Onruveckas nsomepusi (FHAHTHOMEPHs)

Kongurypanuonusie paznuuus NPUBOAAT JUOO K dHAHTHOMEpaM, JHOO K
IacTepeoMepam.

Ouanmuomepus — 3TO BUJ HW30MEPUH, NIPU KOTOPOM CTEPEOU3OMEPBHIL,
Ha3bIBAEMbIE DJHAHTHOMEpPAMH, OTHOCSTCS MEXKIy COOOWM Kak TMpeaAMeT |
HECOBMECTHUMOE C HUM 3epKajbHOE H300paxKeHUE.

OHAHTUOMEDPBI CYLIECTBYIOT HE TOJIBKO JUISI MCTUHHO ACHMMETPUYHBIX
MOJIEKYJ (TO €CTh MOJIEKYJ, JIMIIECHHBIX JIOOBIX 3JIEMEHTOB CUMMETpPHUH), HO U B
CJIy4ae XUpaJbHbIX MOJEKYIL.

Bce mpeameTsl ¢ TOYKM 3pEHMS HAIW4us y HUX DJIEMEHTOB CUMMETPUU
MOXHO pa3/ieliuTh HAa XUPAIbHbIE U axupajibHble. XHUPAJIbHOCTHbIO (OT Tpeu.
«hiros» — pyka) Ha3pIBalOT CBOHCTBO OOBEKTa OBITh HECOBMECTHUMBIM CO CBOUM
3epKAJIbHBIM OTOOpaXKeHUEM. XHUpaJIbHbIE TEIa XapaKTEPHU3YKOTCS OTCYTCTBHEM

IIJIOCKOCTH U LICHTPAa CUMMCTPHH.

Xupanonas monexyia — MOJEKyJNa, KOTOpas HECOBMECTMMA CO CBOUM
3epKAJIbHBIM M300pakeHHEeM. AXupaibHash MOJIEKYJla — MOJIEKYJa, COBMECTUMAs
CO CBOMM 3€pKaJbHbIM H300pakeHHeM. [IpUUMHON XUPATBLHOCTH MOJEKYII
SBIIAETCS HAJIMYME XHUPAJBHOTO LIEHTpA. XHUPAJIbHBIM LEHTP MOJIEKYJbI (4acTo
XUPAJbHBI aTOM) Ha3bIBAIOT TaKXKE ACUMMEMPUYECKUM  AMOMOM, WIA

cmepeoyeHnpoMm.
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OTH U30MEpPHI OTHOCATCS MEXIYy COO0W KaK HECOBMECTHMBIC 3€pKaTbHBIC
N300paKCHUS U HAa3BbIBAKOTCS SHAHMUOMEPAMU.

DHaHTHOMEPHl MMEIOT MHOTO OJWHAKOBBIX (U3MUECKUX WM XUMHUYCCKHUX
CBOMCTB. DHAHTHOMEPHI KaK IMPaBUJIO ONTHYECKH AKTUBHBI, TO €CTh CIIOCOOHBI
MIOBOPAYUBATH IJIOCKOCThH MOJIIPU30BAHHOTO CBETA HA OMPE/ICICHHBIA yTO.

DHaHTHOMEPHl HMEIOT OJMHAKOBBIC aOCOJIOTHBIC BEIUYMHBI  YTIIOB
ONTHYECKOI'O0 BpAIICHUSA, HO IPOTHBOIOJOXKHBIE TII0 3HAKY, IIO3TOMY OHH
HA3BIBAIOTCS ONTHYCCKUMHM H30MEpaMU. DHAHTHOMEDP, BpallarolIUuil IUIOCKOCTh
MOJIIPU30BAHHOTO CBETA BMIPABO IO OTHOIICHWIO K HAOIIOAATENI0, HAa3bIBAIOT
MPABOBPAIAIOIIUM HHAHTUOMEPOM, a BpalieHue o0003HaualT (+), BIEBO —
JICBOBpAIIAIOIINM, a BpaleHUEe 0003HAYAIOT (-).

CMech paBHBIX KOJUYECTB JBYX SHAHTHOMEPOB HA3BIBACTCS payeMuyecKkoll
cMecbio UM payemamonm. PariemaTsl He 00J1a1al0T ONTHYCCKON aKTUBHOCTBIO Ml IX
o0o3HavaroT 3HaKoM (£). Panmemuueckass cmech MMeeT (PU3MUECKHME CBOWCTBA,

OTJIMYHBIC OT CBOMCTB OTACJIBHBIX DQHAHTHUOMCPOB.

/Inacrepeomepust

Ecnu B coeauHEeHWHM HECKOJIBKO XHMPATbHBIX aTOMOB, TO KOJUYECTBO
cTepeonzoMepoB omnpeaensercs popmyrnoir N=2n, rae N — 9uciio cTepeon3oMepoB,
N — 4YuCIO acMMMETPHYECKHUX LEeHTpoB. Hampumep, eciu B Mojekysne 2

ACUMMCTPHYCCKHX aToMa yIrJj€poa, TO YUCJI0 CTCPCOU30MCPOB paBHO 4, IIpHU 3TOM



U3 HUX 2 Mapsl ABISAIOTCS SHAHTUOMEPHBIMH APYT APYTY (TO €CTh OTHOCSTCS IPYT

K JPYTy Kak MpeJAMET U €ro 3epKajlbHOE OTPAKEHUE):

CHO CHO
e aHaHMUoOMepbI e
H OH ~ > HO H
H—*OH HO—-H
CH,OH CH,OH
A 7oA
. duacmepeomepsl
cHo '~ Y cho
HO—*H dHaHmMuUoMepbl H—*OH
H—=OoH = 7777 T HO—-H
CH,OH CH,OH

Jluacmepeomepamu Ha3bIBAIOT CTEPEOU3OMEPHI, KOTOPBIE HE OTHOCSITCS
JpYT K IPYTY Kak MpeaMep U €ro 3epKajbHOE OTPAKEHUE.

Paznuuaror o-duacmepeomepvr (T€, UYTO CYIIECTBYIOT B COCAMHEHUSX
COJIEpKAIIMX TOJBKO G-CBSI3U, TO €CTb B COCOUHEHUSX, umernowux oOonee 1
XUpanvLHo20 yeHmpa) U m-ouacmepeomepul (Te, 4TO CYIIECTBYIOT B COCAMHEHUSX
COO0EPACAWUX T-CEA3U WA YUKIUYECKUX COCOUHEHUSIX).

JlnactepeoMepbl OTJIMYAKOTCA JAPYr OT Jpyra HE TOJIBKO ONTUYECKUM
BpallleHUEeM, HO U BCEMH APYTrUMH (PU3NYECKUMHU KOHCTAHTAMH: Y HHUX pa3HbIC
TEMIIEPATYpPhI IUIABJICHUSI U KUIICHUSI, pa3HbIE€ PACTBOPUMOCTU M Jip. Paznuuus B
CBOMCTBaxX JMAcCTEPEOMEPOB 3a4aCTyl) HUYYTh HE MEHbIIE, YE€M pa3Iudus B
CBOMCTBaX MEXY CTPYKTYPHBIMU U30MEPAMHU.

