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23.6. CpaBHeHHE OPraHUYECKUX COCAMHEHUI HEMepeXOIHbIX METaJIOB
KaK TIEPEHOCYMKOB KAPOAHYOHOB .....uuvvvreeeniiiieeeaniiieeeaninieeeeanreeeeannssaeeaannnes 89

MeTaioopraHMYeCKe COEIMHEHUS 3aHUMAIOT MPOMEXYTOUHOE
MOJIOXKEHUE MEXAY OPraHMYeCKMMU W HEOpraHWYeCKHWMU BelllecTBa-
MM U SIBJISIOTCS MPEIMETOM U3YUYEeHHUS] METAILJIOOPTaHUYECKON XUMUU —
pasziena Hayku, BO3HUKILErO Ha CThIKE OPraHMYEeCKOW M HeOopraHu-
YeCcKOW XMMUU. 3HAYEHUE METAJNIOOPTaHUYECKUX COEIMHEHUI B opra-
HUYECKOM CHHTE3€¢ OYeHb BeIuMKo. Hampumep, CMHTE3bl ¢ TTOMOILbIO
JIATUM- 1 MAaTHUMOPraHUYECKUX COCIUHEHUI TIPEACTABISIOT OAHY U3
CaMbIX YaCTbIX Olepalrii B JIl0OOH JabopaTOpUu OPraHUYeCcKOro CUH-
Te3a. MCKII0UMTEIbHO BaXKHYIO POJIb UTPAET MPOMBbILILIEHHbIM MeTal-
JIOKOMIUIEKCHBIM KaTajiu3. 3eCh OCHOBHYIO POJIb UTPAIOT COEAMHEHMUS
MEePEeXOIHbIX METAJUIOB: T-KOMIUIEKChI, KAPOEHOBbIE KOMILJIEKCHI U T.II1.

B naHHOli T71aBE€ pacCMOTPEHbI OPraHWYECKUE COEAMHEHUS Herle-
PEXO/IHbIE METAJUIOB; COCAMHEHHUS MEPEXOJHbIX METAIJIOB U METALIO0-
KOMIUIEKCHBIN KaTain3 cM. B miaBe 27. CoeqrHeHUs HeIepPeXOIHbIX Me-
TaJUIOB, KaK MpPaBUJIO, COAEPKAT CBSI3U YIJIepOA—MeTasll, OTHOCSIIMECS
K G-TUMY, T.e. OJMU3KO HAIIOMWHAIOT OOBIYHbIE OPraHUYECKUE COEAM-
HeHusl. B 9THX coenMHEHMsIX IJIsl MeTajula XapakTepHa 2-, 4-, 6- win
8-s1eKTpOHHAs BaJleHTHAs1 000yI0uKa. B coenrHeHUsIX IepexoaHbIX Me-
TaJJIOB BajJeHTHass 000JI0uKa MeTajla OOBIYHO COAepXKUT 18 mium
16 251eKTPOHOB.

g crHTe3a MEeTalIoOOpraHUYeCKUX COSAMHEHUN HEMePeXOIHbIX
METAJIOB C G-CBSI3IMU YIJIEPOI—METAIT IPUMEHSIOT CJIEAYIOII1Me OC-
HOBHbIE METO/bl (CMMBOJI M O3HAayaeT OJUH 3KBUBAJEHT MeTajlia,
Hanpumep: m = Li, MgCl, HgCl, Sn(CH;); uT.1.).

Peakuimsi rajoreHopraHMYeCKUX COEIMHEHUM C MeTajllaMMU:

R-X+2m — R-m+m-X. (23.1)
X=Cl, Br, )

PeaKHI/IH TAJIOTCHOPraHN4YCCKUX COCOAMHCHUHN C MCTAJJIOOpraHM-
YECKMUMHN COCOIMHCHUAMU:

R-X+R-m —= R-m+R -X (23.2)
(X=Cl, Br, I, nnorna OR, OAc, SAr).

Metannupoanne CH-KuCIOT MeTalI00praHM4ecKMU COeIHe-
HUSIMU:

R-H+R-m — R-m+R -H. (23.3)
MetannupoBanue CH-KUCIOT MeTalaaMu:

R-X+m — R-m+1/2H,. (23.4)
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IlepemeraiuinpoBaHue HYJIbBAJIEHTHBIMUA MeETaJIaMMU:
R-m+m — R-m+m’. (23.5)
IlepeMeTtauiupoBaHue COJISIMU METALIOB:
R-m+m-X — R-m+m-X. (23.6)

Ecimm MeTasl 06pa3yioT JOCTATOUHO YCTOMYMBLIE CMEIIAaHHbIE THI-
punsl, HarpuMep R,AIH, To erie omHUM METOIOM ITOTyYeHUS] METAJTO-
OPraHMYECKUX COSAMHEHU ABIISIETCS TIPUCOEIMHEHNE TAKUX THUIPUIOB
K IBOMHBIM U TPOMHBIM CBSI3SIM (CM. 23.3.2).

[MomyyeHHBIE OTHUM M3 YKa3aHHBIX CITOCOOOB METaUIOOpTaHNJE -
CKMe COeIUMHEHMsI OOBIYHO Cpa3y MCITOJb3YIOTCS B AaJbHEMIIIEM CUH-
Te3e. DTU COeTMHEHMS SBJISIOTCST JOHOPaMU KapOaHWOHOB M pearmupy-
IOT TI0 MECTy HaMMEHbIIEeil 3JeKTPOHHON IIJIOTHOCTU MOJIEKYJIBI
cybctpara (anekTpoduia), HapuMmep Mo aToMy yriepoaa KapOOHUIb-
HOI rpymiibl. B KapOaHMOHHBIX CHHTE3aX Yallle BCETO MCITOIb3YIOT CO-
eIMHEHUs] JTUTUsl, MarHusl (peakTuBbl ['puHbspa), HUHKA (peakius
Pedopmarckoro) u anmoMuHus. OTU COeIMHEHUS] Hauboiee peakiim-
OHHOCITOCOOHBI (IT0 CpaBHEHUIO, HAIPUMEpP, C PTYTh- WK OJOBOOP-
FTaHNYECKUMH TIPOM3BOJAHBIMM); WX HA3BIBAIOT <«ITOJSIPHBIMU
METAJIJIOOPTaHUYECKUMHU COEIMHEHUSIMI», TIOJpa3yMeBast OTHOCUTEb-
HO BBICOKYIO CTEIIeHb MOJISIPHOCTH CBSI3HM YIVIEPOA—METAILI, T.€. «Kap-
GaHMOHHBIN XapaKTep» OPTaHWYECKUX COCTMHEHUI IIETOYHBIX, IIe-
JIOYHO3EMEJTbHBIX METAJUIOB U aJTIOMUHUS:

5 o+ 5 5+ o &+
R<—Li R<—MgX R<—AIR, .

OCHOBHbBIE peaKkIy MOJSIPHBIX METAUIOOPTaHMUECKUX COSAMHEHUIA
MpuBeAeHbI B Ta01. 23.1.

Taonuma 23.1

OCHOBHbIE PEAKIHH MOJSAPHBIX G-METAJJIOOPIaHUYECKHX COeIMHEHHI
R-m (m=Li, MgX, AlIR;, ZnX nT.1.) (Z — yame Bcero rajorex)

1. 3amemenne (BTOPOii MpoaykT mZ)

R-m+ H-Z — R-H (TmporoaeMeTalIupOBaHNE)

R-m + Z-B(OR"); — R-B(OR), (6opmemeTaIMpOBaHUE)
3. R-m+Z-R" —= R-R’ (couetaHue)

| | |
4. R-m+>C=C—C—Z —> R-C-C=C (ayutMIbHOE 3aMelleHre C M30-
l I I Mepu3almeit)
| s

5. R-m+ —CEC—?—Z —>R—?=C=C\ (mponaprujibHOE 3aMellieHue ¢

aJIJICHOBOW M30MepUu3aLueit)



10.
11.

12.

13.
14.
15.

16.

17.

20.

21.
22.
23.

Ne—c” — R é é OH
R-m +/C\—/C\ |

| [
R-m + Z—lC:? - R-C:(|3

R-m + Ar-Z — R-Ar

| |
R-m + Z-C=0 —> R-C=0
R-m+ Z-CN — R-CN
R-m + Z-OR),, — R- OR,,
(®=Si, N, P, Hg, Sn, Pb urt.1.)

R-m + Z-NO, —= R- NO,
o+ [H]

R-m +0, ——> ROOH ——> R-OH

R-m+Z7Z, —= R-Z

R-m+ Sy —R-S~ R-m+Z-SR'—R-S-R’

2. Ilpucoenunenne

_ Ho" | |

\
R-m +/C:C\ ——>» R-C-C-H

| HO" |
R-m +—C=N ——> R—(li-ll\IH
H0* |
R-m +—C=N ——> R-C=NH
| HO" |

R-m + IC:O — > R-|C-OH

H,0*
R-m + CO, —> RCOOH

R-m+CO —= R,CO
R-m +CS, —= R-CSSH

(YITMHEeHWe YIJIEPOAHOW Lenu
Ha JBa aToMa)

(BUHUWJIbLHOE HYKJIEODUJIbHOE
3aMelIeHNe)

(apomMaTuyeckoe HyKJIeoMub-
HOE 3aMellleHue)

(CUHTE3 KETOHOB)

(CUHTE3 HUTPUJIOB)

(CUHTE3 2JIEMEHTOOPTaHUUECKUX
COCIMHEHMIA)
(CMHTE3 HUTPOCOECIMHEHUIT)

(oKuciIeHue)
(rajonemMeTaqIMpoOBaHUE)

(CUHTE3 TUOJIOB U CYJIb()UIOB)

(pucoeqHEHUEe K alKeHaM)

(mpucoenMHEeHNE K aJKUHaM)

(mpucoeIMHEHNE K MMUHaM)

(mpucoeIMHEHWEe K HUTPUIIAM)

(CMHTE3 MEePBUYHBIX, BTOPUYHBIX
U TPETUYHbIX CIIUPTOB)

(kapOoHu3alus)
(KapOOHUJIMPOBAHKE)

(CUHTE3 AUTUOKUCIIOT)

JlaHHBIe 3TO TaOIULIBI TOKA3BIBAIOT, YTO G-META/NIOOPTaHNYECKIE
COEIVMHEHMST 00JIagaI0T YpEe3BBIYAITHO OOraThIMU CUHTETUYECKIUMM BO3-
MOXKHOCTSIMU, TaK KaK CIIOCOOHBI pearnpoBaTh IMPAKTUUECKU C JIIOOBIM
3JIEKTPODUIIOM.



23.1. JUTUMOPTAHUYECKUE COEAUHEHUSA

23.1.1. CTPOEHHUE MOJIEKVYJIbI RLi

Jlutuitoprannueckue coenuHeHusi RLi (R =ankui), Tak xe Kak
peaktuBbl I'puHbsipa RMgX (X =rajoreH), UCMoJb3ylOTCSI B OpraHu-
YeCKOM CHHTE3€ B KaueCTBe MCTOYHMKA COOTBETCTBYIOIIMX KapOaHU-
oHoB R°. B nuTeparype oueHb 4acTo He AeTa0T pasmmuns Mexay RLi
u kap6aHunoHoMm RC. Jlo Kakoii cTermeHu 3TO BepHO? DKCHEepUMEH-
TaJIbHO JIaTh OTBET Ha 3TOT BOIPOC OUYE€Hb TPYAHO, MOCKOJbKY HEIb3sl
cpaBHUTh RLi ¢ R® u3-3a upe3BbluaifHO HU3KOIl CTAGMIBHOCTU aj-
KWJIBHBIX KapOaHUOHOB (CM. IJ1. 3) a Takke MOTOMY, YTO B pacTBOpax
MoJieKyabl RLi cuiibHO accouMuMpoBaHbl MeXjay co0Ooil B arperaTbl
(RLi)g, (RLi)4 u T.1., ¥ 3TU arperaTbl COAEPXKAT I'eKCaKOOPAUHUPO-
BaHHBIN WM JaXe rernTakoOpAMHUPOBAHHBIM aToM yrjiepoja.

Bormpoc o Tom, HackoabKo mossipHa cBsizb C—Li, 10 HacTosiiero
BPEMEHU OCTAETCsl MPEeIMETOM aKTUBHBIX Ae0aToB. JIMIMOJIbHBINA MO-
MEHT MeTWIIUTUSI Beauk (~5,7 /1), 1 3TO JOJKHO CBUIETEIbCTBOBATh
0 ToM, uTO cBsi3b C—Li cuiabHO MoHHas. Tem He MeHee MHOTYe JTUTU -
OpraHUYeCKMe COeIMHEHMsI COBCEM HEIOXO0XU Ha cojeo0pa3Hble CO-
eIMHEHUSI: HAIlpUMep, OHU JOBOJBHO HU3KOIUIABKU (3a MCKIIIO-
yeHueM MeTuaauTus). CyllecTBOBaHUE MOJUIUTUUPOBAHHbBIX
coenuHeHuit Tuna CLiy TaKKe CBUIIETEILCTBYET HE B 10JIb3Y MOHHOTO
xapakrtepa cBsizu C—Li, Tak Kak CTpyKTypa C* ... ALi" kaxercst MaoBe-
pPOSITHOI (YeThIpe OTpHULIATEeJIbHBIX 3apsiaa Ha yriaepose!)

JlutueBbie npou3BoaHbIe CUIbHBIX CH-KHUCIOT, HAaNIpUMep €HOo-
JISIT-MOHOB U JAP., SIBJISIIOTCSI MIOHHBIMU U B PacTBOpax MOTYT JHUCCO-
nurposath Ha R™ u Li'.

CTtpoeHue Au- U TPUIMTUEBBIX MPOM3BOIHBIX YaCTO ObIBAET N0-
BOJIbHO HEOOBIYHBIM. Tak, pacueTbl MOKa3bIBAIOT, YTO TPUJIUTUIIME-
taH CHLi; nomkeH umeTh He TeTpasapuueckyto (I), a mmockyio (IT)
KoHpurypauuoo, a 1,l-IuIuTuisTUIIeH — He TIJIOCKW, a KBa3WuTeT-
pasapuueckuii (I11):

Pll L LiQ _H

Li--C :
LY OLi Li

[TpuYnHBI TIOSBIIEHUS TaKMX HEOOBIYHBIX MOJIEKYJISIPHBIX CTPYKTYD
paccMmaTpuBaroTcs B TJ1. 2.
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23.1.2. COCTOSHUE JUTUAOPTAHUYECKUX COEIVNHEHUN
B PACTBOPE

®opmyna RLi 00bIYHO HE COOTBETCTBYET MCTUHHOM, 3HAUYNTEIb-
HO 0oJiee CIOXHOI CTPYKTYype 3TUX COEAVMHEHUI B KPUCTAIIMYECKOMN
¢opme u B pacTBopax. eiicTBUTENbHO, JUTUMAIKUIBL B pacTBOpax
YIJIEBOJAOPOJOB CYIIECTBYIOT B BUE reKcaMepHbIX arperatoB. CTerneHb
accolMaldu MOHUXKAETCs, €CAM MOJIEKYJIbl pacTBOPUTENS SIBJISIIOTCS
MIOHOpPaMU 3JIEKTPOHOB, CMOCOOHBIMM KOOPAMHUPOBATLCS C aTOMOM
nutus. IToHMXeHue cTerneHu accolMaluyd MOXET ObIThb CBSI3aHO U C
MMPOCTPAHCTBEHHBIMU TIPETIATCTBUSIMH, a TakKKe CO CIIOCOOHOCTBIO
OpraHMYeCKOU rpynIbl K JAeJ0Kaau3aldu OTPULIATeJIbHOTO 3apsija.
Hanpumep, B uuknorekcane #-C4HgLi — rekcamep, a B IUATUIOBOM
adupe — Terpamep, Torma Kak mpem-C4Hgli TeTpaMepeH U B yrie-
BOJOPOMHBIX PACTBOPUTENSX; OCH3WUTUTHUI SIBJISETCS TUMEPOM B OCH-
30JIc 1 MOHOMEPOM — B TeTparuapodypaHe.

B numepax (RLi),;, K KOTOpbIM OTHOCUTCSI, HAITPUMED, KpUCTaJI-
muueckuii CgHsLi- TMBJIA, yriaepon NMeHTaKOOPAMHUPOBAH M, aHa-
nornuno nony CHs" (rm. 4), cBA3b MeXy AByMsI aTOMaMU JIUTUS U
YIJIEPOJIOM SIBJISIETCSI IBYX2JIEKTPOHHOM TPEXLIEHTPOBOM, T.€. HeKJIac-
cuueckoit (IV):

Li
v \%

B terpamepax, mpuMepamMu KOTOPBIX SIBJSIIOTCS KPUCTALIAYECKUE
CH3Li, C2H5Li, H—C4H9Li, mpem—C4H9Li, a TaKXKE CH3LI n H—C4H9Li
B pacTBOopax B nuatuiioBoM 3¢pupe u C,HsLi — B razosoit ¢ase, 00-
pas3yloTcsl YeTbIpexXUeHTpoBbie CBsI3U (V), T.e. YIJIEpOa IeKCaKoOpau-
HupoBaH. B pesynbrare nosyvatorcs cTpykTypbl TUna VII, B KOTOpbIX
aJIKUJIbHBIE TPYINbl HAXOASATCS Hal LIEHTpaMM TpaHeil TeTpasipa,
00pa30BaHHOTO YEeThIpbMS aToMaMM MeTasuia. IIpsiMbIx cBsizeit yrie-
poa—MeTann 3aech HeT. McciemoBaHue TeTpaMEepHOTO METWILIUTHS
metonoMm SAMP Ha siopax Liu BC MOKAa3aj0, YTO CBS3U MEXAY siapa-
MU JIMTUSI UMEIOT MPAKTUUYECKU HYJIEBOW MOPSIIOK, W Kaxjaash Me-
TUJIbHAST TPYIIa B3aMMOAEUCTBYET C TpeMsl U3 YeTbIpeX aTOMOB JIM-
Tusg. O6pa3oBaHME TaKOW CTPYKTYPhl MOXHO MPEICTaBUTh Kak
HCKaxXeHue Kyoumueckoil peweTtku ¢ npsmbiMu cBszsimu C-Li (VI)
nyTeM COJIMKEHMST HeCOCEICTBYIOIIMX YIJIOB Kyoa:

11



M——R M
S R\/\\/R
il
—
R——M =
e ‘/ M= R
M—R
VI VII

B rekcamepax 1mo JaHHBIM PEHTIEHOCTPYKTYPHOTO aHAJI3a ATOMBI JTUTHS
o6pasytoT oktasap (VIII).

Vil IX

MeTunkanuii, METUIPYOUIUIT U METWILE3UIA MMEIOT MOJIUMEPHYIO
crpykTypy (IX), B KOTOpOii MeXIy CIOSIMU KaTMOHOB MeTajjla JiexkaT
CJIOU Sp”-TMOPUAM30BaHHBIX METUJIbHBIX aHUOHOB. B aTOM cityuae, Bepo-
SITHO, 00OPAa3yloTCsl YEThIPEXLIEHTPOBbIC ABYX2JeKTpOHHbIE CBsI3U (V).

OObIYHO peakLMOHHasA CITIOCOOHOCTb JUTUMOPTraHUYECKUX COSAU-
HEHWI1 TeM BBbIllIe, YeM MEHbllIe CTereHb accouuanuu. [loatomy npu
MPOBEIECHNN peakKUMil BaXKHYIO POJb MTPaeT BHIOOP pacTBOPUTEIS.
JHoHOpHbIE (OCHOBHBIE) PACTBOPUTENIM YBEIWUMBAIOT PEaKIMOHHYIO
CMOCOOHOCTDH JIMTUMOPraHMYECKUX COEIAMHEHWI 3a CueT MOHMKEHUs
CTEMeHM acCOUMalMU U yBEJIMYEHUs] KapOaHMOHHOTIO XapakTepa COo-
€IVMHEHUsT BCAEACTBUE KOOPAMHALMU IO aTOMy MeTalja:

OCO00eHHO CUJIBHO Ha peakKlMOHHYI CIOCOOHOCTb JUTUMOPraHM-
YeCKMX COCAMHEHUU BIMSIOT OMICHTAaTHBIE JIMTaHIbI, HaIlpUMep
N, N, N, N’-terpametunatuieHauamud (TM3BA), 1,4-nuazadu-
uukiao[2.2.2]Jokran (AABLIO) wu T.1m.:

CHj. CH; / \

N—CH,CH,~N_ NN
CHyY CH; e
TMDJIA JIABLIO

12



OnTuyecky akKTUBHBIE aIKMIIUTUEBBIe coenrHeHnss R{R,R3CLi B pa-
CTBOpPax KOHMUTYpaLXOHHO HECTAaOWIIbHBI, T.€. OBICTPO PALIEMU3YIOTCS,
OIIHAKO LIMKJIOTIPOMMIbHBIE MPOM3BOAHBIE TOpa3ao cTabmibHee. [Tpuun-
HbI 00CYXIaMUCh B I1. 3 (cM. 1. 3, 4. 1).

23.1.3. METO/JbI ITIOJIYYEHUSA .
JIUTUNOPTAHUYECKUX COEJVMHEHUU

JJ1s1 MosyyeHus TIMTUIOpraHMYeCcKNX COeIMHEeHNI Hanbosiee 4acTo
KCIIOJIB3YIOTCS TIepBbIe U3 YKa3aHHBIX Bbillle MeToA0B (peakuuu 23.1,
23.2 m 23.3), mo3TOMy OHM OyIyT pacCMOTPEHBI B IIEPBYIO OUEpE.b.

23.1.3.a. BBAUMOJENCTBUE OPTAHUYECKHWX TAJIOTEHUOB
C METAJUVIMYECKUM JIMTUEM

BoNBIIMHCTBO MPOCTEHINNX ANKWI- WM apWITUTUEBBIX COCIM-
HEHUI TTOJyYaloT MyTeM B3aMMOICHCTBUSI COOTBETCTBYIOIIUX Tajore-
HUJIOB C METAJIJIOM:

RX + 2Li —&mMal ,  R-Li + LiX. (23.7)

HJTH [IPOCTOM
3hup

DTa peakiys MeHee UCClIeJOBaHa, YeM aHaJIOTMYHasl peakius [ puHbs-
pa (cMm. 23.2), HO, BEPOSITHO, UMEET aHAJIOTMYHbIN MeXaHU3M, BKJIlOUa-
Ol B KauecTBe MEepBOM CTaauM TEePeHOC 3JEKTPOHA OT MeTajlla K
RX, T.e. BoccTaHOBIIEHME OPTaHMYECKOTO rajioreHnaa. B KagecTBe pa-
CTBOPUTEJIEN MOXKHO MCITOIb30BATh AJIKAHbI WJTH TTPOCThIie d(puphl. OObIU-
HO JIJIl peakuuu ¢ JUTUEM OepyT XJIOpHMIbI WJIM OpPOMUIBI, TaK KakK
WOJIMUIBI POSIBIIIOT TEHACHIIMIO K 00pa30BaHUIO MPOAYKTOB peaKInu
COUCTAHMS:

2RI + 2Li ——» R-R + 2L + 2 Lil.
MPOTYKT
coueTaHus
Ora peakuusl aHajJormyHa peakuuu Broplia, KoTopasi IIpOBOAUTCS C
HaTPUEM.

st oOpa3zoBaHUsI TMTUMOPraHMYECKOTO COEIMHEHUS B peaklnu
(23.7) HeoOxoaUMO, YTOOBI METa/UIMYECKUI JUTUN comepxKaa IpU-
mecu Hatpus. [Ipu monaydyeHUM OyTWIMTHUS MOBEPXHOCTb MeTasia
PEKOMEHIYETCS TTOKPBITH TTOPOIIKOOOPA3HOI MEIbIO.

IIpy mOMBITKE MOMYYNUTH OCH3WI- WIN aJUTWIIATUI IO PeaKIIuu
(23.7) monyyaroTcs rjiaBHbIM 00pa3oM MpoAYyKThl peakuuu Bropua,
IMO3TOMY OCH3WJI- M AJUTMJIJIUTUI TIOJIy9aloT He M3 TaJOTeHUAO0B, a
U3 COOTBETCTBYIOIIMX ATKUJIOBBIX, (DEHUIOBBIX WJIM ME3UTUIOBBIX
3(pupoBsB:
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QCHzoR + L —> QCHzLi + LiOR ;

OCH3MIIITUTHI

/\/OR + 2l —>» /\/Ll + LiOR .

ATTAUTUTHI

H,C
R=AIk, CHs, —C CH,
O ¢n,

MoOXHO MCTIOIb30BaTh TAKXKe CYIbMUIBI, KOTOPhIE BOCCTAHABINBAIOTCS
Jierye, yeMm 3(pUpbl, HaAIIpuMep:

RO—CH,—SC¢Hs + 2 Li — RO—CH,—Li + C¢H;SLi.

23.1.3.6. B3AI/IM9,£[EI71CTBI/IE OPTAHMYECKHUX TAJIOTEHHUAOB
C JUTUNOPTAHUYECKMUMU COEAMHEHUAMU

Y1noOHbIM METOIOM IOJIy4Y€HMUA HHTHﬁOpI‘aHH‘iCCKHX COCIMHEHUI
SIBJISIETCSI OOMEH rajloreHa Ha MeTaJll:

RX + R'Li

RLi + R'X. (23.8)

(X=Cl, Br, I)

Peaxuusa oOpatuma; HamboJiee JIeTKO OHa IPOTEeKaeT ¢ MOAUAaMU U
OpoMuaaMu, TpyaHee — C XJOpUAAMU U TPAKTUUYECKU HE HUAET C
(ropunamu.

OOGBIMHO B KA4ECTBE MCXOMHOIO JIMTUMAOPTaHUYECKOIO COeIUMHEHMS
R’Li 6epyr Oyrwi- wim (peHWUINTHI, a B Ka4eCTBE PACTBOPUTEIST —
MpOoCThIe 3UPHI WK YIieBoaopoabl. Hike nprBeaeHbl HEKOTOPBIE TTPH-
Mepbl TAaKOM peaklMy C YKa3aHWEM IMPOLIEHTHOIO BbIXOJA MPOIAYKTA:

50°C
C6H5Bf + H-C4H9Li W H-C4H9BI' + C6H5Ll (95%),
NO, NO,
. —100°C
+ C6H5L1 W C6H5BI' + 97%) ;
Br Li
C4Clg + n-C4HoLi ﬁ» #-C4HyCl + CClsLi (82%);

14



~78°C
Tr®
— = u-C4,HyBr + (CgHs),C=CHLi (100%) ;

(C4Hs),C=CHBr + n-C,HoLi

COOH COOLi
+2-CHoLi —PCa CHI + (62%) :
4119 3(bl/lp 4119 5
I Li

—100°C
E—

+ e .
CC14 H C4H9Ll Tro

#-C,HoCl + CCLLi (76%) .

Peakuusi obmMeHa rajoreHa Ha MeTaJll MIET NIPU HU3KUX TeMIle-
patypax, u yacto ee npoBoasat npu —78°C u maxe nipu —100°C. Tlpu
9TOM JOCTUTAeTCsl MOJaBJieHWe MOOOYHBIX peakiiuii, K KOTOPbIM OT-
HOCATCS aJIKMJIMPOBaHUE, METANIMPOBAHUE TaJloUIAOIPOU3BOJAHOTIO,
O~ U B-2JMMUHMPOBAHUE, A TAKXKE PEAKLUM, MPOTEKAIOIIKUE C ydac-
TMeM (DyHKLIMOHAJbHBIX TPYII, HalpuUMep:

H

>—< + AIKLIi
— 1] ——>»
(CH3)3S]O Br

H

P I;

CH,CH,Br CH,CH,Br
+ AlkLi ——> + AlkBr;

Br Li

(@) O
+ AlkLi ——> + AIkBr.
Br Li

(Alk = n-C4Hy, mpem-C4Hg; —70—(—100)°C; B TTD unum acupe)
15



B sTix mpumMepax mpu HU3KUX TeMIlepaTypax 00pa3ytoTcs NCKITIO-
YUTETLHO BUHWJIBHBIC WM apWIbHBIE COCAWHEHWS JIUTHS, a ApyTve
(byHKIIMOHATBHBIE TPYIITBI He 3aTparnBaioTcs. [1pn KOMHaTHOM TeM-
reparype OyayT pearupoBaTh (PYHKIIMOHAJIbHBIC TPYIIIIHI.

MexaHu3M peakiuy OOMeHa rajoreHa Ha MeTaul (ypaBHEHME
23.8) He BMOJIHE BBISICHEH.

23.1.3.8. METAJUIMPOBAHWE CH-KWUCJIOT
JINTUNOPTAHUYECKNUMU COEJUHEHUAMMUA

DTa peakinsi OTHOCUTCS K YMCITY OpEHCTENOBCKMUX KMCIOTHO-OC-
HOBHBIX B3aMOJICHICTBUIA:

R—H + R'—Li R—H + R-Li. (23.9)
KHCJI0Ta OCHOBAHMHEC KHcCja0Ta OCHOBAHHE

CnenoBatelibHO, paBHOBecHe OyAeT CABMHYTO BIIPABO, €CIU KMCJIOTa
RH cunbhee, yem R'H, 1.¢. pK, (RH) < pK, (R'H). CambiMu crabbimu
n3 CH-KUCIIOT SBISIOTCS alKaHbl, TO3TOMY HaubOoJiee YHUBEpCasb-
HbeiMU peareHTamMu R’Li B peakuuu 23.9 D0JKHBI ObITh alKUJUIUTHE-
Bbl€ COCIMHEHUSI; OHU OYyAyT MeTaJsIupoBaTh OOJBLIMHCTBO OoJiee
kucinbix CH-kucnor, Bkitouast apeHbl U ojeduHbl. Jlerkocts (3K30-
TEePMUYHOCTb) METAJUIMPOBAaHUSI 3aBUCUT OT pa3HOCTU A pK, Mexmy
kuciaoramu R'H m RH: yem Oojibliie 3Ta pa3HOCTb, TEM paBHOBECHE
peakuuu 23.9 Gosnee CIBUMHYTO BIPaBoO.
Ecnu 3ameniaemMbiii MPOTOH HEIOCTATOYHO KUCTBIA (A pK, Mano),
TO PeakUUI0 PEKOMEHIYeTCsl MPOBOAUTh B MPUCYTCTBUU DJIEKTPOHO-
JTIOHOPHBIX (CoMbBAaTUpPYIONX JINTHI) pacTBopuTteneil (TT'd, rekca-
Metundochoprpuamua — 'MDTA), wim nurangos (TMBOIA, JAB-
HO), unu npu mnoGaBleHUU aAJKOKCUIOB Kajusl, MpeBpallalolInx
JINTUHOPraHMYeCcKue COeAUHEHUs] B Oojiee peaKLMOHHOCIIOCOOHbIE
COCNMHEHUST Kalus. DJIeKTPOHOJOHOPHBIE J00AaBKM, COJIbBATUPYS
JINTUI, yBeIUYUBatoT 3((heKTUBHYIO OCHOBHOCTh R'Li (cM. 1. 3, 4. 1):
N
CH_?,\ /CI_13
~CH,
H-C4H9Li ‘
\ /CHZ

(TMJIA)
CH3/ \ 0oJiee CUIIbHBIC

CH; [ OCHOBAHHS, YeM
1-C4HoLi

/:O:R[N(CH3)2]3
H—C4H9Li

\3OZR[N(CH3)2]3 (IMOTA)
16



C BrIcOKMMU Bbixonamu (> 90%), HanipuMmep, OCYILLUECTBIICHBI Clie-
nytomye peakunn (pK, n3 Tabm. 3.16, 9. 1):

(CeHs);CH + RLi ——> (CeHs);CLi + R'H:

T D
(PKa=30,6)
@ + CeHsLi—> Li++ CeHg;
a¢up ’
(PKa=18)
CH, CH,Li
+ - ] —————> + C4H 5
©/ n-C4HyLi T™3JIA 4Hyo
(pK, ~ 42)

(pK, > 42) TMDJIA

3amectutenu B kuciaore RH mo-pasHoMy BIMSIIOT Ha MeTalIu-
pOBaHue.

1. B apomaTuueckux cybcTpartax 3j7eKTpooTpulaTeabHble (—/)-3a-
mectureau (-NR,, —OR, —Hal) HanpaBisltoT METAITMPOBAHUE B OpMO-
MOJIOXKEHUE:

OCH;, CH;0:
\Li
n-BuLi (65%);
a¢up
n-Buli
CH;),N OCH; —> (CHz;LN OCH; .
(CHz), @ 3 o (CHz), /, 3

Li

DTO coryiacyeTcsl ¢ OpueHTaleil U30TOMHOro 0OMeHa BOIopoa B apo-
maTtndyeckux CH-xucnortax (cm. 1. 3, 4. 1). OgHako araka B opmo-
MTOJIOKEHHUE OITpenesIsieTcss He TOJIBKO OTHUM MOJSPHBIM 3(pdeKkTomM
(T.e. MHOYKTUBHBIM 3(P(deKToM B cymMMe C 3((HEeKTOM TMOoJsl) TaKoro
3aMECTUTENISI, HO M CITOCOOHOCTBIO 3aMECTHUTENST K KOOPAWHAIIUM C

17



R’Li. Tak, BBeAeHME METUJICHOBBIX 3BEHbEB MEXKIY 2JIEKTPOOTPHUILIA-
TEJIbHBIM 3aMECTUTENIeM M O€H30JbHBIM KOJIBLIOM BCE PaBHO HampaB-
JIIeT peakuuio B opmo-mnojoXKeHe:

(CHy),X (CHy),X
Li
+ RLI ———» + R'H.

Ha npumepe nuMeTUIaMUHOMETUIOEH30J1a MEXaHU3M Opmo-aTaku
MOXKHO MPEICTABUTD CIEAYIOILIEN CXEMOMW:

CH,N(CHy), CH,N(CHy),
-\.
i R/ Li ——> I—I\\-\- :;'/Ll m»
R
H3C\N/CH3
H,C™ & CH,N(CH,),

5@ Li 929%): R = »-CH,

2. DIeKTpOoOTpULIATeIbHbIE 3aAMECTUTEIM B OTKPBITON e WU B
reTepOLIMKIIE YCKOPSIIOT METAJZIMPOBaHUE B (-MIOJIOKEHUE 3a CUET Jie-
JIOKQIM3alyK 3apsija 1o MeXaHW3My MHIYKTUBHOTro 3¢ dexra:

S . S R
n-BuLi >< 05,
—R —>TF<I> . (10 95%)
S S Li
2R-nurnan
n-BuLi | |
|| EGN [ (100%) X=0,$S
X X Li
(CHe),P—CH; “BUL o P—CHLLI (84%)
- - 0
6115)2 3 TMS,B,A 6115)2 2
cHel, — BN oLl (590%)
1 .
3 Tra; —100C 3 7
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MHorga o-MeTaJuIMpOBaHUE COIPOBOXIAETCsl MOOOYHON peak-
LMeil KapOeHOUIHOIO C-2JMMUHMPOBAHNS:

X )

RCH,CHX — > Remen’ — > R-ci@H + Lix
(X=OR") L l BHYTPHMOJIEKYJISIPHOE

BHEJ[peHne kapOeHa
o ces3u C-H

R—CH=CH,

3. 3amecturenu, obnagawine (—M)-adpdpexkrom (—-CN, —-COR n
T.11.), CHJIBHO OOJIETYAIOT O-METaJUTMPOBAaHWE M3-3a TOTO, YTO OHU
3HAUUTEIBHO YBEJIMYMBAIOT KUCJIOTHOCTh coceaHeit CH-cBs3mn (cm.
1abma. 3.16, 4. 1):

n-BuLi ,R
AISO,CHR  Spm > AISO,CH_ _ (65-78%)
1
n-BuLi
TTrd

CH;CN LiICH,CN  (BbIxoa BhICOKHMIA)

OaHaKo HUTpUIIbHAS, KApOOHUJIbHAS U PSII APYTUX (PYHKUIMOHATBHBIX
TPYII YYBCTBUTEIbHBI K HYKJICO(MUILHOI aTake U MO3TOMY MOTYT MpH-
coenuHATh R’Li mo kpatHoii cBsi3u. YTOOBI YMEHBIINTD BEPOSITHOCTD
TaKoro Mpoliecca, Hy>XKHO clIeaTh TakK, YTOObl METAaJUTMPYIOIIUIA areHT
ObLI CHUJIBHO OCHOBHBIM, HO Maji0 HYKJI€O(MWIbHBIM, T.€. OTLUEILISLT
MPOTOH ObICTpPee, YeM MPUCOCAMHSIICS K DJIEKTPOHOAS(HULIUTHOMY
atoMy yriepoaa rpynnbl —CN uian —COR. O0bIYHO 3TO JOCTUTAETCS
MPUMEHEHHUEM MTPOCTPAHCTBEHHO 3aTPYAHEHHBIX JIUTUHOPraHUYECKUX
coeMHeHU (OTILEIJIEHUE MPOTOHA MEHEe UyBCTBUTEIBHO K ITPOCTPaH-
CTBEHHBIM 3 deKTam, yeM ataka I1o yriaepony). MoxHo 6paTh Tpude-
HUWIMETWIIJTUTUI, HO OoJiee yaI0OHbI aMUbI TUTHUS (p K, HEKOTOPBIX aMU-
HOB TIpMBeIeHBI B Tab:x. 3.16, 4. 1). Hamnbosee yacTto TPUMEHSTIOTCS
munsonponmwiamun (X) m 2,2,6,6-terpamermunepuann (XI)
JINTHS, a TaKKe JINTHeBast colb amuanHa 3,3,6,9,9-nentamerin-2,10-
nunazabunukio[4.4.0lneuena-1 (XII):

CH;
CH
3>CH 2NL1 CH3 CH3 CH3 P CH3
CH; N NT N
C CH; | CHj
Li

H;y Li CH;

X XI XII

ITpumepsl TaKMX peaknii MpUBEIESHBI HITKE:
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l|3u
C=NLi C=N ,.BuLi C=N

ﬂ (u30-Pr),NH;
TI'd, TMOTA
CH; CH; CH,Li
TIPUCOCINHEHUE METANTUPOBAHUE
o}

NR  Licoms XII

| R —
o
(rpynmbsl C=0 He 3aTparuBaroTCcs)

o

Amunbl X—XII jerko mojyyaroT U3 COOTBETCTBYIOIIMX aMUHOB 0€3
BbIJIEJICHUSI 1 OYMCTKHU MPSIMO B HavaJle peaklMu (CM. peakLuio MeTa-
JINPOBaHUS B IEPBOM U3 MPUBEACHHBIX BblllIe ypaBHeHUI). [TpocTpaH-
CTBEHHO 3aTPy/JHEHHbIE aMMJIbl JIUTUS MO3BOJISIIOT TaKXke MPOBOJAUTH
METaJUIMPOBAHUE TAIOTeH3aMEeIIEHHbIX aJIKaHOB 0e3 0OMeHa rajoreHa
Ha METaJUl MO Peaklnu:

(L;MKJZO—C6H1 1)2NLi
CH;,Br, T’ CHBr,Li  (Bbixos BEICOKHiT)

23.1.3.r. APYTME METOAbBI ITOJTYYEHUA
JINTUNOPTAHUYECKUX COEJWUHEHUU

MHorue 3JeMeHTOOpTraHUYeCKNe COeIUHEHUSI TP ASUCTBUN Me-
TaJNTAYECKOTO JINTUS WIIN aTKWITUTHUS PACIIETUISTIOTCS ¢ 00pa3oBaHUEM
JIMTUHOpraHNMIeCKUX coeanHeHnit. K Takmm cyocTpaTtaM OTHOCSTCS opra-
HUYECKHME COCIUHEHUS PTYTH, O0pa, KpeMHMS, CBUHIIA, CYPbMBI 1 Ce-
JIeHa. DTU peakliy IMPOKOTr0 CUHTETUYECKOTO TPUMEHEHUS HEe MMe-
0T, HO B HEKOTOPBIX YACTHBIX CITy4YasX OKa3bIBAlOTCS BeCbMa ITOJIE3HBIMMU.
[Mpumepb! mpuBeneHBI HIKE:

(C6H5CH2)2Hg + 2Li ——> 2C6H5CH2LI + Hg ;
IUOEH3UIPTYTh OCH3WUINTUL

He Li Li
+ 2nli ——> + nHg ;
n

o-IWINTUUOEH3 01
HOJHMepHast

0-(CHWICHPTYTh
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R’ OCH3

| | + 2RLi —> N = + R4Sn
H

~Sn< H

1,5-aunuThii- 3 -anKuiI- 3 -METOKCH-
neHtaaueH-1,5

23.1.4. PEAKIIUM JUTUAOPTAHUYECKUX COEIUHEHUN

B cootBeTcTBHMM ¢ Tab. 23.1 Bce peaKIIMK TUTUHOPTaHTIECKIX CO-
eIUHEHNI MOXHO pa3IejUTh Ha 3aMellleHUue W NPUCOeINHEHUE.

23.1.4.a. BAMEIIEHMUE (ta6u. 23.1)

IIporonemeTajiupoBanue. DTO OUEHb BaxkHas peakiius, MOCKOJIbKY
OYTUJUIMTUM OTHOCUTCS K YMCIY OJHUX M3 CaMbIX CUJIbHBIX OCHOBa-
HUM, W CJIENOBATEJIBHO, C €r0 MOMOIIBID MOXHO TOJTy4aTh MHOTHUE
npyrue kapoaHuoHbl (23.1.3.B). C nmomolpio 3TON peakliuyd yaoOHO
MOJIy4aTh YIJIEBOAOPOBI, CONEPXKAIIUE NEUTEPUI, HATIpPUMED:

CH;Li + D,O m’ CH;D + LiOD.
BopreMeranupoBaHue MCIOJIb3YIOT B KAUeCTBE MPOMEXKYTOUHOM
CTaauu IpeBpalleHus] KapOaHUOHOB B COOTBETCTBYIOLIUE CITUPTHI:

R—-Li + FB(OR", T R—B(OR" L ROH.
Coueranue. 151 moiiyueHUs] HECUMMETPUYHBIX ajkaHOB R-R’ ¢
BBICOKMMM BBIXOJAMM MCIIOJNb3YIOT HE CaMU JIMTUHOPraHUYECKUE CO-
eIVHEHUs, a MEIHOJIUTHUEBbIC peareHThl — Kyrparthl (23.1.5).
AJUTUIbHOE W MPONaprujibHOE 3aMelleHMe ¢ MeperpyninupoBKOi
MOXHO OCYILIECTBUTb, €CIuM Z — Xopoluas yxoJsllias Tpyrnmna, Ha-
npumMep rajoreH. Toraa npouecc Sy2 NPakKTUYECKU HALeJIO MPOTEeKaeT ¢
MeperpyninupoBKoi (y-aJIKWIMpOBaHUeE):

I
Sy2: LR Y :Cé\g\(::cz‘ e (Ei R—C 86 2.
Peakuuio ¢ snmokcuaaMu M IPYrUMU LUKIMYECKUMU 3pupaMu
MOXHO paccMaTpuBaThb KaK BHYTPUMOJIEKYJISIpHOE 3amelleHue Sy2-
TUIa. 3amelleHrne 00bIYHO OPpOUCXOOUT Y HAMMCHCE TIPOCTPAHCTBCH-
HO 3aTpyIHEHHOTO aToMa yrIjepoaa ¢ oOpaileHrueM KoHpurypauun. B
peaxivio BCTYIalT He TOJbKO OKCUpaHbl (7 =0 B MIpUBeACHHON HIXE
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¢opmyse) u okcetaHsl (7= 1), HO uHOrAa U Terparuapodypat (n=2),
HCIIOJIb3YEMbIii B KAQUeCTBE PACTBOPUTEIIS:

CH,
/ .
R—Li + O >(CH2)n ——> RCH,(CH,),,CH,OLi .
CH, n =0, 1 (unorma 2, 3)

BunnibHoe U apoMaTHyeckoe HyKjieoguibHoe 3amemenue. [1pocTeie
BUHWJI- U apWJITaJOTeHUIbl B peakiusIX HYKJICO(hUILHOIO 3aMelLeHMS
Ype3BbIYATHO HEAKTUBHBI. J1J1s1 TOr0 YTOObI BUHWIMOAMI UM BUHUIOPO-
MU C XOPOIIUM BBIXOJIOM Al MPOMAYKT COUYETaHUs B PeaKklMu C ajl-
KWITUTUEM, HEOOXOAMMbI KaTaIn3aTopbl, COACPXKALIME MePEXOIHbIC Me-
tamnbl Ni unu Pd (unorma Cu). Takue peakuuu OOBIYHO UAYT C
coxpaHeHMeM KOH(UTrypaluu y ABOIHOM cBsI31. Bo3MOXHO, 4TO BHavUaje
MPOUCXOIUT OOMEH rajioreHa ¢ o0pa3oBaHUEM BUHWJUIATHUS, KOTOPBIA
Jajee pearupyer B Sy2-peakiivu C aTKWITATOTeHUIOM:

C4H9

R Li S
Rv>=< R" * -BuBr R’> <

Peakuust METUIUTUST C MOAOEH30JIOM, B Pe3yJibTaTe KOTOPOi 00pasy-
€TCsl TOJIyOJI, TakXKe BKJIIOYAET CTaaui0 OOMeHa rajoreH-meTaul, 3a
KOTOPOM ciielyeT HykKieo(uibHOe 3aMellleHUe UOAUA-MOHA B MOAMC-
TOM MeTuUJe Ha (DEHWIbHBIA aHUOH. B Apyrux ciaydasix BO3MOXHO IMPO-
MEXyTOUHOE 00pa3oBaHME AerUApOOEH30/a:

Li
X X
RLi
©/ +RLI —Rg > -LiX

nmeruapoOeH30I

/

Li
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3aMelleHre apyIbHOTO rajioreHa Ha aJKWIbHYIO IPYMIY TOXe KaTasu-
3UPYeTCs COCAMHEHUSIMU MEePEXOIHBIX METAJUIOB (TaJLIaaus).

AUMIMPOBaHUE JUTUHOPraHUYECKNUX COCAMHEHUI OCIOXKHSIETCS
npucoenuHeHuem BToporo Mojisi RLi Kk oOpa3zoBaBiieMycsl KETOHY (B
MPUHLIMIIE, 3TO XOPOIIUI METO/ MOJIYYeHUs TPETUYHBIX CIUPTOB TUIIA
R,R’COH). Yto06bI u3bexxaTh MPUCOSAUHEHUSI BTOPOTO MOJISI peareH-
Ta, UMEeTCs HeCKOJbKOo myTeil. Hampumep, MOXHO BBECTM B peak-
uuw ¢ RLi He xmopanruapuag R’COCI, a cooTBeTCTBYWOIIUI
kapookcwiat sutug R’COOLi*. TIpu 3TOM B 0camoK BBINALAET CONb
XIII, o6paboTKa KOTOPOM BOMXHOM KHUCJIOTOM MaeT KETOH:

O
R (0) o R
R—CZ o R—Li N ,
0° Li® R’ 0 R

XIII

HI/ITpI/U'IbI oJiyyaroT JNEVCTBUEM AJIKWJUIMTHUS HA TO3UJILIMAHWI;

0
[
CHs ﬁ,—CN + RLi —>
0
0.9
— CH; S—0 Li + RCN.

Il
O

CuHTE3 3J1IeMEeHTOOPraHuYeCKUX coeauHennii. CUInIMpoBaHue Ju-
TUHAOPraHWYECKUX COSMHEHMI TTPOBOSIT IEMCTBUEM, HAITPUMED, TPU-
METWIXJIOpCUIaHA:

(CH3)5SiCl + R—Li — (CH3)3;Si—R + LiCl .

Berxonpr B 3T0#1 peakimu yacto gocturator moutu 100%. Peakums 3a-
MeIIIeHWsI XJIopHrIa Ha KapOaHMOH MOXKET WATH IO MEXaHU3My Iie-
peHoca 3JeKTpOHAa OT JIUTUMOPTaHWYECKOTO COCAMHEHUS K TpHUME-
TUJIXJIOPCWIIAHY, B pe3ysibTaTe KOTOPOro obpasyercsl pamukan Re u
AHWOH-paIuKal TPUMETWIXJIOPCUIaHA; TOCIeIHUIM OBICTPO pacrma-
JaeTcsT 0 aHWOHA XJIopa W TPUMETWICWIMIIBHOTO paanKaiia, KOTO-
PBIIT MOXET COCOWHSIThCS C AJKWJIBHBIM paguKaJoM, o0pa3ys TIpo-
IYKT, WACHTUIHBIA TTPOMYKTY MPSMOTO HYKJIEO(DMIHHOTO 3aMelleHMs
y aroma KpemMHus. [ToMuMo 3TOTO 06pa3yroTCs TMPOAYKTHI AUMepH3a-
U ¥ JUCIIPOITIOPLIMOHUPOBAHUS AJKUILHOTO M TPUMETWIICHIIITh-
HOTO pPagnKajoB:
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(CH3);Si-Cl (CH3)3SiCl ~ (CHz);Si- C1©

R-CH,-CH,-Li R-CH,CH,- Li® R-CH,CH, Li

Takoii yTh peakIIuy MOJIyYMI Ha3BaHUE OXHO3JIEKTPOHHOTO IIePeHO-
ca, unu SET-mexanusMma (single electron transfer, cm. 1. 9, 4. 2). Cy-
IIECTBYET MPaBMJIO, COTTIACHO KOTOPOMY UeM 0oJiee OCHOBEH KapOaHMOH,
TeM OOJIBIIIe BEPOSITHOCTH TOTO, YTO OH OYZIET pearnpoBaTh IO MEXaHU3-
MY 3JICKTPOHHOTO IepeHoca, a He 1o Sy2-MeXaHu3My.

CUHTEe3 HUTPOCOCAMHEHMI apoOMaTUYECKOIrO psida OCYILECTBIISI-
10T JeWCTBUEM apWIINTUS Ha aJIKWIHUTPATHI:

Py ® O
R—0—N7 _ +A-Li —— > A—N7Z _ +RPL®
\O@ ~NAO
(0]
AIKWJIHUTPAT HUTpOAapeH

Oxucienune. JIuTuiiopraHM4eCcKue COCIMHEHUsI, OCOOEHHO Te,
KOTOpbIe 00JIafal0T BbICOKOI OCHOBHOCTBIO, YPE3BBIYAHO YYBCTBU-
TeTbHBI K KUCIOPOIY, TTO3TOMY pabOTy ¢ HUMU OOBIYHO TTPOBOIST B
WHEpPTHOM atMocdepe (Moa aproHoMm).

TlepBUYHBIM MPOAYKTOM pEaKLUU C KUCIOPOAOM SIBISIIOTCS JIv-
THUEBbIC COJIM TUAPOIECPEKMCE, KOTOPhIE MOXKHO BOCCTAHOBUTH 10
CIIUPTOB O3 BBIIEJICHUSI M3 PEAKIIMOHHOM Cpembl JAeHCTBUEM CYIb-
¢urta HaTpust unm Tpuaikuiacdocdara:

i 0| —> 0, ® H30®
R-Li + O,—>{R-Li* O," ] R-0-0°LS ROOH
¢ [H] THIPOTIEPEKHUCH
ankmia R
ROH

CHI/IpTI)I MOXKHO TakXKe€ ITOJYYHUTL 4Y€pPE3 MOJIMOJEHOBBIN KOMILIEKC
TUOPOIIEPEKNCH.

/ [H]
R—Li + MiOs* Py —> R—O—O—Mo\— —ROH .
(Py = mupunun, C,H;N)
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OkucieHrneM KapOaHMOHOB, CTAOMIIM3UPOBAHHBIX (—M)-3aMecTu-
TEJISIMU, OYEHb JICTKO IONIydyaloT 1,2-mMHUTpocoearHeHus, 1,4-amKe-
TOHBI, 1,4-TUUMUHBI U PsIIT APYTHX BEIIECTB:

L
o Pon e

NO, NO,
Cu2®
Li® %%R —_—>
0 ?ZO (|3:O
R R
Cuz@
o e
NR (|3=NR (|3=NR
R R

23.1.4.6. IPUCOEAWHEHUE I10 KPATHBIM CBA3AM (ta6u. 23.1)

Peaknym ¢ ankeHamMu. AJTKIWUIMTUEBbIE COCIMHEHUST K OOBIYHBIM
HEaKTUBUPOBAHHBIM OJie(pUHAM TPUCOCAUHSIIOTCSI TOJBKO B CITELU-
aJIbHBIX YCI0BUsAX. Hanpumep, aTuiieH nojJuMepusyercs Mo AeiCTBUEM
#-BuLi B mpucyrcrBun TMOA unu JABLIO. B 1o Xe BpeMst nuTuii-
OpraHuYeckKue COeAMHEHUs JIETKO MPUCOEAUHSIIOTCS K CUCTEMaM CO-
MNPSKEHHBIX KPAaTHBIX CBSI3Eit:

R
RLi
=
e KaK BOCCTa-
HOBHUTEJIb
LUKJIOOOKTATETPACH AAMaHUOH 3aMCIICHHOTO
IUKJIOOKTaTeTpacHa
(apomatuyeH)

ComnpskeHHbIe TWEHBI M CTUPOJT TOJ BIUSHHUEM JUTUAOPTaHU-
YeCKMX WHUIIMATOPOB TTOJIMMEPU3YIOTCsA. Takash aHWOHHAsT TTOJIMMe-
py3alysg Halla MpUMEHEHWEe B MPOMBIIIICHHOCTH. OOpasyronmiics
MTOJTMMEp Ha3bIBAaeTCs «KUBYIIMM» TOJMMEPOM, TaK KaK Ha KOHIIE €ro
e HAXOAMWTCS PEeaKLMOHHBINA LIEHTP, CITOCOOHBIN K JajlbHenIIeMy
MpUCOeAMHEHNIO MOHOMepa. [Ipy HOoCTMKeHUM HYKHOM CTEIeH! T10-
JIMMEPU3ALNN «<KUBYILINI» TTOJUMEp «yOMBalOT» 00pabOTKOI BOIOIA:
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CH,

AJIKaH
R—Li + nCH,=C—CH=CH, ———
M30ITpeH
CH, CH,

I I
— R—(CH,~C=CH—CH,),_;~CH,~C=CH—CHP Li® —

«©KUBYILUIA» TOJIMMED

CH,
H,0 I .
——— > R—(CH,C=CH—CH,), -H + LiOH

IIpucoenunenue no csazsiv C=N u C=N. [IpucoenrHeHue o kpar-
HbIM CBSI3SIM YIJIEpOA—a30T SIBJsIETCSl O0llIel peakuueil TUTUiiopraHu-
YeCKMX coequHeHnii. B peakym ¢ mupuamHOM OOBIMHO HaOJIomaeTcs

1,2-nipucoeauHeHUe (XOTSI U3BECTHBI U ciiydau 1,4-npucoeauHeHuUs ).
TakuMm myTeM ToJy4daroT 2,5-mu3aMelieHHbIe MMPUIAHEL

N
| ] +RLi

N

@He Tl
CH;l
; Br, 1.Co, 1R'N
2.H,0 2 HO
BN, B, HOOC Al RYC A HIN_
L O SEI GRS
N° "R N° R N° "R N™ >R N >R

HpI/ICOC,Z[I/IHeHI/IeM K HUTpUJIaM MOXKHO ITOJIYYUTb KETOHbLI WJIN aMWHBI:

+

[ H,O R
R—C=N —H> R—C=NLi — > _ >C=0
| R
R'
R'Li
R . R
R'—/\C—NLiz —0% p NN,
R' RI/
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IIpucoenunenne no cesizsim C=0 u C=S. B peakuusx ¢ anpaeruma-
MM U KETOHaMH 0Opa3yloTcsl IIepBUYHbBIC, BTOPUYHBIC WA TPETHY-
Hble CIUPTHL. JIJIsI TIOJyYeHUsT TIEPBUYHBIX CIIMPTOB OepyT (hopMalib-
JIETH, U3 APYIHX aJIbICTUIOB IOIy4aloTCsl BTOPUYHBIE, 8 U3 KETOHOB —
TPETUYHBIC CIIUPTHI:

H;0"
RLi + H,C=O —> RCH,0Li ——> RCH,OH;

4

R’
H N
RLi + RHC-0 ——> RCHOLI ——> CH-OH;
! R
R'\ R\ H3(yr R\
RLi + (C=0 —> R—COLi ——> R—C-OH.
Rll/ Rll/ R"/

B HeKOTOpBIX cilydasix ObUIHM TTOJIydeHbI JaHHBIE, CBUICTEILCTBYIOIINE,
yro peakuus uaet no SET-mexanusmy.

[ToGouHbIMU peakLUsSIMU SIBJISIOTCS eHOAU3aUMs (o-MeTaTUPO-
BaHME) U BOCCTAHOBJIEHUE KETOHOB J0 CIUPTOB. (DTU peaklUu Tak-
Ke Moryt npotekaTh 1o SET-mexaHusmy.)

CH3ﬁCH3 + RLi —> RH + CH3—|C_—_CH2
0

o 0 Li®
AC=0 Ar,CH—0®Li®
Hj Li —
I _(\
C,H,CHY-CH, C,H,CH=CH,

ITpu vcnonb3oBaHUM XHUpadbHbIX aHajoroB TMBJIA u3 anbaeru-
JIOB U axupajbHbIX JUTUHOPraHUYECKUX COCAUMHEHUN TOJIy4yaroT Xu-
pajibHble BTOPUYHBIE CITUPTHI.

ITpumeHeHue nutust B cuHTe3e bapObe, T.e. B peakliMd OpraHu-
YECKMX TaJIOTeHUJ0B ¢ METAJJIOM M OJHOBPEMEHHO ¢ KapOOHUJIbHbBI-
MM COEAVMHEHUSIMU, BO MHOTHMX CIyYasix MPUBOAUT K XOPOIIMM BbIXO-
laM MpOAYyKTa. DTOT MeTOoJ OCOOEHHO ymOoOeH, KOrma B peakiuu
y4yacTBYeT MaJIOpeaKLIMOHHOCITIOCOOHBIN IraJIOTeHUT U TTPOCTPAHCTBEH-
HO 3aTPYAHEHHBIA KETOH:

1) TT®
(mpem-C4Hg),CO + n-CgH3,Cl + Li ——> (mpem—C4H9)2—(|3—C18H37—H

+
2) H;0 OH  (74%)
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IIpu peakuuu c o,B-HeHACHILLIEHHBIMA KAapOOHUJIBHBIMU COEIU-
HEHUSIMU JUTUAOPraHMYECKUE COEAUHEHUs AAIOT TMOYTH HUCKIIOYH-
TeJIbHO MPOAYKTHI 1,2-MpHUcoeanHeHs Mo KapOOHWJIBHOU rpyrre, B
TO BpeMsl KaK peakTuBbl [ pvHBbSIpa IpeTeprieBaloT B 3aMETHOM cTere-
HU Takxke U 1,4-nipucoenuHerue (cMm. 23.2), a KynpaTbl — MOYTH Ha-
LeJI0 MpucoeanHsIoTes B nonoxeHnue 1,4. Hampumep, npucoeauHe-
Hue CH;MgBr k nenTeH-3-oHy B acdupe rpu 25 °C IpuBOIUT K CMECH
1,2-agnykTa (XIV) u 1,4-agoykra (XV). B Tex ke ycl1oBUSIX METUJUIUTHI
naet Toiapko X1V, a TMMETWUIMTUIKYIIpAT — MPaKTUYECKU TOJIbKO XV:

XIV
CH,CH=CH—C—CH,

o

(23.10)

XV

AJIKUJUIMTHEBBIE coearHeHus npucoeauHsorcs K CO, ¢ odpazo-
BaHMeM KapOOHOBBIX KUCJIOT U K CO — ¢ oOpa3oBaHUEM CHUMMETPUY-
HbIX KeTOHOB (TabJ. 23.1). Ecnu peakius ¢ CO, NpoBOaUTCS C ABYMsI
Moassmu RLi, To o6pasyercst nuannon XIII (cm. c. 23), U3 koTtoporo
MOXKHO TMOJIYYUTh KETOH.

TuokapOoHUIIbHEIE COSAMHEHUS (TMOKETOHBI, TUOKAapOOHATHI,
THOAMUIIbl), B MPOTUBOIOJIOXHOCTh aHaJIOTMYHOU peakuuu Kapbo-
HUJIbHBIX COEIMHEHUN, pearnupyroT ¢ JUTUHAIKWIAMU He MO YIjiepo-
Iy, a 10 aTOMY Cepbl:

(CeHs)C=S + n-C4HolLi ~——> (C6H5)2(|3-SC4H9'” :
Li

MexaHu3M 3TOi «TMO(UIBHON» pPeakiMy MCCIeN0BaH HEI0CTATOYHO.

23.1.5. JUTANTAAITKAIKYITPATDI

ITpu B3auMomeMCTBUN JTUTUHOPraHUYECKUX COCAMHEHUM C COJIsi-
MM MeHee DJIEKTPOIOJOXKUTEIbHbIX, YeM JUTUI, METaJIOB obpa3sy-
I0TCSl HOBbIE METaJLIOOPTraHUYeCKre coearHeHus. B npucyrcTBum u3-
oriTka RLi B pe3yibTaTe Takoil peakiiuy 00pa3yroTcs TaK Ha3bIBacMble
«aT-KOMIJIEKChI», B KOTOPBIX YMCIO aJKUJIbHBIX TPYIII, CBSI3aHHBIX C
MeTaJlIOM, Ha €IMHUIlYy OOJibllleé BaJCHTHOCTM MeTajlia:

. -1RLi i

MX, + RLi—> RMX;. PRY rM-—RLis R ., MOL®

LiX “(-DLiX .

T-KOMILJIICKC
(M=B, Al, n=2; M=Cu, n=1)
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ar-Komriekcsl 6opa, allloMUHUS M MEAU SIBISIIOTCS LIEHHBIMU pea-
TeHTaMU OPraHMYeCKOro CHHTE3a.

Kymnpater [R,Cu]Li o6pa3ytoTcs nmpu B3auMOACHCTBUU JIBYX 3K-
BUBAJICHTOB Moauaa, opomuaa win xjaopuaa meau (I) B adupe wim
TT® npu HU3KKUX TeMIIepaTypax:

. S(I)Hp o7 :® .
2RLi + Cwl, W [R,Cu]"Li” + Lil.

Peaxuus uaer B aBe craguu. CHavaia oOpa3yeTcss OYeHb HeCcTaOuIb-
Hasl, YyBCTBUTEIbHAS K CBETY M HarpeBaHuio aikuwimenab RCu. 3atem
aToOM MU TMPUCOEAUHSIET BTOPO KapOaHWOHHbBIN JUTaHI:

RCu + RLi —> [R,Cu]°Li®.

JManKuIKynpaTbl OTHOCHUTEIBbHO CTaOWJIbHBI B pacTBope B adupe,
TI'®, npumetokcusTtaHe mpu Temnepartypax Huxke 0 °C. OObIYHO uX
MOJIy4yaloT U HEMEIJIEHHO MCIOJb3YIOT in situ. B mpakTuky opranuye-
CKOTO CUMHTE3a 3TU PeareHThl ObUIM BHEAPEHBI Oiaronapsi UccieaoBa-
HusMm Kopu, Xayze u HopmaHa. AjlkeHUJIbHBIE TTPOU3BOJHbIE MEHEe
PEaKIIMOHHOCIOCOOHBI, YeM aJlKWIbHBIE.

CTpoeHMe AUaIKWIKYNpaToB TOYHO HE YCTAHOBJIEHO; W3BECTHO,
yT0 B 3pupe u TI'®D oHu obpasywT aumepsl R,Cu,Li,, TeTrpamepsl, a
TakxXe MpOAYKT mpucoeanHeHus RCu x aumepy, Hampumep
(CH3)5CusLi,. JInsg onmucaHus CTPYKTYpbl AUMeEpa TPELIOKEHO HC-
MOJIb30BaTh CJAENYIOLLYI0 (hOPMYITY:

Li

R‘ N / | \ - /R
SN

R Li "R

23.1.5.a. CPABHEHUE J'II{ITI/II;I):[I/IAJ'[KI/U[KYHPATOB
C JIMTUMATTKUJIAMA

B nipeapinyiiiem pazaese ObLJIO OTMEUEHO OJHO M3 OTIUYMN MeX-
Iy KyrnpaTaMyd W JUTHAAIKWIAMU: JTATHI- (M MarHWii-) opraHuye-
CKME COCIMHEHMUS B YCI0BUSIX peakuuu Mwuxasng (23.10) mamoT B oc-
HOBHOM TPOIYKTHI 1,2-MprcoeanHeHus Mo KapOOHUIbHOI TIpymie, a
MUATKUAIKYTIpaTbl — TMOYTH MCKJIIOYUTENBHO MPOAYKTHI 1,4-Tiprcoe-
IWHEHMS, T.e. B cllydae KyIpaToB IpUCOeIMHEHNEe KapOaHMOHA IIpO-
HWCXOAUT HEe Mo KapOoHWIbHOMY aTtomy yriepoaa (C;), a MouTtu uc-
KJII0YMTEJIbHO 10 aTtomy yriepona Cs.

ITockonbky npucoenvHeHWEe KapOaHWOHA K O.,-HEHACBIIIEHHBIM
KapOOHUJILHBIM COENMHEHUSIM SIBJISIETCS] HYKII€O(UIbHBIM MPOLIECCOM,
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IPAaHUYHBIMU OpOUTAISIMU B 3TOM ciydae Oynyr B3MO kympata un
HCMO enona. IIpocrteiiiiuMm €eHOHOM SIBJISIETCSI aKpOJIEUH, YETHbIE
T-OpOUTAIM KOTOPOTO OXBAThIBAIOT YETbIpe COMpPSDKEHHBIX aToma: O,
C;, C, u C;. OcobeHHocteio HCMO akposierHa SBASETCSI TO, 4TO
OHa MMeEET MaKCUMaJbHYIO IJIOTHOCTb (TIJIOTHOCTb MYCTOl opOuTa-
qu) Ha atrome C; (y3* Ha puc. 2.20, 4. 1).

HCMO akpornenHa: HanOoJIbIIHN BKIIa]]
ot atoma C;

C3_C2_C1_O

Ataka Kymnpara Ha C; 03HayaeT, YTO B 3TOM peaKIMU OCYIIEeCTBIISET-
¢ OPOUTAITBHBIN KOHTPOJb (cM. 2.3.6, 4. 1). OpOHUTATBLHBIN KOHTPOJIH
XapakTepeH I B3aMMOICHCTBUSI MSTKOW KHCIOThI JIptonca (akpo-
JIeUH) ¢ MSTKMMM ocHoBaHMsIMU (cM. 5.2.3, 4. 1). CnegoBaTesbHO,
CeJIeKTUBHOE 1,4-TIpricoeiMHEHNe XapaKTepu3yeT KyIpaThl KakK MsT-
Kue ocHoBaHMs JIptomca. JIuTuitaakuipl — OoJiee XKEeCTKUEe OCHOBA-
HMSI, 00 3TOM TOBOPHUT TOT (DaKT, YTO OHM MPUCOETUHSIIOTCS IO Kap-
OoHWIBLHOMY aTtomy yriepoga C;, Ha KOTOPOM CYMMAapHBIU (Tt + G)
TTOJIOXKUTEIbHBIN 3apsin Oosbline, yeM Ha Cj, M3-3a MHIYKTUBHOIO M
Me30MepHOro 3(deKTa COCeTHEro 3JeKTPOOTPUIIATEILHOIO aToMa
Kuciaopona. Takoil 3apsimoBBIii KOHTPOJIb XapaKTepeH IUIST SKECTKHMX
KHUCJIOTHO-OCHOBHBIX B3auMojaeicTBuii (cM. . 3, 4. 1).

O00CHOBaTh TO, YTO JIMTUMAWAJKUJIKYIIPAThl CTAHOBSITCS 0OoJjiee
MSATKUMU OCHOBaHMSIMM, MOXHO C TIOMOIIBIO MPHUHIIMIIA CMMOMO3a
(cM. 3.2.2). B anKuUIMTUEBBIX COEAMHEHUSIX KAPOAHMOH CBSI3aH C XKeCT-
KMM KaTHoHOM Li*, a B quankuikymnpare — ¢ MArkum kKatroHom Cu®
(k1accudukanmuss KaTUOHOB IO KECTKOCTH M MSATKOCTH JaHa B
ta6y. 3.3). [1o mpuHLIMIY cMMOMO3a MATKUI MOH MEIW JOJDKEH yBe-
JIMYUBATh MSITKOCTh aJIKWJIBHBIX aHMOHOB, a XXECTKUI MOH JIUTHS TOJ-
JK€H, Ha000pOT, YMEHBIIIATh MSITKOCTh aJIKMUJIbHBIX aHMOHOB KaK KHC-
Jiot JIbtorca. IMEHHO HaJIMImne TSDKEJIOTo MeTalla — MeI — ITPUBOIUT
K TOMY, YTO KapOaHMOH B COCTaBe KyIlpaTa CTaHOBUTCS OoJiee MSIT-
KUM, YeM KapOaHWOH B COCTaBe aJIKWJLIUTHSI.

DTO NPUBOINT K BaXKHBIM CJICICTBUSIM. bpeHcTenoBcKasi OCHOBHOCTh
KyIpara, T.e. CPOICTBO K IIPOTOHY (3KeCTKOI KmcioTe JIplorca) cTaHo-
BUTCSI 3HAYMTEJILHO MEHBIIIE OCHOBHOCTH aJIKWUTATHSI. Crie0BaTeIbHO,
BEPOSITHOCTb TaKMX MOOOYHBIX PeaKIMii, KaK OTILEIUICHUE TIPOTOHA OT
cyocTpara (MeTaUIMpOBaHME, O~ W B-3JIMMUHUPOBAHKME B CIydae rajo-
WIHBIX aJKWJIOB), CTAHOBMTCS 3HAYMTEIHLHO MEHBIIICH, €CJIM BMECTO
AJIKWUTATHST UCTIONIB30BaTh KyIpaT. B 3ToM 3aKiouaeTcst peuMyIIeCTBO
MIPUMEHEHUST JIMTUMINAIKIIKYIPATOB B OPTaHMUYECKOM CHHTE3E.
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23.1.5.6. PEAKIUMW JTUTUUAUATKUIKYTIPATOB

KynpaTbl ¢ ankKuibHbIMU, apUJIbHBIMU U QJIKEHWJIbHBIMU JIMTaH-
IaMHU IIMPOKO MCIIOJB3YIOTCS B PeaKIMsSIX COYETAaHMSI C OpraHuye-
CKMMMU TaJIOTeHUJIaMU. DTU peakUuu, MPUBOAsSIINE K 0O0pa3oBaHUIO
HECHUMMETPUUHBIX YIJIEBOJOPOI0B, MHOTIA HA3bIBAIOT «KPOCC-CO4ema-
Hue» (nepexpecmnoe couemanue). IlpuMeHeHMe KyIpaToB oOecIieuu-
BAaeT BbICOKME BBIXOJbl U MO3BOJISIET CBECTH K MUHUMYMY TTOOOUYHbBIE
peakunu. XapakTepHble IIPUMEPBI PUBEICHBI HUKE!

adu
[(CH;),CulLi + CH;(CH,)sCH,I %» CH;3(CH,)sCH,CH; +
yHzaekaH (90%)

+ [CH;Cu] + Lil ;

a¢up
[(CH3),Cu]Li + CHsl ? C¢HsCH; + [CH;Cu] + Lil ;
Tosyoun (91%)

n-C
[H-(C4H9)2CH] Li +
H I

mparc-1-noHOHEH- 1

wCHs _ _H
H>_<C4H9—H

mpauc-5-TpuneLeH

+ [#-C4HgCu] + Lil ;

a¢pu
[(CH3CH2|CH)2Cu]Li + CH,;(CH,),Br ;DTP> CH3CH2$H(CH2)4CH3;
CH, 1-6pomnieHTaH CH,

3-meTmiiokTaH (64%)

CH H
Br H o 3
. L. — 81%);
CHpcui + > Oc T

mpanc-B-0poMcTUpOIT mpaHc-B-MeTUICTUPOIT

b + 2[(CH,),C ]L'—»a(pMp s
ujli1
Br 72 ~15°C cH, (65%).

7,7-nnbpoMHOpKapaH 7,7-1uMeTUIHOPKapaH
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OTa peaklus MOJHOCTbIO BbITECHMUIIA M3BECTHYIO ¢ 1855 1. peak-
uuio Bropliia, 3akioyarolryiocsi BO B3aUMOJEHCTBUM METATAYECKO-
ro HaTpus C AJIKWUITaJOTeHUIaMMU:

2RX +2Na —> RR + 2 NaX.

Hanpumep:

2C20H41B1’ + 2Na —— C40H82 + 2NaBr.

1-6pomniiko3aH teTpakonTaH (31%)

B peaknmuu Bropiia B KadyecTBe MPOMEXYTOUHOTO COCTMHEHUS
obpasyercsl aJKMIHATPUIA:

RX + 2Na — R°Na® + NaX ;
R®Na® + RX — RR + NaX .

Bropast cragus Takke IpelcTaBiseT cOoOOi codyeTaHUe HaTpWii-
OPraHWYeCcKOro COEAMHEHMs C ajKuirajoreHuaoM. OgHako BBUAY
BbICOKOU OpPEHCTEIOBCKON OCHOBHOCTM aJIKMJIHATPUSI (JKECTKOE OcC-
HOBaHME) BBIXOI MPOAYKTa COYEeTaHUsI OOBIYHO MaJsl M3-3a KOHKYpHU-
pyIoIIero Tpoliecca IeTUAPOTaTIOTeHUPOBAHUS, TIPUBOISIIETO K aj-
KEeHY, U IpyruX MoO0ouHbIX peakiuii. [ToaTomy 3Ta peakiius He HAXOAUT
IIMPOKOTO MPUMEHEHUSI B COBPEMEHHOM OpPraHMYeCKOM CHUHTE3€.

KynpaTbl BO MHOTMX cilydasix ObLIM YCIEIIHO MPUMEHEHbI Mpu
CHUHTE3€ OMOJIOTMYECKU aKTUBHBIX BELIECTB. Tak, Hanpumep, ¢ UX Io-
MOILIbIO HaJIaXXeH CHHTE3 Ha IPOMBILIUIEHHOM OCHOBE MycKatopa —
aTTPaAKTUBHOTO MOJIOBOro (heépOMOHA HEKOTOPBIX BUAOB YELITYEKPbUIbIX,
CIOCOOHOIO PeryJMpoBaTh UX MOMyJsauio. MycKaaop MNpeiacTaBisieT
coboil 9-Z-tpuxkoseH. KiroueBasi cTaausi ero cMHTe3a 3aKJI04yaeTcsl B
Kpocc-coueTaHuu Z-1-0pom-9-okraneneHa ¢ AWMEHTUIKYIIPATOM
JUTusl B aupe:

H-CgH (CH,);CH,Br
TS [ CsHcult S

Z-1-6pom-9-okTaneneH
n-CgHy7 Ci3Ha7-n
o 1€

MYCKaJTIop — 9-Z-TpUKO3¢H

% K] OPUBEACHHBIX BbIIIC IMPUMEPOB CICAYCT, YTO KPOCC-COUYCTAaHUEC
JUAJIKWIKYIIPAaTOB N JHUAJTKCHUIKYIIPATOB C BHUHMWJITAJOTICHMUIaMN
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MPOTEKAET C MOJHBIM COXPaHEHUEM KOH(MUTYypaluu y BUHUJILHOTO aTo-
Ma yrjaepoja.

Auankumi-, IMaJKeHWIKYpaThl HAXOAIT pa3HOOOpa3sHoOe MpUMe-
HEHUE B peaklusX ¢ aluaraJoreHunaMu, o,B-HeHAChIIIEHHBIMU Ke-
TOHaMH, snoKcuaamu (okcupaHamu), 1,l-muramoreHzamenieHHbIMU
LMKJIONPONaHaMU U IPYTMUMM peareHTaMu. DTU peaklnu OyayT pac-
CMAaTpUBaThCsl B IPYIUX pasfeliax, a 34eChb NPUBEACHbI Hauboyee TU-
MUYHbIE TPUMEPBI:

a¢pup wmm TIe_
=78°C

CH3(CH2)4(|I/-C1 + [(1-C4Ho),Cu]Li
o)

TEKCAaHOUJIXJIOPU

— CH3(CH2)4CO(CH2)3CH3 JIEKaHOH-5 (79%)

a¢up
on + [(CHyCulli — oo > 0 (98%)

LIMKJIOTeKCeH-2-0H-1 CH3 3-MeTWJILMKIOreKCaHOH

H
Onnaxo: <;>:O + RLi (mmn RMgX) —»@(D >
R

C,H o H
? 5>A< # [(CHyCulli ———> CHyCHy-CHCH,CH
H H OH

ITHIIOKCHPAH neHranon-3 (98%)

CH3> H q

CH H) . onTro —g

< 3>—_< >CuL1 : > H _<
H 2 —78°C H CH;

E E-2,4-rexcannen (78%)

CH,

>_ < + [(CH3),Cu]Li s¢pup wm TId
COCH; —=78°C

FE-a>TunuaeHaneToH

—> (CH3),CHCH,COCH; 4-meruinenTanoH (85%)
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O
CHC |+ [CHiRCULE 23> ICHCOCH, 01%)

12-nonmonekaHoH-2

CH3|CHCH2T|3—C1 + (CH;=C=CH),CuLi obup

—=5°C
CH; O CH;
3-MeTHIIOYTAHOWTXJIOPULL,

CH, o) CH;
2,6-numeTnnrent-2-eH-4-0H (70%)

AL[I/U'[TELTIOFGHI/II[BI JICTKO M B OY€Hb MATKHX YCJIIOBHUAX 06p33y10T
pn B3aUMOJICICTBUU C JUAJTKWIIKYIIpaTaMM WJIW JUAJIKCHWIIKYIIpaTa-
MHN HCCUMMETPUYHBIE KETOHBI C OYC€HDb BLICOKMM BBIXOIOM. Kap6OHI/IJ'[I)—
Hasd, CI[O)KHOS(bI/IpHaH 1 HUTPWJIbHaA TPYIMIIbI HE 3aTparuBaroOTCsd IIPU
p€aKklMm C KyrnpaTtaMu. 910 OTKPLIBACT IMYThb K CUHTE3Y pa3H006p3,3HI)IX
JTUKETOHOB, KETOKHMCJIOT M KETOHUTPUIIOB, HAIIPUMEDP:

NC(CH2)3ﬁ—Cl + [(CHj),Cu]Li —> NC(CH,);COCHj4

0 (85%)

— CHj;(CH,)4CO(CH,)4COCH; 2,7-monekananon (95%)

ApUIOPOMUIBI Y apUIMOIUIBI TAKXKE BCTYIIAIOT B PEAKIIMIO0 KPOCC-
COUCTaHUs C AUAIKWIKYIpaTaMu. DTOT METOJ IO3BOJIAET 3aMellaTh
aToM OpoMa WJIM MoJa Y apOMaTUIeCKOIro aToMa yryiepoja Ha ajKWIb-
HYIO0 TPYIIIIY:

CH304©7I + [(1-C4Ho),CulLi ——>

— > CH3O C4H9-H
(70%)

HykneodunpbHoe npucoequHeHUE KyNpaToB K o,-HeHACHIIEH-
HBbIM KapOOHWIbHBIM COEAMHEHMSIM, BO3MOXHO, TpoTekaeT 1o SET-
MEXaHU3MYy, XOTSI OKOHYATEJIbHO 3TOT BOIPOC HE BBISCHEH:
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R R
L ; )
G| —Cu+ CH,CH=CH—C—CH,>[R,Cu,Li,|" + CH;CH-CH=CCH,€
i Li ! 20
R R
CHs fouk |CH3

[R;Cu,Li,|®+ RCHCH=C—CH;~——— ¢11/\— —>(::'1§1CHCH=CCH3

l@ L ° @6

0 R

1/2R,Cu,Li, + [RCu]—————== mnponykTs! pasnoxenus (R,, RH, R—H, Cu)

Kaxk BMAHO U3 MpUBENEHHON CXeMbl, B PEaKUMSIX TUATKWIKYII-
paToOB MCIOJIB3YETCS JUIb OAUH U3 KapOaHUOHHbBIX JIUTAHJIOB, a Ipy-
roit uaet B orxoabl. Ecin HeoOxonumo Oepeub aIKWIITUTUI, U3 KOTO-
pOTO MOJy4yarT KyIMpaT, TO B CHUHTE3¢ INMPUMEHSIOT CMellaHHbIe
kynpatbl Tumna [R (R’C=C) Cu] Li, [R (mpem-BuO) Cu] Li unu
[R (PhS) Cu] Li. JIutuiiankuageHUATUOKYIPaThl MOJIy4YaloT U3 THUO-
denonsta meau (I) x-ankunnuTus:

C¢HsSCu + RLi — = [R(C4H;sS)Cu]Li .

23.2. MATHUMOPTAHUYECKHE COEJIVHEHUSA

MarHuitopraHu4eckre COCIMHEHUsI OTHOCATCS K YMCIY OAHUX
U3 CaMbIX U3BECTHBIX METAUIOOPTaHUYECKUX cOoeNUHEHU. OHU LIK-
POKO MPUMEHSIIOTCS B OPraHMYECKOM CUHTE3€e, XOTsl B MocjenHee Bpe-
Ms$l MX MOTECHWIM JUTUHOPraHUYECKUEe COeIMHEHUSI, KOTOPhIE B psiie
clyyaeB OKa3bIBalOTCsl Oosiee yAOOHBIMU. MarHuilopraHmyeckue co-
€IMHEeHMSI OBIBAIOT IBYX TUIIOB: cumMmempuunsle coearuHeHus: R,Mg u
cMeulaHHble MarHuirajoreHopranndyeckue coeauHeHuss RMgX. Ilo-
cJieHue BIIEpBbIE ObLIM CUHTE3UPOBAHbI (PPAHIY3CKUMU XUMUKAMU
B. I'punbsapoM u ero yuutenreM @D. bapose B 1900 r., KOTOpHIE HC-
MOJIb30BAJIM AHAJIOTUIO C M3BECTHOM B TO BpeMsl peaklUeil MOIUCThIX
QIKWIOB C LIMHKOM. ['pUHBSIp 3aMEHWI LIMHK MarHueM, a B KayecTBe
pacTBOPUTEJISI MCMOIb30Ba TIIATEbHO 00€3BOXKEHHbIN ahup. Kak mo-
kazan ['puHbsIp, MarHUMOpraHUYecKUe COEIMHEHMS TMepeln LMHK-
OPraHMYECKUMU MMEIOT TO NPEUMMYILECTBO, YTO OHW HE BOCIUIAMEHS-
IOTCSI Ha BO3AYyXE M IMOATOMY OoJjiee ynoOHbI B obpaiieHuu. C Tex 1mop
peakTuBbl ['puHbsIpa, T.e. pacTBopbl RMgX B 2(bUpHBIX PacTBOPUTENISIX,
MOJYYWIM OYEHb IIMPOKOE MPUMEHEHHUE U1l CUHTE3a Pa3HOOOPa3HbIX
CMUPTOB, YIJEBOAOPOIOB, TaJIOTeHIPOU3BOAHBIX, MeTalJI0OpraHuye-
CKUX COCIMHEHUM U T.1.
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23.2.1. CTPOEHUE PEAKTUBOB I'PUHbBAPA

Marnuiiopranuueckue coeauHeHnss RMgX B TBepaoM Buie odpa-
3yI0T OeClIBEeTHbIE KPUCTAJIIbI, COAepXKAIIMe IBE MOJIEKY/Ibl PACTBOPH-
tensa (S). Yerslpe nuranaa oopasyroT tetpasap (XVI). Eciu ynanuth
OJIHY M3 MOJIEKYJI pacTBopuTelisi, oopasytorcst numepsl (XVII), B KoTo-
PBIX IBA aTOMA TaJIOreHa SIBJISIIOTCSI MOCTUKAMU MEXIY ABYMSI aTOMaMU
MAarHusI:

S R

\\\ /
R /Mg

| X\ \X

M

X'/ g\s Mg/
S // \
R S

XVI XVII

Ve B caMOM HauaJjie uccjiefoBaHus MAarHUMOpraHM4eCKUX COeIu-
HEHMI ObLJIO YCTAHOBJIEHO, YTO peakTuBbl ['pUHbsSIpa Helb3sl paccMmar-
PUBATh MPOCTO KaK PACTBOPbl MOHOMEPHbIX AJIKUIMArHUATAIOreHUIOB
B a¢pupe. Ha camom nene pactBopel RMgX comep:kaT MHOXKECTBO pas-
JIMYHBIX YACTUII, BKIIIOUasl IUMEPHhl, MOHBI, CHMMETPUYHBIEC COCIUHE-
Hus Ry,Mg u HeopraHuueckue coyivu. BzaumornpeBpallieHUe BCeX 3TUX
yacTull Ha3biBaeTcs papHoBecueM Lllnenka. [IpumepHas cxema B3aumo-
NpeBpalieHuii mpuBeaeHa Hke. CiaenyeT MUMeTh B BULY, UTO IS YIIPO-
LLIEHMS CXEMbI Ha HEM HE TTOKa3aHbl MOJIEKYJIbI pacTBOpUTENS (3¢hupa),
y4acTBYyIOIIIME B KOOpAUMHALIMU ¢ aToMOoM MarHus (cM. XVI u XVII):

o
RMP + 2X
|
RMg\ >'MgR = 2RMgX RoMg + MgX»

A [

| x

® © . 7N
RMg  + RMgX; RoMg. Mg
X

(23.11)

KoHIeHTpalmmyu pa3HbIX YacTHII, MPUCYTCTBYIOIINX B PacTBOPE,
3aBUCAT OT npupoasl R u X, pactBopuTesisi, KOHLUEHTPALUU U TeMIIe-
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patypsl. [Ipu HU3KUX TemMIepaTypax U 0COOEHHO B IPUCYTCTBUU CUJIb-
HbIX ocHoBaHuii JIplonca (Hanpumep, TMBIA) ckopocTu nepexona
OJHOMI YaCTULIbI B APYIyIO MOHMXKAIOTCSI, 1 MeTogoM SIMP Bbicokoro
pas3pelieHust MOXHO UAEHTU(UIIMPOBATh YaCTULIBI PA3IMUHOTO CTPOe-
HUS. AJIKMJIMarHUUXJIOPpUIbI B 9(Upe CKIOHHBI CYILLIECTBOBATh B BUE
IMMEPOB, TOrAa Kak OpOMUIbl M MOJUIIbI B HU3KMX KOHLIEHTPALIUIX B
OCHOBHOM MOHOMEpPHBI, T.€. UMeloT cTpyKTypy XVI. KoHueHTpaLuu
MOHHBIX YaCTUIL 0OBIYHO OYEHb HU3KHU. B accollmmpoBaHHbBIX YacTHIIAX
pPOJIb MOCTMKOB MOTYT MTPaTh HE TOJILKO aTOMBI rajoreHa, Ho u aj-
KWJIbHbBIE TPYIIIHI.

HecMoTps Ha TO 4TO B pacTBOpe peakTuBbI [ puHbsipa NpeacTaBisi-
10T COOOM CTOXHYIO CMECh Pa3IMUHBIX YACTH1I, HUKAKUX TPYIAHOCTEH He
BO3HUMKAaET, €CJIM B YPABHEHUSIX XMMUUECKUX peaklnii 0003HaUYaTh UX
yIIpolLeHHO# popmynoit «<RMgX».

23.2.2. METO/JbI TTIOJYYEHUSA .
MATHUUNOPITAHUYECKUX COEJMHEHUU

PeaxktuBbl FpI/IHI)Hpa IIOYTH BCErAa Iojay4yaroT OfTHUM METOOOM —
peaKHI/ICVI MEXIAY MarHmemM M raJorcHoOpraHM4e€CKmm COCAMHCHUEM

(yp. 23.1):

aup
R—X + Mg ——— RMgX

(X = Cl, Br, I, ouenn penko F)

B kauecTBe pacTBopuUTeiss — MPOCTOM 3(pup, yallle BCEro IUITUIOBbIA
a¢up, HO €CIM peakilus UAET MJI0X0 (HampuMep, ¢ BUHWITaJIOreHu-
namu), To ucnosb3yT TI'D, obragaromuil aydiieir KOOpAUMHALUMOH -
HOM CIIOCOOHOCTBIO MO OTHOIIeHUI0 K RMgX, 1 BbICOKOKMITSIIIIIE
nu-(H-0ytunosslii) adup win rumsl CH;0(CH,CH,0),CH;.

HMHoraa B3aumoneiicTBMe MarHusl ¢ raJOreHIPOU3BOAHBIM Ha-
yuHaeTcs TpyaHo. Torma peakiinio MHULMUPYIOT 100aBIeHUEM MO,
1,2-nubpomMaTaHa Uau APYroro OYeHb aKTUBHOTO B PEAKLIMU C Mar-
HUEM OPTraHUYeCKOro rajoreHuaa. [Ipu akTuBauuu MpoOUCXOIsIT Clie-
NYIOUIME PeaKLUu:

Mg+ 1, — Mgl,;
Mg + BrCH,CH,Br ——= CH,=CH, + MgBr, .
B pesyabraTe TaKoro MHULIMKUPOBAHUS OBEPXHOCTh METAJJIMYECKOIO

MarHusi CTaHOBUTCS 0oJiee aKTUBHOU B p€akuuum ¢ OCHOBHBIM IaJlo-
TCHUIOM.
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PeakuunonHasi cmnocobHocth RX yMeHblIaercss B psay
RI > RBr > RCl, npuueM ajIKuaraaoreHuabl 6oJjiee peakiimoHHOCIIOC00-
HbI, YeM apwi- WM BUHWITAIOTEHUIbI. ApUIbHBIE PeakTUBbI [ puHbsIpa
OYEHb XOPOIO MOJYyYaloTCs MPY HU3KUX TeMIepaTypax, eCJid UCIIONb-
30BaTh aKTWBHbBIN MarHuii, MOJyYeHHBIH in situ BoccraHoBieHreM MgCl,
METAUTMYECKUM KaJTUEeM:

TIr'®
MgCl, + 2K ——> 2KCl + Mg (axmusnsiii) -

[Ipu nosydyeHUn peakTUBOB ['puHbsSIpa aJlJIMJIBHOTO U OCH3MJIb-
HOTO TUITa HEOOXOAMMO OUYEeHB TIIATEIbHO U HEPEePHIBHO KOHTPOJIH -
poBaTh YCIOBUS peaKklMy, WHAYe MPOM3OUACT CoOueTaHUE BIOPIICB-
CKOTO THIIA:

2 CH,=CH-CH,Br+Mg —>= CH,=CH-CH,~CH,-CH=CH, + MgBr,.

CoueraHus MHOTrAA MOXHO 130exXaTh, IpuMeHss MeTon bapobe (mmo-
JiyueHue peakTuBa ['puHbsIpa B MPUCYTCTBUU 2JIEKTpoduIa, ¢ KOTO-
PBIM HEOOXOIMMO IPOBECTU PEAKIIMIO) WU MUCMOJIb3Yys aKTUBHBIN
MAarHUi.

