-
rpyNNUpPOBKOA HJIM HeperpynnupoBKoii BekmaHna BTOpPOro mnopsiika
[392]. OueBuanO, mepeyncjeHHHE BhILIE cy6CTPATH B ropasfao 60Jb-
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el cTeneHH NOABePXKeHH (parMeHTalUMH, 4eM OObIYHHE KEeTOK-
CHMBHI, TIOCKOJIbKY B KaXJIOM H3 HHX HMeeTcsl HelojeJeHHas mapa
3JIEKTPOHOB, CIOCOOCTBYIOIAasl YXOAY OTINENNAsIollelics OT yrJje-
poaa rpynnel. OfHako jgaxe IJsi OOBIYHBIX KETOKCHMOB (pparmeH-
TallMsg sABJseTcsd NOOOYHOH peakuuef,, a B Tex cJaydasX, Koria
OTINEIVIAIOIHACA KapGOKaTHOH OCOOEHHO YCTOHYMB, OHa MOXKeT
cTaTh IVIaBHOH peakuueft [394]:

ArICH——(HZ—Me X Me—C=N + Ar,CHCI
N—OH

HwmeroTcsi ykasaHus Ha TO, 4TO, MO KpaiiHeli Mepe B HEKOTOPHIX
cayyasix, MEXaHH3M peaKLHH BKJIOYaeT CHayajJa meperpynnu-
POBKY, a yxXe 3aTeM pacliensienne. CooTHOLIeHHEe (parMeHTaluH
H  neperpynnupoBkd DekMaHa B pALy  OKCHMTO3HJIATOB
RC(=NOTs)Me okasbiBaeTCsi CBSI3aHHBIM HE CO CKOPOCTBIO COJIb-
BOJIH33a, a C YCTOHYMBOCTBbI0O R* (4TO oOmpejmesieHO MO CKOPOCTH
coabBoJH3a cooTBeTcTBYIOIKX RCl); 3TO CBHAETENBLCTBYET O TOM,
4TO (pparMeHTaLHUsl MMeeT MeCTO He B CTaAHH, ONpee/siolel CKO-
pocth peakuuu [395]. OTciona MOXKHO NpPENNOJNOXKHTH, YTO IepBas
CTajusi U B Peakuuu (parMeHTauHuH, U B INEPErpynnHpPOBKE ORM-
HaKOBa, H HMEHHO OHAa fIBJAETCS JIMMHTHpYIOLIeH cTajaued, a BHI
IPOAYKTa ONpPENENseTCs BO BTOPOH CTa Hu:

Me Me
l @ —-H* I
C—OH, rrgma- C=O0 nepeepynmposre:
N I pusagus |
Me .z~° T TH
N I Y,
C—Me medremo C® R R
U R N ||
N-LOTs N .
LA Me
" obervmsnz C + R* gppaemermaus

UHITTERMEORAITT 1]
N

OnHako B APYrHX CJAydasix peakius HAET [0 NPOCTHIM MeXaHH3MaM
El uan E2 [396]. HekoTophe KeTOKCHMBI IpeTepneBaioT (pparMeH-
TauMio ¢ o6pasoBaHHEM HUTDHJIOB IIOA HAEeHCTBHEM TETPaKHC (TpH-
tdenundocoun) nannangus Pd(PPhs)s [397]. IIpu sTOM B KauecTse
BTOPOro HPOAYKTa o6pasyercs anpjerug R'CHO.

®parmenranus N-(1-to3un-1-ankenun)popmaMuaos (56) mpu
kunsyeHun ¢ NaOMe B MeOH mnpexcraBasier co6off ofHy H3 cTa-
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R’ NHCHO R N—CHO R’
| ocrosarue | OCHOBRHLE |
R—C=C—Ts —— R—CH—C—Ts ——— R—CH—CN
56

IHi mpeBpallleHHss KeToHa B HUTpMJ [398], mockoapky 56 MoxXHO
noayuuth, o6pabateiBass KetoH TsCHyNC (T. 3, onucanne peakiuuu
16-43), Tak YTO B ILEJOM _TIpeBpallleHHe HMeeT BHJ RR'C=0—
—>RR’CHCN

0S, V, 266.

17-42. [ezudparayus He3ameujeHHoLx amuoos.
N,N-urunpo-C-oKco- AH3JHMHHHPOBAHHE

PxOs

R—-ﬁ—NH, R—C=N

He3ameluleHnble aMugbl JErHAPaTHPYIOTCS JO HHTPHJIOB IOJ
JeHcTBHeM NeHTOKcHAa ¢ocdopa [399] 1 MHOrMX IOPYrHX peareH-
T0B, B uHcse KoToprix POCls, PCls, CCls—PhsP [400], TiCly — oc-
HoBanne [401], CHCI;—PhCHNEt;+ Cl- — ocroBanne [402],
TMO®TA [403], TpubTOpOYKCYCHBIR aHrHAPHA — NupHAMH [404], nna-
Hypxsnopuy, [405], MesN=CHCI+ Cl~ [406], TpHMeTHJCHIHJIIONH-
tdocoar [407], docdoprpuc (mustuanamun) P (NEtz)s[408], SOCl,.
Tlyrem HarpeBaHHss aMMOHMEBOH COJIH KHCJOTHl C JeTrHIPaTHPYIO-
IIHM areHTOM KHCJIOTY MOXHO IPeBPAaTHTh B HHTPHJI, HEe BblAeJsAS
amun [409]. IlpsiMmoe mpeBpaleHHe alUMJIraJOreHHAOB B HHTPHJIBI
MOXHO 'OCYILECTBHTb HarpeBanueMm HxX ¢ cyabpamugom (NHg)SOq
[410]. ®opmanbHO peaKuUHI0 MOXHO paccMaTPUBATh KaK P-3JHMH-
HHpOBaHHe H3 eHOJbHOH (opmn amuga R—C(OH)=NH; B atom
cyayuyae oHa nomo6Ha peakuun 17-40, ecan nmoMeHsTh MectaMH H u
OH. Huorpa, HampuMep NpH HCMOJb30BaHHH SOClz, peakuHs, mo-
BHIHMOMY, HJET Yepe3 eHOJIbHYI0 (opMy, ¢ rpynnoi OH koropoii
IeruJpaTHPYIOIHA areHT o6pa3yeT CNIOXKHBIA 3Qup, Hanmpumep
R—C(OSOCI) =NH; nocnexnui#i mnompepraercsi 3JHMHHHPOBAHHIO
no MexanuaMmy El mau E2 [411]. N,N-/IusameleHHble MOYEBHHBI
perugpatupyiores nox peficreieM CHCl;—NaOH B ycaoBusx
MexdasHoro kartanausa, jgasasi nuaHaMuabl (RegN—CO—NHy—
—RyN—CN) [412].

N-ANKH/I3aMelleHHEe aMHIb NpH o6paGoTke PCls mpespamia-
1I0TCS B HHTPHJIBI H AQJKHXJODHABL. DTOT NPOLECC HOCHT Ha3BaHHe
peaxyuu Bpayna (He myTtaTh ¢ gpyroi#i peakuueir Bpayna, T. 2, pe-
akuus 10-74). AnanornunblM o6GpasoM o6paboTka N-anakuizame-

R'CONHR + PCl;— R’CN + RCl
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INeHHHX aMHIOB XJOpoTpHc (Tpudenuadocoun)ponuem RhClIX
X (PPh3)s uin HEKOTODBHIMH APYTMMH KaTaJu3aTOPaMH NPHBOLUT
K HuTpuiaam H coorsercTBylomuMm cnuptam [413]. N-Cyasdoxio-
puabl aMunoB (mojyuaeMele NpH 06paGoTKe KapOGOHOBBIX KHCJOT
UM KeToHOB xJjopocyabdousouuanaroMm CISO,NCO) moxHO mpe-
BPAaTHThb B HUTPHJH moj AeHcTBHeM gumeTuiadopmamuzaa [414] uan
TpusTHIaMuHa [415].

RCONHSO,Cl —2% RCN

OS, 1, 428; 11, 379; III, 493, 535, 584, 646, 768; IV, 62, 144,
166, 172, 436, 486, 706; 50, 18, 52.

17-43. [Ipespaujenue nepeuurolx HUTPOCOEOUHERUL 8 HUTPUAbL.

RCH,—NO, 750> RC=N

Hutpuasl MOXKHO MOJYUYUTh B OAHY CTaAMI0 Npu o6paboTke mep-
BHUHBIX HuTpocoennHenuit PCl; m nupuauxom [416]. 3amectutens
R MoxeT OBITh aJKHJIbHBIM, APHJAbHBIM MJH MOXET CcOAepxXKaTh
zBofinyio cBs3b, C=C uau pasiauuHble (YHKIHOHAJbHbBIE T'DYINIHL.
ITpoaykT mnoJsyuaeTcs ¢ BBIXOJAMH OT yMEpPeHHHX JO XOpPOIIHX.
Peakuyio NpoOBOAMJIM Takke ¢ APYruMH peareHTamu: MesN—SO,
u T'MOTA [417]. Ilepsuunrie asupsl RCHyN3; mnpespamaiorcs
B HuTpuanl RCN mnox aelficTBmeM MeraJuinueckoro mnajananus [418].

17-44. [Ipespawjerue N-askunrpopmamudos 8 USOHUTPUANGL.

C,N-Lurupapo-C-oKkco-aHaiMMHHAPOBAHHE

coci, e_ &
H—C—NH—R ——> C=N—R
I RN

O

W30HUTPHJE MOXKHO NMOJYUYHUTb NPH SJHMHMHHDOBAHHM BOJBI M3
N-ankuadopmaMumos moj JeficTBHeM QocreHa M TPETHYHOrO
aMuua [419]. Ias peakuuu HCIOJb30BaJHCh H JpyrHe peareHTHl,
B Tom uHciae TsCl B xunoamne, POCl; m TpeTHunblfi aMHH,
Me,;N=CHCI+ Cl- [420], nudocren CICOOCCI; [421], 2-xJ0-
po-3-s3THNGeH30KcasoauiiterpapTop6opar [422], PhsP—CCl,—EtsN
[423], PhsPBro—Et3N [424].

0S, Vv, 300, 772; 51, 31; 57, 102; 59, 183. Cm. rakxe: OS, 61,
14. ;
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17-45. Tleeudparayus N,N’-Ousameujennolx mo4e8un U TUOMOUEBUR.
1/N,3/N-durunpo-2/C-0Kco-IUaIMMHHHPOBAHHE

TsCt

RNH—C—NHR g RN=C—NR

Kap6oauumuzabl [425] MoxHO mosayunTh peruapartamueit N,N’-
J¥3aMelleHHHX MOUYEBHH pPa3JIHYHBIMH JEerHApPaTHPYIOIIUMH areH-
tamu, cpenu Hux: TsCl B mupumuue, POCls, PCls, PyOs — mupu-
aud, Ph3PBro — Et;N [424]. W3 CcOOTBETCTBYIOIUHX THOMOYEBHH
mMoxHO yaanute HeS mon neificteBuem HgO, NaOCl, autuii- uian
MarHuHopraHuyeckux coenuHenufi [426], 2-xm0po-1-MeTHANHPHAH-
uutinoauna — EtsN [427], ¢docrena [428], cmecH auaThaa3HiOKap-
6okcusnat — Tpudenuadocoun [429].