Uucno ctepeon3oMepoB MOKET YMEHBIIATHCS W3-32 YACTUYHOW CUMMETPHH,
NOSIBJISIONIEHCS B HEKOTOPBIX CTpyKTypax. IIprMepoM MOXKET CIyXUTb GUHHASA
Kucioma, y KOTOPOM YUCIO MHAMBUAYAJIBHBIX CTEPEOM30MEPOB COKPAIIAETCS 10

Tpex. X mpoekinoHHbIe (OPMYIIHL:
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®opmyna I upentuyna ¢ popmynoii la: npeBpamaercs B Hee pU MOBOPOTE
Ha 180°B IUIOCKOCTH dYepTeka H, CICAOBATEIbHO, HE H300pa)kaeT HOBOTO

cTepeomzoMepa. IDTO ONTHUYECKHM HEaKTWBHas Moaudukamus — mezo-popma. B
OTJMYME OT  pameMara, KOTOpbIi  MOXET  OBIThb  pacHielyieH  Ha
ONITUYECKUE aHTUIIOBI, Me30-(hopMa MPUHIIUITHATFHO HepacIIersieMa: Kaxaas ee
MOJIEKYJIa UMEET OJIMH ACHMMETPUYECKUN LEHTP OJHON KOH(PUTYpaAIMuU, BTOPOI
— IPOTUBOIIOJIO0KHOM.

Me30-bopMbBl HUMEIOTCS Yy BCEX ONTHYECKM AaKTHUBHBIX BEIIECTB C
HECKOJIBKMMH  OJIMHAKOBBIMH  (TO €CTh  CBSI3aHHBIMH C  OJMHAKOBBIMU
3aMECTUTENIIMA) aCHMMETPUYECKIUMH LIeHTpaMu. [IpoeknnoHHbIe GOPMYITBI Me30-
dbopM Bcerma MOXHO Y3HaTh IO TOMY, YTO WX BCETJa MOXKHO Da3feiHTh
TOPU30HTAJIBHOW JIMHWEH Ha JBE MOJIOBMHBI, KOTOPHIE IO 3alWcH Ha Oymare

q)OpMaJ'IBHO HUJICHTUYHEI, B I[GIZCTBPITCJ'IBHOCTPI JKC 3CPKaAJIbHBI:

COOH COOH COOH COOH

H—OH H—OH H— OH HO—H

H——OH : 5 5
COOH

®opmynsl 11 u Il n3006pakaroT oNTUYECKHE AHTUIIOABI BUHHON KHUCIIOTHI;
MpU UX CMEIICHUU 00pa3yeTcsl ONTUYECKU HEAKTUBHBIA payemam — BUHOTpaHAs

KHCJIOTA.



D,L-HomenknaTypa

Camass mpocras ymnorpeOiasieMas cuCTeMa HOMEHKJIATYpbl ONTHYECKUX
antunonoB D,L-Homenknarypa. OHa OCHOBaHa Ha CpPaBHEHUM MPOCKIIMOHHOMU
dbopMyIBl  Ha3BIBAEMOTO AaHTHUIONA C MPOCKIIMOHHON (OPMYJION HEKOETro
CTaHJApTHOTO BEIIECTBA, BBHIOPAHHOIO B KayecTBe «kiarovay. Tak, s
0-OKCHKHCJIOT ¥ 0-aMHHOKHCJIOT KJIIOYOM SIBIIACTCS BEPXHSISI YacTh WX
MPOCKITMOHHON (DOPMYJIBI (B CTAHIAPTHOM 3aITUCH):

COOH COOH

| |
L-okcukucnotsl (X = OH) D-okcukucnotsl (X = OH)
L-amunokucinotsl (X = NH,) D-amunokuciaotsl (X = NHj)

Kondurypamuio Bcex o-OKCHKUCIOT, UMEIONIUX B CTAaHJAAPTHO HAMHMCAHHOU
MPOEKIIMOHHOU (opmyne Duiepa THUIPOKCUIBHYIO TPYIIY clieBa, 0003HAYAIOT
3HakoM L (or nar. «laevusy — IeBbIif); ecnM Ke THIPOKCHII PACIONIOKEH B
IPOEKIIMOHHON (hopMyJte cripaBa — 3HaKoM D (ot mat. «dextery — mpasbrii).

Kitouom 117151 0603HaueHMsI KOHPUTYpaLK caXapOB CIY>KUT TJIMLEPUHOBBIM

AJIbJACT U/ .
CHO CHO
HD—E—H H—E—DH
CH,0H éHgoH

L-(-)-rnunepunoBsii anpaerua  D-(+)-TIuiepruHOBBIA albaeru/l
Otnecenne k D- wmm L-psgy apyrux poACTBEHHBIX IO CTPYKTYpE
ONTUYECKH  aKTUBHBIX  COECIUHEHUN  MPOM3BOAUTCA  MYTEM  CpaBHEHUS
KOH(MUTypalluM WX aCUMMETPUYECKOTOo aroMa c KoHpurypamueit D- wmm L-
TJIMLEPUHOBOTO aJIbJICTH/IA.
Hanpumep, y oOZHOrOo M3 SHAaHTUOMEPOB MOJIOYHOM KHCJIOTHI B
npoekuoHHon ¢opmyne rpynna OH Haxonutes cieBa, kKak y L-riumepunoBoro

albJIeTUa, TI0O3TOMY PHAaHTHOMEpP OTHOCAT K L-psgy. M3 Tex xe cooOpaxeHuu
5



SHaHTHOMEpP OTHOcAT K D-pany. Tak wu3 cpaBHeHuss mnpoekuui @uiuepa

OTIPEIEIISIIOT OMHOCUMENbHYI0 KOH(PUTYpaLIHIO.

COOH COOH
110"711 li+ OH
CH, CH,
Q) )
L-(+)-Mo1049Hast KucioTa D-(-)-momouHas kucjaora

Cnenyer OTMETUTh, YTO L-IIMIIEPUHOBBIN allbIETU]T UMEET JIEBOE
BpalieHue, a L-monouHas kuciora — rnpaBoe (4 3TO He eIMHUYHBIN citydail). bonee
TOTO, OJTHO U TO € BEIIECTBO MOXKET OBITh KaK JIEBO-, TAK U MPABOBpAIIAIOIIUM B
3aBUCUMOCTH OT YCIIOBHU orpenesieHus (pa3Hble pacTBOPUTEIH, TEMIEpaTypa).
3HaK  BpalleHWs IUIOCKOCTHM  TOJSIPU30BAHHOIO  CBETa HE  CBSI3aH C
MPUHAJICKHOCTBIO K D- min L-cTepeoXuMu4ecKkoMy psiy.

D,L—Cucrema B HacTofiee BpeMs MPUMEHSETCA ISl 0-aMHUHOKHUCIIOT,
TUAPOKCUKUCIIOT U (C HEKOTOPBIMU JIOMIOTHEHUSAMM) JJIs YTIIeBOI0B. B Mosiekyiax
caxapoB oOo3HaueHne D- wumm L- OTHOCHTCS K KOHQUTYpPALUUA HUNICHE2O
acumMmeTpudeckoro nenrpa. Ha obmee npumenenue paccuntana R,S-cucmema P.

Kana, K. Unronsaa u B. [Ipenora (1951).
R,S-HoMeHnk1aTypa

Jns  To4HOTO  00O3HAYEHUsS  PACTOJOXKEHUS  3aMECTUTENed Y
ACHMMETPHYECKOTO aToMa yriepoja (TO €CTh Ui YCTaHOBJICHUS aOCOIIOTHOM
KOH(UrypaIuu) HCIoyib3yloT R,S-cuctremy 0003HaueHui, KOTOpas BKIIIOYCHA B
HoMeHkiatypy UIOITAK. Oxun u3 m3zomepoB obOo3Hadator OykBoit R (or nar.
«rectus» — mpasblif), a Apyroi — OykBoi S (OT J1aT. «SiNiSter» — JIeBbIi).

