APOMATUYECKME
YIJIEBOZIOPO/Ibl (APEHbI)
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ApeHbl

ApomMmamu4yecKkue coeOUHeHUsl, Uslu apeHbl, —
6osibwas 2pynna coeOuHeHUU
Kapbouyuknu4yeckoz20 psioa, MOJIeKY bl
Komopbix codepxam ycmou4usyro
UUKJTUYECKY 2pynnupo8Ky U3 wecmu amomos
yasniepooOa (6eH3051bHOe KOJbUO), obnadarowyro
0cob6bIMU ¢husu4eCKUMU U XUMUYECKUMU
ceoucmeamMu.

CH
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ApeHbl

CtpoeHune monekynbl 6eH3ona (A. Kekyne, 1865)

|
H Cs. _H
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~
H
KEKYINE
BeHson (6eHseH) C H, ®dpuapux ABrycT

07.09.1829 - 13.07.1896
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ApeHbl

CTpoeHune MmoneKkynbl 6eH3ona




ApeHbl

CTpoeHune MmoneKkynbl 6eH3ona

aenoKain3oBaHHOM
T CBA3U




ApeHbl

CTpoeHune MmoneKkynbl 6eH3ona
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ApeHbl

CTpoeHune MmoneKkynbl 6eH3ona




ApeHbl

«ApOMATUYHOCTb» — COBOKYMHOCTb OCOObIX
CBOMUCTB OeH3o0na

TN

| | Z =

Nyl _

LMKINOOKTAaTeTpPpaeH




ApeHbl

«ApPOMaTUYHOCTb» — COBOKYNHOCTb OCOObIX

CBOMUCTB OeH3o0na

[MpaBuno Xrokkena (1931):
rnyiocKue UukKiu4eckue
coeOUHeHusi, umerouwjue
COrpPsKEeHHY cucmemy
IT-3/71IeKMPOHO08, Mo2ym 6bIimb
apoMamu4ecKuMU. ecJsiu 4ucJio
amux 3/1eKmMpoHoe8 paeHo 4n + 2
(2¢0en=0,1, 2,3 um.ad.).

Apux XoKKersnb
1896-q1 980



ApeHbl

«ApOMATUYHOCTb» — COBOKYMHOCTb OCOObIX
CBOMUCTB OeH3o0na

Apux XoKKersb
1896-1980
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ApeHbl

«ApOMATUYHOCTb» — COBOKYMHOCTb OCOObIX
CBOMUCTB OeH3o0na



ApeHbl

Xumunyeckume ceoucrtBa. Peakyuu 3amMeweHust
anoezeHupoeaHue

Cl

+ HCI

XI0p6EH30/
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ApeHbl

Xumunyeckume ceoucrtBa. Peakyuu 3amMeweHust
lanozeHupoeaHue (PadukanbHoe 3amMeuweHue)

CH3 CH,CI
+ C12 hv > + HCI
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ApeHbl

Xumunyeckume ceoucrtBa. Peakyuu 3amMeweHust
HumpoeaHue

s NO,
H,SO4 (el 0.)
+ HNOj > +  H,O0

| €00 dai ¢ €

1A



ApeHbl

Xumunyeckume ceoucrtBa. Peakyuu 3amMeweHust
HumpoeaHue (padukanbHbIU MEXaHU3M)

H,NO,

CH3 2
g

‘ HNO3 ‘
-H,O

\/ \/

Peakuyusi KoHoesasiosa



ApeHbl

Xumunyeckume ceoucrtBa. Peakyuu 3amMeweHust
AnkunupoegaHue

AnkunnupoBaHne — BBeAeHUEe ankKUnbHOMU rpynnbl B
MOJIEeKYJly OpraHM4eckoro coeamHeHus (Hanpumep, B
OeH305IbHOE KOMbLO).