0S8, V, 555; 56, 95.

17.18. Peakuuu, B KOTOpbIX 06pasyerca cBa3b C=0

MHorue peakI¥H 3JHMHHHDOBaHHS, B KOTOpHIX o6pasyercs
cBsisb C=O0, 6bln paccCMOTpeHH B T. 3, ri. 16, Hapany ¢ Haub6o-
Jee BaXKHbIMH Oo6paTHBIMH peakumusiMmu. CM. Takxe T. 2, peakuun
12-39 u 12-40.

17-46. [Tupoaus B-zudpoxcuosredunos.

O-I'nppo-C-anaun-aTuMHHHPOBAHHE

Lol a Lol
R—c=c—([:—<l:——0H ~ R—(|3——-C= + (|:=o

Ilpu muponuse B-rupporcuoseduHE pacuenyasoTces ¢ obpaso-
BaHHEeM OJe(HHOB M ajbAeruaoB Han KeToHoB [430]. C momousio
9TO# peakIHuH MOXKHO BBIIEJHTb YHCTHH oJieHH, MOCKOJLKY IIO-
GouHBle peaKIMH OTCYTCTBYIOT. IlokasaHo, YTO peakLusl HAET IO
Mexanusmy E;; mpexze Bcero sto cieiyer u3 HabjiofaeMoli KHHe-
THKH NepBoro mopsiaka [431] u Toro ¢akTa, 4TO HPH NPOBEAEHUH
peakuun ¢ ROD pefitepuit mosiBasieTcss B aJjlJIMJIBHOM MOJIOXEHHH

N -
N> e \C/C —C—
N i
I H/O (I:\H ©
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BHOBp OGpasyioulerocst onednHa [432]. AnanoruunsiM o6pasom pe-
arupyloT B-rHAPOKCHANETHJIEHH, AaBasi COOTBETCTBYIOIUHE aJlJIeHbl
H KapOOHH/IbHbIE coefuHeHHs [433]. Peakuus uger mo TOMY Xe Me-
XaHU3MY, HECMOTPS Ha JIHHEHHYIO FeOMETPHIO TPOHHOM CBS3H.

17-47. ITuporus npocreix arruroseix agupos.
C-T'uppo-0-annua-snuMunIpoOBaHHe
| I ax0°c | ]
R—C—0—C—C=C— 5 R—C=0+C=C—C—

| | | |
H H

T1apo/IH3 mPOCTHIX a/IHIOBHIX 3(HPOB, KOTOpHIE€ COZepKaT II0
KpaHHe#l Mepe ONMH aTOM BOLODONA B o.-IIOJIOMKEHHH, IPHUBOAUT
K 006pasoBaHuI0 ONe(HHOB H aJIbJerHA0B HJH KETOHOB. DTa peax-
LM POJACTBEHHa peakuuu 17-46 u upger Toxke IO MexaHusmy E;,

| ' |
C
Nt TN
RTENS
0/ \VH
~C

— +

N
<
XOTs H He B TOYHOCTH aHasJoruyHomy [434]. Cieayer oTMeTHTBb, 4TO
MEXaHH3M 3TOT O6paTeH MeXaHH3MY eH-peakuuu 15-16 (. 3). Iu-
POJIHTHYECKOE pacllelieHHe FOMOAJUIHJIOBBIX 3(GHDPOB IPOHCXOXHT
Yepes BOCbMHWIEHHOE MHK/IHYECKOe NEPEeXONHOe COCTOSHHE H IpH-
. BOJHT K 06PasoBaHHUIO aJibJeruia H ABYX ajaKeHOB [435].

o) NNH O 330-400C o © -T_ H

17.19. Peakuuu, B KoTopbix 06pasyercs cBasb N=N
17-48. daumunuposanue ¢ obpasosanuem OUA30ANKAHOS.
H SO,C,H,Me
I ® _©O
R,C—N—N=0 + OEt"——> R,C=N=N + MeC,H,SO,Et + OH

B peaknuio a1HMHHHDOBaHHst ¢ 00pa3oBaHHeM IHAa30aJKaHOB
BCTynaimoT pasauubHble N-HUTPo30-N-ajakuicoenuHenus [436]. Onmun
u3 HauGoJiee yNOGHBIX METONOB IOJYYeHHS AHa3oMeTaHa 3aKJioua-
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eTcst B 06paGoTke OCHOBaHHeM N-HHTP030-N-MeTHJI-/-TONYOJICYIb-
tdamuga (mpueeneHHas Bbille peakuus npu R=H) [437]. Yacro-
HCNONb3YIOTC M Apyrue cy6cTpaThl (Bce OHH Tpe6yloT 06paGOTKH:
OCHOBaHHEM) :

NO NO IT 0
-R,CH—N—CONH, R,CH—N—COOEt R,CH—N—COR’
N-rumposo-N- N-rumposg-N- N-rumposo - N-
QITKLLIINIOYEBLHSI QASIRUITKADOAMEITIS! QTR LTIAMUOS!

NO '

R,CH—N—CMe,CH,COCH;
N-HUmpo3o-N - QTR UT- 4 - QMUHO= 4~ METMUIT- £~ TIeHITAHOHb!

M3 Bcex 3THX COeAHHEHMH MOXKHO MOJNYYHTh AHA30MeTaH, HO-
yloOHee NPHUMeHATb mnpojaxKHuble cynabpamuabl. (M3 N-uurposo-
N-merunkap6amMara u N-HUTP030-N-METHIMOUEBHHBI HPOAYKT IIO-
JydaeTcss ¢ XOPOIIMMH BHIXOJAaMM, HO 3TH BelllecTBa 00J1afgaloT
pasapaxamouuM AeHCTBHEM M KaHIEPOreHHHIMH cBoiicTBamu [438].)
Hurposoankunkap6amaThl sBJSIOTCS HaHGoJsee MOAXOASUIMMH CyG-
CTpaTaMH AJIsl MOJIYYEHUS BBICIIMX AMa30aJKaHOB.

[lo-BuauMoMy, GOJIBIIMHCTBO 3THX peakuuil HauwHaercs ¢ 1,3-
neperpynnupoBKH a30T — KHCJIOPOA, IOcJe Yero clefyeT caMo-
3JIMMHHHDOBaHHe; TakK, B clyyae kap6amara

OE!
HOop ! -
RC—NIN — RCINENLO—COOE —B—

N ‘_e_e . - OH™ o 2
R,C=N=NI+ BH + Et0—CO0~ —— EtOH + (O,

OS, 11, 165; 11, 119, 244; 1V, 225, 250; V, 351; 57, 95.

17.20. Peaxuuu akcTpy3uu

-

Peaxyueii axcrpysuu [439] cunraercs Takas peakuusi, B pe3yilb--
TaTe KOTOPOH HOTEpsl MOJIeKYyJO# atomMa Wau rpynmsl Y, cBsi3aH-
Hbix ¢ atomaMH X H Z, OpPUBOAMT K NPOAYKTy, rAe X Hemocpen-
CTBEHHO CBsi3aH C Z.

X—Y—Z—X—Z +Y

Tlog sT0 ompemenenue moaxoxsT peakuun 14-40 (t. 3) u 17-25.
Xorsi peakmuss 17-39 He COOTBETCTBYeT 3TOMY ONpeJeNEHHIO, ee
4acTo KJACCHU(PHUUPYIOT KaK peakIHio 3KCTPy3uH. Drira paspato-
TaHa IIKaJa pPeakUHOHHOH cmocoGHOCTH rpynn Y NpPHMEHHTENbHO-
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K peakLUH 5KCTPYy3HUHM M MOKa3aHO, YTO JIEFKOCTb peakUuH yObIBaeT

B psany —N=N— > —C—0— > —S0;— > —CO— [440].
Il
0]

17-49. 3kcrpysus No u3 nupazosunos, nupasosos U TPUA30AUHOS.

{ \ Aunthv Dumhy_ f \ -
N = A + No Gmam mmafm- /N

)
57 : H
58
!
Amhv N
+ N,
R—N N Lt
59
- hv
( N T A+,

60

[Ipu dortonuse [441] u nuponuse [442] 1-nmupasonunsl (57) Tte-
PAIOT a30T M MpeBpalllaloTCsl B LMKJONpONaHbl. BoJjiee yCTORUYHMBHIK
TayTOMepHHH 2-nupasonuH (58) TakkKe BCTymaeT B peakKLHIO, HO
B 3TOM clyyae TpebGyeTcss KHCJOTHBIH WJIM OCHOBHOH KaTaJH3aTop,
(bYHKIMS KOTOPOro 3aKJiouyaeTcss B mnpespauieHuH 58 B 57 [443].
B orcyrcTBHe KaTanusaTtopoB 58 He pearupyer [444]. AnasiornuHasi
peakuusi TpuasoJHHOB (59) npuBORUMT K asupupuHam [445]. He-
CMOTpPSl Ha TO 4TO ¥ 57, H 59 naioT moGouHble peaknyu, a HEKOTO-
prle cy6cTpaThl BOOOIle He pearupyloT, peakuHsi oKasajach CHHTe-
THYECKU TIPUTOJHOH BO MHOTHMX cayyasx. Kak mpaBuio, npu ¢oTo-
Ju3e Ha6JI0faeTcss MeHblle MOGOYHBIX peaKUui u GoJjiee BBHICOKHE
BHIXOAB NPOAYKTAa, YyeM MpPH INHPOJH3e; 3TO OLHHAKOBO CIpaBej-
JuBo masi cyberparos 57 u 59. 3H-ITupasosnsr (60) ycTofuuBE
K HarpeBaHHIO, HO NpPH (QOTOJNH3e MOLYT MpeBpaliaThCs B LHKJIO-
nporneHsl [446], XOTS B HEKOTOPHIX CJIydYasx MOJY4YaloTCs HPOAYKTHI
JPYroro THIa.

MtHorue paHHBIE [447] CBHJETENbCTBYIOT O TOM, YTO peaKIuH
1-nupasonuHa, Kak mpaBUJIO, MPOTEKAIOT yepe3 ob6pasoBaHue Oupa-
JIMKAJIOB, HO CIOCO6 MX 06pas3oBaHHS M TOHKas CTPyKTypa (T. e.
CHHTJIETHBIH pajJuKaJ HJIH TPMIVIETHHA) MOryT BapbHPOBAThCS

(N—//\N — f— — A
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B 3aBHCHMOCTH OT NPHPOAHI cyGcTparta M ycaoBuil peakuun. Ilpen-
fiosaraioT, uto B peakuun 3H-nmupasosoB oGpasyercs AHa30COenH-
HeHHe, KOTOpoe TepsieT Nj, AaBasi BHHHJKapOeH [448].