MexaHu3M BHEAPEHUS METAUIMYECKOro MarHusl Mo CBSI3U yIJie-
poA—TajoreH, BepOsTHO, BKIIIOYAET CTaAWIO MEpPEeHOca 3JIeKTPOHA OT
MarHus K aJIKwirajioreHuay. Peakuusi mpouCXOAUT Ha MOBEPXHOCTU
MeTajuia (MHIEKC «S»):

RX + Mg, — 0 (R X-Mg—= {R+ “MgX} -
OBICTPO
{R- -MgX} — = RMgX + Mg, .

O6paszoBaHUe AJKUJIBHBIX PAIUKaJIoOB IIPpU 0O0pPa30BaHUU PEAKTUBOB
I'puHbBSpa MoKa3zaHO HA OCHOBAHWM M3YUYEHUST KUHETHKH, CTePEOXU-
MMHU M COCTaBa IMPOMYKTOB PeaKkIIMH, a Takke (U3NYECKUMU MCCIIe-
JIOBAaHUSIMMU.

CuMMeTpUYHBIE TUATKUIMArHUeBble COCTMHEHUS MOXHO TIOJYy-
YUTb W3 AUANTKWIPTYTH Y METAJUTMYECKOTO MarHus:

R,Hg + Mg — R,Mg + Hg .

OmHako Takoil MeToi BeChbMa TPYIOEMKHI, W TIO3TOMY YacTO IPEIIo-
YUTAIOT METO/I, OCHOBAHHbII Ha cMelleHuu paBHoBecust Lllnenka (23.11)
MyTeM n00aBieHUs OCHOBaHUU JIblonca, 00pa3ylolmnX KOMILIEKChI €
MgCl,, nHanpumep auokcaHa. Kommiekcst MgCl, BbinmagaroT B 0CaaoK.
B ynpouieHHOM BHIe MPOLECC OMMCHIBACTCS CAEAYIONICH CXEMOIA:
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O\ /O /N

0ocagoK

ITpu npoBeneHMM peaklMU aNKWIXJIOPUIOB ¢ MarHUeM B OeH30J1e
XJIOPWJ, MarHusl BBITaJaeT B OCaJoOK CaMOIIPOM3BOJILHO, HaIlpuMep:

OeH3011

CH;CH,CH,CH,CH,CI + Mg ——>  (CsHy),Mg + MgCl, .

1-xn0oprenTan ocasiok

% K] CUMMETPUYHBIX TUAJTKMIMAarHuE€BbIX COCIMHEHUM JIETKO I10J1y-
YUTDb aJIKOKCHUIbI, ITUAJTKHWJIaMU bl U aJ'IKI/I)'ICYJ'Ib(l)I/II[bI AJIKWJIMardus:

R'OH RH + RMgOR' ATKUIMATHUAAITKOKCHUT
R,Mg R'R"NH RH + RMgNR'R" zJ;ILI;HMaer‘?IL[HaHKHH-
\R—SH> RH + RMgSR' AIKUJIMarHUAaIK -
cynbhun

JduuonmeraH ¢ ABYMSI MOJISIMU MarHusl 1aeT TMMarHueBOe IIPpOr3-
BOJIHOE, KOTOPOE B PeaKIIMsIX BeleT ce0sl KaK KapOeHOBBIN KOMILIEKC
(cm. u. 3):

I
Mg
CHzlzL H2C< —> CH,(Mg), ;

Mgl

CH,(Mgl), + Ry«C=0 — > R,C=CH, + MgO + Mgl, .

23.2.3. MATHUMIOPTAHUYECKHUE COEJINHEHUSA
B OPTAHUYECKOM CHUHTE3E

23.2.3.a. IPUCOEANHEHHUE MO KPATHbBIM
YIJIEPOA-YTJTIEPOJHBIM CBA3AM

B 0OBIYHEBIX YCITOBUSX peakTWBHI [ piHBSApa K TPOCTBIM aJIKeHaM
wii BHyTpeHHUM anikruHaM (RC=CR) He npucoeauHsSIoTCs, a KOH-
neBble akuHbl (RC=CH) npu 3TOM MeTalIMpPYyIOTCsl ¢ 3aMelleHueM
KHCJIOro alleTUJIEHOBOTO MPOTOHA Ha MarHuii (cM. 4. 3). Ilpucoenune-
Hue obJjeryaercsl B ciayvyae TakK Ha3bIBA€MbIX aKTMBUPOBAHHBIX OJie-
¢uHOB, coaepxallux akientopHbie rpymmnbl, Hanpumep CF,=CF,.
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OnHako B peaKUMSIX BHYTPUMOJICKYJISIPHOTO MPUCOSAMHEHUS MO-
I'YT YYacCTBOBATh AaKe HEAKTUBUPOBAHHbBIE KPATHBIE CBS3U:

(o = =

5—FCHTI/IHMJ’[M&FHVIMF&J’[OFCHMI{

Mg H;0"
—_— ———>
(88%)
cl CHj
CH; CH;

6-xnoprenTen- 1 1,2-1uMeTHUIIIHMKIIOIEHTaH

TTpucoennHeHrue BO3MOXHO Y MPU HATUYUU B MOJIEKYJIE COOTBET-
CTBYIOLLIMM 00Opa30M pacHoJIOKEHHOW 3JIEKTPOHOJAOHOPHOM TpyIMbl
(RO, R,N), criocoOHOIT 0Ka3biBaTh BHYTPUMOJIEKYISIPHOE COINEICTBUE:

C¢HsCH,MgX + CH,=CH-CH,0H —> CH,=CH—CH,-OMgX—>

CHsCHMeX

Q 09 Mex T | P° Mx

XMgCH,CgH; XMg  CH,CH;

CHCeH

2-0eH3unporaHos- 1

AnnunbHble peakTuBbl I'punbspa (CH,=CHCH,MgX) B Heko-
TOPBIX CIyYasX MPUCOSIUHSIIOTCS K MPOCTHIM ajJKeHaM M aJKWHaM U
MPU OTCYTCTBUU BHYTPUMOJIEKYJISIPHOTO COAECHCTBUSI.

Peakuuu npucoeaMHeHUsT 4acTO KaTaJIU3UPYIOTCS COENMHEHUS -
MM TIEPEXOTHBIX METAJUIOB.

Ecnu naBoiiHasi cBSI3b aKTMBMpPOBaHa KapOOHWJIbHOM Tpynrmoi (B
0.,3-HEHACBIIEHHbBIX KAapOOHWIbHBIX COEIMHEHUSIX), TO MOXET Ipo-
uzoiitu 1,2- unu 1,4-nipucoeqrHeHue:
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R"
/
R—CH=CH-C=0 + RMgX

4 3 2 1
1,2-npucoenuuenne 1,4-npucoenunenne
l i AN i i
R'—CHZCH—C]:—OMgX /CH—CHZC—OMgX
R R
H;0" i H;0" l
Rn "
R\ i
R'—CH=CH-C—OH CH-CH,-C=0
& R’

B oTnuuue oT AUTHIATKUIOB, KOTOPBIE JAalOT B OCHOBHOM IIPO-
IYKTHI 1,2-miprcoenMHeHus], peakKTUBbI ['puHbsIpa 0ojiee CKIOHHBI K
1,4-tipucoeauHenuto. Ilpu nodaBaeHun K peakTuBy I puHbsIpa coyei
meau(l) obpasyroTcs alkuaMeIHble COeAMHEHUs, U BbIxon 1,4-aj-
IIyKTa pe3Ko Bo3pacTaeT (cp. pasmen 14.1.5.a). HanpasneHue peakuuu
MNPUCOSAMHEHUS 3aBUCUT U OT CTPYKTYphbI cyOcTpaTa. Tak, ¢ peHu-
MarHuiuOpoMUIOM o, B-a1ruheHMIBUHUI(PEHUIKETOH JaeT MPOayKT 1,4-
MPUCOEIUHEHHUS, B TO BpeMS KaK U30MEpPHBbIi B,B-anbeHnIBuHuIdpe-
HUWJIKETOH — TPOAYKT 1,2-MpUCOeANHEHMUSI:

1) C4HsMgBr
%

(C{H.),C=CH—C—CH
6115)2 T 2) HO*

C¢Hs
T (G, C=CH—C—CiHy (100%)

XVIII OH

C o,-HeHaChILEHHBIMU AJIbACTUIAMU PeakTUBbl [ pUHbBsSIpa pearupyot
TOJIbKO T10 KApOOHWJILHOM TpYIIIeE.

23.2.3.6. IPUCOEAMHEHNA I10 KPATHBIM CBA3AM
YIJIEPOO-KUCIOPOO U YITIEPOA-CEPA

PeaxktuBbl I'puHbsIpa, Kak U JUTUHOPraHUYECKUE COCTMHEHUS
(pasmen 23.1.4.6), npucoennHsOTCI K ajpierugaM, keroHam, CO,
CO,, KeTeHaM, cepoyriepoay U MHOTUM APYTUM KapOOHUJIBHBIM U
THOKapOOHMWJILHBIM COETMHEHUSIM.
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IIpucoenuHenre K aabAerniaM M KeTOHAM. DTa peakiivsl OYeHb
XOPOIIIO0 M3BECTHA KaK METON CHHTe3a crupToB. OHa obpaTtuma, 0co-
OeHHO B cJlyyae MpPOCTPAHCTBEHHO 3aTpyAHEHHBIX cyOcTpaToB. M3
(opmanpaernia oopasyroTcsl TepBUYHbIC CIUPTHI, U3 APYTUX allble-
TUIOB — BTOPWYHBIC CITUPTHI, N3 KETOHOB — TPETUYHBIEC CITUPTHI:

H,C=0 H,0*

/—> R—CH,-OMgX —— RCH,OH (mepBrnuHbIit)
R'CH=0 R__ H,0* R
3 e

RMgX——— ,/CH OMgX R,/CH—OH (BTOpPUYHBIIA)

’ 4 R
RR=0 ,\
R

C—OH (TpernuHbIii)
R 4 RN

MexaHM3M 3TUX peaklUil UCClea0BaTh JOBOJIbHO TPYAHO, MOCKOJb-
Ky TlapajuleIbHO 00pa30BaHUIO CIIMPTOB MPOTEKaeT PAA APYTHX pe-
aKIMii, caMbIMA BaXXHBIMHM M3 KOTOPBIX SBISIOTCS O.-METaJTIpOBa-
HHUE U BOCCTAHOBJICHWE KapOOHMIBLHBIX COSIUHEHUN 0 CITMPTOB WU
MUHAKOHOB.

Peakuusa o-MeTtanaupoBaHus (€HOJIM3aLMsI) XapaKTepHa IJis
KapOOHWJIBHBIX COCIMHEHUM, MMEIOIINX TOCTAaTOUHO KHCIIBbIe O.-BO-
IopomHbie aToMbl. [ 1,3-TMKeTOHOB HAOIIOZAETCS TOJIBKO Oi-ME-
TaJlJIMpOBaHUE:

CH
R\C/ \oR
R'(HICH2(”3R'+RMgX ——> RH + : o ]
O O O
XMg®

BoccraHoBieHre no cnupTa HabaogaeTcs B TOM ciydae, eclu
peakTuB I'puHbsipa conepXuT B-BomaopoaHbiii atoM. IlpuHsTOo cum-
TaTh, UYTO 3Ta PeakUMs MIET Yepe3 IIEeCTULIEHTPOBOE IePEeXOmaHOe
COCTOSIHUE:

-+

~N. ./~ oo

@ f N N B - ~
H MgX — | i} "MgX —

R2C=O “R,C=0’ R,CH—OMgX
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O6pa3oBaHue MMHAKOHOB IMPOMCXOIUT IIyTeM IMUMEpU3aLUU Ke-
TUJIbHBIX paavKaloB, 00pa3ylILIMXCs IIPU OJTHORJIEKTPOHHOM BOCCTa-
HOBJICHMM KapOOHWJIBbHOM TPYIIIIbI:

Rl ° @ . JanbHejilme
C=0 + RMgX —= C—O MgX + R —>
| C— peakLyun
(aHMOH-pamTrKar)

(23.12)

’

| R;C—OMgX H,0" R} C—OH
L i

D) , , TMNHAKOH

R) C—OMgX R, C—OH
Ora peakuuda KaTaJau3upyeTcda IpUMECAMU IIEPEXOAHBIX METAJJIOB,
KOHLIECHTpalusA KOTOPbIX MOXET OBITh nopdaakKka MMUJIJIMOHHBIX LlOJICfl,
HO MOXKET MATU U B OTCYTCTBHUEC KaTaJIM3aTOPOB:

F
2Ph,CO + 2CH;MgX LN (Ph,COMgX), + CH;CHs.

HecMmoTpst Ha 2T MOOOYHBIE TIPOIIECCHI, HEOXKUAAHHOE BIUSHUE
MUKpPOIIpUMECe U psia APYTUX creunudUuIecKux TpyIHOCTel, B Ha-
CTosilee BpeMsl BCe XK€ YAAJIOCh BBISICHUTb HEKOTOpbIE AeTalud Mexa-
HU3Ma peaklMy MarHMiopraHM4ecKuxX COeAMHEHUI ¢ KapOOHWIbHOMN
rpynmnoii. IlogpoOHO M3yuyanach, HarmpuMmep, peakuusi 6eH30deHOHa
C HeOINEHTUIMArHuiiopomuaoM. B atoit peakumu obpasyrorcst ¢ 20%-mu
BbIXOJaMU O€H30MMHAKOH U HEOIEeHTaH, a B XOJIe Ipoliecca 1o CIekK-
Tpy OIIP ymaerca HaOmopaTh B pacTBOpe KEeTWIbHBINA pagnkKana OeH-
30(heHOHMarHuiOpoMuUI, YTO yKasblBaeT Ha paauKaibHblii SET-me-
xaHuam (yp.23.12; R=(CH3);CCH,, R"=C¢Hjs). JlobGaBieHue B
peaKkIMOHHYIO CMeCh Hnapa-IUHUTPOOEH30J1a TOJHOCTBIO TMOJAABIISIET
00pa3oBaHue MUHAKOHOB (3TO YCTAHOBJEHO ISl peakliuil, B KOTO-
pbix R =CHsumu mpem-C4Hg), 9TO MOXHO OOBSICHUTH MCUE3HOBE-
HUEM KeTWJIbHOTO aHUWOH-pajuKajia Mo peakluu:

OaHako MPUCYTCTBUE Hapa-AWHUTPOOEH30JIa HE MOJABIISIET peakluu
MPUCOEIMHEHUS MO KapOOHWIbHOI rpymme. Kazanock Obl, U3 3TOro
cleyeT BbIBOH, 4uTo TpucoeauHeHne RMgX k C=0 He uzmer uepe3
MPOMEXYTOUHOE 00pa3oBaHMe KeTuja. Torma MOXHO MoJjaraTh, YTO
9TOT MPOLECC OCYIIECTBISIETCS MO MEXaHU3MY IPSIMOTO TOJISIPHOTO
1,2-TipucoeAMHEHUS:
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ITonsipHoe 1,2-npucoeaunenne.

M+ 5
s oo —= | | 1 —
R—MgX R---MgX gX

OnHako Ha OCHOBaHMU OMBITOB MO J00aBKaM rapa-aAWHUTPOOEH30J1a
SET-mexaHusm 1,2-nipucoeIMHEeHUsI BCe XKe UCKIIOUUTh Henb3s. Jlo-
MyCTUM, YTO B pe3yJibTaTe OAHORJIEKTPOHHOIO IepeHoca obpasyeTcs
panvkanabHas mapa, B KOTOPOM aJKWJIbHBIA UM KETWJIbHBIA paguKasbl
HaXoIATCS OJM3KO OAMH OT APYTOTO B «KJIETKE», CTEHKAMHU KOTOPOIt
CJTy>XKaT MOJIEKYJIbI PACTBOPUTEJIS (T.€. B IYCTOM ITOJIOCTH BHYTPU pa-
ctBopuTesisi). YToObl 0Opa3oBajics MMHAKOH, ABa KETUJIbHBIX paauKa-
JlJa TOJIKHBI BCTPETUTHCH, T.€. Tpoaucd@yHIUpoOBaTh HABCTPEUy APYT
JIPYyTy 4epe3 CTeHKH ABYX COCETHMX KJIeTOoK. Ho B CTEHKM KIIETOK T10-
MMMO MOJIEKYJT PACTBOPUTEJISI BXOIST TAKXKE MOJIEKYJIbl AUHUTPOOEH30-
Jla, KOTOpbIe TepexBaThIBAIOT KETUJIbHBIE paaukaibl (peakuus 23.13)
1 TIOABJISAIOT 00pa3oBaHMe MMHAKOHA. KeTMIbHBIN U alKUIbHBIN pamam-
KaJIbl MOTYT TaKXe MpOopearupoBaTh APYT C APYTOM, IJIsSi YETO UM He
HY>XKHO BBIXOAMTb U3 KJIETKU (BHYTPUKJIETOUHAs pekomOuHauus). Toraa
00pasyeTcst MpoAyKT 1,2-TIpucoeauHeHNs.

SET-mexanusm 1,2-npucoeuHeHus.
R'zé—Oe ObICTPO

R,C=0 + RMgX —> ® > RHC(R)—OMgX
R* MgX™ Jxierxa

sppyaus R',C—OMgX
R lC—OMgX+ 2RH
mipysnn ?
R'zé—()e ObICTPO
R»C=0 + RMgX —> ® —> R, C(R)—OMgX
R® MgX

Eciu npouecc peKoMOMHALMM OYeHb OBICTPBIN, TO paguKalbl 3a
BpeMsl KM3HU MOTYT HE yCIeThb IpopearupoBaTh CO CTEHKaAMM KJIET-
KW, TIE HaXOHATCsl MOJICKYJbl napa-IAHUTPOOEH30Ja, W, CleaoBa-
TeJbHO, MpPUCOEAMHEHUEe He OyaeT MOmaBIsATbCS MOOaBKaMy 3TOTO
okucauTens. TakuMm o0pa3oM, OTIUYUTh MOJSIPHBIN MeXaHU3M OT pa-
JUKAJIbHOTO Upe3BbIYAiHO TPYJAHO, U B HACTOSIILEE BpeMsi OOJIbIIMH-
CTBO HccCleaoBaTe/eil MpUAepKUBaOTCSI ABOMCTBEHHON MHTEpIIpeTa-
1IMY, MoJIarasg, 4YTO MEXaHU3M MPUCOEAUHEHUS] 3aBUCUT OT CTPYKTYPbI
Kak peakTuBa I'puHbspa, TaK U KapOOHUJIBHOIO COCIUHEHUS.
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IIpucoenuHeHne K NPOM3BOIHBIM KAPOOHOBBIX KMCJIOT. C alljIbHBI-
mu nipousBogHbiMU R’COX (X =07, NR”,, OR”, OCOR”, Hal) pe-
akTHBbl [pHHBSIpa pearupyioT aHAJIOTUYHO JIMTUMOPTaHUYECKUM
coeaquHeHusM (pazgen 23.1.4.a):

RCOO®

RCOR’ + R,)RCOH

RCOR’ (+ R'RC(OH)NR) )

R MeX (RCO),0

RCOR’ + R,RCOH

RCOR’ + R,RCOH

IIOCJIE TMAPOJIN3a

Bo Bcex aTux peakuusx oOpasyloTcsl KETOHbI, HO, KaK MpaBUIO, UX
BBIXOJ HEBEJIMK, MO3TOMY peaklMU HE MMEIOT LIMPOKOTO MpaKTuyec-
Koro npuMeHeHus. CrUpThl 00pa3yloTcs U3 KETOHOB MPUCOSTUHEHM -
em Bropoii MosieKyiabl RMgX. IIpu kucioTHoil 0oOpaboTKe mpomyKTa
peakuuu peaktuBa I'puHbsipa ¢ amuaamu RR’C(OH)NR”, oObruHO
npoucxoauT otuleryienue ammHa R”,NH, Tak 4To emMHCTBEHHBIM
nponykToM peakuum sieiasietcss ketoH RCOR’.

PaHee cuuTanoch, 4TOo MpUBEACHHBIC PEaKlMM MMEIOT MOJSIpP-
HBII MEeXaHW3M, HO Telepb IPEeACTaBsSICTCS BEPOSTHBIM, YTO OHU
MOTYT MpOTEKaTb W IO MEXaHU3My OIHO3JEKTPOHHOIO MepeHoca,
aHAJOTUYHO peaklusM C YYaCTHUEM aJibJeruloB U KETOHOB.

IIpucoenuHenrne K THOKAPOOHMIBHBIM COEIUHEHUAM. AHAJIOTUTIHO
JUTUHOpPraHUYecKUM coeanHeHusiM (pazaen 23.1.4.0) peaktusbl ['pu-
HbsIpa TIPUCOEIUHSIIOTCS 110 CBA3U C=S mnyTtem «TUO(MUIbHOK» aTaKu:

R,C=S + RMgX —> R'z(li-SR 0% R,CHSR

MgX

KapOokcunupoBanue W aHajoOrHyHble peakimmu. B3aumoneiicTBue
peaktuBoB ['punbsipa ¢ CO,, LIKUPOKO MpUMEHSIETCS i1 CUHTE3a
KapOOHOBBIX KMCJIOT. B KauecTBe mOOOYHBIX POAYKTOB MOI'YT 00pa3o-
BBIBAThCS KETOHBI MJIM TPETUYHBIC CITUPTHI, OMHAKO €CJIM B XOIe CHUH-
Te3a He JomyckaTb u30biTKa RMgX B peakllMOHHOUN cMecu, KUCIOThbI
00pa3yloTcs ¢ 0YeHb XOPOIIUM BEIXOIOM.

IMomumo kymymupoBaHHOI MosieKyabl O=C=0 peakTuBbl [ puHbsIpa
pearupyroT ¢ psIoM IPYrux aHaJIOTMYHBIX MOJIeKyJT: KeteHamu (R’,C=C=0),
nzouuaHatamMu (R’N=C=0), uzornounanatamu (R'N=C=S), cepoyr-
nepoagom (S=C=S):
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Co,

RCOOH (KapOOHOBBIE KMCJIOThI)
R,CHCOR
RMgX RN=C=0 _ R'NHCOR
RN=C=S _ R'NHCSR (tuoavmsi)
/S
RC (TUONTUOHOBBIE KUCJIOTHI)
SsH

ITOCJIC TUAPOIN3a

23.2.3.. IPUCOEAUHEHUME [1O0 KPATHbBIM CBA3AM VYITIEPOJ-A30T

OpHoli U3 O0LIMX peaklnii MarHUAOPraHMYeCKUX COeTMHEHUIA SIB-
JIIETCH TPUCOEIMHEHUE K HUTPUJIAM C MOCIENYIOLIUM TUAPOJIU-
30M 00pa3yolIerocs: UMUHa:

Ho+ RN
R—C=N + RMgX — > R—C=NMgX ——> >C=0 .

R
R

Ecau ucrnonb3oBaTh 3KBMMOJIbHBIE KOJMYECTBA PEareHToB, TO peak-
LIMSI MIPOTEKAET C MOYTU KOJUYECTBEHHBIMU BBIXOJAMU, OCOOEHHO B
TeX cayyasiX, Korjaa HUTPWUJ HE CONEPXKUT O-MPOTOHA WU O-TTPOTOH
HE OYEeHb KUCIbIiA.

C u3obiTkoM RMgX B 3KeCTKMX YCTOBUSIX MOJIYyYarOTCs TPETUUHBIE
aMMHBI. Ec/ii 11eJ1blo cMHTE3a SIBISeTCs MOoJayYeHUue TPeTUYHOIO aMU-
Ha, TO ONTUMAaJbHBI BapUaHT COCTOMT B TMOCJEAOBATEJIbHOM Jeii-
CTBUM CHayasia peakTMBOM ['puHbsIpa, a 3aTeM JUTUHOPraHUYeCKUM
COeIMHEHUEM, HampuMep:

(|34H9—H
#-C,H,MgBr n-C,HoLi
CH;0CH,C=N —*—=——3 CH,0CH,C=NMgBr ——4 2"
METOKCHUALICTOHUTPUIT

C4H9‘H C4H9—H

| _MgBr |
= CH{OCH,~C—N{ CH0CH,—C—NH,

Li
C4H9—H C4H9—H

5-METOKCUMETUII-5-aMUHOHOHAH
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[Tpu u30bITKE HUTPUJA TIEPBOHAYAIBHO OOpa30BaBIleecs] MarHu-
eBOE MPOU3BOJHOE MMHUHA MOXKET MPUCOEAMHUTHCS K MCXOTHOMY
HUTPUIY:

RV
l\ |
SC—NMgBr + RC=N —>  SC=N—C=NMgX

Peaxmun MaFHHVIOpFaHI/I‘IGCKPIX COCIMHEHU C MMWHAMU U CO-
JIAMW UMMHUA TIPUBOIAT K O6pa3OBaHI/IIO AMUWHOB!

@
H;0
RIZC:NRH + RMgX —_— R72$_ITIRH 3—>R'2C|:_ITIR" ’
R MgX R H

@
R'»C=NR'5; + RMgX—>R'2(|3—NR"2 + MgX, .
x° R

st o,B-HEeHACHIIIEHHBIX MMMHOB XapaKTEPHO COMPSIKEHHOE
MPUCOENNHEeHNE, TTPUIYEM M3BECTHBI CJIydyau COMPSIKEHHOTO TMPUCO-
eIMHEHUSI K apWJIbHBIM rpynnaMm. Hanpumep, u3 ¢peHuinmMuHa OeH-
30(peHOHA U (PeHUIMArHUHOpoMuUAA ToJydaeTcss IpoaykT 1,4-mpu-
COCIMHEHMUS:

©7% Ph+PhMgBr—><}C Ph ——

PhNMgBr

eHnmnmmMuH 6eH30(heHOHA

Ph
H.
e g
NHPh
¢eHunn-2-ondpeHunmibheHIaMuHOMeTaH

KeTokcumbl (OKCMMBI KETOHOB) C XOPOIIMMM BBIXOJAAMU 00-
pa3yloT TpeXuyJeHHbIE a30TCOAepXKallye UKLl a3UPUIMHBI, Ha-
npuMep:
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CH; CH, ?Hs ?Hi
/
Ce¢HsMgBr + C¢HsCH-C=NOH —>C6H5CH_(|:_NH +
Ce¢Hs

2-penunn-2-(1-peHnasTun)asupuanH
+ MgBrOH

B otiinume ot uTHilopraHM4YecKUX COeAMHEHUI, peakTuBbl ['pu-
HbsIpa B3aMMOJEHUCTBYIOT C apoOMaTUUYEeCKMMU a30TcoaepKallluMU Te-
TepoLMKIaMu Topasfao TpyaHee. [Ipu MOBBIILIEHHBIX TeMIlepaTypax B
OTCYTCTBHE MPOCTHIX (UPOB KaK PacTBOpUTENIEH MUPUANH U XUHO-
JINH aJIKWIMPYIOTCSl B MOJIOKEHUe 2:

X X
] + CH=CH(CHp)yMgX ——> H
N N
gX

| (CH,),CH=CH,

XHWHOJIMH
M

AN HarpeBaHue N H
2 N _
N (CH,);,CH=CH, | (CH,),CH=CH,
H

2-aNKeHUJIXUHOJIUH

23.2.3.r. PEAKIIMM C OPTAHUYECKUMMU T'AJIOTEHUJAMU

Peakiiuu mMarHuiiopraHM4eCKrux COCIMHEHUI C OpraHuYeCcKUMu
raJjoreHuIaMu MPUBOIST K MPOAYKTaM KPOCC-CoUYeTaHusl. DTU peak-
LMY KaTaJu3UPYIOTCS COEAMHEHUSIMU TepexoaHblx MeTaioB (Co,
Ni, Pd, Ag, Fe). B orcyrcTBue Katajam3aTopoB MarHMKOpraHuUYec-
KHWE COEIMHEHMSI C apuji- WU BUHWITAJIOreHWJaMy TMPaKTUYECKU He
pearupyioT. DTa peakius cCUCTeMaTU4ecKu OblIa ucciaeaoBaHa Xapa-
1IeM, KOTOpBbIi B KauyecTBe KaTajiu3aTopa MCIOJb30BaI AUXJIOPUI
kobanbra (II):

CoCl,
R'X + RMgX ——> R-R' + MgX.

Ponpb xaranuzaropa ucciiefoBaHa IUIOXO; MpearosaraeTcs, 4ro B
KavyecTBe MHTEPMEINATOB OOPa3yloTCsl COCAMHEHUS MEePEeXOTHBIX Me-
TaJlJIOB C O-CBS3SIMU YIJIEpOA—METaslll, KOTOpble OYeHb HECTOWKU U
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pasjararorcsa ¢ O6pa3OBaHI/IGM IPOAYKTOB COYCTaHHA. MoxHo rnoJararb,
YTO LCITHadA KaTaJIUTNYECKad p€akiiysa MHULIMUPYETCA BOCCTAHOBJICHUEM

IIEPEXOJHOI0 METajlyla B HYJIbBAJICHTHOE COCTOAHUCE!
1I 1.—Cl
Co'Cl + RMgX ——> Co _ + MgXCl

11.-Cl

o ——> Co’ + RCL
R

3aTeM HYJIbBaJICHTHBIN MeTaJlll BHeOpsieTcs WK 1o cBsizu C-Mg, win
110 ¢Bs1i3u C—rajioreH (OKUCIUTEIBHOE BHEIPEHUE):

—~MgX
Co0 + RMgX —> COH\R :

n-X
Co0 + RX —> Co ~gr-

Ha CJICOAyIOMX CTaauAaX MPpOUCXoauT 06p330BaHI/I6 JUAJTKUJIbHBIX CO-
€IMHEHUIA epexXoaHOTo METajlia:

COH/R + RX ——> C()Hi + MgXZ;
\M R'

RV
COHiX + RMgX —> COHiR + MgX; .

3aKirounTeIbHasT CTaaus npeacTaBIdACT co0oit IpoLecc BOCCTaAaHOBHU -
TEJIBHOT'O JIMMUHUPOBAHUS HYJIBbBAJICHTHOI'O ME€TaJlia:

n—R

Co —> Co¥ + RR'.

Takum o0pazoM, KaTAIMTAYECKUI LUK TIPEACTaBIISIET COOOI IOCIen0-
BaTeJIbHbIC MPOLIECCHl OKUCIUTEIBHOTO MPUCOSINHEHUS U BOCCTAHOBH -

TEJIbHOI'O SJIMMMHHNPOBAaHMA:
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, , RMgX
RR' R'X RR

MO MO
R )
R 1 N
VL NI MU N,
Y M U R’ / Y
R X XMg
MgX, RMgX MgX, R'X

Huxe npuBeeHbl HEKOTOPbIe MPUMEPHI CUHTETUUYECKOTO UCIOJIb30Ba-
HUS peakLuy Xapaiia:

Li,NiCl,

C,HsMgBr + CHCl————> C(H;C,Hy (98%) ;
25 STUIOEH30

C,H,MgBr + F@—I % F 92%) ;

n-propaudeHmn

«Fe»
1-C¢H,;MgBr + CH2=CHBr;—Oé>> 1-CH,;CH=CH, (83%) ;
1-oKkTeH
«Fe»

CH,=CH(CH,),MgBr + CH,=CHBr —_ >

—> CH,=CH(CH,),CH=CH, (64%) ;
1,7-okTagueH

Br R
, «Fe» \/
RMgBr + R/\ — R/\ (Tombko E-aKeH) ;

- :\Brﬁ»’ R’/ T

RMgBr + R R (TOnbKO Z-aiKeH) .
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23.2.3.1. PEAKIIVA C [TPOCTBIMU DOUPAMU

Anuxkimyeckrue M LIUKIMYECKHE MPOCThle MOHO3(UPHI C 0O0JIb-
LIMMU LMKJIaMU B peakUMio ¢ peakTuBamMu I'puHbspa B OOBIYHBIX
YCJIOBMSIX HE BCTYMAlOT, OAHAKO B Cjlyyae TreMUHaJbHBbIX OU3(PUPOB
RCH(OR"), unu 3¢pupoB ¢ MajbIMU LIUKJIAMU MPOUCXOAUT PsiI MPaAK-
TUUYECKU BaXKHBIX PEAKIIMNA.

0]
/\ H;0"
RMgX + CH/~—CH, —= RCH,CH,0MgX ——> RCH,CH,0H;

OKCHUpaH

o
RMgX + — = RCH,CH,CH,0MgX ——
g CH,-CH, L LHRL,ONME

OKCE€TaH

4

H,0
— > RCH,CH,CH,0H.

Packpritie kompiia TI'® HabmomaeTcs: penko.

Peakuums ¢ anetayisiMu 0OObIYHO UJET B OUYE€Hb XKECTKUX YCIOBUSIX.
B ciyyae cMeliaHHbIX alleTajlel MPeUMYILECTBEHHO OTILETUISIETCS TPYII-
na, Kotopas sBJsIeTCS Jiydllleil yxoisuieid Tpynmnoi B HyKJIeo(ub-
HoM 3amelneHuu, Harpumep ArO, a He AIKO:

CH CH/OAr + RMgX ——> CH CH/R + ArOM
UN0AKk ex UN0AKk eX.

Huxnmuueckue amertanu, ocodbeHHO 1,3-mmokcomanbl (XVIII)
OOBIYHO HACTOJILKO MHEPTHBI B 3TOM peakIMM, YTO UX YacCTO MCIIOIb-
3YIOT JJIs1 3alUTHl COOTBETCTBYIOIIMX KapOOHUJIBHBIX COSAUHEHUI:

R—CH
"0-CH,

1 ?HZ XVII

BzanmogeiictBue peakTuBoB ['puHBbsSIpa ¢ 3TUIOPTODOPMUATOM
KUCTIOJIB3YETCST [UISl CUHTE3a aJIbACTUI0B UM UX alleTaseit:

4

H;0
RMgX + HC(OC,Hs); —> RCH(OC,Hs), ——> RCHO
aTHIIopTOhOpPMHUAT areTanb AJTBIETUT
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23.2.3.e. IPYTUE PEAKLIIMUU MATHUMOPTAHUYECKUX COEAUHEHUN

MarunuitopraHudeckue COeIWHEHUs BCTYITalOT BO BCE pPEaKIINH,
npuBeAeHHbIe B Ta0O. 23.1. B aToM pasgene Mbl OrpaHUYMMCS pac-
CMOTPEHHEM JIMILb BOXKHEUIINMX U3 HUX.

Peakuyuu ¢ OH-, NH-, SH- u CH-kucaoramu. PeaktuBbl ['pyHb-
spa pearnpyioT ¢ BOAON, CIIMPTaMU, TUOJAMU, TIEPBUIHBIMUA U BTO-
PUYHBIMM aMMHaMH, aMuaaMu, auetuiaeHamu v apyrumu CH-xwuc-
JIOTHBIMU COEAMHEHUSIMA C OO0pa3oBaHUEM VYIJIEBOAOPOJIOB U
COOTBETCTBYIOIINX MTPOAYKTOB METAJUTMPOBAHUS 1O KUCIOPOAY, Cepe,
a30Ty WIN YIJIEPOLY:

RMgX + HY ——> RH + MgXY.
(Y=OH, OR/, SR, NH,, NHR', NR',, RC=C u .1.)

DTa peakuMsl UCMHOJb3YeTCs sl MOJAYYEHUS] MarHUHOpPraHWYeCKUX
COEIMHEeHUI, KOTOpble MO OOBIYHOMY MYTHU MOJIYYalOTCS C TPYAOM
WIK BOOOIle He 00pa3yloTcsl, HaIlpUMeED:

RC=CH + CH;MgX —» RC=C—MgX + CH, ;

Y
C4H;CH,COOH + 2(CH;),CHMgCl — C,H;CH—C
MgCl  OMgCl

Oxuciaenne. JIaBHO M3BECTHA XEMITIOMUHECILEHIIUSI PEaKTUBOB
I'puHbsipa mon aeiicTBueM Kuciaopona. B ciydae napa-xnopdeHuamar-
HUIOpOMIIAa CBeYeHNE HACTOJIBKO SIPKOe, YTO ero MOXHO JTeMOHCTPH-
pOBaTh Ha JIEKIIMOHHBIX OIMbITaX. OKUCIeHEe MAaTHUHAOPTaHMIECKHUX CO-
eIMHEHUI COIPOBOXKIAETCSI 00pa30BaHMEM OPraHUUYECKUX PaauKaloB
(cp. pasgen 23.1.4.a). BBuay 4yBCTBUTEJIBHOCTU PeakTUBOB [ puHbsIpa K
aTMocepHOMY KHUCIIOPOAY TP TIPOBEICHUN KOJIMUYECTBEHHBIX MCCIIe-
JIOBaHUI1 HEOOXOAMMO BECTU paboTy B arMocdepe MHEPTHOTO rasa.

Peaknuu ¢ HUTP030- 1 HUTPOcOoeauHeHUsAIMH. [1py B3auMonelicTBUM
peakTuBOB ['pUHBSIpa C HUTPO30- U HUTPOCOCAMHEHUSIMU OOpaszyeT-
cs CMeCh TPOMYKTOB, BKJIIOYAIOIAs 3aMelleHHbIe TMIPOKCUIAMUHBIL:

+
~N

H;0© R
R—N=0 + RMgX — >, “N-OMgX ——>  ZN—OH,

o,3-HeHacblllleHHbIe HUTPOCOEIMHEHUSI MOTYT pearupoBath rmyteM 1,4-
npucoenuHeHus. Takas peakiusi OCyLIECTBIsETCSI, HAlIpUMep, B CIy-
yae 1,3,5-TpuHUTpOOEH30IIA:
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©0_f oMl

NO, CH; H
CH
+ CHMgl —> 0 H 6@—»
~- 7~
O,N NO, @I\H '@
o0 CH;j OMgl
H NO,
CHs 0
N
BO_H CHs
O,N H
H NO
CHy 2

1,3,5-tpunuTpo-2,4,6-TpUMETHII-
LMKJIOTEKCaH

23.3. ATIOMUHUMOPTAHUYECKUE COEIVMHEHUA

Opranuueckue coeauHeHust Al(II) mo cBoiicTBam BO MHOTOM aHa-
JIOTWYHBI JTUTUI- U MAaTHUAOPTaHUYECKUM coequHeHUsIM. OHU TakKe
OTHOCSTCH K KJIACCY «IOJIIPHBIX» METAJUIOOPTaHMYECKMX COCIMHEHNI 1
SIBJISIOTCS ICTOYHUKAMM KapOaHMOHOB B OpraHNYeCKOM crHTe3e. OmHa-
KO BO MHOTHX CJIy4asiX CUHTE3bI C [TOMOIIBIO ATIOMUHUIAOPIraHUYECKUX
COEIMHEHUIA SKOHOMWYECKU 00Jiee BBITOAHBI, YeM aHAJOTUYHbIE CUH-
Te3bl C COCAMHEHUSMU JIUTAS VJIM MarHusl, ¥ MIO3TOMY aJTFlOMUHUMOP-
raHUYECKME COSTMHEHNS YPE3BLIYAHO IIMPOKO UCIOJIb3YIOTCS B IPO-
MBILIJIEHHOCTH B KaUeCTBE ITOIYITPOAYKTOB B CUHTETUYECKMX LIETOYKaX.
DKoOHOMMYECKas MeJIeCO00pa3HOCTh TPUMEHEHMS COSAMHEHMI aTIOMU-
HU, HalIpUMep B PeakLMsIX MOJIMMEPU3ALNY U OJIMTOMEPU3ALM, Ha-
CTOJIbKO BEJIMKA, YTO C JIMXBOM OKyMNaeT JOITOJHUTEIbHbBIE 3aTpaThl Ha
MepHI TIPETOCTOPOKHOCTH, CBSI3aHHBIE C TEM, YTO MPAKTUYECKU BCE
AJIKWJIbHBIE TTPOM3BOJIHbIE ATIOMUHUS OYPHO pearupyroT ¢ Biaroi u
KHCJIOPOIOM BO3/yXa:

R;Al + 3 H,0 — > 3 RH + Al(OH); ;
2R3Al+ 30, — = 2 (RO)AI .

AJIIOMMHUOPraHWYECKUE COCIMHEHUs] MOTYT OBITh TPeX THUIIOB:
RAIX,, R,AIX u R3Al, rie R — ankui, ankeHuna wiu apui, a X —
rajoreHnl, ncepmorajgorensl (Hanpumep, CN), Bogopoxn, rpynmsl OR’,
SR’, NR’; u T.Im.
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23.3.1. CTPOEHUE ATIOMUHUMNOPTAHUYECKUX PEATEHTOB

AHAJIOTUYHO OPTaHUYECKNM COCTMHEHMSIM JINTUSI U MarHUS alio-
MMHUIOpraHNYeCcKe COeOIMHEHUSI OYeHb CKJIIOHHBI K 00pa30BaHUIO
MOJIEKYJISIPHBIX JTUMEPOB:

Al \:Al/\
\X/

CHy. . .X_ CHy

cHy” CH;
CkinoHHocTh K accoumanuu: X =OR > NR, > SR > PR, > Hal > Alk.
TeHmeHIIVS COCTMHEHWI aTIOMUHMST K CaMOACCOLIMAIlUM HaOJIIoIaeT-
Ccs HE TOJIBKO B TeX ciydyasx, Korma X — 3JeKTPOOTpUIIATeIbHBIN
9JIEMEHT, MMEIOLIUI HeMoaeJeHHbIe Mapbl, KOOPAMHUPYIOLLIMECS C
BJIEKTPOHOAC(UIIUTHBIM aTOMOM Al BTOpOII MOJIEKYJIBI, HO 1 B allfo-
MuHuATpUaIKuIax (X = Alk), He UMeIoLIMX HeMoaeIeHHbIX Tap. B aTom
ciyyae o0pa3yloTcsl TPEXIEHTPOBbIE MOCTHMKOBBIE CBSI3W ajIKHMJIa C
JIByMsl aroMamu amoMuHus (popmyna IV B pasn. 23.1.2).

CnocobHocTh R3Al K auMepusauuu, BO-TIEPBBIX, 3aBUCUT OT
o0bema rpymibl R. B psay aqkuabHBIX COEIMHEHUI OHAa YMEHbIIAeTCsI
B nocienoBatenbHocTu: CH3 > CyHs > #-C3H7 > uzo-C3;H;. Bo-BTOphIX,
CKJIOHHOCTB K AUMEPHU3AILINH CBsI3aHa ¢ mpupomoit rpymmt R. OHa BhItIe,
ecau R gBnsieTcs aKeHWIbHOM, aTKMHWJIBHON WIM apoMaTUYecKOoi
rpynmnoii. Tak, amoMmuHuiiankeHunauanikuisl R,AICH=CHR’ o6pa-
3YIOT CTaOMJIbHbIE MOCTHMKOBBIC TMMEPHI, HE NMCCOIMUPYIOIINE JaxKe
npu 100 °C. B atux nmMepax MOCTUKAMU SIBJISTIOTCS JBE€ aJIKCHWJIbHbIE
rpynnel CH=CHR’. B kauecTBe ABMXYIlIell CUJIbI Mpoliecca, MPUBO-
J11ero K o0pa3oBaHUIO aTKEHUJIbHBIX MOCTMKOB, MOXHO paccMar-
pUBaTh TOIMOJHUTEIBHYIO CTAOMIN3ALNIO, BOZHUKAIOIIYIO TIPH TIepe-
KPBIBAHUM T-OpOMTAIM IBOMHON CBSI3M C BaKaHTHBIMU OPOMTAISIMU
TPEXLIEHTPOBBIX CBsi3eit (cM. pasmd. 23.1).

Twopuael nustun- n puusonpomuwiamomudus R,AIH (R = Et,
i-Pr) B GEH30JIbHOM pacTBOpE SIBJISIOTCS TPUMEpPaMMU.

Taxk Xe Kak JUTWH- WKW MarHUHOPraHWYECKHE COCIMHEHMSI,
opranuueckue rnpousBoaHbie Al (III) oyeHb CKIOHHBI K KOOpAMUHA-
LMY ¢ OCHOBaHUSMU JIpforca: TIPOCTEIMKA 3GUpaMU W THO3(PUPaAMH,
TPeTUYHBIMU aMUHaMU U (ochuHAMU, HUTPUIAMU, CyIb(PoKcuma-
MU U T.A. [Ipy1 2TOM c BblAeJEHMEM Teruia 00pa3yloTcsl CTaOWJIbHbIE
KOMITJIEKCHI, KOTOPbIe 9acTO MOXKHO Jaxe MeperoHsATh 0e3 pasiioxe-
Hus. B ciayyae Et;Al cTaOMJIBHOCT KOMITJIEKCOB YMEHBILIAETCS] B PSIAY
MesN > Me;P > Me,0 > Me,S.

Kax m B ciryyae TUTHIATKIIIOB WM peakKTUBOB [ prHBSIpa, peakim-
OHHAasI CITOCOOHOCTh AIOMUHUMOPTAaHMUYECKUX COSAMHEHWI CUIBLHO 3a-
BHCHT OT MX CKJIOHHOCTH K CaMOaCCOIMAIINN W KOOPAWMHAIINN C OC-
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HoBaHMsIMU JIblorca, coaepKalluMucs B pactBope. IToMHsI 00 3TOM, MBI,
IUTSI TIPOCTOTBI, B TIPUBOIMMBIX HIDKE CXeMax peakluii OyaeM MouTy Bee-
IJa 3anMChiBaTh MX B MOHOMEPHOI HeacCOLMMPOBAaHHOM hopMme.

23.3.2. IOJYYEHUE ATIOMUHUNOPTAHUYECKUX COEIUHEHU

Metonpl CMHTE3a METAIOOPTAHNYECKUX COSIMHEHUI, TiepeueHb
KOTOPBIX TIpMBEACH B Hauajie 3Toi miaBel (peakuum 23.1-23.6), ¢
OOJTBIITM MJT MEHBIIM YCIIEXOM ITPUMEHUMEBI 1 [UTS TIOJTYIeHUS ajTio-
MUHUOpraHuveckux coeauHeHuit tuna RAIX, wiu R,AIX. Hanpu-
Mep, TIpsIMoe TIONyYeHNEe aTKITATIOMUHUNTAIOTCHUIOB W3 aJKHJITa-
JIOTEHWIOB 1 METAJUTMYECKOTO ATFOMUHUST MMEET TIPaKTHUECKOe 3HAYCHIE
TOJIBKO JUTSI METUJI- U STHJITAJIOTeHUIOB:

NaX
3RX 42 Al — = RAIX + RAIX, —— AIX + Na®@[RAX;]®.

"aT-KoMILIeKC"

ITpubaBienue Kk obpasymouieiics cmecu R,AlIX u RAIX, rajoreHunoB
HaTpUs TIPUBOAUT K 00Pa30BAHUIO CTAOMIIBLHBIX «aT-KOMITJIEKCOB», OT
KOTOPBIX TUANTKIIATIOMIHANTATIOTEHUIBI MOKHO OTIEIUTh TTeperoH-
KO MJIM SKCTPaKIUe YIIeBOTOPOIHBIMU PACTBOPUTEIISIMH.

Hns yBenmueHUsT BbIXOJA NUANKWIATIOMIHAMTAIOTEHUIOB BMeC-
TO YKMCTOTO aTIOMUHMS TIPEITOKEHO WMCITOIb30BaTh aTIOMMHUI-Mar-
HUeBbI criaB (coctaBa 7 : 3):

AlLMg + 4 RX — = 2 R,AIX + MgX, (R=CH;, C,Hs)

st mosyyeHus Apyrux alloMUHUMOPraHUYeCKHX TaJlOTeHUIO0B HC-
MOJIB3YIOT peakiuio aucrpornopuroHupoBanust R;Al meiictBueMm AlCls:

2 (H—C6H13)3A1 + A1C13 — >3 (H—C(,H13)2A1C1 N
(H-C6H13)3A1 + 2A1C13 — >3 H—C6H13A1C12 N
(C6H5)3Al + 2A1BI'3 — 3 C6H5A1Br2.

JAuankuiamoMUHUAIIMaHUIBL TToiydatoT neiicteueM HCN Ha Tpu-
AJTKWIATIOMMHUM, HampuMmep:

(C,Hs);Al + HCN — = (C,H;5),AICN + C,Hy.

AJTIOMUHUNTPUAIKWIIBI, IIMPOKO MCIOJIb3yeMble B KayeCTBE Ka-
TaJIM3aTOPOB IUMEpPU3aLMK 1 MOIMMepU3alni ojiepMHOB (KaTajanu3a-
topbl Hurnepa—Harra), a Tak:ke B MPOU3BOACTBE BBICILIUX CITUPTOB U
0J1e(bMHOB, B IIPOMBIIIJIEHHOCTHA MOJYYaloT M3 0JIe(PUMHOB, METaJlI-
YeCcKOro ajlOMUHUSI U BOJOPOJA.
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B naGoparopuu ux CMHTE3UPYIOT U3 COOTBETCTBYIOLLIMX PTYTh-, Mar-
HUIA- WA TUTUHOPraHMIeCKUX COeAMHEeHMIA. [TprMepbl puBeaeHbI HIKE.

2A1+3 Hg(CHchQCHICHz)z —_— 2A1(CH2CH2CH=CH2)3 + 3Hg,

3 mpem—C4H9MgCI + A1C13 %} (mpem—C4H9)3Al : OEt2 +3 MgClz,

3 u30-C3H,Li + AICl; — = (u30-C3H;)3Al + 3 LiCl .

23.3.2.a. IUAJTKUIATIOMUHUNTAIPUIBI

Bcenenctue Toro, 4To TMANKMIATIOMUHANTUAPYAB HALLUTA ITUPOKOE
MPYMEHEHNE B OPraHMUECKOM CUHTE3€, MOCKOJIbKY OHW CIIOCOOHBI TTPK-
COCNMHSATHCS TI0 TBOMHBIM U TPOMHBIM YIJIEPOA—YTICPOTHBIM CBSI3SIM
(peakuus TUAPOATIOMUHUPOBAHNS ), a TAKXKE BOCCTAaHABIMBATD PA3JIMy-
Hble (DYHKLMOHAJbHBIE TPYINbl, AU3TUIATIoMUuHuiruapun Et,AIH n
nuuzobytunamomunuiiruapun (i-C4Hg),AlH (cokpallieHHOe Ha3BaHue
JIWBAJI-H) BblmycKaloTcsl B IPOMBILILIEHHOM Maciutade. CUHTE3 Ipy-
X JUJIKWIATIOMUHUUTUAPUIOB MOXHO OCYLIECTBUThL 10 I{urnepy
HarpeBaHUEeM TPUATKMIATIOMUHYS U aKTUBUPOBAHHOTO METAJTMUECKO-
TO aIIOMUHUS B aTMOchepe BOIOpoaa:

4RAl+ 3 H, + 2 Al — 6 R,AIH .

Hpyroii MeTon COCTOMT B OTIUEIUIEHMM oOjieprMHA OT TPUATIKUII-
aJTIOMUHUS TIPY BHICOKOI TeMIiepaType.

100 °C
[(CH,),CHCH,]|;Al — = [(CH,),CHCH,],AIH + CH,=C(CH,),

TPUU300Y TUIIATIOMUHHIA JIUU300Y TWITIOMUHUIT-
rugpui (> 95%)

BHHMI/IHHpOBaHI/Ie IIPOTEKACT OCOOEHHO JIETKO B TOM cydae, €Cin
aJIKMJIbHad rpyIira pa3BeTBJICHA B B—HOJ’[O)KeHI/II/I K aToOMy aJlIOMMHUA.
B cjydyac€ TPpUITWIAIIOMUHMA BbIXOJA 3HAYUTCJIbHO MCHbLIIC, TaK KakK
,Z[HBTI/IJI&)IIOMHHHIZI’I/IZ[[)HH HEMCIJICHHO p€armpyer ¢ OTLICIUIAIOIINM-
Cd OTUJICHOM, BHOBbL IIpE€BpallasdChb B UCXOOAHOC COCAMHEHUC.

23.3.2.6. TMAPOAJTIOMUHUNPOBAHUE

Peaxiiusi ruapoalloMMHUPOBAHUS AJTKEHOB MOJ ACHCTBUEM M-
ATKWIATIOMUHUUATUIPUAA TPUBOAUT K HECUMMETPUUHBIM ATIOMUHUIA-
TpuankwiaM. Hecummerpuunbiit amomunuiitpuankun R,AICH,CH,R’
B XOJI¢ peaKIlIMM MOXET BCTYINAaTh B ObICTPbIE pEaKlUU Mepepacipee-
JICHUSI aJIKWIbHBIX Ipynn (QJKWIbHbIM OOMEH), ABUXYIIEH CUJION
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KOTOPOTO SIBJISICTCSI 00pa30BaHMe TaKUX aTIOMUHUATPUATIKUIOB, KOTO-
pbie 00pa3yroT 6oJjice cTaOMIIbHBIE MOCTUKOBBIC JUMEpHI. B peayibrare
3TUX MOOOYHBIX MPOLIECCOB MOMYYAIOIINICT HECUMMETPUUHBII aTIOMU-
Huiitpnankuia R,AICH,CH,R’ MoxeT coaepkaTh 3HAUUTEIbHbBIE TTPU-
MeCH IPYTruX aTlOMUHUNTPUATIKIIOB!

I'uapoamoMUHUPOBAaHUE:

R,AIH + CH,=CHR' R,AICH,CH,R' .

IMocnenyrolmmii anKUJIbHBIA OOMEH:

2R,AICH,CH,R’ RAICH,CH,R"), + R3AL;

2RAI(CH,CH,R’),

Al(CHzCHzR')3 + RyAICH,CH,R' .

IpucoennHeHne TUAPUIOB K ajJKeHaM SIBJISIETCS OOpaTUMbBIM
MPOIIECCOM, W TIO3TOMY TIPU HArpeBaHWM HEKOTOPBIX aTIOMUHUNTPH-
aJIKUJIOB BO3MOXHO OTLICIIJICHUE MOJIEKYJbl oedpuHa. CienoBaresib-
HO, MOXHO TPOBOAMTH TEPEaAKMINPOBAHNE ATIOMUHUATPUAIKIAIIOB
JIeICTBUEM OJIe(DMHOB:

i—BU3A1 +3 C8H17CH=CH2 — (C8H17CH2CH2)3A1 +3 CH2=C(CH3)2.

CKOpOCTh TMAPOAUTIOMUHUPOBAHUS AJIKEHOB YMEHbBIIIAETCS B PSY:
RCH=CH, > R,C=CH, > RCH=CHR. MoHo3aMelleHHble aJIKEHbI C
TEPMUHAJIbHON NBOMHOM CBA3bIO PEArupylOT MPUMEPHO B JBa pasa
ObICTpee IM3aMELIEHHbIX |-aJKeHOB, a JM3aMelleHHbIe BHYTPEHHUE
ankeHbl — npubnusuteabHo B 100 pa3 menneHHee. HampsokeHHbIE
oneuHbl, Hanpumep ounukio[2.2.1]renren (XIX), ruapoaatoMuHM-
pyloTcsl ObICTPO, OgHAKO LMKiaorekceH (XX) mpucoenunsier R,Al-H
KpaiiHe MEIJIEHHO:

Ve

XIX XX

Peakiyst cuJIbHO YCKOpSIETCS KaTATUTUUYECKUMU KOJUYECTBAMU
coeauHeHuii nepexonHeix MetauioB Ti(IV), Zr(IV), a Takke HUKeb-
OpPraHUYeCKUMU KOMILIEKCaMHU.

DJIeKTPOHOIOHOPHBIE PACTBOPUTEIN OOBIYHO 3aTPYIHSIOT MpU-
COeIMHEHME.

[IpucoenrHeHne IMATKWIATIOMUHUATUAPUIOB K ajJKeHaM- 1 mpo-
WCXOMUT PEruocesieKTUBHO, MPUYEM aJTIOMUHUI TMPUCOETUHSIETCS
MPEUMYLIECTBEHHO K KOHILIEBOMY aToMy yrjiaepoaa. OgHako B ciydyae
CTHPOJIa CTEPEOCESEKTUBHOCTh CHUXKAETCS:
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AIkCH=CH, C¢H;CH=CH,

!

3% 97% 25% 75%

CrepeoxuMus IPUCOSAUHEHUS TUATKUIATIOMUHUNATUAPUIOB 110
JIBOMHBIM CBS3SIM M3ydyajlach Ha mpuMepe peakuuu 1,1-muMeTuaInH-
peHa (XXI) ¢ IWUBAJI-A. ITociae o6pabOTKM MPOAYKTA MPUCOETU-
HeHust D,O Obl1 monyuyeH yuc-2,3-guneiitepo-1,1-guMeTUnnHAaH
(XXII). ITockonbKy neiTepoacalloMUHUPOBAHUE MPOUCXOIUT C CO-
XpaHeHUeM KOoHuUrypauu (cM. 1. 24), obpa3oBaHUE yuc-COSIUHE-
Hust XXII cBUAETENBbCTBYET, YTO IIPOUCXOAUT yuc-TIPUCOESAMHEHNE
¢parmenta Al—D:

C3 CH3

XXIII

Takum 00pa3oM, CTepeOXUMMUST TUAPOATIOMUHUPOBAHUS TaKasl Xke,
Kak M TuapoOopupoBaHus (CM. I71. 5, 4. 1), T.e. IPOMCXOAMT yuc-TIPU-
COeIMHEHUE.

lNuapoamoMuHupoBaHue QYHKIMOHAIBHO 3aMELIEHHbIX AJIKEHOB
B OOJIBLLIMHCTBE CJIy4aeB MPUBOAUT K BOCCTAHOBJIEHUIO (DYHKILIMOHAIb-
HOM TpyINIIbl, TaK KaK AWaJKUIUTIOMAHUATUAPUIbI SIBJISTIOTCST aKTUB-
HbIMU BOCCTaHABJIMBAIOIIMMU areHTaMu. B 9TOM OTHOLIEHUU TMAPO-
aJIOMUHUPOBAHUE CHJIBHO YCTYIaeT IMAPOOOPUPOBAHUIO, KOTOpPOE
MOXHO TMPOBOIUTb C COCAMHEHUSIMU, YYBCTBUTEIbHBIMU K IEHCTBUIO
JTUATKUITATIOMAHUUTUIPUIOB.

Peakuuio ruapoa toMMHUPOBAHUST aIKWHOB MOXHO M30MpaTesib-
HO OCTAHOBUTb Ha CTaAMU MOHONPUCOEAMHEHUS, T.c. 0OpasoBaHMUS
AJKEHUJIbHBIX COeAMHEHUU amoMuHMs. IlpucoeauHeHue MpoTeKkaeT
CTEPEOCEJIEKTUBHO, B OCHOBHOM MO yuc-nyTu. Tak, B peakuuM rek-
cuHa-1 ¢ JJMBAJI-H obGpasyeTcst cMmech, comepxkailasi mocje obpa-
6otk D,0O 90% E-ankeHnuiabHOTo coenuHeHUs u 10% SKBUMOJIBHOIM
CMecH rekcuHa-1 v rekcaHa:
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renraH

H-C4H9CECH + RzAlH
60°C, 4 u

H-C,H Hn-C,H,
49 < D,0 419
—_—

< (~90%)

I-D-T'ekcun-1 u 1,1-guneiiteporekca, BEepOsITHO, 00pa3yloT-
Ccsl 32 CUeT MOOOYHBIX MPOLIECCOB MepeMeTaIMpoBaHus (3aMellle-
HUSI KMCJIOTO alleTUJIEHOBOTO BOJAOPOAA Ha MeTaul) U IUTUAPOATIO-
MUHUPOBAHUS:
D,0
#-CHyC=CH + RAIH — > 1#-C;H,C=CAIR, — >
2

E—— H-C4H9CECD 5

D,0
#-C4HyC=CH + 2R,AIH —> 4-C,H,CH,—CH(AIR,),—>—
e H—C4H9CH2CHD2 .

AJIKMHBI, 60Jiee KUCIIBIe, YeM |-TeKCHH, B OOJbIIEi CTEIeHH TIpe-
TeprneBaloT MepeMeTaINpoOBaHNe, KOTOpoe B ciydae (peHUIaleTuIe-
Ha IPOMCXOIUT YXe He Ha 5%, Kak st 1-rekcuHa, a Ha 28%. [1pomaykT
repeMeTa/UTMPOBAHNSI B OCHOBHBIX PACTBOPUTENISIX TUITA TPUITUIIAMM-
Ha MOXET MPUCOEANHSTE JBA MOJIS ANATKIATIOMUHUNTUIPUIA, U TOTIA
00pasyioTcs TeMUHAJIbHBIE TPUCMETAITIMPOBaHHbIE aJTKaHBI:

£ 20° 2R,AIH
#-BuC=CH + RAIH 2N 20C pic=CAR, 2
—H, 70°C

— > #-BuCH,C(AIR,); (R =i-Bu)
Opnako B a¢upe n TI'D momyyarores 1,1-muamoMuHIRATKAHBL:

#-BuC=CH + 2R,AIH P, BUCH,CH(AIR,),,

a B YIVIEBOJOPOAHBIX PACTBOPUTENISIX TOJIBKO MOHOATIOMUHUNATKEHBI.

Luc-moHOTUApPOATIOMUHUPOBaHUE 1,2-3aMeIlIeHHBIX alleTUJIEHOB
JNUU300YTUIATIOMUHUUTUAPUIOM B YIJIEBOJOPOIHBIX PACTBOPUTENSIX
MPOUCXOAUT OBICTPO, YTO HAXOAWUTCSI B KOHTPACTE C OYEHb MEJICH-
HbIM mpucoeanHeHueM dparmeHta Al-H Kk ajkeHaM ¢ BHyTpeHHe#
IBOMHOW CBSI3bIO.
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IIpucoennnenne R,AIH x 1,2-nmu3amMellieHHbIM alleTUIeHaM TIpoTe-
KaeT MeHee PermoceleKTUBHO, YeM TMAPOOOpHpPOBaHUE, HO B 00OUX
CITyJasix aTIOMUHUEI WM 60p MPUCOEIMHSIOTCS] K MEHEee ITPOCTPaHCTBEHHO
9KpPaHUPOBAHHOMY aTOMY:

yurno-C¢H, C=CH, mpem-BuC=CH,
i-Bu,AIH 25:75 15:85
(yurno-C¢H,,),BH 9:91 3:97

23.3.3. PEAKIIMA AJJIOMUHUHOPTAHUYECKHUX COEIMHEHUN

AJNIOMUHUMOpraHUYeCcKUe CoOeIMHEHMST BCTYIIAlOT BO BCE peakliuu,
npuBeneHHbIe B Ta01. 23.1. Mbl paccMOTpUM HanboJjiee BaXKHbIE U3 HUX.

IIporoaemerammpoBanue. ['MapoaTlOMMHUPOBaHNE KPATHBIX CBSI-
3eil B COUETaHMM C IPOTOJM30M OOpa3ylolIUMXCs aTlOMUHUMOpraHu-
YeCKMX COCIMHEHUI HMCHOJIb3YIOT B KaueCTBE METOJa CEJIeKTUBHOIO
HEKATAJIMTUYECKOTO TUIPUPOBAHUST KOHLIEBBIX JBOMHBIX CBS3€H aue-
HOB U TPUEHOB, HampuMmep:

CH, CH,
1) R,AIH
CH, C=CH, ———— CH, CH—CH,
2) H,0

MOHOFI/IZ[pOZU'[}OMI/IHI/IpOBaHI/Ie AJIKMJI3aMCIICHHBIX allCTUJICHOB C
HNOCJICAYIOIIMM IIPOTOJIM30M O6p33y10].L[I/IXC${ AJIKCHWJIbHBIX COCANHC-
HUW QJIIOMUHUS SBJISIETCS y,I[O6HI>IM METOAOM CTEPCOCCICKTUBHOIO
BOCCTAHOBJIEHMSI TPOMHOM CBS3U. HpI/I NCIIOJBb30BaHUN JU3aMCIICH -
HbIX alICTUJICHOB IT10JIy4arO0TCA YMUCThIC L{LIC—OJ'ICQ)I/IHI)I.

(CHy)g
(CIy)s 1) i-Bu,AlH CH2< :CHz
—_— —

LMKIOELHH Z-mwKnozenen
1) i Bu,AH

(3 akB)

—_ (=
1-Bu—C=C-CHy-C=C(CHp)sCl ) .0

JAHHH
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H-Bll\ 9H2\ /(CH2)8C1
— ,C=C ¢c=C
H H

AN
H H Z,7Z-1ieH

[TpoTtonurnueckoe pacuierieHue cBsi3u C—Al mporekaeT ¢ coxpa-
HeHueM KoHpurypauuu (1. 24) 1 He ucKaxkaeT KapTUHY yuc-ruapo-
ATIOMUHUPOBAHUS.

Oxkuciaenne. ['MapoaioOMIMHIPOBAHKE TIPOCTHIX 1-aJTKEHOB ITPOTEKa-
eT C TIPEUMYIIeCTBEHHBIM BCTYIUIEHNEM aTIOMUHUS B KOHIIEBOE ITOJIO-
JKEeHUeE, TOOTOMY OKHCJIEHE 00pa30BaBIINXCsl ATIOMUHUIAATIKUIIOB UC-
MMOJIE3YIOT B Ka4yecTBE MeETOJA THApaTallii JBOWHONI CBSI3W IIPOTHUB
npaBuiia MapKOBHUKOBA:

H;C._ _CHs HsC.. _CHs

1) i-Bu,AlH

)

3) KO OH
H;C~ CH;, H;,¢~ CH;

FMOFBHHPOBaHHe. r NAPOATIOMUMHHUPOBAHNE AJIKMHOB C ITOCJICAYIO-
LM AEVCTBUEM TaJIOTEHOB SBJISETCS y,HO6HbIM METOOOM CTEPEOCEIICK-
THUBHOI'O CMHTE3a aJIKCHUJITAJIOICHUI0B!:

1) iBuwaly -Catlo > <H
n-C4HyC=CH 7)Bp, MUPYINH q

3) H,0 Br

DiBuam s CH;
CHsC=CCoHs 7T, - —
3) H:0 H I

Peaknuu ¢ KapOOHHWILHBIME COeMHEHNAMH. [1pricoemnHeHMe aTio-
MUHUATPUAIKUIOB K KapOOHUWJIBHBIM COEIMHEHUSAM HAET TOpa3io
MEHEE YIOBJIETBOPUTENIBHBIE PE3YIbTATHI, YEM COOTBETCTBYIOIINE PE-
aKIIMW MarHWii- WIM JTUTUAOPTAaHNYECKNX COeTWHeHNi. B ymyurieH-
HBIX METOAMKAX MPUMEHSIOT «aT-KOMIUIEKCHI», KOTOPBIE ITOJYYalOT
IyTeEM TIpUOaBJIEHNsI B PEAKLIMOHHYIO CMECHh OJHOIO 3KBUBAJIEHTA
METHJI- WU OYTWIITUTHS:
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R;Al + RLi — > [RyR'AIILi ;%'g@ R"RCH,OH.

aT-KOMILJICKC

Peakuus ¢ aurpuiaavu. TpuaaKyIbHBIE M TPUAPUIILHEBIE TIPOU3BOI-
HbIE aJTIOMUHMS CHayaja 00pa3yloT ¢ HUTPUJIAMU YCTOWYMBBIE KOMII-
JIEKCBI cocTaBa 1 : 1, TIpy HarpeBaHUK KOTOPBIX IIPOMCXOIUT TIepeMelle-
HHUE OTHOW M3 OpPTaHMYECKMX TPYIIT K aToMy yriepoaa. B pesymbrare
OJIy4aeTCsl ATIOMUHKUEBOE TIPOU3BOAHOE KETUMUHA, KOTOPOE MOCTIE TH/I-
posu3za maet KeToH. OIHAKO eC/Id TPUATKWIATIOMUHUN COACPXUT -
BOJOPOIHBIC AaTOMBI, TO B 3HAUUTEILHOM CTETIEHN IIPOUCXOIUT BOCCTA-
HoBJIeHWe HUTpwIa. [Ipy JBOIHOM M3OBITKE TPUATKWIATIOMUHUS 110
OTHOLLUEHUIO K HUTPUJIY BBIXOJ POAYKTOB aJKUIMPOBAHUS CTAHOBUTCS
JIOCTATOYHO BBICOKHM:

(CHs)3A1 + CgHsC=N ———

150°C CeHs CeHs
— SC—=NAIE;, + >C=NAlEt2
C2H5/ H
H,0 H,0
C6H5
Sc=o0 C(H,CH=0
CHe”

Boccranonienune GpyHKIMOHAIbBHBIX rpynm. JIM1300yTHIaTIOMAHWI -
TUIPUI SIBJISIETCSl CUJIbHBIM BOCCTaHOBUTeNeM. OH BOCCTaHaBJIMBAET
aJbAeTUAbl U KETOHbI JO CIMPTOB M CJIOXHBIC 3(PUPHI IO CIHUPTOB
WM anpaeruaoB. [1py BocCTaHOBIEHMU aMUAOB M HUTPUJIOB B 3aBU-
CHUMOCTHU OT COOTHOILLIEHUSI peareHTOB MOXHO TMOJYYUTh C OOJbLIMMU
BBIXOJAMU aJIbACTUIbl WIM aMUHbI. BoccTaHOBIeHHE KapOOHWILHOM
IPYNIbl YacTO MPOBOIAT MPU HUBKMX TeMIlepaTypax (B ToJyoJsie Mpu
—78°C). [IBoitHbIe CBSI3U MPU 3TOM He 3aTparuBarorcsa. Huxke npuBene-
Hbl HEKOTOPbIE MPUMEPhl TAKUX PEaKIIMIA:

O OH
¢ H
2 okB i-Bu,AlH H
O/ tonyos, —78°C o HO

(92%)
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OCH, 1 okB i-BwAIH OCH,
OCH,; tonyorn, —78°C OCH,
COOCH; CHO

1) 2 oks i-Bu,AIH

RCONR, > RCH,NR)
2) H,0
, 1) 1,5 akB i-Bu,AlH
RCONR’ C¢H; > RCHO
2) H,0

Peaknuu ¢ opraHnyeckumu rajorenmaaMu. Baaumoneiicteue asto-
MUWHUMOPTraHUYECKMX COCIMHEHUM C OpraHMYeCKMMU TajoreHuIaMu
MpeacTaBiIsieT co0oi 3((EKTUBHBINA METOJ CMHTE3a MHOTMX TPYIHO-
JIOCTYITHBIX OJIe(PUHOB U alleTUJIEHOB.

AKTHUBHOCTb aJIKUJTaJIOTEHUIOB BO3pACTaeT B Psily: NMEePBUUYHbIE <
< BTOPUYHBIE < TPETUUHBIE. DTOT PsIi COOTBETCTBYET BO3pacTaHUIO
YCTOMYMBOCTU KapOOKATMOHOB, U TMO3TOMY ObLI CAelaH BbIBOJ, YTO
peaxkiusi BKJIIOYAeT CTaauto oOpa3oBaHMsS MOHHOM Tapbl KapOoKaTu-
OHa ¥ TpUAJIKWJIrajoreHajJtoMuHaTa:

@O
(CoHs)3Al + (CH;)3CClL —— [(CH3)5C AI(C2H5)3C1] —

— = (CH;);C—C,Hs + (C,Hs),AICI .

AJIKeHWIbHbIE COETMHEHUS aTIOMUHUST MHEPTHBI 110 OTHOIIECHUIO
K aJIKCHWJI- WU apwirajJorcHmaaM, OJHAKO 3Ta p€akuuda MACT B IIPU-
CYTCTBUHM HEKOTOPBIX KOMIIVIEKCOB II€PEXOOAHBIX MCTAJIJIOB:

H Bu-n

Br N
n-Bu H NL, <u
>=< + — §

(R=u30-C4Hy; L=P(CgHs);)

ANKeHUJbHbIE COEIUHEHUSI aJIOMUHUSI pearupyrT C OpraHu-
YeCKMMU TaJloreHuJaMu, KaK MpaBuiIo, OYeHb MeajieHHO. Peakiuio
MOXHO YCKOPUTb, MPEBPATUB aJIKEHWIbHOE aJllOMUHUMOpPraHuyec-
KOE COCAMHEHME B «aT-KOMIUIEKC» TTyTeM MOOaBJIeHUs alKUJUIUTHUS,
Hampumep:
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H‘CGHIS\’ :SM63 cHyli . #-CeHis SiMe;  cpy
TCKCaH
H ARy H ARRy(CH3)Li
H-C6H13 SiMe3
e >= (R= M30—C4H9)
H CHj;

ITockoNbKy aTKeHWIbHBIE COSTMHEHUS ATIOMUHMS TIOTy4aloT U3
alleTUJIEHOB U 3Ta peakiusl crepeocesekTuBHa (pasmen 23.3.2.0), peak-
LW aJTKEHTATIOMUHUEBBIX COSIMHEHMIA C OpraHUIeCKUMHU TaJOreHU-
JAMW TIO3BOJISIET OCYIIECTBUTH YIOOHOE CTepeoceIeKTUBHOE TpeBpallle-
HUE ALECTWICHOB B 3aMELLUCHHbIC OJie(MHbI MPEACKA3AHHOIO CTPOCHUSI.

23.4. PTYTbOPTAHUYECKUE COEIVHEHWUA

Opranunueckue coeguHeHust prytu(Il) (a Takke Tamaus, ojoBa,
CBMHIIA 1 HEKOTOPBIX APYTUX TSKEIbIX HEMEPEeXOAHbIX META/UIOB) UMe-
10T KOBaJIEHTHYIO CBSI3b yriiepod—MeTasul. B pacTBopax, B oTauuyue OT
COEJMHEHUI JIMTUS, MaTHUS U aJIIOMUHUSI, OHU HE 00pa3yloT Mpou-
HBIX acCOLIMATOB (OIMMEpPOB, TPMMEPOB U T.H.), C JOHOPHBIMU MOJIe-
Kyi1amu, Hanpumep TMOBOJIA, KOOpAMHUPYIOTCS TUIOXO, K IEHCTBUIO
aTMOC(EepHOTo KUCI0POoaa B OOJIBILIMHCTBE CIydyaeB YCTOMUMBHI (KpPO-
Me OEH3WIbHBIX U aJUIMJIbHBIX coenrHeHuit tTuna R;Tl), Bogoit rum-
POJIM3YIOTCS MEIJIEHHO, K KapOOHWJIBHOM TPYIINEe B OOBIYHBIX YCIO-
BUSIX HE MpUCcOenuHsoTCI. TakuM oOpa3oM, pTyTbOpraHudyeckue
COEJMHEHUs] B CpaBHEHUM, HampuMep, C peakTUBaMM [puHbsipa —
OTHOCUTEJIbHO MHEPTHBIE BEILECTBA, M KaK JOHOPbl KApOAHUOHOB JJIsI
HCTIONIb30BAHMS B CUHTE3€ HOBBIX CBSI3EH YIJIepOA—yIJIeposl OHM TTpaK-
TUYECKU HE TMPUMEHSIIOTCS.

3HaueHue PTYTbOPraHMYECKUX COENMHEHUI B OpraHWYECKON Xu-
MHM COCTOMT TIPEXIE BCETO B TOM, YTO OHHM CBITPATN MUCKIIOYNUTEIIHHO
BaXXKHYIO POJIb B BBISICHEHMM OCHOBHBIX 3aKOHOMEPHOCTEH MexaHu3Mma
3JIEKTPO(PUIIBHOTO 3aMEILIEHMs Y HaChILEHHOTo aTtoMma yriiepona. B atom
CMBICJIE UX POJIb CPABHUMA C POJIbIO AJIKWJITAIOTeHUAO0B MPU U3YyYeHUU
MexaHn3Ma HyKJIeoDWIbHOTrO ajinaTuueckoro 3amelleHus. MexaHus-
MbI DJIEKTPOGMUIBLHOIO aau@aTryeckoro 3aMelleHus OyayT paccMOT-
peHbl B 1. 24, a B JaHHOM pa3z/esie Mbl CKOHLIEHTPUPYEM BHUMaHUE
Ha METOJaX CUHTE3a U PeaklUsIX PTYTbOPraHUUYEeCKUX COeTMHEHUM.

CBs3b yriaepod—pTyTh ciiabast. Hammpumep, sHeprus auccoudauuu
(CHj3),Hg — CH3e + CH3Hge cocTaBisieT Bcero 51 KKajx/MoOJb, ITO3TO-
My OOJIBIIMHCTBO AMAJKMUJIPTYTHBIX COEIMHEHUH JIETKO MOABEepraioT-
csl TEPMUYECKUM U (DOTOXMMUUECKUM TOMOJMUTUYECKUM PeaKIIUsIM,
KOTOpble HAOJIIONAINCH B KAUeCTBE MOOOUYHBIX MPOLIECCOB MPU DJIEKT-
pohUILHOM 3aMeleHUN.
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23.4.1. IIOTYYEHUE PTYTbOPTAHUYECKHNX
COEIUHEHUU

PryThopranunuyeckue coeMHEHUsI MOTYT ObITb JBYX TJIABHBIX TH-
noB: cuMMeTpuuHble RyHg 1 HecumMeTpuuyHbIe (PTYyThOPTaHUYECKUE
conu) RHgX (rne X =Hal, NO;, OCOCHj;, R’, ut.1.). Huzmue
JUIKWIPTYTHBIE COEIMHEHUS TIPEACTABISIOT COOOM JeTyuue XUuaKo-
CTU, U TI03TOMY HauboJiee TOKCUYHBI.

Pryrbopranunyeckue coimu RHgX — 3To TBepable coenrHeHusl C
OTHOCUTEJILHO BbICOKMMM TeMIlepaTypaMu ITuiaBieHusi. B BoqHOM wiu
CIIMPTOBOM PACTBOPE OHU JUCCOLIMUPYIOT ¢ 0Opa3oBaHreM noHoB RHg"
u X7, IpUYeM CTeIeHb JAUCCOLIMALIMU 3aBUCUT OT MPUPOJAbl aHWOHA
X". Katnonsl RHg" otHOCATCA K MATKUM Kuciotam JIbiouca, mosTo-
My CJIeyeT OXMAaTh, YTO creneHb auccouuauny RHgX OyneT ymeHb-
matbesl ¢ yBenuueHueM MIrkoctu ocHoBaHusi X (F > Cl> Br>1).

OO0LIKMM METOIOM CHUHTE3a CUMMETPUYHBIX U HECUMMETPUYHBIX
(X = Hal) pTyThOpraHu4ecKMX COSAMHEHMI SIBJISIETCSI B3aUMOICICTBIE
MarHAi- WIN JIATUAOPTAHUYECKUX COCAVHEHUN C COJISIMU PTYTH:

R—m + HgX, ——= RHgX + mX ;

2 R—m + HgX, —— R,Hg + 2 mX.
(m = Li; MgX)

lajoreHMeTUIbHBIE PTYTHOPraHUYECKUE COCAMHEHMSI, UCIIOJIb-
3yeMble B KauyeCTBe MEPEHOCUYMKOB AurajgokapoeHoB (pasmen 23.4.2),
YacTO IIOJYYal0T B3aMMOICHCTBUEM PTYTbOPraHMYECKUX COJIeH C ra-
JIOTEHMETUJIbHBIMU KapOaHMOHAMU, T0JydaeMbIMU M3 TaloOpMOB
IpY B3aUMOIEHCTBUM C OCHOBAaHUSIMM, HaIlpUMep:

RHgX + CHCI; + +-BuOK —= RHgCCl; + +-BuOH + KX .

AHAJIOrMYHO II0JIy4aloT PTYTHBIC MPOU3BOMHBIC OPYTUX OTHOCH-
TellbHO culibHBbIX CH-KMCIOT, HampuMmep aJlKWHOB WJIU TOJIMTalo-
TeHOEeH30JI0B:

. OH® _ o Hel® _

CH,C=CH——>CH,C=C~ —— > (C(H,C=C),Hg

6uc(heHUIITUHWI)PTYTh

Hel; ©
CeFsH OH > (C4F5)Hg

ouc(neHntahpTopdeHT)pTYTh
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PryThoprannueckue OpoMuibl U MOAUIBI MOXKHO MOJIy4aTh U Mpsi-
MbIM B3aMMOJEUCTBMEM METAIJIMYECKON PTYTU C OPraHWYECKUMU
opoMunamu uiau monunaMu. OmHAKO 2Ta peakius He sIBIsIeTcsl 00-
el ¥ B OCHOBHOM MCIIOJIb3YETCS JJISI CMHTE3a COEeIUHEHUI OeH-
3UJIBHOTO W AJUIWJIBLHOTO TWUIIA, HarllpuMep:

CH,=CH—CH,I + Hg —— CH,=CHCH,Hgl (3unuHn, 1855T.)

X
P (~100%)
N
CH;—CH-Br CH3;—CH-HgBr
8-(1-OpOMITHIT) X HHOIHH 8-(1-0poMMepKypATHII) XUHOJINH
X‘@*%H—COOCQHS + Hg —=

Br
(X = Alk, Hal, NO,)

BCTpsSIXVIBaHUE . XO CH-COOC,Hs
0e3 PacTBOPUTEISI |
0,5 4, 20°C (70-90%) HgBr

STWIOBBIE 3GUPBI 0--OPOMMEPKYP-
APUIIYKCYCHBIX KHUCIIOT

CUMMeTpUYHBIC COCIMHEHUWST 3TUM METOIOM MOXKHO ITONYyYUTh,
€ClI B peaklMio H00aBUTh «CUMMETPUIYIOIIMIA areHT», HarpuMep
OpOMUJI-MOH:

IAM®DA
C¢BrsCH,Br + Hg 3q—>

20°C C¢BrsCH,HgBr ;

o ObICTpO 20
2C¢Br;CH,HgBr + 2Br~ ——— > (C(Br;CH,),Hg + HgBr, ~.

OUC(MeHTaOpOMOECH3MIT)PTY Th
(~100%)

3ameleHHbIe OEH3WIXJIOPUALI B PEaKIIUIO He BCTyIaloT. Peakims
MOJAJIKAHOB KaTaJIu3UPyeTCs CBETOM:

pSIMONA

COJTHEUHbBIT
CBET

CH;I + Hg CH;Hgl .
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st mojiy4eHus apOMaTUYeCKUX COSIMHEHUI PTYTH MCIIOJIb3YIOT
peakimo MepKypupoBaHust cojsimu pTytu(ll). Dta peakiys mposiB-
JISIET BCE YEePThI 3JICKTPODUILHOTO apOMaTUIECKOro 3ameleHus (. 13.
4. 2): OHA YCKOPSIETCSI 3JICKTPOHOIOHOPHBIMU 3aMECTUTE/ISIMU B Cy0-
cTpaTe M IIPU 3TOM 00pa3yloTCsl B OCHOBHOM Adapa- U 0pmo-U30MEpHI:

AcOH
C¢Hg + Hg(OAc), W C¢HsHgOAc (BbIXOa BBICOKMUIA)
beHnmmepKypaneTar
CHj;
HgClO4
+ HYClOg), — o> 25 C
HgClOy4
HgClO4
(19%) (7%) (74%)

OpHako peaklusi oOpaThMa, U IIO3TOMY COCTaB IIPOAYKTOB OII-
pelenseTcs TEPMOAMHAMUYECKUM KOHTpojeM. Tak, IPOmOIIKUTEb-
HOE HarpeBaHUe TOJIYOJIA C alleTATOM PTYTH B XECTKUX YCJIOBUSX Be-
IeT K IOYTH CTAaTHCTUYECKOMY paciperelieHnio ImpoaykTtoB (~40%
opmo-, ~40% mema- n ~20% napa-u3zomepoB). Ha opueHTalIMi0 MOTYT
OKAa3bIBATh BIMSHUE 3aMECTUTEIH, CIOCOOHBIE K KOOPAMHALIMU C
KATUOHOM PTYTH:

H,N3Z0A
NH, \g) S) NH,
g OAc HeOAc
H,0
+ Hg(OAc),——> —
20°C

(OCHOBHOI IPODYKT)

150°C
Qﬁ@ + HeOAch O I @
0

O: ->Hg OAc

—_— O i 4@ (OCHOBHOI1 ITPOTYKT)

AcOHg

B Monekysne 6eH30/1a MOXHO 3aMECTUTh BCE 11IECTb aTOMOB BOJIO-
pozaa Ha pTyTb, a 3aTeM npu aeicTBuu pactBopa KI uiau Br, nmoayyuthb
reKCanoJ0eH30 WIM reKcabpoMOeH30:
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Harp€BaHHue
+ 6Hg(OCOCF;)

HgOCOCF,;

F3CC(O)OHg HgOCOCF, K
F4CC(O)OHg HgOCOCF,
HgOCOCF,

Ecnu npsiMmoe MepKypupoOBaHME apOMaTUYECKUX COCIMHEHUI He
MPUBOIUT K XeJaeMOMY M30Mepy WM JaeT CMECh M30MEPOB, TO IS
CHHTE3a apWIbHBIX COCAMHEHMII PTYTH MCIIONB3YIOT KaTalu3UupyeMoe
MeIblo pasjioxkeHre KoMiuiekcoB HgX, ¢ cosiMu amaszoHus. Dta pe-
aKIuys Iojly4ymia HazBaHue nuasomerona A.H. HecmesiHoBa:

@0 Cu

— ArHgX + CuX + N,.

HpI/I U30BbITKE MEIM B BOJHOM aMMHUaKe O6p8.3y}OTC${ CUMMET-
PUYHBLIC OUapUJIbHbIC COCAMHCHMA:

Cu, NH
ANGHXO 2 AnHg + CuX-NH; + N, .

AJIKeHbI 1 aJIKUHBI TIPUCOEAMHSIOT COMM PTYTH, 00pa3ys amayK-
el XXI. [Ipu mpoBeaeHUM peaklMM 3TOro TUMAa B MPOTOHCOAEpXKa-
mux pactBoputensix HY (wim nmpu goGaBiieHMM B pacTBOP COOTBET-
CTBYIOLLETO HYKJIEOGMUIbHOIO areHta Y ) 0o0pas3yloTcsl MPOAYKThI
«coJibBoMepKypupoBaHus» XXII, MHOrMe U3 KOTOPBIX SIBJSIIOTCS LICH-
HBIMU MOJIYIIPOAYKTaAMU OpraHuueckoro cuHTesa (pasgen 23.4.3):

X
>: + HgXy, =—— |

gX

| XXII

HeX

|
|
H
Y
|
|
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Peakiiun obpaTvMbl 1 IIPOTEKAIOT 110 IMpaBuiy MapKOBHMKOBA
KaK mpaxc-TIpUCOeIMHEHNEe, HO B psife clyyaeB, Hampumep s Ha-
MPSIKEHHBIX oJleMHOB, HAOMIOAANIOCh yuc-TipucoenvHeHue. Hioke
MPUBENECHBI HEKOTOPbIE MHTEPECHbBIC MPUMEPHI:

OH
|
HeOAk, TTILO CHyCH-CH,HgOAC
o oM
Hg(NO;),, H,O/OH
He®O:) ODH™ -y CH-CH,HgNO;
o
CHyCH-CH, — 2222250 CHy,CH-CH,HgOCOCT,
OOR'
Hg(OCOCF;),, ROOH I
oy CH3CH-CH,HgOCOCF;
NR),
|_Hg(OAc),, RyNH

I
CH;CH-CH,HgOAc

(OpueHTtauus no npaBuay MapKOBHHMKOBA; CM. 5, 4. 1)

N3
O + Hg(OAc), + NaNj —><j
HeN;

mpanc-2-a3uJONUKIOreKCUIMEPKYPa3ul

, 1) Hg(OAc R HgCl
RC=CR M, So=c” g
2) NaCl AcO” R’

23.4.2. PTYTbOPTAHNYECKHUE COEJIMHEHUA B CUHTE3E

PTYTbOpFaHI/I‘{CCKI/IC COENMHEHUS YPE3BbIYANHO TOKCUYHBI, OCO-
OCHHO XUJKWE HU3LINE AUATKUIbHbIC IIPOU3BOAHLIC, IMO3TOMY IIpU
pa60Te C HUMU HEOOXOAMMO COOMIOAATh TLIATEIbHbIC MCEpPbI NMPEAOC-
TOPOKHOCTH.

23.4.2.a. 3BAMEHA PTYTU HA BOJOPOJ]

Ecnu Heobxoaumo npucoeauHuTh K ojeduny moiekyity HY mo
npaBujly MapkoBHUKOBa, TO yIOOHBIM METOJOM SIBJISIETCSl TIpOBe/e-
HHMEe CHauajla COJIbBOMEPKYPUPOBAHMS, a 3aTEM JIeMEPKYPUPOBaAHUS.
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Cranust COTbBOMEPKYPHMPOBAHUS OINMCaHa B TIpeabIaylieM pasaese. s
yoaJeHusl PTYTU HamOoJjiee YacTO MCMOJb3YIOTCSI MPOTOJIU3 WM BOC-
CTAQHOBJIEHUE TUAPUIAMU METAJIOB:

HgX, HCl wm NaBH,
RCH= CH2—>R$H CH,—HgX —>R$H CH; .
HY

Y Y

PryThopranuyeckue coeiMHEHUSI IOBOJIbHO YCTOMUMBBI K JIEHCTBUIO
KUCJIOT U pa3yiaraloTcs JUIlb B CUJIbHO KMCJBIX Cpelax, YTo Mpu Ha-
JIMYUAN IPYTUX (QYHKIMOHAITBHBIX TPYI, YYBCTBUTENBHBIX K KHCIIO-
TaMm, JejaeT 3TOT METOJ JAeMEPKYPUPOBAHUSI HE OUYE€Hb YIOOHBIM.

BoccTaHoBuTebHOE JeMEPKYypUpOBaHUE MpoTeKaeT jerko. Oco-
OCHHO TIPUTOMHBIM OKa3ayicsT OOPTUIAPUI HATPUS, IMOCKOJIBKY TPU
MPOBEICHNUU MPOLIECCOB COJIbBOMEPKYPUPOBAHUSI €IO MOXHO MCITOJIb-
30BaTh in situ. BeIX0Jabl MPOAYKTOB BOCCTAHOBJICHUST BHICOKUE.