Peakuna ®punaena—Kpadrtca
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ApeHbl

Xumunyeckume ceoucrtBa. Peakyuu 3amMeweHust

)
Iy >
A B
@ C®ilvua us 6nokHota dpug
Kpadptc (Crafts) hxenmc ®Ppupens (Friedel) lWapnb
MencoH (12.3.1832 — 20.4.1899,
(8.3.1839 — 20.6.1917, CLLUA) PpaHuumA)
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ApeHbl

Xumunyeckume ceoucrtBa. Peakyuu 3amMeweHust
AnkunupoegaHue

CH;
AIBI'3

+ CH;Br > + HBr

| adeéaal ¢ &
(O €di €)
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ApeHbl

XunMmunyeckme cBonucTBa. Peakuuu 3amMeuwleHuUs:

CH,CHj;
+ CH,=CH, —>

10



ApeHbl

Xumunyeckume ceoucrtBa. Peakyuu 3amMeweHust
AnkunupoeaHue (MexaHU3M)

CH;
CHCH;
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ApeHbl

Xumunyeckume ceoucrtBa. Peakyuu 3amMeweHust
AuunuposaHue

AunnupoBaHue — BBeAeHue B MosieKyny
opraHM4ecKoro coegMHeHus1 aununbLHOMN rpynnbil.

O AlClL C—CH;
+ CH3—(:(Cl — + HCI

ee O\ \ oo A

0302606l deéa 1 aceédal eééad i
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ApeHbl

Xumunyeckume ceoucrtBa. Peakyuu 3amMeweHust
AP pekmbl 3amecmumersieu npu 371eKmpoPuUSILHOM 3aMelWeHUU

1. 3amecTutenu (opueHTaHTbl) nepBoro poaa: —OH,
—OR, —OCOR, —SH, —NH,, —NHR, (Hal). 31n
3aMeCcTUTesNIM CMeLLaloT INIeKTPOHHYI0 NJIOTHOCTL B
CTOPOHY OEH30MbHOro Konbua, T.e. 0onaparoT
3NeKTPOHOAOHOPHbLIMM cBOMCTBaMU. OHU
akmueupyrom 6eH3051bHOe KOrnbLO (3a UCKITIOYEeHnem
ranoreHoB). O6nervyas BXxoxaeHue 3neKTpoUunbHbIX
peareHTOB B O0eH30JIbHOe KOSIbLilO, OHU OPUEHTUPYIOT
HOBbIU 3aMeCTUTEeNb B OPMO- U rapa-rosIoKeHUsl.
Takue 3amMecmumerniu Ha3bigarom opmo- U napa-
opuUeHmMaHmamu.

29



ApeHbl

Xumunyeckume ceoucrtBa. Peakyuu 3amMeweHust
AP pekmbl 3amecmumersieu npu 371eKmpoPuUSILHOM 3aMelWeHUU

2. 3amectutenu (opmneHTaHTbl) BTOporo popa: —CN, —
COOH, —SO,H, —CHO, —COR, —COOR, —NO,,. 911
3aMecTUTesiM CMeLLaloT 3MEKTPOHHYIO NMOTHOCTb OT
OeH30nbHOro KonbLa, 1.e. OHM obnaparoT
3NIeKTPOHOAKLEeNTOPHbLIMU CBOUCTBaAMU. OTU
3amMecTuTenun desakmusupyrom 6eH30s/IbHOe KOJibUoO,
3ampyOHsisi 8X0)XKOeHUe 3/1IeKmpousibHbIX pea2eHmoa.
[Mpn 3TOM BHOBb BXOOALMN 3aMeCTUTESNIb OPUEHTUPYIOT B
MeTa-nonoxeHue. Takme 3amecTuTenun Ha3bIBaKT Mema-
opueHmMaHmamul.
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ApeHbl

Xumunyeckume ceoucrtBa. Peakyuu 3amMeweHust
AP pekmbl 3amecmumersieu npu 371eKmpoPuUSILHOM 3aMelWeHUU

(OH

O-

= |
A.. X7
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ApeHbl

Xumunyeckume ceoucrtBa. Peakyuu 3amMeweHust
AP pekmbl 3amecmumersieu npu 371eKmpoPuUSILHOM 3aMelWeHUU
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ApeHbl

Xumunyeckume ceoucrtBa. Peakyuu 3amMeweHust
AP pekmbl 3amecmumersieu npu 371eKmpoPuUSILHOM 3aMelWeHUU
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ApeHbl

Xumunyeckume ceoucrtBa. Peakyuu 3amMeweHust
AP pekmbl 3amecmumersieu npu 371eKmpoPuUSILHOM 3aMelWeHUU

O
(O/%N/

2

HUTpOGeHzon  O- t/\/| g‘
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ApeHbl

Xumunyeckume ceoucrtBa. Peakyuu 3amMeweHust
AP pekmbl 3amecmumersieu npu 371eKmpoPuUSILHOM 3aMelWeHUU
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ApeHbl

