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COKPAHIEHUA 1 ObO3HAYEHUA

I'pynmmi:
Alk — ankun
Ar — apun
Ac — anun

Bn — GenHsun

Bs — OposunbHas

Me — MeTun

Tf — TpudronatHas

Ts — To3unpHas

Ph — ¢penmnbHas

Cp — UMKJIONEHTaAUEeHUT
Py — nupunun

CoeayHeHHs ¥ peareHThbl:

AYD — alleTOYKCYCHBI 3up
I'M®TA — rekcamermidocdop-
TpUAMUL

AMCO — numetwicyabhOoKCU
AM®A — numeTtmidopMamMu
JUOITKA — auuukiaorekcuiakapoo-

JTUUMMIT

JAK — JJOHOPHO-AKLETITOPHBIN
KOMILIEKC

ITAB — MTIOBEPXHOCTHO-aKTUBHOE
BEIIECTBO

[M®K  — nomudochopHas KUCIOTa

TT® — TeTparuapodypaH

TMC  — reTpameTuICHIaH

IlepemeHHbIE, KOHCTAHTBI
W eIMHUIIbI U3MepPeHus:

D — nebait

n — «KECTKOCTb» DJIEKTPOHHOMN
000JIOUKU MOJIEKYJIbI

k — KOHCTaHTa CKOPOCTHU

K  — KOHCTaHTa paBHOBECHSI

kg ~ — xoncranra bonbumana

a — KYJIOHOBCKUI MHTErpa

8 — pe30HAHCHBIM MHTErpaj

t — TeMIiepaTypa o IIKaje
Lenbcust

T — TeMIepaTypa Mo IiKaje
KenbBuHa

u — IWMOJIbHBI MOMEHT, D

1 — MOTEeHLIMAaJl MOHU3auu, 3B

A — BJIEKTPOHHOE CPOACTBO, 3B

d?®  — mnotHocTs, r/cm?

n%®  — nokasaresib [PEJOMICHHS

a — OINTUYECKOE BpalleHue,
rpan (°)

MR, — pedpakust, cm?

b — XUMHMYECKUI COBUT, M. 1.

v — YacToTa, CM ™'

A — IIJIMHA BOJIHBI, HM

R — YHUBepcajbHasl ra3oBasi 1oc-
tossHHas, /(K - MoJib)

N — 4yuco ABOTampo, Mo~ !
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Cokpawenus u 0603Ha4eHus

Cokpamenus:

AQO — aToMHas opOuTaib

B3MO — Beici1as 3aHSATast MOJIEKYJISIP-
Has opOUTaIb

JAMD — nuMeToKCcus3TaH

MK-cnekTpockonust — nH(ppaKpacHas
CITEKTPOCKOTTHST

KII3 — KoMmIieke ¢ mepeHoCcoM 3apsiaa

JIOA — nTUuTUaIMMU30IponuIaMu/

MO — MonekynsipHasi opOuTaIb

HCMO — Husmasi cBoOoaHAast MOJIEKY-
JIsIpHasi opOUTaIb

HOBII — HenoneneHHast 2J€KTPOHHAS
napa

IIMP-criekTpocKonust — CIeKTPOCKO-
ST TPOTOHHOTO MarHUTHOTO PE30-
HaHca

Y®-criekTpocKons — yiabTpahroIeTo-
Basi CIIEKTPOCKOMUSI

®DI1C — akTOp MapMaIbLHON CKOPOCTH

DOHOC-criekTpocKonus — PoTo3JIeK-
TPOHHAasI CIIEKTPOCKOIHSI

OTC — sneKTpoHHAasl TPAHCMUCCUOH-
Hasl CIIEKTPOCKOITMS

AMP-crniekTpocKonusi — CreKTpoCcKO-
MK SIAEPHOTO MAarHUTHOT'O Pe30-
HaHca

13C IMP-crieKTpoCcKOIus — CIIeKTPo-
CKOTIUS SIIEPHOTO MAaTHUTHOTO Pe-
30HaHca Ha spax yriepoaa 13C

ee — YHAHTUOMEPHBII N30bITOK

de — nuacTepeoMepHbIii U30BITOK

IIpeduxcor:

8uy — BULIMHAJIbHbBIA
eem — reMUHaJIbHBIA
M — MeTa

0 — opTo

n — napa

mpem (t) — TPETUYHBIN



Inaéa 20.  KAPBOHOBBIE KUCJIOTbI
N UX ITPOU3BOJIHBIE

CoenuHeHusl, coaepxaiiue kapookcuiabHyto rpyrny —COOH, Ha3bIBalOT Kapbo-
HOBbIMU KUCAOMAMU

st pa3anvIHbIX (parMeHTOB KapOOHOBBIX KMCJIOT TMIPUHSTHI CIEIYIOIINe Ha-
3BaHus (0T aHen. “acid” — KucaoTa):

.............................

; ;
._R_—___(li:OH iR—C—O+H
alWIbHag rpyImna ALWIOKCUTPYIIIa
ol 0
R—C—0—H R—i:'é}o —H
ALUJIbHBIN aTOM alUJIbHBIN aTOM
KHUCJI0poaa yriepona

20.1. HACBIIIIEHHBIE U APOMATUYECKHUE
KAPBOHOBBIE KUCJIOTbI

20.1.1. Homenknartypa

[Tpu cocraBieHnM Ha3BaHUSI KAapOOHOBOW KMCJIOTHI aJndaTUUECKOro psja I1o
HomeHkiatype MIOITAK 3a ocHoBy Oepyr HamboJiee IJIMHHYIO YIJIEPOIHYIO
LIeTb, BKJIIOYAIOLIYI0 KapOOKCWIbHYIO Ipyniy. Hymepauuio Henu HauylHaIoT C
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aToMma yrjiepoja KapOOKCUIbHOM rpynibl. K Ha3BaHUIO YIJIeBOAOPOIA MO YUCITY
aTOMOB yIjiepojia B TJIaBHOH Lieny MpuoOaBisiioT cyDhUKe -08: -06asa Kucioma.

4 3 2 1
CH;—CH,—CH—COOH l S
l CH,~COOH
CH;
2—M€TI/IJ'[6yTaHOBa$l KHCJI0Ta L[I/IKJ'IO6YTI/IJ'I3T3.HOB3H KHUcCjiora

3 2 1
CH,—CH,—COOH

3-heHuUTIpOIIaHOBAsT KMUCJIOTA

JI11 MHOTMX HamOoJiee U3BECTHBIX KapOOHOBBIX KUCJIOT YaCTO MCITOJIB3YIOT
TpUBHAJIbHBIE HAa3BaHKA. B 4acTHOCTH, X IPUMEHSIOT IS 3aMeEIeHHBIX KapOo-
HOBBIX KHCJIOT, 0003HayYas MOJOKEHUE 3aMeCTUTeIeii OyKBaMu o, B, Y U T. A.

CH;—COOH HCOOH
YKCyCHast MypaBbUHast
Kucjiora Kucjiora
CHy;—CH,—CH,—COOH CH;—CH—COOH
MacJigHasad KUCJI0Ta CI:H3

Y B o M30MacJIsiHas KUCJIOTa
CH3*CH2*C|ZH—COOH 5
o
CH; Br—CH,—CH,—COOH
Oo-METUJIMACIIsIHAsA KUCJI0Ta ﬁ-6pOMHpOHI/IOHOBaH Kucjiora
Ha3BaHMsI KUCIOT aJULIMKINYECKOTO Y TeTePOLIMKIMYECKOTO PSIIOB 4acTo

00pa3yloT IyTeM NpuOaBiIeHUsT K Ha3BaHMIO YIJICBOAOPOAA WJIM TeTepoapeHa
noctdukca -Kapoonosas Kuciomad.

A*COOH HOOC COOH
LIMKJIONPOIIaHKapOOHOBAST
KHCJIOTa 1,4-11uKII0TeKCaHAMKApOOHOBAsI
KUCJIOTa
P COOH
NS
N

3-nupuauHKapOOHOBasK
(HUKOTHMHOBAs1) KUCJIOTa
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3aMeleHHble apoMaTYecKre KapOOHOBBIE KHUCIIOTHI OEH30JbHOIo 1 Hadra-
JIMHOBOTO PSZIOB HAa3bIBAIOT KAK ITPOU3BOIHbIE OEH30MHOIM 1 HAMTOINHOI KHUCIIOT.

COOH COOH COOH COOH
©/ )
) NO,
2-xJ10pOeH30IHas

CH3 KHCJIOTa Cl OH

4-MeTni- 3-HUTpO-4-XJI0p- 4-ruapoKcu-
OeH3oiHas OeH30iiHas KucaoTa I-HadTOlHAs
(n-TONynaoBast) KHUCJI0Ta

KHCI0Ta

3anaua 20.1. HazoBute cieayomme COeAMHEHUS M0 CUCTEMATUIECKOH HOMEHKIIaType:

a) 6) Br COOH
YY\COOH

NO,

3agaua 20.2. Hanummre cTpyKTYpHYIO (DOPMYITY UTST KaKIOTO U3 CICAYIOIINX COSTMHEHMIA:
a) (R)-4-runpoxkcu-(2 F)-rekceHoBasi KMCIIOTa;

0) a.-OpoM-f-xJopMacisiHasl KUCIIOTa;

B) 4-HUTPO-3-3TOKCUOEH30HAsI KUCIIOTA.

20.1.2.  Cnoco0bl moJTyueHus

Okucienue yriesoaopoaon, CnipToB, ajJdbJA€rnioB 1 KECTOHOB

OKuCJIeHMe OpraHUYeCKUX COEAMHEHUM, MpUHAIIEKAIIUX K YIJIEBOJAOPOAaM,
cCnUpTaM, ajbIeruaaM U KeToHaM, paHee yKe MoapoOHOo obcyxkaanock (cM. T. I,
pasn. 2.4, 5.4.5; 1. 11, pa3n. 10.2.3, 16.4.4, 19.1.4). Hyxe naHbl MpUMepPHBI 3THX pe-
AKIUIA.

Co**, 0 (Bo3ayx)
@cm T @COOH + H,0

TOJIYyONT OeH30lHas KMUCI0Ta
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0—0
/ \ ®
R-CH-CH-R' —2—~ R-HC__CH-R 2/
AJIKEH O
O O
/)
R+ r-C
OH OH
KapOOHOBBIE KHUCIOThI
®
n-C4Hy—OH M2/ CH,CH,CH,~COOH
H—6YTaHOJ'I MacJisiHast Kucjaora
H CHO H COOH
N 4 A0, NHOH  H® N 4
/C—C\ /C—C\
CH;3 CH; CH;3 CH;
2-MeTuI-2-0yTeHa b 2-MeTuI-2-0yTeHOBasK

KHCJIOTa

DTU peakiy Hanbosiee pacIpoCTpaHEeHbI ITPU MOJTYYeHUHN KapOOHOBBIX KMC-
JIOT, B TOM YHKCJI€ B IIPOMBILIIJIECHHON ITpaKTUKe.
OKucienne METHIKETOHOB

MeTUIKETOHBI OKHMC/ISIOT TMIIOraJJOreHUTaMM; 3Ta CXeMa M3BECTHA KaK Tajio-
(opmHast peakuus (cm. 1. 11, pazn. 19.1.5):

®
CH;—CHy~CHy~C—CHj NagierzO 10" CHBr; + CH;CH,CH,COOH
o) OpomMo- OyTaHoOBas
dopm KHCI0Ta

2-TIEHTAaHOH

I'maposn3 HUTPHIOB

Peakiiu ruiposiniza Npou3BOIHBIX KAPOOHOBBIX KMUCJIOT YACTO MTPUMEHSIOT B JIa-
GOpaTOpPHOI MPaKTHKE.

HuTpuitbl rtMApONM3YIOT IPU X HarpeBaHUM (KaK IMPaBUIIO, TIPY KUTISTYEHUH )
C BOIHBIMM PacTBOPaMU MUHEPATbHBIX KUCIOT (pexXe IIeaoueit).

R—C-N (wm Ar—C-N) (5"~ R—COOH (wm Ar—COOH)

HUTPUI KapOOHOBasi
KHCIOTa
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Hanpumep, (heHUTYKCYCHYIO KMCIOTY ¢ BHICOKMM BBIXOJIOM TMOJYYalOT 110 CXeMe

0O
NaCN H,S0O4/H,0 7
PRI w—

OEH3WIXJIOPUI OEH3MILIMAHN]T (beHmmykcycHas Kuciora

®eHnnykcycHasa kucnora. Cmvecb GenHsunumanmpa (70 r; 0,68 monb), KOHU,.
H,SO, (85 mn) n Boabl (120 Mn) kNaTaT B TeyeHve 3 4. Mlocne BbiIMBaHUSA peak-
LMOHHON CMecu B NeAsHyo BOAY NPOAYKT OTGUIbLTPOBLIBAIOT, T. ni. 76-77 °C.
Bbixon, 72 1 (78%).

I'maposu3s ciioxHbIX 3¢upoB

DTa peaxims Hanbosee TIaaKo IMPOTeKaeT B pa30aBIeHHBIX IIIeJI0Uax Py Harpe-
BaHUMU:

NaOH  H;0®

R—COOR' 57" R—COOH + R—OH
CJIOKHBII ' KapOOHOBast CITUPT
adup KHCI0Ta

I'maposu3 TpurajoreHMeTHINPOU3BOIHBIX

M OpOJIn3 TPUraIOTe HMETHIITPOU3BOIHBIX ISl TTOJYYEHMSI KAPOOHOBBIX KUCJIOT
MPUMEHSIOT pexke. [Tpy 5TOM MCIOIB3YIOT TE K€ YCAOBUS, YTO U IPU THAPOIINA3E
HUTPHUJIOB U CJIOXHBIX 3(UPOB:

3Br, /Br H® ww CoH
C6H5*CH3 v C6H57C\_Br W’ C6H57COOH
TOMyON Br ? GeH30iTHasT KMCIIOTa

o, 0L, 0.-TPUOPOMTOJTYOT

KapOokcuimpoBanue MeTalsIoO0praHiYecKuX peareHToB

KapbokcunpoBaHue MeTaUIOOPTAaHWYECKMX PEareHTOB CIYKUT OXHUM U3
YHUBEPCAJIbHBIX CIIOCOOOB MOJIydyeHsT KapOOHOBBIX KUCTIOT (cM. T. 11, pa3m. 15.1.4).

_ Mg _ o, o HCI -
R—Br 760, 20 R—MgBr R—COOMgBr 55- R—COOH
Li COSLi® COOH
®
(beHUITUTU I OeH3oiHas

Kuciaora
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2-MetunbyraHoBas kucsota. Yepes pacTBop BTOpP-OyTunIMarHuinxnopvaa, npu-
rOTOBMIEHHOr 0 13 2-xnopbyTaHa (46 r; 0,5 monb) 1 marHus (13,4 r; 0,55 Monb) B 3TK-
nosom acupe (400 mn), NponyckaroT yriekncblii ra3 fo HacbleHus. Cmeck obpa-
GatbiBatoT 25%-1 BoaHon H,SO,. MpoayKT BbIAENAOT NeperoHkon, T. kun. 174 °C.
Bbixoz 40,8 r (80%).

DTOT METOI UMEET, OTHAKO, OrpaHu4YeHre. AJIKWJI- U apUJITaJIOreHUIbI, ITPU-
MEHsIeMbIe B peakiusiX, He JOJIKHBI coaepxkaTh 3amecturenein (OH, NH, SH,
C=0), KOTOpbIe aKTUBHO PearupyroT c peakTuBamu [ puHbsipa U TUTUIOPraHU-
YEeCKMMU COSIUHEHUSIMU.

3anava 20.3. [Mokaxkure, KaKuM 06pa3oM MOXKHO OCYIIECTBUTD CIIEIYIONINE PeBPAIeHUST:

a) E>:CH2 E>7CH2COOH

6) (CH;,CCH—CH, (CH3);CCOOH

3amaua 20.4. Ykaxure, Kakoil U3 ABYX CIIOCO00B — 4epe3 peakTuB [ puHbsIpa WK Yepe3 HUT-
pu1 — GoJjiee MPearOYTUTEIeH IUIs pealnu3aliu CAeAYIOIX IPeBPaIeHUIA:

a) 6pomOeH30/1 — OeH30lHasK KUCI0Ta;

0) n-HUTPOOCH3UIXJIOPUIL — N-HUTPOPEHUITYKCYCHAsI KUCIIOTA.

20.1.3.  ®u3uyecKue CBOMCTBA U CTPOEHHE

Pdusunueckue CBOCTBA

MypaBbHMHAas ¥ YKCYCHAsl KMCJIOThI 00J1aJal0T pasapakalomM 3armaxom. Macis-
Hasl, BaJlepMaHOBas M KalpoHOBAasl KMCJIOTHI MMEIOT HEMPUSATHBIN 3amax. Beic-
LIME KUPHBIE M apOMaTUYECKME KMCIOTHI HE MMEIOT 3araxa, MoCKOJIbKy 00J1aaa-
10T MaJIOM JIETYYECThIO.

Temmnepatypsl IJIaBJIeHUS W KATIEHUsI, a TAaKXKe TaHHBIE O paCTBOPUMOCTH B
BOJIe HEKOTOPBIX KapOOHOBBIX KUCJIOT MpuBeAeHbI B Ta0I. 20.1.

Temmnepatypbl KUTIEHUsT KApOOHOBBIX KHMCIIOT BBHIIIE, YeM TaKOBbIE CITUPTOB,
MMEIOIINX Ty 3Ke MOJIEKYJIIpHYIO Maccy. Hrke cpaBHMBAIOTCST TEMITEpaTyphl KH-
MTeHUsT HEKOTOPBIX KApOOHOBBIX KMCIIOT M CIIUPTOB.

Coeaunenue CH,CH,0OH HCOOH CH,CH,CH,0OH CH,COOH
9TAaHOJ MypaBbUHas OyTaHOJ yKCyCHast
KHUCIOTa Kucjiora
MouJ. macca 40 46 60 60

T. kun., °C 78 100,5 97,4 118
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Ta6auua 20.1. Puszuyeckue cBoiicTBa KAPOOHOBBIX KUCIOT

Kucaora T. mi., °C T. kun., °C PacTtBopumocTb
npu 20 °C, r/100 ma

HCOOH 8,4 101 Heorpanuuena
MeTaHoBasl (MypaBbUHast)

CH,COOH 16,6 118 Heorpanuyena
3TaHoBas (YKCycHas)

CH,CH,COOH -21,0 141 Heorpanuuena
nporaHoBasi (IMIPOIMOHOBAsI)

CH,;(CH,),COOH -5,0 164 HeorpanuueHa
OyTaHOBas (MacisiHas1)

CH,4(CH,);COOH —34,0 186 4,97
MeHTaHOBas (BaJiepuaHOBasi)

CH,;(CH,),COOH -3,0 205 0,97
rekcaHoBasi (KalpoHOBast)

CH;(CH,)sCOOH -8.,0 223 0,24
renTaHoBas (3HAHTOBAs)

CH,;(CH,),COOH 17,0 239 0,07
OKTaHOBas (KarmpuaoBasi)

CH,4(CH,),COOH 15,0 255 0,03
HOHaHOBas (TeJIaproHoBasi)

CH;(CH,);COOH 32,0 270 0,02
JieKaHoBas (KarmpuHOBasl)

CH,4(CH,),,COOH 44,0 299 0,01
JofieKaHoBasl (JlaypuHOBast)

CH,4(CH,),,COOH 54,0 251 0,002
TeTpaaeKkaHoBasi (MUPUCTUHOBAS) (100 MM pT. CT.)

OTMeueHHOe pasinune OOBSICHSIETCS OOJbIICH MOJSIPHOCTHIO KapOOHOBBIX
KUCJIOT U GoJiee TPOYHBIMU BOJOPOJHBIMU CBSI3SIMU, KOTOPbIE OHU 00pa3yloT B
COOTBETCTBYIOIIMX AuMepax. JluMepbl KapOOHOBBIX KMCJIOT YCTOWYMBBI JaXKe
B ra3000pa3HOM COCTOSIHUHU.

O--HO

/ \
H—C C—H

\ //

OH-O

3HaueHMS TETUIOT IMMEPU3aliui BecbMa BeJIMKK. Harpumep, Teriora gume-
pU3alMyd MypaBbUHOI KUCJIOTHI B ra3oBoil (a3e coctaBisier — 58,5 kJIxx/Moib
(—14 kxan/mMonb).

MoutekyJibl KapOOHOBOM KHCJIOTHI 00pa3ylOT MPOYHbIC BOAOPOIHBIC CBSI3U
TaKXe U ¢ MOJIeKy1aMu Bombl. OHAKO JIMIIb TIepBbIe YeThIpe YWiIeHa TOMOJIOTH-
YeCKOro psima ayudaTUUeCKUX KapOOHOBBIX KHMCJIOT CMEIIMBAIOTCS C BOAOW B
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JII00bIX cooTHOolIeHUsIX. HaunHas ¢ BaﬂepI/IaHOBOﬁ KHNCJIOTbI, paCTBOPUMOCTb
KHCJIOT B BOJI€ YMEHbBIIIACTCA. Briciine Kap6OHOBLIC KHNCJIOTBI MaJIO paCTBOPUMBI
B BOIC. ApOMaTI/I‘ICCKI/Ie Kap6OHOBbIC KHMCJIOTbI — TBE€PAbLIC COCAMHECHUA, ITJIOXO0
pPacTBOPUMBLIC B BOJC.

DJIEKTPOHHOE CTPOEHHE

I'pyninel C=0 u OH, o06pasymoiire KapOOKCUIbHYIO (GYHKINIO, B3AUMHO BJIUSI-
10T JPYT Ha Jpyra U 3HAaYUTEJbHO OTJIUYAIOTCS MO CBOMCTBAM OT COOTBETCTBYIO-
LIMX IPYIN B ajibAeruaax (KeToHax) U CripTax.

DIEKTPOHHOE CTPOeHUE KapOOKCUIbHON (hYHKIIMU MOKAa3aHO HIKE Ha Mpu-
Mepe MypaBbUHOW KUCJIOTHI.

B TepmuHax Teopuun pe3oHaHca KapOOKCUJIBbHYIO TPYIITY MPEACTABISIOT Ha-
0OpPOM PE30HAHCHBIX CTPYKTYP:

oo DS CRJC)
. NON HON
/7 @/ /
H—C -— H—C -— H—C
\ \ \®
‘O—H :O—H —H

Onmna 3 HOII atoma Kuciopoga TMAPOKCUILHOM TPYITILI AeJIOKATM30BaHa
MepeKpbIBAHNEM C TT-OpOUTAIbIO KapOOHWIBHOM TPYMIILL. [demokanu3anust aJieK-
TPOHHOM IIJIOTHOCTU B KapOOKCWJIBHOM TPYIIIIe HAXOAMT DKCIIePUMEHTAIBHOE
noarBepxkaeHue B iMHax cBaseit C—O u C=0.

\ /H R\ //OO, 1245 um
.C—0 -0 R—C,
"4 0,144 um R"” 0,122 nm 0,131um O—H
CIIUPT KETOH 0,095 um
KapOoHOBast

Dra JeJ0KaIu3aLys IeJIaeT aTOM yIJiepoaa KapOOHWILHOM IPYIIIBI MEHEE DIIEKTPO-
(bWIIBHBIM, YEM aTOM YIJIEPO/IA B KAPOOHMJILHOM IPYIIIE AJIBIETVIOB MM KETOHOB.

B 00111e# OLIEHKE peaKILIMOHHOM CIIOCOOHOCTH CIIEAYET OTMETUTh, YTO KapOo-
HOBas KMCJIOTa UMEET, 110 KpailHeil Mepe, TPY PeaKLIMOHHBIX LIEHTpPA:

@ s
a 6@69.’
R— CH2*C\. .
® O—H®®
[ ] l@

® — cBs3p O—H, pa3pbIB 3TOi1 CBSI3M HaOJIIOAAETCS MPU KUCJIOTHOM AMCCO-
LIMALN;

@ — kapboHmbHag rpynna C=Q0, sta rpyrna cnocooHa mpucoeanHSITh HyK-
JIeo(UIbHBIE PEareHThl;

® — C—H-cBs13u 1ipu O-yIJIepOAHOM aTOME, 3TU CBSI3U MOABEPXKEHbBI MOHU-
3allMK ¢ 00pa30BaHUEM CHOJISITOB.
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20.1.4. Peakuum

KucioTHO-0CHOBHBIE CBOICTBA KAPOOHOBBIX KHCJIOT

ITpu KucIOTHOI nuccoLauuy KapOOHOBOI KUCIOTHI 00pa3yeTcsl KapOoKcuIaT-
1oH RCOO®. C Touku 3peHust 21eKTPOHHOTO CTPOEHMSI €r0 MPEACTABIISIOT KaK
PE30HAHCHBIN TMOPH IBYX 9HEPTETUIECKH SKBUBAJIEHTHBIX CTPYKTYP:

oo, oo, . o.e 120
O O ok 0
R_C\. R + HQO > R— C\_ R -~ R— ~ =— R— C\
—H -H;0 : ~o: 0
oo DrYe NS 120

PesonaHcHas ctabuiM3annsd KapOooKcUIaT-noHa — IMpUYKHa TOTO, YTO Kap-
OOHOBBIE KUCJIOTHI SIBJISIOTCS KUCJIOTaMU CpelHel cuiibl. B yacTHOCTH, Kap6o-
HOBBIE KMCJIOTbI — 3HAYUTENBHO 00Jiee CHMIIbHBIE KUCIOThI, YEM CITUPTHI (CM.
1. 1, pasn. 16.4.1).

KHUCIIOTHOCTb AIMPATUYECKUX KUCJIIOT

DJIeKTPOHOAKIIENTOPHBIE 3aMECTUTENIM B MOJIEKYJIe KAPOOHOBOM KHUCIOThI, OTTSI-
IMBAIOLIME JIEKTPOHBI OT KAPOOKCUIIATHOIO LIEHTPA M TEM CAMBIM CTAOUIU3UPY-
I01I1e KapOOKCUIaT-UOH, YBEJIMYMBAIOT KUCIIOTHOCTh KAPOOHOBOI KUCIIOTHI.

0O Py
CH—C~ CICH,~—C~
3 \e .9 2 xe .9
[ ] .. [ ] ..
MeHee cmabunbHbll bonee cmabunbHbLil
AHUOH AHUOH

BHCKTDOHOI[OHOI)HBIC 3aMECTUTEJIN OKa3bIBAIOT ITPOTHUBOITOJJIO2KHOEC BJIIMSAHUCEC.

Kuciora pK, Kucnora pK,

C,H;COOH 4,86 CICH,COOH 2,85
MPOMUOHOBAs XJIOPYKCYCHast

CH;COOH 4,76 CCL,COOH 0,66
YKCYCHas TPUXJIOPYKCYCHAs

HCOOH 3,77
MypaBbUHas1

3aMecTuTeNb BIUSIET 0COOEHHO CUJIbHO, €CJI HAXOAUTCS MPU OL-YTIEPOIHOM
atome. [To Mepe ynaneHust 3aMeCTUTENISI OT KAPOOKCUIILHOI TPYIIIbI €r0 BIUSHUE
Ha KHUCJOTHOCTb OBICTPO OC/1abeBaer.

Kucaora pK, Kucnora pK,

CH,;CH,CH,COOH 4,82 CH,;CH(Cl)CH,COOH 4,05
MacJisTHast ﬁ—XHOpMaCHS[HaH

CH,CH,CH(CI)COOH 2,86 CICH,CH,CH,COOH 4,52

a-XJiopMaciisiHada Y-XJlIopMacjisiHast
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3anaua 20.5. YKaxuTe B CJAeIyOIIMX Mapax KUCIOT, Kakasi U3 KUCJIOT CUJIbHEE:
2) (CH,),CCH,COOH i (CH.);NCH,COOH;

6) CH,CH,COOH nmu CH,CH(OH)COOH;

B) CH,;CH,COOH nmn CH,=CH-COOH;

r) CICH,CH,COOH um CICH,CH,CH,COOH.

KHUCIIOTHOCTb APOMATUYECKUX KUCJIOT
beH3zoiiHas kucioTa sBiasieTcs OoJjiee cl1aboil KUCIOTON, 4yeM MypaBbUHas,
HO 6oJiee CUIIbHOM, YeM YKCYCHast KUcioTa. 3HayeHue pK, GeH30MHON KMCIOTHI
paBHo 4,21.

CoracHO 9TUM AaHHBIM, TIO CPABHEHUIO C METUJIbHOM TpyIIoi dheHWIbHAas
rpyMIia SIBJISIETCS DJEKTPOHOAKIIENTOPHOU U HECKOJBKO CTAOWJIN3UPYET KapOOK-
CWJIAT-VOH:

...66 120
5@y, /O ®
C.. + H0o —— .+ HO
ooH 01/2@

BHCKTpOHoaKHCHTOprIC 3aMECTUTECIU B mema- N napa-1oJIOKCHHUAX apoMa-
TUYECKOI'O A1apa, CHOCO6CTBYIOH_II/IC JCJOKaIM3ally OTpULATCJIbHOIO 3apsda B
AHWOHC, IMOBLIIIAIOT KUCIOTHOCTD. BHGKTpOHOHOHOpHHG 3aMECTUTECIIU B napa-
MOJIOKEHMU OKa3bIBalOT MPOTHUBOIIOJIOKHOC BJIUAHUC.

COOH COOH COOH COOH COOH
Kucaora @\
OCH; NO,
OCH; NO,
n-METOKCH- OeH30ITHas M-METOKCH - M-HUTPO- n-HUTPO-
OeH3oliHas OeH3oliHas OeH3oliHas OeH30lHas
pK, 4,47 4,21 4,09 3,49 3,43

3aMecTUTENN B 0pmo-TIOJIOKEHUW MOBBIIIAIOT CUIY KUCIOTHI HE3aBUCUMO
OT TOTO, SIBJISIIOTCSI JIU OHU 3JIEKTPOHOAOHOPHBIMU WU 3JIEKTPOHOAKIIETITOP-
HeIMU (opmo-3¢hdexT). B kauecTBe nmpuMepa mokazaHo BIAUSIHAE 0pmo-TUAPO-
KCUTPYIIIBI HA KUCJIOTHOCTD CATUIIUJIOBON KHUCIOThI. DTO BIMSHUE BKJIOYACT
MPOCTPAHCTBEHHBIN 3 DEKT 3aMecTuTess, 00pa3oBaHUE BHYTPUMOJICKYISIP-
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HBIX BOJOPOIHBIX CBSI3edl M HaJW4ue AUIIOJb-IUITOJbLHBIX B3aMMOIEHCTBUIA,
CTAOMIU3UPYIOLINX AaHUOH:

(0]
Lo

COOH ce

HO
2 o+ [{3()C
_H
O—H (0)
CaJIMLIMIIOBAst KUCIIOTA KapOoKcuaam-uon cmabuiu3uposan
pK, 2,98 68000pOOHOII C853b10

O KOJIMYEeCTBEHHOI 3aBUCUMOCTH MEXAY CTPOSHUEM 3aMEeIleHHBIX OEH30MHBIX
KUCJIOT U UX KUCJIOTHOCTBIO cM. B T. I, TU1. 1, pa3n. «/1J1st yrimyOJeHHOIo U3ydeHUsI».

OCHOBHOCTDb KAPBOHOBBIX KUCJIOT

OCHOBHOCTb KapOOHOBOM KKMCJIOTHI OIPEEIISIETCS €€ CIIOCOOHOCTHIO MPUCOEIM -
HATH TPOTOH. OCHOBHOCTH KAPOOHOBBIX KHMCIIOT CPaBHUMA C OCHOBHOCTBIO aJlb-
JETHIOB U KETOHOB U IMPOSIBIIIeTCS B cuiibHOKMCT0M cpene (pH < 3). 3HaueHus
pK, MX CONpSIXEHHBIX KUCJIOT Haxoaarca B npenenax —6,0 -+ —7,0. Ipu npoto-
HUPOBAHUU IIPOTOH MPUCOEINHAETCS K KAPOOHMILHOMY KHCJIOPOJLY C 00pa3oBa-
HHEM TTPOTOHUPOBAHHON MOJIEKYITbI KAPOOHOBOI KMUCIOTHI:

L) .?e
6@//0.
R-C ,, + HOSO,0H ===
N 0@
O—H
O—H OH OH
E— R_C//n 0 R_%/- ° - R_C/- ° + eOSO2OH
\e o e e \\@
H OH O—H

B pesynbrare mpoTOHUpPOBaHUSI KapOOKCUILHOW TPYTIbl BO3pacTaeT JIeKT-
poduIbHOCTL aToOMa yrjiepoaa 3TOU TPYIIbl U €ero CIIOCOOHOCTh K peakiusM C
HYKJ1e0(WIbHBIMU peareHTaMu.

Peaknuu KapooKCHIAT-HOHOB
B otinuue ot CIIMPTOB, KOTOPbLIC HE MOT'YT OBITh KOJIMYECTBEHHO MOHU3NPOBaHbI
Z[CﬁCTBI/ICM BOJHOIO pacTBOpa rmapoKkcnaa HaTpusd

paBH

K
CH;CH,0H + NaOH —=-> CH;CH,0° + H,0
pK, 159 pK, 15,7

K, = 1071597107157 = 1002 < 0,63,

paBH
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KapOOHOBBIE KMCIIOTHI B YKa3aHHBIX YCIOBUSIX MOHU3KpYIoTcs Ha 100%:

Kpam—(

CH;COOH + NaOH CH;COO° + H,0 + N&°

yKCycHast pK, 15,7
KHUCJIO0Ta

pK,4,76

K =10"%76/10-157 = 1010.94,

paBH

HYKIEO®WJIBHOE 3AMEIIIEHNE

B oTiinume oT KapOOHOBBIX KMCJIOT, KOTOPbIE 00J1aJat0T M HU3KOW OCHOBHOCTHIO,
U HU3KOW HYKJIEO(PUIBHOCTBIO, KApOOKCUIAT-NOHBI SIBJISIFOTCST 00J1ee CUTTbHBIMU
HyKJIeodmwIaMu. DT0 OOBSICHSIETCS JIOKAJIM30BAaHHBIM Ha HUX OTPUIATEIbHBIM
3apsimoM. B yacTHOCTHM, Takie MOHBI BCTYITAIOT B PeaKIMM HYKIeO(pMIHLHOTIO 3a-
MelleHus Sy2 ¢ aKuIraloreHuaaMu:

CH;CH,CH,CH;Br + CH3;COOPN&® 1io=s
1-6poMOyTaH aleTaT HaTpust
i
CH;CH,CH,CH,—OCCH; + NaBr
OyruialeraT

IMockonbKy KapOOKCHIaT-UOHBI SIBIISIIOTCST CTA0BIMA OCHOBAHUSIMU U HE BBI-
3BIBAIOT PEAKLIMU DJIMMUHUPOBAHUSI, OHU IIAIKO 00Pa3yIoT CJIOXHbBIE 9(DUPHI Aa-
K€ CO BTOPUYHBIMU aJIKWJITAIOTEHUIAMMU.

Emme omHolt BaxXHOM peakiiyeil KapOOHOBBIX KHMCIIOT, KOTOpasl MPOTEKAET C
pa3pbeiBoM cBsi3n O—H 1 B KOTOpoif KapOOKCUIIAT-UOH BBHICTYIAeT B KavyecTBe
HyKJIeoHIIa, SIBISETCS UX B3aUMOICHCTBIE C TNA30METAHOM:

RCOOH + CH;N, RCOOCH; + N,

KapOoHOBast 1a3o- METUII-
KHCIIOTa MeTaH KapOoOKcuaaT

DJEKTPOHHOE CTPOSHME Ma30MeTaHa ONMChIBACTCS HAOOPOM PEe30HAHCHBIX
CTPYKTYD, ABE U3 KOTOPHIX IPUBEIEHbBI HUXKE (ITOAPOOHEe O CTPOSHMH I1a30all-
KaHOB CM. B pasj. 24.3):

@ () .e
CH,—N-N:

© ®
:CH,~N=N:

MexaHu3m p€akiuun nua3soMeTaHa C Kap6OHOBOfI KMCJIOTOM BKJIXOYAET CIIENY-
omue craguu.
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Cmaous 1 — MoHU3aLMsT MOJIEKYJIbI KUCIOThI:

(0] (0]
[l o

® | «e0
R—C—O—H + CH,~N—N; —— R—C—O0:

®
+ CH3;—N—N;
e e
Cmaous 2 — HyKJIeo(UIIbHOE 3aMeIIeHUE MOJIEKYJIbl a30Ta KaK XOPOIIO YXOASILei
TPYIITBI KAPOOKCUIIAT-UOHOM T10 CXEME PEaKUK Sy2:

0
0 O\ ® I
R—C—0! + CH;"N-N: —— R—C-OCH; + N,

JEKAPBOKCHUJIMPOBAHUE

CrniocoGHOCTh K OTIIETUIEHUIO THOKCHUIA YIiepoaa OOHapyKUBAIOT U KapOOHO-
BbIe KMCJIOThI, U KapObokcwiar-uoHsl. [Ipy TepMudyecKkoM aeKapOOKCUIMPOBa-
HUU KapOOHOBOM KUCIIOTHI 00pa3yeTcs YIJeBOIOPOI:

R—COOH R—H + CO;
Kap6oHOBast YIJIEBOIOPOL
KUCI0Ta

Huszime aJ'[I/Id)aTI/I‘IeCKI/IC KHMCJIOTBI, B TOM YUCJIC YKCYCHadA KHNCJI0Ta, IOABECP-
rarorcsa I[eKap6OKCI/U[I/IpOBaHI/I}O npu CruiaBJI€HUU C TBEPAbIM IT'MAPOKCHUIOM Ha-
TpU-. B YaCTHOCTH, U3 ali€TaTa HaTpHA C BbICOKMM BbIXOJOM O6p33y€TCH MCTaH:

0 0
v v NaOH
CH—C, O cHy—C] — i NayCO; + CHyf
OH 0° Na®
YKCYCHast
KHUCJI0Ta

AJ'II/Id)aTI/I‘IGCKI/Ie 1 apoMaTU4€CKuUe Kap6OHOBbI€ KHMCJIOTBI OTLICILIAIOT JUOK-
cua yriaepoaa B MIpUCYTCTBUM PA3JIMYHbBIX KaTaanu3aTOPOB, COACPXKAIINX MCIb:

7 Cu/XUHONINH
e

R—H + CO
OH YIJIEBOAOPOLL

KapOoHoBast
KHCJIOTa

JexapOoKCHMIMpOBaHUE CEPeOPSTHBIX COIeli KApOOHOBBIX KUCIIOT IO TEHCT-
BHEM TaJIOTCHOB B 0E3BOIHOM OPraHMYECKOM DPAacTBOPUTENIE C OOpa30BaHHEM
COOTBETCTBYIOIIUX raJIoTeHAJIKAaHOB M TaJIOTeHapEHOB U3BECTHO Kak peaxuus bo-
poouna—Xyucouxxepa (1861 r.):

R—COOAg + X2 W R—X + AgX + COz (X2:Br2, Clz, 12)

Conu anuaTU4ecKuX KUCIOT JUHEMHOIO CTPOEHMS pearupyroT 0COOEHHO
[JIaJKO, a BBIXOJbI raJloreHajakaHoB gocturaior 60—100%.
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Peaxkuus ITPOTEKACT KaK pa}:[I/IKa)TBHO—HCHHOﬁ nmpouecc.

Cmadus | — MTHALIIMMPOBaHYE TISTIN:
o: JoX
2 2
R— C\ + Br—Br R— C\. . + AgBr,
0CAg® O—Br
foX foX
Y, /4 .o
R—C, R—C(, + -Br
.Q_Br L] .. o
Cmadus 2 — pa3BUTHE 1ICTIN:
//O: .
R— C\. . R* + CO,,
.O. L]
. //OI Py 0.
R + R— C\. . R—Br + R— C\. .
L] ._Br .(). °

Peakiust boponnHa—XyHcIMKKepa MpoTeKaeT C COMSIMU U IPYTUX METaIJIOB
(Kanus, Tanausi, pTyTh):

2R—COOH + HgO + 2Br) ooy~ 2R—Br + HgBr, + 2C0O, + H,0
KapOoHOBas
KUCJIoTa

B omHoli 13 MoauduKaluil 3TOi peakliMyu KapOOHOBYIO KUCIOTY 00pabaThl-
BAlOT TeTpaaleTaTOM CBUHLA U XJIOPUIOM JUTUs (peaxuus Kouu):

H

0
[l
ﬁCOOH + Pb(OCCH3), + LiCl ——

LIMKJI00yTaH-
KapOOHOBast
KUCJIOTa

H
Cl _
— + CO, + LiPb(OCOCH;); + CH;COOH

LIMKJIOOYTHII-
XJIOPUTT

(100%)

Peakius Kouu naer ocoOeHHO Xopolliue pe3yabTaThl MPU MOJIYYeHUU BTOPUY-
HBIX M TPETUYHBIX TaJIOTeHATKAHOB.
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DIEKTPOIN3 coJieil KapOOHOBBIX KUCJIOT TaKXKe MPOTEKAeT C OTIHICTUIEHUEeM
JUOKCUIA YIJIepoia U U3BECTeH Kak peakuus Koavbe (1849 r.). B 310l peakiuu
HaOJII0IaeTCsT AMMEpU3aliis YIJIeBOAOPOIHOTO (pparMeHTa:

//O H,0
2R— C\ =
OeNa® BJICKTPOJIU3

R—R + 2CO, + NaOH + H,

Peakuusa Konwbe He umeeT HINPOKOIo Impe€rnapatTnuBHOIrO 3HaAa4Y€HUA, OAHAKO
MHTEPEC NPEACTABJISACT €€ MEXaHU3M.

Cmadus I — oxucaeHne KapOoKCUIaT-MOHA JI0 KapOOKCUIIBHOTO panuKaa:

,0: 0.
2 _
R— wso @ + R—C\"

Cmadus 3 — nuMepu3anus aJKWIbHBIX paIUKaJIOB:

R + K R—R

BOCCTAHOBJ/IEHUE

Emre ogHuM npumMepoM HYKJIEO(MUILHOTO MPUCOSINHEHMST IO KapOOKCHILHOMN
TPYIIIE CIAYXaT peaKlMU BOCCTAHOBJIEHUST KAPOOHOBBIX KMCJIOT C IPUMEHEHUEM
JIATURATIOMAHUUTUAPUIA:

R—COOH + LiAlH; e 25~ R—CH,0H

KapOoHoOBast CIUPT
KHUCJIoTa

npO):[YKTaMI/I BOCCTaHOBJICHUSA Kap6OHOBbIX KHMCJIOT B O9TOM CJIydyaec SBJIAIOTCA
CITUPTHI.

CH;COOH + LiAlH, - 5 CH;CH,0H

YKCYCHasI araHon (95%)
KHCJIOTA
(CH3;C—COOH + LiAlH, *"- M0 (CH,);C—CH,0H

TPUMETUITYKCYCHAsT HEOTIEHTUIIOBBII
KHUCIIoTa cnupt (95%)
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CyMMapHOe ypaBHEHHE BOCCTAHOBJICHUSI KAPOOHOBOI KUCIOTHI UMEET MpO-
croii Bua. ITpu 5TOM 1Ba ruapua-uoHa us Mosiekyisl LiAIH, okasbiBaroTcs B co-
cTaBe o0pa3ylolIerocs CnupTa:

0 oH
LiaH, + N1~ —— R-C-H +H0
R~ OH 4

BaxxHo mogyepKHYyTh, YTO BOCCTAaHOBJIEHUE KAPOOHOBBIX KUCIOT B 3TUX yCJIO-
BUsAX HE TPeOyeT npuMeHeHus u3obiTka LiAlH,, HecmoTps Ha 1o, uto 0,25 Mosis
BOCCTAHOBMTEJISI 3aTpauynBaeTCsl HA MOHMU3AlMI0 KapOOHOBOU KUCIIOTHI:

0 LiAlH, OH

R OH R O'Li®

HauaydimmM peareHTOM IS BOCCTAHOBJICHMSI KapOOHOBBIX KHCJIOT IO
cnupTos ABnsgerca 6opan BH;, KOTOpbIi MO3BONISET € BLICOKON M30MpaTe/ib-
HOCTbIO BOCCTAaHaBJIMBATh KapOOKCUIIBHYIO (DYHKIIMIO JaXe B MPUCYTCTBUU
CIIOXHO2GUPHONM M KeTo-Tpymi. [Ipy 3ToM Ha TepBOil cTaguu obpa3syercs
TpUaLMIOOpaT, KOTOPBIA U TTOABEpraeTcs aajee 04eHb OLICTPOMY BOCCTAHOB-
JIEHUIO:

B [ 2] e,
3

R OH

BricTpoTa peakimyu oObsICHIETCA aKLENTOPHBIMU CBOMCTBAMM aTtoma Oopa,
KoTopblii orTaruBaer HOI1 adupHOro aroma KMcaopoaa Ha CBOIO BaKaHTHYIO
opOuTa b U TOBBIIIACT, TEM CaMbIM, aKIIENITOPHbIE CBOMCTBA KapOOHMIHLHOTO
aToMa yriepona B Tpualuiadoopare.

3amava 20.6. 3aBepiuTe ciieayoIIne peakinmu. Hammmmmre cTpyKTypHbIe (hOpMYJIBI TIPOITYK-
toB. HazoBute ux. OTMeThTe, KaKue U3 Peakinil siBISIIOTCS] PABHOBECHBIMMU.

1. LiAlHy, (C3Hs),0
3. H,0

a) n-(TpudTopMeTr)OeH30lHAs KUCI0Ta

1. NaBH,4

0) S5-okcorekcaHoBasl KMCJIOTa 5
2. H;0

3amenieHne y aiJIbHOTO aTOMA yIiiepoaa

Hykneobuibl, UMeOIInMe T0CTATOYHO BbICOKME OCHOBHBIE CBOMCTBa — NHj,
RNH,, NH,NH,, NH,OH, RMgl u psan apyrux — rnepeBoasit KapOOHOBbIE KKC-



20.1. HacplllieHHbIe 1 apoMaTUyecKue KapOOHOBbIE KUCIOThI 27

JoThI B comu. OGpasyiolrecs: Mpy 3TOM KapOOKCUJIaT-WUOHBI He pearupyior ¢
HyKJIeoUIaMu:

/O /O

2 2

R—C_  + CHMgl —— R—C, + CHyf
OH 0° Mgl

CH;CH,CH,COOH + NH; —zsc= CH3;CH,CH,COO® °NHy4

MacJsiHasl KUcaoTa OyTUpaT aMMOHMSI

OpHako rpu HarpeBaHuu 10 185 °C aMMOHUMEBBIE COJIA, HAIIPUMeED, IIpeBpa-
IIAIOTCS B aMMIBI KApOOHOBBIX KHUCJIOT:

0
/

CH;CH,CH,COO°°NH; — .~ CH;CHCH;~C  + H;0
NH,

OyTHpaT aMMOHMUSI
OyTaHaMuJ1

Hwu3koocHOBHbBIE HYKJIEODWIBI PUCOSANHSIOTCS TI0 KapOOHMIIBHOW TPYIIITe
¢ 0Opa3oBaHMEM MPOU3BOIHBIX KApOOHOBBIX KHMCIIOT. B OOJbIIMHCTBE Cly4aeB
TaKye peakIuy UAYT B YCIAOBUSX KUCIIOTHOTO KaTajau3a.

PEAKIIUA DTEPUDPUKALINN

Peaxiinst KapOoHOBOI KHUCAOTHI CO CIIUPTOM, KaTaIM3upyeMasi CUJIbHbIMU KHC-
jgoramu (H,SO,, n-tonyoncynbbokuciora U Apyrue), U3BECTHA KaK peaxuus
smepugpuxayuu (peaxuus Quwepa—IlInaiiepa, 1895 1.).

0 0
R-C o+ R—0-H =2 R~ + HO

o—H 0—R
KapOoHOBast CIIOXHBII 3up

KHCJI0Ta

Peaxius arepudukannm oopatuma. Karaauzatop 6epyT B MUHUMAIbHOM KO-
mmaectBe (~1%). Jnst yBenuyeHuUsT BbIxoma 3¢bupa B XOA€ PEaKIUU OTTOHSIOT
a¢hup (WK BOAY) WIM UCITOIb3YIOT 00JIbIION U30BITOK CIUPTA.

Peakuus atrepudukaliiy UMeeT CASAYIOIINN MEXaHU3M.

Cmaous 1 — obpa3oBaHue r'MAPOKCOHNEBOTO MOHA:

® o0 o

P H® O H o, OH /OH
R—C. R—CL.  ——= RC[. ~—— RC{!
OH .O.H OH O—H
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Cmaous 2 — HyKJIeo(DUIbHOE MPUCOEAMHEHNE MOJIEKYJIbI CTUPTa K KapOOHUILHOMY

aToMYy yrjepoja:
® /:O:H oo .(|)H oo
R—C + R'—0—H R—C—OH
OH ! (G
& H—O—R’
®

Cmadus 3 — n3oMepu3zanys (IenpoTOHUPOBAaHUE—TIPOTOHUPOBAHNUE) 00PA30BABILIETO-
Ccs1 aJUIyKTa:

:'(l)'H :'(|5H :'(l)'H
U] e e @
R—C—OH R—C—OH + H © R—C—Oh,
H—O—R' OR' OR'
@ o0 o0
Cmaous 4 — 3MMMUHUPOBAHUE MOJIEKYJIbI BOJIbI:
e @ L]
QOH <OH <OH
(& Il |
R—C R—|C® + H,0

R—(|3—OH2 |
OR' OR' OR'

Cmadus 5 — nenpoTOHUPOBAHUE MPOAYKTA PeaKIInu:

R—C, == r—C  + H°
OR' OR'

HyxieoduabHoe iprucoemHeHNEe MOJIEKYJIbI CIIMPTa K aTOMY yIjiepoaa Kap-
OOHMJILHOM TPYMIIBI OBITO MMOATBEPXKIACHO OTIBITAMU CO CITMPTAMU, COIEpP KAl -
mu usoron 80 B rumpokcuiabHO# rpynme. Hampumep, 1o JaHHBIM aHauu3a
MPOIYKTOB Peakluy GeH30iHO KMCIOThI ¢ METAHOJIOM, cofepxkaumm 80, me-
YEHBIN KUCIOPOJ 0Ka3ajcs B CJIOXKHOM 3upe:

O O
7 HCI (ra3) 7
CeHs—C_ + CH;'OH CeHs—C(j3 + H,0
OH 180-MeTaHo OCH;
OeH30ITHass KMCI0Ta 30-meTrbeH3oar

PeakiimonHast cmocOOHOCTb peareHTOB B peaKluy 3Tepu(ruKaluy U3MEHSIeT-
CA B CIEAYIONIUX Psaax:

Crmprsr: CH;OH > nepBuuHbIe > BTOPUYHBIE > TPETUUHBIE

Kucaotsr: HCOOH > CH,COOH > RCH,COOH > R,CHCOOH > R;CCOOH

[IpucyTrcTBUEe 00BEMHBIX TPYIIIT OKOJIO PEAaKIIMOHHOTO LIEHTPpa B CIIUPTE WU
KHCJIOTE 3aMeIIsIeT ATepUUKALIMIO.
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PEAKIINU C TAJIOTEHUJIAMU ®OCDPOPA U CEPBI

[1pu B3anMoIeicTBMM KapOOHOBBIX KMCIIOT C HEOPraHWYECKUMU TaJIOTeHUAAMU,
Harpumep, PCly, PCl;, SOCIL,, PBry nonyyaior earoeenanzudpudst kapbonoeobix
Kucaom.

/O /O

4 4

R—C\ + PCly —— R—C\ + POCL + HCI
O—H Cl

KapOoHOBast XJIOPAHTUIPUT

KHUCI0Ta KapOOHOBOM KUCIOThI

/O 0O
4 4

R—C + SOCl, ——~ R—C_ + SO, + HCI
O—H Cl

l'lpez[r[onara}OT, YTO p€aKuus UACT 110 CXEME, BKJIIOYAIOLLIE HYKJ'ICOd)I/UTBHOC
IPUCOCIMHECHUE XJIOPUI-NOHA K Kap6OHI/IJ'[BHOI7I TpyIIie.

Cmadus 1 — obpa3oBaHNe CMEIIAHHOTO aHTUIPUIA:

o 0.
720 Il
R—C + CI—S—Cl R—C—0—S—Cl + HCI
NS Il Il
.O. H .O. .O.

Cmadus 2 — nykieobuIbHOE TIPUCOSANHEHNE XJIIOPUI-NOHA TI0 KAapOOHWILHOM TPYTI-
e 00pa30BaBILIETOCST AHTUAPUA:

o .'O'.@
'||m.e .. ..
R-C=G—s—Cl + i R—C—G—s—i:
:0 i 0

Cmaodus 3 — pacrnaj o0pa3oBaBIlIerocs aHMOHa ¢ 00pa3oBaHUEM KOHEYHBIX ITPOAYKTOB
peaxivu:
o
tl . Oo
(e il e
R—(lj—/()\—S—C_l: — R— C\ + 0—S—0 + :(CI

iR
a0 cl

TuoHunxmopua HauboJee YacTo MPUMEHSIETCS 1T 3TO peaklnu, TTOCKOJIb-
Ky 00pasylolirecs MOMUMO XJIOPAHTUIPUIa Ta3000pa3HbIe AMOKCUL CePhI U XJI0-
POBOIOPO JIETKO OTAESIIOTCS OT MPOAYKTA PEaKInu.
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PEAKIITMW C AMMUAKOM

[1pu KOMHaTHO TeMItepaType KapOOHOBasi KMCI0Ta 00pa3yeT ¢ aMMUAKOM aM-
MOHUEBYIO COJIb, KOTOpasl TIPU HarpeBaHWM IIpeBpaIiaeTcs B amud Kap6orosoi
Kucaomot:

//O //O //O
R—C_ + NHy ———~ R—C ——om R + H0
OH NH,
KapOoHOBast aMu KapOOHOBOI
KUCJIOTa KHUCJIOTBI

Dra p€akuyd 4acTo NPpUMEHACTCA B IIPOMBIIIJICHHOCTHU JIA ITOJTYUYCHUA aMUI0B
BbBICOKOKUITAIINX Kap60HOBI>IX KHCJIOT.
Peakius MPOTEKAET IO CIEAYIOLIEN CXeMe.

Cmadus 1 — obpaTUMOE OTILIEIUICHUE MOJICKYJIBl aMMHaKa 13 aMMOHUEBOI COJTA Kap-
OOHOBOIT KMCIIOTHI:

o) o:
/ Ve
R—c] R—C, + INH
0° ©NH, ! H

Cmaodus 2 — HyKIe0(pUIbHOE IIPHUCOeIUHEHIE MOJICKY/Ibl aMMUAKA 110 KAPOOHMWIBHOM
rpyIie KapOOHOBOI KHCJIOTHI:
LK 6

R—C  + iNH; R—C—OH
o f e
[¢) NH;
@

Cmadus 3 — BHYTPUMOJIEKYJISIPHBII TIEpeHOC MPOTOHA!

.o .o o 0O

1(|): :IOH 2(|): o
R— IC—:O:H R— (IZ—:O:H R— (Iz—: YH,

NHs NH NH,

Cmadus 4 — oTILEIUIEHUE MOJICKYJIBI BOIBI U3 aIyKTa ¢ 00pa3oBaHUEM aMU/Ia:

L o@

:O: S .l

&| ® //O.
R—C--OH, R—C(

N NH;

ByraHamug. B ogHOM 13 npenapaTuBHbIX BAPUAHTOB peakLmMn kapboHOBOW K1C-
NOTbl C aMMMaKOM NPOMYCKaT aMMMUaK Yepes MaclsHyI0 KUCNOTY, HarpeTyo 40
185 °C, n nonyyatoT 6ytaHamuz ¢ Bbixogom 85%.
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20.2. ITPOU3BOAHBIE KAPBOHOBBIX KUCJIOT

B xome peakumii KapOOHOBBIX KMCJIOT C HyKJI€OohWIaMH, PaACCMOTPEHHBIX B
pasn. 20.1, a TakKe peakiii, pacCMaTpUBaeMbIX B 9TOM pasfelie, MoJy4aloT Co-
eIVMHEeHUs obuIeit (popmMyibl

0
R-C (X = Hal, OR, OCOR, NHy)

X
DTU COoeNVHEHUA — (QYHKUUOHAAbHbIE NPOU3600HbIE KAPOOHOGLIX KUCAOM.

AuwnbHas rpynina R—C=0 sBisiercst 0011IUM CTPYKTYPHBIM 3JIEMEHTOM ITPOU3-
BOJHBIX KAPOOHOBBIX KUCJIOT.

20.2.1. Homenknatypa

CucreMaTuyeckue u TpUBUAJIbHbIC (B CKOﬁKaX) Ha3BaHUA l'[pOCTefIHJHX alnjib-
HBIX I'pYIIIT JaHbI HM2KE.

| | | |
H—C-O CH3_C =0 CH;—CH,—C=0 CeH;—C—0
METaHOWJI 3TaHOWJI MPOIMAHOMUI OGeH30UT
(bopmun) (aueTun) (mponuMoHu)

[Mpoun3BoaHbIe KAPOOHOBBIX KMCJIOT, B KOTOPBIX TUIPOKCUTPYIIIA Y aLlMILHO-
ro (pparmMeHTa 3amellieHa Ha TaJlOreH, Ha3bIBAIOT 2d.102eHAHUOPUOAMU KApOOHO-
6vix Kucaom (auuizaroeeHuoamu).

R— |C—O R— |C—O
Cl Br
ALUJIXJIOPUIBL alIOpOMUIbI

[MpomyKThl aHAJIOTUYHOTO 3aMEIIEHHS TUAPOKCUTPYITITBI HA allMIOKCUTPYIIITY
RCOO Ha3bIBaOT aneudpudamu KapooHoBbIX KUCAOM.
R— |(ll—O —(”3 —R
0] O
[MpomyKThl 3aMelIeHUsT TUAPOKCUTPYIIITBI Ha aJIkoKcUrpyrmy R'O Ha3bIBaoT
CAOHCHBIMU Ipupamu KapOOHOGHIX KUCAOM.

R—C
OR'
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CoennHeHUsI, B KOTOPBIX TUAPOKCUTPYIITA B KApOOHOBOI KUCIOTE 3aMellieHa
Ha aMUHOTPYIIIY, HAa3bIBAIOT aMUdAMU KAPOOHOBHIX KUCAOM.

0 0 0
R—C R—C. R—C R
NH, NH—R' N

N n
R
AMI/IHOI‘pyr[Ha B amMuagax MOXET UMETb OAHY MM ABC aJIKHUJIbHbIC I'DYIIIIbI.

Coenunenust, coaepxatne rpyrnny —C=N Bmecto —C(=0)X, TaKKe OTHO-
CAT K TIPOU3BOIHBIM KapOOHOBBIX KUCJIOT M HA3BIBAIOT HUMPUAAMU.

R—C=N

20.2.2.  DJeKTpoHHOe CTpPOeHHe W 001 XapaKTePUCTHKA
PEeaKIMOHHOI CIOCOOHOCTH

Kaxk 1 Bce KapOOHWIbHBIE COCTMHEHUSI, TIPOM3BOIHBIC KapOOHOBBIX KUCIIOT OT-
JIMYAIOTCS JIEKTPO(PMIBLHOCTBIO aTOMa yIyiepona KapOoHMIbHOM Tpyniiel. [Tpn
3TOM 3JIEKTPOPUIBLHOCTb CHIKAETCS B PAMAY:

L) .66 L) .66
SICHEIC 0@ <, 30 7 8® C/O°
R—C-0 > R—C-0—C—R > R—Cg, > R—=Cg,
G
L4 pafad ) ..66 ®o e

B HazBaHHOM psiay Bce 3amecTuTenn y almiabHoro ¢pparmeHta R—C=0 npo-
aBisitoT —I- u +M-3ddexTsl. B ykazaHHOM HanpaBieHuu —I-apdext cHukaeT-
csl, a + M-3pdexT Bo3pacTaeT, YTO MPUBOAUT K YMEHbIIEHUIO 3JIeKTPOPUIbLHOC-
™ (8%®) KapGOHMILHOTO aToMa yIJIEpoAa M, COOTBETCTBEHHO, K CHWXEHUIO
peaKkiMOHHON CMTOCOOHOCTU MPOU3BOIHOTO B peaKMsIX HYKIeOo(UILHOIO Mpu-
COETMHEHUS.

Jenokanuzauuo 3JeKTPOHOB B MPOU3BOIHBIX KAPOOHOBBIX KMCIOT BbIpaxa-
10T CJIEAYIOLIUM HaOOPOM PE30OHAHCHBIX CTPYKTYD:

L ] '.(a ] .9

//O ®/¢e oo
—C.. —— RC,, — R—C\\

X @

[MonmxxeHHas nBoecBsizaHHOCTh C=O-CBsI3W U TMOBbILIEHHAs] KPaTHOCTh
C—X-cBs131 MOATBEPKAAIOTCS JAaHHBIMU SKCTIEPUMEHTATbHBIX U3MEPEHUM AJIMH
CBsI3eii, HaMpUMep, B MeTUI(opMuaTe:

H 0,124 um
AN
0,133 HM/C_O
0]
N

CH;
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Kak Bugno, pmuHa C=0-cBs3u B 3¢upe HECKOIbKO 0oblie minHbl C=0-cBs-
3u B anpaeruaax u keronax (0,122 um), a cBsa3b C—O, HanpoTus, kopoue C—O-
cBsi3u B ciupTax (0,144 Hm).

YKa3aHHBIH BbI1lI€ PsiZi OTHOCUTEIBbHOM PeaKMOHHO CIIOCOOHOCTH BaXKEH ISt
MOJy4YeHUs! (PYHKIIMOHATbHBIX TTPOU3BOAHBIX KAPOOHOBBIX KUCJIOT. B 3TOM psimy
Kaxaoe Mocyeayroliee MpoM3BOIHOE MOIyJaloT U3 MPEeAblayllero, Ho He Hao0o-
pot. Hanpumep, XJIOpaHITMAPUI WIK CIOXKHBIN 2(Up HEeJb3s MOIYYUTh U3 aMUIA.

BzaumonpeBpaliieHUst KUCAOT U UX QYHKIMOHAIBbHBIX TPOU3BOAHBIX TTPOTE-
KaloT 1o o011eit cxeme U GopMaIbHO MOTYT pacCMaTPUBAThCs KakK 3aMelleHre Y
allJIbHOTO aToMa yrjiepona:

0] ,/O
R—C. + Nu° R—C_ + 1X°
X Nu

MexaHu3M peakluili MPOU3BOAHBIX KapOOHOBBIX KUCJIOT C HYyKjIeoduiamu
BKJIIOYAET [BE 00A3aTeIbHbIE CTANIUN: TIPUCOEAMHEHNE HYKIeoduna (Ady) u oT-
LIerJIeHe aHMOHA X© (E).

Cmadus 1 — TiprcoeMHEeHNe HyKIeodmta mo KapboHuabHo rpymmne C=0:

. .00 o2
N cl)
7z . Ie)
R—C.  + :Nu R—C—Nu
X X

Cmaodus 2 — oTierieHue aHuoHa :X© ¢ 06pazoBaHUEM IPOLYKTA 3aMELIEHUSL:

.. ..e .O..

Ny I o
R—C—Nu R—C—Nu + :X

X

B o01ieM cityyae cKOpoCTh peakiiiy 3aBUCUT OT ABYX (paKTOPOB: OT peakiiy-
OHHOM CITOCOOHOCTH MPOU3BOAHOr0 KapOOHOBOM KUCIOTHI U OT HYKJIEO(DUIBHO-
CTH aTaKyIOIIIeTO peareHTa.

CuibHbIe HYKJIEO(WIBI JIETKO pearupyroT ¢ MPOM3BOAHBIMU KapOOHOBBIX
KMCJIOT U He TpeOyIoT KaTajau3aTtopa. Peakiiuu co cj1adbiMu HyKJIeo(uIaMu IIpo-
TEKaIOT B IPUCYTCTBUY KUCIOTHBIX MM OCHOBHBIX KaTaJn3aTOPOB.

[TpousBoaHbIie anubaTUYeCKUX KUCIOT B CTaiuu Ady-Tuna, B 11e10M, OoJiee
PeaKIMOHHOCIOCOOHbBI, YeM IIPOM3BOAHbBIE apOMaTUYECKUX KUCIOT. OObeMHbBIE
3aMECTUTENN Y O-YIJIEPOAHOTO aToMa CHIKAIOT PeakKIMOHHYIO CITOCOOHOCTDH
MPOM3BOTHOTO.

50 CH 5O 50
8@ L0 | §@ 49 50 0
CH;~C_ > CH—C—C_ > - C

|
X CH; X X
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BiusiHue 3aMecTUTENIEl B apOMATUYECKOM sIIpe Ha PEaKLMOHHYIO CITIOCO0-
HOCTh IIPOM3BOAHBIX aPOMATUYECKUX KUCIOT WJUTIOCTPUPYETCS CIELYIOLIUM
PSIIOM CHUKEHHSI OTHOCUTETBHOM CKOPOCTH:

O 0 0 0
o~ N\ N AN
(6] X X X

CHMKEHME PEAKLIMOHHOI CTIOCOOHOCTH B peakumsx Ad - E-tuna

DIEKTPOHOAOHOPHBIC 3aMECTUTEIN B apOMATUUYECKOM SIApe YMEHBIIAIOT
BIIEKTPO(PUIBLHOCTh KAPOOHUIILHOTO YIJIepoaa, YTO BeAST K CHUKEHUIO peak-
LIMOHHOM CITOCOOHOCTU COENMHEHUSI. DICKTPOHOAKILIETITOPHBIE 3aMEeCTUTEIIN
OTTITUBAIOT 3JEKTPOHHYIO MJIOTHOCTh OT KAPOOHUILHOTO YIJIepOaa U MOBHI-
LIAI0T peaklMOHHYIO CIIOCOOHOCTh. BBemeHue 3amecTtuteneii B opmo-1mojo-
JKeHHE apoMaTU4YeCKOro Koyibla

R
v

X
R

CO3IA€eT MPOCTPAHCTBEHHbBIE 3aTPYAHEHUS Ha NEPBOMA CTaAIUU HYKJ'IGO(I)I/U[I)HO-
ro NpUCOCINHCHHUA, YTO TAKXKE IIPUBOJIUT K YMECHBIICHUIO pCaK]_lI/IOHHOfI CIIO-
coOHOCTHU IIPONU3BOJHOI'O KMCJIOTEI.

20.2.3.  CnocoObl mo;iydyeHus ¥ peakiuu
I'maposms. O0mue cBeneHus

XapakTepHoii peakuueil (OyHKIIMOHAJIbHBIX MTPOU3BOJHBIX KAPOOHOBBIX KUCIOT
SIBJISIETCS] X TUAPOJIN3 — peakiius ¢ BOAOM, MPUBOIsIIAs K 00pa30BaHUIO COOT-
BETCTBYIOILIECI KApOOHOBOI KUCOTHI:

/O /O

7 v

R—C + H0 —— R—C. + HX
X OH

(X = Hal, OR, OCOR, NH,, NHR, NR,)

AlyaranoreHu bl TUIPOJIU3YIOTCS BOJOU C BHICOKOU CKOPOCTHIO 0e3 IIpUuMe-
HCHUA CIICLMAJIbHBIX KaTaJIn3aTOpPOB. Bce ocranbHbIe IIPOM3BOOHBLIC ITOABECPTa-
FOTCS TUAPOJU3Y B IIPUCYTCTBUM KATalU3aTOPOB — KUCJIOT UM OCHOBAHUMA.
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rnapPoJin3 IMPON3BOAHBIX KAPBOHOBBIX KUCJIOT
B YCJIIOBUAX KNCIIOTHOI'O KATAJIN3A

O O
R— C\/ “HS0, §004 R— C: + HX

MexaHu3M KHUCJIOTHOTO rmapoJjn3a IMpOrU3BOJHOIO Kap60HOBOI>T KHNCJIOTBI
BKITIOYACT CJICAYIOIINE CTaAuN.

Cmadus 1 — IPOTOHNPOBAHUE TTPOU3BOTHOTO; BCE TTPOM3BOIHBIE KAPOOHOBBIX KUCIOT
TIPOTOHUPYIOTCS TT0 KApOOHWIILHO IPYIITIE, TTIOCKOJBKY TOJIBKO B 9TOM Cilydae 00pa3y-
IOLIUIACS NOH (COTIPSKEHHAsT KMCJIOTa) Pe30HAHCHO-CTa0MIN3UPOBAH:

.O..
720 HO®
R—C\. .
® L] L]
AL H o, O H AH
R—C R—C R—C
\e o \e o \X®

Hamnpotus, npucoeanHeHre IpoOTOHA 110 TeTepoatoMy X UCKIII0YaeT BO3MOXHOCTD pe-
30HAHCHOM cTaOMIM3aLMK 00pa3yIoLIerocsi HoHa:
L] .. L] ..
//Oo ® //Oo
R—C + H R—C

\e o AN

X®H

Cmaodus 2 — HykJeoduIbHas aTaka MOJIEKYJIOi BOJAbI aToMa yrjiaepojaa KapOOHUIbHOMI
IPYIIIIBL:

Son o OH g

® /o H,0 | ®

A
R_ \e o R_(lz_ \.H
Xe
Cmaous 3 — otwmeruienne HX:
.o ® .0 .o
‘OH H :OH <OH <OH
| o, | oo ® e | ®
R—C—O\: R—C—9H<—> R—C—.O.H<—> R—C—QH + HX
&: H
.\-/
Cmaodus 4 — nenpOTOHUPOBAHUE COIPSIKEHHOM KUCIOTHI IIPOAYKTA PEAKLIVIM:
®
<OH A
.. ,0O: o
R—C—OH + H,0 ——= R—C\. .t H;0
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rnapPoJin3 IMPON3BOAHBIX KAPBOHOBBIX KUCJIOT
B YCJIOBUAX OCHOBHOTI'O KATAJIN3A

MexaHu3M OCHOBHO-KATaIU3UPYEMOro M'MIPOIN3a MTPOU3BOIHOIO0 KapOOHOBOM
KUCJIOTBI BKJTIOYAET CJEAYIOLINE CTAANMU.

Cmadus 1 — mpucoenVHeHUe TUAPOKCUI-MOHA K aToMy yriaepona KapOOHWIbHOU

PYIIIIbL:
< .'O'.@
@OZH ..
R—C. R—C—0H
X
Cmadus 2 — OTILEIUIeHNE aHMOHa :X©:
(] .6
<0 s,
&I .o //O‘ o
R—C—OH R—C_, +:X
% OH

ITo OKOHYaHWU peakIMU KapOOHOBas KMCJI0Ta HAXOAUTCS B MOHU3MPOBaH-
Holi ¢popMe, a UMEHHO B BHJE KApOOKCHJIAT-HOHA:

JO: . Jox
R—C + (X =——= R—C + HX

\e_e e e O

.O.H L] .:

(X=OR, OCOR, NH,, NHR’, NR})

Tl'anorenanruapubl

Huxe mokaszaHbl IIPUMEPHI TAJIOTECHAHTUAPUIOB Kap60HOBBIX KHCJIOT U ITPpUBE-
JE€HbI UX Ha3BaHUS.

0 0
2 2
CHy—C( CH;CH,—C,

Cl Br
STaHOWIXJIOPUT MPOMTaHOWIOPOMUIT
(aueTmIxXJIOpUI) (TTPOTTMOHUIIOPOMMT)

0 0
7 7
C¢Hs—C CH—CH,—CH—CH,—C
al | al
CH;
OEH30UIIXJIOPH/T 3-MeTWINEHTaHOUJIXJIOPHU/T

Kak BMIHO M3 MPUBEACHHBIX MPUMEPOB, HAa3BaHUE TaJOreHaHTUApUAa 00-
pasyeTcs OT Ha3BaHUsI KapOOHOBOU KUCJIOTHI MyTEM 3aMeHbI TOCT(UKCca -06as
KUCAOMA HA -0UA2AA02€HUO.
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CITIOCOBBI ITOJIYYEHU A
lagoreHaHTMAPUABLI KAPOOHOBBIX KUCJIOT MOXKHO MOJY4YaTh CIAEAYIOLIIUMU CIIO-
cobamu:

a) u3 kapooHoBbIX KUCIOT aeicteueM PCls, PCl,, PBr;, SOCI,, kak 0bu10 110-
Ka3aHo BBHIIIIE,

0 0
7 v
R— C\ + SOCl, R— C\ + SO, + HCI
OH Cl
0) nmpucoeaMHEHNEM raJJoreHOBOAOPOAOB K KETeHaM
//O
CH,~-C—0O + HBr —— CHs— C\
KETEH Br
aleTUIOPOMUIL

B) M3 apOMaTWYEeCKUX ajJbIErMIOB, He COAepKallluX BOZOPOIHBIX aTOMOB y
a-C-aToMa, TIpM IeiiCTBUU XJI0pa

0O @)
o Cl v
CeHs—C_ h\/2 C(,HS_C\ + HCI
Cl
OeH3aIbIeT U] OEH30UIIXJIOPHUT

AITMWINPOBAHUE XJIOPAHTUJAPUJIAMU

M3 xjopaHIruaApyAOB JIETKO MOJYYaroT APYrue MPOU3BOAHbIE KAPOOHOBBIX KUCIOT:
AHTUAPUIBI, CIIOXHBIE 3(UPbI, aMuabl. COOTBETCTBYIOIIUE peaKLIUU ¢ KapOOHO-
BBIMM KUCJIOTAMU, CIIMPTAMU U aMUHAMU HA3bIBAIOT PeaKuyusmu auuiupoSaHusl.

B cooTBeTCTBMM ¢ TIPUPOIOM aToMa TOM MM MHOM (YHKIIMOHAJIBHOM I'PYII-
Tbl, Y KOTOPOTO MPOMCXOAUT 3aMelleHUE BOJOPOJA Ha allWIbHYIO TPYIIY, pa3-
JINYAKOT CJICAYIOIINe PeakKuu alluJIMPOBaHUSI:

O-aunnupoBaHue (CIIUPTOB U (DEHOJIOB),

N-auunupoBaHue (aMMUaKa 1 aMUHOB),

C-anunupoBaHue (apoMaTUYECKUX YIJIEBOJOPOIOB).

lanoreHaHTUAPUALI MypaBbUHON KUCIOTHI HEYCTOMUMBBLI M JIETKO pasJjiara-
1o1cst Ha CO 1 HX. Mx mj1g aumaMpoBaHus He IPUMEHSIOT.

Haubonee yacto MpUMEHSIIOT XJIOpaHTUAPUIBI, pexke OpoM- U (DTOpaHTUIPU-
JIbI KapOOHOBBIX KHCIIOT.

Cpenu Apyrux MpoOr3BOAHBIX KAPOOHOBBIX KHUCIOT XJIOPAHTUAPUIBI SIBJISIIOT-
csl HanboJiee aKTUBHBIMU allUJIUPYIOIIUMU pPeareHTaMMU:

//O //O
CH;-C_  + GHOH —— CH;C_ + HCI
Cl HpPOIAHO OGH;

ALCTUIIXJIOPUT nponuiaanerar
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Kak nmpaBwio, peakuuy alyIMPOBaHUsSI MPOBOAST B MPUCYTCTBUU CJIAOOTo
OCHOBaHUSI, HampuMep, NMUpPUIWHA, TpudTWiIaMuHa, N,N-IMMeTWIaHWINHA
(MexaHU3M alWJIMPOBAHMSI CIIMPTOB B MPUCYTCTBUM aMUHOB 00CYKAaeTCsI ajee,
B pasi. «J1jist yriryOJeHHOTO U3YYEHUSI»):

N(CH;),

0]
Y

CHy~C]  + (CH3)C—OH + —
Cl mpem-0yTUIOBBII

ALETUIXJIOPUL CIpT N,N-gumeTu-
AHWJIAH

O S)
(CH;3),NHCI
0

7

——— CH—C +
OC(CH;);

mpem-0yTyaaLeTaT OUMeTUI(heHUIT-
AMMOHUXJIOPU[L

TpeT-Bytunayerar. K kunauwemy pactsopy Tper-6ytunosoro cnuvprta (114 r;
1,54 monb) 1 N,N-gumeTtunanmnuya (202 r; 1,67 monb) B cyxom acdpupe (200 mn) no
kannam npubasnsioT auetunxnopua (121 r; 1,54 monb). 3aTem cMecb oxnaxaaoT
B NeasiHoi 6aHe 1 0TOUNLTPOBLIBAIOT CONHOKMCYIO conb N,N-aumMeTunaHunmHa.
OdUPHBIA CNovi NPOMbIBAOT BOAHOW CEPHOM KUCNOTON OnS yaaneHus nabbiTka
amuHa. MNpoaykT BblAENs0T neperoHkon, T. kun. 95-98 °C. Buixon 115 1 (64%).

[MTpumepom N-auuIMpoOBaHUSI MOXET CIYXUTb MOJyYeHUe OeH3aHUIUIA:

® ©
NH;ClI NHCOC¢H;

+ C6H5COC1 41' @ + HCI

BeHsannnug. Cmeck rugpoxnopuaa aHunuHa (9 r; 0,07 monb) 1 6eH3ounxnopuaa
(9r; 0,06 monb) B 50 Mn 6eH30na KMNATAT 8 4. PeakumMoHHYI0 Maccy oxnaxaatoT,
npoaykT OTGUNLTPOBLIBAIOT, MPOMbIBAOT OEH30/0M K BOAOW, T. na. 162 °C (13
cnuprta). Beixog 12,6 1 (100%).

BOCCTAHOBJIEHUE XJIOPAHTUJIPUIOB

M30upaTebHOE BOCCTAHOBJIEHUE XJIOPAHTUIPUIOB — OAMH U3 Haubosee yno0-
HBIX METOJIOB IOJIYYeHUs aIbAeruA0B. BocCTaHOBIEHNE MOXET OBITh POBEACHO
HECKOJIbKMMU CIIOCOOAMU.
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Boccmanosaenue no Pozenmyndy—3aiiuesy (cMm. 1. 11, paza. 19.1.2) npoBoast
KaK KaTaJuTu4eckoe TuapupoBaHue. Kak W Mpu TMApUPOBAHUM AJKWUHOB IO
AJIKEHOB, PY BOCCTAHOBJICHUU XJIOPAHTMIPUIOB IPUMEHSIOT «OTPaBJICHHbIE»
KaTaJu3aTophl:

I [l I [l
CH;0CCH,CH,CCI + H, % CH;0CCH,CH,CH
XJIOPAHTUIPUT (xcunon, 110 °’C)  meTui-4-okcobyraHoaT

MOHOMETHJICYKIIMHATa

B xauecTBe BOCCTAHOBUTESI MPUMEHSIOT U TUTUUTpUC(mpem-0yTOKCH)aTio-
moruapun LiAl(mpem-C,HyO);H:

i i
C. C.
Cl LiAl(t-C4Hy0); H H
CH3 CH3
XJIOPaHTUIPUL, n-MeTWIOEH3aJIbIET UL

n-TOJ'[yMJ'lOBOﬁ KHUCJIOThI

B 130bITKEe BOCCTAaHOBUTEIIS peaklysl 3aKaHYMBACTCS MOJIydeHUEM CITHPTa.

AHTHIPHIBI

AHFI/I):[pI/I)lbI Kap6OHOBBIX KHMCJIOT Ha3bIBaIlOT COIJIaCHO HadBaHUAM COOTBETCTBY-
IOIHNX KMUCJIIOT.

//O o)
CH;—C{ &
C
CH —C/O -0
3 \\O C\\O
YKCYCHBIW aHTUAPUT (raneBblit aHTUIAPULTL
CIIOCOBBI ITOJIYYEHU A
a) AHI/I]‘[I/IpOBaHI/Ie Kap60HOBBIX KHUCJIOT U UX COJIEN alnJIraJJorcHuIamMmu:
//O //O NUPUINH
R— C\ + R'—C\ —5  R—C-0—-C—R' + HC(CI
Cl OH ! !
/ O /7 O
"/ /
R—C + R—C — R—C—0—C—R' + NaCl
\Cl \OeNa® || [l

ITpu stom 3amecturenu R u R' MOryT ObITh pa3IMUHbIMUA WM OAUHAKOBBIMMU.
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0) ALMIMpOBaHNUE KapOOHOBBIX KMCJIOT aHTUAPUIAMMU:
R— ﬁI—O—|(|I—R + 2R'COOH R'_ﬁ_o_l(I:_R' + 2RCOOH

t

Peakuus obpatuma. PaBHOBecHe cMelIaeTCsl OTTOHKON Oosiee HU3KOKUMSIIEH
KUCJIOThI:

2C¢Hs—COOH + (CH;C0),0 —~ (C¢HsC0),0 + 2CH;COOH
OeH3oliHas YKCYCHBII OEH3O0MHBIN YKCyCHast
KHCIIOTa aHTUIPU] aHTUIPUIL KHCJI0Ta

B) ALluIMpoBaHre KapOOHOBOI KMCIOThI KeTeHOM. Peakiius yKCycHOM Kuc-
JIOTBI C KETEHOM SIBJISIETCSI MPOMBIIILIEHHBIM CITIOCOOOM MOJIydYeHUsI YKCYCHOTO
aHTUIpUIA:

CH,—C—0O + CH;COOH —— CH3*E—O—|(|I—CH3

KETEH YKCyCHas KMCJI0Ta
YKCYCHBII aHTUIPUL

Peaxiiueil keTeHa ¢ ApyruMU KapOOHOBBIMU KUCIOTAMU MOJIy4yarOT CMEIlaH-

Hbl€ aHTUAPUIIBIL:

CH,—C-0 + R—COOH

R— I(I:_ Oo— E—CH3

(0] (0]

AHUAPUABl KapOOHOBBIX KUCIOT MEHEe PeaKIMOHHOCIIOCOOHBI, YeM XJIOp-
aHTUApUAbL. VX peakiuy co cnmupTaMu U peHosaMU IPOTEKAIOT B MPUCYTCTBUNA
KUCJIOTHBIX WJIM OCHOBHBIX KaTajau3aTopoB. bojiee cuibHble HyKjIeo(hUIbHbIC
peareHThl — aMMMaK U aMUHBI — He TPeOyIoT MpUMeHeHUs KaTtaau3aTopos. [1pu
HCMOJIb30BaHUM, HAITPUMEP, YKCYCHOTO aHTUAPUIIA JIETKO U C KOJIMUECTBEHHBIM
BBIXOZIOM MOJTy4YaloT aleTaMUIbI.

® Ppe Ppe
H 7 72
(GH;CO),0O + CH;0H ——— C6H5*C\ + C6H5*C\
GEH30IMHBII METaHOI OCHs OH
aHTHIpUI METUIIOEH30aT GeH30iiHas
KUCI0Ta
//O //O
(CH;CO)0 + HyN—CgHs —= CH3—C, + CH3—C_
YKCYCHBII1 aQaHWINH NHC¢H; OH
aHTApuIL alleTaHWIN] YKCYCHAsl KUCJIOTA

n-HutpoauyetaHunug. K ropsyemy KOHLEHTPUPOBAHHOMY PACTBOPY M-HUTPOAHU-
nuHa (13,8 r; 0,1 monb) B 6eH3one npubaBnatoT ykcycHbld aHruapug (10,5 r;
0,1 monb). PeakumoHHas Mmacca BckunaeT. Yepes HEKOTOPOe BPEMS BbIKPUCTANIN30-
BbIBAETCS MPOAYKT, €ro 0TGuIbTPoBLIBatOT, T. M. 215-216 °C. Beixog ~18 r (100%).
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FI/U:[pOJ'[I/B AHTUAPUI0B Kap60HOBBIX KHMCJIOT JIETKO MPOTEKACT B MIPUCYTCTBUN
KHCJIOT KaK KaTaJIn3aToOpOB:

(CH;CO»0 —5~ 2CH;COOH
YKCYCHBII YKCyCHast
AHIMApUI KHCJIOTa

Kak u Bce apyrue peakiuu MPOU3BOJHBIX KapPOOHOBBIX KUCJIOT C HYKJIEO-
(pUABHBIMU peareHTaMu, TUAPOJIN3 aHTUAPKUIA KAPOOHOBOM KUCIOThI BKIIOUYAECT
JIBE€ OCHOBHbIE CTaAMN: HYKJICO(PUIbHOE MPUCOeIUHEHNE 1 OTIICTIICHUE.

Cmadus 1 — KUCIIOTHO-KaTaIM3UpyeMast peakiust HAYMHAeTCs C TPOTOHUPOBAHUS MO-
JIEKYJTbI aHTUAPUIA TIO OTHOM M3 KapOOHWIBHBIX TPYIIIL:

® X e oo
H(”): (|)|: H(l): ) .
R—C—0O—C—R ~—R—C—0O0—C—R

®

Cmaous 2 — HyKJIeo(pUIbHOE MPUCOSAMHEHNE MOJIEKYJIbI BOJIBI:

H,0:
D o
;C_.O.H ® l|{ ../H
o H0—C—0
\C—O' O
R/ Py O\
Cc=0x
R

Cmadus 3 — nenpoTOHUPOBAHUE—MPOTOHMPOBAHUE MHTEPMEANATa U JIMMUHUPOBA-
HUE MOJIEKYJIbl KAPOOHOBOI KUCIIOTHI:

R R
L | ot
o0 HO— ¢
/ L]
0 — 0) —  x»&  +m®
N e N9 N
=0 C=0—H *OH
R R

3anava 20.7. BeH30MHbII aHTUAPUI MOKET ObITh ITOJYYEH B3aUMOICHCTBUEM ABYX MOJIeii OeH-
30WIXJIOpUIIA C OTHUM MoJieM Bojbl. [Ipenoxure cxeMy MexaHU3Ma MPOTEKAIOUIUX TTPU 9TOM
MpeBPaLEHUN.
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CnoxHble 3(hpupbl

B HazBaHmu ciioxHOTo 3(hrpa cHavaaa yKa3bIBaloT aIKWJIBHYIO TPYIIITY, CBSI3aH-
HYIO C KACJIOPOIOM, 3aTeM KHCJIOTY, 3aMeHsISI TTOCT(UKC B HA3BaHWU KHCJIOTHI
-06as Kucioma Ha -oam.