23.4.2.6. 3BAMEHA PTYTU HA AJIKWUJIbHYIO
NI AUWJIBHYIO TPYIIITY

B omiuyue oT AWMTUI- WIM MarHUMOPraHWYECKUX COEIMHEHUN
PTYTbOpPraHUYECKUE COeNMHEeHUs 6e3 KaTaJu3aTopoB C ajKuirajiore-
HUJaMU He pearupyror. B kauecTBe KaTajiu3aTopoB MCHONb3yIOT AlBrs
WX COEIMHEHUS TePEXOAHbIX METAJIOB, HapuMep Majljiaaus:

Cl

| Li,PdCl,
(CH;);CCH=CHHgCl + CH,=CH—CH—CH,

——> (CHj),CCH=CH—CH,—~CH=CHCH,

Ecau B pacTBOpe OTCYTCTBYET aJIKWJITAJIOTEHU, MPOMCXOIUT Ccoue-
TaHUE OPraHWYECKUX TPYIIN, CBS3aHHBIX C aTOMOM PTYTH, HalpuMep:

PACI,
2RCH=CHHgCl —~> RCH=CH-CH=CHR;
PdCI,

2ArHgX + Cu ——— > Ar—Ar + 2Hg + CuX..
MUPUINH

Comn majuiagvst KaTaJu3upyloT TakkKe B3aMMOJICMCTBUE PTYThOpPra-
HMYECKNX COCIMHEHMII ¢ ajJKeHaMM, IPUBOJSIIEe K IPOIYKTY 3aMe-
mweHus, a B npucyrctBun CuCl, — K MpoayKTy NMpUCOeIUHEHUS:
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RHgX + CH=CHR' —%%%» RCH-CHR::

PdCl
ArHgCl + CH,=CHR ch’ ArCH2—$HR.
2
Cl

DTU peaklnu, Mo-BUAUMOMY, ITPOTEKAIOT C MPOMEXKYTOUHBIM 00pa3oBa-
HUEM NajiafuiiopraHnyecKux coeqHeHuit (1. 19). [IpumeHeHne Takux
peakiuii orpaHUYeHO apUIbHBIMU COCIMHEHUSIMU PTYTH, a TakkKe ajl-
KUJbHBIMU COCAMHEHUSIMU, HE MMEIOIIMMU [B-BOAOPOAHOIO aTtoMa.

AunnipoBaHue 0e3 KaTaau3aTOpPOB BO3MOXHO JIMIIb JJISI OYEHb
PeaKLMOHHOCIIOCOOHBIX PTYThOPTaHUUECKHUX COENMHEHUH, K KOTOPBIM
OTHOCSITCSI, HalIpUMeEp, O-MEPKYpMPOBaHHbIE KapOOHWJIbHBIC COEIM-
HeHusd. B pesynabraTe MpOMCXOAUT allMIMPOBAHME IO KMCIOPOLY U
00pa3yroTcs BUHUJIOBbIE 2(UpPbl KAPOOHOBBIX KMUCJIOT:

CH3(|%CH2HgC1 + CH3COClI —> CH;C=CH, + HgCl,.
0 0-COCH,

B npucyrctBum karanuzatopa AlBr; OOJBIIMHCTBO PTYThOPTaHM-
YECKUX COCMMHEHMI JIETKO pearupyer ¢ alwirajloreHuaaMu, oopasys
KETOHBI:

AlBi
R,Hg + R'COCI ——3 RCOR’ + RHgCl .

23.4.2.8. BAMEHA PTYTHU HA TAJIOTEH

XOTs peakiivs C raJoreHaMM XapaKTepHa JJIsI BCEX TUIIOB PTYTh-
OpraHNYeCcKMX COCAMHEHWN M JaeT BBICOKME BBIXOIBI OPraHMYECKUX
TaJIOTEHUIOB, B CHHTE3€ €€ MCHOJb3YIOT peako. Hekoropoe cuHTeTH-
YecKoe 3HaueHHe MMEIOT JIMIIb peakldM, CBSI3aHHBIE C COJTbBOMEP-
KypUPOBAHUEM:

HgX, Hal,
RCH=CH, — 5> R?H—CHZHgX S R?H-Cle
Y Y Hal

OaHako p€akuud TraJOr€HACMEPKYPUPOBAHUA I100 IIEUCTBUEM
6p0Ma NIn rMoga y>K€ MHOI'O JIET ABJIACTCA 00BEKTOM IpUCTAIbHOTO
BHUMMAHUS UCCJIEI0BATENEN, 3aHUMAIOIIMXCS MEXaHU3MaMU 3aMellle-
HHA B MCTAJTJIOOPraHNMYECCKUX COCAMHCHMUAX. DTO CBSI3aHO C TEM, 4YTO
TaJTIOrCHACMEPKYPUPOBAHNE MOXET IMPOTEKATH IO TOMOJIUTUYECKOMY,
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2J71eKTPOPUIBHOMY U IPYTUM MeXaHu3MaM (CM. IJ1. 24), U mepexos OT
OIIHOTO MEXaHU3Ma K IPYroMy 3aBUCUT OT MOJISIPHOCTU PaCTBOPUTE-
JIsI, TIPUPOJIBI TAJIOTeHAEMEPKYPHPYIOLIETO areHTa M PTYThOPraHU4ec-
Koro cyocrtpara, IMpoBeACHMUS peaklMd Ha CBETY WM B TEMHOTE, Ha-
JIMYUSI B PacTBOPE MEPOKCHUIOB U T.I.

23.4.2.r. KAPBEHONUJHOE SJINMMUWHUWPOBAHUE

o-ITonuranoreHankuiabHble coeauHeHus: pTytu RHgCXYZ sB-
JIsitoTcsl 3(pPEeKTUBHBIMU peareHTaMu JJisl MOJIydeHHUs LMKJIOIpoIia-
HOB U3 aJIKeHOB. [Ipn HarpeBaHUU 3TU COECAMHEHMS TIpeTepIieBaloT O~
SJIMMUHUPOBAHUE. B PE3yJIbTaTe KOTOPOTO BBIAESIETCS 3aMelleHHbII
kapoeH CYZ, ObICTpO NMPUCOCAUHSIOIIMIACS K alKeHy (cm. 22, 4. 3):

R—Hg X v S
g% — R—Hg—X +:C] ——— >y<
X
Y Z Y 4

[IpenmyiiecTBOM MeToda SIBISIETCS BO3MOXHOCTH TOJIy4aTh ITUKIIO-
MPOIaHbl ¢ Pa3IMYHBIMU 3aMECTUTEISIMU Y U Z, UCXOAS U3 YCTOM-
YUBBIX COCAMHEHUI, KOTOPbIE MOXKHO OJITO XPAaHUTh U KOTOpPHIE CTa-
HOBSITCSI MICTOUHMKOM KapOeHOB MpHU HarpeBaHUM, a B HEKOTOPBIX
cIyJasgx — TPU KOMHATHOM TeMrmepaType MpoCTO MpU PacTBOPEHUU
tBepaoro RHgCXYZ. B Ta6in. 23.2 npuBeleHbl PTYyThOPTaHUUYECKUE
UCTOYHUKM KapOEeHOB.

B cnyyae coemuHeHMi ¢ pasHBIMU TaJOreHaMHM K PTYTH IEepPEXoO-
auT 6onee Markuii rajgoreH: I>Br>Cl>F (ta6n. 23.2); B 3TOM Xe
pALY YBEIMUMBAETCSI CKOPOCTh PEaKIIMKU PA3IUYHBIX TaJIOTeHMETHII-
PTYTHBIX coeauHeHuii. CoenuHeHust, y KOTopbix R = Alk, 6osiee peak-
LIMOHHOCIIOCOOHBI KaK MEePEHOCYMKU KapOEHOB II0 CPaBHEHUIO C
ApUJILHBIMM TIPOM3BOIHBIMMU.

Ta6auma 23.2
PryThoprannyeckue nepeHoCYMKH KapOeHoB

Coeunenne ITepenocumpbrit Coeunenne ITepenocumprit
KapoeH KapoeH
Hg(CH,X), (X=Cl, Br) |: CH, PhHgCBrClI : CBrCl
PhCH,HgCH,I : CH, PhHgCCl,1 : CCl,
PhHgCHBrClI : CHCI PhCH,CH;,HgCCl; : CCl,
PhHgCHBr, : CHBr PhHgCCl,Ph : CCIPh
PhHgCCIF : CCIF PhHgCBrCICOOR : CCICOOR
PhHgCCl1,SO,Ph : CCISO,Ph
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23.5. COEAMHEHUA JPYI'UX METAJJIOB
23.5.1. IUHKOPTAHMYECKHME COEJVHEHUS

OCHOBHBIM METOJIOM TMOJyYeHHUs IIUHKOPTaHMYECKUX COCTUHE-
HMI SIBJISIETCSl B3aMMOJICHCTBUE METAJUIMYECKOTO IIMHKA C aJIKUJIra-
JIoreHUIaMu. B peakinio BCTyNaooT aKUIOPOMUIbI, aTKUIUOIUILI U
ApWINOIUIbBI. APUIGPOMUIBI PEarupyroT JUILIb CO CHELMATbHO MPH-
TOTOBJIEHHBIM TOHKOAMCIIEPCHBIM LIMHKOM B PAacTBOPUTENE, XOPOIIO
COJILBATUPYIOIIMM LIMHKOPTaHUUYECKUIA MPOIYKT peakiMK (Harmpumep,
B TI'®):

RX + Zn — = RZnX (X=1, Br)

2 RZnX == R,Zn + ZnX, (paBHOBECUE CIBUHYTO BJIEBO)

Hunkauankuisl R,Zn mpakTuyecku He JalOT acCOLMATOB, OAHAKO
coenuHeHus tmuna RZnX (X =ranoreH, OR’, NR,, SR’, PR, Gonee
CKJIOHHbBI K accouMalyy IMyTeM oOpa3oBaHMUSI MOCTUKOB Zn—X-Zn.

K gByMm Hambomee BaKHBIM peaKIUsIM LIMHKOPIaHMYECKUX CO-
eIMHEHMNI OTHOCITCS CMHTE3 LUKJIOMPOonaHoB 1Mo CuMMoHcy—CMuUTy
n peakuusi Pedpopmarckoro. B obenx peakumsx LHUHKOpPraHMYeCcKoe
COeIMHEHME TOIY4YaloT B pacTBoOpe, Kylda 3apaHee m00aBJIeH BTOPOM
peareHT.

[1pu moyryueHnM LUMKIIOMPOINIAHOB Yepe3 HMHKOPraHUYECKUe Kap-
oexHounpl M0 CUMMOHCY—CMUTY MPUMEHSIOT IMMOAMETAaH W LIUHK—
MEIHYIO TIapy WX e TUDTWILNHK:

+ Zn/Cu + CH] ——> (} + Znl,

LIMKJIOTEKCEH ounmkio[4.1.0]rentan

O6pazoBaHue LUKIOMPONAaHOB HE COMPOBOXKAAETCS BbIIEICHUEM
cBobonHoro KapoeHa :CH, u, mo-BUAMMOMY, TTPOMCXOAMUT IO COTria-
COBAaHHOMY MeXaHM3MYy uepe3 IepexogHoe cocTtostHue XXIII:

Zn + CH212 —_— ICsznI .

S
7l

Lo —— | w7 | —— | Somy + 2
1 |

XXIII
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IIpumMepsl CMHTE3a LMKJIOMPOMNAHOB 4Yepe3 LIMHKOPraHUYecKue
KapOeHOUIbl MPUBEICHBI HIXE:

Znl, + CH,N, — Zn(CH,l), + N, ;
Ja30METaH

@ +7Zn(CHyl), —> <j> (73%)
O + (CyHs5)Zn + CHyl, ——> ©> (79%)

(CzH5)2Z1’1 + CHQCH e ©> (99%)
@ + (CoHs)yZn + CgHsCHI, — > ()}c oHs

(64%)

Ar
(E)-ArCH=CHCOOC,Hs + Zn/Cu + CH,l, — (30%)

COOC,Hs

O
+ Zn/Cu + CHyl, > i} o
E>7OH + Zn/Cu + CHyl, —> DOH (33%)

4-1IUKIJIOTIEHTEHO yuc-3-TUIPOKCHU-
ounukino|3.1.0]rekcan

0

Peakiius PecdopmaTrckoro B ee InepBoHauyaJlbHOM BapuaHTe 3a-
KJIoYaiach BO B3aMMOIEMCTBUUM IIMHKA C 3(DUPOM O-TaJoreHKapOo-
HOBOI KHMCIIOTBI U aJTBACTUIOM WM KETOHOM, B pe3yJbTaTe KOTOPOTO
obpasyeTcst a(pup PB-rUuAPOKCUKUCIOTHI WU MNPOAYKT €ro aeruapara-
o — 3Up o,B-HEHACHIIIIEHHON KUCIIOTHI:

74



H,0

R
C=0 + Zn + BrCH,COOC,H; ——>

R
R
—’R'>C—CH2COOCZH5 + ZnBrOH

_H20

R\
. C=CHCOOC;H

B Hacrosiiee BpeMst pa3paboTaHbl MOAM(DUKALIMKU 3TON peaKivu,
MMO3BOJISTIONIME TIPOBOIUTHL €€ C Pa3HOOOpa3HBIMM KapOOHMIbHBIMU
COCNMHEHUSIMU WM UX aHAJIOTaMMu:

RCHO R'CH(OH)CRR'COOEt
RO 5 R',C(OH)CRR'COOE
R"COCI1
R'COCRR'COOF
BICRRCOOEt—
R'COCRR'COOEt
R",C=CHCOR"

2 »  R"COCH,CR",CRR'COOEt

ArCH=NAr'

ArCH(NHAr')CRR'COOE

BmecTto a¢hupoB 0-OpoMKapOOHOBBIX KMCIOT MOXHO HCIOJIb30-
BaTb 0-OpOM3aMelIEHHbIE aMUIIbl UM HUTPUJIbI, a TakXe 3(MUpbI Y-
OPOMKPOTOHOBOIM KMCJIOTHI:

BrCRR'CONR" + R”CHO + Zn — = R”CH(OH)CRR'CONR% ;
BrCRR'CN + R’"CHO + Zn —» RCH(OH)CRR'CN ;
BrCH,CH=CHCOOEt + RCHO + Zn—=RCH(OH)CH,CH=CHCOOEt.

IIpeamonaraercs, 4To BO BCEX DTUX peaKIMSIX MEPBOHAYATIBHO
obpasyeTcs TaJOTeHIIMHKOPTaHMYeCKOoe COeIMHEeHUe (HampuMmep,
BrZnCH,COOQOEt), koTopoe npucoeanuHsieTcs o KapOOHWIbLHOM IpyIl-
M€ aHaJOTMYHO peakTuBy [ pHHBsIpAa.
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OOBIYHO peakLUIO MPOBOAST C OPTAHUYSCKUMU OPOMITPOU3BO/I-
HBIMU, OJTHAKO M3BECTHBI HECKOJHKO MPUMEPOB MCIOJb30BAHUS XJIO-
PUIOB U MOIUIOB.

23.5.2. TAINIMIOPTAHUYECKUE COEJIVMHEHUA

AHaJIOTUYHO aJIIOMUHUHAOPraHUYECKUM COEAMHEHUSIM OpraHuye-
CKMe TIPOM3BOAHbIC TaJlIUSI OBIBAIOT TPeX OCHOBHBIX TUMOB: R;3TI,
R,TIX u RTIX,. Cpenu snementoB noarpynmsl [IIA Taniuit odnanaer
YHUKQJIbHBIMU CBOMCTBAaMM OOpa3oBbIBATh CTAOWJIbHbIE OJHOBAJIEHT-
Hble coenuHeHusi. OaHAKO, eCclu JJIs1 HEOPraHUUeCKUX MPOU3BOIHBIX
Tajiusl 00Jibllasi CTaOMJIbHOCTb CBOMCTBEHHA MMEHHO HU3IIEMY CO-
CTOSTHUIO OKHUCJIEHUSI, TO CPelIM OPraHUYEeCKUX MPOMU3BOIHBIX OObIY-
HO 6osee ctabwibHbl coenrHenust TI(IIT).

TannuitopraHuyeckne CoeiuMHEHUs] OYeHb TOKCHUYHBI, MO3TOMY
Mpu padboTe C HUMU JOJIKHBI COOJIIONATHCS OCOObIE MEPhI MPEIOCTO-
POXHOCTH.

Haubonee ctabuiabHbl AUATKUIbHBIE U TMAPUIbHBIE COSIUMHEHUS
R,TIX, koTOpble MMEIOT MOHHOE CTPOEHUE, MpUYeM JIMHEeHHbIN Ka-
tnoH R,TI" msosnexkrponen coemmuennio prytu(Il) R,Hg (r.e. R,TI*
u RyHg umeror onuHakoBoe yucio 37ekTpoHoB). [ToaTomy cBolicTBa
R,TI" u R,Hg ouenb moxoxu. CoearHeHNsI MOHOATKMITA/UTNSI TEPMO-
JUHAMUYECKU W KUHETUUYECKU HEYyCTOWUYMBBI M3-3a JIETKO MAYLIEro
BOCCTaHOBUTEILHOTO 3JIMMUHUPOBaHUs, B mpouiecce kKotoporo TI(I1T)
npespainaercs B TI(I):

RTIX, == RX + TIX.

CoenMHEeHUsT TPUAJKUITAJUIUSI PearupyroT ¢ KUCIOPOAOM M BO-
IO, U, clieaoBaTe/bHO, paboOTy ¢ HUMU HEOOXOAUMO BECTU B MHEP-
THOI aTMocdepe.

CKJIOHHOCTh K caMoaccolMalydi U oOpa3oBaHUIO JOHOPHO-aK-
LIENTOPHBIX KOMILJIEKCOB Y COSAMHEHUI TaJlJIdsl HUXKE, YeM y aHaJlo-
TMYHBIX COCAUHEHUI aTIOMUHMUSI.

Tpu- 1 auzamMellleHHbIE OpPraHUYECKUE COSAMHEHMS] TajUIusl MO-
nyvaroT u3 conei tamus(IIl) u cooTBeTCTBYIOIIMX MarHuii- uiu
JINTUAOPTaHUYECKUX COCAUHEHUN. ANKUIMPOBaHUE WU apUIUpOBa-
Hue rajgoreHuaoB Tamaus(IIl) peaktuBamu I'puHbsipa B aupe ocra-
HaBJIMBAETCSA Ha CTaIMU AU3aMEILIeHHbIX coeAuHeHuii. YToObl moy-
YUTh TPU3AMELIEHHBIA TPOAYKT B 3(PMPHOM pacTBOpUTENE, HYKHO
Ha R,TIX panee BO3aelicTBOBATh JIMTUMOPraHMYECKUM PEarcHTOM:

DRMgBr + TBr; —» R TIBr e
-MgBr, RLi

(R = u3o6ytu, Beixoa 80%)
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—— R;TI + LiBr .

OpHako TpU UCIONIb30BaHUM B KauecTBe pactBoputeliss TT'® k R,TIX
MOXHO IIPUCOCINHUTh U TPeTuil sKkBUBaeHT RMgX:

TTo
3RMgBr + TIBr; —> R3Tl + 3MgBrn,.

Tpumerunramnnii moayvator peakuueir TII ¢ CH3I u aBymsa ak-
BUBAJICHTAMU METUJUIUTUS:

2 CH;Li + CH;I + Tl —— (CH3);5T1 + 2 LiBr.
TPUMETWITALIUIA

B oT0il peakiiu BHayajae MPOUCXOAUT OKMCIMUTEIbHOE IpUCOe-
nuHeHue (unu BHeapeHue) TII xk CHil, a 3aTtem ankuiupoBaHue
00pasylollerocsi MOHOMETWJIBHOTO COEIMHEHUS:

CH,Li
CH;TI, ———» (CH;);TI .

CH3I + TI

MexaHu3M 00paTUMO peakKlUM OKHUCIUTEIbHOIO IPUCOEINHE-
HUS TToApoOHee OymeT pacCMOTpPeH Ha MpUMEpe COSAMHEHUI mepe-
XOIHBIX MeTaJuloB (r1. 27).

ApwibHble MOHO3aMelleHHbIe Ipou3BoaHbie Tayums (I1I) momy-
YaloT MyTeM OOMEHHBIX B3aMMOACHCTBMI MEXIy TpUTaJOTeHUIAMU
wii TpudropaueratoMm (U aApyrumu kapookcwiaramu) taums (I1T)
U COOTBETCTBYIOIIMMU COCAMHEHUSIMU OOpa, PTYTH, KPEeMHMS, OJIO-
Ba U T.0..

Ar—m + TIX; —> ArTIX,
(m = B(OH),, HgCl, Si(CHs);, Sn(CH3)3; X=Cl, Br, I, CF;COO)

DD DEKTUBHBIM METOAOM SIBJISIETCS TTPSIMOE J1EKTPOPUIbHOE Tal-
JIMPOBaHWE apoOMaTUUYECKUX COEAMHEHUWI TpudTopaleTaToM TaJlus
(ITT) B TpudTOpPYKCYCHOI KHUCIIOTE:

Ar-H + TI(OCOCF3); ArTI(OCOCF3), + CF;COOH .

ApoMaThYecKoe TaJUIMPOBaHWE — 3TO OOpaTUMBIN TIpollecc ¢
UCKITIOUYUTETLHO BBHICOKUMHU IIPOCTPAHCTBEHHBIMU TpPeOOBAHUSIMMU.
AKTUBUPYIOIINE 3JIEKTPOHOIOHOPHBIE 3AMECTUTENN TIPU KMHETUYEC-
KOM KOHTpOJIE peakIuy Jal0T napa- N opmo-N30MepPHl, HO B YCIIOBH-
SIX paBHOBECHS TIPU TEPMOAMHAMMWYECKOM KOHTpPOJIE B TIPOAYKTaX pe-
akUMU MpeobnagaioT mema-u3oMepbl. Hanpumep:
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H,C CH, H,C CH,
\/ \/

CH CH

20°C 73°C
KUHETUYECKUI TepMOHMHaMquCKMﬁ'
KOHTPOJTb KOHTPOJTb
TI(OCOCFy;), Kymor
(npeobnanaer)
H,C CH,
\/
CH
_
TI(OCOCF;),
(mpeobnagaet)

B oO1iem, opueHTalust (permocesieKTMBHOCTb) MPU apoMaTuyec-
KOM 3JIEKTPO(WILHOM 0O0paTUMOM Ta/UIMPOBAHWM 3aBUCUT OT TEM-
reparypbl peakiiu, pa3MepPOB MMEIOLIETOCS B KOJbLIE 3aMECTUTENS
U CIIOCOOHOCTU 3aMECTUTENISI KOOPAMHUPOBATLCS ¢ TpudTopalera-
TOM Tajuiusl. BiausitHue Temrieparypbl CBSI3aHO C KOHKYpEHIIME Tep-
MOJIMHAMMWYECKOTO W KWHETUYECKOTO KOHTPOJSI PETUOCETEKTUBHOC-
TU. BiusiHue pa3aMepoB 3aMECTUTENS CBSI3aHO C TEM, UTO TAJUTUPYIOLLIU I
areHT caM SBJISIeTCSI OYeHb OOBEMUCTBIM, W IOITOMY, HAallpUMEpP B
aNKuIOeH301aX, ¢ yBeJIMYEHHEM o0beMa aJKWJIbHOW TPYIIbl 10Js
napa-vzoMepa OyJeT BO3pacTaTh 3a CUET YMEHBIIEHUS AOJU 0pmo-
n3omepa. OIHAKO HEOXMUIAHHO OKa3ajoCh, YTO MPU TALJIMPOBAHUU
OEH30IHOI KUCIOTHI U €€ A(PUPOB MOTYUAETCSI UCKITIOUUTEIbHO 0pmo-
npousBonHoe. Takoe obpaleHue 3aMmelleHus (opmo-opueHTalus pu
HaJIMYUU Mema-OpUEeHTUPYIOIIErOo 3aMeCTUTENsI) yKa3blBaeT Ha 00-
pa3oBaHKe KOMILJIEKCA MEXIY TAJIMEBbIM PEareHTOM U KapOOKCUJIb-
HOM Tpynmon ¢ IOCHEAYIOIIEN BHYTPUMOJIEKYJISIPHOM aTakKoM opmo-
TIOJIOXKEHUSI:

CH,0
CH0 20 10520 TIOCOCF;),

+ TKOCOCF;), —> ©
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CH;0. -0

TKOCOCF;),

CrerneHb opmo-3aMelleHNs B CIydyae TOMOJIOTOB OE€H30iHOM Kuc-
JIOTBI 3aBUCUT OT YMCJIa METUJICHOBBIX 3BEHBEB MeXIy (heHWIHHON U
KapOOKCUJIBHOW TPYMITIOi:

(CH,),COOH (CH,),COOH

KI
+ T(OCOCF3), —> (é—ﬂ(ococm)2 —

— > IC¢H4(CH,),COOH
(0-, m- 1 n-)

n 0 1 2 3 4
% opmo 95 92 29 6 5
% mema 5 3 13 10 9
% napa 0 5 58 84 8

VYMeHbllIeHrE BbIXOJa opmo-nu30MeEpPoB, IMO-BUIANMOMY, CBA3aHO C

pa3sMepoM XeJaTHOIO LIMKJIA, MPOMEXKYTOYHO OOpa3ymollerocst mpu
0pmMoO-TaJUIMPOBAHUU:

(6m

v %
( Hz)n—C\\ ( Hz)n_c\
HAO H
= ~T] (OCOCF3); —> O TI(OCOCF3), — >
-CF;COOH
COOH

f _TKOCOCF;),

benzoitnas (n=0) u denunykcycHast (n= 1) KUCIOTBI IOCNIE 00-
paborku KI maloT MoyTv MCKIOUMTEIBHO 0pmo-UOANPOU3BOJHbBIE,
MOCKOJIbKY 00pa3yloTcs MITU- WX 1IECTUUJIEHHbIE XeJIaTHbIe LIMKIIbI;
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(beHMIIIPONIMOHOBAsI KUCJIOTA AaeT JIUILb 29% opmo-u3oMepa, Tak Kak
XeJaT SABJISETCS CEMUWICHHBIM, T.€. MEHee CTabuIeH, yeM 5- wid 6-
YJICHHBIE LIUKJIBL.

BinusHme pa3MepoB XeJIaTHOTO LIMKJIA Ha BBIXOI OpMO-U30MEPOB
Ha0JI0maeTCd ¥ IpU TALIMPOBAHMU aHU30JIa U €r0 TOMOJIOIOB:

1) TI(OCOCF);
CoH5(CHy), 0CH; 3= > [C4H,(CH,),0CHj

Xenar, BeOylIvii K opmo-n3oMepy:

YHUCJIO

aTOMOB %
( HZ)n\O/CHg B IMKIE o- M- n-
H | ! 0 4 7 0 93
< s 9 11
TI(OCOCF;)3 2 6 8 3 12
3 7 27 6 67

[TpakTuyeckoe UCMONIb30BaHUE APOMATUUYECKOTO TALTMPOBAHUSI CBSI-
3aHO C TE€M, YTO TaJUIMI OUYEeHb JIETKO 3aMellaeTCs Ha IPYyTUe IPYIIbI.
B vactHocTH, neiictBue I, unu KI npeacrasnsier coboit ynoOHBIN Me-
TOJ, CUHTE3a COBEPIIEHHO YMCTHIX (HE CopepXalluX UHBIX U30MEPOB)
UOJVIOB:

COOH COOH
I
D TIOCOCK;);, CFsCOOH 111 +
2)KI, H,0 "
OCHj3 OCH, OCH;
1) CHyCOONO,
2L
TOCOCF;),
CH,COOH CH,COOH

CH,
1) TI(OCOCF,);, 20°C (31% TAUTMPOBAHUS
2) KI, H,0 B TIOJIOXEHUE 6)



CH; CH;

1) TKOCOCFs)s
2KI (85%)
CH; CHs ’
I
Cl Cl
© © 1) Pb(OCOCHS)
DKI ’
T(OCOCF3),
Cl
© _DNaOH ©
—_—
Y
OCOCF; OH

IMocnennsist peakiysi IIPOBOAUTCS in Situ mocjeaoBaTeIbHONA 00-
paboTKON MPOMEXYTOUHBIX Ouc-TpUGTOpaLIETATOB apWUITAUIUS YKa-
3aHHBIMU peareHTaMM U SIBJSIETCSI METOJOM CHUHTe3a (eHOJO0B, He

HMEIOIINUX B UCXOIHOM CyOCTpaTe aKTMBUPYIOIIMX TPYIIIL.

HHTepec mpeacTaBisioT Takxke (DOTOXMMUYECKUE CUHTE3bl Ha
OCHOBE MOHOApMITAJUIMEBBIX cojeil. Hampumep, dotonus 6uc-tpu-
¢ropauerata 2-OpoM-4-MeTUI(eHUITAIIMS B OeH30/e HAauMHAETCs
¢ romojm3a cBs3u C-TI, 1ociie yero oOpas3yroluiicss apuIbHbBINA pa-
JIAKaJI B3aUMOJICMCTBYET ¢ OEH30JI0M. DTa peaklys pernocrenudud-

Ha (T.e. pernocesiekTuBHa Ha 100%):

CH; CH;
Br
(e )AL
e CH3 e
. Br H
TI(OCOCF3),

Br

DoToXMMHNYECKN MOXHO B CTpPOTO OITPEACTICHHOC ITOJIOKEHUNE BBECTU

rpyniny CN, NH,, SH u ap.:



Cl Cl Cl

CN © hv
H,0, KCN
TKOCOCF;),  TIP(CN); CN

AJIKUIIbHBIE MOHO3aMellleHHbIe ITpou3BoaHble Tautusa(IIl) o0-
pasyloTcs B peakilMy COJIbBOTATMPOBAHUS 0Je(pMHOB. DTa peakivst
MOJIHOCThIO aHaJOTMYHA COJbBOMEpPKYpUpoBaHuio (pasfen 23.4.2),
OIHAKO TOJyYalolluecs] MpoMeXyTouHble MpoaykThl Tuna XXIV, B
OTJINYME OT COOTBETCTBYIOIIMX PTYTbOPTAHMYECKUX COCIMHEHUI, He-
YCTOMYMBBI M B YCIIOBUSIX PEaKIIUM PacIiagaroTCs:

OR
ROH I
SC=C< + TIX; —>| =0 — >C-C< + HX
Nt
™ XTI
XXIV

CrpoeHue NpOAYKTOB aIKOKCU- U allWJIOKCUTAJUIMPOBAHUS, YaCTh
KOTOPbIX BCE K€ YAaJIOCh BbIAEIUTD, MOKA3bIBAET, UTO TAJLJIMI MPUCO-
eMHSIeTCS M0 He3aMelleHHOMY aToMy Yrjepoaa KOHIIEBOTro osiedu-
Ha, U peakuusl ¢ HANpsSLKEHHbIMU ojieMHAMM UAET KaK mpaHc-Tpu-
COeJIMHEHUE, T.€. TaK Xe, KaK OKCUMEPKYPHUPOBAHMUE.

IIpu o6paboTKe 0Je(PMHOB CONSIMU Ta/UIMsl B TMAPOKCUICOAEP-
KalllMX PaCcTBOPUTENSIX OOpasyrolyecsl MPOAYKTbl OKCU-, aTKOKCH-
WIM aUWIOKCUTA/UIMPOBaHUsI OBICTPO PaCUICIUISIIOTCS ¢ 00pa3oBaHU-
eM TJMKoJiel (Mau uX 3(UpOB), albAerMAOB M KETOHOB, a TaKXkKe
MPOAYKTOB M30MEpU3ALUU YIJIEPOJHOro ckenera. Yacto obpasyercs
CJIOJKHAsT CMeCh IMPOAYKTOB; MO 3TO MPUYNHE OKCUTAJUTMPOBAHUE KaK
CUHTETUYECKUI METOJ CUJIBHO YCTyTaeT OKCUMEpKypupoBaHuto. Hike
MPUBEJEHbI HEKOTOPbIC MPUMEPbl Peakiinii, BKIOUYAIOIIUX TPOMEXKY-
TOYHYIO CTaJNI0 OKCUTAIJIMPOBAHMSI:

CH;COOH
+ T(OCOCH3); ——> O: E>7CH(OAC)2

OAc
LMKJIOTeKCEH (40—50%) (30—40%)
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1) TI(NO,);, CH;OH CHO

2) H;0®
HUKJIOTI'CIITCH ].II/IKJIOI‘GKC&]—H(ap6aJII:IlCI‘I/II[

CH,
— TI(CIO,); cocH
—_—

3

1- MGTI/II[HI/IKJ'[OGYTGH ALUCTUILIMKJIOITPOITaH

IIpu peakunu coneit TI(II1) ¢ ankuHamu B BoAe BMECTO THUIpa-
TalUu TPOHOM CBs3M, uayileil B ciaydae coneir Hg(Il), mpoucxoaut
OKHCJIEHHUE:

H

TIINO
RC—CH N0 oo’ TI—H@?& R—C—CH,0H %3
. -
Hé TINO3), ” (%

— > RCOOH (~80%) + CH,=0 + TINO3);3

OkucieHue AuapuialieTUIEHOB MPUBOAUT K COOTBETCTBYIOLIUM
nuapowiaM (OeH3ujIam):

TI(NO;);, H;0"
CeHsC=CCHs — >  CeHs—C—C—C4Hs

Il
O O

23.5.3. OJIOBOOPTAHUYECKHUE COEJVMHEHUA

B HOMeHKJIaType OJIOBOOPraHUYECKUX COCIMHEHUIA TIPUHSITHI 1Ba
CTUJISI: HEOPraHWYECKUIA, C aKIIEHTOM Ha MeTa/Ul, U OpraHMYecKuii,
OCHOBaHHBII Ha Ha3BaHuM SnH, — craHHaH. B coOTBeTCTBUU ¢ 3THM
(CHj3)4Sn MoXHO Ha3BaTh TETPAMETUJIOJIOBOM, WJIM TETPAMETUJICTAH-
HaHoM, (CHj3);SnCl — xjmopuaoM TpUMETUIIONOBA, WIM TPUMETUII-
XJIOPCTAaHHAHOM U T.A. Takasi TBOMCTBEHHass HOMEHKJIATypa YIoTpeo-
JISIETCST TaKKe JUISI COeAMHEHMI O0opa, TepMaHusI ¥ altoMuHus (0opaH,
repMaH, ajaH), HO JUISI OPraHUYECKUX COCIMHEHHWI OOJBbIIMHCTBA
JIPYTUX METaJUIOB MCIIOJIb3YeTCs] HEOPTaHUMYECKUI CTUIIb.

OJIOBOOPraHMYECKHME COCAMHEHUS ObIBAIOT YEThIPEX OCHOBHBIX
tunoB: R,Sn, R3SnX, R,SnX,; u RSnXj3, rme R — opranuyeckuii, u
X — HeopraHMYeCKHil OCTaToK. B TeopeTMUecKMX MCCIIeTOBaHUSIX
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(r1. 24) WMpPOKO MCIOJIB3YIOTCS coeaMHeHus Tura R;SnR’, B korto-
pbix rpynrnbl R u R’ cuiibHO oT/IMyaroTcsi o cBoeil mpupoje, Halpu-
Mep 1O BJIEKTPOOTPULIATEIbHOCTU, 00bEMY WU TIO KUCJIOTHOCTU CO-
otBeTcTBYIOIIMX CH-kmcamor RH n R’H. K takum coenmHeHusIM B
YAaCTHOCTU OTHOCSITCSI TPMMETWICTAHHWIbHBIE MPOU3BOAHbBIE (HIyO-
peHa, WHAeHa, aJIKWUHOB, KETOHOB U T.I.

OJIOBOOpPraHMYECKHUE COCTMHEHUSI UMEIOT TeTPasApUIecKoe CTPO-
eHue, T.€. MOTyT ObITh XUpaJibHbIMU. KOoH(pUrypalilmuoHHO CTaOMIbHbI-
MM ONTUYECKH aKTHUBHBIMH COCTMHEHUSIMU SBJISTFOTCS TUIPUILI THTIA
RR’R”SnH u terpaankun(apui)craHnHanbl Tuna RR’R”R”’Sn, onHa-
ko coeauHeHus tuma RR’R”Snl okazanuch KOHGUIypallMOHHO He-
CTaOMJIbHBIMMU.

M3BecTHBI TakKe COEIMHEHMS, COACpIKAIlMe LIEeTOYKM W3 aTo-
MOB 0JIOBa:

R3;Sn—SnR; ; (RySn), Roc12Sn,
reKcaaJKWIIUCTaHHAH (LMKINYECKUe) (auuMKINYeCcKue)
(HampumMmep, x =9)

OJI0BOOpPraHMYECKUE COCAMHEHMS IPOSIBJISIOT CBOMCTBA KMUCJIOT
JIblorca, KOTOpbIE BO3pacTalOT B PSIY:

R4Sn <<R3SnX < R,SnX; < RSnX; < SnXjy.

Beaencteue sToro oHM 00pa3ylOT MEHTA- U FEKCAKOOPAMHALIU-
OHHBIe KoMIuIieKchl, HanpuMep R;SnCl - L, R,SnCl, « L,, RSnCl; - L,,
rne L — MoHomeHTaTHbIN JuraHa (ocHoBaHue JIbiouca), Hampumep
MUPUAMH. ATOM 0JI0Ba OYE€Hb OXOTHO YBEJIMYMBAET KOOPAMHALIMOH-
HO€ YMCJIO BBIIIE YETBIpEX, U 3TO MMEET BaXKHBIE CIEACTBHUSA. Tak,
raJJoreHuabl OPraHWMYECKUX TTPOU3BOIHBIX OJIOBA BCIEACTBHE KOOPIU-
HallM¥ B KPUCTA/UIe UMEIOT MOJMMEpPHYIO CTPYKTypy. KoopmuHauus
JIOHOPHBIX YAaCTUIL C aTOMOM OJIOBa OKAa3bIBAeT HYKJIEO(MUIbHOE CO-
JIeCcTBUE 2JIEKTPO(PUIILHOU aTake, HalpaBJIEHHOW Ha COCEAHMIA C
OJIOBOM aTOM yIJIepOfa, CHMXKAET DHEPTUI0 aKTMBALMU HYKJIeODUIb-
HOTO 3aMEIIEHUST Yy aToMa OJIOBa W T.[I.

Heopranuueckue coelMHeHUs 0JIOBa, a TaKXKe COeIMHEHUS ThMa
RSnX5; u R,SnX, HeTOKCMYHBI, OJHAKO coeauHeHMs1 Tura R;SnX
TOKCUYHBI, CJI€A0BaTEIbHO, TOKCUYHOCTb — 3TO CBOWCTBO MMEHHO
METaJUIOOPraHUYECKUX TPYIIIL.

OJ10BOOpraHUYeCKMe COEIMHEHUS] HalIUIM BaXKHOE IMPUMEHEHUE
B KayeCTBE MHTUOMTOPOB TEPMUUYECKOTO PA3TOXECHUS TOJTUBUHWI-
XJo0puaa, OMOLMAOB, KaTaIUu3aTOPOB MOJYYSHHUS TTOJTUYPETAHOB U T. 1.,
MOSTOMY OHM BBIMYCKAIOTCS B MPOMBILLICHHOM MacllTaoe.

Jns mojydyeHusl TeTpaaJKUJIbHBIX U TeTpaapUJIbHbIX ITPOU3BO/I-
HBIX OJIOBa HauboJjiee 4acTO MCIOJIb3YIOT PeaklMIO0 XJOpuaa OJioBa
(IV) ¢ M30BITKOM METaJIOOPTaHUYECKUI COCAUHEHUI — JIOHOPOB
KapOaHHMOHOB:
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SnCly + R—m —— R;Sn + 4m—Cl
(m=MgX, Li, Na, K, Al<, ZnBr; R =ankun, apun, ajkeHW1, aJKWHWI)

YToObl B 3TOI peakliMy MOJYYUTh BBICOKME BBIXOAbI R4Sn, mo-
MMMO M30bITKA peareHTa MCIOJb3YIOT U JJIMTEeIbHOE BpeMsl HarpeBa-
HUSI, UHOTJIa B BBICOKOKUITSILLIMX PACTBOPUTENISIX. B MpOMBbIlILIEHHOCTH
JUISL TIOJIYYEHUSI TeTpaOyTUIO0J0BA UCIOJIB3YIOT CIAEAYIOIIME BapUAH-
Thl 3TOr0 METOMA:

TOJyoJ1/3hup
SnCly + 4C4HoCl + 4Mg ——— > BuySn + 4MgCly;

4 BusAl + 4 R3N + 4 SnCl; — > 3 Bu,Sn + 4[AICI; - NRs].

st cuHTe3a coeaMHEHMI 0JI0Ba, comepKalluX (PYHKILMOHAJb-
HblE OpraHMYecKue TPyINbl, B YACTHOCTM HEHACBILIEHHbIE MOJISIP-
Hele rpynnbl (>C=0, —C=N) uIu rpynrbl ¢ aKTUBHBIM (KUCJIBIM)
Bomoponom (—OH, —SH, —NH,), yka3zaHHBIIl BbIllIE METO[ IIPUME-
HATb HEYOOOHO, TaK KaK MarHuii-, JUTUI- WIM aJIIlOMUHUNOpPraHu-
YECKME COENUHEHUS] pearupyloT ¢ TaKUMU rpyrnnaMu. OJHUM U3 Me-
TOJOB, UCITOJB3YEMBIX IS TTOJYYEHUS] TaAKUX COCIMHEHUI, COCTOUT B
MPUCOEANHEHUN OPraHUYECKUX TMAPUAOB 0J0Ba K (DYHKIIMOHAIBHO
3aMEIIEHHBIM aJIKeHaM WJIM aJKWHaM. JTa peakiius HOCUT Ha3BaHUE
TMAPOCTAaHHUJIUPOBAHUE:!

(0]

(n-C4Hg);SnH + CHZZCHCf ——> (#-C4Hy);SnCH,CH,COOCH3;
OCH; y

MEeTHIOBBIH 5¢up B-(TpubyTHII-

TpUOYTHICTAHHAH  METUIIAKPUIIAT b
CTaHHHJI)[IPOITUOHOBOW KHCIOThI

Ph3SIlH + CHQZCH_OCOCH3 —_— Ph3Sl’lCH2CH20COCH3 5
Tpl/l(l)CHJ/IHCTaHHaH BUHMIALIETAT 2—Tpld(i)eHl/IJlCTaHHI/IIIE)Tl/IJlaLlCTaT

E,SnH, + CH,=CH-CN — Et,Sn(CH,CH,CN), ;

OUATUJICTAHHAH ~aKPWIOHUTPUI IUATWIAN(2-1IMaHOATUIT)CTAaHHAH
o
mpem-BuSnH; + CH,=CCOOCH; ——>
METUWJIMETAKPUJIAT
CHj

|
——> mpem-BuSn(CH,-CCOOCH3); -

mpem-0yTUI-TpUC-(2-METOKCH-
KapOOHUJIIPONUI)CTaHHAH
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T'uapocraHHUIMpPOBAHME AJIKEHOB OOBIYHO IIPOTEKAET 110 CBOOO/I -
HOpaauKalbHOMY MexaHu3My. OHo yckopsetcs npu YP-obiydyeHuun
1 KaTaJu3upyeTcsl COCAMHEHMSIMM, JIETKO pasjlaralolivMUCs Ha pa-
JUKaJbl, Hampumep azo-ouc-(uzodyruponurpuiom) (AUBH):

CHj CHj
_ | _ | _ t °C v hv
N=C—(|3—N—N—(|3—C=N —— > N, + 2 « C(CH;),CN
CH; CH;

a30-6uc-(u3o0yrtuponutpui) (AUBH)
NunnuupoBanmue:

R3SHH + OC(CH3)2CN — (CH3)2CHCN + R3Sl’l (]

Passutne nemnm:

R;Sn- + CH,=CHR' ——> R;3SnCH,CHR' ;
RySNCH,CHR' + RySnH ——» R3SnCH,CH,R' + RsSne 1 ..

OJIOBOOpFaHI/I‘ICCKI/Ie TMApUAbl MOXHO ITOJYYMTb BOCCTAHOBJIC-
HHUEM COOTBETCTBYIOLINX TaJIOTCHUIOB aJTIOMOTMAPUAOM JIMTUS:

4 Bu;SnCl + LiAlH; — = 4 BusSnH + LIAICI, ;
2 BUZSI’ICIQ + L1A1H4 — 2 BUZSHH2 + L1A1C14 .

OueHb y,Z[O6HbIM ABJIACTCA IIMPOKO HpI/IMCHﬂeMHﬁ METOO, OCHO-
BaHHbIA Ha B3aUMOICWCTBUMU OJIOBOOPTAHUYECKUX OKCUIOB C IOJIMU-
MCTUITUIPOCUIOKCAHOM IIPpU KOMHATHOM TEMIICPATYPEC:

O—-
n/2 (BuySn),0 + (CH3)SiO(éi—O)n—Si(CH3)3 ——
e,
OKCUA Z[I/IGYTI/UIOIIOBa TTOJIMMETUIITUAPOCUIIOKCAaH
O-...
—>  nBuySnH + (CH3)3SiO-(%i—O)nSi(CH3)3 _
CH;

n/2 Bu,SnO + nonumerunruapocunokcan — n/2 Bu,SnH, .
OKCHI JUOYTUIIONIOBA
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B Hacrosiliee BpeMsi 0JJOBOOPraHUMYECKWE TMAPUIBL IIPUOOpeIn
BaXXHOE€ 3HAYEHUE W MOMMMO MPOLIECCOB TUAPOCTAHHWUJIMPOBAHUS
IIMPOKO HMCHOJIb3YIOTCS JJISI MPOBEACHUSI CEJIEKTUBHOIO BOCCTAHOB-
JIeHUs1. BOJBIIMHCTBO 3TUX peaklMil MPOTEKAaeT MO PaaiuKaIbHOMY
MEXaHU3My, XapaKTepHOMY [JIl TUAPUIOB OJIOBA.

BoccTaHoBieHME OpraHMYECKMX TaJOT€HUIOB MOXHO TpeacTa-
BUTb CJIEAYIOLIECH CXEMOM:

R3SnH + R’X — = R3SnX + R’'H .
(R”=ankun, apun; X=F, CI, Br, I)

WnumumpoBanme: R;SnH + ununmatop —— R;Sne
Pa3sutne memn: R;Sne + R’X — s R3SnX + R’e

R’¢+ R3SnH — = R’H + R;3Sne , u T.1.

s 1OCTUXKeHMSI BbICOKMX BBIXOJAOB MPUMEHSIIOT KaTaJu3aToOpbl
panukanbHbiX peakuuii, Hanpumep AMBH. Ckopocty oTpbiBa rajore-
HOB paaukajamMu R;Sn e yMeHblIaloTCS B 3aBUCUMOCTH OT ITPUPOJIbI
rajioreHa B psiiy [ > Br>Cl>F, B 3aBUCMMOCTH OT MPUPOJIbI OpraHu-
YECKOro pajuKaya, CBSI3aHHOTO C TajJOreHOM, B PSAY: TPETUUYHbIU >
> BTOPUYHbIN > IEPBUUHBIN, KOTOPBI COOTBETCTBYET DSy CTaOWJIb-
HOCTU aJIKWJIbHBIX PaiuKaJloB.

ITpeumyiiiecTBa 0JJOBOOPraHMYECKUX TUAPUAOB KaK BOCCTaHaB-
JIMBAIOIIMX areHTOB COCTOSIT B TOM, UTO, BO-MEPBbIX, T€MUHAJIbHbIE
MOJUTAJIOTeHUIbl MOXHO BOCCTAHOBUTbL CTYMEHYaTo (MOOYEpPeaHO
KaXJIblii aTOM rajloreHa), BO-BTOPbIX, MOXXHO CEJIEKTUBHO 3aMECTUTb
OpoM B OpPOMXJIOPITPOU3BOJHBIX, U, B-TPETbUX, MOXHO MPOBOJIUTH
CEJIEKTMBHOE 3aMellleHHe TrajoreHa Mpyu HaJuuuu B MOJIEKYJie APYTUX
CMOCOOHBIX BOCCTaHaBAMBaTbes rpynn, Hanpumep C=0 unu C=C.

IIpy BOCCTaHOBJIEHUM alIMITAJIOTEHUIOB Hapsily C OXUAAEMbIMU
ajJipeTUIaMu 00pa3yloTCsl CIOXHbIE 3(UPbl. DTO CBSI3AHO C KOHKY-
peHLIMe Mexny peakiMsIMM OTILIeIJIEHUs aToMa BOIOpOAa alllJib-
HBIM PajJiMKajoM OJIOBOOPraHWYECKOIo TMApUaa U aTaKoi alluIbHOTO
paaukKajia Ha ajibJAerui;

R;Sn + vafo —> R;SnX + R—C=0
X

R3$/HHY R'CH=0 (ampnerum)

R'C=0
1, O R;SnH O
RC%‘ RC? . ——> Rc? + RsSn-
O-CHR' O-CH,R'
3¢up
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BoccraHoBieHre TMAPUIAMU 0J10BA KapOOHUJIBHBIX COSAUHEHUI
JO CIUPTOB SIBISIETCS] TaKKe paJMKallbHBIM LIEMTHBIM IIPOLECCOM,
aHAJIOTUYHBIM TUAPOCTAaHHWIMpPOBaHUIO cBsideit C=C:

RiSne+ C=0—> C—OSnR,

s

>C-OSnR; + RySnH ——» >CH-OSnR; + RsSn-.

l H;0"

>CH-OH
(criupT)

OJoBoOpraHMYeCcKre rajoreHuabl HamOoJjee 4acTo IIOJIydaloT C
TOMOIIIBIO peakiiuy TiepepacrpefeieHus] MeXIy TeTpaaaTKUIbHBIMU
(MM TeTpaapWIbHBIMU) COEAUMHEHUSIMU U TrajioreHunamu ojosa (IV)
npu 200 °C. IIpu 3ToM cHayaja yxXe IIpu KOMHATHOI TeMIepaType
CaMOIIPOM3BOJIBHO IIPOUCXOIUT OOMEH OJHOro ajkmia B R4Sn Ha onuH
rajoreH B SnXy:

RySn + SnX, 2P0 b SnX + RSNX, :

20°C
(2KBUMOJIbHASI CMECh)

o

200°C
3R4Sn + SnXy; — 4 R;SnX ;

o

200°C
R,Sn + SnX, ——> 2 R,SnX, .

Crenyer ydecTb, UTO peaKLUs

o

200°C
R4Sn + 3SnX, — 4 RSnXj

TIPUTOHA IS TTOJYIeHUsI JIMIIb BUHUI- WIN (heHUIOJOBOTPUTAIOTE-
HUIO0B, HO HE MPUIrOJHA IS TMOJYyYEHUs] COOTBETCTBYIOLLIMX aJIKWJI-
TIPOU3BOIHBIX.

Peaxuium nepepacnpeseneHnuss B OCHOBHOM HCITOJIb3YIOTCS B TIPO-
MbllIIEHHOCTU. B j1abopaTopHOil mpakTuKe 0J10BOOpPTaHUYECKUE Tra-
JIOTEHMIBI JIeTye IoJydaTh pacluerieHueM cBszeir C-Sn mon geii-
CTBHEM TaJIOT€HOB (peaklivsl rajoreHaeMeTaJIupOBaHUsI):

R4Sn + X; — = R3SnX + RX ;

R3SHX + Xy —= RQSI’IXz + RX .
(X=Cl, Br, I; aktuBHocth X,: Cl, > Bry > 1))
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Peakuwsi ¢ Bryuaet B pactBope npu Temrieparypax ot 0° o —50°C,
peakumst ¢ I, — mpu teMmneparype kuneHust xiopodopma (~60°C).
Peakiius rajoreHaeCTAaHHUPOBAHUS MOXKET IIPOTEKATh I10 MOJIIPHOMY
(3mexTpoMIBHOMY) WU paguKaIbHOMY MEXaHM3MaM, M €€ Xapak-
Tep Ype3BBIYATHO YYBCTBUTEIEH K MaJIcHIINM M3MEHEHUSM YCIOBUIA
(ocBelIeHHOCTh paboyero MecTa, HyKJIeO(UILHOCTb PACTBOPUTEIS,
MPUCYTCTBUE B PAcCTBOPE aHMOHOB, TUIIA OJOBOOPraHUYECKOIO CO-
equHeHUs U T.11.). [lompoOHO MeXaHW3M TalloTeHIeMeTaUTUPOBAHUS
O-METaJlJIOOPraHNYECKNX COSIUMHEHMIA pacCMOTpPeH B IUI. 24.

23.6. CPABHEHUE OPTAHUYECKUX COEIVWHEHUN
HEIIEPEXOJIHBIX METAJLIJIOB
KAK INIEPEHOCYMKOB KAPBAHMOHOB

o-MertannoopraHuyeckre COeaMHEeHUs] UCIIOIb3YIOTCSl B OpraHu-
YeCKOM CHHTE3€ IVIaBHbIM 00pa3oM JIsl CO3[aHMSI HOBBIX CBSI3EN YI-
JIEPOA—YIJIEPO/ 10 MECTY HauOOJIblIeH 31eKTPOGUIBHOCTH (HAUMEHb-
1Iel 3JIEKTPOHHOM MJIOTHOCTH) UCXOMHOM MoJieKybl. Kak oTMeyanoch
B Hayvajie 3TOi TJaBbl, 3 (MEKTUBHBIMU TOHOPAMU aTKUJIbHBIX, aKe-
HUJIbHBIX U apWIbHbIX KapOaHMOHOB MOTYT OBITh JIMIIb COCIMHEHUS
LIEJTOYHBIX, LIEJOYHO3EMEIbHbIX METAIJIOB U JIIOMUHUSI, KOTOPbIC B
CBSI3U C 3TUM OBLIM Ha3BaHbl MepeHOCYMKaMu KapOaHMOHOB. Tak
Ha3bIBaeMbI «IIepeHOC KapOaHMOHa» MOXET MMETh KaK TIOJISIPHBIN
MEXaHU3M, TaK U MeXaHM3M, B KOTOPOM YUYaCTBYIOT pajuKajbl, a He
KapOaHUOHBI, HANPUMEP OKUCIUTEIbHO-BOCCTAHOBUTEIbHBII Mexa-
HusM SET (cm. pasmensr 23.1, 23.2, 23.3). Tem He MeHee TEPMUH «Ile-
peHoc KapOaHHMOHa» ILIMPOKO MCIIOJIb3YETCs, MOCKOJbKY 3TOT Tep-
MUWH COBEPLIEHHO HE CBSI3aH C TUIIOM Me€XaHMW3Ma, a XapaKTepusyeT
JIMIIB TOT (PaKT, YTO CBSI3b YIIEPOA—METaslI SBJSIETCS TOHOPOM CBOEH
9JIEKTPOHHOM Maphl, a 3JIeKTpouabHas MOJEKyJia cyocTpata — ee
aKLEMTOPOM.

AJIKUJIbHBIE, aJIKEHWJIbHbIE W apUJIbHbIE COEIUHEHMS TSXKEIbIX
METaJJIOB, HANpUMep PTYTU, TaIMsI, OJIOBA, SIBJISIIOTCS TIOXMMU
MOHOpaMM KapOaHUMOHOB, TaK KaK KaTMOHBI 3TUX METAIOB HUMEIOT
BBICOKOE€ CPOACTBO K KapOaHMOHaM (MSTKMM OCHOBaHUSIM Jlbiouca),
MO3TOMY MEPEHOC KapOaHUOHA K 3JEKTPODUIBHOMY YIJIEPOIHOMY
LICHTPY MOJIEKYJIbl cyOcTpaTta TepMOAMHAMUYECKU MEHEE BBITOICH,
YyeM B Cllyyae COCAVHEHUI JUTHUS U MarHusl.

OmHako M PTYTh-, M OJJOBOOPTAaHWYECKUE COCTMHEHUS B OTpee-
JIEHHBIX CTydasiX MOTYT ObITb JOCTaTOYHO 3(h(eKTUBHBIMU TE€PEHOC-
yuKaMu KapOaHMOHOB. [lJisl 3TOro mepeHOCUMbIii Ha OpraHUYecKuit
cyocTpar KapOaHUOH NOJKEH ObITh He aJKUJIBHOTO WM apUjibHOIO
THUIa, a 0oJiee CTAOMIIBLHBLIM; TOoraa rereposu3 cBsi3u R—Hg uau R-Sn
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Oyznet obseryeH. B . 3 (4. 1) B KauecTBe Mepbl CTAOUIBHOCTU KapOa-
HUOHOB MbI pacCMaTpMBaJId PaBHOBECHYIO (TEPMOAMHAMUYECKYIO) U
KMHEeTUYeCcKylo KucjioTHocTh CH-kucnor. MoxHo oxXuaaTbh, YTO YeM
MeHblie pK, kuciaorel RH, TeM MeHbllle OyaeT pasinunue Mexkay COOT-
BETCTBYIOLIMMU JIUTUI- WIX MarHUuii- 1 pTyTb- WIK OJOBOOPraHUYEC-
KUMU COCIUHEHUSIMU. DTOT BBIBOA OCHOBAaH Ha JOTMYECKOM 3a-
KJIIOUEHHWH, YTO €CJIM KapOaHMOH MMEET HYJIeBOE CPOICTBO K MIPOTOHY,
TO OH Oy/IeT UMEeTh HYJeBOe CPOACTBO U KO BCEM JAPYTMM KaTHOHAaM.
B camom gene, coenmueHust tuna R;SnCH,Z, B cocTaB KOTOpbIX
BxoaaT Takue Tpynmbl Z, kak CN, COR, COOR u 1.11., cTabuiausupy-
toiye KapoanuoHsl ZCH, myreM conpstkeHus (1. 3, 4. 1), MOTyT ObITh
WCIIONIb30BaHbl ISl OCYLIECTBICHMS TIpeBpallleHUil Tuma peakuuud Pe-
¢opmarckoro (cM. 23.5.1). Huxke npuBeneHbl HEKOTOPbIE MPUMEPHI:

Bu;SnCH,CN + C¢FsCHO — » C¢FsCH(CH,CN)OSnBu; — =

COO
(—PBZC6F5(|ZHCH2CN

OH

Et3SHCH2COCH3 + C(,HSCHO —_—

COOH
 CeHsCH(CH,COCH;)OSnEt; ~——%2 CoHsCHCH,COCH;.

OH

Et;SnCH,COOEt + CCl;CHO — = CCl;CH(CH,COOEt)OSnEt; — »

(COOH),
——>  CCKCHCH,COOEL

OH

B stux peakuwmsix nepeHocurtcst rpynmna CH,Z, a ve Bu unu Et,
T.. MMEHHO Ta TpyIlla, KOTOPOW COOTBETCTBYET HauboJjiee CUiibHas
CH-xucnora.

Ecnu opraHuyeckoMy oCTaTKy, BXOISILLIEMY B COCTaB PTYTb- WJIU
0JIOBOOPTaHWYECKOTO COEIMHEHMUS, COOTBETCTBYET HE OU€Hb CTAOUJIb-
HBIIA KapOaHMOH WJIM, €ClIM cyOCcTpaT, K KOTOPOMY HEOOXOAUMO IIpU-
COEIMHUTh KapOaHMOH, HEIOCTaTOYHO 3JEKTpOodMIeH, TO KapOaHU-
OHO-JIOHOPHYIO CIIOCOOHOCTbh METANIOOPTAaHUYECKOTO COEAMHEHUS
MOXHO TIOBBICUTb, WCIIOJIb3Ysl HYKJIeOo(UJIbHbIe N0OABKU, KOOPAU-
HUPYIOLIMECS C METAJIOM W YMEHbIIAIOIIME TEM CaMbIM CPOJICTBO
MeTajuia K KapbaHuoHny. s IUTUii-, MarHUi 1M aJlOMUHUNOPraHu-
YECKUX COEAMHEHMI, KaK TOBOPWIOCH BBIIIE, B KAUECTBE TaKUX 100a-
BOK Yallle BCErO MCIOJb3YIOT HUKIUYEeCKUE 3(UPBI, TIUMbI WA Tpe-
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THUYHbIE aMUHBI, a JIy4yllle XeJaTUPYIOLIMEe AUaMUHBI (HampuMmep,
TMBIA, pasgen 23.1). Dtu n00aBKM 0Ka3bIBalOT HYKJIEO(GUIbHOE
CONIEMCTBYE peaKIMM, IOHVXKas ee SHEPruio akTuparuu. i opra-
HUYECKUX COCIMHEHMUII METa/UIOB, KOTOpPbIC IPEACTABISIOT CO00ii
MsITKue KHUCIOTH JIblorca, Hanbonee 3(PpGheKTMBHBIMU HYKJICOMWIIb-
HBIMU KaTajiM3aTopaMmu OyayT Msrkue ocHoBaHusl Jlbrouca. Harpu-
Mep, o-MEepKypUpOBaHHBIE CYJIb(OHBI JETKO PaCIIEIISIOTCS BOAOIN B
MPUCYTCTBUU MOAUI-UOHOB, HO C TPYIOM pearupylor ¢ Oojiee CHJIb-
HbeIM sekTpodmiom HCI, Tak Kak XJIOPUA-UOH XYK€ KOOPIUHMPY-
€TCSl CO PTYThIO, YeM HMOIWIL:

C)

H,O
C¢HsSO,CH,oHeCl + 1 C¢H5SO,CH,HgPCl T ——»
— > (C4HsSO,CH; + HeCIT + OH®

J1s1 0JI0BOOPTaHUYECKMX COSAMHEHU — XECTKUX KUCIOT JIbou-
ca, HaoOopoT, Hanbojiee 3PMOEKTUBHBI KeCTKHUE (DTOPUI-HMOHBI.
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24.1. YXOJAIIAA I'PYIITIA

Peakuuu snektpoduabHoro anugatuyeckoro 3amelleHusi o0o-
3HAYalTCsI CUMBOJIOM S M B IPOCTEHIlIeM BapMaHTE OIMMCHIBAIOTCS
cxeMou

R-Z +E® —= R-E +7Z°,

rne E® — anekrpodunbHblii (371€KTpOHOAEDUIMTHBII) areHT, KOTO-
pbIii HeobsI3aTeIbHO JOJKEH OBbITh MOJOXUTEIbHO 3apsKEHHOM Jac-
tuuei (Hanpumep, H;0%), HO MOXeT ObITb TakXKe HEWTPaIbHbIM
(HgCly) unu gaxe orpuuarteiabHo 3apsekeHHBIM (R3;BXT). Vxopsias
rpynmna Z npu aeiictBur ET oTwIemnisieTcss B BUIE KaTMOHA; ClieI0Ba-
TeJIbHO, 3JEKTPODUIbHOE 3aMEllIeHUE XapaKTepHO MUIs1 TeX cybcTpa-
TOB, KOTOpPbIE COAEPXKAT YXOMSIIME TPYIIblI, CIIOCOOHBIE CYIIECTBO-
BaThb B COCTOSIHUM C HE3aIOJIHEHHOM BaJleHTHOM ob0osoukoii. K Takum
rpynmnaM OTHOCSTCS, MPeXae BCEero, MPOTOH M pas3iMyHble MeTall-
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cogepxaniue dparmenthl, Hanpumep: Z = HgCl, HgR, SnR;, AuR,,
PPh;. Takum oOpazoMm, peakiuu 3JeKTPO(UILHOTO 3aMElIeHUs Xa-
paktepHbl 11 CH-KHCIOT U MeTalIoOpraHUYeCKrUX COeIMHEHUIA.
OnHako B ONpeneeHHBIX CAYYasix B POJIU YXOASIIIMX TPYIIT MOTYT
BBICTYIIaThb U YMCTO OPraHWYECKUE OCTaTKM, KOTOpbIe MPHU OTLIEIIe-
HUU TIepeXoisT B cTabMIbHbIe KaTUOHbI. Hanpumep, n-HUTpobeHu -
a3orpymia MnpeBpaliaeTcsl B CTaOMIbHBIN KaTMOH #-HUTPOOECH30JI-
NMA30HMS, U TI0ATOMY MMEET MECTO Cledylolllee paBHOBECHE:

H,C CN
AMCO
H;C—C—C—N=N NO, =——=
60°C
HC CN
H,C CN
I} @
H,C CN

TpUMeTUILIMKIONPONEHUIbHASL TPyINa MpU OTLICTUIEHUU Mpe-
BpAlLlAeTCsl B apoMaTUYeCKUi (T.e. CTAOUJIbHBII) KaTUOH U MODTOMY
TaKkXKe MOXET UTPaTh POJIb YXOSIEH Tpynnbl B anudaTuyeckoMm
37eKTPOGUIBLHOM 3aMellleHUU:

CH,
CH B en ?N
3 —— A—C° + CH
NC—. e Ar ? + 3 @
A CHs CN CH;

CN

Euie oouH TUIT YMCTO OPraHMYECKUX YXOMSIIMX TPYIII MPEACTaB-
JITIOT TPYMIIBI, KOTOPbIe B MCXOMHOM CyOCTpaTe HECYT OTpuIaTelTh-
HbII 3apsi, HO OTLUEIUISIIOTCS B BUAE CTAOMJIbHBIX HEHTPAIbHBIX MO-
JIEKYJI, HarpuMmep KETOHOB:

'

| R\
R—C—v/(;@—> R—E *+ _>C=0

otk

E

Takue peakiiMd HOCST Ha3BaHUE AHUOHHOE paclyenienue W TPEACTaB-
JISIIOT CO0OM BaXKHBIN TUI BJIEKTPODUIBLHOTO 3aMEelLCHMUSI.
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24.2. MEXAHU3M PEAKIIUM
DIIEKTPOPUIBHOIO 3AMEIIEHUS

24.2.1. BUMOJIEKYVJIAPHBIE 1 MOHOMOJEKYJISIPHBIE PEAKITMN

ITo aHanoruu ¢ peakuusIMM Sy MOXKHO TMPEANOJOXKUTh, YTO K-
TpoWIbHOE 3aMELIEHUE OCYIIECTBISIETCSI UM MO OAHOCTAIUMHOMY
MeXaHu3My Sg2, WIN 10 IBYXCTaAuMHOMY MexaHu3My Sgl.

MCIJIEHHO
Spl: R-Z R® + 7
OBICTPO
R® + B2 ——> R-E; (24.1)
+
® ,’-Z
Sg2: R—Z+E <= |E%_R..7% um R\+]!5 —> R-E+Z° (242)

Ha nepBoii, menneHHON cTaguu MexaHu3ma Syl MpoMCXOAUT MOHU-
3aums ¢ obpasoBaHueM KapbaHuoHa R°. CienoBartesnbHO, TPOGIEMBI
Sgpl-MexaHu3Mma CBsI3aHbl C BOINPOCAMU CTPOEHHUS U CTaOMJIBHOCTHU
KapOaHMOHOB, KOTOPbIE YXe pacCMaTPUBAIMUCh B TJ1. 3 B CBSI3U C KUC-
notHocThio CH-cBs3ei B opraHnuecKux coefuHeHUsIX. OUeBUIHO, YTO
CKOpOCTh Spl-peakumii Bo3pacTaeT ¢ yBEIMYCHUEM CTAOMIBHOCTHU
KapOaHMOHA.

MexaHusm Sg2 xapakTepeH ISl IIUPOKOTo Kpyra MeTaJlJIoOpraHu-
yeckux cyoctpaToB (pasmen 24.4), a TakKe WIS 3J1eKTPOMWILHBIX pe-
aKLMI aJKaHOB B CYIEepKUCbIX cpenax (pasaen 4.10, 4. 1). B aTom ciry-
yae CKOPOCTh PEaKLMM 3aBUCUT HE TOJILKO OT MPUPOAbI CyOCTpaTa, HO
U OT TIPUPOIHI 3JIEKTPOGUIBLHOTO peareHTa, B YaCTHOCTH OT €TO 2JIeK-
TpodunbHON cuibl. CrenyeT ykaszaTb, 4YTo ypaBHeHUs1 (24.1) u (24.2)
SIBJISTIOTCSI JIMIIb OYEHb YIIPOLIEHHBIMU cXeMaMu Spl- u Sp2-peakumii;
Ha caMOM JieJie 3TU CXEMBI JOJDKHBI BKITIOUaTh HE TOJBKO CyOCTpaT U
3JIEKTPOGWII, HO W HYKJICODWIbHBIE YAaCTUIIBI, POJb KOTOPBIX B S
peakLMsIX Ype3BbIUAMHO BeIMKa. YUyacThe HYKICO(PUIbHBIX YACTUL] B
3JIEKTPOPUIBHBIX PEaKIINSIX TTONMYyYMIO Ha3BaHUE HYKACOPDUAbHO2O CO-
deticmeus (cM. pazaen 24.2.3). Tem He MeHee Ha MEPBOUl CTaAUU U3yUe-
HUS 2JIEKTPOGWILHOrO alndaTUYeCKOro 3aMelleHUs MPUBeIeHHbIE
VIIPOIICHHBIE CXEMBI TIPEACTABIAIOTCS TIOJE3HBIMUA, B YaCTHOCTH IS
MEePBUYHOIO aHaju3a CTEPECOXMMMU PEaKLIUd.

24.2.2. CTEPEOXUMNS DJEKTPOO®UIBHOI'O 3AMEIIEHUSA

CTepeoXMMMYECKUM pe3yabTaToOM peakuuii Sgl, uayimx ¢ obpa-
30BaHUEM CBOOOJIHBIX KapOaHMOHOB, B OOJILILIMHCTBE CAy4aeB Teope-
TUYECKH JOJIKHA OXKMAAThCS palieMu3alus. DTO CBSI3aHO CO CTPOSHU-
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eM KapOaHnoHOB. OOBIYHO SEl-MexaHM3M XapakTepeH IJis cyocTpa-
TOB, JaMOIIUX OTHOCUTEIBbHO CTaOMIbHbIE KapOAaHUOHBI, a TaKMe Kap-
0aHUOHBI, KaK MPaBUJIO, COAEPXKAT 2JIEKTPOHOAKIETOPHBIE TPYIIbI
tuna COR, COOH, NO,, CN, Ph, CH=CH, u T.m1., cnmoco0Hble K
CONPSIKEHUIO C HEIOJEJeHHOI 3JIeKTPOHHOI Mmapoil KapOaHUOHHOTO
LeHTpa. BeaencTBue compsikeHUs] OTPULIATEIbHO 3apsKeHHBIM aToM
yrjaepojaa MpuoodpeTaeT IJIOCKYI0 TPUTOHAJIbHYIO KOHGUTIypaluio, 1
00€e CTOPOHBI TJIOCKOCTU PABHOMOCTYITHBI [JIsI aTaku 3jeKTpodusa
Ha BTOpoli ctaguu. [IpumMepoM siBiisieTcss OEH3UIbHbINA aHUOH:

® ©

Z _z° b .
<> a/ .

m-KapOaHHOH

E

a
;:; /’b
a
E

(pauemmusarus)

—_—

Ecmm obpasyercst kKapOaHWOH, He COmEpKaIlil T-CBSI3eid, HaIrpu-
Mep aKWJIBHBIN, TO, KaK yKe TOBOPWIJIOCH B IUI. 3, OH MMeEET He TUIOC-
KYI0, a TTMpaMUIAIbHYI0 KOH(PHUTYpaInio, OJHAKO MUpaMHuIa OBICTPO
nHBepTUpYyeTcs (T 3, 4. 1), 94TO Takke TMPUBOOUT K palleMU3aLIVN:

a a 3
_Z® @ EG.) 4
PEPIIELR ¢ -
b-~ b
¢ ¢

C

ObICTpast
HHBEPCHs

a ® a
A
C C J

G-KapOaHUOH

> pareMH3amys
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M Tonabko B TOM ciyyae, eciu KapOaHMOH KOH(MUrypaluoHHO
YCTOMUYMB (T.e. UHBEPCUS TTUPAMUABLI UACT MEIJIEHHO), MOXHO OXH-
JaTh YaCTUYHOE WJIM IIOJIHOE coXpaHeHue KoHdurypauuu B Sgl-pe-
akmuax. K KoHGUTYypallmOHHO YCTOWYMBBIM OTHOCSTCS LIMKJIOTIPO-
MUJbHbIE U BUHWJIbHbIE KapOaAHMOHBI, a TaKXXe MOCTUKOBBIE OM-
LUKINYECKUE CTPYKTYpPbl C OTPULIATENbHBIM 3apsjaoM Yy aToMma
yriaepozaa B rojiope Mocta. OTMETHM, YTO TIOCJIEIHUE JIETKO BCTYyIla-
10T B Sgl-peakuuu, torga kKak peakuuud Syl y atoMma yriepona B
roJIOBE MOCTa UAYT OYEHb TPYAHO (CM. IJ1. 9, 4. 2), MOCKOJbKY Kap-
OOKATUOHBI 0042CHbl ObIMb TNIOCKUMU, a KapOAHUOHBI Mocym Obimb U
HEIUIOCKUMMU.

CylecTByeT TakKe TPYIIa XMPaTbHBIX KapOaHWOHOB, CTaOWIIN-
3UPOBAHHBIX COCETHUM aToMoM ocdopa MM cepbl, KOTOPHIE KOH-
(UrypaliioHHO YCTOWUYMBBI, HaIllpUMeEp:

R o
| Il (xoHbur
e _h yPaLMOHHO
ArSO,—C Ar I|) @ (|:® YCTONYMBBIE XUPATbHBIE
1% R KapOaHMOHbI)
©

Sgl-peakuuu ¢ yyacTueM TakuxX KapOaHMOHOB MPOMCXOASIT C cOXpa-
HeHMeM KOH(UTYpaluu.

ITpoBeneHHBII HAMM TEOPETUYECKUII aHAIU3 cTepeoxumMuu Sgl-
peakunii He SBISIETCSI TOCTATOYHO TIOJHBIM, TMOCKOJBKY B HEM CO-
BEpIICHHO UTHOPUPOBAINCH BIUSHUE PACTBOPUTENS W POJTb MOHHBIX
ap, a Bce BHUMaHUe OBUIO CKOHILIEHTPUPOBAHO TOJIBKO Ha CTPOSHUU
KapOaHUOHOB.

DKCIepUMEHTAJIbHbIE JaHHBIC TTOKA3bIBAIOT, YTO Jaxke B cayvyae
IUTOCKUX KapOAaHMOHOB palleMM3aliis Heobs3aTeabHa. Tak, aHMOH-
HOE€ pacllleTuIcHHe aJKOKCHIOB MOXET IPOMCXOAUTL C COXpaHEeHU-
eM, paleMM3alreil uinm obpaileHueM KOoH@uUrypauuud B 3aBUCHMO-
ctu ot pactBopureist (. Kpam, 1968). B npuBeneHHON HUXe peak-
LIMM TiepBoro mopsaka tumna Spl ydyacTByeT IJIOCKM KapOaHUOH
OCH3UJIbHOTO THUMA:

R Me AH Me
Me\‘D LYo S | o
Ph'/ (|:_ ~ > > Ph_(I:_H + A
Et R Ph  Et Et

(AH = criupThl, IIMKOIN)
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B 3aBucuMoOCTH OT pacTBOpPUTESl IPOAYKT peakuuu, 2-heHunoy-
TaH, MOXeT obpa3oBaThcs Ha 99% c coxpaHeHHeM KoHdurypamuu (B
HEeMOJISIPHBIX cpenax), Ha 60% — c obpalleHreM KoHpUrypauuu (B
MPOTOHHBIX PACTBOPUTEJISIX) WIM C MONHOM pauemusauueii (B IMCO).
B HeroHU3UpPYIOLIMX HEMOJSPHBIX pacTBOPUTENSIX (OeH30J1e, TMoKca-
He) aJKOKCHUI-MOH CYILECTBYeT B BMIE KOHTAKTHOW WMOHHOM Maphbl,
COJIbBAaTUPOBAaHHOU MoJjiekynoit HA:

H—A
@I - 1 @ 1\/[e
Me (l) M 5 Me
- = ---H—A ——>
AR Ph’
Ph Ph Et E
Et
| COXpaHEHUe
CR,

B xone pacuierieHrst IpOToH MoJieKyJibl HA coibBatupyeT KapOaHMOH
¢ (bpOHTAILHOM CTOPOHBI, U MO3TOMY KOH(UIYpaLMs COXpaHSeTCs.

B npoTOHHBIX pacTBOpUTESX (HANpuMmep, AUITUIEHIVIMKOJE
HOCH,CH,0CH,CH,0H) kap6aH1OH COJbBaTUPOBaH C (ppOHTAIb-
HOM CTOPOHbI YXOHSIUENH TPyMIoi (KETOHOM), M IO3TOMY MOJIeKyja
HA (pacTtBopuTesb) MOXET COJbBAaTUPOBATh €r0 TOJBKO C ThLIbHON
CTOpPOHBI. B pe3ysibrare B 3HAUUTEJbHON CTENIEHU MPOUCXOAUT NHBEP-
cusi KOH(pUTYypaLUU:

S
Me ?--H—B"M@ Me Q Me
Ph,}fa{2 — A—H---d%}---CRZ — H4<\Ph
pazjiesieHHasi pacTBOPHU- HWHBEpCUs

TEJIEM MOHHAA I1apa

B nonspHbix anpoTtoHHbIX pactBopuTtensx (AMCO) kapbaHuoH
WMEET OTHOCHUTEIbHO OOJIbIIOE BpeMs XKM3HU: OH CUMMETPUUYHO
COJTbBATUPOBAH M PABHOMOCTYIIEH aTake C 00EMX CTOPOH TLIOCKOCTH,
Mo3TOMY HaOJIoaeTcsl MoJiHasl palieMu3alius.

ITonoOHast kapTuHa (B HEMOJISIPHBIX PACTBOPUTENISIX — COXpaHe-
HHUE KOHUTYpalMK, B alPOTOHHBIX — palieMU3alys, B IPOTOHHBIX —
CoXpaHeHue) HabJonajach Takke W B JIPYrux peakuusx Sgl-Tuna,
Harpumep B Kataau3upyemMoM ocHoBaHMsiMU (B™) mzotonmHoMm oOMe-
He Bogopoaa B CH-kucnorax (cMm. 24.3).

Takum 00pa3zoMm, CTEpEOXMMUYECKUM pe3yabraToM Sgl-peak-
LM MOXET OBbITh MOJHAasl palleMMU3alMsl, MOJHOE COXpaHEeHUE WU
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3HAYUTE/IbHAS UHBEPCHUS, TIPUYEM BTOT Pe3ybTaT 3aBUCUT HE TOJBKO
OT TEOMETPUM U KOH(UTYPAMOHHON YCTOMYMBOCTU KapOaHMOHA, HO
1 OT TUMA U MOJSIPHOCTU PACTBOPHUTES.

Tenepn nepeitneM K pacCCMOTPEHUIO CTEPEOXMMUU peakuuil Sg2,
OCHOBBIBasich Ha TipocTteiiiieit cxeme (24.2). Kak yxe oTmeyanoch B
. 9 (4.2), B oTaMuue OT Sy2-peakuuil, KOTopble MO OpOUTATbHOMN
CHUMMETPUMU paspellieHbl MpU aTake HyKJIeoduaa ¢ ThlIa M 3ampele-
Hbl NpU (HPOHTATBHON aTake, peakluu Sg2 He 3ampelleHbl HU TpU
(bpoHTaANIbHOI, HU MPU THIJIOBOH aTake ajeKkTpoduia. Tem He MeHee
TEOPETUUYECKN HECKOJIbKO 0oJiee MpeanouTuTeIbHa (hpoHTaIbHasI aTa-
Ka, MOCKOJNbKY ayekTpopun atrakyer B3MO cBssu C-Z, a mjioT-
HOCTb 2TOH OpPOUTAIM KOHLEHTPUPYETCSI B OCHOBHOM B MEXbsAep-
HOI objacTu:

Oc 290 el p 1

5_
(poHTaTbHAsA aTaka TBHLUIOBAS aTaKa

DpoHTanbHAas aTaka COOTBETCTBYET TpexueHTpoBoMy (1), a ThutO-
Basi — JimHeiiHoMy (II) mepexogHOMY COCTOSIHMIO; B MEPBOM Ciydyae
CTEPEOXUMUUYECKUM pe3yIbTaTOM OyIeT COXpaHEHUE, a BO BTOPOM —
WHBEPCUSI KOH(MUTYpaluM YIIEPOJHOrO LIEHTpA:

>C- -7 N
- / \+,7 (coxpaHeHHe) E--C--Z (unBepcHs)
E

’
’

M (10

[Monagnsioliee GOJBLIMHCTBO peakLMil 2J1eKTPOGUIBHOTO 3aMe-
LIEHUSI BTOPOTrO MOpsAKa MPOUCXOAUT C COXpaHeHMEM KoHdurypa-
uuu. Tak, a1eKTpoduIbHOE 3aMellleHe BTOPOro Mopsiaika O4eHb Jier-
KO MPOMCXOAUT Y aTOMOB YIjiepoja B IOJOBe MOCTa MOCTUKOBBIX CH-
cteM. Jlerko mpoTekalT Takxke Sp2-peakuuyd B HEOMEHTUJIbHBIX
cyocrpatax (CH3);CCH,Z, koTopbie B Sy2-peakiusix pearupyroT uc-
KJIIOUUTEbHO MEUIEHHO M3-3a MPOCTPAHCTBEHHbIX MPEMSITCTBUI ThI-
JIOBOW aTake.

W3BecTHbI, ogHaKo, MpUMepbl 00pallleHUs KOHMUIypaluu, 4To
CBUIIETENLCTBYET 00 aTtake ¢ Thula. Hampumep, onTuyecku aKTMBHOE
6mop-OyTWITPUHEONEHTUIONOBO MPU 00paboTKe OPOMOM JaeT MH-
BEPTUPOBAHHBIN 6mop-0yTUIOPOMULI;
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emop-C4HoSn(neo-CsHy(); + Br, ——= émop-C4HgBr + (#eo-CsH;{)SnBr.
MHBEpPCUST

[MpmumHa WHBEPCUU, TTO-BUANMOMY, COCTOUT B TPOCTPAHCTBEHHBIX
MIPEIISITCTBUSIX CO CTOPOHBI TPeX 0OBEMUCTBIX HEOTIEHTWILHBIX TPYIIIL.
TpexiuieHTpoBOE MepexonHoe cocTosiHue | B ropasno OoJbliueil cTene-
HU YYBCTBUTEJIPHO K BIMSHUIO 3aMECTHUTEJICH B YXOISILIEH TpYIIIe,
yeM JMHelHoe nepexoaHoe coctosiHue I, B kotopoM E u Z ynaneHbl
IPYT OT IpyTa, U BCICACTBUE MPOCTPAHCTBEHHBIX TIPETISITCTBUI CTPYK-
Typa Il craHOBUTCST 3HepreTHYecKn OoJiee BHITOMHON IO CpPaBHEHUIO
¢ I. O6pamenue KkoHgurypaunu npu oOpadboTKe rajoreHaMu HaOJIIo-
JaJIOCh TakKe JJIsSi MHOTHUX JPYTUX MEeTaJJIOOPraHUYECKUX COEIUHEe-
Huil (cMm. paznen 24.4.2.6), Torna Kak psii COEAMHEHUI pearupyer C
coxpaHeHNeM KOH(MUTYpaIIu.

24.2.3. HYKJIIEO®UJIHLHOE COIEVICTBUE

[Ipu npoBeneHun Sp-peaxkiiuii B pacTBOpax HEOOXOIUMO YUMUThI-
BaTh MPHUCYTCTBUE TeX WM MHBIX HYKICOMWJIBHBIX YaCTUIl, KOTOPbIE
He BXOIAT B MpocTeiiline (opMalu3oBaHHbie ypaBHeHUsS (24.1) u
(24.2), HO TeM He MeHee OKa3bIBalOT 3HAUMTEJbHOE BIMSIHUE HAa CKO-
pOCTb MU MeXaHu3M peakuuii. TakumMu HyKJeoDuiaamMud MOTYT OBITb:
(1) «<BHyTpeHHMIT» HyKJIeoduyn Nu~, BXOASIIWI B COCTAB 3JEKTPO-
misHoro arenrta E-Nu (manpumep, CI- B HgCl, (E = HgCIl"), Br B
Br, (E=Br"), nsa anrona I" B I3 (E=1%) uT.1.); (2) MOIEKYJIbI HYK-
JneogunabHOro pactBopurtenst (auokcaH, cnupthl, IM®A, JIMCO
UT.A.) U (3) «<BHELWIHUI» HYKIeo(pUI, ClelralbHO H00aBIsIeMbIil B
pacTBOp IS YCKOPEHMST peakuuu (Harmpumep, OCHOBAHUS [UISl TTOJIy-
yeHus: KapbaHuoHOB M3 CH-KMCIOT Wau A OCYIIEeCTBICHUST aHU-
oHHoro paciueruieHus csizeit C—C). [TonHOCTbIO M30€XaThb BAMSHUS
HYKJIeO0(UIOB yaaeTcs JUllb B peakux ciaydasx (pasgen 24.4.1.a) u
TOJIbKO B TaKUX YCJIOBUSIX ypaBHeHus (24.1) u (24.2) mpuMeHUMbI
0e3 KaKuX-JIM0O ITOMpaBoOK.

Oco00eHHO YyBCTBUTENIbHBI K MPUCYTCTBUIO HYKJIEO(DUIOB METALIO-
OpraHu4ecKue COeAUMHEHHs, B KOTOPbIX MeTasll, KakK IMpaBUiIO, KO-
OpPIMHALIMOHHO HEHACHIILIEH U JIETKO paclIUpsieT CBOX KOOPAMHALIM-
OHHYIO cepy MyTeM BKJIIOUEHUS B Hee HyKieoduaa. DTO MPUBOIUT K
[JIYOOKUM XMMUYECKUM ciencTBUsIM. [1ocKoIbKY mprucoeaMHEeHUE HYK-
Jeoduwna yBeIUUYMBaeT JOHOPHYIO CIOCOOHOCTh MeTajla, MOJKHA
o0yileryatbcsl MOHM3ALMS CBSI3U YIJIEPOI—METII, UYTO CIIOCOOCTBYET
YBEJIMUEHUIO CKOpOCTU S -peakiuuii. [1o 3Toit ke MpUIMHE MPUCOSI-
HeHue Hykieoduaa nosbiaeT sHepruio B3MO cBsizu C—-merasui, uto
CIMOCOOCTBYET €€ B3aMMOJEHCTBUIO B OMMOJECKYJISIPHBIX peakiusX ¢
ajiekTpodwiaMu. Takum obOpazoMm, H00ABKM HYKJIEO(UIOB, CIOCOO0-
HBIX KOOPAMHMPOBATHCS C aTOMOM MeTasla, HOKHBI YBEJIMYMBATh
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ckopocTh Kak Sgl, Tak u Sg2-peakuueit. O1or 3¢h@eKT Ha3bIBaeTCs
HYKAeOpUAbHBIM codelicmeuem SEKTPOGUILHOMY 3aMelleHn0. MoHo-
MOJIEKYJISIDHBIE peaklUU C COAEMCTBMEM O0O03HAYaloTCsl CUMBOJIOM
SEgl(N), a OMMOJIEKYJISIpHbIE ¢ BHYTPEHHUM COAEHCTBUEM — CHUMBO-
JoM Spi. MexaHuam Sgi XapakTepusyeTcsl YeThbIPEeXLIEHTPOBBIM Tepe-
XoIHbIM coctosiHueM III, B koTtopom oOpaszoBaHue cBsazeit C-E u
M-Nu u paspsiB cBsizeit E-Nu u C—-M npoucxoisiT COriacoOBaHHO,
T.€. B OOJIbLIEH WJIM MEHbIIEH CTeeHM CUHXPOHHO. CXeMbl MeXaHMU3-
MOB Sgl(N) u Sgi MOXHO TIpeACTaBUTh CIICAYIOIIMM 00pa3oM:

BHICTPO e
Spl(N): R-M + N© =—= R-M-Nu
o
R-M-Nu 220 1O 4 MNu

OBICTPO
RO p@ 2RO p E

(BHeIIIHEE COACICTBUE)

[0
wm: R—M+E—Nu s R—l\l/le
E—Nu®
R—IYI © MEJUICHHO I? 1\|/l
E—Nu® E—Nu®
© ® 6EICTPO

R "+ ENuM— R—E + MNu

(BHyTpeHHE® COIEHCTBHE)

Sgi:  R—M R--M R l\l/[
1 1 —— +

1 1 |
E--Nu E Nu
(111)

+ —~

E—Nu

(E-Nu — peareHT, cocrosimuuii U3 sjnekrpoduiabHoit, E, u Hykieo-
¢unbHoOI, Nu, yvacteit).

Hykneodun mMoxer KaTanu3mpoBaTh TakxkKe peakluu Sg2, Koop-
JUHUPYSICh TOJIBKO C METa/UIOM, HO HE C 3JIeKTpOdUIOM, HarlpuMep:

o

© =—= R—M—Nu:

R—M + Nu
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©
R);M—Nu — > R + M—Nu |

g® E

Takue peakuuu HasbiBaloTcsa Sg2(C) (T.e. Sg2 ¢ KoopauHalueit),
OITHAKO BCTPEUAIOTCSl TOpas3no pexke Sgl-peakiimii.

B peakuumsix Spi-KoHdurypauust aromMa yriepojaa J0JKHa coxpa-
HThCA. [103TOMY Takue peakKlMi 3KCIePUMMEHTAIbHO OYeHb TPYIHO
OTJIMYUTD OT Sp2-peakiinii ¢ GpOHTAIbHOM atakoil. B cBsI3M ¢ aTMM
BOIIPOC O TOM, YeM OOYCJIOBJICHO COXpaHeHUEe KOHGUTYpalluM, Ha-
OJtonaBlieecss B OOJBIIMHCTBE OMMOJICKYISIPHBIX peaKIldii MeTaJlIo-
OPraHMYEeCKUX COCIUHEHU, — OPOMTAIIBHON MPEeaIIOYTUTEIHLHOC-
ThbIO (DPOHTAJIBLHOM aTaKy WJIM KOOpAMHAIIMEH HyKiIeoduia B mepe-
XogHOM cocTostHuM 111, — Bo MHOTHX clly4asix 10 KOHIIa BBISICHUTH
He yaaercs.