L] L]
60 —» —C=C—CN, — —C=C—C — A\

A2-TeTpa30/MHE MOXKHO (OTOJHTHYECKH INPEBPaTHTh B AHA3H-
pununs [449]:

2\2

N\ hv R_.N__. ._Rn
N—R" "

R'—

=

H R H
0S,V, 96, 929.

17-50. Ixcrpysus CO uasu CO,.

Peaknus He HOCHT OGILEro xapakTepa, HO HEKOTOPHIE LHKJHYE-
CKHe KEeTOHHl NpH (HOTOJH3e MOTYT AaBaTh NPOAYKTH CO CXKATHEM
uvkaa [450]. B npuBeaeHHOM BhIllle MPHMEpPE TETPaLMKJIHYECKHH
KeToH 61 noxsepranu (oTosn3y u mosydyanau KHpeHHNIPeHaHTPO[l]-
nukao6yTeH (62) [451). Peakunsi Gblia MCIOJBb30BAaHA AJsI CHHTE3a
TeTpa-Tper-6yTRATETPasApaHa [452]:

B
-100°C
C
|
(0]

Tlo-BuaMMOMYy, MeXaHH3M pEaKUHH BKJIOYAeT paclIelJIeHHe M0 |
Hoppumy tana I (r. 1, pasa. 7.7), norepio CO us o6pasosabuie-
Tocd pajuKajla M PeKOMOHHAUHMIO PafMKaJbHEIX ()parMeHTOB.

Gmo— Qo= —(
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B HEKOTOpHIX JIaKTOHaX IIPH HarpeBaHHH HJH NpPH OOJyYeHHU
Habmogaercs akcrpysus CO.. Ilpumepamu ciy:kar nUpoJH3 7-XJO-
po-6,8-numerni-1,4,5-6eH30Kcanuasenud-2-ona (63), npusoxsMic
K COOTBETCTBYWOlLIeMY HHAa3omy 64 [453]:

Me.
\1;1 + CO,
N/N c N
Me }ll
64

u o6pa3oBaHHe o-JTAaKTOHOB NpH ¢oronuse 1,2-nuokconaH-3,5-1uo-
HOB [454]: o

R ~0 R 0
| >(( + Co,
77K
R o K ©

o

Hekap6okcuiupoBanue B-i1akTOHOB (cM. peakuuio. 17-36)
MOXHO pacCMaTpHBaThb KaK NPHMeD BBIPOKIEHHOH peakIMH 3KC-
Tpy3uH. HekoToprle muapuakapOoHaTH NP HarpeBaHHH C OCHOBA-
HUAMH 06pasyioT npocthle guapuiaosbie a¢upb: Ar—O—CO—O—
—Ar—Ar—O—Ar [455]. Cm. Takxe peaknuu 17-39 u 17-54.

Ccrutok Ha peakuuu skcrpysun CO uaum CO, B OS He umeercs;.
CM. poxacTBeHHyI0 peaknuio: OS, 57, 45.

17-51. dxcrpysus SO,.

ITopo6uo peakuun 17-50, HEKOTOpHE IHKJIHYECKHE CYJIb(HOHBT
NP HarpeBaHHH HJH NPH (GOTOJH3E mojaBepraioTcst SKCTPy3HH SOq,.
laBasi NPOLYKTBHI CO cxXaTHeM IMKaa [456]. IlpuMepom CayXHT
NOKa3aHHOe BhIlIe moJyuyeHHe HadTo[b]uuknioGyrena [457]. Jpyrod
peakuyefi NATHWIEHHblE CYJb(OHBI MOMKHO NPEBPATHTb B LHKJIO-
OyTeHBI; NJis1 9TOH LEeJNH HCXONHBHE COeNHHEeHHs o6pabaThiBaloT Oy-
THJJIATHEM, a 3aTeM aJjiioMoruiapunom Jutus [458], Hanpumep:
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DrtoT MeTox HauGosiee YcHelleH, KOTAa B - H o-NOJIOXKEHHAX
Cynb()OHA HMEIOTCA aJIKHJbHBe 3aMecTHTEJNH. CM. TakkKe peakiHIo
17-25. ‘

0S, 50, 53.

17-52. Cunres Cropu.

Q
/0 .

(I) 0 -170-200°C / \0'

o W (CHZ)” + (C&-z)y + COZ
53\0 T mens

65

IIpn HarpeBaHHM LHKJIOAJKHJIHIEHNEPOKCHIOB (Hampumep, 65)
B HHEPTHOM pacTBOpUTeJie (Hampumep, B JeKaHe) IMPOHCXOLHT 3KC-
Tpysuss COy; B KauecTBe NPOAYKTOB 06pasyloTcs LHKJOAJKaH, CO-
JepXallufi Ha TPH YrJepOAHHIX aToMa MEHbIUe, YeM HCXORHBIH
NEePOKCHA, M JAaKTOH, cojepxKallufi Ha [gBa YIVIEPOZHBIX aToOMa
MeHble [459]; peakuus HoCUT HasBaHHe cunTesa Cropu [460]. OGa
HOPOAYKTa MOJY4aloTCs B CPaBHHMBIX BHIXOZaX, OGHIYHO OKOJIO 15—
25 % xaxnabifi. HecMoTpss Ha HH3KHe BBHIXOABI, PEaKUHs] NMPEACTAB-
JisleT TIpenapaTHBHbIA MHTepec, INOCKOJBKY CYyLIeCTBYeT He Tak
MHOIO METOJOB MAJs IOJNyYeHHs GOJIbIUMX IUKJOB. Peakuus mnpH-
MeHHMa JJIs CHHTe3a IMKJIHYECKHX COeNUHEHHH C YHC/IOM UJIEHOB
oT 8 g0 33. B peakuMio MOXHO BBOAUTb TaKKe JHUMEpHBIE IHUKJIO-
AJNKUJIMIEHIEPOKCHAR, NPH 3TOM B KauyecTBE INPOAYKTOB MOJIyya-
I0TCSl LMKJOAJKaH U JIAKTOH 32 CYeT NOTEPH ABYX MOJIEKYJ H OX-
Ho# MonekyJbl COy COOTBETCTBEHHO, HaNPUMep:

/O

0—0 / C\O_ co
—a + (CH + €O,
0 ( 2) 12 )

JluMepHBle U TPUMEpHBIE IHKJOAJKHIHAEHNEePOKCUAbl [461]
'MOXKHO CHHTE3HPOBAThb M3 COOTBETCTBYIOLUIMX IHKIHYECKUX KETOHOB
nox nefictBuem HyOp B kucioM pacTBope [462] uiu B mpPHCYTCTBUH
HoHOOOMeHHBIX cMoJ [463]. IIpu stom cHayajna o6pasyioTcs TpH-
MepHble NEPOKCHABl, KOTODbIe 3aTeM IpPEBpaILaoTCd B AUMEPHHIE
coelHeHus [464].
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17-53. O6pasosanue B-Ouxapb6orussHolx coedunenuil 3KCTpYysuett
cepol.

R-—|C'—-CH2-—S—IC|-—R Tl‘.-nlfi;ﬂw R—(l_lj_mz_.ﬁ__n,

Tuos¢pupel, comepxauye B-KeTOrpymnny B aJKHJIbHOH 4YacTH,
MOXKHO NpPEeBPaTHTh B P-AUKETOHB NPH 06pPaGOTKe TPETHYHHIMH
¢ocouHaMu B mesouHOH cpene [465]. Mcxoanbie THOZQUPH NOJY-
YalT peakudHeHd THOJOBOH KHCJIOTH C o-TaJIOTeHOKETOHOM (aHaJo-
ruuHo peakuuu 10-26, T. 2).

0§, 55, 127.

17-54. Cunres onedunos dsykparnoil sxcTpysuell.

§:><_S7<R RN l)h\c—c/R

RI —

0 A P/ R
66

Ipu narpeBanuu 4,4-audenunokcatuonan-5-onos (66) c tpuc-
(muaTuamMuHo) hochHHOM 06PA3YIOTCS COOTBETCTBYIOILHE OJie(HHBI
C XOPOLIMMH BBIXOAaMH [466]. Peakuus CJIyXHT IPHMEPOM IpO-
mecca OOILIEro THIA: CHHTe3a OJIe(HHOB JBYKPAaTHOH 3KCTpPy3Hel
X u Y us mosekyanl THna 67. Ipyrumu npUMepamu ABJAIOTCA ¢o-
tonu3 1,4-nuoHoB [467] (nanmpumep, 68) u o6paGoTka asocyabduna

R>(‘ R 0
ol OO
[y

69 Ttpudenundpochpunom [468]. Coenunenne 66 MoxkHO NOMY4YHTD
KoHJeHcanuel TuHoGen3uaosol kucaotet PheC(SH)COOH c anb-

AErHAaMH MM KE€TOHAMH.
0§, Vv, 297.
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[leperpynnupoBkH

[TIpu mneperpynnupoBKax MNPOHCXOLHUT MepeMelleHHe MHUTPHPY-
IoIllefi TPYNIBl OT OZHOTO aToMa K APYroMy B OJHOH M TOH ke
MoJgekyJae [1]. OObIYHO OCYLIECTBJSETCS MHIpPalHsi K COCELHEMY
aToMy (Tak HasbiBaeMblil 1,2-CABHT), HO BO3MOXKHO M IepeMelle-
HMe K aToMaM, HaxoJsIUMcs Ha OoJipliieM pacCTOSHHU. Murpu-
pyromas rpynna (W) MoxeT mepemelIaTbcs CO CBOeH 3JIeKTPOHHOM

W w
' |
A-B —» A-B

napofi (Tak Ha3bIBaeMble HYKACOpUAbHbIE WIIH QHUOHOTPONHbLE
nepeepynnuposKy; MUTPUPYIOLIAs TPYIa MOMKET PacCMaTPHBATHCS
Kak Hykjaeodusa), 6e3 3JeKTPOHHOH NapH (341eKTpogurvrble MU
KATUOHOTPONHKbLE nepezpynnuposKu; €cld MUTPHPYeT IIPOTOH, TO
NPOTOHHbIE nepespynnuposKu) WK C OLHUM 3JIEKTPOHOM (c80600-
HopadukassHele nepeepynnuposxu). ATom A HasbiBaeTcs Haualb-
Holm, a aToM B — xoneuneim mecrom muepayuu. Umewrcs, OXHAKO,
NeperpynnupoBKH, KOTOpPHE He TMOAJAIOTCA TaKol KJjaaccudu-
Kallu{, B YaCTHOCTH, NePerpynmHPOBKH C LHUKJIHMYECKHMH MepeXOf-
HBIMU cocTosiHuAME (peakuuu 18-31—18-43).