(0] (0] 0]

[l [l [l
H—C—OCH; CH;~C-OCHs  CHy~CH—C—OCH(CHy),
MEeTHUJIMETaHoaT STUJIITAHOAT CH;
(MmeTundopmuar) (3TMnaueTar)

2-TPONUJI-2-METUJIITPONIaHOAT
(M3oMpPONMMIN300yTUPAT)

0
CoHs—C.
O(CH,),CH;

MpoNuadeH30aT

MHorue TpeICcTaBUTEIN CIOXKHBIX 3(PUPOB BCTPEYAIOTCST B IPUPOJIE: AYIINC-
ThIe BelllecTBa, (hePOMOHBI, KUPHI ¥ Maclia.

0
0 ¢
CH;— C—OCH,CH,CH(CH;), “OCH;

3-MeTwiOyTUIaLeTaT OH
(00un u3 KomnoneHmog
3anaxa 6aHaHos) METUJICATULIUIIAT
(codepaucumes 6 aghuprom macae rHcacmuHa)

ICI) o)
Il
o OC2Hs Ci7Hss —CNOC— Ci7Hss
I OC—Cy7H35
0] [l
(0]
STUIIIMHHAMAT
(gpepomon) TpUCTeapaT NIMLEPUHA,
TPUOKTaJeKaHOUIOBBIN 3Up INMLIepUHA
(codepacumces 6 cocmage MHO2UX NPUPOOHBIX
JACUBOMHBIX U PACIUMENbHBIX HCUPOB)
CITIOCOBBI ITOJIYYEHUA

a) Drepudukauusi KapOOHOBBIX KUCIOT CIUPTaMU (IJIaBHBIM 00pa3oM MepBUY-
HbIMHU) B IPUCYTCTBUU KHUCJIOTHBIX KaTaaM3aTOPOB:

//O HzSO4 //O
R—C  + CHCHOH === R—C + H,0

OH OGH;s
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0) ALlUTMpPOBaHME CITUPTOB U PEHOJIOB XJIOPAHTUAPUIAMU KapOOHOBBIX KUC-
JioT. Yalie Bcero a1y peakiuio MPOBOJAT B MPUCYTCTBUM OCHOBAHUIA 1T HENT-
panu3aunu Beigestomerocss HCI:

/O /O
2 2
R—C_ + R-OH R—C_ + Hd

Cl OR'
ApoMaTtuuecKue aluIralioreHuibl pearupyioT MejieHHee, yeM anudarndec-

kue. [To memody lllommena— baymana peakumy alMJIMPOBAHUS XJIOpaHTUAPUIA-
MM TIPOBOJSIT B BOJHBIX PACTBOpAaXx IEJ0YeH:

//O NaOH //O
C6H5*C\ + C6H5OH W’ C6H5—C\ + NaCl
Cl derion 0CgHs
OEH30MIIXJIOPHUT (heHnnbeH3oar

ALMIVPOBAHKE JIETKO TUAPOIM3YIOIINMUCS XJIOPAHTUAPUAAMU aaudaTUIeCKX
KapOOHOBBIX KUCJIOT CJIeIyeT IMTPOBOAUTH B MHEPTHBIX PACTBOPUTENISIX M TIPU OX-
JAXKIEHUU. DTOT METOJ, allJIMPOBAHKS 9acTO MPUMEHSIIOT B TIPOMBILIIJICHHBIX U
TperapaTUBHBIX JJa0OPaTOPHBIX CUHTE3aX.

B) ALIMUIMPOBaHUE CITUPTOB U (DeHOJIOB aHTHIPUAAMU KapOOHOBBIX KHCIIOT:

O
(CH;CO),0 + R—OH cHy-C/ + CH;COOH
YKCYCHBI CITUPT OR' YKCYCHast
AHTUIPU]L aJIKWIaleTaT KUCJioTa
H® A
(CH;COpO + CHsOH ——  CHy—C] + CH;COOH
¢eHon OCsHs
(eHunaleTaT

DTUM METOIOM OOBIYHO MOJYYAIOT 3(PUPHI YKCYCHOM KUCIOTHI (alleTaThl).
r) [TpucoennHeHre CIUPTOB U (DEHOJIOB K KETEHAM:

0
/)
CH,~C-0 + R—OH — CH;C
KeTeH CIIUPT OR
aJIKUJIaleraTt
O
CH,~C-0 + CgHsOH —— CHyC,
dbenon OC¢H;5

(eHnnamerat
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rmarPoJjn3
CnoxHbie 2(Upbl BeCbMa YCTOMUMBBI B HEUTPaJbHOI BOAHOI cpesie, HO JIETKO
paclIeIuIsIIOTCs, OyIy4Yr HArpeThl C BOJOW B IPUCYTCTBUM CUJIBHBIX KMCIOT WU
OCHOBAaHMUI.

I'unponus cinoxHbiX 3GUPOB B IPUCYTCTBUU MUHEPATIBHOM KUCJIOTHI MPOTE-
KaeT Kak peakliusi, oopaTHas peakinu atepudukaiun Ouiiepa—Lnaiiepa:

i i
R—C—OR' + H;0 R—C—OH + ROH
CJIOXKHBII KapOOHOBast CIUPT
apup KHUCI0Ta

Kaxk 1 B 00611111 cXeMe KUCIOTHO-KaTaIu3uPyeMOTO TMIPOIIA3a IIPOU3BOIHBIX
KapOOHOBBIX KHUCJIOT, TUIPOJINA3 CIOXKHOTO 3(upa B MPUCYTCTBUU CUIIBHON MHK-
HepaJbHOM KMCJIOTH HAYMHAETCsI C TIPOTOHUPOBAaHMS 3(Hpa Mo KapOOHWIBHOMN
rpyIimne:

NPOMOHUPOBaHUe npomonupoeanue
10 KapOOHUNbHOMY KUCAOPOOY no agupHomy Kucaopooy
@ LN ] LK ] L] l.
H OH OH O:
//. o o o ® /oo //
R_ C\. [ ] R_ C\l L] R_ C\. ° R_ C\. °
OR' OR' OR' OR'
oo ® L ® |
H
CTaOWJIbHBIN KaTUOH MaJIOCTaOUJIbHBIN KaTUOH
(nonoxcumenvuwvlil 3aps0 0eA0KaNU306aH (nonoxcumenvHbwiii 3apso
Ha mpex amomax) N0KAAU306AH

Ha o0Hom O-amome)

CxemMa KHMCJIOTHO-KaTaIu3UpPyeMOro TMApPOIN3a CIOXKHOIo 3¢upa KapOooHO-
BOM KMCJIOTHI JaHa HIKe Ha MpUMepe TMIPOoJI3a STUIaleTara.

Cmadus 1 — IpOTOHUPOBaHWE KapOOHMIILHOTO aToOMa KHUCJIopoaa a¢hupa:

e ® o
s ® /OH o, OH
CH3_C\. . + HO™W ——= CH3_C\. . —_— CH3*C\. . +H,0
OC,H;s OC,Hs OC,Hs

oo oo oo

Cmaous 2 — HyKJIeoDUIbHOE MPUCOEAMHEHUE BOJbI K TPOTOHUPOBAHHON MOJIEKYJIe
CJIOXKHOTO 3drpa ¢ 06pa30BaHUEM ITPOTOHUPOBAHHON (POPMBI TETPAdAPUIECKOTO afl-
NIYKTa:
L] /:O:H ’ (l)H. 4
H,Os + CH;—C ———= CH;—C—0C;,H;
\\_/®\'O'C2H5 . |OH' °
o0 2
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Cmaous 3 — nenpoTOHMPOBAHUE—IIPOTOHUPOBAHUE:

Z?H :?H
LK ] o0 e e @
CH3_|C_.O.C2H5 + H20: CH3_|C_.().C2H5 + H30:
OH, <OH
@ o0
‘OH ‘OH

[ @ 3
CH3_|C_. .C2H5 + H;0; —/—— CH3_|C_(|)C2H5 + H,O
OH :OHH

Cmadus 4 — nucconyanys TPOTOHUPOBAHHOTO MHTEPMeIraTa ¢ 00pa3oBaHUEM TPO-
TOHMPOBAHHON KapOOHOBOW KUCIOTHI U MOJICKYJIbI CITUPTA:

.. d .(9.

My JOH
CH;—{C?Cﬁk CH;—C, + GHsOH

:OHH OH

Cmadus 5 — obpa3oBaHNe HEUTPATLHOUN (hOPMBI KAPOOHOBOW KUCIOTHI:

_OH 0

4 PAY 7

CHy—C{, + HO: CH,—C_  + H0°
0] OH

AHaau3 cXeMbl KUCJIOTHO-KATaIU3MPYEMOro TUAPOJIM3a CIOXHBIX >PUPOB
BBI3BIBAET JIBa BOIIPOCA:

1) KaKoii 13 aTOMOB KMCJIOPOJa OKA3bIBAETCS [0 OKOHYAHMU MMIPOJIN3a B MO-
JIeKyJie CITpTa — aTOM KHCJIOpOAa aTKOKCUTPYIITbI, HAXOMUBIIECS B COCTAaBe
MCXOIHOTO 3(hUpa, UIIK aTOM KUCIOPOJA U3 MOJIEKYJIbI BOIbI?

2) KaKOB CTEPEOXMMUYECKUI Pe3yIbTaT peakiluy TUAPOJIN3a CIOKHOTO 3(u-
pa, UMEIOIIEeTo ONTUYECKU aKTUBHYIO 3(DMPHYIO aTKWIIBHYIO TPYIITy?

OTBeT Ha MepBbIil BOMpoc GbUT HAliIEH HAa OCHOBE OMBITOB ¢ 80-MeueHHOI
BOJIOIA:

0] 0]
[l , 18 H® [l 18
R—C—-OR' + H,O0 R—C—OH + R'OH.

ATOM KHCJIOPO/Ia M3 MOJIEKYJIbI BOJIbI OKa3bIBAETCS B MOJIEKYJIE KAPOOHOBOM KHC-
JIOThI, a aToM Kucjiopoaa ankokcurpynmbl OR' coxpaHsieT B Xole Tuaposu3a
CBSI3b C AIKWJIbHOM rpynmoii R'.



46 Inasa 20. KapOoHOBbIE KMCJIOThI U UX MPOU3BOIHBIC

DTOT pe3yabTaT 1aeT OTBET U Ha BTOPOI BOMPOC — O CTEPEOXUMUU peaKIuu
ruaposusa. [TockosbKy alKoKcurpyrmna coxpaHsieT ¢Bsisb C—Q, HUKaKue u3me-
HEHUs B XMPaJbHOM LIEHTpe hparMeHTa cnupTa He HabII0Jat0TCs:

/ O ® /O
2 2
CHy—C_ + H,0 CH;—C, + C4HyOH
OC4Hg-6mop OH  (R)-2-6yranon
(R)-6mop-0yTunaierar YKCyCHas KHUCI0Ta

IpuBeneHHass cxeMa KUCIOTHO-KATAJIU3MPYEMOro TMAPOJM3a 3TUjaleTara
HOCUT YHUBEPCAIbHBIN XapaKTep: OOJBITMHCTBO CJIOXHBIX 3(HUPOB KapOOHOBBIX
KUCJIOT TIpeTepIieBaeT KMUCIOTHBIN THAPOIN3 IT0 aHAJIOTUYIHOMY MeXaHu3my. Mc-
KJIIOUEHHME COCTABJISIET JIUIIb TMIPOIN3 3(UPOB TPETUYHBIX CITUPTOB, KOTOPHIA
WIET C IPOMEXKYTOYHBIM 00pa30BaHUEM TPETUYHOTO KapOOKaTHOHA:

0 0 .
cHy—¢ MO~ leHy—C 4+ C(CHy)| 2
OC(CHj); OH
0
- CH3*C\ + (CH3)3C_OH
OH

DopMabHO peaklys HaOMUHAET rpouecc Syl, U B 3TOM cilyyae, Kasajnoch
Obl, BHOBb aKTyaJbHBIM CTAHOBUTCSI BOIIPOC O MECTE ITPOTOHUPOBAHUS MOJIEKY-
JIBI citoxkHoro adupa. [TokasaHo, OIHAKO, UTO CIIOXKHBIE 3(DUPHI U TPETUIHBIX
CIIUPTOB B XOJI¢ KUCIOTHO-KATATM3UPYEMOTO THAPOJIN3a TAKXKE TPOTOHUPYIOTCS
10 aTOMY KHCJIOpOAa KapOOHWIBHOM TPYIIITHL:

O

Il H®
CHy—C—O0—C(CH);

H
®
o OH
CH;—C—O0—C(CH;); ~— CH3—g—O—C(CH3)3

OH

| OH
CH;—C=0~C(CH;);
®

cH—C,
SN
~o

@ H,0
+ C(CHy); ——

®
(CH3);C— OH, Tl (CH3);C—OH

I'maposu3s cnoXHBIX 3(HPOB KapOOHOBBIX KMUCIOT B IPUCYTCTBUM OCHOBAHUIA
MIPUBOIUT K MOJIYYEHHUIO COJIel KApOOHOBBIX KMUCJIOT U HA3bIBACTCS OMbLICHUEM.
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B mpoTUBOIOJ0XHOCTh KUCTOTHO-KATAIM3UPYEMOMY TUAPOJIN3Y OMbLICHUE
CJIOXHBIX 3(PUPOB UIIET HEOOPATUMO:

0
[l [l
R—C—OR' + °OH R—C—0° + R'OH

MexaHu3M OCHOBHO-KATaIU3UPYEMOrO ITMAPOIM3a CJIOXHBIX 3(DUPOB Kapbo-
HOBBIX KMCJIOT ITOKAa3aH HUXKE Ha IIPUMepPe STUJIalleTaTa.

o)

[l [l
CH;C—O0C,H; + NaOH —— CH;—C—0°Na® + C,HsOH
oTUjangerar aleTaTr HaTpusd OTaHOJI

Cmadus 1 — HyKIeoPUIbHOE MPUCOCANHEHNE TUAPOKCUA-UOHA 0 KapOOHUIBLHOM

rpyIime:
“o°
Ne) QO T ..
HO: + CH;—C — CH3—C—O0C,H;4
DO AN | oo
OGH;s *OH
Cmaodus 2 — nuccoupanysi MpoMeXXyTOYHOro TeTpadApuiyeckKoro aHuoHa:
e e® os
O O:
| (o Il O
CH3_(|:_.QC2H5 —_— CH3_(|: + .p.CzHS
. QH OH
Cmaous 3 — KUCJIOTHO-OCHOBHOE B3aMMOJIEHCTBIE MPOIYKTOB IMAPOJIM3a;
//O o.. Y O: .
CH3—C\ + (0C,H;s CH3—C\. o T C,H;OH

OH ok
OCHOBHO-KaTa}TI/I(?»I/IpyeMHﬁ TNAPOJINIG CIIOKHBIX Sd)HpOB TAaK2KE€ IIPOTEKACT C

coxpaHeHueM cBsizu O—Alk 1 Kak cliefICTBUEe — C COXpaHEHUEM KOH(MUTYpaluu
AJIKUJIBHOM TPYIIIbI:

0]
@)
Il Y
CH3CH;~COC,Hs + NaOH —— CH;CHy~C.,, + C,H;OH
18Q-5TIINPONaHOAT ONa 180-gTaHON
Na-cosb
[POIIAHOBO}T KACIOTHI
//O ©0H //O
CH;—C_ + H,O CH;—C_ + C4HyOH
OC4Hg-6mop OH  (5)-2-6yranon

(S)-6mop-0yTunauerar YKCYCHasl KUCJIOTa
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OCHOBHO-KaTAJIM3UPYEMBII THIPOJIU3 CIOXHBIX 3(UPOB UMEET MIPAKTUYEC-
KO€ NPUMEHEHME, TMTOCKOIBKY 3Ta peakivsl JIEXUT B OCHOBE MbBIJIOBAPEHHOIO
rpousBoacTia. Elle B IpeBHKE BpeMeHa JII0I YMEeIN U3roTaBIMBaTh MbLIO, Ha-
rpeBasi JKUBOTHBIN XHP C 30J10i1. B XMBOTHOM 3KHUpe, KaK yKe OTMeYaioCh, CO-
Jep>KaTcsl 3HaYMTeIbHbIE KOJIMYeCTBa TpUCTeapara MIMIEPUHA, a IpeBecHast 30-
Ja sBngerca ucroynnkom norama K,CO;.

(|:H20COC17H35 (|3H2—OH
CHOCOCy7Hys %% CH-OH  + C7HisCO0°K®
CH,O0COC,;7Hs35 CH,—OH cTeapar Kajust
TpucTeapar TJIMLEPpUH
IIMUeprHa

l'lonyqaeMaﬂ B XO/I€ TUPOJIM3a KaJueBas COJib CTEAPUHOBOM KUCIOThI UAET
Ha M3rOTOBJIEHUE XKUAKOTO MbLIA, a U3 HATPUEBOMW COJIM MOJYy4YalOT TBEPIbIC
MblJjia.

3anava 20.8. 3aBepiuTe peakiuio 1 MPeUIOXKNUTE ee MexaHn3M. Ha3oBUTe MTPOIYKT MO CUcTe-
MaTUYEeCKOW HOMEHKJIAType, YKaXk1Te KOH(PUTYPALIHIO.

OH (CH;C0),0

(CHy)sC (H,S04)
3)3

INEPEDTEPU®UKAIIUA

[IpeBpalieHre OMHOTO CJIOXHOTO 3¢Hpa B APYroi Mo IeCTBUEM COOTBETCTBY-
JOILIETO CIMPTa B IPUCYTCTBUU KaTajan3aropa (KMCIIOThI MJIK OCHOBAHMS) Ha3bl-
BalOT nepemepugurauueli.

0 , H® 0

R—C + ROH R—C’  + CHOH
OCH; OR’
O ON.® 0o

R—C + ROH ®9M- p—”  + CHOH
OCH; OR’

XoTs 3TH peakiuy 00paTUMBI, paBHOBECHE MOXHO CMeIaTh, HAIIPUMep, OTTOH-
KO HU3KOKHUIISIIIETO CITUpTa (Jallle MeTaHOoJIa UJIN STaHOoJIa).

ITo mMexaHU3MY peakLuU IepedTepudUKali aHAJTOTMYHBI COOTBETCTBYIO-
MM peakLMsIM TUApPoJn3a. B yacTHOCTH, MeXxaHM3M KUCJIOTHO-KaTaau3upye-
MO peakIuy MepedTeprrKauy BKIIOYaeT CIeAYIOIINe CTaIUN.
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Cmadus 1 — IPOTOHMPOBAHUE MOJIEKYJBI CJIOXXKHOTO 3dupa:

0] °0—H O—H

/ H® / o/
R—C R—C R—C

- - -

OR OR OR

Cmadus 2 — HykJeobuibHoe pucoenrHeHue cnupta R"—OH K npoToHupoBaHHOM
MOJIEKYJIe CJIOXHOTr0 3upa:

®
/\ OH Hﬁ(‘)iR” (‘)7R"
o7 ®

/
R"—OH + R*C\ — R*C‘*OH — R*(‘Z*OH
OR’ OR’ Hf(ng'
Cmaous 3 — snumunupoBanue criupta R'—OH u3 obpa3oBaBiiierocst uHTepMeIMaTa:
®
O—R" OH O
‘ yan // —H® //
R*(‘Z*OH R'OH + R*C\ R*C\
H— g—R' OR" OR”
BOCCTAHOBJIEHUE

CnoxHbie 3¢pUpbl BOCCTAHABIMBAIOTCS C Pa3pbiBOM CBSA3M MEXAY KapOOHWJIb-
HBIM aTOMOM yIJiepoJa U KUCIOPOAOM aJKOKCUTpyHImbl. [1py 3TOM auMIbHBIN
OCTaTOK BOCCTaHaBJIMBAETCS A0 MEPBUYHOTO crupTa. JIMTUHATIOMUHUUTUIPUL
SIBJISIETCS JUISI 9TUX Liesieit Haubosee 3(hGheKTUBHBIM PEareHTOM:

0)

v LiAIH H,0
CeHs—C_ a‘qmp“ : C¢HsCH,OH + C,HsOH
OC2H5 OCH3UJIOBBIN 3TaHOJI
3TUI0EH30aT CIApT

Kak 1 B cilyyae BOCCTAHOBJIEHUS KETOHOB M KapOOHOBBIX KUCJIOT, IIPA 00-
CYXKIEHMU MeXaHHM3Ma BOCCTAHOBJIEHUSI CJIOKHBIX 9(UPOB IEMCTBUEM JIUTHIA-
ATIOMUHUNTUAPUAA CledyeT MMeTh BBUAY HYKJICO(MWJIbHOE TPUCOEINHEHNE
TUIPUA-UOHA K KapOOHUIIBHOM IpyIIIe:

O
H3A1—H+/—\/I(J)i — Rj)\ —

N
R OMe H OMe
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BoccraHoBIIeHME MOXHO MPOBOAUTH TaKXKe NEWCTBHMEM HATPUSI B 3TaHOJE
(peaxuusa byso—baana, 1903 1.). DTOT cocod JaeT 0COOEHHO XOPOIINe Pe3yib-
TaThl IIPX BOCCTAHOBJICHUU 3(PUPOB adaTHIeCKUX KUCIOT:

CHy(CH,),CO0C,H;s 91O cHy(CH,),CH,0H + C,H;OH

STUJITr€KCaHOaT TE€KCaHOJI 9TaHOJI

MexaHu3M 5TO peakuu MOAPOOHO He M3ydaicsl, ONHAKO peakunio ByBo—
biiaHa He cieayeT paccMaTpUBaTh KaK T’MAPUPOBAHKIE MOJIEKYJIBbI CJIOKHOTO 31~
pa BOIOPOIOM, BBIAEJLIONIMMCS B peaklMi 3TaHosa ¢ HatpueM. [To-BugumMomy,
OHa MPOTEKAET Yyepe3 CTaIUI0 OAHO3JIEKTPOHHOrO IlepeHoca. Ha repBoii ctagnmn
9TOI peakIIny, BEpPOsSITHEE BCEro, MMeeT MECTO IepeHOC 3JIEKTPOHA OT aToMa Ha-
TpUSI Ha KapOOHWJIBLHYIO TPpyIITy 3dupa, IMocje Yero cieayeT pacran o0pa3oBaB-
IIETOCsT aHMOH-pagrKaa.

AmMuapl

[1pu cocTaBaeHMM Ha3BaHUI aMUaa ITOCTMUKC B HA3BaHUU KUCJIOTHI -064s KuUC-
JAoma 3aMeHSIOT Ha -amud.

IIpaBuia cocraBiieHUs] Ha3BaHUI aMUAOB MJUTIOCTPUPYIOTCS CIAEAYIOLIMMU
MpUMepaMu:

(0]
Il [l [l
H—C—NH, CH;—C—NH, CeHs—C—NH,
dopmamu aleTaMuI OeH3aMuI
0] 0]
I i CHs
CH;—CH,—C—NH—CH; CH3—(CHy), —C—N__
CH;
N-meTuanponaHamua
(N-MeTunaMu NpornrMoHOBOM N,N-numeTundyraHamui
KHCJIOTBI) (N,N-gumeTriaMuIT MacIsTHOM
KUCJIOThI)

CIIOCOBBI ITIOJIYYEHUA

AMUIBI ABISIOTCH HAMMEHEE PEaKIMOHHOCIIOCOOHBIMU IIPOU3BOJAHBIMU KapOo-
HOBBIX KMCJIOT I10 OTHOLLIEHUIO K HYKJIEO(DWIBHBIM areHTaM, II03TOMY JIJIS [TOJIy-
YeHMS aMHIa MPUTOIHA PEaKIMs JTI000T0 MTPOU3BOIHOIO KapOOHOBOM KHMCIIOTHI
C aMMHMAaKOM WJIM COOTBETCTBYIOIINM aMUHOM.

AMUIBI TOJYYaOT HECKOJIBKUMU CITOCOOaMMU:

a) U3 alWITAJIOTeHUIOB allMJIMPOBAaHNEM aMMHKaKa, ITEPBUYHBIX M BTOPUYHBIX
AMMHOB;

0) 13 aHTUAPUIOB B3aMMOAECTBUEM C aMMHAKOM M aMUHaM# (3TUM CITI0CO-
GOM OOBIYHO TTOJIYYalOT Pa3IMYHbIE AlleTAMUIbI);

B) U3 CIIOXKHBIX 9(DMPOB B3aMMOAENCTBIEM C aMMHUAaKOM M aMUHAMU;

I') U3 KapOOHOBBIX KUCIIOT B3aUMOAEICTBIEM C aMMHAaKOM M aMUHAMU;
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II) TUAPOJU30M HUTPUJIOB — peaKlLMs UACT IJ1aJKo B MPUCYTCTBUU KaK KUC-
JIOT, TaK 1 OCHOBAHMUIA:

| H,0 | 72
CH;— (lj_ C=N — CH;— IC_ C\
CH; CH; NH
HUTPUIT amuz,
MTUBAJIEBOI KUCIOTHI MUBAJIEBOI KUCIIOTBI

Penunnayetamug. Cvecob deHunavetonmTpuna (227 r; 1,94 monb) n koHu,. HCI
(800 mn) pasmewwmBatoT npu 50 °C B TeveHne 20-30 muH, nocne 4ero npubasns-
0T neasiHyto Boay. MNpoaykt otpunbTpoBbIBalOT, T. M. 154-155 °C. Beixon, 220 r
(84%).

)1]'[9[ YCKOpPEHUA p€aKIIMn B LIEJIOYHOM Cpeaec nmHoraa NpuMEHSIOT TIIEPOKCUL
BOgoOpoaa:

0
NaOH, H,0 /
R—C—N ~ 5™ R—C.
20) N
NH,
e) N3 KETEHOB NPUCOCANHECHNEM ITEPBUYHBIX 1 BTOPUYHBIX aMMWHOB!
0
CHy-C—0 + CH;NH, CH—C
KETCH METUJIaMUH NHCH3

N-MeTunaueraMua

KHUCJIIOTHOCTb 1 OCHOBHOCTbD
AmunHas rpymmna

H
N
AN
H
MMEET IIJIOCKOE CTPOSHUE: aTOMBI yTJIepoaa, KUCJIopoaa, a30Ta, BOJAOPOIA U KITIO-
yeBoil aToM (pparmMeHTa R j1exxaT B OIHOM MJIOCKOCTH.
Jlenokanuzalusi 3JeKTPOHOB B aMUHOU TpyIIIe OMUCHIBACTCS CACAYIOLIUMU
PE€30HAHCHBIMU CTPYKTYPaAMU:

oo, . o? Y .?
o @/.O.' Joe®
R_C\OO/H R_C\-.,H R_(j\\ /H
No No NJ

H H ® H
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Bcnencteue cMenieHUs1 m-3JIeKTPOHHOM MIOTHOCTA B aMUIHOU (YHKUMU K
aToMy yrjiepoja KapOOHWJILHOM IPyIbl OCHOBHOCTb aMUA0B 3HAUMTEIbHO HUXKE,
4eM OCHOBHOCTb ali(PaTUIeCKUX aMMHOB (HarpuMep, 3HaueHue pK, CorpskeH-
HOW KUCIOTHI 1151 alleTamuaa pkK 4(BH®) 0,5). [TosToMy, KaK 1 apyrue mpou3BO/-
HbIe KapOOHOBBIX KUCJIOT, aMUAbI TIPOTOHUPYIOTCS 110 KapOOHUJIBHOU TpyIIIe:

Ppe
R—C  + H°®
NH,
@ oo oo
//.O._H ®/.O —H /.O —H
R_ C\o . R_ C\o . R_ (:\\
H, NH, NH,

Amuzbl 06/1anaioT noseiieHHon NH-kuciomuocmoro (pK, = 15). OHu aBis-
10TCs Topasnio Gonee cuabHbIMU NH-Kucnoramu, yem ammuak (pK, = 33). 91o
00YCJIOBJIEHO PE30HAHCHOM cTabUIM3alMel CONPSIKEHHBIX OCHOBAHUN —  amu-
dam-uoHo8, 00PA3YIOLINXCS MPU MOHU3AIUU aMUIOB:

LR L L] .e L) .e
o: o 0 ;62
R — R R—C ——R-Cl |+ H®
Q) N\ ®\o .
NH, NH NH NH

DE30HAHCHbIe CIPYKMYPbl
amuoam-uoxa

B BoAHBIX pacTBOpax aMUIbl HE OOPa3yIOT YCTOMUMBBIX COJIEN HU KaK OCHO-
BaHUSI, HU KaK KUCJIOTHI, T. €. SIBJISTFOTCSI HEWTPalbHBIMU COEIMHEHUSIMU.

PEAKIINN
IIpespawienue amuoos 6 Humpuabl — eiie oguH nocie NH-KUCI0THOCTH TTpuMep
nabunbHocTH N—H-CBsI3M B aMuaax KapOOHOBBIX KHCIOT.

[IpeBpaleHne amuaa KapOOHOBOM KMCJIOThl B HUTPUJ MPOTEKAeT KakK IMOJ,

JIeiCTBHEM BBICOKOM TeMITepaTyphl, TaK U TIpU 00paboTKe aMuIa IeruapaTupyro-
My arentamu (P,O5, POC,, SOCl,):

O
S0Cl, CN

NH2 GeH30I1
80 °C

2,3-IuMeTUITeKCaHaMM]T 2,3-mumeTnarekcaHHuTpu (90%)
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Tudponaus amudos NpoOBOJST MPU UX HATPEBAHUM C BOAOI B MPUCYTCTBUM OCHOBA-
HU (pexe B MPUCYTCTBUM KUCIOT). B pe3ynbrate peakunu o6pasyroTcst Kapoo-
HOBasI KMCJIOTAa U aMMUAK (VI aMUH):

R C//O _HO o c//o + NH

_ - 3

‘NH, VO 0PN

R C//O _HO o c//o + (CH;),NH

_ - 3)2
N(CHy), O 0PN

e —

NaOH, +

‘NHC,H, WO RCOONa + CoHs ™ NH2

B npenapaTuBHBLIX LHEJIAX THAPOJIN3 aMUI0B Kap6OHOBLIX KHMCJIOT, KaK ITpaBu-
JIO, MPOBOJAT B MPUCYTCTBMM BOAHOI'O paCTBOpa €IKOro Hatpa. Huxe nokazan
MEXAHU3M 3TOU peaklMy Ha IIpUMepPe TUAPOIM3a 6YTaHaMI/II[a.

Cmadus 1 — TIPUCOCAMHEHNE TMAPOKCUI-MOHA KaK HyK.HquJI/UTa K MOJIEKYJIE amMuna:
@.o *.
(/'/O: Qe o ’ (l). oo
C3H,—C + *OH CsHy— N

M. :OH

Cmadus 2 — MOHU3AIST TTIPOMEKYTOUHOTO TETPAdIPUIECKOTO TTPOAYKTA TPUCOCTHE-

HUA:

%0: %0:

| ee Oe o | oe
C3H7_|C_NH2 + :.QH C3H7_(|:_NH2 + H,O

2o 08

Cmadus 3 — oTIIEIJIEHWe aMUI-MOHA U3 MPOMEXYTOYHOIO aJIyKTa W BbIIEJICHUE ero
B BUJIE aMMUaKa:
Qe
LK ]

.O. .
&I oo //O' .s Os e

City—CNHy + 10 C3H7_C\'o’°e + NH; + OH.
qON

o
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Tunoeanoeenumuas peaxyus logpmana. Peakiivsi aMua0B ¢ HIEJIOYHBIMU PACcTBO-
paMu rajoreHoB (Moja, OpomMa WJIM XJopa) M3BeCTHA Kak peakuus logpmana
(1881 r.). Dra peakuusi, Ha3biBaeMasl Takxe nepeepynnuposxoti Iogpmana, Benet
K TOJyYEHUIO aMMHA ¢ YKOPOUYEHUEM YIJICpOAHOM LIeNMU aMua Ha OAUH aToM
yriepoaa. Peakiius rimaako mporekaeT ¢ aMMIaMU Kak XKUPHBIX, TaK U apoMaTh-
YECKUX KUCIIOT:

RC Bry * 4NaOH (xomt) p_NH, + 2NaBr + Na,COj;
NH,

MexaHn3M pacuieruieHus: aMmuoB o ['odmaHy BKITIOYaeT Cieayloliye cTa-
TN,

Cmadus 1 — N-OGpoMupoBaHue aMK/a, KaTaIu3UPyeMOe OCHOBaHUEM:

O: O:
7 © 4 ©
C6H5*C\. . + Br, + "OH C6H5*C\. . + H,0 + Br
NH2 II\]*BI‘
H

Cmaous 2 — nonusauusi N-OpomMamuaa aeiicCTBUEM OCHOBaHUSI:

0 Jol
Z o v
CeHs—C, , + ®OH CHs—Cle,  + H,0
II\I—Br N—Br
H
Cmadus 3 — BHYTPUMOJIEKYJISIpHAs IeperpyniupoBKa ¢ 00pa3oBaHUeM M30IIaHaTa:
//’d: o0 o0 e
CeHs—ClQ) CeHs—N—C—0 + Br
Nk

Cmaous 4 — ruaposiu3 u3oliMaHaTa ¢ 00pa3oBaHUEM aMUHa:

oo ©) oo _
CiHs—N—C—0  + 20H CiHs—NH, + CO?

Boccmanosaenue amudoé NMpoBOAAT NEHCTBUEM JUTUHATIOMUHUNTUAPUIA (KaK
MpaBWIo, U30bITKA) B apupe wiu TeTparuapodypare. B kauecTBe BOCCTaHOBUTE-
JISI MOXXHO TIPUMEHSITh U TUOOpaH:

0
) .
CeHs—C,  HAH O ¢ HCHNH,
NH,

OeH3MJIaMUH
OeH3aMuI
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O
, .
CHy(CHy)s—C_ LA 10 CHy(CHy)sCH,NHCH;
H—CH;j N-MeTuarentTaHaMuH
N-MeTwirenTaHaMuI
i
<;>7OCHQCNH2 + LIAIH, 22 O QOCH2CH2NH2
amu O-(peHOoKCUdTUIaMUH

(heHOKCHYKCYCHOI KHUCIOThI

N,N-AuankuiaMuabsl TakXKe MOTYT ObITb BOCCTAHOBJICHBI JO aMWHOB IpU
nevicrBun n3oniTka LiIAIH 4

0O
p .
CHy—C_ HEt - 0 - CHyCHN(CH,CH;),
N(CHZCH3)2 TPUSTUIIAMUH

N,N-nustunameramui

N-Metungoaeunnamun. K pacteopy LiAIH, (3,8 r; 0,1 mosb) B cyxom adupe
(180 mn) npu cnabom kuneHun B TedeHme 3 4 npubasnsioT N-MeTungoaekaHammg,
(16 r; 0,07 monb). CMecb KMNATAT elle 2 4, NOoCse Yero pasMeLlvBatoT B TeYeHne
12 4 npu komHaTHOI Temnepatype. O6pabaTbiBaloT Bogon (10 mMn), conn nMTns 1
aNOMUHKS OTOUNLTPOBLIBAIOT. [POAYKT BbIAENSAIOT neperoHkon, T. kun. 108-110°C
(145 mm pT. cT.). Beixog 13 1 (93%).

an/I MCIJI€CHHOM BHECECHUMN KOHTPOJHNPYEMbBIX KOJIMYECTB BOCCTAHOBUTEIIA
aMMJ MOKeT ObITh BOCCTAHOBJIEH U 10 anbiaeruga. B atom cJiydya€ B Ka4€CTBE
BOCCTAHOBUTEISA PEKOMEHAYETCA ITIPUMECHATDH JTHTHﬁTpHSTOKCHaHIOMHHHfI—
TUAPpUA:

LiAlHs + 3C,HsOH — LiAIOGHs);H + 3H,

JIMTUUTPUITOKCH -
ATIOMUHUUATUAIPUL
0]
[l . ahup H,O I
(CH3);C—C—N(CHs), + LiAI(OC,Hs);H ——— ——— (CH3);C—CH

JUMETUIIaMU MUBAJIEBBI
MUBAJIEBO KUCOTHI ANbACTUL
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Hutpuisi

IIpu oOpa3zoBaHMM Ha3BaHUS HUTPUIA KAPOOHOBOM KUCJIOTHI IO HOMEHKIIAType
HNIOITAK mnoctduke -#umpua no06aBIIsSIOT K Ha3BaHUIO yriieBogopoaa (B Ha3Ba-
HUeE yIJIeBOIOpOoAa YIYUTHIBAIOT aToM yrieponaa rpynibl C=N).

G
CH;—C=N CH;—CH—CH,—C—N CH;3(CH);—C—N
3TaHHUTPUIL 3-MeTUA0yTaHHUTPUIT TIEHTaHHUTPUIT
(alleTOHUTPU) (HUTPUJI U30BaJIepPUAHOBOM (BaJIEPOHUTPUIT)
KUCJIOTbI)

Yacto HUTPWJIbI HAa3bIBalOT KaK ITPON3BOJHBIE KMCJIOT, B KOTOPLIE OHU IIPEC-
BpaliaroTcCs IMpu TMaApPOJIN3E:

CgHs—C—N CH3OC—N CgHs—CHy— C—N

OCH30HUTPUIT HUTPUIT DEHWITYKCYCHOI
N-TOJYHUTPUIT KUCJIOTBI

CIIOCOBbLI ITIOJTYYEHUA

a) Jlermmparalusi aMUI0B MO3BOJISIET MOJy4yaTh HUTPUJIbI KaK aludaTuiyecKux,
TaK ¥ apoMaTUYeCKUX KapOOHOBBIX KUCJIOT:

0
R—C. PO R—CN + H0
NH,

6) AMMOHOIN3 Kap6OHOBBIX KHNCJIOT TaKXKE ABJIACTCA YHUBCPCAJIbHBIM MCTO-
JOM IOJIYYCHHWA HUTPUJIOB U IIPUMEHSETCA B ITPOMBIIIJIICHHOCTH:

R—C//O NH;, Al,O3
\OH 300—400°CC R C N + 2H20

B) JleruapaTaliyisi OKCMMOB aJIbAETMI0B OTHOCUTCS K JJaOOpaTOPHBIM METOAaM
MTOJTyYEHUST HUTPUJIOB:

R—CH=N—OH @20 R—C_N + 2CH;COOH

r) l'ajjoreHaakaHbl, CIIOCOOHbIE BCTYIATh B peakUUu Sy2, JIETKO 00pasyioT
HUTPWIBI andaTudecKnX KapOOHOBBIX KUCIOT (cM. T. I, pa3n. 13.4.1).

- KCN e
RX @Mcol RTCTN + KX
1) IpeBpalieHre apeHIMa30HUEBBIX COJIel 10 peaKluu 3aHaMeliepa sSIBIsieT-

csd HaJeXXHbIM MCTOYHUKOM HUTPWIOB apOMaTUYECKHUX KapOOHOBBLIX KUCIOT
(cMm. paznm. 24.2.3):

[Ar—N_NJHSOf - Ar—C_N + N, + CuHSO,
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¢) CruiaBiieHHe apujICcyJIb(POHATOB C LIMAHWUIOM KaJIus TakKKe BeJeT K HUTPH-
JIaM apoMaTU4YeCKuX KapOOHOBBIX KMCJIOT:

ArSOPNa® KN Ar—C-—N + KNaSOs;

K) LIMaHruApUHHBINA CHHTE3 OTKPBIBAET MYTh K MOJyYEHUIO HUTPUJIOB O.-3a-
MEIIEHHBIX KAPOOHOBBIX KHCJIOT:

O OH
o CNO |
R—C—R" + HCN4>R—C|3—CN
R'
CTPOEHUE

Tpoiinas C=N-cBs3b MogooHa TpoiiHoi cBsi3u C=C: aToMBbI yrjiepoaa U a3oTra
HUTPUJIBHOU IPYIITLI HAXOISATCS B Sp-THOPUIHOM COCTOSTHUU.

Tpoiinasg cBg3p C=N 0oJiee npouyHa, yeM TpoiiHas cBsi3b C=C. DHep-
MU AUCCOLMAIIMM 3TUX CBsI3el paBHBI 886,6 KIX/Mob (212 KKaja/MOJb) U
836,4 x/Ixx/Momb (200 kkan/Mosib) cooTBeTcTBeHHO. CBsi3b C=N sBisieTcs u
ropaszio 6oJsee MoJsspHON.

3@ 80 50 80

CH;~C-N CH;CH,—~C-N CH;—~C—CH
OTAaHHUTPUIT IIPOMaHHUTPUIT TIPOITMH
(w=3,30D) (=339 D) (w=0,75 D)

Caa3bp C=N 3amerHo Kopoue cBsi3n C=C: ux mymHbl paBHbI 0,110 1 0,120 HM
COOTBETCTBEHHO.

HuTtpuabl uMeroT BbIcOKME TeMepaTypbl KUieHusi. MHOTHE HUTPUJIbI XOPO-
1I0 PaCTBOPUMMBI B BOJIe, TaK KakK 00pa3yloT BOAOPOJHBIE CBSI3U C MOJEKyJIaMu
BOJbl. ATOM a30Ta HUTPUJIBHOI TPYINbl UMEET CBOOOIHYIO TMapy 3JeKTPOHOB.
OpnHako 9Ta mapa HaxXOJWUTCSl Ha Sp-OpOUTav, UTO SIBJISIETCS MPUUYMHON OYeHb
HU3KO OCHOBHOCTM HUTPUJIOB. 3HauyeHUE pKa(BH@) COTPSIKEHHON KUCIOThI
arietoHuTpuia cocrasisier —10,1. Tem He MeHee a30T HUTPWJILHOM IPYTITbl TPU-
COEMHSIET MPOTOH B MPUCYTCTBUU CUJIBHBIX MUHEPAJTbHBIX KUCIOT. DTO yBEJIU-
YUBAET MEKTPOPUIBHOCTh aTOMa yriepoja (KUCIOTHBIN KaTaaus):

H®

o0 @ @ LN ]
CH;—C—N [CH;—C—N—H CH;—C—N—H]

PEAKIINU

fudpwm3 HUmMpua06 IpoTECKacT PN HAarp€BaHM ¢ BOOAHbIMU paCcTBOPaMH KHUCJIOT
WU OCHOBAHWUIA. an/I 9TOM ITPOMEXKYTOYHO o6pa3y10Tc5{ aMUIbI Kap6OHOBBIX
KHCJIOT:

©)
CeHsCHyCN 229 C(H;CH,CONH, /R0 0% HsCH,COOH
beHm- beHm- eHmykcycHast

ALCTOHUTPUIT aleTaMma KHCJIOTa
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FI/IZ[pOJTI/IS HUTpWJIa 10 aMUJa 6 npucymcmeull 0CHoeaHus BKIKOYaCT CICAYI0-
mune ctainuun (FI/IZ[pOIII/IB amMuza 10 Kap6OKCI/U'[aT—I/IOHa TToOKa3aH BBIHJG).

Cmaodus 1 — HyKIIeoUIbHOE MPUCOCTMHEHNE TUIPOKCUI-MOHA K HUTPUJIBHOM TpyIIITe:
. <OH
—~ .OH | o0
R—C—N; R—C—N:

Cmaous 2 — NpoTOHMPOBaHUE MPOAYKTA IMPUCOEIMHEHMS B3aMOIECHCTBUEM C BOIO:
{OH *OH
| 06\1—[20 | oo Qe e
R—C—N. =——= R—C—-N—H + (OH

Cmaodus 3 — TayTOMepHOE TNpeBpalleHUe NPOAYKTa peaKIuu:

B kayecTBe elle OJHOro IpUMepa MOXHO Ha3BaTh T'MIAPOJIN3 OyTaHHUTPWIIA
JI0 COJIM OYTaHOBOI KUCJIOTHI:

CHiCH,CH,CN %= CH;CH,CH,CONH, ot~
OyTaHHUTPUI ' OyTaHaMUJ1 '

CH;CH,CH,CO0°K®

OyTaHoaT Kaaus

FI/IZ[pOJTI/IS HUTpUWJIa 10 aMUJa 6 npucymcmeuu Kucaomol IpOTEKACT IO CJIEAY-
IOIIEMY MEXaHU3MY.

Cmaous 1 — nNpOTOHUPOBAHUE MOJIEKYJIbI HUTPUJIA:
®

LN ] @ @ LN 2
CHy—C—N [CH;—C—N—H CH,—C—N—H]

Cmaous 2 — HyKJIeo(pUIbHOE MPUCOSAMHEHNE MOJIEKYJIbl BOJbI:

® oo HZO oo ®
CH—C—N-H - 2> CH,—C—N—H =—— CH;—C—NH,
MEIAJIEHHO | |
<OH

-0
o,
7o\

Cmadus 3 — nenpoTOHUPOBAHUE COTPSKEHHON KUCIOTHI aMUAA:

® oo
CH3—|CT;\1H2 H® + CH3—|(|:—NH2
tOH 0:
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Hanpumep, n-HUTpOohEHUIITAHHUTPUIT B pe3yJibTaTe HarpeBaHUsSI ¢ BOAHOM
CEPHOI KUCOTON MPaKTUYECKU KOJUUECTBEHHO TpeBpallaeTcsi B #n-HUTpode-
HWIYKCYCHYIO KUCJIOTY:

OzN@CHQCN TR0 IRE OQN@CHQCOOH

n-HUTPOGDEHWISTAHHUTPUIT n-HUTPOPEHUITYKCYCHAsI KMCIIOTa

Pearxyuu numpunog ¢ peaeenmamu I punvapa. Peakiimu HykieodUIbHOTO MPUCOe-
JWHEHUSI HUTPWJIOB MPOTEKAIOT 3HAYUTEIbHO MEHee DHEPTUYHO, YeM peakluu
MPUCOEANMHEHMS ATbAETUI0B U KETOHOB.

Opnnako peareHT ['puHbsIpa, Oyay4u CUIBHBIM HYKJI€O0(hUIOM, TPUCOEANHS -
€TCs K HUTPWIY Mo TpoiiHo#l cBsa3u C=N H0CTaTOYHO JIerko ¢ o6pa3oBaHUEM
conu ketumuHa. [Ipu paznoxkeHuu coiau pa3daBieHHON KUCIOTO 00pa3yeTcs
KETOH:

3® _ 30 GHs, & o ®
CeHsCZN + CH;CH,MgBr /\C—NZ MgBr —22—
GEH30HUTPUII STHIIMArHUIi- CH;CHj

OpoMuIL

®
== CgHs—C—CH,CH; + NH; + Mg(OH)Br

nponuoGeHoH

Boccmanoenenue HUMpUI06. HuTpuiibl 1erko BOCCTaHABAMBAIOTCS 10 TTEPBUYHBIX
aMrHOB. B KadecTBe BOCCTaHOBMTENECH MPUMEHSIOT JUTUUATIOMUHUATAAPUI 1
BOAOpPOA Hal METAJINIMYCCKUM HUKEJIEM!
2H,
R—C—-N TIQ’ R_CH2_NH2.

20.3. EHOJIAT-NOHbI KAPBOHOBBIX KUCJIOT
N UX ITPON3BOJIHBIX

20.3.1. CH-KucaoTHOCTh KAPOOHOBBIX KHCJIOT M HX MPOU3BOIHBIX

Kap6oHOBbBIe KMCIOTHI U UX TTPOU3BOIHbBIE, MMEIOIINE BOAOPO Y C.-YIJIepOI-
Horo aroMa, o6iamgaroT CH-KHUCIIOTHOCTBIO U CITIOCOOHBI K peakIUsM, IPOTe-
KamlIUM Yepe3 MPOMEXYyTOUHOe 00pa30oBaHME COOTBETCTBYIOLIUX €HOJbHBIX

dopm.
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CH-KucnotHOCTb HEKOTOPLIX IIPOU3BOAHBIX Kap6OHOBBIX KHNCJIOT CpaBHHUBA-
€TCsA HM2KE C KUCJIOTHOCTBIO aJIbACTUA0B 1 KETOHOB.

a-CH-Kucaora pK, a-CH-Kuciora pK,
//O //O
CH3—C\ ~16 CH;— C\ 25
Cl OCH;
ALCTUIXTIOPU L MeTuJaaneTar
,0
4
CH;—C_ 17 CH;—C=N 25
H ALIETOHUTPUII
anueTaJabICeTUI
Q 0
[1 4
CH;—C—CHj; 19 CH;—C_ ~30
aleToH N(CH3)2

N,N-auMeruaaleTraMus

0a.-CH-KuciaoTHOCTb MPOU3BOAHBIX KapOOHOBBIX KMCJIOT MPOSIBISET ceOsl B
pasnuyHbIX peakuusix. Hampumep, stuianerar, Oyaydu pacTBOPEH B IEUTEpO-
ataHosie, noasepraercss H/D-o0MeHY B MPUCYTCTBUU KATAIMTUYECKUX KOJIU-
YEeCTB BTOKCUIA HATPUSI:

0 0
7 O Na® 7
CH;—C + GHsOD 222 cpy—C] + G,HsOH
OC;yHs d-araHon OC,Hs 3TaHol
oruaterat aTuiI-d;-anerar

B npucyTcTBHM OYeHBb CHIIBHBIX OCHOBAHUI €HOJMU3UPYEMbIi 3(pup, Hampu-
Mep STUJIIIPOIIAHOAT, MPAKTUYECKK HALIEIO ITOABEPTracTCs MOHU3ALINN:

0 EN(GH),
CHiCHy~C Tr®, 78 °C
0C,H;s ’
pK, ~25
g 0 ,0° ®
—= |CH;CH—C_ ~— CH;CH—C__ Li" + HNGHy),
OC,Hs OGHs pK,, ~40

OO6pa3syomyecs Mpy 3TOM €HOJISIT-UOHbBI IIPOSBIISIOT ce0sT KakK 3(h(heKTUBHbBIE
HYKJIEO(UIIBI B pEaKLUAX 3aMelIeHust (Sy):

s 0 o
N0 // @ Y | //
CH3CH_C\ Li + CHg_BI' LiBr CH3_CH_C\
OC,H;s OC,Hs

3TI/U[—2—M6TI/II[1'[p01'[aHOaT
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Y B peaKLMU MPUCOEANHEHUA (Ad y):

ee(®
//O ﬁﬁ(c H), |52 A SO ©
CH3*C\ ﬁé CHQ*C\ <—>CH2—C\ Li
OC(CHy); OC(CH;y); OC(CHjy);
mpem-0yTUnaLeTaT
O ® 9 0O
S OC(CH: ®
CH- + S (CHs 100
OC(CHy)s
LIMKJIOTEKCAHOH //O
HO CHQ*C\
OC(CH;y)s

mpem-0yTUJI-
(1-ruapoKCULMKIIOTeKCHI)aleTaT

20.3.2.  Peaknus I'eqnga—®Pobrapaa—3eInncKoro

Dr1a peakuus MPOTeKaeT ¢ MPOMEXKYTOYHBIM 00pa30BaHMEM €HOJIBHOM (hOPMBI IPO-
M3BOJHOIO KapOOHOBOI KUCIIOTHI 1 3aKJIHOUAETCs B TaJlOTeHUPOBaHUU (XJIOpUPOBa-
HUU WIX OpOMHUPOBAHKWM ) KapOOHOBOI KUCIOTHI B MpUCYTCTBUU pocdopa. [Tpomyk-
TOM PeaKLH SIBJSICTCS FaJIOTeHAHTUIPUIL O.-TaJIOTeH3aMEeleHHOI KUCIOThI:

o)
/)
CH;COOH + Br, + P —— BiCH,~C_ + HBr + P(OH);
B
YKCyCHast r
KHCJIOTa OpomaLeTUIOpOMUL

MexaHuzm peaKklM BKIIOYACT CJIACAYIOIIME CTadnuN.

Cmadus 1 — obpazoBaHue 6pomuna dochopa(lll):
2P + 3Br, 2PBr;

Cmadus 2 — nonydeHre 6pOMaHTUAPUAA KapOOHOBOU KUCTIOTHI:

o: ,0:
7 7
3CH3—C\_ . + PBrj 3CH3—C\_ . + P(OH);
0-H B
OpoMaHTUIPUI

YKCYCHOM KMCJIOThI
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Cmaodus 3 — obpa3oBaHue €HOJIbHOM (POpMbI OpOMaHTUAPUIA:

30 @ .o
YoN O—H O—H
6@50' ® e e ® /o0
CH3_ C\/. . = H_CI'IZ_C (I D H_CHZ_C\' 4 —
B B B
OH
® 00
—— H° + CH—C__.
Br:

Cmaous 4 — OpoMUpOBaHUE €HOJIbHOI (POPMBI OpOMaHTUAPUIA:
OH 0]
7 7
CH2—C\ + Br—Br CHZ_C\ + HBr.
Br ]|3r Br

Kak cienryeT U3 cXeMbl, 3Ta peakiusl 10 MeXaHN3My aHAJIOTMYHA peaKIIMK KUC-
JIOTHO-KaTaJIM3UPyeMOro TaJOTeHUPOBAaHUS KEeTOHOB. [ 3TOM peakiuu
HeOOXOAMMBbI TOJILKO KaTaJIuTU4YecKue Konuyectsa PBry, nockosbKy o6pasoBas-
IMiics GpOMaHTUAPHI GPOMYKCYCHOM KUCIIOTBI, B3aMMOIEUCTBYS C MCXOMTHOMN
KapOOHOBOM KMCJIOTOM, TIpeBpaliaeTcs B o.-OpoMKapOOHOBYIO KHUCJIOTY, pereHe-
pUpPYS IPU 3TOM OPOMaHTUAPUI YKCYCHOM KUCIOTHI:

0 0 0 0
BrCH,—C_ + CHjs— C\ BrCH,— C\ + CH;—C
Br OH OH Br

20.3.3.  Peaxkunun C—C-KoHnencauuu

Caoxnoadupnas kouaencamusa Knsiizena

XapakTepHO# peakiueil 3(pupoB KapOOHOBBIX KHCIIOT, OOYCIIOBJIEHHOM WX
0.-CH-KMCTOTHOCTBIO, ABJSIETCSI PEaKLs CA0HCHOIPUPHOU Kondencauuu Kasaii-
3ena (1887 r.). DTa peakuusi BeAeT K MOJy4YEHUIO dPUPOB [-KETOKAPOOHOBBIX
KUCIOT. B KjaccuueckoM BapuaHTe KOHJEHcAllMsl dTuialeTaTa mpoBOJUTCS B
MPUCYTCTBUU STOKCUIA HATPUST; TPOTYKTOM PEaAKIIUHU SIBJISIETCSI STUIOBbBIN 2(hup
alleTOYKCYCHOM KUCIIOThI (auemoykcycHblii ghup):

0 o)
% C,Hs0P Na® J %
2CH;—C{ =555 CHy—C—CH,—C_
OC,H;s OC,H;
STUIALeTaT alleTOYKCYCHBbIN 3hup

MexaHu3m p€aKiynun BKIOYACT CJICAYIOIIMNE CTaduN.
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Cmadus 1 — stunauerat kak CH-kucnora mnoHu3upyercsi ¢ 00pa3oBaHUEM €HOJISIT-
MOHa:

0]

CH3—C/< + GHs0° ——
OC,H;s
... O..e
S ,0s O
— CH2_C\ -~ CHQ—C\ + C2H50H
OC,Hs OC,H;s

Cmadus 2 — oOpa30BaBIINiiCs aHUOH KaK CUJIbHBIN HYKJIeo(hUua aTaKkyeT Kap0o-
HWIBHBIN aTOM YTJiepo/la HeMOHU3UPOBAHHOM MOJIEKYJIbI THIAalleTaTa ¢ 0Opa3oBa-
HHEM TETPadAPUIECKOTO aJayKTa, KOTOPBI 3aTeM CTaOMIU3UPYETCS B PE3y/IbTare
OTIIEIUIEHUS] STOKCUI-HOHA:

(,an S tl .
b A s —C—0
CcHy ¢ + Chc —— CH Q0 S
¥® 0, H; 0C,H;s CHz—ﬁ—OCsz
0
] 0 veO
- CH3_C_CH2_C\ + C2H59:
0C,Hs

Cmadus 3 — alleTOYKCYCHBIN 3¢up Kak cuiibHass CH-kucioTa pearupyeT ¢ 3TOKCHII -
MOHOM, 00pa3yst aHMOH alleTOYKCYCHOTO 3(Upa 1 STUJIOBbIA CITUPT:

(0)

O
Il Y PRYCI
CH3_C—CH2_C\ + C2H59: Na° =——= C2H50H +
OC,H;
0 G°
a0 T O o
+ CH;—C— H—C\ -~ CH3—C:CH—C\ Na
OC,H; OC,H;

Cmadus 4 — mociie TIOIKUCAEHUSI PeaKIIMOHHONH MacChl MOJYYaroT alleTOYKCYCHBII
3(pup B HEMOHU3UPOBAHHOI (hopMme:

C]
0 0
I 7 ® Ha Il 7
CHy—C—CH—C, N& 5= CHy=C—CHy~C__ + NaCl

0OC,Hs 0C,Hs
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Bce cranuu koHaeHcauun KisiiizeHa sIBasSioTCS O6paTI/IMI)IMI/I, ITIO3TOMY IJIsd
TIOBBIIIIEHM S BbIXOJa all€TOYKCYCHOTO admpa peaxKkluIo B rIperiapaTuBHOM Bapu-
AHTC BCAYT B OTCYTCTBUU CIIMpPTA.

AuetoykcycHbii a¢pup. Cmecb atunauetata (106 r; 1,2 monb) u aTokcmaa
HaTpus (13,6 r; 0,2 Monb), cBOOGOAHOrO OT aTaHosNa, HarpesatoT npu 78 °C B Teve-
Hue 8 4. Cmechb oxnaxaaioT 10 10 °C u menneHHo BHOCAT B Hee 33%-10 YKCYCHYI0
kncnoty (36 r). MpoaykT aKcTparmpytoT 3PupomMm, CyllaT U BbIAENAIOT NEPEroH-
kow, T. kun. 78-80 °C (16 Mm pT.CT.). Bbixon 59 r (76%).

[ToBhIlIEHUIO BBIXOJA CIOCOOCTBYET Tak:kKe IpPUMEHEHHe 0oJiee CUJIbHBIX
OCHOBAHMIi, TAKMX KaK aMu HaTpus. Toraa repsasi cTaausi CTaHOBUTCSI HeoOpa-
TUMOM:

/O oq O /O

7 7

CHy—C] + NH, —— CH,~C| + NHyf
OC2H5 OC2H5

[TOCKONIBKY B COOTBETCTBUM C IMOKA3aHHOM CXEMOM IPOAYKT peakLUuud —
3up f-KeToKapOOHOBOI KUCIOTH — 00pa3yeTcsi 0 OKOHUYaHUM KOHAECHCALIMI
B MOHM3UPOBAHHON (hopMe, B PeaKLMIO CIIOXKHOI(MUPHON KOHIECHCALIMA MOTYT
BCTYIAaTh 3(DUPbI JIUIIb TeX KapOOHOBBIX KUCJIOT, KOTOPbIE UMEIOT He MeHee ABYX
aTOMOB BOIOPOJA B O.-TIOJIOXKEHUH K CIIOXXHO3(MUPHOI TpyIIne, T. €. 3(pupsl 00-
weii popmynel RCH,COOR'. B yacTHOCTH, CIOXHO3(DUPHAs KOHAEHCALMs
KistiizeHa He TIpoTeKaeT ¢ 3TUJI-2-MeTUJIITPOIIaHOATOM:

0)

v
AN

| | C2H50Na | |
2(CH;),CH—C—0C,Hys —>*—— (CHj3),CH—C—C(CH;3),C
CoHs
STUJT-2-METHII-
IIPOIIaHOAT

[Tpu npumenennu cmecu s3¢pupa RCH,COOR' u kakoro-a16o HeeHOIMU3UPY-
eMoro adupa (3TrIhopMHuaT, STUIOEH30aT) B TIPUCYTCTBUM STOKCHIA HATPUS
MPOTEKAIOT CMellIaHHbIe KOHIeHcalu KisiizeHa:

0 0
[l [l ® [l [l
CH;—C—0C,Hs + HC—OC,H;s ~ 250N, B0y CH,—C—0C,Hs

STUIaleTaT stuiadopMuar sTmhopMUIaIeTaT
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0 0
[l I
QC_OCQHS + CH3—C—OC2H5 C,HsONa H;0®
STUJIALIETAT
3TUNI0EeH30aT
0 0
- @C_CHZC_OC2H5

STUJIOEH30MJIAIeTaT

O KOHIEHCALMSX CIOXHBIX 3(DUPOB OL.-TaJIOTeHKApOOHOBBIX KUCIOT (peak-
uuu Pepopmatckoro u Jlapzana — cm. B 1. 11, pasn. 20.7.4).

Konnencanuga Ilepkuna

BzanMoneicTBre OeH3aIbAErIa ¢ YKCYCHBIM aHTUIPUIOM B MIPUCYTCTBUU CJla-
0Oro OCHOBaHMS IMPU HArPEBAHWUU BEIET K IMOJYYEHUIO KOPUYHOW KHMCIOTHI
(peaxuus Ilepxuna, 1868 1.):

Ce¢HsCHO + (CH;CO0),0 C¢Hs—CH—CH—COOH

OeH3aIbIeT UL yKCYCHLIﬁ KOopunyHad Kucjiora
AHTUAPUI

CH;COONa
1t

KopuyHasa kmcnora. Cmecb cBexeneperHaHHoro OeHsanbpermpa (20 r;
0,19 monb), ykecycHoro anrugpuaa (30 r; 0,29 monb) 1 cBeXepacniaBleHHOro aLe-
Tata Hatpus (10 r; 0,12 Monb) KMAATAT B OTCYTCTBUM BRiaru 24 4. [locne oxnaxaeHus
[06aBNSIOT K PeakLMOHHOM CMeCcU Bo4y, OTFOHSIOT C BOASHBIM NapoM Henpopearu-
POBaBLUNIA OeH3aNbAern, 1 4acTb YKCYCHOM KMCNOTbl. OCTAaTOK HEMTPANU3YIOT pas-
6aBNEHHOW LLENOYLIO, GUNLTPYIOT B rOPSYEM BUAE U NOAKUCASIOT CONSHON KUCO-
Tow. MpoaykT oTdunbTPoBbLIBAIOT, cywar, T. nia. 133 °C. Beixog 20,3 1 (72%).

DTa peakuusa — €1ie OAUH XapaKTepHBIfI IIpuMeEp KOHACHCALM C yYaCTUEM
€HOJIbHOM ¢)0pr1 IIPOU3BOAHOTIO Kap6OHOBOI‘/JI KHNCJIOTBI.

20.4. JTUKAPBOHOBBIE KMCJIOTbI

20.4.1. Homenkaatypa

ITo Homenkiatype MIOTTIAK HazBaHust anudaTtuieckKux oukapOoHo8vlx Kuciom
00pa3yloT mprbaBIeHUEM TTOCT(PUKCA -0uosas Kucioma K Ha3BaHUIO COOTBETCT-
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ByIOIIIETO ymieBogoponaa. s mpocTeMIINX KUCIOT NMPUMEHSIOT TpUBUAJIbHbIC
Ha3BaHMsI (HUKE B MpUMepax 3TU Ha3BaHUsS yKa3aHbl B CKOOKaXx).

HOOC—-COOH HOOC-CH,—COOH
STaHAMOBasT KUCIIOTa MPOTIAaHINOBAsT KUCIOTa
(1aBeieBast KUCJI0Ta) (MaJoOHOBAsT KMCJIOTA)
HOOC—CH,CH,—COOH HOOC—CH,CH,CH,—COOH
OyTaHIMOBas KUCJIOTA MEHTAHMOBasT KMUCIIOTA

(sTHTapHast KUCJIOTa) (royTapoBast KUCJIOTa)

HOOC—CH,CH,CH,CH,—~COOH

rékcanamnoBas Kucjiora (B.I[I/IHI/IHOBEIH KI/ICJ'[OTa)

HOOC—|CH—COOH HOOC—CHQCHZ—CIH—COOH
CH,CH, CH,

STUIIPOIAHAMOBAsT KUCIOTA 2-MeTUIIIEHTAHIMOBAsT KIUCIOTA

(3TUIIMAIOHOBASI KUCJIOTA) (o.-MeTuarIyTapoBasi KMcjaoTa)

ApOMaTI/I‘{GCKl/Ie Z[I/IKap6OHOBBIC KMCJIOThI 0€H30JIbHOTO psaaa Ha3bIBaroOT d)Ta-
JICBBIMU KNCJIOTaAMU.

COOH COOH
@[COOH
COOH COOH
(ranesas kuciora nszodranesas Kucaora COOH
(opmo-u3omep) (mema-uzomep)

TepedTaneBas KUcaoTa
(napa-uzomep)

20.4.2.  CnocoObl moJyyeHus

J1st monydyeHust AMKApOOHOBBIX KMCJIOT MPUMEHUMBI OOBIYHBIE CITOCOOBI BBEIE-
HUST KapOOKCUIbHOM IpyIibl. Huzke naHbl MprMepbl CUHTE3a HEKOTOPBIX JUKap-
OOHOBBIX KUCJIOT.
[1laBeneByI0 KUCIOTY ITOJYYarOT IIpU HarpeBaHMK (popMUaTa HaTpus:
OnT.®
C|IOO Na H,SO, |COOH
400°C - COOPNa® COOH

nu-Na-okcanar HraBeJjieBasd K1UCJIoTa

2HCOO0® Na®
Na-dopmuar

MaJjioHOBYIO KUCTIOTY CUHTE3UPYIOT U3 YKCYCHOM KMCIIOTBI:

CH;COOH —<2—~ CICH,COOH i~ CICH,COOPNa® NN

YKCYyCHas KnUcjaoTa XJIOPYKCYCHas KMCJI0Ta

— ~ N—C—CH;yCOO°Na® 19— H3° HOOC—CH,~ COOH

MajJIOHOBasA KUCJI0Ta
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SHTapHYIO W TIYyTapoOBYIO KUCIOTH MOXHO TTOJYIUTH Yepe3 COOTBETCTBYIO-
e TUHUATPYIIHL

_ _ 2NaCN _ e H,0 (u36.)
Br—(CHy),—Br ZNCK N—C—(CHy),—C=N gt

HOOC—(CH,),—COOH, taen=2wnm 3
SHTapHas KMcJIoTa JOCTYIHA TaKXKe 1 MO CJIeAyIOlIeil cxeMe:

0
H COOH
0y/V20s | HZO _H |CH2_COOH
e P CH~COOH

GeH3o H COOH SHTapHas
MaJTeVHOBBII aHTVIPU  MaTerHOBask KICIOTA KHCJIOTa
FﬂyTapOBon 1N aJUIIMHOBYIO KMCJIOTHI ITOJIYy4alOT OKMCICHUEM LIMKIIOIMECHTa-
HOHA 1 LIMKJIOTeKCAHOHA COOTBETCTBEHHO. [Tpy 3TOM B ITPOMBIIIJIEHHOCTH B Ka-
YECTBC OKHUCIUTEA ITPUMEHAIOT pa36aBJIeHHy10 A30THYIO KUCJIOTY:

E}o HNO V%) HOOC—CH,CH,CH,—COOH

rjyrapoBas KMCJIOTa
LUKJIOINEHTaAaHOH

0

HNO; (50%-)
—=2 HOOC—CH,CH,CH,CH,—COOH

aJMIIMHOBAsA KMUCJI0Ta
HTUKJIOIT€KCaHOH

DraneBble KUCIOTHI TOJMYJalOT OKMCIEHHUEM COOTBETCTBYIOIIMX KCHJIOJIOB.
TepedraneByio 1 n3odraaeBy0 KUCIOTHI IIOJYyYarOT XKMAKOMa3HBIM OKMCICHU-
€M COOTBETCTBEHHO 7- M M-KCUJIOJIOB, a (pTaJeBYyl0 KUCIOTY — Tapoda3HbIM
OKHCJICHUEM 0-KCHJIOJIa WM HadTaMHA ¢ TTOCISIYIOMNM THAPOIN30M (Taje-
BOTO aHTUIPHUIA:

CHj; COOH CH; COOH
0, (Bo3n.) KMnOy4
120 °C, kar. H,0, ¢
CHj; COOH
CH; COOH M-KCHJION usodranesas
R-KCUJION Tepedranesas KMCI0Ta KHUCJIOTa
s
CHj C COOH
0,/V205 \O H,0
450°C / o
CH, C\\o COOH

0-KCHJI0JI (I)TaJTCBaH KHUCJI0oTa

dTaneBwIit aHTUAPUT
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20.4.3. ®Dusnyeckue CBOMCTBA

JnkapOOHOBBIE KUCJIOTHI — TBepable BelllecTBa. HusIme K1CeiaoThl XOpoIo pac-
TBOPSIIOTCS B BOJIE, HO IJIOXO PACTBOPUMBI B OpraHMYeCKuX pacTBoputensix. He-
KOTOpble (hM3MYECKME CBOMCTBA psifa JUKApOOHOBBLIX KMCJIOT IIpelCTaBICHbI B
Tabs. 20.2.

Tadmma 20.2. Pusnveckre CBOCTBA MKAPOOHOBBIX KUCIOT

Kucaora T. mn., °C PactBopumocTs nipu 20 °C, pK,; K,y
1/100 r H,0
(COOH), 189 9 1,27 4,27
1IaBeJieBast
CH,(COOH), 136 74 2,85 5,70
MaJIOHOBast
HOOC(CH,),COOH | 185 6 4,21 5,64
sTHTapHast
HOOC(CH,);COOH | 98 64 4,34 5,41
LJIyTapoBast
HOOC(CH,),COOH | 152 2 4,43 5,41
AIUITMHOBAS
COOH
@ 200 0,7 2,98 —
COOH
draneBas
COOH
425 0,002 3,51 —
(B 3amasiHHOM
Karnwuisipe)
COOH
TepedraneBast

20.4.4. Peakuun

OH-KucaorHocTh
JMKapOOHOBBIE KUCJIOTHI XapaKTEPU3YIOTCS JBYMSI KOHCTAHTAMU KUCJIOTHOM
nuccounannu — K v K -

H,0
Ka

H,O
Kan

HOOC(CH,),COOH H;0° + HOOC(CH,),CO0°

2H;0° + ©00C(CHy),CO0°
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HMonu3zarms nepBoii KapOOKCUILHOM TPYIIIBI IPOTEKAET JIErYe, YeM MOHU3A-
LMsI BTOPOi. DTO 0COOEHHO 3aMETHO ISl LIABEIEBOM M MaJOHOBOM KHMCIIOT U
CBSI3aHO C TeM, YTO HEWOHM3HMpPOBAaHHAas KapOOKCWJIbHAsI TPYIIa IPOSIBIISET
3JICKTPOHOAKIETITOPHBIN MHAYKTUBHBIN 3(P(HEKT M0 OTHOIIEHUIO K MOHU3UPO-
BaHHOI KapOOKCWJIHHOM TPYIIIIe U CTAOWIM3UPYET TEM CaMbIM OOpa3yIOLINACs
KapOOKCUIaT-NOH.

59 'O
O\\ //O H,0 ® O‘\Q he) //O H,0
o H0° +  JC-C
HO OH HO 0/°
cmaobuauzayus
1
1/2 @Ox /(0/2 )
_— C—C + 2H;0°
1,060 0'/©
2AEKMPOCMAMU1ECcKoe

ommankKuearnue

Kpome Toro, BeICOKast KUCJIOTHOCTB IIaBEJIeBOI ¥ MAJIOHOBOI KHCJIOT Ha Tep-
BOI CTYIIEHM IVUCCOLMALINN OOBSICHSCTCS CTAOMIM3aIeil UX aHUOHOB B PE3YJIb-
TaTe 00pa30BaHUsI BHYTPUMOJIEKYJISIPHONM BOTOPOIHOM CBSA3U. DTOT ke 3(PheKT
3aMETHO CHIKAeT BTOPYIO KOHCTAHTY MOHM3ALMH, YTO OTpaXkaeTcss Ha poCcTe 3Ha-
yeHus pK ;. CHUXKEHUIO KMCJIOTHOCTH CIIOCOOCTBYET M 3JIEKTPOCTATUYECKOE OT-
TaJIKUBaHUE OTPULATEIBHBIX 3apAIOB B AMaHUOHe. Takoe OTTaJKUBaHKE J1eCcTa-
OWIIMBNPYET TUAHUOH:

Z \S
/C\/ H,0 \/C_O‘~e H,O
CH, OH H;0°® + CH, H
\__OH \ (
- C—0
2\ o
(0]
cmabunuzayus
l/zeQ\ /Ol/z@
——  CCH—C_ + 2H;0°
15600 0'r°
decmabunuzayus

[To Mepe ymaneHHnsT KapOOKCHMIIBHBIX TPYITI APYT OT ApyTa yKa3aHHBIE BBITIIE
3JIEKTpOHHBIE 3P PEKTHI 0C1adeBaloT.

Tepmuuyeckue peaknyuu

XapakTep TpeBpalieHUii, MPOTeKAOIINX TPU HarpeBaHUM TUKAPOOHOBBIX KHC-
JIOT, 00YCJIOBIIEH HAJIMUYKMEM JIBYX KapOOKCUJIbHBIX TPYIII, a pe3yJIbTaT TepMUYE-
CKOIi peakluy 3aBUCUT OT JUIMHbI YIJIEPOAHOM LTI, UX pa3aessioIIei.
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[IlaBeneBass ¥ MajJOHOBAasE KUCJIOTHI TP HArpeBAaHWU OTILEIUISIOT JUOKCHL
yIjepoaa ¢ 00pa3oBaHUEM MypPaBbUHOM U YKCYCHOM KUCIIOT COOTBETCTBEHHO:

HOOC—COOH -~ HCOOH + CO,

150°C
miaBeieBast MypaBbMHasA
Kucjaora Kuciaora
HOOC—CH,~COOH —;5:c~ CH;COOH + CO,
MaJIOHOBast YKCYCHast
KHCJIOTa Kucjaora

SAHTtapHast, riryrapoBast M (pTajieBast KUCIOTHI MPU HArpeBaHUM OTIICILISIOT
Boay. [1pu aTOM 06pa3yloTcs HUKINYECKHe aHTUAPUILL. JIeTKOCTh 00pa3oBaHUs
3TUX aHTUAPUIOB OOYCIIOBIEHA YCTOMYMBOCTBIO TIATH- W IIECTUYIECHHOTO LINK-
JoB. C mipenapaTBHOM 1Ie/IbI0 TaKMe aHTHIPUIBI yIOOHEe IMOJIyJdaTh HarpeBaHM -
€M YKa3aHHBIX KUCJIOT ¥ MX 3aMEIIEHHBIX C alleTHIIXJIOPUIOM VIIM YKCYCHBIM aH-
TUIPUIOM:

CH,COOH
CH3*CI\‘I + (CH3CO),0O 7
CH,COOH YKCYCHBIIA
B-MeTUArTyTapoBast KHCIOTa aHruapua o
Y
,CH—C(
CH3*CI\{ O + 2CH;COOH
CH,—C_
N
(@)
AHTHIPNI B-METHITITYTapOBOii KHCIOTEI
: :
H,C” “OH H,c~ &
| - . | 0O + HQO
HZC\C/OH ! H2C\C/
\\
I 0
O STHTAPHBIIl aHTHAPWIL
SIHTApHAsI KACJIOTa
& &P
“OH N
- 0 + H0
_OH 200°C /
S N
(0] (TasneBblil aHrUIpUL

q)T&HeBaﬂ KHCJI0Ta
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M3 agnmHOBO# KMCIOTH CEMUYJICHHBIN MK He oopasyercs. I1pu ee Harpe-
BaHWU B NIPUCYTCTBUU TMAPOKCHIA Oapust MK KaJbLYs MPOTEKAET MPOLECC e~
KapOOKCUIMPOBaHUsI ¢ 0Opa30BaHUEM LIMKJIONEHTAHOHA.

(IIHz—CHz—COOH Ba(OH), (|3H2—CH2—COO® B2t
CH,—CH,—COOH CH,—CH,—COQP 290°C

AaIUIIMHOBas KUCIOTa

(|:H2_CH2/~(I_O + BaO + CO,
CH,—CH;
LUKJIOTICHTAHOH
3apaua 20.9. ITpu HarpeBaHuUU 3-mpem-OyTUILMKIOreKCaH-1,1-1MKapOOHOBON KUCIIO-

THI 00pa3yIoTCs ABa N30MEPHBIX TTponykTa. Ha3oBuTe ux 1o cucreMarnieckoii HOMEHKIIa-
Type u ompenenute KoHnburypauuio. [Ipeamnonoxure, Kakoit ©3oMep OKaxeTcs: peoda-
JAIOLINM.

Oco0ble CBOiiCTBA IIABEJIEBO KUCIOTHI

[Tpu HarpeBaHUM B IPUCYTCTBUM CEPHOM KMCJIOTHI pa3JIoKeHNE 11aBeJeBOM K-
CJIOThI HE OCTaHABIMBAETCS Ha CTAAUN AeKAPOOKCUINPOBAHMSI:

(|ZOOH H,S0,
COOH

1miaBeyieBas
KHcCjaoTa

CO, + CO + H,0

B oTinuue oT Apyrux au- 1 MOHOKapOOHOBBIX KUCIOT (KpOoMe MypaBbUHOI)
1aBesieBas KUcjaoTa 00JiafaeT BOCCTAHOBUTEbHBIMU CBoMicTBaMu. OHa KOJIU-
YECTBEHHO OKUCJISICTCS] TIEPMaHraHaTOM KaJivsl B KMCJIOM PacTBOpE:

H
COOH | MnO, 10
H

2C0, + Mn*" + H,0
COOH

Ha 3Toi1 peakiuiiu OCHOBaHO NMPUMEHEHME IIaBeJIeBON KMCIOThHI B aHAJIUTHUYE-
CKOU XMMUU.
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PeaKHI/II/l NUKJIHYCCKUX AHTUAPUI0B ﬂI/IKapGOHOBbIX KHCJIOT

Kak un AHTUAPUADBI MOHOKapﬁOHOBBIX KHNCJIOT, HUKIIMYECKNEC aHTUIPUIbl pearm-
pyroT CO cnupraMu, aMMHAaKOM M aMUHaMU. an/I 9TOM MOXKHO ITOJIydyaTb KakK
KHCJIbIC, TaK U CPCAHNE ITPOU3BOJHDLIC.

O
/,
CH~C~ CH,— COOC,Hs
/ \ . GHsOH /
C\Hz /O — C\Hz
CHy—C CH,— COOH
. MOHOSTHJITJIyTapar
AQHTUAPUJL TITyTapoOBOM (kucawlii 5¢pup)
KHUCJIOThI
//O Y
C\O 2CH;0H, H® “OCH;
C/ 4 /OCH3
C
O o)
¢TaseBblii aHTUAPUT ITUMeTHI(Tanar

(cpednuii 3¢pup)

Peakiiuu nukiImyeckmx AHT'MAPpNIO0B C aMMUAaKOM IIpU Harp€BaHMU MPUBOIAT
K 06pa3OBaHI/IIO LIUKINYECKUX UMUOOE:

& &
N NH; (136.) \
[ /O — [ /N—H + H,O
\ I\
0
STHTAPHBIN UMW/ THTAPHOW KUCJIOTBI
AHTUIPULL (CYKUMHUMU[T)
P P
C\ NH 0 C\
o Nhi), N-H + H0
Q S
(0] 0]
(raneBblit MU PTaneBoii KUCIOThI
AHTUIIPULT (bramumun)

DIIeKTpOHHAs MMapa aToMa a30Ta B IUKJIMYECKOM MMMIE JeJ0KaI30BaHa B
GOJIbIIEH CTENIEHN, YeM B aMUJe, BCIEACTBUE DJIEKTPOHOAKIIEIITOPHOTO AECT-
Bus 1Byx C=O-rpy1. DTo yMeHbIIaeT OCHOBHOCTb N H-IpyIinbl, HO MOBBILLIAET
ee KHCJIOTHOCTbh, MTOCKOJIBKY CIIOCOOCTBYET AEIOKaIU3alUK 3JEKTPOHOB B CO-
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MPSDKEHHOM OCHOBAHWM — WMMMAAT-MOHE, oOpasylolieMcsl MpU OTIIETICHUNU
nporoHa. NH-I'pynmna B nukinyeckux uMuaax npakTU4YecKd He obJiajaeT oc-
HOBHBIMM CBOWCTBaMH, HO MIPOSIBJISIET YETKO BBIPAXEHHBIE KUCIOTHBIE CBOUCT-
Ba. B BOIHBIX ¥ CIIMPTOBBIX PACTBOPAX ILIEJIOYEN IMKIMYECKUE UMUbI pEarupy-
10T KaKk NH-KucJoTel ¢ 00pa3oBaHUEM COJICH:

o [ G |
E:- (” o
\N— KOH e K®
C/ (3TaHoN) C ¢
e o
pK, 8,83 draaumMua Kaaus

BaxxHoe npuMeHeHune GTaiMMuaa — CUHTE3 TIEPBUYHBIX aMUHOB 10 ['abpu-
smto. Hanpumep, GeH3MIaMUH MOXET ObITh MoJydyeH Mo Meronay I'abpuais u3
OCH3UIXJIOpKIA COMIACHO CIIENYIOIIeH cXeMe:

\. L] \. L)
N-H <3Kff ) N:°k®
TaHOJI
T i
0]
ranumug dranumu Kkanus
0 0 CH,NH,
¢ CNH
.o HN- NH,
T o
0 [l OGeH3WIaMUH
N-O6enzundranumun dranruapasun

(branazuH-1,4-110H)

N-bensuidraiuMu J1erko paciieruisieTcs IIpy HarpeBaHuU ¢ ruapa3suHoM. s
rugpojunsa N-3aMellleHHbIX UMUA0B MOXKHO TakKxKe MCII0JIb30BaTh BOJHBIEC pac-
TBOPBHI LLEJTOYEH.

beccrnopHbIM MpenMyILECTBOM MOJIYYEHUST MEPBUYHBIX aMMHOB o ['abpu-
BJII0 CIYXXKUT OTCYTCTBUE CPEIM IPOAYKTOB peakKlMd BTOPUYHBIX U TPETUUYHBIX
aMuHOB. [To60YHBIE MPOIYKTHI TAKOTO pojaa HEM30eXKHbI MPU MOJTYYeHUHN Mep-
BUYHBIX AMUHOB U3 TaJOT€HAIKAHOB M aMMMaKa I10 CXeMe peakuuit Sy2 (cm.
1. II, pazn. 13.4.1 u pasn. 23.4.2).
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HOle‘IeHI/le KOHACHCAIIMOHHBIX MMOJIUMEPOB

Peakiuu srepudrKalyy U MOJyYEHUs] aMUI0B TMKAPOOHOBBIX KMCJIOT JIEXKAT B
OCHOBE ITPOMBIILIJIEHHOIO MTPOU3BOACTBA UCKIIIOYMTELHO BAaXKHBIX B ITPaKTHYe-
CKOM OTHOIIECHUY KOHOEHCAUUOHHBIX NOAUMEPOE.

Cnioco6oM (hopMUPOBaHUS TTOJIUMEPHON 1IeMU KOHACHCALIMOHHBIE MTOJUME-
PBI OTJIMYAIOTCS OT IMOJIUMEPOB, TTOJTy4aeMBbIX IO PeaKIUsIM IMOJIUMEepPU3alliN ajl-
KEHOB U aJIKaJeHOB.

KonpeHcaius TMKapOOHOBOM KUCIOTHI M aIKaHIMOJIa BeeT K 00pa30BaHUIO
noauspupa. Ionmadupbl IIMPOKO KCIOIB3YIOT B MPOU3BOICTBE CHHTETUYECKUX
BOJIOKOH (noausgupusie 6onsokna). OIUH U3 Hanbojee MTPOMBILIIIEHHO BasKHBIX
MOJINA(PUPOB — 1ascan — TIOJIYIAIOT IMOJTMKOHIEH CAlel TepedTaleBoi KUCI0-
ThI ¥ STHJICHTJIMKOJIS:

OH OH
nHOOC COOH + nCHy~CH, —5
STUJICHTJINKOJIb
TepedTaneBast KUcaoTa
i 0 0
——~ HOOC C-+OCH,CH,—C C-+OCH,CH,OH

n—1
rnonabup «I1aBcaH»

KonpeHcauust TMKapOOHOBOM KHMCIIOTHI ¢ TMAMWUHOM BeJeT K 00pa30BaHUIO
noauamuda. IonraMuIbl TAKXKe CITYKAT TS TTOJTYYEHUST CUHTETUIECKHUX MaTePH-
anoB (cunmemuueckas uiepcmsp). BaXHbBI B TTPaKTUYECKOM OTHOIIEHUM TTOJIH-
aMUI — HaiinoH-6,6 — TIOIyYaloT TTOJIMKOHASHCALIMEN aquITMHOBOM KUCITOTBI U
reKcaMeTUJIeHIMaMUHa:

nHOOC—(CHy);—COOH + nHyN—(CH,)s—NH, —p5

alUIIMHOBAaA KMCJI0Ta TeKCaMETUJICHANaMUH

0
[l [l [l ®
—200C—(CH,);—C+NH—(CHy)¢—NHC(CHy);~C+NH(CH,)¢NH;

n—1
MOJIMAMUIT «HARJIOH-6,6»

B HazBaHuu «HaitjI0H-6,6» MepBast LMdpa o3HAYaeT YMCI0 aTOMOB yIJiepoaa
B IMKapOOHOBOM KUCIIOTE, a BTOpPAsT — YKCJIO YIJIEPOIHBIX AaTOMOB B TUAMMHE.