B 3akiroueHue MpuBeAeM CBOAKY OCHOBHBIX MEXaHU3MOB 3JICKT-
podumibHOrO anMMaTUYecKOro 3aMelleHUss U OXMIAeMblil CTepeo-
XMMUYECKUI pe3ysbTaT peakiiMii, IpOTeKaoIIUX 0 JaHHOMY Mexa-

HU3MY.
MexaHusm Crepeoxumus

SEl mobast (paueMu3salius, Wil COXpaHEHMHeE,
SEl(N) WIN UHBEPCUSI B 3aBUCUMOCTHU OT CPEIbI)
SE2 (¢ dpoHTanbHOI aTakoi

E. (c bp ) COXpaHeHUe
Sgi

SE2 (C TBUIOBOI aTakoif) oOpaileHue

24.3. PEAKIIUM CH-KHUCJIOT

Ecnu B peakuusix a1eKTpopUIbHOTO 3aMelLeHUST YXOISIIEeN rpyI-
TOi SIBISIETCS] BOAOPO/, OTILETUISIONINICS B BUAE MPOTOHA, TO TaKue
cyoctpathl HasbiBaloTcsa CH-kucinoramu. BaxHoil peakuueil siBjisieT-
csl uzomonublil 00MeH 600opoda, KaTaau3upyeMblli OCHOBAHUSIMU:

MEJIEHHO DB

R-H + B-
DB (24.3)
R-D + B- (90%)

(narpumep, B®=ND,°, DB =NH; xuznk.; B®=7-Bu0O°, DB=1t-
BuOD, pactoputens AMCO; B° = DO®, DB = DOD, pactBoputesb
D,0 uTa).
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DTa peakius LIUPOKO HUCIMOJb3YeTCs, BO-MEPBBIX, ISl CUHTE3a
JNeUTepUPOBAHHBIX COEAMHEHUIi, a, BO-BTOPBIX, JJISI OMpPEAcTICHMUS
KMHETUYeCKOl KuciaoTHocTu ciabbix CH-kucnot (1. 3). MexaHusm
3TOM 00paTUMOI peakiuu oTHOocuTcs K Tuny Sgl(N), Tak KaKk B Me/l-
JICHHOW CTaauy MPOUCXOAUT mepeHoc mpoTtoHa oT CH-KuciaoTsl K
ocHoBaHuI0. [To-apyromy Takoi MexaH13M Ha3bIBAIOT #POMOPUALHBIM,
MOCKOJIbKY OCHOBaHHE aTaKyeT aToM Boaopona U (aKTUYeCKH IIpo-
HUCXOIUT Sp2-peakiiusi y BOJOPOJHOTO IIEHTpA.

Peaxiius (24.3) OTHOCUTENBHO JIETKO OCYILIECTBIISICTCS ISl JOCTa-
TOYHO KUCJBIX MTPOTOHOB, HANPMMEP HAXOMSIIUXCS B O--TIOJIOKEHUM K
KapOOHWILHOM rpyrine. B aToMm cilydae MOXXHO JaKe MCII0JIb30BaTh Ta-
Kue CJIAO0OCHOBHBIE CUCTEMBbI, Kak, Hanpumep, EtsN (katanuzaTtop)-
D,0 wnu CH;0D (pactBoputenb). OgHako mJisl AeHTepUpOBaHUS al-
KaHOB M LIMKJIOATKAHOB MCITONB3YIOTCSl CYTIEPOCHOBHbBIE CHCTEMBI TUTIA
KND,/ND; (kunk.) nimu IMSO/t-BuOK/#-BuOD.

Hpyroii BaxXHOI peakluel SIBISIETCS Muepauus O0B0UHbIX cesa3ell
MpU ACUCTBUM OCHOBAHUI Ha aJIKEHbI, TAKXKE OCYIIECTBISIONIAsCS
mo MexaHusmy Sgl(N):

S)
f—)%
R-CH,-CH=CH,; + B ———> R—CH=—=CH==—CH, ———>
BH® HB® -B

—> R-CH=CH-CHj;

Murpaunm CrocoOCTBYET BO3MOXKHOCTH COTIPSIKEHUST HOBOM JBOIA-
HOI CBsI3U ¢ apomaTuyeckuM KosiblioM (R = Ar) wiau ¢ nBoiiHoM
cBia3bio (R = CH,=CH-). B mecTuwieHHbIX IMKIaX 9K30LUUKINYECKast
JIBOMHAs1 CBSI3b, KaK TPaBUJIO, MPEeBpallaeTCs B dHAOLUUKINYECKYIO:

CH;
+ B E—

B nocaenHeM v apyrux ciay4dasix 1eicTByeT npasuio 3atiuesa (cM. 1. 10,
4. 2), T.e. ABOWHAs1 CBSI3b MUTPUPYET K TOMY aTOMy Yrjaepoja, KOTo-
PbIA COAEPXXUT HaMMEHbIlIee KOJUUYECTBO aTOMOB Bomopoaa (KOHIEe-
Bble aJIKEHbl MpPeBpallaloTCsd B HEKOHILIEBbie). MUrpauuio ABOMHBIX
CBSI3€l HA3BIBAIOT TAKXKE HPOMOMPONHOU NepecpynnupoBKol.

TpoiiHble CBSI3U TakKe CIIOCOOHBI MUTPUPOBATh, HO Yyepe3 odpa-
30BaHUE aJUICHOBOIO MHTepMeauaTa:
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S}
— © BH®
n R CH=—=C=CH == R-CH=C=CH
—BH (aruten) -B

R—CH,—C=CH

=== RCH=C=CH, == RC=C—CHj .

Ecnmu ocHoBanue B He oueHb CUIIBHOE, KOHIIEBBIE aJKUHBI Mpe-
BpAaIlalOTCsl B HEKOHIIEBHIC; OIHAKO €CJIM OCHOBaHWE OYEHb CHUJIBLHOE,
TO, Ha0OOPOT, AJIKWHBI ¢ HEKOHIIEBOM TPOMHOI CBSI3bIO IpeBpaliia-
I0TCSI B KOHIIEBBbIe (TepMUHAJIbHbBIE) COSIMHEHUSI, TaK KaK paBHOBE-
CcHe CIOBUTAeTCS 3a cueT o0pa3oBaHMs alleTUJICHUI-MOHA:

S
/—}%
RC==C==CH, =——>=

xe
R—C=C—CH; + B—M

©)
R—C=C=CH, R-CH=C=CH
©) NS
R-CH=C=CH RCH,—C=C M |

(nanpumep, B® =NH,CH,CH,CH,NH®)

[lo aHajlOrMYHOMY MEXaHU3MY TTPOMCXOAMT KaTaJIu3upyemasi oc-
HOBAHUSIMH eHoAu3auus KapOOHWIbHBIX COSIUHEHWI M OCYIIEeCTBIIS-
eTcsl Kemo-eHoavHass maymomepus (ri. 17).

Ecim cBs3p CH mocTratodHo Kucasi, TO B TIPUCYTCTBUM OCHOBA-
HUI BOZOPOL JIETKO 3aMeIIaeTcss Ha OYeHbh MHOTHE TPYIITBL. DTH peak-
WU OTHOCATCS K TUIYy Spl(N) m XapakTepHbI 1T KapOOHWUIIBHBIX U
B-muKapOOHMIBHBIX coenMHeHui. Hike TpuBeaeHbl HEKOTOPBIE TTPU-
Mepbl, UMEIOIIME CUMHTeTUYECKOe MpUMEHeHUe (CM. Takxke I 17).

Couemanue ¢ coaamu OUa30HUs

_CH, AN
[ [ ~BH® | |
0] )
—C=0 —C=0
e - >
—C-CH-N=NAr —C-C=N—NHAr
0 0O
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Humpo3suposanue kapOoHUAbHBIX cOeOUHeHUll

B
“ e ]

O-HUTPO30COCINHCHUEC

B
RCH,~C— + HNO, —— >
I —BH®

— R—?H—C— —> R—C—C=0
O=N O N—OH

O-TUAPOKCUJITMMHUHO-
COCIMHEHNEC

[Ipamoti cunmes anrugpamuueckux ouazocoedunenuii u3 P-ouxapbo-
HUABHBIX COeOUHEeHUll U MOo3uaa3uda

—(|Z=O B —(|?=O ® O
_ b 5 + N=N—-—N—Ts——>
—ﬁf—CHz BH —C—CHe TO3HIIA3H
J (”) (Ts =n-CH;C4H,SOy)
_|C:O —(|j=0
- >
—> _ﬁ:_c H Yﬁ—TS _%_C:g:g + TsNHe
0 N}:N 0 BH
TSNH2 + B

Bce mpuBeneHHBIC B 3TOM pasesie peakilMy 3aMelieHus] BOI0PO-
Ja B MPUCYTCTBUU OCHOBAaHUN OTHOCATCSA K Spl(N)-Tumy, mpuyem
N — s10 ocHOoBaHMe bpeHcrena, T.e. akilenTop MHpoToHa. Peakiiuio
3aMelleHUsT BOJOPOJA B aJIKaHaX IO MeXaHu3My Sg2 yaaeTcss Habo-
JIaTh JIMIIb B OKCTPEeMaJIbHBIX YCIOBUSIX B CYNMEPKUCIbIX cpenax. Tak,
MeTaH OOMeHUBaAeT BOIOPO/ 110 Sz2-MeXaHN3MY, BKIIOUYAIOLIEeMY aTaKy
nporoHa (uau aeutepoHa) 1mo cBsa3u C-H ¢ oOpaszoBaHueM HOHa
metonust (CHs") B mepexomHOM COCTOSIHMM (MM, BO3MOXHO, B Ka-
YyecTBE MHTEpPMEAMara, NMockoiabKy noH CHs' Obu1 3aduKcUpoBaH B
MacC-CIIEKTpax):
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CH;—D + H®

CH;—H + D®

(-3)1L 3

CH;® + HD

HMoH MeTOoHMSI MOXET pa3jiaraThCs IO TPeM ITyTsSIM: TEePBbIA MpH-
BOIUT K UCXOAHBIM COCAMHEHUSIM, BTOPO — K IMPOAYKTY BOIOPOI-
HOro obmMeHa, TpeTUil — K 0Opa3zoBaHMUIO METUJIbHOIO KaTMOHA U
MeUeHOII MoJjieKybl Bogopoga HD. MeTui-kaTuoH HEyCTOMYNUB B yC-
JnoBusix peakunu. OH MoxXeT cHoBa npeBpatutbesl B CHy unu CH3D,
KakK MoKa3aHO Ha CXeMe, WIM Ke MpopearupoBaTh C APYTUMU MOJe-
kynamu CHy, maBast yCTOMYMBBIN mpem-OyTUIbHBIA KaTHUOH:

® M A
cHP ¢ CH, == H,C{0, <= HC-CHi®] === CHyCH) + 1,
~CH; H
| o

® ® H M
(CH3),CH = CH,CH,CH; === |®CH,-CH,CH; === H;C< (@,

H “CH,CH;
f an
JH H. H g ®
Hy (<9 == |@>CH,CH(CH;), == CH,CH(CH3), === CH;C(CHs),
“CH(CHjy), H” (yctoituuB)

B pesynbraTe 3TOM peakiy MPaKTUYECKU BECh B3SIThIA METaH B
KOHIIE KOHIIOB, IIPEBPATUTCSI B BOIOPOI U mpem-OyTUI-KaTUOH, I10-
3TOMY MCIIOJIb30BaHUE CYNEPKUCIOTHI IJIs1 IIPemapaTUBHOIO IOJIyde-
HUS JeiiTepoMeTaHa 3aTPYIHUTENIbHO M TaKue IPOAYKTHI ITOJIYy4aloT
[JIJAaBHBIM O0pa30M JIJIsI BbISICHEHMSI MEXaHUM3MOB peakuuii. B cymep-
KUCJIBIX Cpeliax CKOPOCTh 0OMEHA BOIOPOIA B PA3IMUHBIX ITOJIOKECHU -
SIX aJIKAHOB YMEHBILIACTCS B PSiIy TPETUYHbINA > BTOPUYHBIIM > ITEPBUY-
HBIA. DTOT Psi COOTBETCTBYET OXUAAEMOMY ISl Sr2-peakiuu ¢ ppoH-
TaJlbHOI aTakoit (cM. pasnen 24.2).

24.4. PEAKIINY METAJUIOOPTAHUYECKHX
COEJMHEHUU

MerannoopraHuyecKre COeIMHEHUsS, COAepXKalllie G-CBSA3b YIJe-
pOI—MeTaJll, ChITpaIM TaKylo XK€ KIIIOUEBYIO POJIb B DKCIIEPUMEHTAITb-
HOM MCCJIEIOBAHMHM MeXaHU3Ma Sp-peakiini, Kak aJKUITaJIOreHUIbl B
U3yYeHUM MexaHu3Mma Sy-peakunmu. Tak e, KaK aJKWITaJOTeHHUIbI
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pearupyioT ¢ pa3HOOOpa3HbIMM HYKJIeOo(hMJIaMU C pacllelIeHUeM
cBsa3eit C-rajioreH, cBsi3u C—MeTa/ul B METAJUIOOPTaHUIECKUX COCIM -
HEHUSIX PACILIEIUISIIOTCSI CAaMbIMM Pa3HOOOPA3HBIMM 3JICKTPO(MUIaAMMU:
BOJIOM, KMCIIOTAMM, raJloreHaMM, alWIrajJoreHuaaMu, COJISIMU Jva-
30HMS U T.11. OCHOBHBIC peaKIMy METAJZIOOPTaHUYSCKMX COSIMHEHUIMA
ONMCaHBI B TJ1. 23, 31eCh K& Mbl PACCMOTPUM JIMILb Te PeaKIuu, IJIs
KOTOPBIX IPOBOAWIOCH M3YYEHHME CBSI3M MEXaHM3Ma U CTEPEOXMMMU CO
CTPYKTYpOii cybcTpata, 3jeKTpoduia U HYKICO(DUIBHOIO KaTajau3a-
Topa. K TakuM peakiusiM TpexIe BCEro OTHOCITCS ApomodemMemanii-
POBAHUE, 2a102eHO0eMEMALNUPOBAHUE N 3AMEUeHUe MEMANla Ha Memani:

R-M+H-Nu — s RH+MNu (nporoaemerauinpoBaHue);
R-M + Hal-Nu — s RHal + MNu (rajioreHoaeMeTa/JINpOBaHUE);

R-M+M’-Nu — s RM’+MNu (3ameuienue M Ha M’).

B ykazaHHble peakiliMy BCTYIAlOT OpraHuYecKre COeNMHEHUs ca-
MbIX Pa3HbIX META/UIOB, OT LIEJOYHBIX U IIEJIOYHO3EMEJIbHBIX 0 Ts-
JKEJIBIX HeMepeXOAHbIX, a TaKKe MEPEeXOJHbIX METa/IOB, JAaHTAHUIOB
u akTuHUgoB. Ilpu aTOM XapakTep MexaHU3Ma U CKOPOCTb CUJIBHO
3aBUCSIT OT MpUponbl MeTamia. Hampumep, ¢ TakuM 2aeKTpoduioMm,
KakK Boja, UMHKAWAIKUIbl R,Zn pearupyior co B3pbiBoM, R,Cd —
MeUleHHO, a R,Hg mpakTuyecku He pearupyroT, OQHAKO IMOCAeAHUE
pacuersiiores: pactBopaMmu HCIL. B c¢Bs3u ¢ aTHM BcTaeT BOIpPOC O
BBIOOpE METaNIOOPTaHUYECKUX OOBEKTOB ISl MCCIEIOBAaHUS Mexa-
HU3MOB. [1To cCMHTETHYEeCKOI 3HAUMMOCTM OOJIbllee 3HAUeHHWE MMEIOT
JIUTUI- U MarHMMOpPraHMYeCcKue COeIMHEHMS, U TO3TOMY Haubosee
Ba)XHO 3HaThb MEXaHU3Mbl PeaKIMii UMEHHO 3TUX coenuHeHuit. OnHa-
KO COEIMHEHMS JIMTUSI U MAarHUsl HACTOJIbKO PeaKLMOHHOCIIOCOOHHBI,
YTO OOBIYHO WX WCHOJB3YIOT i Sifu, a XpaHUTh U paboTaTb ¢ HUMU
MOHO TOJIbKO B aHa’pOOHBIX YCJIOBMSIX, TaK KaK OHM OYE€Hb YYyB-
CTBUTEJIbHBI K KMCJIOPOAY M Bjare Bozayxa. Kpome Toro, nutuitopra-
HUYECKME COeIMHEHUSI B pacTBOpax CHJIBbHO acCOLIMMPOBAHbI, a Mar-
HUIOpPraHWYeCcKMe COeAMHEHUS] HaxomsaTcs B paBHoBecuu lllneHka
(r1. 23), 4TO YCIOXHSIET MHTEPIIPETALIMI0 KUHETUUECKUX JaHHbIX. Ta-
KUM 00pa3oM, JUTUI- U MarHUHOpPraHWYeCKHUe COeNMHEHUs sIBJIsI-
I0TCSI HE OYEeHb YIOOHBIMU CyOCTpaTaMM ISl U3YYEHUST KOJTUUYECTBEH-
HBIX 3aKOHOMEPHOCTEI 3JeKTPO(MPUILHOrO 3aMellleHus. XOTs Mexa-
HU3Mbl peakuuid ¢ ydyactueM RLi miam RMgX, ecTtecTBeHHO,
M3yvyaroTcs, HamboJsiee BaXkKHYIO POJib B BBISICHEHWM MexaHu3Ma Sp-
peaklUil ChITpaii PTYyThb-, U B MEHBIIEH CTEeHW — OJIOBOOPTraHM-
YeCKUe COeAMHEHUsI, KOTOpbIe TOCTAaTOYHO YCTOMUYMBBLI Ha BO3AyXe U
pearupyioT ¢ 3JeKTpouIaMHi CO CKOPOCTIMU, YIOOHBIMU ISl U3ME-
peHUsT OOBIMHBIMM MeTofamMu. [1oaToMy HIKe oOCYyXKIAeHUe MeXaHW3-
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MOB Oy/IeT OCHOBBIBaThCS IVIABHBIM O0OPa30M Ha peakiUsX COCIMHE-
HUI PTYTH M OJIOBA; K COSIMHEHUSM IPYIMX METAIOB MbI OyIeM 00-
pallaThCs JIMIIb B HEKOTOPHIX MHTEPECHBIX JIJISI CPABHEHMSI CIIydasix.

24.4.1. TPOTOJEMETA/ININPOBAHUE

[IpoToaeMeTa/IMpOBAHUEM HA3bIBACTCS PEaKIIMs 3aMellleHUs
MeTajula B METaJJIOOPraHUMYeCKOM COeIMHEeHUUM Ha Bomopon. Eciu
MeTaJUIOOpPTaHUYeCKHNe COEIMHEHHUS pacCMaTpMBaTh KaK KOBaJEHTHO
noctpoeHHble coau CH-KMCIOT, TO NMpoToAeMETAIMPOBAHUE MOXK-
HO OIpeAeuTb KaK B3aUMOIEICTBUE KUCIOT C coisiMu. B Takom ciy-
yae MOXHO CKa3aTb, YTO UISI TEPMOAMHAMUYECKHN BBITOIHOTO TTPOTO-
JIMTUYECKOIO pa3pbiBa CBsI3M R—M HyKHO B3STb KMCJIOTY 00Jie€ CUJIb-
HyI0 B JaHHOM pacTtBoputeie, ueM CH-kucnora RH. [lelicTBUTENbHO,
CBSI3M aJIKWJI-METaJlJT HanOosee 3(PPEeKTUBHO paCIICIUISIOTCS MWHE-
pPaTbHBIMM WJIM OPTaHUYECKMMU KapOOHOBBIMU KHMCIIOTaAMHU.

JlerkocTb MPOTOJUTUYECKOTO pa3phbiBa CBS3MU YIIIEPOA—METAIL CUITb-
HO 3aBUCUT OT MPUPOJLI MeTaja: yeM OoJjiee KOBAJIEHTHBIN XapakKTep
uMeeT cBsi3b R—M, TeM MejuieHHee WAET MPOTOoAeMETAIMPOBaHUE, U
TeM 0oJiee CUJIbHYIO KMCIOTY HEOOXOAUMO B3SITh IJIs1 YBEJIUMUECHUS 3()-
dexTuBHOCTU peakuuu. Kak yxke yrmoMHUHaIOCh BbIllIe, alKUIbHbIE CO-
eJIMHEHUs] LIMHKA, KaJMUs, MarHusi, aJllOMUHUSI PearupyroT JIaxe C
BOJIOM, TOrjma Kak ajJKWJIbHbIE COEIVMHEHUs] MeHee aKTUBHBIX MeTall-
JIOB: PTYTH, OJIOBA, CYpbMbI, BUCMYTa U T.1. K BOJAEC MHEPTHBHI.

JIuTnii-, MarHuii-, UMHK- U aJIIOMUHURAJIKUJIbHBIE COCAUHEHUS
nerko pearupyior ¢ OH-, NH-, SH-, PH-kucnoramu, a takxke c
noctaToyHo KuciabiMu CH-kuciotamu, Harpumep ¢ B-AuKapOOHUIIb-
HBIMU coeqMHeHMsIMU. Ha 3TOM OCHOBaH MeTON OmpeaeaeHUs] Tak
Ha3bIBaeMOTro aKTUBHOIro Bomopoaa mno LlepesutuHoBy. HeussectHoe
BEIIECTBO 00pabaThIBAIOT METUIMATHUMOPOMUAOM M MO YHUCIY MO-
Jiell BbIACJIUBILETOCS METaHa OTNPEAEJISIIOT YUCJIO aKTUBHBIX (T.€. «KUC-
JIBIX») aTOMOB BOJIOPOJA B MOJIEKYJIe:

CH;MgBr+ R—H — = CH,T + RMgBr. (24.4)

Peakuuio (24.4) UCHOJB3YIOT TakKxKe€ B CUHTETUUECKHUX LEJsIX,
HarmpuMep TS TTOJIydeHUsT aTKWHWIBHBIX U TiephTOpGEeHMIBHBIX pe-
akTUBOB ['puHbspa:

RC=CH + CH3;MgBr — = RC=CMgBr+ CHy;
C¢FsH + CH;MgBr — = C¢FsMgBr+ CH,.
ITonoOHBIE peaklMM Ha3bIBAIOTCS MemaiiuposaHuem opraHuye-
CKUX COEAMHEHUI, OHU OCOOEHHO YaCTO MCHOJL3YIOTCS IS MOIyde-

HUSI JTUTUHAOPTaHUYECKUX COCAMHEHUN aJUIMJIbHOTO, OSH3UJIBHOIO,
MNpONaprujibHOro U T.M. TUMOB (CM. 1. 23), a Takxke JJIs1 MOJydeHUst
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WIKAOB a3oTa U (pocdopa U3 YeTBEPTUUHBIX aMMOHUEBBIX U (ocdo-
HUEBBIX COJICH:

@ © 9 .
(CH3;N—CHj; + PhLi —> (CH33;N—CH, + PhH + LiCl
c1© WIHZ a30Ta
® ® O
PhP—CH3 + PhLi — > PhP—CH, + PhH + LiX
X@ wmz pocpopa

CKOpOCTb peakId MEXIY JUTUAOPraHWISCKUMM COCTMHEHMSI -
MU U TpUDEHUIMETAHOM

RLi+ Ph;CH —— RH + Ph;CLi
YMCHBIIACTCA B pALY
R = PhCHz > CHZZCHCHZ > C4H9 > C(,HS > CHZICH > CH3

ODTOT psl, 3a UCKITIOYECHUEM TOJIOKEHUS OyTUIa, COOTBETCTBYET PSIAY
yMeHbleHus: kuciaotHoctyd RH (em. . 3, 4. 1).

24.4.1.a. MEXAHU3M Sz2

T'oBopst 0 MexaHU3Me MNPOTOAEMETAUIMPOBAHMS, MBI allpUOPU
IpeIioaraeM, YTo araka IMPOTOHOM KUCJIOTBHI IIPOMCXOMMUT IO amo-
My yeaepoda cBsisu R—M. OpgHako 3TO He akcuoma, MO0 CcKa3aHHOeE
CTPOTO CIIPABEUIMBO JIMIIb [UISI COSAMHEHUI HenepexoOHbix Memaniios
C TBEPIO OMHO3HAYHOM BaJEHTHOCTHIO. [IpoToneMeTauiMpoBaHue aji-
KWIBHBIX COSIUHEHMIA nepexo0Hbix METAILIIOB MOXKET IIPOTeKaTh (IIpaBaa
HEe BCErma) COBEpPIICHHO MHaye, IyTeM IepBOHAYAIbHOI aTaKu IIpO-
TOHA KUCJIOTBL HO amomy memaiia ¢ U3MeHeHHeM (opMasbHOM CTe-
MeHM OKHUCJIeHUsI mocjenHero. Hampumep, mpoToiu3 mpanc-MeTHI-
xnopouc(tpustuiadochun)miatunbi(1l) (coenunenue IV) mpoucxo-
IUT TIyTeM IepBoHauanbHOro npucoenuHenus HCI K miatuHe depes
LIECTUKOOPAMHALIMOHHOE TUAPOILUIATUHOBOE COeAMHEHMe V, B KOTO-
pPOM ILIATHHA YK€ YeThIpeXBaJICHTHA. 3aTeM CJIeAyeT peakilusi BHYT-
PUMOJIEKYJISIDHOTO 80CCMAHOBUMENbHO20 IAUMUHUPOGAHUS, B DPE3YIIb-
TaTe YEro BBIICJISETCS METaH:

H

11 ,L lVI 'L BOCCTAHOBUTEJIbH
, . g
CH3—(P‘[—C1 + HCI CH3_(I|)t_C1 SMHUMHHUPOBAHHE
L
(L=EP) ¢l
av) V)
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I
—> CHy + LL,PtCh

ITonoOHBIE MexaHU3Mbl XapaKTepHbI U IS COEAMHEHUI IPYrux
nepexoaHbIX MeTauioB (Hampumep, Os, Nb); BocCTaHOBUTEJIbHOE
3JIMMUHUPOBAHUE MOIPOOHO paccMaTrpuBaeTcs B 1. 27. B jaHHOI Xe
IJ1aBe Mbl OOCYIMM JIMIIIb T€ PeaKkLUU, KOTOpbIe MPOUCXOISIT MO Sy-
MEXaHU3My C aTakoil MPOTOHa KMCJIOTHI IO aTOMy yIJepoja.

MneanbHbIMU MOJENISIMU TSI UCCIIEIOBAHUST BIMSIHUSI CTPYKTYPHBIX
(akTopoB Ha SE-NPOTONEMETALTMPOBAHUE SIBJISIIOTCSI PTYTHOPraHUYEC-
KH€ COEIMHEHMS, TTOCKOJIbKY OHU JBYXKOOPAWHALIMOHHBI, U TO3TO-
My cTepuyeckue (akTopbl Uil HUX HE TaK BaXXHbI, KaK, HANpUMeD,
JUISI YETBIPEXKOOPAUHALIMOHHBIX OJIOBOOPTaHWYECKUX COEIUHEHUM.

JAnankuiibHble COEIMHEHUsI PTYTU HE CKJIIOHHbI MOHU3MPOBATHCS,
T.e. MexaHu3Mbl Sgl u Sgl(N) manoseposiTHbl. OueHb BaXKHO €l1ie U TO,
yto B coenuHeHmsix Turna RHgR’, rie R u R’ — pasHble unu oauHako-
Bble QJIKWIbl, aTOM PTYTH OYEHb MaJl0 CKJIOHEH K JOIMOJHUTEIbHOM
KOOpAMHALM ¢ HykjJeodhuIaMM, MPUCYTCTBYIOLIMMU B pactBope. Ilo-
9TOMY MOXHO MoJjlaraTb ¢ OOJIbLIOK BEPOSITHOCTBIO, UTO, HAINpUMED,
peakumsi RHgR’ ¢ ykcycHoit Kucioroit OyaeT npoTekarb Mo MeXaHU3-
My Sg2 C NpeHeOpeXXUMO MaJloi CTeTNEeHbIO y4acTUsl alleTaTHOrO MOHa
B KAUECTBE YACTHULIbI, OCYLIECTBJISIIONIEH HYKJICODWIBHOE CONEUCTBUE.

ITpu aueronuse AUATKUIPTYTHBIX COEAMHEHUI TMapasjeibHO pe-
anu3yloTcs ABa MyTu peakuuu (a) u (0):

RH + R'HgOAc

RHgR' + HOAc
(24.5)

R'H + RHgOAc

JanbHelilee pacuierieHue ajakuiMmepkypaueratoB 10 RH unu R'H
u Hg(OAc), unetr HaCTOJIbKO MEIJIEHHO, YTO UM MOXHO MpeHeOpeyb.
(O01ee mpaBUJIO COCTOMT B TOM, 4TOo coeauHeHus: R,Hg nerko, a
coenquHeHuss RHgX TpyaHo pacuierisitorcest Kuciaotamu.) KoHcraH-
Tl ckopocTeil (kK u k') peakuuii (a) U (0) MOXHO OIpEAEaUTh 10
ckopoctu BblaeiaeHus: ajkaHoB RH u R'H u Ttakum obpa3om Bbisic-
HUTb, KaK BIUsIeT u3MeHeHue npupojabl R u R’ B Kilaccuueckom psiay
ankuiabHbIX Tpynn Me, Et, i-Pr, -Bu.

ITpu cpaBHeHun AcOH u AcOD HaGnropancs odyeHb OOJbILION
KUHETUUYECKUI u30TONMHBIN 3ddekT k,/kp=9-11 (mas paszHbiX
RHgR’), 61u3kuit K TeOpeTUYeCcK MaKCUMaJbHOUM BennuuHe (Ti1. 3).
OTOT pe3yabTar, a Takxke TOT (akT, YTO MPU MPOTOAEMEPKYpPHUPOBa-
HUM HabJII0AaI0Ch COXpaHeHME KOH(UrypalyMu, MOKa3blBalOT, YTO
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IEPEXOHOE COCTOSIHUE SIBJISIETCSI TPEXLEHTPOBBIM M COOTBETCTBYET
SE2-MexaHu3Mmy.

7&
R &
16+ H- —OAc
Hg

Rl
(VD)

Yto0On! onpeaenutb 3¢dekT yxoasiuei rpynmnbl HgR’, ObuiM B3SITHI
coenrHeHuss RHgR” ¢ omunHakoBoii rpynnoit R (Hanpumep, R = CHj)
n pasHeiMu R’. Okazaioch, YTO CKOpPOCTb alleToyn3a Uil Bcex R — ot
Me no t-Bu — Bospacraer B psiny HgR”: R’ = Me < Et <i-Pr < #~Bu. Brot
PSI COOTBETCTBYET YBEJIMUYEHUIO 3JIEKTPOHOIOHOPHOM CUJIbI ATKUIbHBIX
IpYIIN, KOTOpasi HEOOXoaAMMa ISl TOTalleHUsT TTOJIOXKUTEILHOTO 3apsiaa
Ha atoMme pTyTH, B miepexogHoM coctosiHuu VI. Crepuueckue 3¢ deKkTb
rpynnn R’ B yxomsueii rpymnre HgR” He mposiBisttoTcs.

BOddekT ankunbHoM rpynmbl (R), oTiienisonieid B BUae ajikaHa
(ypaBHeHue 24.3) B ycnoBusix, Koraa yxopasiuas rpynna HgR’ mocro-
sIHHA, HE3aBUCHUMO OT R’ MMen «HempaBWIbHBII» MOPSIAOK, 4 UMEH-
HO, CKOpPOCTbh alleTojr3a yMmMeHblnangach B psaay R =Et>i-Pr> Me >
> t-Bu. DTOT HEeOOBIYHBINM psifi OOYCIOBIEH ABYMSI MPOTUBOIOJIOXHO
JNEACTBYIOIIMMU (haKTOpaMM:

1) ymenvuwenue cxopoctu mipu nepexoge or Et x i-Pr u #-Bu,
OYEBUJIHO, OOYCJIOBJIEHO YBEJMUEHUEM MPOCTPAHCTBEHHBIX IPEMNsIT-
cTBUii TIpoToHUpoBaHuto cBsi3u C—Hg B mepexomHoMm coctosiHuu VI;

2) ¢ Apyroil CTOPOHBI, YBEIUYEHUE CKOPOCTU MPU IMepexoae OT
Me k Et (unu or Me Kk i-Pr) cornacyercst ¢ yBeJMUE€HUEM 3JIEKTPO-
HOJIOHOPHBIX CBOWCTB aJIKWUJIBHBIX TPYII, CIIOCOOCTBYIOLIMX MPOTO-
Huzauuu. HaOmomaBuuiicas cymmapHblii 3¢h¢eKkT o0yCIoBIEH coue-
TaHWEM CTEPUUECKOro U TMOJSIPHOro 3(PPeKTOB aJKUIbHBIX TPYIII.

Crepuueckuii 3(phekT MOXKeT cTaTh MpeodIaJalolIM B clydyae ye-
THIPEXBAJICHTHBIX MeTaJUIoB. Tak, Mpu aleToIu3e COeAMHEHUII CBUHLA
Me,Ety_,)Pb (n=0, 1, 2, 3, 4) Bo Bcex ciy4asgx CKOPOCTb pacuLIe-
JeHust cBsis3u Me—Pb B 8,6 pa3 GoJibllle CKOPOCTH pacIICTIIICHHUST CBSI-
3u Et-Pb, Torma kak B OMUCaHHBIX BbIlLIEe TMpUMepax CKOPOCTb
paciuerieHus1 ¢Bsisu Me—Hg Oblia B 2 paza MeHbllIe CKOPOCTU pac-
weruieHust cBsi3u Et—Hg. DTo 00bsICHsIETCSI TeM, UTO B Cllydyae COeau-
HEHUI PTYTU TIpeo0siafaloT 3JIeKTPOHHbIE 3(P(PeKThl, a B cllyyae co-
eMHEHUI CBUMHIIA — IPOCTPAHCTBEHHBIE.

B 1ie1o0M MOXHO cKazaTh, UTO «HEMpaBUIbHbIC» PSIAbl BAUSIHUS aJl-
KUJIBHBIX TPyMIl R Ha peakilMOHHYIO CMOCOOHOCTh coearHeHuii RM u,
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MpexXae BCEro, CWIbHOE 3aTpyAHEHUE peakluil mpem-OyTUIbHBIX CYO-
ctpaToB ~-BuM ciykaTr XopollyMM I0Ka3aTeJbCTBOM MexaHu3ma Sg2 (a
Takxke Sg2(N)), NOCKONbKY SHEPIUsl «TECHOIO» MEePEXOAHOTO0 COCTOS-
Hust Tuna VI BecbMa UyBCTBUTENIBHA K MIPOCTPAHCTBEHHBIM 3((EeKTaM.

24.4.1.6. MEXAHU3M Si

IlepBblii TTOTEHLMAT MOHU3ALUMU JUMETUIPTYTU MMEeT BeJIUYU-
Hy 9,33 5B, a Mmerunmepkypxiopuga — 10,88 3B, T.e. 3HaUMTETBHO
Bbile. JlokazaHO, UTO B 00OMX Cllydasix 3TU MOTEHLIMAIbl COOTBET-
CTBYIOT DHEPIUU CHSTHUSI 3JeKTpoHa co cBsa3u C—Hg u, cienosaresib-
Ho, o-cBsi3b C—-Hg B (CHj3),Hg obGnagaer Gosbliieit JOHOPHOI CIlO-
cobHoctblo, yeM B CH3HgCI. Takast xe kapTvHa HaO01aeTCsl U MpU
CpaBHEHUU APYTUX PTYThAMAIKUIOB C COOTBETCTBYIOLIMMU aJTKWJI-
MepKypxjopuaamu U Opomugamu (ogHako B ciaydae RHgl mepsbiit
MOTeHLMal MOHM3ALMKU CBSI3aH C YXOJIOM 3JIEKTPOHAa ¢ opoOuTayieit
HEMoeJICHHBIX I1ap MOIa).

B Sg2-peakumsix pTyThOpraHUYECKMX COCAMHEHUI AOHOPOM IO
OTHOILLIEHUIO K 3JIeKTpoduIy (Hanmpumep, MPOTOHY) BLICTyIaeT UMEH-
HO o-cBs13b C—Hg, 1 mo3ToMy Ha OCHOBaHUU CpPaBHEHUSI MMOTEHIIMAIOB
noHuzauun RyHg 1 RHgX MoxXHO mpeanonoxurb, YTo TUaTKUAIPTYT-
Hble coeAuMHEeHUsT Oojiee peaKIIMOHHOCIIOCOOHbBI, YeM aJIKWJIPTYTHBIE
coiu. JlelCcTBUTEIbHO, 9KCIIEPUMEHT IoKa3ajl, YTo PTyThOpraHuye-
CKME COJIM B TMOJABISIIOLIEM OOJILIIMHCTBE CllydyaeB ropasio MeHee
PeakuMOHHOCIIOCOOHBI B OTHOILLEHUU TPOTOJIM3a, YEeM MOJIHbIE CO-
eanuHeHus: RoHg.

OaHako, MPOUTpbIBasi B peaklUsiX ¢ 3JeKTpoduiaMu, pTyThb-
opraHuyeckue cojiv no cpaBHeHuto ¢ R,Hg BbiurpsiBatoT npu B3au-
MOJAEHUCTBUM C HyKjJeobpunaamu. LleHTpoMm, B3auMOIeCTBYIOIIUM C
HyKJ1eo(duJioM, SBISIETCSI aTOM DPTYTHU, U TaKOe B3aMMOJEHCTBUE
MNPUBOJUT K OOpPa30BaHUIO KOMILIEKCOB, HAallpUMep C aHUOHAMU
Nu~ cocraBa (RHgRNu)™ mwin (RHgRNu,)?"; 06bIYHO PTYTh He yBe-
JIMYMBAET CBOE KOOPAMHALIMOHHOE YMUCIIO BbIle 4. XOPOIIO U3BECTHO
U3 3KCIEPUMEHTa, YTO PTYThbOpraHU4YeCcKUe COJIM ropasao 0OoJiee
CKJIOHHBI K KOMIUIEKCOOOpa3oBaHUIO B pacTBOpax, YeM PTYTh-
nuankuiabl. Hanpumep, deHunmepkypopomua ¢ Nal maet komri-
nexc (PhHgBrl)™, yetko 3apermctpupoBaHHbIl B Y®-cmekrpax,
ToTJa Kak Jjis1 AM(eHUIPTyTH 00pa3oBaHUE aHAJOTMYHOIO aHUOH-
HOIro KOMIIJIeKca, XOTs M Tpearojaraercsi, Ho d3KCIEePUMEHTaTbHO
He J0Ka3aHo.

CHmxeHue HykineopuiabHocTu cBsizm C-Hg mpu omHOBpeMeH-
HOM TOBBILLIEHUU DJIEKTPOPUIBHOCTH aToMa PTYTU TPU Tepexoie
oT R,Hg x RHgX BbIpaxkaercsi B TOM, UTO JJisI pTYTbOPraHUYECKUX
coJiel yBeJIMUMBaeTCsl BEPOSITHOCTh Mepexoja OT MexaHu3ma Sg2 K
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MexaHusmy Sg2(N) unu Sgi. Hampumep, IMMeTWIPTYTh pearupyer C
YKCYCHO# KUCIOTO# 1o MexaHu3My Sg2 (rmepexomHoe coctosiHue VI),
HO METHJIMEPKYPUOIUI — II0 YETHIPEXILIECHTPOBOMY MEXaHU3My (IIe-
pexogHoe cocrossHue I11):

©
OAc

CHyHgl + AcOH === | CH7rHe -
e
(SEi)
R CH4 + HglOAc .

ITepBbiii norteHuuan nonusauuum CHji;Hgl (9,25 3B) cBsizaH ¢
HeTIo/IeJICHHBIMU TTapaMU 3JIEKTPOHOB aToMa Mojia, MO3TOMY B peak-
uuu ¢ AcOH cHavana obpasyeTcsl cyOCTpaT, NpPOTOHUPOBAHHBIN IO
nony, CH;HgIH*, XoTOpBIil 3aTeM IIpeTepIieBaeT BHYTPUMOJIEKYIISIP-
HOE TIpeBpallleHne TUIa Sgi, TToKa3aHHOe Ha cxeme. DTa cxema Tof-
TBEPXKIAETCSl HaJIMYMEM OOIIEro KMCJIOTHOro karanusa (Ii1. 3, 4. 1) B
JNAHHOM peakuuu (T.e. HAOJIIOAaEMbIM YBEIMYEHUEM KOHCTAHThI CKO-
POCTH C POCTOM KOHIIEHTPAIIMU YKCYCHOM KMCIIOTHI).

Cuna HyKJ1e0(UIEHOTO COMEMCTBUS 3aBUCUT KaK OT CTPOSHUSI CyO-
cTparta, TaKk M OT Hykjeoduia. J1sT pTyTbOpraHMIeCKrxX COeOMHEHMWIA
XOPOIIMMU HYKJIeopuaaMu SBJSIOTCSI aHUOHBI TSDKEJbIX TaJOreHOB,
HO, Hampumep, IJIs1 KPEeMHUHOPraHUYEeCKUX COeAMHEHUM, HAo0OpoT,
oosiee aphekTMBHBI XecTkue aHuoHbl Thna F- wim OH™ (cm. 171 3,
4. 1). Ecau rpynna R B RHgX cnocobHa akuenTtupoBaTh OTpULIATEIb-
HbIi 3apsia, HanpuMmep Korma R = CF; unu n-NO,C¢H,CH(CO,Et), u
OIHOBPEMEHHO B PEaKIIMOHHON CHCTEMe ComepKaTcsl HyKIeOMUIbI,
MMEIOIINE BBICOKOE CPOICTBO K PTYTH, TO HYKJIEODWIHHOE COmeii-
CTBUE B Spi-peakuMsix, B MPUHIMIE, MOXET CTaTh JAaxe Oojiee Bax-
HbIM, 4eM ajekTpoduibHasg ataka cBsa3u C—Hg. Toraga Kak ke HyX-
HO paccMaTpuBaTh TakKue peaklMHU: KaK 3JeKTPOohWIbHOE 3aMelle-
HHE y aToMa yIJepoja WIM KaK HYKIeoDUIbHOe 3aMelleHe y aToMa
pryt? OUYEeBUAHO, YTO 3TO YMCTO CEMAHTUYECKUI BOIPOC. 3aBUCH-
MOCTb OTHOCHUTEJILHOTO BKJada 2JeKTPODUILHON aTaku W HYKJIEO-
¢unbHoOro copeiicteus npupoabl R B RHgX g peakuuum Gpomae-
MEepKypHpOBaHUSI OyIeT pacCMOTpeHa B CIEIyIOIIeM pasmerie.

XOTSl TEOPEeTUUECKU Spi-MeXaHU3M 0oJsiee BEpOSITEH TSI HECUM-
MeTpuuHbIX coieiit RHgX, B omnpeaeseHHbIX Caydasx MoJydeHbl JOKa-
3aTebCTBA TAKOTO MEXaHM3Ma U IJIsT PTYThAMAIKWIOB. Tak, mpu aie-
tonuze RyHg (R =#u-Bu, eémop-Bu, kambpun, Heopun [PhCMeCH;))
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B YKCYCHOH KHCJIOTEe OOHApy>XeHO, YTO N00aBKM aleTraTta HaTpus He
BJIMSIIOT Ha CKOpocCTh, Torma kak go6aBku HCIO, yckopsiioT ee B
100 pa3, mpuyeM peaklysl UMeeT MNEepPBbIM YAaCTHBIM KMHETUYECKUI
nopsiaok kak no RyHg, tak u mo HCIOy4. dnst «Kucioro» aieToiusa
(8 mpucyrcteun HCIO,) B peakunu yyactsyer non CH;COOH,", u
OHa MMeeT OTKPbIThIN Sg2-MexanusMm. B orcyrcrBue HCIO,4 anexkTpo-
dunom saBiserca He katmon CH;COOH,", xoTophrii Mor 61 00pa-
30BaThCd B pe3ybTaTe aBTOIIPOTOIM3a YKCYCHOM KHCIIOTHI, a cama
MOJIEKYJIa YKCYCHOM KUCIOThI (MHAUYe CKOPOCTb 3aMeIsyiach Obl PU
nobasnenuu CH;COONa, yero He HaGI0IAIOCh), U peaKlUsl UMe-
eT MeXaHu3M Sgi, HO He YeThIpeX-, a IIECCTUIICHTPOBBI:

R R
~
Re—Tig _R—Hg~
\ 7/ H/ So
? ® 'I|{ No—c?
O+ .0 N
\\C/ CH3
|
CH;
(SE2) (SED)

BnusiHve ankuiabHOM Ipynmbl HA CKOPOCTb alleTOJIM3a YMEHbIIA-
ercs B psay: R =emop-Bu > u-Bu > kamdun > Heous, 4To cOOTBET-
CTBYeT KOHKYPEHILIMHU MOJISIPHBIX U CTepUUYECKUX (haKTOpOB (CM. Tpe-
IBIAYLIAN pasaen).

B HacTosiiee BpeMst moJay4yeHO MHOXKECTBO MPSIMbIX U KOCBEHHBIX
JIOKA3aTeIbCTB B MOJb3Y LMKIMYECKOTO MeXaHu3Ma Sgi AJIsI MHOTMX
MEeTa/UI0OPraHUYeCcKUX coeauHeHuH. OCOOEHHO SIPKUM MTPUMEPOM SIB-
JieTcsl peakuusi nportoaedopupoBaHus. Hampumep, Tpustuidop He
pacuiernisiercsl B AUraMMe (IMMETUIOBOM 3GbUpe AUITUICHIJIMKOIS
CH;0CH,CH,0CH,CH,0CH3) nipu aeiicteun HCI u HBr, HO pe-
arupyer ¢ KapOOHOBBIMU KHUCJIOTAMMU:

(C,H5);B+RCOOH — = (C,H;),BOCOR + C,H;.

OTOT (haKT OOBSICHSIETCSI HEOOXOAMMOCTBIO HE TOJIBKO 3JIEKTPO(PUIIb-
HOI aTakd MPOTOHOM Ha aTOM YIJjiepojaa, HO U KOOpAMHALIMU KUCJIO-
pona ¢ 6opomM. MexaHU3M peaklMu BKJIIOYAeT 00pa30BAHUE LIECTH-
LICHTPOBOTO LIMKJIMYECKOTO TMEPEXOIHOr0 COCTOSIHUS:

Et3B<‘O\}
EzB + RCOOH —> C—R =
HO
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B M Et  Et
,B-- O, » \ /
I >C—R g PO
"H--0' H AR

I1pu TakoM MexaHM3Me HOJKHO HAOJIIOIAThCS COXpaHeHUe KOH(pUTY-
painuyu, 4To ACMCTBUTEIHHO OBUIO TIOKAa3aHO Ha TIpUMepe 39K30-HOp-
o6opHusoopana (VII):

o\t CHCOOD ——>= E@D
\ H

(coxpaHeHue)

H

VII

BaxkHBIM KpuTepueM HUKJIMYSCKOTO MEPEXOIHOTO COCTOSIHUS
SIBJISICTCSI BBICOKOE OTPUIIATeJIbHOE 3HAYEHWE SHTPOIMHU aKTWBAIIMH.
OOBIYHO IS TIPONOIEMETAIIMPOBAHMS 3HAUYeHUs AS™ jeXxar B Ipe-
npenax —20+—30 kan/(K-Mo/b), YTO COOTBETCTBYET BHTPOMUMU aKTHUBA-
uuu peakuuu Junbca—Anbaepa (cM. ta6na. 3.10 B 1. 3, 4. 1) u cBune-
TEJbCTBYET 00 OYeHb TECHOM TIEPEeXOTHOM COCTOSTHUU. OmHAKO TI0
SHTPONMUIHOMY KPUTEPUIO MEXaHU3M Sgi HEeJb3sl OTJIUYUTh OT MeXa-
HM3Ma Sg2 ¢ COXpaHEHHMEM, TaK KaK B 000MX CIIy4asiX B IEPEXOTHBIX
COCTOSTHUSIX TIPOMCXOINT 3HAUMTENIbHAsT TTOTepst CTeTeHeil CBOOOIEL.

24.4.1.8. MEXAHU3M S;1(N)

OObIYHO peaklMy MPOTOAEMETALIUPOBAHUS IO, I€UCTBUEM KUC-
JIOT MPOUCXOST MO OUMONIEKYISIpHOMY MeXaHu3My Sg2 uiu Sgi. T1po-
ToAeMeTAIUPOBAHUE TIO0 MexaHu3My Sgpl OCyllIecTBIsSIETCS B HEWUT-
PATBHOU WJIN TaXe€, KAK 3TO HU MapafOKCAIBLHO 3BYUYUT, B IIETOYHOMN
(ocHOBHOI1) cpeae. BaxHbIM (akTopoM, BIMSIOIIMM Ha TUI MeXa-
HU3Ma, SIBJISIETCS CTPYKTypa MeTajuloopraHudeckoro cyocrpara RM.
MexaHusm Skl BeposiTeH B TOM ciiydyae, eciid rpyrne R cooTBeTCTBY-
€T JOCTaTOYHO CTaOuIbHbIM KapOaHuoH R™. TTostomy Sgl-MexaHu3zm
HEBO3MOXEH JIJIsI MTPOCTHIX aJIKUJIbHBIX, IUKJIOATKUIBHBIX WU apUJib-
HbIX cyocTparoB. JleidCTBUTENBbHO, peaklMi aJKUJIbHBIX COeIMHEHUI
akTuBHBIX MeTauioB (Zn, Cd, Mg, Al ut.n.) ¢ Bomoii, ciMpTaMmu,
aMMHaMU Bcerna OuMosiekyasipHbl. Hanpumep, B3aumMoneicTBre HMHK-
JUAIKWIOB C H-TOJNYUIMHOM
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RyZn + HZN@CH3 m’
—> MWH@CHg + RH

UMeeT OOLIMI BTOPOH KMHETUYECKUU TOPSAOK, W I HEro mojydyeH
CIICIYIONINIA PSIT YMEHbBIIEHUS] PeaKIIMOHHON CITOCOOHOCTH B 3aBH-
cuMocTu oT R: Et >i-Pr > n-Pr ~ Me > #-Bu. B npeapinyimx pasmenax
YK€ OTMEYAJIOCh, YTO ITOJOOHBIE «HENPABUILHBLIE» PSIIbI ABIISIOTCH
OIHUM U3 KpuUTepueB Sg2- unu Sgi-peakunii.

MexanusMm Sgl Wil MeTaaI00opraHuYeCKUX COCAUMHEHUM Jydliie
BCETO J0Ka3aH Ha IIpUMepax MpoToAeMePKYPUPOBAHUS 4-TTMPUITHUIA-
metuamepkypxiaopuaa (VIII) u satunooro adpupa o-6poMmepKyp-#-
HutpodeHmnykcycHoit kucnotsl (XI). Coenunenue VIII BnonHe cra-
ounbHO B BomHOM pactBope HCIO,4, HO Jierko pasiaraeTcst mpu J10-
0aBJICHMM XJIOPUI-MOHOB. MeXaHM3M COCTOMT B OOpa3oBaHUM B
npenKuHeTuYeckoi craguu KomiuiekcoB RHgX ¢ xmopua-noHom
coctaBoB 1:1 u 1:2 ¥ MX MeAIEHHOW MOHMU3AUMUM C OOpa3oBaHUEM
MmeTuaeHauruaponupuarta (I1X):

@ c1©
® ® o 0
HN CH,HgCl==HN CH,HgClL,=<=HN CH,HeCl3
(VIII) “ %

®
HN Q CHy=<— HN CH2<—> HN
OBICTPO

CooTBeTcTByIOIIee 3-3aMelIeHHOe coenuHeHue (X) He pearupyeT u3-
3a HEBO3MOXHOCTU CTAOMIM3allMM OTPUIIATEJILHOTO 3apsija Ha
METUJICHOBOM TpYIIIe:

CH,HgCl CHY

HNC;%Q’HN

(HEeyCTOHYUB)

Takoil MexaHM3M IOATBEPXKIAETCS TEM, YTO MpU AOOABICHUU B pa-
ctBop u3obITKa HgCl, n CI” KOHCTaHTa CKOPOCTHU peakliuy MpoTon3a
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craHoBuUTcs 3aBUcHUMOi OT KoHuUeHTpauun HCIO4. 31o o0ycioBiaeHO
koHkypeHuueir Mmexxay HgCl, 1 mpoToHOM 3a 3aXxBaT METUJICHAWUTUI-
porupuarHa. OnucaHHasi peakiysi oTHOcUTcsl K Tumy Sgl(N), mo-
CKOJIBKY B OTCYTCTBHE XJIOPHMI-MOHOB OHa HE WIET.

Coenunenue XI, KOTOpoMy COOTBETCTBYET CTaOMJIbHBIM KapOa-
HuoH XII (pK, 15,7 B IMMETOKCUITAHE), UMEIOLLINI KPACHYIO OKpac-
KY (Amax 340 HM), mipu pactBopeHur B JIMD obpasyer OGecliBETHbII
pactBop. ITpu mo6asienun BuyN*Br~ pactBop okpaiumnBaeTcs B Kpac-
HBII 1IBET, MHTEHCUBHOCTb KOTOPOTO BO3pPACTAaeT C YBEIUYEHNEM KOH-
LIEHTPALIMK COJIM. DTO CBUIAETEJbCTBYET O KaTaau3upyeMoil OpoMua-
MOHOM MOHM3alMKU C oOpa3oBaHMEM KapOaHMOHA:

NOZ@CH COOEt + B® = NOZ@CH—COOEt:
| MO |

HgBr ©HgBr,

XI (6ecuBeTHBIiT)

o
- NOQ@CH—COOEt + HeBr,

XII (xpacHblif; yctoityus B IMD)

B meTtanompHOM pactBOpe coemmHeHHMe XI yCTOMYMBO, HO TIpHU
nobasneHnn BuyN*Br~ GbICTPO COJIBBOJM3UPYETCI C OOpasoBaHUEM
n-autpodeHmnykcycHoro agupa. B CH;0D B pesynbraTe peakiuuu
00pasyloTcs JeiTeprupoBaHHBIC TPOAYKTHI, MPWUYEM ICHTEpPUil HaXo-
JIUTCS HE TOJILKO B O.-, HO U B 0pmo-TNOJI0XEHUIX 3(pupa. DTOT (Ppakr
CBUIETEJILCTBYET 00 oOpa3zoBaHuM KapOaHuoHa XII:

NO, CH—COOEt + BlP==No0, CH-COOEt
| | MEUIEHHO

HgBr ©HgBr,
CH-CoOE Noz@CHD—COOEt+
D
MeOD
=={N CH COOEt $— = +NO, CHD-COOEt +
OBICTPO
¢ D
:®:CH—COOB +NO, CHD—COOEt

¢ D
U T.O.
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M3BecTHO 0OJIBIIOE YMCIO peakKlUil MPOTOJIUTUYECKOIO paclluemn-
JICHUSI OPTAaHUYECKUX COEIUHEHUI HemnepeXoaHbiXx MeTaioB IV rpym-
bl [Tepuoanueckoit cuctembl Tuna RMR;3” mon neiicTBueMm 1iesioueit
B BOJHO-METaHOJIbHBIX pacTBopax. B o0lemM Buae peakuuio MOXKHO
MNPEICTAaBUTb CJIEAYIOIIEN CXEMOIA:

o R"OH
RMR'; + R'0° ——> RH + R';MOR"

M = Si, Ge, Sn; R = XC¢Hy, C=C, Ph;3C,
Ph,CH, XC¢H4CH, u np.
R’ = Alk nnu Ar; R” = H unu CHj;)

BnusiHue 3amecTtuTesnieit B TaKMX peakiysiX He COOTBETCTBYET OXKM-
naeMoMmy I Sp2-mMexaHu3ma: Halpumep, B OCH3UWIbHON cepuu
RC¢H,CH,M(CH3)3; 371eKTpOHOAKIIENTOPHbIE 3aMECTUTEIN HE YCKO-
pSIIOT, a, HA00OPOT, 3aMEMISIIOT PEaklMIo, TOraa Kak 3JEKTPOHOI0-
HOpHbIE 3aMECTUTEIU YCKOPSIIOT ee. [1o cmocoGHOCTH K OTILIEIJICHUIO
B Bune RH rpynner R B RMR3’ pacnonaraiorcst B psi:

R =PhC=C > 9-dnyopenun > Ph;C > Ph,CH > CH,=CHCH, > PhCH,.

Hcxons v3 psaa npyrux JaHHBIX VTSI TAKUMX peaklyil peanojaraioTcs
TPU BEPOSITHBIE MEXaHU3Ma.

1. Mexanusm Sgl(N), Ipu KOTOPOM OTIIEIJIEeHUe KapOaHUOHA
R mpoucxonuT ogHOBPEMEHHO C aTakKoil HykJieoduia Mo TUILY pe-
akuuin Sy2:

@ MCIJICHHO R"\ R' # @
RMR’3 + R"O Rn%__i\l/I,__R —> R"OMR’3 + R
Rv
RO+ ROH 2% Ry + RO®

2. Mexanusm Sgl (N) ¢ mpenBapuTeIbHON KOOPAWHALIUEH:

© MEICHHO

0
RMR’; + OR"O <<% (RMR;0OR")

=—= [R*..*MR0R"]” — R°® + R"OMR}

OBICTPO
RO+ rROH —% RH + R'O°
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3. MexaHuU3M ¢ MeIJICHHON CTajaueil KOOpAWHALUU U MOCICHY-
IOIIMM OBICTPBIM MPOTOJUTUYECKHUM pPaclleTJIeHueM o0pa3ylolero-
C TIEHTAKOOPJAMHALMOHHOIO KOMILIEKCAa MOJIEKYJION pacTBOPUTENS
(aTOT MexaHu3M MalioBepositeH mjiss M = Si, Ho 19 M = Sn BrnosiHe
MpUeMIeM):

© MEICHHO
— .

RMR’; + OR" (RMR';0R")®

OBICTPQ
—

(RMR'3OR")@+ R"OH RH + R"OMR'5 + R'0©

TTocnenHuit MexaHU3M IO CYTU OY€Hb OJM30K K Spi-MexaHU3MYy,
pPAacCMOTPEHHOMY BBIIIIE JJISI TIPOTOJIM3a TPUITUIOOpPA, B KOTOPOM
[JIaBHYIO pOJIb UIpaeT He 3jeKTpoduiibHas aTtaka, a HykKjieo(uibHas
KoopAuHalus ¢ MetajiyioMm. B ob61iem, mexanusm Sgl (N) nokazatb oueHb
TPYIAHO, TaK KakK BCErHa CYIICCTBYET aJbTepHATUBHOE OIMMCAHUE Ye-
pe3 Sgi-MexaHu3M ¢ MPUOPUTETOM HYKJIEO(UIbHOTO COAEUCTBUS Hal
ajiekTpoduabHOM atakoi. OAuMH M3 BO3MOXHBIX IyTeil s BbIOOpa
MEXIy 3TUMM ABYMS aJbTepHATUBAMM COCTOMT B CIICAYIOIIEM.

CkopocTb rereposiu3a cBsidu R-M B Sgl-peakuuy 3aBUCHUT OT
crabusibHOCTM KapObaHuoHa R™. CrienoBaTenbHO, Jorapudm KOHCTaH-
THl CKOPOCTU ITOJDKEH YMEHBIAThCS CMMOATHO ¢ yBelqudeHueM pK,
CH-xucnotsl RH. Bapbupys ctpykTypy R B 1IMpOKUX Mpeaenax, Mox-
HO JIOUTHU 10 TaKUX BbICOKMX 3HaUeHU# pK,, KOrjaa B JaHHBIX YCJIOBU-
sX gaHHoe coenuHeHue RM Oymer pearupoBaTh ¢ TaKOM MeIJICHHOM
CKOPOCTBIO, UTO €€ OyneT TPyaIHO M3MEepPUThb (CKaxeM, NI U3ydyeHus
KUHETUKU TOTPeOyeTCs HECKOJbKO JieT). Takasi cuTyauust uzoopaxe-
Ha Ha puc. 24.1.A.

lek lek IIPUOPUTET
MIPUOPUTET
JIIEKTPO-
HYKJICOPHITb- N
. ¢bunbHOI
HOH aTaku
aTaku

~ ~a

N
HWXHSAS TpleI/H_Ia AN
n3MepeHnit k AN

N
N

HWKHSIA TPaHULA U3MEepeHnit k

pKa (RH) pKa (RH)

Puc. 24.1. Cxematnueckoe mpeacTaBieHre 3aBUCUMOCTH CKOPOCTHU
npotoaemetauiupoBanus coequHeHuit RM ot pK,(RH) nns Sgl (N) (A)
u Sgi (Bb) mpoieccos
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WHoe nmomkHO HabmomaTbes mias Sgi-peakuuit. Eciu cHavana
s coeanHeHnii RM ¢ Huskumu 3HaueHusimu pK,(RH) ckopoctb
namaer ¢ yBeJuuyeHueMm pK, BCIEICTBUE MPUOPUTETA HYKICOMDUIb-
HOIl aTaku, TO MpU Tepexoae K BHICOKUM pK, paHO WU MO3IHO OHA
OJKHA HayaTh YBEJIMUMBATHCS. DTO CBI3aHO C TEM, YTO OYEHb He-
cTabuabHbIe KapOaHUOHBI (C OYeHb BHICOKUM ypoBHeM B3MO) aB-
JIAIOTCSI OYE€Hb XOPOILUMMM JOHOPAMU CBOEU 3JEKTPOHHOW IIaphl,
U DJIEKTPOHHAs TUIOTHOCTb CUJIbHEE CMellaeTcsl K IEeHTPaJIbHOMY
aToMy MeTaJljia, YeM B ciayyae CTaOWIbHBIX KapOaHMOHOB. B pesynb-
TaTe MeTa/ll B 3HAYMTEJbHON CTEMEeHM YTpauuMBaeT CIIOCOOHOCTb K
KOOpIMHALIMU, HO CBSI3b C—MeTasyl MpuoopeTaeT MOBBILIEHHYIO 10-
HOPHOCTb, Y TO3TOMY 0o0Jiee BaXXHON CTAaHOBUTCS 2JEKTpOodUIbHAS
aTraka B paMKax LMKIndeckoro mexaHusma Sgi. [Tonyuyaercs napabo-
JIMYecKasi 3aBUCUMOCTh MexXay ckopocTbhio 1 pK,(RH), nzodpaxkeH-
Has Ha puc. 24.1,b.

3aBUCUMOCTHU, MpelcTaBlIeHHbIe HA puc. 24.1, HAOIIOAANIUCh 3K-
crnepuMeHTaabHO. Tak, CKOpOCTh 1IEIOUYHOro paciieruieHus: RSiMes
B BOIHO-METaHOJBHON cpele, a TakKe CKOpOCThb cojibBoiu3a R,Hg
(R=CH,COOMe, CF,COOMe, CFCICOOMe, PhC=C, C¢H;, CF3)
B cucrteme IM®PA-H,0-BuyN*I~ onuceIBaloTCs 3aBUCUMOCTBIO, TIPU-
BeZeHHON Ha puc. 24.1,A. C apyroii cTopoHsl, g npotoausda R,Hg
nop peiictBueM HCI B JIM®MA Habmoganachk HeCUMMETpUYHAs Tlapa-
Ooonnueckast 3aBUCUMOCTb (puc. 24.1,b) ¢ Mmunumymom npu pK(RH)
B UHTepBaje 25-27.

OnHako MaHHBIA TECT HE SBJSIETCS OAHO3HAYHBIM, MOTOMY UTO
BCeraa CyILIeCTBYET BO3MOXHOCTb U3MEHEHUs MexaHusMa ot Sgl(N)
(neBast BeTBb Ha puc.24.1,b) x Sgi nnim Sg2 (npaBast BeTBb) Mpu
LIMPOKOM BapbuMpoBaHUM CTPYKTyphl R. [loaTomMy cTporoe oTHece-
HUe peakluy K TNy Spl Ha mpakTUKe SBAsSeTCsl BeCcbMa TPYIHOM
3aayei.

24.4.1.r. MEXAHU3M Sy

3HaK «IIpUM» TIpU CUMBOJIE SE O3HAYAeT 31eKTPOPUIbHOE 3amMe-
LIEHNE ¢ TIepeTrpyIMmMpoBKoii. Takme peaklmy aHAJIOTUIHEI Sy/-peak-
USIM M XapaKTePHBI B TIEPBYIO OYepenb UIS aJUTMIIbHBIX COCTMHEHMI
meTaioB. OOBIYHO MapajuiesibHO MPOTEKaIOT ABe peakiluu: Sg2 (win
Sgi) m SF, mpudeM I aJUTMIBHBIX COCOMHEHWM KpeMHUs, TepMa-
HUS, OJIOBa, CBUHIIA W PTYTU MyTh C MEepPEerpymnImmpoBKoit (Sg) mpen-
MMOYTUTENIbHEE, YeM 0e3 TIepeTrpyITMPOBKH.

Hanpumep, kpotunmepkypopomun pearupyet ¢ HCl B adupe
WIN 3THIANeTaTe, JaBas MOYTH MCKITIOUMTEIbHO OyTeH-1, mpudem
CKOPOCTb 3TOM peakuuy mpumepHo B 107 pa3 Bbllle, yeM st H-Oy-
TUIMEpPKypOpoMua:
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\A{\ W/\ + HgCIBr.
|

[Mono6HO 3TOMY HEUTEpONU3 yuc- U MPAHC-KPOTUITPUMETUICTAHHA -
HoB B CH;0D ¢ nomombto DCI paet OyreH-1, MeUeHHBI AedTepu-
€M B ITOJIOXKCHUU 3:

CH Dol —L > Y\CH + Me;3SnCl .
3\/\CH2811M€3 CH3OD 2

SF-peakiiuy OCYIIECTBIISIIOTCS TakKe B OCH3UJIbHBIX CUCTeMaXx.
Tax, npu nipotonuse aubeH3wIpTyTH nox aeiicreueM CF;COOD unu
DCI Obl10 HaiineHo, 4To AeWTepuil TMOSIBISIETCS KaK B METUJbHOM
rpynmne oopasyollerocst ToayoJa, Tak U B 0pmo- U napa-noyIoXKeHUsIX
0OeH30JbHOrO KoJjibla. OMHAKO MpU MPOTOIU3Ee OEH3UWIMEPKYPXIOPU-
na aeiictBueM DCI B aOCOIOTHOM AMOKCaHE MPU MOBBILLIEHHOM TeM-
rnepaTtype 3aMelaeTcsl o.- U opmo-Boaopoa, Ho He napa-H. Tlo-Bunu-
MOMY, B peakLMU y4yacTByeT HeauccouuupoBaHHasi MoJjekyiaa DCI,
KOTOpasi KOOPAUHUPYETCSI B MEPEXOJTHOM COCTOSIHUM C aTOMOM PTYTU
U opmo-aToMoM yriepona. IlepexonHoe cocTOsTHUE SIBASIETCS] LMK -
YECKMM IIECTULIEHTPOBBIM 1IECTUANeKTPpOHHBbIM. [locienHee o3Haua-
€T, YTO B XOJIe peaKlUU Pa3pblBAIOTCS TPU CTapble IBYX2JEKTPOHHBIE
CBSI3W M OOpasyloTcsi TP HOBbIE€ CBSI3U:

#
)
H H
H—C—HgCl ~c”
- I D
+ DCl =<— — + HgCl,
H
XIII

B pesynbraTe B KauecTBe MEPBUYHOIO MPOJAYKTA 00Opa3yeTcsi METUICH-
nukiorekcagueH XIII — kiroueBoil MHTepMeAUWaT 3TOM peaKIWu,
MMEIOLIMI KOPOTKOe BpeMs >Ku3HU. [lon neiicTBueM BTOpOI MOJEKY-
Jbl DCI 3TOT uHTEepMearaT U30MEPU3YeTCsl B KOHEUHbIE MTPOAYKThl —
MOHO- U IUACHTEPOTOIYOJIbI:
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D
cHA (:c1 CH,D

[
H D
—
H\ C/ H D -HCl

DCl

D
H CHA CH,D

H (,jl
X111 — N\ b oa @
H

ITockoabky obpazoBanue XIII oOpatumo, npu H00aBIEHUM U30OBLITKA
HgCl, nonyyaetcst opmo-aeiitepoOeH3MIMepKypxIopua. Bmecto xiop-
HOM PTYTU MOXHO B3$ITh APYIM€ KUCIOTHI JIblonca, MepexBaThlBAIOLLINE
MeTHJIEHLIIMKIIoTeKcanreH. Hampumep, mpu mo0aBlIeHUM OJIOBOOPTaHU-
YEeCKMX COSIMHEHUIT MOXXHO MOJTYYUTh OCH3WIbHbBIC COSAMHEHUS OJIOBA.

CH,HeCl

CH,
D D
gy + HegCl, —> + HCI.

24.4.1.n. TPAHC-DODEKT

B sTOM pazgene Mbl pacCMOTPUM HOBBIM MHTEPECHBIN 3JIEKTPOH-
HbIA 3(P@PEKT aIKWIbHBIX T'PYMIl, C KOTOPbIM HaM €llle€ He MPUXOAu-
JIOCh CTajiKuBaTbesl. IIpu 0OpabOTKe KUCIOTaMM TPUATKUJIbHBIX CO-
eIMHEeHUI TPEeXBaJIECHTHOIO 30J10Ta R3Au'”L (L = PPh3; dochuHOBBIE
JIUTaHAbl CTAOWJIM3UPYIOT 30JI0TOOPTaHUYECKHE COEAMHEHUS, KOTO-
pblé B X OTCYTCTBUE OYEHb HEYCTOMUMBBI), UMEIOLIUX TIJIOCKYIO KBaJi-
paTHyo KoHburypauuno (cMm. 1. 27), ObLI0 OOHApy:KeHO, 4TO B pe-
3yJIbTaTe MPOTOJIM3a PACIICTISIETCS TOJbKO OJHA CBSI3b aJIKUJI—30JI0-
to. Hanpumep, aneronus (CH;);Aull B pactBope 6eH3oma npu 20 °C
JaeT OJMH 3KBMBAJIEHT METaHa W yuc-aleTaToauMeTua(TpudeHu-
docpun)zonoro(Ill) (coenqunenune XIV):

o
25°C

(CH3)3AuL + HX W CH3—Ax|U._L + CHy
L=Ph;P X

XIV
X = CH;COO
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BMecTo yKCYCHOM KUCJIOTBI MOXKHO B3SiTh MHOTWE JPYIM€ KHC-
norel (HC1, HBr, HI, CF;COOH, HCIO,4, CF;SO;H, HNO;,
n-CH;C¢H4SOsH u T.1.), HO pe3ynbTaT He MEHSIETCS, T.€. OTIUEIIs-
€TCs JIMIIb OJHA aJIKWIbHAs IPYIIa U 00pas3yercsl yuc-auajKuIbHOe
COCIMHEHME 30JI0Ta.

[IpoToneaypupoBaHue yic-TPUACHTEPOMETIIIAMMETHI(TPUDEHIII-
docpun)zonora(lll) maer cmecb CHy u CDsH, Torma xak u3 coort-
BETCTBYIOILIETO mparc-u3oMepa nojydaetcss Toibko CHy:

CHy— (Eij HRO: CD3—ATu—
i CD,H
CDs 3 CHj

(yuc) (mpanc)

AnanorunuHo, yuc-(CHs),RAuL maet cmecb CH4 u RH, a mpanc-uzo-
Mep Tojibko CHy:

CHs CHy CH;j
[~ CF;C00H CF;COOH !
CH;—Au—L R=Au~L
| 6eH301 Gensou [
R RH CH;

(yuc) (mpanc)
Cyns no otHocutenabHomy copepxkanuio CH4 u RH B nipoaykrax Tpu-
(dTopareronusa yuc-u3omMepa, CKOPOCTh IMPOTOJIM3a YMEHBIIAETCS B
psny: R=CHj;>> Et > n-Pr>i-Pr.

OTU U MHOTUE OPYIUE SKCIEPUMEHTAIbHBIE PE3YJIbTAThI MOKA-
3BIBAIOT, YTO MPU IEUCTBUY KUCIOT OTIIETUISIETCS TOJBKO Ta aJIKWJIb-
Hag TPYIIa, B MPaHc-TIOJ0XKEHUN K KOTOPOI B TNIOCKOM KBaIpaTHOM
KOMIUIEKCE HAXONWUTCSl Apyras ajkujbHas rpymma. Takoe siBieHue
Ha3bIBaeTCsI mpanc-3¢hgpexmom (mpanc-eausuuem).

JBYoKy1Ie# CUIION TIPOTO/IM3a KOMITIEKCOB TpUaIKUI((pochrH)30510-
ta(Ill) kucnoramu HX sBisieTcs1 mepeHOC IMPOTOHA K aJIKUJILHOMY JIv-
ranay. B maHHoM cityyae HyKj1eo(UIbHOE COOEUCTBIME aHUOHOM X , T0-
BUAMMOMY, HE UTpaeT CYLIECTBEHHON pPOJIM, MOCKOJbKY CKOPOCTb
peakuuu cuiabHO 3aBUCUT OT pK, kucnotel (CF;SO;H >> CF;COOH,
HHal, HNO; >> CH;COOH). Ha mepBocTeneHHyI0 poJib IepeHoca
MPOTOHA YKAa3bIBACT TaKXKe PsNl PEaKIIMOHHOW CITOCOOHOCTH aTKWIb-
HBIX IpynI, a uMeHHo, Me >> Et > n-Pr > i-Pr, KoTopblii oTpaxkaeT
CcTepuyecKue IPEeIsITCTBUS IIPpOTOHUpoBaHUIO cBsI3u C—Au (cM. pas-
nen 24.4.1.a). Takum oOpa3oM, peakiydsi OTHOCUTCS K TUIY Sg2 ¢
TPEXLEHTPOBLIM MEPEeXOAHbIM cocTossHUeM XV. CUIbHBIM mpanc-aK-
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TUBUPYIOLIMEI 2((EeKT anKWIbHBIX TpymI R B mpoliecce a51eKTpoduib-
Horo paciieruieHus: cBsi3u C—Au OOBSICHSETCS G-AOHOPHBIMU CBOKCT-
BaMM MPaHc-aJIKUIbLHON TPYIIIbL:

CH3? — "Au<—R
/

9

i

|

©
(XV)

X

mpanc-BimsiHAe aJKUIGHBIX TPYITT 3HAYUTEILHO OOJIBIIIE, YeM TTOm00-
HbIi 2 dekT TpudeHuIGocHUHOBOrO JTUraHga, MO3TOMY peakIus
crepeocneuurdudHa. [TonoOHbIN mparc-3hhEKT METUBHBIX JIMTAHI0B
XOPOIIO U3BECTEH /ISl TJIOCKMX KBaapaTHbIX KoMruiekcoB Pt(II).

24.4.2. TATOT'EHOAEMETAJNINPOBAHUE

MexaHn3M TaJoOreHOAEMETANIMPOBAHNS 3HAYMUTEILHO MeHee
SICEH, UYeM MeXaHW3M MpoToaeMeTaumpoBaHus. CpoOICTBO K BJIEKT-
POHY MOJIEKYJISIDHBIX TrajioreHoB, T.e. aHeprust HCMO, B3sitast ¢ 00-
paTHBIM 3HAKOM, TIpU TIepexone oT (pTopa K MOAY M3MEHSICTCS CIIEIy-
IOLIMM 00pa3oM:

F2 C12 Bl'2 12
CpoacTBO K 3JIEKTpPOHY, 5B 2,9 2,4 2,6 2,4

DTN 3HaYCHUS 3HAUYNUTEITLHO MPEBBIIIAIOT CPOACTBO K BJIEKTPOHY MOJe-
Kyiabl kuciopoaa O, (0,4 3B) U cpaBHUMBI CO CPOJICTBOM K 3JIEKTPOHY
MoJieKyJibl 030Ha O3 (2,0 3B). TToaTOMy rajoreHbl SIBJISIIOTCSI HE TOJIBKO
aJIeKTpoUIaMi, HO OTHOBPEMEHHO M CWIJIBHBIMU OKWCITMTCIISIMH.

C napyroit CTOpPOHBI, aTKWUIbHBIE COSAWHEHWS METaUIOB MMEIOT
JIOBOJIbHO HU3KME MOTeHLMAJIbl MOHU3ALIMU, T.€. OTHOCUTEJIbHO BbI-
cokyto sHepruio B3MO. Hanpumep:

Me,Hg Et,Hg i-Pr,Hg ¢Bu,Hg

IloreHunan nonusauuu, 3B 9,33 8,45 8,03 7,57
MeSnMe; EtSnMe; i-PrSnMe; #-BuSnMe;
TMotenunan nonunsauuu, 3B 9,70 9,1 8,8 8,6

Oco0eHHO HU3KME MOTEHUMaIbl MOHM3ALUMU MMEIT OpraHuYecKue
COEMHEHUsI TIEPEXOMHBIX METANIOB, B KOTOPBIX, KaK MpPaBWIO (HO He
BCerna), BBICIIMMM 3aHSATHIMU OPOUTAISIMU SIBJISIIOTCSI HECBSI3BIBAIO-
ue d-ypoBHU MeTaia (cM. 1. 27). (B alkuibHBIX COeAMHEHUSIX HeTle-
PEXOIHBIX META/UIOB BBICIIMMU 3aHSTBIMM, KaK TPaBUJIO, SIBJISIOTCS
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CBSI3BIBAIOIINE G-OPOUTAIN CBA3Eil yriaepoa—MeTaul. DTo CrpaBeLin-
BO IJIs1 Takux Mmonekyn, kak R,Hg, R,Sn, R4Pb, RHgCl, RHgBr n
ap., B monekyne xe CH;Hgl B poaru B3MO BbeicTynmaroT opoutanu
HEIIOAEJCHHBIX 3JIEKTPOHHBIX Iap atoma uojaa.) ClienoBaTe/IbHO, Me-
TaJUIOOPTaHWYECKUE COCIMHEHMST 00J1agaloT BOCCTAHOBUTEIbHBIMU
CBOMCTBaMU, YTO XOPOIIO M3BeCTHO (IJI. 23).

CouyeTaHMe OKHCIUTEIbHBIX CBOMCTB IajOT€HOB U BOCCTAHOBU-
TEJIbHBIX CBOMCTB METAJZIOOPTAaHMYECKMX COCIMHEHUM IPUBOIUT K
TOMY, YTO OYEHb YaCTO PEaKIIUU 31eKMmpouabHO20 pacuienieHus CBsI-
3u C—-MeTajll Moj ACCTBUEM IaJloreHOB

R-M + Hal, —— RHal + MHal

MPOTEKAIOT MO OKUCIUTETbHO-BOCCTAHOBUTEILHOMY MYTH C MEePEeHO-
COM BJIEKTPOHA OT MoJiekyJabl RM K Mojekyse rajoreHa ¢ obpazoBa-
HUEM B KaUECTBE MEPBUYHOIO OYEHb HECTAOWIBHOTO MPOAYKTa — MOH-
pagvKaIbHOM MMaphl KaTHOH-paankaga RM™ u annoH-pannkana Hal, ™.
Peakiiuy MetasiaakuiaoB ¢ TaJoreHaMu MOTYT UMETh HECKOJIbKO
[JIABHBIX TUIIOB MEXaHU3Ma.
1. OnHocTtanuitHbiil Sg2- i Sgi-MexaHu3M € aTakoil rajoreHa
HEMOCPEACTBEHHO IO YIJIEPOJHOMY LICHTPY:
R—M + Br, == R\-G-SIM
Br Br®

Sg2 (c coxpaHeHUEM)

—> RBr + M®+ Br@;

[Br...Br...R..M]* ——>= Br° + BrR + M%;
Sg2 (c uHBepcueit)

R—M + Bry——=

*
R---M

R—M + Bry—>>=| | —> RBr + MBr.

Br---Br

Sgi (c coxpaHeHUueM)

2. OKHUCIIUTEJIbHOE MPUCOCAMHEHUE K METALTy C IOCICAYIOIINM
BOCCTAHOBUTEJILHBIM BJIMMUHUPOBaHUEM (cp. pasaen 24.4.1.a). DToT Me-
XaHU3M XapaKTepeH VIS IePEXOMHbIX META/UIOB (CM. DI 27), Hampumep:

Cl

|
RZFeV(CO),Cp >
S

Cl
BOCCTAHOBUTCIIBHOC
STHMHHHPOBARNG > R—Cl1 + CI—Fel(CO),Cp (coxpaneHwue)

OKHCJIMTCIIBHOC
MPpUCOCANHEHHNE

R—Fell(CO),Cp + Ch
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R = mpeo- v spumpo-PhCHDCHD,
Cp = CsH;s (uuknoneHTaaueHWIbHbI aHUOHHBIH JIUTAHL).

3. PaciueruieHue yepes 2JIeKTpOHHBIN nepeHoc (SET-mexaHu3Mm),
HaTpuMep:

PhCH,Co(DMG), + ICI === [PhCH,Co(DMG)," ICI*] —>
— > PhCH,CI + ICo(DMG),

DMG (umeTurmoKkcumar) = CH3—ﬁ—C—CH3
©0—N N—OH
Takoit MexaHU3M BO3MOXEH W JUIsI MIEPEXOMHbIX, U IIJI Herepexo-
HBIX METaJIJIOB.
4. MexaHn3M TOMOJIMTUYECKOTO OUMMOJIEKYJISIPHOTO 3aMelleHUsT
Sy2 (uernHasi peakuusi), HalpuMmep:
hv
Br,——> 2Bre;

bl

MeySn + Bre —> Me3SnBr + < CHj ;

«CHs; + By —> CH3Br + Br+ u 1.1

PanukanbHbIi LIETTHONH MEeXaHM3M OYEHb JIETKO OTJIUYUTh OT JIpy-
TMX MEXaHM3MOB, IMOCKOJbKY, BO-IEPBbIX, €r0 MOXHO MHTUOUPO-
BaTb, Hampumep AoOaBKaMu TUApPOXWHOHA (cM. ri. 14, 4.2) u, Bo-
BTOPBIX, OH MPUBOAUT K MOJHON palieMMU3aliM YIJIEPOJAHOrO LIEHTpa.

Takoii MexaHM3M HaOJIOAANICS, B YaCTHOCTU, IJISI MPAHC-METUII-
LUKJIOIreKCUIMEPKYPOpOMHUIA, KOTOPLIH Npr 00padboTKe OpoMOM aaeT
4-MeTWILIHUKIOTeKCMIOpoMua ¢ BeixogoM 70% ¥ COOTHOIIEHUEM
mparnc- U yuc-uzomepon 1,3:1.

HeBr | g+ F—@Cm
CH;

(pacTBOpHUTETD)

Br

Br
CHj; + CH; +

(mpanc) (yuc)
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Ho06aBKU THUAPOXMHOHA PE3KO YBEJIMUMBAIOT CTEPEOCENIEKTUBHOCTD 10
cooTHolleHus 28 : 1. SIcHO, 4To MPOAYKT peakiuy odbpaszyercs Mo ABYM
KOHKYPHUPYIOIIMM MyTSIM: paauKaibHOMY LIEMHOMY (C palieMu3anu-
eil) U HepaguKaJlbHOMY (C cOoXpaHeHUeM). DTO TMOATBEPXKIaeTcs elle
U TeM, YTO TpU IMPOBEAEHUU PeaKluu B napa-OTOpToIyosie KaK pa-
cTBOpHUTENe C BbIxomoM 22% obGpasyeTcst napa-GTopOoeH3UI0pOMUI,
HO A00aBKM THIPOXMHOHA MpeaoTBpallaloT oOpa3oBaHMUE ITOIO IIO-
OOYHOTrO MPOAYKTA.

Cuuraercs, YTO B 3TOH TeMHOBOI peaklMy paaukai (aToM) 6po-
Ma, MHULMUPYIOLIUI LIEMHONH MeXaHM3M, IMepBOHAYaIbHO BO3HMKA-
€T B pe3yJibTaTe MepeHoca JIEKTPOHA OT METaJIOOPraHUYeCKOro Co-
eIUHEeHUsT K OpoMy:

[RHgBr*Br, | ;
MOH-paguKaJbHad Iapa

RHgR + Br,

a
@ RBr + HgBr; (coxpanenne)

[RHgBr Br,]

© R. + HgBr, + Br. (pauemunsauus)

R + By ———> RBr + Br. (1 1.1.)

Pacnian voH-paguKanbHOM Mapbl MOXET WATHU IO TyTH (a) ¢ coxpa-
HeHMeM KOH(durypauuu (BHYTPMKIETOUHbIN pacnan, cM. I. 14, 4. 2)
WK 1o nyTy (0) C BBIXOJOM PajvKajoB U3 KJIETKU PacTBOPUTEIS.

PaccMmotpum npyrue mexaHusmbl. Ha mepBblii B3MISIA MOXKET TO-
Ka3aTbCsl, UTO MEXaHWU3Mbl 2JIEKTPODUIBHOIO pacllierJIieHUs CBSI3U
C—meTan noj IeMcTBUEM TajloreHOB, MpPUBEIEHHbIE O] HOMepaMu
(1), (2) u (3) Ha c. 124—125, abcontoTHO pa3Hble. Ha camom xe aene
OHU HMEIT I1yOOKOe CXOJCTBO B TOM, YTO HE3aBHCHMO OT TOTO,
MPOUCXOAUT JIM 3JIeKTpoUJIbHAS aTaka MO YIAepoay, Mo MeTajlly,
WIN OCYLIECTBJISIETCS 3JEKTPOHHBIM TepeHOoC, HauboJjiee Ba>XKHbIM
3JIEKTPOHHBIM (PaKTOPOM BO BCeX Ciydasx sBisiercs sHepruss B3MO
MeTaJlJloopraHmyeckoro cyocrpata. CiaenoBaTeibHO, HU SHEepreTuyec-
KWe, HU KUHETUYECKME XapaKTepPUCTUKU peakUUid He moeym damb
docmamouHbix 00Ka3amenvbcme 6 noo00epiucKy moeo UAU UHO20 U3 IMUX
mpex mexanuzmos. Hampumep, yacto HaOarogaeTcsl JIMHeHasl 3aBu-
CUMOCTb MEXJYy CKOPOCTbIO paclierieHusi cBsizeii C—meramut u I1o-
TeHLMaJaMUd OKMCJIEHUS MeTaJuIoOOPraHWYeCKUX COEIUMHEHUN WIn
MOTEeHLIMAJaMKU BOCCTAaHOBJIEHUSI 3JEKTPOGUIIOB.

OpHaKo CylIecTBOBaHME TaKOW 3aBUCMMOCTH BOBCE HE O3Haua-
€T, YTO B 3TOM cJlydae HYXHO otaaTh mnpeamnouyteHue SET-mexaHus-
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MY, TOCKOJbKY B OTCYTCTBHUE CTEPUUECKUX IPEISITCTBUI BAUSHUE
CTPYKTYPHBIX (PaKTOPOB Ha 37eKTPOMMIbHBIN Mpoliecc OyaeT TaKuMm
K€, KaK Ha 2JIGKTPOHHBIN nepeHoc. B 1. 9 (4. 2) Mbl ynoMuHaaum oo
OHOBJIEKTPOHHOM KOHIIEIIIMU BCeX XUMUYECKUX peakuuii. B pamkax
9TOM TEOPUM pasinmyre MexXay aJeKTpoduiabHbiM U SET-MexaHus-
MOM 10 Mpeneja YMEHbIIAeTCsl U COCTOMT JIMIIbL B TOM, YTO MpHU
SET-MexaHu3Me MOH-paJMKajibHasl Iapa MMeEeT HEeKOTOpOe BpeMs
>KU3HU, a TIpU 2JeKTPO(PUIBHOM MeXaHM3Me BpeMsl €€ KHU3HU CTpe-
MUTCS K HYJII0, 1 OHAa MOXET paccMaTpUBaThCs JIMIIb KaK BUPTyallb-
Has JacTulla.

BBuny Takoil HeonpeneaeHHOCTU B OTHECEHUU MeXaHH3Ma K TOMY
WIM UHOMY THUIY, Jydllee, YTO MOXHO cAejaTb, — pPaccMOTPEThb
UMEIOIIMECsT dKCMepUMEHTAIbHbIE JaHHbIE U MHTYUTHMBHO Mpenjio-
KUTb OOBSICHSIONIMI MX MexaHu3M. JlajbHelilee o0CcyXaeHue mexa-
HU3Ma B OCHOBHOM OyIeT OCHOBAHO Ha pe3yJbTaTax M3y4eHUs PTyTh-
U OJIOBOOPTaHUYECKMX COCAUMHEHUI.

24.4.2.a. BIUAHUE AJTKUJILHOM TPYIIIIbI

B peakuumn anknimepKypOpoMUIOB ¢ OpOMOM

MeOH
RHgBr + Br, —> RBr + HgBn,
peaKLMOHHAsI CITOCOOHOCTh YMEHBIIAETCS B «IIPaBUJILHOM» IIO JIO-
HOPHOM CITOCOOHOCTH aJIKWJIOB pSiay, T.C.
R=¢Bu > i-Pr > Et >Me

B sToM Xe psimy Bo3pacTaeT noreHuuan nonusauuu cpsizu C—Hg (cm.
Bobiiie). CrenoBaTeibHO, MOXKHO TPEAINOI0XUTh, YTO B TaHHOM CJTy-
yae peanusyetcsd win Sg2 (Sgi), unu SET-mexaHusm:

=
R5-HgBr
R—HgBr + Br, ".‘J : —> RBr + HgBr, (Sg2)
Br-k-ﬁr
R—HgBr + Br, (RHgBr:rBrzi) — (R" HgBr, Br’) —>
MOH-paInKaIbHasT
mapa
— RBr + HgBn, (SET)

[Ipu mepexone K 0JJOBOOPraHMYECKUM COeTMHEeHUSIM TrIa RSnMe;
OTHOCHTEIbHASI CKOPOCTh pacIleIUIeHUsT CBsI3M R—Sn m3MeHsieTcst B
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MHOM II0CJIeIOBAaTeIbHOCTH, KOTOpasl 3aBUCUT OT IIPUPOMABI PacTBO-
putelist. B MeTaHOIe HOJIydaeTcs CACAYIOIIUIA PSI;

R=Me > Et > i-Pr > -Bu.

DTOT psii COOTBETCTBYET YBEIMUYCHMIO MPOCTPAHCTBEHHBIX MPEIsT-
CTBUI aTake siekTpoduia no cBs3u Sn—R.

OnHako B XJIOpOEH30J1e B KAUeCTBE PACTBOPUTEIST YKa3aHHbBIN psij
CTAHOBUTCSI «HEIIPABUJILHBIM»:

R=%Bu > Me > Et > i-Pr.

ITo-BuauMoMy, B JaHHOM ciyyae peakLMOHHAasl CIIOCOOHOCTh
OIpeaeNsieTcsl TOHKUM 0alaHCOM 3JIEKTPOHHBIX U MTPOCTPAHCTBEHHBIX
3 deKTOB aNKWIbHBIX I'pyIn. ToT (akT, 4TO Ha MEPBOE MECTO BBHIXO-
IUT o0beMUCTast mpem-OyTUIbHAS TPYIIA, YKa3blBaeT HA BaXXKHBIN
BKJIa[ IepeHoca 3apsima oT cBsi3u R-Sn k monekyne Br, B mepexon-
HOM COCTOSIHUM.