Kak Mbl yBHAMM JaJjiee, HykJeoduibHble 1,2-cIBHTH BCTpeua-
IOTCSI HaMHOTO yalle, 4eM 3JeKTPOQHJbHblE HJIH CBOGOZHOpANH-
KasbHbe. [IpHYHHY 3TOrO MOXKHO NOHSATH, PACCMOTPEB IE€PEeXOXHHIE
COCTOSIHHSL (MJIM MHOI'a HHTepMeJdHaThl) Takux peakuud. Ilpex-
CTaBHM II€PEXOAHOE COCTOSIHME MJIM HHTepMeNHaT IJsi BceX Tpex
c/yyaeB CTPYKTYpol 1, B KOTOpPOH 1aBa 3JIeKTPOHa cBsA3H A—W
nepekphiBalOTCs ¢ op6HTaJbl0 aToMa B, xoropas comepxut 0, 1

t Y 1t pasprnsmongue

AZB H N H cesgsiBarOIue

1 HyKITE0~ c606odho- srermpo-
punHAA PACURQIEHAA — QUTEHAST
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WM 2 3JIeKTPOHA B CJyuyae HYKJIeO(HJIbHBIX, CBOOOJHOpALHKAJb-
HBIX HJH 3JeKTPO(UJIbHBIX MHrpauui coorBeTcTBeHHO. [lepekphi-
BaHHe 3THX OpGHTa/ell MPUBOAUT K TPEM HOBBIM OpOUTAJAM, COOT-
HOLIEHHE JHEePruffi KOTOPBIX aHAJOrMYHO COOTHOLIEHHIO, OIHCaH-
HoMy B T. 1, pasn. 2.12 (omHa cBsi3biBaloOllasi M JBe BHIPOXKAEHHBIE
paspeixasomue op6urann). ITockosbKy B HYKJIeO(hHAbHOH MHrpa-
UM yYacTBYIOT TOJIbKO JBa 3JIEKTPOHA, OHH MOIYT 3aHATb CBA3bI-
BAOWIyI0 Op6uTa/b, IOITOMY NEpeXojHOe cOCcTOsiHHe | XapakTepH-
3yeTcst HU3KO# sHeprue#. OqHaKO B CBOOOAHOPAAHKAJIbHBIX H 3JI€K-
TPODHUIbHBIX TIEPETPYNIHPOBKAX HUMEETCS TPH U 4YeThIpe 3JEKTPOHa
COOTBETCTBEHHO M OHH BBIHYXKJIEHEI 3aHHMaTh He TOJBKO CBS3HIBAIO-
LIy, HO ¥ pas3peixasiolive op6uranu. [losTomy He YAMBHTEJBLHO,
4TO NPH CBOGOZHOPAAUWKAJNBHEIX WJH 3JeKTpodHuiabHbX 1,2-caBurax
murpupyoumeii rpynmnoii W o6e14HO OKa3bIBaeTCsl apHJ HJIM HEKOTO-.
pble Apyrue rpyninbl, crnoco6Hble NPHHATH OJAMH HJIH fABa JIMLIHHX
9JIEKTPOHAa M TaKMM o0pas3oMm 3(dekTHBHO YHAJHTb HX H3 Tpex-
YJIEHHOTO IEepPEeXOAHOr0 COCTOSIHMS HJIM MHTepMmejguarta (CM. COenH-
Henue 37 B pasm. 18.6).

Bce meperpynnupoBKH MOXKHO PasjefuThb Ha JBa IVIaBHEIX THOA:
1) rpynna W DOJIHOCTBIO OTAesisieTcsi OT A M MOMKeT HpHCOeNH-
HHTbCSI K aTOMy B Jpyro#t MoJiekysnl (mexcmosexyisipras nepe-
epynnuposka); 2) rpynna W mepexogut oT atoma A K atomy B
Toll oe camoli MOJIEKYJBl (BHYTPUMOAEKYAAPHAS Nepezpynnu-
poska), TNpH 3TOM JOJIKHA COXPaHSITbCSl HempephiBHast cBSi3b W
c cucremoit A—B, mnpepoTBpamapuiasi HOJHYI0 CBOGOJY MMIPH-
pytowieit rpynnel. CTporo roBopsi, HOJ JaHHOe BHIIE ONpejeseHHe
HeperpynnHpoBOK MOAXOAAT TOJBKO BHYTPHUMOJIEKYISIPHbIE IEperpyil-
INHPOBKH, OJHAKO OGBIYHO NOJ TEPMHMHOM <(IeperpynnupoBKa» IOX-
pa3yMeBaiOT BCe I[eperpyninupOBKH He3aBUCHMO OT TOro, KakKHe
OHM, BHYTPH- MJH MeXMoJiekyaspHble. [l ompeneneHus Tuna
MeperpynnupoBKH IPOBOASIT TaK HA3bIBAEMBIH «nepexpecTHoiil»
9KCIIEPHMEHT, OCYLIEeCTBJISISI NeperpynnupoBkM cMecei W—A—B u
V—A—C, rae rpynnsl V u ' W (Banpumep, METHJ M 3THJI), a TaKXKe
rpynnel B u C pocratouno 6ausku. IIpum BHYTPHUMOJIEKYJIsIPHOM
npouecce o6pasyiorcs Toibko A—B—W u A—C—V, a npu mex-
MOJIEKYJISIDHOM — TaKkxke coexuHenus tina A—B—V u A—C—W.

MEXAHH3MBI

18.1. HyxkaeoduabHble neperpynnupoBku [2]

HyxkseodunbHele neperpyniuupoBKH OGHIYHO BKJIOYAIOT TPH CTa-
JIMH, M3 KOTOPHIX HCTHHHO MHUrpanuell siBjsieTcss BTOpas:

— N2 v

—A—p— — —A—B—
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droT mnpouecc HHOrAa HasmBawT 1,2-capurom no Yurmopy [3].
Tak kak MurpHpywolias Ipynna NnepexXofHT C 3JeKTPOHHOH mnapoi,
KOHEUHbHIM MECTOM MHTPalHH SIBJISIETCS aTOM TOJBKO C ILIECTHIO
9JIEKTPOHAMH Ha ero BHellHe#l o06osiouke (CBOGOAHHIA CEKCTET).
[Tosromy nepBofi cragueli HOJKHO OHITh 06pasoBaHHe CHCTEMEI CO
CBOGOJHBIM ceKcTeToM. Takue cHCTeMbl MOTYT BO3HHKAaTh pasJjiMy-
HBIMH NYTSMH, HO ABa U3 HUX HanGoJsiee BaXKHHI:

1. Obpasosanue rapboxaruona. KapGOKaTHOHB MOXKHO IOJY-
YHThL Pas3jIMYHBIMH crmoco6aMu (cM. T. 1, pasm. 5.4), HO omuH H3
HanboJjiee pacHpoCTpaHEHHHIX — HeHCTBMe KHCJOT Ha CHHUPTHI:

o T T
~C—C—oH —H, ~—?—(|:—0Hz@————» —c—c®
2

OTH JBe CTafuM SBJSIOTCS TEMH XKe CaMbIMH, YTO M IepBHE JBe
CTafuy B peakuusax cnuproB SylcA miu El.

2. O6pasosarue Hurpena. PasjioxeHne auuaasuioB — OAUH M3
HECKOJIbKUX cnoco6oB o6pasoBaHus HuTpeHoB (cm. T. 1, ria. 5,
pasa. «<Hurpenni»).

—N®_o , —
R—C—N=N=N"~"~~—=>— R—C—N + N
I~ - :
0 0
3

[Tocie Murpanuu npu arome A 06s3aTeJIbHO BO3HMKAET OTKPHITHIH
CEeKCTeT, NMO3TOMY TpeThell cTajuell siBiseTcs 06GpasoBaHHE OK-
TeTa NpH 3TOM aToMe. B ciyuyae kap6OKaTHOHOB Ha TpeTheH CTa-
IMA TPOMCXOAUT B3aHMOJefCTBHe C HYyKJeoduJoM (meperpynmu-
pOBKa C 3aMellleHHeM) HJH OTIIelJieHHe aToMa BoJopoja (mepe-
rPYNIHPOBKA C 3JUMHHHPOBaHUEM).

XoTsi MBI NPEJCTaBHJIM STOT MeXaHH3M Kak TpeXCTaAuHHBIN
1 HEKOTOpble peaKIUH JeACTBUTEJNbHO NMPOUCXOAAT TaKHM 0GpasoM,
B GOJIBIIMHCTBE CJYyYaeB ABa HJH TPH IpeBpaLIeHHs] NPOUCXOAAT
onHoBpeMeHHo. Hanpumep, B mneperpynnupoBke ¢ o6pa3oBaHHEM
HUTPeHa NpH MUTpalud R a/eKTPOHHas mapa OT a3oTa MHUIPHPYeT
K cBasu C—N, napas cTaGUJbHBIH H30LHAHAT:

?
;— N| —— ﬁ=Nl

I~
() (0]

B sTom npuMepe BTOpas M TPeTbs CTafHH NPOMCXOASIT OLHOBpe-
MeHHO. «TpeTbsi» CTaiusi MOXKeT OBITb CJ/OXHee, YeM IPOCTOE
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JIBHXKEHUE napbl 3/eKTPOHOB. [1og06HBIM 06pa3oM NMpOTEeKaeT MHOTO
peakuuii, B KOTOPbIX NepBble JBa NpeBPAlleHHUs NPOHCXONAT OJHO-
BPEMEHHO, T. €. He 00pasyioTcs yacTHUbpl THna 2 uau 3. B rakux
cay4asix MOXKHO CKasaTb, 4To R crnocoGCTByeT ymaJieHHIO yXOons-
mefl rpynnsl, NpHueM Murpauus R W ynajenue yxomsilieH TpyInbl
OCYILeCTBJAIOTCS OXHOBPEMEHHO. MHOro NOMNBITOK GBIJIO CHeJaHo
C LeJbI0 ONpenesHTb, HeHCTBHUTEJIbHO JU 006pa3yloTcsi HHTEpMEIH-
aThl THOAa 2 WJH 3 M NPOTEKAalT JH 3TH CTaAHH OMHOBPEMEHHO
(cm., HanpuMmep, oGcyxnaeHHe B pasn. 18.2 u peakuuo 18-5),
OJHAKO OTBETHTb Ha 3TOT BONPOC He BCErha JErko, IOCKOJbKY
pasiMyHsl MeXKIy IBYMSI BO3MOXKHOCTSIMH u4acTo OBIBAaIOT HeyJIo-
BHMHIL.

