IV.3. Kap6aHMOHBI

"MCTUHHBbIE" KapOaHUOHbI
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sp2-rm6puansaums sp-rmbpuausauyms
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BO3pacTtaHue yCTOVIq MBOCTHU

B otcyTcTBMe ctabunusnpyrowmx aktopoB KpamHe HeyCcTonumnBbl — HU3kaa C-H
KUCNOTHOCTb yrneesoaopoaoB. CTabunusnpyroTcs conpsiXkeHuemM, B 0CO6eHHOCTHU
C T-CUCTEMOM, coaepKallen rerepoatomMmbl (CM. HUXKe).

B cBfAizu ¢ 3aTUM, B aHHOM pa3aersie paccMmaTpmnBaroTCcAa U MmeTansnopraHn4ieckme
coeaunHeHusA, KoTopblieé UICTUHHBIMU Kap6aHMOHaMM He ABNAKTCHA, HO coAepXaT aToOM
yrnepoaga (CBFI3b C-MeTann) CO 3Ha4YuUTeJNibHbIM YaCTU4YHbIM OTPpULUAaTeJ1IbHbIM 3apAaA4oM.
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HykneocunbHoe npucoegnHeHne No NONSAPHbIM KPpaTHbLIM CBSI3AM
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I'IepemeTannMpOBaHMe (KMCHOTHO-OCHOBHOG paBHOBeCMe)
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HanpasJrieHne eHoniM3aumMn 3aBUCUT OT Cpeabl.
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MeHee 3aMelleHHbIN eHONAT-aHUOH
Gonee yctonumB (ankun - 4OHOpP 3anekTpoHoB), HO
Oonee 3amelleHHas KpaTHas CBA3b Oonee BbirogHa

6onee 3amelleHHas KpaTHaA CBA3b
oonee BbIrogHa
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KWHETUYECKUN KOHTPOIb TepMoAMHaAMU4YECKUA KOHTPOb
(M30bITOK OYEeHb CUSTbHOrO OCHOBaHUA) (cpaBHUTenbHOE crnaboe ocCHOBaHue
WNU KaTarnuTu4yeckoe Kosim4ecTBo
CUNIbHOIro OCHOBaHUA)

EHonusauusa obecneymBaeT BO3MOXHOCTb 3N1eKTPOUIIbHON aTaku
no anbca-yrnepogHomMmy atomy!
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HanpaBneHus peakuun anekTpoduna c eHONAT-aHNOHOM:
= (‘e
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AdhekTUBHOCTL aNEeKTpOo(pMNbLHOU aTaku onpeaenseTca IMbo CUNbHbLIM KYJTOHOBCKUM

B3aMMoAenucTBMeM Mexay Hykrneodpunom u anektTpodunom (3apanoBbI KOHTPOJb),
nn6o acpcpeKTUBHbLIM NepeKkpbiBaHUEM opbuTanen (BakaHTHOM aneKkTpoduna n HecyLueu

napy 3/f1eKTPOHOB — Hykneoduna) — opouTaribHbIN KOHTPOJIb.

B cooTBeTCTBMM C 3TUM, INEeKTpohunbl, Hecylime 3Ha4YMTeNbHbIN NONOXUTENbHbIN 3apag
Ha aNeKTpohUNLHOM LeHTpe (aToMe) nu nmMeroLme nNyIoxXo NONApPU3yemMyro BakaHTHYHO
opouTanb («KecTkue anekTpocdunbi») B3aMmmoaencTBYHOT C LLEHTPOM, Ha KOTOPOM
HaxoauTcA 60sNbLUMK MO BeNIMUYUHEe oTpuuaTenbHbIW 3apaa (HenogeneHHas napa
3NIeKTPOHOB Ha XOPOLUO NOSIAPU3YEeMON OpoOnTanmn) — «XKeCTKUN LIeHTPY.

JTO CUTyauUus 3apsAAO0BOro KOHTPOnS.