HamomauM, B  ocHOBY R,S-HOMEHKJIATyphl  TIOJIOXKEH  NPUHYUN
cmapwuncmea 3amecmumerneli, HenoCpPeoOCmMEeHHO CBA3AHHLIX C XUPATbHbIM
yeumpom. Yem Oonvule amommuulii HOMEp dNeMEHmMA, CEA3AHHO20 C XUPAIbHBIM

yenmpom, mem cmapwe 3amecmumens. Tak, B XUPAIbHOM MOJIEKYJIE



OpoM@TOpXI0pMeTaHa CTAPIIMHCTBO 3aMECTUTEIEH H3MEHSETCS B CIEAYHIOLIEM
HOPSIKE:
Br

|
H—C*—Cl Br(35)=> CI(17) = F(9) = H(1).

F
Jusg  Toro  4roObl  ompenenuTh  AOCOJIOTHYIO  KOH(UIYpaluio
CTepEeOM30Mepa, pacoiaraloT ero MOJEKYJSIPHYI0O MOJENb TakuM 00pa3oM,
yTOOBl CaMbIil MJAIIIUN 3aMECTUTENIb (Yallle BCEro — aToM BOJOpOJa) ObLI
HauOosiee yJajneH OT TJyiaza HaOmojarens. Toraa OCTallbHbIE 3aMECTUTENH
pacmonaraloTcsi B BHJE TpEyroJibHHKa. EciM  CTapmMHCTBO  3THX  TpeX
3aMecTHTeNIeld yObIBa€T IO YacOBOW CTPENKE, TO XHPaJIbHBIM IIEHTP UMeeT R—

KoH(purypanuro. Eciu cTapmmHCTBO TUX TpeX 3aMecTuTesiell yObIBaeT MpPOTUB

YacOBOW CTPEIIKH, TO CTEPEOU30OMEP UMEET S—KOH(PUTYpAIHIO.

Cl Cl

—_—
—
— —_

Br F F Br
R-koHpuryparmms S-konpuryparms

[Tonnoe Ha3zBanue sHaHTHOMEpa Mo HomeHkinarype HMIOITAK Bkmrouaer
npuctaBku R u S u 3naku (+) wim (-), Hanpumep R(+) mwmu R(-), S(+) wm S(-). K
HA3BAHUIO PAIIEMUYECKON CMECH MTPUOABIISIIOT MPUCTaBKY R,S.

E,Z-u3omepus

B Oonee cnoxHbIX ciaydasx npumensercs E,Z-nHoMmenknarypa. Ee rnaBHbIi
MPUHLINAIN OCHOBAH HAa cmapuiuncmee 3amecmumerneu. Ecn cTapiive 3aMecTUTENn
KaXJIOM TMapbl HAXOMSTCS IO OJIHY CTOPOHY JIBOWHOW CBSI3M, TO KOH(UTYPAIHIO
obo3HavaroT mpedukcom Z- (OT HEM. «ZuSammeny — BMeECTE), €ClIU CTapIlue
JUTaHAbl HAXOJATCS 1O Pa3HbIE CTOPOHBI INIOCKOCTH CUMMETPUU JTBOMHOW CBSI3H,

npuMeHstoT npedukc E£- (oT HeM. «entgegeny — HanpoTUB).



B E,Z-cucreme crapmiMu CUUTAIOTCS 3aMECTHTEIH C OOJBIINM aTOMHBIM
HOMepoM. Eciu arombl, HENOCPEACTBEHHO CBSI3aHHBIE C HEHACBILICHHBIMU
yIIepoAaMH, OIMHAKOBBI, TO MEPEXOMAT KO «BTOPOMY CIJIOKO», B cllydae
HEOOXOMMOCTH — K «TPEThEMY CJIOKO» M T.A. PaccMOTpHM NpUMEHEHUE MpPaBHII

E,Z -HOMeHKIaTyphl Ha JBYX MpUMepax. 37eCh BCE PEIIAETCs aTOMaMH «II€PBOTrO

H CH3 H @
\1_2/ \1 2

CIIOSD».

C=cC C:C\
(D c
(2)-1-6pom-2-x10paporneH (E)-1-0pom-2-xX10pHpoIcH

B stom mpmepe y C-1 crapmmii 3amectutens — atom o6poma (Ar = 80), y C-2
— aroM xsopa (Ar =35,5). Atomsr yraepoga (Ar = 12) u Bomopomxa (Ar = 1) —
MUTAJIIIAE 3aMECTUTEIIH.

CrapmmuM cYMTaeTcs TOT 3aMECTUTENh, y KOTOPOrO Ha KaKOM-JTHOO
«ypOBHE» TMPU CPABHEHUHM «CAMBIX TSDKEIBIX» aToMOB Oonbine. Ecimm Takux

aTOMOB OAMHAKOBOC KOJIMYCCTBO, ITIOACUYHUTBIBAKOT ATOMBI C MEHBIIIEH MacCOM.

(e,

3
C=C
/

\
H,C CH;~COOH

(Z2)4-meTnin-3-u30nponmiTeKceH-3-0Bast KHCIIO0Ta
W3onponun crapiire, yeM KapOOKCHMMETHJIbHAs TPYINa, MOCKOJBKY B HEM
NIEPBBIA OT 7-CBSI3M aTOM COCIUHEH C JBYMs JAPYTMMH aTOMaMH YIJiepoja, a B
KapOOKCHMETHIIE — TOJIBKO C OJTHUM.
B tex ciaywasix, Korja arom yriepojaa MMeEET KpaTHbIe CBSI3M C aToMaMu
MOCJICAYIOMETO CJiosl, (hOpPMaJbHO TIOJIAraf0T, YTO OH CBSI3aH C JBYMS HIIH

COOTBCTCTBCHHO TpCM:A aToMaMH 9TOTIO BuUaa. prnnm C pCalibHO



CYILIECTBYIOIIMMH aTOMaMu CTapuie TeX TIPYIINHUPOBOK, TJ€ TaKUE MKE aTOMBbI
MOSIBJITFOTCS 34 CUET JIBOMHBIX UM TPOMHBIX CBSI3CH.
OtMmeTuM, 4TO 0003HAUYCHUS Z HE SIBJISACTCSA CHHOHUMAaMH Yyuc-0003HAUYCHUM,
Kak W o0o3HaueHusi £ He Bcerga COOTBETCTBYIOT PAaCIHOJIOXKCHHUIO MPAHC-,
HarpuMep:
CHs.. ,.Cl CH.. ,.Cl
! !
H™ "l EBr TCl
yuc-1,2-quxnopnponed  yuc-1-6pom-1,2-nuxnopnpornen

Z-1,2-nuxnoprporneH E-1-6powm-1,2-nuxioprporneH
B3AUMHOE BJIMSIHUE ATOMOB B MOJIEKYJIE
HNuaykTuBHbIN 3 dexT

Hnoykmuenwtit ygpgpexm (I) — 510 mepenaya dSICKTPOHHOTO BIIUSHUS
3aMeCTUTeNd MO cucreMe o-cBs3eil. OH BO3HMKAeT, €Clu CBA3b OOpazoBaHa
aTOMaMH¥, Pa3HBIMHU TI0 JIEKTPOOTPHUIIATEIFHOCTH, U HAOIIOAACTCS BO BCEX THUIIAX
MOJIEKYL.

WunykTuBHbIN 3@ ¢deKT nepegaercs Ha HeOombiue pacctosiHus (3 — 4 o-
CBs3M) M 3aryxaeT. ['padmyecku o0003HAYAETCS CTPENKOW BJOJIb G — CBSI3H U
MOKa3bIBACT CMEIIIEHUE AIIEKTPOHHOM IUIOTHOCTH K Oonee
AIEKTPOOTPHUIIATEITILHOMY aTOMY.

Ompuyamenvuviii unoykmuenili d¢pghexkm (- 1) — cMmeleHue 3IeKTPOHHOM
IUIOTHOCTH TI0O CHUCTEME ¢ — CBfA3eH K 3amecTuTento. Ero mposBisioT Ooiee
AIIEKTPOOTPHULIATETBLHBIEC, YEM YTIEPOl, ATOMBI M TPYTIITHI aTOMOB.