Ecnu mpolieccy MOJMKOHIEHCALIMM TTOIBEPraloT CMeCh apOMaTUYECKOW M-
KapOOHOBOWM KHCIIOTHI (HarpuMep, TepedTanieBoil KUCIOThI) U apOMaTUIECKOTO
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JnaMKrHa (HaHpI/IMGp, I’l—(l)CHI/IJ'[CHZ[I/IaMI/IHa), TO ITOJIy4YaroT IMoJIMaMUIHbIC MaTE-
puajibl, CPaBHUMBIC I10 ITPOYHOCTHBIM XapaKTCpUCTUKaM C U3ACJIUAMU N3 CTAJIU:

0
[
°00C C NH@ H—C@C NH NH,

noyimamuz tepedTaaeBoil KUCIOTHI
U n-peHuaeHIMaM1nHa
PeaKHI/If{ ITOJIMKOHACHCALIMU HE ABJISICTCA €AMHCTBEHHbBIM CcIocoooM TToJIyue-
HUST TTOJIMAMUIHBIX BOJIOKOH. HaltiioH-6 (KarpoH), HalpuMep, MOIydaloT MOJIK-
MCpHSaHI/Ieﬂ KalipoJiaktaMa B IIPUCYTCTBUUM KaTAJIUTUYCCKNX KOJIMYECTB BOAbI:

O (0]
Il I I
n NH —— —NH(CH,)/CNH(CH,),|, ,CNH(CH,),C—
O HaJIOH-6
KarpoJyiakTam

W cxomHblii KampoJjlakTaM II0oJydaloT OeKMaHOBCKOM IeperpynImpoBKOit
OKCHMa LIMKJIOTeKCaHOHa:

OH
ZnO
400 °C

IMUKIIOTCKCAaHOJI IMUKIIOTEKCAHOH
_OH
0]
H,SO H,S0,/SO
0, HpoMy/5Y5
+ H,NOH —55c™ © T10°C QH
IUKIIOTEKCAHOH OKCUM
IIUKJIOT€KCaHOHa

KarpoJjakraM

Peakuuy eHOJIbHBIX (DOPM JTUKAPOOHOBBIX KHCJIOT W MX MPOM3BOIHbBIX

PEAKIIU MAJIOHOBOI'O D®UPA. OBIIIUE CBEJAEHUA

Peakiiumn 1uaTruiioBoro agrpa MaJOHOBO KUCIOTHI (MaJOHOBOIO 3¢upa) uMme-
10T BaXKHOE 3HAYEHUE B OpraHMYEeCKOM CUHTe3e. MalloHOBBIN 3(Dup MoaydyaroT u3
1IMaHaleTaTa HaTpusl:

0 0
N—C—CH,~COO0PNa® 2CHOH “c—cn—”
LMaHALETaT HATPUS »HsO OC,H;5

MaJIOHOBBII 3hup
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MeTtuieHoBas rpyIina MaJOHOBOIO 3upa, HaXOASIIASACI MEXKITY ABYX DJIEKT-
POHOAKIIETITOPHBIX KapOITOKCUTPYIII, 00J1a1aeT MOBBIIIEHHOW KUCIOTHOCTHIO.
3Hauenue pK, manoHoBoro s¢upa kak CH-kucnorsl cocrasser 13,3.

[Tox aeiicTBUEM 3TUIIATA HATPHSI B AOCOIIOTHOM CITUPTE MAJIOHOBBIN 2(up Halle-
JIO MpeBpaIlaeTCs B COJIb — HATPMAJIOHOBBIM 3(pUp. AHMOH 3TOI COMM CTAOUIN3U-
POBaH PE30HAHCOM C YJaCcTHEM JIBYX 3JIEKTPOHOAKIICTITOPHBIX KAPOITOKCUTPYIII:

C/0C2H5
:CHZ + C2H5O®Na® —
~ 0CHs
MaJIOHOBBI 3HUp
.. OCHs 0.. OCyHs LOC,Hs
10-Cg Hole} :0—C
— CH ~—— _CH o ,CH =
e LR L) /
0=C_ 0=C_ 0—C_
OC,H;s OC,H;s ** 0CHs
LOC;Hs

=N
= | ©;CH |Na®+ GH;OH

N,
0C,Hs
HaTPMaJIOHOBBI 2hup

B3anmozeiicTBre HATPMAJIOHOBOTO 3(Upa ¢ TaTOreHITPOU3BOIHBIMHK, BCTYIIA-
IOLIMMU B PeakUmu Sy2, IPUBOAMT K 00pPa30BaHUIO aIKUJIMATOHOBbIX 3(DMPOB:

@ @/COOCZHS /COOC2H5
Na:CH + R X —— R—CI\—I + NaX
COOC,H COOC,Hs

AJIKWJIMAJIOHOBBI 3up

AJIKUIMAOHOBBIN 3up siBisieTcst bosee cnadboit CH-kucaoToit, uem Majno-
HOBBIN. [ToaTOMY /11 €10 MOHU3AIMU BMECTO 3TUJIaTa HATPUsI HEOOXOAUMO TPpU-
MEHSITh 60Jiee CUJIbHOE OCHOBaHUE, HAIIPUMEp mpem-0yTUIaT Kalausi:

R—cﬁCOOC2H5 e CaHOK R_.%/COOQHS " R'\C/COOC2H5
"COOC,H;s K® COOC,H:s R COOC,Hs

AJTKUJIMAJIOHOBBIN ﬂHaﬂKHHMa}TOHOBLIfI
a¢up adup

AHVOHBI MAJIOHOBOTO U aJIKWJIMaJOHOBOTO Sd)HpOB ABJIAIOTCA CUJIbHBIMU HYK-
)'[GOd)I/U[bHI)IMI/I pe€arcHramMu. Haunbosee BbICOKHE BBIXOABI MOHO- 1 JUAIKUIMAJIO-
HOBBIX 3(1)I/Ip0B JOCTUTalOTCA B p€aKLUAX C IEPBUYHBIMU rajlorcHaJikaHaMu, Oosee
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HU3KHE — €O BTOpUYHbIMU. C TPETUYHBIMM TaIOTeHaIKaHAMK MIYT peakiuuu E2,
a ¢ TaJloreHapeHaMH yKa3aHHbIE aHUOHBI He pearupyioT. [uaponus u qekapOooKcu-
JIMPOBaHWE MOHO- U TUAJKWIMAJIOHOBBIX 3(UPOB MPUBOIAT K 00pa30oBaHUIO MO-
HOKapOOHOBBIX KMCJIOT — COOTBETCTBEHHO aIKMJI- M TUAIKWITYKCYCHBIX KUCIIOT:

R_C§OOC2H5 15040, R—Ci{COOH + 2C,HsOH ——
"COOC,H;s "COOH
AJIKUJIMaJIOHOBBII AJIKUJIMAJIOHOBAs
apup KUCJIOTa
— RCH,COOH + CO,
AJIKMJTYKCYCHAas
KHUcCjiora
R’ COOC,H;s R’ COOH
yed HS04/H,0_ \C/ + 2C,HsOH ——
t
R COOC,H; R~ COOH
I[I/IaJ'[KI/IJ'[MaJTOHOBBH‘;I
a¢up R'\
——= _CHCOOH + CO,
R
UATKUITYKCYCHAast

KHcCjiaoTa

CHHTE3 Ha OCHOBE MAJIOHOBOTO 3(Kpa SBISIETCS OAHUM U3 JIyYLIMX CITIOCOOOB
[TOJIy4eHUsI KAPOOHOBBIX KUCJIOT.

[TmaHrpoBaHMe CMHTe3a KapOOHOBBIX KMCJIOT ITPU IMOMOIIN MaJIOHOBOTO 3(hu-
pa CBOAMTCS K BEIOOPY MTOIXOISIIEro ajKIratoreHuaa. st 3Toro paccmMaTpuBa-
IOT CTPYKTYPY MCKOMOM KMUCIOTHI KAK MOHO- WJTA TUAJTKMIYKCYCHYIO KHCITOTY.

ITpumep 1. 4-Metunnenranosas kuciora (CH,),CHCH,CH,COOH npexcras-
JisIeT co00i M300YTUITYKCYCHYIO KMCIOTY. B TakoM citydae Jist CHHTE3a 3TOM Ku-
CJIOTHI peakIreil ¢ HaTPMAaJIOHOBBIM 3(PMPOM B KadyeCTBe rajyiloreHajIkaHa Cliey-
eT NPUMEHUTh U300yTUIIOPOMUI;

LO0GH; CHs0PNa® @ .@/COOC2H5 (CH3),CHCH,Br
cth “Gion . NasCH T
COOGC,H; 2 COOCGC,H;
MaJIOHOBBII
2dup COOG,H.
, »Hs
I (CH3)2CHCH2_CI\‘I H804/H0_
COOC,H;s
_COOH
——~ (CH3),CHCH,—CH —— (CH3),CHCHy—CH,COOH + CO,

COOH 4-MeTUJITIEHTaHOBAsT KMCJIOTa
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ITpumep 2. 2-Mertunnenranosas kuciora CH,CH,CH,CH(CH;)COOH npex-
CTaBJIsIeT COO0I YKCYCHYIO KMCIIOTY, B KOTOPOI OIMH aTOM BOJOPO/a 3aMelleH
Ha TIPOMWJIbHYIO TPYIIY, & BTOPO — HA METWJIbHYIO. DT TPYIIIbl BBOAAT Ha
CTaIMsIX HYKJIeODUITBHOTO 3aMeIIeHUSI C YUACTUEM COOTBETCTBYIOIIUX CHOJISITOB!

_COOC;,Hs _COOC,Hs

ONa® S
COOC,Hs % COOC;H;s
MaJIOHOBBII 3UpP
,COOC,Hs )
—— CH;CH,CHy~CH Hpem LBOR
COOC,Hs
9 COOGC,H; CH3\ COOC,H;
<+ CH;CH,CH,—C_ Rl Ped o
© ‘COOG,Hs CH;CH,CH;~ "COOC,H;s
CH;_ ,COOH
— C ——— CH;3;CH,CH,~CHCOOH + CO,
CH;CH,CH;" "COOH CH;

2-MeTUJITIEHTaHOBAas KMCJIOTa

B cuHTe3ax ¢ yuactueM MaloHOBOTO 3¢hrpa B KQueCTBE rajloreHaIKaHOB MOXHO
MPUMEHSTh U IPYTUE TAJIOTeHCOAEepXKalIUe COENUHEHNS, BCTYIAIOIIUE B PEAKIIUU
S\2, B YaCTHOCTH 3(DUPbI 01-OPOMKApOOHOBBIX KUCIIOT, OL-FaJIOT€HKETOHDI 1 T. .

B kauecTBe mpuMepa HMXKe MoKa3aH CUHTE3 SHTApHOM KMCJIOThHI U3 MaJOHO-
Boro agupa.

LOO0GHs o hoone o 9/ CO0GHs | cooem,
cth “Gmon . NasCH -
COOC,H; 2 COOC,H;
MaJIOHOBBI 2HUp
,COOC,H; HSOLHO _,COOH
— C2H5OOCCH2—C\H H,504/HhQ. HOOCCHQ_(:\H —
COOCGC,H; COOH
— HOOCCH,CH,COOH + CO,
SAHTapHasd KMCJI0Ta
PEAKIINA KHEBEHATEJISI

KonaeHcaus MaJioHOBOro 3dupa ¢ aablernaaMu Wi KETOHAMU U3BECTHA KakK
pearuus Knéeenazeas (1896 1.). Byayun cuuIbHBIM HYKJI€O(MUIIOM, SHOJISAT Majio-
HOBOTO 3(Mpa BBICTYyIAeT B KAYECTBE aKTMBHOI'O peareHTa He TOJBKO B peaKIIM-
SIX HYKJIEO(WIBHOTO 3aMelieHUs. Peakiiiy HyKJ1eo(HIBHOTO TTPUCOSTMHEHMS K
KapOOHMIICOAEPKAIINM COSIMHEHMUSIM TaKKe MPOTEKAIOT ¢ BEICOKMMU BBIXOAA-
MM M KIMEIOT BaXKHOE MperapaTuBHOE 3HAYCHHUE.
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Peakiuust Ma1oHOBOTO admpa C aJibacrnaaMu MAET B ITPUCYTCTBMU BTOPUYHDBIX
aAMUHOB KaK OCHOBHBIX KaTaJin3aTopoB. Takas peaKkuusa C OeH3aJIbIETUA0M OT-
KPLIBACT ITYTh K IIOJYUYCHUIO KOpH‘IHOfI KHCJIOTBI C IPOMEXKYTOUYHbBIM 06pa30Ba—
HUEeM OCH3WIMACHMAJIOHOBOIO Sd)I/IpaI

@) COOG,H. COOC,H
Y / 245 205 o
CeHs—C.  + CH, mneDRI. ¢ Hs—CH=C_ HE/H0,
H COOC,H;s COOC,Hs
OeH3aIbIeTU MaJIOHOBBIH 2¢Hup OCeH3WINIEHMAJIOHOBBIN 2bup

— C4¢H;—CH—CH—COOH + 2C,H;OH + CO,

KOopunyHad KucJjiora

MaJjioHOBast KMCJIOTa B aHAJIOTMYHBIX YCJIOBUSIX cpa3y AaeT o, -HeHaChIIIeH-
HYI0 KapOOHOBYIO KHUCJIOTY:

C3H;CHO + CHy(COOH), =~ C3H;—CH—CH—COOH + CO,
6yTaHEU'[b MaJIOHOBas1 2-TeKCeHOBast KUCI0Ta
KucJioTa

B o6omx ciydasx peakiiis HauyMHAeTCS ¢ MOHU3AIUM [3-TUKapOOHWIBHOTO
MMPOM3BOIHOTO, TTOC/Ie Yero oOpa30oBaBIIeiicss KapOaHWOH TPUCOSIUHSETCS T10
cxeme Ady K GopMuIbHON rpynme anbaeruaa. IlonydeHHBbIA TakuM 00pasoM
aTbIOJIb ACTUAPATAPYETCS Jajiee 10 HeHachIlieHHoro auadupa. [1pu ncmonb3o-
BaHUY MaJIOHOBOM KHMCIIOTBI B KA4€CTBE UCXOMHOTO COSIMHEHMST OMHOBPEMEHHO
MIPOTEKaeT 1 AeKapOOKCIIMPOBAHNE, TAK YTO KOHEYHBIM ITPOTYKTOM OKa3bIBaeT-
¢4 o, 3-HeHachIIleHHass MOHOKapOOHOBas KMCIIOTa.

PEAKIIVA MUXADJIA

Panee yxe ObLTM pacCMOTpPEHBI peakIIuK TMTPUCOSTMHEHNST KapOaHNOHOB, TIOJTY-
YeHHBIX M3 CHIBbHBIX CH-KHCIIOT, K o,f-HEeHACHIIIIEHHBIM KapOOHWJIBHBIM CO-
equHeHUSIM (peaxuus Muxasas, cm. 1. 11, pasn. 19.2.4).

AHIOH, 00pa3yIoIIMICS U3 MaJIOHOBOTO 3(pupa, TaKKe CIIOCOOEH K COIpsI-
JKEHHOMY TIPUCOSTNHEHUIO, eCJIM OH pearnpyeT ¢ o,-HeHaCHIIIeHHBIM Kap0o-
HWIBHBIM COeAMHEHNEM (KETOHOM, CIIOKHBIM 3(PHUPOM WIIM HUTPUIOM):

+ CHy(COOC,Hj), CHs0oN?

(aTaHoN)

MaJIOHOBBIIT 3¢hup CH(COOC;,Hs),

2-1IUKJIOTeKCEHOH .
IUATUI-2-(3'-0KCOUMKIOTeKCIIT)MaIOHAT

Il ®
CH,—C—CH=CH, + CH,(COOC,Hs), &2Hs0Na_

(aTaHon)
3-0yTeH-2-0H MaJIOHOBBII 3hup

—+ CH;—C—CH,CH,CH(COOGC,Hs),

IUATHIT-2-(3'-0KCOOYTHIT)MaJIOHAT
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B ciyyae u30ObITKa o,B-HEHACHIIEHHOTO KAapOOHWUJIBHOTO COEIMHEHUS [IBE
€ro MOJIEKYJIbl B3aMMOJCHCTBYIOT C MOJIEKYJION MaJOHOBOTO 3dupa:

O
Il
(“) on, CH3CCH,CH, COOC,Hs
OH N
2CH;—C—CH=CH, + CHy(COOG,Hs), — RN
3-OyTeH-2-0H MaJIOHOBBIi 3¢up CH3C||:CH2CH2 COOG,Hs
(u3661moK)
IUATUI-2,2-0uc-
(3'-0KCcOOyTHI)MaIOHAT
PEAKIINA POOAMOHOBA

OCHOBHBIM METOJIOM ITOJIyYeHUST [3-aMUHOKapOOHOBBIX KUCIIOT SIBJISICTCSI peak-
yus Poouonosa (1926 1.):

NH,
0 o | 0
R—C_ + CHy(COOH), + NH; == R—CH—CH,~C_
H MaJIOHOBasI OH
aJbIerus KHCJIoTa -amMmmHOKapOOHOBasK
KHUCJIOTa

W s1a peakimsa mpoTtekaeT yepe3 eHOJIbHYIO (POPMY MAJIOHOBOM KHCJIOTHI.

Peaxtmst PommonoBa nMmeeT cireayioninii MexaHn3M (ITOOBI He 3aTpOMOXKIATh
CXeMy MeXaHW3Ma, KapOOKCUJIbHBIE TPYMIB B MOJEKyJie MaJOHOBON KUCIOTHI
TTOKa3aHbl B HEMOHW3MPOBAHHOM hopme):

HO HO HO
.o _ e®
-G ,c—G; -G
CH{(COOH), + NH; = oCH ~— cH ~— CH
MaJIOHOBast —H4 \C_O: CcC—0: \C—b.:
KUCJIOTA HO/ o HO/ o HO/ o
0: ®
L o. (NH©®) o
GHs—C_  + S1CH(COOH), = CHs—CH—CH(COOH), —
N :OH
nporaHallb
.. .Il\.IHz
CyH;s—CH—C(COOH), —% »  C,Hs—CH—CH(COOH), o
oo ®
i NI
C,Hs—CH—CH,—COOH CoHs—CH—CH,—C__
3-aMMHOMEHTaHOBAsI KMCI0Ta (04

Kak u npyrue aMMHOKHCIIOTHI, KOHEYHBI IMTPOMYKT 3TOM peaklnu — 3-aMu-
HOIIEHTAHOBAs KMCJI0Ta — CYIIECTBYET B BUAE OUIIOISIPHOTO MOHA (Obemaut).
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HOJIy‘Ie]-II/le O-aMHUHOKHCJIOT

0.-AMUHOKMCIOTHI TaKXKe MOTIYyT OBITh ITIOJIYYE€HBI M3 MaJIOHOBOT'O 3(I)I/Ipa:

CO
COOG,Hs _COOC,Hs @CdeK@
CH, ca.- Br—CH
COOC,H;s COOC,H;s
MaJIOHOBBII 3UP OpPOMMAaJIOHOBBII 3UP
CO
\ HO® ® o
- 'N—CH(COOG,Hs), —=>— NH;—CH,~COO
CO
co e, ®
OCHOBaHMeE /N_C(COOC2H5)2 RX H3t0
CO
® |
——— NH;CH—COO0°
0.-aMUHOKUCJIOTa
KOHIEHCAIINA ITNKMAHA

Peaxiinu eHOBHBIX (POPM XapaKTepHBI He TOJIBKO U MAJIOHOBOTO adupa. U npy-
r'Me TIPOM3BOIHBIE TUKAPOOHOBBIX KUCIOT OOHAPYKMBAIOT CITOCOOHOCTh K MOHM-
samuu o-CH-cBsi3n 1 mipeBpallieHusIM 00pa3yIoNIUXCsT TIPH 3TOM €HOJIST-MOHOB.
XapakTepHbIM TIPUMEPOM CIYXKUT kondencauus uxmana (1894 1.). CnoxHbie
3¢Upbl AIUMIMHOBONM ¥ MUMEIMHOBOM KUCIOT MOJ NeCTBUEM 3TOKCHUIA HATPUS
CIOCOOHBI K MOHU3aLMK OIHOM U3 cBouX o.-CH,-rpyrin u nocnenyiowei exympu-
MonexyaspHoll kondencayuu (1o TUIy KoHaeHcauuu KisiiizeHa) ¢ oOpa3oBaHueM
COOTBETCTBYIOIINX TTPOU3BOIHBIX MMATH- U IIIECTUYJICHHBIX [INKJIOATKaAHOHOB.

Huxe mokazaHbl MexaHM3M KOHAeHcaluu JlMKMaHa AUATUIOBOro 3dupa
AUITMHOBON KUCIOTHI:

Oé@
8 K
QC—OCQHS CH;0Ne® CCQ—OCZHS
(6en3zon), 80 °C .o
COOC,H;s ©>C0O0C,H;s
OUDTNIIaQAUIINHAT

©
@ 0

. CL0C,H;s

Q ©0GC,H;s <:/[

STUJI-2-1IMKJIONeHTAaHOHKAapOOKCHUIaT
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n cXeMa MoJIy4y€Hus 3TUJI0OBOT'O 3(1)I/Ipa 2—I/IHI[aHOHKap6OHOB0ﬁ KHNCJIOTBI:

0
CH,COGC,Hs
C2 Hsoe Na® H30® O
CHCOCyHs
O //C\
IU3TWI-1,2-0eH301a1aleTar 0 OC2H5
3TUI-2-UHJAHOH -
KapOoKcuaaT

20.5. o,f-HEHACBIINEHHBIE KN CJIOTBI
N UX ITPON3BOJHBIE

Coeaunenusi, coaepxkaiime C=C-CBsI3b, COMNPSIKEHHYIO C KapOOHUJbHOM
rpynmnoit C=O0 B KMCJIOTaX WJIK UX TIPOU3BOIHBIX, MEHEe CTaOMJIbHBI, YeM o, 3-
HeHAaChIIEHHbIE aJlbAeTUIbI U KeTOHBI. [Tojlaraior, 4To B MOJIEKYJIaX TAKMX CO-
eIMHEHUI UMEET MECTO «IepeKpecTHOoe» conpsixkeHrne C=O-TpyYIIbI CO CBS-
3pi0 C=C u kucnoponom uiau asorom rpynn OH, OR uiu NH,. Takoe
«IIEPEKPECTHOE» COMpPSIKeHUEe MeHee 3((MEKTUBHO CTAOMIM3UPYET CUCTEMY,
yeM JIMHEHOEe COMpsIKeHNe B MOJIEKYJIax O.,-HEHACBIIIEHHBIX ajJbIeTUI0B 1
KETOHOB.

H_ H
xc)
H 0’3‘/ _0 .

aKpujoBas KUCJIOoTa

H\ H
/C_/és ~
/C_.O.

aKpOJIEUH
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20.5.1. Homenkaatypa u reoMeTpuuecKas U30Mepust

Hwuxe npuBeneHbl MpUMEPBl HA3BaHUH O, 3-HEHACBIIIEHHBIX KAPOOHOBBIX KHUC-
JoT 1o HoMeHkaaType MIOTTAK (TpuBuaibHble Ha3BaHUS JaHbI B CKOOKaX).

CH,— CH—COOH
MPOTIEHOBAasI KUCJIOTa
(aKpwIOBasi KUCJIOTA)

CH;, H H CH;
N N/
C C
Il Il
7N AN
H COOH H COOH
mparc-2-0yTeHOBasl KHCI0Ta yuc-2-0yTeHoBasl KUCI0Ta
(KpOTOHOBasI KMUCJIOTA) (M30KPOTOHOBAS KUCJIOTA)
CeHs_ H H_CgHs
C C
[l Il
7N AN
H COOH H COOH
mparc-3-(heHUInporeHoBas KMUcjioTa yuc-3-(peHuIInporieHoBast KucjaoTa
(KopUYHast KCIJIOTA) (aymoKopuYHast KUCJI0Ta)

mpanc-W3oMmepsl 0osiee YCTONYUBDI, UeM yuc-u3oMepbl. Hanpumep, nzokpo-
TOHOBasl Kucjora npu HarpeBanuu go 100 °C m3omMepusyercss B KPOTOHOBYIO.
yuc-3oMepbl 00pa3yloTCsl U3 MpaHc-U30MepoB Ipu oonydeHUn Y D-cBeToMm.

20.5.2.  Cnoco0bl moJiyueHus

OkuciieHne OL,ﬁ-Hel-laCLIlJ.leHHbIX AJIbJAEernaoB

OxuciieHre o, -HeHACBIIIEHHBIX aJIbACTUIOB ITPOBOMSIT MSITKUMM OKMCTUTE]IS -
MM, KOTOpble He OKUCIISIOT ABOMHYI0 C=C-cBs13b (cM. T. 11, pasa. 19.2.4):

0
R—CH-CH-C] AMHROH_A¢ 4 R—CH—CH—COO°NH,®,
H
HCl1

R—CH—CH—COO°NH4® —5- R—CH—CH—COOH
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OrTinenyienne rajioreHoBo10poi0B
OT O.- M B-raJOreHKapOOHOBBIX KHCJIOT

OCO0EHHO JIeTKO TaJIOr€HOBOAOPOA OTLICILIIACTCA OT B—FaJTOFCHKap6OHOBI>IX KHn-
CJIOT, MHOTrga — IIpU HE3HAYUTCIbHOM HarpeBaHNM:

CHy~CH;-COOH KOS, CH,-CH-C00° K® 115~ CH,~CH-COOH
Br 3-6pommnponanosas aKpuIoBast
KHUCJI0Ta KHUcCjiora

Jderunparanus f-ruJpoKcMKapOOHOBBIX KHCIOT

pB-T'mapokcukapOOHOBBIE KUCIOTHI TaKXe JIETKO NETUIPATUPYIOTCS MpPU Ha-
IpeBaHUU:
CH3—C|H—CH2*COOH — CH3;—CH—-CH—COOH + H,0
OH 2-0yTeHOBasi KUCJIOTa

KPOTOHOBasI KUCJIOTa
3-ruapoKcudyTaHOBasl KUCJIOTa (kp )

FH,HPOJII/B HUTPUJIOB

I'unponu3 HUTPUIBHON IPyNIbl B COOTBETCTBYIOLIMX HATPUJIAX OTKPBIBAET MYTh
K (X,B—HCH&CBIH.ICHHLIM Kap6OHOBBIM KuUCJIoTaM:
HC—CH + HCN <jie~ CH=CH-C=N —2~ CH,=CH—COOH

H
ALCTUIICH AKPUJIIOHUTPUIT aKpuiaoBad KUCJIoTa

Konnencanug Ilepkuna

o,B-HeHachllieHHbIe KapOOHOBBIE KHUCJIOTbI MOXHO IOJYyYMTh KOHAEHCAIMei
IMepkuna (cMm. cTp. 65).

20.5.3.  Peaxkuum

KucaorHocTh 0,p-HeHACHIMEHHBIX KMCJIOT

o,p-HeHacellieHHble KUCIOTHI 001a1at0T 00JbIIENH KUCIOTHOCTbIO, YEM HAChI-
LIEHHbIE KUCJIOTHI.

Coemmmenme CH,CH,COOH  CH,—CH—COOH HC=C—COOH
MporaHoBasd KUCJI0Ta  IMPOICHOBas KUCJIOTa TIPpONMMHOBas KMCJIOTa

pK 4,87 4,26 1,84

a

[MprunHO# MX OOJBINEH KUCIOTHOCTHU SIBIISICTCS YBEJTUYEHUE 3JICKTPOOTPH-
LIaTeTbHOCTH aTOMOB YIJIepoia B PSILY:

C, <C,n<C,,

sp3 sp?
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B Tom xe HaIrrpaBJICHUN YBCJINYMBACTCA YCTOFIHHBOCTB Kap6OKCI/UIElT—I/IOHa, 00-
Pa3yrouierocsd 1Impmu MOHM3alnumn Kap60HOBOI71 KHNCJIOTHI:

I/@ I/@ 1/ o
CH,—CH c"'O 2 < CH,—CH c"'o 2 < HC—C c"’o 2
3 2 Q‘Ol/ze 2 Q‘01/2@ B Q‘01/2@

Peakiuu KapOOKCHIIbHOM IPYIIbI

o.,p-HeHacwImeHHbIe KUCTOTH 00pa3yIoT 10 KapOOKCHIBHOM IpyIie (GyHKIINO-
HaJIbHBIC TIPOM3BOIHBIC (XJIOPAHTUIAPHUIBI, CIIOKHBIE 3(DUPBI, AMUIBI) aHAIOT Y-
HO HACBIIIEHHbIM KapOOHOBBIM KHCJIOTaM. ['MAPOIM3 3TUX MPOU3BOIHbBIX MPU-
BOJUT K COOTBETCTBYIOIIIMM UCXOIHBIM KUCIOTaM.

PEAKIINMA 1,2-ITPUCOEAVNHEHUA

Peakiinu pucoeIMHEHUs O, 3-HEHACBIIIEHHBIX KUCJIOT U MX MPOU3BOIHBIX MO-
T'YT TIpOTeKaTh Mo TUMy 1,2-npucoenuHeHust (npsmoe npucoedurerue) U 1o TUIY
1,4-nipycoenHeHus, T. €. MO KOHLAM conpstkeHHoi cuctemMbl C=C—C=0
(conpsycennoe npucoedurnerue).

[Ipucoenunenue ragoreHos (Br, u Cl,) nporekaer mo C=C-cs3u:

B I

CH;—CH—CH—COOH CH3*(|:H_(|:H_COOH
KPOTOHOBAs KUCIIOTA Br Br

2,3-mnbpomMOyTaHOBasT
KuUcJioTa

JAMeHOoBbII CUHTE3 — ellle OAWH MpUMep peakiuu 1,2-nMpucoenuHeHNS:

C//HCHZ Cl/{COOCH3 COOCH;
| + Il I
CH CH, f
A\
CH, MeTHUITaKpUIaT
METUJI-3-1IUKJIOreKCeHKapOOKCUIaT
1,3-0yraaueH

HBoiitHast C=C-cBs3b HEHACHITIICHHBIX KUCJIOT THIPUPYETCS BOTOPOIOM B yC-
JIoBUSIX reteporeHHoro katanusa (Ni, Pt, Pd):

CH;—CH—CH—COOH —2—~ CH;—CH,—CH,—COOH

KPOTOHOBas KMCJIOTa OyTaHOBasl KMCJI0Ta

Tak xe NPOTEKACT N p€aKlrsad BOCCTAHOBJICHUA Q,B—HCHaCbIU_IeHHbIX KapGOHO—
BbIX KMCJIOT 1O HAaChIII€HHbLIX KUCJIOT Z[eflCTBPICM, HarpuMmep, aMmajibraMbl HaTpUs:

CeHs—CH—CH—COOH T8 CgHs—CH,—CH,—COOH

KOpUYHAasl KUCJIO0Ta p-deHwnnponaHoBas KUcaoTa
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Oxkucnenune BoaHbM pactBopoM KMnO, Ha Xoj0ay Takxke NpPOTEKAET IO
tuny 1,2-nprucoeirHEeHus] U BeeT K MOJYYEHHUIO O,[-AUTUAPOKCUKAPOOHOBOI
KUCJIOTHI:

C¢Hs—CH—CH—COOH % C¢Hs—CH—CH—COOH
KOopu4Hada K1cJjiora |OH IOH

2,3-nuruapokcu-3-beHwInponaHoBas
KUCJIOTa

PEAKIINMA 1,4-IIPUCOEJVNHEHUSA

Peakiiun npucoenunenuss HCI, HBr, a Takxke BoAbl B MPUCYTCTBUU CUJIbHBIX
MMHEPATBHBIX KUCIOT K O,-HEHACBIIIEHHBIM KHCJIOTaM IMPOTEKAIOT MO TUITY
CONPANCEHHO20 NpUcoeduHeHUs C TIOCIEIYIOIIUM TTpeBpallieHueM eHOJIbHOM hop-
MbI B OoJiee ycToiuuBYI0 Keto-hopmy. [Ipu aTom obpasyercst MpoayKT Mpucoe-
JMHEHUs MPOTUB IpaBuia MapKOBHUKOBA:

CH,—CH—COOH -HB" . Br—CH,—CH,—COOH

aKpuJIoBas KucjaoTa 3-6pOMHp0HaHOBaH Kucjaora

CHy—CH—CH—COOH —23— CHy~CH—CH,~COOH
KpOTOHOBAA KHUCJIOTAa lOH

3-ruapokcubyTaHOBasi KUCI0TA

KapbaHuoHbl Takxke compstbkeHHO (T. e. mo Tumy 1,4) MpucoenuHSIIoTCS K
oL, p-HEeHaCBIILIEHHBIM 3(hrpam:

0 0]
H; CH;);COPK® CH;
+ CHy—CH—COOCH; (CH::C07K_ CH,CH,COOCH:;
MCTUJIaKpUJIaT
2-MeTuiI- metun-3-(1'-meTun-2'-okco-
HMUKIIOIICHTAHOH HI/IKJTOHCHTI/IJT)HpOHaHoaT
(|36H5 oo
CH)(COOG,Hs), + CHy—C—COOC,Hs ~2150
MaJIOHOBBIH 3¢up STUJI-O.-(PEHMII-
aKpuiIar
CeHs

|
——~ (C,H500C),CH—CH,—CH—COOC,Hs

TpuaTUI-3-penm-1,1,3-npomnaH-
TpUKapOOKCUIaT
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[To tuny 1,4 mpucoenuHsieTcsl K o,-HEHACBIIIEHHBIM 3bUpaM U ITUaHU]I-
HMOH. DTa peakliusi OTKPHIBAET MyTh K 3aMEILIEHHBIM SIHTADHBIM KUCIOTaM:

CH;—CH—CH—COOG,H; + NaCN -2

STUJIKPOTOHOAT

CN
®
——— CHy—CH-CH,COOG,H; %52 MO cH,—CH-COOH

|
CH,—COOH
METUJIAHTApHasd KMCJI0Ta

(70%)

MexanusM 1,4-npucoeMHEHUST O, [3-HeHACHIIIEHHbBIX KUCIOT aHAJIOIMYeH
MEXaHM3MY peakIMd COOTBETCTBYIOIIMX ajbACTMI0B M KeToHOoB (cM. T. I,
pasn. 19.2.4).

20.6. HEHACBIIITEHHBIE
JUKAPBOHOBBIE KHUCJIOTbI

npOCTeﬁMHMH IPpeACTAaBUTCIAAMUA OTOT'O KJ1acCa ABJIAIOTCSA d)YMapOBaf{ n MaJien-
HOBas KMCJIOTHI.

H__COOH H__COOH
i i
/C\ e C\
HCOO H H COOH
mparc-0yTeHIMOoBast KUCIO0Ta yuc-O6yTeHANOBAsI KUCIIOTA
(cbymapoBasi KCJIOTa) (ManenHOBast KUCJIOTA)

20.6.1.  Cnoco0bl moJiyyeHus

DymapoByto KUCIOTY TOIyYaloT AeTUapaTalyeii si0J04HOi KUCAOThI (TMAPOKCH-
STHTAPHOM KUCJIOTbI):

HOOC—ClH—CH2*COOH 010 HOOC—CH—CH—COOH + H,0

OH ¢dymapoBasi KUCI0Ta

S10;109HAasT KMCIOTa
WM AETUAPOOPOMUPOBAHMEM OPOMSIHTAPHO KUCIIOTHI:
HOOC—(EH—CH2*COOH - HOOC—CH—CH—COOH + HBr

Br (byMapOBaH Kuciaora

OpoMSIHTapHasT KMCIIOTa
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MEUTCI/IHOBYIO KHMCJIOTY IMOJTydyaroT OKMCJICHUEM OeH301a 1o CJIEAYIOLLEH cXeMe:

A~ H_ COOH
0,/V;0s chl/ \O HOH T
50°CT e/ HO
IR H “COOH
OeH3011 \O
MaJIEMHOBbII MaJleMHOBAast
aHTUIPULT KUCJIOTa

20.6.2. ®usmnyeckue cBOICTBA

bynyun reomeTprueckuMu u3oMepamu, ymapoBasti 1 MaJeMHOBast KUCJIOTHI 3a-
METHO Pa3JIMYaloTCs MO CBOCTBAM.

CaoiicTBO ®ymapoBasi KUCJI0TA MaenHoBast KUCJI0Ta
T. ., °C =300 ¢ BO3roHKOI 130

pK, 3,08 1,9

PactBopumocTb 0,7 79

B 100r H,O, r

20.6.3. Peaxkuum

DymapoBasi 1 MajeMHOBasi KUCIOThI 00J1aJal0T BCEMU CBOMCTBAMU O, 3-HEHACHI-
LIEHHBIX KAPOOHOBBIX KUCJIOT. OHU 00pa3yIoT CJIOXKHbIE 3(DUPHI U APYTUE TPOU3-
BOJIHbIE, TIPUCOEAMHAIOT 2JIeKTpoduIbHbIE pearenThl (Br,, Cl,, HBr, H,0/ H®),
BCTYNAIOT B peakliuy JUEHOBOTO CUHTE3a, OKUCISIIOTCSI 10 BAHHBIX KUCJIOT, MPU
TUAPUPOBAHUY TIPEBPAIIAIOTCS B IHTAPHYIO KUCJIOTY.

MajsterHOBast KucjioTa ipu HarpeBaHuu 110 160 °C oTiIerisieT BOay 1 IpeBpa-
1IAeTCsl B MaJ€MHOBBIN aHTUAPU/L;

H COOH 0
N/ /C
C HC™ XX
I — . I 0 + HO
C. T HC-(
H “COOH %
MaJICMHOBas MaﬂCMHOBBH‘;I
KucjaoTra aHrI/IIIpI/III

dymapoBasg KuCI0Ta He 00pa3yeT LUMKIMYECKOrO aHTHUAPHIA BCIEIACTBHE
mpanc-OpUEeHTALIMY KapOOKCUIbHBIX TpyIil. [Ipu GbicTpoM HarpeBaHuM (dyma-
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poBoii kucsioThl 10 300 °C oHa mpeBpaliaeTcs B MaJleMHOBBIN aHTUAPUI (CO 3Ha-
YUTETBHBIM Pa3JIOKEHUEM):

H_COOH H_COOH A
N C/ N C/ HC/C\
I I . I 0 + HO
C 300°C POy r HC-¢
HOOC H H COOH 0
dbymaposas MaJIeMHOBast MaJIEMHOBBIIA
KHncCJjioTa KH1cCJjioTa AHTUAPUL

dymapoBast KMCI0Ta HAaXOIUTCS BO MHOTMX pACTEHUSIX, TpHOax, JIUIIaifHUKax
M BCTpEUYaeTCsT B HEOOJBIINX KOJIMYECTBAX BO BCEX KMBBIX KJIETKaX, TIe UIpaeT
BaXKHYIO POJIb B KAUeCTBE MPOMEKYTOYHOTO MPOAYKTa yIJIIEBOIHOro oOMeHa. Ma-
JIEMHOBAsT KMCJIOTa B TIPUPOJIE He HaWIeHA.

20.7. T'AJIOTEH- U TUIPOKCUKAPBOHOBBIE KUCJIOTbI

20.7.1. Homenknartypa

HazBanus 3aMeieHHbIX KapOOHOBBIX KUCIOT 00pa3yroT 1o MpaBujiaM HOMEHK-
natypbl MIOTTAK. TTpuMepbl 3TuX Ha3BaHUIt JaHbl HIXKe. B ckoOKax mpuBene-
HbI TPUBUAJIbHbIE HA3BaHUSI.

3 2 1
CH;—CH—COOH HO—CH,—COOH
IOH TMAPOKCUATAHOBAs KUCI0Ta

2-IUIPOKCUIIPONIAHOBAs KUCI0TA (rmkosieBast KicoTa)

(MOJIOYHAsT KMCIIOTA)

CCH,—CH,—COOH CH;—CH—CH,—COOH
3-xJ10pnpornaHoBasi KUCIoTa (l)H
3-ruapoKCcuOyTaHOBAsI KICIIOTa

OH CH,—~COOH
HOOC—-CH,—CH—COOH HO—C—COOH
TMIPOKCUOYTaHINOBAsI KUCIOTA CI:HZ_ COOH

2-runpokcu-1,2,3-npomnanH-
TpUKapOOHOBasI KUCIOTA

(|:H2*CH2*CH2*COOH (TMMOHHAs KMCJIOTA)
Br

4-0poMOyTaHOBast KUCIOTA
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[TonoxeHne 3amMecTUTEsT OTHOCUTEIBbHO KapOOKCUJIBHOW TPYITbl MOXET
OBITh yKa3aHO C MOMOIIBI0 OYKB rpeyeckoro aicdasuta. Paznuuaior a-, -, y-
U T. 1. 3aMeILEHHbIE KUCIOTHI.

o B o Y B o
R—(llH—COOH R—(ITH—CHZ—COOH R—(liH—CHg—CHg—COOH
X X X
O-3aMCIICHHBIC B—SaMeH.[eHHbIe KHCIIOTHI Y-3aMCIICHHBIC KUCJIOThI
KUCTOTRE (X=F, Cl, Br, I, OH)

a-I'mapokcnkapOOHOBBIE KMCIIOThI PACIIPOCTPAHEHbI CPeIr TTPUPOIHBIX COSIM-
HeHMit. [MKoneBast KUCa0Ta SIBJSIETCS] COCTAaBHOM YacThIO CHPOIIA, TIOJy4aeMoOro B
MPOU3BOJCTBE TPOCTHUKOBOTO caxapa. MoyiouHast KMCI0Ta OTBETCTBEHHA 3a CIIeLy -
(bnueckuit 3amax KUCI0ro Mojioka. J0J0uHast KMCI0Ta BCTpeyaeTcsl BO (PPyKTOBBIX
cokax. JIMMOHHAasT KUCJIOTA SIBJISIETCS] UCXOAHBIM KOMIIOHEHTOM B OOJIBIIIMHCTBE Me-
Taboaryeckux HUKIOB. (5)-B-IMapokcuMacisiHas KUcaoTa oopasyeT MoJMMepHbIii
a(up, LIMPOKO BCTPEUAIOLIUIACS B KJIETKAX 1 KJIETOUHBIX MEMOpaHax.

20.7.2.  Cnoco0bl mosyueHus

I'anorennpoBaHne KapOOHOBBIX KMCJIOT B IPUCYTCTBIM KpacHoro ¢goccopa
ITo »Toii peakuuu TOJY4YalOT O-raJJoreHKapOOHOBbIE KUCIOTHI. B yacTHoCTH,
OpOMHUPOBAHMEM CUHTE3UPYIOT 0-OpOMKApOOHOBBIE KHUCIOTHI:

CHs~CH,~COOH —prsy- CH;—CH-COOH + HBr

TporaHoBast Br
KHUCJIoTa
2-OpOoMITpOIaHOBas KMCJIOTa

(0-GpOMITPOITMOHOBAST KMCJIOTA)

Kak yxe orMeuasioch B pa3a. 20.3.2, peakiys HaYMHAeTCsI ¢ 00pa30BaHUs KaTa-
JMTUYECKUX KosnyecTB PBr;.

Peakiyio o.-6poMupoBaHust KAPOOHOBBIX KHUCJIOT MOXKHO, OJHAKO, ITPOBECTU
u B npucyrctBuu PCl,, nmpuyem Takxke MPUMEHUB €T0 JIMLIb B KATaIUTHYECKUX
KOJIMYECTBAX:

Br
|
R—CH,COOH + Br, X5 . R—CH—COOH + HBr,
]|3r
CH,COOH + Bry — b CH—COOH + HBr
6en3o, 80 °C
(beHnmykcycHast a.-0poMpeHUITYKCyCHast
KHCJI0Ta KHUcCJIora

B aHayornuHbIx YCJIOBUAX MPOBOIAT U OA-XJIOPUPOBAHUEC Kap6OHOBbIX KUCJIOT.
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o-XnopmacnsiHas kucaota. Yepe3 cmecb MacnsHon kmcnotel (88 r; 1 monb),
vnopa (1,3 r; 0,005 mosb), dpocdopa (1,2 r; 0,038 monb) u PCIg (1,2 15 0,006 Monb)
npu 100 °C n ocBeleHnn nponyckatoT xnop (1 Monb). K oxnaxaeHHOW peakumoH-
Hoi macce B TedeHne 30 MuH gobaesnsot Boay (10 mn). MNMpoaykT BbIAENSIOT Npo-
CTOIN NeperoHKon. TOHKMM HpakuMOHMPOBAHMEM NOJTYYAIOT CL-XJI0PMACASHYIO K1C-
noty, T. kun. 104,2 °C (20 mm pT. cT.). Bbixon 87 1 (71%).

l‘mlponns OL-TAJIOr€H3aMeIILL

C€HHbIX KHUCJIOT

r NAPOJIN3 O(.—l"aIIOl"eHKap6OHOBI)IX KHCJIOT BEAECT K IMOJYUYCHUIO O.-TUAPOKCHUKAp-

OOHOBBIX KUCJIOT:

MOJIOYHaA KuUcjaoTa

H,0 H;0®
CHy~CH—COOH 5~ CH;~CH—COONa
Br OH
2-OpoMIIporaHoBast
KHUCJIoTa

Peakuuu npucoeayHeHust K

3 OL,ﬁ—HCHaCbILLlCHHbIX KHMCJIOT IT10JIy4aroT ﬁ-3aMCLLleHHbIC KHCJIOTBI:

CH,=—CH—COOH —

aKpujoBasd KUCJjioTa

o, B ~HCHACBIIICHHBIM KHCJI0TAM

HCI

CH,~CH,~COOH
Cl

3-xJ10prpornaHoBasi Kucjiora
(B-xopTIponMoHOBast KUCIOTA)

':;—g» CH,~CH,~COOH

OH

B -TUAPOKCUITPOIMIMOHOBasA KUCJIOTa

IIpanruapuHHbBIA CHHTES

NH;

>

C,H;OH (|?H2*CH2—COOe
NHY

ﬁ-aMMHOHpOH]{IOHOBaﬂ Kuciaora

CHgf(IZH—COOH

M3 KeTOHOB U aJIbAETUA0B O.-TUAPOKCUKUCIOTHI MOJYYAIOT ¢ MIPOMEXKYTOYHBIM
obpa3zoBaHueM HUAHTUAPUHOB (cM. T. 11, pa3n. 19.1.4):

e}
CH3—E—CH3 + HCN
O

allCTOH

s |
A CHy~C—C—N e CHy~C—COOH
OH
HTUAaHTUAPUH

2-TUAPOKCU-2-METUII-
aleToHa MpoTIaHOBast KUCJIOTa
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Peaxkuus Pedopmatckoro

M3 KapOOHWIBHBIX COeAUHEHMI 110 peakuuu Peghopmamckoeo (1887 r.) moayyaror
B-ruapokcuzaMenieHHbIe KUCIOThI:

0
4 Zn
CH3_ C_CH3 + BI‘_CHQ*C\ m’
I 0OC,H;s
alleTOH STUIOpOMALIETAT
CH; 0 CH;
| 7 H.0 |
CH5— |C—CHQ— C\ I;® CH5— |C—CHQ*COOH
0zZnBr  OCaHs OH

3-ruapoKcu-
3-MeTunbyTaHoBast
KHUCJoTa

B Xxole peakiuu MmpoMexXyTOYHO oOpasyercs IMHKOPraHMYeCKOe COeIMHEHNE,
KOTOpOE, OyAy4YM CUIbHBIM HYKJICO(DHIIOM, IMPUCOSIUHSETCS 10 KapOOHWIBHOMN
IpyIIIe KeTOHa.

20.7.3.  Crepeousomepus

3ameleHre aToMa BOIOPO/Ia Y O.-YIJIEPOJHOro aToMa B KapOOHOBOI KUCIOTE 00-
wero crpoeHuss R—CH,—COOH Ha GyHKUMOHATBHYIO TPYIITY BEAET K MOABIIE-
HUWIO XUPaAJILHOTO LIEHTpA.
%
R—(EH-COOH
X

Huxe mokaszaHbl CTEPCOMU3OMEDPHI psdaa 3aMCIICHHbIX FI/I,[[pOKCI/IKap6OHOBBIX
KHNCJIOT.

COOH COCH HOOC COOH
CHs CHs HO OH
(R)-monouHas (S)-monouHas Me30-BUHHast
KHUCJI0Ta KHUCJIOTa KUCJIOTa

Kak YK€ OTMEYaIoCh, G—FI/IZ[pOKCI/IKap6OHOBBIC KHNCJIOTBI IIMPOKO pacIpo-
CTPaHCHbI B IpUPOAC, IPUYEM BCTPEUYAIOTCA B IIPUPOJHBIX UCTOYHHKAX TOJIbKO B
BUIC L—SHaHTI/IOMGpOB.
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20.7.4. Peakuun

OH-KucaotHoctb

3amMelieHre aToMa BOIOPOa B MOJIEKYJie KApOOHOBOI KUCJIOTHI HA raJIOTeH WU
TUAPOKCUTPYIITY Y C.-YIJIEPOJHOTO aToMa ITOBBIIIAET KMCIOTHBIE CBOMCTBA CO-
eIUHEHUSI, TaK KaK 3JIeKTPOHOAKIIEIITOPHOE AeHCTBHE YKa3aHHBIX 3aMeCTUTEIeH
CTaOMJIM3UPYET 00pa3yIOIIMNIACI KapOOKCUIAT-HOH.

Kucmnora CH,;COOH HO-CH,COOH ClI-CH,COOH
YKCYyCHasl KucaoTa [JIMKOJIeBasl KUCI0Ta XJIOPYKCYCHasl KHCJIOTa
pK 4,76 3,83 2,87

a

Kaxk u npyrvie noaugyHKIMOHATbHBIE COEIMHEHUS, 3aMellleHHbIe KapOOHO-
BBI€ KUCJIOTHI BCTYIAIOT BO BCE peaKIUK, XapaKTepHbIE 71T UMEIOIINXCS B MOJIe-
KyJie (DyHKIMOHAIBHBIX TPYIIT. PsI CBOMCTB TAKMX KMCJIOT OOYCITOBJIEH B3aUM-
HBIM pacItoIoKeHreM (YHKIIMOHAIBHBIX TPYITI B KX MOJICKYJIax.

OTHoleHne K HArpeBaHUIO

0.-'MaApOKCUKUCIOTH 00pa3yloT MPY HArpeBaHUU LIUKINYECKUE CIOXKHbBIC 3(pu-
pbI (JIaKTUIIBI):

L0 0
HO—CH,—C_ - H2C4/<
| /
HO; OH ——~ g o0 +2H0
- C—CH,—OH —CH,
TJIMKOJIEBasA LUMKJINYECKUI
KUCJIOTa CJIOXKHBIN 3pup

(JrakTum)

[-3aMelieHHbIE KUCIOTHI, UMEIOIIKE aTOM BOAOPOJA Y O-YIJIEPOIHOTO aTo-
Ma, IIpY HarpeBaHUU Al0T COOTBETCTBYIOIIME O, 3-HEHACHIIIICHHbBIE KUCIOTHI:

X—CH,~CH—COOH CH,=CH—COOH + HX

t
H (X=F, Cl, Br, I, OH)

[1pu HarpeBaHuM y- U O-TaJOTeH- U TUAPOKCUKHUCIOT MPOTEKAET BHYTPUMO-
JIEKYJISIpHas peakilus 3TepuuKauu ¢ o0pa3oBaHMEM LMKINYECKUX CIIOXKHBIX
3UpPOB — .1akmonos (COOTBETCTBEHHO Y- U O-JTaKTOHBDI).

MHorue npupoaHbie COEAUHEHUS SIBISIIOTCS MAKPOLMKINUECKUMU JTaKTOHA-
MU (maxpoaudamu). Hanpumep, aHTUOMOTUK 3pUumpomMuyud COACPXKUT B CBOeH
CTPYKTYpe 14-4JleHHBII JAKTOHHBIN UK. 711 MEAUIIMHCKUX LieJieii ero Mpous3-
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BOIAT d)GpMGHTaTI/IBHBIM IIyTEM, OJHAKO B na6opaToprIX YCJIIOBUSX OH ITOJIYYEH
N CUHTETUYCCKU.

CH, OF N(CH)
0. OH 3 o)
O
CH
CH; 3
H
CH; OH
CH3 CH3O C H;
SPUTPOMULINH

Peakuuu HyK1eohnibHOro 3amMeneHus
0.-TAJIOTeHKAPOOHOBBIX KHCJIOT

[ajioreH B o.-raJIOTeHKapOOHOBBIX KUCJIOTAaX JETKO 3aMellaeTcs Mo AeCTBHEM
pa3IMYHBIX HYKJIeO(GUIbHBIX areHTOB. B pe3yibTare 3THX peakiuii U3 ¢.-rajo-
TFeHKapOOHOBBIX KMCJIOT MOJYYaloT O.-TUIAPOKCU-, O-aMUHO-, 0L-HUTPO-, OL-1IMa-
HO- U IpyTue o-3aMelIeHHbIe KApOOHOBbBIE KUCIIOTHI.

Peaxiiuy onTUYecKU aKTUBHBIX O-TaJOTeHKAPOOHOBBIX KUCIOT C CUAbHBIMU
HYKAeOpuAbHbIMU peazenmamy NIPOTEKAIOT 110 MEXaHU3MY 2 U CONTPOBOXIAIOT-
¢l oOpalieHueM KOHGpUTypaluu.

a-TamoreH3aMeleHHbIE KUCIOTHI PearupyloT U CO cAabbiMu HYKACODUAbHbIMU
peazenmamu, IpUIeM 0COObIN MHTEpeC MPeACTaBsIeT HyKJIeoDUIbHOE 3aMellle-
HUe, MpoTeKarolllee B ca00IIET0YHON cpeae WU MPU IeHCTBUM BJIaXKHOIO OK-
cuaa cepedpa. Eciu B 3TUX yCIOBUSIX B peaKIMIO BCTYIAET KUCI0Ta C XUPATbHBIM
a-C-aToMoM, To ee KOH(pUTypalus B XoIe peakiiui COXpaHsIeTCs:

HO_  H weomo  HOL - H
ALTQop wmaomo LG
O/ \“Br (wmAg0, H0) O/ \ “OH
CH; CHj
(R)-2-6pommpornaHoBas (R)-2-ruapoKcurpornaHoBast
KHCJIoTa KHCJIoTa

CoxpaHeHre KOH(DUTYpaLlUU B 3TUX YCIOBUSX OObSICHSIETCS BIUSIHUEM COCEIHEN
KapOOKCUIATHOM TpyInbl. MeXxaHU3M 3TOH peaKLu ObLI IMOAPOOHO 00CYyKAeH
BT. II, pa3n. 13.4.1.

Konngencanuu cjioxKHbIX 3¢(hHpPOB OL-IaJIOTeHKAPOOHOBBIX KHCJIOT

a.-BpoMaduphl pearupyior ¢ aabaerngaMu U KETOHAMU B ITPUCYTCTBUM METaJLIM -
YeCKOro IIMHKA B HETOJISIPHOM allpOTOHHOM cpele (OeH30J1, TOJYOJT) ¢ 00pa3oBa-
HUEeM 2GUPOB B-TUIPOKCUKUCIOT (pearuus Pegpopmamcroeo, 1887 r.). I1pu npo-
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BeJICHUM peaKLMU IIUHK MOCTEINEHHO JO0aBIISIOT K cMecH o.-Opomadupa 1 ajib-
Jeruga (KeToHa) B pacTBOpuUTesie, MPUYEM IMPOMEXKYTOUYHO oOpasymolieecs
Zn-opraHn4yeckoe COeIMHEHNE HE BbIIESICTCS:

Br (”)

| (o
CH,CHCOOC,H, + CH,—C—CH, 1) Zn, Genson, 80%

2) H,80,—H,0, 0°C

OH
|
— CH;—CH(CH,)CH(CH,;)COOC,H;

INonaraot, 0ogHAKO, YTO UCTMHHBIM MHTEPMEINATOM B peakunu PedopmaTtcko-
TO BEICTyIaeT He Zn-opraHndeckoe coerHeHune A, a Zn-eHouaT b:

ZnBr /OZnBr
CH,—CH—COOC,H; CH3—CH=C\
OC,H;
A b

B aToM cayuae peakuusi PechopMarckoro npeactasisieT co00ii YaCTHBIN cllydaii
aJIbJI0JbHOM KOHAEHCALIMU KApOOHWIBHOTO COeAUHEHUS U ZN-eHOJISITa CJIOXKHO-
ro adupa.

Dhuphsl a-raJoreHKapoOHOBBIX KUCIOT PEarupyroT ¢ ajlbAeruaaMuy 1 KeTOHa-
MM 1011 AcHiCTBMEM OCHOBaHUIi B aTMocepe a30Ta ¢ 00pa3oBaHUEM TJIMIIUIHBIX
a¢upoB (peaxuus Japszana, 1904 1.):

H X ' 0)
X ~ C,H,ONa I - RO0OC_ ™\ _
C—COOR'+ _C=O0 — = R—C—C_|— C—C
R I R

COOR' O

(X =Cl, Br, I; R = H, CH,, C,Hg; R' = CH,, C,H,)

B peaknuio BcTymaior ajiMdarndyeckue, apoMaTUdecKue, M reTepoLrKiInde-
CKME aJIbAETU/IBI U KETOHBI.
Peakiuns MoxeT ObITh MPOBEACHA U CTEPEOCEIEKTUBHO.

(C.H,») %Be KOH
T,
(CH3)3C®CHO + Cli_-CO,C(CH,); — 0 "oc
194

n-mpem-0yTUIOCH3AIbACT UL mpem-0yTUIIXJIOpalieTaT
P
Ar CO,C(CH,),

rUuaHbI 2up (77%)
yuc-de (90%)
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20.8. I'MAPOKCH- 1 AMUHOKAPBOHOBDIE
KNCJIOTBI BEH30JIbHOI'O PAJIA

Haunbomnee pacnpocTpaHeHHBIMU ITPEACTABUTEIIMU 3TUX COSIMHEHUI SIBIISTIOTCS
caJIMIMI0Bast U aHTPAHUJIOBAsI KUCJIOThI, a TAKXKE UX Hapa-U30MepHl.

[::I:COOH COOH
OH NH,

2-TuApOoKCcUOEH30MHAsT KUCTIOTa 2-aMUHOOEH30ITHasT KICI0Ta
(canuuuioBasi KMCJ0Ta) (aHTpaHUJIOBasI KUCJIOTA)
/©/COOH COOH
HO H,N
4-runpokcubeH30iHasl KUCI0Ta 4-aMMHOOEH30lHasl KUCIOTa

OCHOBHBIM CITOCOOOM TIOJIYYEHUA CAJIMLIMJIOBOM KMCJIOTHI SIBJISIETCS Kap60—
KCUJIMPOBaAaHUEC d)eHOKCI/I}la HaTpusa AUOKCHUIOM yrjepoaa IoJ AaBJICHUEM IIpU
120—-130 °C:

0:°Na® OH OH
COONa COOH
+ CO, T o7
(beHOKCl/lﬂ, caauuauiaar caauuunaoBast
HaTpud HaTpud KHUCJI0Ta

Canuuuiosast KMCIOTa sBIsiETCs Oosiee CUIbHOM Kucaoroi (pK, 2,98), yem
OeH30IiHasT, BEPOSITHO, 3a CYET CTAOMIIM3allUN CATULIVIIAT-NOHA BHYTPUMOJIEKY-
JISIPHOM BOJOPOIHO CBSI3BIO.

KapbokcunupoBanueM (peHOKCHIa Kaaus Mpu 0oJjiee BEICOKOIM TeMIlepaTy-
pe (200 °C) nonyyaroT #-ruApOKCUOEH30MHYIO KUCIOTY (TToApoOHee 0 peakuu
KapbokcuimpoBaHus (peHoKcuaoB — peakuuu Koapde—IlIMmutra — cM. B T. 11,
pasn. 17.4.2).

st moydyeHusl aHTPAHWIOBOW KMCJIOTHI yallle BCEro MCIOJb3YIOT THUIIO-
rajloreHUTHy10 peakuuio l'opmaHa, mneiicTBys Ha DTanTuMUI TUMOXJIOPUTOM
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HaTpUs B LLIEeJOYHO cpene (MexaHu3M peakiinu ['oomaHa moapoOHO 00CYXKaeH
Ha cTp. 54):

/O
& COOH
NaOH NaOCl
NH H,0 //O NaOH
Q G
(@) NH,
draaumun
COONa COOH
— 1 =X
NH, NH,

aHTpaHUJIOBasd
Kuciaora

AHTpaHUJIOBasl KUCI0Ta, KaK BCE aMUHOKUCJOTHI, SIBIsieTCs] aM(pOTEPHBIM
coenuHenueM. Ee kucnorHocts (pK, 4,89) HUXe KUCIOTHOCTU OEH30MHOI KUC-
qotel (pK, 4,21).

XUMUYECKHE CBOMCTBA TMAPOKCH- U aMUHOKAPOOHOBBIX KUCIOT OMpEaeisi-
I0TCSl TeMU (PYHKIIMOHATBHBIMU TPYMIIAMU, KOTOPbIE UMEIOTCSI B UX MOJIEKYJIax.
BMmecTte ¢ TeM, oTMeUeH U psia UX HEOOBIYHBIX CBOMCTB. Hampumep, B yCa0BUSIX
JUA30TUPOBaHUs (MOAPOOHEe O peakluy IUa30TUPOBaHuUs cM. . 24, cTp. 210)
aHTPaHUJIOBasl KMUCIOTa MOABEPracTcsl CAOXKHOMY MpeBpalleHUI0, B X0Ie KOTO-
POTro OTILETUISIIOTCSI MOJIEKYJIbI a30Ta U AMOKCUIA YIJIepoia U TeHepUpyeTcs Jac-
tiua geruapoodensona. Kak ormevasnoch B T. 11, pa3z. 14.4.2, neruapoOeH30J1 BbI-
CTyMaeT B peaKinsixX HI/IK)IOHDI/ICOCZ[I/IHGHI/IH B KauecTBe AueHodua.

NH,
HNO,, H® ©0H
T0-5°C
COOH COOH
NEN ©
@ N, —CO, ‘

,Z[CH/II[I)O6€H30II anayKT
O

CaTMIMIOBYIO KUCIOTY TIPUMEHSIIOT JTs TTOJTyYEHHMST JIeKapCTBEHHBIX CPENICTB
(actMpyH — aleTUJICATMIINIIOBAs KUCIIOTa), MMPOTPABHBIX KpacHUTEeH, MyIIn-
CTBIX BEILIECTB, a TAKXKE B KAUECTBE aHTHUCENTHKA B IMUILEBOI MPOMBIIIIEHHOCTH
MIPY KOHCEPBUPOBAHUM U peareHTa B aHATMTHYECKON XUMHUM.

AHTPaHUJIOBYIO KMCJIOTY MCITOJNB3YIOT B MPOU3BOICTBE KpacHUTesei, TyInc-
TBHIX BEIIECTB, MECTULIMIOB, JeKapCTBEHHBIX CPEACTB.
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20.9.  AJBJIETUIO- 1 KETOKUCJIOTHI.
AIIETOYKCYCHBII DOUNP

KapOoHOBbIE KHUCJIOTHI, B KOTOPBHIX HApsiIy ¢ KapOOKCUJILHOW TPYINON coaep-
>KaTcsl alibAeruaHasl Wi KeTo(OKCO)rpyria, Ha3blBaloT COOTBETCTBEHHO a1ble-
eudo- v kemoxucaomamu. V1 Te, U Ipyrue 4acTo Ha3bIBAIOT OKCOKUCAOMAMU.

20.9.1. HowmenknaTypa

Ha3zBaHust KeToKuCI0T 00pa3ytoT o npasuiam HoMeHkaaTypbl MIOTTAK. Tpu-
Mepbl Ha3BaHUU TaHbl HIKE.

B 3aBUCHMOCTH OT B3aMMHOTO PACIOJ0XEHUS KapOOKCUIbHON U KAPOOHWJIb-
HOI TPYIIIT OKCOKMCIOTBI MOXKHO paccMaTpuBaTh Kak -, 3-, y- (M T. 1.) aabaeru-
JI0- U KETOKUCJIOTHI.

O 0 5 o O y B a 0
c— CH;—C—C CH;~C—CH,—C{
H OH 0 OH 0 OH
IJIMOKCUJIOBast KUCIOTa  2-OKCOINpPOINaHoBasi KUCIO0Ta 3-0KcoOyTaHOBasi KUCJIOTA
(a-anvdecudokucioma) MUPOBUHOTPATHASI KUCIOTA alleTOYKCYCHasl KUCIoTa
(o.-Kemokucaoma) (B-kemoxucaoma)

20.9.2.  CnocoObl mosyyenus

0.-KeToK1Cca0Thl MOay4YaloT TUAPOJIU30M OL,0-IUTaJTOreHKapOOHOBBIX KUCIIOT,
OKUCJIEHUEM O-TUAPOKCUKUCIOT WIM TUAPOIN30M HUTPUJIOB O-KETOKapOOHO-
BBIX KUCJIOT:

I
CHi— c COOH 2oL CH;~C—COOH + HCI
&l
O, O-AUXJIOPIIPOIMTMOHOBAasA IIMPOBUHOTpagHadA
KHCJI0Ta KHCJI0Ta
CH;~CH-COOH —%1~ CH;~C—COOH
OH 0
MOJIOYHasdA KUcCjioTa ITMPOBUHOTIpagHadA

Kucjaora
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0
cHy— —FKCN¥——+(Hh—ﬁ—C—N‘¢%%?l CHy~C—COOH
cl
ALETUIIXJIOPUIL MTUPOBUHOTPALHAL

KHCJIOTa

OL—KCTOKap6OHOBbIe KHNCJIOTHBI ITOJYYaroT TaKXKe KOHI[eHcaHI/IGﬁ Sd)HpOB 1Ia-
BeJIEBOM KUCJIOTHI C ad)ﬂpaMI/I Kap6OHOBBIX KUCJIOT (HepereCTHaﬂ KOHIACHCaAl s
KHHfI?»GHB.) 1 NMOCJICAYIOIINM KUCJIOTHBIM PACHICIIVICHUEM MTPOAYKTOB KOHACHCA-
1HUn:

LCOCOOGHs |,
RCH SR
"COOC,H,

ON L@
RCH,COOC,Hs + (COOC,Hs), <2s0Na

H®

_COCOOH
—— RCH —— RCH,COCOOH + CO,
COOH

DTUNOBBIN 3(pUp aLETOYKCYCHOI KUCIOTHI (alleTOYKCYCHBIM 2(up) moryya-
10T CJIOXHO3GUPHOI KoHAeH caueit Kisitzena (cM. pasm. 20.3.3):

o CH;0°Na® o S //O ® HO
2CH3 C OC2H5 . CH3 C_CH_C\ Na THC
[l [l OC,H;s
STWIaleTaT
//O
- CH3*C_CH2*C\
I OC,Hs

alleTOYKCYCHBbIN 3(pup

20.9.3.  Crpoenue u TayTomMepHs aleTOYKCYCHOro a¢hupa

ATIETOYKCYCHBII 3(DUp TIpeacTaBisieT co00i paBHOBECHYIO CMECh JIBYX TayTO-
MepHBIX POpM — KeTO-(POPMbI U EHOJIbHOM (POPMBI:

0 0O
Z Z
CH;—C—CH,— C\ ——— CH;—C=CH— C\
) OC,H; OH OC,Hs
Keto-popma (92%) eHobHas popma (8%)

COOTHOILIIEHNE TAYTOMEPOB B 3HAYMTEIbHOM MEPE 3aBUCUT OT XapaKTepa pac-
TBOpuUTeNs. [1pyM NMprMeHEeHUN TeKcaHa B KauyecTBe PacTBOPUTENST COmepKaHUe
eHoJsa goctrraeT 49%, a B Boie OHO pe3KO IMajaer.
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Iepexon U3 onHOM (GOPMBI ALETOYKCYCHOTO 3(p1pa B IPYTYIO OCYILIECTBIISIET-
cs1 MyTEM IepeHoca IMPOTOHA C ITPOMEXKYTOUHBIM O0pa30BaHUEM PE30HAHCHO-
CTaOMIIM3MPOBAHHOTO aHMOHA!

PN /O:
4 4
CH3—C—CH—C\. . m— CH;—C=CH— C\. .
b b e on o
’ .KCTO-(i)OpMa eHosibHas (hopma
(CH-kucaoma) (OH-kucaoma)
+HO|| _® + H®H—H®
o /.d: ;(5:
o 2 "/
CH;—C—CH— C\. . CH;—C=CH— C\. . B
. g OC,H;s .2 OC,Hs

DEe30HAHCHble CMPYKMYPbl GHUOHA AUEMOYKCYCHO20 dupa

«e® H
e .: CH3\C<,C_>C/OC2H5
CH;—C—CH—C__; = N
.0 OC,H; 0 O

DE30HAHCHbLI 2UOPU0

TayromepHble (HOPMBI alIETOYKCYCHOTO 3(1pa MOXHO HAOIIONaTh U B UHIU-
BHIyaJIbHOM Bue. Boblast ycToMYMBOCTh €HOJILHOM (POPMBI alleTOYKCYCHOTO
adupa 00BICHIETCS HATMIMEM B HEM COTPSIKEHHOM CUCTEMBI Tt-CBsI3ei, KOTopast
3aMKHYTa BHYTPUMOJIEKY/ISIPHOI BOIOPOIHOM CBSA3bIO B IIIECTUYJICHHBIN TTCEBIO-
apoMaTM4YecKWil LIMKJI. Boma Kak pacTBOpUTENb pa3pyllacT BHYTPUMOJIEKYISP-
HBIE BOIOPOIHbBIE CBSI3U U TTOTOMY CHIKAET COAepKaHMe eHOJBHOM (POPMEI.

H
CH3\?@E/OC2H5
o o

o ~ e
oo H 00
0@

eHoJIbHas hopma
aleToykcycHoro aupa

20.9.4. Peaxkuum

AJIBIETUI0- ¥ KETOKUCJIOTHI 00J1a1al0T CBOMCTBAMU, TIPUCYIIIUMU COEIUMHEHUAM,
conepxXKauM 311 GYHKIMOHAIbHBIE TPYIIILI B oTaeabHoCTH. KeTokuenora, Ha-
MpUMep, BCTYIAeT B peaKlUK M0 KapOOHWMIIBHOM TPpYIINe, XapaKTepHbIe 1T Ke-
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TOHOB: HYKJeO(pUIbHOE TMpUCOeIMHEeHUe, TuapupoBanue u 1. A. ITo kapOok-
CWJILHOM TPYIIIIe 3TO COSAMHEHME YYACTBYET B peaKLMsIX, KOTOPbIE CBOMCTBEHHbI
KHCJIOTaM: MOHU3aLIUsI, 00pa3oBaHue coyeil, CIOXKHBIX 3(UPOB, aMUIIOB U JIP.
0.-AJIbIETUI0- U O-KETOKMCIOTHI SIBJISIIOTCS OoJiee cuabHbiMu OH-kucnora-
MM, YeM YKCYCHasl U ITPONMOHOBAsT KUCOThI.
3HayeHus pK, albIerua0- U KETOKUCIOT MPUBEIEHbI HUXE.

Kucaora
OQ 40
CH;—C—COOH CH;—C—CH,—COOH C—C CH3;CH,COOH
I I H  oH
MUPOBUHOIpaTHAS alleToyKcycHast [JIMOKCUJIOBAsl  MPOIKMOHOBASs
pK, 2,51 3,58 3,33 4,86

bnaromaps 251eKTpOHOAKIIENITOPHBIM CBOMCTBAM KapOOHWIbHAS IPpyIIna CTabu-
JIU3UPYET 00pa3yIoIINiics aHUOH W TeM CaMbIM 00JierdaeT KUCJIOTHYIO AUCCO-
LIMALII0 KapOOKCWIIHLHOM TPYIIITHL.

BuyrpumonexyaapHas Konaencamusa Knsiizena

KpoMe cBOICTB, XapaKTepHBIX JUTSI COOTBETCTBYIOIINX (DYHKIIMOHATbHBIX TPYIII,
aNTbIETUI0- U KETOKUCIOThI 001a1a10T OCOOBIMU CBOMCTBAMU, OOYCIOBAEHHBIMU
B3aMMHBIM PACITOJIOXEHUEM 3TUX (DYHKIIMOHAIBHBIX TPYIIII.

Hanpumep, acupsl 1,4- 1 1,5-KeTOKapOOHOBBIX KMCJIOT B IPUCYTCTBUU 3TH-
JlaTa HaTpusl TpeTepIieBalOT BHYTPUMOJEKYISIPHYIO KoHAeHcauo KisiizeHa.
DTa peaklius aHaJoTMYHA KoHAeHcauu JdukmaHa (cM. cTp. 81):

0 0O o

/W GHONa  H;09@
COOC,Hs

3TUII-6-0KCOorenTaHoaT

H

2—aH€TI/UIHI/IK.HOHeHTaHOH

Peakiius uner o CJIEIYIOLIEH CXEME:

O 0

/J\/\A 4>60C2H5 /W N
COOC;,H;4 C=0

S) /

6O o 0 o
S}
-90C,Hs
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CuHTE3bl HA OCHOBE ALETOYKCYCHOTO 3(hupa

OBIIUE CBEAEHUSA

3HauuTeIbHOE TMPUMEHEHWE B OPraHWYeCKOM CHHTE3¢ MMEIOT MPOM3BOIHbBIC
-kerokapO6oHOBbIX KUCIOT. [TpocTeiiias f-KeToKHUcI0Ta — alleTOYKCyCHast Ku-
CJIoTa — HEYCTOWYMBA U JIETKO AeKapOOKCUIMPYETCS NPU HAarpeBaHUU ¢ 00pa3o-
BaHUEM alleTOHA:

CH;~C—CHy~COOH —— CH;—C—CH; + CO;

all€TOYKCYCHas KUcCJjaoTa al€TOH

OnHako 3(pUpbI ALIETOYKCYCHOM KUCIIOTHI ITPEICTABISIOT COO0M YCTOMYMBBIE CO-
eIVHEHWS U B TO K& BpeMs 00J1a1al0T BEICOKOM PeaKIIMOHHOM CIIOCOOHOCTBIO.

SABASACH CIOXHBIM 3(GUPOM, alleTOYKCYCHBIN 3(Hp MToaBepraeTcs TUIPOIA3Y
¢ oOpa3oBaHMEM alleTOYKCYCHOM KUCITOTBI:

0 0

2 H,0 2
CH;—C—CH,— C\ “Hcl CH;—C—CH,— C\ + GH;0H
I OC,Hs I OH
aIIeTOYKCYCHBIN 3(up aIleTOyKCyCHasl KHCIIOTa

Kaxk KeToH aleToyKCyCHBIN 3(Up pearupyer ¢ TMAPOKCUIAMIUHOM, LIMAaHOBO-
JI0pOAOM, (PeHUITUIPA3ZHOM ¢ 00pa3oBaHMUEM OKCHMa, [IMaHTUAPUHA U (PeHUIT-
TMIpa30Ha COOTBETCTBEHHO:

NH, O CHy—C—CH,COOC,H;
N—OH
OKCHM alleTOYKCYCHOTo 3dupa
0 OH
Z HCN |
CH3* C_CHZ_ C\ _’HZ—O' CH3*(|:_CH2COOC2H5
I OC,H;s C_N
i LUAHTUIPUH
aue?ii;?igg;; ;)(bnp aleToyKcycHoro aupa

fﬁﬁﬁﬁﬁi»CHyf?{HbCOOCﬂﬁ

N—NHC¢Hs

deHwIrnapasoH

alleTOYKCYCHOTO 3(upa

Kak eHon aneroykcycHbiii 3¢up mnpossiser OH-KUCIOTHOCTS U TTOZ00HO
(heHONY JaeT KkpacHoe oKpaiuuBaHue ¢ xaopuaom xene3a(lll). Tak ke, kak eHoJI,
aLeToyKCycHblii aup pearupyer ¢ CH;Mgl ¢ BoiieneHrem Metana, 06eciBeYr-
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BaeT pacTBOp OpoMa, pacTBopsieTcs Ha xoyiony B 2%-M pactBope KOH, B3anmo-
JEUCTBYET C aUeTUIXJIOPUAOM U XiaopuaoM dochopa(V):

FeCl
——=3 + KpacHoe okpauueanue

e CHyC—CH—COOGC,Hs
(I)Mgl
//O %» Obicmpoe obecuseuusanue
CH;— (I:_C H-C_ —
OH OC;,H;s %» CH;—C—CH—COOC,H;
aLleTOYKCYCHBIT ahup O° K®

(enonvHas gopma)

%L CH;—C—CH—COOCGC,H;s
PUIAVH |
OCOCH;

STWJI-3-alleTOKCH-2-0yTeHoaT

Pl CHy~C—CH-COOC,Hs

Cl
3TUI-3-XJIOp-2-0yTeHoar
Bonbiag yacth crieliuuyecKnX CBOMCTB alleTOYKCYyCHOro a¢upa o0ycIoB-
JieHa ero Bbicokoit CH-kucnorHocthio (pK, 10,7) 1 CIIOCOGHOCTBIO K TayTOMeEp-
HBIM TITPEBPALLIEHUSIM.
AILIETOYKCYCHBIN 3(UP JIETKO MOHU3UPYETCS TPU JHCTBUA OCHOBAHUIA:

CH;CH,0°Na®
—CH;CH,OH
H
P R e LIS
CHrC—CH—C\ YR . |/ @ S Na
IO OC,H;s QO
ALETOYKCYCHBIN a(bup HaTpaLEeTOyKCYCHbIN Sd)I/Ip
NaNH,
—NH;

AHMOH aLIeTOYKCYCHOT0 3(pupa SIBIseTCS aMOUAEHTHBIM HYKJI€O(DMIBHBIM pea-
reHToM. B3amMozeiicTB1e ero ¢ rajJoreHrpoM3BOAHBIMU MTPUBOIUT K IIPOLYK-TaM
C- unu O-3ameluenust. HampasieHue peakiyy 3aBUCUT OT CTPOEHUST TAJIOTEHITPO-
W3BOIHOTO U YCJIOBUIA peakmu (TIoApoOHee CM. HIDKE B 9TOM paszielie).

3HaYNUTETbHOE CUHTETUYECKOE TTPUMEHEHNE UMEIOT peakunu C-aJKuInpo-
BaHUsI, KOTOPbIE MPOTEKAIOT MIPY B3aMMOAECTBUY HATPALIETOYKCYCHOTO 3¢upa
C TaJIOTeHIIPOU3BOIHBIMU, CTIOCOOHBIMU BCTYIATh B PEAKLUU Sy2.
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MoHo3aMelleHHbIe alleTOyKCyCHbIe 3(upbl odaanatoT meHblueir CH-kucnor-
HOCThIO. VIX MOHM3UPYIOT NelcTBUEM mpem-OyTokcHuaa kKanus. Kanuesble coim
TAKKe PEArupyroT 110 MEXaHU3My Sy2 ¢ 00pa3oBaHUEM TM3aMELIEHHBIX 3(DUPOB:

0 ox® A
CHy—C— CH—C S i CHyC— C o4 KO -
O CH OCZHS ” O CH3 OC>Hs
0.-METHJIaLleTOYKCYCHBII 2hup C2H5 O
CHy—C— c 4
8 &n, OCHs

METHISTUIIALIETOYKCYCHBIH 3(hup

MoHo- u au3aMelIeHHbIe all€TOYKCYCHBLIC 3¢)Hpbl IIPUMEHAIOT AJIsI CUHTE3a
COOTBETCTBYIOIIIMX KETOHOB U Kap6OHOBI)IX KHNCJIOT.

KETOHHOE PACHIEINVIEHUE ALIETOYKCYCHBIX D®WUPOB. CUHTE3 KETOHOB
B BOIHBIX pacTBOpax KUCJIOT U LIEJIOYEN alleTOYKCYCHBIN 3(Up U €r0 aJKWiI- U
JIUAIKWITTPOU3BOIHBIE TUAPOIU3YIOTCS IO COOTBETCTBYIOIINX KUCJIOT, KOTOPHIE
IIPY HarpeBaHUM JeKapOOKCWINPYIOTCS ¢ 00pa30BaHHEM KETOHOB.

0 0)

7 H,0, H® %
CH;— C—CH2 C\ —cnon CH;yC—CH,—C _—
2115 I AN t
O OC,H;s 0 OH
alleTOYKCYCHBIN 3pup aLIETOYKCYCHAasl KUCJIOTa

CHy~C—CH; + CO;

allCTOH

HOJ’[aI‘aIOT, 4qTo I[CKap6OKCI/U[I/IpOBaHI/I€ B—KCTOKI/ICIIOTBI Ipu Harpe€BaHUU
nepBOHA4YaJIbHO BEACT K O6p330BaHI/IIO KETOHA B €r0 €HOJIbHOM d)OpMC.

0" o i
C C 1 _co, Cs —— R—C—CH;
R™ CH O g » 7O CH, KETOH

2
eHoJibHas (popMa KeToHa

[lpy rTaHMpOBaHWM CUHTE3a KETOHA ITPY ITOMOIIM alleTOYKCYCHOTO adupa
3amaya 3aKJIIoYyaeTcs B BBIOOpE MOIXOMAMIIETro rajoreHajgkaHa. PaccmoTpum
HEKOTOPBIE TIPUMEPBDI.

IIpumep 1. C moMoIIBIO alleTOYKCYCHOTO 3(dupa HYXKHO CUHTE3UPOBaTh 5-Me-
TUJI-2-TeKCaHOH:

CH;—~CH—CH,~CH;—C—CHj
CH; o)
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I/ICKOMBIﬁ KETOH MO2KHO paccMaTpuBaTh KakK allcTOH, B KOTOPOM OAMH aTOM
BOIOPO/IA 3aMelleH Ha U300yTUIbHYIO Tpymy. ClenoBaTenbHO, Ui MOTY4EHNs
9TOro KETOHA M3 alETOYKCYCHOro 3(upa HEOOXOAMMO IOJYYUTh M300yTHIaLIE-
TOYKCYCHBII 3(DUp, TUAPOIN30BaTh €r0 U JIeKapOOKCUIUPOBATH COOTBETCTBYIO-
IIYIO KETOKHNCIIOTY:

On.®
CHy~CH—CH,~COOC,Hs ?Ejﬁsollj‘—
0

— CHy C— CH-COOC,H; NS G CHCHy—Cruy

—NaBr
— ~ CHyC—CH—C7 MO ey c—CH-C7 S
3 | TOC,H; —GHs0 3 | TOH #-C0O
CH,~CH—CHj O CH,~CH—CH
CH3 CH3

M300yTUIIALIETOYKCYCHBIN 3(hup

—— CHy~C—CH,—CH,~CH—CH;
CH;

5-MeTuI-2-reKCaHoH

IIpumep 2. C MOMOIIBIO alleTOYKCYCHOTO 3(upa HYXKHO CUHTE3UPOBaTh 3-Me-
TUJI-2-TIEHTAHOH:

CH3*CH2—(|ZH—(I“T—CH3
CH; O
M cKoMBIiT KETOH MOXKHO paccMaTpyBaTh KakK alleTOH, B KOTOPOM OIWH aTOM
BOIOPOJA 3aMellleH Ha METUJIbHYIO TPYITITY, a BTOPOil — Ha 3TWIBHYIO TPYIIITY.

CremoBaTeIbHO, UMEHHO 3TH TPYIITBI HEOOXOAMMO BBECTH B allETOYKCYCHBIN
3(up TIepea TMAPOIN30M U TeKapOOKCUIMPOBAHUEM COOTBETCTBYIOIIEH KUCIOTHI:

ONa® 3
CHy—C—CH,—COOC,Hs %cmg—cwcooezﬂs N& -5

|
alleTOYKCYCHBbI 3¢up

O O] po
- CHs+C g gH—C . Sﬁ;ﬁ}i‘éoﬁ CHy— g ; —COOC,H;s K® -
H PARS] H
MCTI/IJIaLlBTOyKCi/CHLII/I apup 3
C2Hs o C2Hs 0
7 H,0, H®
G Gy, i g ¢ E
2115
MeTmamnaueTochyCHmH adup MCTI/UISTI/III&HSTOYKCY%:HHH KUCJIOTa
- CHgf?_CH_CHQ*CHg
H;

3-MeTuI-2-IIeHTaHOH
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KHUCJIIOTHOE PACHIEIIVIEHUE AHETOYKCYCHBIX D®UPOB. CUHTE3 KUCJIOT
KucnoTHoe paciiernjieHue NpeacTaBisieT codoil mpoliiecc, 00paTHBIN CIOXHO-
apupHoit KonaeHcauun Kigiizena. OH ocyliecTBIISIeTCS MO/ IeiiCTBMEM KOH-
LIEHTPUPOBAHHBIX 1LIEJ0YCH:

O 0]
o NaOH (koHi1.) 7 HCI
CH3*(|:|—CH2*C\ “_GH:OH 2CH3—C\ . @W 2CH;COOH
0 OC,H;4 O~ Na yKCycHast
KIICIIOTa

alleTOYKCYCHBbI 3hup
KucnotHoe PaCHICIICHUE MPOTEKACT KaK MMOCJI€A0BATECIbHOCTD AdN— n E—pe—
aKILIWN.