«Msrkmmn anekrtpodun» - U «kMArKUN Hykneodun» - LeHTpbl, o6naaaroLme, COOTBETCTBEHHO,
BaKaHTHYIO M 3aHATYIO opbuTtanu, KotTopble cnocobHbl 3chpcheKTUBHO NonApmn3oBaThbCA

npyv B3aumMogeucTBuUM Apyr ¢ Apyrom ¢ oopasoBaHneM XMMUYECKON CBA3MN.
OpOuTanbHbIU KOHTPOJb



Peakuun KkoHgeHcauum

KapOoOHUNbHOE coeAnHeHue - arteKTpodun (YaCTUYHbLIN NOSTIOXUTENbHbLIN 3apAaa,
Ha KapOOHMNBLHOM aToOMe yrrnepopaa; eHon - Hykneocwun (napa anNnekTpPoHOB aToMa
Kucrnopopaa, Haxoaswasacsa B CONpPsHKeHNN C KpaTHOM CBA3bIO)

®
HE HO\
>—CH3 et >=6-|?>—CH3 — —

KOHUEeHTpauus
eHona mana!

o H* O H,O o
N = AP W
\/\( 3 % o
OH

8H2 KPOTOHOBbLIN anbaerng
NPOAYKT anbAONIbHOMN (npoayKT KPOTOHOBOM
KOHAeHcauuun (B 4aHHOM KOHAeHcauum, obpasyertcs

criy4yae He BblgensieTcs) B 3TUX YCNOBMUAX)
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Kap60H niibHasi MetTusieHoBas
KOMINMOHEeHTa KOMMNMOHEeHTa

Ona Toro, 4ToObLI onpeaenuTb NpenMyLLeCTBEHHOEe HanpaBrieHne KoHAeHcauuu,
Heo6xoAMMO, YTOObLI KapOOHUITbHAA KOMMOHEHTa obiagana 3aMmeTHO GonbLuen
aKTUBHOCTbIO, @ METUNEeHOBasA KOMMOHEHTa — 3aMeTHO GonbLuen YCTOUYNBOCTLIO
(yueT BnusiHne Bcex 3amecTuTeneu B UCXoaHou nape). B npotuBHom cny4ae
BO3MOXHO OoOpa3oBaHMe BCeX YeTbIpex NMPoAYyKTOB B CONOCTaBMMbIX KONIMYeCcTBaX
— peakuus CTaHOBUTCS He npenapaTUuBHOM.

Mony4nTb NPOAYKT KOHAEHCAaLUM anbAoNbHOIo TUNa B KUCINON cpeae

NpakTU4eCKu HeBO3MOXHO (crneayeT aermaparaums ¢ obpasoBaHuem
npoAyKTa KPOTOHOBOM KOHAEHCcauun).

o Ba(OH), o OH
)j\ t )l\/l<

AVNaueTOHOBbIN CNUPT



Ho u B wieno4yHomn cpege 3ayvactyro obpa3yroTca NpoayKTbl KOHAEHCaUUM KpoTo- 11
HOBOro Tuna (BbIrOAHOCTb OOpa3oBaHUA CONPSXKEHHOU CUCTEMBbI)

0 40H 0
PhCOCH; + PhCHO —» Ph)v\ph
* H XarnkoH

Ucnonb3oBaHue CUNbHbIX OCHOBAHMM NO3BONAeT npoBOoAUTb NepeKpeCcTHYyr KoOHAeHCauunio
C MMHUMAJbHbIM KOJNIM4E€CTBOM NOOOYHbIX npoAayKToB

0

Lig
Rz 0 0 0 OH
R' LDA R! R® | R® H,0 R3
R/\n/ /\r . R _>R : 2
O '780 R2 R
R R

Ak )\EiJ\
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MUcnonb3oBaHne cununoBbix 3acpupos

: 0
O 4.LDA,-78° OSi(CH:z)s pew,cHO
> DIk
2. (CH,),SiCl TiCl,, -78° <
2. H,0
OH

[ Opyruve 3ne|<'rpoq)vmb|}

B 00ObI4YHbIX yCcrnoBusax (BoaHas LWenoyb) KOHUEeHTpaumMa KapOooOHUNMbLHOIro coeauHeHns
3HaYUTESIbHO NMPEeBOCXOAUT KOHLUEHTpaLuo eHona (eHonAT-aHUoHa). CnegoBaTenbHO,
B cpefe NpucyTcTByeT O0oSbLUOe KONMTMYeCcTBO afeKkTpoduna - HeeHONM30BaHHOIO
KapOOHUIIbLHOIO COeANHEHUSA, KOTOPOEe KOHKYpUpPYEeT C ApyrMMu npubaBnsemMbiMu
anekrpodunamm B criy4ae nx COnocTaBMMOUn peakLMOHHON COCOOHOCTMU.