Tonoscumenvuwiti undykmusHolii d¢pghexm (+1) — cMmeleHue IESKTPOHHOM
IUIOTHOCTH 10 CHUCTEME G — CBs3e OT 3amecturens. Ero mnposBisior
YTIIEBOJOPOIHBIC PAIMKAIIBI M aHUOHBI, CBSI3aHHBIE C aTOMOM yriepoa. [IpunsTo
CUHMTATh, YTO MHIYKTUBHBIN 3P (EKT aToMa BOJAOPOaa PaBEH HYIIO, TO €CTh CBS3b

C-H ABnsieTCs HENOJIAPHON KOBAJIEHTHOM CBA3BIO.
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CHy—=CHy—wMNH, I CH;«——CH;=——0 4
DyYHKITMOHAIbHBIE TPYIITIBI MOYKHO KJaccuummpoBaTh Ha

ANIEKTPOHOAKLENTOpHbIE (—] rpynmbl) U 3NEKTPOHOAOHOPHBIE (+-rpynmbl) Mo
OTHOUIIEHUIO K BOJOPOAY.

+I-Oddext mposBisOT anudaTHdecKue YriIeBOJAOPOIHBIE pPaTUKaIbI, TO
€CTh AJIKUJIbHBIE pAIUKAIbI (METHI, 3TUI U T.11.). BONBIIMHCTBO (PYyHKIIMOHATBHBIX
Ipynn  OpoaBiSIIOT  —l-3¢Q(exT: ramoreHsl, aMUHOIPYINa, T'HUAPOKCHUIIbHAS,
KapOOHMIIbHAS, KApOOKCUIIbHAS TPYIITIHI.

YcnoBHo, aToMoM, He umeromuM HU +l, HU —|, TIPUHATO cyUTaTh aToM
Bogoponaa I(H)=0. I'paduueckn MHIyKTUBHBIA 3(P(HEKT M300pa)aroT CTPEIKaMHU,
HaIpaBJICHHBIMU IO G-CBSI3IM OT JOHOPHOM YacTH MOJIEKYJIBI K aKIENTOPHOMN
|——— Crpenku, MOKa3bIBAIOIIKME HANpPaBJICHHE WHIYKTUBHBIX 3((eKToB

() oTmMYarOTCA OT CTPENOK OOO3HAYAMOIIUX HAMPABICHUE XUMUYECKHUX

MPOIECCOB (— «—).
Me3omepHbiii 3gdexT

MezomepHbiM 3 dexToM (3PDHEKTOM conpsicenus) Ha3bIBACTCS CMEILICHUE,
pacnpe/iesieHrue WK NepepacipeieseHIe JIeKTPOHHOM MIIOTHOCTH B COETMHEHUSIX
HEHACBIIIIEHHOT'O XapaKTepa.

Me3zomepHbIil 3QdekT HaOII0gaeTCs B TEX MOJEKYJIaX, B KOTOPBIX UMEETCS
[EMoYKa COMPSDKEHHBIX KPAaTHBIX CBSI3€d WJIM 3aMECTUTENb C HEMOJACJICHHON
DNIEKTPOHHOM TapoM NOpUM KPAaTHOM CBSI3M WJIM  apOMAaTH4YECKOM  sIJIpe.
[lepepacnpenenenue 3JEKTPOHHOW IUIOTHOCTH B MOAOOHBIX  MOJEKYyJax
MPOUCXOJIUT 3HAYUTEILHO CHIIBHEE, YEM B COCTMHEHMSIX, COJIEPKAIINX G-CBSI3H.

Tunsl conpszKeHHBIX CHCTEM

Opranuueckre COCIUHEHUSI HaXOJATCA B COCTOSHUU  COMPSDKEHUS

(Me3omepuM), ecau BO BCEU MOJIEKYyJie WJIM €€ YacTH UMEEeTCs OJMH M3 JBYX

NEPCUNCICHHBIX HUKC TUITIOB COIIPSKCHHBIX CHUCTCM.
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n—n CompsizkeHHbIe CHCTeMbI (= — =). XapaKTepu3yIOTCsl YepeoBaHUEM

JIBOWHBIX (TPOMHBIX) M MPOCTHIX CBSI3EH, HAIIPUMED:

CH, = CH - CH = CH, o

JUBUHUII / \o
CHQ—CH _C

aKpOJICUH HUTPOOCH30I OeH301
p—n ConpsikenHble cucTeMbl (A — = ). JlaHHBINA BUJ CONPSIKCHHUS MMEET
MECTO B MOJIEKYJaX, [JI€ TETEPOaTOM C HEIMOJEICHHON 3JJIEKTPOHHOW Iapowu

OTJICJICH MPOCTOM CBA3BIO OT KPaTHOM (JIBOMHOM, TPONHOI) CBSA3H, HAIIPUMED:

P 2 2
R-C_ R—C’ R=C,
KapOOHOBas XJIOPAHTUAPU]L aMu 1
KHUCJIOTa KHUCJIOTLI KHUCJIOTDBI

JJIEKTPOHOAKLENITOPHBIN U 3JIEKTPOHOIOHOPHBIN Me30MepHbIH 3P PeKT
Takum oOpaszoM, nonodcumenvHovlli mezomepuviii. dp@exkm (+M) nmeer
MECTO B CJIy4ae CMEILIEHHUS 3JIEKTPOHHOUM IUIOTHOCTU MO CUCTEME COMNPSIKEHUS OT
3aMeCTUTelIs, ompuyamenvhviil (—M) — K 3amecTuTemio. ['padudeckr Me30MepHBIN
abdexT 0003HAUaeTCSs M3OTHYTHIMH CTPEIKaMH, HA4aJll0 KOTOPBIX TMOKa3bIBaeT,
KaKWe - WU P-DJIEKTPOHBI CMEIAOTCS, a KOHEI[ — CBSI3b WJIM aTOM, K KOTOPOMY

oHu cMmemarTcs. Ha koHiax COHpH)KeHHOﬁ CUCTCMbI YKa3bIBAIOT YaCTUYHBIC

3aps/ibl.
H oS &
e
r_, 5 ) C* M Q::H M -5
e 1O s e al5— 5.0
CH,=CH-— C CH,=CH—C=N = _4" 3,5_ H—C
H . p: {OH .y
M M O & — s

Ipumepul epaghuueckoeo uzobpasicenuss me3omepHo2o 3¢pgpexma
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OnexTpoHHBbIC A(D(DEKTHI, TMPOSBISIEMBIC 3aMECTHTENIEM, MOTYT OBITh Kak
OJHOTO 3HAaKa, TaK W pa3IUYHBIMU. Pa3nudaloT dIEKTPOHOJOHOPHBIE |
AIIEKTPOHOAKIICTITOPHBIE 3aMECTUTEIH.