B nonb3y naHHOrO MexaHH3Ma CBHAETENBbCTBYET TOT (akT, UTO
neperpynnHpOBKH TaKOro poJa TNPOUCXOAST -B YCJIOBHSX, KOIAA,
Kak OblJIO IOKa3aHO paHee, 06pa3yloTcsi KApOGOKATHOHE, a HMEHHO,
B peakuusax Snl, npu ankuampopanuu no Ppugeno — Kpadrey
u T. 1. CosbBOIM3 HEONEHTHAOPOMHAA NPUBOAUT K OGpPa30OBaHHIO
NPOAYKTOB IlePerpyNnUupOBKH, IPHYEM CKOPOCTb pPeaKIUHH BO3pa-
CTaeT ¢ yBeJHYEHHEM HOHH3HpYIOLIell CHNOCOGHOCTH pPacTBOPHTEJS,
HO He 3aBHCHT OT KOHLEHTPalHH OCHOBaHHS [4]; aTo moaTBepx-
JaeT, 4TO NepBOH cTaiHell sgBageTcs obpa3oBaHHe KapOOKaTHOHA.
To e camoe coeniHHeHHe B YCJOBHSAX NPOTEKAHHS peakuuH Sn2
He JaeT NPOJAYKTOB NEePerpyNnnHpOBKH, B 3TOM CJyuae IPOHUCXOIHUT,
XOTS M MeNJIeHHO, OObIYHOe 3aMelneHHe. Takum o6pasoM, mepe-
rpYNNHPOBKA HEONEHTHJOPOMHIA OGDBICHSIETCA HCKJIOUHTENHHO
o6pa3oBanneM Kap6okaTHOHa. OGBLIYHO KapGOKATHOHBI Ieperpym-
[NHPOBHBAIOTCS B 6oJiee ycToHuMBble KapOOKaTHOHBI, U HampasJe-
HHe IeperpynnHpoBKH HMeeT BHJ: IepPBHYHble—~BTOPHUHbIE—TpeE-
tHynele. Heomentun (Me3CCH,), Hneopun (PhCMe,CH,) u
HOop6OpHUJ (HampuMep, 4), a TaKxke NOAOOHBIE HM IIPOHU3BOJIHbLIE
O0COGEHHO CKJIOHHB K peaKLHSIM, BKJIOYAIOIIHM IeperpyninupoBKH
Kap6okaTHOHOB. IlokasaHO, YTO CKOPOCTb MHIPAalMH BO3pPacTaer

C YBEJHUEHHEM CTeNeHH nedUIUTa 3J€KTPOHOB NPH KOHEYHOM IieH-
Tpe MUrpauui [5].

Panee ynomunasnocs (cM. T. 1, pasnm. 5.2), uTo ycroftuusrie Tpe-
THYHble KapOOKAaTHOHH MOXHO IOJNYUHTh B pacTBOpe INPH OuYeHb
HU3KHX TeMmneparypax. HM3ayueHue cmektpos SIMP mnokasaJjo, yto
NPH HarpeBaHHH 3THX PACTBOPOB NPOHUCXOAMT GHICTpasi MHIpauus
FHAPHI-HOHA HJIH AJKHJbHOH rpynnsl U oGpasyeTcss paBHQBECHas

s
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cmech Kap6okaTuoHOB [6]. Hampumep, nag Tper-neHTHABHOTO Ka-
THOHa (5) [7] BO3MOXKHH CcJeAyIOIIHe PaBHOBECHS:

CH, , CH;,

MUSPRUUA | Muzpayes

CH,—C—CH,—CH; CH;—CH—CH—CH; ——

) H ® CH,"
5 ) 6
CH, CH,
Muzpauus
CH;—CH—CH—CH, CH;—CH,—C—CH;,
® & H 5 ®

Kap6okaTHOHEI, KOTOPHIE NEPerpynnupoBEIBAIOTCS ¢ 06pa3oBaHHEM
MIEHTHYHBIX CTPYKTYp (Hampumep, 5==5’, 6=6" unau 64 u 65, . 2,
pasn. 10.6), Ha3kIBAIOT BbLPONCOCHHbIMI KAPOOKATUOHAMU, 4 TaKHe
TNIeperpynnupOBKY — B6LPONCOCHHbIMU nepeepynnuposkamu. Vase-
CTeH LeJBld psaj npuMepos [8].

18.2. WcTuHHasa npuposa MUrpanuu

Hyxkaeopunpusle -1,2-cABUTH B OCHOBHOM SIBJISIIOTCS BHYTPHMO-
JekyJaspHeIMH, 1 W Bcerga ocraercsi B KakKOf-TO CTeNeHH CBS-
3aHHBIM C cy6ctpatoM. IToMHMO nOKa3aTesbCTB, MOJYYEHHHBIX H3
NePeKPECTHHX 3KCIIEPHMEHTOB, HauboJjiee Cepbe3HbIM JOKa3aTelb-
CTBOM fIBJsieTCS (DAKT COXPAHEHUS KOH(PUIYpaUHK B KOHEYHOM IIPO-
IyKTe B TOM cJyvae, ecad W — xupanbHas rpynna. Hanpuwmep,
(+)-PhCHMeCOOH npespamaercs B (—)-PhCHMeNH; B pe-
3yJbTaTe meperpynnupoBok Kypmuyca (peakuus 18-17), I'opmana
(peakuus 18-16), Jloccena (peakius 18-18) u IImupra (peaxuus
18-19) [9], rme cTenmeHp cOXpaHeHHS KOH(QUTYypamHH H3MEHSeTCs
B npefenax ot 95,8 no 99,6 %. Coxpanenne xoHpurypauun GhljIO
npoaeMOHCTpupoBaHO MHOrokpaTHo [10]. JIpyrofi akcnepuMeHT,
B KOTOPOM KOH(pHrypauus coxpaHsijach, Gblja Jierkas KOHBEPCHS
7 B 8 [11]. Ilpn mocTHKOBOM aToMe yryiepona He HabJI0IajiOCh HH
HHBEPCHH, HH paleMH3auuu. [meeTcs MHOro [0Ka3aTeNbCTB CO-
XpaHeHHs] KOHOHrypauuud W, Toria Kak JOKa3aTeJIbCTB HHBEPCHH
Her [12]. OpgHako 3TO He cBsi3aHO ¢ aTomaMH A u B. Bo muorux

Me Me, Me -
CONH, NH,

Me
7 8

peakuusx cTpykrypa W—A—B TakoBa, 4TO NPOAYKT HMEET TOJBKO .
OIHy CTepPHYECKYI0 BO3MOXKHOCTb IpH atomax A unu B wuan npu
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060Hx aToMmax, H B GOJIbLUMHCTBE CJyuyaeB BBHIICHHTb YTO-JHGO HE
npexacrasasiercss Bo3MOXHbIM. OfHaKO B cJydasix, KOrga crepHue-
ckasi mpupoga A unu B moxeT GHITh HCclenOBaHa, Pe3yJabTaTH He-
oaHo3HauHbl, Ilokasano, uto mpu atomax A m B moryt mpoucxo-
IMTb JuHGO HHBepcHsi, JHGO paneMusanusi. Tak, B NpHBeJEHHOM
HHXKe NpuMepe NpeBpallleHHe NPOHCXOAHT ¢ MHBepcHed npu B [13]:

Ph H
[ | DeqRUULST

(—)-Ph—?—('Z—Me ~Hono, (+)-Ph—-ﬁ—(|2-Me (13-2)
OH NH, OH o,

HMsBectHb Takxke npuMeps uusepcuu npu A [13]. Opnako Bo MHO-
THX JPYTHX CJHyuasiX MPOMCXOAUT paleMusanus Kak npu A uiu B,
TaK u npu oboux aromax [14]. IIpu sroM He Bcerza HeoOXOAHMMO,
uTo6Kl B IPOAYKTE HMEJHCh [Be CTepHYECKHe BO3MOXKHOCTH MIJIsI
TOro, uTOoOH HCCJAEHOBATh CTEPeoXUMHIO mpu atomax A mau B. Tak,
B GOJIbIUMHCTBE IeperpynnupoBok bDekmaHa (peakuus 18-20)
MUTPHpPYET Tpynna, HaxoAfAIAsCd B TPAHC-NOJNOXEHHUH MO OTHOLUe-
HHIO K THIDOKCHJIbHOH rpynne (Ha3biBaeMas OOGBIYHO QHTU-TPYII-
no#) :

R OH
@\SN/ ——— R'CONHR

U NPOUCXOAMT HHBepcHs npH B.

Bce ckasaHHOe BhIle MO3BOJISET CYAHTb O CTEHNEHH COTrJaco-
BaHHOCTH Tpex cTaauil neperpynmuposkH. CHauajsla NIOCMOTPHM
Ha KOHeuHoe MecTo Murpaumuu. Ecau mpu atoMe B o6GHapyxkeHa
pameMH3anus, TO BO3MOXKHO, YTO IepBas CTaAus NPOHCXOLUT
npexje BTOpoi W aroM B mpexpcrapJisieT co6oH MOJIOXKMTEJbHO 3a-
PSXKeHHBIH aTOM yriiepoja (Wau APYrofl CeKCTETHHI aTOM):

R R R
| | !

A—B—X ——— A—B* —— *A—B ——— mpemna cmadus

ITo orHowenuio Kk atoMy B ato mpouecc Snl. Ecau npu B HaGio-
LaeTCs HHBEPCHS, TO BEPOSATHO, YTO MepBble ABE CTAaAHH COTJIACO-
BaHHBI, KapOOKATHOH He SBJISETCS HHTEPMEeJHATOM H MpOIEecC Io-
nobGeH peaKuuu THna Sy2:

R R
‘@ |

A—B<X — AZB — *A_B ———— mpemss Cmadus

’

9
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B stom cayuae yuyactHe R momoraer ypajenuio X nomo6Ho cocel-
HUM rpynnam (T. 2, pasa. 10.5). HelicTBuTeNbHO, B JaHHOM cJjyyae
R seaserca cocenneii rpynmnoii. Mimeercs ToJIbKO OAHO pasjiHuHe.
Ilpu HykmeopuabHOM 3aMelleHHH cocefHsia rpynna R Hukorza
He OTpHIBaeTcs OT A, B TO BpeMs Kak B IEPerpynmnHpoBKax CBs3b
Mexay R u A paspeiBaercsa. B no6om ciyuae aHxuMepHoe cojnedi-
CTBHE YBEJHUYHMBAET CKOPOCTh peakiuud. KoHeuHO, At TOoro 4toOhl
3TOT Hpolecc mpotekas, R jo/xeH mmerb GJiaronpUSTHOE TeOMeT-
puyeckoe pacrnojoxenue (R u X anrTu-mepunsanapHH); 9 MoXeT
ObITh HCTHHHBIM INPOMEXYTOYHHIM COEAMHEHHEM HJIH IepPeXOAHBIM
COCTOSIHHEM B 3aBHCHMOCTH OT TOTO, YTO MUIrpHpyeT. B ompeneneH-
HBIX BapHaHTax mnpomnecca Syl BO3MOXHa MHTpalusi C COXpaHe-
HHeM KOH(HIypaluH NpPH KOHEYHOM MecTe MHIpPaluM H3-3a KOH-
¢opmaunoHHbX 3¢ ¢dekToB B KapGokaTuoHax [15].

Ha ocHOBaHHH BBILIECKA3aHHOI'O MOXKHO CHeNaThb HEKOTOphle
BBIBOJbI:

1. Syl-nponecc OGHIYHO NPOHUCXOAMT TOrAa, Koraa B — Tpe-
THYHBIH ATOM WJIM HMEeT OAHY AapHJbHYIO TPynmy H [0 MeHbllel
Mepe ellle OAHY aJKHJbHYIO WM apUJIbHYIO rpynmy. B apyrux ciy-
yasix GoJjiee BepositeH MexaHusm Sy2. HMuBepcus KoHurypamuu
(npusHak MexaHusMa Sn2) Onuia o6Hapy:KeHa NpPH INpeBpalleHHAX
XHpPaJbHOTO 1-d-HEONEeHTHJIOBOrO CIHpTa. B TO e BpeMs uMelOTCS
HoKa3aTeJbCTBA YYaCTHs B NeperpynnupoBke kKapGokaThHoHa [17]
(Mexanusm Snyl).