OH 0 3
— —
Bo3MOXHble HanpaBneHWUsi aneKTPodUnbLHON aTaku B criyvyae eHona

Con g)H w9

P e e nl
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KapboHUNbLHbLIN aTOM yrnepoaa — «MArKUm aneKkTpocuny, KOTopbin B3aumoaencTeyeT
C KMAFKUM» HYKNeo(uribHbIM LLIeHTPOM — aTOMOM Yyrnepoja eHosna Uim eHoJNIAT-aHNOHa
(peakumm KoHAeHcauun anbAoONbHO-KPOTOHOBOIO TUMA)

o OH o _COCH;

\wHO CH,COCI
_Si(CHy);
LDA_

(CH5)SiCl 0
o i E
CH,

O - XXeCTKUN LUeHTp
C - MATKUNM LEeHTp

CH | (CH;0),S0,
)ci\/ /CQ
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XecTtkue 3ﬂeKTpOd)MJ1bI B3aVIMO.E|,el71CTBy}O C XXeCTKUM HyKneO(*)M.ﬂbelM LUeHTPOM —
aTOMOM Kuclrnopoaa

7~
- OJ\ rcocl 1 (CH40),S0 T
L e

o~ COR

RCOzEt RCOCI
o) R

"MArkMn" anektTpodun (CnoXxHbin achmp) B3aumoaencrByeT ¢ "MArkum"™
HyKneocgunom - atToMoM yrrnepoaa; ">*ectkuun" (xnopaHrugpump) - ¢ "“Kectkum"
HYKneo(unom - aToMoM KNUCNopoaa eHonAT-aHUoHa

CO,Et
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Hu3kasn permocesieKtTuBHOCTb
peakunun ankKniampoBaHus

O o o)
LDA, -78° 30% | CH,l
+ — +
aM3 20°
30% 70%
TepMoAUHaAMUNYECKUN
KOHTpOIb!
70%
KWHEeTUYECKUMN
]
k|<0|-|Tpon|=. =)

Opyrou cnoco6 usbexarb caMOKOHAEeHcauun — npeBpaLleHne KapooHUNbLHOro
coeAvHEeHUA B eHaMUH.
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eéHaMUH




6onee yCTOMYMBbIN KaTUOH - NPOAYKT

TepMoaAnMHaAMUNYEeCKOro KOHTpoO A
O (0 O ')

N
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R 2. H,0" A 2. H;0" 5

[ Peakuua HuTposnpoBaHus }

NaNO,
Kucnas cpepa EtOH —» EtONO
H,0"
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NaNOz iOEt - EtOH
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NO _p )J\fNOH
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wesfioyHas cpega
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LDA NS e Lok Eo
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(@)
NO
_NOH &
> peakLus CroXHO3(UPHOI KOHAEHCcaL UK
(Tvna KnanseHa)
MpU KaTanuse KUCNoTaMu peakuus ranonampoBaHuUs
lanonavpoBaHue Kap6OHUNbHBLIX COeAVMHEHWIA ABNAETCS aBTOKaTanuTu-
YyecKoM - NPOTOHbLI (ranoreHoBogopoa)

Kucnbin kKatanus SIBNSIIOTCHA NPOAYKTOM peakuum

I ok

HO) %)H
= - Br

W 54 -Br-

Br—Br




OCHOBHbIM KaTanus

O i
Br2 [ Brz - = io>
)\/ -Br Br;C

/\COZ' + CHBr; peakuus ranocpopmMHOro pacnaga
opomochopm
Peakuua MaHHuxa
(@)
®/
O H2N Cl /
N
y )j\/\
R CH,0 (napacopm) I
\N

"OoCHOBaHMe MaHHuxa" |

@
HN. CI
A ®/ o /
CH,0 —— 3 =N\ B A —N\

WMWHMEBAA COoJlb - AneKkTpodun
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AﬂKI/IﬂVIpOBaHI/Ie ANKeTOHAaT-aHNOHa

(0] (o) (o) O (@) 3
1. RCO,Et /| EtO- EtO" {
sl |eressiel Jloall BRedlel m s
R 2. H;0* R R R R' Sn2
(o) 0]
(0 (@) 0O 0]
2 R', R" - nepBnYHbIe
EtO \ o R;X (BTOpUUHbLIE)
RJH/”\R > R)&%l\R' Sn2 RJS(”\R ankunranoreHugbi!
R' R' RI Rll
HO, t  -RCO,”
HO  t| -RCO,"