DJIEKTPOHOAKLENTOPHbIE 3aMECTHTENN — 3aMECTUTENH, YMEHBIIAIONINE
AJEKTPOHHYIO IJIOTHOCTh B MOJIEKYJE. DTO IOCTUTAETCS B PE3yJIbTaTe MPOSIBICHUS
MMU OTPHULIATENIBHBIX HMHAYKTUBHOTO U  Me30MepHOTo 3(ddekToB, aubO

npeoliaianusi OTPUIIATETFHOTO HHAYKTHUBHOTO 3(h(dexTa Haa MOJ0KHUTEIbHBIM

ME30MEPHBIM.
54 &'+ o -1 o — H r"b - - | N
CH;—»~CHy» CH,—=OH o (e I>M Iz ﬂ{r’“‘
5 o - 2 .
D_ = —
ey 54 & CHy—CH —=B
O T r;] o }. 2 —»Br
CHy=CH-—»C 1M }
H S e 5
3JI€KTpOHOIlOHOprIe 3aMeCTUTe]IN — 3aMECTUTCIIN, YBGJII/I‘II/IBaIOHII/Ie

AIIEKTPOHHYIO TJIOTHOCTH B MOJIEKYJIE. DTO JOCTUTACTCS B PE3yIbTaTe MPOSBICHUS
3aMECTUTENIEM TOJIOKUTENbHBIX MHAYKTUBHOIO M ME30MEPHOro 3(p¢eKToB, I1uO0
TOJIBKO TIOJIOKUTEIHHOTO HUHIYKTUBHOTO 3(ddexra, mubo 3a CyYET MpOSBICHUS
0ojiee CHJIBHOIO TMOJOKUTEIBHOTO Me30MepHOro 3(p¢eKra Mo CpPaBHEHUIO C

OTpHUOATCIIbHBIM MHAYKTHBHBIM.

(991 +n (OH I<+M NHy -I<+M
- 4 i _ 5- ] 5
5 - 5— - 5—
5 ° b Y
l'\-_'ra B 5 w5
ApPOMATHYHOCTH

Ilpasuno Xiwokkensa — apOMaTUUYECKON SBIAECTCA IUIOCKAS LIMKIAYECKAS
COTIpsDKEHHas cucteMa, coaepxaias 4n + 2 (rae n = 0,1,2 1 T.71.) T-3JIEKTPOHOB.
Hemenkum xumukom O. XrokkeneM B 1931 romy Ha OCHOBaHWMM KBaHTOBOM
Teopuu ObuTH CHOPMYIUPOBAHBI TPEOOBAHHS K ApOMATUYECKOM cucTEME.

Kpumepuu apomamuunocmu
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1. Monekyna uMeeT HUKINYECKOE CTPOCHUE.

2. Bce aToMbl IIUKJIa HAXOJATCSA B COCTOSIHUU sz-I“I/I6pI/IILI/ISaI_II/II/I, oOpa3ys
IJIOCKUH G-CKEJIET MOJIEKYJIbl, IEPIICHANKYISPHO K KOTOPOMY PaCIOJIararoTcs p-
opOHXTAaI aTOMOB.

3. CyiecTByeT eiHas 3aMKHYTast CONPsKeHHAas T-3JEKTPOHHAs CHUCTEMa,
OXBATBHIBAIOIIAS BCE aTOMBI LIUKJIA.

4. Yucno m-371eKTPOHOB, 00PA3yIOIIUX CONMPSIKEHHYIO CUCTEMY COOTBETCTBYET
npaBuiLy XIOKKEJS.

CTpyKTyphl, coAepKalllhe B IUKJIE XOTS Obl OJUH Sp3-m6p1/mHHI71 aTom,
apOMAaTUYECKUMH HE SIBIIAIOTCA, TaK KaK HUKJINYECKOE CONPSIKEHUE OTCYTCTBYET.
Apomamuueckue coeOuHeHus
beH30s1 — mockas OUKIMYECKas MOJEKYJa C 3aMKHYTOM CHCTEMOU
CONPSKEHUsI, B KOTOPOM Y4YaCTBYET CEKCTET T-3JIEKTPOHOB, YTO COOTBETCTBYET

npaBuwiy Xtokkens npu n=1 (4-n+2=4-1+2=6).

Konoencupoeannwvie apomamuueckue cOeOUHeHUA
[IpaBmiio XIOKKedsh MOXKHO MPUMEHHUTh K IUIOCKUM KOHJIEHCHUPOBAHHBIM
CHUCTEMaM, B KOTOPBIX HET aTOMOB, SIBJISIIOIIMXCS OOIIMMH OoOJiee YeM i JBYX
nukioB. K Takum cucremMam OTHOCSTCS MHOTOSIIEPHBIE  apOMaTUUYECKHUE

yTIIeBOAOpOAbl — HadTaIuH, aHTpalleH, (PeHaHTPEH U T. 1.

~%

HadTaTuH aHTpaleH dbenanTpeH
2
B sTuX coemuHEHUAX BCe aTOMBI yriepoja HaXOASATCS B COCTOSHHUH SP°-

ruOpUAN3aLINH, UHUKJINYECKAN G-CKEJIET  IIJIOCKUH, T-3JIEKTPOHHOE 00J1aKo
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OXBaTBIBA€T BCE AaTOMBI YTJepoja ITUKIOB, YHCIIO T-3JCKTPOHOB IOTYHHSICTCS
npaBwiy Xrokkens (B Hadtasmae 10, B aHTpalieHe u peHanTpeHe 14 3J1eKTpOHOB).
I'emepoyuknuueckue coeounenus

IIpaBmiio XIOKKelIss NTPUMEHHMMO M KO MHOTHM T'e€TepPOIUKINYSCKUM
CHCTECMaM.

ATOMBI yriepoaa W a30oTa HaXOISATCS B COCTOSHUU sz-rH6pmm3auHH. o-
Cesizu C—C, C—H n C—N o06pa3oBanbl THOpUIHBEIMU opOutaimsmu. [{ukim umeet
miockoe crpoenue. Ha HerubpuaHoi P-opOouTanu a30Ta HaXOIUTCS HEMOeIeHHAs
mapa 3JIeKTPOHOB, KOTOPBIE BCTYIAIOT B COMPSDKEHUE C YETHIPHMsI P-DJICKTPOHAMU
atoma yriaepona. TakumM o00pa3oM, B IMKIMYECKOH CHCTEME COMPsHKCHUS

HAXOJUTCS 6 3JIEKTPOHOB, YTO OMpPEAEIIseT apOMATUYECKIE CBOMCTBA MUPPOJIA.

p-opoumank
HENOOENEHHAA NAPA INEXNP OHOE

VHACMEVEM & CONPARCEHTI / \

,,
e, .
} <3 @ Sp--opoumans

o6pazvem g-caasb N
OIHPPOI
Iupuaun — apoMaTudeckuil rerepoaHanor 0eH3oa, y KOTOporo cBoOOHas
AIIEKTPOHHAs MMapa Ha aToOMe€ a30Ta HE YYAaCTBYET B COMNPSDKEHUU, U JIEKHUT B
IJIOCKOCTH MOJIEKYJIBI.

p-opoumans

f yuacmeyeme conpaxcer

- ~
)'N@ < sp-opoumar |

HENOOeIeHHAR -~
napa 31exmpoHoe N

NHPHIHH
[lupuavH OTBEYaeT KpPUTEPHUSIM apOMAaTUYHOCTU. Bce aroMmsl nuKIa

2 o
Sp -FI/I6pI/II[I/130BaHBI, IUKII IUIOCKKWH, 3aMKHYTas COIPSAKCHHAsA CUCTECMaA TT-—THIIA,

KOJMYECTBO 3JIEKTPOHOB YAOBIETBOPSET MpaBMily XIOKKems — 4n+2=6.
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MexaHu3Mbl peakuumn
PagukajabHoe 3aMenieHue Sg

MexaHu3M paJMKaIbHOTO 3aMEIICHUs MOKa3aH Ha MPUMEpPE KIACCUYECKOU

pCaKIM MOHOXJIOPUPOBAHU MCTaHA.