IIpennonaraercsi, 4To B peakLUsIX C rajoreHamu, OCOOEHHO B
TaKUX MaJOMOJISIPHBIX PACTBOPUTENISIX, KaK XJIOPOEH30J1, IEpBOHAYAb-
HO 00pasyeTcs MOJIEKYJISIPHbIIA KOMILUIEKC rajoreHa ¢ MeTaJlJIoOpraHu-
YeCcKUM coeauHeHueM, Hanpumep R,Sn < Bry. Mosnekyna meramioop-
FaHUYECKOTO COEIMHEHUS, C OJHOW CTOPOHBI, BBICTYMAET KaK KHUC-
Jota JIblouca, KOOpAUHUPYSICh C HEIOAEJIEHHOM IIapoil rajoreHa; c
JIPYTOil CTOPOHBI, BO3MOXHO OOpa3zoBaHNE KOMILJIEKCA C MEePeHOCOM
3apsiia ImyTeM oOpaTHOTO TMepeHoca 3apsijia Co CBA3U YIJIEPOI—MeTaLT
K MOJIeKyJie TajioreHa. Takoi nmepeHoc 3apsiga oOHapyKeH IIpU U3yde-
HUU 3JEKTPOHHBIX CIIEKTPOB CBUHEIl-, OJIOBO- U PTYTbOPTaHWYECKUX
coeauHeHnuii B pactBopax moga B CCly, mpu 3TOM 3HEpPrus IMoJoChl
repeHoca 3apsja B CIEKTpax YMEHbIIAEeTCs C YMEHbIIEHUEM MOTEH-
1Majga MOHU3ALMU METALIOOPTAHUYECKOTO COENUHEHUS, U OIHOBpE-
MEHHO BO3pacTaeT CKOPOCTb MOAOJEMETAIIIMPOBAHUS.

MexaHu3M peakiuu, MO-BUAUMOMY, BKJIIOUAET OJHOBJIEKTPOH-
HBI MEPEeHOC:

HepeHoc 3apszia [
[RyM:L,] ———> [RM"L,7 ]—>
HOH-paauKajbHas
napa

ks
RM+ [, =—=

— > RI+ R, MI
(M =Pb, Sn, Hg; R=Alk; n =4 wm 2)

Takum oOpa3oM, CTpoeHHE KOMILIEKCA METaJJIOOpraHM4ecKOoro
coenuHeHus ¢ rajoreHamu (XVI) MoxHO mpeacTaBUTh ABYMs (op-
MyJaMM. C KMCJIIOTHO-OCHOBHBLIM B3auMmoneiictBueM (XVIa) wau ¢
nepeHocoM 3apsiga (XVIO):
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R
RiM=<—"1:X, X,

(@) XVI (6)

BeposiTHee Bcero, 4to B peabHOM KOMILIEKCE OCYIIECTBIISTIOTCS 00a
THTIA B3aUMOJCICTBHIA, CHIa KOTOPBIX 3aBUCUT OT Tpupoasl M, R u X,.

®opmynma XVI (a) oOBsICHSIET KaTaanu3 OpoMAeCTaHHUPOBAHUS,
HaOIOaBIINICS TIPU JTOOABIEHWN TPUATKUIIOIOBOOPOMUIOB; ITO-
ciegHue obpasyroT Komiiekebl R’3SnBreBr, Tunma XVI (a), asisio-
IIpecsd aKTWBHBIM MCTOYHUKOM 3JIeKTpO(MIBHOTO GpoMma:

R3SnBr + Br, R'3SnBr-Br,
R3S|n Br\ R3Sn—Br
SnOR' > nR's
RY & R Va
w Br*—Br “Br B

®opmyna XVI (0) 00BbSICHIET HEKATATUTUIECKYIO PEaKIdio B OT-
cyrctBue R3;SnBr, koTopasi B HEMOMSIPHBIX pACTBOPUTENISIX UMEET Tpe-
TUI KUHETUYECKUI MOpsIOK: MepBblii Mo R4Sn u BTOpoil 1o 6pomy.

Ckopoctb = k3 [R4Sn][Br,]?

Peaxmust umeer Sgi- nnmu SET-MexaHusm:

B _
R) r\ B XJIOpPOEH30J1e R—Br
| @ —> RySn

R;Sn Br (Sg)
Br—Br Br Br
B R *Br R—Br
| Br B xmop6ensone o
R;Sn 7 |RsSn Br stn\ Br
Br—Br N B Br B
(SET)

B o6oux cinyyasix He3aBUCMMO OT MeXaHM3Ma MepexoIHOe COCTOsI -
HUE YYBCTBUTENBHO K MPOCTPAHCTBEHHBIM (haKTOpaMm, MOSTOMY MpHU
opomoausze RSnMe; HabatomaeTcsl KOHKYPEHLUMSI MEXAY CUJIbHBIM
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JOHOPHBIM XapaKTepoM CBsI3U Sn—R 1 mpocTpaHCTBEHHBIMU MPETISIT-
CTBUSIMU CO CTOPOHBI TPYIIbI R, 4TO MpUBOAUT K YKa3aHHOMY BbILIIE
«HernpaBwibHOMY» psay R =#Bu >Me > Et > i-Pr.

Monekyna meraHosa objagaeT aMm¢pOTepHbBIMU CBOMCTBaMMU, T.€.
CrocoOHa COJbBATUPOBATh METAJIOOPTaHUYECKOEe COEAMHEHUE Kak
HyKJIeobWT U MOJEKYIy rajgoreHa Kak ajekrpodun. Kpome Ttoro,
METaHOJI SIBJISIETCS TTOJISIPHBIM pacTBOpUTESEM. DT OCOOEHHOCTH MPU-
BOIST K TOMY, YTO B METaHOJIe KOHCTaHTa 0Opa3oBaHUsI MOJEKYJISIp-
Horo koMmruiekca tuna XVI oueHn mana.

Bo3MoXXHO, UTO B peakilMy y4acTBYIOT ABE MOJIEKYJIbl METaHOJIa,
OllHa U3 KOTOPBIX OKa3bIBaeT HYKJICODUIbHOE COACHCTBUE, KOOPIH-
HUPYSICh C aTOMOM OJIOBA U TEM CaMbIM YBEJIMUYMBAsi JOHOPHYIO CIO-
coOHOCTh cBsI3U Sn—R, a apyrasi okaspiBaeT 21eKTpoduibHOe coneii-
CTBUE, KOOPAMHHUPYSICH C OPOMOM M TIOBbIIIAs €ro akKUeNTOPHYIO
cuity. ITockobKy B MEepeXoAHOM COCTOSIHUM YYacTBYIOT YEThIpe MO-
JIEKYJIbI, €r0 DHeprus AOJKHA OBbITh OY€Hb UYyBCTBMUTEJIbHA K IPO-
cTpaHcTBeHHbIM 3¢ dektam. [ToaTomy ckopocth peakuuu RSnMes ¢
OpOMOM B METAaHOJIE YMEHBIIAETCS B YUCTO «CTEPUUYECKOM» PSIY:
Me > Et > i-Pr > #-Bu:

R BrBr.HOMe (g — Rer Br... HOMe

®
R;Sn<—:0OMe R3Sn-gMe
H
|—> R *Br Br®... HOMe J
(SET) @
R3SH—OM€
H

IToMuMoO pagvKalabHBIX MPOAYKTOB, 00pa30BaHUE KOTOPBIX BbI3-
BaHO BBIXOJOM paJvKajoB U3 KJIeTKU pacTBoputesst npu SET-mexa-
HU3Me, peaklUu MeTaIOOpPraHUYeCKUX COENMHEHUIN C rajoreHamu
MOTI'YT IPUBOAUTH €lIE U K TaK Ha3bIBAEMbIM «KapOOKATMOHHBIM MpPO-
ayktam». OCOOEHHO CKJIOHHBI K TaKUM peakKlUsM OeH3UJbHBIC
METaJIJIOOPraHMYECKHUE COEIMHEHUsI, KOTOpbIe AT AOCTAaTOYHO YC-
TOWUYMBBIE OCH3UJIbHBIE KaTMOHBI. Hampumep, GeH3UIMEPKYPXJIOPUL
B peaklyM ¢ MUPUAMHOBBIM KOMILIeKcoM OpomHuTpata BrONO, - 2Py
B xsopodopme maet Bcero 20% PhCH,Br, no takxke 36% OGeH3mi-
uutpatra PhCH,ONO, u 13% 6ensunxiopuna. O6pa3oBaHue HUTpaTa
U XJOpuAa MOXHO OOBSCHUTH reHepauueil OCH3UJIbHOIO KaTHMOHa
HEIMOCPEACTBEHHO M3 JOHOPHO-aKIeNTOpHOro Komiuiekca XVII:
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® ©)

Ph—CH, —> PhCH, + HgBrCl + NOj3

|—>BI'—ON02 e)

He © X

| ONO, Cl@

Cl

PhCH,Br
il PhCH,ONO,
PhCH,Cl

IIpuBeneHHBIe B 3TOM pa3jeiie JaHHBbIe MOKAa3hIBAIOT, YTO MeXa-
HU3M TaJIOTeHOIEeMETa/NTMPOBAHUS MOXKET OBITh JTOBOJLHO CITIOXKHBIM
W OOHO3HAYHO HE MHTEPIPETHPYEMbBIM, MOCKOIBbKY OTIMYNUTH SET-
MeXaHU3M OT Sp-MexXaHM3Ma 3KCIEePUMEHTATbHO OYeHb TPYIHO.

24.4.2.6. CTEPEOXUMMUA

Crepuueckre 3(h(heKTbl HACTOJBKO BaXKHbI TIPY rajioreHaeMeTal-
JIMPOBAHUU OJIOBOOPTaHUUYECKUX COEAMHEHUI, UTO OHU MOTYT B KOP-
HE U3MEHUTh CTEPEOXUMMUIO PACLIEIIEHUS] ONITUYECKU aKTUBHbBIX 0JIO-
BOOpPraHUYECKUX cyocTpaTtoB. HacTo /isl U3ydyeHUsl CTEPEOXUMUU UC-
MOJIb3YIOT XUPAJbHYIO 6mop-OyTUJIbHYIO TPYIIY, CBSI3aHHYIO C
ocrtatkamu SnRj;, obGnagaroliMMu pa3iuyHbIMU CTEPUUYECKUMU TIpe-
nsarcTBusMU. st Sp2-peakuuii mpeanouyTUuTeIbHO COXpaHEeHe KOH-
durypanuu (cMm. pazaen 24.2.2), nns SET-peakuuit, mo-BUIMMOMY,
TOXe COXpaHEHUE, €CJIU paJuKalbl UMEIOT KOPOTKOE BPEMSI KM3HU U
He yCIeBaloT MepeopUeHTUPOBATLCS B KJIeTKe pacTBoputesiss. OnHako
JUISL OJIOBOOPTaHUYECKUX COEJAVHEHUI B psiie CllydyaeB HaOI0AalIach
WHBEpPCUsI, U, YTO OCOOEHHO XapaKTEepHO, CTENeHb COXPaHEHMS WIU
WHBEPCUU TMPSIMO CBsi3aHAa ¢ oObeMoM rpyrnbl SnRj3 (Tabs. 24.1).

Tabnuma 24.1
CrepeoxuMusi pacuieiieHusi CBSI3M 6mop-O0yTHA-Sn B peakuuu

CoHs B MeOH, o CZHS\C* B B /
k— — 4+ 1 —_— —-Br + r—Sh—
CH}/(/? Sn\ 2 CH; N
H H
Cyocrpar IIpeobaanaomas crepeoxumMus™
eémop-BuSn(i-Pr); 45% coxpaHeHus
(emop-Bu)4Sn 35% coxpaHeHUs
emop-BuSn(CHEt,); 8% wiHBepcUn
emop-BuSn(reo-CsH )3 28% wHBepcUn

* [Ipumeuanue: «45% coxpaHeHUs» O3HAYAET, YTO KOHEUHBIN 6mop-OyTHadopo-
MU 00pas3yeTcsi ¢ SHAaHTUOMEPHBIM U30bITKOM 45%, T.e. B Xo1e peakuuu 72,5% moiie-
KyJI popearupoBajio ¢ coxpaHeHueM u 27,5% monekyn — ¢ obpaileHueM KOHGUry-
pauuy. AHAJIOTMYHO CJIEAYET MOHUMATh BhIpaxkeHue «28% WHBEPCUM» U T.JI.
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M3MeHeHne cTepeoXMMUUYECKOTo pe3ysibTaTa peakidu OT Tpel-
MOYTUTEJLHOTO COXpPaHEHUSI A0 MPEeNnOYTUTEIbHOM WHBEPCUU C
yBeJIMUEHUEM pa3MepoB SnR;-TpyImbl oOBICHSICTCS TapayieTbHBIM
OCYIIIECTBJIEHNEM NIBYX ITyTeil peaklMu 4yepe3 TepeXOmHBIE COCTOSI-
HUSI, TIPUBEICHHBIC HIDKE:

. =
H\ Me N Me
Et—C--Sfii—= }| —> H\}C—BI'
YAy Bt
MC sz ///
H ( -<- (coxpanenwue)
—>C—Sh— + Br
Et” . 2 =
H o M, Me
Brz-——\Cf-Sn-—‘/- —> gr—(-H
LN “Et
Et «_--
(oOparieHme)

(TyHKTUPHOW JIMHUEH TMOKa3aHbl CTEPUUYECKUE TMPETSITCTBUS)

IIpu yBenuueHun obbeMa rpymmnbl SnR; BO3HUKAIOT 3HAYUTENb-
HbIE TIPEISITCTBUS (DPOHTATBLHOMY TTOAXOAY peareHTa, u, Korma R saB-
JIIeTCS HEOIIEHTUJIOM, TIPEATIOUTUTEIFHON CTAHOBHUTCS aTaka C ThIja.

Takum o0Gpa3oMm, CTEPEOXMMMYECKUI Pe3yabTaT 3JIEKTPOGhUIb-
HOTO pacllerieHnsT cBs3eil C—MeTaul He TO3BOJISIET MPOBECTH pas-
rpaHuueHue mexay mexaHusmamu (1), (2) u (3), npuBeAeHHBIMU Ha
c. 122. DkcnepuMeHTalbHbIe JAHHBIC MOKA3bIBAIOT, UTO HE3aBUCUMO
OT TOTO, SIBJIAETCS JIA METaJlJ HEMePEeXOMHBIM WJIM TIePEeXOIHBIM, B
peakInsgxX ¢ raJloreHaMHi MOXKET HaOJIIogaThcsl KaK COXpaHeHWE, TaK U
nHBepcus KoHdurypauuu. Hampumep, mpu rajoreHoju3e coeaumHe-
HUIl nuTus, Oopa, oJioBa, MapraHiia, KobajbTa M Kejie3a HalJrona-
Jlachb MHBepcus. B apyrux mpumepax Nnpu rajoreHoJmn3e COeauHEeHU
pPTYTH, 0JIOBa, LIMPKOHMS, MapraHia, xeje3a M Hajaaausi KOHQUry-
paumst coxpaHsutach. Hioke mpuBeneHBI HEKOTOPBIC TTPUMEPHI peak-
LM, NpOTEeKaIOMX C MPEeUMYILIECTBEHHOIH WHBEPCUEIA:

H Br
IICHTaH

. i+ Xo——> t-B +
+-Bu Li T X2 2soc L-Bu H

mpanc-4-mpem- H
Oy THITLUKIIOTCKCHII-
JIUTUNA

+ t-Bu Br

H (mpanc)
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X2 =Cl2 yuc:mpanc =71:29
Bn 62:38  (uHBepcus)
75:25

I
@'Brz 2674  (coxpanemnme)

OMe
R peona N PMC g o “J.R
- —B\ —_— BB\-R <= | Br .Br--C--B'5_ |
R R ®Na R

/.
—> Br —C< + R,BOMe + NaBr

Ph D MEHTaH Ph D
'H +X, —> ?—{ & + ?—{H
H H

D  Mn(CO)PE D X

(coxpanenue) (uHBepCHs)

X2 =Cl2 % unBepcun: 81
Bra 67
I 32

24.4.3. BAMEILIEHUE METAJIJIA HA METAJLI

24.4.3.a. OBMEH MEXY COEAUHEHUAMMU PTYTU

3aMmelleHe MeTalla B METaUIOOPTaHUYECKOM COEIMHEHUU Ha
JIPYTOil METaJlJI MOXKHO OCYILECTBUTh IEHCTBUEM HEOPTaHMUECKUX CO-
JIeW MM METAJUIOOPTraHMIeCKUX CoeMMHeHUI. Takue Ipoliecchl Ha3bl-
BAlOTCS nepememaniuposanuem. B mpakTuke 4alille BCErO MCIIONb3YIOT
peakTuBbl ['puHBSpa U TUTHIOpPraHMYeCKe COeAMHEHMST (CM. TJI. 23),
U3 KOTOPBIX NCHCTBUMEM TaJIOTCHMIOB METAJJIOB ITOJIyYalOT aJIKMJIb-
Hele coenuHeHust Zn, Cd, Hg, Al, Sn, Pb, Co, Pt, Au u ap.

Peakiist Mexxmy ABYMSI METaUIOOPIaHMYECKUMU COCIMHEHMSIMU
B CHMHTe3¢ MCIToJIb3yeTcs pexe. [1polecc

RM +R'M" —> RM’ + R'M

SIBJISIETCS PABHOBECHBIM W IIPUTOJEH B CUHTETUYECKUX LIEJSX JUIIb B
TOM cJiy4ae, eCIi paBHOBeCHE CABUHYTO B HYKHYIO CTOPOHY. OOBIYHO
€ro TIPUMEHSTIOT IJISI CMHTE3a TPYIHOIOCTYITHBIX IPYTUMU CITOCOOaMU
JIMTUAOPTraHUYECKNX COENMHEHUI, HarlpuMep BUHWII-, O-IAaJIKUJI-

133



aMUHOMETWJI- ¥ aJUIMJUIMTUEBBIX COSAMHEHMUI, KaK IPaBUJIO, U3 OJIO-
BOOPraHMYECKUX CYOCTPATOB:

(CH,=CH),Sn + 4 PhLi — = 4 CH,=CHLi + Ph,Sn;
RR'NCH,SnBu; + BuLi — = RR'NCH,Li + Bu,Sn .

OO01IMM TIpaBUJIOM SIBJISIETCSI CIBUT PaBHOBECHSI B Ty CTOPOHY,
rae 6ojiee 2JIEKTPOIOJOXKUTENbHBIM MeTaJlJl CBSI3aH C TOW TPYMIION,
KOTOPOM COOTBETCTBYET 0oJiee CTaOWJIbHBI KapOaHUOH.

MexaHusMm peakuuu HauboJjiee MOAPOOHO M3yvascsl Ha MpuMepe
coequHenuii prytu (O.A. PeytoB, K. MHroapa), nostomy Huxe Oy-
IyT pacCMOTPEHBI B OCHOBHOM DPEaKIIMU PTYThOPTAHWYECKUX COCIM-
HEHUM, a TaKXKe peakUUu APYIMX METAUIOOPraHUYECKUX COEAUHE-
Huii ¢ consamu prytu(Il) kak snekTpoduiamu.

Peakuny mepeMeTanIupoBaHUS IJId COSAWHEHWN PTYTH TIpU
M =M’ = Hg noppa3nensioTcsl Ha peakliu OZHO-, ABYX-, TpeX- U
YeThIpeXaJKUJIbHOTO OOMEHA B COOTBETCTBUMU C OOIIMM KOJUUYECTBOM
AJTKWIBHBIX TPYIIIT B 00OMX pearupyrommnx COeINHEHUSIX:

RHgX + Hg*X, — > RHg*X + HgX, (oIHOaJKUIbHbII OOMEH);

RoHg + HgX, 2RHgX (IBYXaJIKMIbHBIA
RHgX + R'Hg*X —> RHg*X + R'HgX | o6men);

R,Hg + R’'HgX — > RHgR’ + RHgX (TpexanKuibHbli 0OMEH);

R,Hg + R5Hg — > 2 RHgR’ (ueThIpexanKuibHbIil 0OMEH).

Bce aTH peakiiuu oueHb JIETKO OCYLIECTBISIOTCSI B pacTBOpax
pPTYTbOpraHuuecKux coeaumHeHuid. [lepBasi U TpeTbsi U3 MPUBEACHHBIX
peakiuii BEIPOXKIEHbBI (T.€. MPOAYKTbI UMEIOT Ty XK€ CTPYKTYpY, UTO U
peareHTbl), MO3TOMY OOHAPYXXUTbh UX MOXKHO TOJIbKO MPU HCIOJb30-
BAHMM PAIMOAKTHBHOI pryTH - Hg.

MexaHu3M OIHOAJTKUIBHOIO OOMeHa MOJAPOOHO M3YYeH Ha clie-
IYIOINX TIPUMepax:

B EtOH
RHgX + 203HgX2

R203HgX + HgX,

R =CHjs; X =Br, I, NO,, OAc
R = 6mop-Bu; X =0Ac, NO,

Bo Bcex ciydasx Obul OOHapyXeH CyMMapHBIM BTOPOM ITOpSIIOK Ta-
KMX peaklMil, NepBbIA 10 KaXIOMY M3 PEAreHTOB:

Ckopoctb = k, [RHgX] [HgX,].
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CrepeoxumMuyeckoe M3yuyeHue, MPOBEACHHOE Ha MpUMEpe OITH-
yecku akTuBHOro émop-BuHgOAc, mokasano, 4To M30TOIMHbII O0OMEH
PTYTU TIPOUMCXOAMT C MOJHBIM COXpaHeHUeM KoHdUrypauuu emop-0y-
TUILHOM TpynIibl. ClenoBaTeIbHO, MOXKHO T0JIaraTh, YTO peakius UIeT
Mo MeXaHu3My Sg2 uiu Sgi uepes3 ciaenylolye nepexoaHble COCTOSTHUS:

-~ 0
_HgX Hg.
R7 R! X
X X
SEi

SE2

Hob6asku LiBr x cucreme RHgBr+203HgBr PE3KO YCKOpPSIOT
U30TOIHBIA OOMEH. DTO TMO3BOJISIET CIEJaTh BbIBOJ, YTO, BO-TIEPBbIX,
0oJiee BEpOSITHO MEPEXOIHOE COCTOSIHUE TUMA Syl M, BO-BTOPBIX, U3-
OBITOYHBIN BHEIIHUI OpOMHUI-MOH KaTAIM3UPYET PEAKILUIO IMYyTEM
KOOpIMHAIIMM C aTOMOM pTyTU. Ha ocHOBaHUM M3yyeHUs 3aBUCUMO-
CTU KOHCTAHThI CKOPOCTH OT KOHILeHTpauuu LiBr Obu10 coenaHo mpe-
MOJIOKEHUE O TOM, UYTO B IAHHOM CJIy4ae OCYIIECTBISIETCS OJHOAHU-
OHHBIM U JBYXaHWOHHBIMA KaTajlu3:

B ]?r 1@ B Br, Br 2@
/
/Hg /Hg\
s AR 4 N
R.  Br R( Br
, N
N, -
/ .
L Br Br _| L Br Br _|
OJHOAQHUOHHBIH JIByXaHHOHHBIN
Karaius KaTajau3

I/IBY‘{GHI/IG KaTaIUTUYECKOM aKTUBHOCTU JAPYyIrmx aHMOHOB IMOKa3aJio, 4YTO
OHa HaxXxooUuTCs B HpHMOﬁ 3aBUCUMOCTH OT CpPOACTBA aHMOHOB K KaTHUO-
HY HgH, YTO IOATBEPXKIACT KOOpZ[I/IHaLII/IOHHBIﬁ MCEXaHM3M KaTaJin3a.

I > Br > Cl > OAc.

Crepeoxumusl peakuuu (cCoxpaHeHUe KOH(MUrypaluu atoma yIjaepo-
na Tpynmbsl R) B yCloBMSIX KaTain3a He M3MEHSIETCSI, HECMOTPS Ha TO
YTO KaK yXOAdlas rpymrma, Tak U 3JeKTPOMWIbHBII peareHT, Koop-
IVHUPYSICH C OpOMUI-MOHAMU, CO3MAI0OT MOIOJIHUTEIbHBIE TPOCTPAH-
CTBEHHBIE TIPETSATCTBUS (PPOHTANBHOM aTake.
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O6pazoBanue komriuiekcoB HgBr, ¢ 6pomua-noHom

Br© Br@
Hng3@

HgBr, HgBr,2°
MOHMKAET 371eKTPOPUIBLHOCTL MOJIeKYIbl. [ToaToMy TOT (pakT, yto LiBr
YCKOpSIET, a He 3aMeIsIeT MPOLeCC, CBUAETEbCTBYET O BaxKHOW POJIU
HYKJIeO(WIbHOM KOOpIMHALMU, aKTuBUpYlollei cBsi3b R—Hg. B Ha-
CTosIlIee BpeMsl KOOPAMHALIMOHHBIA MeXxaHU3M Sgi sIBIsIeTCSl 00l11e-
MPUHSTBIM IS TAKOTO poJa peakiuii.

ITpuHLMNIMATIBHO BaxKHbIN pe3yJbTaT ObLI MOJYYeH MPU U3yye-
HUU KUHETUKU U CTePEOXUMUHU OMHOAUIKUIBLHOIO OOMEHA STUJIOBBIX
3upoB o-6pommepKypapuiykeycHbix kucior (XVII) ¢ 2**HgBry:

x@clH—COOEt + 203HgBr, ~—
HgBr

XVIII

B X@CH—COOH + HgBr; .
203 HgBr

B 80%-M BOomHOM 3TaHOINIE, IMOKCAHE, alleTOHe, a Takke B MDA B
KavyecTBe PACTBOPUTEISI 3Ta peaKlMs MMEeT BTOPOl KMHETUIEeCKUI
TTOPSIIOK M TIPOMCXOAUT C COXpaHeHWeM KoHdwurypaunn. OmHakKo B
AMCO rnopsiiok 1o OpOMHON PTYTM CTAHOBUTCSI paBHBIM HYJIO, a
CTEPEOXMMIIECKUM Pe3yIbTaTOM SIBJIseTCs patleMu3anust. boree Toro,
onrrnyecku aktuBHoe coeaqnHeHne XVIII pauemusyerca B IMCO maxe
B orcyrcrBue HgBr, co ckopocThio, nuib Ha 10% MeHbLIEH cKOpoc-
TH oOMeHa. DTU pe3yJIbTaThl MHTEPIIPETUPOBAHBI B paMKaX KaTaanu3u-
pyemoro pactBoputenem Sgl(N)-MexaHU3Ma.

JAMCO MeJIEHHO
X@CF—COOEt X@CF—COOEt —

HgBr HgBr
xvinp €8 Me,s—0:7HeB
203 HoBr,
= X@CH—COOH —> X CH-COOEt
3 OBICTPO 203 |
® HgBr

Me,S—O:>HgBr

Bnusinue 3amectuteneit X cornacyeTcs ¢ oxuaaeMbiM s Sgl-nipo-
ecca:
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X=NO,;>1>H > tBu

He cnenyer, omHako, mosiarath, YTO YKa3aHHBINA DPsi BAWSIHUS
3aMeCcTUTeNIell OAHO3HAYHO yKa3biBaeT Ha Spl-mexaHusm. Takas ke
MOCJIeIOBATEILHOCTh MOXET HaOJIoAaThCsl U B Spi-peaklusix, eciu
HykJeoduabHas KOOpAMHALMSI aToMa OpomMa MOJIEKYJIbl 203HgBr2 C
atomMoM pTyTu coeaumHeHuss XVIII B mepexomHOM COCTOSIHUM Spg2-
TUIIa OKaXeTcsl 0oJjiee BaXKHOM, yeM 3JIeKTpoduiibHasl aTaka pTyTU Ha
cBsi3b C—Hg. B paccmaTtpuBaemMoM citydae BbIBoA 0 MexaHu3Mme Sgl(N)
cleaH Ha OCHOBAaHMHM COBOKYITHOCTH 3KCITEPMMEHTAJBHBIX JaHHBIX:
KMHETUUECKUX, CTEPEOXMMUUECKUX U CTPYKTYpHbIX. MexaHusm Sgl B
peaxkiusIx MeTaUIOOPraHMYEeCKUX COEIUHEHUIN BCTpevaeTcsl JTOBOJIb-
HO pelAKO — TOpa3lio pexe, YeM MOXHO ObLJIO OXKJATh Ha TOM OCHO-
BaHWM, YTO METAJLJICOAEpKalllue TPYNIUPOBKU SIBISIIOTCS XOPOIIUMU
yXonsimMMu rpymnmnamMu. Y1 Hao0opoT, B cllyyae yrjiepoacoaepKallux
YXOISIIUX IPyMIl 0O0bIYHO HabogaeTcss MexaHusm Sgl (em. 24.4.1.B u
24.5), a He Spg2.

B katanuszupyeMoil aMMHaKoM peaklMi CUMMETPU3alliu PTYThb-
opraHuueckux coeguHeHuit XVIII, oTHocs1Iecs K TUITY TBYXaIKWJIb-
HOro oOMeHa, HaOMIogaacs TaKOU K€ MOPSIIOK BIMSHUS 3aMECTUTE-
JIell, KaKk U B ONucaHHOUW Sgl-peakuuu, T.e.

X=NO, >1>H > rBu.

OpHako 3Ta peakuusi UMeeT MeXaHU3M Sgi, B KOTOPOM HYKJI€O(hUIb-
Hasl KOOPIMHALIMS UTPaeT UCKIIOYNUTETHHO BAXKHYIO POJIb:

(H;N: Br NH;
Nl
NH, Hé}/
N _
2X—©—C|H—CO0Et + WHgBr, == | —Ccy CBr | —>
B CHCl, Hg
XVIII

|
FN

COOFt (llOOEt
. X-@—CH-Hg-CH@—X + HgBr,-(NH;),

O4YeBUIHO, YTO MPU TAaKOM MEXaHM3ME Tropasmo Jierde JOJKHA
MpoTeKaTh MepeKpecTHas peakiivs MeXay ABYMsI MOJIeKyJaMu, OlHa
13 KOTOPBIX COAEPXKHUT DIIEKTPOHOMOHOPHYIO, a BTOpas — 3JIEKTPO-
HoakuenTopHyto rpynny X. Takoit addexr, neicTBUTeNbHO, HaOII0-
nancs. bojee Toro, B 3Toi Sgi-peakliuy J0JKHA MPEUMYIIECTBEHHO
paspniBaTthes CBsI3b C—Hg B coemmHeHMM, coaepKallleM aKLeIITOp-
HbIN 3aMecTUTeb X, YTO M ObUIO 1I0Ka3aHO MPU MOMOIIU pagruoak-
TUBHOW METKU:
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NH
Br—@——CH—COOEt + CHg—@CH—COOEt ‘——‘3
| | CHCl

2% HgBr HgBr

_ =

|
20Hg” —>Br—©*CH'Hg-CH4©'CH3

Oy o

|g + 203HgBr,-(NH;3),

|

CH,

Hpyroit TMI ABYXaJKWJILHOTO OOMEHa, a UMEHHO, peakiius IMoJj-
HbIX coenrHeHuit RyHg ¢ consimu prytu (IT1), Takke umeer Sgi-mexa-
HU3M, UYTO JIOKa3bIBAETCS COXpaHEHUEM KOHdUTrypaluu B Cleoylo-

X peaKIugx:
o #\ HeCl 4 ppeMe,CH,-203HgCl
cH, OMe (52%)

| 203HgCly
He-CHy=C—Ph——

CH,
203
—> HeCl L phCMe,CH,-HeCl
OMe (48%)

(coxpaHeHue)

CH
N cH CH cry
H-C*-Hg=C—H + HgBr, —> H—C*-HgBr + BrHg-C—H
C,H: C,H;s C,Hy C,Hs
(coxpaHeHue)

IIpu mepexome OT peakuuii OOHO- U ABYXaJKWIBHOIO OOMeHa K
peakiusIM TpeXaJKUIbHOTO OOMeHa PoJib HYKIEOMUIBLHOIO COmeii-
CTBUSI yMeHbIlIaeTcsl, mockojibKy B psamy HgX,, RHgX, R,Hg cno-
COOHOCTb PTYTH K KOOpAMHALIMM C aHUOHAMU X Pe3KO YMEHbIIAETCS.
B cooTBeTcTBUU C 3TUM MeXaHU3M U3MeEHsIeTCs OT Sgi K Sg2.

Peakuuy TpexaqkujabHOro odMeHa M3y4yaJuCh C MPUMEHEHUEM
JIBOMHOM METKM, T.€. C MCIOJb30BAHUEM COCIUHEHUS, COAEPXKAILErO
ONTMYECKU aKTUBHYIO rpynmy R, Hanmpumep emop-OyTUIbHYIO (HIKE
OITUYECKM aKTHUBHAS IpyIna odbo3HaueHa cuMBojioM R°) u omHOBpe-
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MEHHO paJIMOaKTUBHYIO pTyTh *Hg. BBIJI0 paccMOTpeHO MATh BO3MOX-
HBIX BapMAHTOB MeXaHM3Ma pPeaKIINu:
1. O6bmen R na X:

R

R—Hé"
k}j‘lrg

RHgX + R—*Hg—R°

X
R®
2. O6bmen R na R°:
R
R—Hé" RHgR® + R—*Hg—X
k\/*Hg—X
R

3. Obmen Hg na *Hg:

Hg
H; o
R/ g\R : R ~
« R X,/ R R
\ [’I \*Hg/

4. C60000HOPAOUKANbHBLI MEXAHUIM.
5. H3omonnbiii 0OMeH, uepe3 pagHOBECHYH) CUMMEMPUAUUID:

2X—*Hg—R® =——= R%*Hg + *HgX, :

R,Hg + *HgX, == 2 R*HgX .

ITpu ocyuiecTBiieHMM peakiiuy Mo MexaHu3My (1) ckopocTu o0-
MEHa PTYTbIO M AJIKWIbHBIMU TPYMNIaMU JOJKHbBI OBITh OJMHAKOBbI-
mu, T.e. V(*Hg) =v(R®). Ilpu ocyiecTBieHNN peakuu 1o cxeme (2)
u3oTonHbI 00MeH Mexny RyHg m RHgX moimkeH orcyrcrBoBarh, T.€.
v(*Hg) =0. s cxembl (3) v(R%) =0. CBoOOAHOpaAUKAIbHbBIN MeXa-
HU3M (4) TPOTUBOPEUUT HAOJI0JAEMOMY COXpaHEHMIO KOHdurypa-
uuu rpynnsl R® B xoae peakiuu. st MmexaHusma (5) CKOpocTh oome-
Ha aJKWJIbHBIMU IPyMNIIaMM JOJKHA TPEBBIIATh CKOPOCTh MU30TOIMHO-
ro oomena v(R°) >v(*Hg). DkcnepuMeHT mokasaj, 4TO IJs
TpexajikuibHoro oomeHa v(R°) =v(*Hg). D1o o3Hauyaer, uto OOMeEH
PTYTbIO U aJKWJIbHBIMU TPYMIIaMU MPOUCXOAUT B OAHOM aKkTe, T.C.
peanusyercsi OMMOJIeKYJISIpHbIM MexaHu3M (1).
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W3ydenne coneBbix 3POEKTOB B peaklMy TPEeXaJKUIbHOIO 00-
MeHa MokKa3ajao, YTo N00aBKU COJIeH JUTUS MPUBOIIT K YCKOPEHMIO
peakiuu, mpuuyeM 9TOT dGh@EKT YMEHbLIAETCSl B PsIIy

LiClO4 > LiBr >LiNOj > LiOAc .

Takum oOpa3oM, OPOMUCTBHIM JIMTHI B JaHHOM CJiydyae OKa3bIBaeT
COJICBOM, a He KaTanuTuyeckuit apdexr. Ha 3TOM 0CHOBaHUM MOXHO
CYUTaTh, YTO peaKlMsl MPOMCXOAMT IO MEXaHU3My Sp2 uepe3 alMK-
JINYECKOE TIEPEXOTHOE COCTOSTHUE.

MexaHu3M 4YeThIpexaJIKMJIbHOIO oOMeHa u3ydyeH Mano. M3BecT-
HO, HaIlpUMeEp, 4YTO TpU IauTebHOM HarpeBaHuu cmecu (CHs),Hg
¢ (CD3),Hg nipu 65 °C obpasyercas CD;HgCH ;. BeposiTHbIN MexaHU3M
BKItouaeT B3aumoneiicteue Hg—Hg B cTpykrype XIX:

HeC $D3 CH;_
3> | - —
| Xix “CDs
CH;
i
H
H;C—Hg--Hg—CD; =——= H;C—Hg + O

|
L ! Hg-CD
CD3 CD3 g 3
ITonoxeHue paBHOBeCUSI

Kpasu

R,Hg + R’,Hg RHgR’

B 00llleM TeM CUJIbHEe CIBMHYTO BIpPaBO, YeM OOJblIC pa3iuyue B
crabunbHOCTM KapbaHnoHoB R™ m R, Hampumep:

R Me Et Et n-Pr
R’ Et Ph CH=CH, 1-C;F;
kpasa 1,8 5,0 15 > 2'10°

24.4.3.6. BBAUMOJENCTBME COJIEM PTYTU C IPYTUMU
METAJIJIOOPTAHUYECKUMU COEJUHEHUAMU

Kak yxe ormeuanoch Bblille (cM. paznen 24.4.1.6), mpu paciier-
JICHUW CBSI3U YIJepoa—O0op Moj ACHCTBUEM 3JIEKTPO(UIOB HYKIIEO-
(bUIBHBIN KaTaau3 UrpaeT UCKIIOUYUTEIbHO BaXKHYIO posb. Hampumep,
KUHETUKA B3auMoneiicTBust 3¢upa OeH3UIO0pHOM KUCIOTH (XX) C
XJIODHOM PTYThIO B Cpelie 3TaHOJ—BOAA—TJIULEPUH, coaepxKalleil 0y-
(epHyIO CHCTeMy, ONMUCBLIBAETCS YpaBHEHMEM TPETbEro Iopsiaka, B
KOTOpPOE BXOIWUT HE TOJBKO KOHIeHTpalus snekrpoduna HgCl,, HO
1 KOHLIeHTpauusl Hykineoduia OH™:
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Cxkopoctb = k3 [ArCH,B(OR),] [HgCl,] [OH™].

Pesynbrarhl MHTEPNPETUPOBAHBI KaK (PpOHTaIbHOE 3aMellleHue Oopa
Ha pTyThb B Komiuiekce aupa XX ¢ nonom OH™:

O O

HgCl,
ArCHZ—B\/ +0H® == ACH,—BO —
0 OH" o
CH,0H CH,0H
XX
) L L
CH,0H
o)
e ©
=~——= |AH,C-----B=—0 o
/\Hig OH
L Cl ]
o
—= ArCH;HgCl + HO—B] j\+ c1©
O~ cn,0H

CrepeoxrvMusi 3TOM peaklMM ObLIa OIpesesieHa Ha MpuMepe OMNTH-
YeCKM aKTUBHOTO ¢-(P€HWJISTWJIBHOTO TPOU3BOIHOTO, TIPUYEM OBLIO
HaliIeHO COXpaHEeHME KOH(UIypaLUu:

Ph Ph
CHy-,CBOR, ——> (- C—HeCl  (compancune)
H H

OngHako MepKypomeObopupoBaHMEe He BCEraa COIPOBOXIACTCS
coxpaHeHHeM KoHduTryparuu. Tak, IIpu paclleITIeHUN mpeo- U dpum-
po-|Me;CCHDCHD|;B amerarom prytm B TT'® 06pa3yrorcs cooT-
BeTCTBEHHO apumpo- u mpeo-Me;CCHDCHDHgOACc, 1.e. KoHUry-
panmst MHBEPTUPYETCS.

CoxpaHeHue KOH(UTypalMd HaOIIOAAIOCh TakKXKe B peaKInu
MarHuiiopraHndeckux coeamHeHuii ¢ HgBry:

+ HeBr, ——>
MgBr g —MgBr, gBr

(ax30) H H
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+ E—
o e Ty, H

(aH00) MgBr HgBr

OJ10BOOpraHNYECKNE COSAUHEHUSI PearupyloT C COJSIMU PTYTH
o MexaHusmy Sg2. PeakiimoHHast CliocOOHOCTh YMEHBILIAETCS B PSIAY:

Hg(OAc), > HgCl, > Hgl, >>Hgl; .

AnunoH Hgl;™ BoBce He pearupyer, 4To SIBJSIETCSI IOBOJOM B IMOJIb3Yy
MEepeXoHOTO COCTOsIHUS 0e3 KoopAuHauuu Sn—X:

=
. .-SnR'3

RSnR'; + HgX,=~—| R | —> RHgX + R'38nX .
HeX,

PeakumonHnast criocooHocth R4Sn ymeHblnaeTcss B psiay, COOT-
BETCTBYIOIIEM YBEJIMUEHUIO MPOCTPAHCTBEHHBIX MPETSTCTBUI 00Opa-
30BaHUIO TECHOTO TMEPEXOAHOTO COCTOSIHUS:

R =Me >>Et > u-Pr ~ #-Bu > i-Bu >> i-Pr.

MexaHu3M peakumii COeIMHEHUM ITepeXOoaHbIX METaJIJIOB, COAEP-
KalllMX G-CBSI3b YIJIEPOA—METAUI, MOXET CYLUIECTBEHHO OTJIMYAThCS
OT PaCCMOTPEHHBIX BbILIE MEXAHW3MOB 2JIEKTPO(PUIBHOTO pacuierie-
HUS aJIKWJIbHBIX MPOU3BOIHBIX HEMEPEXOIHBIX MeTa/U1I0B. PaccMoTprum
HECKOJIbKO HauboJiee XOpOLIO MCCAENOBAHHBIX MTPUMEPOB.

D1eKTpopUILHOE pacllieIUIeHUE aJIKUIKOOAIbTOBBIX COeIMHEHUI
RCo(DMG),, tie DMG — aumerwirinokcumar, nonamu Hg?* B
BOJJHOM DPacTBOpE

R—Co(DMG), + Hg2® — > CH;He® + Co(DMG),
2

OIMCHIBAETCS KUHETUYECKUM YpaBHEHUMEM BTOPOTO IOPSIIKA:
Ckopoctb = k; [R—Co][Hg*'].

3aBUCUMOCTb CKOPOCTH OT Ipupoabl R 00yciaoBieHA CTepUYeCKUMHU
dakTopamu:

R=Me > Et ~ v-Pr ~ i-Bu >> i-Pr.
ITpu paciernenun spumpo-Me;CCHDCHD-Co(DMG), nelictBueM
Hg?* B BomHoM pactBope HCIO, o6pasyercs: mpeo-Me;CCHDCHDHg?,
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T.e. KOH(UTypalusi aToMa yrjiepoja UHBepTUpyeTcsl. TakuMm o0pa3oM,
B TaHHOM cJlyyae OCYIIECTBISIETCSl Sp2-peakiuusl ¢ MHBEpCUEH:

/£
_ 7C_CO + ng > Hg_ '/C\'CO - Hg_C~\~ .+ Co

[Co = Co(DMG,]

Pacuerienue ankuiabHbix npousBoaHbix kesne3a CpFe(CO),R
xJIopHO# pTyThIO B TI'® B 3aBUCUMOCTH OT TOTO, SIBIISIETCS JIM ajl-
KWJIbHAST Tpyrma R TepBUUYHOI, BTOPWUYHON, TPETWUHON, OCH3WIb-
HOW WJIW aJUIMJIBHOM, TIPOUCXOIUT ITO-pa3HoMy. 1T MepBUYIHBIX ajl-
kuibHbIX Tpynn R =—CHDCHDPh u ~-CHDCHDBu-¢ Habatonaercs
obpazoBanue RHgCIl ¢ coxpaHeHreM KoOH(puUrypauuu atomMa yrjiepo-
nma. OmHAKO B CiTydae TPETUYHBIX aJIKMJIBHBIX, OCH3MILHOW W aJlJTIIb-
HOUW rpynn mpoaykrtaMu peakuuu sBiassiorcss He RHgCl u
CpFe(CO),Cl, a ankunxjopua RCl u CpFe(CO),HgCl. [lnst HeoneH-
THJIBHOTO W M3OIPOIWIBHOTO IPOU3BOAHBIX B pe3yjbTaTe peakIuu
oopazytorcss RCI, CO u HgCl,:

@ 5 FeCl + RHgCl
+ HgCl, —L FeHgCl + RCl

OC_//FG\ L ®) o Rl €O, HeCl, T
CcO R rae Fe = CpFe(CO),

Peaxknust nig R=Me u ~-Bu onuchiBaeTcsi KWHHETUMYECKUM YpaB-
HEHHEM TPETbero ITopsiaKa:

ckopocTh = k3 [RFe][HgCl,]%

Opnako mpu R =i-Pr HaOmogaercss BTOpoit MopsifoK (TepBbIid IO
HgCl,). Bce aTu naHHbIe MOXHO OOBSICHUTh B paMKax MeXaHM3Ma,
BKJIIOYAIOLIETO0 00pa3oBaHUE KOMILIEKCA, COMEPXKAILEro CBSI3b XXeje-

30—PTYyTh:
(< b
+ ch 12 ~———

_-Fe
oC /X HgCl
co R R gC
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k
@ + HgCh ‘——2‘ @@ o

_Fe oc-Fee—co HeCh
oC /\ ~CO R/ HeCl
R HgCl
BOCCTAHOBHUTEIILHOC
3.III/IMI/IHI/Ip0BaHI/I€ f : :
()
0C -Fe\ + RHgCl + HgCl,

od a

® o HegCL®
e A @ + RCI + HegCl
R HgCl .
L © 5 oc-Fe
nykineopuwmmaoe C HgCl
3aMelIeHIe
yR
® PpasiokKeHHe
— g . —_—

OC—Fe¢—CO 4\

e R HgCl
R/ \ch12 HeCl3 eCh

CornacHO 3TOll cXeMe, BOCCTaHOBUTEIbHOE 2JIMMMHUPOBAHUE
RHgCl ¢ coxpaHeHneM KOH(pUrypaluuu COOTBETCTBYET Ipoleccy (a).
C apyroit cTopoHbl, MoHM3aLUs cBs13u R—Fe, mpuBozsinas Kk o6pa3o-
BaHMIO KapOokaTmoHa R*, coorsercTByeT mpoleccy (6) ¥ JOIKHA
OBITb ONTUMATLHOM TSI Mpem-aJIKUIbHBIX U BTOPUYHBIX OEH3UIbHBIX
rpynn. C 5TUM MeXaHU3MOM COIJIacyeTCsl DKCIePMMEHTAIbHO yCTa-
HOBJIEHHAs1 TIOTepsI ONTUYECKON aKTUBHOCTH TPHU pacllerieHuu (+)—
PhCH(CH;)Fe(CO),Cp ¢ obpa3oBaHMEM paleMUUYeCcKOTo XJOpuiaa
PhCHCICHj;, a takke coxpaHeHHe KOH(MUIypalUu y aToMa Kejesa.
MexanusM (B) BKJIIOYAET OKHUCIUTEIbHO-BOCCTAHOBUTEIbHbBIE peak-
LMY W XapaKTepeH ISl COeNMHEeHUI, 00JIagaloliux OTHOCUTEIbHO
HU3KHUM TOTEHLIMAJIOM MOHU3auuu cBsI3u R—Fe, Ho He maloumum mo-
CTaTOYHO CTaOWILHBIN KapookaTroH R*, T.e. mis R = i-Pr u neo-CsHy;.

IlocnenHuit mpuMmep IMOKa3bIBaeT, HACKOJBKO CIOXHBIM MOXKET
OBITb MEXaHM3M Ha TMEePBbIA B3IJISA MPOCTOM peakluyd U Kak CUJIbHO
OH MOXET MEHSTLCS TIPY U3MEHEHUN CTPYKTYPhI aJKWIbHON TPYIIIIbI.

144



24.5. PEAKIIMM C I'ETEPOJIMTUYECKUM PA3PBIBOM
CBA3U YIJIEPOJ-YIJIEPOJ

B 3akimioyeHne paccCMOTPUM peakiUM, B KOTOPBIX MPOUCXOMAUT
rereponn3 cBsi3n C—C, T.e. yXOIsILei TPYIIION sSIBISIETCS OpraHnvec-
Kas mosekyia. Kak ykaspiBajoch B pasaene 24.1, Takue peakuuu Ha-
3BIBAIOTCS QHUOHHBIM paclienieHuem M 4acTo TIPOMCXOIST IO Mexa-
Hu3My Sgl ¢ mpomexKyTouHbIM OoOpa3oBaHueM KapOaHuoHa. CienoBa-
TeJIbHO, MOBBIIIEHNE CTAOMILHOCTY KapOaHMOHA 00JIeryaeT peakiuio.
B nonagssitoliiemM OOJIBIIMHCTBE CIy4aeB IPOMEKYTOYHO 00pa3yoluii-
¢ KapOaHMOH pearupyeT ¢ TOHOPOM IPOTOHA, MPUCYTCTBYIOIIUM B
pacTBope, U KOHEUHBIM TPOIAYKTOM sIBJIsIeTCsT cooTBeTCTBYIOIIass CH-
KucaoTa. Peakiimm aHMOHHOTO pacIlerJIeHUs AeNISITCS Ha IBE TPYIIIIHL.
K mepBoii rpymme OTHOCSTCS TPOLIECCHl PacIIeTUIeHNUsI, BEmylIne K
OTHICTUIEHUIO KapOOHUIBHBIX COEIMHEHNI B KAUeCTBE YXOMSIIIEH rpyr-
nbl. OO0LIast cXxeMa peaklud UMEeT BUI:

e s i
|

Yxonsiuas rpymnma craduiusupyercs Onaromapsi TOMy, 4To AePULIUT
BJIEKTPOHOB Ha €€ aToMe yrjepoaa KOMIIEHCUPYETCS 2JIeKTPOHHOM
napoii kuciaopoaa. Huke nepedyucieHbl BakHeHIINe peakKuuu, OTHO-
CALUMECSI K ITOM TpyIIIe.

PerpoasbionbHasi peakmus, T.e. peakiivsi, 00paTHasl aJbAOJbHOMI
KoHAeHcauuu (cm. . 16. 4. 3):

R’
I (AI
—C—C—C—R + B R—C—C—C—R =
I | Il -HB" ) I Il
OH' O oe'! O
| e
<= R—C—R' + @C—”—R — H—C—E—R
o » 6
Pacmenienne OUaAHTHIPHHOB:
CN (CN
I I o
R—C—R + B — R—C—R —>R—C—R + CN
I -HB %@ |
OH o)
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Pacumenjiensne ajJkoOKCHIOB TPETUUYHBIX CIIMPTOB, T.. IIpolece,
00paTHBIN MTPUCOEANHEHNIO KapOaHMOHOB K KapOOHWIBHBIM COCIM -
HEHUSIM:

@

R}-Na R@ Na®
¥ A HA
R—C¥QO™———> R—C=0 —> RH
[ | —NaA
RH R"

TakuMm myTem paclIeruisiioTCsl aHMOHbI AMU30MPONUIHEONEHTUIKAP-
OuHoMNa, TpU-mpem-OyTUIKapOMHOIA, TpUdeHUIKapOrHoOIa U T.1.
OpHako, eciu R — mepBUUHBIN ankui, TO peakuusi He uner. Pac-
LLeTJIeHre aJIKOKCHIOB IIIMPOKO UCIIOJb30Baioch . KpamoM mist usy-
yeHusl MexaHu3Ma Sg-peakuuit (cMm. pasnen 24.2.2).

Bropasi rpynna peakuuii aHUOHHOTO pacllerIeHUs] HOCUT Ha-
3BAaHUE ayUAbHORO pacujenienus, TaKk KaK yxoasuias rpynmna oTiers-
eTCsl B BUJE KapOOHOBOW KHMCJIOTHI (MHOTrIA B BuAe amuaa). Mcxon-
HBIM CYOCTpPaTOM SIBJISIETCSI KApOOHUJIbHOE COeAMHEHNEe, KOTOpPOoe aTa-
kyercss monom OH™ (unmum NH,") ¢ oOpa3oBaHueM MHTEepMeauara,
paclIernsitolerocss 10 KapOOHOBOM KMCJIOTHl WM aMula IO Mexa-
Husmy Sgl:

OH
I
R—%—R’ + OHO== 1{3—$—R' — R+ RCOOH —~
o) %o
— > RH + R/COOG.

BaxHeiiime peaklny TaKOro TUIIA IEPEYMCIICHBI HIDKE.
Pacmennenue B-keto3¢dnpoB U B-IMKETOHOB MO JeiiCTBMEM OC-
HoBaHuWii (cM. . 16. 4. 3)

R R OH
R 00C—C—C—R + OH® — 2R 00C—F)_¢—R —m
RO v Cho
R
—»R'OOC—%G * RCOOH —> R'OOCCHR, + RCOO®
R

PacuieruieHre MoxXHO MpoBoauTh MOHOM EtO~, Torma BMecTo coJei
00pa3yroTcs STWIOBBIC 2(UPHI KapOOHOBEIX KUCIOT. Takas peakims
obpartHa xondencayuu Kasiizena (tn. 16, 4. 3). I1pu paciieruieHUN LMK~
JIMYECKUX JUKETOHOB O0OPa3yloTCS COJM KETOKUCIIOT, HAIpUMED:
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0 Ho {9° HO_ O

CH; o CH /@ CH;
CH3 + OH S CH3 - CH3 -
0 O O

— (CH3)2CH—%—CH2CH20H2COO@

Tl'anodopmuaa peaknusi rpoBoautcs AciictBueM rajgoreHoB (Cl,,
Br, u 1,, Ho He F,) m 1ienoun Ha METUJIKETOHBI WJIM alleTaIbIeT M/l

CH—C—R —2 > CHBr + RCOO ©
T OHO " '
0

B xone pCakiMmn B LICJTOYHBIX YCJIOBUAX METUJIbHAA IrpyIira cHavyasia I110J1-
HOCTBIO TaJIOTCHUPYETCA, a 3aTEM IMPOUCXOAUT allMJIbHOC paClICIIJICHUE:

OH
) ey S
Br;C—C—R + OH =BnC” CTR—> BrsC + RCOOH
l Oe
¢)

} ©
CHBr3 + RCOO

ITon neiictBuem F, peakuusi He MaeT, OAHAKO TPU(PTOPMETUIKETO-
Hel CF;COAlk u CF;COAr npu AeidcTBUM LUEA0YM Oal0T (GTOpO-
¢opm CF;H.

Pacmenienne HeeHOJM3HPYyeMbIX KETOHOB I10] AEWCTBUEM OC-
HOBaHUI WAET 3HAUMTEJbHO TPYAHEE, YeM pacllerieHue B-AUKETO-
HOB WJIM TPUTAJOTreHMETUJIKETOHOB, MOCKOJbKY B 3TOM Cjyyae OT-
LIETUISIOLIMICS KapOaHUOH MeHee ycToiuuB. OaHaKo NMpu AefCTBUU
cmecu -BuOK-H,O (10:3) B adpupe, AMCO wiu AMD unu npu
neiictun TBepporo -BuOK 6e3 pacrBopuTesiss Takne COSIMHEHUS
Bce Xe yaaeTcs pacuienuTbh. C MOMOIIBIO 3TOI peakluu MOXHO BBe-
CTU KapOOKCUJIbHYIO TPYIIY B apoMaTU4YeCcKoe KOJIbIIO:

cl cl t-BuOK-H,0 o
ArH + > —> ArCOO™ +pp(l.
Ar—C IMD
COCl g

0pMo-XJIOPOEH30MITXTIOPHL
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Peakmus Xamnepa—bayspa MOJHOCTBIO aHAJIOTM4YHA MpPEIbIAyLIei
peakiu. OHa MpUMeHMMa K HeeHonmusupyoiumMces ketoHam ArCOCR3,
paromuM amuabl R;CONH,, KoTtopble TpyaHO TOJYYUTh APYTUMU
MeTogamu. B xone peakiiuy KOHGUTrypalus ONTHIECKU aKTUBHOM rpym-
el —CRR'R” coxpansietcss. OcCOOEHHOCTh peaklUu COCTOUT B TOM,
yTO KapOaHWOH OTILIEIISIeTCS OT AMAaHUMOHA aMUHOCIUPTA:

NH, NHOK®
| KNH.
AI'_C_CR3 + KNHZ ~ AI_C_CR3 >IAI'_C_CIQQ, —>
O~ K O
NHOK® 7 Nk
0,® _ HA
—> | Ar—C—CR; | > Ar K- + ﬁ CR; —>
: —KA
®K--0©
0
—> ArH + RyC—C_
NH,

Heckoiabko 0co00 cTOUT peakuus AeKapOOKCHIMPOBAHUS Kap-
OOHOBBIX KMCJIOT. dekapOOKCHIMpOBaHUE JIETKO MIET B ClIydyae KIUC-
JIOT, conepxaiux B o-nojoxenuun rpynnsl COOH, COR, R,C=CH,
NO,, Hal;C u T.n1. I3 He3aMelleHHbIX KUCIOT AeKapOOKCUIMpPYyeTCs
TOJIbKO YKCyCHasl, KOTopas MpU HarpeBaHUU B BUIE alleTaTa C OCHO-
BaHMEM C XOPOIIMM BBIXOJOM JaeT MeTaH. HeKoTopble KUCIOTHI ae-
KapOOKCUJIUPYIOTCSI caMU I10 cebe, 0e3 AeiiCTBUSI ocHOBaHUil. B aToM
cIyJae peaxkius 4Jallle BCero MAET IO IUKINYECKOMY IIeCTHIIEHTPO-
BOMY MeXaHU3MYy, HaIllpuMep s [-KETOKUCIIOTHI:

Hy CH —
R—ﬁ k_jC=0 R—C% % 4 |(|3—0
0) CO (l)H o
H
€HOJI

OpmHako Takasl peakIusi He OTHOCUTCS K Sp-tumy. TonbKo mekap0o-
KCHJINPOBaHNEe KapOOKCUJIATHBIX aHMOHOB, T.€ peakIus, obpaTHas
npucoeauHeHuto KapoaHuoHOB K CO,, UMeeT Sp-MeXaHU3M:

0
Al ¥d o

HA
R—C=O0"—> R™ + CO, —> RH+CO, (Sg)
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DKcnepuMeHTaIbHbIe MCCIECAOBAaHMS MOKA3aJIM, YTO B XOHAE [e-
KapOOKCWJIMPOBAHUSI KOHMUIYpalus ONTUYECKW aKTUBHOM TI'PYIMIIbI
R coxpaHsiercsi, mpuyeM 3TO CIpaBeIMBO KakK JJIsi KOH(PUTYpaIlMOH-
HO CTaOWJIbHBIX, TaK U JUISI KOH(MUIYPALIMOHHO HECTAOWJIbHBIX Kap-
6anunoHoB R™. CoxpaHeHue KOH(pUTYpallud B KOH(PUTYPALIMOHHO He-
CTaOWJIBHBIX KapOaHMOHAaX OOBSICHSIETCS OOpa30BaHUEM ACUMMETPU-
YeCKMX MOHHBIX Map (cp. pasgen 24.2.2), Hanpumep:

oN CN H—OR
Et—(ll*—CO@M®+ ROH +Et—$gﬁm—M®
Ph Ph O
CN 1y_ CN
N H—OR
—FEt—Cio M® ——> Et—C*— (coxpaneHue)
[ —MOR
Ph Ph

OmHako HEKOTOphble KapOaHWOHBI, COIAEpXKAIllMe 3JIEeMEHTHI Tpe-
TBETO TIePUOIa, COXPAHSIOT CBOIO MCXOAHYI0O aCUMMETPHUIO TTOCNIe OT-
mwermennst CO, maxke B paCTBOPUTENISX C BHICOKOM AURJICKTPUUIECKOMN
MPOHUIIAEMOCTbIO, B KOTOPBIX B OOBIUHBIX ciydasix (paszmen 24.2.2)
OoJiee TIpeAITOYTHTENIbHA palleMu3anust. Hampumep, mekapOOKCHITH-
pOBaHUE O-METUJI-0-(PEeHUICYIb(HOHUIOKTAHOBOK KMCIOTH (XXI)
MPOUCXOAUT C TIOJTHBIM COXpaHeHWEM KOH(UTYpaIlMOHHOM CTaOMIh-
HOCTH KapOaHMOHA, IMOCKOJbKY M30TOITHBI OOMEH BOmOpoda B 00-
pa3oBaBIlIeMCsT CYJIb(hOHE TaKXKe IMPOTEKAaeT C BBICOKOM CTEIEHbBIO
COXpaHeHUs KOH(PUTYpaIn:

g g A B
Ph—S C* \V’B —> Ph—S— C*—HL» Ph—S—C*—
—co, | | DB ]
O C6H O CgHj; O CgHjps
XXI (coxpaHeHue) (coxpaHeHmue)

AHAQJIOTUYHO BeayT ceOsl cieaytollne (QyHKIIMOHAIbHbIE TPYMIIbI:

0 R 0

I I Ll I
Ar—S— RO—S—  AN—S—  Ar—P-—

I I I I
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25.1. OBIIASL XAPAKTEPUCTHUKA
HNEPUIUKINYECKUX PEAKIIMN

25.1.1. OIIPEJEJIEHUA U KITACCUPUKALIUA

[NepnmmMKIMIeCKMMI Ha3bIBAIOTCA peaKIIM HEeHACBIIIEHHBIX MO-
JIEKYJI, KOTOPBIE MPOTEKAIOT Yepe3 LMUKINIECKOe TePEeXOMHOe COCTOSI-
HHe. Taknx peakunii B OpraHNIeCKOil XUMUU OYeHb MHOTO, M OOBIYHO
WX TIOMPA3NeIAOT Ha TPU OCHOBHBIEC TPYIITHI, TTIEPEUNCICHHBIC HIDKE.

1. IuknonpucoenuHenne — nukiaopacnaa. HauGosiee n3BeCTHBIM
W3 TIPOIIECCOB IUKIIOPUCOSANHEHUS IBJISIETCS peakins Inimbca—Amb-
mepa (cm. 171. 7), B XOme KOTOpPOM MoOJeKyJa, comepxamas yuc-1,3-
OyTamMeHOBBIN (pparMeHT, pearupyeT ¢ APYroil MOJEKYJION (IueHO-
(unom), comepKalleil STHIICHOBBIN (hparMeHT. B pesynbrate obpasy-
eTCsl LIEeCTUWIEHHBbINH LUKI. B ynpouieHHOM Buie (06e3 ykazaHMs
3aMecTUTeJIell B nuMeHe M AueHodumie) peakuuio Juibca-Anbaepa
MOKHO 3aITiCaTh CICIYIOIIMMH aTbTepHATHBHBIMA CXEMaMMU:

+
= HarpeBaHue (A)
+ B —_—
yuc-1,3- nue- nukanyeckoe I1C LIMKJINYECKUM
JIMEH HO(UI MIPOIYKT

= MEJUICHHO . ObICTPO
| e, Ty Zeme,
AN

MIPOMEXKYTOUHBII
OupauKan

®
= MEIIJIEHHO o OBICTPO
v = —
NS

TTPOMEXYTOUYHBIA
LBUTTEP-UOH

IlepBrblii U3 yKa3aHHBIX MyTe — MEPULUKIMYSCKUN MYyTh, a BTO-
pOii U TpeTUii — HeNepULIMKINYEeCKUe MyTU. B OOJbIIMHCTBE Cyvyaen
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JIIMUEeHbl pearupyloT ¢ AueHoduaaMu 1Mo MepBoMy MyTU (XOTS U3BECT-
HbI TIPUMEPBI NTPOTEKAHUS PEAKIIMU Yepe3 OMpaavKalbHbIE WU LIBUT-
TEPUOHHbIE MHTEPMeAuaThl; cM. pazien 25.3.1), mosToMy peakuus
Aunbca—Anbaepa KiacCUOULUMPYETCsl KaK NePULIMKINUESCKUI TTPOLIecC.

OO6paTHasl peaxiiusi, TaK Ha3blBaeMblil PEeTPOAMEHOBBIN pacran,
TaKK€ KakK MpaBWIO TMPOTEKAET Yyepe3 LUKIUYECKOe MEepeXOHOe CO-
CTOSIHUE, W TTORTOMY TOXE MOMAJAET MOJ OINpeAeeHUEe MEPULIMKIU-
YECKMX PEaKIIU:

peTpoieHoBas
+ ” peaxuust

(HamoMHMM, 4TO, COIJIAaCHO MPUHLMIY MMKPOCKOIIMYECKOM obOpa-
tumMocTu (T71. 3, 4. 1), oOpatumasi peakiiusi Kak B IpPSIMOM, TaK U B
00paTHOM HaIlpaBJICHMSIX 00sI3aTEJIBHO IIPOTEKAeT 4yepe3 OJHO U TO
K€ TIePEXOIHOE COCTOSIHUE.)

B xadecTBe Broporo mpumepa MOXHO IPHUBECTH peakiuto 1,3-mu-
TTOJISIPHOTO ITMKJIONIPUCOENMHEHMSI, [Ie MOJICKYJIa, JIEKTPOHHYIO CTPYK-
TYpy KOTOpOIi MOXHO IPEICTaBUTh B Buje 1,3-mIUIIONSI, pearupyer c
STUJICHOBBIM (DparMeHTOM APYroil MOJIEKYJIbI, B JTaHHOM CJIydae Ha3bl-
BaeMoii TUITOIAPOGUIOM, ¢ 00pa3oBaHUEM S5-UJICHHOIO IeTepOIMKIIA;

® © ® . .0
CH,=N=N: =<=—> CH,-N=N:
JMa3oMeTan IPE/ICTABICHNE B

Buzae 1,3-aumoss

©N: N-. 77 N
/ A 2 N
. + ——> [ N ' N
tN N
®CH, LUKJINYECKUiT
1,3-aunons  AUEHOQUIT mkmrdeckoe [1C TIPOJYKT

3aMeTuM, YTO B peaJibHOI 3JEKTPOHHON KOH(MUTYpaluu I1a3o-
MeTaHa IMOJIHOTO pa3feseHUs 3apsioB He TpoucxonauT. Ha camoM aese
YIJIEPO HECET JIMIIb YACTUYHBIN TMOJOXUTEIbHbIN, a a30T JUIIb Yac-
TUYHO OTPULIATEJIbHBIM 3apsiibl; IIOATOMY CXEMY pE€aKlLIMM MOXHO 3a-
nucaTb U 1o-aApyromy:

5N N-.# /N
/ . 7
: N// n “ _A S IN | N
\ ] PR
5+CH,
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B mepexomHOM COCTOSTHMM TIPOMICXOMWT LIMKJIMYECcKast TepecTpoiika
3JIEKTPOHHOTO obJ1aka (ITyHKTUp IO BceMy KoJiblly). [lepexomHoe cocTosi-
HMe C KPYroBOM JeJIOKATN3aIeil 2JIeKTPOHOB Ha3bIBAETCS NEPULIUKAOM.

HwuknonprcoennHeHre, TMPU KOTOPOM TIPOCTON ajKeH WIM CO-
MIPSDKEHHBIN yuc-TIONNEH TIPUCOEINHSIETCS ABYMSI CBOMMM KOHIIEBBI-
MM aTOMaMH YTJIepoJia K OMHOMY W TOMY K€ aTOMY BTOPOI MOJIEKYJTBI
(«areHoGMIIa» ), TONYYMIN Ha3BaHWE XeJIETPOITHBIX peakiuii (Ha3Ba-
HUEe, aHaJIOTUYHO TEPMHUHAM <«XeJlaT», «XeJaTHbI 3(deKT», U T.II.,
MMPOMCXOIUT OT IPEYECKOTO CI0BA «KJIELIHsI»). B Takue peakuu BCTy-
natoT SO,, KapOeHbl U COeAMHEHUsI TpexBaJeHTHOro gocdopa:

#
=z N
+ S0, L»[ ,802] — SO,
) 2,3-murunpotrodeH-
5,5-nuokcu
#=
A e
| + cH, —>|:H2C]:| —
OUKJIOIIpOIIaH
~ Cl cl
+ P —_— P—Cl| ——>
N \ \
R R
Cl Cl
s 7 ©)
—> P\—Cl - P\@ CI
R R

2. DuexkTponuKiandeckue peaknud. CorjacHoO ompeleseHuo, K
SJIEKTPOLMKIMYECKIM OTHOCSITCSI peaKIINH, B XOI¢ KOTOPBIX TTPOMC-
XOIUT 00pa30BaHMUE MPOCTOM CBI3M MEXIY KOHIIEBBIMU aTOMaMM CO-
MPSIKEHHOM T-CUCTEMBI, a TakKKe OOpaTHBIE peakKIuM, BeAyllne K
pacCILEIJIEHUIO MPOCTON CBSI3U B LIMKJIE C OOPA30BAHUEM COMPSIKEH-
HOM OTKPBITOM T-CUCTeMBI. [IprMepaMu 3JIeKTPOIMKINISCKIX peak-
LU SIBISIIOTCSL MpeBpalueHust yuc-1,3,5-rekcaTpueHoBOro (parMeH-
Ta OpraHMYecKHUX MOJIEKYJ B LMKIorekca-1,3-1ueHoBbIN (hparMeHT,

mukianueckoe [1C
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JIETKUI Mepexo/l HAMPSLKEHHBIX LIMKIIMYecKuX 1,3-uyuc, mpanc-1ieHoB B
OMLIMKJIMYECKUE COSIUHEHNSI, COIEPKaLIMe LIMKIOOYTEHOBBIN (hparMeHT,

#Z
80°C
E— - — >
| I
&
yuc, mpanc-1,3-unkinookTaaueH uukianyeckoe [NC yuc-onuukio(4,2,0]JokreH-7

pPacKpBITHE TPEXWICHHOTO LMKJIA MPU COJIbBOJIM3E XJIOPLUKIONPOa-

Ha U T.I
= . J

H Y

H i j AcOH 20}
cl Cl OAc
muknuueckoe [1C aJTIaneTaT

DIIeKTPOLIMKINYECKE PaBHOBECHBIC peaKIIMM WHOTIA Ha3bIBAIOT
KOJIbYATO-LIETHOM BaJIEHTHOI TayroMepueir (cMm. 1. 26).

3. CurmatponHblie casurn. Eciu B Xone peakiiny MpouCXOaUT BHYT-
PUMOJIEKYJISIDHOE TIepeMeIlleHNe G-CBSI3U M3 TMepBOHAYAIBHOTO TIO-
JnoxeHus [1,1’] B KoHeuHoe IojioXkeHue [, j], TO Takasl peakiusl Ha-
3bIBaeTCs [, /]-CUIMaTpPOIHBIM CABUIOM (Wi [i, j]-cUrMaTpONHOM
reperpynnupoBKoii). [TosscHUM 3TO ompenesreHHe Ha KOHKPETHBIX
puMepax.

IleperpynmupoBka Koyma siBisercs [3,3]-curMaTpOIHBIM CIBUTOM,
TaK KakK CBsI3b U3 IojioxkeHus [1,1’] mepexoout B mojoxeHue [3,3]:

b 2 = 2

LA A PaS L3
! ! —_—

e ! !
N P - 3 \ 3

] 3' 1'\v/ 1' ]

1 21 2 2

1,5-rexcanuen nukinyeckoe I1C 1,5-rexcapuen

IleperpynmupoBka Knsiiizena Ttakxke siBisietcs [3,3]-curmarpori-
HBIM CIBUTOM.

' 1 ' g

o) 2 O 32
' l ! 2' 1!
2 &L 393
33 " OBICT
A po
—_— H — >
T CHUITOBBIN PHp nukimaeckoe I1C
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OBICTPO

0-aIII(EHOT

XOTs 3TU NeperpynImmpoBKHU 0oJjiee JIOTUIHO Ha3bIBaTh [3,3']-cur-
MaTPOMHBIMU CABUraMM (TaK Kak TOJOXeHMsI 3 U 3’ COOTBETCTBYIOT
pa3HbIM aToMaM Yrjepoja), Ha MpakTUKe OObIYHO 3HAK <«IIPpUM» HeE
YIOTpeOJISIIOT, T.€. MPUCBAMBAIOT Pa3HbIM aTOMaMM OJIWH M TOT Ke
HoMep.

ITeperpynmupoBka Barnepa—MeepBeiiHa M apyrue ITOHOOHEBIE
MeperpyninupoBKU B KapOOKaTHOHAX COOTBETCTBYeT [1,2]-curmarpor-
HOMY CJBUTY:

1 = 1
! CH
//+\:.$ N @ /CH3

H;C @ | it | — e—c
//’Cl'_g'\ AN 71N
nukimyeckoe I1C

B 5T0i1 m1aBe Mbl CKOHLEHTPMPYEM BHMMAHUE B OCHOBHOM Ha
LIMKJIOMPUCOEAMHEHUN UM B3JIEKTPOLUKINYECKMX peakuusax. Curma-
TPOITHBIE CIBUTU OYIyT MOAPOOHO PAaCCMOTPEHBI B CIICAYIONICH IJIaBe.

TepMUH «IEPULIMKINYECKUIT» BO3HUK OT IPEYECKOTO «OKPYXKAI0».
B pesynbraTe nmepuULIMKINYECKOTO B3aMMOAEHCTBHUS MOTYT OOPa30BbI-
BaTbCsl MJIM PACKPBIBATHCS LIMKJIBI (LUKIONPUCOESAMHEHHUE, LIMKIIO-
pacrag, 3JIeKTPOILMKIMYeCKMe M XeJIeTPOoIHble peakiuu). Ho mpu
CUTMATPOIHBIX CABUTaX M IEPEHOCE TPYIIl KaK MCXOIHBIE PEarcHThI,
TaK ¥ IPOAYKThl — HELUMKIMYECKUE COeAMHEeHUs. TeM He MeHee 3TU
peakiMy TakKe UOYT Yyepe3 LUKIMUECKUE TEPEXOAHbIC COCTOSIHUS, U
IMO3TOMY KJIaCCU(MUIIMPYIOTCS KaK TEPHIUKINICCKHE.

25.1.2. OCOBEHHOCTH NEPULIMKINYECKUX PEAKIIA

[lepuuukIMYecKue peakiyMy BbIISISIOT B OTIACJIbHBIN KjIacc IO
HECKOJIbKMM TIpruYnHaM. Bo-mepBhIX, KaK yXe yKa3bIBaJloCh, OHU SIB-
JISIIOTCSI COTJIaCOBaHHBIMU € 0o0Jiee WJIM MEeHee CHMHXPOHHBIM 00pa30-
BaHWEM CBSI3ell MO KOHLAM pearupylolimx MoOJIEKYJd U OJHOBPEMEH-
HbBIM TlepepacrnpeneeHueM m-CBs3eil BHYTPY LIUKIUYECKOTO Mepexo-
HOTO COCTOSIHMS. B TEepUIIMKIMYECKO peaKklMu BCE DJIEKTPOHHBIC
CMEILLEHUST TTPOUCXOMSIT COIJIACOBAHHO IO 3aMKHYTOMY KOHTYpy. B
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MPUBEIECHHON HMIXE B KayecTBE IMpHMepa dJIEKTPOLMKINYECKON pe-
aKIMM OJHOBPEMEHHO CMeEIIAloTCs 16 3JIeKTpOHOB!

NC CN

O |7
+ Cu ——MM> | —
Br @ )
NC CN
— D

HEYCTOHUUBO
Bo-BTOpBIX, MEPULIMKIMYECKHNE peaKLIMU BCEra CTepeOCeIeKTHUB-
HbI, a 4acTo Jaxe crepeocrelndUuuHbl (T.e. CTepeoceJeKTUBHbI Ha
100%). Hanpumep:

(25.1)

CH,
H;C /\ €l SbF./SO,CIF
—100°C (~100%)
CH,
cl TO XK€
—100°C (~100%)
CH,
CH,
HiC TO k€
—100°C (~100%)
Cl

B-TpeTbux, B MEPULUMKINYECKUX PEAKIIMSX YacTO HaOJII0JaeTCs
pPErmoceNeKTUBHOCTb, T.€. OMpeIeJeHHasl MPOCTPAaHCTBEHHAs] OpUEH-
TalMsl peareHTOB WM (PparMEeHTOB MOJIEKYJIbl, KOTOPAs COXpaHSIeTCs
B XO/I¢ peakllMi U B KOHEYHOM Tponaykre. Hampumep:
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COOH COOH

COOH COOH
- T
‘ (90%) «romoBa K TOJIOBE»
AN
COOH COOH
=
H —> (10%) «ronoBa K XBOCTY»
X COOH COOH

Crepeo- M peruoCeNeKTUBHOCTD NIENIal0T 3TH PeakKIIMy Ype3BbIYaiiHO
BaXHBIMM B OPTaHWYECKOM CHHTE3¢ M, KpOME TOTO, JOKa3bIBaloT,
yTOo 0Opa3oBaHUE CBSI3CH MEXIY KOHIIEBBIMU aTOMaMM ITPOMCXOIMT
COTJIaCOBaHHO.

B-4eTBepTBIX, CTpOCHME MPOAYKTOB M CTEPEOXMMUS TICPULINK-
JIMYECKUX PEaKIUil pe3Ko MEHSIETCSI, eCJIM BMECTO TePMUYECKOM aK-
TUBAIIMM TIPUMEHSTH akTuBanmio Y®-cBeTtoM. Bce mpuMephl, KOTO-
pble MBI TIPUBEJIN BHIIIE, OTHOCWINCH K TEPMUUYECKUM PeaKIUsM, T.e.
K peakiysM B OCHOBHOM 3JICKTPOHHOM COCTOSHUHU. TepMudeckas
akTHMBaIMs oOO3HAYaeTcss 3HAKOM A Haj CTPEJIKOi, TTOKa3bIBaroIleit
HarpaBjJeHWe peakinu, (GoToXMMUYecKas aKTUBAIMs O3HA4yaeT, 4To
pearupyroT MOJIEKYJIbl B BO30YXKIEHHOM COCTOSIHMM; OHa 00O3Haya-
eTcsl CUMBOJIOM Av. OOBIYHO peaklMu, KOTOphIe TIJI0X0 MAYT WIU BO-
o0IIIe He WOYT TPU TePMUYECKON aKTWUBAIIUM, JIETKO OCYIIECTBUTH
mof, AeiicTBreM cBeTa. Ecim XXe peakius aKTMBUPYETCS M CBETOM, U
TEIIOM, TO TIPM OOJYYeHUM TIOTy4alOTCs OTHM TPOAYKTHI, a P Ha-
rpeBaHuM Oe3 obiydeHUs npyrue. Himke TIpuBeneH psio XapaKTepHBIX
MIPUMEPOB:

[+ ——x~

peakuysa HE UICT

hv
wor ||+ | ——=[].
Ph Ph
X A Z
b
P [3,3]-curmarponuslit X

CIIBUT
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Ph
X hv
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Ho: - BHYTPHMOJIEKYJpHOE (25.2)
LUUKIOTIDUCOEIMHEHUE

1-penunonmmkiio|2.1.1]rekcan

MHorue peaxkiiuu, KOTOpble Telepb OTHOCSAT K MepULMKINYe-
CKUM, ObLIM M3BECTHBI elule B XIX B., ogHAKO Teopus IOSIBUIACh
Jib B 1965 1., korma P. Bypasopa u P. 'odman ony6ikoBaiu riaB-
HYI0 UIEI0 VIS TPAKTOBKM BCEX COTIACOBAHHBIX PeaKLIUNA — MPUHLIUIT
coxpaHeHus1 opouTaabHOU cuMMmeTpuu. COrjlacHO TOMY TMPUHILIUITY,
peakius MmpoTeKaeT JEerko, KOrjga CYLIECTBYET COOTBETCTBUE MEXIY
CUMMETpUEl opOuTaseil peareHTOB M MPOAYKTOB; €ClM e COOTBET-
CTBUSI HET, TO peaklysi UAET C TpyaoM. B cieayroliem pasaese moka-
3aHO, KAKMM KOHKPETHO JIOJKHO ObITb 3TO COOTBETCTBUE.

25.2. TEOPUSA NEPUILIMKINYECKUX PEAKIIN

Teopus nepuLIMKINYECKMX peaKlUii B 9TOM IJIaBe pacCMOTpeHa
Ha TpUMepax LUKIOMPUCOSIMHEHUsT — LMKIOopaclaga M DJAeKTpo-
IUKJIMYECKUX peakilvii; B T1aBe 26 oHa paclpocTpaHeHa Ha CUTMar-
porHble capuru. M B LIMKIONPUCOEAMHEHUE, U B BJEKTPOLUKIUYEC-
KWe PeakiIMy BCTYIAIOT CONPSIKEHHBIE MOJUEHBI, TTO3TOMY IJIST TEO-
PETUYECKOTO aHaM3a TaKUX peaklil Mpekae BCero Heo0XoaMMO YMETh
U300paxaTb T-OpOUTAIM TMOJMEeHAa U MPaBWILHO pacrojiaraTh UX MO
SHepruM. MeToa MoCTpoeHUsl T-opOuTaneid Obul AaH B T 2 (4. 1),
Ie pacCMaTpUBAJIMCh JUHEWHBIE TOJUEHBI, TJIaBHBIM 2JIEMEHTOM
CUMMETPUU KOTOPBIX SIBJISIETCS 3epKajbHasl IMJIOCKOCTb G, MPOXOMIs-
1asi yepe3 cepeauHy yriepoaHoii nernouku (I). Ha camom aene mosu-
€Hbl CYILEeCTBYIOT B MoJHOCTbIO yuc- (II), monHocTthio mpanc- (I11)
WM CMELIaHHBIX yuc-mpanc-dopmax. s Toro 4yroObl mpou3oliia
9JIEKTPOLMKIIMYECKAsT peaklvsl WIM peakiysl LIUKIONPUCOSAUHEHUS,
MOJIMEH JAOJIKEH MPUHSITh MOJHOCTBIO yuc-KOH(MUTypalnio (3a UCKITIO-
YEHMEM OUYEHb ITMHHBIX TOJMEHOB, B KOTOPBIX HEKOTOPHIC ABOMHBIE
CBSI3U CBSI3U MOTYT OCTaThCsl B mpaHnc-KOHOUIypaluun). AHAJIOTUYHO
JuHelHble yuc-nonveHbl (1) MMeT B KauecTBe MIaBHOIO 3JIEMEHTA
CUMMETPUU 3€PKaJbHYIO TJIOCKOCTb G, TO3TOMY MPUBEIEHHbIN B TJ1. 2
MopsIIOK yepenoBaHuss MO JTUHEMHBIX TTOJIMEHOB 110 CUMMETPHH TT0JI-
HOCTBIO CIIpaBeIUB U IJIS1 YUC-U30MEPOB.

c .
8985
I S T a 11
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IIpu aHanu3e NEPpULMKINYECKUX peaklUil B OCHOBHOM MCIIOJIb-
3yI0OT TpU MeTona: 1) MeTon TrpaHMUYHBLIX OpOMTaNeil, 2) MeTod KOp-
PeJISILIMOHHBIX JUarpamMMm M 3) TEOpUIO apoMaTUYeCKOro WU «aHTH-
apoOMaTUYECKOTO» MEPEXOJAHOIO COCTOsIHMS. Bee Tpu MeToja B3aMMHO
JOMOJHAIOT APYT Apyra, NOKa3biBasg pa3HbI€ CTOPOHBI OAHOIO M TOTO
Ke SIBJICHUS.

25.2.1. TEOPHA IUKJIOIIPUCOEJVMHEHUSA — HUKIOPACIIAIA

25.2.1.a. IPUMEHEHUWE METOJIA BMO

[Mpumenenue merona BMO K peakiusiM LMKJIONPUCOSIUHEHUS
YAaCTUYHO OBLIM PACCMOTPEHBI IIPU OOCYXICHUM PO CUMMETPUU
B3auMMoeHCTByIOIIMX opouTaneit (pasmen 2.3.7, 4. 1). Huxxe mpoBo-
IATCST OoJiee TOJTHBINA X aHaJIM3.

Jumepusanusa 3Tuiena. [1pocreiiieil peakiineil IMKIONPUCOST-
HEHUSI SIBJISICTCS OMMepU3allusl IBYX MOJIEKYJ STWJIeHA ¢ 0Opa3oBa-
HHUeM LMKI0o0yTaHa. Kak ObUIO cCKa3aHO BHIILIE, 3TY PEaKIMIO YIaeTCs
OCYIIECTBUTD JIUIID (DOTOXMMHUYECKU (TP TEPMUYECKOIl aKTUBALIMK
OHa He MpoucxoauT). YToObI OOBSICHUTH 3TOT (haKT C IMO3ULIUI METO-
na BMO, paccMoTpuM citydyail, KOrma JIBe MOJIEKY/Ibl 9TUIeHA COJIM-
JKAIOTCS, HAaXOMAsICh OJHA Hal IPYroil, B NapauIeJbHBIX IIOCKOCTSX.
HyXHO OTBeTMTh Ha BOIIPOC: MPOU3OMICT JI PeaKIiys?

Yro6sl mpumMeHuTh MeToa BMO (cM. 171. 2, 4. 1), cHavasia ompe-
JeTUM OpOUTATBHBIN 6a3uc peakimn. OH BBITJISONAT TaK:

—> c (umk100yTaH)

W3 nByx m-cBsizeil ABYyX MOJIEKYJ BTWJIEHA 0Opas3yloTcsl JBe G-CBI3U
MOJIEKYJIbI LIMKJI00yTaHa. OpOuTaNiu JBYX T-CBS3€i, mpeBpallatrolmecs
B OpOMTaIU ABYX G-CBSI3€U MPU LMKIONPUCOEAMHEHUU (MU OpOuUTa-
JI JIBYX G-CBSI3€l, MpeBpallamlecss B OpOUTaIM IBYX T-CBSI3ei Npu
LMKJIOpacIiae LUKIoOyTaHa), Ha3bIBAIOTCS MNEPULUKINYECKUMU Op-
ouransamu. Ilepunukinyeckue opoOUTaIn — 3TO OpPOUTATIU PBYILIUXCS
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U obpazyroiuxcs cBsaseit. I1pu aHanmze Kakoi-1100 peakunyu 0ObIMHO
paccMaTpUBAIOT JIMIIb MEPULMKINYECKUE OpOUTaIu, a Apyrue opou-
Tanu (HampuMep, B TaHHOM Cllyyae — G-OpOMTAIM MOJEKYJ STWIeHa
WJIM TOPU3OHTATIbHBIX G-CBSA3el B LIMKJIOOYTaHE) CUMTAIOTCS HEYJacTBY-
IOLIMMU B peakuuu. BbiaeneHre MepuiuuKInyeckKux opouTaneil 3HauM-
TEJILHO YIpPOLIaeT TeOPETUUECKUI aHAIM3 peaKLMil CIOXKHBIX MOJIEKYI.

Kak Obuto mokaszaHo B 1. 2 (pasmen 2.3.3), meton BMO paet
OTBET Ha BOIpPOC: OyIeT JU CTaOWJIbHBIM HauyajJbHbII KOMILIEKC, B
JaHHoMm ciayvae m-gumep (CH,=CH,),, 1o cpaBHEHUIO C IBYMSI OT-
JeabHbIMU MoJiekyaamu peareHta (2CH,=CH,)? (HamomHuM, 4To mon
«HayaJlbHbIM KoMmruiekcom» (CH,=CH,), nmoapa3zymeBaeTcs TecHas
rapa, cocToslIas U3 IBYX MOJEKYJ 3TWIeHa, COMMKEHHBIX HACTOMb-
KO, UTOOBI 3aMETHBIM CTaJIo NepekpbiBaHre t-MO. B aTom KoMruiekce
T-OpOUTAIM IBYX MOJIEKYJ STUJEHA paccMaTpMBalOTCS TaKMMU, Ka-
KVMU OHU ObLIM B M30JMPOBAHHBIX MoJyiekyidax. KoHndurypaiuus «Ha-
YaJIbHOTO KOMILIEKCa» COOTBETCTBYET COCTOSIHMIO, B KOTOPOM T-Op-
OuTanu MOJIEKYyJ1 3TUJeHAa OCCKOHEYHO MaJlo BO3MYTWJIM APYT ApPY-
ra 6e3 mepernopuauzauuu. Ecau Bo3MyllieHHME O4YeHb Majo, TO U
pa3uuuMe MeXIy SHeprueil HayaJbHOro KOMIUIEKCAa WM JABYX OTIEIb-
HBIX MOJIEKYJI TUJIEHA TOXe oyeHb Majo. [lo-cyiecTBy, aHeprus Ha-
YyaJbHOIO KOMILJIEKCa OECKOHEUHO OJIM3Ka K DHEPTUM MCXOAHON Mmapbl
pearupymoimx MOJICKYIL.)

B ciyyae numepu3zanivy aTUIeHA NEPULUKIMNYSCKUE OPOUTAIA —
910 - U ©*-MO. OHUM MOryT B3aMMOJIEHCTBOBATH JMIIbL TaK, Kak
rnmokasaHo Ha cxeme 25.1. BzauMoaeicTBusI MeXay m-OpOUTaNbIO Of-

Cxema 25.1
HavaJIbHBIN
STUJICH KOMIIIICKC STUJICH
— K
L N
e \\
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HOW MOJIEKYJIbl M T*-OpOUTAJIbIO IPYroii MOJIEKYJIbI 3alpelleHo I10
CUMMETPUH, TaK KaK 3T OpOUTAJIM UMEIOT Pa3Hyl0 CUMMETPUIO OT-
HOCUTEJIbHO 3epKaJbHOI MIOCKOCTH ¢ (Ha cxeme 25.1 Takoe B3auMo-
JIeiicTBUE M300paxeHo crpaBa). BzaumopeiictBusa wn/m U m*/m* mo
CHUMMETPUM pa3pellieHbl, TOATOMY BO3HUKHYT BO3MYLIEHMS MEPBOTO
nopsiaka. OQHAaKO B 3TOM Cllydyae B3aMMOIEHCTBYIOT ABe IycThie (1*/
7*) U IBe TMOJHOCTBIO 3aMojHeHHbIe (7/m) opouTtanu. Curtyauus: Oy-
IIeT HAaITOMUHATh HecyllecTBylolylo Mojekyny He, (r1. 1, 4. 1), T.e. B
komrmuiekce (CH,=CH,), n1Be MoJieKyJibl 3TUIeHa OyAyT OTTaJIKUBATh-
cd ApYr OT Jpyra, YyTO MPENsTCTBYET MX NaJibHEMIIEeMY COMMXKEHUIO C
obpa3zoBaHueM LIUMKI00yTaHa (cM. cxeMy 25.1).

Takum obpazom, meton BMO mnpenckasbiBaeT, YTO B OCHOBHOM
BJIEKTPOHHOM COCTOSIHWH, T.e. TIPU TEPMUUYECKON aKTUBALWM, JUME-
pU3alMu 3TWJEHA B LIMKJIOOYTaH OXUAATh HE CJIemyeT, YTO BIIOJHE
corjacyercsl ¢ dKCIMepUMEHTATbHBIMUA JaHHBIMU.