Cmadus | — HyKIeoUIbHOE TIPUCOETNHEHNE THIPOKCUI-NOHA (peakums Ad y):

L e
((I? //O Oee ) (|) //O
CH3—C—CH2—C\ + :Q.H CH;— C—CHQ—C\
OC2H5 lOH OC2H5
Cmadus 2 — >TAMUHUPOBAHNE CHOJIAT-NOHA U3 aJIyKTa:
L] e
G
S v
CH;—C—~=CH,— C\ -
ou 0C,H;s
L) .e
//O I} p 0 oy
CH;s— C\ + CHZ—C\ <~ CHy,— C\
OH OC;,H;s OC,H;s
Cmaous 3 — KUCIOTHO-OCHOBHOE B3aMOJICCTBUE:
O 5 0 P O
CH3_C\ + CHQ_C\ CH3_C\. o T CH3_C\
OH OC,H;s O OC,Hs

Ecnu KucIoTHOMY pacillelIEHUIO MOoABepraeTcs alkul- UK AMATKUIALETO-
YKCYCHBII 2(Up, TO HApSIAY C YKCYCHOM KUCJIOTOI 00pa3yeTcsi MOHO- VI JUal-
KUJIYKCYCHasl KUCI0Ta:

0
o~ T~ NaOH (xoHIr.)
CH;~C—CH C\OCZHS —C,H;0H

——~ CH;COO®N# + RCH,CO0PNa® —1g
2

—— CH3;COOH + RCH,COOH

MOHOAJTKMUIYKCYCHas KMCJIOTa
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IIpumep 1. C nmomolibio alleTOYKCYCHOTO 3(hMpa HY>KHO CUHTE3UPOBaTh BaJiepy-
AHOBYIO KUCJIOTY:

CH,CH,CH,—CH,COOH

BanepnaHoByI0 KMCIIOTY MOXHO paccMaTpUBaTh KaK MPOAYKT 3aMeIIeHUS B
YKCYCHOI KHCJIOTe OJHOTO aToMa BOAOpOIa Ha H-TIPONMIbHYIO Tpyrry. Cieno-
BaTeJILHO, TS TTOJIYYEHMS 3TOTO COeAMHEHUS Tiepel KUCIOTHBIM PacIleIIeHIeM
B alIeTOYKCYCHBI 3(hup HEOOXOAMMO BBECTHU H- HpOHI/IJ'ILHYIO rpymiIy:

CH;~C—CH,~COOC,Hs GHOONS oy —C- CH—COOC2H5N®C4>H3CI;2§;:2&
O

alleTOYKCYCHBII 3hup //O NaOH (koH11.)
- CH37C”: —CH-C \OC2H5 m
O CH,CH,CH;

H-TIPOTMJIALIETOYKCYCHBIM 3up

——~ CH;CH,CH,—CH,CO0° N&® —15-~ CH3CH,CH,~CH,COOH
BajJICprMaHOBas KMCJI0Ta

IIpumep 2. C OMOLIBIO aLIETOYKCYCHOTO 3¢bMpa Hy>KHO CUHTE3UPOBATh M30MaC-
JISTHYIO KHCJIOTY:

CH;—CH—COOH
CHs

O‘{CBI/I,I[HO, YTO JIsd CMHTE3a 3TOro COCAMHCHUSA B aL[eTOYKCYCHbeI S(I)I/Ip HE-
O6XOI[I/IMO BBECTU ABAa MCTUJIBHBIX 3aMCCTUTCIIA:

ON® S
CH;—C—CH,~COOC,Hs 20N oy CH—COOC,Hs Na® o~
M (aTanom) I Nal
O aueroykcycHblit a¢up O
0O o
—= CHy C— CH—C (CHCOOKT -y —C— C—COOC2H5 Ke -l
O ¢y OGHs O CHs
METWJIALIETOYKCYCHBIN 3hup
CH;
— CHyC— c < ~NaOH (omn), CHy~CH—~CO0°Na® —H< -
I OC H —CH;CO0PNa® | H
O CH; OCHs CHs
MMETWIAIIETOYKCYCHBII 2up CH3*(|:H—COOH

CH;

n3omMaciisiHasd KMCJIoTa

© OBPATUTE BHUMAHUE!

Naxe ona BBEOEHUA ABYX OAMHAKOBBLIX 3aMECTUTENei MPOLIECC anKuiMpoBaHUS
aLeToyKCycHoro adupa HeobxoaMmo NPOBOAUTL B ABa dTana.
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ITpumep 3. C nmoMolIbIO alleTOYKCYCHOTO 3upa HY>KHO CUHTE3UPOBATh SIHTAp-
HYIO KHCJIOTY:

HOOC—CH,CH,—~COOH

s cuHTe3a 3TOro COeAMHEHUSI HeOOXOAMMO, UTOOBI MEXAY ABYMsI KapOo-
KCWJIbHBIMU IpynnamMu Haxomuauch a8e CH,-rpymnmbl. Takyro 3amady Jerko pe-
LLIUTH IO CJIEAYIOLIEH CXEME:

CH;0°Na®
CHrﬁ—CHZ—COOCQH5 oo
0
alleTOYKCYCHBI 3hup g
—— CHyC—CH—COOC,HsNa® CICHCO0GH;
I —NaCl
HaTpalleTOYKCYCHBIN 3(pup
0
—  CHyCc—CH- — NaOH trom
I OC,Hs —CH;CO0PN
CH,COOGH;s
o) 0 0 0
N v HCI N v
— C—CH,CH,—C C—CH,CH,—C
NPY T oene ™ 1 N

AHTapHasd KMCJI10Ta

© OBPATUTE BHUMAHMUE!
AnkunupoBaTb HaTPaALLETOYKCYCHbIN 3dup cBOOGOAHON XNOPYKCYCHOM KMUCOTOW
Henb3s!

AMOMIEHTHBIE CBOICTBA alleTOYKCYCHOro 3¢upa

Bri1ire MBI MOAPOOGHO paccMOTpenn TIpUMeHEeHNe peaKIIdii eHOISIT-NOHA alleTo-
YKCYCHOTO 3dupa ¢ rajoreHaJIKaHaMHu UIST oOpa30oBaHUsS HOBBIX YIJIEPOJ-
YIJIEpOTHBIX CBsI3eli. BMecTe ¢ TeM ciiemyeT UMeThb B BUIY, 9YTO aHHOH alleTOYKCYC-
HOTO 3(upa SIBISIETCS amMOUOeHMHbIM HyKaeopuabHbiM peacenmom. Ero B3anmo-
NIEHCTBIE C TaJOTEHIIPOM3BOAHBIMU MOXET TPUBOAMTH K IpoaykTam u C-, u
O-ankunupoBanus. HarpapieHue peakiuu 3aBUCUT OT CTPOSHMUSI TAJIOTEHITPON3-
BOIHOTO U YCJIOBHI peaKIInH.

ITpu mpoBeaeHUM peakuMu B CUMpTe Oosiee 2JIeKTPOOTpULIATEIbHbII aTOM
KUCJIOpOoIa eHOJISAT-NOHA CUJIBHO COJbBATHPOBAH, BCIEACTBUE Yero OOIBIITYIO
HYKJIEO(WILHOCTh TPOSIBISET aTOM yrjepojaa. DTU YCIOBUSI CIOCOOCTBYIOT
C-ankunupoBaHuto. B numerundopmamuse oda HykjIeo(hWIbHbIX LIEHTpa He
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COJIbBATMPOBAHBI, BCIICICTBHE YETO MPEUMYIIECTBEHHO HAOMIOMACTCS peaKIlus
O-anKuIMpoBaHUS:

0
(fnfgﬂ CHy—C— CH—C\
H 0C,H
CHs _C.__OC;H;s 0 CH, s
C’ o ‘C O.-MEeTUJIAIIeTOYKCYCHBIH 2bup
| ! ' | : Na@ J—
CH;il O
s CHs —C= CH—C\

3TUI-3-METOKCHU-2-0yTeHOaT

CrenyeT Takxke OTMETUTD, YTO alleTOYKCYCHBIN 2(hUp MOXKET pearupoBaTh C
AJIKWJIMPYIOIIUMU areHTaMy He TOJbKO MO METWJICHOBOI, HO M IO METUJIbHOM
rpynme. DT JIBa peaKIMOHHBIX LIEHTpa alleTOyKyCHOro adupa CyLIeCTBEHHO
pa3IMYaIoTCs MO KUCAOTHOCTU: MOHU3ALMS TI0 METUJIEHOBOI TpyMIie OllcHUBa-
ercs 3HayeHueM pK, 10,7, a MoHM3aLMs 110 METUIBHOM IPyMIe — 3HaYeHUEM
pK, ~20.

[TosToMy mpu IpuMeHeHUM | MOJIb OCHOBAaHMSI B KauyeCTBE PeaKLMOHHOIO
LIEHTpa, KOHKypupytoiero ¢ O-aToMOM B peakliii C rajloreHaJKaHOM, BbICTyTIa-
€T TOJIbKO KapOaHMOH, 00pa30BaBLIMIACS TPU MOHU3ALUU METUICHOBOM TPYIIIbI
(HarpaBieHue a):

0
[l
CH;—C—CH,COOC,Hs —

pK,~20  pK,~107 L6,

o R
CH;—C—CHCOOGC,H;s

| | .e.
—C—CHCOOC,Hs

R
| N &
CH,—C—CHCOOC,H;s

I | .e.
—C—CHCOOC,Hs

R0
. CH,—C—CH,COOGC,H;s
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Ipy nprMeHeHUN 2 MOJIb CUJIBHOIO OCHOBaHMA (HAIpUMep, JTUTUAINNA30-
npomwiamuaa) o6a CH-KUCIOTHBIX LEHTPA aleTOYKCYCHOro 3¢dupa moasepra-
I0TCSI HOHM3alMU (HarpaBiieHue 6). [1pu 3ToM KapOaHWOH, 00pa3yIoLInics Tpu
MOHM3ALIMU METHJIBHOM TPYIINLI, SABJISeTCS OoJiee CMIIBHBIM OCHOBaHMEM (Kak
CONpPSKEHHOE OCHOBaHMe 0oJjiee ¢l1aboil KMCIIOTHI), a clieoBaTeIbHO, U OoJiee
CUJIbHBIM HYyKJIeoduiaoM. MMeHHO 3TOT peaKUMOHHBIN IEHTp OyIeT pearupo-
BaTh MPY MTPOYMX PABHBIX YCJIOBUSIX C TAJIOT€HATIKAHOM.

AneToykcycHblii a¢up B peakuun Muxasisa

Kak u apyrve kapOaHMOHBI, EHOJISIT-MOH alleTOYKCYCHOTO 3(hUpa MOXET BCTYy-
MaTh B peakilnio COMPSKEHHOTO MPUCOSAUHEHUS K O, 3-HEHACBIIIEHHBIM Kap0o-
HWIbHBIM COSAMHEHUSIM:

0

Il ONa®

CH;—C—CH,COOGC,Hs + CH,—CH—COOC,H; %3%%1
alleTOYKCYCHBIN 2(pup STUJIaKpuiaT

4——+(HﬁfC—QH%CHgHbCOOCﬁkA%gL
COOC,H;s
@
—— | CHy~C—CH—CH,CH,COOH| ——
COOH

—~ CHyC—CH,CH,CH,COOH + CO,

5-0KcorekcaHoBasl KUCJIOTa

AHaJI0rMYHO IPpOXOoAUT p€aKlud U C METUJIBUHUJIKETOHOM!

(0]
1l O ®
CH;—C—CH,COOC,Hs + CH,—CH—COCH; $H:9MNa_
aleTOyKCyCHBii 3hmp MeTWIBMHWIKeToH  (METAHOT)
0]
il
—— CH;~C—CH—CH,CH,COCH;
COOC,H;s

ITUII-2-alleTUJI-5-0KCOreKcaHoaT

9tun-2-ayetunn-5-okcorekcaHoar. K cmecn auetoykcycHoro adupa (78 r;
0,6 monb) 1 metunata Hatpus [1u3 2,3 r (0,1 monb) HaTpus n 40 mn meTaHona] npu
30-35 °C npubaBnsoT no kannsM MeTUNBUHUIKETOH (42 r; 0,6 monb). Ha cneayto-
LWMIA [eHb peakuMoHHYI0 Maccy pas3baBnsioT METUNEHXJIOPUAOM, HENTPanuayiloT
pa3baBneHHON YKCYCHON KUCNOTON. MPOAYKT OTFOHAT M OYULLAIOT NEPErOHKOM,
T. kun. 127-129 °C (4,5 mm pt. cT.). Boixog 103 1 (86%).
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3agaua 20.10. ALIeTOYKCYCHBIN U MaJTOHOBBI 3(UpPHI SABASIOTCS cuibHbIMU CH-KucioTamu:
ux 3HauyeHus pK, pasubl 10,7 u 13,3 coorsercTBeHHO. [Tpeanoxure 00bsCHEHUE 9TOMY (haK-
Ty. HanmmimmTe Bce pe30HaHCHBIE CTPYKTYPhI MX COTPSDKEHHBIX OCHOBAHMI. YKaXKUTE, KaKue
U3 CHOJISTHBIX CTPYKTYp HanboJiee yCTONIMBEI.

HAUBOJIEE BAZKHBIE ITPEICTABUTEIN

VYkceycnas kucaora (sraHosas kucinora) CH;COOH. Tlonydaior okucieHUEM alleTalbIerua,
OyTaHa, TIeHTaHa, FeKcaHa, a Takke KapOOHWIMpOBaHUEM MeTaHoua. [T1IIeByIo yKCyCHYIO
KHCJIOTY TIOJMIy4aloT YKCYCHOKMCIIBIM OpOXKEHHEM CIUPTOBBIX XMIKocTeil. becuBeTHast
XKUAKOCTb, T. KuIl. 118 °C; B JII00BIX MPOMOPLMIX CMEIIMBAETCS C BOAOM, STAHOJOM, M-
3TUJIOBBIM 3(bUpoM, 6eH30I0M. [IpUMEHSIIOT B MPOM3BOACTBE cojieit U 3(hUpoB (aleTaTon),
JIEKapCTBEHHBIX CPEJICTB, KpacuTeneil U uHceKTuLmaoB. MK 5 mr/m3.

Mypasbunas kucjora (MetaHoBasd kuciora) HCOOH. Tlonyyator kak moOOYHBIN NPOAYKT B
MMPOM3BOJCTBE YKCYCHOIM KHMCJIOTBI, alleTajbaeruaa u (opMaibIeruia OKMCICHUEM yIye-
BomoponoB. becliBeTHast xkuakocTh, T. Kuil. 101 °C, pactBopuma B Boze, 3TaHOJIE, TUITH-
JioBoM 3upe. [TprMeHsSIOT B KaueCTBe MPOTPaBbl MIPU KpalleHUU, OTAEIKE TEKCTUIIS, Oy~
Maru, oopaboTKe KOXH, a TakKe IS TOJydyeHMsl JIEKApCTBEHHBIX CPEACTB, CPEICTB
3alLUTBI PACTEHUI, KOHcepBaHToB. O61a1aeT GakTepuluaHbM aeiicteuem. TIAK 1 mr/m3.

bensoitnas kuciora C;H;COOH. TlonyyaioT OKUCIEHHEM TONYyOJa KUCIOPOIOM BO3[yXa.
BecuBetHble KpucTayiel, T. i, 122,3 °C; X0opolllo pacTBOpMMa B 3TaHOJIE, TUATUIOBOM
adupe, 6eH30I1¢; TUI0X0 — B Boje. [IpMMEHSIIOT KaK aHTHCENTUYECKOE U KOHCEPBUPYIOIIee
CPeNCcTBO, (PYHIUILIMI, a TAKXKe B TPOM3BOACTBE KpacuTeeid, IEKapCTBEHHBIX CPEICTB, Y-
LIMCTBIX BEUIECTB U aJIKUAHBIX CMOJT.

Amvnunosas kucsiora (1,6-rexcannmnonas xkucinora) HOOC(CH,),COOH. Tonyyaror okuciie-
HUeM LIMKJIorekcaHoHa. beciiBeTHbie KpucTaibl, T. Wl 152 °C, pacTBopuMa B BOJIe U 3Ta-
HoJie. SIBJISIeTCSI MICXOMHBIM BEIIECTBOM B ITPOU3BOJACTBE MOJUAMMIHOIO CUHTETUIECKOTO
BOJIOKHA — HaMJIOHA, a TAaK:Ke MHCEKTUIIMIOB, CMa30K M TUIACTU(HUKATOPOB.

Aneroykeycnbii a¢up CH,C(O)CH,COOC,H; monyyaroT B3auMONEHCTBMEM STOKCUIA Ha-
TpuUsl ¢ 3TUJIALieTaToM. becuBeTHast XXuUakocThb, T. Kum.180,8 °C; pacTBopuM B BOJE, 3TaHO-
Jie, UATIIOBOM 3dbupe. [IpUMEHSIOT B CMHTE3€e JIEKapCTBEHHBIX BEIECTB (aMUIOTIMPHH,
aKpMXMH M T. I1.), BUTaMuHa B, a3okpacuteneil, KUCJIOT U KETOHOB, @ TAKXKE B Ka4€CTBE
apoOMaTU3MPYIOIIIEeTO BEIIeCTBa IS MUIIEBLIX IPOAYKTOB. Pa3apaxkaeT KOXy.

Bocku npupoaHbie — XXUPOIOIOOHBIC BEIIECTBA XKUBOTHOTO WJIM PACTUTEIBHOTO ITPOMCXOXKIIC-
HUs1. COCTOSIT U3 CIOKHBIX 3(HUPOB BBICIINX XKUPHBIX KMCJIOT, UMEIOIIUX YETHOE YU CIIO YT~
JepoaHbIX aTOMOB OT C,, 10 Cy M BBICIIUX aNM(DATUYECKUX CIIUPTOB C YETHBIM YHCIOM
aromos yriepona ot C,¢ 1o Cy¢. Hanpumep, MUenMHbIi BOCK TPENCTABIAET COOOH cMech
3(UPOB CTPOCHUS

C25+27H51+55_ﬁ_0C3o+32H60+65
O

AMopdHbIe BeliecTBa ¢ T. 1. 40—90 °C; HepacTBOPMMbI B BOJIe, pACTBOPUMBI B OpraHu-
YeCKHUX PacTBOPUTENSIX. [IpUMEHSIIOT IJIsT TPUTOTOBJIEHUSI KOCMETHYECKHUX CPEACTB, 1O~
JIMPOBOYHBIX MACTUK, BOAOOTTAJIKUBAIOLINX IMPOIUTOK IS TKaHEW, KpacoK, a TaKXe B
MeIULHE.

Kupsl 1 Maciia — MoJIHbIE 3(UPBI BBICIINX XUPHBIX KAPOOHOBBIX KUCIOT U IuuepuHa. Mx
Ha3bIBAIOT TPUTIMLIepUAaMU (VTN Tpuauuarauiepuaamu). KapooHoBbIe KUCTOTHI, BXOISI-
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LLIME B COCTaB XXUPOB M Macell, couepkaT oT 8 1o 24 aToMOB yrjiepoja B uenu. HaunHas c
Cy, YMCII0 aTOMOB YIJIEpPO/ia B LIEMH ObIBAET YETHBIM, @ €N — HEPA3BETBIEHHBIMU HACHI-
IIEHHBIMY ¥ HEHACBITIICHHBIMU, COIEPXKAIIMMU OHY VTN O0JIee TBOMHBIX CBSI3EH.

Temmepatypa TUTaBIEHUS KUPaA 3aBUCUT OT CTETIEHU HEHACBIIIIEHHOCTH OCTATKOB XKUP-
HBIX KUCJIOT B MOJIEKYJIe TPUTTUIepuna. JKupsl ¢ HE3HAYUTEIBHBIM CONEPKaHNEeM IBOTHBIX
cBsi3eil B anmdaruueckux dhparMeHTax UX MOJEKYJ SIBISIIOTCS TBEPAbIMU MPU KOMHATHOM
Temneparype. 2Kupbl, B COCTaBe KOTOPbIX MPUCYTCTBYET 3HAUMTEIbHOE YUCIIO OCTATKOB He-
HACBIIIEHHBIX KaPOOHOBBIX KHUCJIOT, UMEIOT TeMITepaTyphl TUIABJIEHUST HIKe KOMHATHON 1
Ha3bIBAIOTCST MACAAMU.

TBepmbie XUPHI yCTONYMBBI B XpaHeHUU. [103TOMY XXKUIKMe pacTUTEIbHBIE Maciia Jyac-
TO TOBEPTAIOT 0Mmeepicoeruto. DTOT TIPOLIECC 3aKITI0UAETCsT B TUAPUPOBAHUY (parMeHTOB
HEHACBIIIEHHBIX KAPOOHOBBIX KUCJIOT B MOJIEKY/Iax TPUIIUIepraoB. Kak mpasuiio, mpoBo-
ISIT JTULIb Yacmu4Hoe 2udpuposanue, COXpaHssl YacTh IBOMHBIX CBS3€H B YIJIEBOJOPOIHBIX
(bparmMeHTax He3aTPOHYTHIMU. DTO IMO3BOJISET N30€KaTh Ype3MEPHOTO MTOBBIIIIEHST TEMITe-
paTyphl IJIaBJIEHUS] TUAPOTEHU3UPOBAHHOTO Xupa. [MIpupoBaHUe PacTUTEbHBIX Maces
MMeeT ellle OTHO HeXXeslaTelbHOe CBONCTBO. HeszaTpoHyThle TTpy TUAPUPOBAHNY TBOMHEIE
CBSI31, UMEIOLIHUE Yuc-KOHGUTYPALIMIO B TPUPOIHOM PACTUTETLHOM Macie, MpuoOpeTaoT
mpanc-KOoHDUTYpaLMio B TUAPOTEHU3UPOBAHHOM MpoaykTe. [lojmaraioT, 4To 3HAYUTENb-
HOE YroTpeOieHue B MUILLY TAKUX «MpaHc-XUPOB» MOXET CTaTb MPUYMHON psijia ceprey-
HBIX ¥ OHKOJIOTUYECKUX 3a00JIeBaHMUIA.

Kpome dyHKIIMM 0MHOTO U3 TpeX BaskKHEUIITNX MPOMYKTOB TUTAHUS (IBa IPYTHAE — YT-
JIEBOIBI M O€JIKM) XMPBI B OPTAaHU3ME BBHITIOTHSIIOT HECKOJIBKO OMOTOTMUYECKUX 3amad, 13
KOTOPBIX IMIaBHas1 — 3amnac aHepruu. 2Kupel Takke UTpaloT MepBOCTEIIEHHYIO POJib B (hop-
MMPOBaHUHU KJIETOYHBIX MeMOpaH. OKojio 1/3 XupoB, BbipabaThiBa€MbIX BO BCEM MUPE,
TIPUMEHSTIOT ISl TEXHUYECKUX 1IeJIeld, HalpruMep B TPOM3BOICTBE MbLIA.

Masionosas kuciora (1,3-nponanauosas xucnora) CH,(COOH),. IlonyyaoT ruapoansom
LIMaHYKCYCHOM KUCJIOTHI. becuBeTHble KpucTawibl, T. mwi. 135,6 °C; pacTtBopuMa B BOJe,
aTaHoJIe U ANATUI0BOM ddupe. [IpuMeHsIOT 1151 momyueHust KapOOHOBBIX KUCTIOT, aMUHO-
KapOOHOBBIX KUCIIOT, O.,[3-HEHACHIIIIEHHBIX KUCIIOT, TeKaPCTBEHHBIX BelllecTB (0apOuTypa-
Thl), BATAMUHOB B, 1 By.

IIaBeneBas kuciora (3rannuosast kuciora) HOOCCOOH. [MomyyatoT GbICTpBIM HarpeBaHU-
eM (popmuara Hatpusi. becuBeTHble KpucTaibl, T. 101, 189,5 °C, 1. Bo3r. 125 °C. PactBopu-
Ma B BOJIe, 3TaHOJIe, TUATHIIOBOM 3upe. [IpUMEHSIOT KaK BOCCTAHOBUTEIH JIJIST aHAJIATH -
YeCKUX LieJeil M KaK CpeJIcTBO lsl yaaneHus pxkapunssl. [TJK 1 mr/m3.

@ranesbiii auruapun 0-C.H,(CO),0 nonyyaior razodasHblM OKMCIEHMEM 0-KCUJIOIA WM
HadranuHa. becuBerHbie kpuctamibl, T. 1. 130,8 °C. Jlerko pacTBOpuM B 3TaHOJIe, yMe-
PEHHO — B IPYTUX OPTaHUYECKUX PACTBOPUTENSIX. [IpMMEHSIIOT B TPOU3BOACTBE KpacuTe-
JIelt, aTKUIHBIX CMOJ, TUIACTU()UKATOPOB, MHCEKTULIMIOB, JIEKAPCTBEHHBIX BEILECTB.

Tepedranesas kucnora (n-pranesas xuciora) C.H,(COOH),. Ilonyyaror oxkucieHueMm
n-Kcuiona KuciaopoaoM Bosayxa. PactBopuma B mupunune, JIM®PA. BeciietHble Kpu-
craybl, T. T0L. 425 °C, 1. Bo3r. 300 °C. KpymHOTOHHAXXHBII IMPOMBIIIIEHHBIN TTPOIYKT,
TIPUMEHSIETCST B TIPOM3BOICTBE CUHTETUIECKOTO MO UPHOTO BOJIOKHA, HATIPUMEP JIaB-
caHa (TepujeH).

SAwurapuas kucnora (1,4-6yranarosas kuciora) HOOC(CH,),COOH. IMonyyator ruapuposa-
HMEM MaJIESMHOBOTO aHTHIPUIA C TIOCIeNyIoIeil runparanyeid. becliBeTHbIe KpUCTaJLTBI,
T. 1. 185 °C. [IpUMEHSIIOT B OpraHUYECKOM CUHTE3€, B TPOU3BOJCTBE MOJMMEPHbBIX MaTe-
pUaJIOB, MHCEKTUIIMIOB U KPACUTENIEH.
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Xnopykcycnas Kucaora (MoHoxJopykcycHas kuciora) CICH,COOH. Ionyyaror xiopuposa-
HMEM YKCYCHOW KHUCJIOTBI M TUApaTalleil TpUXJOp3TWIeHa. beclBeTHbIe KpHCTaJLIbI,
T. 1. 63 °C; pacTBOpMMa B BOJIE Y OPTaHUYECKUX PACTBOPUTEISIX. SBIISIETCSI MICXOMHBIM Be-
IIECTBOM TSl TIOJIyYEHMST KapOOKCUMETHIIIICIITIONO03bI, KpaCUTeNIei, TepOUITNIOB, KOMIT-
sekcoHoB. [TJK 1 mr/m3.

Tpudropykcycnas kuciora CF;COOH. TlonyyaroT 31eKTPOXMMUYECKMM (TOPUPOBAHMEM
CH;COOH & 6esponnom HFE. XKunxocts, npivsinas Ha BO3LyXe, MMEET PE3KMI 3amax,
T. kut. 72,4 °C. Pactopuma B Bozie. CunbHast kucnota (pK, 0,23). IpumeHsieTcs Kak pac-
TBOPUTEJIb M KAaTaJIN3aTOP JEKTPOMDWIBHBIX PeaKIINii; NCTIONb3yeTCsl Il OOPLOBI C AITH-
300TUSIMUA. AHTUIAPUI TPUGDTOPYKCYCHOI KUCTOTHI — 3G (MEKTUBHBIN KaTalIu3aTop ISl pe-
aKLUi allIMPOBaHUSI U XOpolllee BOAOOTHUMaloIee cpeacTBo. [Ipu monanaHum Ha KOXy
BbI3bIBaeT oxoru. [JK 2 mr/m3.

Mosounaa kucnora (2-runpokcunponanosast kucnora) CH;—CH(OH)—COOH. IMonyyaror
(bepMeHTaTHBHBIM OPOXKEHUEM PACTUTEIBHON MacChl (Meacchl, KapTodens), a Takke THUI-
ponuzoM JakroHuTpuiaa. CyliecTByeT B BMIAEC SHAHTHOMEPOB M OINTUYECKU HEAKTUBHOM
pareMruIecKoil cMecu. DHaHTUOMEPHI — OeClIBETHbIE KPUCTAUIBI, T. T1. 25—28 °C; pauemar,
T. . 18 °C. PacTtBoprMa B Bojie, 3TaHOJIEe, TUSTHIIOBOM 3dupe. [IpuMEHSIOT B IIPOM3BOICT-
Be JIEKAPCTBEHHBIX CPEICTB U IIacTUGhUKATOPOB. B rmocienHue roasl MTHTEHCUBHO U3yJYaeTcsT
BO3MOKHOCTb MCTIOJIb30BaHMSI MOJIOUHOW KHMCJIOTHI JUTST TIPOM3BOZICTBA OMOpa3iaraeMbIX 1Mo-
JIMMEPHBIX MaTepuaioB (cM. T. I, T1. 5, pasn. «JonomHenus» u 1. 11, pasn. 14.6).

Bunnbie kucaotet HOOC—CH(OH)—CH(OH)—COOH cyniecTBytoT B BUzie Napbl 9HAHTHUO-
MEpOB mpeo-psifia, palleMUUYecKasi CMeCh KOTOPbIX Ha3bIBaeTCs 8uHoepadHoll Kucaomoii. Ee
TOJIy4ar0T B3aMMOAeHCTBUEM MajlenHOBOro anruapuna ¢ H,0,. Kpucramisl, T. . 205 °C,
XOPOILIO PAaCTBOPUMBI B BOJE, IJIOXO — B 3TaHOJIE, TUITUIOBOM 3dupe. [IpocTpaHCcTBEH-
HBII U30MEp 3pumpo-psiia sIBSIETCS ONTUYECKU HEaKTUBHOM Me30(hOopMOil U Ha3bIBaETCs
Me308UHHOI Kucaomoil (AHTUBMHHAST KHCJIOTA).

COOH COOH COOH
H——OH HO——H HO——H
HO——H H——OH HO——H
COOH COOH COOH
(2R,3R)-(+)-BuHHas (28,3S5)-(—)-BuHHas (28,3R)-BuHHas
KHUCJIOTa KHUCJIOTa KHUCJIOTa
J ME30BMHHasI KICII0Ta

e
(*)-BUHOrpaaHask KUCI0Ta

HarpeBaHueM BUHOTPaHOW KUCIOTbI MOJIYYAIOT RUPOBUHOSDAOHYIO KUCAOMY:
OH

| i
CH,—C—COOH

! CH;—C—COOH

HOOC—CH—CH—COOH —co,

I I
OH OH -H,0
IMUPOBUHOIpagHasA
BUHOIrpaaHas KMCJIoTa Kucjiora

[IprMeHeHue HaXOAUT B OCHOBHOM (+)-BUHHas KucjaoTa, T. . 170 °C. OHa ucnob3yer-
¢Sl B MHILIEBOI TTPOMBIIIJICHHOCTH (HAITUTKHU, (DPYKTOBBIE CCEHIINH), B TaJIbBAHOIIACTH -
Ke, B IPOM3BOACTBE LIBETHBIX METAJJIOB U 3€pKaJl, a TAKKE B KAYECTBE MPOTPABBI ITPU Kpa-
LIEHUU.



114 Jlns yenybnennoeo usyuenus

Jlas yeaybaennoeo uzyuenus

HYKJIEO®WIbHBIN KATAJIN3 B PEAKIIAAX
IMTPON3BOJHBIX KAPBOHOBBIX KUCJIOT

KpoMe KMCIOTHOTO M OCHOBHOTO KaTajn3a psifa peakLnii MpOU3BOIHBIX KapOo-
HOBBIX KUCJIOT, PACCMOTPEHHOTO BBILIIE, MIPEACTABIIAET UHTEPEC €Ille OIUH TUII
KaTalli3a 3TUX PEaKLNi — HYKAeopuAbHbLil Kamaius.

B yacTHOCTH, MpM THAPOIN3E CIOXHBIX 3(HUPOB HYKICOMPUIbHBIN KaTaau3
HaO0JII0ga€eTCsI, €CJIM OAMH U3 KOMIIOHEHTOB pearnpylolleil cMecu 0osiee HYKJIEo-
(ueH, yeM BoIa WIM TMIPOKCHUI-NOH, a 00pa3yIoNIiics MHTEPMeIUaT aTaKyeT-
cs1 BOJOW WJIM TMAPOKCUI-MOHOM ObICTpee, YeM UCXOAHBIN a¢pup.

/) O /) O
“ “
R—C\ + Nu R—C + R'O°
OR' Hyxueopun Nu
CJIOXHBIN 2pup UHTEepMeaunaT
//O
R—C + HLO — RCOOH + NuH
Nu KapOoHOBast

KHUCJI0Ta

B kavecTBe HYKJI€O(UIBHBIX KATAaIM3aTOPOB MOTYT BBICTYIIATh, HAIpUMep,
KapOOKCHIaT-NOHBI

Ll O. e
P Ry
R—C
OR' Kap6OKCI/IJIaT— "
. MOH OOCR aQHTUPULL
CJIOKHBII WHTEepMeauaT

aup
ITOCKOJIBKY MPOMEXKYTOYHO OOpa3yIOIIUiiCsS aHTUAPUI TUAPOIM3YETCsS 3HAYM-
TEJIbHO JIerde, YeM UCXOTHBIN dUp:

0]
| |
R—C—0O—C—R" + H,O —— RCOOH + R"COOH

Heo6xomuMmbIM yciioBrueM HYKJIeO(MUIBHOIO KaTajln3a B 9THX MpUMepax sB-
JsieTcsl cienyoliee 006cTosiTenbeTBo. AHMOHB R"COO® u R'O© He H0mKHBI
CWJIBHO pa3iNyaThCs MO OCHOBHOCTHU. B MPOTMBHOM ciiyyae TeTpasApUYeCKUA
MHTepMearaT ObICTpee paciiafgaeTcs 0 MCXOIHBIX PeareHTOB, HEXeJ! 10 KOHeY-
HBIX TIPOAYKTOB, TaK KakK Kapbokcuaar-uoH R"COO® — 3HauuTeabHO Jydlunast
yXoJsl1as rpyIna.

ITo aToit mpuurHe HYyKJIeO(MUIbHBINA KaTaIU3 Yallle HaOII0JaeTCsT B PeaKIUsIX
GeHMIOBBIX 3¢UPOB KaPOOHOBBIX KUCIOT. DPGEKTUBHBIMU HYKJI€O(PUIbHBIMU
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KaTajin3aTopaMi B OTUX p€aKLMAX BbICTYIIalOT, HAIIPUMEDP, aMUHbI U TETEPOLTUK -
JIMYECKUE a30TUCTBIC OCHOBaHUSA (l'[I/IpI/I):[I/IH, I/IMI/IZ[EISOJ'[)I

O@
CH—Q(lifOCH
i /ﬁ 5 60
CH3* _OC(,HS + N - N®
\_~NH

deHunaLeTaT MMMIa301

(O
I /\ 0
CH3_ C\ DX // —~

N \ + H0! —— CHy ¢ + N LH
LY on >
N

YKCYyCHasd KHCJIioTa MU IA30J1
N-aueTuimMmnaason

HyxneobunbHblil KaTaaus3 oOHApYXKeH W B IPYTUX PEaKLUsIX MPOU3BOJHbIX
KapOOHOBBIX KHMCIIOT, HAlpUMEpP B PeaKLIMU allMIMPOBAHUS TMIPOKCUCOETNHE-
HUI XJIOpaHTUAPUAAMI KapOOHOBBIX KUCIIOT C y4aCTUEM MMUPUINHA:

0
7/
R=C
0 / ON=
= o cl®
hel — \_/
XJIOPAHTUIPULL MMUPUINH ALWIITAPUINHUI
XJIOpUJL

(;O
R—C/\

N_ ) oo //

\ / cl® + R'QH —_— R—C\ + GCsHsN + HCI

) OR'
AUMITUPUIVHAI .
XJIOPH CJIOKHBINA 3¢up

~N

®/

Ycnex npuMeHeHUsl MUPUAMHA KaK KaTalr3aTtopa B 3TOM peakIUK OIlpee-
JIIeTCSl TEM, UYTO MUPUIWH SBISIETCS 00JIee CUIIBHBIM HYKJICO(MUIOM ITO OTHOIIIE-
HUIo K C-aToMy KapOOHMIBLHOM TPYITIBI IO CPABHEHUIO C MOJIEKYJION CIIMpTa,
a IPOMEXYTOYHO OGpasyrommiics xopua N-aluuImupUINHAS SIBIISIeTCS 3HAUM -
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TeJIbHO 00Jiee aKTUBHBIM allMJIUPYIOIIUM areHTOM, HEeXXeJU UCXOAHbBIN XJI0paH-
ruapuia. K odcyxnaemoit cxeMe KaTajausa MUPUAMHOM peakiliuy alluIpOBaHUS
CIIMPTOB MOXHO JOOABUTH, YTO ALIETUITUPUANHUEBBIA MOH YAAJI0Ch HAOJIIONATh
cnekTpajibHO [1], a 4-auMeTIaMUHOIIMPUINH HaiiaeH enle 6osee 3¢hheKTUB-
HbIM KaTajau3aToOpOM aHaJOTUYHBIX PEaKLUil MTPOU3BOJHBIX KAPOOHOBBIX KHUC-
ot [2].

ITonararor, 4TO Karaaus peakuuii auWJIMPOBAaHUSI C NPUMEHEHUEM Oosee
cuiIbHbIX ocHoBaHuiA, Hanpumep N(C,Hs),, nMeeT uHyIo NpUpoLy 1 COPOBOXK-
JaeTcsl IPOMEXKyTOUHbIM oOpa3oBaHMeM KeTeHa [3]. B mokazaHHOI1 HUXe peak-
LIMM TIPOMEXYTOUHOe obpazoBaHue KeTeHa (1) ObUIO ToKa3aHO OOHApYKEHUEM
MOHOIENTEPUPOBAHHOIO CJI0XKHOrO 3dupa B peakuuu ¢ CH;0D:

R,R,CHCOCI + Et,N

MeOD

1

R,R,CHCONE,CI
2

R] R2CDC02MC

MeOD

R,R,CHCO,Me

[MosiBneHre MOHOACHTEPUPOBAHHHOIO 3(MUpa OAHO3HAYHO YKa3bIBaeT Ha
MPOMEXyTOYHOe oOpa3zoBaHue keTeHa 1. Ecau Obl MHTepMeIMaTOM BBICTYITAI
MPOAYKT 3aMelleHusI aToMa XJIopa 2, CeIoBaJlo OKKIaTh 00pa3oBaHMSs HeAeTe-
PUPOBAHHOI MOJIEKYJIbI CIOXHOTO 3dupa. Hanmpumep, o0paboTka aleTUIXJIo-
pUa CMEChIO DKBHUMOJISIPHBIX KOJUUECTB TPUATUIAMUHA U d-MeTaHOJIa B H-OK-
tane npu 0 °C B Teuenue 4 u gama 39% MoHOIEHTepUpPOBaHHOIO 3GuUpa,
a 00paboTKa (heHWIALIETHIIXJIOpUIA B TeX XKe ycIoBUusIX — 77%.

OcoOblii UHTEPEC MPENCTABISICT 6HYMPUMOACKYAAPHBLI HYKACODUAbHbLIL Kama-
au3. DTOT UHTepec 00yCIOBIEH BaXKHOCTBIO TAKOTO KaTaiu3a B peaklusiX, MpoTe-
KaloIIMX B OMOJOTUUECKUX CUCTEMAX, TIpeke BCEro, B peakIusX, KaTaausupye-
MbIX (pepmeHTamMu. COOTBETCTBYIOLINE HYKJICO(PUIbHBIE (DparMeHThl MOJICKYJIbI
MOTYT OKa3bIBaTh BIMSIHME HAa PEaKIIMOHHBIN LIEHTP 10 MEXaHU3MYy aHXUMEPHO-
Io CONEUCTBUS.

Hanpumep, deHunoBbie MOHOR(MUPHI (PTaNeBON KUCIOTHI TUAPOJIU3YIOTCS
CYLLIECTBEHHO OBICTpEe, YeM COOTBETCTBYIOIIE OEH30aThl:

Qoe 0

0)
M
OC6H5 OC6H5 o
o O 0 + CH;0°

o) O o)
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P COOH
o o0
5 COOH

Cxema KaTanu3a OOBSICHSIET, Mo4YeMy Kpome (EHUIOBBIX 3(UPOB OBICTPO
TUAPOIU3YETCS U TPUPTOPITUIIOBKIN 3pup. B TO Xe BpeMst METUIOBBII U Apy-
rue aKuioBble 3¢UPbl HE MOJABEPKEHbI BHYTPUMOIEKYISIPHOMY HYKI€0(hUIb-
HOMY KaTaJIu3y BCJIEICTBUE TOTO, YTO aJTKOKCUA-UOHBI MO CPaBHEHUIO C (heHO-
KCUA-UOHAMU SBJSIIOTCS TUIOXMMM YXOISIIMMU rpynmnamu. [lo Ttem ke
MpUYMHAM alleTWICATMIMIATHI C 3JIEKTPOHOAKIIENTTOPHBIMU HUTPOTPYMIIaMu B
(beHMse TUAPOAUIYIOTCS MO CXeMe BHYTPUMOJEKYJISIPHOIO HYKJI€O(hUIbHOTO
Karanusa [4].

AHaJIOTUYHbIE CXEMbl BHYTPUMOJEKYISIPHOTO HYKJIEO(MUIBLHOIO Karaiusa
ObUIM MPEIOXKEHDI 11 TUAPOJIU3a MOHOAHWIUAOB SHTAPHOU KUCIOTHI U 3aMe-
IIEHHBIX STHTAPHBIX KUCJIOT, KOTopbie Mpu pH 5 ruaponunsyiorcs 3HAYUTETbHO
ObICTpee aleTaHuAnaa [5]:

o _
cHy—< + H0 Y=L CH,COOH + C¢HsNH,,
NHC¢Hs
0
CHQ*C_NHC6H5 k. =13-10° CHQ_ COOH
| OTH > | +
CH,—COOH R0 CH,—COOH CeHsNH,,
A
CH; l(l) CH;
CH3__C_NHC6H5 O k.. =16-10° CH3__COOH C
OTH +
CH;——COOH H, CH;——COOH sHsNH,
CH; CH;
b

CpaBHeHMe TTapaMeTpOB TMAPOIN3a AaHUIUAOB SIHTapHOM (A) U TeTpaMeTuI-
sIHTapHO# KucaoT (B) mo3BosieT OLIEeHUTh POJIb SHTABITUIHOTO U SHTPOITUIAHO-
ro (hakTopoB B BHEPreTUKE 3TOM peakiuu. [Tpu 3TOM ciienyeT UMeThb B BULY, YTO
Mepexo/] OT aHUIUIA A KUCIOThI K aHUIUAY B MOBbIIAeT SHTAIBIINIO0 aKTUBAILIUU
Ha 6 kkaji/Moib. HaGmomaeMoe, TeM He MeHee, pe3Koe YBeJIMYeHHue CKOPOCTU
ruapojusa aHuanaa b MOXHO OOBSICHUTH TOJIBKO SHTPOMUNHBIM (haKTOPOM:
BBEJICHUE B MOJIEKYJTY METUJIbHBIX TPYIII MPUAAIOT €ii XKECTKOCTb, YBEJIMUMBAIOT
YIIOPSIIOYEHHOCTh PeaKIIMOHHOM CUCTEMBI, a TEM CaMbIM U BEPOSITHOCTD ITPeObI-
BaHUSI MOHU3UPOBAHHON KapOOKCUJILHOM TPYIIIbI, OKa3bIBalOIIel KaTaJIuTUYe-
CKuit apdeKxT, BOIM3U peaKIIMOHHOTO LIEHTpA.
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Huke mokasaH ele oOuH IMprUMep BHYTPUMOJIEKYISIPHOTO KaTajau3a: 3TUJI0-
Bblil 2(bUp 0-POpMUIOEH30iHOI KUCIOTHI ruaponusyetcs B 2,5 - 107 pas 6bIcT-
pee napa-n3zomepa [6].

CHO

+ “OH Koy =2.5-10° ©i + EtOH
COOEt
CHO
+ “OH \©\ + EtOH
COOEt

Iunpoxkcua-voH npucoenuHseTcst K 0-GhOPMILTLHON TPYIIe W CO3MaeT BHYTPUMOJIEKY-
JIIPHBIN HYKJIeODWIBHBIN LIeHTpP. Pacronarasich B 0-u3oMepe 10 COCENCTBY CO CIOXKHO-
2(UpHOIT TPYTITIOiA, ITOT LIEHTP AKTUBUPYET €€ 10 MEXaHN3MY aHXMMEPHOTO COIEHCTBUS:

OH

[ OH
CHO ) CQOG
+ OH / 0 —OE©
COOEt (lf—OEt ( )
O) (e) OEt
OH CHO
o _HO
o} COOH

[MpomekyTouHO 00pa3yIONINIICS BBICOKOPEAKIIMOHHOCITIOCOOHBIN O.-THAPOKCHIIAKTOH
OBICTPO TUIPOJIN3YETCS BOAOH C 00pa3oBaHNEeM KOHEYHOTO TPOIYKTa.

[To aHaJIOTMYHON cXeMe TUAPOJIN3 YKa3aHHOTO 3(hupa KaTaIu3upyeTcss MOp-
(onuxom [7].

3amava 20.11. 3aBepiiuTe peaklnio W MPEUTOKUTE ee MexaHn3M. Ha3oBuTe TIpOIyKT MO cuc-
TEeMaTUUYECKO HOMEHKIIAType, YKakKuTe KOHGUTYPAIINIO.

0,N
//O
C
“Cl
OH O)N
MUPUANH

(CH3)3C




Inasa 21.  CYJb®OHOBBIE KUCJOTDBI

CoenunHeHust o01Leit (hOpMyJIbI
R—SO;H,

rae R = Alk, Ar uau reTepolMKJINYeCKUi 3aMeCTUTeNIb, Ha3bIBAIOT CYAbOHO-
evimu Kucaomamu (cyavgpoxucaiomamuy).

21.1. KJACCUPUKAIINA U HOMEHKIIATYPA

Ha3zBanue «cyiabdoHOBBIE KUCIOThI» NpUHATO B HOMeHKJIaType MIOTTAK. O06-
LIEMPUHSTBIM SIBISIETCSI TAKXKE Ha3BaHUE «CYJIb(OKUCIOTAY.

CynbdoHOBBIE KUCIOTHI KJIACCUMDULIMPYIOT B 3aBUCUMOCTH OT MPUPOIBI YIJie-
BOJOPOIHOIO panukaia (apoMaTuyecKue, reTepoluKInYeckKre U alkaHcyabdo-
KHUCJIOTBI) U KOJIMYeCTBa CyIbMOrpymnil.

CH;CH,SO;H SO;H

STaHCYIb(GOHOBAsI KUCIOTA
(aTaHcybhoKucIoTa)

SOH SO;H

1,3-6eH3011UCYyIb(POHOBAST KHUCIIOTA
(m-6eH30IMCYTBGOKHUCITOTA)

0OeH30JICYIb(OHOBAsT KHCIIOTa
(6eH30/1CYTb(hOKUCTOTA)

SO;H _~_SOH
|
H;C N
n-TONYONCYTb(MOHOBAST KUCTOTA 3-nmupuanHCYIbGOHOBAS KUCTOTA

(n-TomyoncynbdoKucIoTa) (3-mupuanHCYIb(POKMUCIOTA)
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21.2. CIIOCOBBI ITOJTYYEHUA

[TonyyeHne ankaHCyJIb(OHOBBIX KUCJIOT NOAPOOHO obcyxmaercs B T. I, pa3n. 2.4.1,
a apeHCyJIbOHOBBIX KUCJIOT — B T. I, pa3n. 9.2.2.

Cyab(hooKucienrne aIKaHOB U IUKJIOAJKAHOB

TakuM crocoboM TONyYaroT ajkaH- U IUKJI0ATKaHCYJb(OHOBbIE KUCIOThI B
MMPOMBIIIIJIEHHOM MacliTabe:

SO,, 0,
R—H—,,—— R—SOs;H

I'mapoans cyabhOHIIXI0PHIOB

B MpOMBIIIIEHHOCTH TIPOBOIST TaKXe M CYIb(POXIOpPUPOBaHME aJTKAHOB.
AJIKaHCYJIB()OHOBYIO KHCIIOTY MOKHO ITOJIYYUTHh THIPOJU30M COOTBETCTBYIO-
LIEro aJIKaHCYIb(POHUIXJIOPUIA U B TaO0PATOPHBIX YCIOBUSIX:

S0,, Cl,

CH3CH2CH3T> CH},‘CH_CH_", + HCI,
IIponaH S|02Cl
2-miponiaH-
CyIb(MOHUIXIOPUT

CHy—CH—CH; 0, CHy—CH—CH, + HCI
SO,CI SO3H

2-TIpomnaH-
cynbhOoHOBasE KUCIO0TA

HykneoduisHoe 3aMeleHne rajioreHa B raJloreHaJKaHax

B nabopaTopun ankaHCYIb(OHOBBIE KMCIOTHI TAKXKE MOTYT OBITh JIETKO ITOJTy4Ye-
Hbl HYKJ1I€O(WIbHBIM 3aMellleHUEeM TajloreHa B rajloreHajJKaHax JIeiCcTBUEeM TUl-
pocynbGhUT-UOHA:

I I
#-C4Hy—Br + HO—S—O"Na® — C;Hy—S—OH
o)

OyraHcyab(poHOBas
KHUCI0Ta

1-6pom-
OyTaH

IMpumenenre NaHSO; obecrieunBaeT KOJMYECTBEHHbIA BBIXOI alKaHCYIb(O-
HOBOM KMCJIOTHI.
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1,2-3raHgucynbgoHoBasi KMC/I0Ta (OyHaTPUEBas conb). K pacteopy cynbduTa Ha-
Tpua (13,4 1; 0,1 Monb) B 45 Mn BoA! NpMBABASIOT NO Kansam B TedeHne 45 M1uH 1 npu
nepemMeLuneanumn 1,2-gmépomatad (10 r; 0,05 Monb). Mpu cMeLLeHWN 1 Nocne CMeLLe-
HWS B TeueHve 14 noaaepxmBaloT cnaboe KuneHme peakuMoHHoN cmecu. K okoHua-
HUIO KAMSIMEHUSt OPraHNYeCKnin Cnon ncyesaeT. CMech OXTaxaatoT, BbiMaBLLUME KPUC-
Tanibl OTOUILTPOBLIBAIOT M CcywaT. [POAYKT O4MLLA0T nepekpucTanin3aumen 13
BoAbl. Bbixon ovHatpueson conu 1,2-ataHancynsdoHoBoi kncnotel 10,9 1 (87%).

HykneoduabHoe npucoeaHeHde ruapocyibhur-nona
K aJbJeruiaM U KeTOHAM

an/ICOGI[I/IHf{HCB K agpaerngaM M KE€TOHaM, FI/I):[pOCYJ'[Bd)I/IT—I/IOH TaKK€ C BbBICO-
KHNM BbIXOJOM 06pa3yeT G—FI/I}IpOKCI/ICYJde)OHOBBIe KHNCJIOTBI:

OH
0 | o, @
CHs—C + NaHSO;—= C,Hs—CH—SO5Na
H 1-THAPOKCUIIPOTIaH-
npornaHaib cyab(hOHAT HATpUs

CyabthupoBanue apoMaTHIECKHX COeXHHEHMIT

B naGopaTtopHbIX YCI0BUSIX CYIb(PUpPOBaHME TTPOBOAST, NICHCTBYSI HA apoMaThye-
CKHUi1 cyOCcTpaT KOHLIEHTPUPOBAHHOM CEPHOI KUCIOTOM WJIM OJIEYMOM TPU yMe-
perHoM HarpeBaHuM (40—50 °C). B npoMbliIJIeHHOM MaciiuTade MpUMeHSIIoT 00-
Jiee BbICOKMe TeMrnepaTtypbl. OOpa3ylolilytocsl BOAY B XOJe peaklVu YAAISIOT U
Osiarofapsi 5TOMY JOCTUTAIOT BICOKMX CTENEeHEN MpeBpalleHUs] UCXOIHOTO yrje-
BOAOpOJA:

SO;H
+ H,SO4 (koH1I.) + H,O0
80°C
OeH30i1 OeH3oJIcyIb(hOHOBAs
KHUCJI0Ta
CH; CH;
+ H2$O4 (KOHLI.) + HQO
110°C
TOJTYOJ
SO;H
n-TONyoJCYIb(OHOBAST

Kuciora
(ocHo6HOI npodyKm)



122 Iasa 21. Cynb(pOHOBEIE KUCIOTHI

SOH
80°C + HO

1-nadranuHcyabhoHOBas
+ H,SO4 (xoHL.) —| KUCJI0Ta

HabTanH SO;H
160 °C + H0

2-HadTanuHcynbGoHOBasK
KUCJIOTa

MexaHn3M M 0COOEHHOCTH TIPOTEKaHMS Tpoliecca CYIb(UPOBAHUS B 3TUX
YCJIOBUSIX, B YaCTHOCTM €ro oOpaTMMOCTh, MOAPOOHO paccMoTpeHbl B T. II,
pasn. 9.2.2. B paza. 11.2.2 (1. 1I) paH aHanu3 pe3yabTaToB CylbUpoBaHus Had-
TajquHa: oOpa3oBaHUe |-HabTaTMHCYIb(MOHOBON KUCIOTHI NMpHU TeMmIlepaType
80 °C (kunemuueckuii ghakmop) n 2-HapTaTUHCYTHMOOHOBON KUCIOTHI TIPU TEM-
niepatype 160 °C (mepmodunamuueckuii paxmop).

HenocratkoM npuMeHeHUs] KOHLIEHTPUPOBAHHOMN CEpHOIl KUCIOThI WX OJie-
yMa B KayecTBe CYJIbMUPYIOIINX areHTOB CIeAyeT MPU3HATh 00PaTUMOCTb PEaKIIUM:
HaKOIJIEeHUE BOJbI B PEAKIIMOHHOI Macce MOCTeNeHHO YBEIMUMBAET CKOPOCTh 00-
paTHOI peaKlIMU U OCTAHABJIMBAET MPOLIECC CYIb(PUPOBAHUS MTPU JOCTVKEHUU He-
KOTOPOI KOHIIEHTPAIMW CEPHOI KMCIOTHI (OTpeaeIeHHOM TS KaKI0ro apeHa).

OO6paTUMOCTb peakiuu CYIb(PUPOBAHUS UCKITIOUEHA TTPU UCTIOIb30BAHUU CEP-
HOT'0 aHTUAPKUIA, KOTOPBI IPUMEHSIIOT B CBOOOJIHOM BU/E, B BU/IE PACTBOPOB B MO-
HoruzapaTte (oseyM), a TakKe B BUIE KOMITJIEKCOB C JUOKCAHOM WJIM MUPUIAUHOM.
[1pu 3TOM MoTyYeHUe CyIbMOKUCIOTHI HE COMTPOBOXKAAETCS 00pa30BaAaHUEM KaKUX-
JINOO TOOOYHBIX MPOAYKTOB U, KaK MPaBUJIO, UAET C KOJTMYECTBEHHBIM BHIXOIOM.

CynbbhupoBaTh apoMaTUUECKHE COSAMHEHMSI MOXKHO TakKXe W XJI0pCYiabho-
HOBOW KUCJIOTOW:

CISOsH SO3H
@ & ©/ + HCI

Yaiie 3Ty peakiuio IPUMEHSIOT IJIsI TTOJIyYeHUS XJIOpaHTUAPUAA CYJIb(OKKC-
JIOTHI B OJIHY CTaJIAIO:

2CISOsH SOZCI
© 2CISO4H _ ©/ + HCI + H,S0,

OeH301 OEH30J1-
cyabdoxaopun
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3amaua 21.1. M3BecTHO, 4TO peakiiusi CyIb(UPOBAHUSI apOMATUYECKUX YIJIEBOAOPOAOB KOHIIEHT-
PUPOBaHHON CEPHOU K1CI0Tol obpatuma. [1peanoxure ycaoBus nmosydyeHust 6eH301Cyb(HOHOBOI
KHUCJIOTBI, B KOTOPBIX OCHOBHAsI peakiiysl He Oblia Obl OCJIOXKHEHa 00paTHOM peakIIueit.

21.3. OU3NYECKHUE CBONICTBA 1 CTPOEHME

CYHBd)OHOBLIC KHCJIOTBI 1 UX IIPOU3BOAHBIE — 6CCHBCTHHC, Yqaule BCETO KpH-
CTAJVIMYECKHME BEIICCTBA, paCTBOPHUMBIC B BOJE.

CynbdoHoBas Tpyniia MMeeT TeTpasapudeckoe CTpoeHue; Bce cBsa3u S—O
B COJISIX OAMHAKOBBI U OJIN3KU K HBOfIHbIM. Hwuxe nmokaszaHbl T€OMETPUYECKHUE
rmapaMeTphbl CyJIb(POHOBOI I'PYMIILI B COCTaBe ZNn-Cojii 0€H30/ICYIbGOKUCIOTHI.

©
10928 O
f\s/r) 109°28’ 7720
C¢Hs— S n
65151 24X, O

1,39A0
2

Cynbdorpyria siBisieTCs CUIIbHBIM 3JIEKTPOHOAKIIEITOPOM, MTPOSIBIISET — /- 1
—M-3¢ddeKThl.

214. PEAKIINN

21.4.1. Kucaorusie cBoiicTBAa

CynbdoHOBbBIE KUCTOThl — OY€Hb CUJIbHBIE KUCJIOTHI, CPABHUMBbIE T10 CUJIE C MU -
HEPaJIbHBIMU KUCJI0TaMU. 3HaYeHus K, CylIb(OHOBBIX KUCIOT U3MEHSAIOTCS B
ToM Xe uHTepBaje (—5,0)+(—8,0), yro u 3HayeHust pK  CUIbHBIX MUHEPATbHBIX
kuciaot. [Toatomy cy1b)OHOBBIE KUCIOTHI JIETKO 00Pa3yIOT COJIU JaXe CO CIa0bl-

MU OCHOBAHUAMMU.
Ar—SOH + H,0 == Ar—S0; + H;0°

0 @
SO3H SO3Na
+ NaOH — ©/ + H,0

0eH301- OeH30I1-
cyJibhOKHUCIIOTa cynbhoHaT HATPUs
e ®
SO;H SO;Na
+ NaHCO; — + CO, + H,O
CH3 CH3
n-TOJIyOJI- Nn-TOJIyOJI-

cynbhoKucIoTa cybGhOoHAT HATPpUS
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21.4.2.  Peaxumu S Ar apeHcyab(OHOBBIX KHCIOT

CysiboHOBasl IpyIa — CWIbHBINA 1e3aKTUBUPYIOIIMI 3aMECTUTEN b, OPUEHTH-
PYIOLIMI aTaky 3JIeKTpo(UILHOTO areHTa B Mema-nonoxenue. [Tostomy BBeae-
HMe BTOPOU CYJIb(hOHOBOM TPYIIITHI MPOTEKAET B 3HAYMTENIBHO 00JIee JKEeCTKUX YC-
JIOBUSIX C 00pa3oBaHKEM M-0eH30IIUCYIb(MOKUCITIOTHI:

SO;H
20%-it _20%-1i oneym
90 °C
OeH301 M-0€H30J1-
IUCYIb(MOKUCIOTA

TaxKe B XE€CTKMX YCIOBUSX U ¢ 00pa3oBaHUEM Mema-u30Mepa CyIbpUpyIoT
HUTPOOEeH30:1. [1py 3TOM MOJyYaroT M-HUTPOOEH30ICYIb(MOHOBYIO KHUCIIOTY.

ITpu HarpeBaHUM apoMaTUYeCcKoil cynb(oHoBoM KucaoThl mpu 100—170 °C B
BOJHOM pacTBOpe 00pa3yeTcsl apOMaTWYeCKU YIIEBOAOPOMA C OTIIEIUIEHHEM
MOJIEKYJIbI CEPHOM KMCJIOTHI, T. €. IPOTEKAeT peaKns IeCyIbOUpOoBaHMS:

CH, CH;

H,0, H®
HO3S CH3 neperpeTslii nap CH3 + HySOq4

M-KCU0-4-cynbhoHoBast M-KCUJION
Kuciora
DTO CBOMCTBO apeHCYIh(DOHOBBIX KUCIOT MPUMEHSIIOT B CXeMaX HaIlpaBJIeH-
HOT'O CMHTEe3a 3aMEeIIEHHbIX apEHOB, BBOIS CYJIb(OHOBYIO IPYIIY B KAaUeCTBE 3a-
IIUTHON (DYyHKIIMOHAJBHOU I'PYIIbI, a MO OKOHYAaHMU CHMHTE3a JIETKO YA ee
HarpeBaHUeM MpPOIyKTa B pa30aBJIeHHOM cepHOI KucaoTe. B KauecTBe mpuMmepa
HIDKEe MoKa3aH CUHTe3 2-0poMdeHoa.

OH
SO;H SOsH
HQSO4 BI‘Z H3O
100°C HZO 100°C

SO;H SO;H
deHon dbenon-2,4-nucynbdo- 6-6pombeHoI- 2-6pomMdeHon
HOBasi KUCJI0Ta 2,4-nucynbdo-

HOBadA KUCJIOTa

OpueHTalus pU CyIbOUPOBAHUN apPEHOB CUIIBHO 3aBUCUT OT TeMITepaTy-
pbl. CyabdpupoBaHue Toayosa npu Hu3koi temmneparype (0 °C) mpuBoauT K
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ob6pasoBaHUIo 54% n-uzomepa u 42% o-ToyosnCcyab(MOHOBOI KUCIOTHI, a IIPU
Bbicokol Temniepatype (100 °C) — 79% napa-uzomepa u tuib 13% o-Toayoun-
CYJIb(POHOBOIM KMCIOTHI:

CH;, CH;, CH;,
SOH
H,S04 H,80,
0°C 100 °C
0-TOJTyOJI- TOJTYOJT
cynbhOHOBasI SO;H
KHCJI0Ta n-TONyOII-
cysibhoHOBast
KUCJIOTa

CynbhupoBaHue XJI0pOeH30J1a TPOTEKAET 00Jiee N30MPATEIBHO, TIPEUMYILIE-
CTBEHHO C 00pa3oBaHUEM N-XJIOPOEH30/ICYIb(MOHOBON KUCIOTHI:

Cl Cl

H,SOy, MoHOTHApAT
t

XJIOpOEH301 SO;H

n-XJ1I0pOEH30JI-
cyJb(oHOBast
KHCI0Ta

3amaua 21.2. B cuHTe3ax 3aMelIeHHBIX OEH30JI0B YAaCTO TIPUMEHSIIOT BpeMEHHOE BBEICHNE
cynabdorpynmbl. Mcionb3ys 3TOT IpueM, MPeUIOKUTE CXeMBbI CJIeAYIONIUX TTPeBpaIleHUi:

a) 6eH3011 — 0-OpPOMTOJTYOJT;
0) pe30pLUUH —> 2-HUTPOPE3OPLIUH.

21.4.3.  Peaxkuuu 1mea04HOro miaBjIeHus

ITpu crutaBneHun Na-coim 0eH30ICYIb(MOKUCIOTHI ¢ TBEPAOI IIEI0UbI0 00pa3y-
eTcs (peHOKCHI HaTpHs.

0 ® 0 ®
SOs;Na 00-C ONa
+ 2NaOH pT— + Na,SO; + H,O
GeH30nCyIbhoHAT beHoKenI HaTPHst

HATpus
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DTy peakinIo Ha3bIBAIOT peakuuei uea04nozo niasienus. OHa MpoTeKaeT Mo Me-
XaHU3My Sy Ar ¢ TIPOMEXYTOUHBIM 06pa30BaHUEM OTPULATEIHLHO 3aPSKEHHOTO
O-KOMILIEKCA:

9 ® RIS
SO3Na HO SO?N&CQ .O. Na OH
Qe e . MemieHHO ObICTPO H®

— S0}

1 HaXOJUT 3HAYMTEIBHOE IPAKTUYECKOE NTPUMEHEHNE, OCOOEHHO I CHUHTE3a
MMPOMEXKYTOYHBIX ITPOAYKTOB Ha(hTAIMHOBOTO PSI/ia.

Tak e T1agKo, HO B JKECTKUX YCIOBUSIX ITPOXOIUT 3aMeIleHne CYIbhOorpyIi-
bl Ha HUTPUJILHYIO TPYIIITY:

0 ®
SO;Na C=N

+ NaCN CILIaBJICHUEC + Nast3

2-HadTanuHCyIbDOHAT 2-unaHHabTAIMH
HaTpust

21.5. IMPON3BOJAHBIE CYJIb®OHOBBIX KNCJIOT

Kak 1 kapOOHOBbIE KUCTOTHI, CYTb(OHOBBIE KUCIOTHI 00Pa3yIOT COOTBETCTBYIO-
1IMe MPOU3BOIHBIE MO KUCIOTHON yHKIMKU. Hanbosee BaXKHBIMU Cpeau 3TUX
MPOU3BOJHBIX SIBJISIIOTCS] XJIOPAHTUAPUIBI, 2(DUPHI U aMUIBI.

21.5.1.  CyabhoHuaxaopuabi

XJopaHTUAPUIbl CYyJIb(OHOBBIX KUCJIOT, Ha3blBaeMbIE CYaboHUIXAOpUIAMU
(cyavghoxaopudamu), ionydaiot aeiicrBueM xjopuaa gocdopa(V) niam TMHOHUI-
XJIOpUJa Ha CYIb(MOOKUCIOTHI WIM UX COJIU:

ArSO;H + PCls— ArSO,CI + POCI; + HCI

ITpu o6paboTke M30BITKOM xy1opcyiabponoBoi kuciaotel HSO;Cl apoma-
TUYECKHE YIVIEBOIOPOIBI MOXKHO HEIMOCPEACTBEHHO MPEBPAIaTh B CYIbMOHUII-
XJTOPHIBL:

NH_ O NH_ O
le 2HSO4CI (|3
CH3 CH3

CIO,S
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CynbhOHUITXIOPUIBI YIOOHBI IS TTOYYEHUS IPYTUX MTPOM3BOIHBIX CYIb(HO-
HOBBIX KUCJIOT U TIPEXIEe BCEro TeX, KOTOPhIE HEJIb3sl MOJyYUTh HEITOCPEICTBEH-
HO U3 CylIbhoKucaoT. Tak, cyab(OOHWIXIOPUIBI PearnpyloT CO CIIMpTaMu 1 de-
HOJIaMU, JaBasl CJIOXKHBIE 3(UPHI CYIb(OHOBBIX KUCIOT:

SO,Cl SO,0CH;
_CH;0H _

METUI0EeH30JICYJIb(OHAT

C aMMUIaKoOM ¥ ¢ aMUHaAMMU CYJIb(OHUIXJIOPUABLI 00pa3yIOT aMUJIbL:

SO,NHCH;
CH;NH,
SO,CI CHy
2 | N-MeTHI-1-TOIYOJICYIb(haMus
CH; NH, SO,NH,
N-TOJIYOJICYIb(hOXTOPUI
CH;,

N-TOJTYOJICYIb(aMu

B 51ux peakumsx cyibGoXJIOpUAbl MEHEE aKTUBHBI, YEM XJIOPAHTUIPUILI KapOo-
HOBBIX KHCJIOT.

ApeHCYTb(OOHWIXIIOPHIBI TJIAAKO B3aUMOICHCTBYIOT ¢ apOMATHUECKUMM yT-
JIEBOJIOPOJAMHU B MPUCYTCTBUU XJIOPUIA aTIOMUHUS:

A1c13

C¢Hg + C4HsSO,CI C¢HsS0,CyHs.

nudeHuncyabhoH
DTa peaklms aHaJOrMYHa peakuusMm auuiarpoBaHus no @punemo—Kpadrcy n
BeJET K MOJIyYeHUIO JUapUICyIb(hOHOB.

Boccranosienue cyabGOHMWIXIOPUAOB ZN-TbUIBIO JAET CYIb(PUHOBLIE KUC-
JIOTBI:

S0O,Cl SO;Na”

Zn, HzO N32C03
90°C NaOH

CH; CH;
n-TOJTYOJCYIbGhO- n-TONYOJICYIbGbUHAT
XJIOpU, HaTpus

(TO3UIXJIOPUT)
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Cynab(puHAT-UOHBI, KaK U CYAb(PUT-, U TUIPOCYJb(MUT-UOHBI, SBISIOTCS
ambudeHmHsIMU HyKAeoguAamMu VI B pEaKLUsIX C TaJloreHalKaHaMU pearupyior rno
aTOMY cepbl C 00pa3oBaHUEM CYJIb(HOHOB:

Y0 _OiNa T
L] L] a
A 0=S$=0
+ CHI —— + Nal
METHUII-
WO
CH; CH;
Na-n-Tosayoi- METHII-
cyJibuHaT N-TOJIMIICYTb(DOH

21.5.2.  Ddmpwi

Ddupsl CyIbPOHOBBIX KUCIOT ABISAIOTCA 3(DGEKTUBHBIMUA PeareHTaMK B peak-
LMUSAX HYKJIeO(GHMIBHOTO 3aMelleHns Y anndaThdeckKoro aroma yriaepoaa. s
3THUX 1leJIell IUPOKOoe MPUMEHEHNE MOJYIWIN TIpeXIe BCero 3UpPhl 7-TOIYO-
CYIbMOOKUCTOTHI (mo3usamet). TO3WIATEI, B CBOIO O4Yepeb, JIETKO 00pa3yroTCs
Ipy 00pabOTKE CITUPTOB TO3WIXJIOPHUIOM B TIPUCYTCTBUU IMUPHUIAHA.

OH 0S0,C¢H4CH;-n
CsHsN
+ n-CHiCsHyS0,Cl —5-c
N-TOTYOJCYTbMDOHUI-
LIMKJIO- XJIOpUA LIMKJIOTeKCHUIT-
TEKCaHOJI (TO3UIXJIOpUL) n-TOyoJCYIbMOHAT
(LMKJIOTEKCUITO3MUIIAT)
0S0,C¢H,CH;-n OCOCH;
O ® O, ®
+ CHCOOK? - + CH;C¢H,SO5K
LMKJIOTeKCUIaleTaT

B peakuusx §y2 ycnenHo NpuMeHsIIOT TaKxKe:
— 2Gbupbl n-6pPOMOEH30IICYIBDOHOBOI KUCIOTHI (Oposuramet) n-BrCcH,SO,0R,
— 2(huUpbl MeTaHCYIbHOHOBOM KUCIOThI (Mesuramot) CH,SO,0R,

— 3¢upbl TPUHTOPMETAHCYIbHOHOBON KUCTOTHI (mpughaamet) CF;SO,0R.
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To3swnatel, 6po3uiIaThl, Me3WIAThI U TpUGIaThl OOHAPYKMBAIOT BbIIAIOLIECS
ATKWIMPYIOIIE CBOMCTBa Gyiarogapsl TOMY, YTO peaKLMU HYKJIeO(DWIHLHOTO 3a-
MEILIEHMSI ¢ yJ4acTUeM 3TUX 2(UPOB COMPOBOXKAAIOTCSI 00pa30BaHUEM OUYEHb XO-
polux (CTabUIbHBIX) YXOASIIMX IPYII — aHUOHOB COOTBETCTBYIOIIUX CYJIb(o-
HOBBIX KUCJIOT:

n-CH,CH,SO5, n-BrC,H,SOS, CH,S0S, CF,S05

21.5.3.  Amuapl

AMUIIBI CYJIb(OHOBBIX KUCIOT, Ha3biBaeMble cytbgonamudamu (cyavpamuoamu),
ABJISIOTCS CUITbHBIMA N H-KHCITOTaMU 1 JIETKO pacTBOPSIIOTCS B BOAHBIX PACTBO-
pax 1eJIoYei:

Ar—SO,NH, + NaOH == ArSO,NH®Na"+ H,O0.

Amunbl cynbpanuinosoii kuciorsl (4-NH,C.H,SO,0H) u HekoTopbie poa-
CTBEHHbBIE aMUJIbl MIPEACTABISAIOT 3HAYMTEIbHBIA NHTEPEC JUIST MEAULIMHLBL. Peub
UJET O TPYIINE JIeKAPCTBEHHBIX CPEACTB, HAa3bIBAEMBbIX CYAbDAMUOHBIMU NPenapa-
mamu. HexoTopble 13 cyabOaMUIHBIX MPENapaToB MOKa3aHbl HIXE.

N S
SO,NH, SONH—( A SONH— ]
N= N

NH, NH, NH,

cyJib(haHUIaMUT cyabdanumesnH cysbhaTrazon
(benvtii cmpenmouyud)

HAWBOJIEE BAXHBIE ITPEJCTABUTEIN

bensoacyshonosas kuciora C,H;SO;H. Ionyyaror cynbbupoBanuem 6ensona. becuseTHbie
TMTPOCKOIMYHbIE KPUCTAJUIbI, pacIijibiBalolMecs Ha Bo3ayxe, T. M. 171—172 °C (6e3-
BOJIH.), 45—46 °C (MOHOTHIPAT); XOPOIIIO paCTBOPpMMA B BoJie U 3TaHoje. HaTpuesast cojib
06eH30JICYTh(OHOBOI KUCIOTHI TIPUMEHSIETCST B TIPOU3BOACTBE (eHoa.

benzoncyabhonnaxnopun C H;SO,Cl nonyyaror BzanuMoneicTeeM 6eH301a ¢ XI0pCyabho-
HOBOI KHCJIOTOM. 2KMIKOCTD, AbIMsIIIast Ha Bo3ayxe, T. kum. 251,5 °C. HepacTBopuM B BO-
Jie, XOpOIIO pacTBOPSIETCS B 3TaHOJIE, TUITUIIOBOM 3(upe u xiaopodopme. ITpumeHsioT
IJIs1 TIoJTydeHUs1 OeH30IIcyIb(amMuaa, alKUIOBbIX 2(PUPOB OEH30JICYIbMOOKUCIOTH (AJIKH-
Jpytonye areHTsl). [lapbl CWJIBHO pa3apaXxaloT CITM3UCThIe 000TOUYKHY TIa3 U JAbIXaTelTb-
HbIx mmyTeit. [TJ1K 0,3 mr/M3.

CuHTeTHYECKHE MOIOIIHNE CPeNCTBA — CMECH COJIeil pasMIHBIX CyIb(OHOBBIX KUCIOT. [1pu
CyIb(pUPOBAHUY CMECH ATKAHOB C YMCIOM YIIepoaHbX atoMoB C,—C, Io/Iy4aloT cMech
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aJIKaHCYJIb(POHOBBIX KUCJIOT U UX cojieir (MepcoisiThl). Takue cmecu sBisitorest [TAB u xo-
POLLIMMU MOIOIIMMU cpelicTBaMu (aetepreHtamu). [1pu cyabhupoBaHUU anKUiIOEH30JI0B
WK QTIKWTHAQTATMHOB ¢ JUIMHHBIMU alKWIbHbIMU rpyniamMu (Co—C, 5) ToTyJaroT aakui-
apuIICyJIb()OHOBBIE KHUCJIOTBI, COJU KOTOPBIX TaKXKe SIBJISIOTCS XOPOIIMMU MOIOIIMMU
cpenctBaMu (CyIb(OHOIBI).

Cyabonan (terpameriencyibdon) (CH,),SO, moryyaror us 1,4-0yraguena u SO, ¢ mocie-
NYIOIIMM TMAPUPOBaHKMEM anaaykTa. becuBeTHas XKUAKOCTh, T. KuIl. 283 °C (743 MM pT.CT.);
pacTBopsieTcsl B Bojie U aTaHoJjie. [IpruMeHsieTcsl Kak pacTBOPUTENb ISl IPOBENIeHUsI peak-
W HYKJIEO(PMITBHOTO 3aMeIlleHUsI, XOPOIIIO COJbBATUPYET KATUOHBI M PACTBOPSIET HEKO-
TOpbIe HEOPTAHUYECKHE COJIH.

n-Toayoacynsdonosas kucaora n-CH;C H,SO;H. [Monyyaior cynbduposanuem Tosryona npu
100—110 °C. BecuBeTHbIE KPUCTAJIIBI, XOPOIIIO PAaCTBOPUMBIE B BOJE, 3TAHOJIE U AUITUIIO-
BoM 3¢upe. [IpuMeHsIOT B KauecTBe KMCJIOTHOTO KaTaJlu3aTopa BO MHOTMX OPraHUYECKUX
peakimsiX, Tak Kak 3TO COeIMHEHHE XOPOIIO PAaCTBOPUMMO B Pa3IMYHBIX OpPraHUYEeCKUX
PacCTBOPUTEJISIX.

Xnopamun T (HaTpuesast coib N-xJ10p-#7-ToyocyabdoHaMuna) — ne3nHOUINpYIolee U Jie-
ras3upylolee CpeacTBo, IeMCTBYeT KaK CUJIbHBINM OKUCTUTEb.

Jlas yeaybaennoeo uzyuenus

THUOJIbI, CYJIb®UADBI, AUCYJIbOUbI

CTpoe}me " NnoJiydyeHue

Tuoaamu Ha3bIBaIOT S-aHaJIOTH CITUPTOB. B Ha3zBaHUSIX MO cHUCTeMaTUYECKOM
HOMCEHKJIAaTyp€ K Ha3BaHUIO aJIKaHa le/IﬁaBJ'[ﬂIOT OKOHYAaHHE «THUOJI».

CH,CH,SH CH,CH,CH(CH,)SH

3TAaHTUOJI 2-0yTaHTHOJI

OCHOBHBIE CTPYKTYPHBIE OTJIWYUSI TUOJIOB OT CITMPTOB COCTOSIT B CJIEIYIO-
IeM:
— cBs1i3b C—S Ha 0,4 A wmunnee, yem casp C—O (1,82 A npotus 1,42 A);
— yroj1 C—S—H pasen 100° npotus 3HayeHus 108° misg yrima C—O—H, yto
COOTBETCTBYET OobilieMy p-xapakrepy HOIT aroma cepbl 110 CpaBHEHHIO C
HOII aroma xuciopoaa.
Tuonbl 00/1agal0T CUJIBHEHIIMM HEMPUSTHBIM 3allaxoM: 3aIax 3TaHTHUOJa
OLIYTUM NpH pazbdasiaeHuu 1 : 50 - 10°.
Tuoabl — 3HAYNUTETHLHO 00JIee CUITbHBIE KUCIOThI, HEXKEJTH CITUPTHI:

CHsSH + OH° = C,HS° + H,0
pK, 10,6 pK, 15,7

4To O6BHCHHGTCH, IIo-BUAMMOMY, OoJbLIEeH YCTOﬁqHBOCTB}O THOJIAT-UOHOB
BCJICACTBUEC nqueﬁ JeJoKaJIn3al OTpULATECJIBbHOIO 3apsdda Mo CpaBHEHUIO C
AJIKOKCHUI-MOHaAMMU.
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THOJBI [TOJIYYalOT 3aMEIIEHUEM TrajloreHa B rajoreHajakaHe IeCTBUEM THJI-
pocyabhUI-NOoHA:

©)
CH;(CH,)(CH,I + NaSH® CH,(CH,),CH,SH

1-vuonoKTaH OKTaHTHOJI

C,H;0H

an/I TIOJIYYEHUHN TUOJIOB 9TUM METOAOM Heo0XoauMO IIPUMEHATD 3HAYUTEIbHbINA
n30bITOK SH-noHa BCJICACTBME PAaBHOBECHUSA

SH® + RSH = H,S + RS°

TronAT-NOHBI SIBISIOTCS CUJIbHBIMU HYKIICOd)I/IJ'IaMI/I 1 MOTYT p€arupoBartb C
rajoreHajJKkaHaMu C 06pa3OBaHI/ICM COOTBETCTBYIOILIMX CYJ'Ibd)I/IZ[OBZ

RS® + R—Br —= R—S—R + Br°

3HaunTebHO GoJiee 3 GEKTUBEH TTPU MOJNYYEHUHW THOJIOB METO, OCHOBAH-
HBIIf Ha MIPUMEHEHUY TUOMOUYEBHHEI:

“NH,

I I
CHy(CHy)Br + H,N—C—NH, o~ CHy(CH,);,—S—CNH,BF,

TUOMOYCBHMHA

“NH,
I © NaOH/H,0

l
CH3(CH2)11_S_CNH2Br P CH3(CH2)HSH + H2N_C_NH2

1-ponekantuon (80%)
DTOT METOJ, TTO3BOJISIET N30eKaTh IOOOYHOI0 00pa30BaHUs CYIb(PUIOB.
Tuonapl Moryr OBITb IPUTOTOBJIEHBI U B3aUMOAECHCTBHEM pPEaKTUBOB
I'punbsipa c cepoii:
HCI

(CH;);C—MgBr + S; —— (CH;);C—S—MgBr ——~
——~ (CH3);CSH + MgBrCl

2-METUII-
2-NPONaHTHOJI

Peakuneit §y2 MOTyT ObITh MOJTy4eHbl KAK CAMMETPUYHBIE, TAK X HECUMMET-
PUUHBIE cyabghuont:

C,HsS° + (CH;),CHCH,Br —~ C,H;—S—CH,CH(CHa),
sti(u300yTm)cynbbun (95%)

s mojaydeHust AMapuiacyabGuaoB MPUMEHSIIOT PeakiUIo TaTIOTeHUI0B Cepbl
C apeHaMU B MPUCYTCTBUU KUCJIOT JIbtouca:

AlCl5

ArH + S,Cl, Ar—S—Ar + HCI
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Jucyavghudor monyvaroT OKMCIEHUEM THUOJSATOB WJIM aJKUJIMPOBAHUEM

HEOPraHMYeCKUX AUCYTbPUTOB:
Q, ® 0]
RSNa~ — R—S—S—R

R—X + Na)X, —¢ R—S—S—R + NaX

XuMHYECKHe CBOCTBA

Kak yke oTMeueHO BhbIllIE, aHUOHBI, TOJIYYeHHbIE U3 TUOJIOB, SIBJISIOTCS OTHUMU
M3 CaMbIX aKTUBHbBIX HyKyieodusos [1]:

9 ® C,Hs0H
CH3SNa + ClCHzCH2OH CH3SCH2CH20H

MeTuI(B-ruapokcuaTii)cyibbun (80%)

HeiiTpanbHble Cyab(UabI TAKXKE SABISIOTCS XOPOLIMMU HyKJIeoduaamu [2]

®
(CH;),S + CHjl (CH;),SI°

25°C, 124

[TpoayKThl aJKUIUPOBAHUS CYIbMDUIOB — UOHBL CYAbHOHUA — VMEIOT MUpPaMU-
JaJIbHOE CTPOEHME U CMIOCOOHBI CYIIIECTBOBATh B BUE SHAHTUOMEPOB:

ol ol

RS SR
WA /N
R R, R, R

HNoHnbl cynbhoHUS XapaKTepu3yloTcsl noBbilieHHON o-CH-KKMCIOTHOCTBIO.
OHM JIETKO ITOJBEPraloTCsl META/UIMPOBAHMIO ¢ 0Opa3oBaHueM MJINAOB (OeTa-

WHOB).
T

@ e
Br(CH,),S—CH, + H,C>Li— (CH;),S—CHS + CH, + Br
METUITN
TUMETUIICYTbMOHUS
CynbOOHUAMINIBI IPEACTABISIOT 000 CTaOMIN3UPOBAHHBIE KapOAHUOHBI U
HaxoaAT NPpUMEHEHUE B OPraHNYE€CKOM CUHTE3E.
Byayun cvIbHBIMU HYKJIeODUIAMU, CYIbMUILI SBISIOTCS OYeHb ClIa0bIMU
OCHOBAHUAMU. UX OCHOBHOCTBH ITOYTU Ha 2—3 nmopsgaaka HHXKE OCHOBHOCTU
3(UPOB:

(CHy);8& + HX == (CHy),SZHX"
pKa(BHe) —5,25
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Cynabduasl 1erko OKUCISIIOTCS ¢ 00pa30BaHUEM CYAb(OKCUO08 U CYAbPOHOE:

0
. 1ol I ol [
R—S—R' — R—S—R' — R—?—R
0
cyJbpua cyJIb(hOKCHL cyJibhoH
Hanbonee M3BECTHBIN MUAIKWICYIbMOKCUT — AMMETUICYJIb(MOKCUT —

MOJYy4YaloT OKMCIEHUEM AMMETWICYIb(MUAa KUCIOPOJAOM BO3AyXa B MPUCYTCT-
Bun NO,:

i
H3C_S_CH3

JMMETUIICYJIL(OKCHUL

(CH3),S + 1/20,

Humernncyabdokenun (JIMCO) sBisieTcs YHUKaJAbHBIM pacTBOPUTEEM: OH
JIETKO PacTBOPSIET MHOTME HEOPraHWYeCKMe COJU U OOJBIIMHCTBO OpraHuye-
ckux BewecTB. I1pu padore ¢ AMCO cienyer nposiBiasiTb OCTOPOXKHOCTb U He
JIOTTYCKaTh €ro MonagaHus Ha KOXY, TOCKOJIbKY OH JIETKO IMPOHUKAET Yepe3 KOX-
HbII TOKPOB M BHOCUT B TKAHU OpraHM3Ma pacTBOPEHHbIE BELIECTRA.

DHAHTUOCEJIEKTUBHBIN CUHTE3 CYJIb®OKCHUIOB

[TonyyeHue cynbMOKCHUIOB OKHUCIEHUEM CYIb(GUIOB — YHUKAJIBHBLINA IpUMEpP
TOT0, KaK XMpaJbHbII KaTaJanu3aTop «IMCKPUMUHUPYET» SHAHTUOTOITHBIE aTOMBI
WIM CTOPOHbBI IPOXUPATBLHON MOJIEKYJIbI — MPUMEPHI, ¢ KOTOPLIMHM MBI 3HAKO-
MwIuch B KoHIe 1. 3 (T. I). [Tpu okucieHun cyab(praoB pedb UIET O «pacio3Ha-
BaHUMW» B pEaKIIMOHHOM KOMIUIEKCE SHAHTUOTOITHBIX Map HEMOACICHHBIX 3JIeK-
TPOHOB aTOMa Cephl.