CH,+ Cl, 25 CH,C1 + HCI

Cranusa 1 — 3apooicoenue yenu — TMOSIBICHUE B 30HE PEaKUUU CBOOOJHBIX
panukanoB. [loxg AeWCTBMEM CBETOBOM SHEPTHUM TOMOJIMTHYECKH Pa3pylIacTcs
cBsa3b B MoJiekysie Cl:Cl Ha gBa aroMa xjopa ¢ HECIMapeHHBIMH 3JIEKTPOHAMU

(cBoOoIHBIC pagukaibl) *Cl:

cl, 25 acn

Cramus 2 — pocm  (pazsumue) yenu. CBOOOJHBIC PpaUKaIbI,
B3aMMOJICUCTBYS C MOJIEKYJIaMH, TTOPOKIAIOT HOBBIE PAIUKANIBI U PA3BUBAIOT IIETTh
IIPEBPALLCHUN:

Cl + CH, —> HCl + -CH,
«CH; + Cl, —> CHCl +Ck wutn

Cranus 3 — 00puié yenu. Pagukanbl, COEIUHASICH APYT C APYroM, o0Opa3yroT

MOJIEKYJIBI i OOPBIBAIOT IIETIh MPEBPAICHUN:
CH; ++Cl ——> CH,CI
CH; + +«CH;,—— CH,;-CH,

[Ipu xyopupoBaHMH WJIH OpPOMHUPOBAHHMM ajJKaHAa C BTOPUYHBIMH WIIH
TPETUYHBIMUA aTOMaMH YTJIEpOJAa JIeT4e BCETO HJIET 3aMEIICHHE BOJOPOJa Y
TPETUYHOTO aTOMa, TPYJAHEE Y BTOPUYHOTO U €Ille TPY/IHEE Y TIEPBUYHOTO.

CTpeT._H > CBTOp._H > CnepB._H

D10 OO0BsICHSAETCS OOJBIICH YCTONYMBOCTHIO TPETUYHBIX W BTOPUYHBIX
YTJIEBOJAOPOJHBIX pPATUKAJIOB TI0 CPAaBHCHHWIO C TICPBUYHBIMU BCIICJCTBUC
JENOKAIM3allii ~ HECIapeHHOTO  dJekTpoHa. [losromy, Hampumep, mnpu
OpOMUPOBaHMHM  TPOMAaHA  OCHOBHBIM  MPOAYKTOM  PEaKIUU  SBISETCS
2-OpomIpornaH:
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CH;—CH,—CH; + Br RN CHy-CH-CH; + HCI

Br

HyxkaeopuiabHoe 3amemenue Syl u Sy2

OO01as cxeMa peakuuu:
R-X+Y — R-Y+X (rae Y aHuUOHHBIN HYyKJICODHI)

R—X+Y-Z — R-Y + X—Z (rne Y—Z ueltpaabHbIil HyKJI€O(DUI)
3amerenne MPOUCXOAUT IO OJTHOMY M3 ABYX BO3MOXKHBIX MEXaHU3MOB.
PaccmoTpuM 3THM MexaHU3Mbl Ha TMpUMEpPEe 3aMEIleHUs TajoreHa Ha

THIPOKCHIIBHYIO TPYIIITY MO/ IeHCTBHEM BOJIHOTO PAacTBOpA IIETIOYH.

[Tpumepom peakmmu Syl sBisieTcst TUIPOIU3 Mpem-0y THIOPOMHUIA:

5$H3 (o} ® O H,O ?H3 ®_ O
CH3_C|;_B|' + NaOH > CH3‘C|OH + NaBr
CH3 CH3
1. Nonuzanus cyOGerpara ¢ oOpa3zoBaHueM KapOkaTHOHA (MeIeHHAs
cTaausl):
R-X - R"+ X"
Br
@
/*\ H3C \|&)/CH 3 + Br
H,C™ A "CH;
CH3 CH.’S
2. HykneodunbHas aTaka kapOkaTroHa (ObICTpasi CTaausl):
R"™+Y —>R-Y

WM (€CIu B KauecTBE HyKJieo(uia BRICTYAeT HEHTpaIbHAS YaCTHUIIA):
R"+Y-Z —>R-Y'-Z
3. Otmernienne kaTnoHa (ObICTpast cTaaus):
R-Y'-Z - R-Y+Z'

®
/;;‘@ CHj OH, OH

HzO + \(g.i H3C/*\CH3 —H® ch/*\CHg
3 3 CH3

MexaHu3M peakiuu Sy2 Wik peakuuu 0UMOJIeKYJISIPHOT0 HYKJI1€0(pUJIbHOT0

3aMeIlCHUs IIPONCXOAUT B (011:4% CTagulo, oe3 MMPOMCEIKYTOYHOT'O
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oOpa3oBaHus uHTepMeauata. [lpum »TomM artaka Hykieopwsna © OTIICTIICHUE
YXOJSIICH IPyIIBI TPOUCXOJAUT OJHOBPEMEHHO:
R-X+Y —[Y-R-X] > R-Y+X
[Tpumepom peakiuu Sy2 siBhsieTcs TuAponn3 dTmiopomuaa. [Ipeanonaraercs,

YTO peakius Sy2 MpoTeKaeT Mo cieayromei cxeme 1:

&+ & ®@ o @ ©
CH,-CH,-Br + NaOH Hom.°C’ CH;-CH,-OH + NaBr
H H |7
-
N so N\ & Ve 4 sPs
HO: + H,'.l-.n\‘C_Br p— H’O""C"" Br F——J HO—C"!.”” et
'] | \ H
CH, CH, CH,
Nu cyGeTpar nepexogHoe NPOAYKT
COCTOAHHE peaKIuu

©
:I}.r: — yXOAAIadA rpynna — HyKJeodyr

Cxema 1. Mexanusm peaxyuu Sy2
MexaHu3M 3aMEIICHUSI 3aBUCUT OT CTPOCHHUS PEarcHTOB W YCIIOBHM
peakuuu. 1Sl IEPBUYHBIX TaJOTEHATKAHOB MPEANOYTUTEIHHEN OHOCTAIMHHBIN
MexaHu3sM (Sy2), a i1 TPeTHYHbIX — JByXcTaauitHbiii (Syl). Bropuunbie
QJIKUITAJIOTEHU bl 3aHUMAIOT TTPOMEKYTOYHOE ITOJI0KCHHUE: MEXaHU3M PEaKIIHH

3aBUCHUT OT yCJIOBUI €€ IPOBENCHUS U MOXKET OBITh CMELIAHHBIM.
Peakuuu yimmMuHnpoBanus E
MoHomoiekyJIsipHOe IuMuHUpoBanue K

Cxema peakiuy COBHAJAeT CO CXEMOM MOHOMOJIEKYJISIPHOTO 3aMEIICHUs J0
MOMEHTa 00pa30BaHMs KApOOHUEBOI'O0 KaTHOHA, TO €CTh OTCOCIMHEHUS yXOsIIen

TPYIIIIBL:
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Jlanee mporekaeT auMOO peakius 3aMelieHus, JTu00 (B 3aBHCHUMOCTH OT
Cpellbl U aTaKyIoIleld YacTHIIbl) OTUICIUICHHE MPOTOHA U O0pa3oBaHUE MPOIYKTa
AIIMMUHUPOBAHMUS:

CH CH-
+ +
HiC—C —=HC—C + H
EH3 HHE

Ecnmu cymectByer BO3MOXKHOCTh OOpa3oBaHWs HECKOJbKHX AJIKEHOB, TO

PEeUMYIIECTBEHHO 00pa3yloTcs Hauboliee 3aMellleHHble alikeHbl. OJHaKo, Takas

curyanus Ha6J'IIOI[aCTCH TOorga, Korga MakCMMaJIbHO BaMCHICHHBIfI AJIKCH HC UMCCT

NPOCTPAHCTBEHHBIX 3aTPYIHCHUH, KaK y Hibke npuBeaeHHoro (1):