2. IIInpoko o6GcyxkAajcsi BOIPOC O TOM, ABJseTCS JH 9 HHTep-
MeauaTOM HJH nepexoAHbIM cocTosiHueM. Korpga R mnpeacrasaser
co6oi apus WKW BHHHJ, 9, BO3MOXKHO, fBJISETCS HHTEPMEJHUATOM H
MUTpHpYIOLIash TpyNIna oOKaseBaeT aHxumepHoe cogefictBue [18]
(cMm. 1. 2, pasn. 10.6, rae onucaHa pesoHaHCHas CTaOWJIM3aUHs NPH
R=apua). Korna R=aakuna, 9 npeiacrasjiser co60fi NPOTOHHPO-
BaHHBIA HUKJONponaH (IPOTOHHPOBAHHHI MO Pe6py MM YLy, CM.
T. 3, pasn. 15.9). ViMeercs MHOro noKasaTeJNbCTB TOI'O, YTO HpO-
OyKTHl, o6pasywomuecs npu npocrofi murpanuu CHs-rpynne, He
BO3HHKAIOT H3 NPOMENYTO4HO20 TPOTOHHPOBAHHOTO LHUKJIONPOMNaHa.
CBHeTeNbCTBA B NOJIb3Y TaKOrO BHIBOAA OHIM NpPHUBENEHH B T. 2,

CH, u® CH, ®
Me—!‘:—CD;e — [Me—C2CD, | —— Me—C—cD—cH,
Me Me Me 3
(euzromermuecrt ) 1

10 11
P
Me _'(I:“‘ CHI_CDzH
Me
13
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pasn. 10.6. JdasbHefillee A0Ka3aTeJbCTBO NOJYYEHO HA OCHOBaHHH
pesyJbTaTOB 3KCMEPUMEHTOB C MeueHHIMH aToMaMmH. [Ipm mnepe-
TPYNNHPOBKE HEONEHTHJLHOINO KAaTHOHAa, MEUEHHOro JeHTepHeM
B mnosoxenun 1 (10), o6pasoBrIBajcs TOJNbKO TpPeT-NMeHTHIbHBIN
KaTHOH ¢ MeTKoil B moJsoxeHuu 3 (12), xotsa, ecau G6u 11 OHLAI
HHTepMeJHNaTOM LHKJOIPONAaHOBOrO THIA, C PAaBHOH BepPOSITHOCTHIO
o6pa3oBbiBajics Obl TPer-MEeHTHJbHBIE KATHOH C METKOH B MOJIOXKe-
Huu 4 (13) [19]. :

K TakoMy xe BLIBOAY NpPHUBENH SKCIEPUMEHTHl MO MOJYUYEHHIO
HecKoJIbKHUMH cmocoG6aMi Me;C3CHgt. B sToM ciayyae Gblau BHI-
JeJIeHbl TOJbKO TPOAYKTHl IpeBpallleHUus TpeT-NeHTHA-KaTHOHA,

<)
MeueHHoro mno mnojoxenuio C(3), T. e. Me,C—3CHyCHj, HO He

Mez%—CH213CH3 [20]. Onmnako wuMelOTCs JaHHbBlE O TOM, UuTO,
no kpaiiHe#l Mepe, B 1-IpONHJBHBIX CHCTeMax HeboJsbllas 4acTh
NPOAYKTa AEHCTBHTENbHO MOXKET 06GPa30BHIBATHCS M3 MPOTOHHPO-
BaHHBIX UHUKJONpPOMaHOBHIX HHTepMejnaToB [21]. Taxk, Oblo Bblae-
aexo ot 10 go 15 % wuukaonponanos (T. 2, pasa. 10.6). M3oTonnoe
pacrupefesieHHe B TPONHUJ-KaTHOHAX, MOJYYEHHBIX NpPH JHA30THPO-
Baunn Meuennix amuuos (CH3;CH,CD,;+, CH3CD,CH,*, CHz;—
—CH_,!*CHyt), Takxe ykashlBaeT Ha TO, YTO HE3HAUHTEJbHOE KO-
JanyectBo (okoso 5 %) mpoAyKTa MO/KHO MOJNYYyaTbCS M3 IPOMe-
JXYTOYHBIX NPOTOHHPOBAHHBIX LHMKJOIMPOINAHOB, HanpuMmep [22]

CH,CH,CD,~NH, 2% ~1% C,H,D—CHD—OH
CH,CD,CH,NH, %%, ~1% C,H,D—CHD—OH
CH,CH,"“CH,NH, —=%> ~2% “CH,CH,CH,0H. + -~2% CH,“CH,CH,0H

Eme Gosblle mepepacnpeseseHde MeTKH HabaiofaeTcsi NpH TpH-
¢Topoaneronuse 1-mponua-1-“C-mepkyponepxsopara [23]. Opnako
JUIS peaKIMH JHa30THPOBAHHA MeYeHOoro n3o6yTHaaMuHa [24]u pop-
MoJsi3a MeyeHoro l-mpomuartosunata [25] Tonpko 1%, nosnyuarore-
rocsi MPOAYKTa MOXKHO OOBSICHATH y4acTHEM B PeaKUHH MPOTOHHUPO-
BaHHOrO IHKJONDPONAaHOBOIO HHTEPMEAHAaTa.

BeposiTHO, MPOTOHHPOBaHHbIE HUKJONPONAHOBLEIE HHTEpMeIHAaThl
HJIH TepeXOoJHble COCTOSIHHS OTBETCTBEHHBI TaKiKe 3a HEKOTOphbie
neperpynnupoBKH, He saABjasAoollnecs |,2-neperpynnupoBkaMu. Ha-
NpHMep, B CYNEPKHC/IbIX PAacTBOPaX AHMETHJH30MNPONHIKAPGOHHE-
Bblfl HOH (14) HaXOAHTCA B PAaBHOBECHH C AMMETHJI-H-TIPOMHJIKAp-

e CH, ' * Me
|
Me—C—CH —Me —— Me)g &’ Hl —— Me—C—CH,—CH—Me
® Me1 " ll\:e ~— - 2 —

14 15 16
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G6oHueBbiM HoHOM (16). Tosbko 3a cuer 1,2-aJIKUJIBHOTO WJIH THA-
PHOHOIO CIBHMra TaKOe B3aHMONpeBpallleHHe HeBO3MOXKHO, eCJH He
JONyCTUTb 00pa3oBaHHe MNePBUYHBIX KapOOKATHOHOB, 4YTO KpaHHe
MasioBeposiTHO. O HAaKO PeaKUHI0 MOXHO OOGBSICHUTh Ha OCHOBaHMH
npejnosoxeHHss O TOM, YTO B NpPSIMOH peaklHH B HHTepMeJHaTe
HJM NepexoJHOM COCTOSIHMH 15 packpbiBaercs 1,2-, a He 2,3-cBfi3b,
KoTopasi JOJKHa Obljla 6bl pacKpbIBaThCcs B cjayyae HOPMaJibHOIO
1,2-caBura MmetuabHO# rpynnsl [26]. PackpweiTHe 1,2-cBSiI3M NpHBO-
OHT K TPETHYHOMY KAaTHOHY, TOrJa KaK NpPU PacKpbITHU 2,3-cBA3H
nosxeH Oblii 6bl 06pas3oBaTbCsl BTOPHUHBIH KaTHOH. B oGpaTHoH
peakuuu 16—14 uHTepMejguaT pacluenJsieTcsi, KOHEYHO, IO CBS3H
1,3.

3. MHoro paGoT NOCBSILIEHO PAacCCMOTPEHHIO BOJOpOga B Kauye-
cTBe MUrpHpyloliel rpynnbl. XoTs yOeqUTesbHble HOKa3aTeJbCTBa
TOro, sBJsieTCs JU 9 HCTHMHHBIM HHTEPMEIHaTOM, OTCYTCTBYIOT,
UMeIOTCSl apryMeHThl KaK B II0JIb3y 3TOrO, TaK M NPOTHB (CM. T. 2,
pasn. 10.6).

Crepeoxumus NpH HayaJbHOM MecTe MHUrpauuu A yacTo MeHee
Ba)KHa, TaK KaK B GOJIBIIHHCTBe cayuyaeB A mepecTaeT ObITh TeTpa-
3JpHYECKUM aTOMOM, OJHAKO ecju HabjwojaeTcsi HHBepcus, TO 3TO
yKasbiBaeT Ha Sn2-XapakTep mpouecca NpU LEHTPe HayaJja MHUrpa-
LIMH, KOTOPHIH MOXeT CONPOBOXKMAATbCA WJIH HE CONPOBOXKAATbCA
nponeccoM SN2 NpH KOHEYHOM LieHTpe MHrpauuu B:

R, R
’ A2B — A—B uHsepcus npu Au B
Y4 l
9 Y

. :‘\—Be ——— A—B—R  uneepcusi marero npu A
Y- I
Y
B HexkoTophlx cayyasix HaHmeHo, uTo npu murpaunuu H koHoury-
pauus npu A moxet coxpanareca [27].
KoHpurypauus MoJeKyJbl MOXKeT HMeTb Ba)XHOe 3HayeHHe
Jaxe TOrja, KOrja yxojsllas rpynmna OTAesseTcs A0 TOro, Kak
HayuHaeTcsi Murpauus. Hanpumep, BHyTpuMoOJeKyJ/isspHOe o06paso-

H . H
H H
H
“;# ® # H
" @" @é
17’

17
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BaHHe PaBHOBECHOH CMecH B cjyuae l-ajamaHTH/-KaTHOHa (17)
He HaGuionaercs paxe npu 130°C [28], xoTs1 JuHefiHBle (HamNpH-
Mep, 5==5’) U LHKJIHYECKHe TPETHYHHe KapOOKAaTHOHBI NpeTeplie-
BaloT Takue npespauienuss npu 0°C u nuxe. Ha ocHoBaHuM 3THX
U APYCMX HAHHHIX OB cHe/JaH BHBOA, 4To |,2-cABUr BOJZOpPOAA
WM MeTHJa [pOTeKaeT IJIaJKO TOrJa, KOrAa BaKaHTHass p-opOH-
TaJb YIJIEPOAA, HECYIIEro MOJOXKUTENbHHI 3apsi, U Sp3-opOuTalb
yrJiepofia, Hecylllero MHTPHpYIOILLylo Ipynny, KonjaHapHe [28], uto
HeBO3MOXHO AJjs 17.