XunMmunyeckme cBonucTBa. Peakuuu 3amMeuwleHuUs:

OpueHmauyusi 8 6eH30/IbHbLIX KOJIbUax, cooepxxaujux
6o0s1ee 00HO20 3amecmumernisi

CH; COOH

CornacoBaHHasi opueHTauums

CH; E"
E' Cl

20



ApeHbl

XunMmunyeckme cBonucTBa. Peakuuu 3amMeuwleHuUs:

OpueHmauyusi 8 6eH30/IbHbLIX KOJIbUax, cooepxxaujux
6o0s1ee 00HO20 3amecmumernisi

l

R /\/OCH3

/’Q§?//\\NHCOCH3

HecornacoBaHHasa opueHTauus

20N



ApeHbl

XunMmunyeckme cBonucTBa. Peakuuu 3amMeuwleHuUs:

OpueHmauyusi 8 6eH30/IbHbLIX KOJIbUax, cooepxxaujux
6o0s1ee 00HO20 3amecmumernisi

1. Ecnu cunbHO akTUBUpYOLWaa rpynna KOHKypupyeT co
crnaboakTuBMpyroLlen NN age3akTUBUPYHOLLEN FPYMMOU,

TO peakuus KOHTpOﬂMpyeTCH nepBOU rpynmnou
OH

OH
N CH H3  Br. i .CH
Br2 (AlBrQ

NH (gH NR , O"> 0OR, OCOR,; NHCOR > R, Ar > ranoreHbil
> MeTa-opMeHTaHTbl
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ApeHbl

XunMmunyeckme cBonucTBa. Peakuuu 3amMeuwleHuUs:

OpueHmauyusi 8 6eH30/IbHbLIX KOJIbUax, cooepxxaujux
6o0s1ee 00HO20 3amecmumernisi

2. Mpyn Npounx paBHbIX YCIIOBUSIX MAaNOBEPOSATHO, YTOObI
TPeTbA rpynna BoLa B MOJSIOXXEeHUe Mexay ABYyMSA yKe
NPUCYTCTBYIOLLUMU B aPOMaTUYECKOM KOoJibLie
3aMecTUTENSAMU B Mema-nosio’)keHNMM OTHOCUTENbHO ApPYr

Apyra.

3. Ecnu mema-opueHTUpyowas rpynna HaxoguTcs B
Mema-nosioXKeHUU no OTHOLLEeHUIO K opmo-rnapa-
OpUeHTUpYoLen rpynne, To BXxoaslliasa rpynna saHMmaeT
B OCHOBHOM OpmMoO-rnosfioXXeHue No OTHOLUEeHUK K Mema-
OpueHTUpyroLwien rpynne.
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ApeHbl

XunMmunyeckme cBonucTBa. Peakuuu 3amMeuwleHuUs:

OpueHmauyusi 8 6eH30/IbHbLIX KOJIbUax, cooepxxaujux
6o0s1ee 00HO20 3amecmumernisi

NO, NO; NO,
6 2 ¢l Cl
e + +
: ; Cl Cl Cl
M-XJIOPHUTPOOEHS3O 1-HUTpPO-2,5 anxnop

6eH30on

(1) (2

22

NO,

Cl
(3)

Cl



ApeHbl

XunMmunyeckme cBonucTBa. Peakuuu 3amMeuwleHuUs:
BnusiHue 3amecmumenel Ha peaKyUuoOHHYH CrocobHoCMb

CHj CH; CH; CH;
NO,
HNOj3; (H2SO4)
HO g *
NO,
NO,
58% 38% 4%
COOH COOH COOH COOH
NO,
HNO; (H;S0y4)
mo * N
NO,
NO,

Le 3% 80% 2



ApeHbl

XunMmunyeckme cBonucTBa. Peakuuu 3amMeuwleHuUs:
BnusiHue 3amecmumenel Ha peaKyUuoHHYH CrlocobHocmb

CH3 CHj CH;
Cl
Ch (AICL)
o +
Cl
62% 38%

34% 66%

2K



ApeHbl

Xumunyeckume ceoucrtBa. Peakyuu 3amMeweHust
BnusiHue 3amecmumernel Ha peakKyuOHHYH crocobHocmb

CH, CH; CH,
NO,
— +
CHs HNO; (H,50) % DOz
0,0 37%
3 3
—C—CH3 —C—CH3

i @
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ApeHbl

Xumunyeckume ceoucrtBa. Peakyuu 3amMeweHust
BrniusiHue 3amecmumerneli Ha peakyuoHHY crocobHoCcmb