H4C
\\ __,-f"CHS CH3 CH
C CH- | 3
Hoc N / HC——C——CH g
3 CH=C 3 27~
| CH;
| CHy CHy

B sTom ciyuae npeanodruteasHo oopazoBanue ankena (11).
OcobOennoctssmu  peakiuii Syl w E;  gBmgercs  TeHACHIHS K
neperpynmnupoBKe 00pa3oBaBIIeTOCS KapOKaTHUOHA:

CH- CH3’““}
| o

HSC——C—CHE—E[ _" HSC_C_CHE
Br | CH
CH4 CH5 i

+
— = H3C—C—CH;—CH4

bumouexyasipaoe snumuHuposanue E,

MexaHu3M peakiuy OOIIMX 3TamoB ¢ peakmuedl Sy2 He mmeeT. OOBIYHO

MPOTEKAET TPAHC-ITUMUHUPOBAHUE TIO CXEME:

T CH
3
H3C—CDEr | :
| — = H3C—C 4+ NuH + Br
e L
2
Nu:{ L H

uekTpoduibLHOE 3aMeleHne Sg
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Peakuuu 3JeKTPOQHUIBHOIO 3aMelIeHUs] — PEAKIMK 3aMEIICHUs, B
KOTOPBIX aTaKy OCYHIECTBISIET anekmpoghun. [lpm oOpazoBaHMKM HOBOW CBS3U
yXosuias 4acTula — 91eKkmpogye OTIIEIIsieTcs 0e3 CBOEH 3JIEKTPOHHOU Maphl.
Camoii monmynspHo# yxosmeit rpynmnoii snsercs npoton H',

Bce anextpoduibl SBIAIOTCS KucaoTamu JIprouca.

OOmmii BUA peakuuii 31eKTpoPUIbLHOTO 3aMENICHUS:

R—X +Y" — R=Y + X¥ karnonssIit snexrpodut
R-X+Y-Z = R-Y + X-Z  neiirpansHslii 31eKTpodmI

BoimensoT peakuuu apoMaTH4ecKoro (IIMPOKO pPacHpOCTPaHEHbI) U
anudaTudeckoro (Majio pacrpoCTPaHEHbI) JEKTPOPUILHOTO 3aMEIECHUS.

PaccMoTpyM MeXaHHM3M 3JIEKTPO(QUIBHOIO 3aMEIIEHHUS Ha MpUMEpe
HUTPOBaHUS OEH30J1a C TIOJyYeHHEM HUTPOOEH30J1a.

benzon pearupyeT ¢ HUTpyIOIIEH CMEChIO (CMEChI0 KOHIIEHTPUPOBAHHBIX

a30THOM U CEPHOU KUCIIOT):

H,SO, NO,
+ HNO, —— = + HO0

Peakiuu 3amMelieHrs B KOJIBLIO MPOTEKAIOT TOJIBKO uepe3 00pa3oBaHHE

MMOJIOKUTCIIBHO 3apsAKCHHBIX ITPOMCKYTOYHBIX YaCTHUII.

H
@ <] a @
HO-NO, + H,80, &=| 0-NO, + HSO,| &= H,0 + HSO, + NO,
H
KaTHOH
HUTPOHHUS
@
@ 1 NO, 2
A CTAAHA =H CTAJHA «
QH + NOE H MeLIeHHe
N-KOMILIeKC
Noz 3-A cTanma
— @H — NO, + H,0
O-KOMIIJIICKC HI/ITpO6CH30JI
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PeakniuoHHas CIIOCOGHOCTB U OpHUEHTAIUA B IPOU3BOJAHBIX 6eH30J/1a

3amectuTenu B OCH30JHHOM KOJBIIE MOTYT KaK CHOCOOCTBOBATH PEAKIUH
3aMelleHus (akmusupyrowue 3amecmumenu), Tak U 3aMeJIJISITh CKOPOCTh PEaKIUU
(0ezaxmeupyrowue 3amecmumenu). HekoTopbie TpyIIbl OPUSHTHPYIOT 3aMEIICHUE
B OpmMo- U napa-noJloKeHus, Ipyrue — B mema-.

BrusgHue pa3iauyuHbIX TPYI Ha PEaKIUOHHYIO CIIOCOOHOCTH OOBSCHSAETCS
YCTOMYMBOCTBIO, HWHaue TOBOPH,

SHEpPruer axKTUBalUWM, TpeOyrolencs s

MMOJYUYCHHUS TPCX BO3MOIKHBIX IIPOMCEIKYTOYHBIX HHTCPMCIOAUATOB.

PeaknioHHass CcmocOOHOCTh W OpPUEHTALMS  PAa3IMYHBIX TPy B
IIPOM3BOJIHBIX OCH30J1a IPeJACTaBICHbI B Ta0muIe 1.
Taomuna 1
PeakumonHasi cCnocOOHOCTH M OPHEHTALMsI B IPOM3BOJAHBIX 0€H30J1a
CuiibHO
CunpHOaKTUBH- JlezaktuBupy-
AKTUBHUpYIOIIUE JI€3aKTUBUPY-
[Tonoxxenue pyromme FOIIME
3aMCCTUTCIIN J10)05 (S
3aMCCTUTCIIN 3aMCCTUTCIIN
3aMCCTUTCIIN
opmo- 1 Ar, R, OR,
napa- OH, T\Igzl’?.l\lHR’ NHCOR, OCOR, Cl, Br, | HET
3aMelleHne SR
oma CHO, COR,
HET HET COOH, COOR, NO,, CN, NH5"
3aMCIICHHC CC|3

B 3amemeHHbIX OeH30JIaX BO3MOXKHA TaK Ha3bIBacMas unco-araka, To €CTb

3aMeIIeHUEe UMEIOIIET0Cs 3aMEeCTUTENS Ha APYToi:

+ X

X NO,
+
+ NO, — ©/

DuiekTpoduiabHoe A U HyKJIeopmiIbHOe Ay IPUCOeIMHEHHE

ueKTPOPUILHOE IPUCOCTUHEHH e

ANKeHBI, alKagueHbl W AIKHHBI HM3BECTHHEI CBOCH CIIOCOOHOCTBIO JICTKO

pearupoBath € JIJIEKTPOPMIBHBIMA pEareHTaMH, MPUCOSAUHSS WX 10 KPaTHBIM

CBA35M.

| cmaous: obpazosanue T—komniexca.
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https://commons.wikimedia.org/wiki/File:Ipso-substitution.png?uselang=ru

DnexTpoduibHas uyacTHIa (4amie Bcero dTo ObiBaeT mnpotoH HY)
B3aMMOJICUCTBYET C T-3JIEKTPOHAMHU JIBOMHOM CBSA3U M 00pa3yeT m-KOMILIEKC.

Il cmaous (numumupyrowas): obpazosarue kapbokamuoua.

T-KOMIUIEKC ~ TpeBpamiaeTcss B  KapOOKaTHOH myTeM oOpa3oBaHUS
KOBAJICHTHOM G-CBSI3U MEXAY AJIEKTPO(DHUIBHON YacTUlle W OJHUM W3 aTOMOB
yraepoJa.

Il cmaous: obpazosanue npodyxma peaxyuu.

KapOokaTtuon pearupyer ¢ annoHoM X , 00pa3ysi BTOPYIO G-CBSI3b 3a CUET

AJIIEKTPOHHOM Napbl AaHUOHA.