™= _

KT
pro-(5) @ /o pro-(R)

Kak u B peakiusx Ipyrux npoxvupaabHbIX MOJIEKYJ, aXMPaJIbHbIN peareHT He
pasznuyaeT sHaHTHOTOIMHbBIE Tapbl HOI1. C XxupajlbHbBIM peareHTOM WJTA KaTaJIu -
3aTOPOM TIPOXMPATbHBIN Cyabdua obpadyeT aBa peaKLMOHHBIX KOMILIEKCA,
KOTOpbI€, KaK U B IPYTUX MPUMepax IHAHTUOCEIEKTUBHOIO CUHTE3a, SIBJSIOTCS
duacmepeoceaeKmusHbIMU, T. €. 00Pa3yIOTCS U pearnpyloT ¢ pa3IMdHbIMU CKOPO-
ctsiMu. Hrke TpyBeeHBI JTaHHBIE TSI IBYX PEAKIIMOHHBIX CUCTEM.

Okucnenue ankwi(apwi)cyiabduaoB mpu temneparype —20 °C peareHTOM
laprnecca, [Ti(O—i-Pr),-mpem-BuOOH-(R, R)-auatunraprpar], npeaioxeH-
HBIM JJIsI aCUMMETPUYECKOTO SITOKCUAMPOBAHUS aIKEHOB M MOAM(PULIMPOBAH-
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HBIM J00ABJIIEHUEM OJHOTO 3KBUBAJIEHTA BOIbLI, 00ECIIEYNBAET SHAHTUOCETEK-
TUBHBIA CUHTE3 CYIb(POKCUIOB C SHAHTUOMEPHBIM M3OBLITKOM (ee) mo 90%.
DHAHTUOCEIEKTUBHOCTh OKUCIIEHNS] TUATKWICYIb(GUIOB HECKOIBKO HIXKE U He
npesbitaeT 70% [3]:

©)]
KaTaamu3aTtop — 0)
S peareHT '
/ —_— C.H [aprnecca ®
CH 615 07, 54 S__
3 CH/ CeH;
3

XupaibHble CYTh(HOKCUABI MOTYT OBbITH MOJYYEHBI U IIPU OKUCICHUHU CYJIb(hU-
JIOB ITIEpUOAATOM HATPHS B IIPUCYTCTBUU KATATUTUIECKIX KOJIMYECTB aTbOyMUHA
(bovine serum albumin, BSA). Kak uszBectHo, BSA sBisieTCsI TpaHCIIOPTHBIM
0eJIKOM, KOTOPBIM COIEPKUT B CBOEH CTPYKTYpe TMAPO(POOHbBIE MOJIOCTH, CIO-
COOHBIE BKJTIOUATh HU3KOMOJIEKYJISIPHBIE OpraHndecKue cyocTpaThl 6e3 00pa3o-
BaHUsI KOBaJIeHTHBIX cBs3eit. C aToil Touku 3peHus, BSA ciemyer mpusHaTth
BeChbMa TEPCITEKTUBHBIM XUPATbHBIM HHCTPYMEHTOM ISl AaCUMMETPHUYECKOTO
cuHTe3a. OkucieHue uzonponui(deHun)cyabduaa aeiicTBueM nepuoaaTa Hat-
pyst B TIPUCYTCTBUU KaTAIMTHUECKUX KojimdecTB anboymuHa (0,05 MOJIb-3KB)
npu 25 °C B TeyeHUe 2 4acoB obecrieymBaeT mojiyueHue (R)-3HaHTHMOMEpa C
BBICOKOI 9HAHTHOCEEKTUBHOCTEIO (81% ee) [4]:

O@
S NalO,/BSA '
®
(CH,) c{{ CoHs - e S
3)2 e C¢H;
n3onpormwi(heHnn)- (CH3),CH
cymua (R)-(peHumn(u3onpornui)-
CyIbMOKCH

XupajabHble CYJIbMOOKCUIBI TTPEACTABISIIOT HECOMHEHHBI UHTEPEC 1T CUH-
Te€3a XUPAJIbHBIX CUHTOHOB B IIpOIlECCaX aCMMMETPUYECKOro OOpa3oBaHUS
CC-cBaseil.

TUOKAPBOHW/IbHBIE COEIUHEHHNA. AHETUJIKODH3UM A

Tuoaavdeeudvt Vi muoxkemonsvt B CHUHTETUYECKOI MPaKTUKE BCTPEUAIOTCSI CPaBHU -
TeJbHO penaKo. OHU MOTYT OBbITh MOJyYeHbl B MOHOMEpPHOIT (hopMe, HO ObICTPO
OJIMTOMEPUBYIOTCS 0 UUKINUESCKUX TPUMEPOB:

] s

S
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ATOM cepbl B THOKAPOOHUJIBLHOM IpyTiie 00JagaeT HyKieo(hWIbHBIMU CBOM -
cTBaMH [5]:

S 4+ CHyl ———— X S—CHj

\ 25°C, 124 | ©
CH; CH;
//O /O
Tuoxucaomot R—C\ U muo3gupot R—C\ JIOCTAaTOYHO CTAOWJIbHBI
SH S—R'’
//S
U pacIIpoCTpaHeHbl B OTJIUYMUE OT R—C\ u R—C\
OH OR'
P ||
CH3—C\ CH;—CH,—C—SC(CH;);
SH
TUOYKCYCHAsI KUCJIOTa mpem-0yTUJITUOTIPOTIAaHOAT

Tuoadupbl nosyyaloT peakuueil TMOJOB C XJIOPAaHTUAPUAAMU KapOOHOBBIX
KUCJIOT. TMo3(puphbl OTIMYAIOTCS MOBBIIIEHHON peaKIIMOHHON CITOCOOHOCTHIO,
nockoyibky RS™ — oueHnb xopoiuas yxoasiuas rpymnmna. [IpeBpaieHus: Tuoabu-
POB UTPAIOT OTPOMHYIO POJib B XKUBBIX OpraHU3Max, odecrieunBasi CMHTE3 OMO0JI0-
TMYECKUX MOJIEKYJI, 00pa30BaHHBIX YIVIEPOJIHBIMU LIETISIMU.

Hawnbosiee u3BeCTHBIM MpuMep THOI(PUpa — aleTWIKOIH3UM A. B XuBoM
opraHusme (yHKLIMOHUPYET Psii OMOXMMUYECKUX LIUKIIOB TI0 CUHTE3Y >KMU3HEH -
HO HEOOXOAMMBIX JIsI HEro opraHmyeckux Mojiekya [6]. Huke wu3moxkeHbI
HayaJibHbIE CBEICHUSI O CXeMaX OMOCHHTEe3a, KOTOphIE JiexKaT B OCHOBE yKa3aH-
HBIX LIMKJIOB, B TOM YHCJIE€ C YJaCTUEM alleTUJIKOIH3MMA A.

OnuvH 13 ChIPbEBBIX UCTOUYHUKOB OMOXUMUYECKOTO CMHTE3a 00eCIeunBaeTCs
MeTaboM3MOM YIJIeBOJOB. TpaHchopMalivs yrieBoia B XoJe MeTaboau3Ma B
OpraHu3Me MOXKET ObITb 101HOI (B 9TOM Cllydyae MeTabO0JIU3M SIBJISICTCS UCTOUHU -
KOM BHEPTUM)

C¢H,04 + 60, — 6CO, + 6H,0 + osHeprus

WM yacmuyHoi. B 3ToM cjyyac METaboJIM3M CTAaHOBUTCS CbIPbCBbBIM MCTOYHU -

KOM OMOCHHTE3A:
O OH

I |
CH,, 0, —= CH;CCOOH ——- CH,CHCOOH
TJIFOKO3a IIMPOBUHOTI'pagHasA MOJIOYHas KMUCJI0Ta
KHucjiora
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B YaCTHOCTHU, XKMBOMY OpraHM3My IMPOBHHOTIpadHasA KMUCJI0Ta HYy>XHa IJIs
Pa3HbIX LeJie. OcHOBHasI U3 HUX — CHUHTE3 aleTUJIKOIH3MMA A

0 i
® O
CH;CCOH + CoASH + NAD —= CH;CSCoA + NADH + CO, + H
MMUPOBUHO- KOH3UM HUKOTWHAMU/I- aleTWiI-  HUKOTWHAMMUI-
rpagHas A aJeHUH- KO2H3UM A aJleHUH-
KUCJIOTa IMHYKJIEOTHU]T MITHYKJIEOTHU]T
(oKMCIIeHHas (BoccTaHOBJIEHHAS
thopma) dopma)

ALIETUJIKOH3UM A sIBJIsIeTCs1 00Jiee CUJIbHBIM alleTWJIMPYIOLIUM areHTOM, HeXe -
JIX CJI0XKHBIN 3pup. KpoMe Toro, alieTUIKO3H3UM A MOXKET HAXOIUTHCSI B €HOJb-
Holi hopMe:

i o
CH,CSCoA == CH,=CSCoA

DTa crmocoOGHOCTH elle 6oJiee MOBBIIIAST er0 CUHTETUYeCKH i moTeHran. Hiske
MOKa3aH Psii TPOCTEMINNX peaKIii, KOTOpble BEAyT K 00pa30BaHUIO OJHOIO M3
OCHOBHBIX «CTPOMTEJIBHBIX KUPIIMYUKOB» OMOCUHTE3a — W30IEHTEHWIITUPO-

docdara:

(0]
I I I
CHiCSCoA + HCO; —— COCCH,CSCoA + H,0
aleTI- TUIIPO- MaJIOHWJI-
KODH3UM A KapOoHaTr KO2H3UM A
l [ CII) ? (II)
CH,CSCoA + “OCCH,CSCoA — CH;CCH,CSCoA + CO,
aleTuI- MaJIOHWJI- aleToaleTuI-
KOH3UM A KO3H3UM A KO9H3UM A

] T 7 OH 9
CH;CSCoA + CH;CCH,CSCoA ——= CH;CCH,CSCoA + CoASH
aleTuI- aleToaleTu - | KO2H3UM A

KO3H3UM A KO3H3UM A CH2(“:OH

B-ruapokcu-f-
METUJITITYyTapuil
KO3H3UM A
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o1 9 on
CH;CCH,CSCoA  gepwenmamsman -  CH3CCH,CH,OH
| peaxius |
CH,COH CH,COH
0 0
B-runpokcu-f- MEBaJIOHOBAs
MECTUJITTTyTapuJI KHCJIOTa
KODH3UM A
on H,C ? 9
AN
CH,CCH,CH,0H Gochopnmposang _CCH,CH,0—P—0—P—0°
| |
CH,COH H,C 0° 0°
I
0
MEBaJIOHOBAas1 KUCJI0Ta I/I3OHCHTCHI/IHHI/IDO(I)OC(1)3.T

[Mocenymolye MpeBpalleHrsl IEPeYNCIEHHBIX KOSH3MMOB, a TAKXKe M30MEeH-
reHunpodocdara, HEU3MEPUMO YCKOpPSEMBIE B KMBBIX CHUCTEMAX COOTBET-
CTBYIOLIMMU (bepMEHTAMM, JIEXKAT B OCHOBE OMOCHHTE3A JIMIIMIOB, TEPIIEHOB U

CTEPONIOB.
H3C\ ? (II)

/CCHZCHzo—P—O—P—Oe — —
H,C (l)e (l)e

u3orneHTeHwInupodocdar

CKBaJICH

PR

HO XOJIeCTepUH

PaGoTta 3T0li cCXeMBbI B Q)MSHOHOFI/I‘{CCKI/IX YCIIOBUAX ObL1a ITIOATBEPXKIACHA 9KC-
IIEPUMEHTAJIBHO: BBCACHUE B ITMIIY KpbICaM MEUYCHOTIO alfrara IIpUBOAUT K
O6pa3OBaHI/HO MEUYEHOT'O CKBaJICHA, a 3aTEM N MECYCHOTI'O XOJIECTCPpMHA [7]
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ITOBEPXHOCTHO-AKTUBHBIE BEIIIECTBA.
MOIOHINE CPEACTBA. AETEPTEHTBI. ®OCOOJINIINbI

B cocraBe HEKOTOPBIX OpraHMYECKMX MOJEKYJ IPUCYTCTBYIOT (PparMeHThI C
IIPOTUBOITOJIOKHBIMY CBOMCTBAaMM I10 OTHOILLIEHUWIO K BOJE: JJIMHHBIM aaKWIb-
HBI (MW TTOJIULIMKIOANKUIBHBIN) TUAPO(OOHBIN (pparMeHT U MOHU3UpYyeMast
rpyIa, cooOllariiasi MojaeKyae ruapoduiabHble cBoiicTBa (cM. T. 11, 1. 12,
pasa. «JlonmonHeHusi»). Takue MOJEKY/bl XapaKTepHBbI AJIsl TOBEPXHOCTHO-aK-
tuBHBIX BellecTB (ITAB). B ri1. 19 (1. 11, pa3n. «/lonmonHeHus») ObLIO ITOKa3aHoO,
YTO UMEHHO OJHOBPEMEHHOE MPUCYTCTBUE TUAPODUIBHOTO U TUAPO(OOHOTO
(bparMeHTOB TO3BOJISIET MOJIEKYJIe YOUXMHOHA 3((EKTUBHO BHIMOJHSITH CBOIO
pPOJIb TIEPEHOCYMKA DJIEKTPOHOB B KUBOI KJIETKE.

MexaHu3M TIOBEPXHOCTHON aKTUBHOCTM OPraHMYECKUX BEIIECTB MOXKHO
pa3obpath Ha MpUMeEPE MOIOIIMX CBOCTB MbLIa. Ouniatoimuii appexT creapa-
TOB KaJlisl U HATPUsI OCHOBAH Ha TOM, UTO CTeapaT-MOH, HAXOISIIUICS B UX CO-
craBe, 00J1a/1aeT MOBEPXHOCTHO-aKTUBHBIMU CBOMCTBAMU. DTOT MOH COACPXKUT B
cBoeM coctase ruapodobuyio (C,,H;5) m rumpodunbnyro (COO®) wyacru,
II03TOMY CTeapaT-uOH MMEET CPOACTBO KaK K BOJOHEPACTBOPUMbBIM YacTUIIAM
(HampuMep, K YacTUIaM 3arpsi3HEHMIT), TaK U K MOJIEKYJIaM BOJIbI.

COO-

N J
Y

eudpoghoobnas yacme Ci7Hss eudpoghunvHas uacmo

YacTuiibl rpsi3u, OKpPYXXeHHbIE OOJIbIIIMM YUCIOM CTeapaT-UOHOB, MpUodpe-
TalOT CBOMCTBA MOJMAHUOHOB U KaK CJIEACTBUE PACTBOPSIIOTCS B BOJIE.

co0®

°00C CO0

00C COO

S]

00C

PacTBopeHue B BOJE KaK pa3 U ABJIAETCS HENIPEMEHHBIM YCIIOBUEM YIaJIeHU 3a-
IpsSI3HEHUsI, HAIIpUMep, C TTOBEPXHOCTH TKAaHMU.
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K cuHTeTHYeCKUM MbIJ1aM OTHOCST ajiIkaH- U aJ'[KI/IIIapeHCYIIB(I)OHaTI)I. Nx
Ha3bIBaloT 0emepeeﬁma/vzu, WNJIN cuHmemu4ecCKumu Mmorouumu cpe&cmeaMu.

CH;,

| S

CH;(CH,);(CH,S0,0 N8 CH;CH,(CHy),(CH S0,0°Na
JNOJAeKaHCYIb(pOHAT HATPUSI n-(2-teTpaaenn)0eH30/CyabhOHAT HATPUST

[MpermMyliecTBOM (M OCHOBHBIM OTIMYKMEM) IETEPIEHTOB Mepe MbLUIAMM SIB-
JISIETCST UX CHOCO6HOCTL «pa60TaTb>> U B XKECTKOI BoIe — B BOJE, COAepIKallei
vionsl Ca2® Fe2 Fe3 Mg . B HacTos1ee BpeMs NpearnoyTeHue oTaaeTcs ae-
TEepreHTaMm, I/IMG]OH_[I/IM B CBOEI CTPYKType Hepa3BeTBIIEHHbIE aJTKWJIbHBIC TPYIT-
Mbl. DTU IEeTEPreHThl 3HAYUTEbHO JIerdye IMOAJA0TCsl OMOPa3I0XEHUIO B TIPU-
POIHBIX YCJOBUSIX.

[ToBepXHOCTHO-aKTUBHBIMU CBOMCTBAMU 00JIaAAIOT U APYrMe OpraHu4YecKue
coenuHeHust. K HUM otHocsiT, HanmpuMep, (pochonunuabsl. Pocgorunudamu Ha-
3BIBAIOT TaKWe [NIMLEPUIbI, B KOTOPBIX MOJIEKYJa TAMLIepUHAa 3TepuduLIMpoBaHa
JBYMsI MOJIEKYJaMU aIn(aTUIeCKUX KUCIOT U MOJIeKyJI0i (pochopHOil Kucao-
Thl. BT MOHO(DOCHhATHI HAa3bIBAIOT Ghochamudubimu kKuciomamu. Huke mokaszaHa
O/IHA M3 TaKUX KUCJIOT.

(“) C 20C(CH2)16CH3
CH3<CH2>7\ /CH2;,CO—C—H
je C\ CH20|1T(0H2)
H H

CBoOoaHbie (ochaTuaHble KUCIOTHl B MPUPOAE BCTpeuarTcs: peako. Kak
MpaBUJI0, 0CTATOK (PocHOPHOI KUCIOTHI ITePUDPULIMPOBAH ellle OTHUM CIUp-
ToM. Takue aupbl — hocgpamudv, — SIBASIOTCSI OCHOBHBIMU KOMITOHEHTaMU
ouosornyeckux Memopat. Ilpu 3ToMm pedb MIET Mpexkae Bcero o docdatumax
BTaHOJIAMUHA U XOJIMHA.

0 CHZOC(CH2)14CH3 0 CH20C(CH2)14CH3
CH3(CH2)14CO>C<HO CH3(CH2)14CO>C<HO
éHzoPOCHQCHQNHg (EIH20POCH2CH2N(CH3)3
O O
(ocdatua sTaHOIAMMHA (ocdaTtua xonuna

(JIELUTHH)
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Kak BuaHo, hochornuiuepuabl Takke UMEIOT IJTMHHbBIC HEMOJISIPHBIE «XBOCThI» U
HeOOJIbIION BEICOKOTIONSIpHBIN (hparmeHT. ABisisic [IAB, oHu o6pasyroT ynopsi-
JIOYEHHBIE CTPYKTYPbI JaXe Jierye, 4yeMm Mblia U aerepreHTol. [loatomy npupona
1 uzbpasia hocdoaUNUIbI B KAUECTBE CTPOUTEBLHOIO MaTepuaa Ijisl UBroToBJe-
HUS KJIETOYHBIX MEMOpaH, T. €. 000JIOYKU KJIETKHU.

Jlerko npencraBuTh, HACKOJIBKO BaXKHO Ka4e€CTBO KJIETOYHOW MEMOpaHbI 151
HOPMaJIbHOIO (QyHKIIMOHUPOBAaHUS KJIETKU. Benb MMEHHO 4epe3 000JI0UKY
BHYTPb KJIETKU MOCTYIAIOT BCE HEOOXOAUMBIE MOJIEKYJIBI U YAAISIOTCS MPOIYK-
Thl OMOXMMUYECKOTO CUHTE3A.



Inasa 22.  HUTPOCOEJIMHEHNUA

[Tpon3BoOgHBIE YIIIEBOJOPOAOB, B MOJIEKYJIaX KOTOPBIX OJUH MM HECKOJIBKO aTO-
MOB BOJIOPO/Ia 3aMEILeHbl HA HUTPOTPYIIIY, Ha3bIBAIOT HUMPOCOCOUHCHUAMU.

22.1. HOMEHKJIATYPA

B 3aBHCMMOCTH OT THIIA YIJIEPOIHOTO aTOMa, C KOTOPBIM CBsI3aHA HATPOTPYIIIA,
pa3IMyaloT nepeutHble, GMOPUMHDLE I MPEHUMHbIE HUMPOCOCOUHECHUS.

B 3aBHCMMOCTM OT CTPOEHHUSI YIJIEBOAOPONHOrO (hparMeHTa, € KOTOPBIM
CBsi3aHa HUTPOTPYIINA, Pa3IUyaloT HUMPOAAKAHb! (HUMPOUUKAOAAKAHBL) W
HuUmpoapeHoL.

HasBaHue HUTpocoeaMHEHMsI 00pa3yloT OT Ha3BaHMsI YIJIEBOAOPOAA U IIpe-
(pukca Humpo-:

G
CH37(|:H_CH3 CH3 | _CH27CH3
N02 N02
2-HUTPONpONaH 2-MEeTUJI-2-HUTPOOYTaH
(6mopuunbLii (mpemuyHoLii
HUMPOANKAH) HUMPOANKAH)
CH;
CH,—NO, NO,
peHMmTHUTPOMETaH 4-HUTPOTOJIYOT
(nepsuunbLil (Humpoapen)

HUMPOANKunapen)
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22.2. CIIOCOBBI ITOJTYYEHUA

HuTtpoBanue ankanon

M3BeCTHO HECKOJIBKO CITOCOO0OB HUTPOBaHMSI alkaHoB (cM. T. I, pasn. 2.4.4).
IMo acudkoghaznomy cnocoby amkaHbl HUTPYIOT pasdasieHHON (40—50%-if)
A30THOM KUCJIOTOM:

HNO
CHCH,CHCH;  135-135°¢5- CHrcl:H—CHZCH3 + H,0
NO,
2-HUTPOOYTaH
(ocHo6HoIL npodyKkm)
ITo napogazromy cnocoby aakaHbl HUTPYIOT B Mapax npu temrmepatype 350—
500 °C:

HNO
CH;CH,CH; ——> CH;—CH—CH; + CH;CH,CH,—NO, +

MporaH IlIO ) I-nutpornponat (25%)

2-aurpornponad (40%)

+ CH3CH27N02 + CH37N02 + HQO

Hutpostan (10%)  HurpomertaH (25%)

B aTtux YCI0BUAX p€aKlvA HPOTEKAECT MEHEC CCJICKTUBHO U COIIPOBOXAACTCA
KPEKMHTOM aJIKaHa.

HuTtpoBanue apoMaTHIeCKHX COeIMHEHHI

NO,

\
X4©+HNO3HX /S + H,0

[TpousBoaHbie OeH30Ja, COAepXKallue BJIEKTPOHOMAOHOPHBIE 3aMECTUTEIIH,
HUTPYIOT MATKMMHU HUTpYylomumu areHtamu (cmecb HNO, + CH;COOH,
auetua-nurpar CH;COONO,, pasbasnennas HNO,) npu moHMXeHHON TeM-
reparype.

[TpousBoaHble OeH307a, comepxKallue 3JeKTPOHOAKIENTOPHbIE 3aMeCTH-
TeJIU, HUTPYIOT B 0oJiee XKECTKUX YCIOBUSIX, MPUMEHSISI HUTPYIOLIUE CMECH C
MajibiM comepxkanueM Boabl (cMecb HNO; + H,SO,) 1 moBblilieHHbIE TEMITE-
paTyphl.

ITonpoOHee O HUTPOBAHUM apoMaTUYECKUX coeauHeHuir cm. B T. I,
pasn. 9.2.
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3amelneHue rajoreHa Ha HUTPOTPYNITY B rajioreHaJKaHaX

Y106HBIM JTaOOPATOPHBIM CITOCOOOM IOJIYYEHUST HEKOTOPBIX HUTPOATKAHOB SIB-
JISIETCSI peaklmsl HyKJIeo(UJIbHOTO 3aMeIICHUS TrajloreHa HUTPUT-UOHOM (CM. B
1. 11, pas3n. 13.4):

R—X + NaNO, — R—NO, + NaX

ITo sToit cxeMe, HamprMepP, MOKHO TTOJTYYUTh HUTPOITPOTIAaH Y HUTPOMETAH:

CH;CH,CH,Br + NaNO, MDA CH;CH,CH,—NO, + HBr

1-6pomripornian I-HUuTpomnponaH
0 96 H;0% 100°C
CICH,COONa + NaNO, (H,0) O,N—CH,COONa—~ ~co, O,N—CH;
HUTPOMETaH

ITockoJIbKy HUTPUT-UOH 00JIafaeT aMOUASHTHBIMU CBOMCTBAMU, B KaueCTBe
IMOOOYHOTIO MPOIYKTa B TAKUX PeaKIMIX 00pa3yioTcs ankKuaHUTpuTel R—ONO.

BbIXonpl HUTpOaJIKaHOB, JOCTUTaeMbIe B MpPOLIECCE 3aMEIleHMsI rajoreHa B
rajioreHajJKaHax, yBeJIMUMBAIOTCS MPU MPUMEHEHUN HUTpUTa cepedpa. OnHaKo
Mpu OOI11Ieii OLIEHKE S KOHOMUYHOCTU METO/a CJEAYeT YYUThIBATh 3HAUUTEIbHYIO
CTOMMOCTh 3TOTO pearcHTa.

CH;CH,CH,CH,I + AgNO, —

1-nondyran

— - CH;CH,CH,CH,NO, + CH;CH,CH,CH,ONO + Agl

1-HuTpoOyTaH (85%) 1-OyTUIIHUTPUT
(npumecn)

22.3. ®U3NYECKUE CBOMICTBA I CTPOEHUE

HuTpoasikaHbl peaCTaBIsSIOT CO00I OeCIIBETHBIE KUAKOCTU C BHICOKMMMU JUIST UX
MOJIEKY/ISIPHBIX MacC TeMIepaTypaMy KUIEHUsT: HUTpoMeTaH, T. kum. 101,2 °C;
HUTpO3TaH, T. KUIL. 114 °C. HuTpoajakeHbl 1 HUTPOAPEHBI — XKUIKUE WU TBEP-
JIbIe BEIeCTBA XKeJITOBATOTO I[BeTa. DTH HUTPOCOSAMHEHMS UMEIOT OCTPBIN 3aITax
U BBICOKO TOKCHYHBI.

O6a aTomMa KHCJIOPOJia B HUTPOIPYIIIe HAXOASITCS Ha paBHOM PacCTOSSHUM OT
atoma azora (0,122 um), a yriibl C—N—O paBnbI 120°. O6 3TOM roBOpSIT JaHHbIE
MeTona Iudpakiuy JIEKTPOHOB U PEHTIeHOCTPYKTYpHOro aHanu3a. [1pu atom
cieayeT UMETh B BUY, YTO CTAaHAAPTHOE 3HAYEHUE IJTMHBI TTPOCTOi cBsI3n N—QO
paBHo 0,136 HM, a nBoiiHO# cBga3u N=0O — 0,115 HM. PaBHOLIEHHOCTh ATOMOB
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KHUCJIOpOAa B HUTPOIPYIIe WILIIOCTPUPYETCS CIEAYIOIIUMUA PE30HAHCHBIMU
CTPYKTYpaMH:

oo, o o.e . o.%@
@ e ®/p,~ ©,0:
RN o= RN | = R—N%O. lo

Hayinuue nojoXxuTeabHOro 3aps/ia Ha aToMe a30Ta ONpe/IessieT CUIbHbIN 2J1e-
KTPOHOAKLENTOPHBIN 3 heKT HUTporpynmsl (—/-apdexkt wim —I- u —M-3¢-
(beKThI B 3aBUCMMOCTH OT CTPOEHMUSI YIJIEPOTHOM LICTIU.

.0 N\ @D 0) = ® (\O
CH;—CH,—~NZ o  CHy—CH"NZ 5N o
0 0 A\ 0
—I-3dpdexr —I-, —M- —1I-, —M-
3 heKThI 3(pheKThI
HUTPOITaH HUTPOITUJICH HHUTPOOEH30

BcencTBre 3TOro 3Hepruu U 3aHSITHIX, M1 CBOOOIHBIX MOJICKYJISIPHBIX OpOUTaIeit
CYIIECTBEHHO CHMKAIOTCS MPU BBEIEHUN HUTPOTPYIIITHI B OPTaHUYECKYIO MOJIe-
Kyiy. [1o 3Toit mprYrHe HUTPOCOSIUHEHHS C TPYAOM OTIAIOT 3JIEKTPOHBI. DTO
BHUIHO M3 MOBBIIIEHHBIX 3HAYEHNU I TIEPBBIX MOTEHIIMAIOB HOHU3AINH.
HwutpocoennHeHnsT CpaBHUTEIBHO JIETKO MPUHUMAIOT 3JIEKTPOHBI. O0 3TOM
CBHIETENIbCTBYIOT BEICOKME 3HAYEHMS 2JIEKTPOHHOIO CPOICTBA.

Coenunenne CH, CH;-NO,
I,,>B 13,0 14,72
A4, 9B —6,0 +0,44

Kak cieacTBue B psiie peakLyii OTMEUAETCs CKJIOHHOCTh HUTPOCOEIMHEHUI
K 00pa3oBaHMIO UX AHUOH-PAAMKAaIOB — MPOLYKTOB MPUCOEINHEHUS DIIEKTPO-
Ha. [Ipexne Bcero, aTo KacaeTcsl peakiMii HAITPOAPEHOB, B YACTHOCTHU PeaKIIMii
1X BOCCTAHOBJICHUS:

Ar—NO, + ¢ — IAr—N02]©

HUTpPOApeH AHWOH-paInKal
HUTpOapeHa

3amaua 22.1. B 2/1eKTpOHHBIX CIEKTpax MOTIOMIeHNs] (heHOKCUI-MOHA, 3-HUTPO(GEHOKCH-
MOHA U 4-HUTPO(DEHOKCHI-MOHA B BOJIE JUTMHHOBOJHOBASI 10JI0CA TIOMIONICHMSI HAabII01aeTCst
ripu 235 uMm (9400), 380 um (1500) 1 400 M (15000) cootBeTcTBEeHHO. OOBSICHUTE PA3TUIUS B
CIIeKTpax.



22.4. Peakuuu 145

22.4. PEAKIINN

22.4.1. BoccranosieHue

HurtpoankaHbl BOCCTAaHABIMBAIOT 10 AJKWJIAMUHOB XEJIE30M B KHUCIIOM cpene
WU TUApasMHoM. Hampumep, BOCCTaHOBJIEHHME [-TMAPOKCHHUTPOATKAHOB
JKeJe30M B pa3baBJICHHOM CEpHOM KHUCIIOTe SIBIISIETCS YIOOHBIM METOIOM IOJIY-
yeHUs 1,2-aMUHOCITUPTOB:

No2 ITIH3HSO4 NH,
€]
(CH3)2CCH20H Tso- (CH;CCH,OH " (CH;),CCH,OH
2-MeTUI-2-HUTPO- 2-aMUHO-2-METHJI-
TPOTIAaHOJ TPOTIAHOJ

3HaYnTEeTbHOE PACIIPOCTPAaHEHNE UMEET BOCCTAHOBJICHHE HUTPOAPEHOB. DTy
peaxkinio, B TOM YMCJIe B TPOMBIIIIEHHBIX MacIlITabax, IPOBOIST, NIEMCTBYS pa3-
HOOOPa3HBIMU BOCCTAHOBUTEISIMH: METAJIJIAMU U COJIIMU METAJUIOB B TIPUCYTCT-
BHMU KHCJIOT U B BOJIE, BOJOPOJOM B YCIIOBHSIX TeTEPOT€HHOTO KaTaln3a, CylIb(pr-
JaMH METaJUTOB, IIMHKOM B IIIEJIOYHOM cpefie:

4ArNO, + 9Fe + 4H,O —— 4ArNH, + 3Fe;04

ArNO, + 3SnCl, + 6HCl — ArNH, + 3SnCl, + 2H,0

NO,
3H2, 200—-300 °C
@ o ALO. /AL @ + 2H,0

HUTPOOEH30J1 aHWUJIUH
NO, NO;
4 + 6NaHS + HbLO — 4 + 3Na,S,0;
02 H2
M-TAHUTPOOEH30TT M-HUTPOAHWINH

Bo Bcex peakiysIX IMPOLECC BOCCTAHOBIEHUSI HUTPOCOCAMHEHUI HAYMHAETCS C
nepeHoca 3JIEKTpOHA OT BOCCTaAaHOBUTECIIA K MOJICKYJIC HUTPOCOCAMHECHUA. Huxe
IoKasaHa IIOCJI€O0BATCIbHOCTL IMPOMEXKYTOYHBLIX ITPOAYKTOB, O6pa3y}OH_[I/IXC${
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IIpn BOCCTAHOBJICHUU HI/ITpO6€H3OHa XKEJIE3HBIMU CTPYXKaMH B HGﬁTpaIIBHOf/I
WJIM CJIa001IET0YHOMI cpeac:

e©

(] ®
CeHs—NO, 25235 cu—No 252

HUTPOOEH301

HUTPO300€H30J1

© ®
CeHs—NHOH 515 = CeHs—NH,

beHm- AHWINH
TUAPOKCUIIaMUH
BriepBbie HUTPOOEH30JI OBUT BOCCTAHOBIIEH 0 aHWJIMHA IEHCTBUEM CYIb(MU-
Ia aMMoHus pycckuM xumukoM H.H. 3uHunbiM B 1842 1. DTa peakiys BoccTa-
HOBJICHHSI HUTPOOEH30J1a N3BECTHA KaK peakuus ununa.

B HEUTpaJIbHOM cpelie MPOLIECC BOCCTAHOBIEHUS MOXET OBITh OCTAHOBJICH Ha
cragumn o6pa30}3aH1/I;[ d)GHHHFHHpOKCHHaMI/IHaI

NO, NHOH
Zn, NHyCI (BoaH.)
65°C
HUTPOOEH30]1 benmn-
TUIPOKCUIIAMUH

BoccraHoBieHue HI/ITpO6GH30J'Ia B LLIEJIOYHOM Cpejie TaeT MPOU3BOIHbBIC a30-

OeH3oJ1a.
Oe
As,05 |
NaOH (BoxH.) N_I;)I

NO, a30KCUOEH30I1
Zn, NaOH N
(sTaHon), t
a300eH301
Zn, NaOH
(Bona), @NH NH_@
ruapa3o0eH301

Kaxnmoe n3 atux MPOU3BOAHBIX B KMCJION Cpejie JIETKO BOCCTAHABIMBAETCH IO
aHUJIMHA.

HOHaFaIOT, YTO HAa3BaHHbLIC IMPOU3BOAHLIC a300eH30J1a o6pa3y}0Tc51 KOHACH-
calue MpoOMEXYTOYHBIX ITPOIYKTOB BOCCTAHOBJICHUS HI/ITpO6CH3OHa. B yacTHO-
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CTH, 230KCUOEH30J1 MOXKHO MOJYYUTh OCHOBHO-KATAIU3UPYEMOI KOHIeH calue i
(beHUATUAPOKCUIAMMHA U HUTPO300EH30 14!

OH K
S el ) [l e
. —H . J —©0H
Oe
— (O
A30KCUOEH301

22.4.2. CH-Kucaornoctsb

Bricokue QJICKTPOHOAKUECIITOPHBIC CBOMCTBa HUTPOTPYIIIbI O6YCJTOBJ'II/IBEI]OT I10-
BBIIICHHYIO KUCJIOTHOCTb COCECIHUX C—H-cBsazeii. Huxe ITPUBOAATCA 3HAYCHU S
CH-kucnotHocTn pAda HUTPOAJIKaHOB.

Hutpoankan CH;NO, CH;CH,NO, CH;CH(NO,)CH; CH,(NO,), CH(NO,),

Pk, 10,2 8,5 7.8 4,0 0,0

2-HwuTtpornponaH sIBIISIETCS CTOJIb CUJIBHOM KUCJIOTOM, YTO TTOABEpraeTcs 3Ha-
YUTEIbHON MOHU3AIMH TaXKe B BoJe. BaxkHO MMeThb B BUILY, UTO JJIsI KaXKIOTO HU -
TPOCOEIMHEHH YKa3aHHOE 3HaYeHUe pK OTHOCHTCH K OTLIEIUIEHHIO ITPOTOHA,
HaXOAIIEToCs Y O.-yIJIepOIHOro aroMa. ToJbKO B 3TOM cilydyae obpasyrolieecst
CONPSTKEHHOE OCHOBAHKME MOXKET OBITh CTAOMIM3MPOBAHO C YJacTUEM HUTPO-
rpymmbl. UMeHHO M03TOMY ITepBUYHbBIE U BTOPUUYHBIE HUTPOCOSIUHEHUSI pearr-
PYIOT ¢ KOHLIEHTPUPOBAHHBIMU PACTBOpAMHU IIEJIOUYel ¢ 00pa3oBaHUEM COJIeH,
pacTBOPUMBIX B BOJIE:

..e
O' @/O
CH;NO, + “oH N2t ‘Ch N e CH Ny
o o
I.e
KapOaHUOH
o
..e
- O f— CH* /O ®

HUTPOHAT-NOH
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[Mpy MOAKWCIIEHUN pacTBOpa COJIM HUTPOHAT-WMOH CHadajga oOpa3yeT auyu-
(opMy, KoTOpas 3aTeM MEePEXOAUT B HUTPO-(DOpMY:

..e e e LK ]
e 0O o OH ©_0
CH,— e +H® — CHz—N<:O:9 = CHy N(:io

ayu-popma HUTpo-hopMa

Hwutpo- u ayu-bopMel SIBISIIOTCST TAyTOMEPHBIMUA (DOPMaMK HUTPOCOEIMHE -
HU. VX B3auMHBIe MpeBpalleHNs TPEICTABISIOT CO00 ellle OANH IPUMeEp TTPo-
TOTPOITHOM TayTOMepHH (B Ka4eCTBe ITePBOIo TaKOro mpuMepa B pasa. 19.1 (1. I1)
OblJIa pacCCMOTpEeHA KETO-€HOJIbHAST TAyTOMEpHsI).

K 3TOMYy MOXHO 100aBUTh, YTO HA TPETUYHBIE HUTPOAJIKAHBI, HM apOMaTHJe-
CKHMe HUTPOCOEANHEHUST He 00J1aJal0T KMCIOTHBIMUA CBOMCTBAMM, TTIOCKOJIbKY HU
T€, HU ApyTre He UMEIOT aTOMOB BOIOPOJA Y OL-YIJIEPOAHOTO aToMa.

22.4.3.  Peakuuu HUTPOHAT-HOHOB

XUMUYECKUE CBOMCTBA HUTPOHAT-UOHOB, 00pa3yeMbIX IIPY MOHU3ALMN HUTPOCO-
eIMHEHUI1, BO MHOTOM aHAJIOTUYHBI CBOMCTBAM E€HOJIAT-MOHOB, 00pa3yeMbIX IIPU
MOHM3AMN KapOOHWJIBHBIX coelnHeHuil. Kak Hykieo@WIbl, HUTPOHAT-MOHBI
JIETKO pearupyroT cO MHOTMMM 3JIEKTPO(MUILHBIMU peareHTaMu M CyOCTpaTaMu.
Hawnbosnee TMIMMYHbBIE MX PeaKIMy — TaJOreHUPOBaHNE, AIKMIMPOBAHUE, allvIA-
pOBaHME, HUTPO3MPOBAHME, KOHIEHCALIMM C KapOOHWJIBLHBIMU COSIWHEHMSIMU,
yJacTve B KauecTBe HYKJIeO(pMIOB B peakssXx MaHHMXa 1 Muxass.

Taaozenuposanue 1 numposuposanue HATPOATKAHOB MPOTEKAET C MPOMEXY-
TOYHBIM 00pa30BaHKEM HUTPOHAT-MOHA U TOJIBKO IO aTOMY YIjIepoa:

H Br
I 1. NaOH/H,0 I
R—(|J—N02 2Br0C R—(li—NOZ
H H

[1pyr HUTPO3MPOBAHUU TTEPBUUYHBIX HUTPOATKAHOB 00pa3yIOTCS HUTPOJIOBBIE
KUCJIOTHI:

H NO N—OH
I NaNO,/H,SO, I |
R—C|I—N02 THo0C R—Cl—NOZ — R—C—NO,

H H
BTOpI/I‘IHbIe HUTpOaJIKaHbI B TEX K€ YCJIOBUAX o6pa3y10T TICEBAOHUTPOJIbI:
H NO

| NaNO,/H,S0, I
R,C—NO, THoo0C R,C—NO, + H,0



22.4. Peakunu 149

B ominuue oT raJJoreHUpOBaHUsS Y HUTPO3UPOBAHUS, AAKUAUPOGAHUE HUMPO-
Ham-uoH06 Pa3INYHbIMYA ATKUJIUPYIOLIMMUY areHTaMy IIPOTEKAET MOYTH UCKITIO-
YUTeIbHO Mo O-aToMy ¢ 00pa3oBaHUEeM 3(UPOB HUTPOHOBBIX KUCIIOT:

O
C¢H;CH,Br /O
— e R.C=N
. .6. OCH2C6H5
RzCH_NOZ - RQC_NOZ ] o
Bhpe 0
R,OBF; / ,
—ime  RC=N_ + RO
OR'

HutponHoBbie a3¢dupsl Beilie 20 °C HEYCTONYMBBI U JIETKO TTOABEPraoTCs Tep-
MOJIU3Y, pacrajgasich Ha OKCUM U KapOOHWJIbHOE COeNUHEHUE:

O@
/
R,C=N_ R,C=N—OH + C(H;CHO
()CH2C6H5 OKCHUM

OKkcHM Bcera oOKa3biBaeTCsl KOHEUHBIM MPOAYKTOM TpEeBpallleHrs] HUTpOasiKa-

Ha, a KapOOHWJIbHOE COeNMHEHNE 00pa3yeTcs U3 aIKUIUPYIOLIETro areHTa.
C-Aaxuauposanue MOXET ObITb MPOBENCHO KaK €IMHCTBEHHOE HampaBlieHUE

peakiiuu, ecJIv TIPeBpalleHNI0 MOIBEPTaloT AMaHUOHbI HUTPOATKAHOB:

H S

R C| NO 2Buli %_I%/O 1. R—Br R\CH NO

_|_ 2 _|_ N o 2H0° / V2
H H @) R

TouHO TakKe perruoceeKTMBHO MOXHO mpoBectu u C-auuauposanue. I1pu
sToM C-allMJIMpOBaHME TUAHMOHOB BHITOMHO OTIMYaeTcs oT O-aluIupoBaHUS
MOHOAHMOHOB HUTPOCOEIMHEHUI, KOTOPOE IMTPUBOIUT K 00Pa30BAHMIO CIIOKHBIX
cMeceil BTOPUYHBIX MTpeBpallleHUi MepBOHAYaIbHO 00pa30BaBILIMXCST TPOIYKTOB
O-auuaupoBaHUs:

&
9_@ % 1. R'COX, TT®, —78 °C
RC=N_  So0 R—CH—NO,
0 COR'

Pearxuyua Hegpa (1594 2.). HutpoHaT-MOHbBI, MOJyYeHHbIE MOHU3ALIMEH HUTPO-
aJIKaHOB, PACIIETUISIOTCS OO0 KapOOHWJIbHBIX COEIWHEHWM MpU MX 00paboTKe
pa3b6aBIeHHON MHUHEPaJbHOM KUCIOTOM MpHU HU3KOM TemriepaTtype. [1pu sToM
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NEPBUYHBIC HUTPOAJIKaHbl paClICIIAIOTCA 40 aJbACTrNJ0oB, a BTOPUYHbBIC — 10
KETOHOB!:

o
e} OH
NaOH ®/ H,0® /OH
(CH3),CH—NO, (CH;3),C=N ; (CH;3),C—N —
N o 0°C AN
OH
oH T
- (CH3)2C_N:O E—— CH3_C_CH3
(80—85%)

KpoMme Toro, pe3yabTaThl KUCJIOTHOTO pacIeIIeHUs] HUTPOHAT-HOHOB 3aBU -
CAT M OT KOHLIEHTpALIMM MUHEPAIbHOMN KMCJIOTHI: B pa30. CepHOM KUCIIOTe pac-
LIeTUIeHUe MIeT 10 anbaeruaa, a B 90%-i H,SO, — 10 kapOboHOBOI KMCIIOTHI.
B mociieaHeM ciydae MOXKHO MPEIIOKUTh CASIYIONIYIO CXeMY TTpeBpallleHUI:

®

H © H H

| @/O H® | @/OH H® |\' 50H2
R—C=N R—C=N —— R—C=N

AYRC) N AN -H,0
0) OH OH
® //O H,0®

— R—C=N—-—0OH —— R—C RCOOH + NH,OH

“NHOH

Msrkue yciaoBust peakiiuu Heda 1mo3BosisitoT MpUMEHSITh ee U B caydae cy0-
CTPaTOB, COACPKAIIUX PEaKLIIMOHHOCTIOCOOHBIE TPYIIIIbI:

1. NaOH/H,0
/ NO, e / O
2.H,0%0°C
C¢Hs C¢Hs
4-HuUTpO- S-dbeHun-
5-(eHUMIUKIOoTeKCeH LIUKJIOTeKCEH-4-0H

KongeHcalyss HUTPOAJIKaHOB C albIeTHIAMK U3BECTHA KaK peaxuus Aupu v
MMPOTEKAET 10 THUITY abI0JIEHO-KPOTOHOBO KOHIEHCAIIMU C IMTPOMEXYTOYHBIM
o0pa3oBaHMEM HUTPOCIIMPTA W IOCIEAYIOIIeH ero neruaparauuein (Humpo-
a16001bHASL PEAKUUS):

OH
|
CH;3(CH,);CHO + CH3NO, M. CH;(CH,); CHCH,NO,
TICHTAaHaJIb HUTPOMECTaH 1 —HHTpO—z—FEKcaHOJ'[

(HUTPOAIBAOJIb)
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nOCKOJ’lBKy KMCJIOTHOCTb HUTPOCOEAMHEHW A OYEHb BBICOKA, JJIS1 UX PeaKLIUIA
PEKOMEHAYIOT TOJIbKO HU3KOOCHOBHBIC KaTaJIU3aTOPHI.

B cJydya€ apoMaTUYCCKUX aJlbACTIUa0B (KaK 1 B UX IIEPEKPECTHBIX KOHACHCA-
ouAax ¢ pa3jimdYyHbIMUA Kap6OHI/IJ'H:>HbIMI/I COCI[I/IHGHI/IHMI/I) IPOMEXKYTOUYHOC r'Mapo-
KCI/I(HI/ITpO)COCZ[I/IHeHI/Ie BbIACIUTDb HE YIAaCTCA, a p€aKLMA 3aBEPIIACTCA 06p330—
BaHUMEM HCHACBIIIEHHOTO HUTPOCOCAMHECHUM A

20 uCHNH,
CH;—NO, + @c\ — @*CH—CH—NOQ
H

HUTPOMETaH OGeH3aTbIeTUT B-HUTpOCTHPOT

Peakineit HUTpOMeTHIAPEHOB, aHAJIOTUYHON peaKIIny AHPH, SIBJISIETCS KOH-
JeHCALIST TPUHUTPOTOJIyOJia C OEH3AIbICTHIOM B IMPUCYTCTBUU BTOPUYHOTO
aMMHa KaK OCHOBaHMUSI:

NO, NO,
/@icm CHO /C@
R,NH
T
O,N NO, O,N NO,

2,4,6-TPUHUTPOTOJYOJ OeH3aIbaAeTU 2,4,6-TPUHUTPOCTUIIBOCH

CH-KMCIOTHOCTh METUJILHOM TPYIIIbI B TOPUHUTPOTOJYOJIE PE3KO IMOBLIIICHA 3a
CUYCT TPEX HUTPOI'PYIIII, CBA3aHHLIX C OEH30JIbHBIM KOJIBLIOM.

3amava 22.2. 3aBepiuTe CIASAYIONIYIO PEaKIIMIO U MPEIUIOKUTE €€ MEeXaH!3M.
CHO

C4HoNH .
+ CH;CH,NO, 49—2(K3T)>

CH;,

HAUBOJIEE BAZKHBIE ITPEICTABUTEIN

Hurtpomeran CH;NO, nosyyator napoasHbiM HUTPOBaHMEM MpornaHa. becusetHas xumi-
KOCTb, T. Kuil. 101,2 °C, mano pactBopum B Boze (9,5% npu 20 °C), cMmelmrBaeTcsi ¢ opra-
HUYECKMMK pacTBopuTenamu. Ipumensror B npoussoactse xjaoprnukpuHa CCI;NO,,
HUTPOCITMPTOB; B KAYECTBE TOTLINBA IS PAKETHBIX IBUTATENEl; B KAUECTBE PACTBOPUTEIIS
u sKkcTparenTa. Orte- u B3pbiBoonaceH. [TJK 30 mr/m3.

Hurpobenson C,H;NO, nonyyaior HUTpoBaHHEM GEH30J1a HUTPYIOLIEH CMECHIO. 3EIEHO-KEN-
Tast XKUAKOCTh, T. Kuil. 210,8 °C, mano pactsopum B Boze (0,19%), cMelmBaeTcst ¢ OpraHu-
YeCKMMU pacTBOpUTEIsIMU. [IpUMEHSIOT B MPOU3BOACTBE aHWIMHA, XUHOJIMHA; B Ka4eCT-
BE pacTBOPUTENS; B KayeCTBE KOMITOHEHTA ITOJIMPOBOYHBIX COCTABOB [UISI METaJUIOB.
T. camoBocrti. 482 °C.
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2,4,6-Tpunurporonyoun (tpotuin) CH;CH,(NO,); mojy4aioT HUTPOBaHKEM TONYOJIa. 2KeThie
Kkpuctayisl, T. . 80,8 °C; moutn HepacTBopuM B Boxe (0,013%), pacTBopsieTcs B GeH30-
e, aueToHe. [IpuMeHsIIoT B KauecTBe OpU3aHTHOIO (BTOPUYHOIO) B3PHIBYATOTO BEILECTBA
IUTSI CHapSIKeHUsT GOENPUITaCOB U UISI MUPHBIX B3PBIBHBIX pa0OT (CTPOUTEILCTBO, pa3pa-
060TKa MECTOPOKIEHUI TTOJIE3HBIX UCKOTIAEMBIX).

INukpunosas kucaora (2,4,6-rpunurpodenon) C,H,(NO,);OH nonyyaior nurpopanueM e-
Housa. 2Kentble KpucTaubl, T. i 122—122,5 °C, pactBopuma B Boze (1,22%), ataHouie
(4,91%), nuatunosom adupe (1,43%) 1 Ipyrux opraHU4eCKUX pacTBOpUTEIaX. I[IprMeHs-
€TCs B IIPOM3BOACTBE A30KPACUTENIEH; B KAUECTBE OPM3aHTHOIO B3PHIBYATOrO BEIIECTBA;
IUTSI BBIACTCHUST Y UASHTU(DUKALIMY OPTaHUYEeCKMX BEIIECTB.

s yeayoaennozo usyuenus

CTEPEOCEJIEKTUBHBII CUHTE3
HUTPOCIINPTOB U HUTPOAMHNHOB

CunreTnyeckas LIEHHOCTb peakiii AHpY HECOMHEHHA: COYeTaHWe KapOOHWIIb-
HOI'O COeIMHEHMS C HUTPOAJIKAHOM, UMEIOIINM o.-H-artoM, Befer K 00pa3soBaHUIO
CC-cBs13u ¢ OMTHOBPEMEHHBIM (DOPMHUPOBAHKUEM [3-HUTPOCIIMPTOBOTO (hparMeHTa.
IMpoaykT peakium — B-HUTPOCIIUPT — MOXKET OBITh MOABEPTHYT OKUCICHMIO,
BOCCTAHOBJICHUIO VI JETHUApATALIMKM JO HUTPOAJIKEHa, KaK ITOKa3aHO Ha CXeMe:

NO,

R;
R;

—H,0|(R,=H)

NO, R, NO, NO,

R, 0] R
Rl%\ + )\ R; R; R ’

R, R,
OH 0)

[H]
NH,

R,
R] R3
R,
OH
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[TockoJIBKY peakiiuss AHPY MPOBOANUTCS B MSITKUX YCJIOBUSIX, peaKIMi HUTPO-
aJTbI0JICH TIONYYMJIN 3HAYUTENIEHOE PacIpoCTpaHEHUE B CHHTE3e COSIMHEHMIA,
colepxXallux JaOWibHbIe 3alIMTHbBIE TPYIIIbl U PEaKIIMOHHOCIIOCOOHbIE (hyHK-
uum [1].

OO0cyxnasi HOBble JaHHbIE O MTPUMEHEHUU DTOl peaklMd B OPraHUYeCKOM
CHUHTE3€, B MEPBYI0 OYepe/ib, CIECAYeT OTMETUTh YCMEIIHbIN MOUCK HOBBIX KaTa-
JIU3aTOPOB, B TOM YHUCJIE TeX, KOTOpPble 00eCeurnBalOT CTEPEOCEIeKTUBHOCTD €€
NpoTekaHus. B mepBbIX COOOIIEHUSIX O peakliu AHPU TSl KaTaau3a IpeBpaiiie-
HUI MPOCTEHIINX CyOCTpAaTOB YIMOMMHAIOCh O MPUMEHEHUU TUIPOKCUI- U
AJTKOKCHUJI-MOHOB B CIIUPTOBBIX U BOJHBIX pacTBOpax. BrocieacTBuu, yuuTbiBast
BbICOKY10 CH-KHMCIOTHOCTh HUTPOAIKAHOB, ObUIM MPEATOXKEHBI U O0siee MITKUe
OCHOBaHUSI — TPUAIKUJIAMUHBI, TYaHUIUHBI, Pa3IMYHbIC HEOPTAHUYECKUE COMU
(MgSO,, LiAlH,, KF, SiO,, Al,O; u 1p.).

NO, 0 O,N OH

e 1=

R, R, R; R, R, R4Rs

B 1a6s. 22.1 npeacTtaBiaeHbl AaHHbIE 00 3¢ (GEKTUBHOCTH Pa3IMYHbIX KaTaau-
3aTOPOB U YCJIOBUI JUISI CUHTE3a MPOCThIX HUTPOAIbIOJICH.

Taomuua 22.1. DhheKTUBHOCTh pa3IMYHbIX KaTaJu3aTOPOB B CUHTE3¢ MPOCThIX HUTPO-
anpnoneit [1]

Karammsarop Ycaosus Beixon, %

KOH 0e3 pacTBOpUTEIS, 60—90
0-5°C, 10 mun

Mg—Al—runpotaibuut TI'®, xunenue, 6—8 4 72—95

[SIC)

CH;COONH, 0e3 pacTBopuUTeIA, 80—-92
MMKPOBOJITHOBOE U3JIy4yeHHUE,
2,5-84

(C4Hy) 4N@F © 0e3 pacTBOpUTEIA, 63—100
OJ1 IaBJICHUEM

Al,O,4 0€e3 pacTBOPUTEJIA, 69—86
0-5°C, 14

KF/AlL, O, 0e3 pacTBOpUTEIS, 50-78
0°C,5-154

Zr(KOPO,), 0e3 pacTBOpUTETI, 62—89
25°C, 6254

Sio, 0e3 pacTBOpUTEI, 56—82
MMKPOBOJIHOBOE M3JIydeHUE

Jlenapumep U3 TpUdTaHOJIaAMUHA HUTpOAJIKAH 75-90
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Hosgeiiime 1OCTHMKEHUs B M3YYEHUU peakuu AHPU CBSI3aHBI CO CTepeoce-
JIEKTUBHBIM CUHTE30M HUTpOabaosieil. [103ToMy ciieayeT Ha3BaTh U XUpajabHbIE
KaTaJIU3aTOPhI, TPeIJIOKEHHBIE TSI 9TOM peaklMi, B TOM YKCIIe SHAHTUOMED-
Hble TYaHUOIUHEI |2, 3]:

H,C CH, N

H,C /k CH, H,C )\ CH,
r L
N N

)
= \‘\
Z,

H  Ph Ph H Ph
Me\ /Me N
N Ph PR Ph
H:C CH P
i N%\N < ’ YN
/ Ph Ph

Ph H Ph

IlepBbIii mpuMep KaTaJUTUYECKOM aCUMMETPUUYECKON HUTPOAIbI0IbHON
peakumu 6bu1 npenctapiaeH Llubacaku ¢ corp. 'enraruapar LaCly ¢ mu-Li-(S)-
OrMHadTOIOM B MPUCYTCTBUM PA3JTUUYHBIX COJIEN U aJIKOKCUIOB HaiIeHbI ONTH-
MaJIbHBIMU IS cuHTe3a (R)-HuTpoanbgosiieii M3 HUTpOMETaHa M TIeKcaHass
(1 muKJIorekcaHkapOanpaeruna) [4, 5]:

OH
CHO NO,
CH;NO, + —
HUTPpOMETaH

rekcaHasib HUTPOATBIOJb (87% ee)
N TN
| 1. LaCl, - 7H,0
N N 2 NaO-t-Bu
) 3. TT®/H,0

oLi —— = |
Z /W/ 1
oo X
(S)-6unadron, nu-Li-conb

MHoOro4YucjieHHbIe TTPUMEPBI CTEPEOCEIEKTUBHBIX HUTPOATBIOIBHBIX KOH-
JIEHCALIMA OTHOCSATCS, MPEXAe BCEro, K CHMHTE3y XMUPAIbHBIX JIEKAPCTBEHHBIX
npemnapaToB [6—9]. Huke mokaszaHbI CTPYKTYPbI HEKOTOPBIX TAKUX TTPEIIapaToB 1
COOTBETCTBYIOIIMX HAUTPOATBAOJEH — KITIOUEBBIX MHTEPMEINATOB.
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(S)-ITponaHoon — mpemnapar JJ1s1 JIedeHUsI CEpAeUYHO-COCYIMCThIX 3a001eBa-
Huii. KiroueBast craaus B ero cuHTe3e (Kak M B MOCIEAYIOIIMX TTpUMepax) Mpo-
BOJUTCS B IPUCYTCTBMU SHAHTHUOMEPHOIO KOMIUIeKca JaHTaHa(3+) ¢ IuinTue-
Boli coubio (R)-(+)-0mHadTOoKCHIA B KauecTBe KaTaiu3aTopa [6]:

e
0] \CHO
A N CH;NO,/kar.
TTro
e
/ / RN
o) \;/\NO2 o) \/ NH
‘ N N OH H,/PtO, H,/PtO, ‘ N N OH/\
AN~ aleToH A~
HUATPOAILIOJb (80%, 92% ee) (S)-nponaxHoson

ITo cpaBHeHUIO ¢ (R)-3HaHTHOMEPOM U paleMaToM, (S)-3HaHTHOMEp MPOMNaHo-
Jlojla OOHApYXXUBAeT CUJIbHBIA B-OMokupyoimuit 3ddeKT npu Je4yeHuu CTeHO-
Kapauu, apTepuaibHOM TMIIePTOHUN, apUTMUM.

apumpo-3-AMUHO-2-TUAPOKCU-4-(peHUIMACsIHAs KUCJIOTa sIBJsieTcsl (ppar-
MeHToM uHruouropo HIV-niporeaser KNI-227 1 KNI-272 [7].

Me

[R

0
\)L H g
O N N_ N
| H :
o .~ O
Ph 1)

NH—t-Bu

KNI-227, R = Me
KNI-272, R=H

Huxe mokaszaHa craaust HUTPOAJIbI0JbHON KOHAEHCALIMU B €€ CUHTE3E:

OH
D : NO
X 2
CH,NO,/xar. ‘ N W
NPhth g P NH,
(NPhth-dranumuno) HUTPOAJTbI0Ib

(BoIXOZ 95%, 80% ee)
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(S)-(—)-TTunponon siBaAsIETCSl aApeHEPTUYECKUM aHTAarOHWUCTOM, OJIOKUPYsI
JeWCTBUE aJipeHalMHa U HOpaJpeHaauHa; IpU 3TOM OH OTHOCHUTCS K CUMIIATO-
MMMETHKAM, T. €. BbI3bIBaeT 3(P(eKT, CXOOHBINA ¢ anpeHaJnHOM. B pabdote [§]
pa3paboTaHa cxema ero CUHTe3a Ha OCHOBE peakliMu AHPU:

e
g >cHo
\ CH;NO,/kar.
N
H
HUTPOJIBIOIb
(BbIXOZ 76%), 92% ee)

(S)-(—)-nmuHmgoson

L-AKO3aMUH 4BJISETCH YIJIEBOJAHBIM (PAarMeHTOM aHTPaIlMKIMHOBBIX
aHTuOnoTrkoB. KiroyeBas cragus — HUTPOAIBIOJIbHAA KOHIEHCAUd —
B CMHTe3¢ L-aKo3aMMHa IMpOBeIeHa B MPUCYTCTBUM TeTpa- N-OyTUIaMMOHMI

¢ropuna (TBAD) [9]:
OH

0 OCHj; 1gaq OCH; Hcl  H,/Pd
ushd
NO, OCH; OR NO, OCH;
OR HUTPOATBIONb (95%)
OH
L
OH NH,

L-axo3amuH

HI/ITpOEU'IbZ[OJ'[bHaH CTpaTerus IMUPOKO MPUMEHACTCA U AJ1A CUHTE3A ITPUPOAHBIX
coenuHeHuil. P ACCMOTPCHHBIC HWXKE TIPUMEPLI MIITIOCTPUPYIOT CHUHTECTUYCCKUEC
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BO3MOXXHOCTH HUTPOHAT-MOHOB. Tak, HarpuMep, CUHTE3MPOBaH 4-TUAPOKCUTEIT-
TaleKaH-7-0H — HOBBIA TUAPOKCUKETOH, BBIIEJICHHBIA M3 IKCTPAKTa JIMCThEB
Chiccoca alba (Rubiaceae) [10]:

NO, NO,
NaBH, n-CyH,,CHO
| Al O,
(0] OH
(BbIxon 80%)
NO,
OH

(BbIxox 48%)
Ra—Ni o)
NaH,PO,
NaOAc/AcOH

OH
4-runpokcurenTagekat-7-oH
(BBIXOI 66%)

Ha craguy aiapmonbHON KOHIEHCAIIMM B KayecTBe KarTajau3aropa IMpUMEHEH
OKCHJI aTIOMUHMS, a Ha 3aKJTI0YMTENIbHOM cTtanuu (peakius Heda) Hurporpymia
MpeBpaliaeTcs B KapOOHMIbHYIO TPYIIITY C TPOMEKYTOUHBIM 00pa30BaHUEM HUT-
pOHAT-HMOHA.

CuHTe3 IBYX aJKaJIOMIOB WLUTIOCTPUPYET CHHTETUYECKUI TTOTECHLIVAN GHYyHI-
PUMOACKYAAPHOU peakuuu Anpu:

OH O

IaHKpaTUCTaTuH JIMKOPUIIUIWH
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Huxe mokazaHbl KJIIOUeBbIE CTaAuM TOJydeHUsI KapkKaca aukopuuuauHa [11].
B kauecTBe KaTanuzaTopa Ha CTaIuU MOJYYEHUS] HUTPOAJIBAOJIST MPUMEHEH
HEUTpaJbHbIA OKCUJl ATIOMUHUS:

Y ) 0w ST MO o
0 ~ No, o) Z  NO,

CuHTe3 8-HUTPOOKTEH-3-O0HA, BaXXHOTO WMHTepMeaudaTa MpU IOJydyeHUU
(R)-(+)-0-1umoeBoil KUCIOThI, — ellle OAMH MpUMep TeHepaluu HUTPOHAT-
voHa — pempo-Aupu peaxuyus [12]. KnioueBasi ctaguss — pacKpbITUE LKA
HUTPO-LMKJIOreKCaHoa TIPoBeieHa B pucyrcTBun 6e3poanoro CuSO,/SiO, B
KMITSIIIEM OeH30I1e:

0 NO s OHNO
2 2
[::fﬁ::I/// 7 Mgbr ///ifiijiff/// CusSO0,/Sio,

KETOH 1-BUHMII-
bannmuuan 1 -uKII0TeKCaHOI
HOOC
/
O,N
-, s -
0 sf>"
=S
8-HUTPOOKTEH-3-0H (R)-(+)-o-1unoesast KUCIOTa

XupaibHble KaTaJl3aTOPpbl pa3padoTaHbl U IS CTEPEOCEIEKTUBHOIO TIPOBE-
neHust aza-Aupu peaxuyuii [13—15], mockoabky ¢parmeHT 1,2-nuamMuHa, hopMu-
PYEMBIII C TIOMOILILIO ATOM peakUMWu, BXOAUT B COCTaB MHOI'MX OMOJIOTMYECKU
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AKTMBHBIX TTPUPOJHBIX COEIMHEHUI M JIEKAPCTB, a TaKXKe SIBJISICTCS KJTIOUYEeBOM
CTPYKTYPHOM eIMHMLEH XUpaJIbHBIX JUTAHIOB B aCUMMETPUYECKOM KaTaJln3e.
ITpumep crepeocesIeKTUBHOM a3a-AHPHY peakliuy IoKa3aH Ha 3Toil cxeme [13]:

Bn
NO 1. u-C,H,Li, TT® ~
? 78°C NH
2. BAN=CH—CH, / Et Sml,
3.TT®,CHCOOH  CH] \‘/ Tr®/MeOH
—78°—0°C
NO,
mpanc :yuc=10:1
(90%)
Bn 0
NH Bn
. Et coa, NN
CJﬂ/«\r/ N(C,HY), v/
Cu,Cl, N “y
NH, Ph Et

HMonuzanuss HUTpoNpoIiaHa AeHCTBUEM H-OYTWJLTATHS, TTOCIEAyIolIee MPUCOo-
eIVHEeHre 00pa3ylolerocss HUTPOHAT-HOHa K N-OeH3MTUACHOCH3MIAMUHY U
00paboTKa KOHEYHOU PeaKIIMOHHOW CMeCH YKCYCHOM KUCJIOTOM JAloT MPaKTH-
YeCKM KOJMYECTBEHHBIN BBIXOI [-HUTpOAMUHA C JIMACTEPEOCEIEKTUBHOCTHIO

BhIle 95%. Huxke mokaszaHbl mepexonubie coctosiuust (ITC), cooTBeTCTBYIOIIME
MpolieccaM aHmu- U CUH-TIPUCOSIUHEHUS.

CeHs

CyHs

[1C mpanc-annykra

I1C yuc-annyxra

OnHUM U3 OCIEAHUX JOCTUXKEHUI B pa3BUTUU a3a-AHPU peakliMy oKa3ajcs
P XMpaJIbHBIX KaTaJanu3aTOPOB — IMPOM3BOIHBIX OMC-0KCa30JIMHOB [14].

pr OTf,
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DTU KaTaau3aTopbl 00eCIIeYMBAIOT BBICOKYIO CTEPEOCEICeKTUBHOCTh MPUCOEAM -
HEHUSI HUTPOHAT-UOHOB K UMUHAM IMPU KOMHATHOI TeMIepatype [15]:

CH,C.H,OM
et € NO,
N ‘/ A
+
)K NEt,, 20 °C
H COOEt Et
/CH2C6H4OMC
HN H,N COOEt
02N Ni Penes /
COOEt Et /NHZ
Et

OrnpeaeaeHHBIM YCIOBUEM YCIIEITHOTO MPOTEKAHUS peaKIMU SIBISIeTCSl HATuuKe
BJIEKTPOHOIOHOPHOI0 OEH3UIBHOrO (hparMeHTa y aroMa a3oTa UMUHa. Bbicokast
CTEePEOCEIEKTUBHOCTh MPUCOSAUHEHUSI OOBSCHSICTCS LIUKIMYECKUM Tepexo-
HBIM COCTOSIHMEM, B KOTOPOM 00a KOMIIOHEHTa KOOPIAMHUPOBAHBI C aTOMOM
MeIU XUpajabHOro Karaausaropa. Heod0XoaMMo OTMETUTD, YTO KaTalu3aTOPhl U3
IpyMIbl KOMIUJIEKCOB MEIU ¢ OMCOKCA30JMHAMU C YCIIEXOM MPUMEHEHbI JIs
SHAHTUOCEJIEKTUBHOTO MPOBEAEHUS KIACCUYECKOM peakiuu AHpu [16]:

o\%<ro
kD
Cu P

1 B T cor
)J\ 20%(mon.) /\'/ : -
Me CO,Et  MeNO, CH,CL, 20°C O,N : —
2 =
Me
OH
/\'/C02Et
7 HN
Me

DTUITIMPYBAT TIPUCOSTUHSIET HUTPOHAT-MOH, TeHEPUPOBAHHBIN U3 HUTPOMETA-
Ha, ¥ C BBICOKMM BBIXOJOM IIPEBpaIIaeTCs B STUIOBBINA 3¢up (S)-2-THapoKcH-
2-MeTUJI-3-HUTPOITPOTIAHOBOM KHCIOThI. HOBBIN CTEepeoLleHTp TeHepupyeTcs
IIPU 3TOM C BBICOKOM CeJIeKTUBHOCTBIO (92% ee). Peakuuss AHpH IaeT, TaKUM
00pa3oM, HaIeXKHBIA MYyTh K IOJIYYEHUIO O-TUAPOKCH-[B-aMUHOKApOOHOBBIX
KHUCJIOT.
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OKCHJ A30TA B BUOXUMHNYECKHNX PEAKIIUAX

B 1998 r. HoGeneBckoit mpemueit B 00JacT (prU3M0J0TUU U MEAULIMHBI ObLIN OT-
MeueHbl paboTel P. Pepucomma, JI. Henappo v @. Miopada 110 U3y4eHUIO pOIU
OKCcHJa a3oTa B OMoxuMMuueckux peakmusx. Okazajnoch, 4To okcup azota NO
YYaCTBYET B LIEJIOM PsII€ BasKHEMIIIMX ITPOLIECCOB: PETYIMPOBAHUU CEPACUYHOM e~
SITeJIbHOCTU, Mepeaaye HEPBHBIX MMITYJIbLCOB, IMpoleccax 3allOMUHAHUS U pac-
MO3HaBaHMs 3amaxoB. BbII0 YyCTaHOBIEHO, YTO UMMYHHAasl CUCTeMa KJIETKU Mpo-
M3BOJIUT OKCHUJ a30Ta B KaueCTBE CPEICTBA MPOTUB MH(PEKIMOHHBIX OAKTEPUIA,
a TakxXe JUIS 3allUThl OT OHKOJOTMYECKMUX 3a0osieBaHMiA. MeXxaHu3M Iepenadyn
CUTHaJlla ¢ MoMolIblo razoobpaszHoro NO, NMpOHUKAIOIIETo 4epe3 MeMOpaHy
OT OJHOW KJIETKM K JPYyrol M TakuM oOpa3oM peTyJupylolero (GpyHKIHUIO
MocJIeIHe, oKa3aics MPUHLMITMAIbHO HOBBIM CIIOCOOOM mepeaauynd nHgpopMa-
LI B OMOJIOTMYECKUX CUCTEMAX.

ITonpoOHee Apyrnx MpoLECCOB C YYaCTUEM OKCHUJIA a30Ta U3yYEH MPOLIECC pe-
TYJINPOBAaHUS padOThI CEP/ILIA, B KOTOPBIX OKCHJ a30Ta MPOSIBJISIET C€0s1 KaK dHIIO-
reHHoe pejakcupymoliee cpeactBo. NO BblIeasIeTCsl B KPOBEHOCHBIX cocylax 13
0OCOOBIX KJIETOK B pe3yJIbTaTe IOBBIIIECHUS COMEPKaHUSI MOHOB KaJbLUs U IUD-
¢yHaupyeT B cocenHUEe KIETKHU, I/i€ BbI3bIBAET aKTUBALIMIO (hepMEHTA, OTBETCT-
BEHHOTO 3a peJjlakcalliio CTEHOK COCYIOB M CHUXKEHUE apTepUalibHOIO TaBICHMSI.

EcrecTBeHHO, BO3HMKAET BOIIPOC 00 MCTOUYHMKAX OKCH/A a30Ta B OpraHu3Me.
ITonaraior, 4TO TAKOBBIMU MOTYT OBITh PsIJT KCEHOOMOTUKOB U MX IPEeBpaIEHHUS.

YcTaHOBIIEHO, UTO JOHOPAMM OKCHIA a30Ta CITIOCOOHBI OBITh U HEKOTOPHIE Jie-
KapCTBEHHbIE MperapaThl. Tak, JIMIIb HETaBHO BBISICHUIOCH, YTO MEXaHU3M Jeii-
CTBUSI HUTpOINIMLIEpUHA, yxKe Oosee 100 jeT mpuMeHsIeMOro sl CTUMYJISLUUU
CepIeYHOI MBIIIIIIbI, OCHOBAaH Ha OMOXMMUYECKUX peaKlUsIX ¢ ydaCTUEM OKCHIa
azora (cm. 1. 11, pasa. 16.4.2). CTpyKTypbl HEKOTOPBIX APYTMX MpPEnapatoB —
MOTEHIIMAIbHBIX TOHOPOB OKCHJIa a30Ta — MOKa3aHbl HUXKE.

_NOH
| X X X X
_-~_ __NOH -~_ __NOH _-~_ _.NOH =
@ ® ®
| |
v CH; 1° 1°

3 CH;
JIJIOKCUM MUPOKCUM 1-meTui- 1-meTui-
2-TIMPUITHUMA- 4-TIMPUIUHU-

AJTbAOKCUMUOANT  aJIbAOKCUMUOON]T

B 3akmioueHue ciienyeT OTMETUTD, YTO B HOpMaIbHO (PYHKLIIMOHUPYIOIIEM Op-
raHM3Me B3pOCJIOro YeJoBeKa KOJMUECTBO OKCHUIA a30Ta BechMa HeBeIuKo. bo-
Jiee Toro, u30bITouHOoe KoandyecTBO NO MOXKET MPUBECTU K CepASYHO-COCYINC-
THIM HapyLICHUSIM, a TaKXKe MOBPEXKIESHUIO MO3Ta.
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npOI/I3BO)1HBIe aMMMaka, B KOTOPbIX aTOMbI BOAOpOAa 3aMCLICHBI YIJIEBOAOPOI-
HBIMU T'PpYIIINIaM#, Ha3bIBaXOT aMUHAMU .

23.1. KJACCUPUKAIINA U HOMEHKIJIATYPA

ATOM a30Ta B aMHHaX MOXET OBITh CBSI3aH C OJHUM, IBYMS WJIN TPEMS YIJIEBOAO-
POOHBIMU 3aMECTUTCJISIMU. B 3aBUCHMMOCTH OT 4MCJIa YIJI€BOAOPOAHBIX T'PYIIT
pasjmyaroT:

nepeunnvie amunst  R—NH, Ar—NH,,
emopuunvte amunet  R—NH—R' Ar—NH-Ar' Ar—NH-—R,

mpemuumble amumnbl R—Tl\I—R" Ar —1\IT—Ar" Ar —I\lf—R,
R’ Ar' R’

rome R, R'u R" — ankuiabHble Tpynisl, a Ar, Ar' 1 Ar'" — apujibHbIe IPYIIIIHI.
B coorserctBum ¢ stum rpynmy NH, HasbiBaroT aMUHOIPYIIION, TPYIIITy
NHR — ankunamuHorpynmoii, a rpynny NR, — 1uankuiaMUHOTPYIIIOM U T. II.
I'pyrinel R, R, R" MoryT ObITh OAMHAKOBBIMM WM Pa3IMYHBIMU, TaK XK€ KaK
U 3aMecTuTeNn Ar, Ar' u Ar".
[To yrcy aMUHOTPYIIT B MOJIEKYJIe pa3anyatoT MOHO-, OU-, MpU- U NOAUAMUHBL.
B 3aBUCHMMOCTM OT MpPUPOABI YIJIEBOAOPOAHBIX 3aMECTUTENIC pa3inyaioT
amMumbl asugamuyeckue, apomamuyeckue N aiKuiapomamuyecxue.
Yariie Bcero aMrHbl Ha3bIBAIOT O PaUKaio-(QyHKIIMOHAIbHOM HOMEHKJIATYpE.
Anudatnyeckre aMUHbI:

C2H5NH2 CH3*NH_C2H5 CH3*I|\]_ CH3 NH2

STUJIAMUH METUISTUIAMUH CH(CHg), LUMKJIONEHTHIAMUH

(nepsuuHbLii (6mopuunuwLil (nepsuunbLil
amun) amun) JUMETUIN30TIPOTIII- amun)

aMUH (mpemutnblil AMUH)
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ApOMaTI/I‘{GCKI/IC aAMUHDbI:

ot aQ, aJv

aHWIVH beHun(n-Tonun)aMuH B-HadTrIAMUH
(nepsuuHbLil AMUH) (6mopuunbiii amun) (nepsuuHbIl AMUH)

AJTKI/U'[apOMaTI/I‘{CCKI/IC AMUHDbI:

NH-CH; N(CH;),
N-MeTWwIaHWINH N,N-gumeTun-p-HabTuiaMuH
(6mopuunbLit amun) (mpemuyHbLll amum)

M3 nmpuMepoB ciieayeT, YTO Ha3BaHUSI aMMHOB MTPOU3BO/ST, KaK MpaBUIo, OT
Ha3BaHMI YIJIEBOJOPOAHBIX IPYII, CBSI3aHHBIX C aTOMOM a30Ta.

ITo nomenkinarype MIOITAK Ha3BaHus anndarnyeckKux aMMHOB 00pa3yloT OT
Ha3BaHMUI COOTBETCTBYIOIIMX YIJIEBOAOPOIOB MpUOaBIeHEM MOCTPUKCA ~aAMUH.

CH;~CH—CH,CH; CHy—CHy~ CH-CH,~CH;
NH, NHCH;
2-0yraHaMUH N-MeTwi-3-neHTaHaMuH
(CH;CH,),NCH;
N-mermn-N-aTmi-
STaHAMUH

Jna apoMaTUyeCKMX aMWHOB YacTO NMPUMEHSIOT TPUBUAJIbHBLIE Ha3BaHMSI.
B T0 Xe BpeMs TpMBHaIbHOE Ha3BaHWe (peHMIaMUHA — aHWJIMH — TIPUHSITO U B
HoMmeHkatype MIOTTAK.

NH, CH, CH; OCH;
NH, CH3\©\
O,N NH, NH,

Br 0 - n- NH,
4-0poM- N ) N-aHU3UIUH
3-HUTpO- e
AHWJIMH

TOJYUIUHBI
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qCTBCpTH‘{HBIG AMMOHMEBBIC COEAMHEHUSA POACTBEHHBI MPOCTHIM HEOPraHu-
YECKHUM aMMOHUEBBLIM COJISIM.

® ©
N(CH3 ) 3 Br
® O ® C]
(CH3)4N CI CH;CH,CH,N(CH;);0H
TeTpaMeTUJIaMMOHUI - TPUMETWINPONUIAMMOHUIA-
XJIopHA TpUMeTUIhEeHUIT- THAPOKCHA
aMMOHMIOPOMUT

3anaua 23.1. HazoBute cieayomme COSAMHEHUS 10 CUCTEMATUIeCKOH HOMEHKJIaType:

(I:H3 /CHs
a) CH;CH,—CH—NH, 6) CH,—CH—CH,—N_
CH(CH;3),

® o
B) Q/ N(CH3)3 Cl
CH

3

23.2. CIIOCOBbI ITOJTYYEHUA

Bonblag yacTe M3 mepeyrciIeHHbIX HUXE peakKLMid yKe Oblla paccCMOTpeHa B
MpenbIayIIMX I1aBax. B aToM pa3nese o0cyKaeHbl HEKOTOPbIE TTIpUMephI Iperia-
paTUBHOIO MOJYYEHUS] aMUHOB.

23.2.1.  Peakuumn N-ankuiupoBanus u N-apuiMpoBaHus

PeaKI.lI/Iﬂ MEXKAY rajjoreHaJJKaHoM 1 aMMHUAKOM WJIM AMUHOM

Peakiinu Mexy rajoreHaJIKaHaMy 1 aMUHAMU ITPOTEKAIOT M0 MeXaHU3My Ou-
MOJIEKYJIAPHOTO HYKJI€O(MUILHOTO 3amelieHus Sy2. Ponb Hykieoduna B 310i
peakuMy BbIMOJHSIET MOJIeKyla aMmMuaka uiu amuHa (em. 1. 11, pasa. 13.4.1).
[MpomyKT 3aMelieHUs] — aMUH — B PEaKIIMOHHOI CMeCH MPUCYTCTBYET B BUIEC
COJIM; B CBOOOTHOM BUJIE €r0 BBIIEISIOT, 00padaThiBasi COJIb PACTBOPOM €IKO-
ro HaTpa:

®
RX + NHy — - [RNHy] X° DU RNH, + NaX + Hy0
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ﬂeﬁCTBHeM aMMHMaKa Ha raJJorcHajJdkaHbl MOT'YT OBITh TTOJIYYEHDBI IIEPBUYHBIC,
BTOPUYHBIC N TPETUYHBIC aMUHbI:

© NH;3 (u36.)

@
[CH;CH,NH;] Br
- CH3CH2NH2 + NH4BI‘

STUJIAMUH

CH;CH,Br + NH;j

3TUAOPOMUL

® o NH; (u36.)
CH;CH,Br + CH;CH,NH, —— [CH;CH,NH,CH,CH3] Br™ =——=

+———= (CoHs),NH + NH,Br

JUBTUIIaMUH

@ o NH;(u36.)
CH;CH,Br + (GyHs;)NH —— [(C,H5),NHCH,CH;] Br =~ =——

TPUITUITAMUH

Kak mpaBuio, B peakuuu rajoreHajikaHa ¢ aMMHUAaKOM 00pa3yeTcsl CMecCh
MEePBUYHBIX, BTOPUYHBIX U TPETUYHBIX aMUHOB, UTO SIBJIIETCS] CEPbe3HBIM HEI0-
CTaTKOM 3TOro Merosaa. bojee Toro, mpu npuMeHEeHUU U30bITKA rajjoreHaaKaHa
TPETUYHbBI aMUH MOABEPraeTcsl JalbHENIIEMY aJTKWIMPOBAHUIO C 00pa3oBaHM-
eM YemeepmuUHOl aMMOHUesoll coru (nepeaikuiuposanue amuna):

®

CH;CH,Br + (C,Hs);N [(C,Hs)sNCH,CH;] Br®

STUIAOPOMHUL TPUITUII- TeTPa3TUIAMMOHMUI-

aMuH opomun
Ha sToii ctanuu peaKkiyda 3aKaH4YnBacTCA.

Peaxkuus NEPCANTKNINPOBAHNUSA MOXKET OBITh MOJaBJIeHA IIPUMEHCHUEM 3Ha-
YUTEJBbHOTO M30bITKA aMMHUaKa WiIn aMUMHa, KOTOpLIfI moaBepracTcsa aJJKUJINpoO-
BaHMIO. DTOT IIPUEM MMECT MPAaKTNUUYCCKOEC 3HAYCHUE, €CJIU aMWUH OTHOCUTEJIBHO
JE€IIE€B N B€CbMa JIETYY, YTO ITO3BOJIACT JIETKO YAAJIUTh €TI0 IO OKOHYaHUU peaK-
uuu. B kauyecTBe IIpuMeEpa MOKHO IMPUBECTU IMMOJTYYECHUE H—6YTI/IJ'IaMI/IHa peaxkum-
en H-6YTI/IJ'[6pOMI/IZ[a C aMMH1aKkoM (BLIXOII IEJIEBOI0 aMMHa B 3TOM CJjiydyae€ JOCTU-
raet 50%):

CH;CHCH,CH,Br + NH3 o= NH—ZOOH» CH;CH,CH,CH,NH,

H-OyTUIIOpOMML STaHOI) H-OyTUIaMUH

H-Bytunamuu. H-Bytvunbpomung (151 r; 1,1 Monb) MepsieHHO NpubaBnsoT K pac-
TBOPY ammuaka (30 r; 1,8 monb) B 90%-m BogHoM ataHone (800 mn). PeakumnoHHy0
cMech pasmeLunBatoT npu 25 °C B TedeHue 48 4, nocne 4ero nofLLenaqnsaoT Boj-
HbIM PacTBOPOM €eaKoro Hatpa. MpoaykT BblOENSOT NMEePeroHKoM OpraHMyeckoro
cnos, T. kun. 76-78 °C. Bbixopg 38 1 (47%).
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AMMOHO.IH3 XJI0pO€eH30.1a

J1st IoNTydeHMsl aHUJIMHA aMMUaK apyuIupyloT, HarpeBast ero ¢ XJIopoeH30J10M B
npucytctBum Meau (cM. T. 11, paza. 14.4):

CeHsCl + 2NH; mpoac= CeHsNH, + NH,CI
XJIOPOEH30.1 aHWUJIUH

BeposTHO, peakiius IpoOTeKaeT MO MeXaHM3MY IaUlaauii-KaTaJIu3upyeMoro
kpocc-couetanus (cm. T. 11, . 15, pasn. «/1ist yriayGJaeHHOTO U3YYEHUST»).

N-AIKnMpoBaHHe aHWJIMHA

BzaumMoneiicTBueM aHUIMHA C rajoreHajJkaHaMU IT0JIy4yaroT BTOPUYHBIC U TPE-
TUYHBIC aJIKWJIAapOMAaTUYCCKMUE aMWHBI:

® NaOH

CeHsNH, + CHsBr —55= [CeHs—NH,—C,Hs] Br® —g5
AHWJINH OTUJI-
opomu

— - C¢HsNHC,Hs + NaBr + H,0
N-3TUJIaHUINH

[TockonbKy aHWIMH (KaK W Ipyrue apoMaTUyecKue aMMHbI) MEHee HYKJIeO-
(uneH, yeM aJKWIAMUHBI, €r0O MOHOAJTKUJIMPOBAHUE yIAeTCs MPOBECTH Oojiee
M30MpPaTeIbHO, T. €. C MEHBIIIMM KOJIMYECTBOM ITPOAYKTOB A1~ U TIEPEaTKUINPO-
BaHus. Hampumep, aHWINH B BOIHOM pacTBOpe TMAPOKapOOHaTa HATPUS MPU
90—95 °C peakuueii ¢ 0eH3WIXJIOPUIOM MOXET OBITh TIpeBpallieH B N-OeH3u1a-
HWINMH C BBIXOI0M 85%.