[Ipu poToXMMUYECKOI aKTUBALIMK OOWH W3 T-3JIEKTPOHOB IMPO-
MOTHPYETCS C T- Ha T*-ypoBeHb. [10CKONbKY TIpU 00yYeHUH J1I000Tro
o0pa3zia Bo30yXXIaeTcs JUlllb OYeHb HEOOJIbIIAS YacTh U3 OOLIEN Mac-
Cbl MOJIEKYJI, MOXHO IojlaraTh, YTO B PEaKIIMIO BCTYIMalOT BO30YX-
NIeHHass 1 HEeBO30YXKIEHHAs MOJICKYJIbl 3TUJICHA:

(C—)TI/IﬂeH)* + (aTIieH) — (UMKIOOyTaH).
Ecnu Bo30yxImeHHasi MOJIeKyjla HaXOAUTCSI B TPUILJIETHOM COCTO-

SHUU, TO IMarpaMMa pacllellJIeHUs] YPOBHEN OyIeT BBIMISAEThb, KakK
MoKa3zaHo Ha cxeme 25.2.

Cxema 25.2

HavaJIbHBIA

* *
STUJIEH KOMILJIEKC STHIICH
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B aToM citydyae HayaJabHbBIM KOMILIEKC OyIeT HalmOMWHATh BO30YKIEH-
Hylo Monekylny He,*, B xoropoit umeercs cBsizb He—He, mpasna,
cnabag (cM. . 1, 4. 1). Bo30ykaeHHbII TPUILICTHBIN HAUYaIbHbI KOM-
MJIEKC MUMEET «CB3b» JIMIIL Ha ONHOM CTOPOHE pearupyoimx MoJje-
KyJ, T.e. TIpeACTaBIsIeT COO0il TPUILIETHBIN OMpaguKal, KOTOPbIA MoC-
Jile UHTepKOMOWHAIIMOHHOI KOHBepCUH (mepexoaa B CUHIJICTHBIN Ou-
pagvkai) JaeT KOHEUHbI LUMKIMYEeCKU TMpOoAyKT. Takum oGpasoMm,
peakiusi He SIBJISIETCS COIJIACOBAaHHBIM JBYCTOPOHHMM B3aMMOIEii-
ctBueM. CxeMy peaklMu MOXHO MPEACTaBUTDb CIEAYIOILINM O00pa3oM:

A 0 ¢ A CI|{2_CH2‘ W)

CH,=CH, + CH,=—=CH, —> E—
CH,—CH,* (})

B030Y)KIEHHOE OCHOBHOE 3
TPHUILICTHOE COCTOSIHHE gpnnnemsm
COCTOSIHHE A
(TeTpaMeTniIeH)
MHTEpKOMOUHA- CH-—CH
2 2 muKiI06yTaH
UOHHAs
KOHBEpPCHUs (OCHOBHoe
CH,—CH;  cocrosuue)

Ecnu xe pearvpyer CUHIJIETHOE BO30YXKIEHHOE COCTOSIHUE STUIIEHA,
TO peakuusi OyIET COMIACOBAHHOU 0e3 MPOMEXYTOUHOrO OMpaauKaia.

Peakuua JInnbca—Anpaepa. OpOUTaNbHBIN 0a3uc IS peakiiuu
LUKJIONPUCOEAUHEHUST OyTaAueHa K 3TWIeHY ISl cllydasi, Koraa pea-
TEHThl COJIMXKAIOTCS OPYr C APYroM B JIBYX MapajilesIbHBIX IJIOCKO-
CTSIX, MOXXHO MPEICTaBUTh CJEAYIOLIMM 00pa3oM:

b4
T
(Oytanuen)
T — > (LIMKIIOTEeKCEeH)
() ()
(3THIICH)
b4

B nmaHHOM ciyyae MepUIIMKIMYECKMX OpOMTajield 1IeCcTb: YeTblpe T-
opOuTaIuM MOJEKYJbl OyTaareHa 1 ABe T-OpOUTaId MOJIEKYJIbl STUJIe-
Ha (1151 0OpaTHOM peakU KK YeTbIpe G-OpOUTAIU ABYX G-CBSI3€i U JIBE
T-OpOUTAJIM €IMHCTBEHHON T-CBSI3U MOJIEKYJIbl LIMKJIOTEKCEHA).
Yroobl pumeHUTh MeTon BMO k peakuuu Junbca—Anbaepa,
KCIIOJIb3yeM MpUOJIMXKEHNE TpaHUYHBIX opouTaeil (ri. 2, 4. 1). CHa-
yaja B COOTBETCTBUHM C puc. 2.8 (M. 2, 4. 1) mocTpouM m-opOouTanu
yuc-0yTagreHa U 3TUJIEHA ¢ YKa3aHUEM WX CUMMETPUU OTHOCHUTEIb-
HO 3€pKaJIbHOM IUIOCKOCTH, MPOXOIMIIEH 4Yepe3 CEepeluHy YIaepoj-
HBIX LIeTIOYeK, 1 3aceIuM OpOuTaIu 2jieKTpoHaMu. B oCHOBHOM 3/1ek-
TPOHHOM COCTOSIHUM (T€pMMYECKasi peakliusi) 3JEKTPOHbI 3acessitoT
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napamMu camble HxkHue opourtanu. Ilociae storo ormetum B3MO u
HCMO a5t o6enx MOJIeKy U ONpeAesIuM UX cuMMeTpuio. Eciu cum-
meTpusi B3MO ogHoro peareHTta coBmnagaeT ¢ cummeTpueii HCMO
BTOPOTO peareHTa, To B pe3yJbTaTe BO3MYIIECHUS (paclierieHus ypOB-
Hell) cymepmosiekyaa OydaeT cTadbuiusupoBatbes. Peakuus dunbca—
Anbpaepa Kak pa3 IpeacTaBisieT Takoi ciydait (cxema 25.3). Drta pe-
aKlMsl B OCHOBHOM 3JIEKTPOHHOM COCTOSIHUM «pa3pelleHa» Mo CUM-
METPUU T'PAaHUYHBIX OpOuTaieil. B MpOTMBOMOIOXHOCTL peakluu
HNunbca—Anbaepa TepMUUecKasi JMMepU3almsl dTUIeHa «3alpelieHar»
10 CUMMETPUM TPAaHUUYHBIX OpOUTasell, Tak Kak m-opoutans (B3MO)
cuMMeTpuyHa, a w*-opoutaab (HCMO) aHTHCMMMETpUYHA OTHOCH-
TEJbHO 3epKaJbHOM TJIOCKOCTH.

CxeMma 25.3

(6yTanuen) (TIepBOHAYATBHBIH (3THIIEH)
KOMILJICKC)

*

n, B3MO S
%%% ﬁB@;MOn

Ty

+

I[Ipu doToxmMUUYecKOi aKTMBAaLMU peakimuu duibca—Aibaepa
pearupyeT BO30YKIEHHasI MOJIeKyJia OyTaaudeHa C HeBO30Y>KICHHOM
MOJIEKYJION 3TUJIeHA. DTO CBA3aHO C TE€M, UTO BHEPIUs M~ *-IIepexo-
Ia B OyTamueHe MeHbIle, yeM B aTmieHe. M3 cxemsl 25.4 iCHO, 4TO B
pe3yJIbTaTe peakldK MOJDKeH IOJYYMThCS OYeHb CUJILHO BO30YKICH-
HBIIA KOMILIEKC. B 9TOM KOMITIeKCe pa3HOCTb MEXKITy SHEPIUsIMU YPOB-
Hell (my+n*) u (m3*—1) Oosblle, YeM Pa3HOCTb MEXIY YPOBHSIMU T, U
73* B MoJieKkyJsie peareHTa (OyTaaueHe). B ciydae numepusanuu aTusie-
Ha (cxeMma 25.2) HaOmomaeTcsl IPOTHMBOIOJIOXHAS KapTUHA: SHepre-
TUYECKasl 1IeJIb MEXAY YPOBHAMU (n—m’) u (m*+m*’) MeHblle, yeM
MEXIy YPOBHAMU T M T* B MoJjeKyJe aTwieHa. Takum obpasoMm, B
oroxummyeckoit peakiuu duibca—Asbaepa U3 Bo30YKICHHOIO pe-
areHTa obpasyercs elle 0osiee BO30YKIEHHBIN T-KOMILIEKC. DTO Iie-
JIaeT pPeakivio MaJIOBEPOSITHOM.
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OOBIYHO K TMEPULIMKIMYECKHUM peakUysIM MPUMEHUMO CIeIylo-
1ee MpaBUIO: €CIM peaklMs 3ampelleHa B OCHOBHOM 3JIEKTPOHHOM
COCTOSIHMM, TO OHa paspellieHa B BO30YXKIEHHOM 3JIEKTPOHHOM CO-
CTOSIHUM, U HAoOOpOT, peaklus, 3ampellleHHas B BO30YXIeHHOM
COCTOSIHMH, paspellleHa B OCHOBHOM COCTOSTHUU.

YTo 03HaUaeT TEPMUHBI «pa3pelieHHas» U «3alpelieHHas» peak-
uun? TepMMHBI «peaklMsl paspelleHa» WU «peaklusl 3ampelieHa»
BOBCE HE O03HAYalOT, YTO MepBasl peakiiusl 00s13aTeIbHO JOJKHA UATH,
a Bropas HeT. CMBICT UX COCTOUT B TOM, UTO IO CPaBHEHMIO C «pa3-
pEeLIeHHO» «3ampelleHHas» peakius OyIeT UMeTh 0oJjiee BBICOKYIO
SHEPruio aKTUBALUWM. 11 TUIMTMYHBIX 3aMpellieHHBIX peakluil SHepre-
TUYeCKUit 6apbep coctaBisieT 60—120 KKaji/MoJb, T.€. AJIsI UX OCYILe-
CTBJICHUS TPEOYIOTCSI OUEHb XKECTKUE YCI0BUs. Takoi BbICOKUIT SHEP-
reTu4YecKuit 6apbep OOYCIOBJIEH HECOOTBETCTBHMEM B3aMMOJIEHCTBYIO-
IKUX OpOUTaeil MO CUMMETPUU. 3ampellieHHbIe MO CUMMETPUU
peakuu, KaK MpaBUio, HaXOAIT HEMEPULMKINYECKUE MyTH ST CBO-
€Tr0 OCYILECTBJECHUS; HATPUMEP OHU MAYT Yepe3 LBUTTEPUOHHbBIC MU
OupanuKaJOuAHble MHTEPMENUAThI, T.€. HE SBJSIOTCSI COIJTaCOBAaHHBI-
MM TIpOLIECCaMU.

Ecnu ctpoeHune peareHTa TaKOBO, UTO M3-3a CTEPMUECKUX MPEIIsT-
CTBUI «pa3pelleHHas» peakiys WATH He MOXKET, a Ha MyTH «3arpelieH-
HOI» peakluy TaKUX MPEISITCTBUI HET U TIPU 3TOM SHEPIusl aKTUBALlUU
«3amnpelIeHHOro» Mpolecca He CIMIIKOM BbICOKA, TO PeakIusl MOXeT
WUATU 1O (POPMAJIbHO <«3aIpelueHHOMY» nmyTu. IIpruMepbl Takux «3arpe-
LLIEHHBIX» MpeBpalleHUl TTpUBEAeHbI HIXKe B pasaene 25.5.2.0.

CumMMeTpHs MEePUIUKIMIECKHX OpOMTAJIeid 1 CHMMETPHS MOJIEKYJIbI.
Peaxkuus dunbca—Asbaepa UMeEET UCKIIOUUTEIbHO IMPOKOE CUHTETU-
yeckoe nprMeHeHue. O4YeHb YacTO HMCIOIb3YIOTCS HECUMMMETPUYHbIE
peareHTsl. Hanmpumep, mMonexkyna 2-MeTWIOyTaaMeHa HECUMMETPUYHA:
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B Heit HeT 3epKaTbHON TUIOCKOCTH CUMMETPUM G, TTOCKOJBKY CHUM-
METpHUsI, €CIM O Hell TOBOPUTH B CTPOTOM CMBICIIEe, HapylleHa Me-
TWJIBHBIM 3aMECTHUTEJIEM, TOJ BIMSHUEM KOTOPOTO T-OpOWTaNM, €C-
TECTBEHHO, MOJDKHBI KaK-TO M3MEHUThCSA. Kak OBITh B 3TOM ciaydae?
ITpu kayecTBEHHOM MOAXOAE, HA KOTOPOM, MO CYUIECTBY, U MOCTPO-
€Ha BCs Teopus TEePUIIMKIMYECKUX PeaKInii, TTOCTYIAIOT MPOCTO: He
obOpaiaroT BHMMaHMA Ha 3amecTuTenb CH3 m orpaHmumBaioTcs pac-
CMOTPEHHUEM TIEPULUKINISCKIUX OpOUTaieil, cumTasi, YTO OHM TaKue
K€, KaK B HE3aMEllCHHOM yuc-0yragueHe. B ciyyae METUIBHOTO 3a-
MECTUTEJIST 3TO, MMO-BUANMOMY, JOCTATOYHO OIpaBIaHO, TaK KaK BPSII
U METWJI BHOCHUT OOJIBIIIOE BO3MYIIEHWE B ITHEHOBBLIC TT-OpPOWTAIIN.
OpHako 04eHb YacTO BIMSHUEM 3aMeCTUTEIST TIpeHeOpeub HeTb3s. Ha-
npuMep, MoJjieKyja 2-11uaHoOyTanueHa conepXut 3amectuteab CN ¢
cwibHbIM (—M)-3(hheKTOM, KOTOPbIHA, KOHEUHO, HYXXHO YUMTbIBATh:

AM —
N=C

I'pynna CN cunbHO Biauser Kak Ha sHepruio n-B3MO u t-HCMO
NIMEeHAa, TaK U Ha KOA(M@PULIMEHThI, C KOTOPbIMU T-OPOUTAIM KaXIIOTO
aToMa YJYacTBYIOT B I'PaHUYHBIX OpOUTANISIX. 3aMECTUTENIMN C CUIIbHBIM
me3zoMepHbIM addektam (COR, NO,, NMe; u Ip.) MOTYT MTOHU3UTh
SHEPTUIO aKTHUBALUM 3aIlpellieHHON peaKlMU WIM TMOBBICUTH BHEP-
TUI0 AKTUBALMU PA3PELIEHHON peakluu, U3MEHUTb CTEPEO- U PEruo-
CEJIEKTUBHOCTb peaKIMM WM AaXe CAeNaThb LMKIONPUCOeIMHEHUE
HecorjacoBaHHON peakiveil. B mocienyroluyx pasaeiax 3TOi IJlaBbl
MBI OOpaTMM BHUMaHHE Ha Takue ciaydyad. TeM He MeHee He Bcerma
HaJIMYMe YKa3aHHbIX 3aMeCTUTENeH JaeT HexenaTeabHbli a(pdexT. Tak,
B MaJIcCMHOBOM aHTUAPHUAE WM TeTpalMaHOITUICHE

v
CH-C NC CN
| >
CH-C
N
(0]

CUMMETpPUSI He HapylIaeTcsl, HECMOTPSI Ha HaJW4yue OBYX WJIM YEThbI-
pex CuIbHbBIX (- M)-Tpymil.
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25.2.1.6. KIIACCUOUKALIMS PEAKLIMI LIMKJIOMPUCOEAUHEHUSA
Y LIMKJIOPACIIAZIA

B coBpemeHHoOI1 Ki1accupuKauuy peakunii HUKIOIPUCOeIMHEHUS
U LMKJIOpacraga yYuTbIBAOTCS TPU MPU3HaAKa: 1) YMCIIO 3JEKTPOHOB,
3aHUMAIOIIMX MEPULIMKINYECKUE OPOUTAIN KaXk/10TO peareHTa, 2) mpu-
poaa 3TUX BJIEKTPOHOB (T WM G) U 3) reOMeTpUUYECKUid Criocod B3a-
UMOIEUCTBUS TMEePULIMKIMYECKUX OpOUTANICHA.

TTo yucny 2/1eKTpOHOB, 3aHUMAIOLIMX MEPULIMKINYECKHE OpOu-
TaJlv, JUMEpU3aLus STUIEHA OTHOCUTCS K TUIly (2+2), peakuus duib-
ca—-Ajbpaepa — K tuny (4+2) (4 anekTpoHa aueHa + 2 3JIeKTpoHa Ou-
eHodwuna). Peakuust atunena c 1,3,5-rekcaTpueHOM OTHOCUTCS K TUITY
(6+2), numepu3aLMsl ABYX MOJIEKYJ OyTamueHa ¢ obpazoBaHueM 1,5-
mukiookranueHa (IV) — k tuny (4+4), Ho numepu3auus OyTaaueHa
¢ obpazoBaHuUeM 4-BUHUILMKIOrekceHa (V) — K tumy (4+2), Tak
KakK B peakliMy y4acTBYeT JIUIb OJHA U3 JIBYX JBOMHBIX CBS3€il BTO-
poil MoJIeKy/Ibl OyTaaueHa:

| | —— O (6+2)
7\ O
— (4+4)
%
Iv)
=
b > 4+2)
X _— _
V)

ITpupona 37eKTpOHOB, T.€. IPUHAMJICKHOCTD MX K G- WJIN T-THUITY,
yKa3bIBaeTCsl COOTBETCTBYIOIIIEH IpeuecKoil OyKBOI, KOTOpasi CTAaBUTCS
nepen uudpoii, 0603HavaloIIell YUCIO eKTpoHOB. Hampumep, nu-
Mepu3alusl 3TWIeHa — 3T0 (n2+m2)-UUKIOMPUCOEAMHEHNE, a peak-
uus Aunbca—Anpaepa oTHocuTcsl K Tuny (mé4+n2). Lukinopacnan Mo-
JIEKYJIbl LIMKJI00yTaHa — 3TO peakuusi Tuma (62+c62), a peTpoaueHo-
BBl pacnan — peakuusi Tumna (62+c62+m2):

c > 7=\
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o =
T @ —> E || (62+62+72)
o

Tpetuii nmpusHak, Mo KOTOPOMY KJIaCCU(PUUUPYIOTCS peaklUrun
LIMKJIONIPUCOEIMHEHUS, — F€OMETPUUYECKUI COCOO B3aMMOIEUCTBUS
MEPULIMKINYECKUX OpOuTajieil, — yKa3blBaeT Ha TeOMETpUI0 Tepe-
XOJTHOTO COCTOSIHMSI LIMKJIONIPUCOEAUHEHUSI — LMKIJIopacnaaa. Beiie
Ha MpuMepax IMMepU3aliiy dTUjieHa U peakuuu unibca—Asbaepa Mbl
paccMOTpeIIU JIMIIb OAWMH U3 CITIOCOOOB OCYILECTBICHMS] peakiMM UK~
JIONPUCOEANHEHUS], 2 UMEHHO, OPUEHTALIMIO PEareHTOB B Mapaljiesib-
HBIX TUIOCKOCTSX ApYyr Haja ApyroM. OaHaKO BO3MOXKHbBI 1 JIpyTryie B3a-
WMHbIE OpUEHTALMU MOJIEKYJL. ISt MKIIoAMMepU3alluM STUJIeHa, KpoMe
napajijieIbHOM, BO3MOXHbBI TakKXe JBE OPTOTOHAJIbHbIE OpPUEHTALUMU.
Ha puc. 25.1 OyHKTUPHBIMU JUHUSIMU COEIMHEHBI IO0JIM MEePULIMKII-
YeCcKHUX opOuTasieil, KOTOpble MEepeKpbIBAIOTCS B XOJ€ peaklyM; 3HaK
«+» O3HayYaeT CBs3bIBalOlEe MepeKpbiBaHUE B (ha3e, 3HAK «—» — aHTU-
CBsI3bIBAlOLLIEE TIEPEKPbIBAHME B MPOTHMBOG(A3e BOTHOBBIX (DYHKIIMIA.

IIpu niockomapaiebHOM COJUXKEHUN JIBYX MOJIEKYJ] 3TUJIEHA
00e m-opOuTaNIM pearupyroT IOJSIMU, PACHOJTOXEHHBIMU C OJHOU
CTOPOHBI Y3JIOBOH IJIOCKOCTU T-CBSI3U; T-OpOUTAIb BEPXHEN MOJIEKY-
JIbl — HWXKHUMM JIOJISIMU, a T-OpOUTaIb HUXHEU MOJEKYIbl — BEpX-
HUMU nojsmu (puc. 25.1a). IIpu oproroHaabHoM cokeHuu (6) ooe
T-OpOUTAIM PEarupyroT AO0JSIMU, PACTIONOXEHHBIMU IO pa3HbIe CTO-
POHBI Y3JI0BOI MJIOCKOCTH;, T-OpOUTAIb TOPU3OHTATIBHON MOJIEKYJIbl —
BEpXHEeU Nojieil y MpaBoOro aroMa yrjiepoja, m-opOuTaib BepTUKaJb-
HOM MOJIEKYJIbI — JIEBOM J0JIC Y BEPXHEro aToMa yriepojaa U IpaBoi
JoJiell y HUXKHero atroMa yriepoaa (puc. 25.16). BzaumoneiictBue no
KoH1EBbIM AO ¢ OJIHOW CTOPOHBI MJOCKOCTH T-CUCTEMbI Ha3bIBae€TCS
cynpanogepxHocmHuim (HE pasfieIeHHbIM IIJIOCKOCTbIO) B3auMOJEH -
ctBueM. BzauMopeiictBue no KoHueBbIM AO C pa3HbIX CTOPOH ILJIOC-
KOCTU T-CHUCTEMbI Ha3bIBAECTCSl aHMAapanosepxHocmubvim (pasneseHHbIM
IUIOCKOCTBIO) B3aUMOJEMCTBUEM. DTU B3aMMOAEHCTBUSI 0003HAYAIOT-
CSl CTPOUHBIMU JIATUHCKUM OykBamMu § U a. CymparoBepXHOCTHas1 U
aHTaparoBepXHOCTHasl KJjlaccuduKkalusi B3auMOAEHCTBUI MpUBeneHa
B TaOi. 25.1; oHa NMpuMeHMMa TakKKe K B3aMMOICIHCTBUIO OopOuTaseit
o-cBsi3elt M omMHOYHBIX AO. C MoMolIblo TaKOM KilaccuuKaluuu jer-
KO MOXHO CreuuUuIMpoBaTh FTeOMETPUIO COMMXKEHUS PearupyroLmx
MOJIEKYJT U TEOMETPHUIO MEPEXOAHOTO COCTOSIHUS.

Takum 00pa3oM, TpU BO3MOXKHBIX CIIOcO0a 0Opa3OBaHUsSI MoJie-
KyJibl LIMKJIOOyTaHa M3 JBYX MOJIEKYJ STUJI€HA MOXHO OOO3HAUYMUTh
Kak (n2s+m2s) (crocod «a» Ha puc. 25.1), (n2a+n2a) (cnocod «0») u
(n2s+n2a) (cnocod «B»). UM OyayT COOTBETCTBOBaTb TpU CHOCOOa
nukiopacnana: (62s+62s), (62a+c2a) u (o2s+c2a).
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n2s
(a) <:@/‘, —> o (m2s+n2s) 3anpemieHa, T.K.

n2s
m2a
// 9
n2a S
(©) > 7 (n2a+mn2a) 3anperieHa, T.K.
. d o
m2s

O
’ n2a c
(8) > (n2s+m2a) pa3penieHa, T.K.
; 3(5

g

Puc. 25.1. Pa3znnuHbie reoMeTpUYECKUE CIIOCOOBI 00pa30BaHUSI «CyIEPMOJIEKYJIbD»
(CyHy), ipu cONMMKeHUU IBYX MOJIEKYJl STWJIEHA W OIpeleieHUue «pa3peliieHHOCTU»
WU «3aMPeleHHOCTU» Peakluy M0 CUMMETPUM TPAaHMYHBIX OopOuTaneit

Taonuma 25.1
CynpanoBepxHOCTHbIE M AHTAPANOBEPXHOCTHbIE B3aMMOAEHCTBHS

)
T-OpOUTAIL A % CYNparoBepXHOCTHOE (S)

)
;E% %s ’7 — 4%7 anrapanosepxroctroe ()
N4
/-‘ r\
COTPSKCHHBIE %% uim (s)
TOJIMEHBI
/\ "
19888 -~ 888 E .
\ J
G-opburans % i %EX;E;\ CYTPANOBEPXHOCTHOE (S)
\fé(%\ AIH % aHTapaNoBepXHOCTHOE(A)
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IIpononxenue Tabamusl 25.1

Ecnu opburans 6, oOpazoBaHHasT U3 IBYX TMOPUIHBIX sp3 s sp2 unu sp-AQO, B3auMoneii-
CTBYET JIByMSI BHYTPEHHUMHU JTOJISIMUA WJIM JBYMsI BHEITHUMU JOJISIMH, TO TaKOe B3au-
MOJICICTBUE HA3BIBAIOT cynpanogepxHocmusim. Ecim 6-opOuTanbs B3auMOIEUCTBYET O~
HOUW BHYTpEHHEW M OAHOM BHEILIHEW [IoJieil, TO TaKoe B3aMMOJACKHCTBUE HA3bIBAIOT
aHMapanoeepxHOCMHbIM.

w-opOutanu
(ogMHOYHEIC)

p- 0p6HTaJIL/\gh \J&J CyIpaNoBEPXHOCTHOE (S)

anTapanoBepxHocTHoe (a)

AvVa
sp’, sp® W sp-ruGpuaHas Q nnnﬂj CYIPanoBEPXHOCTHOE (S)

AHTaparnoBEPXHOCTHOE ()

»*_/

B npeabiayniem pasaesie Mbl yKe ceJanad BbIBOA O TOM, YTO pe-
aKklMsl IMMEPU3allMU STUJIEHA MPU MapauleIbHOM OpUeHTaluu pea-
TEHTOB C TEOPETUYECKON TOUKM 3pEHUs 3allpellleHa, YTO COOTBET-
CTBYeT aKcnepuMeHTy. Ho 3ampellieHa JM oHa MPU OPTOTOHATbHBIX
opueHTauusix (0) u (B)? UToObl BBISICHUTH 3TOT BOMPOC, HYXXKHO Ha
pucyHke otoopa3uth cuMmeTpuio B3MO onnoit monekynsl 1 HCMO
JIPyroii MOJIEKYyJIbl 3TUJIEHa, YTO clejaHo Ha puc. 25.1, cnpasa. B pe-
3yJabTaTe mojydyaem, 4To B ciaydasx (a) u (0) B3auMoIeilcTBHME Ha
OIHOM KOHIIE pearupylolmx n-cucteM oynet B dasze, a Ha APyroMm —
B NpoTuBodase. 3HAUUT, CyMMapHOE IMepeKpbiBaHNE OYIET HYJEBbIM.
B cnyyae (B) o6a B3auMOAEMCTBUSI UMEIOT CBSI3bIBAIOLLIMI XapakTep,
1.¢. nepekpbiBane B3MO nu HCMO He paBHO Hy/10. pyrumMu cioBa-
MM, U3 TPeX MBICIMMBIX MEPEXOAHBIX COCTOSIHUI, COOTBETCTBYIOIIUX
reomMeTpun coamkeHus tvana (a), (0) u (B), Mo OpOUTATBLHON CHUM-
METPUU Pa3pellieHo JUlIb MocaeaHee.

[ToueMy ke Bce-Takud B TEPMUUYECKOM peakliMu 3TUJIEH He AUMe-
pusyeTcst, XoTs MyTh (B) paspeuieH? Elile pa3 rnmogyepkHeM, 4To Tep-
MMHBI «peakiiysl paspellieHa MO0 CUMMETPUU» U «pPeaklMsl UIET» He
CHMHOHHMMBI. B paccMaTprBaeMoM ciydae «pa3pellieHHOMY» 110 IIYTH
(B) LMKJIOMPUCOEAUHEHUIO MPEXAE BCEro MPEersITCTBYIOT MPOCTPaH-
CTBEHHbIE (DAKTOPhI, TAK KaK MOJIEKYJbl UMEIOT G-CBSA3U C YEThIPbMSI
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atomaMu Bopopona. o-CkeneT MoJeKyJ MelllaeT UM COMM3UTLCS Ha-
CTOJIbKO, YTOOBI T-TepeKpbIBaHUE MMEIO 3aMETHOE DHEPreTuyeckKoe
MPEeUMYIIECTBO HaJ OTTAJIKUBAHUEM BJIEKTPOHOB o-CBs3ei. Kpome
TOTO, IJIs1 YIy4YLIEHUsI T-TepeKphIBAaHUS TPEOYEeTCs HEKOTOPOE CKpPY-
YyyBaHMWE BOKPYT OBOMHBIX CBsI3eii. B pesynbrare myTh (B), pa3pelieH-
HBII TTO CUMMETPHUH, OCYILIECTBUTLCSI He MoxkeT. [Tomydaercs, uyto cre-
pUUYECKU He3aTpyAHEHHBIN MyTh (a) He peaau3yeTcsl M3-3a 3alpeTa I10
OpOUTAIbHONM CUMMETPHUH, a pa3pellieHHbI 10 OpOUTaTbHON CUMMET-
puu NyTh (B) He peau3yercsl U3-3a CTEPUUECKUX 3aTPYAHEHUIA.

Peaxuus [Iunbca—Anbaepa, B IPUHLUIIE, MOXET OCYILIECTBIISTh-
Cs TIO YeTbIPeM ITyTSM:

(a)

(m4s+n2a) — 3anpenieHa (m4a+n2s) — 3amperneHa

ITytu (B) u (r) 3ampeleHbl 10 OpOMTAIbHON CUMMETpUU, TyTh (0)
paspellieH, HO He peaJn3yeTcsl M3-3a HECOOTBETCTBHUSI pa3MEpOB MO-
JIeKyJ1. Jlaxke Ha IpUBeICHHOM KaYeCTBEHHOM CXeMe BUIHO, KAaK CUJIBHO
IOJDKHA pacTsaHyThes cBsA3b C=C B aTWjieHEe, YTOObI BO3MOXKHO OBLIO
IepeKphiBaHUE C KOHILIEBBIMM OPOMUTAISIMU yuc-OyTaareHa.

25.2.1.8. METOJ KOPPEJIALMOHHbIX TUATPAMM

IIpu aHanM3e 3amNpelleHHOCTH WM Pa3pelIeHHOCTH PeaKInii
LIMKJIONPUCOEAMHEHUSI ¢ moMolbio Metoga BMO u rumnotesnl Tpa-
HUYHBIX OpOUTAJIEil 3a OCHOBY 37€Ch B3dTa CTAOMJIBHOCTbL IT€pBOHA-
YaJIbHOTO KOMILIeKca, 00pa3ylolerocss MpU COMMKEHUU MOJEKYIT
peareHTOB. ECiu sHeprust cynepMosieKyiibl MEHbIIe SHEPIUU peareH-
TOB, TO OHU OYIyT YIAEPXKMBAThCSI BMECTE, M peaKLUsT MPOU30MICT.
DT0 BO3MOXHO B ToM ciydyae, kornfa HCMO u B3MO peareHToB
MOJXOASAT APYT APYTY Mo cumMeTpun. Eciu sHeprus nepBoHAYaIbHO-
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ro KOMIUIeKCa BEJIMKA MO0 CPABHEHUIO C DHEPrUell peareHToB, MoJie-
KyJibl OyayT OTTAJKWBATbCS, W peaklrsl CTaHET MajloBeposTHoM. Ta-
Kas cutyalus Bo3Hukaet, korna HCMO u B3MO peareHTOB He moj-
XOIAT APYr APYry IO CUMMETPUMU.

Tenepb pacCMOTpUM BTOPOI BaXKHbBII METOM, IIPUMEHSIEMBII IIPU
aHaJM3e BO3MOXHBIX MyTel MepULIMKINYECKUX PeaklMii U, B YaCTHO-
CTU, TIyTEe peakUuMuil UMKIONPUCOSAMHEHUST — LMKIopacnaga. DToT
METOJI Ha3bIBACTCS Memo0OM KOPPEAAUUOHHBIX OUASPAMM MOAEKYAAD-
HbIX opoumanel.

CoxpaHenne OpOMTAIbHOH cAMMeTpHH. B MeTome KoppensimoH-
HBIX JUAarpaMM pacCMaTpUBAETCS MU3MEHEHME SHEPTUU TEPULIUKIIU-
YeCcKUX opOuTasieil Mpu MpeBpalieHu peareHTOB B IPOAYKT peaKInu.
B kauectBe mpocToro mpumMmepa pacCMOTPUM METOAUKY TMOCTPOCHMUSI
KOPPEJSILIMOHHOM auarpaMMbl JUISl peakiuu (n2s+mw2s)-UUKIOIPUCO-
eIMHEHUST MEXIY ABYMSI MOJIEKYJaMU 3TUJIeHa ¢ 0Opa3oBaHUEM IMK-
JnobyranHa. [lon peareHTOM YCJI0BUMMCS MOHUMATD Mapy COJMXKAIOIIUX-
Cs MOJIEKYJl 3TUJIEHA, OPMEHTHUPOBAHHBIX JAPYT Hal JAPYrOM B ABYX
napasuleSibHbIX TMJIOCKOCTSIX, B 9TOM Cjydyae OpOUTalIbHbIA Oa3uc pe-
aKlMM, KOTOPBIN, MO OIpEeNesIeHUI0, AOJKeH BKJI0YaTh OpOUTAIU
PBYILMXCSI U 00Pa3yIOIIMXCs CBSI3ei, BBIMISIIUT CICAYIOLIUM 00pa3oMm:

Brpilie MBI yXe NpUUUIM K BBIBOLY, YTO CYyIEepMOJIEKysaa
(CH,=CH,), nojzxHa ObITb HEYCTOWUYMBOK IO CPaBHEHUIO C JABYMSI
OTIEJIbHBIMU MoOJIeKy1aMu dTujeHa. OaHAaKO, MOCKOJbKY «CylNepMo-
JieKyna» Obla oIpenesieHa KakK Iapa MOJIEKYJ, B KOTOPOU TMepeKphl-
BaHue m-MO oueHb Majno (pasmen 25.2.1.a), yBeluuyeHUe SHEPTrUU
CUCTEMBI IIPU 00pPa30BaHUU «CYINEPMOJIEKYJIbl» TOXE O4YeHb Mayio. B
9TOM CBSI3M «CYIIEPMOJIEKYTy» MOXHO CUMUTATh IMPOCTO Tapoit cOMm-
3UBLLMXCSI OMpPeNeSIeHHbIM 00pa3oM MOJIEKYJl 3TUJICHA.

BaxkxHbIM 2TaroM MOCTPOEHUSI KOPPEISILMOHHON AuarpaMMbl sB-
JISIeTCSl OIpene/ieHUe 3JIeMEHTOB CUMMETPUM OpOMTalbHOro 0asuca,
obux 1 nape commxkaromumxcs mojekya (CH,=CH,), u umnkiobyra-
nHy (CH,)4. [IpubnuxeHHo OyaeM cUMTaTh, UYTO MOJIEKYyJa LIMKJIOOYyTa-
Ha TIocKas (Ha caMoM JeJie, OJMH M3 aTOMOB yIJlepoia BbIBEAECH U3
IUIOCKOCTU Tpex Apyrux aromoB Ha 20°). Torma siemMeHTaMu CUMMET-
puu, oommmu st (CH,=CH,), u (CH,)4 OynyT BepTuKaibHas (G) U
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ropr3oHTaNbHAsA (G”) MJIOCKOCTH, a TaKKe OCh BTOporo nopsiaka C,,
MepreHaINKyJIIpHas MIockocTu yeprexa. Ocb cummeTpuu C; MOXKHO
HUCKJIIOUNTb M3 PACCMOTPEHUsI, MOCKOJbKY SICHO, YTO, €CIM OOBEeKT
obsagaeT AByMs IJIOCKOCTSIMU CUMMETPUU, TO OH 00s13aTeIbHO MMe-
eT M 0Ch CHUMMETPUM BTOPOTO TOpsiKa .

CaenosarenbHo, cummerpusi (CH,=CH,), u (CH,); momHocTbIO
OIMCHIBAETCS IBYMSI TIJIOCKOCTSIMU G M G°, a MPUBJIEYEHUE B KaueCcTBe
ele OMHOro ajeMeHTa cummeTpuun ocu C, usznuiiHe. Huxke mMbl 6yaem
paccMaTpuBaTh JIMIIb 3JIEMEHTbl CUMMETPUU G U .

TpeTuit aTanm MoCTpoeHUs1 KOPPEISILIMOHHOM AuarpaMMbl — OIl-
penejeHne CUMMETPMU TEePpUINKINYSCKNX OopOWTaneil peareHTa u
MPOIyKTa.

JJ1s1 MOJIEKYJIIPHO-OPOUTAILHOTO OIKMCAaHUSI T1apa COMMKAIOLLIMXCS
- U m*-opOuTaneil I1ByX OTAEJbHBIX MOJEKYJ He MOAXOAUT, TaK Kak
MpU OTPak€HUM B TOPU3OHTAJIBHON 3epKAJIbHON MJIOCKOCTU G’-Op-
OuTalb OJHON MOJEKYJbl MEPEXOAUT B OpOUTAIb IPYroll MOJEKYIbI,
YTO HE SIBJIIETCS CUMMETPUUYECKUM MpeoOpa3oBaHueM. MoJjekysip-
Hble OPOUTAIM MOKHBI ObITH JTMOO CUMMETPUUYHBI, JTUOO aHTUCUM-
METPUYHBI MO OTHOLIEHUIO K JIIOOOMY 3JIEMEHTY CMMMETPUM Mapbl
commkaronuxess Mojiekya. CraenoBareabHO, HaM HEOOXOAMMO TOCT-
POUTH TPYIIOBBIE OPOUTAIA aHCAMOJISI U3 IBYX MOJIEKYJT 3TUJIeHa (CM.
. 2, 4. 1).

HBe HuxxHue MO ancambis (CH,=CH,), 00pa3ytoTcst U3 CBsI3bI-
BalOLIMX T-OpOMTaseld IBYX MOJIEKYJ 3TUJIEHA IyTeM UX OObeauHe-
Husg B (aze (HuxHsAs1 MO m+rn’) u B nporuBodasze (6ojee BbICOKO
pacrionioxkeHHasgs MO n—n’). UMeHHO 3TH opOUTan B OCHOBHOM 3JIeK-
TPOHHOM COCTOSIHMM OYyIyT 3aHSIThl YEThIpbMSI m-3JIeKTpoHamu. JlBe
BEpXHUE OPOUTAIM 00PaA3YIOTCS U3 Pa3PhIXJISIONINX T-OpOuTaIeil 1ByX
MOJIEKYJl STUJICHA MepeKpbhIBAHUEM MOCIeAHUX B (da3e u MpoTuBoda-
3e. Takum oOGpazoM, rmapy cOMMKAIOIIMXCS MOJIEKYJI TUIEHA MbI OITH -
ChbIBaeM YETbIPbMSI YEThIPEXLIEHTPOBBIMU TpyrnoBbiMu MO, 00pa3o-
BaHHBIMU KOMOUMHauMeil yetbipex p-AQ. ['pynroBbsie opOUTANIN CUM-
MeTpu3oBaHbl (.2, 4. 1) U K HUM OPUMEHUMbBI BCE OINepaluu
cummetpuu: 6, 6’ u C,.

B pesynbrare auMmepusannu 3TuieHa oopa3yeTcsl LIMKI00yTaH, T.€.
BO3HUMKAIOT JBe G-CBsI3U. JIOKAJIM30BaHHbIE G-CBSI3W YIOBJIETBOPSIIOT
HE BCEM OIllepalvsiM CUMMETPUM MOJIEKYJIbl IuKIo0yTaHa. K Bo3HM-
KallMM G-OpOUTaIsIM MOXHO TMPUMEHUTH OIepalvio OTpaxkKeHUs B
IUIOCKOCTU G’, HO HEJb3sl MPUMEHUThb OIepaluio OTpakeHUs B
IJIOCKOCTH G, TaK KaK TIpU TTOCIeIHel omnepauy ogHa OpOuTab I1e-

' Ho ecim o6bekT mMeeT och cumMmetpun C, TO OH HEOBS3aTeNbHO IOJMKEH
MMETb TaKXKe MJI0CKOCTh CUMMETPUHU, POXOSLLYIO uepe3 3Ty och. [Ipumepom siBisieT-
¢t mpanc-1,3-0yTagueH.

172



pexonuT B Apyryio. [1oaToMy 31ech Takke HEOOXOMUMO CUMMETPU30-
BaTh (IeJI0KaIM30BaTh) JOKAIM30BAaHHBIE G-OpOWTAIM, B3SIB UETHIPE
KOMOMHAaIMK: 6+ 6 U 6*+ o™ (KoMOMHaUMu 6 ¢ 6*wim 6* ¢ ¢’ He-
BO3MOXHBI M3-3a TOTO, 4TO ¢ U ¢* MO UMEIOT pa3Hyl0 CUMMETPUIO):

c' j % (6 +0)

=
TalE
t

[4)

Henoxanuzaius TOKaJIM30BaHHBIX G- W G*-opOuTaeil He u3Me-
HSIET OOILLYI0 3HEPrul0 MOJIEKYJbl LUMKJI0O0yTaHa (TaK KakK B3auMMO-
NMEWCTBYIOT NIBE 3aHSIThIe WM IBE ITyCThIe OpOMTAIM), HO 3aTO K Je-
JIOKQJIM30BAaHHBIM OPOMTAIISIM MOJIEKYJIBI IIPUMEHUMBI BCE OIllepa-
LI CUMMETPUH.

YeTBepThIld 3Tal IMOCTPOCHUSI KOPPEJSIIMOHHBIX AUarpaMM CO-
CTOWT B HAHECEHWM Ha IuarpaMMy KOPPEJSIIMOHHBIX JTUHUIA, CBSI3bI-
BaOIIMX KaXIyl0 opOuTaib peareHTa (Hapbl COMMXKAMOIIMXCS MOJIC-
KYJI) CO CTPOTO OIIpelesIeHHOM opOMTanbio mpomykTa. I1pm HaHece-
HUU KOPPEISIIMOHHBIX JTUHUN MCIIOJIB3YIOT MPUHIIMIT COXPaHEHUS
op6utanbHoi cummeTpuu (P. BynBopa, P. Fodman, 1965 1.), cornacHo
KOTOPOMY B NIEPUITMKIMYECKHMX PEaKIIUSIX CUMMETPHSI OpOUTaJIeil co-
XpaHsieTcs. DTo O03HayaeT, YTO B XOIe PeaKIMU CUMMETPUYHBIE (OT-
HOCHMTEJBbHO KaKOl-TO OIepalid CUMMETPUM) OpOMTaIu pearcHTa
MepexosIT B CUMMETPUYHBIC (OTHOCUTEIBLHO 3TOIl K€ OIepalluu)
opOuTaIM MPOAYKTa, a aHTUCHMMETPUYHBIE OpOUTAIM pearcHTa Iie-
PEXOISIT B aHTUCMMMETPUYHbBIE OpOuTaau mpoaykra. ClienoBaTesIbHO,
KOPPEJISIIMOHHBIC JIMHUK JTOJIKHBI COSTUHSITh Te OPOUTAIN pearcHTa 1
MPOIYKTa, KOTOPhIE MMEIOT OIMHAKOBYIO CMMMeTpHio. KoppensiimoH-
Hasl nuarpamma st (n2s+n2s)-UMKIoAUMepU3aliuyd STUjeHa U oopar-
HOM peaklMy IMKJIopacranaa IMKIo0yTaHa MprBeleHa Ha cxeMe 25.5.
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Cxema 25.5

C2 CZ
= AA o*-g*'
kT % AA _—
//— SA o*+o*
TR+ AS — e
' -7 AN G-0'
T-T SA=— S — A

o+0'

B 0CHOBHOM COCTOSIHUM Mapbl COMMXKAIOIIMXCS MOJIEKYJI 3TUJIeHA
YyeThIpe 2JICKTPOHA 3aHMMAIOT MOIApHO ABE HM3IIUE OpOUTAIH, T+’
(SS) u n—r’ (SA). OpbuTanb m+n’ B 00JaCTU MEXIY IBYMSI pearupyto-
UMMM MOJIEKYJIaMU BTUJIEHA SBJISIETCSl CBsi3biBalolleil. B mpouecce
peakiMM OHa MepexoauT B (o+c”)-opoutaib (Toxe SS), koTopas Jie-
SKUT HUXeE (7T+1)-0pOnTaIu, TaK KaK CBSI3bIBAIOLLINE G-OPOUTAIN OObIU-
HO JIexKaT HUKe CBSI3bIBAIOIIMX T-opouTaneit. Takum o6pa3om, 3a cUeT
SS-ypoBHS cucTeMa CTaOMIM3UPYETCS IIPU B3aMMOICCTBUU. YPOBEHD
(m—n") (SA) siBAsIeTCSl Pa3pbIXJISIIOIIUM B 00JaCTU COJMXKEHUST MOJie-
KyJ. [1py cOnmKeHUU MOJIEKYJI 3TOT YPOBEHb MEPEXOIUT B pa3pbIXJisi-
o1y SA-opoutans (6*+6*"), KoTopas JIEXKUT OoueHb BbICOKO. Cleno-
BaTeJIbHO, MPU IBMKEHUU BIOJb KOOPAMHATHI PeakIMyi SHEPTUS CH-
cTeMbl OyJeT MOBBIIIATHCS, TaK KaKk SA-opOuTaIb A1eCTaOUIU3UPYETCS.
Opb6utanb (r*+1*) (AS), Ha00OPOT, B XOAe PeakUUU CTAOMIU3UPY-
eTCsI, HO 3Ta OpOMTANb TycTast, W TIO3TOMY Ha SHEPTHIO CHCTEMBbI He
Biusier. HakoHel, mycrasi paspbixjsitolasi opoutanb (w*—mn*’) (AA)
JeCTaOMIIMBUPYETCS, TaK KaK MEPEXOAUT B pas3phIXsiollyl (6*—c*)-
OpOMTaTh, KOTOpAsT JICXKUT BBIIIIE.

I'maBHass 0COOEHHOCTDL IMarpaMMBbl, TPUBEAECHHON Ha cxeme 25.5,
COCTOUT B TOM, UYTO B Hell CBSI3bIBAIOIIMI YPOBEHb peareHTa Koppe-
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JIMPYET C Pa3pbIXJISIOLIMM YPOBHEM MPOJAYKTa U, HA00OPOT, pa3phiX-
JISIIOIIMI YPOBEHb peareHTa KOPPeJUpPYyeT CO CBA3BIBAIOILIMM YPOBHEM
npoaykra. [TomyJyaercs, YT0O OCHOBHOE COCTOSHHME MOJEKYJ STUJIeHA
KOpPpEeIUpYeT C ABAXKIbI BO30YKIEHHBIM (TaK Kak JIBa 2JIEKTPOHA TPO-
MOTHpOBaHbl ¢ AS- Ha SA-G-0opOUTab) COCTOSIHMEM LIMKIOOYyTaHa.
ToyHO Tak e OCHOBHOE COCTOSIHME LMKIOOyTaHa KOPPEJUpYyeT ¢
JBaX1bl BO30YKIEHHBIM COCTOSIHUEM JBYX MOJIEKYJ 3TWieHa. DTO
O3HayaeT, YTo JUISI paccMaTpuBaeMoOi peakiuM 3TUJIeH VK-
JIoOyTaH B O0OMX HaIIpaBJIEHUSIX CYILIECTBYET Oapbep, OOYCIOBJIECH-
HBI cuMMeTpueil. B To ke BpeMs Takoro 0apbepa HeT, €C/ii B I1ape
COMKAIOIIMXCS MOJIEKYJ 3TUJI€HA OOWH 3JEKTPOH IepeBeJeH Ha
AS-opbOutanps nyreM (OTOXMMHMUECKOTO BO30yxKaeHUsI. B aTom ciyuae
BO30YXKJIEHHOE COCTOSIHME peareHTa KOppeJupyeT C BO30YXIEHHBIM
COCTOSIHUEM ITPOJAYKTA.

Ecnu Bo30yXIe€HHOE COCTOSIHUE peareHTa KOppeJMpyeT C BO3-
OYXXIEHHBIM WJIM OCHOBHBIM COCTOSTHMEM ITIPOAYKTa, a TaKXke eCIu
OCHOBHOE€ COCTOSIHME peareHTa KOppeJaupyeT ¢ OCHOBHBIM COCTOSIHU-
eM MpOoAyKTa, TO YMCIEHHOE 3HauYeHUe TOM YacTh SHEPTrMM aKTHUBa-
LIMKU, KOTOpasi CBsi3aHa ¢ OpOUTAJIbHOM CUMMeETpueil, Oyner HeOOJb-
M. HaobopoT, eciim OCHOBHOE COCTOSIHUE peareHTa KOppeaupyeT ¢
BO30OYXII€HHBIM COCTOSIHUEM IPOJAYKTa, TO 3TO CUJIbHO TMOBbBIIIAET
9Hepruo aktuBanuu. [1oaToMy TepMmyecKas TUMepHU3alvsl STUJIeHA
3ampelieHa 1Mo CUMMETPUM, a (OTOXMMMUYECKas pas3pelleHa.

Bapbep peaknuu. ['oBops1 00pa3HbIM SI3bIKOM TEOPUH, «I1ape JeK-
TPOHOB TMPUXOAUTCS MPEON0eBaTh KPYTON SHEPreTUUECKUil Gapbep».
bapbep BO3HMKAeT M3-32 TOTO, YTO MO KOPPEISILIMOHHONW Auarpamme
9Ta Mapa CTPEMUTCS MOJHSITHCS Ha aHTUCBSI3bIBAIOIIMI YPOBEHDb MPO-
IyKTa peaklnu, T.e. JaTh JABAXIbI BO3OYXXIECHHOE COCTOsTHME. Takas
cynpba eil «ImpenHadyepTaHa» IIPUHLIMIIOM COXPaHEHMsI OpOMTAIbHON
cummeTpuu. OfHAKO Ha MOJMYTU peakluu cyapda 3TO Mapbl pe3Ko
MeHsieTcs. Jleno B ToM, uyTo Bocxoasdiuas SA-opOouTaib BCTpeyaeTcs ¢
Hucxoasein AS-opoutanbio (cM. cxemy 25.5). BeTpeua nmpoucxoaut B
touke C, rme sHepruu SA- u AS-opOurtajeil paBHBI, T.e. OpOUTAIU
CMEULIMBAIOTCS, U peakivsi COBEPIIEHHO 3aKOHHO ((usnueckun) Mo-
KET TEePeKITIOYMTBCS C OMHOM OpOUTaIM Ha APYTylo, YTO TOKa3aHO
CTPEJIKOM.

Touka C JeXUT MOCPearHEe MeXITy KOMOWHAUMSIMU ITUICHOBBIX
MO (n—n") u (n*-n*’). CnemoBatesibHO, YTOObI JOCTUYb €€ (OHA HU-
Korga He AocTUraercs o (bU3MYecKUM MpPUYMHAM), HYXKHO 3aTpa-
TUTb DHEPIUI0 JBYX CBSI3bIBAIOIIMX 3JEKTPOHOB, YTO 3KBUBAJIEHTHO
SHEPIUM OJHOI ABOIHON CBs3U (~65 KKaja/MOJb). DTO BBICOKOE IIpe-
IISITCTBYE, W TIOATOMY peaklMs He WAET M0 coriacoBaHHOMY ITyTH. Ilo
AKCIIepUMEHTAJbHBIM JAaHHBIM, MHMPOJMU3 LUKIOOyTaHa (peakuusl,
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oOpaTHas OMMepU3alMU 3TUIeHA) MPOUCXOAUT 4epe3 TeTpameTuiie-
HOBBII OMpaguKall:

CHz_CHz CHz_(;Hz CH2:CH2
| — .
CHQ_CHQ CHz—CHz CHZZCH2

(n2s+n2a)-1lukaonpucoenunenne. Terepb pacCMOTPUM KOppesisi-
LIMOHHYIO Iuarpammy s (n2s+n2a)-LUKIONPUCOSAMHEHUs, TIpYBe-
JEHHYIO Ha cxeMme 25.6. B aToM ciydae B Xole peakii COXpPaHSIETCs
TOJIbKO OIMH 3JIEMEHT CUMMETPUM: OCbh BTOporo nopsiaka C,, Mpoxo-
nsias yepes cepenrHbl C—C-cBsizeil ABYX MOJIEKY 9TUJEHA U Tep-
MEeHAMKYJIIpHAas TJIOCKOCTU yepTexka. OTHOCUTEIbHO 3TOil ocu opOu-
TaJu UCXOJHOIO KOMILIEKCa, MOCTPOSCHHBIE M3 CBSA3bIBAIOIIMX U pa3-
peixyasomux ©-MO OByX MOJIEKYJ dTWUJIeHA, cpa3y MoJydaloTcs
CHUMMETPU30BaHHBIMU (IIBE€ Tt-CBSI3M KaK Obl HE3aBHMCHUMBI), U TO3TO-
My K TIpolienype CUMMeTpU3alMu Npuderatb He Hago. OQHAKO CUM-
MeTpu3alurs B MPOAYKTe peaklUu HeoOXoauMa, TaK KakK MpU MOBO-
pote Ha 180° Bokpyr ocu C, onHa G-CBSI3b MEPeXoauT B aApyryio. Mc-
MOJb30BaHNE CUMMETPU30BAaHHBIX (IEJIOKAJIM30BaHHBIX) OpOUTaIei,
IMOKa3aHHBIX Ha cxeme 25.6 crpaBa (cBs3biBalomrie 6-MO B ¢ase u
npotuBodase; paspoixisoiime 6-MO B dase u B mpotuBodase), ae-
JJaeT BO3MOXXHBIM NMPUMEHEHHE CUMMETPUUYECKOro IMpeodpa3zoBaHUs
K OpOUTAJISIM CUCTEMBI JIBYX G-CBSI3El.

CxeMma 25.6
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KoppensimonHble TMHUM Ha cxeme 25.6 MpoBeaeHbl B COOTBET-
CTBUU C TIPAaBUJIOM HeMepeceyeHus, KOTOpoe HEeOOXOAMMO CTPOro
cooOoaaTh. D10 NMpaBuio GOpMYIUPYETCs CAeayIoMM 00pa3oM: op-
obumanu 00UHAKOBOU CUMMeMPUU He NepeceKaromcs.

B cooTBeTcTBMM € 3TUM MPaBUJIOM ajJbTepHATUBHbBIE KOPPEISILUU
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He BEepHBbI, TaK KaK B HUX IepeceKaloTcs opOUTaad OIMHAKOBOW CUM-
MeTpuH (B TIEPBOM CJIydae IBe CUMMETPHUYHBIC, a BO BTOPOM — JIBE
aHTUCUMMETPUYHbIE OpOMTAIIN).

TakuM oOGpa3oM, MOXHO TOCTPOUTb OIHY M TOJbKO OAHY Mpa-
BWJIHLHYIO KOPPEJISILIIMOHHYIO THarpaMmMy st Kaxkaoro ciaydas. Cxema 25.6
MOKa3bIBAET, UTO peakuus (n2s+n2a) pazpeuwiena o OpOUTAIIBHON CUM-
meTpuu (cp. puc. 25.1). (OnHako Ha IMPAKTUKE €€ BCE XKe OCYLIECTBUTD
HE ymaeTcsl M3-3a MPOCTPAHCTBEHHBIX MPEMSITCTBUI TMEPeKPbIBAHUIO,
KOTOpbIE OUYEHb BEJUKU IPU JAHHOM CIIOCOOE COJIMXKEHUsI MOJIEKYJ).

(n2a+n2a)-1luknonpucoequnenne. KoppelssiMoHHas AuarpamMmMa
IIJIT BTOTO ClIydasl TIpuBeleHa Ha cxeme 25.7

Cxema 25.7
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B kauecTBe COXpaHSIOLIErocsl B XOIe peaklMy 2JIeMEHTa CUM-
MeTpUM 3[eCh BbIOpaHa och BTOporo mopsiaka C,, jexalilasl B mioc-
KOCTH, TIPOXOASILE 4yepe3 cepenuHy OTpe3Ka, COEAUHSIONIEeTO ce-
peaunbl C—C-cBs3eit 00erx MOJIEKYJ M MEePHeHIUKYISIPHON 3TOMY
otpe3ky. Ocb C, mpoxoaut mof yriaom 45° xk aunusMm C-C-cBaseit
CKpEelIeHHBIX MOJIeKya aTuwieHa. [Ipu naHHOI onepaluu CUMMETPUU
C, TouKka p BHYTPU OPOUTAIM OMHOM MOJIEKYJbl STUJICHA MEPEXOMUT,
B TOUKY p’ BHYTPU OpOMTANIU APYroit MOJEeKynIbl (cxema 25.7), moaTo-
My OpOUTATIM MCXOMHOMN «CyMepMOJIEKYIbl» HY>KHO CUMMETPU30BaTh,
Kak ToKa3aHo Ha cxeMe. OpOuTaniM LMKIOOyTaHa TOJIy4aloTCs yxKe
CHUMMETPU30BaHHBIMU OTHOCUTEIBLHO ocu (), TaK KaKk OopOMTaIu G-
CBsI3eil B 9TOM Ciyyae CHUMMETPHUUYECKU TMpeodpas3yroTcsi He3aBUCUMO
ojfHa ot apyroi. [Inarpamma Ha cxeme 25.7 MOKa3bIBaeT, YTO PeaKiius
tuna (n2a+n2a) 3amnpelieHa Mo cumMmMeTpuu (cp. puc. 25.1).

Kpome ocu C, B xonme (n2a+mn2a)-peakliud COXpPaHSIETCSI TaKXkKe
OCb CUMMETpuU BTOporo mopsinka C,, mepreHAuKYIsIpHas IMJIOCKO-
CTH 4yepTexka cxembl 25.7 u mpoxopsiias yepe3 cepearHbl C—C-cBs-
3eii (aHanormyHast ocu C, Ha cxeMe 25.6). I1pu ydyete sTOrO 37IeMEHTA
CUMMETPUU peaKklvsl BBITJISIAUT «elle 0oJjiee 3ampelleHHo», TaK Kak
B MIPOAYKTE peakilMy He 3aHAT HUXKHUI ypoBeHb (Cp. co cxeMoii 25.7)
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IlocnenoBarenbHble CTAAWH MOCTPOECHUS KOPPEJIANHMOHHBIX IUAr-
pamm. [lpu mocTpoeHUU KOPPEISILIMOHHBIX ITMarpaMM HEOOXOAMMO
COOJTIOIATL CTPOTHE TIpaBHIIa, KOTOPhIE MpUBeAeHBI B Tao. 25.2. Tpe-
HeOpeXXeHre 3TUMU MTpaBUIaMUA MOXKET MPUBECTH K CePbe3HBIM OIIN0-
KaM. HampuMmep, ecim OCHOBBIBAThCSI JIMIb HAa TOM, YTO T- M TT*-
OpOUTATN pearnpylolmnx MOJIEKYJ STHIeHA U 6- U 6¥-0pOUTaIN LINK-
JIoOyTaHa OTHOCSITCST K OMHOM M TOM K€ TOYSUHOH TPYITIe CUMMETPUH,
MOXKHO CJIeJIaTh HeBEPHBIN BBIBOI O TOM, YTO TepMUYeCKas peaKIIys
paspelreHa (Tak KaK OCHOBHOE COCTOSTHME PeareHTOB SIKOOBI «Koppe-
JIUPYeT» C OCHOBHBIM COCTOSTHMEM TIPOAYKTA).

OmmnbKa TIpH TOCTPOSHUM TaKOW JUarpaMMBbl COCTOUT B TOM,
YTO €e aBTOpP pacCMaTpHMBAET pearcHT KaK JBe OTAEIbHBIE MOJIEKYIIbI
STWJIEHa, a He KaK OPMEeHTHMPOBAHHYIO Iapy MOJIEKYJ, Ille TTOMUMO
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BEPTUKAILHON TUIOCKOCTM CUMMETPUM G CYIIECTBYET €lle TOPU30H-
TaJbHask MEXMOJIEKYJISIpHAs! TNIOCKOCTh G', KOTOPYIO HEOOXOAMMO YUu-
ThIBaTh KakK 3JIEMEHT CUMMETPUU, COXPAHSIOUIMICS B XOJEe peaKlvu:

i

H - A (0%+0%*') (cUMMeTpHs OTHO-
T A ——T -7 % CHTEIBHO BEPTUKAIIb-
HOM 3epKalbHOMI
TJIOCKOCTH)

Ta6numa 25.2
IMTocnenoBaresbHbIE CTAAWN TMOCTPOEHUS KOPPEJSIHOHHBIX JUATPAMM

1.  Kaxnas pearupyroliasi cucTeMa MmyTeM yIaJleHUs] 3aMeCTUTE e CBOIUTCS K CHC-
TeMe C BBICILEI BO3MOXHOI cuMMeTpuei (pasmen 25.2.1.a).

2. OmpezensieTcst OpOMTATBLHBIN Ga3UC PeaKIMK, BKIIOYAIOIINI OPOUTATN PBYIIMXCS
1 00pasyIoIINXCsT CBSI3CIA.

3. Omnpenensitorcst Bce 31eMeHThl cuMMerpun MO, oblue Kak Jis peareHTa, Tak 1
JUISE TIPOIYKTA. DJIEMEHThl CUMMETPUU, UCIIOJIb3yeMble B aHAIM3E Pa3pellieHHOCTH
WM 3alpellieHHOCTH PeaKIMy 10 OpOMTAIbHOM CUMMETPHUHM, ITOJDKHBI MPOXOIUTH
yepe3 CBsI3W, 00pasylolivecs: Wik paspbiBalolvecs B peaklnu.

4. Jlng opburtasbHOro 0asuca CTPOSITCSI BCE CBSI3bIBAIOILIME M aHTUCBSI3bIBAIOLINE

MO, xoTopble B cliyuae HEOOXOAUMOCTU CUMMETPU3YIOTCS B COOTBETCTBUM C
rpaBwiaMu, NMPUBEAEHHBIMU B L. 2 (4. 1).
Ecnu B pesynbrare peakiiMi U3 HECKOJIbKUX MCXOIHBIX MOJIEKYJT 00pa3yeTcst oJHa
MoOJIEKyJIa TIPOLYKTa WU U3 OIHON MOJIEKYJIbl peareHTa o0pa3yloTcsi HECKOJIBbKO
MOJIEKYJI IPOAYKTa, TO OPOUTAIU «pEareHTa» B MEPBOM CJIy4yae WU «[IPOAYKTa»
BO BTOPOM Cllyyae sIBJISIIOTCSI TPYIIOBBIMM OPOUTAJILHBIMU aHCAMOJISIMU.

5. OpOutanu peareHTa W MPOAYKTa, UMEIOIIME OJMHAKOBYIO CUMMETPHIO, COCIM-
HSIIOTCSI KOPPEJISIHIMOHHBIMU JIMHUSIMU C COOJIIOCHUEM Hnpagula Henepecevenus,
COMIACHO KOTOPOMY OpPOMTAIM OIMHAKOBOW CUMMETPUM HE IepeceKaroTcs.

6. Op6I/ITaI[I/I pearcHra 3acCIAI0TCA SJICKTPOHAMM M OLICHUBAIOTCA pPa3pCIICHHOCTD
WJIN 3alpC€lICHHOCTDb PpEaKUUU.

Obuee 3ameuanue: TIpoliecchl, He 3aBUCHMBIC APYT OT JAPYra, MOJDKHBI paccMaTpy-
BaThCsl Pas3NesibHO, ke €CIM OHM TMPOMCXOIST BHYTPU OTHOW MOJICKYIIBI.
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(nd+n2)-1luknonpucoenunenue. Ecny OyTaaveH W 9TWIEH pearu-
PYIOT, HAXOASICh B MapaylJIeJIbHBIX TJIOCKOCTAX (cxema 25.8), To Takas
peakuus paspellieHa B OCHOBHOM 3JIEKTPOHHOM cocTosiHuu. Koppe-
JISLIMOHHAs AuarpamMma MOJIEKYJISIpHBIX OpOUTasieli mpuBeneHa Ha cxe-
Me 25.8. BunHo, 4To B OTJIMYME OT AMMEpU3allMu 3TUJIEHA, 31eCh He
HabJogaeTcs moabeMa JAeKTPOHHBIX MOP K aHTUCBS3bIBAIOIIMM YPOB-
HsaM. TeM He MeHee ciiydyail peaklMy 3TWIeHa ¢ OyTaaleHOM MOKa3bl-
BaeT, YTO TEPMUH «pa3pelieHa» BOBCEe He 00s3aTe/IbHO O3HayaeT, 4To
peakuusl UAET B MPSIMOM cMbicie Jierko. Ilo pacuety, st peakuuvu
He3aMelleHHOro OyTaaudeHa C He3aMeIleHHBIM 3TUJIEHOM JHeprus
aKTUBallMY paBHA 34 KKaj/MOJb; 3TO OUYeHb OoJblias BeauuuHa. [1o-
BUIMMOMY, BbICOKasl SHEPIrusl aKTUBALUMU CBsI3aHA C TEM, YTO HE00-
XOIUMO 3aTpaTUTh OOJIBIIYIO SHEPIUIO HA PACTSKEHUE TPeX ABOMHBIX
cBa3eit C=C, KoTopbie B MPOAYKTE peaKklMu JOJKHBI CTaThb MPOCThI-
MM CBSI3SIMMU.

Cxema 25.8

Ha cxeme 25.9 npuBeneHbl KOpPpeIsLIMOHHbIE AUarpaMMbl st
peakuuii (nda+n2s) u (mda+n2a). InarpaMMbl, TTOCTPOEHHBIE B COOT-
BeTCTBUU C TIPUBEACHHBIMM BBIIIE TpaBUJIaMU, IMOKAa3bIBAIOT, YTO
repBasi U3 3TUX peakluid 3ampelleHa, a BTopast pa3peuieHa no opou-
TaJlbHOM cuMMmeTpuu. OTMETUM, UYTO B KauyeCTBE COXPaHSIOLIETOCs
5JIEMEHTa CUMMETPUU B JAHHOM CJIydyae BBICTYMAE€T OCb BTOPOIO MO-
psiiKa, MeprneHAuKY/IsipHasl TJIOCKOCTU 4YepTexxa W IpOoXOoAsiuasi ve-
pe3 cepelrHbl YIJIEPOAHBbIX LIEMIOYEK PEareHTOB.
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Cxema 259

Tc4a+n2s 71:4a+7t2a
basuc:

%\ S+ /,/—A% A — "ll\‘H-A %
i + Ay ok

3arpenieHa pazpelieHa

Ecnu nmoctpouth MogoOHYIO KOPPEISLMOHHYIO AUarpammy s
npouecca (n4ds+n2a), TO MOXHO YBUIETh, YTO OH 3ampelleH Mo opou-
TaJbHOW CUMMETPUU.

IIpaBuna ordopa sl MUKJIONpUcoeauHenusa. UToObl chopMyu-
poBath IpaBujia OTOOpa U1l PEAKLMIA LUKIONPUCOEIUHEHUS, HEOOD-
XOAUMO MOJACUYUTATH 00I1IIee YUCIIO JIEKTPOHOB N, MPUHUMAIOIIMX y4a-
cTUe B 00pa30BaHUU LUKJIMYECKOTO NEPEXOAHOr0 COCTOSIHUS. st LIMK-
JoOAUMEpU3allMK OBYX MOJIEKYJ 3TuiaeHa N=4, a 1 peakuuu
HNunbca—Anbpaepa N=6. TakuMm obpasom,

npu N=4 MnyThb n2s+m2s 3arpelleH,
yTh n2s+n2a pa3peuieH,
nyTh n2a+n2a 3anpeleH;
npu N=6 MyTh ndstn2s paspelieH,
nyTh néds+nla 3anpeleH,
MyTh nda+n2s 3amnpeleH,
MyTh nda+m2a paspelieH.
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BunHo, yTo HabM0naeTCsl YepenoBaHue pa3pelieHHOCTU U 3ampelieH-
HOCTU peakiiuii, KOTOpOe 3aBHUCUT OT YMCJa BJIEKTPOHOB, MPUHUMA-
IOIIMX yJYacTHe B peaklMH, M CIOoco0a B3aMMONEMCTBUS PEarcHTOB.
P. Bynopa u P. 'opmaH BbiBesiM 000O0LIEHHBIE MpaBuia 0TOOpa Io
CUMMETPUM JUIST JIFO0OI peakIuy IWKIOMPUCOSTUHEHUSI, KOTOpPHIE
(hopMyTUpyIOTC CAEayIOIMM 00pa3oM.

TepMuueckre peakiiuy IMKIONPUCOSINHEHUSI B OCHOBHOM 3JIeK-
TPOHHOM COCTOSTHMY C CYMMapHBIM YHCJIOM 3JIEKTPOHOB B pearcHTax
(4¢+2), rne ¢=0,1,2,3, pa3pelleHbl 110 CUMMETPUU, €CJIM 00a peareH-
Ta B3aUMMOJEHCTBYIOT CYNpPArOBEepXHOCTHLIM CIIOCOOOM WJIM 00a pea-
reHTa B3aMMOJICIICTBYIOT aHTaparioBepXHOCTHBIM criocoboM. Tepmuyec-
KWe peaklluy C CyMMapHBIM YMCJIOM 3JIEKTpOHOB 4r, toe r=1, 2, 3,..,
paspelieHbl 0 CUMMETPHUH, eCI OIWH M3 PeareHTOB pearupyeT CyIl-
pPanoBEepPXHOCTHBIM CIOCOOM, a APYroil — aHaTapornoBEPXHOCTHBIM
crocoooMm. (4¢+2)-OneKTpoHHbIEe (s+a)-peakiuu U (4r)-3J1eKTPOHHBIE
(s+s)- unm (a+a)-peakliuyi B OCHOBHOM 3JIEKTPOHHOM COCTOSIHMM 3aIl-
peeHbl. @otoxummyeckue (4¢+2)-371eKTPOHHBIC peaKLNU paspelie-
HbI 110 CUMMETPUU, €CJIM OJUH U3 PEarecHTOB pearupyeT CymparnoBep-
XHOCTHBIM, a BTOPOI — aHaTaparoBEPXHOCTHBIM CIMOCOOOM, U 3al-
pelieHsl, ecin oba peareHTa pearupyloT CyNparoBePXHOCTHBIM
CITocoboM M 00a peareHTa pearupyloT aHTaparmoBepXHOCTHBIM CIIO-
coboM. (4r)-DneKTpoHHbIe (POTOXMMUYECKUE PEAKLMU DPa3pellieHbI,
eciu o0a peareHTa B3aMMOAEHCTBYIOT CYNMPamOBEPXHOCTHO WU
aHTaparoBepXHOCTHO, U 3aMpellieHbl B cayvae (s+a)-B3auMOAcHCTBUS.
DTH TIpaBWIa TPUMEHUMBI U K Pa3IMIHBIM T€OMETPUIECKUM CIIOCO-
6am mukitopacmaga. Hioke mpuBeneHO HECKOIBKO ITPUMEPOB, WILTIOC-
TPUPYIOLIUX MPUMEHUMOCTb MpaBUi OTOOpA:

N=8 (n6+m2)

A
+ CISO,N=C=0 ——>

(peakiMsi HecorjacoBaHHasl, TakK KakK (s+5)-B3aMMOMIEWCTBHE 3aripe-
IIEHO TI0 CUMMETPUU, a (S+a)-B3aMMONIEHCTBUSI 3aTPyIHEHBI CTEpPH-
YECKHM).
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N=8 (md+m4)

=0
+ —_—
~ _NH 0 2 mé4stmds o & J

(m4s+nds GOTOXMMUYECKU pa3pelleHa).

N=10 (n6+nd)

EtOOC—N =
—~ —= A =
| N-COOEt + EtOOC-N | — / ‘jl
N
COOEt

(m6s+mds TepMUUECKU pa3pelleHa).

o) —»%

(m6s+mds TepMUYECKU pas3pelleHa).

N=12 (n6+m6)

0
Y
0+0 M h
=
o7

(m6s+m6s POTOXMMUYECKH TEPMUYECKU paspellieHa).

25.2.1.r. APOMATUYECKOE 1 AHTUAPOMATHUYECKOE
IMMEPEXOAHBIE COCTOSIHUA

Tpetnii Moaxoa K OOBbSICHEHUIO pa3pelieHHOCTH WJIM 3alpelleH-
HOCTH TepUIUKINIECKNX peaKlNil OCHOBAH Ha IMPEACTaBICHUN LINK-
JIMYECKOTO TIePEeXOJHOr0 COCTOSIHMSI KaK apoMaTUYeCKOW WJIM aHTU-
apoMaruueckoit cuctembl. Eie B 1939 r. M. DBaHC 3aMeTuI, YTO 1IUK-
JIMYECKOe MepPexXOJHOE COCTOosIHuE peakuuu Jdunbca—-Anbaepa
YIUBUTEJIbHO HAITOMUHAET MOJIeKyJly OeH30J1a. Pa3HMIIa COCTOUT JIMIIb
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B TOM, YTO B IUIOCKOM MOJIEKyJie O€H30Jia MOJICKY/ISIpHbIC TT-OpOUTa-
JI1 00pasyloTcs MyTeM OOKOBOTO MepeKpbiBaHMs opouTaieii C2p, a B
MEPEXOIHOM COCTOSIHMM peakinu Jumibca—Aibaepa aBe u3 iectu AO
MEePEeKPHIBAIOTCS BIOJb CBOMX oceil. [lo cylecTBy, IepexomHoe COo-
cTostHUe peakuuy duiabca—Ajbaepa — 3TO MOJIEKyJIa OeH301a, B KO-
TOPOI OTCYTCTBYIOT, KpPOME TOTO, JBE CKEJIETHbIC G-CBSI3U. Takue cu-
CTeMbl Ha3bIBAIOTCS M30CONPSKEHHBIMM:

H H
ACS HC,”~~CH
HET NG O
N HCl-- CH
a H,
OeH301 TIC peaxkuuu unsca—Anbaepa

H30CONPSDKEHO OSH30ITy

Ecnmu 6b1 peakums Hduiabca—Anbaepa Obljla ABYCTaAWMIHOM, T.€.
IpoTeKana uepe3 MPOMEKYTOUHBI OMpaIMKad WIM LBUTTEP-UOH',
TO MEPEXOJAHOE COCTOSIHME 00pa30BaHUs 3TUX YaCTUIL ObLIO ObI alMK-

JINYECKUM:

Mc Oupagukal

B3auMooTHoOIIIeHe MEXAy COTIAacOBAaHHBIM IIMKIMYECKMM U HECOT-
JlacoBaHHbIM auukiandeckuM [1C mo cyTu To e caMoe, KakK U MeXay
OCH30JI0M U allMKJIUYECKUM rekcaTpueHoM (1. 12, u. 2). Tak ke Kak
OeH3osn OoJjiee cTaOWJIeH, YeM IeKcaTpueH, LMKINYEeCKOe apoMaTH-
YecKoe TMepexoIHOe COCTOSIHME CTabuibHee alukiandyeckoro. Cremno-
BaTeIbHO, TepMUYecKas peakuus dunbca—Anbaepa MpearnoyuTaeT myTh
yepe3 apoMaTUYeCKoe TMEPEeXOqHOE COCTOSIHUE, W TTO3TOMY SIBIISIETCS
COIJIaCOBAaHHBIM OJHOCTAAWMHBIM TPOLIECCOM.

Pacumpennoe onpenenenne apomatuanoctd. B 1971 1. I'. Hummep-
MaH BBeJl pacllMpPEeHHYI0 KOHIEIIINI apOMaTUYHOCTH, MPOTHUBOIMO-
CTaBUB OOBIUHON XIOKKeae6CcKol apomMamuvyHocmu, KOTOPYIO Mbl TOA-
pobHO paccMoTpenau B I 12 (4. 2), OApyryio apoMaTU4YHOCTb, IMOJY-
YUBIIYIO HA3BaHUE MEOUYCOBCKOU APOMAMUYHOCMY TIO UMEHU HEMELIKOTO

! B HEKOTOPBIX CJIYUasix PEAKLMSI TaK M [POTEKAET, T.e. 9TH MHTEPMELHAThI ACHi-
CTBUTEIHHO OOpasytorcs (cM. pasmen 25.3.1.m).
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mateMmaTuka XIX B. A. MéOuyca, He 3aHMMaBIIErocss XMMUe, HO OT-
KPBIBIIETO CYIIECTBOBAHME TaK HA3bIBAEMbIX OJHOCTOPOHHUX TMOBEP-
XHOCTell. YTOOBI BBISIBUTH CYTh MEOMYCOBCKOM apOMaTMYHOCTU U €€
OTJIMYME OT XIOKKEJICBCKOW apOMAaTUYHOCTH, PAaCCMOTPUM B3aMMO-
JIEMCTBUE MEXIY T-OpOUTANSIMU peareHToB npu (m4+m2)- u (n2+m2)-
LIMKJIONPUCOCINHEHUH.

IIpexne Bcero ocTaHOBMMCS Ha ciydae, Korma oba peareHTa pe-
arupyloT CYMPaINOBEPXHOCTHO, T.€. PACCMOTPUM peakunu (mds+ns) u
(n2s+m2s). B cCOOTBETCTBUM C IPaBUJIOM OTOOpA, COMIACHO KOTOPOMY
B3aMMOJEHCTBYIOT JIMILb OPOUTAIM OJMHAKOBOM CUMMETPUM, MOXKHO
nojaraThb, 4To B peakuuu Huiabca—AJibaepa OyAyT OCYILECTBISIThCS
clieayrolue B3auMoaeicTeus (0003HaueHue opouTaieit Takoe xe, Kak
Ha cxeMe 25.3): w—n, w3*-m, m,-1*, myF-n*. B oOpasyrolmxcs nepu-
LIMKJIaX MOJCYUTAEM YUCIIO MHBEPCUil (i) ¢a3bl BOJHOBOW (DYHKIIUH,
T.. YHCJIO aHTUCBI3BIBAIOIINX B3aMMOICHCTBMI MEXIY COCETHUMU
C2p-A0. Yucno nnBepcuu (asnl (N;) B IepBoM ciayyae paBHO HYJIIO,
BO BTOpoM ciiydyae N;=2, B TpeTbeM N;=2 u B ueTBepTOM N;=4:

!

N,'=O Ni=2 Ni=2 N,'=4

Hns (n2s+n2s)-UMKIONPUCOSANHEHUSI B COOTBETCTBUU CO CXEMOM
25.1 B3aumogeiictBytor opoutaiu n—n’ (N;=0) u w*-n* (N, =2):

&b db

N;=0 ! N;=2

Terepb paccCMOTPUM peakiiMM, B KOTOPBLIX OAWH M3 pPeareHTOB
pearmpyeT CyIparioBepXHOCTHO, a BTOPOI aHTaparoBEPXHOCTHO, T.€.
(mds+rn2a), (rda+ns) u (n2s+n2a)-uukiaonpucoeauHerue. [TpumMenss
MpaBUJIO OTOOpa IO CMMMETPHU, TTOJydyaeM CIIeayIollue 3HaYeHUs
Yyucia MHBepPCUMl dasbl.
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(nds+r2a)-uxaonpucoedunenue:

-Iluxaonpucoedunenue:

(nda+n2s)

(n2s+r2a)-llukaonpucoedunenue:

T’

TU*

T

Hakownew, pasdepem citydau, Korga oba pearcHta OpUEHTHPOBA-

HbI aHTaparoBEPXHOCTHO.

(rda+n2a)-Lluxronpucoedunerue:

(m2a+n2a)-Luxronpucoedunerue:
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[lonyyeHHbIe TaKMM MyTeM pPe3yJbTaTbl MO3BOJISIOT coeiaTh 3a-
MeuaTeJbHbIN BBIBOJ: €CJM 00a peareHTa B3aMMOMAEKMCTBYIOT Cympa-
MOBEPXHOCTHO WJIM OIMH — CYINParnoBepXHOCTHO, a APYroil aHTapa-
MOBEPXHOCTHO, TO 3TU JBa CJy4ass MOXHO OMNUCAThb OPOUTAIbHBIM
LIMKJIOM 6e3 MHBepcUM (has3bl WIM ¢ MHBepcUeil ¢ha3bl BOTHOBOM (hyH-
KLIMU (COOTBETCTBEHHO ¢ 1 0 Ha puc. 25.2). Ecau nepen coenuHeHuem
KOHIIOB JIMHEHYIO LIeTNb p-OopOuTaieil CKpyTUTh He ONMH, a ABa pasa,
TO MOJYYUTCS LMK C ABYMsI MHBepcusMu dasbl. IToBepxHOCTD, TO-
JlydeHHasl CKJIeMBaHUEM KOHIIOB ABAXKIbl CKPYYEHHOIO MPSIMOYTOJIb-
HUKa, OyIeT IBYCTOPOHHEH, KaK OObIYHOE KOJbIO, IMOKa3aHHOE Ha
puc. 25.26. Ecnu ob6a peareHTa B3aMMOAEHCTBYIOT WIIM CYMpPaINlOBepX-
HOCTHBIM, WM aHTaparoBepXHOCTHBIM IyTeM, TO MPU JIOOOM map-
HOM COYETaHMU OpOMTaJIell YMcI0 MHBEePCUil (pa3bl B MEPULIMKIIE BCE-
raa 4eTHo (HOJb — YEeTHOE YMCJIO0), HO €CJIM OAUH U3 PearcHTOB B3a-
UMOJEHCTBYET CYINParoBepXHOCTHO, a BTOPOIl aHTaparoBEepPXHOCTHO,
TO YUCJIO MHBEpCUl (ha3bl B MEPULIMKIIE HEYETHO.

BBr

(2)

N

Ar

Puc. 25.2. O6pazoBaHue U3 MPSIMOYTOJbHMKA (2) IBYCTOPOHHETO Koiblia (0) u
OTHOCTOPOHHETO Jucta MEOuyca (B) M aHaJOTMYHOE OOpa3oBaHUE W3 JIMHEHHOTO
MOJIMeHa ITUKIMYECKOTO MOJMeHa

[lukibl ¢ HEYETHBIM YKMCJIOM MHBEpcHUid (ha3bl BOJTHOBOM (DYHK-
LIMA TOMOJIOTUYECKU DKBUBAJIEHTHBI TaK Ha3blBaeMOMY JIMUCTY MEOu-
yca, KoTophlii B 1860-X rogax MHTEHCHMBHO M3ydyajiCsl MaTeMaTUKaMK
KaK IepBbIiA TpUMEpP OJHOCTOPOHHEN MmoBepxHOCTH. JIuct Mébuyca —
9TO TMOBEPXHOCTh, IMOJyYaroIIasics MPU CKJIEMBAHUU IBYX TMPOTUBO-
MOJIOXHBIX cTopoH AB u A’B’ npsimoyronsuuka ABB’A’ (puc. 25.2.a),
TaKUM CITOCOOOM, YTO TOYKM A U B coBMelaloTcsI, COOTBETCTBEH-
HO, ¢ Toukamu B’ u A’ (puc. 25.2.6). Jluct Mébuyca obragaer psi-
JIOM MHTEPECHBIX 0coOeHHOCTel. HanmpuMep, eciiv 1BUTaThCsl BAOJIb
nucta Mébuyca, He mepecekasi €ro KpaeB, TO B OTJIIMUME OT IBY-
CTOPOHHEH! TOBEPXHOCTU, T.€. MPAaBUJBHOIO KOJbIA, CKJIEEHHOTO
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U3 TMpsaMoyroibHuKa ABBA 1iyTeM coBMelleHUsI ToueK A U B COOTBeT-
CTBEHHO ¢ Toukamu A" u B’ (puc. 25.2.B), MOXHO MOMNACTb B UCXOTHOE
MOJIOXKEeHWE, 0Ka3aBIIUCh B MEPEBEPHYTOM IOJIOKEHUN O CPAaBHEHUIO
¢ mepBoHavYaJIbHbIM. VI3 1OCTaTOUHO MIMHHON IOC/IEA0BAaTEIbHOCTHU p-
opOuTaeil, OpueHTUPOBAHHBIX OAMHAKOBBIM 00Opa3oM (puc. 25.2.r)
MOXHO, TaKUM OOpPa3oM, IMOJYyYUTh LUMKJI C IBYMs WHBEPCUSIMH, TO-
MOJIOTMYECKM SKBUBAJICHTHBIN LIMKITY 0e3 nHBepcur. OMHAKO MPpH TPOii-
HOM CKPYYMBAHUM CHOBA IOJYYUTCSI OIHOCTOPOHHSISI TTOBEPXHOCTD,
T.e. LMKJ C TPEMsI MHBEPCUSIMU, TOTIOJIOTUYECKM HE OTIMYAIOLIMICS OT
LIMKJIa ¢ ogHOM mHBepcuei a3bl. IIpogoirkas 3T paccykKaeHusl Aajlb-
e, MOXHO TPUMTU K BBIBOLY, YTO MOBEPXHOCTH, TMOJYYEHHBIE U3
MPSIMOYTOJIbHUKA, CKpydeHHoro udetHoe wucio (0,2,4,6 v T.1.) pas,
OyIyT IBYCTOPOHHMMHU, a TMOBEPXHOCTU, MOJYYEHHBIE U3 MPSIMOYTOJIb-
HUKa, cKpydyeHHoro 1, 3, 5, ... uT.0. pa3, OyayT OQJHOCTOPOHHUMU. B
MPUJIOKEHUN K MOJIEKYJISIPHBIM OpOUTAISIM JBYCTOPOHHHUE CHUCTEMbI
Ha3bIBAIOTCSl XIOKKEJIEBCKMMM, a OJHOCTOPOHHUE — MEOMYCOBCKUMM.
B rmase 12 (4. 2) oTMeyanoch, 4YTO AJIsI apOMAaTUYHOCTA HEOOXO-
IMMO, YTOOBI LMKJIMYECKash CHUCTeMa coaepxana 4¢+2 2JeKTpoHa
(g=0, 1,2, 3...), oOpa3yrolux eIMHOe 3JIeKTPOHHOe 00sako. Eciu xe
YUCJIO 3JEKTPOHOB B LIMKJIE paBHO 4r (r=1,2,3...), TO MoJeKyja
Oynet HecTaOWIbHOM, aHTHapoOMaTUUecKoil. Ternepb MOXXHO YTOUHUTh
9T TpaBuja. (4¢+2)-DJAEKTpPOHHASI MOJIEKyna OyaeT IeiCTBUTEIbHO
apoMaTuyecKoi, a (4r)-3JIeKTpoHHAasl MoJieKyja OymeT AeCTBUTENIb-
HO aHTMAapOMaTUMYECKOM JUIIb B TOM Clydyae, eClid YMCJIO MHBEPCUit
(hasbl yeTHoe, T.e. ec/iu aTOMHbIE OpOUTAIM 00Pa3yIOT XIOKKEIEBCKYIO
cuctemy. IlpaBuia apoMaTUYHOCTH M AHTHMAPOMATUYHOCTH IS
MEOWMYCOBCKMX LIMKJIOB IMPSIMO MPOTUBOMOJOXHBI MpaBUiIaM apoMa-
TUYHOCTU ISl XIOKKEJEeBCKMX LMKIOB. Eciu 1uki1 mMeer MEOMYCOB-
CKYIO TOIIOJIOTUIO, TO MPU YHUCIIe 3NEKTPOHOB (4¢+2) OH aHTHMApoMa-
TUUYEH (T.e. HecTaOMIJIeH), a MPU YUCJIe BJIEKTPOHOB (47) apoMaTUUECH.
PacuiupenHbie nmpaBuiia apoMaTUUYHOCTY MPUBEACHbI B Tad:. 25.5.

Tab6numa 25.3
PacmmpenHbie mpaBujia apoMAaTHYHOCTH

Cucrema Yucno snekrponos ¢ =0,1,2,3;r=1,2,3
49+ 2 4r
XIoKKeseBcKast ApomaTuueckast AHTHapoMaThyeckast
MeéounycoBckast AHTHapoMaruyeckast ApoMatnueckast

IIpocthie MEOMYCOBCKIME COENMHEHNUSI B HACTOSILEE BpEeMsI HEU3-
BECTHBI, TaK KaK BEPOSITHO, OHM TOJIKHBI OBITb CHJIBHO HaIpsKeH-
HBIMM MOJIEKYJIAMU C BBICOKOI sHeprueit. OqHaKko nepexodHsie cocmo-
AHUS MEOUYCOBCK020 MUNA BIIOJIHE BO3MOXHBI.
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Peaknuy mUKJIONPHCOEIUHEHHS B OCHOBHOM cocTtostama. Ha ocHo-
BaHUM PACLIMPEHHON KOHUEMIMMU apOMATUYHOCTU MOXKHO OObSICHUTD,
noyeMy TepMuueckue peakiuuu (2+2)-1LUKIONPUCOSAMHEHHS pa3pellie-
HBI B TOM CJIyJae, €CJIi OHa MOJIEKYJIa pearnpyeT CyIparoBepXHOCT-
HO, a BTopasl — aHTaparnoBepXHOCTHO. [lepexomHoe cOCTOsSIHUE TaKoit
peakiluy TpeacTaBisieT co00il 4-31eKTPOHHbINM MEPULIMKI C OZHOM
MHBepcueil (a3bl BoHOBOI (yHKIMU (cTp. 184), T.e. obnagaeT MEOU-
YCOBCKOU apoOMaTUYHOCTbIO. B oT/iMure OT 3TOro B peakiusx (n2s+mw2s)
u (n2a+n2a) 4-37eKTPOHHOE TMEPEXOAHOE COCTOSIHUE MMEET UYeTHOe
yucyio uHBepcuii dasbl (0 uim 2), T.e. XIOKKeJIeBCKasl TOIOJOTUsI He
COOTBETCTBYET «MEOMYCOBCKOMY YMCITY 2JICKTPOHOB». CliemoBaTeIbHO,
MePULIMKIIBI OyIyT aHTUAPOMATUYECKUMM, T.e. HECTAOMIbHBIMMU.

B cnydae peakiyn (4+2)-LMKIOMPUCOEANHEHUST 6-2JIEKTPOHHOE
MepeXoIHOe COCTOSTHIE, YTOOBI OBITH apOMATUIECKIM, TOJKHO MMETh
XIOKKEJIEBCKYIO TOIIOJIOTHMIO, T.e. YeTHOE YHMCJIO WHBepCUil (aswl, U
MO3TOMY peakiuu Tumna (nds+n2s) u (nd4a+mn2a) paspelieHbl, a peak-
uuu tina (m4s+n2a) u (nda+ns) 3arpeleHsbl.