\\ e P [ cramen N _}T{_ A II cramn l;[ +
C=C + H —> C=C —— =
7 N BBICTPO / N MeIEHHO [
TT-KOMILJIEKC KapOKaTHOH
H H X
I + _  Hlcrama | |
-C—C— +X —>» —C—C-—
I SpICTPO (I

Non Bomopoma B peakmusaX  AICKTPOPMIBHOTO  MPUCOCIUHCHHS
MIPUCOCIUHACTCS K TOMY W3 aTOMOB YIJIepoja MPHU JBOWHON CBS3HM, HA KOTOPOM
OombIie  OTpUIATENBbHBIN 3apsia. B m-kommiekce ramoren He oOpasyer
HAIPaBJICHHOW CBS3M C KaKMM-HHOYIb KOHKPETHBIM aTOMOM YTJIEpOJia; B 3TOM
KOMITJIEKCE TPOCTO  peau3yeTcs JOHOPHO-aKIENTOPHOE  B3aWMOJICHCTBUE

BHGKTpOHHOI;'I ITapbI TT-CBA3HW KaK IOHOPA U I'aJIOr¢Ha KakK akKOCriTopa:

;C:Cf: +:Br—Br: === _C=C,

T-KOMILJIIEKC
Jlaiee TPOUCXOANUT TETEPONUTHUCCKUI pa3phiB CBs3M Br-Br m oOpasyercs

III/IKJ'II/I‘ICCKI/If/'I HNOH 6p0MOHI/I$I:

I'""-C C i c—_C
d iﬁ?‘ BN
ﬁ . Br Bi°

T

OpOMOHMEBBII HOH
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Ha nmocnenuneii, TpeTbell cTaguu aHMOH OpomMa Kak HYKJICO(DHUIBHBIA areHT
aTakyeT OJMH U3 aTOMOB yriepoaa OpomoHueBoro mona. HykimeoduibHas araka
OpoMUA-MOHA TPUBOJUT K PACKPBITHIO TPEXWIEHHOIO LHUKIA U O00pa3oBaHUIO

BUIIMHAJILHOTO quOpomuaa (ViC-psaom):

E:I@ Br
S
7NN -"(F C\
Br Br
Harmpasnenne peakuuu MIPUCOEAUHEHHUS rajoreHoBOJOPOAOB

K aJIKEHAM Hecummempuynoeo ctpoenus (Hanpumep, Kk nporwieny CH,=CH-CHs;)
ornpenesieTcss npaBujaoM MapKoBHHKOBA:

B peaxyusx npucoedunenus  nonapHulx monekyn muna HX @«
HeCUMMempU4HbIM anKeHam 8000p00 NpUCoeoUHsemcs K bonee
2UOPO2EHUSUPOBAHHOMY AMOMY Y21epooa npu 080UHOU c6sa3u (TO €CTh aTOMYy
yTIIepo/ia, CBA3aHHOMY C HauOOJBITUM YHCIOM aTOMOB BOJIOPO/IA):

nyTE | o

—>"{—"'CH3CH2CH Br_‘" CH}CH]CHEBT
CH3CH='CH3}E—:r o  H-TIPOIHIOPOMHI
T 2 CHLCHCH; ——» CH3CHCH;
Br
H30MPOITHIOPOMH

Ecnu 3aMecTuTenb 3NEKTPOHOAKIENITOPHBIN (LMAaHO-, HHUTPO-, CYIb(O-,
KapOOKcu-, KapOOHWJIbHAs W T.JA.), TO MPUCOCAMHEHUE NPOTEKAET HNPOTHB

npasujia MapKoOBHUKOBA:

CI b~ o+ b6+ &~
Cl*—C*—CH—CHg + H-Cl — C13C-CH,-CH,Cl
Cl
-I-addext rpynmsr CCly

Bce ckazaHHO€ OTHOCHTCS K peakiusiM 3JIEKTPOOUILHOTO MPUCOCTUHECHHUS.
[Ipucoennnenne HBr k ankeHam, B 3aBUCUMOCTH OT YCJIOBHUHM, MOXET MPOTEKATH
KaK [0 MEXaHU3MY 21eKmpo@uibHO20 TPUCOEAUHEHUS, TaK U PAOUKATILHBIM

MMPUCOCOANHCHUCM.
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HyxkieoduiabHoe npucoeMHeHUe
B oOmiem Bujie MeXaHU3M peakuuid HyKJI€O(UILHOTO MPUCOCAUHEHUS 10

KapOoHUIbHOM rpymine C=0 MOXHO NPEACTaBUThH CIEIYIOIIUM 00pa30M:

O N H HCN T
R—{5* === R——CN R——CN
- -CN
H 0 OH

U

PCaKHI/IH O6p&30BaHI/IH MUAHTUAPUHOB HMCCT BaXXHOC CHHTCTHYCCKOC

SHAYCHUC, TAK KaK II03BOJICT YIJIMHHUTL YIJICPOJAHYIO MOCIIb HAa OJHWH aTOM

yraepoja:
&+ b6— O+ d-
R- (E=0 + H-CN —— R—({:H—OH
H CN
U-I'HJIPOKCHHUTPH
(rxMaHru puH

PaIlI/IKaJIbHOG MPUCOCINHECHUE AR

Peakiun CBOOO/IHO-PaIUKAIBLHOTO MPUCOETUHEHHS XapaKTEPHBI
JUIS aJIKEHOB,  KOTOpbIE  BCErJa BCTYHNAlOT B HUX  BMECTO  PEaKkUuiu
ANEKTPOPUIBLHOTO TPUCOSTUHEHHUS] B TMPUCYTCTBUU MCTOYHHKA CBOOOJHBIX
paJarKaoB.

MexaHu3M peakiud PaJUKATLHOTO TPUCOCAVMHEHUS BKIIOYaeT B ce0s
CJIIEAYIOIINE CTATUU:

1. [lepBas cragust — unuyuuposanue yenu. OHa MOKET HAYATHCS CLIOHTAHHO,
(GOTOXMMUYECKH, DJICKTPOXUMHYECKU, TIOCPEJCTBOM HArpeBaHUsA WIH TyTEM
XMMHUYECKOTO HHULIUUPOBAHUS.

2. Bropas cragus — pazsumue yenu. Ha 3Tol cTaguu pagukaibl pearupyor
C MOJIEKYyJIaMu, 00pasysl MPOyKThl PEAKIIMU U HOBBIE PaJIUKAIBI.

3. Tpetss cTanusa — 0Opwi6 yenu U PEKOMOMHAIIHMS CBOOOTHBIX PaIUKaIOB.
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Peaknmuu  pamukaibHOTO  3aMEMICHUST  YCKOPSIFOTCS B YCIIOBHSIX
TeHEPUPOBAHUSI CBOOOHBIX PAJAMKAIOB U 3aMEJUISIOTCS B IPUCYTCTBUH BEIIECTB,
yJIaBIUBAIOIIUX CBOOOHBIC PaTUKAIIBI.

PanukansHoe IPUCOCTUHEHNE UJeT IPOTHUB MPaBUIIA
MapkoBuukoBa (3¢ppexm Kapawia). BeI3BaHO 3TO HMOBBIIIEHHONH CTaOMIBHOCTHIO
TPETUYHBIX, AJUTMIBHBIX M HEKOTOPBIX IPYTUX PAJAMKAIOB, 00pa3yIOMUXCS MPHU

MIPUCOEIMHEHNH aTaKYIOIIETO PaJrKaja B ONPEACIEHHYIO TO3UIMIO B MOJIEKYJIE.

1. HOZOH -L= 2HO*; 2. HO* + HBr —= H,0+Br";

HEPEKHCB Bﬂﬂﬂpﬂ,ﬂa

. HB
—— CHa-CH-CH; B—f:» CHz-CH-CH;
=Br

Br* Br Br

1-6GpoMmporan

3. CH=CH-CH3z
IpPONHIEH nm . H B:
¢ ('Hs - CH-CH; -+~ CH2-CH-CHz
31 : H 31
2-OGpommpomnan
Peakuust uner B HampasieHuu | udepe3 oOpa3zoBanue Oosiee CTaOMIBLHOTO

BTOPHUYHOI'O paavKala.

24