B xauecTBe alIKMJIMPYIOIIEro areHTa yA0OHO MTPUMEHSITh U aJIKWJITO3UJIATHI:

NHZ NHC3H7—H

1n-CH;CgHyS0,0C; Hy-1
110°C

aHWINH N-(#-Iporm)-
aHWINH

N-(H-Mponun)aumnuH. Cvecb aHunuHa (18,6 r; 0,2 Monb) 1 H-NPONUNOBOro 3du-
pa n-tonyoncynbdokucnotsl (21,4 r; 0,1 monb) HarpesaioT npu 110 °C B TeyeHne
5 4. MNocne oxnaxaeHus peakUMOHHYI0 Maccy pa3baBnsioT BOAOW, MAcno aKcTparu-
pytoT adupoM. MpoayKT BblAENSIOT NeperoHkow, T. kun. 95-105 °C (10 mm pT. CT.).
Bbixon 11,8 m (87%).
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N-ApuiupoBaHue apujiaMHHOB

TpetuuHbie apoMaTUUYECKHE aMUHBI TTOJIYYalOT HarpeBaHWEeM BTOPUYHBIX aMU-
HOB C apWJIMOAMIAMU B MPUCYTCTBUU MeAHOTO nopoiika (cMm. T. 11, paza. 14.4).

(C¢Hs)o,NH + CgHsl tu (CgHs);N + HI

nubeHu- TpudeHuI-
aMUH aMUH

AJIKHIMpPOBAHME AMUHOB CIIPTAMHU

B mpOMBIIIZIEHHOCTH aMUHBI MOJYYAIOT dMMOHOAU30M CITUPTOB B MIPUCYTCTBUU
KaTaau3aTopos aeruaparauuu (Al,O,, SiO,, ThO, u 1. n.) npu 300—500 °C. I1pu
5TOM TaKKe 00pa3yeTcsi CMeCh IMEPBUYHBIX, BTOPUYHBIX M TPETUYHBIX AMUHOB:

ROH
NH3 W RNH2 Al O ; R2NH m R3N
—H,0 —H,0 —H,0

DTOT METOJ, Ha3bIBAEMbIil TAKXKE AMUHOAUZOM, TIPUMEHSIIOT JJIs1 POU3BOJICT-
Ba N-ankui- 1 N,N-auankuiaHuInHoB. OOBIYHO B TAKUX CIyYasiX alKUIMPOBa-
HUE CIIUPTaMU BeIyT B MPUCYTCTBUU KUCJIOT:

® ®
[CsHsNH;) C1° W’W Lo [C4HsNH,CHy) C1© —29M. C HNHCH;
(deHMmIaMMOHUT- N-MeTWIaHWINH
XJIOPUJL

23.2.2.  BoccTaHoBleHHe a30TCOAEPKANIMX COeAUHEHUH

Boccranosienne HUTPOCOEINHEHUI

BoccraHoBIIeHME HUTPOCOSIMHEHMI Yallle BCETO MPUMEHSIOT TS TMOJYyYeHUs
MEepBUYHbBIX ADOMATUYECKUX aMUHOB (cM. pazn. 22.4.1).

Ilpy BoccTaHOBJIEHUM HUTPOCOCIMHEHMI, COMepKAIIMX W JAPYIHe TPYIIIIbI,
CITOCOOHBIEC K BOCCTAHOBJICHUIO (HaIpUMep, KapOOHWIbHBIE TPYIIITHI), PEKOMEH-
NyeTCsl MCTIOIb30BaTh xytopun ojosa(ll):

NO, NH,
SnCl, NaOH

HCI (koH11.)
CHO CHO

M-HUATPOOEH3AJIbIET UL M-aMUHOOEH3aJIbICTUT
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Boccranonienne HUTPUJIOB U OKCUMOB

11 BOCCTaHOBJICHUSI HUTPUJIOB MPUMEHSIIOT BOJOPO/ B MPUCYTCTBUY KaTaln3a-
Topos, LiAlH, (B o¢upe) u NaBH,.

R—C-N ——~ RCH-NH ——~ RCH,NH,
Kpome Hukenst PeHest B KauecTBe KaTaM3aTopa UCIIONb3YIOT Takcke Pd Ha yrie.
YT100BI UCKITIOUYUTH O6pa3OBaHHe B XO0A€ p€akKlMM1 BTOPUYHOI'O aMMHa, Tmapu-
pOBaHWe HUTPWIOB PEKOMEHIYETCS MPOBOAUTL B YKCYCHOM aHrmapuae. Ilep-
BUYHBIA aMUH IIp1 9TOM MOXKET OBITH ITOJIYUYEH C KOJIMYECTBECHHBIM BbLIXOIOM,
ITOCKOJIbKY OH 6bICTpO ImoaBeEpracTCsa aueTUJIMPOBAHNUIO U HE ITPETCPIICBACT I1O-

GOYHBIX TTPEeBpaIEHUIA:

H,, Ni Il
C¢HsCH,—C—N (Cﬁjﬁ; C¢HsCH,CH,NH—C—CH;
(beHUIaLeTOHUTPUIT 1-aeramua0-2-peHuIITaH

[To okKOHYaHUM peaKL¥ aMUH BBIAC/ISIOT TUAPOJIM30M alleTaMuaa.
11 BOCCTAaHOBJIEHUSI OKCUMOB TTPUMEHSIIOT KaTaIUTUYEeCKOe TUIPHUPOBaHUe
(H,, Ni) nnu 06paboTKy JTMTUAATIOMUHUATUIPUIOM:

NOH NH,

[l H, Ni |
CH;CH,CH,—C—CH;s CZI';—SO‘H» CH;CH,CH,—CH—CH;j
OKCHMM 2-TIEeHTaHOHA 2-neHTaHAMUH
NOH NH,
CeHs CeHs
LiAlH,

CeHs CeHs
OKCUM 2,2-11peHnII- 2,2-nudeHunn-

LMKJIOreKCaHOHA LIMKJIOTEKCUIAMUH

BoccranosurebsHoe AaMHUHHUPOBAaHHUE

MMUHBI — TIPOAYKTHI B3aMMOIENCTBUS aJIbAETUI0B U KETOHOB C aMMUAKOM U
[EPBUYHBIMA aMUHAMU — SBJISIOTCS, KaK IIPABUIIO, MAJIOCTAOWIBHBIMU COEMIN-
HeHussMU. OHM BecbMa peaKIIMOHHOCIIOCOOHBI U MOTYT OBITh axke 0e3 Bhlmese-
HMUSI JIETKO BOCCTAHOBIIEHBI 10 aMUHOB.

CooTBeTCTBYIOLIAs TTpenapaTuBHas polienypa Moaydusia Ha3BaHue «goccma-
HOGUMeAbHOe AMUHUPOBAHUE». CMECh KapOOHMJIBHOIO COSIMHEHHMS M aMMMaKa
00pabaThIBaIOT BOAOPOIOM B TIPUCYTCTBUU KaTaIM3aTOPA:
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H,, Ni

CgHs—CHO + NH; === [CeHs—CH—NH] i 55~ CeHsCHNH,
OeH3aIbIeT U/ OeH3MJIaAMUH
H,, Ni H
O + NH; ——= NH | "Ghon~
NH,
LIMKJIOT€KCAaHOH LIUKJIOTeKCWIAMUH

BTopuuHble aMUHBI MOJYYalOT TUAPUPOBAHMEM CMECU KapOOHWJIBLHOTO CO-
€AMHEHMUSI C TIEPBUYHBIM aMUHOM:

0 |
4 H2 Ni

CHCH~C, + NH2© <ron” CH3CH2CH2NH©
H

npornaHalb AHUJIVH N-nponuiaHWIMH
Pa3HOBUIHOCTHIO BOCCTAHOBUTEIHLHOIO aMWHUPOBAHUS SIBIISIETCS peaKuus
Hueaiiasepa— Kaapra (1905 r.) — MeTWIMpPOBaHUE BTOPUYHBIX WM MEPBUYHBIX
aMUHOB JielicTBUeM (hopMasibaeruaa 1 MypaBbUHOM KUCJIOTHI:

R,NH + CH,0 + HCOOH 7 R,N—CHj

Poib BoccTaHOBHTEIST TTPOMEKYTOUHOTO MMHUHA B 3TOM CJIydae BBITIOJHSIET MY-
paBbriHas KucioTa. [1poayKThl METUIIMPOBAHHUS, KaK MMPAaBWIO, MOJYYalOT C KO-
JIMYECTBEHHBIM BBIXOIOM:

+ CH,0 + HCOOH —~

CeHs™ N CeHs™ "N
H CH;
2-beHu- N-MmeTni-2-heHu-
MMUIIEPUIUH MMUIEPUIVH

23.2.3.  IlpeBpamenns aMuI0B KApOOHOBBIX KHCJIOT

Boccranosienne amuaon

Kak u npyrue azorconep:kaiune QyHKINW, aMUAIHBIE TPYIIIHI TJIaAKO MOTYT OBbITh
BOCCTAHOBJICHBI 10 aMUMHOTPyII. BoccTaHoB/IeHNE aMUIOB TPOBOAST ACUCTBM -
em LiAlH, B adupe uim nubopana B,H B rerparunpodypane.

0]
(CH3);C—C—-N(CHy), — = (CH3)3CCHN(CHg),
N,N,2,2-TeTpaMeTUII- N,N,2,2-TeTpaMeTHI-

IIpornaHaMu/ IIpornaHaMunH
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IToayyenue amuHoB o meroxy I'adpuais

DTOT METOJ IO3BOJISIET MOJyYaTh C XOPOLIMMM BBIXOAAMM IEPBUYHBIE aMUHBI
0e3 IMpUMeCH BTOPUYHBIX M TPETUYHBIX aMMHOB. B 0CHOBe MeToIa JIEXXUT peak-
LMST HYKJIeOMUIBHOrO 3aMelleHUsT MeXay (TaIMMUI-UMOHOM U rajoreHajika-
HoM. ITockonbKy obpasyromuiicss N-ankuadTaauMua He UMeeT IpoToHa y aTo-
Ma a30Ta, peakiysl 3aBepIlIacTcsl MOJYYeHUEM MPOAYKTa MOHOATKUINPOBAHUSI.
I'moponus unmu 06paboTKa 3TOro MPOAYKTa TMAPAa3UHOM JAl0T YUMCThIE MOHOA -
kmnaMuH. ITonpoGHee 00 3Toii peakiny cM. B pa3a. 20.4.4.

BenaunamuH. Cmech ¢ranmmuaa (300 r; 2,04 mosb), cyxoro K,CO5 (150 T;
1,09 monb) n 6eH3unxnopuaa (300 r; 2,13 Monb) HarpeBatoT 3 4 HA MacnsHO OaHe.
N36bITOK BEH3MNXI0PMAA OTTOHSIOT C BOASAHLIM NapoM. beHsundtanumumg, otdunbT-
POBLIBAIOT, MPOMbIBAOT BOAOM, cywar, T. . 116 °C (13 neasiHol yKCYCHOM KUCNOTbI).
Bbixon, 370 r (76%). ObpaboTkoi beH3unpTanMmmaa ruapasmHrnapaTom B cnvpre
W BOOHLIM PACTBOPOM LLIENOYM NOyYaloT 6eH3unnamuH, T. kun. 185-187 °C. Bbixop,
3441 (93%).

3amaua 23.2. 3aBepiunTe clieayronime peakiiuu. HazoBuTe KOHEUHBII U TPOMEKYTOUHBIM TTPO-
nykTol 1o HomeHknatype MIOTTAK. YkaxuTe nx KoHGUTYpanio.
bramumug

KaJlust H,NNH,

(2)-1-xnop-2-6yren IAM®DA 3TaHOJI

I'unoranorenntHas peaknusa l'ogmana

Peakiyeit aMumoB anndaTuyecKuXx U apoOMaTUUECKUX KapOOHOBBIX KHUCJIOT CO
IIEJIOYHBIM PACTBOPOM TajloreHa (XJiopa, OpomMa Wiv Moia) MOIydaroT MepBud-
Hble aMUHBI. B X0jie peakiinu yriepoHas 1efb yKOpaunBaeTCsl Ha OMMH aTOM yT-
Jepona. DTy peakilMio Ha3bIBalOT TakxKe nepeepynnuposkoi Toghpmana.

0

v

R—C + Br, + 3NaOH ——
NH,

—— R—NH, + Na,CO; + NaBr + H,0

MexaHu3M neperpynimupoBKA NoapoOHo u3noxeH B pasa. 20.2.3. Cuenyer
OTMETHTb, YTO PeaKIvs IMPUTOIHA U IJIsT ITOJTYYEHUST ONITUYECKH aKTUBHBIX aMM-
HOB. B cooTBeTCTBUM C ee BHYTPUMOJIEKYJISIPHBIM XapaKTepoM HaOII0IaeTCs CO-
XpaHeHUe KOH(UTypallud MpU MPUMEHEHUU OINTUYECKU AaKTHUBHBIX aMUIOB.
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B yactHocTu, nipu meperpynnupoBke amuaa (R)-2-MeTUI0yTaHOBOK KUCIOTHI
o0OpasyeTcst ToJbKO (R)-2-0OyTaHaMUH.

0]
% Y
CH3CH2*C|:H— C\/ Bry + 3§38H (KOHIL,)
>
CH3 NH2

amun (R)-2-meTu-
OyTaHOBOI KMCJIOThI

- CH3CH2—("|:H—NH2 + NaBr + Na,CO;
CH;
(R)-2-6yraHamMuH

23.3. ®U3NYECKUE CBOIICTBA I CTPOEHUE

23.3.1.  AmdaTuyeckne aMHHbI

Kak 1 B aMMMaKe, aToM a30Ta B aMUHAX HAXOAUTCS B Sp3-rMOpUAN3aLuu 1 obpa-
3yeT YeThIpe Sp3-ruOpUIHbIE OPOUTAIN.

N 2’

2s% ||}
152
L]

sp3

OnHa 13 opOuTaIeil aTOMa a30Ta 3aHsITa HEMOAEIEHHOM Mapoii JIEKTPOHOB.
B cOOTBETCTBUU C MPUHLIMIIOM HaWMMEHBIIErO OTTAIKMBAHUS SJIEKTPOHHBIX T1ap
TPM CBSI3BIBAIOIIME W OIHA HEMOJeIeHHAsl 3JIEKTPOHHbBIE Mapbl B MOJIEKYJIe aM-
MHaKa MUMEIOT TeTpasApHUYecKylo opueHTanuio, a Tpu cBssu N—H oGpasyior
TpeXTpaHHYIO TUPaAMULIY.

N 107
0 H-/7=H
H H
CKJIOHHOCTh K MUpaMUIAIbHOM KOH(MUIYypallii HaOII0AAETCS U Y aMUHOB.
Haxe 3aMeHa Bcex Tpex aTOMOB BOJOPOJa B aMMUAKE HA METWUJIbHBIE TPYIIIIbI
«pa3aBUTaeT» BaJEHTHBIMA yroJI IPpYU aToMe a3oTa Juib 10 108°.
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Taomuua 23.1. [TapameTpsbl CBsI3eil B MOJIEKYJIaX aMUHOB

Cas3b Oueprus, KK/ Moab (KKaji/mMoab) | IiuHa, HM IoasipHocTb, D
C-N 305 (73) 0,147 0,45
N—-H 389 (93) 0,103 1,31

B ta6u. 23.1 mpuBeaeHBI HEKOTOPBIE MapaMeTPhl CBA3Ei B MOJIEKYJIaX aMUHOB.
BcaencrBue nossipHocTu cBsisu N—H aMuHbI 00pa3yoT BOAOPOAHbIE CBSI3U.

i
CH3—1|\I: - -H—1|\I:- ~H-N—CH;
H H 5

MCTUJIAaMUH

Gyl CBsI3U, OJHAKO, MECHEEC MPOYHbI, YEM Y BOIbI MU CIIMPTOB, N3-3a MEHbILIEN
(ueM y aTomMa KHCJI0po/ia) 3JIeKTPOOTPULIATEIBHOCTH aTroMa a3oTta. [lostoMy amu-
HBI KHTIST Mpu 60Jiee HU3KOM TeMIlepaType, 4YeM CITUPTHL. TeMIiepaTypbl KUTIEHHS
U Apyrue pU3ndecKre CBOMNCTBA HEKOTOPBIX AMUHOB TIEPEUMCIICHbI B Ta0J. 23.2.

Hwusire aMyuHBI pacTBOPUMEI B BOJIE, C MOJIEKYJIAMM KOTOPOI OHU 00pa3yioT
BOJOPOIHbBIE CBSI3W. 3amax HU3IINX aMHUHOB CXOIEH C 3allaXxoM aMMMaka, Cpeji-
HMe aMUHBI 00J1aJal0T HEMMPUSATHBIM 3aIlaXOM PHIOHI.

Taommuna 23.2. @usndeckrie cBOMCTBA aMUHOB

AMUHBI Mou. macca T. m1., °C T. kun., °C dio
IlepBuunbie:

CH;NH, 31 -94 —6,5 0,6628
CH,;CH,NH, 45 —81 16,6 0,6829
CH,CH,CH,NH, 59 —83 47,8 0,7173
CH,CH,CH,CH,NH, 73 —49 77,8 0,7414
Bropuunsie:

(CH;),NH 45 -93 7,4 0,6804
(CH;CH,),NH 73 —48 56,3 0,7056
(CH;CH,CH,),NH 101 —40 110 0,7400
(CH;CH,CH,CH,),NH 129 —60 159 0,7670
Tpernynbie:

(CH;3);N 59 —117 2,9 0,6356
(CH;CH,);N 101 —114 89,7 0,7256
(CH,;CH,CH,);N 143 -94 155 0,7558
(CH;CH,CH,CH,);N 185 =70 213 0,7771
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23.3.2.  YeTBepTHYHBIE AMMOHHEBbIE COJIHA

XOT$ B aJIKMJIAMUHAX aTOM a30Ta HAXOIUTCS B COCTOSTHUM Sp -TUOPUIM3ALIAM, TTHPa-
MUIATbHAsT KOHMUIYPALMs MX MOJIEKYJT HE SIBJISIETCS] YCTOMYMBOM. JIJIsl TaKMX aMu-
HOB XapaKTePHbI OBICTPBIE B3aMMHBIC TePEXOIbI MEXIY ABYMST KOH(MUTYPALIUSIMU.
[Mpy HamMIMK Tpex pa3IMYHBIX 3aMECTUTENICH Y aToMa a30Ta pedyb UIET O OBICTPBIX
B3aMOIPEBPAILEHUSIX SHAHTUOMEPOB. DTOT MPOLIECC HA3BIBAIOT uHGepCcUell azoma.
ITo a0l MpUYKMHE YKa3aHHbIe aMUHBI He OOHAPYKMBAIOT ONTUYECKOM aKTUBHOCTH.

3epKanvHas
naockocms
H | M
CH3““",N® DI\\I""CH3
CH;CH, CH,CH;
i
N

CH; \CH,CH;
151 MPOCThIX aMUHOB DHEPTHYsI aKTUBALIMU MPOLIecca MHBEPCUM BecbMa Maja
" cocTaBisieT ~25 KJIx/Monb (6 KKaji/MoJib). B MIockoM mepexogHoM COCTOSsI-
HUMU a30T uMeeT sp2-rubpunusanuio ¢ HOTI, Haxoxsieiics Ha sz—op6majm.
YeTBepTUYHBIE aMMOHUEBBIE COJIM MOTYT CYIIECTBOBATh KaK YCTONYMBBIE
SHAHTUOMEPBI, MTOCKOJIBKY MHBEPCUST a30Ta B 3TUX COSAMHEHUSX HEBO3MOXKHA.
DTO BUAHO Ha TpUMepe OEH3UIMETUITPONMIITUIAMMOHUOpOMUIA:

3epKanvHad
njaoCKoCmb
L Ot i o, Cith
B o N : —N., Br®
© g, N~CHaPh  PRCH N B
GHs : GHs

23.3.3.  ApomMaTuyeckue aMHHBI

AToM a3oTa u B apujiaMMnHax (bopMaano HaXoagHnuTCAd B COCTOSIHUU Sp3—FI/I6pI/I]II/I—
3auun. OgHaKo CTPYKTYPHBIC XapaKTCPUCTUKM MOJICKYJIbl aHWJIMHA COIJIaCyloT-
Cs CKOpEE C sp2—rI/I6pI/IﬂHHM COCTOAHUEM aTOMa a3oTa.
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a—2p g;= a—2,0338
= +0,477
S o pH ge= o — 1,083p
§ €= 0L — —-0,451
é -0,358
S “ +0,184
= ——  e=a+0,744p 10405
S ep] i eers -

KOS NIUCHTbI

) + g, =a+ 1,643

o+ 26

P —— e =a+2,229

Puc. 23.1. DHepreTuueckast auarpaMmma MoJIeKyJIsSIpHbIX t-0pOuTaieil U KoahGUIIMEHTbI
B3MO aHununHa

DT0T (haKkT 00bsiIcHsIeTCS (D (HEKTUBHBIM COMPSLKEHWEM OpOUTaIv, 3aHUMAae-
Moit HOIT Ha aToMe a3oTa, ¢ w-opouTansaMu 6eH30J1bHOTO siapa. O6 3TOM roBo-
PAT U pe3yIbTaThl KBAHTOBO-XMMUYECKHMX PACYETOB aHWIMHA, B TOM YKCIIE TTPO-
cteiM MeTonoM MOX. BxiroueHue B 0a3uc pacyeTa CEMU aTOMHBIX OpOUTaIei,
Ha KOTOPBIX HAXOJATCSI BOCEMb 3JIEKTPOHOB, JAaeT CEMb MOJIEKYJISIPHBIX TT-OpOu-
Tajei (MX 3Hepruu nokaszaHbl Ha puc. 23.1). opmo- v napa-IlonoxeHus B MoJe-
KyJe aHWIMHA MMEIOT TMOBBIIICHHbIC 3HAYEHUSI U CYMMAapHON 3JIEKTPOHHOM
IJIOTHOCTHU, U TUIOTHOCTU Ha B3MO (Ha pucyHKe IoKa3aHbl 3HaYeHUsT Koahdu-
uueHtoB B3MO aHunuHa).

23.3.4. IloreHuuanbl HOHU3ALUA AMUHOB

an/ICYTCTBI/IC AMMWHOTI'PYMIIIBI B MOJIEKYJIC YIJTIEBOAOPOAA 3HAYNUTEIbHO ITOBLIIIACT
€ro 3JIEKTPOHOAOHOPHBIE CBOWCTBA, B TOM YUCJIE CIOCOOHOCTh OT/IaBaTh 2JIEK-
TPOHDI. Huxe CpaBHUBaIOTCA 3HAYCHUA MEPBLIX ITOTCHIIMAJIOB MOHMU3allUM 3Ta-
Ha W 9TWJ1aMHunHa, OcH30/1a U aHWJIMHA. DTU 3HAYEHUS YKa3bIBarOT, YTO TaKasd
CIOCOOHOCTh XapakT€pHa Kak aJid apoMaTU4€CKUX, TaK U IJIdA aI[PId)aTH‘IeCKI/IX
AMMHHOB.

Coennnenne C,H, C,HsNH, C¢Hg C4¢H;NH,
I,, B 12,00 8,9 9,24 8,00
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B pAaay aMMHOB — MEPBUYHBIC, BTOPUYHBIC, TPDETUYHBIC aMWHbBI — UX 3JICK-
TPOHOJOHOPHLIC cBoricTBa nosblaoTca. Huxke CpaBHUBAIOTCA 3HAYCHUS TIEP-
BbIX ITOTEHLMaJIOB MOHMU3allU OTUJIaMUHa, JTU3TUJIaMUHa U TpPUSTUJIaMUWHaA.

Coenunenne C,HsNH, (C,Hy),NH  (C,Hj);N

I1,,9B 8,9 8,0 79

234.  PEAKIIAHU

23.4.1. KucioTHO-0CHOBHBIE CBOIICTBA

Hanuuue y aroma azora HOIT Bo MHOroM orpeseiisseT XMMUYECKHE CBOMCTBA
aMiHOB. TIpexie Bcero, 3T0 OTHOCUTCS K MX KUCIOTHO-OCHOBHBIM U HYKJIEO-
(MITBHBIM CBOMCTBAM.

NH-Kucjaornoctb

[TepBuunblie 1 BropuuHble aMuHbl (DK, 33—35) aBasiorcs odeHb cnabbivu NH-
KMCJIOTaMHU, HaIpUMep MO CPaBHEHMIO co cnupTamu (pK, 16—17).

OpaHako NpyY IeMCTBUM OYEHb CUJIbHBIX OCHOBAaHUI aMUHBI 00pa3yioT COJIH,
MpUYEeM aHUOHBI B 3THUX COJISIX, B CBOIO 0UYEPelb, TAKXKE SIBJSIOTCS CUJIBHBIMM OC-
HOBaHUSIMU:

(C,Hs),N—H + Cg¢H;®Li®

(C:H),N® Li® + CgH

OCHOBHOCTbD

A.Imcl)a'mqecmle aAMMHBI SIBJISIIOTCS 00Jiee CUJIbHBIMU OCHOBaHUAMMU, HEM aMMHUAK,
6naroz[ap9{ SJIEKTPOHOAOHOPHOMY BJIMAHWIO aJIKUJIbHBIX I'PYTIII.

Ocrosanme NH, CH,NH,  (CHy),NH (CH,),N
PK, 510 9,24 10,62 10,73 9,79
OcHosanue C,H,NH,  (C,Hy),NH (C,Hj);N

PK, 51®, 10,63 10,94 10,75

OnHaKo M3 3TUX TAHHBIX CJEAYET, YTO B BOZHOM PACTBOPE TPUMETHII- U TPUITUII-
aMMHBI 00J1a1al0T HECKOJIBKO MEHbIIIE OCHOBHOCTBIO, YeM AuaTHinamMuH. Iloara-
0T, UTO 3TO MIPOTHUBOPEUUE OOBSICHSIETCS Aghpexmamu corveamayuu. I1o-BUIUMO-
My, BCJIEACTBUE ITPOCTPAHCTBEHHBIX 3aTPYAHEHUI CTAOMIM3ALIUS MOJIOXKUTEIBHOTO
3apsiia B CONMPSDKEHHOM KUCITOTe TPUATKMIaMUHA MOJIEKYJTAMUA PACTBOPHUTEIIS Ma-
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JoaddekTrBHa. B razoBoii dase, riue a(pPeKThl CoabBaTalMM CONMPSIKEHHBIX KHC-
JIOT aMMHOB paCTBOPUTEJIEM UCKITIOUEHBI, TPUMETUJI- M TPUATUIAMUHBI (KaK U Ipy-
r've TPeTUYHbIC aMUHBI) 00J1a1al0T HauOOIbILIEe OCHOBHOCTHIO.

ApomMaTHyecKre aMHHbI UMEIOT TMOHVKEHHYI0 OCHOBHOCTh BCJICACTBUE ME30-
MepHoro addekTa, Giarogapsi KOTOPOMY aMUH KaK COINPSLKEHHOE OCHOBAaHUE
MOHA aHWJIMHUS B OOJIbILICH CTENEeHU CTAaOUIM3UPOBAH. DTUM OOBSICHSIETCS T10-
BBbILLIEHHAs! KUCJIOTHOCTh MOHA aHUJMHUS M HU3Kasg OCHOBHOCTh aHWJIMHA IO
CpPaBHEHMUIO C aJIKUJaMUHAMU, HAIPUMEP C STUJIAMUHOM.

®
NH;
+ H2O _—
pKa (BHe) 4,62
r ® ® ® 7
NH, NH, NH, NH,

(a.o '.6
S - - — + H;0°

@ e
CHsNH; + HO =——= GHsNH, + H;0°

pKa (BH®) 10,63

E1ie 6osee ci1abbiMy OCHOBAaHUSIMM SIBJISTIOTCST JUuapuji- u TpuapujaiaMMUHBI.

AHUJIMH nudeHmIaMuH TpudeHWIaMUH
pK, BHO) 4,62 0,8 -5,0

TpI/IQ)GHI/IIIaMI/IH NPaKTUYECKM HE 00s1a1aeT OCHOBHBIMM CBOMCTBaMU.
A)'IKI/IJ'IapOMaTI/I‘{CCKI/IC aMUHBI UMEIOT HECKOJILKO 00JIee BBICOKMIA OCHOBHBIN
XapakTep 3a CYCT DJICKTPOHOAOHOPHOIO BJIMAHMA aIKUJIbHBIX I'DYIIII.

S s« _CH
NH (Ng s
OcHoBanue ©/ ? ©/ ™CHj

pK, BHO) 4,62 5,15
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Hanuuue B apoMaTU4Y€CKOM KOJIbLIC SJIEKTPOHOAOHOPHbBIX 3aMeCTUTeNen YBE-
JIMYNUBACT OCHOBHOCTb aMHMHa, a 9JICKTPOHOAKLCIITOPHBIX — IMMOHM2KAECT €€.

— 53558, S

OCH; 0,
pK, BHO) 5,34 5,10 4,62 3,98 2,47 1,00

B)Iarozxapﬂ OCHOBHBIM CBOMCTBAM aMUHbI CPABHUTEJIBHO JIETKO o6pa3y}0T Co-
JIN C KNUCJIOTaMM:

H,O ® IS}

C¢HsNH, + HBr =——= C¢HsNH; Br

AHWINH bennnammoHnii-
Opomun

®
(CoH9,NH + HySO; === (GpHs),NH; HSO]
JIUATUIAMUH IATUIAMMOHMIA-
ruapocyibdar
Coii aMUHOB MMEIOT MOHHOE CTpOC€HUE. COOTBCTCTBy}OH_II/IC raJJOr€HUIbI,
cyJib(aThl 1 HUTPATHI XOPOILLIO PACTBOPSIIOTCS B Boge. OOpa3oBaHue BOJOPACTBO-
PUMBIX coJieli — KayeCcTBeHHasl np06a Ha aMUWHBI:

® S}
CH;y(CHy)yNH, + HCI CH;(CH,)gNH:Cl
H-IeUnIaMuH H-JeLIMJIAMMOHUAXTIOPULL
(nepacmeopum 6 6o0e) (pacmeopum 6 6ooe)

KoneuHo, 1Mo Mepe yMeHBIIEH!S OCHOBHOCTA aMMHA €ro pacTBOPUMOCTDH B
KUCJIOTax CHUKaeTcs. Harmpumep, XOTS aHWIMH JIMIIb CJIErKa PaCTBOPUM B BOJIE,
OH TIOJTHOCTBIO PACTBOPSIETCST B pa30aBJICHHBIX COJITHOM M CEPHOM KHMCIOTaX.
2,4-JIVHUTPOAHWIMH UMeET pK (BH®) — —4,4, TI03TOMY PAaCTBOPUM TOJIBKO B KOH-
LIEHTPUPOBAHHOM CEPHOI KMCJIOTE.

3amava 23.3. Ykaxure, Ipyu KakKoM 3HaueHnH pH Tipu pacTBOpeHUN MeTUIaMIHa B BOJIE KOH-
uenrpaumn CH;NH, n CH3NH(39 OJIMHAKOBBI.

3anava 23.4. [pemtoxute o0bACHEHNE 3HAYEHUAM DK, COTPSIKEHHBIX KMCIOT CIIEMYIOMINX
apUJIaMUHOB:

NH2 NH2 CH3\ / H3 CH3\

@ @m @ i/jcm

pKa (BH®) 4,62 5,00 5,12 6,11
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23.4.2. HykaeoduibHbie peakuuu

ANKuIMpoBaHue

Kak yxxe oTMevanoch B pa3f. 23.2, IepBUYHBIC, BTOPUYHBIE U TPETUYHbIC AaMUHbI
BCTYMAIOT B peaKIlMU ¢ TajlorTeHaJKaHaMU U CIIUpTaMu. DTU peakKLMu MPOTeKaroT
KaK OMMOJIEKY/ISIPHOE HYKIEO(MUIbHOE 3aMelleHne (Sy2):

I|_I l—l\ /H e) - ®
R-NHy + CHy1 g |R-N"-C-1"7| ——— RNH,~CH;1°
3TAHOJ) | [
H H

O0paboTkoii conu BogHbIM pacTBopoM NaOH nonyyaloT npoayKT aTKuaInupo-
BaHMs aMMHa B CBOOOIHOM BUJIE:

@
RNH,~CH;1® + NaOH <o RNH + Nal + H0,

CH;
®
NH, TTIH—Csz
H® NaOH
+ 2C,HsOH ~Ho) C,Hs CI° HagO

AHWJINH

N(GHs),
— ©/ + NaCl + H,0

N,N-1u3TuIaHUINH
an/I AJTKMJIMPOBAHUUN TPETUYHBIX aMWHOB ITOJIy4YaloT YETBEPTUYHBIE aMMOHUEC-

Bble coeMHeHUs. HarpuMep, TpuMeTUIaMUH U METWJIMOAML SHEPTUYIHO pearupy-
10T TTPY KOMHATHOM TeMIlepaType ¢ 00pa3oBaHUEM TeTpaMeTUIaMMOHUMMOINAA:

(CH3)3N + CH3*I 541\72' (CH3)3N C-1 - (CH3)3N_CH3I
TPUMETWI-  MOAMETaH ll‘l TeTPaMETUJIAMMOHUIA-
aMUH WO

YeTBepTUYHBIE aMMOHMEBBIE COJIM TIPU AEHMCTBUM BJIAXKHOTO TMAPOKCHIA Ce-
pebpa nepexoasiT B TMIAPOKCUIbI TeTpaaJKUIaMMOHUS (4emeepmuynble AMMOHU-
eeble OCHOBAHUSL):

® ® O
2|(CH;);N—CHs|1° + Agy0 + H,0 —— 2(CH3)4N OH + 2Agl
TeTpaMCTI/II[aMMOHI/II‘/JI— TeTpaMeTI/IHaMMOHI/Iﬁ—
nogua TUAPOKCUI
Ot COCAMHEHMS B BOAHBIX paCcTBOpax MOJTHOCTbIO AMCCOLIMMPOBAHbI U ITO3TOMY
ABJIAIOTCA TaKUMU K€ CUJIBHBIMU OCHOBaHUAMU, KaK U TUAPOKCHUADBI IECJIOYHbBIX
METaJlJIOB.
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[Mpu HarpeBaHWM YeTBEPTUIHBIE AMMOHHMEBBIE OCHOBAHUST TIOJBEPraroTCs pac-
LIETJICHUI0. DTO TIpeBpallieHre U3BECTHO Kak pacuienaenue no Togpmany (1881 1.).
ITpocreiimee ocHOBaHME — TMIPOKCHUA TeTpaMeTiiaMMonust — rpu 100—200 °C
00pasyeT TpUMETWIAMUH U METAaHOI:

£
© Q11 100-200°C |3 " e cy
(CH;)sN OH —%>— HOCN\—CH3 — CH;OH + (CH3);N

TeTpaMeTuI- 50 Il-l CH3 TPUMETHUI -
aMMOHMUI- aMMUH
TUIPOKCU]T

Ecnu B aMMOHMEBOM OCHOBAHUU COIEPXKUTCS XOTsI ObI OMUH O0Jiee NTMHHBII
(4eM MeTHJ1) YIJIeBOIOPOIHBIN 3aMeCTUTENb, TO MIPY HAarpeBaHUU MTPOTEKAET pe-
aKIIMs JIMMUHUPOBAHUS, COMTPOBOXKIaeMast o0pa3oBaHMEM aJKeHa:

CH;
|

CH;N2CH; |®OH —— CH,~CH, + N(CHy); + HhO
(l:HZCH:; OTUJICH TPUMETUII-

aMMH

TpHMéTHIISTI/IJIaMMOHHfI-
TUIAPOKCHUL
ITocKONBbKY Y TMIPOKCHI-MOHA OCHOBHBIE CBOMCTBA BhIPAXKEHBI CUJTbHEE, YeM
HyKJIeobUJIbHbIC, TAKOE MPeBpallleHue B 11eJIOM MpoTeKaeT Kak peakiust £2, HO
B Momudukauuu El, (cm. 1. 11, pasn. 13.4.3):

S h CH; o H .

po. |F\ (\l [©) oo | o 3®
HO: + H-CCHy“NTCHy —— [HO - C=CHy N(CHy | —
CH; H

H,0 + CH,—CH, + N(CHi);

Ecnu ctpoeHMe pagukaiia TAKOBO, UYTO MOTYT 00pa30BaThCsl JBa ajKeHa, TO
MPEeUMYILECTBEHHO 00pa3yeTcsl MeHee 3ameujenHblii arker (npaBuiio 'opmaHa,
cMm. T. II, cTp. 238):

®
CH;CH,~CH—N(CHy); °0H —

CH;
2-OyTUITPUMETHIT -
AMMOHMUTUAPOKCHU
—— CH;CH,~CH—CH, + CH;—CH—CH—CH; + N(CHz); + H,0
1-6yteH (74%) 2-0yteH (26%) TPUMETHIAMUH

B xone aT0it peakiu pa3pbiB cBsi3u C—H HecKoJIbKO orepekaeT pa3pbiB CBSI3U
C—N. Ilo aT0if mpUYKMHE MEPEXOIHOE COCTOSTHUE HOCUT aHMOHOWMIHBINA XapakK-
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Tep. B HEKOTOPBIX ciy4asx OTPLIB [IPOTOHA OCHOBAHKWEM IPUBOINT K KapOaHMO-
Hy. Eciii BO3MOXHO 00pa3oBaHie HECKOJIBKMX AaHUOHOB, TO IPEVMYILIECTBEHHO
o0OpasyeTcs TOT, KOTOPBIN 00agaeT JYYIIMMU YCIOBUSIMU TS JeJIOKATN3aLuT
OTPULIATEILHOTO 3apsiaa, T. €. 0oJiee YCTOMYNB:

o e @
-CH" CHN(CHy, ——

/_—‘ H CH3
O. + CH3—CH— H—N(CH3)3 MeHee YCmOoU1UBblil AHUOH
< |
\'H C—H
| L% .CH; CHy—CH—N(CHy);—"
H 3 A “N(CH3); ——
2-6yTUITPUMETUIAMMOHMIA- :CH,
TUAPOKCHUIT

b01ee ycmoiuueslii GHUOH
(npeumyuecmeennoe HanpagaeHue)

a

CH;—CH—CH—CH;

npumecob

+ N(CHj)s
7]
—— CH;—CH,—CH=CH,

OCHOBHOII NPOOYKM

[TockoIbKY aTKWJIbHBIE TPYIIIBI 001aAa10T 3JIEKTPOHOTOHOPHBIMU CBOMCTBA-
MM, TO IEPBUYHBII KapOAaHUOH, 00pa3yIOIIUIACs MO MyTH O, 6oJiee yCTOMYUB, YeM
BTOPUYHBII KapObaHUOH, obpasytoniuiics no nytu a. [IpocTpaHCTBEHHBIN (hak-
TOP TaKXe cocoOCTBYET 00pa30BaHUIO MEPBUYHOTO KapOaHMoOHa. Te Xe cTpyK-
TypHbIe (DAKTOPBI OMPEAEIISIOT HAllpaBJIeHUE PACIIETUIEHUS] YETBEPTUYHOTO aM-
MOHHMEBOTO OCHOBAaHMS, B KOTOPOM MMeEETCS OOJIbIIIee YNCI0 ATKWIbHBIX TPYIII,
WUHBIX, YeM METUJIbHAS:

s
CH3CH2*I\|I—CH2CH2CH3 °OH
CH;3 L .
JUMETUIITTIPOITUIT STUJIAMMOHUM -
TUAPOKCUL

- CH2*CH2 + N(CH3)2CH2CH2CH3 + HQO
STWIEH UMETUIITTPOTTUIAMUH
(ocHo6HOIL npodyKm)

- CH3_CH—CH2 + N(CH3)2CH2CH3 + HQO
MporeH JIUMETUIITUIIAMUH
(npumecs)
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PacmienieHue YETBEPTUUYHBIX aMMOHUEBBIX OCHOBAHUI paHEe LIMPOKO MPU-
MCHAJIN KaK JJIsd ITOJYUYECHHUA aJIKEHOB, TaK U OJIs1 YCTAaHOBJICHUA CTPOCHUS HEU3-
BeCTHbIX aMUHOB. C 3TOI LIeJIbl0 HEM3BECTHBI aMUH npeBpaliajin B YETBEPTUY -
HO€ aMMOHHMEBOC OCHOBaHME, a 3aTEM OCHOBAHME IIOABEPIrajiv paCllCIJICHUIO.
ITo naHHBIM aHaIM3a NPOAYKTOB paCIICIVICHUA ONPEACIAIn CTPOCHUE aMHHa.
B HacTosiee BpPEMSI CTPOCHUE HEU3BECTHBIX OPTAHUYECKUX COEAUHEHUIA Ompe-
ACIAI0T MPEXKAC BCEro Ha OCHOBE JaHHbBIX CIICKTPaJbHbIX METOJ0B.

AIIMJIMPOBaHKE

nepBI/I‘{HbIG 1 BTOPUYHBIC aMUHBI IJIaJKO pe€arnpyroT C raJJoreHaHTuapnaamMumu mn
aHTnapnaaMm KNCJIOT. B pe3yabTaTe alluJIMpoBaHUsI aMUHOB 06pa3YIOTCH aMU bl
KUCJIOT. DTU peaKn U3BECTHbI KaK N-aHI/IHI/IpOBaHI/Ie AMHHOB!:

NH, NH—(l“T—CH3
+ (CH;CO),0 - e) + CH;COOH,

YKCYCHBII yKCyCHast

AHWIIH aHrnIpun AlleTAHVITI KHCITOTa
//O

2(CH3CH;),NH + CH3*C\ —_

JUATUIAMUH Cl
ALETUIIXIIOPHUIT

—— (CH;CHy),N—C—CH; + (CH;CHy),NH-HCI

N,N-gusTuaaneTaMusm

TpeTuyHble aMUHBI B peaKIIMU allUIMPOBaHUS HE BCTYIIAIOT.

Ilpy mprvMeHeHUU TaJOreHAHTUAPUIOB BBIACSIOIIMICS TaJOreéHOBOIOPO
CBSI3bIBAIOT M30BITKOM aMUHA WM T00aBJICHUEM IIIEJIOYHOTO areHTa (HarpuMmep,
COJIbI).

MexaHu3M alMJIMPOBaHUSI aMUHOB aHAJOTMUeH MeXaHWU3MY allVJIMPOBAHUS
CITMPTOB.

Peakuust mpoTekaeT Kak HyKJIeo(pWIbHOE MPUCOEIUHEHNE—OTIIEIJIEHNE M0 KapOo-
HUJIBHOM TpyIINE:

.0 00 . 0.9
s 5@ (/;O' Ady @ | e E
2(CH;CH,),NH + CH3*C\. . (CH3CH2)21|\]*ICL.C.I:
CL H CH;
(0]

I
——— (CH;CH,),N—C—CH; + (CH;CH,),NH-HCI
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[TepBuyHbIe M BTOPUYHBIE aMUHBI JIETKO ITOABEPraloTCsl alWJIMPOBAHUIO U
MPY B3aMMOJIECICTBUHU C aJIKMJI- U apUICYIb(POXTOPUIAMU:

RNH, + C¢HsSO,CI RNH—S0,—CgH;s
R,NH + C¢HsSO,CI R,N—SO,—CgHs

l'lonyqaeMbIe IIpnu 5TOM Cynb(baMI/I]IbI pasjanyaroTcsd CBOMM OTHOIICHUEM K IIC-
JIOYHBIM ar¢HTaMm. Cynbd)aMI/IZ[bI, TTOJIYYEHHBIC U3 ITIEPBUYHBIX aMWUHOB, ABJISIIOT-
¢l BecbMa cuJIbHbIMU NH-KucI0TaMM 1 J1erKo pPacTBOPAIOTCA B BOOAHOM PacTBO-
pe meaouu:

©)
C(,HS*SOQ*NHC(,HS + NaOH m C6H5_SOQ_NC6H5 Na®

N-peHundeH3o-
cyibdamun
CYIIBd)aMI/UIBI, TTOJIYYEHHBIC 13 BTOPUYHBLIX aMMHOB, HE COACPXKAT KHUCJIIOIO
aToMa BOJOpoJa M HE paCTBOPAIOTCA B BOJAHBIX IIEJI04Yax.
TpGTI/I‘IHbIC aMMHbI K p€aKIMUAM allMJIMPOBaHUSA HE CITOCOOHBI. TpGTI/I‘IHLIC
aJIKWJIAaMHWHBI 00pa3yIOT C apUJICYIb(POXTOpHUIAMU YETBEPTUYHBIE COJIM, KOTOPbIE
M0JI 1eMCTBMEM BOJTHOIO pacTBOpa 110494 BHOBb PEITCHEPUPYIOT aMUHDbI:

®
C4Hs—S0,Cl + N(CHj); — = C¢HsSO,N(CHs); CI°,

OeH30J1CYIb(O- OEH30JICYIb(POHMII-
XJIOPU]I TPUMETUIIAMMOHUIXTIOPUT

[©)
C¢HsSO,N(CHs); CI° + 2NaOH —

®
—— CgHsSO°Na® + NaCl + N(CH3); + H,0

Na-cosb

OEH30JICYIb(POHOBOI

KUCJIOTHI
Peaxiiust amuHa ¢ 6eH3071Cy1bGhOXJI0OPUAOM U MOCeayIolee B3aUMOAeCTBIE
00pa3oBaBLIETOCs] MPOAYKTA C BOAHBIM PACTBOPOM IIEJIOYM JIEKAT B OCHOBE XU-

MMYECKOUN MAeHTU(UKALIMM aMUHOB, U3BECTHOI Kak npoba lTuncoepea.

Peaxkuum ¢ aapaernzaMu M KeroHamu. EHaMuHBI

HepBl/l‘lH])[e AMHMHbI BSaPIMOZ[CﬁCTBY]OT C KETOHaMH1 " aJipACrugamMum C 06pa3013a—
HUEM UMUHOB:

LN ] O
CeHsNH, + CHyC == CgHs—N—CH—CH; + HhO

H N-sTrIMaeHaHUJIUH
aleTaIbIer I (MMUH)

AHUJIVH
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BeH3anbaHunuH. py XOPOLEM pa3MeLNBAHUN CMeELWIMBAOT OeH3anbaerug,
(106 r; 1 monb) 1 aHmnuH (93 1; 1 Monb). Mo OKOHYaHMM Pa30orpeBaHns 1 3arycTeBa-
HMS CMECK ee NepPeHOCcAT B cnupT (165 M), XOpoLLo pa3MeLlnBatoT 1 oxNaxJatoT.
MponykT oTdunbTpoBbLIBAIOT, T. M. 52 °C. Bbixon 154 1 (85%).

Peakiiny riepBUYHBIX aMUHOB C aJIbAeTMAaMM U KETOHAMU MOAPOOHO paccMO-
TpeHsl B T. 11, pasa. 19.1.4.

DTU peaklMy MPOTEKAIOT KaK HYKJIeo(PUIbHOE MPUCOSAUHEHUE MO KapOo-
HUJIBHOM IPYIIe ¢ TPOMEKYTOYHBIM 00pa3oBaHEeM aMUHOCIIUPTA U TTOCISAYIO-
LIMM OTILETUICHUEM MOJICKYJIbl BOJBI.

Bropuunbie aMuHbI 00pa30BaTh UMUHbBI HE MOTYT, TaK KaK UMEIOT ¢IMHCTBEH-
HBI NPOTOH y aToma a3ota. [Ipu Hanuuun H-atoma B (-1ioj0XeHUM K Kapbo-
HUJIBHOM TpyMIie UCXOAHOTO KapOOHUIBHOTO COSAMHEHUS CTaausl SJIMMUHUPO-
BaHUSI TIpOTeKaeT C ydacTMEM O3TOro aTroMa BOJOpPOJAa M 3aBepllaeTcs
00pa3oBaHUEM eHAMUHA:

..e
R,NH + H—C—C\ - H—c—clz— —
| | HNR,
®
OH
/L_QI E '\

C— C\ + H,O
| I / NR,

NR,
[Iporecc obpa3oBaHKsT eHAMUHA 00paTUM, ITIO3TOMY BOJIY B IIpoliecce MoIyde-
HUSI eHAMUHOB OOBIYHO YHAISIOT OTTOHKO#. [1py B3anMopeiicTBuu ¢ pa3baB-
JICHHBIMU KUCJIOTaMU €HaMUH 00Opa3yeT MCXOAHOE KapOOHWJIBbHOE COeIMHE-
HHUE.

N & | e/
C—C—N ~— C—C=N
B a N\ B oa N\

DE30HAHCHble CMPYKMYPbl eHAMUHA

EHaMuHBI SIBJISIOTCS aHajloraMM €HOJIOB. B MoJsiekysie eHaMuHa mapa 3JeK-
TPOHOB a30Ta HAXOJAUTCSI B CONPSDKEHUU C T-3JIEKTPOHAMM IBOMHOM cBs13u. bia-
rogapsi 3JeKTpoHOIOHOpHOMY (+M-) addekTy aToMa a3oTa HyKIEO(PUIbHBIM
LIEHTPOM B MOJIEKYJIE €HaMWHa SIBJISIETCS P-yrjeponHblii atom. Ha aToT atom
O0BIYHO 1 HampaBJieHa aTaka 3JeKTpodibHOro areHTa. Kak u eHoJibl, cHaMUHbBI
HEYCTOMYMBBI U OTJIMYAIOTCS BHICOKOM peaKIIMOHHOM CITOCOOHOCThIO. OHU MTpU-
MEHSIOTCSI Yallle BCero ISl ajJKWJIMPOBAHMS M allMJIMPOBAHMST KapOOHWJIBHBIX
COCIMHEHUM.
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Har[pI/IMep, allMJIMPpOBaHUE all€TOHA I/IaIKO MPOTEKACT YE€PE3 CHAMUH:
CH;,

C-0 + NHR, e CHrCrNR CH;coc,

CH3 aMUuH C H;
alleToH CHaAaMUH
@ ®
— [CH;~C—CHy~C=NRy cle Ao,
o) CH;

COJIb UMMOHU A

. CHrﬁ:—CHz—lcl—cm + [NH,R,]® CI°

alCTUJIALETOH

Huke mokasaHo oOpa3oBaHME eHaMKMHA U3 LUKJIOIeKCAaHOHA U ITUPPOIUII-
Ha, a TAKXeE MMOC/IEAYIOIIee B3aUMOIEHCTBIE MTOJYYEHHOTO €eHAMUHA C aTKUJIUPY-
IOIIMMU ¥ allJTUPYIOIIUME peareHTaMu. O6e peakiuy UIyT Yepe3 MPOMeKyTOY-
HOe 00pa30BaHUE UMMOHUEB020 UOHA.

CEOCEﬁ

LIMKJIOTeKCAaHOH
rmppomxmm—x
(’NG N@
@ ()
N \OH/ HO N
~H,0 _H®
2 H H H
(N-IMppOoSMINHO)IIUKIOTeKCEH
VMMOHUMEBBI NOH (eHaMMH)

Aakuauposanue enamuna

3@ o
o0 Cl
" N ,

) C¢HsCH,Cl1 H0
©)
50 CH,C¢H; H CH,C¢H;
€HaMUH H H
COJIb UMMOHMUS 2-0EH3UILIUKIIO-

T€KCaHOH
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Auuﬂupoeauue CeHamMuHa

3®
LN ] e
cf
(N g@ 0

) CH;COCI H,0
00 H H
- COCH; COCH;
COJIb UMMOHMU S 2—8.H6TI/UH_II/IKHO—

T€KCaHOH
HMMMOHMEBbIC MOHBI SIBISIIOTCSI IPOMEKYTOUHBIMU COSTUHEHUSIMU U BO MHOTHUX
JPYTUX peakiusx, B YaCTHOCTHU B peakuuu MaHnHuxa (cM. T. 11, paza. 19.1.5). B aToii
peakMu BTOPUYHBIA aMUH, KETOH (WU APYroe eHOIU3UPyeMoe KapOOHWIbHOE
COEIUHEHME) U abAeru (Kak mpaBuiio, hopMaibaerun) o0pasyroT 3-aMUHOKETOH:

i
C
“CH;

®
+ CH,0 + (C,Hs),NH,CI® ——
aleTo(eHOH o
[l
Co
CH,CH,N(C,Hs), - HCI

XJIOPTUAPAT
B-(N,N-ausTunamuHonponuodeHoHa)

B xome peakinu mpoMexXyToYHO 00pa3yeTcss UMMOHUEBBIN MOH, KOTOPHIi pe-
arvupyeT ¢ €eHOJIbHOM (hOpMOil KeTOHa:

©] ®
CH,—-O + RNH, —— CH,—NR, + H,O,

{OH
&| /\ C]
R—C—CH, + CHZII‘\IR2

C€HOJI MMMOHUEBbBIHI

HNOH ®

:ﬁH ﬁ
.o @
— R—C—CH,—CH,—NR, =— R—C—CH,—CH,—NHR,

3agaua 23.5. 3aBepiunTe CICOyOIMINE peaKIIiN:

O (CH;,NH,CH,0 CH;l  Ag0
H® t

Ha3zoBure IIPOMEXKYTOYHBIE U KOHEYHBIN NPOAYKTBI IO CUCTEMATUYECKOUN HOMCHKIJIATypE.
l'[pe)mo;KMTe MEXaHU3MbI 3THUX peaKL[I/Iﬁ.
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Oxucienue. Daumunupoanue no Koymy

IMepBrYHbBIE ¥ BTOPUYHBIE AMUHBI ITOABEPXKEHBI OKUCIEHNIO, OJHAKO B IIperapa-
TUBHBIX LIEJISIX TOT IIPOLIECC IIPOBECTU HE YIaeTCs.

TpeTnuyHble aMUHBI TJIAIKO OKUCIISIOTCS 10 OKCUO08 aMuroe TIpu TIpUMeHe-
Huu 30%-ro TepoKcHIa BOIOPoIa WIM MePOKCUKAPOOHOBBIX KMCIIOT:

H,0 SIS
RzN: ——= R;N—O:
aMUH OKCHJI aMUHa
H H o°
H0, l
CHN(CH3)y (eranon) CHzlg(CHs)z
N,N-aumeTu- N,N-1umeTu-
LIMKJIOTEKCUI- LIMKJIOT€KCHUII-
MeTaHaMUH MeTaHAMUHOOKCHT

N, N-AumeTunuynknorekcunmetaHammHookensg. Cvecb N,N-ammetTunumknorek-
cunmeTtaHamuHa (49 ; 0,35 monk), meTaHona (45 mn) n 30%-ro nepokcuaa BOAOPO-
na (120 r; 1,05 monb) BbiaepxmBatoT 36 4 Npu KOMHaTHONM TemnepaType. N36bITok
nepokcuaa BOAOPOAA yaansoT 406aBNEHNEM HE3HAYUTEILHOrO KONMYECTBA KOM0-
npanbHon nnatuHbl. Ocagok oTOUNLTPOBLIBAOT. [MPOAYKT BbIAENSIOT yNapuBaHUEM
pacTtBopuTens. Boixoa 49,5 1 (90%).

bynyun Harpetsl 10 150—200 °C, oKcuabl TPETUYHBIX AMUHOB TTOABEPIratoTCs
3JIMMUHUPOBAHMIO MTPU HAJIMUUM XOTSI Obl OMHOTO aTOMa BOAOPOJA Y [3-YIJIepOa-
Horo atoma (peakuus Koyna, 1949 r.). Tak, HarpeBaHueM N,N-IMMeTUILUKIO-
reKCUJIMETaHAMUHOOKCUIA C KOJMYECTBEHHBIM BbIXOJOM IOJIYYaloT METUJICH-
LIMKJIOTE€KCaH:

H CH,
|
CH,N(CH3);, ~Ts5c™ + N(CH;),0H
®
N,N-IUMETUTLNKIOTEKCHII- METHUJIEH-
METaHAMUHOOKCH]T IIMKJIOTeKCaH

MetunenuyuknorekcaHd. N,N-IdumeTtunumknorekcunmeTtaHammHookeng (50 r;
0,32 monb) HarpesatoT B Bakyyme (10 mm pt. cT.) npu 150 °C B TeueHue 2 u.
[JobGaBnsaoT BOAy, CNOW ankeHa oTaensioT. [MpoaykT BbIOENAOT NEpPeroHKoun,
T. kun. 102-103 °C (740 mm pT. cT.). Bbixog 30,2 1 (98%).
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[To MexaHU3MY TEPMOJIN3 OKCHUI0B aMMHOB aHAJIOTUYEH TEPMOJIU3Y CJIOKHBIX
3(upoB.

YCnoBHO peakInio MOXXHO XapaKTepru30BaTh Kak BHYTPUMOJEKYISIPHBIN mpotiecc F2,
B KOTOPOM aTOM KHMCJIOPOAa OKCHIA BBICTYMAET B PO OCHOBAHUSI, OTIIETUISIIOIIETO
aTOM BOJIOPOJIA OT (3-YIJIEPOIHOTO aTOMa B CUHXPOHHOM TEPEXOIHOM COCTOSTHUM.

©]
7 O ", =
H\l (/’N(CH3)2 — ~C—C * N(CHj3),0H
\\“""C c"’“u
7 N
B cOOTBETCTBUM C 3TUM peakiMsl IPOTeKaeT cTepeocein(pUIHO KaK cUH-dIUMUHUPO-
BaHUCE.
©]
®/ H/,,,' ‘\‘\\CH2CH3
(CH;mNy - H —— p~C¢C=cp, + N(CH)0H
H];\/Ci C'\'”ICH2CH3 (E)— 1 -ﬂCﬁTCpO—
CH3 2-metun-1-6yteH

(1R, 28)-1-peiitepo-
N,N,2-TpumeTui-
1-OyraHaMMHOKCH]T

3amaua 23.6. 3aBepiiute peakuuy. Ha3oBuTe MCXOMHBIE COCAMHEHUSI, MPOMEXYTOUHBIC U
KOHEYHBII MpoayKThl. Onpeiennute KOHGUTypauo Kaxkaoro CoOequHeHUSI.
D NH,

H 2cH  HO, t
H
CH;

23.4.3.  DuekTpoduibHOe 3aMelieHie B ApOMATHIECKUX AMHHAX

AMUHOTpPYTIIIA, CBSI3aHHAs ¢ OEH30JbHBIM IIMKIJIOM, BBICTYITAeT KaK 0pmo,napa-
OPHMEHTAHT B PEaKLMIX JIEKTPODMIBHOTO apOMaTUYECKOTO 3aMeIIeHMSI.

{I\.IHz
O M| > 1]
S

ITocKObKY MOJIOXKUTEIbHBIN 3((GEKT CONMpSKeHUSI aMUHOTPYIIIbI B aHUJIN-
He U APYTUX apOMaTUIECKMX aMUHaX 3HAYMTEIBHO MpeobiamaeT Haj ee OTprIia-
TeJTbHBIM WHAYKTUBHBIM 2(h(MEKTOM, aMUHOTPYIIA SIBIISICTCS, B IIEJIOM, CHIJIb-
HBIM 3JICKTPOHOIOHOPHBIM aKTUBUPYIOIINM 3aMECTUTEIICM.
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Tl'anorenupoBanue

AKTHUBHOCTb aHWUJIMHA B peakluusaX raloreHMpoBaHUs CTOJIb BBICOKA, YTO 3TU pE-
aKIIM HE Tpeﬁy}OT IIPUMEHCHUS KaTaJliu3aTopa, a 3aMEIICHNE Ha raJIor€H IIpoTe-
KaeT cpasy B TPU ITOJIOKCHUA 6I>ICTpO N KOJIMYECTBEHHO:

NH, NH,
Br Br
3Br2
o " + 3HBr
AHWJINH
Br

2,4,6-TpuOpOMaHUINH

YroO6bl 3aepKaTh Peakinio Ha CTafui MOHO3aMEILEHNS, TIPUXOIUTCS CHIKATD
AKTUBUPYIOLIEE JIEHCTBME aMUHOTPYIIIBI, YTO JOCTUTAETCH €€ ALMIMPOBAHUEM.
opmo,napa-OpueHTHPYIOIUI 3¢ OEKT alMIaMUHOTPYIIITEI MPOSBIAET cebs KakK co
CTabbIMM, TaK ¥ ¢ CUJIBHBIMU 3JIeKTpoduiaaMu. bpomupoBaHye alleTaHWIMIA B YK-
CYCHOW KHCJIOTE aeT C alleTaHWIMIOM ITOYTH UCKITIOUUTENIbHO 4-6poMarie TaH MITHI:

i i
H, NH—C—CH; NH-C—CH,
0
CHs—C,
Cl Br, ©0H, H,0
CH;COOH 1
AHWINH aleTaHUIU]L
Br
4-6pomalieTaHUIN,

NH,
Br

4-OGpOMaHUINH

HurpoBanue

opmo,napa-OpreHTals HaOIIONAETCS U MPH JIEKTPOPUILHOM HUTPOBAHUMU.
OmHaKo B MTPUCYTCTBUM CHIIBHBIX MUHEPATBHBIX KMCJIOT apOMAaTHYECKIE aMUHBI
MTOBEPraloTCcsl MMPOTOHUPOBAHNIO. AMUHOTIPYIIIA ITPOTOHUPYETCS ¢ 00pa3oBa-
HHEeM aMMOHMEBOM I'PYIIIbI, KOTOPAast IBJISIETCSI Mema-OpPUEHTAHTOM, Ie3aKTUBH-
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PYIOLINM 3JIeKTpODWIbHYIO aTaky. [ToaToMy mpu AeCTBUM Ha aHWJIMH HUTPYIO-
el cMecH 00pasyeTcsl CIOXKHast CMeCh 0-, n- U M-HUTPOAHWIVMHOB:

®
NH, NH, NH, NH;
NO,
N HNO; H® HNO;
H,SO4 H,SO4
0-HUATPO- AHWINH
AHWINH NO,
N-HUTPOAHUIINH

® o

NH;HSOj

NO,

M-HUATPO(PEHUITAMMOHMII-
ruapocyiabdar

DTO CBOMCTBO apoMaTU4Y€CKMNX aMHUHOB YUUTBIBAIOT ITPHU X HUTPOBAHUN.
KpOMe TOTO, CJIEAYET UMETH B BUAY U OKMCIUTECJIBHOC JIEVICTBUE a30THOM KUC-
JIOTBI, BCJIECACTBUE YETO CMECHh aHMWJIMHA C A30THOM KMCJIOTOW MOXET CaMOBOC-
TIJIaMEHATDBCA.
)1]'[9[ CHMKEHUS OCHOBHBIX CBOMCTB aHMJIMHA U IIpeaoTBpalllCHUA BO3MOXKHBIX
OKMCJIMTCJIbHBIX IMPOLICCCOB IIPU MOJYYCHUN n-HUTPOAHUJIMHA MPOBOIAT NIPEI-
BapUTCIbHYIO 3allIMTY aMUHOT'PYIIIIbI allUJIMPOBAHUEM

O
NH, NH—(”:—CH3
(CH3CO),0 HNO;
— CH;COOH CH;COOH
AHWJINH alueTaHUIUg
O O

Il Il
NH—-C—CH; NH—-C—CH;

NH, NH,
NO, NO,
OH
- + H,O +
NO,

O-HUTpOALCTAaHUIU 0-HUTPO-

NO, (10%) AHWINH

n-HUTPOALIE TAHUJIM]L n-HUTPO-
(90%) AHUJIVH
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CyabhupoBanue

CynbhupoBaHue aHWIMHA IIPOBOMSIT KOHLIEHTPMPOBAHHOI CEPHOIl KMCIOTOM
npu 180—200 °C. Ob6pasyromiasicst Boja B X0Ie Ipoliecca OTTOHSIETCS (B IIPOMBI-
LIJIEHHOCTHU 3TOT METOJ U3BECTEH KaK 3anekarue). [IpoayKToM peakiiuu sBisieT-
csl aHUJINH-4-Ccynb(pOoKUCIoTa (cyabhanuiosasn Kucioma):

H, NH;® HSO; NH—SO;H
200 °C
rUAPOCYIbGhAT AHUIUHIS cynbGhaHIII
®
NH, NH;
cyJibhaHUIIOBasI
kucaora  SO3zH SO;3

[NepBoHaYaTLHBIM TTPOAYKTOM OKA3bIBACTCS TUAPOCYITH(MAT aHUITMHUS, KOTO-
PBIi IPW HaTpeBaHUM TePSIET BOAY ¢ 0Opa3oBaHUEM CyJIb(paHMINIA, TTIOIBEPraro-
merocst ObIcTpoit m3oMepusaruu. [1ockombKy cyabhupoBaHue — 0OpaTUMBI
TIPOIIECC, TO MOXKHO TIPEATIONOXUTD, UTO napa-n3oMep odpasyeTcs KakK TepMOIH-
HaMUJecKn Haubosiee ycToiumBbIif m3omep. CynbdaHmIoBas KUCIOTa WMeEeT
CTpOeHME BHYTPEHHEW COJIM, B KOTOPOI KaTUOH M aHMOH HaXOISATCS B COCTaBe
onmHOo yacTrirkl. OHA TJIOX0 pacTBOPUMA B XOJIOMHOM BOZE, HO JIyUIIle pacTBOPS-
€TCs B TOpSTICH BOIE.

Peakuuu TPETUYHBIX AMHUHOB

HuankunamuHorpymbl R,N— sBisrorcs eine 6ojee CUIbHBIMU aKTUBUPYIOILH--
MM 3aMECTUTESIMHU, YeM aMUHOrpynma. [1o3ToMy TpeTUJHBIE apoMaTHUYecKue
aMUHBI 00padaThIBAIOT 37EKTPOPUIBHBIMU areHTaMU B 00J1e€ MITKUX YCIOBUSIX.
HexoToprie mpruMepsl COOTBETCTBYIOIINX PEaKIINii IPUBENCHBI HIDKE.

Humpoeanue
N(CH;z), N(CH;s), N(CHs),
NO,
HNO; T
CH;COOH
AHWIMH 0-HUTPO-
NO;, N,N-aumeTnnaHuInH
n-HUTPO- (35%)

N,N-aumMeTuIaHuIuH
(65%)



23.4. Peakuuu 191

bpomupoeanue
N(CHs), N(CHs),
__Bn
CH;,COOH,

NO, 207 NO,
N,N-gumerunmn- Br
3-HUTpOAHMIMH 4-6poM-N,N-gumerni-

3-HUTPOAHUIINH
Auuauposanue
N(CH;),
COCl—ZnCl [l
2 “pc - (CHz),N—CgH,—C—CgH;—N(CHj),

4,4'-6uc(IMMeTUIIaMUHO )0 H30(heHOH
N,N-gumeTni-
AHWINH

23.4.4. Peaxkuuu aMHHOB C A30THUCTOI KUCJIOTOM

ApOMaanecxne AMHHbI

[Tpu B3aMoOAEHCTBUY TIEPBUYHBIX aPOMATUYECKUX AaMUHOB € a30TUCTOI KUCIOTOM
00pasyrTCsl yCTOMYUBBIE COM AUA30HMSI, KOTOPbIE HAIIUIM IIMPOKOE CUHTETUYEC-
Koe mpuMeHeHue (cM. 1. 24). DaKTUYECKUM pearcHTOM TPy 3TOM B3aMMOJCICT-
BUU SIBJISIETCS] CMECh COJISTHOM (MJIM CEPHOI) KUCIOThI M HUTPUTA HATPUSL:

ANH, + 2HCl + NaNO; ——c= ArN,°CI® + NaCl + 2H,0,

NH,
+ NaNO, + 2HCI

0-5°C
CH;
N,® CI°
. + NaCl + 2H,0
CH;

N-TOTYOJANA30HUI-
XJIOpULL

Peakuuio monydyeHust apoMaTUUYECKUX COJIelt TMa30HUS HA3bIBAIOT JUA30MUPOsa-
Huem. BriepBbie a1y peakiuto nposein I1. I'puce B 1858 1.
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BTopuuHble aMUHBI TPY B3aMMOJEUCTBUU C a30TUCTON KHUCJIOTOU 00Opa3ytoT
N-HUTpO30aMUHBI (HUTPO3AMUHBI):

ll\I—O
NHCH; N_
NaNO,_ My Naa + 10
HCI a 2
N-MeTuIaHWIMH N-HUTPO30-

N-MeTWIaHWINH

ComracHoO TpeIIOKEHHOMY MEXaHU3My peaKIiy, HUTPO3UPYIOIINM areHTOM
BBICTYITA€T HUTPO3UIIXJIOPHI:

HNO, + HCI == NOCI + H,0

R R
4 @ . b0 | oo, | .o,
RNH + CIPNZ0 —g5= RGN-N-0! —5= R N-N-O
H

TpeTnuHbIE aMUHBI apOMATUYECKOTO PsIIa PEarupyloT ¢ a30TUCTOM KUCITOTOM,
HO peaklisl HUTPO3UPOBAHUS UAET He TT0 aMUHOTPYIIIIE, a B apOMaTUIECKOE ST~
PO Kak 31eKTpoUIIbHOE apoMaTHYecKoe 3amelieHre. B kauecTBe mpoaykTa 06-
pasyercss C-HUTPO30COeINHEHNE:

N(CH;), N(CH;),
+ HONO —— + H,0

O=N
N,N-n1umeTuIaHUIuH N-HUTPO30-
N,N-aumMeTuIaHuINH

AJKWIaMUHBI

ITpy nmonxuciieHUM BOIHOTO pacTBOpa HUTPUTA HATpUsl o0pa3yeTcs psj Jac-
TULL, KOTOPbIE MOTYT BBIMOJHATH POJIb HUTPO3UpPYIoLIero areHta. Cpean aTux
yacTull HauboJjiee aKTUBHBIM 3JIEKTPOMUIOM SBJISETCS HUTPO3UJI-KATUOH,
B 3aMETHOI KOHILIEHTpallMd 0Opa3ylolIuiics B KOHLIEHTPUPOBAHHOM CEpPHOI
KUCJIOTE:

HZSO4 0(90 oo oo

. O e, S
—N—0. TR N—O: + HSO4

H—0—N-0:

—HSOL
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Haunbosee mpocThie TIpeBpalleHnsT IPY B3aMMOJIEICTBUN C HUTPO3UPYIOIINM
areHTOM IIpeTepIeBalOT BTOPUYHbIE aMUHbI:

@ L) @ (]
RN + IN-O: Ry,N—N— N—N-O:

|
H H

N-HutpozoaMuHbI 00pa3yIoTCsT IO 3TOI peaKLNK ¢ BBIXOAOM 10 90%
NaNOz, HCI
(CHs),NH 5~

JAUSTUIIAMUH

(C2H5)2N—N—O’

N,N-HUTPO30AUITUTAMUH

(90%)

Hutpo3oaMuHbl BcTpeuyaloTcs B oKpyxkatonieii cpene. CieayeT OTMETUTD, YTO

b
5TU COEAMHEHUST BeCbMa TOKCUYHBI U MOTYT SIBJISIThCS TIPUYMHON OHKOJIOTUYEC-
KX 3200JIeBaHUI.

=
- l\lj CH3 N % O
N—N
N N CH{
N-HUTPO30- N-HUTpO30-
HOPHUKOTUH MMETWIAMUH
(npucymcmeyem (obpasyemcs npu obpabomke

6 mabauHom ovime)

KOKU MAHHUHOM)
bonee cioxHo IIPOTEKAET HUTPO3UPOBAHUE INEPBUYHLIX aMHWHOB PCaKHI/IH

COMPOBOXKAAETCSI 00pa30BaHMWEM aJKaHJAMA30HMEBOIO MOHA B KayeCTBE ITPOMeE-
XYTOUYHOM YaCTULIbI:

s NaNO,, H®
R—NH, S

o0 o® ) ®
R—N—N R—N—N

AJIKaHIMA30HUI-MOHBI HEYCTOUMBBI. [T09TOMY MEpBUUYHbBIE aMUHBI anuda-
TUYECKOTIO PsIfia pearupyioT ¢ a30TUCTOM KHUCIOTOM C BbIAEJIEHUEM a30Ta, o0pa-

b
30BaHUEM CIIMPTOB, a@ TAKXKE 3HAYUTCJIbHOIO KOJIMYECTBA aJIKCHOB U ITPOAYKTOB
N30MEpuU3aliu.

RNH, + HNO, + HCI

R—OH + N, + CI° + H,0
CH;CH,CHNH, "2

1-nponuaaMuH

— CH;CH,CH,0H + CHCH—CH, + N, + NaCl + H,0
TIpoIaHoJ IIPpOICH
PeaKHI/IH JAMNa30TUPOBaHUsA NEPBUYHBIX aJ'II/Id)aTI/I‘IGCKI/IX aMMHOB IIp€riapa-

TUBHOTO 3HauYeHUsI He uMeeT. OJHAKO MEXaHU3M pakuum 1na3soTupoBaHuA ajl-
KMJIaMUHOB MPEACTABJISIET HECOMHEHHBIA UHTEPEC
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Cmaous I — obpa3oBaHue a30TUCTON KHUCIIOTHI:
NaNO, + HCl - HNO, + NaCl

Cmaodus 2 — obpa3oBaHUe HUTPO3UIXJIOpHUAA:
HNO, + HCl=NOCl + H,0

Cmadus 3 — nonayyeHue N-HUTPO30aMUHA U €ro MpeBpallleHue 10 aJIKUJIIUa30HU I -
MOHa:

H
../\6(9 00 |®-o oo oo o0 oo
R—NH, + CI—N-O 5~ R—N—N—-O0: R—N—N—-0O; =—=
—CI | _H® |
H H
N-HUTpO30aMUH
oo oo oo ® e\ oo oA ®
R—N=N—OH R—N=N-0—H —ho- RN-N:
ll-I aJTKaHIMa30HUMI-

MOH
Cmadus 4 — pacnaj aJKaHINa30HWII-NOHa:
RENLN: — = R® + Ny
OO0pazyloluiicss mpu pasaoXeHUU TUa30HUIi-nOHAa KapOOKATUOH CTaOWIu-

3UpyeTcs najiee pasIMuHbIMU MyTSIMU: BBIOPOCOM MTPOTOHA, MEPETPyIIUPOBKOIA
WM B3aMMOJIEMCTBUEM C HYKJIEO(MDUIbHBIM areHTOM, HallpUMEp C BOAOIA:

®
R® + H0 —— R—O—H =5 R—OH
H

23.5. CIIEKTPAJILHBIN AHAJIN3

HNK-cnekTpbl. XapakTepucTUieckoe moryiomeHue aMuHoB B MK-criekTpax cBs-
3aHO C BaJIeHTHbIMU KoJiebaHusimu N—H. [TepBuuHbIe akui- 1 apuiaMUHbI 00-
Hapy:XMBAIOT IBa MepEeKPbIBAIOILINXCS TTMKa B 06;1acTu oT 3000 1o 3500 cM~!, uto
COOTBETCTBYET CUMMETPUYHBIM M aHTUCUMMETPUYHBIM KosiebaHnusaM N—H.

H
74 A
R— cumMMempuHHble R—N~  aumucummempuunsie
.  Kkonebanus N—H X konebanus N—H
H H

B UK-cnekrpe OyTuiiamuHa, HalmpuMep, 3TU MUKW Habaonaotcs npu 3270 u
3380 cm~!. B UK-criekTpax BTOPUYHbBIX aMHHOB B TOi1 K€ 00J1aCTH HabIoaaeTcst
JINITb OAMHOYHBIN CUTHA.

AMP-cnexktpbl. B cnexmpax IIM P amunoB curHaisl N H-1poToHOB Ha0mo1a-
IOTCSI B HECKOJIBKO 00Jiee CUJIbHOM ToJjie (~1,5 M. 11.) Mo CpaBHEHMIO C CUTHAJIaMU
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OH-niporoHoB (~2,0 M. 11.) BCJAEACTBUE MEHBILICH 3JIEKTPOOTPULIATEILHOCTU aTO-
Ma a30Ta M0 CpaBHEHUIO ¢ aToMOM Kucjopoaa. Curdansl NH-npoToHOB Takske
YYBCTBUTEJIbHBI K PACTBOPUTEIO, UBMEHEHHUSIM KOHLIEHTPALUU U TeMIIepaTyphl.

AHaJIOTMYHbIE 3aKOHOMEPHOCTU B 3HAUYEHUSIX XUMMUYECKUX CIBUIOB Xapak-
TepHBbI 181 cnekmpoe 13C IMP amuHoB. B 4yacTHOCTH, CUTHAJI aTOMa YIJIepoJa B
CIIeKTpe METUJIaMUHa HabJItoJaeTcsl B 60J1ee CUILHOM TMOJie, HEXKEU CUTHAJ aTo-
Ma yriaepoja B CIIeKTpe MeTaHoJIa.

?H3NH2 CTJH3OH
26,9 m. 1. 49,3 M. 1.
MeTUJIaMUH METaHOJI

Macc-cnekrpsl. Kax yxxe oTMe4anoch, COEIUHEHMSI, B COCTaB KOTOPBIX BXO-
JISIT TOJIBKO aTOMBI YIJIEpOa, BOAOPOIA M KUCIOPOIa, UMEIOT 3HAYEHUE m/Z s
MOJIEKYJIIPHOTO MOHA, paBHOe YeTHOMY unciy. [IprcyTcTBre atoMa a3ora neja-
€T 9TO 3HAYE€HUE B MACC-CIIEKTpaX aMUHOB HEYETHBIM.

HauGonee xapaktepHoe HampaBiieHUe (hparMeHTallii aMUHOB — [-pacman
MOJIEKYJIIPHOTO MOHA. J1JIs1 BTOPUYHBIX U TPETUYHBIX aMUHOB MPEANIOUTUTETHHO
OTIIEeIUIeHre hparMeHTa ¢ OOJIbIIEH YIJIEPOIHON 1IETBIO.

3anaya 23.7. B UK-cnektpe amuna CcH, 3N B obmactu 3500—3200 cm~! otcyreTByer moro-
weHue. B criektpe [IMP 3TOro coenmHeHus nNpuCyTCTBYIOT ABa CUHIJIETa 61 1,00 M. 1. m
62 2,10 M. I. ¢ COOTHOIIIEHNEM MHTEHCUBHOCTeH 3 : 2. Ompenennre CTpoOeHUE aMUHa.

HAWBOJIEE BAXHBIE ITPEJCTABUTEIN

Merunamun CH;NH, nonyyaroT B3auMoaedcTBUEM METaHOIA M IMMETHIOBOTO a¢upa ¢ NH.
BecuBeTHbIl Ta3, T. Kui. —6,5 °C, pacTBOpSIeTCS] B BOJIE Y OPTaHUYECKUX PACTBOPUTEIISX.
[IprMeHSIOT B MPOM3BOICTBE MHCEKTULIUMAOB, (PYHTULIMIOB, YCKOPUTEJICH By TKaHU3AIIUH,
ITAB, nexkapcTBeHHBIX cpencTB, Kpacuteneil. T. camoBocri. 410 °C. TIJJK B Bo3myxe
1 mr/m3, B Boze 1 mr/m.

Tpuarunamun (C,H);N nonyyaroT B3auMOIEHCTBHEM 3TaHOIa C aMMUAKOM U BOCCTAHOBHU-
TeJbHBIM aMMHMpPOBaHUEM alleTanbaeruaa. becuseTHast XuakocTb, T. kui. 89,7 °C, pac-
TBOpSIETCS B BOJe 1 3TaHOJIe. [IpUMEHSIIOT B TIPOM3BOJICTBE YCKOPUTEJICH BYJIKAHU3ALINY,
WHTUOUTOPOB KOPPO3MHU, a TaKKe B KaYeCTBE OCHOBHOTO pacTBOpUTENSL. T. caMOBOCILI.
510 °C. Cnabo pazapaxkaeT CIM3UCTbIe 000J0UKH IbIXaTeIbHBIX ITyTE.

Orunenguamun (1,2-nuamunosran) H,NCH,CH,NH, nonyyaror B3aumoneicteuem 1,2-1u-
XJIOpATaHa ¢ aMMuakoM. becuBeTHast XXunkocTtb, T. Kurl. 117,2 °C, pacTBopsieTcsi B BOJg,
ataHose, aletoHe. [IpumeHsitor B ipousBoacTse [TAB, repouLMaOB, IeKapCcTB, MHCEKTH-
LIMIIOB, a TAKXKE B KAUeCTBE MPHUCAIKN K MOTOPHBIM MaciiaM. T. camoBoctur. 403 °C. Pa3-
JpaXkaeT CIM3UCThIe 000J0YKM BEPXHUX IBIXaTeJbHBIX ITyTeH M KOXY, IMopaXxaeT IeYeHb.
MK B Bo3myxe 2 Mr/m°, B Boge 0,2 Mr/JL.

IMvmepumun (CH,);NH mosyyaroT KaTaauTH4eCKUM TMAPUPOBAHMEM NUpPUAMHA. SIBIsgeTca
CTPYKTYPHBIM (DparMeHTOM MHOI'MX ajkajaouaoB (io0enuH, mMopduH, aHaba3uH). bec-
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LIBETHAs KUAKOCTh, T. KuIl. 106,3 °C, cMemmBaeTcs ¢ BOLOI, 3TAHOJIOM U TUITHIOBBIM
adupom. [IpUMeHSIIOT TSl CUHTe3a JIEKapCTBEHHBIX CPEICTB, a TAKXKE B KAUeCTBE OCHOB-
HOTO PacCTBOPUTENIST U KOMITOHEHTa CMa30YHBIX Macell.

A C(HNH, nostyyaloT KaTaTnTIeCKUM BOCCTAHOBJIEHUEM HUTPOOEH30/1a BOIOPOIOM.
BecuBerHast )Xuakoctsb, T. Kuil. 184,4 °C; pactBopum B Boae (6% mnpu 90 °C) u B opranmnde-
ckux pactBoputesix. I[IpumMensior B npousBoactBe N,N-auMeTWIaHWIMHA, TU(DEHUI-
aMUHa, JIEKApPCTBEHHBIX CPEACTB, aHTUOKCUIAHTOB, YCKOPUTEJIeH ByJIKaHU3aUU U HOTO-
matepuanos. ITJK 0,1 mr/m3.

Jlas yeaybaennoeo uzyuenus

OCHOBHBLIE U HYKJIEO®UJIBHBIE CBOVICTBA
ITPOCTPAHCTBEHHO-3ATPYITHEHHBIX AMMHOB

3aKOHOMEPHOCTH U3MEHEHUSI OCHOBHOCTU M HYKJICO(UIBHOCTU, PACCMOTPEH-
Hble B pazd. 23.4.1 Ha puMepe MPOCTEHIINX aMUHOB, HEe COOJIIOJAIOTCS B TeX
COCIMHEHMUSIX, KOTOPbIE OCIOKHEHbBI MPOCTPAHCTBEHHBIMU 3 dekTamu. B yact-
HOCTH, 10 MPUYMHE UMEHHO 3TUX 3(PDHEKTOB OCHOBHOCTh U HYKJIEO(hUIbHOCTh
3aTPYIHEHHBIX aMUHOB HE U3MEHSIIOTCSI CUHXPOHHO.

BcnenctBue KpaiiHe Majoro pasmepa MpOTOHA, peakiivs MPOTOHUPOBAHUS
3HAYMTEBbHO MEHEe YYBCTBUTE/IbHA K TPOCTPAHCTBEHHBIM 3aTPYIHEHUSIM B aMUHE,
HEXENU, HallpUMEDP, ero B3aMMOIEHCTBME C TaloreHalkaHaMu B peakuuu Sy2.
M3BecTHBI aMUHBI, B KOTOPBIX MPOCTPAHCTBEHHOE SKPAaHUPOBAHWE HETTOIEICHHOM
9JIEKTPOHHON Maphl aTOMa a30Ta YIJIEBOAOPOIHBIMU (hparMeHTaMU Pe3KO CHIKAET
HX HYKJ1€0(DUIbHOCTb (CPOACTBO K YIJIEPOY), OMHAKO MPAaKTUYECKU HEe CKa3bIBaeT-
Cs1 HA OCHOBHOCTH (CPOJICTBO K MPOTOHY). OHU MPEICTABISIIOT 0COObIN MHTEPEC ISt
CUHTETUYECKOI MpakTUKu. HeKoTophle U3 TaKUX aMUHOB TTOKa3aHbl HIKE.

5 6 NS ; 5
K TN 6/N 4
N 4 8
/r \’\ N 10 N 3
3 9 17y
JIMNA30TPOITUII- 1,8-11a3abuLMKI0- 1,5-11a3abuLMKIO0-
stunaMuH (JMDA) [5.4.0)yameu-7-en (ABY) [4.3.0]HOH-5-¢eH (JIBH)

B pazn. 13.4.3 (. II) yka3bsIBaioch, 4TO AJis MPEUMYIIECTBEHHOIO TpOBe/e-
HUST peaklUM SJMUMUHUPOBaHUS E2 0COOEHHO PEKOMEHIYIOTCS OCHOBAHWS,
obJamarole HU3KOM HYKIeopUIbHOCThIO. VX TprMeHeHre MoAaBiIsieT KOHKY-
PUDYIOLIYIO PEAKLIUIO Sy2.

g mpuMepa pacCMOTPUM JIBE PeaKLMK, KaXKIyI0 U3 KOTOPBIX YIAeTcs Mpo-
BECTH JIMIIb C UCITOJIb30BAaHUEM IPOMO3IKOT0 HEHYKIEO(PUILHOIO OCHOBAHHSI.