5 (o) )
(0]
Rl
R’ R

R

\_ Sealry
BbICOKaﬂ CH-KMCHOTHOCTI: no3BoJideT npeBpau.l,aTb AUKEeTOH B aHUOH Haleno,
YTO UCKITKOYAaeT BOSMOXHOCTb HpOTeKaHMﬂ I'IOGO‘-IHbIX KOH,D,eHcaLWIﬁ -B paCTBope

NMPUCYTCTBYET TOJIbLKO OAUH HyKﬂeO(an (AMKeTOHaT-aHMOH) n oavH 3ne|(Tpod)m1 =
arikunranoreHuvg
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o] (o O HO .
’ Hor '/
RJH/lLR e RMR —» RCO,H + RJH@ = RJH + RCO,
R L R' R'

PacwenneHue B-AMKETOHa npoucxoauUT NoO MeéXaHU3mMmy o6paTHomy KoHAeHcauun KnanseHa.
06paT|-|a;| peakuusa B AaHHOM CJlliy4ae He npoucxogauT Bcneacreue HU3KOM 3neKTpodw|anocm
Kap60KCMﬂaT-aHMOHa. ans HeCMMMEeTPUYHbIX ANKEeTOHOB HalnpaBJieHue onpeagendeTtcs

3NeKTPOPUNLHOCTLIO KAPOOHUNBLHOW rpynnbl.
KnHeTu4yecKku-KOHTponupyemoe ankunmpoBaHue gUaHUoOHa

RX = o
Q — C)> /”\)l\/R
CH, S\2

O

O
NaNH, (n30.
)]\/U\ z )>
-80°C

© ©
0 O (o) (o) O (o)
OEt OEt OEt
MaJio3HauYnman e

pe3oHaHCHas CTPYKTypa
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Kap6oHunbHble NMpounsBogHble KAPOOHOBLIX KUCNOT

coeguHeHus O W+ OH
P R
)I\ e /g X A
R R HexapaKTepHo, Kpome X = ranoreH

=z 1 < £ @—/<<+=<

pe3OoHaHCHanA cTabunusauusa manosHaymma
(MesomepHoe BIinssHue reTepoaToma)

Peakuusa Nena-®Ponbrappa-3enmHCKOro

RCH,CO,H B_;Z> RCHBrCOBr unu RCHBrCO,H

Br2 +P = PBI"3

PBr, HO Y )

RCH,CO,H oh RCH,COBr =— >=\ Br—Br —p»

Br R -Br-
*© )
HO  Br Br 2y Z MR
>_< e = RCHBrCO,H
+
ig o H = o -RCH,COBr

\_ J




KoHaeHcauusa KnanseHa
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Bonee Hu3kasa CH-KMCNOTHOCTb CROXHbIX 3(PUPOB NO CPAaBHEHUIO C KAPOOHUITBbHbLIMU
coeAHeHUsIMU TpebyeT npuMmeHeHUAa 6onee cunbHoro ocHosaHus - EtO” (NaNH,, NaH, Na)

o)
S ,\0) &P okt
RCH,CO,Et —==— T Sl
EtO R EtO EtO -EtO"
1 ]
: R, R R
MeTunieHoBas KapGoHManaﬂ
KOMMNOHEeHTa KOMMOHEeHTa

(o) 8 (@) (o)
EtO- ~
EtO —~——— EtO > Et0
-EtOH
R R R R

[ BCe CTaguu npouecca obpaTumMbl, paBHOBecue CABUraeTcsi B CTOPOHY }

R R

o6Gpa3oBaHusA NpoAyKTa 3a CYET coreobpa3oBaHMsa Ha NocregHen cTagum




achup + acpup = B-keToacpup 23

EtO- " BO3MOXHO Npu OTCYTCTBMU B MOJSIeKyne
RCO,Et + R'CH,CO,Et — CO.Et KapOOHWUNLHOW KOMNOHEHTLI aTOMOB
2 e R - BoAopoAa y a-yrnepogHoro atoma B coctaBe R
RI
O