18.3." CnocoGHocTb K Murpauuu [29]

JJas MHOrux peakuuii Bompoc, Kakasi rpynmna OyAeT MHIPHPO-
BaTh, He Bo3HHKaeT. B peakuusx I'opmana, Kypuuyca u um nono6-
HHIX cnoco6Ha MHIPHPOBATH JIMLIL OJHA-€AMHCTBEHHasl rpynna H
MUTPaLHOHHYIO CIIOCOOHOCTh MOXKHO OIEHHTb TOJIBKO CPaBHEHHEM
OTHOCHTEJIbHBIX CKOPOCTefl NeperpynnupoBOK pasJjIMYHBIX COEJMHe-
HHH. B npyrux coejuneHusix MMeIOTCS 1O JBe WM 0oJiee NOTEHLHU-
aJIbHBIX MMI'DHPYIOIIMX TPYHI, HO HX MHUTPalMsl 3aBUCUT OT TeOMeT-
puM MoJieKyJau. IIpuMepoM MoOXKeT CJIyXMTh NeperpynnupoBKa
Bekmana (peakuusi 18-20); mpu sTOM MMIrpHPYeT TOJBKO Ipynna,
Haxojswascs B rparc-nojoxenun K OH-rpynme. B coenunennsx,
rie HET OUpaHUYEHHMH TaKOro THMa, MOTYT NPOSABJIATHCS 3((PeKTH
3acjqoHeHuss (cM. pasn. 17.7), m Gymer MUrpHUpOBaTh Ta TIpynna,
KoTopasi HaeT NPOAYKT ¢ GoJiee ycroiuusoil koHdbopmamued [30].
OnHako B HEKOTOPHIX pPeakIHsX, 0COOEHHO B NMHAKOJHHOBOH mepe-
rpynnupoBke (peakuus 18-2) u neperpynnupoBke Barunepa — Me-
eppefina .(peakuusi 18-1), B MOJIeKyJjle MOXKET OBITh HECKOJbKO
rpynn, KoToprle o KpadHedl Mepe reOMeTPHYECKH, MMET NPHOJIH-
3UTEJbHO PaBHblE BO3MOXKHOCTH AJISi MUIpanMH. Takue peakuyuu
M03TOMY YacCTO MCIOJIb30BAJH [JIsS MPSAMOTO M3yYeHHSI OTHOCHTEJb-
HOH MHUTpPanMOHHOH crnocoGHOCTH. B NHMHAKOJIMHOBOH neperpynmu-
pPOBKE MMEIOTCSI JONOJIHHUTEJbHbIE CJIOXKHOCTH, NOCKOJBKY He SICHO,
kKakass u3 OH-rpynn orpbiBaeTcs, a MHTpanusi OCYILECTBJSETCS
TOJILKO mpH ycnoBuu ypanenus OH-rpynnbl ot cocednezo artoma
yriepoza.

Mmu paccMOTpUM cHauaJla BTOPOH BONpPOC Ha OpUMepe AHOJA
tina ReC—CRy/, B KOTOpOM MHrpanMOHHasi CHOCOGHOCTb pa-

||
HO OH
IHUKaJOB 3aBUCHT OT Toro, kakas u3 rpynn OH yxoaur. MoxHO
OXHAATh, YTO 3Ta CIOCOOGHOCThL ONpelensieTcsi CTaGUIBHOCTBIO 00-
pasyiomerocsi kKapGokatHoHa. Tak, 1,1-mudenunsrangunon (18)
ngaer nudpenunaneranpnerun (19), a He cenunanerodenon (20).
OueBHHO, B JaHHOM CJydYyae He HMeeT 3HaUeHHsl, (EHHJ HJH BO-
nopox GoJsiee cnoco6eH K MHrpanud. MHUrpHPOBaTh MOXKET TOJIbKO
BOZOPOJ, NOCKOJNBKY 21 He o6pasyercsi. Kak OblJI0 NOKa3aHO BHIILE,
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rh lll Ph H III l‘l
Ph—C—(II-—H —_— Ph'—g—(}—l'{ —_— Ph——(f—?—H — Ph—(IZ——(l.i—H
OH OH OH Ph OH Ph O

18 19
X‘ Ph H Ph

Ph—C—C—H dornceri darrre Ph—C—C—H
| @ ]
OH 0O H
21 20

CTabUJIbHOCTh KapGOKaTHOHOB 3aBHCHT OT NPHPOAbI OKPYXKaIOIIHX
IPYNN U YMEHbIIAeTCsl B PSIAY apHJI> aJKHJ>BOJOPOX; 9TO OGBIYHO
H ompepeasier Mecto orpmiBa rpynnel OH u mecro o6pasoBanus
kap6okatuoHa. OHAKO H3BECTHH HCKJIIOUEHHS, CBSI3aHHBIE CyCJIO-
BHSIMH TPOBENEHHS peakUuH (Hampumep, peakuus coenuHenus 40,
cM. peakuuio 18-2).

Yro6bl OTBETHTh Ha BONPOC O (paKTHYECKOH MHUTPAaHOHHOH CIIO-
co6HOoCTH, Hazo wucmoab3oBaTh cy6erpar RR'C(OH)C(OH)RR’,
NPH NHHAKOJHHOBOH INeperpynnupoBKe KOTOPOrO HE3aBHCHMO OT
toro, kakast rpynna OH orpriBaercsi, o6pa3yeTcsi OZHH H TOT K€
Kap6OKaTHOH. DTO MNO3BOJISIET HENOCPEJCTBEHHO CONMOCTAaBHTb MHT-
pauyoHHbie cnoco6Hoctt R m R’. Opnako nmpu GoJsiee riiyGOKOM
aHaJM3e CTAaHOBHUTCA OYEBHMAHBIM, UTO 3JeChb OKa3HIBaeT BJHSHUE
HeCKOJNbKO (akTopoB. [ToMHMO yKe YNOMSIHYTHIX - KOH(OPMAaIHOH-
HBX 5((eKTOB HMeeTcCsl JONOJHHUTEJbHOE OOGCTOSITEIbCTBO, BJIHSIO-
mwee Ha Murpanuio R uan R/, HO He CBsi3aHHOE C MX OTHOCHTEJIbHOM
MUTPHPYIOIIEHl CHOCOGHOCThIO, 2 MMEHHO: ONpEeNEJeHHYIO POJib Hr-
paer rpymnma, He MHUTPHUpyOILasi, a CTaGHJIM3HPYIOLlas IMOJOXKH-
TeJbHBIA 3apsijl, BO3HAKAWIIUK B Hayaje murpauun [31]. Tak, mur-
pamus R uw R’ mpuBoauT K 06pa3oBaHHI0O KAaTHOHOB PasjHYHON

@
ycroiiunBocTH: anast mepBoro — kK R’C (OH) —CReR’, as1st BTOporo —

K R%(OH)—CRR:/. BeposaTHOo, B HaHHOM cJyuae MOXHO GHIJIO
O6bl OGHApYXHTh MEHbLIYI0 MUrpauuio njsi R, uem nas R’, u He
NOTOMY, 4TO OH oO6JajxaeT MeHblleli (aKTHueCKO# MHTpHpYoLIeH
CIOCOOHOCThIO, a NOTOMY, YTO OH 3HAUUTEJNBHO Jyulle CTaGHIU3H-
pyeT mnoJioXXMTeJbHHE 3apsax. KpoMe srToro, Murpupymouias cIio-
COOHOCTb TI'DYNNbI CBSI3aHa C €€ CKJOHHOCTbIO K OKAa3aHHIO aHXH-
MEPHOrO COZeHCTBHS OTPHIBY HykJjeodyra. I[Ipumepom Takoro s¢-
teKTa sIBJIsIETCSI Pa3jIOKeHHe To3ujara 22, rie MUTPHPYET TOJBKO
¢eHHNbHAS IpyNna, TOrja Kak Npu o6paGoTKe KHCJOTOH COOTBET-
CTByIOLIEro aJKeHa 23 MMeeTcsi KOHKYPEHTHasi MHI'Dalys Kak Me-
THJIbHOH, Tak U (eHUNbHOH rpynn (AJs pacno3HABaHHS MHTPHPY-
folle#l rpynnbl HeoGxXoxuMo npuMeHHTh MeTKy !4C) [32]. Coenune-
HUS 22 ¥ 23 [AT OAMH H TOT XKe KapOOKaTHOH; PpasjHuHe
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B pe3yJbTaTax MOXeT ObITh CBA32aHO C TeM, 4TO B 22 (eHHJbHASA
rpynna MoOXeT Cnoco06CTBOBaTh YXOAYy TIpYHNBl; Tako# mnpormecc
HeBO3MOXeH B 23. DTOT mpuMep 4YeTKO II0Ka3bIBaeT pasjHuHe
MeXAy MHurpanuell K OTHOCHTeJNbHO cBoGomHOMy atoMy B u mur-
paunuel, npu KOTOPOH MHUrpHpyollas rpynna okasbiBaeT aHXHMep-
Hoe coge#ctue [33].

He yzuBHTeNBHO NO3TOMY, YTO OXHO3HAYHOTO OTBETAa HAa BO-
npoc 06 OTHOCHTEJNbHOH MHTPALHOHHOH CHOCOOHOCTH pagHuKaJIoB
HeT. UYame MurpanuoHHass CcHoco6HOCTb apHJIBHOrO pajgukalja
6oJiblile, YeM AaJKHJIbHOTO, HO H3BECTHH H HCKJIOYEHHS, a IO0JO-
JKeHHe B 3TOM pSAy BOJOpPOZA YacCTo Hempexckadyemo. B Hexo-
TOPHIX CJAyYasiX MHUrPalHs BOJOPOXA npeobsafaeT Haj MHUrpauHed
apuna, B APYruX — cuTyanus obpartHas. Jacto o6pasyoTcsi cMecH,
COCTaB KOTOPHIX 3aBHCHT OT ycJoBHH. Hanpumep, Hepemko cpas-
HHBajach MHUIpPalHOHHAasi cnoco6HocTh rpynmnm Me u Et. B oxgnux
“cayyaax 6oJblied MHTPalHOHHOH CIOCOGHOCTBIO o6aanan Me, B Apy-
rux — Et [34]. OnHako MOXHO CKa3aTb, YTO B PAAY APHJIBHBIX MHT-
PHpYIOLIMX  3aMeCTHTeJeH  3JIeKTPOHONLOHODHBIE  3aMeCTHUTeNH
B napa- U MeTa-NOJOXKEHHMAX YBEJIHYHBAIOT MHIPALMOHHYIO CIO-
COGHOCTD, a Te K€ 3aMeCTHTEJIH B OPTO-NIOJIOXKEHHH ee YMEHbIIAOT.
DJIeKTPOHOAKLENTOPHEE 3aMECTHTENIH BO BCEX IIOJIOXKEHHSX CHH-
JKalT cnoco6HOCTb K MHrpanuu. baxman u ®epriocon [35] onpene-
JUIN DAL OTHOCUTEJIbHOH MHIPAaHHOHHOH AaKTHBHOCTH: A-aHH3UJ
500; n-toaua 15,7; m-tronmun 1,95; ¢enua 1,00; n-xmopodenun 0,7;
o-anu3ua 0,3. Takoe noJioKeHHe OpPTO-aHW3UJIBHOH TrpYIIbI, BO3-
MOXHO, CBSI3aHO CO CTEPHYECKHMH TPYAHOCTAMM; AJS APYTHX TPy
HMeeTCsl TpeKpacHasi KOppeJsiiusi ¢ COOTBETCTBYIOLINMH 3aMeCTHTE-
JAMH peakuMi 3JeKTPOGHILHOrO apoMaTHYECKOro ‘3aMelleHHs .