B mepBoii peaknuy MCXOAHBINA 1,2-3mo0Kcu-4-0pomTeTparuapoHadTaJIud
[JIAAKO TIOABEpraeTcs JIMMHHHMPOBAHMIO ¢ obpaszoBaHueM 1,2-3mokcu-1,2-
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auruapoHadTaaMHa, a peakiUuu HYKJICOMDUIBHOTO 3aMeIleHUs] U PaCKPBITUS
OKCHPaHOBOTO LIMKJIA CBEIEHBI K MUHUMYMY:

(0] O
JBH
1,2-3m0KCHU-
Br 1,2-nuruapo-
1,2-3n0Kkcu-4-6pomrerpa- HadTaTMH
ruapoHadTaINH

Kak BHIMM, B 3TOI peakny OUIIMKIMYECKUIT aMUH TTPOSIBIISIET TOJIHKO OCHOB-
HbIE CBOIMCTBA 1 He «paboTaeT» KaK HYKJIeOMUI.

AHaJIOTUYHasI CUTYyalysl HabJIiogaeTcsl M BO BTOPOii peaKlny — IIpUMEHeHNe
JAWUDA B KauecTBe OCHOBAaHMS ITO3BOJIIET IMPOBECTU C METHIIOBBIM 3(PUPOM
2-OpOMMETHII-3-6GPOMITPOITAHOBON KUCIOTHI TOJIBKO PeakIUio SJIMMUHUPOBA-
HWSI U TIPEBPATUTh €r0 B METUJIOBBIN 3(DUp 2-OpOMMETHIIAKPUIOBOM KHCIOTHI:

Br 0 CH, O
JINDA, 20 °C ﬂ
(3¢up)
Br OCH; Br OCH;
METWJIOBbII 3(pup METUJIOBbI 3hup
2-6poMMeTIII-3-0pom- 2-0pOMMETUIaKPUIOBOM
MPOTIaHOBOM KUCJIOThI KUCJIOTBI

DTOT mpuMep 3aciyXuBaeT 0CO00ro BHUMAaHMSI, MOCKOJBKY OO0pa3ymOIIUiics
MPOAYKT SIBJISIETCS] OPOMUIOM aJUIMJIBHOTO TUTIA U OTJIMYAETCS UCKITIOUUTEIbHOMN
AKTUBHOCTBIO B PEAKLUAX Sy2.

BMecte ¢ TeM, M3BECTHBI MPUMEPHI MPOCTPAHCTBEHHBIX 3aTPYIHEHUI U B
peakuMsIX TPOTOHUPOBaHUS aMUHOB. OCOOEHHOCTH MPOCTPAHCTBEHHOTI'O CTPOE-
HUSI HEKOTOPBIX aMMHOB TaKOBBI, YTO CO3AAIOT MpensaTcTBus noaxony K HOII
aToMa a3oTa Jaxe JUIsl TAKOW MaJioii yacTMILbI, KaK MpOTOH. B yacTtHocTH, MO
Mepe YBeJUUYeHUsI pa3MepoB OMIMKINYECKOro aau@aThyecKoro aMMuHa aMUH-
HbI (pparMeHT MPUOOpPeTaeT BOZMOXHOCTD Mepexoaa B 5HO0-TIUPAMUAATbHYIO
KoH(popManuio. B Takoit KoHpopMaLmu HaxoauTcs, Hanpumep, aMmuH A (6H-1-
azabuuukio|4,4,4]rerpanekan) [1, 2]:

A

DTOT aMMH 00JIaaeT OYEeHb HU3KOM OCHOBHOCTBIO. 3HauyeHue pK, ero comps-
SKEHHOM KUCIOTHI OLieHMBaeTcs1 BenunHoi +0,6. I[Tonaraior, 4To U B pacTBOpE,
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U B ra3oBoii a3e aMUH A MOXKET TPOTOHUPOBATHCS TOJBKO C «BHEIIHEH» CTOPO-
Hbl. Takoe nmpeanoiokeHue MOATBEPXKIAETCI TeM (PAKTOM, YTO SHEPTUs UHBEP-
CUM BTOr0 amMHMHa olleHuBaeTcsl BeauuuHon 71,2 kJIx/Moab (17 KKan/Moiib),
MPAaKTUYECKH COBITAfAIONIEii CO CHIDKEHUEM CPOJICTBA 3TOr0 aMUHA K IIPOTOHY
10 CPaBHEHUIO C TPUOYTUIIAMUHOM.

© OBPATUTE BHUMAHUE!
CpO,EI,(iTBO K POTOHY AA ) M3MepsieTcs B ra3oBoii pase Kak aHeprus reTeponnTu-
YEeCKOM AMccouMaLmmn CONPSXEHHOM KUCNOTHI
BH® B: + H®; AAH(B)=AH°.
BenuymHa cpopcTea K MPOTOHY, TakM 00Pas3oM, He 3aBUCUT OT COSbBATALMOHHbIX
abdheKToB.

HNHTepecHble 0COOEHHOCTH MPOTOHUPOBAHUSI M HYKJICOMPUIHLHOCT MMEIOT
OMLIMKIMYECKIEe aMUHBI — aHaJOrM aMUHa A, B KOTOPBIX A-OpOMTajb aTOMa
a30Ta MOXET TePEeKPhIBATLCS Yepe3 MPOCTPAHCTBO C n-OpPOUTAIBIO BTOPOro N-
aroma, m-opoutanbio C=C-cBs131 WM KapOooHWwIbHOM rpymmsl [3]. Oka3anocs,
HarpuMep, YTO B HU3KOIHEPTETUYECKOM 00J1aCTH (DOTOIIEKTPOHHOTO CITEKTpa
1-azabunukio|4,4,4|tetpanen-5-eHa (amMmuH B), Tak >e KakK U B CIIEKTpax aHaJIO-
TMYHBIX OMLMKIMYECKUX ITMAMUHOB, MMEIOTCS [IBE IOJOCHI MOHU3ALIMU, YTO
COOTBETCTBYET 3(P(PEeKTUBHOMY B3aMMOAECHCTBUIO 4yepe3 mpocTpaHcTBo HIII
atoma azota u mt(C=C)-opoutanu.

b

ITokazaHHas HIXeE JiMarpaMmma WUTIOCTPUPYET YKa3aHHOE B3aUMOJICHCTBUE.

N/_\ ®&NO
<i\/\/C H <

a3a0MIIMKITO- a3a0MIIMKIIO- OMILIMKIIO-
TeTpajgekaH A TerpaneleH b TeTpaaeleH
7,30, (n — m)
785, u(N) T T 8,10, m(C=C)

8,60, (n + m)
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MeTonoM MOJIEKYJISIPHOM MeXaHMKHM OblJla paccyMTaHa CTPYyKTypa aMuHa b:
KOH(opMaLus ¢ «BHelIHel» opueHTaureit HOIT atoma a3ota okaszaiach MOYTH
Ha 41 kJI>k/MoJIb MeHee YCTOMYMBOM, YeM KOH(MOpMalUsl ¢ «BHYTPEHHE» Opu-
eHTauuei, omaronpusitHoil njst nepekpbiBaHusl #(N)- u x(C=C)-opouTtaneii.
HesMnupuyecKkuMy KBaHTOBO-XMMHUUYECKUMHU pacdyeTaMy ObIJIO MOKAa3aHO, 4TO
yKa3zaHHbIe OpOMTAIM MEPEKPhIBAIOTCS, MPUYEM DHEPIrUsi TAKOrO B3aMMOJEH-
ctBust gocturaer 0,64 sB.

BaxxHo OTMETUTB, UTO HE TOJBKO 3JEKTPOHHBIC YPOBHU, HO U XMMUYECKOE
noBeJeHUe amMmuHa B ompenensercss TpaHCAHHYJISIPHBIM B3aUMOJEHCTBUEM
HOII azora u n(C=C)-opoutanu. [1o cyiiecTBy, 3T0 COeAMHEHNE BeAET ceOs
Kak eHamMuH. OHO Jierdye OKMCISIETCSI, YeM €ro HACHIIIEHHBIN aHajor —
aMUH A, a Ipy NPOTOHUPOBAHUHU JIeTKO 00pa3yeT KaTuoH B (1axe aTaHOJ OKa-
3bIBACTCS JJISI aMUHA A CIMILIKOM CUJIBbHON KUCIOTOI). byayun pacTBopeH B
3TOM pactBopureine, b yxe uepe3 9 MuH nipu 25 °C moJIHOCTHIO TIpeBpallaeTcs
B KaTuOH B:

b B

ITonpoOHOe M3ydeHUe CTPYKTYPHBIX OCOOEHHOCTE OULIMKINYECKUX AaMUHOB
A u B 00yciioBIeHO TeM, UTO UX (pparMeHTHl HAXOISITCSl B COCTaBe MHOTMX ajiKa-
JIOUJIOB, OTJMYAIOIIUXCSI BHICOKOW OMOJIOTMYECKONM aKTUBHOCTBIO M M3BECTHBIX
KaK CUJIbHBIE JIEKapCTBEHHBbIE CPEACTBa (aTpONUH, KOKAWMH, XMHUH, MOP(UH,
KonewH u 1p.). Hanpumep, coBepllieHHO aHanorndyHo amuHy b, N-meTunrerpa-
ruapo0epOeprH MPOTOHUPYETCS B 3TaHOJIE C 00pa30BaHUEM COOTBETCTBYIOIIETO
KaTMOHA: BpeMsI MOJIyIIpeBpallleHUsT cocTaBiisgeT 2 MUH [4].

N-meTunrerparuapodepoepuH

Hanuune TpaHcaHHY/IsIpHOM cBs3M Mexay N-atoMoM M C-aTroMoM Kap0o-
HWIbHOM TpyInbl B MoJiekyse ankaiouaa I' nokaszbiBaercsd naHHbimu MK-criek-
Tpa: 3HAYEHUE YACTOTHI BAJICHTHBIX Kostebanunit C=O-rpymmnsl, paBHoe 1675 cm~!,
COOTBETCTBYET KapOOHWIILHOI IpyIINe aMua, a He apuiketoHa (1693 cv—1). TTpu
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poToHUpoBaHun ajkaiaouaa I' mosoca BaeHTHBIX Kosnebanuii C=0 uncueszaer
BOBCE, YTO COOTBETCTBYET 00OPA30BaAHUIO CTPYKTYphI I

MeO MeO

MeO MeO

MeToaoM peHTIeHOCTPYKTYPHOIO aHajau3a ycrtaHoBieHo, uto HOII atoma
a3oTa B MOJIeKyJaxX ajKaJoOuJOB TPYMIIbl TeTparuapodepOeprHa HallpaBjeHa
BHYTpPb 1IMKJa, a aTOMbl a30Ta W yriepoja cOnvkeHbl. Huxke ykazaHbl TJIMHBI
TpaHCaHHYJSIpHBIX cBsizeit Mexxay N 1 C(O) B HEKOTOPBIX aJIKajlouaax 1Mo JaH-
HBIM PEHTIeHOCTPYKTYpHOro aHaiu3a [4, 5].

OMe O\
OMe O

0 | , 0 | ,
| Me 0.258mm 0o Me 0255
0O
Z Me
Me O Me FEt Me
(0]
Me 5 O
(0] o O o
0 O 0 OH
N e
Me 0199 it Me PO 164 v

NBs

N-0pO3UIMUTOMULIVH,
0,149 am

Hannsie o pmmHax cBsa3eit mexay N 1 C(O) B 00Cy:kmaeMbIX aJIKaJoUIax OKa-
3aJIMCh MHTEPECHBI TEM, UTO Ha MX OCHOBE OBLI COCTAaBJICH IIPOCTPAHCTBEHHBIN
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MapllpyT peakluUu MNPUCOEAMHEHUS HyKJeoduiaa K KapOOHWJIbHON rpyIine,
ITOCKOJIBKY B UX CTPYKTypax HaOfogaeTcs IMMPOKUIA CTICKTP PACCTOSTHUI MEXKITy
HyKjIeoduaoM (aMUHOTPYMIIA) U 2JIeKTpodmiIoM (KapOOHWJIbHAS TPYIIIa): OT
JajgbHero TpaHcaHHYyIsipHoro B3aumonaeicTsus (0,30 HM) 10 KOBaJI€HTHOTO CBSI-
3piBaHus (0,15 HM). COMMKEeHME aTOMOB a30Ta U YIJIepoja B MOJIEKYJIaxX alKaJlon-
JIOB COTTpOBOXHaeTcs ymmHeHneM cBsI3 C=0O U «BBITITUBAHUEM» YTIIEPOTHOTO
aToMa KapOOHWJIbHOM TpyIinbl U3 T1ockKocTu. Elile 6osee ynuBUTEIbHBIM OKa3bl-
BaeTCs TOT (PaKT, IYTO HYKIJICODUIT «ITPUOIIKASTCS» K KapOOHWITY He B TUTOCKOCTH
CCC=0 u He nepneHauKyJsIpHO e, a moa ymioMm 107° K HanpaBjeHUIO CBSI3U
C=0: nykneodun 3apaHee «3HAET» O Iepex0o[e TPUTOHAILHOI KOH(MUTypalnu
aToMa yriiepoaa KapOOHMIBLHOM TPYIIIEI B TeTpasApudecKyio. B 11e1oM ycTaHOB-
JIEHO, YTO ompefeliseMast N3 peHTTeHOrpapUIeCKUX TaHHBIX CTePEOXUMUS TIPH-
COEIMHEeHUs] aMMHOTPYMIIbl K KapOOHWJIbHOMY (bparMeHTy OKa3bIBaeTCsl WJEH-
TUYHOM TOM, KOTOpas MpeACKa3blBaeTCs HEAMITMPUUYECKUM PACUeTOM MOAEIbHOMN
peaklmu MexI1y MoJIEKyIoi (hopMasbaeruaa U THIpUaA-MOHOM B Ta30BOit (hase.

ITpuMepbl BAMSHUS TPOCTPAHCTBEHHBIX YCIOBUI HAa HYKJIEO(PUIbHOCTh aMU -
HOB MMEIOTCSI 1 B XMMUU apujaMUHOB. B yacTHOCTH, coceqHuEe 3aMeCTUTENU
crtoco0HbI BeIBoAUTL HBIT aToMa a3oTa B apoMaTHYECKUX aMUHAX U3 COTPSIKE -
HUSI C T-CUCTEMOI apoMaTUYecKoro (pparMeHTa M BCJEICTBUME 3TOTO 3aMETHO
cHuxkatb ero C-nHykineodwibHocTh. Hanpumep, N,N-IUMETUIAaHWINH TJIaJKO
coyeTaeTcsl C COJIbI0 JIMAa30HUsl, MOJIyUeHHOW U3 CyJib(haHWUIOBOW KHUCIOTHI,
¢ oOpazoBaHreM MHaAMKaTopa MeTtuioBbiil opaHxkeBbliii (pH nepexona 3,5):

®
(CH3)2N© - HSOg@NZCIO

N,N-nmumeTrIaHUINH n-cynb(hoOeH30IIMa30HUI XTOPUT

— (CH3)N N-N SO;H

MeTunoBblit OpaHKeBbIit

Metunossii opanxesbiti. Cynbdannnosyto kucnoty (5 r, 0,028 monb), nepeocaxaeH-
Hyto 13 BogHoro pacteopa NaOH, anasotupytoT Hutputom Hatpus (21, 0,028 monb) B npu-
cytcTBum 2 H. pacteopa HCI (12,5 mn). K nonyy4eHHol cycneHaum r1-cynbho6eH301amaso-
Huixnopupa npubaenstot pacteop N,N-gumetunanunuHa (3 r, 0,025 monb) B 25 mn
1 H. pacTBopa HCI. MNocne pasmelurBaHms B TedeHne 10 MUH 1 fobaBneHns 2 H. pacTeopa
NaOH po pH 10 nonyyatot Na-conb MetnoBoro opaHxesoro. Beixog, 7 1 (85%).

Omnako ¢ 2,6,N,N-TeTpaMeTUIaHWIMHOM 3Ta peakiys He UIET.
CH;

(CH3))N

CHj 2,6,N,N-TeTpaMmeTUIaHWINH
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Bcnencrteue IPOCTPAHCTBECHHOT'O BJIUAHUA CO CTOPOHLI ABYX 0pmo-MCTUJIb-
HBIX TPyl IUMETUJIIaMHWHOIPYIIIIA BBIBOOAUTCA M3 IIJIOCKOCTH. COl'IpFDKCHI/IG
HOBIT aroma azora ¢ m-cucTteMoii 6€H301bHOTO KOJIbliA HapymacTcCsd. TeMm cambiM
HNCKJIIOYACTCA aKTUBUPYIOLICEC BIMAHUEC AUMMETUIIAMUHOIDYIIIbLI, W pPEaKLUuA
SHGKTpOd)I/IIII)HOI‘O apoMaTUYCCKOro 3aMEIICHUA C COJIbIO JUAa30HHA, KOTOpasd
ABJIACTCA CPaBHUTEIbHO c/1adbIM BJ'IGKTpOd)I/IHOM, CTAaHOBUTCS HEBO3MOXKHOM.
I/IHTepCCHO OTMETUTDL, YTO BbIBOJ aMMHOIPYIIIbLI U3 IIJIOCKOCTH COIIPAKCHMUA C
d)eHI/I.T[OM CHMKACT HymeOd)HHbHOCTb apoMaTN4yeCKoOro KoJibia, HO IOBbIIIACT
OCHOBHOCTb apuJlaMMHa.

CH;, CH;  CH; CHy

NH, NH, N N

aHWUJIUH 0-TOJNYUIUH N,N-ngumeTu- 2,N,N-TpumeTu-
aHWIVH AHWJINH
K, BHO®): 46 5,0 5,12 6,11

Db deKTh TPOCTPAHCTBEHHOIO 3aTPYAHEHUST COTPSKEHUIO aMUHOTPYIIIBI C
TT-CUCTeMOI apeHa 0COOEHHO YeTKO MpOosIBIsItOTCS B 1,8-anamMuHoHadTaaMHax.
B uactHocTu, 1,8-0uc(aumeTunaMuHo)HadTanuH U 1,8-0uc(AUATUIAMUHO)-
2,7-1uMeTOKCUHA(TATNH SIBISIIOTCS UCKIIOUUTEIbHO CUJIbHBIMU OCHOBAHUSIMU
no cpaBHeHMIO ¢ N,N-nuankuianuinHamu (pK, (BH®) 5,2)

(CH3);N N(CH;z), (CoHs)oN N(GHs),
1,8-0uc(aumeTun- 2,7-numetokcu-1,8-ouc(auatui-
aMuHo)HadTaIuH aMUHO)Ha(hTaINH
(pK, (BHO) 12,34) (pK, (BH©) 16,3)

B Mostekysax atux npon3BoaHbiX HadrasrnHa HOTI 1Byx aToMOB a30Ta He TOJBKO
BBIBOJSITCSI U3 COIPSIKEHMST, HO U TIEPEKPBIBAIOTCS MEXIYy co00ii. Takoe cMmeln-
BaHUE BeIeT K 0COOEHHO 3HAYUTETLHOMY POCTY OCHOBHOCTH COOTBETCTBYIOIINX
apuJIaMUHOB [6].

PEAKIIUM EHAMUHOB

B pazn. 23.4.2 OblIM pacCMOTPEHBI peakliui €eHAMUHOB, B KOTOPBIX OHU TPO-
SIBJISTIOT HYKJIEO(MUIIbHBIE CBOMCTBA 1O OTHOIIEHWIO K HEKOTOPBIM 3JIEKTPO-
wuipHBIM areHTam. Poib €eHAMUHOB B CHMHTETMUYECKOM IIPaKTUKE, OIHAKO,
CJIMIIIKOM BeJIMKa, YTOOBI OrPaHUYUTHCS TOJBKO YIOMSHYTBIMM PEAKLIMSIMHU.
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JJ1s1 moy4eHusI JOCTaTOYHO ITOJIHOM MH(pOPMALIMHU 10 3TOMY BOIIPOCY PEKOMEH -
nyiores 0030psl [7—12]. Huke 00cyayM HECKOJBKO MPUMEPOB, B KOTOPBIX €Ha-
MMHBI KaK HYKJIeO(UIbl YIACTBYIOT B peaKIMsSIX COMPSIKEHHOTO MPUCOeIUHEHUS
C O, 3-HEeHACBIIEHHbIMU KapOOHWIbHBIMU COCAMHEHUSIMU (U1 bparMeHTaMu)
B peakUMsIX UMKIU3aLUMU. DTOT TUIl TpeBpallleHUs] eHaAMUHOB BIEpBbie ObLIT
obHapyxxeH CTopkoM ¢ coTpyaHukamu B 1954 r. [13].

Hanpumep, npu B3auMoJeiiCTBMU €eHaMUHA IIUKJIOTeKCaHOHA ¢ aKpPUJIOHUT-
putoM ¢ 80%-M BBIXOIOM ObUI BbIEICH 2-([3-1IMaHO3TII) IUKJIOT€KCAaHOH, TPY/I-
HOZOCTYITHBII IPYTMMU METOLAMU:

() 0

N H,0 CH,CH,CN
+ CH,=CH—CN—— 2~

eHaMUH 2-(B-umaHoaTIN)-
LIMKJIOTEKCAaHOHA LIMKJIOTEKCAaHOH

[1pn B3anMOJEHCTBUM TOTO X€ eHaMMHA ¢ METWJIBUHMIIKETOHOM ObLTa TTOKa-
3aHa TIPUHIWITNAIBHAS BO3MOXHOCTh aHHEJIMPOBAHMS HOBOTO LIMKJIA: B Kaye-
CcTBe MpoyKTa 6bu1 BblaeneH Al2-2-okrasnoH:

™ @ 0°
ol — ﬁf% —

@ g O 0
G
O@

A'Y-2-oKTamoH

Dra peakiusi eHAMUHOB, KOTOPAsI SIBJISICTCS TTOJIHBIM aHAJIOTOM aHHEJIMPOBAHUS
1mo PoOMHCOHY C yJacTHeM €HOJISIT-MOHOB, HOCUT UMsI €€ aBTOpa — peakuyus
Cmopka (1954 1.). [1ocKobKy NpUcOeAMHEHE eHAMUHOB (B OTJIMYHUE OT MPUCO-
eMMHEHUST €HOJISIT-UOHOB) IIPOTEKAET B HEUTPaJIbHBIX YCIIOBUSX, TTIOOOYHBIE TTPO-
LIeCChl KOHICHCAIIMU ¢ Y9aCTUEM KapOOHWIBHBIX COeTMHEHUI B 3TOM peaklnu
CBOIATCS K MUHUMYMY.
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Kak Hykj1eodubl, EHAMUHBI pearpyioT ¢ TajJoreHaMu, MOABEPTalOTCs apy-
JINPOBAaHUIO B PEAKIIMAX C aKTMBUPOBAHHBIMU IajloreHapeHaMu, alWJIAPYIOTCs
N-TOJIYOJICYTb(hOXTOPUIOM:

O,N
NO,

1. Cl NO,

N 2.H,0

NO,

EnaMuHbl HaliieHbl BBICOKOO(D(MEKTUBHBIMU pearecHTaMU U B PEaKLUsIX
reTepouMKIn3anuu. Hampumep, oHU SIBISIOTCS KIOUEBBIMY UHTEpMEAaTaMU
B OJHOCTaAMITHOM CUHTe3¢ nHIoJioB 1o Henunecky [14, 15]. ITocine xkumnsiue-
HUs pacTBopa 1,4-0EH30XMHOHA M 3TUJI-3-aMUHOKPOTOHOaTa B 1,2-mIuXJI0p-
aTaHe B TeueHUe 50 MUHYT ObLI BbIAEJIEH LieJeBO 2-MeTHI-3-KapO3TOKCHU-5-
TUAPOKCUMHION:

COOEt
0 COOEt HO
N \
L O e
N
O H,C  NH, N

Brixon uncroro BeriectBa coctaBui 30%.
Hpyrue mpuMepbl CUHTe3a TeTePOLMKIMYECKUX COCAMHEHMUI C ydyacTUeM
€HaMUHOB MOAPOOHO 00cyXaeHbI B [11, 12].

BUOTEHHBIE AMUHBI.
HEVNPOMEJIVATOPBI 1 HEMPOTOKCHUHBI

K GuoreHHBIM aMUHaM, B MEPBYIO OYepeb, OTHOCAT IIPUPOAHBIE COSTUHEHUS
PACTUTEJIBHOTO MPOMCXOXAeHUS. JIETKOCTh, C KOTOPOIl aMUHBI MOTYT OBITh DKC-
TparupoBaHbl BOMHOW KUCJIOTOM, a 3aTeM BbIIeJICHBI B YUCTOM BUIIE TIPH MOIIIIE-
JJAYMBAHUU 9KCTPaAKTa, SIBUIACH IPUIMHON TOTO, YTO MTPUPOIHBIE COSANHEHMS,
cojepKallle aMUHOTPYIIbI, ObUIM BbIACICHBI U U3YYEHBI paHee IPYIUX COeau-
HeHMii. OCHOBHBIE CBOMCTBA MPUPOIHBIX AMUHOB MTOCITYKMJIN TTPUINHOM UX Ha-
3BaHUsI — «aakaaoudot» (OT anes. “alkali-like”). B HacTosiiee BpeMsl U3BECTHO
Gojiee 5 ThIcY aaKamonaoB. [Tomapisiolniee OONBIIMHCTBO U3 HUX XapaKTepu3y-
€TCST BBICOKOM OGMOJIOrMYECKO aKTUBHOCTHIO.
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Haunbonee M3BECTHBIMU U3 HUX SIBJISIIOTCS XMHUH, KOKauH, MOpd)I/IH n HU-
KOTHUH.

COOCH;
cHy N =
OCOC¢H;s ] N
N~ "CH, N |
H N CH
KOKauH KOHUUH HUKOTUH
(cmumynsamop yenmpanbHoul (anxanoud, komopuim, (aakanoud, codepocawuiics
HepeHOLL cucmembl; no npedanuro, Ovi1 6 mabake; 8blCOKOMOKCUYHOE
8blOeNeH U3 pacmeHUs KOKQ) ompaenen Cokpam) seujecmeo, uHo2oa
npumetsiemoe

KaK uHceKkmuuyuo)

XUHUH

(ankanoud, evideneHHbill U3 KOpol MopbuH

XUHHO020 Oepesa; npUMensemcs (npekxpacublil ananbeemui; e2o npuMeHenue,

npu neHeHuU Manapuu) 00HAKO0, 02PAHUYCHO U3-30 HAPKOMUUECKO20
aghgexma; duauemam mopghura
u36ecmen KaK 2epou)

HexkoTopble aMWHBI BEIPA0ATBIBAIOTCS JKMBBIMM OPTAHU3MaMU M TaKXKe OT-
HOCSITCS K OMOreHHbIM aMuHaM. OHU UTPaloT BasKHYIO POJIb B OMOXUMUYECKUX
rpolieccax. B 4acTHOCTH, HEKOTOpPble aMUHBI MU3BECTHBI B OMOJIOTUU SKUBOT-
HBIX KaK Helpomeduamopst (cM. T. 11, 1. 16, pasn. «/lomnoaHeHus»). DTH co-
eIMHEeHUsT 00eCcIIeYnBaloT Iepenady HepBHOTO curHaiza. Cpeau HUX HanboJee
BaXKHBIMU SIBJISIIOTCSI alleTHIJIXOJMH Y aJpeHaJIH.

HO
] o 8 Hon
CHy~C—OCH,CHy~N-CH;°OH H ¢
CH; CH,NHCH;
ALCTUIIXOJIMH aapCHaJIMH

(eopmon, evipabamvieaemblii
6 OpeaHu3mMe 8 MOMeHMm
NOBbIUEHHO2O
HepeHo20 8030YucOeHU)
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17151 TOro 4TOObI JIy4llle IIOHSITh, B YEM K€ COCTOSIT OMOXMMUYECKUE DYHKIIMU
aMUHOB B XXMBOTHBIX OpraHM3Max, clieyeT pa3o0paTbcsl ¢ TeM, KakK «paboTaeT»
BereTaTMBHas HEpBHAsI CHCTEMA.

BeretaTuBHast HepBHasl CMCTeMa MOAPA3NeIIeTCs HA napacuMnamu4eckyio u
cumnamuueckyro. HepBbl TapacMMITaTHYECKO CUCTEMBI OepyT HayaIo OT KJIETOK
CTBOJIOBOI YaCTH TOJIOBHOTO MO3Ta M KPECTLIOBOM YaCTH CITMHHOTO Mo3ra. CuM-
MaTUYECKME HEPBBI MCXOIAT U3 KJIETOK OTAEJIOB CITMHHOIO MO3ra.

MecTo KOHTaKTa OJHOI HEPBHOM KJIETKU C IPYTOi WIIK C UCTIOJTHUTEIbHBIM
OpraHoM HasbIBaeTcs cunancom. B aToM MecTe Ipu MOCTYIIEHU HEPBHOTO CHUT-
HaJla M BBIIEJISIETCS HeMpOMeanaTop — IMOCPEIHUK, KOTOPBIN pealn3yeT COOT-
BETCTBYIOIIMI KOHTAKT U Tlepeayy HepBHOTO cUTHaJIa. B crHaricax mapacumna-
THYECKOW HEPBHOM CHCTEMBbI BBIIENSIETCS AaLETUIXOJIWH, B CHHArcax
CUMIIaTUYECKOI HEPBHOM CUCTEMBI — HOpaApeHaIH.

OOBbeMbl BBIACISIEMBIX HepoMeauaTopoB (Ha3bIBa€MbIX TaKXe U Hepo-
TPAaHCMUTTEPAMHK ) HEBEJIUKU. ALIETUIXOJIMH, HATIPUMED, BBIACISETCS J03aMU,
Kaxaast U3 KOTOpbIX coaepkuT okoso 10 000 Mosekys. DT MOJIEKYJIbl pacipe-
JEJISTIOTCST 110 CMHANTUYECKOM IIEJIM TaK, YTO CHUTHAJ JOCTHUraeT peLiernTopa.
BosneiicTBre alleTHIIXOJIMHA HA PELENITOP BbI3BIBAET COOTBETCTBYIOLINIA (PU3M-
OJIOTMYECKUI OTBET, IMOCJIe Yero TPAHCMUTTEP IOABEPraeTCs pa3pylIeHUIO.
ALETUIIXOJWH THIPOJIU3YETCS MOJ AeicTBUEM (epMeHTa aleTUIXOTMHICTE-
pasza (AXD):

¢}
[l ®
CH;—C—OCH,CH,N(CH;);°0H + H,0

ALCTHUIXOJIMH

AXD

©]
== CH;COOH + HOCH,CH,N(CH;);y’ OH
YKCyCHasd XOJIMH
Kuciora

ITpu HOopMaTbHOM (DYHKLIMOHUPOBAHUM HEPBHOM CUCTEMBI TUAPOIN3 «OTPadbO-
TaBIIETO» ALETUIXOJIMHA JOJIKEH MPOXOAUTh B TeUeHHUE HECKOJBbKUX MUJUIUCE-
KYHI. DTO SIBJISIETCS HEIMMPEMEHHBIM YCIOBUEM MIPUHSITHUS CJIEIYIOLIEro HEPBHOTO
CUTHasAa.

buoxumuueckuii a(ppekT aleTUIX0JIMHA 3aKJII0YaeTCs B TOM, UTO €ro Ipuco-
eMHEHME K PeLeNnTopy OTKPhIBAeT KaHaJ g IpoxoxaeHusd noHos Na® u K@
yepe3 MeMOpaHy KJIETKU, YTO BeleT K Aenosipu3aunn MmemopaHbl. biokuposa-
HYe NEeHCTBUS alETWIXOJMHA YpEeBaTO CEPbe3HBIMU IPOOJIEMaMM, BIUIOTH JIO
CMepTEeJIbHOro ucxoaa. MMeHHO B 3TOM 3aKJII04aeTcsl OMOXUMUYECKOE IeICTBUE
Helipomokcunog. Huke mokasaHbl CTPYKTYpbl JBYX HauOoJiee CUIbHBIX HEUpO-
TOKCUHOB — XUCTPUOHUKOTOKCHUHA U Xjiopuaa D-TybokypapuHa. Kak u aletu-
XOJIMH, MoJjieKyna D-TyOoKypapyHa COAEPKUT aMMOHMeBble (pparMeHThl. OHa
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OJIOKMPYET MECTO MPUCOEINHEHNS ALETUIIXOJMHA K PELIENTOPY, MCKIIIOYAET IIe-
penady HEPBHOIO CMTHaja, MPEIOTBpAallaeT MEPEHOC MOHOB 4Yepe3 MeMOpaHy.
Co3spmaercst CUTyalus, Ha3bIBaeMasi TapaIiuoM XXKHBON CUCTEMBI.

CH;_ H HO  OCH;

O

CH2III||||. .......

cr®

AN
CHj; CH3

XUCTPUOHUKOTOKCUH HO
D-TyOOKypapuHXJIOpUIL
HeﬁpOTOKCI/IqCCKI/IG CBOlCTBa pdaoa OMOIr'e€HHbIX aMUHOB HE MCKITIO4YaroT, O4-

HAaKO, X YCITEIITHOTO METUIIMHCKOTO MIPUMEHEHMS B XUPYPTMYECKUX OTTepallnsX,
HarpuMep Tl CHATHS HATIPSDKEHUI B MyCKyJaType.



Inasa 24. JTUA3OCOEINMHEHUA

K duasocoedunenuam oTHOCAT BeleCTBa, coaepxaiuue rpynnupoBku —N,X win
=N,,, KOTOpBIE CBA3aHbI C OHMM aTOMOM YIJIEPO/IA YIJIEBOAOPOIHOIO 3aMECTHUTEIIS.

24.1. KJACCUPUKAIINA U HOMEHKIJIATYPA

B 3aBucumMocTi ot crpoeHust rpynmbl —N,— pasinyaloT ciefylolue 1Ma3ocoe-
JUHEHMS:

coau duazonus, KOTOPbIe COepKaT JMa30HUEBYIO TPYIIIY (IUa30Tpyria)
@ L]

_N—N o,

ouazonpouseodHsite OOILETO CTPOCHMUS

R—N=N—X,

ouazoaakanst OOIIETO CTPOSHUS

R'
N

CN,

R

HawubGombimee mpemapatnBHOE 3HAYCHE UMEIOT apOMAaTHUECKUe COJIA TUA30-
HUS. IM TIpUTIMCBIBAIOT MOHHOE CTPOCHNE 1 00IITyI0 (hOpMYITy

® 0
Ar—N,X.
AnroHoM X© MOXeT GBITh AHMOH CHITBHOM KHCIOTHI HaIpuMep, Cle, Bre,

" S}
I, HSO,") unm xoMruiekcHblii annoH (Hanpumep, FeCl,', BF).
Hwke nanbl mpuMepsl apoMaTHIeCKUX COJIeH TMa30HUS U UX Ha3BaHUS.

N,®HSO{
CeHs—NLCI® NOQON2® °BF,
OEH30JIAMa30HU -
XJopun N-HUTPOOEH3O0IIMA30H M- 1 -Had TaTMHIMA30HWIA-

terpadTopdbopar ruapocyiabdar
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ApoMaTudecKue A1Ma3ocoeInHeHNs 001eil (hopMyJIbl

Ar—N—N—X
MMEIOT KOBajJieHTHOe cTpoeHue. PparMeHTOM X MOTYT CIYXWUTh pa3indHbIe
(pyHKLIMOHAIBHBIE TPYIITBL. B KayecTBe MprMepa moKa3aHbl 1Na30COeTMHEHMST C
TMIPOKCH-, alleTOKCH- W [IMaHOTPYITIION:

Ph—N—-N—OH Ph—N—N—O—C—CH; Ph—N—N—CN
OeH30/1IMa30TuapaT 8 OeH30/11Ma301UaHN/T
OeH3o1Ma3oaleTar

24.2. APOMATUYECKHE COJIN TIUA3OHUA

24.2.1.  Cnoco0bl noJiyyeHus

Kak yxe ormeyanoch B pas3a. 23.4.4, apoMaTUYeCKre COIM JUA30HUS TTOJyYaroT
peakieil 1Ua30TUPOBAaHUsI — B3aMMOJEHCTBUEM MEPBUYHBIX apOMaTHUYECKUX
aAMHWHOB C HaTPUEBOM COJIbIO a30TUCTOM KUCIOTHI B IPUCYTCTBUY MUHEPATbHOMN
KucaoTel. OOlee ypaBHEHUE peaKMU TUa30THPOBAHUS NMEET BUI:

AINH, + NaNO, + 2HCl 5= ArN,2CI® + NaCl + 2H,0

HpI/I MUCMOJb30BaHUM B KQUECTBE MUHEPAIILHOM KUCIOTHI COJITHOU KUCIOThI
JUAa30TUPOBAHUEC MPOTEKACT CIACAYIOLIUM O6p330M.

Ha nepBoii craguu 1ipu B3auMoIeiCTBUM HUTPUTA HATPUSI C COISTHOM KMCIOTOM 00pa-
3yeTcst a30THUCTasT KUCJIOTa:

NaNO, + HCl —— HNO, + NaCl

B CONSIHOKMCIION cpejie a30TUCTast KUCJI0Ta TPEBPAIaeTCss B HUTPO3UIXJIOPUI, KOTO-
DBIii U SIBIISIETCS IMA30TUPYIOIIMM areHTOM:

H o
ee v+ oe | oe oo CI® S50
H-0—N-0: + H® == H—0—N=0: CI-NZ0 + H,0
asoTucras @ HUTPO3UJI-
Kucjiora XJI0pua

CoOCTBEHHO JIMA30TUPOBAHUE TTPOTEKAET IO CIEAYIOLIEN CXEME:

../\:6.6 50 @ll-l .o II—I e/ Be
Ar—NH, + I\|I*O = Ar—Il\I*N:O oo Ar—I\i;N—O: _—
—al _ .s
ApHIAMIH (Cl H N-HUTpO30-
HUTPO3WIXJIOPUL apwiaMiH
ee oo oe ® e\ o0 0@ ©} ® o

—— ArN=N-0H == A—NNG—H —S5- Ar—N-N:Cl

apeHara3oruapar | apeHINa30HUM-

XJIOpUIL
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B otinune ot anudaTtuyecKux TMa30HU-HOHOB apoOMaTUYeCKUE TUa30HN -
HMOHBI CTAOMIU3UPOBAHBI COMPSIKEHUEM JIMAa30HUEBOM TPYIIBI C apoMaThyec-
KuUM sapoM (cMm. Huke). BeneacrBue atoro nipu 0—5 °C (a B Buae cosieit ¢ KoMm-
IJICKCHBIMA aHMOHAMM — W TIPM KOMHATHOW TeMIIepaType) OHM SIBJISIOTCS
BIIOJTHE YCTOMYMBBIMU COETMHEHUSIMU.

Kak BUIHO M3 cXeMbI, TIEPBUYHBIN aMIH BCTYITAeT B peakinio IUa30THPOBa-
HUST B CBOOOTHOM COCTOSTHUM, a HE B BUIE COJIM, C KOTOPOU B KMCJIOM cpeie OH
HaXOJIUTCSI B pABHOBECUU:

ArNH, + HCI AINHP + CI°

Ha npakTuke npu NnpoBeleHUN peakliuy IUa30TUPOBAHMST COOJIONAIOT Clie-
JYIOIINE YCIOBUSI:

1) peakuuto mpoBoasT rmpu 0—>5 °C, MOCKOIBKY MpH 6oJiee BRICOKOI TemIiepa-
Type MPOUCXOAUT Pa3IOKEeHNE a30TUCTON KUCIOTHI M COTU TUAa30HUS

AINLCI® + H,0 ArOH + N, + HCI;

t

2) MPUMEHSIIOT U30BITOK MUHEPaJbHON KUCIOThI (~2,5—3 Mojb Ha 1 Mosb
aMMHa), TaK KakK IpU HEeJOCTaTKe KMCJIOThl HaOMogaeTcsl oOpa3oBaHue IMa30-
AMUHOCOEIUHEHUI

0
Ar—NH, + CINAr ArNH-N—N—Ar + HCIL

3) OKOHYaHME AMA30TUPOBAHUSA OINPENENSAIOT M0 Hanmuuunio u3dbitka HNO,,
HaIpuMep, ¢ IIOMOLIbIO MOJKPaXMaJIbHOM OymMaru

2KI(+ kpaxman) + 2HNO, + 2HCI

- 2KCl + I, + 2H,0 + 2NO

CHHEE OKpallBaHUE
Kpaxmaia

24.2.2. ®u3nyecKue CBOWCTBA M CTPOEHHE

CrpoeHre MOHOB OMA30HMS, HAIpUMEpP MOHA OEH30JIIMA30HMUsI, BbIpaXKaeTcs
CJIEIYIONIMM HaO0OPOM PE30HAHCHBIX CTPYKTYD:

®

@ o &

@—N_N: — @ZN—N:
A b B
o & ve ® ©
— N—N; ~— N-N: |= = NENG
®
r

® o
® N—N: ~—~
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Crpykrypbl A—I' BHOCSIT HAMOOJIBIIIUIA BKJIaJ B PE30HAHCHYIO CTBG?I/IJTI/BB.HI/HO
apeHaMa3oHueBoro noHa. B coorBetcTtBUUM ¢ 3TUM (pparmeHT C—N=N wumeer
JIMHEHOE CTPOECHUE.

Cosu 11a3oHUs1 OOBIYHO MPUMEHSIIOT B BUJE BOJHBIX PacTBOPOB, TaK KaK B
CYXOM BUJIE OHU B3PbIBOOTIACHBI. BOIHBIE paCTBOPHI COJIEH NMAa30HUS HEUTPab-
Hbl, MOCKOJIBKY 3TU COEJMHEHMS SBJSIIOTCS COJISIMU CUJIbHBIX OCHOBAaHUWIA U
CWJIbHBIX KHCJIOT.

I'unpokcua AMa3oHus MOMYyYaloT AEHCTBUEM BJIAXHOIO TMIPOKCHUAA cepedpa
Ha pacTBOP COJIW JUA30HUS:

® ®
CeHs—N—N: CI° + AgOH —— C4Hs—N—N:OH® + AgCl/|
OCH30J1IMa30HUI -
ruapokcun (pH 7)

BeHzonana3zoHUATHIPOKCHI — OYeHb HEYCTOMUYMBOE coeanHeHrne. OH ObICT-
PO TeperpymnIiupoBLIBacTC B duazozudpam, KoTophiii sBisercs OH-kucmoToii.
C n36piTkoM NaOH auasoruapat gaeT cojib, Ha3bIBAEMYIO OUA30MAMoMm:

® ®
Ce¢Hs—N—N; C1© NaOH,_ ¢ H.—N_N:°OH

S —NaCl )
OEH30JIIMa30HUIA- OEH30J1IMa30H M-
XJIOPUT TUAPOKCUIT
(axmuenas gopma
0uazocoe0uHe )
_ee e NaOH IR .f'oe ® HCl
C6H5 N—N OH “H0 C6H5 Y= .Q. Na “NaCl
OeH3oaa3oruapaT OeH30J11Ma30TaT HATPUSs
(naccusnas gopma (Heaxmuenas opma
duaszocoeduHeHust) oduazocoeduHeHUs)

CoHs—NH-N—_C: —HA ¢, —N_N; C1°
6H1S —Ye* _HO0 615 —Ne
N-HUTPO30aHUJIUH
Kak nmoka3sbiBalor IpeaACTaBJICHHbBIC NTPEBPALICHUA, ap€HANAa30HNEBbIEC NOHbBI
MOZKHO paccCMaTpuBaThb KakK IBYXOCHOBHBIC KMCJIOTbI:
@
Ar—N—N + 2H,0 Ar—N—N—OH + H;0°,

K,

K

Ar—N—N—OH + H,0 Ar—N—N—0° + H;0°

[Mockonbky K, >> K|, apeHI1a30ruapar HaxoanuTCsl B pPABHOBECHOW CMecH B
BeCbMa He3HAYMTEJIbHOM KondecTBe. B 1ieiom, (popma apomMaTiecKoro nuas3o-
COCIMHEHMUS 3aBUCUT OT KOHILIEHTPAILIMX IPOTOHOB B PACTBOPE.

B xucioM 1 HEMTpaIbHOM pacTBOpax paBHOBECHE CMEILIEHO B CTOPOHY MOHA
JMMA30HMSI, B IIEJIOUYHOM PacTBOPE — B CTOPOHY JMa30TaTa.

HMoHbl apeHana3oTaToB, Kak U IPYruxX coeauHeHuit, cogepxamux C=N- u
N=N-cBs131, MOTYT CyLLIECTBOBATb B cuH- U aumu-bopmax. [1pu noauenaympa-
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HUU COJIM apeHAMA30HMSI cCHavaja oopasyeTcs cun-(hopma, KoTopasi 3aTeM Mea-
JICHHO TIeperpynIMpOBbIBAETCS B 00Jiee CTaOMIBHYIO aHmu-popmy:

S)

0 ?

QBI ANge QN/N

0 B
®
N—N
+ °OH —— —
CMH-6EH30J1,£I,I/IaSOTaT-l/10H aHle-6eH30Jlﬂ,I/la30TaT-I/IOH

24.2.3.  Peaxkuun
Peakuuy apoMaTHUECKHX COJIeil INAa30HM C BbIICICHHEM a30Ta

ﬂpenapaTMBHoe 3HAYCHUEC apOMaTNYECCKUX COJIEW 11Ma30HUS CTOJIb BC€JIMKO, UTO
HEKOTOPbIE XUMUKU HA3BIBAIOT UX «p€arcHTaMmn rpHHbﬂpa» B XMMUU apoMaTHu-
YECKUX COCTUHEHUNA.

Psan pCaKHI/Iﬁ apoMaTUYCCKUX COJIe TUa30HUs IPOTEKACT C pa3pbIBOM CBA3U
AI'—NZ. DTOT pPa3pbIB NIPOXOAUT KaK I'€TCPOJIUTUYCCKHN, TaK U TOMOJIUTUYECKHU,
COITPOBOXKAACTCA 3aMCIICHUEM IUA30HUEBOM TI'PYIINBI 1 BBEACHNWEM HOBOI'O 3a-
MECTUTEJIA B apOMaTUYECKOEC SAIPO.

3AMEHA JTUA3OI'PYIIIIbl HA TUAPOKCUTPYIIITY
3aMmellneHre JUa30TpyNHIlbl Ha TMAPOKCUTPYIITY MpPEACTaBIseT cO00i peakluio
HYKJIeO(UJIBHOTO 3aMellIeHHs] Y apOMaTUYeCKOTo aToma yrieponaa u ¢hbopMaabHO
MOXET pacCMaTpMBaTLCI KaK TMIPOJIM3 COIM AUAa30HUS.

Ecnu BoaHbBIN pacTBOp COMM OEH30JAMA30HMUSI MOIKUCIUTL pPa30aBIeHHOM
CEPHOI KUCJIOTOM U HArpeTh, TO IMA30COEAMHEHNE pasjiaracTcs ¢ BblAeJeHUEM
asoTa U oOpa3zoBaHueM (peHoJa:

®
Ar—N-NHSO; + H,0 —— ArOH + N, + H,S0,
Peaxkuus nager ¢ mpomMexXyTouyHbIM 0o0pa3oBaHueM (heHUJI-KaTUOHA:

G S
_N—N: HSOj 5

MEIJICHHO + N2 + HSO‘?’

OEeH30JIMa30HU I - (hbeHun-xKaTuoH
ruIpocyibdat
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n HZQ BICTPO + H®

deHon

Takum obGpaszom, 3Ta peakiysi UMEEeT BHEIIHEE CXOICTBO C MOHOMOJICKYJISIP-
HBIM HYKJI€O(MUIbHBIM 3aMEILEHUEM B anudariuyeckom psaay Syl, a ee ckopocThb
MPOIOPLIMOHAJIbHA TOJbKO KOHLIEHTPALMU COJIU OCH30JANa30HMUSI:

w =k; [CeHsN,® HSO4®].
Oco0eHHOCTh CTpOoeHMS (heHMI-KaTHOHA 3aKJII0YaeTCsT B TOM, UTO €ro Ba-
KaHTHAas OpOUTANb sp2-rMOPUAN30BaHA, OPUEHTUPOBAHA B INIOCKOCTU GEH30Ib-

HOT'O KOJIbLIA U MTO3TOMY HE MOXET HAXOAUTHCSI B COMPSIKEHUU C €ro 7i-2JIeK-
TPOHHOM CUCTEMOM.

6AKAHmMHasA opﬁuma/tb

Taxoit KaTHOH KpaifHe HEYCTOMYMB 1 CBOMM 00pa30oBaHUeM 00s13aH SITMMUHM -
POBaHUIO YPE3BBIYAHO CTAOMIIBHOM MOJIEKYJIbI a30Ta MPH pacraje noHa 6eH-
30JIIMa30HMS.

Joka3aTeIbcTBOM 00pa3oBaHUsS (DEHUI-KATUOHA B KA4eCTBE MPOMEXKYTOY-
HOW YaCTUILIBI MOXKET CJIY>KUTh €0 B3aMMOIEHCTBHE C JTIOOBIM HYKJIEO(DHITHbHBIM
peareHTOM, TIPUCYTCTBYIOIINM B pacTBope. Tak, MpoIyKTaMU pas3sioXKeHus OeH-
30JIIMAa30HUS B BOZTHOM METUJIOBOM CITUPTE SIBJISTIOTCS (DEHOJ U €r0 METHJIOBBII
a¢up — aHu30I1. B IprcyTcTBUM XIIOpUA-HUOHA CPEear MPOAYKTOB peakiIni 0OHa-
PYKMBaeTCs XJI0pOSH30IT:

OCH;

CH3;0H

—— + H®

®
aHKU3011
Cl
(heHnI-KaTuoH cle
t
XJIOpOEH30J1

HMIMeHHO 1TO3TOMY IMa30THpPOBaHNE apulaMUHAa IIPY 3aMEeHe aMUHOTPYIIITBI Ha THI-
POKCHUTPYIIITY IPOBOIAT HE B COJISIHOM, a B cepHOM Kuciore. I'uapocynbdar-non —
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3HAYUTENILHO OoJiee cIabblii HYKJIEO(hWIT IO CPABHEHMUIO C XJIOPUI-UOHOM U HE MOXKET
KOHKYPUPOBATH € BOIOM B peakiny ¢ (PeHUI-KATHOHOM:

NH, oN=N; OH
NaNO, o _HO
H,SOy, 0—5 °C HSOz p
NO, NO, NO,
M-HUTPOAHUJIUH M-HUTPOOEH301IMa30HUM - M-HUTpOGEHOT
ruapocyibdar

3agaua 24.1. Kakyio MUHEpaJIbHYIO KHCIIOTY CJIeIyeT TPUMEHUTh IS TPEBPAICHUS 71-TOJTy -
JIMHA B 1-KPe30J1 [0 peaKIUK 3aMeIleHUs TUa30TPYIIIThl Ha TUIPOKCUTPYITTY. OTBET IOSICHUTE
HaIMCcaHNEeM COOTBETCTBYIOIINX PEaKITUIA.

SAMEIIEHUE IUA3OI'PYIIIIbI HA 1O/,

Ecnu B quasopacTBope MPUCYTCTBYET TaKOW CUJIbHBIN HYKI€O(hWI, KaK MOAU/I -
VIOH, IMa30TpyIiNa TJIaJKo 3aMeIlaeTcsa Ha atoM uoja. 3amena N, — I B atom
clyyae He COMPOBOXIAeTCsl TOOOYHBIMU MPOLIECCaMU 1 B IPUCYTCTBUM XJIOPU/I -
HMOHOB:

N,°©CI®

NaNO,
HCl BOI[H
0-5°C 25 C

AHWJINH MOI0EH30J1

Dra peakumia HE OCJIIOKHACTCA TaKXKE 1 O6pa3OBaHI/ICM (beHona.

BBEJIEHMUE I'PYIIIIbI SH

O6paboTKa BOIHOrO PacTBOpPA COJIM apeHAMA30HUST STUIIKCAHTOTEHATOM KaJlisl
MpY YMEPEHHOM HarpeBaHUM BeeT K MIagKoMy o0pa3oBaHUIO S-apwi-O-3THiI-
KCaHTOIeHaTa, THAPOJIN3 KOTOPOTO C TIperapaTUBHBIM BBIXOIOM JAaeT COOTBETCT-
BYIOIINIA THO(DEHOIT:

S
NH, N,®CI® S— C—OC2H5
NaNO,
_Ha KS— C KS—=C—OC,Hs 1. KOH (Bonn.)
0-5°C T 40-50°C 2. H3O®
CH;
N-TOJYUIVH n—TOJ‘lYOJT- S-(n—TOﬂl/lJl)- n—TI/IOKp€3OJl

HHaSOHHPIXJIOpHI[ O-3TUIKCAHTOTEHAT
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SAMEHIEHUE NTVUA3OTPYIIIIbBI HA ®TOP

[To-BuaMMOMY, TaKKe C IPOMEXYTOUHBIM 00pa3oBaHUEM apujI-KaTHOHA IPOoTe-
KaeT 3aMellleHue aua3orpymnbl Ha ¢pT1op (peaxuus IHlumana, 1927 t1.). Peakuuro
MPOBOJSIT TEPMUYECKUM Pa3oXKeHUEM TBEPIOIo CyXoro terpadropbopara apeH-
JUA30HUS:

N,° HSO N,° ®BF;,

__NaNO,
HZSO4, 0-5°C BF3 teTpadTopdbopar
0OeH30/1IMa30HUS

©N=N: ©BF,

®
200 °C )
S BF, — + BF;
OEH30J1IMa30HUI - beHuI-KaTuoH ¢ropoeH30

TeTpacdTopdopar

ApeHnnaszoHuiTeTpadTOPOOPATHl MHTEPECHBI TEM, UTO SIBJISIIOTCS BITOJIHE YC-
TOMYMBBIMU COJISIMU ANA30HUST. X MOXHO BBIIEISATh B MUHIWBUAYATEHOM BUIE U
XpaHWTh, HE OIMacasiCh UX Pa3IOKEHMSI.

SAMEITEHUE NTVUA3OTPYIIIIbI HA XJIOP, BPOM,
I[IMAHO- 1 HUTPOTPYIIIIBI (PEAKIIASA 3AH/IMEVEPA)

Hexoropble peakuuy 3amelleHus AMa30rpyInbl UMEIOT paauKaJbHbIA Mexa-
HusM. T. 3aHameiiepoM ObIJI0O OOHAPYKEHO, YTO B MPHUCYTCTBUM COJIeil OMHOBA-
JICHTHOW Meau mpoucxoauT 3amelieHue auasorpynmsl Ha Cl, Br, CN (peaxuyusa
3anomeiiepa, 1884 1.):

Sl CeHsCL + N,

CuBr

CeHsN,®Cl® — C¢HsBr + N,

CuCN

C6H5_C—N + N2

HoH Menm siBiisieTcsT TIepeHOCYMKOM 3JIEKTPOHOB M 00ecIiedrBaeT paauKalbHbIN Xa-
pakTep Ipoiiecca:

@
C6H5—N®‘Cu®

[CeHs *5*N—N:|* * + IN-N: + Cu?®

S,
CGHS'/JFTQ/:JF\QR@

CeHs—Clt +Cu®

PaI[I/IKaJIBHBIﬁ MEXaHU3M PEAKIIMU ITOATBECPXKAACTCA U TEM, UTO B KAYECTBC TTOOOYHBIX
MPOYKTOB B XOJIe peaklINK OTMEUeHO 06pa3oBaHie GHAPUIOB U A30apEHOB:

C¢Hs® + CgHs® CgHs;—C¢H;s

CeHsNy' + CgHs —— CgHs—N—N—CgHs
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XoTs pagrKaabHble peaKL1i, KaK MPaBUjI0, MaJO4yBCTBUTEbHBI K 2JIEKTPOH -
HbIM 3¢ deKTaM 3aMeCcTUTENIE, OTMEYEHO, YTO DIEKTPOHOAKLENTOPHBIE 3aMeC-
TUTEIM B MOHE apeHIMAa30HMsI YBEJIMUMBAIOT CKOPOCTb peakiuu 3aHaMeliepa.

© OBPATUTE BHUMAHMUE!
MNepemMeleHne He napbl, a NMWb OAHOrO 3NEKTPOHA MPUHATO 0603HayaTtb
CTPENnKOM « ~~  N»,

B 1abopaTopHOi MPaKTUKE 3Ty PEeaKLUIO MTPOBOIAIT, MOCTENEHHO HO0ABIISIA
XOJIOIHBIN PACTBOP COJIM apeHAMA30HMS K TOPSIYEMY PaCTBOPY XJIOpKIA OQHOBA-
JIEHTHOM Meau. Peakums pasioxeHust coiu aua3oHus B npucyrctBur CuCN
WIET Ha XOJIOAY, a B MPUCYTCTBUM OPOMMIA OJHOBAJIEHTHON MeI — MPH KOM-
HaTHOM TeMITepaType.

B peaknusx 3aMelleHHsT AUA30TPYIIbl HA TajJoTeH WA [UAHOTPYIIIY COJIU
M€ MOTYT OBITh 3aMeHEHBI MEIHBIM MOPOIIKOM. Takast 3aMeHa ¢ YCIIeXOM IpU-
MeHeHa B Ipolieccax 3aMelleHNs TMa30TPYITIbl Ha HUTPOTPYITITY.

Ecnu cycniensuio apeHnnasoHuiiterpadropdbopara B BOTHOM pacTBOpE HUT-
puTa HATpUS 00PabOTATh METAIIIIMYECKOM MeIbIO (ITOPOIIOK), C TIperapaTUBHBIM
BBIXOJIOM TTOJTy4aloT HI/ITpoapeHI

N2 °BF,
NaNO,
HBF4 (BOﬂ.H ) NaNOz (BOIH.)
Cu TIOPOILIOK
I’l—X.HOpaHI/IJll/lH n—xnop6eH30nnua30Huu— n—HMTpOXJlOp—
teTpadTopdbopar OeH30J

9Ty p€akinio pEKOMCHIAYCTCA NMPUMEHATDL JIA IMOJYYCHUA TEX apoMaTHU4ieC-
CKUX HUTPOCOEAMHEHUI, KOTOPbIE HEAOCTYITHBI IPSIMbIM HUTPOBAHUEM.

3AMEHA JUA3OTI'PYIIIIbI HA BOJOPO/

(PEAKIIVA TE3AMWHUPOBAHN )

Juazorpyrna MoxXeT ObITh 3aMellleHa Ha BOAOPO/ ACWCTBUEM 3TaHOJAa Ha COJb
JIMA30HMSI TIPU HarpeBaHUU:

0
CeHsN,© €@ MO oy 4+ N, + cy—C + Hal
H

Iporiecc uaeT ¢ MpoMeXXyTOYHBIM 00pa3oBaHNeM (PeHMIT-KaTHOHA, YTO IO/~
TBEPXKIAETCS, B YACTHOCTH, 0Opa30BaHMEM 3HAYMTETbHBIX KOJIMYECTB (heHeToa:

0
CeHsOC,Hs + CgHg + HCI + CH;—C. + N,
eHeToN H

& CH;CH,OH
CgHsN—N (C1° ===
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Peakiius 1e3aMUHUPOBAHKS IIPOXOAUT O0JIeE INIAAKO MTPH AECTBUM CITUPTA B
MPUCYTCTBUM alleTata HaTpus. B 5ToM citydae peakiius UIeT ¢ ydacTUeM CBOOO/I-
HBIX PaJIMKaJIOB:

Ce¢HsN,® C1° + NaOAc

NaCl + CgHs—N—N—OAc

OeH30/11Ma3oaleTat

Cmadus | — VHULIMMPOBaHYE TIETIN:
CGHS_NfN*OAC E—— C6H5‘ + N2 + *OAc

Cmaous 2 — pa3BuUTHE LIETIN:
H
v .
Ce¢Hs* + CH;CHOH ——— C¢Hy + CH3;—CH—OH,
R . . P
CeHsT™N—N + CH;—CH—OH CeHs* + N, + CH;—C_ + H®
H

YnobHee MPOBOJUTL BOCCTAHOBJICHUE COJICil MUAa30HUSI B BOAHOM PAacTBOPE
bocdopHosarucToii kuciorel H;PO,. Peakuus UAET ¢ XOPOLIMM BBIXOIOM JaXe
Ha X0JIOY ¥ TPeOYeT 3HaYMTENbHOrO n3dbiTKa H;PO,:

© H3P02, H,O

@
Ar—N—N CI° =252

ArH + N, + HCI + H;PO;

DTa omnepalys MO3BOJISIET YIAIUTh aMUHOTPYIIITY U3 TMEPBUYHOTO aMUHA TOCIe
TOTO, KaK Obla BBIITOJHEHA COOTBETCTBYIOIIAS CMHTETUYECKas 3amavya (OTCIoma
Ha3BaHUE peaklud — Ie3aMUHUPOBAHMUE). DTOT TPUEM YacTO MCITOIB3YIOT
B CMHTE3aX 3aMEIleHHbIX apeHOB, Hampumep Ipu noaydyeHuu 1,3,5-Tpudbpom-
6CH30JIa U3 aHUJIMHA:

3Br2 NaNOz
(H,0) S04, 0-5°C
—3HBr

AHWJIMH

2,4,6-TpI/I6pOM-
AHWJIMH

N° HSO4

H3 PO, (BoaH.
_I\I2

1,3,5—TpI/I6p0M66H30J1
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" 2,4,6-TpnOpOMOEH30IMHON KUCIOTHI U3 M-aMUHOOEH30MHON KUCITOTHI:

COOH COOH COOH
Br. Br NaNO, Br. Br
3Br, H,SO4 (Bomn.) H3PO,
(H,0) 0°C
NH, —3HBr NH,
M-aMMHO- Br Br
GeHsoMHAsT 3-amuHO-2,4,6-TpudpOM- 2,4,6-Tpubpom-
KUCITOTa o i
OeH30IHasT KUCTOTA OeH30IHasT KUCTIOTA

SAMEIIEHUE NTVUA3OTPYIIIIBI HA ®PATMEHT APEHA

3aMelleHe JUa30rpyIbl B apOMaTUYECKOW COJTM TUa30HUS Ha OCTaTOK apeHa
Ha3bIBAIOT peakuueni apuauposanus. JINa30THPOBaHNE apOMaTUYECKOrO aMUHa
IIPY 5TOM TIPOBOISAT OOBIYHBIM CITOCOOOM, HO MMPUMEHSIOT MUHUMAaJIbHOE KOJIH-
YeCTBO BOJBI. JlMa30pacTBOp MOAIIETAYMBAIOT U TMOJYYEHHBIH KOHIEHTPUPO-
BaHHBIN BOIHBIN pacTBop pasMelnnBaior rpu 0 °C ¢ mobGaBieHneM XUIKOTO apo-
MaTu4ecKoro yriaeoaopona (peaxuus Tombepea—baxmana, 1924 1.):

NH
2 CH;

NaNO, NaOH
HCl1 6ensoi, 0-5°C

CH;

M-TOJYUIVH 3-MmeTunoudeHun

Bbixozb! LieJ1IeBbIX OMapUIOB B 3TOM peakMu HeBbICOKU. OTHAKO OHa MpeaCcTaB-
JIsieT TIperapaTUBHBIA MHTEpeC BCACACTBUE OOCTYMHOCTU MCXOMHBIX pe-
arcHTOB.

Peakiius umer ¢ mpoMeKyTOUYHBIM MPeBpalllecHUeM MOHA TUAa30HUS B paau-
Kaj. [ToaToMy MombITKa MNOJYYUTh 3-MeTUIOM(EHUT 1Ma30TUPOBAHUEM aHU-
JINHA Y MOCJIEAYIOIIUM B3aMOAeCTBEM OCH30JAMa30HUS ¢ TOJYOJOM OKa-
3bIBa€TCsl HeyaayHoli. B MoJHOM COOTBETCTBMM CO CBOOOIHOPAAMKAIbHBIM
MEXaHM3MOM 3Ta peaklUMsl apUIMPOBaHUSI HE SBJSETCS PEruocesieKTUBHOM.
mema-VI3oMep MPUCYTCTBYET B peakKIMOHHON CMeCHU, HapsIiy C 0- U n-METUJI-
oudeHuIaMu.

3amava 24.2. B kakux mpeBpallleHusIX OCH30JIMa30HU-MOHAa B KayecTBEe MPOMEXYTOUHOM
YacTUIIBl BBICTyMaeT GeHmi-KatnoH? [IpuBenuTe peakiuu, coriacymoomiuecs ¢ HakToM ero
00pa3zoBaHUsI.
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Peakuuu APOMATHYCCKUX CoJieil TMa3oHus oe3 BbIJICJICHUA 430TA

BOCCTAHOBJIEHME COJIEV APEHJIVNA3OHMSA 10 APUJITUIPASUHOB

B naﬁopaToprIX YCJIOBUAX apOMaTUYCCKUE apUITruapa3mnHbl y,Z[O6HO IToJIydyaTb
BOCCTAHOBJIEHUEM COJIEU apC€HIMa30HUA XJIOPUIOM OJTOBa(H)I

@ e @ S)
N—N (I NH—NH; Cl
SnCl, NaOH
HCI H,0
Cl Cl
n-XJ10pOeH30J1- n-xJ0pbeHWITnApasuH,
JMA30HUIXJIOPUITL TUIPOXJIOPUT
NHNH,
— + NaCl + H,0
Cl

n-xj10pGheHUITUAPa3UH

[Tpy HanMUUUU B apoMaTUYECKOM (pparMeHTe HUTPOIPYIMIl BOCCTAHOBJICHUE
MPOBOJSAT CYJIb(PUTOM HaTpusl, MOCKOJIbKY Xaopun ojoBa(ll) cmocobeH Boccra-
HaBJIMBaTh U HUTPOTPYIIY:

®
N—N CI° NH-NH, - HCI
1. Na,SO; (BonH.)
2. HCI
0N n-HUTPOOEH30JI- 0N
JNAa30HUNXITIOPU]T n-HUTPODEHUITUAPA3UH, TUAPOXIOPHL

B KoHe4yHOI1 peaKIIMOHHON CMeCU TTPOIYKT MPUCYTCTBYET B BUIE apUITHUIpA-
3UHIUCYTBMOOKUCIOTHI, KOTOPYIO TUIPOJIM3YIOT B COJITHOM KucioTe. B mpemnapa-
TUBHBIX LIEJISIX COJIU OEH30/1IMa30HMS BOCCTAHABIMBAIOT CMECHIO CYJIb(UTA U TU-
npocyibpura Hatpusi. IIpoliecc BKIJIIOYAET HECKOJbKO CTaauil M MAET MO
CJIeIyIOLIEH cxeMe:

@ Na2503 NaH503
Ar—N—N CI° ===+ Ar—N—N—SO;Na
apeHIua3oHui- apeHIma3ocyabpoHar
XJIOpU L HaTpUst
|S03Na
® ®
——= Ar—N-NHSO:;Na —-— Ar—-NH-NHSO;H —— ArNHNH,
nu-Na-cosb N-apuirunpasuH- apWITHUAPa3UH
N,N'-apunaruapasvH- MOHOCYJIb(OKKCIOTA

IACYJIbPOKUCTOTHI
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ITo 5TOMY METOAY MOXKHO MOJIy4aTh apUITUAPASUHbBI, COAEPXKALIME B apoMa-
TUYECKOM SIIPE PA3JIMYHbIE 3aMECTUTENIN: TAJIOT€HBI, HUTPOIPYIIIIbI, KApOOKCH -
U CI0KHO3(pUPHBIE TPYIIITHL.

PEAKIINA ABOCOYETAHUS

BaxxHylo B mpakKTUYeCKOM OTHOILIEHWUM TPYIINY peakinii apoMaTHUUEeCKMX J1a30-
HUEBBIX COJIC COCTaBJISIIOT pPeakKLMM apoOMaTUYECKOro 3aMeIleHMsI, TTPUBOJIS-
LIHe K 00pa30BaHUIO apomMamu4eckux azocoedunenuii. B aTux peakunsix 1Ma3oHuU-
€BbI€ COJIM BBICTYNAIOT B KAYECTBE 3JIEKTPO(MMIHHOIO areHTa:

® oo ®

ITocKObKY MOJIOXKUTEIbHBINA 3apsii B apeHIMAa30HUI-MOHE AeI0KAIN30BaH
IO CUCTEME TT-CBSI3eil, BKIIIOUasl apoMaTUUECKOe KOJbIO, TO 31eKTPO(PUIbHOCTh
TaKoro KaTMOHa HeBeauKa. BcaeacTBue 3Toro MOH apeHIMa30HUsI MOXET BCTY-
MaTh B peaKkiuy 3JIEKTPOPUIBHOIO 3aMEILEHUS TOJILKO C COEAUHEHUSIMM, COIEP-
JKaIMMU CUJIbHBIE JIEKTPOHOJOHOPHBIE 3aMecTuTenu, Hanpumep O©-, OH- u
NR,-rpymsl, T. €. ¢ HeHOKCUI-noHaMH, eHOJIaMU M aMUHAMMU.

0O (T\.I(CH3)2 WIS (T'QH
00 80 Ne) IC)
|M|>>1]

DJIEKTPOHHYIO TUIOTHOCTh B apOMAaTUYECKOM KOJIBLIE TTOBBIIIAIOT KaK TUAPO-
KCU-, TaK ¥ aMUHOTPYIIIbI, 00Jer4as TeEM CaMbIM PEAKIIMIO JaXe CO CIa0bIMU
2JIEKTPOMWIBHBIMHU peareHTaMu, K YMCIIy KOTOPBIX OTHOCAT ¥ MOHBI apeHIa30-
Hus1. Peakimu a1eKTpoIBHOTO apOMaTUYECKOTO 3aMeIleHUsI COJieit apeHara-
30HUS HAa3bIBAIOT PeaKuuAMu azocouemanus. ApoMaTuIecKrie CyocTpaThl (aMUHbBI
1 (peHOJIBI) BBICTYIAIOT B 3TUX PEAKILIMAX B KAYECTBE A30COCHABAAIOUUX.

®
N—-NX©® Y

[Y = N(CHj3),, OH]

B cnyyae oyeHb aKTMBHOM COJIM IMA30HMSI COUYETAHWE MOXKET MPOMUCXOAUTDh U C
anuzosioM (Y = OCH,).

s xaxaoi peakiMi a30CoYeTaHUsI MMeeTcsl ONTUMajibHoe 3HaueHue pH.
B yacTtHOCTM, HaMOOJIBIIIAs CKOPOCTh a30coueTaHus 1jis1 (heHOJIOB HAOII0AaeTCS
npu pH 8—10. ITpu satoM 3HaueHun pH deHon cyuecTByeT B Buie GeHOKCHUI-
HMOHA, a OTPULATEIbHO 3apsKEHHBIA aTOM KUCJIOpoAa SIBJISICTCSI 3HAYUTEIbHO
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6osee 3 PEeKTUBHBIM JOHOPOM 3JIEKTPOHOB 110 MEXaHU3MY CONPSDKEHMS, HeXe-
JIV TUAPOKCUTPYIIIIA.

ITpu pH 4—8 B pacTBope UMeeTCsl 3HaUUTETbHOE KOJIMYECTBO CBOOOIHOTO aMU-
Ha. ITo 3Toi1 mpuuuHe B JaHHOM MHTepBasie pH HabmogaeTcst Hanbosiee BbICOKas
CKOPOCTb a30COUETAHUSI C yYACTUEM apUIAMUHOB B KAUeCTBE a30COCTaBJISIIONICH.

ITpu pH > 10 ckopocTb a3ocoueTaHust Majia Kak JUisi aMUHOB, TaK U JJisl (pe-
HOJIOB. DTO 00YCJIOBJIEHO MpeBpalllcHUEeM COJieil TUa30HUs B AMa30TMAPATHI U
JMA30TaThl, KOTOPbIE HE UMEIOT 3JIEKTPO(MUIBHBIX CBOMCTB.

Takum obpasom, sl coUeTaHUSI aMUHOB Hanbosiee 0JaronpusiTHON SIBJISICT-
cs cnabokucnas u HeWrtpanbHasi cpeaa (pH 4—8), niasg peHonoB — yMepeHHO-
mesiouyHas cpeaa (pH 8—10).

MexaHM3M a30coueTaHus MpeACcTaBisieT CO00i 3eKTPOGUIbHOE apoMaThye-
CKO€ 3aMellIeHMeE.

Peakuust azocoueraHusi ¢ aMMHOM MJIET MO CXeMe

Ar—N=N
@ oo oo
AN_N + @Q\J& —
H

O-KOMILICKC

Ar —N:N@N R,

Peakuust azocoueraHusi ¢ (peHOKCUI-MOHOM TMPOTEKAET aHATIOTUYHO:

Ar—N=N
D oo 0O
it O — [0
H

O-KOMILJIEKC

Ar—N=
— ><Z>:0 — Ar—N:N@OH
H

Ha akTuBHOCTH apGHZ[I/IaSOHI/Iﬁ—I/IOHa 3HAYUTEJIbHOC BJIMSAHUE OKa3bIBAIOT 3a-
MECTUTECIIN, HAXOAAILIUECA B apOMAaTUYCCKOM A0pPE. SHGKTpOHoaKHCHTOpHHG 3a-
MCCTUTECJIU ITOBBIIIAIOT €TI0 SHGKTpO(bI/IJILHOCTB, a CJIeJoBaTC/JIbHO, U aKTUBHOCTDb
B a30COYCTAaHUU.

® ® ® ®
=N: N=N: N—N: N=N: N=N:
JeNeNeNe
NO, SO;H CHs OCH;

CHM2KCHHNEC aKTUBHOCTHU B p€aKIIMM a30COYCTaHUA
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B kayecTBe a30COCTaBSIOLIMX MOTYT BLICTYINaTh U cujibHbie CH-KUCIOTHI,
Harnpumep, 1,3-MHIAHAMOH, aLlETOYKCYCHBINA 3(uUp, apuinabl aleTOyKCYHOM
KUCOThI. A3ocoueTaHue Kaxnaoil u3 atux CH-kuciaor ¢ apeHana3oHUEBbIMU
COJISIMU UJET 1O METUJICHOBOM IpyIine (OTMeueHa 3Be3104KO0i™)

Qé P S O

aLIETOYKCYCHBI apuInz
1,3- I/IHI[B.HZ[I/IOH apup alleTOYKCYCHOM KUCJIOTbI

A3zocoyeTaHre UMEET BaxkKHOE IIPOMBIINIJICHHOC 3HAYCHUE, IMMOCKOJIbKY 06pa—
3YIOIIMECA a30COCANHCHNA NMHTCHCMBHO OKpPAaIlll€HbI 1 IIMPOKO MUCITOJb3YIOTCA B
Ka4yeCTBE KpacCUTETEM.

3anaua 24.3. 3aBepuiuTe CIeayIONIyI0 PeaKIInio:

@
H;sN, CI®, ©0OH
CH;COCH,COOC,H; SoHsMeCI% “OH_

[TosicHuTe cTpoeHue MPOoAYKTa HAMMCAHUEM €ro PE30HAHCHBIX CTPYKTYD.

24.3. JTUA30AJTKAHBI

B pa3n. 23.4.4 MBI yxke OTMEYaId HEYCTOMYMBOCTD ajlKaHAMAa30HUEBbIX MOHOB 1
UX MaJIyIO LIEHHOCTh JUISI TIPEnapaTuBHOrO OpraHndeckoro cuHrtesa. OaHako rnpu
HAJIMYUK IIPOTOHA Y YIJIEPOIHOIO aTOMa, CBSI3AHHOI'O C MA30TPYIIION, aJKaHI1-
A30HMEBBII HOH MOXET MPEBPAIAThCS B IPYrOe NMa30COeAMHEHUE — OUA30AAKAH.

H
| ®
Ry,C—N=N:

S e
R,C—N_N:

JlMazoankaHbl NPECTABISIOT CO0O0i ABYX3apsiIHbIE MOHBI, BIIOJIHE YCTONYM-
BblE ITPU HU3KUX TeMIIEepaTypax, KOTOPbIE HIMPOKO UCTIOIb3YIOTCSI B CUHTETHYE-
CKUX LIEJISIX.

24.3.1.  Cnoco0bl mosyueHus

HawnbGonee pacnpocTpaHEeHHBIM CHOCOOOM ITOJIYyYEHHUS OMAa30MeTaHa SIBJISIETCS
memod Apnoma (1930 r.), B kKoTopoM N-HUTPO30METUIMOYEBHHA 0OpabdaThIBaeT-
€S KOHIICHTPUPOBAHHBIM PACTBOPOM IIIEJIOUM:

O Boga—a3dup
H,N— c + KOH —j—5:c— CH,N, + H,0 + K,CO, + NH,

“N(CH,)NO
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Peakuius, mo-BuauMomy, HaUMHAETCsl ¢ HYKJIeO0(hUIbHOIO MPUCOSIUHEHUS TUAPOKCUI-
MOHA K KapOOHWJIBHOM IPYIIIe MPOM3BOIHOIO MOYEBHHBI:

)
o 0
S Z \
OH® + H,N—CT == HN-G-0-H
N(CH,)NO
(CH,) (CH)N—N=0
Ha BTOpOI;'I craaun O6pa30BaB]l[HﬁCf[ MHTEpMEAUAT SJIMMUHUPYET HaCTULLY METUJIAA -
30IrMapoKcuaa:
0
g _0
HN—G—0—H HN—CZ _ + CH,—N=N—OH
(CHYNNZ0 0

Ha 3aximounTenbHOIM cTaauu B CUJIbHO LIEJTOYHOMI cpeac METUJIIMA30TUAPOKCHUL DJI1U -
MIHHUPYET MOJIEKYITy BOJIEI C 06pa30BaHIeM [Ha30MeTaHa:

o N TN N PN
OH + H—CH,—N=N—OH
N

® 0O o
CH,=N=N + °0H + H,0

B TIPpENapTUBHbBIX LCISIX OJMA30METaAaH MOXKET ObITh TIOJIYYECH TaKXX€ B3aMMO-
JIEVICTBUEM HUTPO30aMUIOB Kap60HOBBIX n CYJ'[Bd)OHOBBIX KHNCJIOT C CMJIbHBIMU
OCHOBaHUAMMU. COOTBCTCTBy}OU.II/Ie p€akiuuun UayT 1o aHaJIOrMYHOMY MEXaHU3MY
N HAYMHAIOTCA, KaK 1 B CJ1ydyac C N-HI/ITDOBOMCTI/U[MO‘IGBI/IHLI, C HYK)'I€O(1)I/IJ'[I>HO—
ro NpuCOCAMHECHUA TUAPOKCUA-NOHA K Kap60HHHBHOfI Irpynmne COOTBETCTBYIO-
I€ro HUTpo3oamMuaa.

B MperapaTMBHBIX LEISIX AMA30aJKAHbI MOJYYalOT TaKXKe B3aMMOINCHCTBHUEM
HUTPO30aMun10B Kap6OHOBI)IX n CYIIBQ)OHOBHX KHUCJIOT C CUMJIbHBIMU OCHOBAaHUA -
mu. Hike B KauecTBe npuMepa NpruBEIACH PAL crocoboB IIOJIy4€HUA JUa3oMeTaHa:

a) JelicTBMeM aTuiiata HaTpust Ha N-MeTu- N-HUTPO30aMu, #-TOJYOJICYIb-
(OKUCIIOTHI:

CH;,
| CZHSOO ce. 700 ®. o ® )
n-CH3;CgH4SO,NNO =22~ CH,—N—N: + n-CH3;C¢HsSO;° Na” + H,0;
N-metmi-N-HUTpo3oamMuz, AnasoMeTaH

N-TOJYOJICYTb(MOKUCIOTHI

0) neiicTBMEM pacTBOpa LIea04n Ha 3Tuia-N-MeTui-N-HUTpo3oKkapOamar:
0 ®0oH

“N(CH,)NO

STIII-N-MeTrT-N-
HUTpO30KapbamMaT

® 0O
C,H,0—C CH,=N=N + C,H,0C00° + H,0;
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B) JeiicTBMEM pacTBopa Ieaouu Ha N-MeTui-N-HUTpo3oaMu KapOOHOBOI
KUCJIOTHI:

= ©

~
N(CH,)NO

N-metui-N-HUTpo30aMUL
MPOMUOHOBOM KMCIOThI

OH

® 0O
C,H,—C CH,=N=N + C,H,0C00° + H,0;

r) nevictBreM 30%-ro BOMHOTO pacTBOpa TMAPOKcHIA HaTpus Ha ouc(N-me-
Tua-N-HUTpO30aMu ) TepedTaieBoil KUCIOThI:

0] 0

\ 7

AP )
CH;—N—C—CgH,—C—N—CH; N

ouc(N-meTrsi-N-HUTPO30aMU)
TepedTaaeBOi KMCIOTHI

2CH,N, + NaOOC—CgH,;—COONa + 2H,0

ITo aToMy crioco0y — ogHOMY M3 HanboJiee LIEHHBIX B ITperapaTiBHOM OTHOIIIE-
HUU — BBIXOJ ArazoMeTaHa gocturaet 90%.

24.3.2.  Peaxkuumn

DAEKTPOHHOE CTPOEHUE TUa30oMeTaHa MPEeACTaBIISIOT B BUIE CIEAYIOLIEro Habo-
pa pe30HAHCHBIX CTPYKTYP:

S .0 S ® ® o ® e O
CH,—N-N: == CHyN-N: ~—— CH,~N-N: = CH; N—N:

XapakTep pe30HaHCHBIX CTPYKTYP YKa3bIBAET HA 3HAUMUTEIBHYIO IETOKATN3ALIIIO
3apsiIOB B OTOM YacTHULIE.

Jua3oMeTaH SIBISETCS MSITKUM aJIKWIMPYIOLIUM areHToM. Ero mpumeHeHue
o3BoIET (P (HEKTUBHO METUIMPOBATH KAPOOHOBLIE M MUHEPAJIbHBIE KUCIIOTHI,
denosbl. COOTBETCTBEHHO KapOaHWOHOUIHOMY XapakKTepy IBYX PE30HAHCHBIX
CTPYKTYp Ira3oMeTaHa, KapOOHOBAasI KMCJIOTa JIETKO IPOTOHUPYET ero MOJIEKY.JTY
¢ obpa3oBaHMEM KpaiiHe HeCTaOMIBHOTO KaTHOHA IMA30HMS. DTOT KATUOH IO/~
BEpraeTcs HyKJ1eo(UIbHOM aTake KapOOKCUIIaT-HOHOM 10 CXEME PeakLuu Sy2,
yeMy B 3HAUUTEJIBHOM MEpPE CIIOCOOCTBYIOT YHUKAJIBHBIE CBOMCTBA MOJIEKYJIbI
a3oTa Kak yXoAsulei IpyIbl:

o) 6 e 0 o o)
J _Hyceég—N=N= Jlo/ CH,~N=N—- CH, N
R Oj) 2 R) O/—\ 3\ R)J\O/ 2
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HuazomeTaH o0yiagaeT CBOMCTBAMU M KapOCHOWAHOW 4YacTUILIbI, KOTOpas CIO-
coOHa reHepupoBaTh KapOeH B XO/€ peaKIIuu.

Yactuna kapoeHa MoxeT BHeApsATbesl B C—C-cBsI3M, a TAaKKe MPUCOSIUHSITh-
CsI IO KPATHBIM CBSI3SIM.

Haw ) . &

LIMKJIOTEeKCAaHOH LIMKJIOTeTITAHOH METWICHIINKIIO-
(65%) reKCaHOKCUT (npumecs)
PeaKHI/IPl IUKJIONPUCOCINHCHUA

Jwua3omeTaH 1 Ipyrve Tra30aKaHbl 0OHAPYKMBAIOT TAaKXKe peakIuy, XapaKTep-
Hble IS 1,3-AUTTONSIPHBIX COeAVMHEHUI (CM. MoAapoOHee 00 3TUX peaKlusX B
pasn. 5.4).

Peaxuusa c oumemua-2,3-oumemuimaseamom

CH; .
e @
CH3%COOCH3 + CH27N_N: - .
COOCH;
N=N
CH:
o mC Ny, . HCST N
CH3 3 hv v t CH3|.....)>\COOCH3 2
CH;® YCOOCH;
CH;00C
Peaxuus c oumemua-2,3-0umemuapymapamom
CH; .
oo @
Cﬂgooc% COOCH; + CH,N-N: ——
CH;
H,C .§CH3 N
— CHgooo“'-P‘COOCHz N2
‘

CH;00C"" CH;

Kak BummMM, peakiyy MPOTEKAIOT CTePeoCHeMUIHO KaK CuH-TIPUCOSINHEHNE.
Tepmonu3 (mm GOTONN3) MPOMEKYTOUHO 00pa3yIOIIerocst aaayKTa — IIPOU3BOI-
HOTO IMMPA30JIMHA — C XOPOIIIMM BBIXOJIOM JIaeT COOTBETCTBYIOLINIA IIMKJIOTPOIIAH.
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Peaxkuus Apuara—3iicTepra

HHEBOMCT&H TJIaaKo pearupyeT ¢ XJaopaHruapniaMu Kap6OHOBBIX KMCJIOT ¢ 00-
pa3oBaHUEM O-IUA30KETOHOB:

//O I(I) ISA ®
R—C + 2CHN, —— R—C—CH-N-N: + CHiCl + N,
Cl O-INA30KETOH XJIOpMETaH
XJI0p-
AHT'UAPUIL

B kauecTBe pacTBOPUTENS MPUMEHSIOT BBICOKOKUIISIINN CITUPT (OEH3UIIOBBIN
CITMPT, 2-OKTAHOJ U T. 11.).