C TTOMOIIBIO TIPEAITONIOKEHUST 00 apOMAaTHYECKOM TIEPEXOTHOM CO-
CTOSTHUM MOXKHO aHaJIM3MPOBaTh HE TOJNBKO HMUKIONPUCOSANHEHNE, HO 1
BCe JIpYrHe MepULMKINYEeCKHEe MPOLIECChl: DJIEKTPOLMKINYECKUE peak-
mn (cM. 25.2.2), curMatportHblie capury (171. 26) u T.0. OOliee npaBH-
JIO IS TEPMUYECKUX peakiuit popMyImpyeTcs CISIyIoImMM 00pa3oM:

Tepmuueckue nepuyuxauuecKue peaxyuu npeonovuUmarom
nymo uepe3 apomamuyeckoe nepexooHoe cocmosHue

Doroxnmuueckue peakiuu. [1py1 paccMOTpeHNH KOPPESIIIMOHHBIX
JuarpaMM B pasaene 25.2.1.B Mbl oTMevau, 4To (n2s+m2s)-1IUKIOMPU-
coenvHeHrWe MpU (HOTOXMMUYECKON aKTHMBALIMM pa3pelieHo IO CUM-
METPUH, U TPU 3TOM BO30YKIEHHOE COCTOSIHME peareHTa mpeBpalia-
eTcsl B BO30YXKIEHHOE COCTOsIHME IpoayKra. IlpuBemeHHass Ha cxe-
Mme 25.10 KoppensiLMoHHas [rarpamMmma Jijisi TepMUIeCKM 3aIpelieHHOro,
HO (DOTOXMMUYECKM Pa3pelIEeHHOTO Tpolecca (m2s+mr2s)-1UKIONPUCO-
eIMHEHUS TIOKA3bIBACT, YTO CYILECTBYET MpsMasi KOPPEsiuus MexIy
MePBbIM BO30YKIEHHBIM COCTOSIHUEM Tapbl COTMXKAIOIIMXCS MOJIEKYJ
9TWIEHA U MEPBbIM BO30YKIEHHBIM COCTOSIHUEM LIMKJIOOyTaHa.

Takum ob6pa3oM, B OTJIMUME OT TEPMUUYECKON peakuuu, ¢GOTOXM-
MMYecKasl peakiusl pa3pellleHa, 9TO COTIacyeTcsl ¢ AKCIIepUMEHTATb-
HBIMU JAHHBIMU 110 (POTOAMMEPU3AIINH ATKEHOB.

OpHako Ha camMoM jiefie aHaIu3 (POTOXMMUYECKUX peaklUil ¢ To-
MOIIBIO TPOCTBIX KOPPEISILUMOHHBIX AUMArpaMM IpencTaBisieT coOoit
CJIMIIKOM YIIPOILEHHBIN moaxoAd. Jleso B TOM, YTO BO MHOTUX (poTo-
KaTaJIM3UPYyeMBbIX TIpolleccax peareHThl B BO30YXKIEHHOM COCTOSIHUU
MepeXOasT MPSIMO B TIPOAYKTHI B OCHOBHOM cocmosanuu. Takoi Heroc-
PEACTBEHHBIN TMepexoa OT BO30YXKAEHHBIX PEarcHTOB K IMPOAYKTaM B
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Cxema 25.10
(cM. Takke cxemy 25.5)

S|

S,

OCHOBHOM COCTOSIHMHM BO3MOXEH TOJIbKO TPY TOM YCJIOBUM, €CIIU 803-
OyoicOeHHOe cocmosHue nepexoOH020 KOMNAeKca UMEET DHEPTUIO, JUIIb
HE OYCHb CUJIBHO HMpesblaouyo SHepeur0 0CHOBHO20 COCMOSIHUS nepe-
X00H020 Komnaekca. Torma HeOOMbIIONH M30bITOK SHEPTUU MOXKET Ie-
PeUTU C 3JESKTPOHHOIO BO30YXKIEeHUSI HAa BO30YKIEHHBIE KOjeOaTeIb-
Hble M BpalllaTeJIbHbIE YPOBHMU.

Takast cuTyalust peaausyercsl B aHmuapomMamu4eckom repexoqHoM
coctosiHuu. [lo cpaBHeHUIO ¢ HEapOMaTUUYECKMMU CUCTEMaMM CBSI3bI-
BalollMe OPOUTAIM apOMaTUYECKUX COCIMHEHUM MMeIloT Oosiee HU3-
KYIO DHEPrulo, a pasphIXIsdiolIe opouTaam — 0ojiee BBICOKYIO SHEpP-
ruto. {1 aHTHapoMaTUYECKMX CUCTeM HabJItogaeTcsl oopaTHasl KapTu-
Ha: MO CPaBHEHMIO C HEApOMATUYECKMMU CHUCTEMaMU DPa3pbIXJISIOlIre
opOuTaIM aHTUAPOMATUYECKUX COEIMHEHUI MMEloT 0oJjiee HUBKYIO, a
CBsI3bIBAIOLLIME OpOUTAIU — OoJjiee BBICOKYIO (cxema 25.11) sHepruio.

DTO cnpaBelMBO KaK IJsI XIOKKEJIEBCKUX, TaK U IS MEOUY-
COBCKHUX cucTeM. 1 MJUTIOCTPAllMU MOXKHO BOCITOJIb30BaThC KPY-
roM ®Ppocrta, onucaHHBIM B TII. 12 (4. 2). X10KKeJIeBCKUE CUCTEMBbI
pacrosiaratorcs B Kpyre dpocTa Tak, YTO OJHA M3 BEPILIMH MHO-
royrojbHMKa KacaeTcs caMoil HMHeN TOYKM Kpyra (cm. Ti. 12,
4. 2). B otnuume ot 3TOr0 MEOUYCOBCKME CUCTEMbI PACIIOIAraloTCs
B kpyre ®pocrta Tak, 4TOObl HMXHSISI CTOPOHA MHOTOYrOJbHUKA
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Cxema 25.11

AHTHapoMaTHyeccKas
ApomaTnueckas cHCcTEMA
cuctema
OcHoBHOE Bo36 CHHOE
Heapomatnueckas YK
COCTOSIHUE COCTOSIHHE
cuctemMa —
AHTHCBSI3BIBAIOIINC — —
YPOBHH
CBs3pIBAIONINE _H- _|_
YpOBHH _H_

ObUIa MepIIeHAUKYJISIpHA BepTUKAJIbHOMY nruaMeTpy Kpyra. Ha puc. 25.3
MpYBeACHO pa3meleHne B kpyre dpocra nuamerpoM 4B (f — peso-
HaHCHBIM mHTerpan B Metoge MOX) XiOKKeJIeBCKOro OeH3oia, TH-
MOTETUYECKOIO MEOMYCOBCKOIO O€H30J1a, XIOKKEJIEBCKOTO IIMKIO0Y-
TagyeHa W TUIIOTeTUYECKOTO MEOMYCOBCKOIO LUKJIOOyTamgueHa:

(8)
_________ I a-V/2 A o\ 2p
E13036: 2[3

----- - J4B Er5=242B
EB036: ZB | *
+I Y

vl
o\ 2B on/2B

Puc. 25.3. DHeprum Bo30yXmeHuUs (a) XIOKKeJIeBCKOro 0eH3oJja, (0) ruImoTeTHuYecKo-
ro aHTUApPOMATHYECKOT0 MEOMYCOBCKOTO OEH30a, (B) XIOKKEJIEBCKOTO LIMKIOOYTa-
nreHa u (T) TUIOTeTMYECKOTO apoMaTUYeCKOro MEOMYCOBCKOTO LMKIIOOyTamreHa
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Jlerko BUIETb, UTO TUIIOTETUYECKUI MEOMYCOBCKMII OCH301 U
XIOKKEJEBCKUI 1IIMKI00YTanueH MpencTaB/sioT co0oil aHTHapoMaTu-
YECKUE CUCTEMbI C IBYMS 2JIEKTPOHAMM Ha HECBS3bIBAIOIMX YPOBHSIX
(6upagukanbl). OQHAKO TUMOTETUYCCKUIT MEOMYCOBCKUI LIUKIIOOYTA-
JIIMeH apoOMaTUYeH, TaK KaK BCE YEThIPE T-3JEKTPOHA PACIOJOXEHBI

Ha CBSI3BIBAIOIINX YPOBHSX O+ ﬁ B. Kpome toro, u3 puc. 25.3 cieny-
€T, YTO 2Heprusi BO30YXKIAEHUS (Eyys) AT TUIIOTETUYECKOTO aHTU-
apoMaTHYeCcKOTo MEGMYCcOBCKOTO GeH3oma (/3 B) MeHblle, yeMm uls
peaJbHOrO apoOMaTUYECKOro XIOKKeJIeBCKOro OeHsosa (2B), a aHep-
T'Ms1 BO30YKIEHUS 111 aHTMApOMaTHYECKOTO MJIOCKOKBAAPATHOTO LMK~
JobyTtanueHa (2B) MeHbllle, 4YeM 51 TUIOTETUYECKOIro apoMaruye-

CKOro MEOMYCOBCKOIo LIMKIOOyTaaueHa (2 \/EB).

Hns nepexoaHbIX COCTOSIHUI (T4+m2)- U (n2+712)-UMKIONpUcoe-
TWHEHMS Ka4eCTBeHHO JOJDKHA HabIIomaThes Takas e KaptuHa. Cre-
JIOBATEIIEHO, (OTOXMMUIECKIE PEaKIIUN ITPEATIOUTUTEIBHO OYIyT MATH
yepe3 aHTHapOMaTUUYECKUe TTePeXOMHbIe COCTOSTHMUSI.

25.2.2. TEOPUA BJIEKTPOIIUKINYECKAX PEAKIIUI

DJIeKTPOLIMKINYECKOM peakiyeii Ha3blBaeTCsl 00pa3oBaHUe G-CBSI3U
MEXJ1Y KOHLEBBIMM aTOMaMU TMOJHOCTBIO COIPSIKEHHOU CHUCTEMBbI
T-CBSI3EM, a TakXKe OOpaTHBIN MPOLIECC pa3pbiBa G-CBSI3U B COMPSIKEH-
HOM A-WICHHOM IHKJIOMOJIMEHE C YMCJIOM KpaTHBIX CBs3eit (n/2-1),
BEIyILIUIA K JUHEHHOMY HELUMKIMYECKOMY IOJMEeHY C YMCJIOM Kpart-
HBIX CBsI3eit n/2.

Kak u umkiaonpucoeaMHeHue, 3JEKTPOLMKIMYECKUE peakluun
MOTYT OBITH OCYLIECTBJICHBI WM IIPU HArpeBaHWU, Wiau Ipu Y PD-00-
JIy4eHUU. DJIEKTPOLUUKINYECKUE PEAKIIMM BCETJA CTEPEOCETEKTUBHBI,
U TIOBTOMY MHOTME€ M3 HUX MPENCTaBISIIOT MHTEpPEeC ISl CUHTeThYe-
CKOIl opraHuyeckoil xumuu. Kpome TOro, saeKTpoLUKINYECKUE pe-
aKIIM1 WUIIOCTPUPYIOT OTPOMHYIO MpeNcKa3aTebHYIO CUJy TEOPUM
OpOUTAILHOII CUMMETPUM.

25.2.2.a. KOHPOTATOPHBIE U IUCPOTATOPHBLIE ITPOLLECCbI

OpOuTaNbHBINA 6a3KC JIEKTPOIMKINISCKIX PEeaKIIii B 0000IICH -
HOM BHIIE BBITJISIUT CJIEAYIOIIUM OOPa3oM:

n/2 -1

n/2-1 .

p—AO p-AO O-CBsA3b
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B xome peakuuy LMKIM3alMKU KOHLEBbIe p-AQO MOBOpauMBalOTCs Ha
~90°, meperuOpMAN30BHIBAIOTCS U B pe3yJbTaTe Aal0T G-CBs3b, 00pa-
30BaHHYIO Sp°-TUOPUIHBIMU OPOUTAISIMHU.

[ToBOPOT KOHIIEBBIX aTOMOB BOKPYT KOHIIEBBIX CKEJIETHBIX G-CBSI-
3eil MOXET OCYILIECTBJISITLCS B OJNHOM HaIlpaBJieHMM — 00a KOHIIa
MOJIEKYJIBl BpAIAIOTCSl TI0 YacOBOI CTpejiKe WiIM 00a KOHIIA Bpalla-
IOTCSI TIPOTUB YaCOBOI CTPEJIKM MM XK€ B Pa3HbIX HalpaBlICHUSIX —
OIMH KOHEIl — II0 YaCOBOM CTpesiKe, a APYroil — IPOTUB YaCOBOIA
crpenku. IlepBolii croco0 3aMbIKaHUS IIMKJIA Ha3bIBACTCS KOHPO-
mamopHsimM, a BTOPO ducpomamopruim. Hampumep, mis mpespa-
LIEeHUs yuc-0yTaarMeHa B UMKIOOYTEeH MPUHUMIMATBLHO BO3MOXHBI
YeThIpe MyTH:

KOHPOTAIHS % JIUCPOTAIINS

Js1 peTpOLMKIN3AUN TaKKe BO3MOXKHBI YEThIpE MYTH:

% JIUCPOTALIUS

KOHpoTaluys

Ah T

OT myTH peakuyMu OJHO3HAYHO 3aBUCUT CTEPEOXMMUSI KOHEYHO-
ro npoaykra. Hampumep, misi CUMMETpUYHO 3aMmelleHHOro 1,4-a,-
1,4-b,-OyTanreHa KOHPOTATOPHbIE IyTU MPUBOAIT K IBYM 3€pKajlb-
HbIM MU30MepaM 3aMELIEHHOTO IMKJI00yTeHa, a IMCPOTaTOPHbIE MYyTH —
K Mme30-dopme:

KOHpOTauusd a b
a a ——>

b b b a
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KOHpOTauus b a
a a —_—
b a b

b

(PHaHTHUOMEpHI)
a a

i S
b b b b
b b

a a ———
b b a a

(me30-popma)

K snexrponmkiamyecknuMm peaknusm Ha 100% mpuMeHUM TIpUH-
LIMIT COXPAaHEHUsI OpOMTaIbHOM cUMMeTpuu. [IpM KOHpOTATOPHOM
MPOLIECCe COXPAHSIOIIMMCS B XOME PeaKklMu 3JIEMEHTOM CUMMETPUU
SBIISIETCST OCh BTOpOro mopsiaka C,, TPOXOmsdInas dyepe3 CepearHy
TTOJIMEHOBOM 1IeTIM U CepeinHy oOpasyolleiicss (MM pa3pbiBaloleii-
cs B peTpoIIpoliecce) G-CBSI3W, a IIPU AMCPOTATOPHOM IIYTH B XOIE
peakiMu CoXpaHseTCsl 3epKajibHasl MIIOCKOCTh CUMMETPUU G. DTO XO-
POILIO BUAHO U3 CTPYKTYPhI IEPEXOMHBIX COCTOSIHUIA:

KOHpoTanus

° 7

C
2 ronbKo C,

L.

Cruo Cpuo
2

JIICPOTALHS

TOJIBKO O
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CkazaHHOE CIpaBe/UIMBO ISl MOJMEHA C JII0OOH JIMHON LEenu Wiu
JUIS pacKpBITUSl JIIOOOTO A-WIEHHOTO IIMKJIa, COoaepsKallero n—2 co-
npskeHHbIX p-AQO. KoHpoTauusi Beceraa accoudupoBaHa ¢ ocbio G, a
JUCPOTalMsl — C 3epKaJbHOM TIJIOCKOCTBIO G.

HauGonee ObICTPbIM M HAAECXHBIM IyTEM OMNpeaeeHUs, KaKoii
M3 JIBYX IIyTE€H BJIEKTPOLMKIUNYECKON peaklMyU pa3pelleH, a Kakom
3arnpeuieH (T.e. DHEPreTUYECKU MEHEE BBITOJEH), SIBJISIETCS aHAIU3
KOPPENSILIMOHHBIX AuarpamMM. s cuctemsl yuc-0ytagueH — LUKIIO-
OyTeH moJiyyaeTcsl AuarpaMmma, mpuBeaeHHast Ha cxeme 25.12 (ypos-
HU LMKJI0OYyTeHa pPacIojOXeHbl B COOTBETCTBMM C TPaBUJIOM, CO-
[JIaCHO KOTOpoMy cBs3biBalole 6-MO nexat Huxe n-MO, a pas-
pexisiiomiie 6*-MO — Boie n*-MO).

W3 cxembl 25.12 ciaenyeT, 4To LUMKIM3aLUUg yuc-OyTagueHa, a
Takxke oOpaTHasl peakuuss — pacKpbITME LIMKJIOOyTeHAa — JIOJIKHBI
MMPOUCXOAUTL KOHPOTATOPHO. DTO XOPOIIO COTJIACYyeTCs C 3KCIIepH-
MEHTAJTBHBIMU JaHHBIMU. [IMCpOTaTOPHEIN MyTh 3aIpelleH, TaKk KaK B
HEM KOPPEJUPYIOT 10 CUMMETPUU CBSI3bIBAIOIIE OPOUTAIN peareHTa
C Pa3pBIXJIIONIMMUA OPOUTAISIMUA TPOAYKTA.

Cxema 25.12
%% %% KOHPOTAUMSs % ; ?; JMCPOTALIUS X ;;
—_— 1—
C
’ G
M S // A @O \\‘\— %/H\g
\\\ // A
.
’ \\
/I —
/I A S
//
‘,*(
A ﬁ N A
—Hq\ /, _H_
8/8 8\8 x % S %—%
A
(paspelleHa) (3anpeme1—1a)
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B ornuyme ot peakuuu OyragueH—UUKIOOYTEH B CUCTEME TeK-
caTpveH—UMKIOreKCaaueH Mpyu TEPMUUECKOM aKTUBALIMK pa3pelleH
JUCPOTATOPHBIN IyTh, a KOHPOTATOPHBIMA IIyTh 3allpellieH (cXxe-
Ma 25.13).

JIBe pacCMOTpeHHBIE peaKIIMy OTINYAIOTCS MEXIy COo0Oil Ync-
JIOM 3JIEKTPOHOB. B miepBoM ciyyae MepuLIUKINIecKasl peakilys SBIIsi-
€TCS YEThIPEX3JICKTPOHHOM, a BO BTOPOM CJIy4ae IeCTUDICKTPOHHOIA.
0060011128 MONyYEHHBIE PE3YIbTAThl HA IPYTUE DJIEKTPOLMKINYECKHE
CHCTEMBI, MOXXHO TIPUATH K CJICAYIONIMM OOIIMM TIpaBUJIaM:

Tepmuueckue (4g+2)-271€KTPOHHbBIE JIEKTPOLIMKINYECKHE peaK-
LM TIPOUCXOISIT NUCpoTaTopHO. Tepmuueckue (47)-37eKTpOHHbBIE
BIEKTPOLUUKINYECKNE PEaKIMU MPOUCXOASIT KOHPOTATOPHO
(g=0,1,2,3; r=1,2,3).

Cxema 25.13
o o
KOHpOTanus JAucpoTanus
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JJ1st hOTOXMMUYECKUX Peaklrii Bce TOKHO ObITh HAaO0OPOT:

dotoxummueckue (4g+2)-3JIeKTPOHHBIE SJIEKTPOLIMKINYECKIE pe-
aKIMW JOJDKHBI IIPOMCXOAUTh KOHPOTaTOpHO. POTOXMMHUUYECKUE
(4r)-2NeKTPOHHBIE BJICKTPOLMKINIYESCKIE PEAKIIUKM TOJKHBI ITPO-
HCXOIUTh TUCPOTATOPHO.

DT TpaBUWiIa MTOATBEPKACHBI COTHU pa3 M IMO3TOMY OYCHb Ha-
nexHbl. [Tpumep, WILTIOCTPUPYIOLINI UX CIPaBeIJIMBOCTb, ObLI MpU-
BeleH B pasjesie 25.1.2. OOpazoBaHUe mpaHC-TIPOAYKTA B TepMUYe-
cKoif peakumu (25.1) COOTBETCTBYET OXUIaeMOMY Ui 16-3JIeKTpOH-
HOI peaklud KOHPOTATOPHOMY IyTM M TIPEKPacHO COTIJIACcylTCsl C
TEOPETHUUECKUMU TIpeICKa3aHUsIMA Ha OCHOBE OPOMTAJIEHON CMMMET-
puu. dpyrue rpuMepsl OyayT pacCMOTPEHBI B pasaene 25.5.

25.2.2.6. APOMATUYHOCTD ITEPEXOJHOI'O COCTOAHUA

CorjlacHO paclIMpPeHHON TEOpUM apoOMaTUYHOCTH, W3JI0XKEHHOU
B pasnene 25.2.1.r, CylIecTBYIOT ABa TUIIa apOMaTUYHOCTHU: XIOKKEJIEB-
cKkasgs M MEOMycoBcKasi. Boillie ObUIO MOKa3aHO Ha TMpUMepe peakluit
LIMKJIOTIPUCOEIMHEHMSI, UYTO TEPMUUYECKUE PEAKLIUU MPEATTOUUTAIOT UATH
yepe3 apoMaTUyecKoe MepexogHOe COCTOSIHUE. APOMAaTUUYHOCTD XIOK-
KEeJIEBCKOro TuMa (YeTHOEe YMC/I0 MHBepcuii (ha3bl) HabJtomaeTcs: npu
o0ueM yucie 2j1eKTpoHoB N= (4¢+2), a apoMaTUYHOCTb MEOUYCOB-
CKOro Tvma (HeYeTHOe YMCI0 MHBEPCUM ha3bl) MOKHA HaOI0aaTh-
cs, korna N=4r. TlpeacrapieHuss 06 apoMaTUUYeCKOM Xxapakrepe Tie-
PEXOJTHOTO COCTOSIHMSI XOPOILO MPUMEHHUMbI U K 3JEKTPOLUKINYE-
CKMM peaKklusIM.

Yr1o06bl TTOKa3aTh 3TO, CHOBA CPAaBHUM UYEThIPEXJIEKTPOHHYIO pe-
aKkiuo OyTaaueH—LUKIO0YTeH U 1IEeCTURJEKTPOHHYIO peakinio TeK-
carpueH—uuKiorekcaaueH. Ha cxeme 25.14 moka3zaHa TOMOJOTUST KOH-
pOTaTOPHOrO M AUCPOTATOPHOTO CKPYUYMBAHUS KaXXIOW U3 YETbIpex
mw-opouTtaneit yuc-o6yragueHa. OTYETIUBO BUAHO, YTO KOHPOTATOPHbBIN
Mnpolecc MPUBOAUT K MEOUYCOBCKOMY LIMKIIY, a JUCPOTATOPHbBIA — K
X1okkeseBckomy 1uukiy. Ilpu N=4 apomarnuyeckum OyaeT MEOUYCOB-
CKMI LMKIJI, U, CJIeI0BaTE]bHO, TepMUYECKasl peaklys T0JKHA WATU
KOHPOTAaTOPHO.

B cnyyae nuuknusanum yuc-rekcatprueHa KOHpOTaTOPHBIN MpolLiecc
TakxXe TMPUBOIUT K MEOMYCOBCKOMY LIMKIY, a AMCPOTATOPHBIA — K
UKy X1okkess (cxema 25.15). OgHako 4uciio 3/1eKTPOHOB 3[1eCh PaBHO
6, 1 TI03TOMY apOMATHYHOCTbIO 00JIafaeT XIOKKEIEBCKUI LIMKIIL.

DTO 3HAUUT, YTO peaklus I0KHA UATA AUCPOTATOPHO.

DoToXMMHUUECKHE peaKUK TPEAMOYNTAIOT MyTh Yepe3 aHTHapO-
MaTUYECKOE TIEPEXOIHOE COCTOSIHUE U TTIOOTOMY B MIEPBOM ciiyvae (cxe-
ma 25.14) OymyT OCYIIEeCTBIISITHCS OUCPOTATOPHO, a BO BTOpPOM (cXe-
ma 25.15) — KOHpOTaTOpHO.
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Cxema 25.14

IACPOTALIKST

KOHpoTauus

(aHTHapOMaTHYCH)

Tuxon Xrokkest

Huxkn MéEouyca
(apoMaTUYeH)

Cxema 25.15

1

ﬁ

ﬁ

ﬁ

H

Tk Xioxkenst
(apoMaTu4eH)

Lukn Mébuyca
(aHTHapOMaTHYEH)
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25.3. INIECTUDJIEKTPOHHBIE PEAKIIUN
HOUKIOITPUCOEIVNHEHWNS

s cMHTeTHYeCcKUX leieid HauboJjiee BaXKHOE 3HaUYeHUEe MMEIOT
LIECTURJIEKTPOHHBIE PEaKIIUK IIUKIONPUCOEANHEHNS, K KOTOPBIM OT-
HocaTcsl peakuuu Jdunbca—Anbaepa v 1,3-AUMONISPHOTO HUKIONPU-
coearHeHus1. B manbHelilieM OCHOBHOE BHMMaHUE Mbl CKOHLIEHTPU-
pyeM MMEHHO Ha 3TUX Ipolieccax.

25.3.1. PEAKIINA TUJIbCA-AJIBJEPA

Peakiueii Anmbca—Ambaepa Ha3bIBaeTCsl B3aUMOJEHCTBIE COTIPSI-
JKEHHBIX JTUEHOB ¢ MOHOGHaMU, Bemyllee K 0oOpa30BaHUIO IIECTH-
YWICHHBIX LIUKIMYECKUX MOJIeKyJ. Peakims Ha3BaHa IO MMEHU yde-
HBIX, KOTOpble ee OTKpbUIM (1928 r.), BBIICHWIM OOLIMI XapakTep
peaxkiMy 1 TEePBBIMU HavyaJyd MCCIICIOBATh €6 MEXaHM3M.

Tepmuueckast peakuusi Juabca—Anbaepa B OOJBbIIMHCTBE Cilyda-
€B MMEET COINIACOBAHHBIA MEXaHM3M, XOTSI M3BECTHBI IIPUMEPHI He-
COIJTACOBAaHHOW peakiMu, MAYILIeH Yepe3 MPOMEKYTOUHbIe Oupamu-
KaJibl WY LBUTTep-UOHbI. CorylacoBaHHasi peaklivsi OTHOCUTCS K TUITY
(T4 s+m2s)-UMKIONPUCOSIUHEHNSI, TIPU KOTOPOM TPOCTPAHCTBEHHbIE
MPEISTCTBUSL COMMKEHUIO PEarcHTOB HAaMMEHBbILLE:

Z n ” (mds+m2s)
—_— >
AN
JTMEH nueHo (I

25.3.1.a. TUIIbI AMEHOB 1 JUEHO®NJIOB

B xauectBe mmeHoduna B peakuum Juiabca—Aiibaepa MOTYT BbIC-
TyIaTh MOYTU BCE TUIIbI T-CBs3eii. Hanboee BaskHbIe MPUBEACHBI HIKE.
JInenodunbr: >C=C< (anKeHbI) >C=0 (xapOoHuI)

—C=C- (aJKuHBHbI) >C=S (TuokapOOHMN)
>C=N (azometuHbl) —N=N- (a30coenruHeHUsI)
O=0 (cunrnetHbiii O,)
—C=N (Hutpunbl) —-N=O (HUTPO30OCOCAUHEHMUS)
DyHKIINIO IeHa MOTYT BBITIOJHSITL HE TOJBKO CaMU AWEHBI, HO M UX
rerepoaHajoru, coxepxaimme atoMel O, N u ap.
JIneHbl 1 MX AHAJIOTH:
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OoJHa UJIU 00€ IIBOWHBIE
CBI3M IMEHa TaKXKe MOTYT
OBbITh YAaCTbIO apoMaTHhye-
CKOI'O KOJIbLIa

N
4 N\

Temneparypa peakuuu Junbca—Anbaepa O4eHb CUJIBHO 3aBUCUT OT

CTPYKTYpHI peareHToB. Hampumep:

CH;

COOCH; H
= 150°C
M ok
A TOIYOII
COOCH;
MeTHI0yTa e JUMETHIIOBBIH
3¢up aneTUICH-
JUKapOOHOBOM
KHCIIOTBI
NC CN
= HHXKE
+ R ——
N 20°C
NC CN
TeTpaLUaHITUIICH
_COOEt
N 10°C
+ I —
_ smp
EtOOC
a30IMKapOOHOBBIN
a¢up
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= l 80°C
+ \\/O §] | CHO
N o ~ eH3011 0 - (45%)

aKpOJIEeHH

Peaxkuum mpoBoasITCs Kak B pacTBOpax, TaK M B ra3oBoil (ase;
CKOPOCTb MOXHO YBEJIWUYUTh, TPUMEHSISI KaTaau3aTOpbl UJIM BHICOKOE
napieHue. JlueH MoXeT pearupoBaTh TOJBKO B yuc-KOH(UTrypaluu.
Mogekynbl, B KOTOPBIX 3aKpeljieHa mpaHc-KOH(Urypalus aueHa, B
peakuuio He BcTynatoT. Ecnu nueH mpeactaBisieT coOoi cMech mpanc-
U yuc-Gopm, TO CKOPOCTb 3aBUCUT OT PAaBHOBECUSI YlUC-TUEH = MPAHC-
NUeH: yeM OoJibliie J0JSI yuc-AueHa, TeM CKOPOCTb PEaKlLMU BbILIE.
B cBsI3M ¢ 9TUM 3aMECTUTENM B IMEHE MOTYT BIMSITh Ha CKOPOCTb
peakuuu Junbca—Alibaepa He TOJBKO 4epe3 BJIEKTPOHHBIE (DaKTOPHI,
HO M YUCTO MpocTpaHcTBeHHO. Hanpumep, yuc-1-3amellieHHbIC OyTa-
nueHbl (VI) MeHee peakiIMOHHOCMOCOOBI, YeM WX MPAHC-U30MEePbl
(VII). IlpyunHa cOCTOUT B TOM, UTO OOBbEMUCTAsI TPYIINa B yuc-TI0JI0-
JKEHUU JeCTaOMIIM3UPYeT yuc-KOHGMOPMALMIO U B pAaBHOBECHOW CMe-
cu uzomep VI comepxutcsi B 0OUeHb MajJoM KOJIWYECTBE:

R
H
H
H Z “H
= R

;!
Z >y (VII)
H

HamnpotuB, 00beMUCTbIE 3aMECTUTEIU B MOJOXEHUU 2 CTaOMIM3UDPY-
10T yuc-koH(MOpMalMIo, U IUEeH 0osiee peaKlMOHHOCIIOCOOEH:

H
R/H
H
H\
H

HaubGonee peakiinOHHOCIOCOOHBI LIMKJIUYECKUE yUC-ANEHBI, OCO-
OEHHO B TOM Cllyyae, €cju pa3Mep LIMKJa TaKOB, UTO KOHIIEBbIE aTo-
Mbl JMEHa OJIM3KO PacCIOOXEHbI IPYr K Ipyry, T.e. Jydlle COOTBET-
CTBYIOT JJIMHE IBOMHOM CBsI3U B nueHodwuie. Tak, UMKIONEHTaAueH
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0oJjiee peaKIIMOHHOCHOCOOEH, YeM LIMKJIOreKCaaueH, a MOCJIeTHUN
bosiee PeaKLIMOHHOCIIOCOOEH, YeM LIMKJIOOKTAIUEH.

@ > ‘ > (r1 <r2<13)

[IatuuneHHbIe TeTepOLMKIbl TOXE BCTyMaloT B peakuuio Jduib-
ca—AJbepa, MOCKOJIbKY MMEIOT xapakTep aueHa. CKOpOCTh peakiivuu

yObIBAa€T B PsIIY:
o > NH > S
s — s

dypan MAPPOIT THO(hEH

DTO CBSI3aHO C TeM, YTO B JaHHOM PSIAY TUEHOBBIN XapaKTep reTepo-
LIMKJIa YMEHBIIAETCS M OTHOBPEMEHHO YBEIMUNBACTCS apOMATUIHOCTb.
TrodeH Kak IMeH pearnupyer TOJBKO C apruHAMU — WUCKIIIOUUTEIHLHO
CHJIBHBIMU JIUEHO(DUIIaMU.

DO — Ay

apuH

AHaJIOTUYHO BeayT ce0si 1 apoMaTUUYECKUe yrieBOAOpoabl. beH-
30J1 pearnpyer Kak AWEH TOJbKO C apMHAMM M HEKOTOPBIMH OYEHbBb
peaKIMOHHOCIIOCOOHBIMM 3aMEIIEHHbIMU alleTUJIeHaMUu, HO HadTa-
JIMH ¥ OCOOEHHO aHTpaleH BCTYIAlOT B peaklhio U C MeHee aKTHB-
HBIMU JueHo(puIaMu. AHTpalleH OOBIYHO pearupyeT B ITOJIOXKEHMSIX
9,10, yTOOBI COXpaHUTb aPOMATUYHOCTb JABYX O€H30JIbHBIX KOJELL.

(0]
Lo
0 =0
Y/
+ 1 o —
AN
(0]
MaJIEMHOBBI
AHTUIPUL
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25.3.1.6. DHEPTUSA T'PAHUYHbBIX OPBUTAJIEN
N PEAKIIMOHHAA CITOCOBHOCTb JMUEHOB 1 TMEHO®UJIOB

Peaxuus Jdunbca—Anbaepa, 3a UCKIIIOYEHHUEM CIIy4aeB, PacCMOT-
peHHBIX B pasmene 25.3.1.1, SBAsSETCS COINIACOBAHHBIM IBYCTOPOH-
HUM B3aMMOJIEMCTBMEM KOHILIEBBIX aTOMOB AueHa U aueHoduna. ITo-
3TOMYy Ha ocHoBaHuM MeToga BMO MoXHO mojaratbh, 4ro €€ CKO-
pocThb OyIeT cBsI3aHa C DHEPTHUE TPaHUYHBIX OpOUTANICH CIEAYIOIIUM
obpazom (cp. yp. 2.00. B 1. 2, 4. 1):

RTIn k = const + 2(AE, + AE) + (C; + Cy) (25.4)

B sTOM ypaBHEHMU k— KOHCTaHTa CKOPOCTU BTOPOTO Mopsiaka, AE; u
AFE, — sHeprum BO3MYILLIEHUSI IPAaHMYHBIX opOuTajeil 6e3 yyera KyJio-
HOBCKMX B3aumopaeiictBuii, C; 1 C; — 3JIEKTPOCTATUYECKHUE BKJIAMBI,
KOTOpBIE 3aBUCSIT OT YAaCTUYHBIX 3apsiioB (g) Ha KOHIIEBBIX aToMax
pearupytomux Mosiekyl. KoabduuueHr 2 nepen AE nokasplBaeT, YTo
MPU pacIIeTUICHUU YPOBHEN M3MEHSIETCS SHEPIUsl ABYX 3JIEKTPOHOB.

Ecinu 0603HaUMTh KOHILIEBBIE aTOMBI AWMEHA KaK a U a’, TueHodu-
Jla KaK b u b’, pacCTOSTHMSI MeXIy B3aMMOACHCTBYIOIIMMI aTOMaMi B
MEepPeXoIHOM COCTOSSHUM KakK R,, U Ry, TO 971€KTpOCTaTUUYECKUE BKJIa-
JIbI MOXKHO OMpeNeNUTh Mo 3akoHy KynoHa:

HeH a a'

R ‘\ // R, C - _ 4a9p C - _ Qa’Qb'
ab\ ab T Rue 27 Ryt

IueHou1 b

(e — a(pdexTuBHAS AMBIEKTpUUECKAs MPOHUIIAEMOCTb CPElIbl MEXIY
B3aUMOJEHCTBYIOIIMIMHU aTOMaMMu).

Ecaun Monexkynbl He O4eHb MOJISIPHBI, TO JEKTPOCTATUYECKUMM
yireHamu C; u C, 00bIUHO MpeHeOperaioT, U TOraa CKOPOCTh peakuu
OyzeT cBsI3aHa Jullb ¢ AE| u AE,.

CornacHo Teopun (ri1.2, 4. 1), mIst BO3MYLIEHUS BTOPOTO IIO-
psinka

(CaCZABab + CLI'Cb'ABa'b')2 .

AE, =
G,

(25.5)

G, = (eueprusi BBMO nuena) — (sHeprusi HCMO nuenoduia)

AE, = (CaCypABay +G CaCyMBar)’
p

G, = (3Heprusst B3MO nuenodpwuna) — (sHepruss HCMO gueHa)
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B otux ypaBHeHusx Cu C* — Koa3(hGUIIMEHTHI, ¢ KOTOPbIMU p-AQ
JaHHoro atoma BxoauT B B3MO u HCMO pearupyoiiyx MoOJeKy
COOTBETCTBEHHO, A — M3MEHEHMe Pe30HAHCHOIO MHTerpaja s Iie-
PEKpbIBaHUsI YKa3aHHBIX B MOACTPOYHOM MHICKCE aTOMOB IIPHU IIepe-
XOJIe OT PEareHTOB K IIePEXOIHOMY COCTOSIHMIO. Eciu pearupyoor cum-
METPUYHbIC MOJICKYJbl (HarpuMep, OyTaaueH ¢ STUJICHOM, ITUKIIO-
MEHTAJAMEeH C MaJIcMHOBBIM aHTUAPUIOM M T.I.), TO

GG = CoCy*
GGy = C*Cy s

ABab = ABa’b’ .
Torna
[
AE| + AE, = —+—
1 2 G G,

IIe dy U @, — KOHCTaHTHI.
DTO ypaBHEHUE MOXHO CWJIBHO YIPOCTUTH, €CIW TPUHSATH, 4TO

Calp* = CoCy* = C*Cy = C* Gy

(B IECTBUTEIBHOCTH TAKOM CJIydail PelIKO BCTPEUYAeTCST Ha TMPAKTH-
ke). Toraa a; = a; U No3ToMy

1 1
AE, + AE, = a [EJFG_J’ (25.6)

IIe @ — KOHCTaHTA.

VYpaBHenue (25.6), HeCMOTPsI HAa €ro O4YeHb MPUOJIMKEHHBIN Xa-
pakTep, OYeHb IMOJE3HO MPU KauyeCTBEHHOM PACCMOTPEHUM BIVSHUS
3aMeCTUTeNIell Ha PeakKIIMOHHYIO CITOCOOHOCTh TMEHOB U JMEHO(DUIIOB.
CMBICIT €r0 COCTOUT B TOM, UTO IPU OTCYTCTBUU CHJIBHBIX 2JIEKTPO-
cratnueckux B3aumoneicteuii (wiensl C; u C, B yp. 25.4) B ciydae
peareHToB C MOCTAaTOYHO CHMMETPUUYHBIM pacrlpeneeHueM IUIOTHO-
CTU T'PaHUYHBIX OpOUTAell CKOPOCTh PeakiMyd B TIEPBOM TPUOIIIKE-
HUU OIpeaesseTcs pa3HOCTbIO YPOBHEN TPaHUYHBIX opouTtaneir. Yem
omke 1o sHepruu Apyr K apyry B3MO auena u HCMO nuenoduna
u ogHoBpemMeHHO B3MO nueHoduna u HCMO aueHa, TeM CKOPOCTb
BbIllIe. DTOT BBIBOJ, JIETKO CEJIaTh IIPU CPaBHEHUU ypaBHeHMI (25.4)
n (25.6), ecin ydecThb, YTO TS Bcex MoJjieKys sHepruss B3MO umeer
OTpPULIATEILHBIM 3HAK, a MO abCOTIOTHON BeIWYMHE OOJIbIIE, YeM
sHeprust HCMO.

Ternepb npuMeHUM ypaBHeHUe (25.6) IS MOTYKOJMYECTBEHHO-
TO OMUCAHUS BIUSHUS 3aMECTUTENIe Ha PeaKIIMOHHYIO CIIOCOOHOCTb.

PaccmoTpuM, Kak M3MEHSIOTCS SHEPIMU TPaHUYHBIX OpOUTaIei
nreHoduIa U IMeHa MpY BBEICHUHM B MOJIEKYJY pa3IMYHbIX 3aMECTH -
Teaeil. 3aMeCTUTENIN pa3aeauM Ha TpU TPYMIbL: ¢, X U Z.
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¢ — 3aMecTUTeNH, TposBisiomne Kak (+M), tak u (—M)-spdekr
(Hanpumep, -C¢Hs;, —-CH=CH, u.1.);

X— T-JOHOpPHBIE 3aMecTuTeNu, Tpossistomne (+M)-addexT (Ha-
npumep, -OR, —NR, ut.1.);
7 — T-aKUENTOPHbIE 3aMECTUTENH, Tpospisioniue (—M)-addexr

(Hanpumep, CHO, CN, COOR wuT.1.).

IIporotunom peakunu Hdunbca—Albaepa SIBISIETCS B3aMMOACH-
CTBUE MOJIEKYJ] dTwieHa u yuc-1,3-06yranueHa. CorjlacHO pacueram
no merogy MOX (cm. 1. 1), B3MO stuneHa umeet sHepruto —10,5 5B,
a HCMO »stunena — +1,53B. Ing OyragueHa sHepruu B3MO u
HCMO cocrasasiior -9,1 3B, a sHeprus HCMO — +1 3B.

Mornexyny 6yTagueHa MOXHO pacCMaTpUBaTh KaK MOJIEKYJY 9TH-
JeHa ¢ 3amectuteniem Tumna ¢ (¢c=-CH=CH,):

p | _ |
Hevo ¥ VA 0 %c HCMO
00 0 () '

I
|
VAR %&—c B3MO

CrnenoBaTesIbHO, BBEIEHUE 3aMECTUTEJsl TUIIA ¢ TOBBIIIACT YPOBEHb
B3MO u nonmxaer ypoBeHb HCMO He3aMellleHHOTO 3TujaeHa (CM.
M. 2, 4. 1).

3amMecTuTeNM TUMa X MoBbIaT 3Hepruio B3MO stuneHa B 601b-
LIel CTerneHu, YeM 3aMeCTUTEIM TUIla ¢, HO OHU TOBBIIAIOT TaKXe
sHepruro HCMO (nmpumepHo 10 +3 3B). B IpoTUBONONI0XKHOCTh 3TOMY
3aMECTUTENIM TUIAa Z NTOHWXalT Kak ypoBeHb B3MO, tak u HCMO
moJiekysbl HyC=CH-z no cpaBHeHUIO ¢ He3aMeILEeHHBbIM 3TUJIEHOM.
Cpennue 3HaueHus sHepruit BBMO u HCMO 3aMmenieHHBIX 3Tujie-
HOB, BBIYMCJICHHbBIC MOJYIMIUPUYECKUMU METOIAMM, MPUBEAECHBI Ha
cxeme 25.17.

AHaJIOTMYHOE Ka4eCTBEHHOE BIMSHUE OKAa3bIBAIOT 3aMECTHUTEIN
U Ha BHEPTUIO FPaHUYHBIX opbuTasei OyranueHa. Ha cxeme 25.18 mo-
Ka3aHO M3MEHEHUE SHEPIUU MPU BBEACHUM 3aMECTUTENICH B TOJIOXKE-
Hue 1, a Ha cxeme 25.19 — B mosioxxeHue 2 OyTammeHa.

Ha ocHoBaHMM AaHHBIX, NPUBEACHHBIX Ha cxemax 25.17-25.19,
MOXHO TIPOBECTM OLIEHKY BJIMSIHUSI 3aMecTUTeseil B aueHobuie u
JUEHEe Ha CKOPOCTb peakuuu duibca—Ajbaepa.

B ciryyae B3amMmomelicTBHST He3aMEIIeHHBIX 3TUJICHA 1 OyTagneHa
00e sHepretTnyeckue menn, Mexay B3MO mnena 1 HCMO stunena
(AE) n mexay B3MO stunena u HCMO nuena (AE,), npumMepHO
onrHakoBbI. [1oaTOMY peakiius KOHTPOJIUPYeTCs 00e MMM MapaMu B3a-
WMOIEHCTBYIOIINX TPAHUYHBIX OpOUTANIC:
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%—%c +0,5 5B
B B8 208

sueprus A HEMO
+1,55B
=
-10,55B
B3MO
suepruss A HCMO
+1 3B
N
B3MO

SHEPrus A HCMO

/
7

B3MO
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HCMO CH,=CH, (+1,5)
CH,=CH, (+1,0) HCMO

Gs
CH=CH, (-9,0) B3MO

B3MO CH,=CH, (~10,5)
G[ = —10,8 3B, Gz =-1 1,5 3B

IIpu BBemeHUM B MOJIEKYJY 3TUJIEHA T-IOHOPHOIO 3aMECTUTEIIS
CWJIbHO YMeHblaeTcs 1eib Gy, Ho 111esib G, CTAaHOBUTCS 1Iupe. B aTom
cllydae TJIaBHBIN BKJIal B peakLMI0 BHOCHUT B3amMmogeiictsue B3MO
ankeHa ¢ HCMO Oyraguena:

HCMO CH,=CH-x (+3)
CH,=CH-CH=CH, (+1) HCMO

Gy
CH,=CH-CH=CH, (-9,1) B3MO

B3MO CH,=CH-x (-8)
G;=-12,13B; G,=-93B

IIpu BBeAeHUM B MOJIEKYJEe ITUJIEHA T-aKLENTOPHOIO 3aMeCTH-
TeJIsI Z CUTyallMsl oOpalliaeTcs, U IJIABHBIM CTAHOBUTCSI B3aMMOJCH-
crBue B3MO oOyragnena ¢ HCMO ankena:

HCMO CHp=CH-z (~0)
CH,=CH-CH=CH, (+1) HCMO

G,
CH,=CH-CH=CH, (-9,1) B3MO

B3MO CH,=CH-z (~10,9)
G1 = —9,1 3B, G2 = —11,9 B

BBenenue 3amecturenein x Wi z B MOJICKYJTY 6yTa):meHa OKa3bI-
BacT aHAJIOT'MYHOC, XOTA U Oosiee cinaboe BIUSIHUE.
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HCMO CHy=CH, (+15) G
1

CH,=CH-CH=CH-x (+2,5) HCMO

CH,=CH-CH=CH-x (-8,5) B3MO

B3MO CHy=CH, (-10.5)

G;=-103B; G,=-1353B

HCMO CH,=CH, (+1,5)
CH,=CH-CH=CH-z (-0,5) HCMO

CH,=CH-CH=CH-z (-9,5) B3MO

B3MO CH,=CH, (-10,5)
G,=-113B; G,=-1053B

HauGonbimmii apdekT mocturaercs, Korma npupoja 3aMeCTUTENIell B
IueHe U aueHodwie pasHas, T.e. IMeHOMWI COAePXUT TOHOPHLINA, a
JIMeH — aKIEeNTOPHbIM 3aMecTUTeIb WJIK, HA0OOpOT, AMEHOMUI Co-
JIEPXKUT aKLENTOPHBIM, a NTUE€H — IOHOPHbBIA 3aMECTUTEb:

HCMO CHy=CH-x (+3)
CH,=CH-CH=CH-z (-0,5) HCMO

CH,=CH-CH=CH-z (-9,5) B3MO
B3MO CH,=CH-x (-8)

G, =-12,53B; G,=-7,53B

HCMO CHy=CH-z (~0) G
1

CH,=CH-CH=CH-x (+2,5) HCMO

G,
CH,=CH-CH=CH-x (-8,5) B3MO

B3MO CH,=CH-z (-10,9)
G, =-8,52B; G,=-13,45B
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Takue peakiuMy MOKHBI MPOTEKATh MPU OTHOCUTEIbHO HUZKMX
TeMmnepaTypax.

OpHoli 13 HanboJiee peaKLMOHHOCIIOCOOHBIX MOJIEKYJ SIBJISIETCS
LIMKJI00yTaleH, KOTOPbI B CBOOOJHOM COCTOSIHUM HE MOXET OBbITh
MOJIy4eH M3-3a TOrO, YTO AAXEe MPU OYeHb HUZKMX TeMIlepaTypax OH
IuMepu3yeTcsl yepe3 peakuuio Junbca—Asbaepa:

| |j+ —/? —_—> | +

*_/

JUEHO DI IMeH

JlerkocTh muMepu3anu o0yCIOBIeHA TeM, YTO B MOJIEKYJIe IUK-
nooyragueHa B3AMO u HCMO upe3BblyaitHO OJM3KM MO DHEPrUU.
Meton XIokkeis mpeackasbiBaeT, 4To B LukinooyragneHe B3MO n
HCMO BbIpoXkIeHbI, T.6. B OCHOBHOM COCTOSIHMM MOJIeKyJla JA0JKHA
MPEACTaBISATh COOOM TPUILIETHBINA Oupamukan. OmHaKo BCIAEACTBUE
apdexkra AHa—Tesiepa BbIpOXAEHWE CHUMAETCS, TaK YTO OYE€Hb Be-
POSITHO, YTO LIMKJIOOYTaAMeH MPEeACTaBJIsIeT COOON CHHIJIETHYIO MO-
Jexyay ¢ TecHo commkeHHbIMU B3MO 1 HCMO. B nipotuBononox-
HOCTb LUKJIOOyTagueHy, Tpu-mpem-OyTUILUKIOOyTaIueH YCTONYNB
IIpY KOMHATHON TeMIlepaType, TaK Kak 00beMUCThIE aIKUJIbHBIC TPYTI-
Bl TIPETTSITCTBYIOT IMUMEPHU3AIINN.

25.3.1.5. DOPMA TPAHUYHBIX OPEUTAJIEN
1N PETMOCEJIEKTUBHOCTb PEAKLIMU ONUJTbCA-AJIBAEPA

BBeneHue 3aMecTtuTelsieil B MOJIeKyJbl AMeHA M IMeHODUIa 13-
MEHSIeT He TOJIbKO BHEPruio rpaHUYHBbIX opOuTajeil, Ho U ux ¢op-
My. B npeapinyiiiem pasnene Mol peHeOperaan usMeHeHrueM (hopMbl
opOuTtajieit, T.e. YUCAUTEIU B BhIpaxXeHusax mist AE; u AE, (cMm. ypaB-
HeHMe 26.4) paccMaTpWBaliMd KaK HeKMe KOHCTaHTBHI. Ha camom ke
Jiejie BeJIMYMHA YUMCIUTENel CUIbHO 3aBUCUT OT 3aMECTUTENST B MOJie-
KyJax AueHa Wiu aueHoduaa. DTo o0yCIOBIEHO TEM, YTO 3aMECTUTE-
JU C TM-IOHOPHBIMU (TMI X) U T-aKLENTOPHbIMU (TUII Z) CBOMCTBA-
MU CWJIBHO aCMMMETPHU3YIOT MOJIEKY/ISIpHbIE G-OpOUTAIU, KOTOpbhiEe B
NpPOTOTHUIIE IUeHa yuc-1,3-0yragreHe u IIPOTOTUIIE AUeHOMUIA 3T -
JieHe ObLIM COBEPILIEHHO CHUMMETPUYHBIMU. Ilpu Hanmuuu 3amec-
TUTeNsd ¢ OonbiiuM M-3dpdekTom opOUTanIbHble KO3MMULIUEHTH Y
B3aMMOJEMCTBYIOLIMX aTOMOB MOTYT BO3PAacTW WJIM YMEHbIIUTHCS,
YTO MPUBEAET COOTBETCTBEHHO K YBEJIWUEHUIO WU YMEHbIIEHUIO
MepeKpbIBaHUS, T.€. K YBEJMUYCHUIO MJIM YMEHBIICHUIO CKOPOCTHU
peaKkIiuu.
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Ecau orpaHU4UTBCS JIUILb T-OpOUTATSIMU BUHUJIBHOTO (hparMeH-
Ta, TO rPAaHUYHbIE OPOUTATN 3aMEIEHHBIX ATUJIEHOB MOXHO M300pa-
3UTh YIPOLIEHHO CJIEAYIOIINM 00pa3oM:

HCMO xA%—g Z;g—%
B3MO X %g % z %g %

Taxum o6pa3zom, NMpu HAJTMUUU T-AOHOPHOTO 3amectutelisi B3AMO
MMeeT MaKCUMalbHBI KO3(h@UIIMEHT Ha aToMe YIJepoaa, ymajieH-

HOoM oT X, a HCMO uMeeT MakcUMabHBIil KOO(MMUIMEHT Ha aToMe

yIepona, GmKaiiieM K x . IIpy HaIMYMK T-aKIIENITOPHOTO 3aMec-
TUTEJISI MaKCUMaJbHbI KoadduimeHT 1 B B3MO, u 8 HCMO — Ha
JaNbHEM OT z aToMe yriepona'.

Ecnu B MonieKysly aTujieHa BBECTH 3aMECTUTEIb TUIIA ¢ (CM. TIPEIbl-
IyLIWi pas3nen), To obe aTuieHoBble opoutanu, BBAMO u HCMO, us-
MEHSIIOTCSI TAKMM 00pa3oM, YTO MX MaKCUMaJIbHasl TUIOTHOCTh HAXOIUT-
Cs1 Ha JaJlbHEM aToMe YIepona, Kak 1 B cilydyae 3aMecTUTeNel Tura Z:

HCMO C%—%
B3MO C%

Ipu BBelEHUM T-IOHOPHOTO 3aMeCTUTENs x B NojoxeHue 1 Oy-
TaAy¥eHa CUTyalldsl HE MEHSETCHd: Ha KOHIIEBOM aTOME yrjieponaa, K
KOTOPOMY MPUCOEIUHEH 3aMeCTUTelb, IJI0THOCT, B3MO Huxe, a
mwiotHocth HCMO Bblllie, YeM Ha yJaJeHHOM OT 3aMECTUTENSI KOH-
LIEBOM aToMe OyTaJueHOBOI CHUCTeMbl. DTO WILTIOCTPUPYETCS JaHHOM
HUXKE CXEMOM:

HCMO -
X

B3MO ﬂx

' Dro cesi3ano ¢ Tem, uro 3amecrureau tina z (-COR, ~-COOR, -CN u 1p.)
OOBIYHO COAEPXKAT JIBOMHBIE CBSI3U, M MOITOMY O0Ilasi T-cUCcTeMa HarmoMMHaeT Oyra-
IMEHOBYI0 (cM. 1. 2), B KoTopoit 1 B3MO, 1 HCMO umelor makcuMaibHble Koad-
(uLIMeHThI Ha KOHIEBBIX aTOMax yriieposa.
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OnHako MpY HaJWYMHU T-aKLENTOPHOTO 3aMECTUTENsl Z TMJIOTHOCTh
00eux rpaHnyHbix opburaneii, B3MO u HCMO, Bcerga HauboJb-
1asi Ha ylaJeHHOM OT 3aMeCTUTe/Is1 KOHIle. Takas e KapTWHa Ha-
omomaeTcst B caydyae 3amectureneid tuna ¢ (-CH=CH,, —-Ph u 1.1m.):

HCMO

B3MO ﬂ H
z C
B p€akummy MEXAY 3aMCIICHHbBIMU TU€HAMU U ,Z[I/IeHO(I)I/U[aMI/I BO3-
MO2KHbI AB€ B3aMMHbIC OPUCHTALIMM PCAIr€HTOB: «I'0OJIOBA K I'OJIOBE» U
«IroJioBa K XBOCTY», KOTOPLIC IIPUBOAAT COOTBETCTBCHHO K «0pmo-
MPOAYKTY» U «Mema-npoayKTy». OObIMHO MpeobiiagacT OpHeHTALIUs
THUIIA «I'0JIOBa K roJloBe», W JIMIIb MHOIrJa, a UMCHHO, B TCX ClIyyadx,

Korga M JUEH, U Z[I/ICHO(l)I/U[ coacpxaT JOHOPHbLIC 3aMECTUTEIM, Ha-
OmomaeTcst OpHUECHTAUA IPOTHUBOIIOJIOXKHOIO THUIIA:

R

R R
Y
Y
7
h Y

«OpMO-TIPOAYKT»  <«Mema-TpoayKT»
(OOBIYHO TJIABHbII)

ITpeumyliecTBeHHOE 0Opa3zoBaHUE «OpmMO-TIPOAYKTa» TMO3BOJISIET
OTHECTH peakumio [dminbca—Ambaepa K peruoCeIeKTUBHBIM TTPOIIECCaM.

IMpenMyIiecTBO OXHONW OpPWMEHTALIMM Hal IPYroil BEITEKAET M3
GopMBI TPAaHWYHBIX OpOMTAJIell, KOTOopas OTpaxkaeTcsl B BeJIWUMHE
opOuTaIbHBIX KO((DULIMEHTOB HAa B3aUMOJIECTBYIOLINX aToMax. Pac-
CMOTPHUM YeThIpe BO3MOXHBIX BapMaHTa peakunu dumbca—Aibaepa.

1. lueH ¢ JOHOPHBIM 3aMeCTHTeJieM, THEHO(H ¢ AKIEeNnTOPHbIM
3amectureneM. Kak ykazaHo B pasageie 25.3.1. 6, B 3TOM ciy4yae
mexny BAMO auena u HCMO gmenoduna sHepreTrudecKkas IIeiIb
G, =-8,59B, a Mmexny B3BMO nuenopuna 1 HCMO nueHa 3Hauu-
TeJbHO Oosblie (G, =-13,4 5B). TToaTOoMy raBHBIN BKJIaa B PeakLUIO
BHOCUT 11esib Gy, T.e. B3aumogeiicteue B3MO auena u HCMO nue-
Hodwuna (wieH AE; B ypaBHeHnu 25.4). YunutbiBasg popmy B3MO nue-
Ha CH,=CH-CH=CH-x: u HCMO pauenopuia CH,=CH-z, opbu-
TallbHBIE B3aMMOICHCTBUS IJIST ABYX pPa3HBIX OPUEHTAIIMI MOXHO
NPEACTABUTH CJIECAYIOUIEN CXEMOM:
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., b _Z b
. ’
a Sl A b Z
«T'0JIOBA K I'OJIOBE» «T'0JIOBA K XBOCTY»

IIpuBeneHHbIE CXEMbl OTJIMYAIOTCS TE€M, YTO B IEPBOM cCjyyae
(cneBa) B3aMMOMEMCTBYIOT IBa aToMa C OOJbIIMMU OPOUTATbLHBIMU
Koo dueHTaMu U Ba aToMa ¢ MajJbiMU KoadduLMeHTaMu, Toraa
KaK BO BTOPOM cilyyae (crpaBa) aTOMbI C OOJbIIUMU KO3GhGUILIUECH-
TaMy B3aUMOJEMCTBYIOT C aTOMaM C MajJbiMM KO3 UILIMEeHTaMU.
BreinucaB unciautenb B BbipaxkeHuM st AE (ypaBHeHue 25.5) mpu
B3aMOJIECHCTBAM «T0OJI0OBA K TOJIOBE»

(CoCy*MBap + CuCy*MByy)” = AB(C,Cp* + CyCy*),
n 1pun B3aHMOHeﬁCTBHH «T'OJIOBA K XBOCTY»
(Cacb'*ABab’ + Ca’Cb*ABa’b)2 = AB(CaCb’>x< + Ca'Cb*)2

MyTeM ajare0panvecKux IpeoOpa3oBaHUNl MOXKHO JIETKO YOEIUThCS,
yto, eciu C,> C, u Cy* > Cy*, TO

(CaCp* + CaCy*) > (C,Cy* + CoCy¥) 7.

Takum 06pa3oM, B3auMOIEHCTBIE «OOIBIION-00JIBIION TITIOC MaIbIii-
MaJiblii» C TOYKHU 3PEeHUsI CKOPOCTU pPeaKlMy BBITOJHEE, YeM CymMma
JIBYX B3aIMOACHCTBUIA «OOJIbLION-Mablii» U MTIOATOMY MPEATOYTUTEb-
HOM IOJKHA ObITh OPMEHTALMS 10 TUITY «T0JIOBA K TOJIOBE».

2. /ldeH ¢ aKIeNnTOpPHbIM 3aMeCTHTENIeM, NHEHO(HJI ¢ JOHOPHbIM
3amectuTesieM. B atoM ciyyae Gy =-12,5,a G, =-8,5 3B (cMm. 25.3.1.0),
MOATOMY IJIaBHbII BKJIaZ BHOCUT 111eJb Gy, T.e. B3aumoaeiictsue HCMO
gueHa 1 B3MO nueHoduna (AE, B ypaBHeHuu 25.4). OpOutanabHbie
B3aMMOJCHCTBUS AJIs1 IBYX Pa3HbIX OPUEHTALIMI MOXKHO MPEACTaBUThb
CJIEAYIOLIEHA CXEMOM:

z
X b
d i
4 b by X
«Tr0JIOBA K TOJI0OBE» «rOJIOBA K XBOCTY»

*) Ilpeobpa3oBaB 310 HepaBeHCTBO, monyuuM: (C, — C,)(Cy*¥ — Cy*) > 0, uto,
OYEBUIIHO, CIIpaBeUINBO, Tak Kak C,> C, u Cy* > Cy* .
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O4eBUIHO, YTO B3aMMOJICKCTBME THUIIA «I0JIOBA K I'OJIOBE» IIPEIIIOU-
TUTEJIPHEE, YeM <«T'0JIOBA K XBOCTY».

3. JldeH u queHO(U ¢ aKIenTOpHbIMU 3amecturensamu. Eciu o6a
peareHTa comepxar T-aKLUENTOPHBIN 3aMecTuTeNb, To Gy =-9,59B, a
G, =-10,4 3B (pazgen 25.3.1.0), T.e. paznuuue Mexay G; u G, He Tak
BEJIMKO, KaK B TMEPBBIX ABYX PACCMOTPEHHBIX BbIlIE ciyyasx. [ToaTomy
HY>XKHO YUMUTBHIBaTh 00a B3amMomeucTBUs, Kak Mexay B3MO nuena u
HCMO nuenoduna, tak 1 mexay HCMO nuena u B3MO nueHodwuna:

ety f= bz

G, =-9,53B G, =-10,45B G,=-9,59B G,=-10,4 5B
«T'0JIOBA K T'OJIOBE» «T'0JIOBA K XBOCTY»

ITo opOGuTanbHbIM KO3 pulIMeHTaM MPeArnOYTUTEIbHbIMU SIBJISI-
I0TCS TIEpBOE M YeTBepTOE M3 TPUBEIESHHBIX BBIIIE B3aUMOJCHCTBHIA,
HO TIEpBOE€ B3aMMOIEMCTBME BBHITOAHEE YETBEPTOrO M3-3a TOTO, YTO
|G| <|G,|. CnenoBarenbHo, OymeT mpeobiagaTh OpUEHTALUST «[OJIOBA
K TOJIOBE», MPUBOASIIAS K «OpmO-TIPONYKTY», HO BBIXOJ «Mema-Tpo-
IyKTa» He OyIeT MpeHeOpeXXMO MajibIM, KaK B IEPBBIX IBYX CIIydasix.

4. Tuen n nueHodun ¢ J0HOPHBIMEU 3amMecTUTeNsIMU. B naHHOM city-
yae Gy=Gy,=-11,55B (paznen 25.3.1.0), T.e. OAMHAKOBO BaXkKHbI 00a
B3aMMOAEHCTBUSI MEXIY MapaMy TPaHUYHBIX OpOUTaJIei:

w Cr Cn %

HCMO
B3MO B3MO HCMO HCMO B3MO

B3MO

«T'0JIOBA K T'OJIOBE» «T'0JIOBA K XBOCTY»

W3 mpuBeneHHBIX CXeM CJeIyeT, YTO TPEANOUYTUTEbHON SIBISEeTCS
OpHMEHTALIMST TUIIA «IOJIOBA K XBOCTY».

Takum o0Opa3zoM, B OOJILIIMHCTBE CJIy4aeB PEruoceeKTUBHOCTh
peakuuu Juibca—Ajbaepa J0JKHA COOTBETCTBOBATh OPUEHTALIM «TO-
JIOBA K TOJIOBE». DKCIIEPUMEHTATbHBIC PE3yabTaThl TOATBEPXKIAIOT 3TOT
BBIBOJ, YTO WJITIOCTPUPYETCS MPUBEISHHBIMU HIUKE TIPUMepaMu, TIe
3BE3J0YKON OTMEUEHBI aTOMBbI C HAUOOJIBIIMM OPOUTAIBLHBIM KO3(]-
duLeHTOM:
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OCH; OCH;

P CHO CHO
L
Ny i
B3MO HCMO
C¢Hs CeHs CeHs

COOCH; COOCH;
O '
X *
39 1

COOCH;
B3MO HCMO

_ COOCH; COOCH;
J’_
N * PhS

B3MO HCMO

PhS

COOH COOH COOH
_ Ph Ph
N :
X * * Ph
HCMO  B3MO 6 = 1
COOH COOH COOH
COOH COOH
= ( n
+ ’
X * COOH
B3MO HCMO 9 : 1

(HCMO) (B3MO)

COO~ COO™ COO™
CO0O~ COO™
Z — > +
.
X * *

COO™
B3MO HCMO I 1

(HCMO) (B3MO)

B nocienHeM mpumepe pearupyror Ba aHMOHA KapOOHOBBIX KUC-
JIOT, HO JaXKe B 3TOM ciydae obpasyercs 50% «opmo-TIpoayKTa», XOTS
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3JIEKTPOCTATUYECCKAsT CUTYallusl JUISI OPUEHTALIMU <«T'0JIOBA K TOJIOBE»
KpaiiHe HeOJaromnpusTHa.

[MpeanouyrntenbHasi OPUEHTALIMST TUIIA «T'OJIOBA K XBOCTY» BCTpE-
YyaeTcsl peiKo, U TEOPETUYECKU OHA OXMUAAETCSI B TOM Clydae, Koraa
U JOUeH, U AMeHO(UI COmepXKaT JTOHOPHBIC 3aMECTUTENIN. DKCIIepU-
MEHTaJIbHbIe JaHHBIC 3TO IMOATBEPKIAIOT, HAIIPUMEDP:

CH, CH,
CH,
ENSsTNee!
CH,
CH3 2 : 1

B3MO HCMO

CH,

+ |
%

.

TakuMm o6pa3oM, Teopusl TPaHUYHBLIX OpOMTAJIel MPaBWILHO IIpE.-
CKa3bIBaeT, KAKOW MPOAYKT peaklUu B KaXKIOM KOHKPETHOM CJIydae
OyIeT IJIaBHBIM.

25.3.1. 7. CTEPEOCEJIEKTUBHOCTDb U SH/[O-DDPDEKT

Vke maBHO yCTaHOBJIEHO, 4YTO peakuus Jduiabca—Asbaepa Ipore-
KaeT CTepPeOCeNeKTUBHO, U B OOJIBIIIMHCTBE CIIy4yaeB TJIaBHBIM IIPO-
IYKTOM SIBIIIeTCs dHdo-u3oMep. Hampumep, B pe3ynbrare IUKIONPH-
COCMMHEHMST MAJICMHOBOTO aHTUAPUIA K LIMKIOMEHTAaNeHyY B OCHOB-
HOM o0pasyeTcsl 9HO0-aJaAyKT, XOTS TepMOAMHaAMHUUecKu Ooiee
CTaOUJIEH 35K30-alayKT (BEPOSTHO, IO CTEPUUYECKUM MHPUUYMHAM):

O
|
S [ —
|
O
7 H
- o H
| 0 (0]
H 20
H O
K30~ 9HO0-

(T71aBHBIN TIPOTYKT)

IIpu 5x30- U 3HOO-TIPUCOETMHEHNN MOJIEKYJIbI AMeHa U OueHodmia B
MepBOHAYAILHOM KOMILIEKCE OPUEHTUPOBAHBI CICAYIOIIMM 0Opa3oM:
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," (0N
! N
"/ 0 0 \
)0 0=
O
IK30- 9HO0-

[Ipeanonaraercs, 4YTO0 MPUYMHON 5HO0-OPUEHTALIUST SIBJISTFOTCSI BTO-
pUYHBIe OpOMTAIbHBIC B3aMMOIEHCTBUS, ITOKa3aHHbIe Ha puc. 25.4.a.
W 3H00-, M 3K30-TIpUCOCAMHEHNE pa3peIIeHbl IO OPOUTAIBHOM CHUM-
METPUU, HO eCIM AueHOMGUI (MaJeUMHOBBI aHTMIPUI) MMEET JI0-
MoJHUTEAbHbIe T-cBsI3U (Tpynnbl C=0), To B pe3yabTaTe BTOPUYHBIX
OpOUTAJIBHBIX B3aMMOACHCTBUI MEXIy KapOOHUJIbHBIMU TPYIIIAMU U
BHYTPEHHMMH aTOMaMU IHMeHa, KOTOPbIe B TAHHOM CJIydae SIBJISTIOTCS
CBSI3BIBAIOIIMMU B3aUMOAEUCTBUSIMU, MPEANOUYTUTEbHO obOpasyeTcs
MEePEXOIHOE COCTOSIHME 3HJo-peakiyu. Takum obGpa3oM, cama BO3-
MOXHOCTb peaklUM OIpenessieTcsl MepBUYHBIM TePEeKPhIBAHUEM 10
KOHIIaM TIePUIIMKINYECKUX CHCTEM, HO BTOPUYHBIC B3aMMOICHCTBUS
MTOHIKAIOT SHEPIMI0 aKTUBAILMU IHOO-TIPUCOSTUHEHUS, XOTSI BTOPUY-

Hble B3aMMOJICICTBUSI U HE BelyT K O0Opa30BaHWIO HOBBIX CBsI3ell B
TIPOIYKTE.

Juen (B3MO)

Bropuunsie
CBA3BIBAIONINE

TlepBuunsie
CBSI3bIBAIOIIHE

B3aUMOJICHCT- B3aUMO/ICHCT- BropuuHbie TlepBuuHbBIE
BUA. B mpomykre Bus. B mponyk- PaspbIXJIsTioine CBA3bIBAIOLINE
PpeaKIny 371ech Te peaKIuy B3aMMOJCHCTBISA B3aMMOJICHCTBUSI

cBs3eil He
Oyner

cBs13u OyayT
31ech

Juenoduin (HCMO)
(a) (6)
Puc. 25.4. BropuuHble cBsi3bIBatoiye (a) u paspeixisioniue (6) B3auMoaeiCTBUS

MpU 9HAO-LIUKIIOTIPUCOSANHEHNU MaJeVMHOBOTO aHTuapuaa (a) u TpomoHa (0) K
LIMKJIOTIEHTAIUECHY

B npoTHBOMOMIOXHOCTD 3TOMY B3aUMOECTBUE LIUKJIONEHTaaue-
Ha ¢ TporoHoM (VIII) BemeT K mpeamoyTUTEIbHOMY OOpa30BaHUIO
9K30-aIIyKTa:
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9HOO- (TyIaBHBLH IPOYKT)

B maHHOM ciyyae BTOpMUYHBIE OpOUTAIBHBIE B3AUMOAEICTBUS SIB-
JISIIOTCSL pas3pbIXIsiolMMU (puc. 25.4.0) U TO3TOMY JIeCTaOUIU3UPY-
0T 9HO0-OPUEHTUPOBAHHBIN MMEPBOHAYAIBHBI KOMILIEKC.

25.3.1. n. HEMEPULIMKIIMYECKOE (4+2)-UUKJIOITPUCOEAVUHEHUE

B GonblinHCTBE ciydyaeB peakiuu (4+2)-1UKIONPUCOSIUHEHUS
SIBJISTIOTCST COTJIACOBAHHBIMU IBYCTOPOHHUMU TIEPUITUKIMYECKIMU TIPO-
eccaMu. TeM He MeHee B HEKOTOPbIX CIydasx peaklMu MOTYT OCylle-
CTBJISITBCS Y IO HEMEPULIMKIMYEeCKOMY IyTH. Henepuimkiinyeckuit myTb
O3HayaeT, YTo B XOje peaklMy 00pa3yroTcsl LIBUTTEPUOHHbIE WIU Ou-
panuKaabHble MHTepMenuaThl. OOpa30BaHUIO IIBUTTEPUOHHBIX YaCTHUII
0COOEHHO CITOCOOCTBYET HajlMuue B AMEHE WIM IMeHO(UIe reTepoaro-
moB (N, O u ap.), Hampumep:

CN
~ + O\ -
CN NR,

€HaMUH

CN

CN

- NR;

H;C NMe, x N
— —0 — > 0
> * HsC

) CH; =

LIBUTTEP-NOH
(BbimesieH mipu —40°C)

MegN ®

P

H;C 2
OBUTTCP-NOH

NC CN
- l CH3 NC CN
CH; NC CN
Me,N CN
MPOOYKT peakLu
JUJIbC-aJIbAcpoBa TUIIA H3C CIjO
C/
H;C “CHs

—_—
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B nepBoM nmpumMepe UBUTTEP-UOH MOXKHO BbiaeauTh rpu —40°C, a
BO BTOPOM — MEPEXBATUTh C MOMOILbIO «IOBYIIKW», B KaueCTBE KO-
TOPOI CIAYXUT TeTpallMaHITWIEeH, CIeLMalIbHO A00ABAEHHBIN B pe-
aKIIMOHHYIO CMECh.

B HekoTOphIX ciyyasx peakuus Junbca—Abaepa MOXET UATH Ye-
pe3 MpoMeKyTOoUHble OMpaarKaabHble YacTUllbl. B KauecTBe mprumMepa
paccMOTpUM peakiuio OyragueHa ¢ 1,1-guxiiop-2,2-gudTopaTuiie-
HoM. byTaaueH cyuiecTByeT B yuc- u mpaunc-KoHdopmaiusax. Eciu B
X0JIe peakiuu obpasyeTcst Oupaaukai, To ode (Gopmbl OyTagreHa He
JOJDKHBI CUJIBHO OTJIMYATBhCS MO PEaKLIMOHHOM crocodHocTu. O6pa-
3yIOLIMICS OMpaarMKan OTHOCUTCS K aJUIMJIbHOMY THUIIy, U IO3TOMY
BpallleH!e BHYTPHU aJUTUJIbHOTO hparMeHTa 3aTpyaHeHo. CienoBaTeib-
HO, B cJlyyae TPaHCOMIHOIO AMEHa 3TOT OMpaauKand AOKEeH LIMKIU-
30BaThCsl UCKIIOUMTEIBHO B LIMKJIOOYTaH, HO He B LuKJIorekceH. C
JIpYroii CTOpPOHbBI, OMpaauKan, obpasyroluiicss U3 yuc-hopmbl OyTa-
JIMeHa, MOXeT LMKIM30BaThCsl KaK B LIMKJIOOYTaH, TaK U B LIMKJIO-
reKceH 0e3 HeoOXOAMMOCTH BpallleHMS BHYTPU aJUTMJIBHON CHCTEMBI.
ITockonpKy OyTaaueH M APYrue OTKPBITHIE TUEHBI IPEUMYLLECTBEHHO
CYLUECTBYIOT B mparc-GhopMe, MOXKHO OXUIaTh, YTO B Cjaydyae Oupa-
JMMKAJIbHOIO MEXaHK3Ma OCHOBHBIM MPOAYKTOM OyIaeT IIMKI0O0yTaH, a
LIMKJIOTeKceHa OymeT oOpa3oBBIBATLCS Maylo. DKCIepUMEHTalbHbIe
JaHHbIC TMOATBEPXKAAIOT 3TH TEOPETUUYECKHE BBIBOJBDI.

= X
(yuic-) « - > “ (mpanc-)

l CF,=CCl, l CF,=CCl,

l(lOO%)
(86%)
| —F
P Cl
F

Tem He MeHee OKOHYATEILHO IMOATBEPAUTH 3TOT MEXaHU3M BbI-
JIieJIeHueM OMpaIuKalbHOIO MHTEpMeIraTa He yHaeTcs, TaK KaK 3TU
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YaCTHUILIbl MCKJIIOYUTEIbHO PEAKIIMOHHOCHIOCOOHBI M MPaKTUYECKU
MTHOBEHHO LIMKJIM3YIOTCS B LMKI00yTaH. LIBUTTEpUOHHBIE Xe peak-
LIUM, PACCMOTPEHHBIE BbIIIE, OOpAaTUMBI, U B OIPEAEICHHBIX YCJIO-
BUSIX LIBUTTEP-MOHBI MOTYT OKa3aTbCsl CTaOUJIbHEE 1IeCTUUJIEHHbIX all-
NyKTOB. BblaeneHue LIBUTTEP-MOHOB BO3MOXHO, TaK KakK B JAHHOM
cllydyae JOeiCTBYyeT TepMOAMHAMUYECKUIA KOHTPOJIb.

B oOwem, a1 (4+2)-LHUKIONPUCOSIUHEHUST Mbl MOXKEM paccMart-
puMBaTh LB CMEKTP MEXaHU3MOB OT MOJIHOCTHIO COTJIACOBAHHOTO
yepe3 aCUMMETPUYECKH COIJIaCOBAHHBIN (Koraa peaklusl Ha OJIHOM
KOHIIE CUCTEMbI «3ala3iblBaeT» B CpaBHEHUU C peaklueil Ha Apyrom
KOHIIE) J0 TMOJHOCTBIO CTanuitHOro MexaHusma. OnHaKo B OOJIBIINH-
CTBE CJlydyaeB paCCMOTPEHHbIE peaKlMM OTHOCSITCS K KaTeropum CUM-
METPUYECKU COIIACOBAHHBIX MPOLIECCOB.

25.3.1.e. PETPOAMEHOBBIE PEAKIIMU

Petpopeaknust JIunbca—Aiibaepa M3BECTHA IMOYTH TaK K€ JaBHO,
Kak U coOCTBeHHO peakuus Junbca—Anbaepa.

A =z
_,<+||
™

Cy1iecTByeT MpaBMIO, COTJIACHO KOTOPOMY PEeTpOpeaKIIvs MIET JieT-
KO, ecyii TpsiMast peakist Jwiibca—AJibaepa UAeT TPYIHO, M Ha000-
pOT, MPOU3BOIHOE ITUKJIOIEKCeHa pacIiafgaeTcss Ha IUeH U JUeHOMWIT
TPYIHO, €CIM IpsiMasi peakiusi OCYLUEeCTBIsIeTcsl Jierko. Harpumep,
KOTHa B pe3yjbTaTe peTpopeakiuy oOpa3yeTcss MOJEKYISIPHBINA a3oT,
Takas peakIys WIeT OTHOCHTEIBHO JIETKO, MO0 caM a30T He MMeeT
CBOMCTB nHeHOdUIA:

o =
OKHCIIEHHE
| ]\I]H HCIICHU | TRI 20°C + Iml
NH N AN N
1,2,3,6-Tetpa-
TUIPOTIUPUJIA3UH

PeTtpoaveHoBbIe peakiiiyi UMEIOT OTPOMHYIO CUHTETUUECKYIO 1IeH-
HocTb. Hampumep, TepMuyeckoe pazaoxeHue UKIOreKceHa UCTIONb-
3yI0T B JlabopaTtopuu ISl TOJydeHUsl OyTaaueHa.

ApyruM BaXXKHBIM TIPUMEPOM SIBJISIETCSI TEPMUUECKUN KPEKWHT
JMMepa LMKIOMNEHTaAueHa ¢ 00pa3oBaHUEM MOHOMEPHOIO LUKJIO-
MeHTaaueHa:
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YacTto B CHHTE3aX PETPOPEaKiMI0 UCMOJb3YIOT B COYETAHUU C
npsMoil peakiueit usibca—Asbaepa. B pesynbrate yaaercs mojyuyuThb
MHOTHE TPYIHOMOCTYITHbIE LUKJIMYECKUE coenvHeHus. Hampuwmep,
BMOKCUJ, hapa-0eH30XMHOHA HeJIb3sl MOJYYUTb MPSIMBIM 3MOKCUIM-
poBaHUEM OEH30XMHOHA (B 3TOI peakUMUW MOJy4yaeTcsl SMOKCUI Ma-
JIEMHOBOTO aHTUaApuAa). OgHAKO SMOKCUIMPOBAHUE TUIbC-AJIbIEPOBA
aJIyKTa LIUKJIONEHTAAueHa C napa-OeH30XMHOHOM M TIOCEIYIOIINi
pPeTPOIMEHOBBIN pacriaj JaeT XejaaeMblid MPOIYKT:

0 0
| /
@ + — —_—
| Z
0 0

anoxcm[
napa-6eH30XMHOHA

Mg momyuenust ncrounuka aunvuaa HN=NH — mieHHoro BoccraHas-
JIMBAIOLIETO peareHTa (CM. TII. 5, 4. 1) — MCIMOb3YIOT CAEAYIOIIMI MyTh:

‘OO + EtOOC-N=N-COOEt
a30MKapOOHOBHIH APHp
aHTpaleH

N-COOEt
EtOOC~N

1) T'unponus
R
2) JexapOoKkcH-
smpoBanue, 200°C
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AHAJIOTMYHO, C UCIIOIh30BAHUEM alleTUICHIUKApOOHOBOTO 3(hupa
rmoJyJaioT GeH3onukionponeH (cuHte3 Porens) m 3,4-TUXIOPLIK-
JIOOYTEH:

'/ MeO,CC=CCO,Me
AN
CO,Me
e (- (X
e
C02M€
CO,Me
Me 02 C 2 OCH30IMKIONIPOTICH
Cl
$0,Cl, Z MeO,CC=CCO,Me
Cl
wm Ll \
Cl
[UKJIOOKTAaTeTPacH yuc- 1 mpauc-
-
ZQ\CogMe
C02M€
Cl
CO,Me cl
A + Cl &+
AN
CO,Me  uuc-nuxinop- 1,4-nuxiop-
LIUKJIO0YTeH l GyTanuen

B mocregHeM cirydae ToiTydaeTcsT TOJMBKO yuc-TUXIOPIUKIIONY-
TEH, TaK KaK mpanc-IUXJIOPLMKIIOOYTeH JIETKO PacKpBIBACTCST ITyTeM
QJIEKTPOLIMKIIMYECKON peakumu, obdpasysd 1,4-auxnodyragueH. [luc-
M30MEP He paCKPhIBAETCS BCJIEICTBUE CTEPUUYSCKUX MPEITCTBAI KOH-
poTaTopHOI peakuuu (cM. pasaen 25.5).
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YacTo B CMHTETUYECKOM MPAKTUKE PETpOpaciaj COUeTaroT ¢ Iep-
BOHavyaJbHBIM 1,3-IUMONSAPHBIM LUKIONpUcoeauHeHneM. Huxe
MpUBEAEHBI IBa MPUMEpPA CUHTE3a MATUWIEHHBIX T€TEPOLUKIIOB:

® © Ph
+ Ph-C=N-N-Ph ——> N —
_N
Ph N
o A\
135°C N FN Ph
N/ 1,3-mudenmnmupason

“Ph (98%

)
@ _ o
+ HC=N-0° > o_~130°C_

l
_—N
/
e + /O N30KCa30I1
=N (90%)

ITo mpuHLMIY MUKPOCKOIIMYECKON OOpaTMMOCTU PEeTPOIUEHO-
Basi peaklMsl JOJKHA BKIIOYATh TOUHO TaKOE XK€ MEePEeXOJHOEe COCTOsI-
HHUe, KakK U TpsgMas peakuus Jumibca—Anbaepa. CiaegoBaTebHO, PeT-
pOIIpoLIeCC MOXHO KiacCU(UUUPOBATh KaK (T2s+625+G62s)-peakinio:

[TepexomHoe cocTosTHUE
(n2s+02s+62s)-peakunu

Takas peakuus JOJKHA IMPOTEKATh CTePEOCTIEIN(UIHO, YTO TTOJI-
TBEPKIAETCS DKCIEPUMEHTAIbHBIMU HaOmoaeHusiMu. Tak, yuc-uzo-
mep VIII maet Tonbko mpanc,mpanc-aueH, yepe3 KoHpopMaumio X,
IMOCKOJIbKY KOH(opMauust X, TPUBOAAIIAS K yucC,yuc-IAeHy, TIPO-
CTPaHCTBEHHO MeHee BBITOIHA:

CH3 CH3 CH3
4
| ITIH Oxwucnenme | IRI N
NH N X
CH3 CH3 CH3

(VIII)
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H CHjy
HJ<CH3 CH; |.-H
JARY) YAl
/7 Va
N 7N
CHj; H
(IX) X

Tpanc-uzomep X1 B 3TUX yCIOBUSIX AACT UUC,MPAHC-TNCH:

CH3 CH3 CH3
=z
| ITI H Oxucnenne | I;I LN,
NH N « _CH;
CHg (I:H3
(XI)

Ewme ogHuM noka3aTeabCTBOM TOrO, YTO PETPOAMEHOBBIC IMPO-
LIECChI OTHOCSITCSI K MEPULIMKINYECKUM PEeaKLUsIM, CIYXKUT TOT (aKT,
yto coeauHeHue XII ormernsier azor npu —10°C, a coenuHenue XIII —
qub npu 200°C. D10 03HAUaeT, YTO ABOMHAs CBSI3b AEHCTBUTEIBLHO
HyXHa JUISI peakiMM, KaK 3TO BUAHO M3 MPUBEICHHOU BBIIIE CXEMBbI
MEePEXOIHOTO COCTOSIHUS (m2s+062s+02s)-Tpoliecca.

K//N —

(XI1) 1,3-1uKIorekcaanueH

ﬁA\\N 200°C
/ ’
N

(XI1)

BMecTo ABOIHOU CBSI3M B MOJIEKYJie MOXET COAepXKaTbCs
LIMKJIOTIPOIaHOBBIN (hparMeHT. B aTOM cilyyae 1ukiopacna uaeT Tak-
XKe JIETKO, TOCKOJIbKY LMKJIONPOIIAaHOBAas TPYyIIia M0 XUMUYECKOMY
TTOBEJICHNIO TTOXOXa Ha JBOWHYIO CBSI3b (CM. TII. 16, 4. 3).

25°C +N,.

|

(XII1) —
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25.3.2. 1,3-JUITOJIAPHOE IUKIOIIPUCOEJVUHEHUE

n4s-KoMmnoHeHTOM TipocTeiiiieit peakiuu Jlunbca—Anbaepa siB-
Jsgetcst 6yraagueH. Eciu BMecTo OyTamMeHa B peaklMIo C aJKeHOM
BBecTu aymmnbHbli aHuoH CH,=CH-CH,", To Takasg peakuus, npu-
BOIsIIAs K 0Opa30BaHMIO aHMOHA LIMKJIONEHTaHa, TakxKe OydeT OT-
HOCUTBCS K (4+2)-31€KTPOHHOMY LIMKJIOIIPUCOEANHEHHUIO, B KOTO-
poM 00a peareHTa JOJIKHBI B3aMMOACUCTBOBATh CYIPAIIOBEPXHOCTHO:

e
e

m4s

AJUTHIBHBINA aHUOH: m B3MO W HCMO
Anken: H HCMO H B3MO

n2s n2s

m4s

KoppensiimonHas nuarpamma i peakiuu (wds+m2s)-Tura Mex-
Ny aJIMJIbHBIM aHMOHOM U aJikeHoM (cxema 25.20) ouyeHb MoXoxa Ha
COOTBETCTBYIOLLYIO AuarpamMmy i peakuuu Huibca—Asbaepa (cxe-
Ma 25.8). OTinume COCTOMT JIMIIb B TOM, UYTO B peakliuy OyTajueHa
o0pa3zyeTcsi BOHAsI CBSI3b LIMKJIOT€KCeHa, a B peaklMi aUIMJIbHOrO
aHMOHA — HeCBs3bIBalollasl p-opouTalb, HECylllas OTpULIATEIbHbII
3apsii aHUOHA LMKJIONEHTaHa.

ITpumepoM MpUCOENUHEHUS] ANJTUJIBHOTO aHMOHA K ajIKeHYy SIB-
JisgeTcs CJIC,HYIO]_L[aH peakius:

7 SsAr LiNG-Pn,  HhC P Ngar
T78C . HC © —
R Q SAr
COOEL  ° e
> H,C COOEt
R

TTonoOHBIE peaklMU BCTPEUarOTCsS OYEeHb PEAKO, MO-BUIMMOMY,
13-3a TOTO, UYTO MPEBpAILCHUE NEJTOKATU30BAHHONW AJUTUIBHOU TT-CU-
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CxeMma 25.20

AHHUOH
IIAKJIOIICH-
TaHa

CTEeMBI B aHWOH IIMKJIOTICHTaHA C JIOKAJIM30BAHHBIM Ha OTHOM aToMe
3apsiIoM TEPMOIMHAMMYECKH KpaifHe HEBBITOIHO.

OaHaKo M3BECTHO OOJIbIIOE YUCIO MPUMEPOB MPUCOECIUHEHUS K
aJKeHaM HEeUTpalbHBIX 47-3JIeKTPOHHBIX TPEXaTOMHBIX pEareHTOB,
M303JIEKTPOHHBIX aJUIMJIBHOMY aHMOHY. HeliTpanbHBIe peareHThl, U30-
3JIEKTPOHHBIE AJUIMJIBHOMY aHWOHY, HasbIBalOTCsA 1,3-AUTIONIMU, a
MpUCOeANHEHNE MX K aJKeHaM TOJNyYMJIo Ha3BaHue 1,3-ITUIONISIpHO-
ro uukiaonpucoeauHeHus (P. Xsbiocren, 1958 r.). 1,3-JlunoasipHoe
LUKJIONPHUCOEAMHEHE TIPEICTaBIIsIeT cCO00 Hambojee o0l METO,
CHHTE3a pa3HOOOPa3HBIX IMSTUUYJICHHBIX TeTePOILUKIIOB, COmepKaIInuX
OIMH WJIM HECKOJbKO KOJBIEBBIX TeTepOaTOMOB.

25.3.2.a. 1.3-AUTTOJIN
1,3-/lunonu — 3TO CTAOWUJIbHBIE WJIM HECTaOWUJIbHBIE (MOoJydae-
Mbl€ in Sifu) YacTULIbI, TIPEACTABISIONINE COOOI CUCTEMY U3 TPEX aTo-

MOB, MCXKOY KOTOPbIMMU pacCnpeacjaCHbI 4TE-3H6KTpOHa, Hamogooue
AJJIMJIBHOIO aHMWOHa, HalpuMep:
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2 /C\C/ 2 /N\C/
- ~N - N
AMHMIIbHBIN aHUOH Wi a3omeTrHa

R—N—gﬁ—;ﬁ% 0
—NZ—Ni@
o e 0 D=
R—N—N=N N @ ®
/C—N =N
Ankunasun JlnaszomeTan

Tepmun 1,3-1uIoab BO3HUK BCJIEACTBUE TOIO, YTO IPU MHOIO-
CTPYKTYPHOM OIMCAaHUM MOJIEKYJI B paMKaX TEOPUM BaJCHTHBIX CBSI3eit
(rm. 1, 4. 1) ogHa 13 BO3MOXKHBIX MpPeNe/bHBIX CTPYKTYp IPEACTaBIIsIET
coboii 1,3-gunons. s auazomeraHa 31o ¢gopmyibl XIIT u XIV:

e ® ® O ® . ©
*CH,—N=N:!<—> CH,=N=N: <—> CH,—N=Ni<=—>
X111 - XIV
© ® -
<—> :CH,— N=N:<—> CH2=N—I.\_I
XV

Henw3st, ogHako, mMoHMMAaTh TepMUH «1,3-IUNONB» OYKBAJILHO,
1,3-gunonb He uputTep-uoH (XIII, XIV unu XV). Hanpuwmep, eciau 6b1
IdeHnIIa3oMeTaH ObT HICTUHHBIM LIBUTTEP-MOHOM, TO TTO pacueTy
ero IUIIONBHBIN MOMEHT ObIT ObI paBeH ~6 J1). Ha camom ke meie aK-
CIIEPMMEHT JaeT 3HaUYeHNe Bcero Juib 1,42 /1. 1o o3HayaeT, 4To 3J1eK-
TPOHHAST TNIOTHOCTH B BHICOKOW CTEITEHM JeIOKATM30BaHa MEXIY aTo-
MOM YTIJIepoa U ABYMsT aToMaMu a30Ta. Ho memokamsanus m-37eKTpo-
HOB B 1,3-1urmoJjie He Takasl MoOJHasl, KaK B MPOCTEiIleM alJInIbHOM
annoHe. OmpeneeHHass aCUMMETPUST TT-3JIeKTPOHOB, 00yCITOBIeHHAS
pasjiMureM B 3JEKTPOOTPULIATEIbHOCTU aTOMOB 1,3-1umosst (00bIYHO
B 1,3-gumnonb BxoasaT atombl C, N u O B pa3HbIX COUETAHUSIX), BCE Ke
umeeTtcs (cM. pasaen 25.3.2.).
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1,3-Jlunoneit B HacTosIlIee BpeMsl U3BECTHO OoJiee TpeX JeCITKOB.
HexkoTtopble U3 HUX MOXHO BBIIEIUTb B CBOOOIHOM COCTOSIHUM.