ApeHbl

XunMmunyeckme cBonucTBa. Peakuuu 3amMeuwleHuUs:
BnusiHue 3amecmumenel Ha peaKyUuoHHYH CrlocobHocmb

NO, NO,

HNO, Cl,

H,S0, AlCl,
Cl

— Cl Cl Cl

NO,

C12 HNO3 3

AICk H,50, *

NO,
70% 30%
29



ApeHbl

XunMmunyeckme cBonucTBa. Peakuuu 3amMeuwleHuUs:
BnusiHue 3amecmumenel Ha peaKyUuoHHYH CrlocobHocmb

@
NH, NH;

HNO;
H,SO4

NO,
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ApeHbl

Xumunuyeckue cBoncTBa. Peakuyuu npucoeOuHeHUst

/\I

X

3H,

Pt, 150°C
>

PN
~
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ApeHbl

Xumunuyeckue cBoncTBa. Peakuyuu npucoeOuHeHUst

cl, H
H

hv, -40°C Cl

=+ 3C12

Cl

A1




ApeHbl

Xumunuyeckue ceoucrtBa. OkucrieHue

N . HC—COOH
25
‘ + 40 —>
N HC—COOH
MaJ1ieMHOBad

KNCJ1I0Ta

yiRp)



ApeHbl

XnMmmnyeckKkue cBOUCTBA.

Toslyon

CH;

O]

OkucneHue

“““““

- ——————

“H,0

6eH30MHas
KUCoTa

AR



ApeHbl

Xumunuyeckue ceoucrtBa. OkucrieHue

CHj; COOH
O]
T
CH;—CH—CHj; COOH
MN-METUN30MPONUJII- TepedTanesas

6eH30on (Lmmon) KMCIoTa

A4



ApeHbl

Xumunuyeckue ceoucrtBa. OkucrieHue

2C,Hg + 30, —>12C + 6H-,0
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ApeHbl

MHorosiaepHble apoMaTudeckue coeguHeHus

ApOMaTquCKMe coeaAnHeHusA, coaepxauime B CBOUX
MOJieKYyJiaX HeCKOJ1bKO OEeH30MbHbIX AA0ep, Ha3biBalkoT
MHOrossaepHbIMMI.

CoeduHeHUs1 ¢ HEKOHOeHCcUpOoB8aHHbIMU 6eH30J/1IbHbIMU
ssopamu

aneHnn o



ApeHbl

MHorosiaepHble apoMaTudeckue coeguHeHus

CoeduHeHusi ¢ HeKOHOeHcupoe8aHHbIMU 6eH30/IbHbIMU siOpamMu

H+
(O ot O

rMapasobeHso 6eH3ManH
(4,4'- anammnHoaneHnn)

A7



ApeHbl

MHorosiaepHble apoMaTudeckue coeguHeHus

CoeduHeHusi ¢ HeKOHOeHcupoe8aHHbIMU 6eH30/IbHbIMU siOpamMu

O

andeHnnmeTaH

CICH,

AR




ApeHbl

MHorosiaepHble apoMaTudeckue coeguHeHus

CoeduHeHusi ¢ HeKOHOeHcupoe8aHHbIMU 6eH30/IbHbIMU siOpamMu

o 0
O OO0

6eH30¢eHOoH

A0



ApeHbl

MHorosiaepHble apoMaTudeckue coeguHeHus

CoeduHeHusi ¢ HeKOHOeHcupoe8aHHbIMU 6eH30/IbHbIMU siOpamMu

CH

TpudeHnnmeTtaH
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ApeHbl

MHorosiaepHble apoMaTudeckue coeguHeHus

51



ApeHbl

MHorosiaepHble apoMaTudeckue coeguHeHus

CoeduHeHusi ¢ HeKOHOeHcupoe8aHHbIMU 6eH30/IbHbIMU siOpamMu

/-\ (C6H5)3C:X: (C6H5)3C° + X
TPUPEHNIMETUT-
L ) paavKarn
‘) (C6H5)3C2X‘_—‘(C6H5)3C+ 1= X

/.\ C@j /_\ lzmas:mnmemn—
D
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ApeHbl

MHorosiaepHble apoMaTudeckue coeguHeHus

CoeduHeHus1 ¢ KOHOeHcUupoBaHHbIMU 6eH30/IbHbIMU siOpamMu

B/ﬁ%\zﬁ
e~

HadpTanuH

[~4e]