EtO" )j\/ HCO,Et, (CH;);CCO,Et, CF;CO,Et,
ArCOEt + CH,COEt —3m COEt  (Et0),C0, (COEY),
Ac¢pup + KapdboHAT = ManNoOHOBLIN Ahup

o
0 5 0 —CO,Et CO,Et
J\ + CH;CO,Et —3m r\><_ L
EtO OEt EtO OEt - EtO” CO,Et

ManoHOBbIU
achup

Adomp + hopmuar = B-anbaerngoadpup

NaH ~ COZEt
R'CH2C02Et + HCOzEt + 0

RI



0) acdomp + KeTOH = B-ANKETOH
O

O O
R

MeTUuJrieHoBas Kap60HVIJ1bHaﬂ
KOMIMOHEeHTa KOMIOHEeHTa

CH-KMCNOTHOCTb KeTOHa 3aMeTHO BbILLe, YeM Y CIIOXXHOro admpa (pesoHaHCHas
crabunusaums). Moatomy, NnpuMeHeHNe [OCTAaTOYHO CUSTLHOIO OCHOBAHUSA

no3BOoJidAeT NpoBoANTb pPeakKuio TakKum 06pa30M, YTOObI KETOH npenmyLwiectBeHHO
BbICTynall B Ka4yecTBe METUIIEHOBON KOMIMOHEHTbL.

B) achmp + anbaerng,

TaKyro nepeKkpecTHYH KOHAeHCcauuio OCyLeCcTBUTb, Kak NpaBuIio, He yaaeTca — anbaerna u oonee
cunbHaa CH-kucnoTa, n 3HauuTernibHO b6oree akTUBHasA KApPOOHUITbHAA KOMMOHEHTA, YeM CJI0XKHbIN
achup. bByaeT npoucxoanuTb KOHAEHCAUMA anbaernaa camoro ¢ Co6omn.

Peakuun guaHnoHoB

)Ciz-
COZ/ R CO,
/\ NaNH2 /e\
R CO,H W R CO, & -78°C
SNZ\ e
N\
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FeHepupoBaHue U NpMMeHeHMe OUaHUOHOB aLeTOYKCYyCHoro adupa 25

o e L.
)j\/ co,Et LDA .0 M 7 7 gp

2 S @ © ATy _>R "'. © .':

(NaH, LiN(SiMe;), Li- H,C OEt ~~" NoEt
KUHEeTUYECKUMN
KOHTPONb H,O +
(@)
R'X H,ot R 9
—3 R CO,Et
2 —t> }O R\)j\/COzEt
Rl

(0

0
Q LDA 0 Br(CH,);Br ©_CO,Et CO,Et
)l\/COZEt —>HS> OLCOEt—— =
2

)
Br



Peakuusa [Jap3aHa 26

O
CICH,CO Et
)]\ s Co,Et ~Cly 7[&
NaNH, (EtO ) CO,Et
B-Anacumpsbl
ozt EtONa EtO,C, YCTOMYUBLIN aHUOH -
Na"' MHAOYKTUBHOE BIINSAHUEe ABYX
dKUenToOpPHbIX rpynn
CO,Et EtO,C
CO,H S
CO,H
o
CO,Et CO,Et CO,Et R
@< 1. EtO R H30+
SN2 2 R'X R' _t> >_COZH
CO,Et CO,Et &

R, R' = ankun
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RI
R'X '
® OR )\
— RN 2
8 MMWHOPHbIN NPOAYKT

HUTPOHOBLIN 3chnp
OCHOBHOW NpPOAYKT

+ R' = annun, 6eH3un, akTUBHbLIE ranoreHnAbI

ea@«o, AN (o) X _OH
JN 2 — ANF + RN
H

R

R
i R O / R’
1. BulLi, -90° ™\ _ﬁy S\2
0E R
R' NO,

)
%© ~_ R'COX
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MNoBbiweHHaa CH-KMCNOTHOCTbL NMPOTOHOB

y a-yrnepoaoHoro aromMma 3amMectuTrtersnisa B o- U y-NOJTIOXEeHUAX NMpnANHOBOIO KOoJibLa

2NN ety T e NV
| > || - -
ARG A S N
N CH, N CH, N CH, N CH,
7 | BuLi < | R 1. RCHO | N OH
q
N unu NaNH, i 2.H,0 Z
N N CH, N R
RCHOJl OH- AmONO* \Rcc):Et
S
P i | i
A __CHR A\ __NOH NZ



Peakuusa KpeHke (aHanor peakuuu Buttura)
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