1,3-Illfll'l0.l'llfl, KOTOpbI€ MOXKHO BbLICJIUTH B CcBOOOIHOM BHIE

1. InazocoeaHEeHUS

o o_ ® o
N=N—C\ = N=N—C\
2. A3uanl

@ e ® 0O

3. 3aKkuch a3ota

® 0
<> N=N—-0

® o
N=N—-0

4. HurpoHbI

®
o /N\O@ > 0©
5. ABUMUHBI
| N
=N
-N~ N- =—> —N7T NQ
6. A30KCHUCOEIMHEHUST
® ON
7. O30oH
®
(CS)/O\O > O¢O\O@

TIponyKThl peaklmii ¢ alKeHaMu

N
N\ / ITupazonuHb

//N\
N” N

\ " 1,2,3-Tpuazonunbl

N

N” o

\ ~ 1,2,3-Okcanna3oauHbl

N

< "0
M3okca3ommanHbL

N 1,2,3-TpuazonuanHbl

6!

+~ 1,2,3-Okcanna3oauanHbl

e

o~ "o

\ »~ O30HUIBI AIKEHOB
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8. ToKapOOHUIMMUHbI

® ® ( 5\
—C/S\NG-) <> —C%S\N@ N TuazonuauHbl
[ |
9. Cynbhoanuumuast
S 93 NN
O =0 ;O Tuaau30auIHbI
—N N—- =<=—> -N N-= \ /
10. CynbhuHMIaMUABI
S
v
S 9s_ o N~ o

O \ / TuraoxkcazoauanHbI

11. OxucU HUTPUIIOB

N N
_8¢N \O@ —CEN ~0 © ¢ O Usookcasomnms

B npyrux cnyvasix 1,3-aumnosisipHble peareHThbl MOJydyaroT U3 cTa-
OMJIBbHBIX MPEAlIeCTBEHHUKOB.

1,3-/Iunoam, nojyyaemsie in situ

1. Mnuabl HUTPUIOB ITpoayKThl peakiuii ¢ aTKeHaMu
o N
® © ® z
—C=N—C< <> —CEN—Ci IMuppoanHb

(n3 >CCI=N-CH< wmm (oTonuzom a3upuanHOB)

2. HutpunumMuHbl

N\
_g:N_IC:)]_ <> —CEIC?I_g_ §/ N, IMupazonuHbl

(u3 >CCI=N-NH- + NEt; unu dotonuzom 2-H-teTpaszosnos)

3. Hutpuscynbhuns

N
—2=N—C§ <> —CE%—CS §/ \/S U30THa30/1MHbI
RN
N
(TepMOIM30M OKCATHA30JIOHOB \( S )
O—<\O
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4. Unuasl a30METUHOB

o N o e N
c/\

C— => —CF \C@_ \ / TMupposuauHbL
I I | !

(u3 >CH-N*=C-X u NEt;)

5. ABOMETMHUMUHbBI

I ®! N

O] ) ) N
_C/N\N— N (lj/N\N— IMupa3oauanHbL
I
(u3 >CH-N*=N-X u NEtj)
6. KapooHummaumbl
@ (@)
_g/o\c@_ > _C%O\C@ \ / TerparunpodypaHbt
| I | I

0O
(pu oToNIU3E UK TEPMOIN3€E OKCUPAHOB _ / \ )

7. KapOoHUIIOKCHIBI

) O
_%/O\O@ —C%O\O ©) S S0 1,2-Jluoxconu-

| JIUHBI (IIAKITH-
I YEeCKHUe MIEPEKUCH)

(TIpy pacuierieHU O30HUIOB WIM MPU peaklMu KapOeHOB C KUCJIOPOIOM)

8. TuokapOOHMIMITUTBI

S
_%/ S\g)_ <> _C/ S\C@ \ / TerparunpornodeHsl
I I | l

N=N
(TIpy TepMoJIM3e THAIMA30JIMHOB k ) )

Ecnmu uenTpanbHbBIM aToMoM 1,3-IMITONS SIBJISIETCSI YIJIEPOX, TO
OKTETHasl cTabuiausalusi 000MX KOHIIEBbIX aTOMOB HEBO3MOXKHaA (Tak
KaK y aToMa yIjiepoaa HeT HeMOoAeJIeHHbBIX Map 3JIEKTPOHOB). B Takmx
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caydagx 1,3-aumnonb sBiasercss KapOeHOM UM HUTPEHOM, T.€. UCKIIIO-
YUTEJbHO BBICOKOPEAKIIMOHHOCIIOCOOHOM YacTullei, U TMoaydaeTcs

TOJILKO in Situ.

1,3-/Iunoam KapOeHOBOr0 WM HHTPEHOBOTO THIA

1. BunuikapOeHbl

N

I
Cx

(0]

TIponyKThl MpUCOEIMHEHUs K aJKeHaM

LluKJoreHTeHbl

W

ITupponuHbl

2

duruapodypanbt

D

IMupponuns

O

\ / NMuna3onnHbl

\ / OK3a30JIMHBI

1,3-AunIoib MOXKET ObITh TAKXKE YaCThIO TeTePOLUKINYECKON CH-
crembl. Hanpumep, cugHoHbl (XVI) u okcazononbl (XVII) gpisitor-
Csl 3aMaCKMpPOBAaHHBIMM a30METMHUMMHAMM Y WIMOAMU a30METHHA

COOTBETCTBECHHO.
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3)*0

N‘O

(XVI) (XVII)

Asunbl (XVIII) npu onmrcaHnm KJIACCUYECKOUM CTPYKTYPHOI (hop-
MYJION BBIIVISIOST KakK JMEHBI, HO Ha caMOM Jejie OHU sIBjstioTes 1,3-
JUMOJISIMU M3-3a TOTO, YTO OTTAJKMBAaHWE HETOAEJICHHbIX Map 3JeKT-
POHOB JIBYX aTOMOB a30Ta BbIBOAMUT CBA3U C=N U3 COMpsLKeHUs APYT
C Ipyrom, jaesasi m-opOUTaIM 3TUX CBSI3ell OpTOroHaabHbIMU. MoJie-
KyJISIpHO-OpOUTaJIbHAsI KapTUHA T-CBsI3E€ B a3MHax SICHO IOKa3bIBa-
€T, UTO a3WH COAEPKUT ABa OPTOTOHAILHBLIX 1,3-AUMOISPHBIX (par-
meHTa (XIX):

RCH=N-N=CHR
(XVIIT)

1,3- Ilnnonb

V o o
u@e—o D ADID T

1 ,3-lumnons (XIX)

B cootBercTBUUM ¢ hopmymoii XIX mMosekyia a3uHa MOXET ITpH-
COCMHUTD JIBE€ MOJIEKYJIbI aJKeHa:

RCH=N—N=CHR — > \‘/ - >

N b
— ~ R-cH “N-CHR

CoenuHeHus1, pearupylomye ¢ 1,3-aunonasiMu, Ha3bIBalOT duno-
aapoguramu (1O aHAIOTUU C dueHoguramu). B KauecTBe AUosspopu-
Jla MOXET BBICTYIIAaTh IIPAKTUYECKHM JIF00ast IBOMHAST WIIA TPOMHASI CBSI3b:
C=C, C=C, C=N, N=N, C=0, C=S, N=O u t.1. n-CBsI3b MOXET ObITh
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M30JIMPOBAHHOM, COMNPSKEHHON Wi KyMyiaupoBaHHO#. Hioke mpu-
BeJeH MPUMEpP peakliMy ¢ yJyacTheM NBOWMHON CBSI3U €HOJbHOI (hop-

MBI MaJIOHOBOTO 3dupa:

Ph ®0 NaCl
C=N_ + Na CH(COOE), —»

cr’ oH

o
=N

Ph—C —0
e ﬁ <~ Et —_—
EtOOC—-CH=C__
OH
N N N_
Ph—~ O P Z 0
— > o
H OEt O
EtOOC OEt
EtOOC OH

3-¢henmn-4-kapOodTOKCH-5-
3TOKCUU30KCa30]1

Wcnonb3oBaHue BMECTO ajIKEHOB ,HI/IHOJIHPO(I)I/UIOB, coacpxKalmx
reT€poaToOMHYIO T-CBA3b, IMO3BOJJACT MOJYUYUTDL IMATHYJICHHBIC I'€TEPO-
HUKIIbI, COACPXKAIINEC HECKOJbLKO OAMHAKOBBLIX MJ/IM Pa3HbIX I'€TCPO-
aTOMOB. HaHpI/IMep, JICTKO ITOJIY4aroTCA CIACAYIOIINE TPEXaTOMHBIC I'€-

TCPOLMKIIbI:

NEt; 20°C ® ©
op N NHPh T[ Ph—C—N—N—Ph:I

| HUTPUIIUMUH

Cl
Ph,C=S PhC= '1/ Ph-N=S&

Ph‘(N\N/Ph Ph‘(N\N/Ph Ph‘(N>/Ph
S%Ph N% Ph/N—s\\
Ph 0

Ph
(72%) (72%) (87%)
TeTpadeHUITHATNA30JINH TpUGbEHUITPUA3OI TpUGDEHUITHATNAZOTUHOKCHT
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25.3.2.6. MEXAHUN3M PEAKIIWNU

Mexanusm 1,3-AUNONSIPHOrO LIUMKJIOMPUCOEAUHEHUS OJU30K K
MexaHu3My peakuuu JAuiabca—Anbaepa. B 60ablIMHCTBE CllyyaeB peak-
uus 1,3-nunonst ¢ Aunoysipouaom SIBJISIETCS COTJIACOBAHHBIM TPO-
eccoM. AHanoruuyHo peakuuu Juibca—Anbaepa, 1,3-numnosisipHoe
LIUKJIOTIPUCOSANHEHE MaJIOUyBCTBUTEIBHOE K M3MEHEHUIO TOJISIp-
HOCTU pacTBOPUTEJSI, UMEET OTPULATEbHYIO SHTPOIUIO aKTUBALUU
U TIPOSIBISIET BBICOKYIO CTEPEOCETIeKTUBHOCTb MPU CPAaBHEHUU ITaphbl
yuc- 1 mpavc-u30MepHBIX IUIoasapoduioB. 1,3-AuUIonb 1 JUIIOJSIpO-
dus commKalTcsl APYr ¢ APYrOM B MapasulesibHbIX TJIOCKOCTSX, Kak
Toro Tpedyer Teopus (nds+n2s)-LuKIonprucoeanHeHus. B npuHiune,
B HEKOTOPBIX ciydasx 1,3-aumnossipHoe LUKIIONpUcoenuHeHne (Kak 1
peaxkuus Jdunbca—Anbaepa; cM. pasaes 25.3.1.B) MoXeT MnpoTekarhb Io
LIBUTTEPUOHHOMY WJIM OMpaguMKadIbHOMY MYTHM, HO YETKMX J0Ka3a-
TEJILCTB B TIOJIb3Yy 3TUX MyTel OO0 CHUX TOp He ToiydeHo. B pasme-
Jax 25.3.1.6-r ObLIO pacCMOTPEHO NMPUMEHEHUE MPUOJMXKEHUS Tpa-
HUYHBIX opOuTaneil K peakuuu Jdunbca—Anbaepa. B ciaemyromumx Tpex
pasnmesax Mbl 3TO TIPUOIIKEHNE UCTIONB3YeM TSI MHTePIIpeTalluy BIIU -
SIHUSL CTPYKTYpHI 1,3-nunonisgs U aunosisipoduiia Ha CKOPOCTb peakiiuu
1 B3aMMHYIO OPUEHTAIIMIO PEareHTOB B MEPEXOMHOM COCTOSTHHM.

25.3.2.8. PEAKIIMOHHAS CITOCOBHOCTD 1,3-AMTIONEN
N JUMNOJIAPOPUIIOB

YT0OBI OLIEHUTH PEAKIMOHHYIO CIIOCOOHOCTh 1,3-Aumnosieit, He-
obxoauMo 3HaTh 3Hepru B3MO u HCMO stux yactui. [Tockoabky
OOJILIIMHCTBO AMIIONEH MpeACTaBIseT cO00i KOPOTKOXUBYIIME Yyac-
TUIIbI, DKCIEPUMEHTATbHO M3MEPUTh 3TU IHEPruu (Hampumep, ¢ho-
TOXMMUYECKUI TMOTeHUMAT MOHU3ALUMU, KOTOPBIA XapaKTepusyeT
sHepruto B3MO) He mpencraBisgeTcsl BO3MOXHBIM, U MO3TOMY MC-
MOJIb3YIOTCSI KBAHTOBO-XMMMUECKHUE PACUeThbl MOACJbHBIX HE CIMII-
KOM CJIOXHBIX MoJieKysl. Paccuutannbie sHepruu B3MO u HCMO
HeKOTOopbIX 1,3-muroseii npusBeaeHsl B Ta0M. 25.4.

CrnenyeT 3aMeTUTb, YTO BHEPIyU, MPUBEACHHbIC B Ta0J. 25.4 Kak
sHeprun HCMO, He Bcerga COOTBETCTBYIOT TOYHO HMDKHENM CBOOOTHOM
MO. Ecnu B 1,3-nurmosie MMEIOTCs OPTOrOHATbHbBIE TT-CBSI3U (TIEPBbIE 11IECTh
CcoeIMHEeHU U3 Tabj. 25.4), To Hu3Iass cBobogHass MO MoxXeT ObITh He
aTWIbHOM, a MHOro Tvmna. Tak, B HUTPWIWJIMAE HYKHSIS CBOOOIHAS
opoutanb (XX) JeXUT B TMJIOCKOCTU MOJIEKYJIbl M MPEACTaBIsIeT CO-
0oi1 cBsa3bIBalOLLYI0 KoMOMHaLuw0 t*-opoutain C=N u Ae1oKalin3o-
BaHHOM o*-opoutanu CHs-rpynmnbsl. OqHaKO B LIMKIONPUCOSIMHEHUN
y4yacTBYeT He 3Ta opOUTalb, a OJM3Kas €l 1Mo dPHEPTUU OpOUTAIb ajl-
qunbHoro tuna (XXI). [Tostomy B Taba. 25.4 Bo Beex ciaydasix 0003Ha-
yeHue «HCMO» oTHOCUTCS K CBOOOJHOI OpOUTAIN aJUTMILHOTO TUTIA!
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0%%3 Q%
g g 0
> °0

(XX) (XXI)

AnanornyHo, TepMuH «B3MO» OTHOCUTCSI K BBICIIEH 3aHSITON
opbutanu amuiabHoro tina (XXII), xoTs, HarpyuMep, B HUTPUIOKCH-
JIe SHEPTHsI 3TON OpOUTAIM paBHa 3HEpTruu oproroHaabHoi MO (XXIII):

UO /HOD%
‘%‘% g g

(XXII) (XXIIT)

Tabnuua 254
DHepruM rpaHNMYHbIX opouTaneit 1,3-mumosnei

Jlnmoan Oueprus, 3B
B3MO HCMO
Hurtpumumnu HCE(I?I—gHQ =7,7 0,9
€]
Hutpunumun Hcsg—NH —9,2 0,1
® O
Hurpusnokenn HC=N—O —11,0 0,5
® O
Jlmazomeran N=N—CH, —9,0 1,8
R ~11,5 0.1
A30THCTOBOIOPOIHAS KHCTO0Ta N=N—NH ) )
® 0
3akuch a30Ta N=N—0O -12,9 -1,1
® 06
Asomerununuy CH,=NH-CH, 6,9 1,4
® O
AzomeruHUMUH CH,=NH-NH —8,6 0,3
® ©
Hutpon CH,=NH-O —9.7 =0,5
® © 3
Kap6ouunmmmung CH,=O0—CH, 7,1 0,4
[S]
O30H o=(8—o —13,5 -2,2
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Tak xe, Kak u s peakuuu Junbca—Amnpaepa, cKopocth 1,3-
TIUTOJIIPHOTO LUKJIONPUCOSAMHEHMSI TECHO CBSI3aHa C DHEpreTuyec-
KUMU LIEJSIMU MEXAYy I'PaHUYHBIMU OpOMTaisiMu peareHTOB. Eciu
sHepretuueckas ieib mexay B3MO gunons m HCMO punonsipo-
¢una (Gj) 3HAYUTESLHO MeHblIe, yeM Mexay B3MO punonsipodu-
gqa 1 HCMO punons (G,), TO CKOPOCTb peaklUu KOHTPOJUPYETCS
wenbio Gy; ecau (H<<(Gy, TO CKOPOCTb PEaKIUU KOHTPOJUPYETCS
wenblo Gy; ecnu Gy=Gp, TO CKOPOCTh pPeakilMy CBs3aHa Kak ¢ BeJIM-
ynHOU Gy, TaK U ¢ BeJUuMHOU G, (cxema 25.21).

Cxema 25.21
HCMO
HCMO! HCMO G
G G HO\/[OHCMO
HCMO
G G, B3MO B3MO
B3MO BIMO
B3MO B3MO
Junoms  Junomspodun HMunom  Jiunonspodun Junons  Munomtpodun
G<<G G~G, G<<G
Ink ~ (1/Gy) Ink ~ (1/G+1/Gy) Ink ~ (1/Gy)

st mpuMepa pacCMOTPUM PeakIUio pa3IuyHbIX 1,3-mgumoneit ¢
MOJIEKYJION DTUJIEHA (EB3MO=—10,5; EHCMO - 1 55B; cMm. pasmen
25.3.1.a). Ucrnionb3ys maHHbie Tabu. 25.4, MOXHO ITOKa3aTh, UTO CKO-
pOCThb peakuuu ¢ azoMeTMHWIAOM (AG;=-8,43B, AG,=-11,9 3B)
B OCHOBHOM CBsi3aHa ¢ B3aumojeiicteueM B3MO nunonst (unupa) u
HCMO punonsipouna (3TuieHa), Torma Kak CKOPOCTb PeakLUu C
030HOM (AGy =-15,0 3B; AG, =-8,3 5B) KoHTpoUpyeTCcsl B3auMoeki-
crBueM HCMO aunons (o3oHa) 1 B3MO sTtunena. Ho mis peakuuu
STWJIEHA C HUTPWJIMMWHOM BaXXHBI o0a B3ammoneiictBusg, B3MO
munong ¢ HCMO »stunena u B3MO stunena ¢ HCMO nunond,
ITOCKOJIBKY DHEPreTUYeCKHe e MEXIY TPaHWYHBIMA OPOUTATISIMU
MPaKTUYECKN OOMHAKOBHI (AG; =-10,7 3B; AG,=-10,6 3B).

Ecnu B 1,3-mumnosbs BBecTH 3aMecTUTeN Tuna R (ankun), x: (m-
noHop) wiu ¢ (Ph, CH=CH, M T.11.) 1 OAHOBPEMEHHO B AUMOJSIPO-
U BBeCTM 3aMECTHUTEb THUMA ¢ WIN Z (T-aKIENTop), TO DHEPTUS
B3MO gumong moBeicutcs, a sHeprus HCMO punonsipoduina mo-
Hu3utTes (cM. pazaen 25.3.1.a), Tak YTO CKOPOCTh peakluu OyAeT lie-
JINKOM OTIpeNeNIThes 1enblo (. HaoGopoT, 3aMecTuTen, MOHMKA-
tourue yposeHb HCMO aunons (¢, z) 1 noBblatoliue yposeHr B3AMO
munonsipodpuna (x:, R, ¢) cmocoOGCTBYIOT TOMY, UTO IJIaBHas POJIb
MepexoanT K menn G;.
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Ecnu 1,3-aumnonb MMeeT He CAMILIKOM HU3KYI0 M HE CIMIIKOM
BBICOKYI0 dHepruio B3MO, 1o oObIYHO HaOIroAaeTcsl clieayrolias
KapTuHa. Takoil aumosib pearupyer ObicTpee C AUMOJSIpoduIaMu,
comepxalluMU U CUJIbHbIE T-IOHOPHbIE, U CUJbHbIE T-aKIIEMTOPHbIE
3aMEeCTUTEIU, a MPU HAIMYMU 3aMECTUTENs CO CIaObiM TMOJSPHBIM
a¢deKToM peaklmsl UAeT C HauMeHbllei ckopocThlo. [Ipu aTom Ha-
omromaeTcsl xapakTepHas mapabojnyeckasi 3aBUCMMOCTb KOHCTaHTBI
ckopoctu oT 3Hepruu B3MO aunonsipoguna (puc. 25.5), Kotopas
00yCJIOBJIeHa MOCTENEHHBIM MEePeXoJ0M OT KOHTpOs Iieiblo G; K
KOHTPOJIO 1Ienblo G,.

Ink

3JICKTPOHOU30BITOYHBIC
9JIEKTPOHONE(DUIIUTHDIC JUTIONAPODUITBI
JTATIONSIPODHITHI (: C=NR, u 1.1)
(RO,C-C=C—CO,R u 1.11.)

/ T

BOHepruss B3MO nunonsipoduia

Puc. 25.5. CxemaTnuyeckoe M300pakeHWe 3aBUCUMOCTU CKOPOCTU peakluy (heHUI-
asuna N'=N*=N-Ph (EB3MO=-9 5B, FIMO-—(0 25B) or sueprun B3AMO
3aMEIICHHBIX aTKEHOB U aJIKUHOB

Jwna3zoasikaHbl MMEIOT GoJiee BBICOKYIO aHepruio B3MO, uem a3n-
IIBI, 1 TIOOTOMY CKOPOCTh MX peaKLIM1 KOHTpoJupyeTcs: ypoBHeM B3MO
1,3-mumons. ITpocThle AMa3oaaKaHbl OYeHb JIETKO pearupyloT ¢ TUTIO-
JsipoduiaMu, UMEKIIMMU T-aKUENTOPHbIe (Z) W HemnpeaeabHbie (c)
3aMECTUTENIN, HO C aJIKMJIDTUJIICHAMM M TIPOCTHIMHU 3(HpaMu €HOJIOB
peakius uaeT MeajeHHo. PeakiimoHHast cHOCOOHOCTb yObIBACT B PSIAY

CH,CHN, > CH,N, >> EtOOCCHN,

OmHako ecy OMa30aJIkaH COAEPKUT CWIBHBIN 3JIEKTPOHOAKIIETITOP-
HBI 3aMeCTUTENb (AMA30KETOHBI), TO C €HaMWHAMM peakKIds WIeT
JIETKO; B JAaHHOM CJIydae IJIaBHasl POJIb MEePEeXOaUT K B3aNMOICCTBIIO
HCMO 1,3-gunons ¢ B3AMO punonsipodpuinia.

B monexyne 3akucu azora B3AMO 1 HCMO umelor HU3Ky1o 3Hep-
ruto (1abj. 25.4), U cieaoBare/bHO, B peaklMU y4yacTBYeT IJIaBHbIM
oopazom HCMO s3toro aumnosisi. 3aKuch a3oTa pearupyeT TOJbKO C
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3JICKTPOHOU3OBITOUHBIMU 1 HE pearupyer C 3JAeKTPOHOACHDULIMTHDI-
MU JunosipouaaMu.

B otinuue ot peakuuu Jlunsca—Anbaepa, npu paccMoTpeHuu 1,3-
TUTIONIIPHOTO IIMKJIONIPUCOSAMHEHUST TTOMUMO OPOMTAIIBHOTO B3au-
MOJCHCTBUS BCerma cjaenyeT YYUThIBaTh M KYJOHOBCKUU UJ€H B yp.
(25.4) (B pazmene 25.3.1.a Mbl UM TIpeHeOperasun).

Bce 1,3-gumony mMeroT M30BLITOK OTPULIATEJLHOrO 3apsiga Ha
KOHIIEBBIX aTOMax, U, CJIeI0BaTeIbHO, KYJIOHOBCKOE B3aUMO/IECTBUE
JIOJDKHO OCOOEHHO CIOCOOCTBOBATh PEAKIIMU C 3JIEKTPOHOAEDULIUT-
HBIMHU JUTIOISAPODIIAMMA.

PeakiimonHass cnocOOHOCTb 3aBUCUT TaKXKe OT TEPMOIMHAMUYEC-
KO CTaOWJIBHOCTM PEareHTOB M MPOAYKTOB. Tak, Ccydas Mo dHEepruu
B3MO (-9,35B) u HCMO (1,1 2B) 6eH301 n0/keH pearupoBaTh C
noaxoAsiuMu 1,3-gumnonsamu. OnHaAKO HU OJHON TakKoi peakiluu 10
CHUX TOp HE OOHAPYXEeHO, TaK KakK IMOTepsl apOMaTUYHOCTU B pe3yJib-
TaTe UMKIONPUCOSANHEHNS K O€H30y Je/laeT 3TU peaKlIMu YPe3BhI-
YallHO SHIOTEPMUYHBIMU.

25.3.2.r. PETUOCEJNEKTHUBHOCTD 1,3-AUITTIOJIAPHOI'O
HUKITOIMPUCOEJMHEHKA

Y1oObl HA OCHOBAHUM TPUOJIMKEHUS] TPAHUYHBIX OpOUTANIe BbI-
SICHUTD TIPEOITOYTUTENIbHBIA CTII0CO0 B3aMMHOUM OpHMEHTAIlUM pearcH-
TOB B 1,3-IMIIOJISIPHOM LIMKJIONPUCOEAMHEHNM, HEOOXOAUMO, KpOMe
SHEPruu rpaHUYHbIX OopOuTajeil, 3HaTh €lle U OpOUTajbHbIe KO3(]-
(uiMeHTHl Ha KOHIIEBBIX aToMax 1,3-aunois u nunojsipoduia. Pop-
Ma T-opOuTajeil 3aMelleHHBIX aJIKeHOB, KOTOpble B peakiuu 1,3-
JTUTIONISIPHOTO IIMKJIOTIPUCOSANHEHUSI BBICTYMAIOT B POJIM TUTIOJSIPO-
¢uiioB, yxe obcyxnaanach B pasf. 25.3.1.0.

PaccuntanHble opOUTaTbHBIE KOIMDOUILIMEHTHI 1711 OCHOBHbBIX TH-
noB 1,3-gunoneii npuBeaeHbl B Ta0j. 25.5. OpouTtanbHble KO3GhULIN-
eHTBI B TaOJ. 25.5 BbIPaKEHbI B HEOOBIYHBIX eAMHULIAX (cAB)?/15, Tie
¢ — K03(pduLMeHT, ¢ KOTOphIM aToM | Mau aToM 3 BXOOUT B JAHHYIO
MO, a AP — U3MeHeHre Pe30HAHCHOTO MHTEerpajia rnpu oopazoBaHUU
U3 PEareHTOB MEPEXOJHOro COCTOsIHUS (cp. yp. 25.5). BenuuuHa AR
3aBMCUT OT THUIIa oOpasyioweiics cBsa3u, n 1 ceazeit C-C, C-N nu
C-0 o6yaet pasHoii. [1pu 1,3-1unonsipHOM HUKJIONPUCOSAUHEHUN 00-
pasyioTcst He ToJibko cBsizu C—C, kak B peakuuu dunbca—Anbaepa, u
MO3TOMY B ypaBHeHUM (25.5) AP,y # AB,%, HO U cBsI3b C-rerepoa-
TOM, U CJIeIOBATeJbHO AP HeJb3sl BKIIOYMTb B KOHCTAHTY @ ypaBHe-
Hust (25.6). Bennunnsl (cAB)?/15, mpuBeneHHble B Ta6iL. 25.5, pac-
CUUTAHBI JIs1 IEpeKpbIBaHUsI opouTaeit 1,3-aumnonas u aunonasipodu-
Jla TIpM CTPOTO OIpelelIeHHON CcTelleHW oOpa3oBaHUS CBSI3ell B
MEePEXOAHOM COCTOSIHMM, TaK KakK AR 3aBUCUT OT PACCTOSIHUSI MEXIY

237



Tao6auma 25.5

Opoutanbibie K03 GUIHEHTDI I KOHIEBbIX aToMoB 1,3-munoieit
(8 emunmmax (c AB)%/15; cM. TekcT)

Junoan B3MO HCMO

artom 1 | arom 3 | aTom 1 | artom 3
1 2 3

Hutpununun HC=N—CH, (CIAB)Y > (C3ABY | (C1AB) = (C3AB)?
® ©
® O

Hutpuiumud HC=N—NH 0,90 1,45 0,92 0,36
® O

Hutpunokcun HC=N—O 0,81 1,24 1,18 0,17

® o
Juaszomeran N=N—CH, 0.85 1,57 0,56 0,66

®
A30THCTOBOIOPOIHAS KUCIOTA NEN—%H 0,72 1,55 0,76 0,37
® o
3aKnch a30Ta N=N—0 0,67 1,33 0,96 0,19
® ©
Asomerwamun CH,=NH-CH, 1,28 1,28 0,7 0,73
®@ O
AzometuHuMUH CH,=NH-NH 1,15 1,24 0,87 0,49
Humpon CHyNH-O L1t | 106 | 098 | 032

(S]

®
Kap6onununiun CH,=O0—CH, 1,29 1,29 0,82 0,82

aroMamu. 3HaMeHaTelb 15 BBeleH JIMILb AJIsl TOrO, YTOObI pacCUYUTAH-
Hble 3HAYEHUI (CAB)2 ObUTM OJIM3KU K E€IUHULIE.

PaccMoTprM HECKOIBKO MPUMEPOB, WLTIOCTPUPYIOIINX BIUSHIE
¢opMBI TpaHUYHBIX opouTtaneil 1,3-gurioseil u IUIONSIpoUIOB Ha
WX B3aMMHYIO OPHUEHTALMIO B peaKklVy LUKIONPUCOSTUHEHUSI.

JInazoankanel. Peakiiuy NmpocThIX AMa30aJKAHOB OOBIYHO KOHT-
ponupytorcs mwenbio Gy (B3MO 1,3-numonst) 1 ocoOeHHO JIETKO UIYT,
eCIM TUTIONSAPOMIIT COAEPKUT 3aMECTUTENIh THTIA ¢ WIW Z, TaK Kak
o™i 3amectutean noHmxkarwT HCMO ankena (paspen 25.3.1.6). Ilo-
ckoiabky HCMO ajnkeHa ¢ 3aMeCTUTENeM ¢ WIM Z UMeeT HauboJIb-
i Ko3(M@UIMEHT Ha yoaJeHHOM OT 3aMeCTUTENIsI aToMe yIrjiepoaa
U TMOCKOJbKY KOMOMHalMs 060JblIoro KoadduimeHTa ¢ 00JbIIUM
Koo duLeHToM mnpeanouTuTeabHa (cMm. pasaen 25.3.1.8), cienyeT
OXHUJaTh, YTO B JAHHOM cliyyae OyayT oOpa3oBbIBAThbCSl 3-3aMelleH-
Hble A'-TTMpasonHbl , YTO M HAGIIOHACTCS] HA OIIBITE:

*CI/IMBO)'[OM AI YKa3bIBA€TCA IMOJOXKEHUE JIBOMHOM CBS3U B LIUKIIE.
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B3MO H2 —N ZI? 1

s N
N d —_— HQC N 2
4 3
HCMO c(2) c(2

ITpy Hanmuuuu B MoJieKyJie TUIOosipoduia TOHOPHOTO 3aMeCTH-
teas (R, OR uT.n.) ypoBhu HCMO u B3MO nosbiiatorcs. Peak-
LMsl UIeT MEUIEHHO U KOHTPOJIMPYETCs Kak 1iejbio Gy, TaK U 1IeJIbIo
(,. TTockonbky Koa(dduimeHTsl Ha KOHLEeBbIX aToMax B HCMO nua-
30MeTaHa OJIM3KK IO BeJauuuHe (Tadii. 25.5), permoceseKTUBHOCTD
KOHTPOJIMPYeTCSI B OCHOBHOM B3amMmoneiictBueM B3MO nunonsa u
HCMO punonsipopuna. Haubonbmmit koacbduuueHtr 8 HCMO au-
noJyisipouia uMeeT OIMKAWIIMK K 3aMECTUTEN0 aToM yrjiepoaa, u
MO09TOMY 00pasyloTcst 4-3aMelleHHble A'-MipasoanuHsL:

B3MO H2 =N=]? 1
Q 5 /N\\
. L —» HC N2
o s 4 3
HCMO (R) X R)x

B peakumu aua3o0KeTOHOB ¢ €HaMMHAMU KOHTPOJIb IOJHOCTHIO
MEePEXOIUT K SHEPreTUIeCKOM 11eu Gy, T03TOMY 00pa3yIoTCs 3-alimi-
4-nuankunamMuHo-A!-rmpazomHel

Y

HCMO RCO-CH=N=—72=N !

N2
% /% RCO.S \}\I
R,N 4 3

B3MO RoN

CrenyeT NMOTYEPKHYThb, UTO BBEAEHHUE DJIEKTPOHOAKIENTOPHOU
rpynnbsl ROC B MoJieky/1y aua3oMeTaHa CUJbHO yBeJIMUYUBAeT KO3Gh-
¢unmenT B HCMO Ha KOHILIEBOM aTOMe€ a30Ta, YTO ITOBHILIAET PETry-
OCEJIEKTUBHOCTb pPeakIIvH.

Asunpl. Peakiust (peHmiasuaa ¢ 27eKTPOHOM3O0BITOYHBIMU JUTIONSI-
podunaMu KOHTpoJmpyercs 1iefblo G5, a ¢ 3JIeKTPOHOIE(PULIUTHBIMU
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aunonsipopunamMu — 1enabo Gy. [TosTroMy B mepBOM ciyyae Ipef-
MOYTUTEJIbHO 00pa3yloTcs S-3aMelleHHbIe, a BO BTOPOM 4-3aMelleH-
Hble |-(eHUITPUa30IUHBL.

o U

HCMO Ph—N—N—7=N 1\21 3

B3MO X
Ph O——N—g 2
. R4 —_— N N
7 L
7 () soaN,
HCMO ‘ D -

B peakuun ¢eHmazuaa ¢ COnpszKeHHBIMU IUIIONSIpodrIaMU TIpe-
MOYTUTEIBHO 00pasyercst S-u3oMep, HO PErMOCeNeKTUBHOCTD TOBOJBLHO
Huska. Hampumep, mis peakuuu ¢ eHUTAUETUICHOM BBIXOIbI M30-
MEpHBIX TPHUA30JIMHOB MOYTH PaBHBI:

9 2
HCMO Ph —N==N=-=N Ph 1 N3

0 N

\ 0 -—~ N (52%)
. . G,= 9,4 5B \ /
5 4

B3MO Ph Ph
Ph—Q_N_% :
B3MO =—=N=—7 A Phot N
% . N N 43%)
g , G, = —10 5B \ f
—{4
HCMO Ph 3 Ph

DTO 00BSICHSIETCS TeM, YTO B JTaHHOM CJIy4ae SHEPreTHMUSCKUe IIeIn
G; u G, TIOYTU OJMHAKOBBI.
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AzomeruHuvMuHbI. Eciii MoJieKyJ1a a30MeTMIIMMMHA CONCPKUT CUITb-
HbII T-aKUENTOPHBIN 3aMECTUTENIb Y KOHIIEBOrO aTomMa a3oTra, TO pe-
aKIMsl KOHTpoJMpyeTcs 1ieiblo Gy, Tak Kak B HCMO Ttakoro aurosist
HanOOIbIINI KO3(DOULMEHT UMeeT aToM yriepoaa (cp. Tabia. 25.5). B
ATOM cCllyyae peaklMsl peruoceleKTHBHA:

U R
HCMO CHjy——N——N—COR N
B3MO Ph Ph
CTHPOJT

OnHako eciiM T-akLEeNTOPHbIM 3aMecTUTeNb CBs3aH C aTOMOM YIJjie-
pona, paznuune B Ko3(hGhUIIMEeHTax Ha KOHIEBBIX aToMax yriaepoaa 1
a30Ta YMEHbIIIAeTCs, U PeTUOCEICKTUBHOCTD MOJDKHA ManaTh. Hampu-
Mep, CUIHOH CO BCEMM aJKeHAMM pearnupyeT OIWMHAKOBO C TPEUMY-
LLIECTBEHHBIM 00pa3oBaHUeM 3-3aMelleHbIX 1—(1)eHw1-A2—nMpa30Jm—
HOB (HM3Kasl CyOCTpaTHasl CEJIeKTUBHOCTD):

N . N .
Ph\GIL)\I/ C, Xz > Ph\N\jc’ Xz
\

Hutponbl. Peakiiiy HUTPOHOB KOHTPOJUPYIOTCS 1ueabio G,
(HCMO punonst). B HCMO HutpoHa KoadduiimeHT Ha aToMe yrie-
poJa 3HaYUTENbLHO BbIlIE, YEM Ha aTOMe€ KHUCJIOpoJa, TOrma Kak B
B3MO ko3 duiumreHTs ToYTH oaruHakoBel. [ToaTOMY BO Beex cirydasix
MPEANIOYTUTETLHO 00pa3yloTcs S-3aMelleHHbIe M30KCA30UINHEL:

1
R R\N/O

I
HRC=N—0 + == — 2
® O
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Haxe B ciyyae NMpUCOSAMHEHUS K 2JEKTPOHOACHUIIUTHBIM AUTIOJISIPO-
(unam, Korma sHepretmyeckas 1ieab G; CTAHOBUTCS yxe 1ieau G, u
KOHTPOJb MEPEeXoauT K B3aumonelictBuio Mexny B3MO HuTpoHa u
HCMO punonspoduia, peruoceJeKTUBHOCTb MPOAOIKAET ONpeAesaTh-
Cs MEHee dHepreThyecku BaxkHbIM B3aumoneiicteueM HCMO Hutpo-
Ha 1 B3MO nunonspoduna, Tak Kak KO3(M@ULMEHTH HAa KOHLIEBbIX
atomax B B3MO HutpoHa ocrarorcs oaiMHaKoBbIMU. M TONBKO ¢ OUeHb
9JIEKTPOHOIE(PULUIUTHBIMU AUTIONSIpOdUIaMU (HECKOIbKO 3aMEeCTUTe-
Jieit TUIa Z) BCsl peaklus MOJTHOCTbIO MEePEeXOIUT IO KOHTPOJIb LIEeIU
G|, 1 B pe3yJbTaTe CTAHOBUTCS HecTepeocrelnbUIHOM.

Hurpunokcnapl 1 HuTpmmvunbl. Kak ¥ peakiiuu HUTPOHOB, LIMK-
JIONMPUCOETMHEHNE OKCUIIOB U HUTPUJIMMHUHOB KOoHTposnupytoTcs HCMO
1,3-munonsg. B HCMO atux gumnoseit KoahGUIIMEHT Ha yrjiepoe 3Ha-
YUTEJIbHO OO0JbllIe, YeM Ha KHUCIopoae MM a3oTe (Tadi. 25.5), mo-
9TOMY B peakiusX o0pas3yloTcsl S-3aMelleHHbIE alTyKThl:

Y,

HCMO R—(C=—=N =é R
R R

3
Y 3

B3MO ¢ Xz

HCMO Ph—%ézN =2_ Ph

. —_—>

B3MO

Ecnu BaXHBIM CTaHOBUTCSI KOHTPOJb Ieiablo G (Hampumep, Mpu
BBEIEHUU HECKOJIbKUX 3aMECTUTEJIEH TUIIA Z), TO PETHOCETCKTUBHOCTh
MOHMXKAeTCsl BCIACICTBUE pPEaKIIMU:

0o (U

SR —

HCMO
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Hurpummmuapl. OObIYHO LMKJIONPUCOCAMHEHUE HUTPWIMIUIOB
KOHTPOJIMPYETCST 1eJiblo (7. DTO COOTBETCTBYET TOMY (hakTy, UTO
HUTPUIMIUABL HE TPUCOSIUHSIIOTCS K 3JICKTPOHOU3OBITOUYHBIM M-
nojspopuiaM, uMerolnM BbicoKyto aHepruto HCMO. Ha ocHoBa-
HUM JaHHBIX TaOJI. 25.5 MOXHO MpeAcKas3arh, YTO MPEUMYIIECCTBEHHO
JOJKHBI 0OPA30BBIBATHCS 4-3aMelleHHbIE A'-TMPPOIMHBL:

B3MO R—%—_N—_ ~ R N_ R
N N 4 ’ ﬂ R
HCMO c(2) c(2)

OTOT (haKT corjiacyeTcsl ¢ 9KCIepUMEHTHBIMU HaOI0JeHUSIMU.

Takum 00pazoM, Mbl BUIMM, YTO MPUOIMKEHUE TPAHUYHBIX OpOU-
Tajieit SIBJISIETCS UCKITIOUMTEIbHO TTOJIE3HBIM MPY aHAIM3€e peaklIMOHHOM
CMOCOOHOCTHU 1 PErMOCENeKTUBHOCTHU peakluii 1,3-1unoasipHOro uK-
JIONPUCOEAMHEHMS, 1aBasl pallMOHATbHbIN MOAX0/, 6€3 KOTOPOIo MpU-
LIJIOCh Obl MEXaHWYECKU 3allOMUHATh OTPOMHBINA 3KCIEPUMEHTATb-
HBII MaTepuaj Mo OpUeHTAUMM KaXKJA0ro KOHKpeTHoro 1,3-aurons u
KaXJ0r0 KOHKPETHOro AunoJisipodua.

25.3.2.1. BTOPUYHBIE OPBUTAJIbHBIE B3AUMOJIEVICTBU A

B paznmene 25.3.1.r Mbl paccMmoTpenu 3HA0-3¢hGheKT B peakiuu
Junbca—Ambaepa U ero 00ObsICHEHNE Ha OCHOBE BTOPMYHBLIX B3aMMO-
JNIEUCTBUI € ydyacTMeM JoJiell opOuTaseil AueHa, COCpelOTOYEHHbIX
Ha aromax C-2 u C-3. JIns1 IMIIOJSIPHOTO LMKJIONPUCOEIUHEHUS B
MIPUHLINIIE MOTYT HaOIONaThCs aHAIOTMYHBIE BTOPWMYHBIE OpOUTATh-
HBIE B3aUMOJICUCTBUSI.

Ecnu 1,3-aumnojb uMeeT M30THYTYIO CTPYKTYPY (Kak ajIuIbHBIN
aHUOH), TO UeHTpaibHas goasi HCMO 3Toro aurmoss MOXeET Iepe-
KPBIBaTbCSI C OPOUTANIIMU 3aMECTUTEINSI, COIPSDKEHHOTO C T-CBSI3BIO
numnonsipodunaa, m Omarogaps TaKOMy CBS3bIBAIOIIEMY TIEpPeKphbIBa-
HUIO TIPEATIOUTUTEIBHBIM OYIET 3HO0-TIEPEXOTHOE COCTOSTHUE:

TICPBUYHBIC

BTOPUYHOE B3aUMOJEHCTBUS

B3aMMOJICHCTBHE
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Takoe B3aMMOEICTBME OYIET OKAa3blBaTh 3aMETHbIN 3(DGEKT TOIBKO
B TOM CJIydyae, KOTJa peakilusi KOHTPOJIUpyeTcs 1eibio G,. Eciam ke
[JIaBHY1O poJsib urpaet B3aumozeiicreue B3MO 1,3-nunonss ¢ HCMO
aunosipoduna, To s3Hdo-3¢h¢eKT OyaeT OTCYyTCTBOBaTh, Tak Kak B3MO
JUTIONST UMEET y3eJI, IPOXOASIINI BOJIM3KM LIEHTPAJIBHOIO aTtoMa.

25.3.3. IPYI'YME INECTUDJEKTPOHHBIE PEAKIIMHN
OUKJIONMPUCOEIUMHEHUA

25.3.3.a. XEJIETPOIIHbIE PEAKIIWU

HazBaHue «xeneTponHbiii» MPOUCXOIUT OT TPEYECKOTO CJIoBa
«KJIeIIHSI». DTO oOpa3HOe Ha3BaHUE OTPaKkaeT CJEAYIOLIYIO CXEeMY
LLIECTURJIEKTPOHHOM XEJIETPOITHON pPeaKLIUMu:

XEJeTPOIHAs

. peaxmus —
/;S A\/\ IKCTPY3HS O 25.7
;\‘ py X (25.7)

B xeneTpoITHbIX peakIInsX HOBbIE G-CBSI3U 00pa3yIOTCsT C OMHUM U TeEM
K€ aTOMOM peareHTa X, M ITO3TOMY TIPWBEICHHYIO BEIIIE PEaKIInIo,
UIYILIYIO clieBa HaIllpaBO, MOXHO KjacCU(UUUPOBATh Kak (14s + »2)-
HUKJIonpucoeauHeHne. OOpaTHasl peaklysl Ha3bIBaeTCsl 3KCTpy3ueil
(T.e. BBIOPOCOM) MOJIEKYJIbI X: U OTHOCUTCS K TUITY (02+62+12)-1I1UK-
Jopacnaga. Peakmuy sKCTpy3WM BCTpedyaroTCsT dalle, 4eM 6-3JIeK-
TPOHHBIE XEJIETPOITHBIE IMPOLIECCHI.

XenerpornHasi peakuuys (25.7) B IpUHLUMIIE MOXET UATU YETHIPb-

M ITIYTAMU:
- _ 8 8 8 \ _ /8 8\\‘ /§§
N@’ ] k // @ Q I’
X bX@ X XQS
0 0
(m4s+m2s) (mds+m2a) (nda+w2s) (Tdatw2a)

[To o6obuienHbiM npasuiam Bypasoprna—Todmana paspenieHHbIMU
M0 OpOUTATBLHON CUMMETPUU SIBJISIIOTCS TYTU (4s+m2s) U (nda+m2a),
Torga Kak nmytu (nds+w2a) wim (nda+m2s) 3anpeiieHbl. M3 aByx pas-
pEeLIEeHHBIX TMyTeil BTOPOW OYeHb HEBBITONEH M3-3a MPOCTPAHCTBEH-
HbIX MPEMITCTBUIA, TaK YTO OCTAETCSl €NMHCTBEHHBIN MyTh yepe3 B3a-
umoneiicteue (m4s+m?2s).
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ITpumepsl xeneTpornHbix peakuuii oyragueHa ¢ SO, u RPCl, 6buin
NpuBeJeHbl B Hauvalle 3Toil raBel (pasgen 25.1.1). Jluokcua cepnl B
peakuuu ¢ OyTaareHOM MOXKET pearupoBaTh HE TOJIBKO MO aTOMY Cepbl,
HO 1 o cBs3u S=0, T.e. Kak gueHodun. [Ipy KMUHETUYECKOM KOHTPO-
Jle peakuuu oOpasyercs mpoaykKT peakuuu dunbca—Anbaepa (aup
Cyab(MUHOBON KMCJIOTHI), a TIPU TEPMOAMHAMUYECKOM KOHTpOJIe —
Cyab(hOH:

/O
g7 0°C X
5 = w0 ) o]

Dup cynbhuHOBOK Cynbhon
kucinorel RSO,H

Kaxk yxke oTMeuanoch BbIl€E, XEJETPOIIHbIE 6-3JIeKTPOHHbIE peaK-
M KpaiiHe penku. I'opasmo 0osiee M3BECTHBI OOpaTHBIE MPOLIECCHI
9KCTPY3uH, B yacTHOCTH Ipu X = SO,, N, u CO (yp. 25.7). Hanpumep:

— A o
= S\,
CH, CH; SO, + CHjs CHj s 3
80, (100%) |§&

o —

- A /  \ i 5| §

CH; SO, “CH; CHj; % §~ §

DKCTpy3us a30Ta U3 AMA3EHOB IPOUCXOIUT CIIOHTAHHO M TOXE CTe-
peocneuuduuHo. JduazeHol (XXV) MOXHO paccMaTpuBaTh Kak
N-HUTPEHBI, KOTOPbIE MOXHO TMOJYIUTh OKHUCIEHUEM COOTBETCTBYIO-
mux N-aMrUHOCOeNMHEHMI uian HenocpeacTBeHHO n3 NH-coemmHe-
HU1 00paboTKoit ux cojbio AHxenu (Nay,N,Os3) unmn nudropaMuHoM
(NH,F,):

ﬂ Na2N203
—_—> _—
CH, CH, CHy™ 7 ¢

N |
H
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— Na,N,0, /  \\ (crepeocre-
/O‘~ —> N, + CH3//_> HU(PUUIHO)
CH3 N CH3 CH3

H

Huxe npuBeneHbl MpUMEPbl CUHTETUYECKOIO MCITOJIb30BaHUSI 3KCT-
py3UM APYTUX TPYMIL:

Ph CO,Me |
Ph ? Ph Ph
—Co
—0 + H —_— CO,Me ———>
Ph Ph
Ph COzMe Ph COzMe

Ph
Ph CO,Me
Ph CO,Me
Ph
a¢hup TerpadeHmIpTaNeBOl KUCIOTHI

MeO

Cl
% + C(OMC)Z
ClI” ¢l

(MeO)ZC C(OMe),

2,3,4,5—Ie1paxnop—
TG eHIT
Me Ph
Sl Ph Ph
SORT
Ph™ pn Ph
Ph
2,3,4,5-tetpadeHuI-
Ha( TanH
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25.3.3.6. PEAKLIMU THUIIA (2+2+2)

CornacoBaHHOe (T2+m2+12)-UUKIONPUCOEAMHEHUE TTPUBOIUT K
00pa30BaHMIO TTPOM3BOIHBIX LIMKIOTeKCaHa:

Z
O
~
IIpu TepMUYeCKON aKTUBALIMU Pa3pellieHHbIMU SIBJISIIOTCSI MPOLECCHI
tuna (n2s+n2s+n2s) i (n2a+mn2a+mn2a). CTOIKHOBEHHME Cpasy Tpex
MOJIEKYJ ajJIKeHa OYeHb MaJOBEPOSITHO, ITO3TOMY ITOIOOHBIE PeaKLIMU

UIYT B TOM CJIy4yae, €CJIU JIBE U3 TPEX T-CBI3EH HAXOASITCS BHYTPU
OJTHOM M TOM € MOJIEKYJIbI, HAIIpPUMED:

CN 80°

>—<
NC CN

HOpOOpHAUEH TeTpaluaHo- NC CN
STHIICH

Bo3MoxxHO Takke BKIIIOUeHHE B (2+2+2)-LIMKIONPUCOSANHEHUE
OIHOTO XEJIETPOITHOTO KOMIIOHEHTAa, HalpuMep B Cilydae MpUCOeIM-
HEHUSl AUrajokapOeHOB K HOpOOpHaAUEHY:

CX
[b — é X=FCl
X X

Peaxuueii, odbpatHO#l (2+2+2)-IUKIONPUCOSAUHEHUIO, B IIPUH-
LIMIe, MOXET CUYMTAThCs PEeTPOAMEHOBbIM pacran (pasmen 25.3.1.e),
BENYIIMI K paclIeIUIeHUIO AUJIbC-alblepoBa aJykKTa Ha JBa KOMIIO-
HeHTa. OHAKO MMEETCS HECKOJIbKO MPUMEPOB paclIEIUIEHUsI cpa3y
Ha Tpu (parMeHTa:

Ph 0 Ph H
H - \K Pb(OAc), \]/ CTepeo- N
~cremn= H +
_NH Ph 4 duunO V2N
Ph H IEI H Ph
3aMeleH bl (mparic)
OKCa/Ma3MHOH 1 CO, + N,
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N\\ (peakuus ¢ xeje-
/N E— ‘ + SO, + N, TpomHBIM KOMIIO-
O/S§ HeHToM SO,)

Pb(OAC), N—N
Ph//L >\Ph : Ph//LN>\\Ph — = 2PhCN + N,

NH2 -N-

N-HuTpEeH

25.4. YETBIPEXDJIEKTPOHHBIE PEAKIINN
OUKJIOINIPUCOEANHEHUSA U ITUKIOPACIIAIA

25.4.1. TEPMMYECKHUE PEAKIIMUA TUIIA (2+2)

[Iporotrnom peakuuu (n2+mn2)-LUUKIONPUCOEANHEHUS SIBJISIETCS
JUMepHr3alius IByX MOJIEKYJ 3TUJIeHA ¢ 00pa3oBaHMEM LIMKJI00yTaHa.
Kaxk ykaspeiBanioch B paszgene 25.2.1, saTa peakiusl pa3pelieHa o Cum-
METPUHU, €CIU TMPU TePMUYECKONW aKTHBALIMU PEareHTHl OPUEHTHPY-
I0TCSI TOJIBKO crocoboM (m2s+n2a), a npu (OTOXUMUUYECKON aKTHUBa-
U — WU crnocoboM (m2s+r2s), uiu crnocooom (n2a+mn2a). C Touku
3peHUsI CTepPUUYECKUX 3aTPYAHEHMI Tpolecchl Tuna (n2s+n2a) uin
(n2a+m2a) KpaliHe HEBBITOAHBI, MMO3TOMY COTIJIACOBaHHBIC peaKLUU
(m2+m2)-1IMKJIOIPUCOSTMHEHNSI, KaK TPaBUIIO, TPOBOAATCS mpu YD-
o0syyeHUMn ankeHoB. Eciu e HuKiI00yTaHbl 00pa3yroTcsl B TEMHOBBIX
YCJIOBUSIX, TO OOBIYHO Takasl peaklusl He SIBJISIETCSl COIJIAaCOBaHHOM, a
WAET Yyepe3 MHTepMeANaThl IBUTTEPUOHHOTO VT OMpaTiKaIbHOTO THTIA:

hv
(n2s+m2s)

. =_A>[Um]_>

25.4.1.a. TEPMUWYECKOE (2+2)-UWUKJIOINPUCOEOVHEHUWE YEPE3
BUPAANKAJIIBHBIE MHTEPMEINATDI

Takue peakliMu XapaKTepHBbI [JIsI 3aMEIEHHBbIX 3TUJIEHOB, HE
coepxKallluxX 3aMecTUTelieil, 00JaJaloluX CUJIbHBIMU T-TOHOPHBIMU
WX T-aKLEeNTOPHbIMU 3¢ dheKTaMMu.
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TepMuyeckasi nuMepu3allys He3aMEIIEHHOIO 3TWIeHA B IIUMKIIO-
OyTaH yepe3 OMpaaIMKaIbl MMEET YPE3BhIYAliHO BBICOKYIO SHEPIUIO aK-
tuBauuun (E, =44 Kkkaji/MoJib), HECMOTPSI Ha TO UYTO IO TEIJIOBOMY
a(dexTy peakiusi He CIMIIKOM dHIoTepmMuyHa (AH ° = 19 kayn/mMoib).
ITockoabKy SHTpOMuUs peakluy oueHb oTpuaTesbHa (—44 kan/K-MoJb),
IOBBIIIIEHUE TeMIIepaTypbl HE MOXET CWJIBHO CIBUHYTb PaBHOBECHUE
BIIPABO.

2 (3TUNIEH) —/—= UUKIOOYyTaH

Haxe npu 500°C comepkaHue LUKI0OyTaHa B oOpaslie 3TUIEHA He
npessbiinaet 0,01 moi. %. Takum o6pa3oM, HUKIOOYTaH HEIb3sT TIOJTY-
YUTh TEPMUYECKOM AUMEpHU3aLIMEN STUJICHA.

YToOBI MPOBECTH LMUKIU3ALMIO 3aMEIIEHHBIX aJIKEHOB, HYXHO
nonodpaTh Takue 3aMeCTUTENIM, KOTOphIE CIIOCOOCTBOBAIM OblI CHU-
JKEHUIO DHEPTrMM akTuBauuv. CHU3UTH SHEPTUI0 aKTUBAILIMU MOXKHO
JIBYMSI CIOCOOAMM: WJIM MyTeM ITOBBILLIEHMST SHEProconepkaHus pea-
TEHTOB, WJIM TMyTeM TOHMWXXEHMSI dHEProcoAep:KaHUs MPOMEKYTOU-
HBIX OMpaguKaJbHBIX YacTUIl (JIy4lle BCEro M3MEHSTh oba ¢akropa
OJHOBpeMeHHO). HanpumMmep, eciiu MosieKyJjia 3TUIeHa COASPKUT 00be-
MUCTbIC QJIKUJIbHBIE 3aMECTUTENIN B yUC-TIOJOXEHUSIX, T-CBSA3b OymeT
HEMHOTI'0 CKPYYEHHOM, YTO YBEJIMUYMUT SHEPruIo ajkeHa. Takum obpa-
30M, CKJIOHHOCTb K AMMEPHU3ALMM MPOCTPAHCTBEHHO 3aTPyIHEHHBIX
aJIKCHOB JOJIKHA OBITh BBILIE, YeM Yy He3aTPyIHEHHBIX aTKeHOB.

Oco0eHHO CKJIOHHBI K IUKJIOAMMEpU3alM TTOJuXJIopdTopake-
Hbl. DTOpP AecTaOMIM3UPYET TT-CBSI3b (T.€. MOBBIIIAET SHEPTUIO peareH-
TOB), a XJIOP CTAOUIM3UPYET PaAUKAIbHBIA IIEHTP:

Cl>=<F Cl Cl F
Cl F Cl
—
C1> <F Cl
cl F Cl Cl F

Ph
N Ph
—_—
C1>_ <F T a F cl F
cl F cl F Cl F

Haxe ¢ mueHamu 1,1-guxiop-2,2-1u@TopaTUIIEH pearupyer He
Kak aueHogwi, a myreM (2+2)-UMKIONPUCOSOUHEHUS:
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F - F > Cl F

Cl F Cl F Cl F
(XXIV)

.
JES—

Cl F Cl
Cl F Cl F Cl

Cl wm F

(XXV) (XXVI)

Jloka3aTeTbCTBOM PaIUKaIbHOTO TMYTH CIYXKUT CITOCOO OpHeHTa-
LIMY peareHTOB MpU 00pa30BaHUM YETBIPEXWICHHOTO LIMKIIA. o-XJI0p
CTAOWIM3UPYET PAAUKAIbHBIA LIEHTP Jydlle, 4yeM o-(Top, MOSTOMY
MpUCOeIMHEHNE AUXJIOPIANPTOPITIIIEHA K OyTagueHy uaeT yepe3 Ou-
pagukan XXIV, a He uepe3 oupaaukansl XXV win XXVI. Tlo umero-
muMcs oueHkaM, oupaaukan XXIV Ha 8 kkajn/mMonb ctabuibHee Ou-
panukana XXV u Ha 21 kkajn/mMojb crabuibHee Oupanukana XXVI.

IMocKoabKy MpUBeNeHHBIE pEaKLNU He SBIISIOTCS LEITHBIMU, OHU
HE MHULIMUPYIOTCS U HE MHTUMOUPYIOTCS OOBIYHBIMM WHMIMATOPAMU
WM WHTUOUTOpaMU CBOOOTHOPAIVKAIBHBIX PEaKIIHiA.

bupanukanbHble peakiuu (2+2)-UMKIONPUCOSANHEHUSI HECTe-
pPEOCeNIeKTUBHbBI, TaK KaK B OMpaaukaie BO3MOXHO CBOOOAHOE Bpa-
meHue Bokpyr C-C-cBsa3eit. Hanmpumep:

CH; ~
c. W‘
—
j[ +
CH; i
CH3 CH3
1«
- o cl
F F
CH; F CH; F
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25.4.1.0. TEPMHWYECKOE (2+2)-UUKJIOIMPUCOEJMHEHUE
YEPE3 IUIBUTTEPUOHHBIE MHTEPMEJIMATbLI

M3BecTHO, UTO (2+2)-LUKIONPUCOSINHEHUE 3JIEKTPOHOMU3OBITOY-
HOTO aJIKeHa K 3JIEKTPOHOAE(DULUTHOMY aJIKeHY UAET B OYEHb MST-
KHUX YCJIOBUSIX. DTO MOXHO OOBSICHUTH OOpa3oBaHUEM CTaAOUIM3UPO-
BAaHHBIX LIBUTTEPUOHHBIX MHTEpMEINATOB. B pse ciyyaeB mpucoenn-
HeHHe oOpaTHMO, W LIBUTTEP-MOH HAXOOWUTCS B PaBHOBECHMM KakK C
peareHTamMu, TaK M C MPOAYKTOM peakinun. OOBIYHO CKOPOCTb ITWK-
JIOMIPUCOCAUHEHNS OMpeaessIeTcsl cTaareil oopa3oBaHUs IIBUTTEP-
MOHA, HO, €CJIM LBUTTEP-MOH OCOOEHHO CTaOWJIEH, CKOPOCTLOIIpE-
JeISIIoIe cTaaueil MOXET CTaTh LIMKJIM3alMsl LIBUTTEP-UOHA.

K snekTpoHOAePUIIMTHBIM OTHOSITCSI aJdKEHBI, COAEpIKAIINE Y
NBOWHON cBsA3u Takue 3amectutenu, kak CN, CF;, CO,R, SO,R,
NO, u T.1. DIeKTPOHOU3OBITOUHBIE aJIKEHbI conepxkar (+M)-3amecTu-
tenu, HaripuMep OR (a¢upsl eHonos), RS (acpupnr entuonon), NR,
(eHaMUMHBI) U T.II.:

H X:
(2+2)-nmkio-
X: MOpHCOeIWHEHHE
H X:
N—" obpaTumMo H ® 4
HepeHoc
N C) MpOTOHA

V4 \

L\

G

OOBIYHO LIMKJIOMPUCOEANMHEHNE C TTPOMEKYTOUHBIM 00pa3oBaHUEM
LBUTTEP-MOHA UAET ¢ 00pa30BaHUEM IMKJIOOyTaHA WIIM HOBOTO OTKPHI-
TOTO ajJIKeHa, a peaKkUMs C M3OBITKOM 3JIeKTPOHOAC(HUIIUTHOTO KOM-
noHeHTa C=C-z uju co crneuurabHO 100aBJIeHHbIM COeIUHEHUEM a=b,
comepKalluM T-CBSI3b — C 00pa3oBaHMEM IIECTUWICHHBIX ITUKIIOB.

Huxe npuseneH psii pUMEPOB MOJISIPHOTO (2+42)-LUKIONPUCO-
eIMHEHUS:

(N
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HyC H
>== + CH=CHCOMe——>
H3C NMez

Me,N
CO,Me
—> H H
H;C H
H;C H

Oco0eHHO cieayeT OTMETUTb peaklM C yyacTheM Ype3BblYaiiHO
BJIEKTPOMUIBHBIX alETUIEHANKAPOOHOBBIX 3(UPOB. DTU peaKkluu
LIMPOKO MCIMOJIb3YIOTCS I aHHEJUPOBAHUST JIEKTPOHOU3OBITOUHBIX
TeTePOLIMKIIOB C LMKJIOOYTEHOBBIM KOJILLIOM. B HEKOTOpBIX clydyasx
MOJTy4YatolIMecs UKI00YTeHbl MOXHO BBIIEIUTb, HO Yallle OHU Tpe-
TepHeBalT 3JIEKTPOLUMKINYECKYIO PEeaKLMI0 PaCKPBITUS KoJiblia, U
TakKMM 00pa3oM MOXHO IMPOBECTU pacllIMpeHUe LMKJIA:

@—SMe + MeO,CC=CCO,Me —>

)
Me
NPOU3BOAHOE NUTHMAPONUPPOIIA
CO,Me
—_— - >
CO,Me
ITI SMe
Me
CO,Me
N SMe IIPOU3BOHOC
1\|/[e JAUruipoas€enuHa

[MonspHoe (2+2)-UMKIONPUCOEIMHEHUE, KaK MpaBUJIO, TPOTe-
KaeT CTEPEOCEJCKTUBHO, U 3THUM OHO PE3KO OTJIMYACTCS OT LIMKJIO-
MPUCOEIUHEHMS Yepe3 OupaauKanbHble nHTepMeauaThl. [IpuunHa co-
CTOUT B TOM, UTO 3JIEKTPOCTATUYECKOE MPUTSIKEHUE MEXIY KOHLIAMU
LBUTTEP-MOHA IMPEMITCTBYET BPAILEHUIO BOKPYT IPYTUX G-CBS3Cii:
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nim

ITpumepoM SIBIIIETCS LIMKJIONIPUCOSIMHEHNE yuc-1-OyTeHUIITH -
JIOBOTO 3(dupa K TeTpallaHOITHICHY:

Et OEt H H
yuc-1-0yTeHun- . P
STUIIOBBIH SpUp Et OEt

+ NC-~ . CN
NC CN (XXVID)

BpallleHnEe (98%)
BOKpYT (B GeHzos1e)
CBSI3H
Cc-C

H OEt

Et H (XXVIID)
(2%)
NC-~ . CN (B 6ensone)
NC CN

I'maBHBIM TIpoayKTOM sBiIsieTcsa LukiaooyraH XXVII. B pesyabrare
BpaitieHUus1 BOKpyr C—C-cBsi3u 00pasyeTcsl TakxKe HeKOTOpoe KoJye-
ctBo n3omepa XXVIII. B 6enzone cogepxxanue nzomepa XXVIII B pe-
aKILMOHHOI CMECH COCTaBJisieT Bcero 2%. BuIxon 3TOro «HemnpaBWib-
HOTO» ajUTyKTa YBEJIWYMBAETCS C POCTOM TIOJSIPHOCTH PAaCTBOPUTEIIS
(7% B CH,Cl,, 10% B stunauerare, 18% B CH;CN); 910 CBsI3aHO ¢
TE€M, YTO B 0oJjiee TMOJISIPHOM pPacCTBOPUTESIE LIBUTTEP-WUOH COJIbBATH-
pOBaH Jyullle, BCIACACTBUE YEro KyJOHOBCKOE B3aMMOICHCTBUE MEXK-
Iy 3apsiKeHHBIMM LIEHTPAMM 0CJIabeBaeT U CKOPOCTh CBOOOIHOTO Bpa-
1LIEHUST BO3pacTaer.

25.4.1.8. (2+2)-UUKIIOMMPUCOEANHEHUWE KYMYJIEHOB

K KkyMmyseHaM OTHOCSTCS COeIMHEHHUs, KOTOpbIe COAepXKar, 1o
KpaliHeil Mepe, ABE OPTOTOHAJIbHBIE T-CBI3U, MPUUYEM LEHTPAIb-
HBII aTOM SIBJISIETCSI OOLLIMM JJISI 9TUX ABYX T-CBsI3eit (cM. 1. 7, 4. 1).
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I[MpuMepamMu ABISIOTCS ajUTeH (YUCTO YIJIEPOOHBIM KyMYJIEH) M Ke-
TEH, OTHOCSIIMIACSA K KJIACCYy TeTepOKYyMYJIEHOB:

H
B s —CD_(')'-@

C——C—— C
H°0 G—aN QG
H
Annen Keren

XapakTepHOit 0COOEHHOCTBIO KyMYJICHOB SIBJISIETCS] X CKIIOHHOCTD
B BCTYIaTh TepMUUYECKUE peakuuu (2+2)-1ukinonpucoenruHenus. Ha-
npuMep, ¢ AMEHaAMU 3aMellleHHble KETEHbI JalT MCKIIOUYUTEIHLHO
MPOAYKTHI (12+12)-UUKIOMPUCOSAUHEHUSI, HO He 00pa3yloT (n2+n4)-
aJiIyKTOB NHWJIbC-aJIbAEPOBCKOrO THIIA.

O

0]
7
- ( + R,C=C=0 % CER
R AN
R

IMockonbKy (n2s+m2s)-B3auMOAECTBUE 3aIIPEILEHO MO0 OpOUTAIIb-
HOW cuMMeTpuM, a (m2s+m2a)-peakuusi MPOCTPAHCTBEHHO 3aTpYyAHE-
Ha, MOXHO OBUIO TTOJaraTh, YTO PeaklMs KyMYJEHOB C aJKeHaMu
WICT TIOCTAIUITHO: YIIM Yepe3 OUMpaarKalibl, WA Yepe3 LIBUTTeP-NOHEI.
BHauasne Tak ¥ cyuTanu, HO 3aTeM ObLIM IMOJYyYEHbl 10KA3aTeIbCTBA B
MOJIb3y TOTO, YTO peaklus LMKIONPUCOSANHEHHUS KETeHOB K ajKe-
HaM IIPOTEKaeT comracoBaHHO (XbiocToH, 1969). DTu mokasareabcTBa
COCTOSIT B CJIE/TYIOIIIEM.

1. ukmonpucoenMHeHUE BbICOKOCTEPEOCEIEKTUBHO.

2. DHranbnus aktuBauuu Mana (AH” = 9—10 Kkai/MoJb), HO 3H-
TPOITUSI aKTUBALMU CUJIBHO oTpuuateiabHa (AS™ =-40 kan/K - Moib),
YTO XapaKTepHO JUISl COMIaCOBAHHBIX MPOLECCOB (CM. L. 3, 4. 1).

3. BausHue MOJSIpHOCTU PacTBOPUTENSI HA CKOPOCTb peakiiuu
HeBenuKo. Hampumep, mipu mepexoze OT IUMKJIOreKcaHa K alleTOHUT-
PUITY CKOPOCTh PeaKIIMy KETeHOB C alKeHaM1 YBEJIMIMBAETCS BCETO B
50 pa3, Torma Kak CKOPOCTh peakIMM TeTparMaH3TUJIeHa C hapa-Me-
TOKCHUCTUPOJIOM (TUMMYHOE MOJISIPHOE LMKJIOMPUCOCAUHEHE) — B
63 000 pas.

4. TlpucoenuHeHre KETEHOB K HOPOOpHEHY IIpoTeKaeT 0e3 Ka-
KUX-JIM0O CKEJIETHBIX MeperpynIipoOBOK, KOTOPbIE MOTJIM OBl OCYIIle-
CTBJISITECS B KATUOHHOM YacTW IIBUTTEP-HMOHA:

R

254



BO3MOXHaA
CKCJICTHAaA

HePerpynnupoBKa R

OTU JaHHBIE ObUIM OOBSICHEHBI MPEAIIONOKEHUEM, YTO peaKLIMs
KETEHOB C aJIKEHAMU OCYIIECTBIISIETCS KaK pa3pellieHHOe MO0 CUMMET-
pum (n2s+m2a)-uukinonpucoeauHerue. IpeononeHno MpocTpaHCTBEH-
HOI'O OTTAJIKMBAHUS IPU TaKOM CIHOCO0E COJIMXKEHUsI peareHTOB CIIO-
COOCTBYET BTOPMYHOE OpOMTATBLHOE B3aUMOJCHCTBHE MEXIY YITIepOI-
HBIM KOHIIOM pa3pbIXJISolIeil m*-opOuTaan KapOOHUILHON TPYIIIbI
u 1-B3MO anikeHa.

Ecim KeteH paccMarpuBaTh Kak HBUTTEP-oH R,C=C"-O", 10 Ha
KYMYJIITUBHOM aTOMe yrjiepona OyayT IBe OpTOrOHajbHbIE p-OpOuTa-
qu: ogHa (mpuHamiexainas: cBsai3u C=C) 3aHsTass U Apyras «BaKaHT-
Has» (mapa cMellleHa K KUCJI0opoay). DTa BaKaHTHAask OpOUTajb IMOIXO0-
JIUT K T-OpOUTaM ajIkeHa, BbI3bIBas peakuyio tuna (n2s+m0s), KoTo-
pas paspellieHa 1o cUMMeTpuu. [Ipu 3TOM yriaepoa—yriepomaHas
T-OpOUTAJIb KETEHA MPUOOPETAET OPTOrOHAIBHYIO OPUEHTALIMIO, HEOO-
XOIUMYIO JIJIST OCYIIECTBICHUST aHTAPArIOBEPXHOCTHOTO B3aMMOICICTBYSI.

Takum oOpa3oM, peaklMi0 KETEHOB C aJlKeHaMM IIO0 CYLIECTBY
cledyeT paccMmaTpuBaTh KaK «cpociumecs» peakuuu (n2s+w0s)- u
(n2s+n2a)-unknonpucoeauHeHus. OaHakKo Takas Touyka 3peHUs Ha
MNPUYMHY CKJIOHHOCTH KET€HOB K (2+2)-LUKIONPUCOSAUHEHUIO HE
enuHCcTBeHHas. M. JIproap TpenjioKusl pacCMaTprMBaTh TaKKe peaKlnu
KaK ILIECTUIJIECKTPOHHOE (2+2+2)-LUKIONPUCOEIUHEHNE C y4acTUeM
00eunx m-cBs3eil kereHa. CorlacHO 3TOM TOUYKE 3peHMsl, aJIKeH MOJIXO0-
muT K cBsa3u C=C keTeHa IO IMaroHaJu W aTakyeT OAHY p-OpOuTajb
YIJIEPOI—YIJIEPOAHON T-CUCTEMbI M OJIHY p-OpOUTAJIb T-CUCTEMBI YI-
JIEpOI—KUCIOpoa. B mepexoqHOM COCTOSIHUM p-OpOUTAIM KETeHa yxKe
HE OPTOTOHaJIbHBI, a p-OopOUTAIL KUCIOPOAA HaMpaBieHa MEXIY JBY-
M p-OpOUTANIIMU KyMYJISITUBHOTO aToMa yrjiepoza, T.e. ClIapuBaeTCs
¢ HUMHU ob6euMu. I1py 3TOM BO3HHMKAET BO3MOXHOCTD MEePEKPBhIBAHUS
BCEX IIECTH OpOUTajeil U MOSBIEHUE apOMAaTUYHOCTH XIOKKEJIEBCKO-
ro TUMa:
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: of} Q |~
Q/
Q/%%% Q9@

v %?b %@b

B3MO keteHa mnpeacTaBisieT coO0il aHTUCBSI3bIBAIOLLYI0 KOMOU-
Hauuto cBsizbiBaoulein T-MO cBsizu C—C u p-opbutanu Kucjiopojaa ¢
HanOOJbIINM KO3(M(PULIMEHTOM Yy aToMa KMCJIOpoAa M HauMEHBIIMM
K03 GULIMEHTOM Y LieHTpajlbHOro aroma ymiepoga. HCMO kereHa
MO CYIIECTBY MPEACTaBISIET COOOK OPTOTOHAJBHYIO Pa3pbIXJISIOLLYIO
m*-opoutaib rpyrnnbsl C=0 ¢ HauboabIIUM KO(M@MUIIMEHTOM Yy LEHT-
pajibHOTO (KapOOHWJIBHOIO) yrjiepoja.

%O% HCMO (3.8 9B)
d

B3MO (-12,45B) A€ i % %

Cuuraercs, YTO NOMMHUPYIOIIUNA BKJIaL B peaklMi0o KETEHOB C
ankeHaMmu BHocuT B3aumoneiictBue HCMO ketena ¢ B3MO kete-
Hoduaa. ITO B3aMMOACHCTBUE XOPOIIO OOBICHSIET PErMoCesIeKTHUB-
HOCTb, HaOJI0JaeMyl0 B peaklusIX C ajJKeHaMM, €ClIU Y4ecTb, YTO
Hanbonbnii KoappuuneHT B B3MO 3aMmelieHHOro ajikeHa MMeEeT
aToM yriepoja, He Hecywuii 3amectutenst (pasmen 25.3.1.B).

Rl\ RV
C=C=0 0
Rl/ R'
—_— (R,R'= Alk, Ar, OALk)
R—CH=CH, R

HumMmepu3alius 3aMelIeHHBIX KETEeHOB OCYILECTBISETCS MO THUITY
«TOJIOBAa K XBOCTY», UTO TaKXKe OOBSICHSIETCS MCXOIS U3 (hOPMBI TIPH-
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BEICHHBIX BbILIE I'PaHUYHBIX opoOuTtaneit. CaM KeTeH AUMEpU3yeTcs
Mo-UHOMY, O0pa3ysl HE LIMKIOOYTaHIWOH, a [-JaKTOH:

R T o T o
C=C=0 _| ~
R R N R —r
0=C=*=C_ o) \]/
R R
IJIaBHBIH POy KT R
— H,C
H,C=C=0 2
2 & N o
ﬁ —_—
H,C=C=0 N
O

I[ToMMMO KETEeHOB CYIIECTBYET MHOXKECTBO IPYTUMX I'€TEPOKYMY-
JICHOB, HanboJiee BaXKHbIE U3 KOTOPBIX IIPUBEIEHBI B Ta0MI. 25.6

Jloka3zaTeIbCTBa COITIACOBAHHOCTU LIMKJIONPUCOCIMHEHUS U JTH-
MepHU3alliy KETEeHOB HEJIb3sl aBTOMATMUYECKHM PAaCIIPOCTPAHUTh Ha BCE
IPYTHe TeTepOKYMYJICHBI JIMIIb HA TOM OCHOBAHUU, YTO BCE OHU MMEIOT
OPTOTrOHAJIbHBbIE BaKaHTHBIC T*-aHTUCBsI3bIBalolme opoutanu. Crio-
COOHOCTB T*-0pOUTAIA K YUYACTUIO B pEaKIMK 3aBUCUT OT €€ dHepre-
TUYECKOIO YPOBHSI OTHOCUTEJIEHO YPOBHSI T-OpOMTa U ajikeHa. B xe-
TeHaxX T*-OopOMTaIb JIEXKUT OCOOCHHO HM3KO M II03TOMY MOXET 3(-
(beKTMBHO B3aMMOJEICTBOBATh C T-OpOUTAIAIMHU ajkeHOB. Ho maxke
KETeHbl MOTYT IPUCOCAUHSITLCS K ajKeHaM IO HECOITIaCOBaHHOMY
CTAIMITHOMY MEXaHM3MY, €CJIM IIPOMEXYTOUHBIM LIBUTTEP-UOH IOC-
TaTOYHO ycToitumB. Hampumep, nmpucoenrHeHne K 3(upaM €HOJOB
(BUHUJIOBBIM 3(MpaM) BCerla MAET COINIACOBAHHO, HO IIPUCOCIM-
HeHUEe K eHaMMHAaM 4YacTO SIBJISIETCS LIBUTTCPMOHHBIM IIPOLIECCOM.

Tab6numa 25.6
THunbl reTepoKymy/IeHOB

R,C=C=0 Ketenst R,C=S=0 CynbbuHbI
0=C=C=C=0 Henookuch R,C=5(0)=0 CynbheHbt
yriaepoza
R,C=C=NR Ketnmunel RN=C=0 N3zoumanarst
R,C=C=S TuokereHsl RN=C=S Nsotronmanarsl
R,C=S=CR, CynpbuauanHsl 0=N=0 JIByokuch asora
0=C=0 JIByokuch yriepona [| RN=S=0 CynbhUHUIAMUHBI
S=C=S Cepoyriepos RN=S(0)=0 CynbdypriaMuHbl
RN=C=NR Kapbonnumu st
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Huxe mpuBeneHO HECKOJIbKO MPUMEPOB, B KOTOPBIX MPOMEXKYTOU-
Hble LBUTTEP-UOHBI ObUIM OOHAPYXKEHbI C MOMOUIBIO «JIOBYILIEK»:

H;C CH .
:C=c=0 + CN_CH=C< P BCTAS0
H;C

eHaMUH 3

3
H3C O O

PhC PhC Me
Ph—CH=N—Me R Me N
®N ®N
+ — _
PhZC:C:O thclé o) 0] @Cth
¢ Ph2C:C:O¢
Ph Me pp P
N N/Me
- N Ph
pn O (O Ph
Ph
PhC Ph Ph
Ph—CH=N—Ph i ph N’
T — oN 5
A P\
PhC=C=0 Ph,C 00 php O
i ROH
Ph

I
RO—CH—N—Ph

Ph,CH O
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0
R-N=C=N—R PhCL,0 Ph
+ —_—> Y E—
h,C=C=0 N N
PhhC=C= @//,C R RN R
74
Ve
R L HOH
0

Il
Ph,CH—C—N—R

RNA O

B menom MoXHO ckaszaTb, YTO corjlacoBaHHoe (m2s+m2a)-
LIMKJIONPUCOETMHEHNE BO3MOXKHO JIMIITb B TOM CIIydae, eI KyMyJIeH
UMeeT T*-opOuTallb HU3KOM 3HEPIYU, a aJIkeH HEe COACPXKMT 3aMec-
TUTEJIE, CIOCOOHBIX CTAOMIM3UPOBATH ITOJIOXKUTEIBHBIN TTOJIIOC IIBUT-
Tep-HoHa.

AJieH BCTymaeT B peakuuio (2+42)-UUKIOAUMEPU3ALUU 10 TUITY
«T0JIOBA K TojIoBe». MeXaHN3M peakivi, BepOsITHO, OMpalTuKaIbHBIM.

25.4.1.r. XEJIETPOIIHBIE (2+2)-PEAKIIHA

B pe3sysbrarte xeneTpoIHbIX (2+2)-peakiinii 00pa3yroTcs TPEeXWICH-
Hble IUKJIbIL. HaubGosee 4acTo NMPUMEHSIIOTCS peaKluy IPUCOSIUHE-
HMS K aJIKeHaM KapOeHOB M HUTPEHOB, BEAyILME K IMKJIOIPOIIaHAM
WY a3upUAMHAM:

‘CH, (xap6en) NR (uutpen) 1|{
—_— C —>» N
[uknonponaHsl A3UpUIUHEI
Takne peakIIMU TIPEACTABISIIOT OTPOMHBIN CUHTETUIECKU MH-
tepec (171.5). He Bce xapOeHBI U HMTPEHBI CIIOCOOHBI IIPUCOEIM-
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HSTBCSI K aJIKeHaM, MHOTME U3 HMX IIPEANOUTUTEILHO IIpeTeprieBa-
10T MeperpynnupoBKu, dbparMeHTauuu, BHeapeHue mo cesa3sm C-H
WM OTILETUISIIOT OT aJikeHa aToM Bomopona. MHorma 3T Hexena-
TeJbHbIE peaKklMM yIaeTcs MOAaBUThb, UCIOJb3YS MPU Pas3loXeHUHU
BEIlIECTBA, M3 KOTOPHIX BBIIEJISIETCS KapOeH, METaUIMYeCKMe KarTa-
JIU3aTOPHI WJIM METa/UIOOpTraHMYecKre KapOeHOBbIe KOMILIEKCHI (CM.
ri1. 27). Hanpumep, npu TepMUYECKOM HEKATAJIMTUUYECKOM pasfio-
JKEHUU T1Ma30KETOHOB IOJYYalOTCSI B OCHOBHOM IIPOIYKTHI nepeepyn-
nuposxu Boavgha:

® O .
R—C—CH-N-N —2> R—C—CH —p—> O=C=CHR

-N, I
O

OZ[HaKO B MPUCYTCTBUM MCIHOI'O KaTaJin3aTopa IoJIydyacTcCd IMPOAYKT
TUKIOIIPUCOCANHECHN A

C(O)R

® ©
RCOCH=N=N + Cu + >C=C< —> A + N

B mocnennem ciydae B LIMKJIONIPUCOEAMHEHUN yYacTBYeT HE CBOOOI-
HBII KapOeH, a TaK Ha3bIBaeMbIli KapOeHOU. DTU TEPMUHOM Ha3bIBa-
IOT KOMIUIEKCHI KapOeHOB C MeTajUlaMU WJIM KapOeHOIIOJ00HbIE MH-
tepMenuraTsl. LlukionpucoeauHeHne CBOOOIHBIX, T.€. HE3aKOMILIEK-
COBaHHBIX, KApOEHOB M HUTPEHOB BCTPEYAETCS HE YacTO U XapaKTepHO
JINIIb JUIS1 YacTUll, MepeuYrcIeHHbIX B Taba 25.7.

Tao6auma 25.7

Kapﬁeﬂu W HUTPEHbI, NPUCOCAUHAIOMINECA K AJIKeHAM 0e3 Karajud3aTopa

Kap6ensi
MetuiieH : CH,
JuranoxkapOeHbl :CX, X =F, Cl, Br)
AJKOKCHKapOOHMIIKApOEHBI : CHCOOR
BununuaenkapoeHbI : C=CR,
JuapunkapOeHbl : CArn,
ApuragoreHokapOeHbl : CArX
ArtomapHblil yriepoa (nmaposasi ¢asza) :C:

Hutpenst
AJNKOKCUHUTPEHBI NCOR
[IlnaHOHUTpPEH :'I:ICN
AMMHOHUTPEHBI :I'\'INRZ




Kak 6b110 mokaszaHo B 1. 5 (4. 1), kKapOeHbl 1 HUTPEHBI Ha BJIeK-
TPOHONEC(UIIMTHBIX aTOMax yIJiepoaa M a3oTa MMEIOT 1O JIBE HECBS-
3BIBAIOIIE OPOUTAIN, MEXIY KOTOPBHIMU paclpelesieHbl 1Ba 2JIEKT-
poHa. OHU MOTYT CYLIECTBOBATb B CUHIJIETHOM WU TPUILIETHOM (pop-
me. CuHrieTHast popMa U30THYTa, TpUIUIETHAs JIMHelHa (pa3nen 5.5.2).
OObIYHO OOJIee HU3KYIO PHEPTUI0 MMEeT TPUILIETHOE COCTOSIHME, HO
ecnu oba 3amecturenss R umeror HemopeneHHbie napel (F, Cl, Br,
OR, NR, M T.1.), TO OCHOBHBIM COCTOSIHUEM KapOeHa WM HUTpeHa
SIBJISIETCSI CUHIJIET.

TpurnaeTHble YacTULbl MPUCOSINHSIOTCS K aJIKEHAM C TTPOMEXY-
TOYHBIM 00pa3oBaHMEM OMpanvKaia TPUMETWUJIEHa, U 3TOT Ipolece
HeCTepeoCeIeKTUBEH:

A v A CH,

CH2+ + H,C=CH; —>» HZC/ \CHZ - > A

Kak BumHO M3 TIpUBEIECHHON CXeMbl, TPMIUIETHBIN KapOeH Mo-
JKeT JaTh TOJBKO TPUTUIETHBIM OMpammKal, I TpeBpalleHusT KOTO-
poTo B MUKIIOMPOITaH HeoOXomnMa MHBepcust ciiHa. [IpemmomaraeT-
Csl, UTO MHBEPCHUS CIIMHA MPOUCXOAUT MEMJIEHHee, YeM BpallleHue
BOKPYI' G-CBsI3€ii, U TO3TOMY TPUCOEAMHEHUE HECTEPEeOCEIEKTUBHO.
DTO MpaBUIO HOCUT HazBaHMe eunomesv, Ckeana W 9acTO MCIIONB3Y-
eTCS B OPTaHWYECKOM XUMUM.

CorracoBaHHOM MOXeT ObITh TOJBKO PEaKIINsT CUHTJIETHBIX Kap-
OCHOB M HUTPEHOB. JleliCTBUTENbHO, CTepeocneln(PuIHOCTb HabI0-
Jajach IJIsl TeX KapOeHOB U HUTPEHOB, KOTOPbIe B OCHOBHOM COCTO-

SIHUU CUHIJIETHBI, a uMeHHo, 1is :CCl,, :CF,, :I.\'INRz. Iuxnonpuco-
e/lMHeHUe KapOeHOMIOB Bcerja crepeocrelu@uuHo.

XeeTpornHble peakuuu (2+2)-Tuna ¢ ydacTueM CUHIJIETHBIX Kap-
OCHOB U HUTPEHOB MOXKHO paccMaTpUBaTh KaK peakluio Tuma (n2+m?2),
KOTOpas paspelleHa Mo OpOUTAIIbHON CUMMETPUU:

-
-

HOMO - % B3MO

ot
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25.4.2. ®OTOXUMHNYECKOE (2+2)-IIUKJIOITPUCOEAUHEHUE

Mexanusm ¢GoToXuMUUECKOro (2+2)-UMKIONPUCOeIMHEHUS Oa-
JIeKo He IpocT. Ha mepBoii ctanuu oOpa3yeTcsi BO30YXKIEeHHBIN pea-
TeHT, KOTOpbIi Jajee B3aMMOAEHCTBYET CO BTOPbIM peareHTOM, Ha-
XOIAIIEMCS B OCHOBHOM 3JIEKTPOHHOM COCTOSTHUU. [1pu mepBuYHOM
BO30YXIEeHUN BO3HMKAET CHHIJIETHOE BO30YXXIEHHOE COCTOSHUE,
KOTOpO€, OMHAKO, MMEET OYeHb KOPOTKOE BpeMsl XXU3HU (~ 107 c), u
IMO3TOMY OBICTPO TMEPEXOAUT B OoOJiee ITOJTOXHUBYIEE TPUILIETHOE
COCTOSIHHE.

Taxkoil nepexon (unmepkomoOUHaAUUOHHAS KOHEEPCUS) OOBIYHO TTPO-
HUCXOOUT OBICTpPee, UYeM peaklus MEXIy MOJIEKYJaMH pearcHTOB, a
5TO 3HAYUT, YTO MHOTHE TPOIIECCHI HA CAaMOM JeJie UAYT Yepe3 TPHUII-
JIETHbIE BO30YXXIeHHbIe COCTOSSHUSI. OueHb 4acTo (hOTOXUMUUYECKOE
MIPUCOEAMHEHNE TIPOBOIST C IMOMOIIBIO CEHCHOMIN3aTOpa, KOTOPHIi
TIOTJIOIIAET CBETOBYIO SHEPIUIO, a TIOTOM IIepeaeT ee peareHTy. B pe-
3yJbTaTe CEHCUOMIM3AlMKU peareHT OObIYHO TOJYy4YaeTcs B TPUILIET-
HOM BO30YXXIEHHOM COCTOSIHMM. B KauecTBe ceHCHOMIM3aTOpa 4acTo
UCIIOJIB3YI0T OeH3opeHoH Ph,C=0.

TIpu oToxmMuuecKoil akTUBALIMK pa3pellieHHbIM MO0 OpOUTaIIb-
HOU CUMMETpUU sIBJIsieTCs Tpoliecc (n2s+m2s). DTo cipaBeIuBO, €CJIn
peareHT HaXOOWUTCs B CMHIJIETHOM BO30Y:KIeHHOM cocTossHuU. OmHa-
KO CJIMILIKOM KOPOTKOE BpeMs KM3HU CUHIJIETHOTO COCTOSIHMS Jiefia-
€T COIJIaCOBaHHBIN MpoliecC MaTIOBEPOSITHBIM. [103TOMY OOJIBILIMHCTBO
(poTOXMMMYECKUX peakliMii — MpouLecchl OMpaauKaabHbIE.

B uuncno Hanbosiee BEpOSATHBIX MPETeHAEHTOB H