18.4. 3ddexrnl mamaTu [36]

CoqbBoJn3 3#00-6HuMKINYecKOro coefuHeHHs1 24 (X=ONs,T.2,
pasa. 10.13, unn Br) npHBOZMT K OGHUMKJIHYECKOMY aJlJIHJIOBOMY
cnupTy 27 M K HeOOJbLINM KOJHYeCTBAM TPUIHMKJIMIECKOTO CIHPTA
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31, B TO BpeMs Kak IpPH COJIbBOJIM3e IK30-u30Mepa 28 obpasyioTcs
B ocHOBHOM 31 u HeGoablwuue KosnuuectBa 27 [37]. Takum oGpasom,
IBa M30Mepa AaiOT pa3Hble COOTHOIIEHHS NPOLYKTOB, XOTS, NO-BH-
IHMOMY, TIePBOHAYaJbHO O6pa3yeTcsi OMHH U TOT e KapOOKaTHOH
(25 unm 29).

x\CH, H

®’)H
! Ty / Hexomopoe  ag
— —\ —_— + Konuyecmeo

26 OH 5
no CHLx  @H
' Heromopoe
ﬂ\& — — ﬁ%——»;b + nomaeeme 2T

]
HO
30 3

B cayuyae 25 mpoHcxoAuT BTopas meperpynnupoBka (l,7-casur),
a B 29 MPOMCXOAHUT BHYTPHMOJIEKYJISPHOE NPHCOEIHHEHHE TOJOXKH-
TeJbHO 3apsXKeHHOro aToMa yrJiepojga K paBoiHON cBsisn. Cospa-
eTcsl BIeyaTJeHHe, uTo 25 U 29 «NOMHAT», KaK OHH 00pa3oBaJuCh
IO BCTYIJIEHHsS BO BTOPYIO cTajguio. TakHe 3¢ ¢eKTH Ha3BIBalOT
agppexramu namaru. VIsBecTHB M ApyrHe aHAJIOTHYHble NPHMEPH
[38]. TIpupona 3¢dpeKTOB mMaMATH, HECMOTPS Ha IIHPOKOe OOCYK-
JeHHe, K HACTOsILeMy BpeMeHH He sicHa. OZHOM H3 MPHYUH MOXKET
ObITb pas3JjiMuHAas COJbBaTallUsi, NO-BHAMMOMY, HAEHTHYHBIX HOHOB
25 1 29. [IpyruMH NpHYHMHAMH MOTYT ObITh cjaenyomue: 1) HoOHHI 25
H 28 HMeT TeoMeTPHYeCKHe CTPYKTYPHl, CKPYYeHHble B pa3HbIe
CTOPOHBI (HampuMep, CKPYYeHHBIH 29 MOXKeT HMeTb IOJIOXKHUTEJIbHO
3apsiKEHHBIH aToOM yriepona OJHKe K JBOHHOH CBSI3H, YeM CKpY-
‘yeHHBIH 25); 2) o6pasoBanue HOHHBIX map [39]; 3) o6pasoBaHue

) ®
/ /
CHpYHEHHBIL CHDYWEHHBILL

HeKJacCHUecKHX kKapGokaTHOHOB [40]. CuremyeT HCK/IIOUHTb BO3-
MOXKHOCTb COIVIACOBAHHOrO TpPOTEKaHHs craguii 24—25—>26 u
282930, npu KOTOPOM BO3MOXKHOCTb o6pasoBaHusi 25 H 29 Bo-
ob6uie Hckaouaercs. IlocinenHee GHIIO MOATBEPIKAEHO HECKOJBKHMH



122 FJIABA 18

cnoco6aMH, B TOM 4HCJI€é TeM, yTo 24 gaeT He ToJbkKO 27, HO U He-
Kotopoe kosaunuectBo 31. Kpome Toro, mokasaHo, yTo 28 pgaer BMe-
cTe ¢ 31 HeKOTOpoe KOJIHUeCTBO 27. DTo O3HauaeT, YyTo HOHH 25
H 29 mpespamialoTcs APYr B Apyra. Takoe siBjleHHe H3BeCTHO Kak
crexarnue 3apsada (leakage).

18.5. JlanbHne HyKJaeoduJbHble neperpynnupoBKH

Bompoc o Tom, MoryT Jiu I'pPynnbl MHTPHPOBaTb CO CBOeH 3Jek-
TpoHHo# nmapoit oT A Kk C B W—A—B—C nin Ha 66ab11me paccros-
HHSI, LIHPOKO o6Gcyxpascsi. XOTs H yTBepKAAJIoCh, YTO aJKHJbHBIE
Ipynnbl MOTYT MHTPHPOBaTh TaKHM 00pasoM, HO 3TO OblBaeT ypes-
BbIYafiHO peAKO, ecyH BooOIle mpoHcxoauT. OXHAM M3 SKCIepHUMeH-
TOB, MOATBepXKaamluM |,3-Murpanuio, OblJIO reHepHpoBaHMe 3,3-
quMeTHI-1-6yTuabHoro katHona MesCCH.CHyt. Ecim 1,3-murpa-
I¥si BO3MOXKHA, TO STOT NEPBHUYHbIH KaTHOH OyHeT NpeBpalllaThCs
B TPeTHUHBIH 2-MeTH/-2-MeHTWIbHbIA KaTHOH Me,C®CH,CH,CHs,
a mnpu 1,2-murpamun (HMJH THAPHAHOM cAaBHre) GynmeT o6pa3oBbI-
BaTbCs BTOPHUHBIH KaTHOH. OJHAaKO MNPOAYKTOB, BO3HHKaBIIHX H3
2-MeTHJI-2-IEHTHJIBHOTO KaTHOHA, OGHapyXeHO He O6bl10. BBIH
HaHlJeHbl TPOAYKTHl IePerpynnupoBKH, 00pas3oBaBLIMecs TOJLKO
npu 1,2-ruapupnoii murpauuu [41]). CooGmajocy o 1,3-MHrpatiuu
6poma [42].

OmHaKO OCHOBHbIE CIIOPH BHI3bIBAJ HE BONPOC O MHIpPamyuH Me-
THJBHOH rpynnsl Hian Gpoma, a 1,3-ruppuaneiit casur [43]. ITo-Bu-
JUMOMY, HeT COMHEHHH B TOM, uTO 1,3-TMApDHAHBIE CABHTH HMEIOT
M€eCTO, HO SIBJISIOTCS JIH OHH NPSMBIMH CIOBHTaMH HJIH IPOHCXOASAT
o JpPYyroMy MexaHH3My, He sicHO. MMeloTcsi mo kpaitHeii mMepe nABe
BO3MOXKHOCTH OCYLIECTBJIEHHS] HempsMbIX 1,3-THADHAHHIX CHBHUIOB:
1) myrem mocienoBaTesbHBIX 1,2-CABHIOB H 2) C yuyacTHeM MpPOTO-
HUPOBaHHBIX LHKJonponaHoB (cM. pasp. 18.2). Ilpsimo#i 1,3-caBur
6yneT HMeTh NePeXOJHOe COCTOsIHHEe A, B TO BpeMsi Kak IlepeXoj-
HOe cocTosiHHe 1,3-caBura, BKJ/IOYaloliee NPOTOHHPOBAHHBIA IHKJO-
nponaH, Oynxer mnogo6Ho B (cM. HHXKe). DBosplmiMHCTBO H3Be-

C C
PN
C.py-€ ¢
H
A b

CTHHX 1,3-CHBHTOB SIBJAETCS B CYIIHOCTH pPe3yJ/bTaTOM IOC/eN0-
BaTeJIbHBIX 1,2-cABHrOB [44], HO B HEKOTOPHIX ClIyyasx o6pasoBaHHe
MaJIblX KOJIHYeCTB TPOAYKTOB HEBO3MOXHO OOBSCHHTH MHPOTEKa-
HHeM TaKoro mpomecca. Hanpumep, mpu peakuun 2-Merni-1-GyTa-
Hosta ¢ KOH u 6pomodopMoM mosyyaercsi cMech OJIepHHOB, H3 KO-
TOPHIX IIOYTH BCe MOTYT BO3HHMKaTh IPH MPOCTOM SJIHMHHHPOBaHHH
win 1,2-MErpanmump ruapuaa uiad ankmiaa. Opmako o6pasyercs
rakxe 1,2 % 1-metns-1-Gyrena (32) [45]:
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?Ha ?Ha
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32

T'unotetnyecku 32 mMoxeT o6pasoBhiBaThesl uepes 1,3-cusur (mpsmo
HJIH Yepe3 NPOTOHMPOBAHHBIH IHKJONDONAH) HJH NyTeM ABYX IO-
cJ1eJ0BaTeJbHHIX 1,2-CABHIOB:

CH,
CH,—CH,—C—CH, -
y& 3 L 3fe
CH N e Z. CH
CH,— CH,— CH — CH® N @ I °
3 i 2 2 1, 3-cdeue g CHJ_ CH —‘CH—CHJ

33 35

OnHako mo TOH e peakuHu H3 2-MeTH/I-2-GyTaHONa NPOAYKT 32
He o6pasyercs. DTo 03HauaeT, yTo 35 He nosyyaerca u3 34. Orcioga
6bl1 cmesaH BBIBOJ, uTO 35 obpasyeTcss HemocpeACTBeHHO H3 33.
STOT 3KCIEpHMEHT He IO3BOJIMJ OTBETHTh HAa BONPOC O MeXaHH3Me
o6pa3oBanus 35 (mpsAIMOH CABHI HJIM uepe3 NPOTOHHPOBAHHBIA IIHK-
JIONIPONaH), HO M3 APYrHX AaHHHX ciaexyer [46], uro 1,3-caBur, Ko-
TOpHIA He SBJSETCS pe3yJabTaTOM JABYX IOcsieloBaTeNbHHX 1,2-
CABHIOB, NPOMCXOAUT uepe3 NPOTOHHPOBAHHBIA IMKJONPONAHOBHIH
ik [Tocaennuii, kak Mbl BuAead B pasp. 18.2, B mo6om ciayuae
obecrieunBaeT TOJBKO He6OJbIIOA BEIXOX mnpoaykroB. Hwmerorcs,
OJHAaKO, CBHAETeNIbCTBA TOro, uro mnpsamoi 1,3-caBur mo nmytn A
MOKEeT UMETh MECTO B CYNepKHCJBIX pacTBopax [47].

XoTa mnpsiMBle HYKJeOo(HJbHble NeperpynnupoBKH Ha GOJbuLIne,
yeM ass 1,2-CABUrOB, PacCTOSHHS PeAKH (MM