ApeHbl
MHorosigepHblie apomMaTu4eckne coefMHeHUs

Cl,
_HCI

o-XnopHapTanuH

SO;H

o-HadTammH-
. cynbdoKucnoTa
80°C )

160°C
\ SO;H
160°C 3
B-HadTanuH-
cynbdoKucnoTa
NO,

HNO; (50°C
3 ( )

H,S0,

o-HUTpOHadbTammk

A



ApeHbl

MHorosiaepHble apoMaTudeckue coeguHeHus

CoeduHeHus1 ¢ KOHOeHcUupoBaHHbIMU 6eH30/IbHbIMU siOpamMu

2H, (150°C) 2H, (200°C) o

TeTpasivH ACIEI

[~



ApeHbl

MHorosiaepHble apoMaTudeckue coeguHeHus

CoeduHeHus1 ¢ KOHOeHcUupoBaHHbIMU 6eH30/IbHbIMU siOpamMu

* 450) —> O +2H,O +2C0O,

o=

KR



ApeHbl

MHorosiaepHble apoMaTudeckue coeguHeHus

CoeduHeHus1 ¢ KOHOeHcUupoBaHHbIMU 6eH30/IbHbIMU siOpamMu

o y 04
B/ﬁ/g\%\z .
6 3

NP
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aHTpaL|eH
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ApeHbl

MHorosiaepHble apoMaTudeckue coeguHeHus

CoeduHeHus1 ¢ KOHOeHcUupoBaHHbIMU 6eH30/IbHbIMU siOpamMu

H,
2H

CH,
OUrnapoaHTpaLeH

[~ e]



ApeHbl

MHorosiaepHble apoMaTudeckue coeguHeHus

CoeduHeHus1 ¢ KOHOeHcUupoBaHHbIMU 6eH30/IbHbIMU siOpamMu

»]

]_I%r

CH :
~“O ‘ I -HBr

(|3H

Br

9,10- gbpomMaHTpaLieH 9-6pomaHTpaLeH

KO



ApeHbl

MHorosiaepHble apoMaTudeckue coeguHeHus

CoeduHeHus1 ¢ KOHOeHcUupoBaHHbIMU 6eH30/IbHbIMU siOpamMu

O
|
(01,
V>0;5
|
O

dHTPaxmHOH
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ApeHbl

MHorosiaepHble apoMaTudeckue coeguHeHus

CoeduHeHus1 ¢ KOHOeHcUupoBaHHbIMU 6eH30/IbHbIMU siOpamMu

ann3apuH

OH

A1



ApeHbl

MHorosiaepHble apoMaTudeckue coeguHeHus

CoeduHeHus1 ¢ KOHOeHcUupoBaHHbIMU 6eH30/IbHbIMU siOpamMu
9 10

cdeHaHTpeH

[AYp)]



ApeHbl

MHorosiaepHble apoMaTudeckue coeguHeHus

ConUHeHUH C KOHOeHcupoeaHHbIMU 6eH30/IbHbIMU ﬂdpamu

cbeHaHTpeXMHOH
I—IBr [H] [O]
. . HOOC COOH
9-6pomeHaHTpeH 9,10-gurnapoceHaHTpeH andeHoBasA KMCNoTa
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ApeHbl

MHorosiaepHble apoMaTudeckue coeguHeHus

CoeduHeHus1 ¢ KOHOeHcUupoBaHHbIMU 6eH30/IbHbIMU siOpamMu

a) JInHenHO KOHAEHCUPOBaHHbIEe LUUKIIbI:

TeTpaueH neHTaLeH rekcaveH

ARA



ApeHbl

MHorosiaepHble apoMaTudeckue coeguHeHus

CoeduHeHus1 ¢ KOHOeHcUupoBaHHbIMU 6eH30/IbHbIMU siOpamMu

a) AHrynsipHO KOHAEHCUPOBAHHbIE LUKIbI:

nepuineH KOPOHEH

[AY



ApeHbl

MHorosiaepHble apoMaTudeckue coeguHeHus

CoeduHeHus1 ¢ KOHOeHcUupoBaHHbIMU 6eH30/IbHbIMU siOpamMu

a) AHrynsipHO KOHAEHCUPOBAHHbIE LUKIbI:

1,2-6eH3nnpeH
AR