0.-J/INa30KeTOHBI 3HAYMTENIEHO CTaOUIbHEE MMa30aJIKaHOB, ITOCKOJIBKY BO3-
MOXHa WX JOIMOJHHUTEIbHAs pe3oHaHCHas cradwimm3anus ¢ ydactmem C=O0O-
IPYIIIIBL:

® oo
O O¢
! ®. | o
R—=C—CH—N—-N. =——— R—C=CH-N-N\:
Tem He MeHee U JAMA30KETOHbI OTLWICIUIAIOT a30T MNPHU HUX Harp€BaHUU 00

160—180 °C B BBICOKOKMIISIIIIEM CITUPTE (OSH3MIOBBIM CITUPT, 2-OKTaHOJ) B MIPH-
CYTCTBUU KaTtajauzaTopa [cosb cepedpa Ag(l)] wiau npu obayyeHuu:

(0]
[l ® O, A

R—C—CH—N—.I\.I. R—CH—C—-0 + N,
O-AUA30KETOH AJIKUIJIIKETECH

TUApONIN3 AJIKUJIKETEHA ¢ KOJIMYECTBEHHBIM BBIXOOM JaeT KApOOHOBYIO KHAC-
JIOTY, COmepKallylo 0oJiee IJIMHHYIO YIJIEPOAHYIO LEMb IO CPABHEHUIO C UCXO-
HBIM XJIOPaHTUAPUIOM:

0
R—CH=C=0 + H0——= R—CH,~C
ATKWITKETeH OH

Kap60HOBaﬂ Kucjaora

ITpeBpailieHre KapOOHOBOI KMCJIOTHI B €€ OJIMKANIINI TOMOJIOT B3aUMOJISH -
CTBUEM XJIOPAHTUJPUIA C AMA30METAHOM, MEPErpyIrmnrupoBKa 00pa30BaBIIETOCs
JIMAa30KETOHA B KETEH U MPEBPALLCHUE TTOCAEAHETO B KUCIOTY IMOJIYYUIM Ha3Ba-
HUe «memod Apnoma—Jiicmepmar» (1927 r.)

Cranusi mpeBpallieHUsT AMa30KeTOHA B KETEH UMEET CaMOCTOSITeJIbHOE 3Haue-
HUE U HOCUT Ha3BaHUe «nepezpynnuposka Boavgha» (1912 1.).

3anava 24.4. [Ipeutoxkure, KaKuM 00pa3oM OEH30MHYIO KUCIOTY MOXKHO TPEeBPaTUTh B (heHMIT-
YKCYCHYIO KUCJIOTY.
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Jlas yeaybaennoeo uzyuenus

NMHNJI0DPNPHI KAPBOHOBBIX KUCJIOT 1 AMUJINHBI

3HaHUE CBOWCTB 1 HpCBpaHICHI/Iﬁ OCHOBHBIX ITPOM3BOJHLIX aMMHOB U Kap6OHO—
BbIX KMCJIOT ITO3BOJIACT HepCﬁTH K OBHAKOMJICHUIO C IPYITMMUM a30TCOACP KAl -
MHn (I)YHKL[I/IEIMI/I, TAaKKC MMCIOIIMMU 3HAYUTCIIbHOC PACIIPOCTPAHCHUE B CMHTC-

TUYECKOM TIPAKTHKE. NH
Y
Hmuoosghupvt KapOOHOBBIX KUCTIOT R—C\ MOJTy4YaloT:
OR'
1) mprcoeIMHEHNEM CITUPTOB K HUTPUJIAaM B TIPUCYTCTBUM KMCITOTBI
® O
NH, Cl NH
72 NaOH 4
R—C=N + ROH + HCI — R—C\ —_— R—C\
HUTPUI OR' OR'
UMUI03GUp

2) aJIKWJIMpOBaHMEM aMUI0B KApOOHOBBIX KUCJIOT

®
0 NRR" CH,S0f o NH
R—C +(CH,),80, —= R—C_ ——= R—C_
NR'R" OCH, OCH,
NH
Amudunot R—C\ MOJTy4aloT:
NH,

1) u3 uMugo3GuUpoB

NH NH

7
R—C + NH; —— R—=C + R'OH
OR' NH,
2) U3 HUTPUJIOB
® O
06 //NNa 0o //NH
R—C=N + NaNH, —— R—C\ 2 R—C\
NH, NH,

MMunoahupbl 1 aMUIUHBI SIBJISTIOTCS CUIbHBIMU OCHOBAHUSIMM, ITPUYEM aMUIUHbI
NPUHAUIEXAT K CAMBIM CUJIbHBIM OPraHUYECKUM OCHOBaHUAM (pK, (BHO) 12,5), yto
00bsICHSIETCSI KpaifHe OJ1aronpusTHHIMU YCIOBUSMU JeI0KaTIU3aluu MOJOXKM -
TEJLHOIO 3apsijia B MOHE aMUJUHUS.
//NH ® //NH 2
R—C + H _ R—C\ s . ® WOH aMUIVHUA

AN -
NH, NH,
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Nmugosdupbl JIerko TUAPOIU3YIOTCSI KaK B KMCJIO, TaK M B ILEJOYHON
cpene. [Tpu aToM 00pasyroTcs Kak CIOXKHbIE 2(DUPHI, TAK U aMUIIbI; U T€, U APYTHE
Jajee rnpeBpaualoTcsl B KApOOHOBbIE KUCIOTHI.

AMMIMHBI B KUCJIOHN cpejie CTaOWIbHBI, a B HEUTPaJIbHOW U LIEJTOYHOM cpejie
TUIPOIU3YIOTCS 10 aMUIOB U Jajiee 10 KapOOHOBBIX KUCIIOT.

NH NH, 0
7 7 S 4
R—C + H0 == R—C {® OH° — R—C + NH,
NH, NH, NH,
AMUIUHBI JETKO KOHIACHCHUDPYIOTCA C aJibACTUAaAaMU U KETOHaAMM. Har[pI/IMep,
npun B3aUMMOIEHUCTBUU aMUJIUHOB C ﬁ-,Z[I/IKeTOHaMI/I TJIaAKO ITOJIy4yaroT IIPOU3BO/ -
HBIC MMPpUMHUANHA:

/R' R'
NH 0=C N
/ 3 /N
R—C + CH, —— R—( + H,0
NH, 0=C N=
AN '
R’ R

IT'MAPA3NIbI N A3UJIbI KAPBOHOBBIX KCJIOT

FI/II[pa3I/II[I)I n a3mabl Kap6OHOBI:>IX KHCJIOT ITOJIy4JaroT JNEUCTBUEM rmapasmMHa Ha
aHTUAPpUAbI, TaJJOTCHAHTUAPWUAbI NN 3(1)I/IpLI COOTBETCTBYIOIIIMX KHUCJIOT:
R—COCI + NH,NH, RCONHNH, + HCI;
R—COOC,H, + NH,NH, RCONHNH, + C,H,OH.

Tuodpazuovt KapOoHo6bIx Kucaom — KPUCTAIJIMUECKUE BEIEeCTBA OCHOBHOTO
XapakKTepa; OHU PaCTBOPHMBI B BOJIe, BOCCTAHABIMBAIOT (DEJIMHIOBY KUIKOCTh U
aMMUAaYHbBII PaCTBOP HUTpaTa cepedpa.

Benencreue Hanmums B MoJieKysie ruapasuaa rpynibsl NH,, HeconpspkeHHOM
¢ KapOOHUJIOM, 3TU COCAUHEHUS MMEIOT OCHOBHBIM XapaKTep: OHU 00pasyroT
COJIM C MUHEPaAJTbHBIMU KUCJIOTAMU, PEarupyloT ¢ KapOOHUJIbHBIMU COCAUHE-
HUSMU ¢ 00pa30BaHUEM alMJITHUIPA30OHOB:

R /O
C=0 7

R C//O RY R=C R’
BN NHN={

NHNH, R"

C a30TUCTOI KUCIOTOM TUAPA3UALI 00pa3yIOT a3kl KAPOOHOBHIX KHUCIIOT:

//O 7
R—C + HNO, R—C_

“NHNH, N,
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A3uowt Kap50ﬂ03blx Kucaom 110J1y4aroT TakKxKe B3aUMOJEHCTBUEM HEOPraHNMYCCKUX
asnJoB C aluJIraJIorcHuaaMm:

Y
R+ NaN, R—C  + NaCl
Cl N,

QHGKTPOHHOC CTPOCHUE asnaoB MOXXHO IPEACTAaBUTb Ha60pOM PE30HAHCHBIX
CTPYKTYP

O . ’,@
// // g *
R=Cgq o R—Ca ® R=CG o
—N=N: N—N=N: N—N=N

A3UIBI MAJIOCTAOMIBHBI, IPUYEM HU3IIUE a3UIbI MOTYT pa3jiaraTbCsl CO B3PHIBOM.
[1pu HarpeBaHUM a3UIOB B BOAHBIX PACTBOPax 00pa3yloTcsl TEPBUYHBIC aMUHBI:

7

R—C\ + H,0
N,

DTa peakuusi HOCUT Ha3BaHue peakuyuu Kypuuyca (1890 r.). Hapsiny ¢ peakuysiMmu

lodmana m LlImuara, oHa TpUMEHSIETCS IJIsS TIpeBpalleHusT KapOOKCHIIBHOM
(byHKLIMY B aMUHOTPYMITY:

R—NH, + N, + CO,

O O NH
® 2
sy e I >
Cl N, H
H H nuKJIonponaHaMuH (60%)

C poMeXKyTOYHBIM 00pa30oBaHKMEM a3uaa KapOOHOBOIM KUCIIOTHI TPOTEKAET U
peaxuus Illmuoma (1923 r.):

H,SO,
R—COOH + NaN; —— R—NH, + N, + CO,
COOH NH,
1. H,S0,
o + NaN; 5 x0n | N
~ Cl < Cl
M-XJI0pOeH30iHAas m-xnopaHunuH (75%)

Kuciora
Kak u peakmus 'odmana (1. 20, crp. 54), peakuumn Kypumyca n IlImunra
MIPOTEKAIOT ¢ MPOMEXYTOUYHBIM 00pa3oBaHUEM aIlMTHUTPEeHA, KOTOPBI MOXET
TIepETPYITITIPOBBIBATHCS B M301IMAHAT:

O O
7 7 o
R_C\. NG ‘ R_C\. . TN, R—N=C=0

) oo
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M3ouuaHat B3aUMOJIECHCTBYET C BOJON C O6p330BaHI/IGM Kap6aMI/IHOBOI71 KHNCJ10-
TbI, KOTOpas JIETKO I[CKap6OKCI/U'[I/IpyeTCH B aMUH:

R—N=C=0 —2°- R—NHCOOH

R—NH, + CO,

N30IUAHATBI, KAPBAMATbI, MOYEBIHbI

H3zouyuanamut MOTyT OBITH TIOJIyUeHBI U peaKiveil HyKJ1eo(UJIbHOTO 3aMeIleHUs
rajioreHa B rajoreHajikaHax IIMaHaT-MOHOM:

®
n-C,H,—Br + NaNCO® n-C,H,—N=C=0

H-OyTWJIM301MaHAT

M3o1maHaThl OT/IMYAIOTCS BICOKOW peaklIMOHHO# criocooHocThio. Co crnup-
TaMu OHU O0pasyloT Kapéamamut (YypeTaHbl), a C aMUHAMU — MOYEBUHDL:

N=C=0 NHCOOCH,
( + CH,OH —— O/

MeTui- N-IIMKJIoreKcuikapoamar

N=C=0 NHCONHCH,
+ CH,NH, —— g

N-meTuin-N-1UMKI0reKCUIMOYe BUHa
[MonuypeTansl 00pa3ylOT BaXKHBIM KJIacC KOMMEpPYECKMX moammepoB. Mx
MPOU3BOAAT B3AMMOAEUCTBUEM ApPOMATUUYECKUX JIMMU30LIMAHATOB U JUOJIOB.
OauH 13 TM0JI0B — HU3KOMOJIEKYJISIPHBIN COIOJIMMED, TTOIy4aeMblii U3 STUICH-
TJIMKOJISE U aQUIIMHOBOM KMCIOTHI

HO—CH,CH,—OH + HOOC(CH,),COOH ——

OCN N NCO
‘/
—— HOCH,CH,0-(-C~(CH,) C—OCH,CH,0-\-H ik
n
H H H
e N—(HI—OCH2CH20f%—(CH2)4%—OCH2CH207C”J—N
(0] nQO
7 X

MonunyperanoBas neHa. K guony no6aBnsi0T HEMHOrO Boabl. HekoTopoe Konuye-
CTBO M-TOJyUNeHAMM30LMaHaTa pearvpyeT ¢ Bogoii ¢ obpasosaHvem CO, v amuHa.
[My3bIpbKM YINEKMCNOro ra3a, CMeLrBasch C OTBEPXAAIOLLMMCS MOIMMEPOM, 00pa-
3YIOT NONNYPETAHOBYIO MEHY.
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N30HUTPNJIbI

Hzonumpuavt (uzouuanuoor) R—I%E& n3oMepHbl HuUTpuiaamMm R—C=N.
CrpoeHre N30HUTPUIIOB JOKA3bIBAETCS UX 00pa30BaHMEM, MO KpaiiHell Mepe, B
CJICAYIOIIMX PEaKIIMSIX:

a) U3 TIEPBUYHBIX aMUHOB, XJIOpOoOpMa M IIeI0UH

® 0O
RNH, + CHCI, + 3KOH R—N=C: + 3KCl + 3H,0

(TIpu 3TOM TOJIATAOT, YTO AMMH aTaKyeTcsl AUXJI0pKapOeHOM, TOC/Ie YeTO UMEET
MeCTO dIUMUHUpoBaHue ABYX Mosekya HCI)

H J cl

. | &7 @ 9,

R—NH, + 1CCl, ——~ R-N-C_ —ier R—N=C:
H Cl

0) mpy B3aMMOAEHCTBUM TajloTeHAJIKaHOB ¢ LMaHugoM cepedpa (1. II,
. 13, ctp. 250)

C,HJ + AgCN

C,HNC + Agl

OT HUTPUJIOB UBOHUTPUJIBI OTJIMYAIOTCS OTBPATUTEIbHBIM 3a1aXxoM, O0JIbIIei
TOKCUYHOCTbIO U Oosiee HU3KUMU Temrepatypamu kKurmenus: CH,—C=N,

® ©
aueroHuTpua, T. kun. 81,5 °C; CH,—N=C:, metunuszouuranus, T. kui. 60 °C.

I/ISOHI/ITpI/U[I)I YCTOfIQHBbI 110 OTHOLICHHUIO K IIE€Jo4YaM, HO JIETKO paCliCIi-
JIAIOTCA BOAHBIMU pacTBOPaMU KHUCJIOT:

® 0O
R—N=C: + H,0 R—NH, + HCOOH
l_lpI/ICOGZ[I/IHSISI BOOOPOA, OHN O6p3,3y}OT TIIEPBUYHbBIC aMHWHbI
® 0O
R—N=C: + H, R—NH,—CH,
a IIpU Harp€BaHUM — IICPETPYHITINPOBBIBAIOTCA B HUTPUJIbI:

® 9
CH,—N=C: CH,—C=N

MEXAHUN3MBI BKYCA U 3AITIAXA.
CJAOJKHUE OPTAHUYECKUE BEIIIECTBA
B Hamem opranusme MMeIOTCs crieliMpUIecKre pelenTophl, CIIOCOOHbBIE pa3in-

YyaTb OPpraHNMYE€CKUE BCIICCTBA, obJagaronye BKYCOM WJIM 3aI1aXxoM. MexaHUu3MbI
BKyCa U 3araxa B OCHOBHBIX YepTax aHaJOTMYHbl MEXaHU3MY JEVCTBUSI HEKOTO-
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pBIX JieKapcTB. HeyauBUTENBLHO, YTO CPEAM STUX MEXaHU3MOB HanboJiee MoApo0-
HO M3Y4eH MEXaHW3M JEHCTBUS ClIafKuX BellecTB. MIMeHHO Ipoba cagKoro
MTO3BOJIIET KAaXKIOMY Ha COOCTBEHHOM OIIBbITE Y3HATh:

— KakuiM 00pa3oM TO WJIM MHOE OPTaHMYECKOe BEIIeCTBO ACMCTBYET Ha HAIIN
PeLeITOPHI;

— KakuM 00pa3oM 3TH peLeNTOPbl MOTYT JOCTUTaTh «HACBIIIEHUS», KOTaa
yBeJIMYEHKE CTEITEHU CIIAOCTH YKe He CKa3bIBaeTCs Ha HaIlleM OIIYIIeHUH;

— YTO MpeACTaBIIIET OO0 aganTalys perentopa (fepBblii NIOTOK CIaIKOTO
HaImMTKa KaxeTcs CJIalle BTOPOro).

IIpoGema cltagKoro BKyca oKa3ajach MHTEpeCHa TeM MHOT000Opa3ueM CTPYK-
TYp, KOTOPbIE CO3AIOT OIIYIIeHHEe CIagocTh. Huke moKa3aHbI CTPYKTYPBI HEKO-
TOPBIX «CIIALKUX» U «TOPHKUX» MOJIEKYIL.

CHLOH CH,OH CH,OH
2 (0]
HO

HO ° QOH Hm

HO OH OH

OH
a.- D-TaoKonupaHo3a - D-dbpykrodypanoza O
(D-rmoko3a) (D-dpykTo3a)
OH
CH,OH
(|) H HO 2
H —OH H N caxaposa
SO
NH
OCH; OCH; 0
(Z)-aHn3anbI0KCUM (E)-aHU3aIbI0KCUM caxapuH
(umeem caaokuii xyc) (umeem eopvkuii 6Kyc)
COOH COOH

HZN% H%

L-denunananuH D-denunananun

(umeem eopvkuii 6Kyc) (umeem caaokuii exyc)
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DT0 MHOTOOOpa3ue MpeabsIBIsSIET COOTBETCTBYIOIIME TPeOOBAaHUS K MOJACIUN
«CJagKoro» peuenrtopa. B xone uzyyeHust MexaHU3MOB BKyca ObLI MPEATOXEeH
psin monenieii. OgHa U3 HUX OCHOBaHA Ha TOM, UTO BCE BelleCTBa CJIaJKOro
BKYyca coliepxKaT TOHOPHYIO U aKIEMTOPHYIO IPYIIIbI, CIIOCOOHBIE K 00pa3oBa-
HUIO BOJOPOAHBIX CBSI3eii. DT rpymmnbl o6o3HauaoT AH u B coorBeTcTBEHHO.
OHU pacrnosaralorcsi Ha pacctosiHuu ot 2,5 10 4,0 A oxna ot apyroit. Ipexmno-
JlaraeTcs, 4YTO U PELENTOP JOJXKEH COJAEPKATh IPYMIIbl C aHAJTOTUYHBIMU CBOWi-
CTBaMMU.

DTa npocTast MOJIEIb, TpeaiokeHHast B 1967 T., BOCIEACTBUM HEOTHOKPAT-
HO yTOuHsIach. bblio BBeAeHO TpeboBaHUE O MPOCTPAHCTBEHHOM Oaphbepe, Io-
CKOJIbKY MHOTMe D-aMMHOKUCIIOTHI UMEIOT CIaIKUii BKYC, a COOTBETCTBYIOLLINE
L-aMWHOKHUCIIOTHI €T0 HE UMEIOT.

Hawnbonee mosHoOI MoeNbIo pelenTopa CIagKoro BKyca B HacTosilIee Bpe-
MsI SIBJISIETCSI 8ocbMUmoueunas modens, nipeanoxeHHas M. Tunmu v K. Hoghpe
(1991 r.). OHa nmpennoJyiaraeT HAJIMYME BOCbMU B3aUMOJEHUCTBUI TUIA BOMAO-
POIHBIX CBSI3eil U BaH-AeP-BaalbCOBBIX CUJI MEXIY CIaIKON MOJIEKYJION U pe-
LIETITOPOM.

YKa3zaHHbIE B3aMMOACUCTBUSI CITOCOOCTBYIOT OOpPAa30BAHUIO KOPOTKOXKUBY-
LIEro KOMILJIEKCca, KOTOPbI U 00ecrieynBaeT reHepalvio CUTHaa, TToCTynarole-
ro 3aTeM 4epe3 HepBHYIO cucTeMy B Mo3r. KoHeuHo, He Kaxk1oe cIaaKoe Coeau-
HeHUe obeclieunBaeT Bce TpedyeMble BOCEMb B3aMMOIEUCTBUI C peLieTOPOM
cllankoro BKyca. Yem OoJiblie HaOM0gaeTCs TaKUX B3aUMOJCHCTBUI, TeM 00JIb-
111ast UHTEHCUBHOCTD CJAaKOTO BKYCa JOCTUTAETCS.

OCHOBBIBasICb HA BOCBMUTOUYEYHOM MOJEIN, XUMUKHU CMOTJIM CUHTE3UPOBATh
CAKPOHOBYI0 KUCA0my, KOTopasi 110 MHTEeHCUBHOCTHU ciaakoro BKyca B 200 000 pa3
npeBblaeT caxaposy. Cienyer MOAYEepPKHYTh, YTO TMOMCK HOBBIX CIaJKUX Be-
LLIECTB aKTyaJieH He TOJIbKO JUIsl U3Y4eHUS 3aBUCUMOCTHU MEXIy CTPOCHHEM Opra-
HUYECKUX COCIMHEHUM M MX CBOMCTBaMU. 3aMEHUTEJIM caxapa B psje ClaydyaeB
HEOOXOIUMBI TEM JIIOSIM, KTO 110 MEIULIMHCKUM MOKA3aHUSIM HE MOXET T0JIb30-
BaThCs OOBIYHBIM caxapoM. Peub uaeT rpexae Bcero o 00JabHbIX 1MadeToM. Kpo-
M€ TOTO, pacllerJieHue MPUPOJHOro caxapa B OpraHu3Me 4eJoBeKa COMPOBOX-
JaeTcsl BhIIEICHUEM 3HAYMUTEIbHOTO KOJTMYECTBA KAJIOpHUI, a 3T KaJOpUU TIpU
HapylIeHud OOMEHA BelleCTB CIIOCOOCTBYIOT HAKOIUIEHUIO XKMPOBBIX OTJIOXE-
HUI (CM. TToIpoOHee 00 3TOM B I1. 26, pasi. «JomonmHeHus»).

B nipoTHBOIIOIOXKHOCTE yIjieBOIaM, 3aMEHUTENIM caxapa He 00J1alaioT CIlo-
COOHOCTBIO PACHICIUISITBCS B (DU3MOJOTUUYECKUX YCIOBUSIX C BbIICICHUEM
sHeprun. KpomMe Toro, npu MCrojb30BaHUU 3aMEHMUTENCI caxapa TaKxKe BO3-
HUKAIOT CBOU NpobaeMbl. HanpuMep, caxapun, AnuTebHOE BpEMSI peKOMEHI0-
BaBILMIACS JIJI 3aMEHBI caxapa B MMUIIE, KaK B HACTOSIIIIEE BpeMsl YCTaHOBJIEHO,
CIIOCOOEH BbI3BIBATh OHKOJIOTMYECKME 3aloJieBaHUs. Acnapmam, KOTOPBIiA
npumepHo B 100 pa3 cialie caxapa, 6e3BpelieH, M €T0 YaCTO PEKOMEHIYIOT B Ka-
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yecTBe 3aMeHuTeNs caxapa. OMHAaKO OH HEYCTOMYUB B BOJHBIX PACTBOPAX U IPU
HarpeBaHUM. DTUX HEJOCTATKOB JIMIIEH asumam, 9eil caagkuii BKyc B 2000 pa3
MHTEHCUBHEE BKyca caxapo3Fbl.

0 0
H\ COOH H\ )J>/\
NM N~ > “COOH
H” "NH H” “NH,
OH
H
0
S
acrnapraM
aJIuTamM
Ho
N
e SN CN
HOOC Iy

N-[N-uuxkioHoHUIaMUHO(4-11MaHOGEHUTUMUHO ) METUJ | -2-
aMUHOYKCYCHast KMCJIoTa (CAaKpOHOHOBAsI KUCJIOTA)

TepHaHIYJILUH

BceienctBre TOKCHMYHOCTH psiia CUHTETHMUYECKUX 3aMEHMTENIE caxapa 3Ha4uu-
TeJIbHOE BHUMAaHWE YAEJSeTCS MTOMCKY HOBBIX CJIAIKUX COEIMHEHMI TTPUPOITHOTO
(a TouHee, pacTUTEILHOTO) TporcxoxaeHus. HekoTopble 13 TaKUX COeqMHEHMI
y3Ke TIproOpes 1 KoMMepueckoe puMeHeHre. Cpean HOBBIX 3aMeHUTeNIei caxa-
pa pacTUTETHLHOTO TTPOUCXOXKIECHMST oOpalliaeT Ha ceOsl BHUMAHWE 2epHAHOYALUH.

DTO coemMHEHNE UMEET, IO KpailHeil Mepe, TPU TOYKH, MOTEHIIUAIbHO CITO-
COOHBbIE KOHTAaKTUPOBATh C PELIETITOPOM CIIAIKUX MOJIEKYJI: OKCOTpYIIIa, TUIpO-
KCUTpYyIINa 1 IBoMHas cBgI3b 00KoBo# Lenu. OHo npuMepHo B 1000 pa3 ciaiie
caxapa. Ero HecOMHeHHBIM TTPEMMYIIECTBOM SIBJISIETCST 3HAYMTEILHO OoJiee TIpo-
CTOE CTPOEHUE IO CPABHEHUIO C APYTUMHU CUHTETUYECKUMU «Caxapamu».

OTKpBITHE U M3y4eHWe TepHAHAYIIMHA JAI0T OCHOBAHWE HANesThCS, YTO B
MPUPOJE CYIIECTBYIOT U APYTHUE CPABHUTEIBHO MPOCTHIC CTPYKTYPHI, UMEIOLINE
CJIaIKUU BKYC.



Inasa 25. TETEPOHUKINYECKHUE
COEAVUHEHNA

CoennHeHUsI, KOTOPbIE HApsAy ¢ aTOMaMM yIjIepoda COAepKarT B LUKJIE OIUH
WJIM HECKOJIBKO TETEPOATOMOB, HA3bIBAIOT 2eMeEPOUUKAUMECKUMU COCOUHEHUAMU.
XOTs TeTepOLMKIINYECKIEe COSTUMHEHHS Ype3BhIYaiiHO pPa3HOOOpa3HbI, B 3TOM
IJlaBe pPaCCMOTPEHBI JINIIb HauboJiee pacpoCcTpaHEeHHBIE 2emepoapomamuyecKue
coedunenus, cofepKaliye B apoMaTHIECKOM IIUKJIE TeTepOaTOMEI.

25.1. KJACCUPUKAIINA U HOMEHKIIATYPA

[eTepOLIMKIMYECKUE COEIMHEHMS KIIACCUMDULMPYIOT IO pa3Mepy LIMKJIA, XapaK-
TEPY TETEPOATOMOB, 10 HATMYMIO ADOMATUYHOCTH, a TAKKE 10 YUCITy TeTEPOATO-
MOB U KOH/IEHCUPOBAHHBIX IIMKJIOB B MOJIEKYJIE.

ITo pa3mepy mukia

TpexXwICHHbIE 1 Il‘I
1
0] N
NVAA N VAR
OKCUpPaH A3UPUINH
(3TUTICHOKCUT)
YeThIpeXwICHHbIE | 1 H
A
3 2 3 2
OKCeTaH azeTUIH
MATUYICHHBIE 4 3
AN, L)
(0] O
1
TeTparuapo-

dypan dypan

4

I,

H H

MUPPO MUPPOTUINH

4/ \3
Qz

THO(hEH
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IIECTUYIEHHDBIE 4 4 4
527 3 5 ‘ ‘ 3 527 N3
6 2 6 2 6 | 2

N (0) N

1 1 1
MAPUIAH Y-TIUpaH MAPUMUIAH

IMpu HyMepaLMy aTOMOB LIMKJIA TETEPOATOM I10JIyYaeT IEPBBIA HOMEP.
TeTepOLIMKIMYECKUE COEIUHEHNS ¢ OOJBLINM pa3MEPOM LIMKJIA B 9TOM Kypce
HE pacCMaTPHUBAIOTCSI.

ITo xapakTepy rerepoaToma
A3oTcomepKaliie reTepoMKINIeCKIe COSIMHEHNS NUMEIOT aTOM a30Ta B LIUKJIE.

H =
I

a3UpUIH H MMPUINH
MUPPOT

Kncnopoz[coz[epxamne FETCPOLIMKINYCCKUE COCAUHECHUA UMECIOT aTOM KHC-
JjopoJa B IMKIIC.

0 D) @

/\ 0]
OKCHUpaH OKceTaH dypan
U tax nanee.

I1o nammuuro APOMATHIHOCTH
Heapomamuttecxue cemepouuKiuecKue coeduHeHus He UMEIOT ITUKJIMYECKON cOo-

MPSKEHHON cucTeMbl (41 + 2) m-37eKTPOHOB.

o O o O

0)
TeTparuapo- 1,4-nuokcaH H H
bypan
MMUPPOTUINH MMUIEPUINH

st 5TUX COeIMHEHWIA XapaKTepHbI CBOMCTBA, TUITMYHBIC I ALIMKIIMYECKUX
COEIMHEHWI COOTBETCTBYIOIIMX KiaccoB. Hampumep, TterparumpodypaH u
1,4-nmokcaH 00J1aJaI0T CBOMCTBAMH ITPOCTHIX (PUPOB, a MUPPOTUINH 1 TUIIEPH-
JIVH — CBOMCTBAMM BTOPUYHBIX aMUHOB. 1o 3Toit IpMynHe CBOWCTBA HeapoMa-
TUYECKMX FeTePOLIMKIIMIECKUX COeTMHEHWI B 9TOM IIaBe He pacCMaTpUBarOTCS.
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Apomamuueckue cemepoyuxauueckue (cemepoapomamuyeckue) coeOuHeHus
HUMEIOT COTPSIKEHHBIE CUCTEMBI (41 + 2)m-3JIeKTPOHOB B LIMKJIaX.

D oo

dbypan MUPUIAH

Mx cBoiicTBa B OIpeAeIeHHOM CTENEHU aHAJIOrMYHbI CBOMCTBaM apoMaTHJe-
CKHUX YIJIEBOAOPOAOB:

a) OHMU JIeTye MOABEPTalOTCS PEaKLIMSIM 3aMeICHMS, HeXKeIU PeakLUsIM TTpu-
COEIMHEHUSI;

6) XUMMYeCKUe CIBUIY MPOTOHOB B criekTpax 'H IMP umeror «apomartuyec-
KHe» 3HaUCHUSI.

Ilo YUCJY reTepoaToMoOB U KOHJACHCUPOBAHHbIX ITUKJIOB
FGTCpOHI/IKIII/I‘IGCKI/IC COCOAMHCHUA MOTYT pasjanyaTbCad YUCIOM IeT€époaToOMOB B
HOUKJIE€ U YUCJIOM KOHACHCHUPOBaAHHBLIX TMKJIOB B MOJICKYJIC.

4 4 6
5.2 N3 5 3 1 N N N7
6 X Jz 6 | 2 2 k\ ‘4 J8
N N1 N No
1 7 | 3 |
MTUPUMULNH H H
WHION nypuH

25.2. IIATUYJIEHHBIE APOMATUYECKHUE
T’ETEPOIUKIINMYECKUE COEIUHEHNA

Huke mokazaHbl CTPYKTYpHbIC (DOPMYJIbl HEKOTOPBIX MSTUUYJICHHBIX apoMaThyie-
CKUX TeTEPOLMKINYECKUX COCAUHEHUI U HyMepallysi aTOMOB B UX MOJICKYJIaXx.

4(B) ®3 4B ®3 4 () ®3

S(Q)Z/..\X(Q)z S(G)Z/..\B(O()z S(Q)Z/..\k(a)2
Q Nl .S.
1 Il'l 1
dypan MMUPPOJT THO(EH
4 3 4 N3 4 N3 4 NE
B & B
5 N 5 2 5 2 5 2
N X o :
H H

nurpaso MU IOA30J1 OKCa30J1 THA30J1
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25.2.1.  Cnoco0bl noJiyueHus

IMuppout ABIeTCH TOCTYITHBIM TeTepoapoMaTUdeCKUM coearHenreM. Ero moy-
4aloT, B YaCTHOCTHU, MPU (PPAKILIMOHHONI IIEPETOHKE KAMEHHOYTOJIbHOM CMOJIBI.

TrodeH B MPOMBIILIEHHBIX MacIITabax MoJy4aloT B3aUMOAEICTBUEM CMECH
OyTaHa, OyTeHOB M 1,3-OyTagueHa ¢ cepoii MpH BLICOKOM TeMIiepartype:

H—C4H10 + S 600°C Z/ \> + HQS

H-OyTaH S
THO(DEH

DypaH 1 ero MPOM3BOIHbBIE B 3HAYNTEIBHBIX KOJTMYECTBAX JOCTYITHBI ITPH Tie-
pepaboTKe pacTUTEBHOTO ChIPbsl. KMCIIOTHBIM THAPOIN30M CTeOJIel KYKYPY3Hl,
COJIOMBI M IPYTUX PACTUTEBHBIX OTXOIO0B MOJydaioT ¢hypdypot.

dypdypon

Cpenu crrioco00B MOJTyYeHUS MATUWICHHBIX TeTepOapOMaTUYECKUX COeIMHE-
HUI, IPUMEHSIEMbBIX B J1a0OPaTOPHOI MTPAKTUKE, MOXHO OTMETHUTh CJIEIYIOIINE.

Cunre3 ITaans—Knoppa

HarpeBanuem 1,4-11KapOOHUIILHOTO COSTMHEHHUS ¢ aMMHAKOM WJIM aMUHOM
MOJyJaloT 3aMellleHHbIe MTUPPOJbI (peaxuus Ilaaia—Knoppa, 1885 1.):

CH; CH;
W P,05 /@\
O O 100°C CH3 O CH3

2,5-reKCcaHIuoOH 2,5-numetundypaH

NH; w
O wl

CHj N CH; CH3 S CH;

I_|I 2,5-numeTnTuodheH

t

2,5-AMMETUATIUPPOIT

Peakunio mpoBOIAT B 3aMmastHHBIX TpyOKax 6e3 pactBoputess. [1pu HarpeBa-
HUK 1,4-1MKapOOHUIBHOTO COENMHEHMs ¢ AeruapaTupyomumM areHToM (P,05)
WIM HEOPraHWYeCKUM cyibduaom (P,Ss) noayyaoT COOTBETCTBEHHO 3aMELIEH-
Hble (hypaHbl WU TUODEHBI.
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B3aumHble KaTaJauTHIECKHE INpeBpalecHuA
MATHYICHHBIX IreTepoapoMaTHYE€CKHUX coeIMHEeHui

B 5TMX mpeBpalieHusaX MPUMEHSIOT KaTaau3aTopbl Ha ocHose Al,O; 1 BbICOKME
temrepatypbl, 400—500 °C (peaxuus FOpvesa, 1936 1.):

@

THo(eH

[MpakTnyeckoe 3HaUeHWE UMEIOT CUHTE3bl MUPPOoJIa U TUodeHa u3 bosee 10-
CTYIMHOro dypaHa. DTH CUHTE3bI MPOTEKAIOT ¢ BhixogaMu 10 40%. B3aumHbie
MpeBpaIleHUs IPYTUX FeTepOoapeHOB MPOXOIAT ¢ HU3KMMM BeIxogamu (2—3%).

Cunre3s nupposioB no Knoppy

DTa peakiysd SIBISETCs YIOOHBIM METOIOM IOJIyYEHUS 3aMelleHHbBIX TUPPOJIOB.
[Ipy 5TOM O-aMUHOKAapOOHWIbHOE COEIMHEHME ITOABEPraloT KOHIACHCALUU C
B-xeToadupoM (peaxuus Knoppa, 1884 1.):

0 COOC,H;s CH; COOC,H;s
CH3;COOH
)R Gl s
O-aMMHOALIETO- alleTOYKCYCHBIN H
YKCYCHBIH 3¢hup adup IUSTHII-3,5-TUMETHIIITUPPOII-

2,4-nuKapOoKcuaaT

BmecTto a-aMUHOKETOHOB YCIICIIHO ITPUMEHAIOT U MOHOd)CHI/IJ'IFI/II[paSOHbI
O-IUKETOHOB!

4
© CH,~COOG,H 5 COOGH;
- 3
 Goreoocts e (T
CH3;COOH 6
NNHC¢Hs 3 ) > IN2CH,
alleTOYKCYCHBbII H
(beHmIrNIpazoH a¢up otuin-2-mertui-4,5,6,7-
1,2-LMKJI0TeKCaHAMOHA Tetparuapo- 1 H-unmon-

3-kapbokcunar
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25.2.2.  ®u3uyecKue CBOMCTBA U CTPOEHHE

CaexxerneperHaHHbIi muppos — OeclBeTHas XuakocTh (T. kurl. 130 °C) ¢ xapak-
TEPHBIM 3aI1aXOM; Ha BO3IyXe M Ha CBETY OBICTPO OKPAIIMBAETCI B KPaCHO-KO-
PUYHEBBIN LIBET, CO BpeMeHeM — ocMouisieTcs. DypaH mpenacraBisieT codoli bec-
LIBETHYIO KUAKOCTH (T. Kutl. 31 °C); uMeeT cyaOblii 3amax xJiopohopMa; B BOJE He
pacTBOpPSIETCSI, HO CMEIIMBAETCSI CO BCEMU OPraHMYECKUMM PACTBOPUTEIISIMMU.
Tuoden — OecuBeTHas KUAKOCTH (T. Kut. 84,1 °C); obaagaeT ciabbIM 3aI1axoM;
HE pacTBOPSIETCS B BOJIe, CMELIUBAETCS C OPraHUUECKUMU PACTBOPUTEIISIMU.
Monekyabl BceX MSITUWICHHBIX FeTepoapoMaTUUeCcKUX COSAMHEHUI UMEIOT
IJIOCKOE CTpOeHUEe. APpOMAaTUYECKUI CEKCTET -3JeKTPOHOB B 3TUX MOJIEKYIax
o0pasyeTcs 3a CYET T-3JICKTPOHOB aTOMOB yIjiepoa U HEMOACICHHBIX 3JEKTPO-
HOB IeTePOATOMOB, HAXOISIIMXCSI Ha HErMOPMAM30BaHHBIX p -opouTamsix. s
MpuMepa HUXe MoKa3aHbl aTOMHO-OPOUTAIBHBIE MOJIEIN MUPPOJIa U ypaHa.

MUppoI dypan

Kaxplii 13 aTOMOB yIJIepojia M TeTePOATOMOB B 3TUX COSIMHEHUSIX HAXOIUTCS
B COCTOSIHUM Sp2-TMOPUIM3ALIAY U UMEET 0 OIHON HErnOpUAN30BAHHOIM 2p_-op-
OUTAIN, OPUEHTUPOBAHHOM MEPIEHANKYJISIPHO MIOCKOCTU LIMKJIA. DTU OpOUTAIN
5(hGEKTUBHO IEPEKPHIBAIOTCS U (HOPMHUPYIOT apOMaTUYECKUE CEKCTETHI
TT-3JIEKTPOHOB B MOJIEKyJIax (00 apOMaTUUHOCTU reTepoapeHoB cM. T. 11, pazz. 8.5).

Teopust pe3oHaHca MOATBEPXKAAET apOMaTHIECKUI XapakTep ypaHa, TUppo-
Ja ¥ THoeHa. Habop 13 ciaenyrouyx maTyu pe30HAHCHBIX CTPYKTYDP OMMCHIBAET,
HaIpuMep, IeJOKAIU3ALUIO T-3JI€KTPOHOB B OCHOBHOM COCTOSTHUM TTUPPOJIa.

Y o Y o WD o R
H H H H H

ApoMaTH4YeCcKOe COCTOSIHUE T-2JIGKTPOHOB B OOCYKIAeMBIX COEAMHEHMSIX
MOATBEPXKIaeTcs U pacuyeTaMM B paMkax Teopur MO. [Insg npumepa pe3yabTaThl
pacueTa MOJIEKYJIIPHO-OpOUTATIbHOM CTPYKTYpPHI (pypaHa 1o metomy MOX roka-
3aHbl Ha puc 25.1. IllecTb m-31eKTPOHOB B MOJIEKYJe (hypaHa HaxXOIsITCS Ha TpeX
CBSI3BIBAIOIIMX MOJIEKYJISIPHBIX JT-OPOUTAJISIX, UMEIOIIUX 3HAUEHUST COOCTBEHHBIX
BSHEPIUil HUXKE YPOBHS SHEPTUU QL.

W3 pacuera cinenyet, uyto aHeprust B3MO dypana (paBHast o + 0,62f) 3amer-
Ho BbllIe, yeM aHepruss B3MO 6enzona (o + f3). To ke cripaBeyiuBoO 1151 MUP-
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a - 1,628 — @5 Ps
o — 0,94p — ¢, HCMO s (HCMO)
w o
a+0,6284 4 9 B3MO ¢, (B3MO)

at131B4 @ ®

4 3
54 §2
at263p4 @ @ o

Puc. 25.1. DHepreTnyeckasi iuarpaMmma MOJIEKYJISIpPHBIX t-opouTaeii pypaHa

OHueprust MO (pacuer MOX)

pona u TuodeHa. DTOT (haKT COOTBETCTBYET TOMY OOCTOSITEILCTBY, UYTO BCE TPU
reTepoapeHa OTHOCSITCS K UNCITY 21eKMPOHOU30bIMOYHbIX 2eMePOUUK.A06: TIIECTh -
3JIEKTPOHOB B X MOJIEKYJIaX JIEJIOKAIM30BaHbI MEXIY ITSIThIO aTOMaMM LIMKJIA.

BoJiee BhICOKME 3JIEKTPOHOOHOPHBIE CBOMCTBA MSITUWICHHBIX TeTepoapoMa-
TUYECKUX COCIMHEHUI 0OHAapYXEHBI M 3KCIIepuMeHTaIbHO. Ha puc. 25.2 3Have-
HMSI TIEPBBIX IOTCHIIMAIOB MOHU3ALIMHI M 3JICKTPOHHOTO CpojicTBa hypaHa, Imup-
poJia 1 ThodeHa CpaBHUBAIOTCS C JAHHBIMU [IJ1s1 OeH3071a.

2,38
-2 ~1.70

|
—_
W
|
—_
\'_
w

-1,15

DJIeKTPOHHOE
cpoxucTso (4,), 3B

n=5,2 n=53 n=5,01 n=5,61

8 8,89 8,87 8.85

9,25 _H_ _H_ _H_

OeH301 dypan THO(DEH MUpPpPoJI

[Torenuuman
noHuzauuu (1), B
O
]

Puc. 25.2. DHepreTuyeckas uarpaMmma rpaHMYHbIX MOJIEKYJISIPHBIX opOuTaieil beH3ona,
(ypana, nuppona u TnodeHa
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HMuTtepecHo, yTto dypaH, MUPpos U THOGEH UMEIOT MPAKTUYECKU OIUMHAKO-
Bbl€ 3HAYEHUSI ITEPBBIX MOTEHIIUAIOB MOHMU3aLMK. [IprunHa 3TOro 3aKjio4yaeTcs B
TOM, 4TO FeTepOaToOM He yJacTByeT (T. €. UMeeT HyJIeBoe 3HaueHHe COOCTBEHHOTO
koa(pduumenrta) B popmupoBaHur B3MO nsiTUUIeHHOro rerepoapoMaTuiecko-
IO COeIUHEHUsI, KaK BUIHO M3 MOKA3aHHOU BhIlIE auarpaMmbl (cM. puc. 25.1).
B 10 ke BpeMs IepeunciiecHHbIE COeIMHEHNS 3aMETHO Pa3INdaloTCs 3HAaYCHUSIMU
3JIEKTPOHHOTO CPOJICTBA.

DTH rerepoapeHbl pa3IndaroTcs U HapaBIEeHUSIMU TUTTOJBHBIX MOMEHTOB.

o1 Q1 Q)
dypan THodeH H

(w=0,70 D) (w=0,51 D) nuppon

(w=181D)

CyMMapHbIii JUTTOJbHBI MOMEHT KaxKI0i U3 3TUX MOJIEKYJ CKJIaabIBaeTCs 13
JUTOJILHOTO MOMEHTA G-OCTOBA U JUTIOJIbHOTO MOMEHTa, O0YCIIOBJIEHHOTO CUCTe-
MOI JeIOKAIM30BAHHBIX TT-3JIeKTPOHOB. OTHOCUTEIbHBIC BKJIAIbI 3TUX COCTABJISI-
IOLLMX JUISI KaXKAOTO U3 TeTepoapeHOB HEOAMHAKOBKI. B MojieKynax dpypaHa u THO-
(beHa nmpeobIamaIOT AUTIONBHBIC MOMEHTBI G-OCTOBOB. BeliencTBre 3TOro 3HaYeHUsI
JUTIOJBbHBIX MOMEHTOB (bypaHa v THO(EeHa HEBEJIMKH, a UX BEKTOPhI HAIIpaBJICHbI B
CTOPOHY TeTepoaToMoB. B MoJieKye mupposa m-cocTaBIsiiolast IUMOJbHOTO MO-
MEHTa OKa3bIBaeTCsl OOJIbIIIE IO CPABHEHUIO C O-COCTaBJISIIOLIECH: TTO3TOMY CyMMap-
HBbII JUTOJIbHBIM MOMEHT B €ro MOJIEKYJIe HarpaBJIieH OT TeTepoaToMa.

B HachIIIeHHBIX TeTEPOLIMKIMYECKUX COSIMHEHUSIX — TeTparuapodypaHe, TeT-
paruapotTuodeHe U MUPPOIUANHE — AUTIONbHBII MOMEHT OIpeAesieTCs] BKIaI0M
TOJIbKO O-0CcTOBa. B Kaxk1Ioit U3 3THX MOJIEKYJI FeTepoaToM SIBJIIeTCS OTpULIATEIb-
HbIM KOHLIOM JUIIOJISI, YTO OOYCIOBIEHO 00JIee BHICOKOM 3JIEKTPOOTPULIATEIbHOC-
THIO ATOMOB KMCJIOPOJa, CEphl U a30Ta M0 CPABHEHMIO C aTOMOM YIJIepoaa.

Q1 Q1 Q1

T€Tparuapo- TeTparuapo-
bypan THodeH
(w=1,73D) (w= 1,90 D) MMUPPOTMINH

(w=1,58D)

25.2.3.  Peakuuu 31eKTpO(HILHOTO
apoMaTHYECKOro 3aMelleHust

boénbmras goctyrmHocTh (o sHeprun) B3MO maTU4YIeHHBIX reTepoapoMaTi-
YECKUX COCIMHEHUI MO CPaBHEHUIO ¢ OCH30JIOM SIBJISIETCSI IPUYUHOM UX TTO-
BBILLIEHHOU PeaKIIMOHHON CITOCOOHOCTH, MPEXKAE BCEro B pPeaklMsIX dJIEKTPO-
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¢dunpHOrO apoMaTnyeckoro 3amelieHus. Hanmpumep, muppos cnocodeH K pe-
aKUMIM 3aMeElIeHUs Jaxe ¢ TaKMMHU CJIa0bIMM 3JIEKTpodUIaMU, KaK MOHBI
apeHAMa30HUSI:

/N + CHN-NCI —— Q + HCI

N GEH30MIMA30HHIA- N—NCgHs
| XJIOpUL
H H
MUPPOT 2-(dbeHunnazo)nuppon

OTHOCUTENbHASI AKTUBHOCTD MSITUYICHHBIX reTepoapC€HOB B pCaKIMUAX S EAI’
CHUM2KACTCA B pAAy:

mppot > dypaH > THODEH.

Ho naxe tTmodeH 3HaAUUTEIbHO MPEBOCXOAUT OSH30JI TI0 PeaKIIMOHHON CIo-
cobHocTu. Huke npuBeneHbl (paKTOphl MapLMaJbHBIX CKOPOCTEH IIJIsI peakLuu
snekTpopuiabHoro H/T-o0MeHa B THO(EeHE B MPUCYTCTBUU TPUPTOPYKCYCHOM
KHUCJIOTHI (COMIACHO OMpeae/ieHNI0, 3HaUeHUST 3TUX (paKTOPOB MOACUUTAHBI OT-
HOCUTEJIbHO OeH30J1a — ToApoOHee 00 ux moacyete cM. B T. 11, pas3a. 9.5).

1,9+ 10%

@ ,3,2~ 107

S

[TaruwieHHbBIe TeTepoapoMaTUiYecKue coeaAuHeHnsT aumaodgooHbl. B mpucyr-
CTBUU CUJIBHBIX KMCJIOT OHU MOABEPTaloTCsl MPOTOHUPOBAHUIO, BCIEACTBUE UYETO
UX COMpSIKEHHAas m-3JeKTPOHHAs cucTeMa Hapyluaetcs. [TpoTtoHupoBaHHas Mo-
JIeKyJia BelleT cebsl KaK COMNpsDKeHHBIN AUEeH, MpeTeprieBas MoJuMepu3alnio 1
ocMoJjieHue. [lojaralor, 4To MPOTOHUPOBAHUE MIET HE IO TeTepoaToMy, a 1o
a-C-aromy. Hanmpumep, obpasoBaHue katnoHa rnpu C-IMpOTOHUPOBAHUU TTHP-
poJsia 3HepreTMYecku 0oJjiee BBHITOAHO IO CPaBHEHMIO ¢ 00Opa3oBaHUEM KaTHOHA
npu NH-niporoHupoBanuu. C-ITpoToOHUpPOBaHHbBII MUPPOJI ONUCHIBASTCS HA0O-
POM TpeX pe30HaHCHBIX CTPYKTYP, B TO BpeMst Kak N H-nmpoToHMpoOBaHHbII MHp-
POJI K PE30HAHCHOI CTaOMIM3aliu HEe CITOCOOEeH BOOOIIIE.

/N /A ®
BENE

|
H
PE30HAHCHAA

cmabuauzayus
O]
b ol XM — A
N@ ®
N~ "H N~ H N

HEB03MOMNCHA

| I |
H H H

p€30HaHCHO—Cma6u/lu3up06aHHblL7 UOH
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TTOCKOJIBKY TIPOTOHUPOBAHMIO TTOABEPTAETCS COIPSIKEHHAs T-CUCTEMA TTUP-
poJia, OCHOBHOCTb 3TOT0 COEAMHEHUSI OKA3bIBAETCSI 3HAUMTENLHO HIXKE, YEM OC-
HOBHOCTbH JIFOOOTO M3 aMUHOB, KOTOPBIE IIPOTOHUPYIOTCS IO N-aTOMy: 3HaYeHUE
pK, conpsikKeHHOW KMCIOTh TUPPOoa cocTapisieT —4,4.

B CBSI31 ¢ TIOBBIILIEHHOM YyBCTBUTEILHOCTBIO MATUWIEHHBIX TETEPOAPOMATH -
YECKMX COSIMHEHMWI K CUIBHBIM KUCJIOTaM B PsIIe X Peakinii 2JIeKTPODUIHLHO-
ro 3aMelleHUs] TPUMEHSIOT MOIU(UIIMPOBAHHBIE JIEKTPOMIIbHBIE pearcHTHI.
[lpr MCHoNb30BaHUM 3TUX PeareHTOB He MPUMEHSIETCS CUJILHOKHMCIAs cpefa.
Hwxe nanbl mpuMepbl MOAUMUIIMPOBAHHBIX 3JIEKTPOMUIBHBIX PEareHTOB.

0
CH;—C| + (CH;CO),0
ONO,

AUCTUJIHUTpAT

HNO; + CH;COOH

HUTPYIOIIME arcHThI

O o
\ y N—SO;5 — CyJIb(UPYIOLLIMIA aTeHT

MUPUIUH-
CyIb(MOTPUOKCHUT

(CH;C0O),0 + kwucnoraJlplonca — aueTwiupyoLmii areHT
(BF3, SHC14, ZIlClz)

C MCrob30BaHNEM 3TUX PEareHTOB PeaKINM C MTUYJICHHBIMU reTepoapoMaTH-
YECKMMU COCTMHEHHUSIMH UIYT B MSITKUX YCJIIOBHSIX U C XOPOIIUM BBIXOIOM.

OO0paraet Ha ce0s BHMMaHKE BbICOKAsT PETHOCEIEKTUBHOCTD peaKIIii SJIeK-
TPOGUIBHOTO 3aMEIIECHHUS MATUWIEHHBIX TeTepOapoOMaTUYECKUX COETWHEHWIA.
Bce peakumu mayT pevMyIIeCTBEHHO B TojioxkeHue 2 (5) nukIa:

CH;C. L0
ONO, @\ + CH;C’
(CH;C0),0, 10°C N

O N02 OH
2-HuTpodypaH YKCYCHasi
(o-HUTpOdYpaH) KUCJI0Ta
® O =
() Jese. O 0)
¢dypaH ¢dypaH-2-cyab(oKucioTa TUPUIUH
(bypaH-a-cynbhokuciaora)
BF3 O 2-anetundypaH

(a-auetuipypan)
CH3
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CH3;COONO, ﬂ\ 2-HUTPONUPPOIT
CH;C0),0, 5°C OL-HUTPOITUPPOJI
(CH;CO) NH “NO, ( POIMpPpOL)

® O
GsHsN—S0; MUPPOJI-

/\
FNI}\S()}H 2-cynb(hOKUCIOTa
0.

I (CH;CO),0 o
20°C ~ -aleTUITTUPPOIT
H NH C~ (o-aueTUIIMpPPOIT)
TAPPOIT \CH3
| _CHCL KOH ﬂ\ //O 2-bopMuImUppoIn
NH C_ (a-pOpMUITITHPPOIT)
H
H,SO4 (koH11.) @\ THOGEH-
0°C S SO;H 2-cynbdoKucioTa
3 ot AN
2,5-nubpomTrodheH
X CH;COOH Br S Br
THodeH
CH3;COONO, @\ I
T A e -HUTpOTUODEH
(CH3C0),0, 10 °C S N02

B TepMuHAaxX TeOpUU pe30HaHCa aTaka JIeKTpodUIa B ITOJIOXEHHUE 2 OOBSICHSI-
eTcs 0OJIbIlEel CTA0MIBHOCTBIO 00PA3yIOLIErocst O-KoMITIeKca. JIJist 9T0ro KoM-
[JIEKCa BO3MOXKHBI TPY pe30HAHCHBIE CTPYKTYPHI. [1pu arake B rosoxeHue 3 Uit
O-KOMITIeKca MOXKHO HAITUCATh JIUIIb IBE PE30HAHCHBIE CTPYKTYPHI.

Amaka 6 noaoxcerue 2

) ve = | e — L — e

(0) (@) O E

Amaka 6 noaodcenue 3:

H H
E E
@+E®% [/ i@ «—»(/®/§
(0) (@)

(0)
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CorjlacHO KOHLEMINY TPaHUYHBIX OpOUTaJIeii, MPeAITOYTUTEIbHOCTD DJIEKT-
podWILHON aTaky MOJIOKEHUI 2 M 5 IITUYJIEHHOTO reTepoapeHa oInpenesisieTcs
OONBIINMU 3HAYEHUSIMU COOCTBEHHBIX K0ddduieHToB B3AMO nMeHHO B 3TUX
MOJIOXKECHUSIX.

—0,37

0,37
/—i-_\ E® — - mpomykr

—0,60 0,60 3J1IeKTpod U

retepoapeH (akuenmop)

(donop)

CrreyeT OTMETUTDL OCOOBIE CBOMCTBA MUPPOJIA B PSIAY MATUUICHHBIX TETEPO-
apeHoB. [Tuppour siBisieTcst aMpOTepHBbIM coeqrnHeHeM. OH MPOSIBIISIET HE TOTb-
KO OCHOBHBIE (XOTSI M OYeHb cj1abble!), HO M KUCJIOTHbBIE cBoiicTBa. [1pu meiict-
BHM CHJIbHBIX OCHOBaHWIA MUPPOJT 00pa3yeT MUPPOISAT-HOH.

OO6cyxnast KUCJIIOTHBIE CBOMCTBA MUPPOJIa, MHTEPECHO COMMOCTaBUTh JaHHbBIE
O KHMCIIOTHOCTH PsIia €r0 CTPYKTYPHBIX aHAJIOTOB

R I S

H H
[TAPPOIUIUH MHAPPOIT LIMKJIONEHTaIUEH LIMKJIOTIEHTaH
pK, oxoio 35 pK, 16,5 pK, 16 pK, 35

DTU maHHbIC, Ha TIEPBBI B3IJISI, BHI3BIBAIOT yIUBICHUE. BbicOKasi KUCIOT-
HOCTh LIMKJIOTIEHTaIieHa 00YCI0BIeHAa 00pa30BaHUEM apOMATUIECKOIO CEKCTe-
Ta T-3JICKTPOHOB B COMNPSKEHHOM OCHOBAHUM MPU OTILIEIUICHUM MPOTOHA U3 €T0
MoOJieKyJbl. OTIIerIeHre MPOTOHA OT aToOMa a30Ta B MOJIEKYJIe IMTMPpPoJia He BeaeT
K TOSIBJIEHUIO apOMaTUYECKOTO CEKCTeTa JT-3JICKTPOHOB B €ro COIMpPSKeHHOM
OCHOBAHMU: TAKOM CEKCTET UMEETCSI YK€ U B HEUTpaIbHOI MOJIEKyJe TTUppoJia.
Bonee Toro, HemoneneHHas mapa 3JeKTPOHOB, JOKaJIM3yeMasl Ha aTOMe a30Ta
NpY MOHU3ALUM MUPPOIA, UMEET sp2-rUuOpUIM3aLuio U (HOPMAJILHO He MOXKET
OBITh €JOKAJIM30BaHa C y4acTueM ero w-opouraneii. MoxKHO ObLJIO ObI TIpearno-
JIOXKUTb B COMNPSDKEHHOM OCHOBAaHUM MUPPOJa HAIUYUE O-apoOMaTUYHOCTHU U,
COOTBETCTBEHHO 3TOMY JEJOKaIM3alii0 (M CTaOUIM3alIMI0) ero O-OpOuTaeil.
OnHaKo ¢ 3TUM MPEATIONOXEHUEM TIJI0XO0 COTJIacyeTCsl CPaBHUTEIbHO HEBBICOKAS
CH-kucnotHocTh OeH30sa, MpakThudyecku oauHakoBasi ¢ CH-KUCIOTHOCTBIO
STUJIEHA: 3Ha4YeHMs PK, COCTABIIAIOT COOTBETCTBEHHO OKOJIO 43 1 44,

OOBbsIcCHEHMEM OTMEUEHHOMY (DaKTy SIBJISIETCS TO, YTO ITUPPOJI, OYIydH DJIeK-
TPOHOU3OBITOUHBIM T'eTePOLIMKIOM, XapaKTepuU3yeTcsl CMeIeHUEeM Tapbl 2JIeK-
TPOHOB B €ro MOJIEKYJIe OT aToMa a30Ta B CTOPOHY LIMKJa M, KaK CJeACTBUE,
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M3MEHEHUEM THMOpUIM3allMi reTepoaTroMa B HarpaBIIEHUU Sp-COCTOSTHUST (CM.
pasn. 25.2.2). BeneacTBue 3TOro aToMm azora B MUPPOJIe 3HAUYUTESbHO MTPOUHEe
(Hexenu B ciydyae MUPPOJUAMHA) YAEPXKMBAET HEMOAETICHHYIO Mapy 3JeKTpo-
HOB, JIOKQJIM3yeMyl0 Ha HeM IIpU OTIIeIUIeHUH TTpoToHa. [Ipu TakoM oObsICHe-
HHMM POCT KUCJIOTHOCTH TIPH TIEPEX0/ie OT MUPPOJIMAMHA K ITMPPOJTY aHAIOTUICH
pPOCTY KMCJIOTHOCTH MPU MEPEX0/ie OT ITUJIEHA K alleTUIICHY.

[MuppoasT-uoH coxpaHseT apoMaTUISCKUIA XxapakTep nupposa. Ero xumMuue-
CKHE CBOIMCTBa MTOMOOHBI CBOMCTBaM (heHOKCHI-UOoHA. [TMpposIsAT-NOH BCTYyITaeT
B peakIMy 3JIeKTPODUIEHOIO 3aMEIICHUS JaXe CO CIa0bIMU 3JIEKTPOMUIBHBIMU
peareHTaMu:

(o \ M = Q koi Q
|

N H
Il-I H TK®
Heapomamu4eH MUPPOI, MMUPPOJIKAIUIA,
pK, 16,5 MUPPOJIAT Kaaus
(apomamuuer)

Huxe npuBeneHbl peakiini KapOOHU3aLUK, (GOPMUIMPOBAHMUSI, a30C0YeTa-
HUST ¥ alIKUJIMPOBAHMUS, MIPOTEKAIOIINE C IPOMEXKYTOYHBIM 00pa3oBaHUEM M-
POJISIT-WOHA U C TTOCIEAYIOIINM JIEKTPOMPMILHBIM 3aMeIIeHUEM B HEM.

K-conb
CO
—— ﬂ\ 2-NUPpOoJIKAapOOHOBOI

bt NH COOK «kucnorst

B

N a NA C\ 2-(hopMUIIIUPPOT

©K® H

Q}%_N ce / \
O\ 2-(beHUIa30ImuppoI

CHsl NH N—N
(3 — 0.

N NH “CH;

C|H3 2-MEeTUITTUPPOT

N-MmeTuinuppon
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25.3. KOHAEHCUPOBAHHBIE IIATUYJIEHHDBIE
TETEPOLIUKIINMYECKUE COEIUHEHNA

NHupon siBasieTcs OMLIMKINYECKUM COCAMHEHNEM, B KOTOPOM OEH30JIbHOE KOJIb-
O CKOHACHCHUPOBaAHO C IMKJIOM ITMPpOJIa.

5 3
6 | 2
7 1TI 1
H
MNHIOJI

HpOI/I3BOZ[HI>I€ MHJIO0JIAa YaCTO BCTPEYAIOTCS CPEAU NMPUPOIAHBIX COCIUHEHUNA.
MHorue u3 HUX SIBJISIOTCS d)apMaL[eBTI/I‘IeCKI/IMI/I cpeacTBaMu.

25.3.1.  Cnoco0bl moJtyyenus

YHuBepcaJbHbBIM METOIOM CHHTe3a IPOM3BOIHBIX WHIOJA SIBJISICTCS peaxuyus
Quuepa (1883 1.). B aTOM MeToAe DEeHWITUAPA30H adbIeruaa Uiu KeToHa moji-
BEPraeTcs LMKJIM3alMK MO A€ACTBUEM KMCIOTHOrO KatanusaTopa (BF;, ZnCl,,
noymdocdopHas kuciora — [TOK):

|
©\N/N\\C/© M®K, 100 °C ‘\?\‘
| |
H CH; H

¢eHmIrnapa3oH ameroeHoHa 2-(beHUTMHIO0I
% BF;,65°C _
(CH;COOH) |
W
H H
(eHUATUAPa30H LIUMKIOTeKCAaHOHA 1,2,3,4-TeTparuapokapbasol

CBOOOIHBI MHIOJ B HEOOJBIINX KOJUUECTBAX HAlEH B HEKOTOPHIX 3(pup-
HBIX Macjiax (HampuMep, B Macjle anejJbCUMHOBBIX 1IBETOB). B MpoMbIlLIEeHHOM
MaciTade u3BjieKaeTcsl U3 KaMeHHOYTOJIbHOI CMOJIBI.

WHupon npeacrapisieT co00il OeclBeTHbIE KPUCTAJUIBI, T. TUl. 52 °C; maxe B
OUMILEHHOM BUJE€ MMeeT HeMpUSITHBbIN 3amax. KpaitHe HempuUSTHBIM 3arlaxoMm
o0yagaeT 3-MeTUJIMHAOJ (CKATOM).
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25.3.2. Peakuun

WM HI01 NposIBISIET CBOMCTBA KaK MUPPOJia, Tak 1 OeH3oa. [Tpu 9ToM peakuuu
2MEKTPOMUIBLHOTO 3aMEIEHUsT ¢ MHIOJOM UIYT MpeXkIe BCEro B MOJOXEHUE 3
MUPPOJBLHOTO LUKJIA.

CH,;N(CH;y),
CHQO, (CH3)2NH |
N
K .
2 3-(N,N-auMeTUIaMUHOMETHT ) MUHAOJT
TTI |
UHIOJI PhN2® Cle |
N
H
3-(¢beHunnazo)MHION
COCOCl
b N
H H
WHIO0T
COCONH, CH,CH,NH,
| LiAlH, |
TPUNTAMUH
b b
H H

[IpeanodTUTe IbHOCTD TTOJIOKEHUS 3 B MOJIEKYJIe MHIOJA IJIsT 3JIeKTPOPUIIb-
HOW aTaKM OOBSICHSIETCSI TEM, YTO MMEHHO 3TO TOJIOXKEHNE NMeeT MaKCUMaTbHOE
3Ha4YeHHUe cOOCTBEHHOIo Koadpdunuenta B B3AMO:

—0,414
—0,152 +0,534
+0,333 +0,354
-0,330 —0,382

a O-KOMIUIEKC, 00Pa3yIOIIMICS MPH aTake 371eKTPOGUIBHOIO areHTa B MOJIOXKe-
HMe 3, MMeeT JIydIlre YCIOBUS Il pe30HaHCHOM cTabunm3aunn. Hiske mokasa-
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HBbI TOJIBKO T€ CTPYKTYPbI O-KOMIIJIEKCOB, B KOTOPbIX MOJIOXUTETbHBIN 3apsn ae-
JIOKaJIM30BaH JIMIIb B MUPPOJIbHOM ITUKIIC.

PE30OHAHCHAA cma6uﬂu3auuﬂ
¢ yuacmuem amoma
asoma omcymcmeyem

H H
. [CP~
) \
H

PE30HAHCHAA cma6uﬂu3auu;z
cyvacmuem amoma asoma

T—Z

T—Z

25.4. HECTUYJIEHHBIE APOMATUYECKUE
TETEPOLHUKIINMYECKUE COEIUHEHNA

CpCI[I/I HIECTUYJICHHBIX apOMaTNUYCCKUX T'€TEPOLIUMKITNYECCKUX COEMHEHU Hau-
0oJiee BaxKHOE 3HAYEHUE UMEIOT TIIMPUANH U €ro INpPpoOU3BOAHDBIC. HazBanus po-
M3BOAHBIX MMUPUAMHA BKIIOYAIOT CJIOBO «ITMPUAMH» B KAYECTBE KITIOYEBOTI'O CJIO-
Ba, Ha3BaHUC 3aMCCTUTCIIA N €TI0 ITOJIOKECHMUE. HJIFI METUWIINUPUINHOB B CKOoOKax
YKa3aHbl TAKXE UX O6H_IGHI)I/IHHTLIG TPUBUAJIbHbLIC Ha3BaHUA.

CH;
4(y) CH
® 5 X 30 | X | X 3 | X
(o) 6 A 2(w) — — 7
N N~ “CH; N N
1 2-MEeTUINTUPUIUH 3-METWINUPUAUH 4-MEeTUIUPUIUH
MUPUANH (O.-TIMKOJIMH) (B-nukonMH) (Y-TIUKOJIMH)
CH; CH(CH;),
‘ X X ‘ X
= = =
CH;” N~ “CH; CH;y "N~ “CH; N
2,6-IUMETUITAPUINH 2,4,6-TpUMETIIITUPUINH 4-M30TPOTUII-

(2,6-1yTHAMH) (cumMM-KOJTUIH) MUPUINH
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25.4.1.  Cnoco0Obl moJyueHus

B nmpoMbIlUIEHHBIX MaclTabax MUPUIUH U €70 TOMOJIOTH MTOIYYaloT ITPU KOKCO-
XUMMYECKOI nepepaboTKe KAMEHHOTO YIJIS.

Hawnbosee n3BeCcTHBIN TTperapaTUBHBIA METOI CUHTE3a MPOU3BOIHBIX TTH -
puauHa o611 nipensioxeH A. Tanuem (1882 1.). 1o aTOMYy MeTOay 3aMellleHHbIE
MUPUIMHBI TTOJYYaloT LUKJIOKOHIeH caleit 2pUpoB B-KETOKUCIOT C albie-
rugaMy U aMMUAKOM C MOCIEeAYIOIINM OKHMCIEHUEM IOJYYEHHBIX TUTUAPO-
IMUPUIVHOB:

0
[l
CH;CCH,COOCH; + CH{CHO + NH;——
METUJIaleToarleTat alueTaabaerum

H CH;,
CH;00 COOCH;
HNO;
‘ OKHUCJIEHHUE,
CH3 N CH3 apoMaTh3alus

|
H

ouMeTwi-2,4,6-tpumeTtn- 1,4-1uruapo-
3,5-nupuanHAuKapOOKcuiIaT

CH; CH;
CH;00 . ~COOCH; N
2.CaO, ¢
— —
CH;y” "N~ “CH; CH;” "N~ "CH;

2,4,6-TpUMETUITTUPUINH

M3BeCTHBI CUHTE3bI nMupruarvHa Ha OCHOBEC CIIIEC Oosiee IPOCTbIX PEAr€HTOB!:

=
2HC—CH + HCN ;
aleTUIeH \N
MUPUINH
//O Kart /
3CH3*C\ + NH; . + H, + 3H,0
=
H N~ >CH;
alleTalbIern

2-MEeTUITNTUPUIUH
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25.4.2. ®u3nyecKue CBOMCTBA U CTPOEHHE

[MupuauH npeacrapisieT coboit OecUBETHYIO XUAKOCTh ¢ T. kum. 115,3 °C. On
00J1a1aeT XapaKTepHbIM HETIPUSTHBIM 3aITaXOM, CMEIITMBAeTCs BO BCEX OTHOIIIE-
HUSIX C BOIOI, 9TAHOJIOM, TUITUJIOBBIM 3(PUPOM; YCTOMUMUB MIPU XpaHEHUU.

[upuauH SBIsIETCS MECTUYICHHBIM IreTepoapoMaTUUeCKIUM aHaJIoTOM OeH-
3o;1a. Ero 1urockast MoJieKyJsia UIMeeT CONPSIKEHHYIO CUCTEMY M3 IECTH JT-3JIeK-
TPoHOB. Bce aTOMBI LIMKJIa HAXOAATCS B COCTOSIHUY Sp2-TMOPUAM3ALIAM ¥ BHOCAT
10 OJIHOMY TT-3JICKTPOHY B apOMaTUUECKUI CEKCTET.

MUPpUONH

HODII aroma a30Ta HaXOAUTCS BHE TT-COMPSIKEHHOMW CUCTEMbBI M 3aHUMaeT
sp%-opb6uTab, OPUEHTUPOBAHHYIO B IJIOCKOCTH LIMKJIA U MMEIOILYIO O-CUM-
METPUIO.

ApoMaTrdecKasl JeJTOKATN3alMs T-3JIeKTPOHOB B MOJIEKYJIe TTUPUINHA M-
JIIOCTPUPYETCS CIEAYIONINM HaOOPOM PE30HAHCHBIX CTPYKTY:

B Gospliieit yacTy 3TUX CTPYKTYP aTOM a30Ta MMeeT OTPUIIATS/IbHBII 3apsii, YTO
COOTBETCTBYET €ro OOoJbllell 3JIeKTpooTpuliaTebHOCTH. CTeleHb pasaeieHus
3apsiIOB B MOJIEKYJIE TUPUAMHA XapaKTepr3yeT CPaBHUTEIBHO BRICOKHUIA TATIONb-
HBIIi MOMEHT. B COOTBETCTBMM C 3TUM MUPUINH PACCMATPUBAIOT KaK 3.4eKmMpPOHO-
dechuuummnniii cemepouura.

X
‘ _ T u=226D
N

DKcrneprUMeHTaIbHbIE 3HAYEHUST SHEPIUil TPAaHWYHBIX OpOUTaIei TUPUANHA
cpaBHMBAIOTCS Ha auarpamme (puc. 25.3) ¢ COOTBETCTBYIOIIMMU 3HAYECHUSIMU
JUTst OeH30J1a U TUPPOJIa.
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2,38

-1,15
-0,62

DIIEKTPOHHOE
cpouctso (4,), 2B
| |
— [\S]
1 |

= T
9,24 885 ——

104 9,70

[ToTenuman
noHuzauuu (1,), B

OeH30I1 MUPPOJT MAPUINH

Puc. 25.3. DHepreTuyeckas iuarpaMmma rpaHMuHbIX MOJIEKYJISIPHBIX opOuTaieil 6eH3ona,
nuppoJa u NUpuaMHa

Kak BumHo, 3ameHa ¢parmeHTa —CH= B Mosekysie OeH30Ja Ha TPyIIy
—N= 3aMeTHO MOBKIIIACT U MEPBbIi MOTEHIIMAT MOHU3AILUU, U MIEPBOE 3HAYE-
HUE 3JICKTPOHHOrO CpoACTBa. BceacTBue 3TOro MUPUAMH SIBJISIETCS BeCchbMa
WHEPTHBIM B PeakLUsIX C ANeKTPO(PUIbHBIMU areHTaMM, HO 00J1aJaeT MOBBIILICH-
HOWi CKJIOHHOCTBIO K PeakLMsIM C HyKJIeoDuiamu.

25.4.3. Peaxkuun

OcHoBHbIE U HYKJIeO(HJIbHbIE CBOMCTBA

IMockompky HBI1 a3ota B MoJieKyIie MMpUANHA He BXOIUT B apOMaTUUECKUI CeK-
CTET, MUPUANH OOHAPYKUBAeT U OCHOBHBIE, U HYKJIeO(IIbHBIE CBOMCTBA.

Kak u B ciiyuae aMMHOB, OCHOBHOCTb T€TEPOLIMKINYECKUX OCHOBAHUIA, B TOM
4uc/Ie MUPUIMHA W UPPOJia, MPUHATO OLEHUBATH 3HAYCHUAMU PK UX COTIpsi-
KEHHBIX KUCIOT — PK, (BH®)-

= ®
+ H,O —— + H;0
) NS

N

| MUPUINH
PK, (csHN®) 5,36
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© OBPATUTE BHUMAHMUE!
OCHOBHOCTb MMpUAMHA NOYTU Ha 6 eanHuL, PK, Bbillie OCHOBHOCTY nppona pK, (BH®):
pasHon -0,4.

[MupuauH JIerko ajakujaupyercss ¢ obpaszoBaHueM N-aJIKUJIITMPUINHUEBBIX
coJjieii. B aT0i1 peakiimy MUpUAMH BBICTYITAET B KaUyeCcTBE HyKjeoduia:

= =
+ CH;l ——
N N\
UOJIMETAH N& Ie
|

N
S — N-MeTWINUPpUIUHUHI -
pul CH; HOIU

HyxiieopuibHbIE CBOCTBA MUPUINHA MOATBEPKAAIOTCS U JIETKOCThIO 0Opa-
30BaHusI N-allMINMUPUAMHUEBBIX cojieil. Takue comu o0pa3yloTcsli B KauecTBe
WHTEPMEAMATOB B peakuusix O-aluIupoBaHus KApOOHOBBIX KUCIOT XJIOPaHTU/I -
pUgaMu B MIPUCYTCTBUM NMUpUAMHA (cM. B pasn. 20.2).

3HauuTenbHO Oosiee 3((PEKTUBHBIM (ITO0 CPABHEHUIO ¢ MUPUIMHOM) KaTaausa-
TOPOM PeakLIMil alMIMPOBaHUSI SIBIIgeTCs 4-nuMeTiaMuHonupuanH (DMAP).

NMe, ®NMe, ®NMe,

0O O R—OH
N + _ —_—
Yy IEA= 0,0
N N JK N
Gl &

®
6\1 Me, ..
ﬁ‘j\ NMe,
O ®
— — + + H
‘\ ‘ - /U\OR

Ny
/ﬂ N

Jlump katanutudeckux KoanmyecTB DMAP okasbiBaeTcs HOCTAaTOYHBIM JJISI
AKTMBMPOBAaHMSI peaKLMU alllJIMPOBAHMUSI.

3amaua 25.1. CpaBHUTE OCHOBHOCTh MUPpoOJIa U mupuanHa. [1pemtoxnre oObsICHEHNE pas3ii-
4yHys B UX OCHOBHOCTHU. Kakoe u3 3Tux coennHeHuii siBasercs amdorepHbiM? [losicHuTe mpu-
YUHY 3TOr0 CBOMCTBA.
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SJIeKTpO(l)HJIbHOB APoOMATHICCKOC 3aMCILICHUE

BcnenctBue moHMKeHHOU TT-2JIEKTPOHHOM TUIOTHOCTU B LIMKJIE MUPUAWH T1O]-
BE€pracTcsda peakuuiam SHGKTpOd)I/U[bHOFO 3aMCIICHUA JIMIIb B XKECTKUX YCIIOBUAX.
HpI/I 3TOM CJIEAYET UMETh B BUIY, YTO MUPUIUHOBBINA LUKII €I OoJiee 1e3aKTU-
BUPYETCA K 3HGKTpO(1)I/IHbHOﬁ aTake 13-3a MIPOTOHMPOBAHMA aTOMa a3oTa. Takoe
NPOTOHUPOBAHME, 663YCJ'IOBHO, NUMEET MECTO B NMPUCYTCTBUM CUJIbHBIX MUHEC-
PajJbHbIX KUCJIOT, IPUMECHACMbBIX B YKa3aHHbIX HM2KE PCaKIIUAX.

20%-it oneym = SO3H
G-ii oneym +
230°C, 244 \ H0
N

MUPUIUH-3-CyabOoKUCIOTa

= NO,
KNO; n
H,S0;, 300 °C g H,0
= N
] 3-HUTPONUPUANH
N
N
MUPUINH = Br
BI'Z +
200—-250 °C S HBr

N

3-OpoMIUpPUINH

RCOCI umu RX

eakyus He uoem
AICl3 b

[MpenmyiecTBeHHAs OpUEHTALIUS JIEKTPO(PUIHLHOTO areHTa B MOJIOXEeHUE 3
0O0BSICHSIETCSI TEM, YTO IMPH TAKO OPUEHTALIUH ITOJIOKUTEIbHBIN 3apsiz B TTIPOMe-
JKYTOUHOM O-KOMIIEKCE He JIOKAJIM30BaH Ha 3JIEKTPOOTPHUIATEIBHOM aTOMeE
a30Ta, O YeM CBUJIIETEIbCTBYIOT HAOOPHI PE30HAHCHBIX CTPYKTYP, OTBEYAIOIINX
aTakaM MOJIEKYJIbI TUPUINHA COOTBETCTBEHHO B TTOJIOXKEHUS 2, 3 11 4.

Amaxa 6 noaoxcerue 2:

@ CPAN X

E -—— E — E
X N ®
N H N H N H

Heycmouvueas
cmpykmypa
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Amaka 6 noaoodicerue 4-:

H E H E H E
NS = ‘(9‘

Heycmouuueas
cmpykmypa

Amaka 6 noaoxcerue 3

H H ® H
Cre— L = I
N — —

p€30HaHCHO-Cm{l6Ll/lu3up06’{lHHbllZ UOH

Jluib araka B moJjioxkeHUe 3 He BeleT K KpaliHe HEBBITOAHOM JIOKAJIU3ALUNA
MOJIOKHUTEJILHOIO 3apda Ha 3JICKTPOHOAKIICIITOPHOM aTOME a30Ta.

I[JIH HNOJYYCHUA NTMPUINHOB, 3aMCILICHHDBIX B ITOJOXECHUN 2 unm 4, COOTBETCT-
BYIOIIMM p€aKlMAM MMOABEPraroT HI/IpI/II[I/IH-N—OKCI/IZ[bI. BT IIPON3BOIHDBIC ABJIA-
I0TCA B€CbMa JOCTYIMTHBIMU COCAUHCHUAMU U I10JYy4arOTCA OKUCICHUEM NMUPUIN -
Ha 1 €ro 3aMCIICHHbIX:

N CH,COOH X
P 70 °C -

N )
3-METUIITTUPUINH 0°

3-METUITTUPUANH-
N-okcun

COOTBETCTBEHHO PE30HAHCHBIM CTPYKTYypaM, MOKa3aHHBIM HUXE, ITUPUIH-
N-0OKCHI MOXET pacCMaTpUBaThCs KaK aKTUBHUPOBaHHAs (popMa MUpHUIMHA.

A o )
J— L) =)~
e N 9%
lo Il Il Il
:0: :0: :0: :0:
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Peaxunn SHCKTpOd)I/IJ'[bHOFO 3aMCIICHUA UAYT C l'[I/IpI/II[I/IH—N—OKCI/I}lOM JICT4E,
YeM C NUPUAMHOM, IPENUMYIICCTBEHHO B ITOJIOXKCHU S 2u4.

NO,
HNOs, H,S0, o
@ 90°C o
n |
o

o) 0°
MUPUIMH- 4-HUTPONUPUAUH-
N-okcun N-okcun (90%)

O6paborka npoxykTa peakuuu aevictsuem PCl; ynanger Kuciopoa, nepeso-
IAT TUPUANH-N-OKCUIBI B COOTBETCTBYIOIINE MUPUANHBI:

NO, NO,
X X
kL + POCL
® 2 —
lo
(@) 4-HUTPONUPUINH

4-HUTPONTUPUINH-
N-okcun

3amava 25.2. Tloyemy peakiusi a30COYETaHUST MIET C TTUPPOJIOM M HE WUAET C MUPUAMHOM?
OTBeT MOSICHUTE HATTMCAHUEM PE30HAHCHBIX CTPYKTYP COOTBETCTBYIOLIMX O-KOMIUIEKCOB.

Peakuua Ynunoaduna

Kak y>xe oTMe4eHO BEIIIIe, BEICOKOE CPOICTBO K 3JIEKTPOHY CITOCOOCTBYET 0CO00M
CKJIOHHOCTU MMUPUINHA K PeaKIMsIM ¢ HyKJIeoDuIbHbIMU peareHTamu. Kiaccu-
YEeCKMM TPUMEPOM TaKoil peakuuu siBisercs: peaxuus Yuuuoabuna (1914 1.).
B 71001 peakiuy nupuanH oopadaThIBalOT aMUIOM HATpUsl TP HarpeBaHUM B
N, N-auMeTnIaHUIMHE WIX TOJIYoJIe B KaueCTBE pACTBOPUTEIS.

= ) = O =
4 2
~ NaNH, (C¢HsN(CH3)p) Lo o ® ~
N N NHNa N H,

IMMPUINH 2-aMI/IH01'[V[pV[I[I/IH
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MexaHusMm peakuny YnuynbaduHa MpuBeaeH HUXKE.

Cmadus I — peakuusi MIET C MPEMMYIIECTBEHHOM aTakoii Hykieodua o C, (Cy), no-
CKOJIbKY OTPUIIATETbHBIN 3apsii B COOTBETCTBYIOIEM O-KOMILIEKCE MeJIOKATN30BaH C
y4acTheM 3JIEKTPOOTPULIATEIbHOTO aTOMa a30Ta LIMKJIa:

= o
| + NaNH; ——

[, — ke

e

X
N

Cmaous 2 — TUAPUI-UOH DJIMMUHUPYET C peapoMaTu3aliieil 1uKJa;

_NaH _ i
. _NaH 2
NH,
N @

H9N®

a

2-u 4—AMI/IHOHI/IpI/IZ[I/IHI)I CITOCOOHBI K TayTOMECPHBIM ITPEBPALLICHUAM!

(j\ (1
\ —_—
N~ "NH, N~ °NH

amMuHo-(opma H
UMUHO-(popMa
3HauuTeIbHO 0OJice yCTOMYMBOM siBiIsieTcs: aMuHo-(opma. Ee comepxkanue B

1000 pa3 npeBbIlIaeT coAepKaHUe UMUHO-(OPMBI.
AHaJIOrMYHasT peaklusl MPOTEeKaeT C IUTUMOPraHUIeCKUMU PeareHTaMM:

= 110°C ~ HyO =
+ .
X ‘ C6H5 Li (TOJTYO) X ‘
N N~ “CgHs

MUPUIAH 2-(peHunnupuanH
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Opnako peakiust ¢ KOH npoTekaeT 1uiib B 04eHb XXeCTKUX ycaoBusx. Obpa-
3YIOLIMICS 2-TUIPOKCUNTUPUINH TaKXKe CIIOCOOEH K TAyTOMEPUU:

=
+ KOH
N 350—400 °C

N

TMPUINH 2-TUAPOKCUTTUPUTUH H

2-NIMPUIOH

BwMmecrte ¢ TeM 2-TUIpOKCUTTUPUINH JIETKO TTOTydaeTcst IIpu 00paboTKe 2-aMUHO-
MUPHUIMHA HUTPUTOM HATPUS B TIPUCYTCTBUUA MUHEPATBHOMN KUCITOTBI:

= ‘NaNO, H
g " RO

N~ “NH,
2-aMUHONUPUANH H
2-NIUPUIOH
AHaJIOrMYHO MOJIYYaloT 4—FI/IIIp0KCI/IHI/IpI/IZ[I/IH2
NH,

= _NaNO,, H®.

\ T HO
4-aMUHOITUPUINH 4-ruIpOKCUTTUPUINH H

4-npuIoH

CreyeT UMeTh B BUAY, YTO MUPUIOHBI B 3HAYUTEIHLHON Mepe COXPaHSIOT
apOMaTUYHOCTh MMUPUANHOBOTO SIIpa.

Boccranossienne

BHCKTpOHOHCd)HHHTHBIﬁ XapakTep nupuavHa IIpOABJIACT cebs U1 B OTHOCH-
TEJIbHOM JIETKOCTU BOCCTAHOBJICHUS IIUPUANHOBOIO IIMKJIA. Ba)KHO, YTO BOC-
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CTAHOBJICHUE I'JIaJKO ITPOXOJAUT HE TOJIbKO KaK r’mAPUPOBaHUE B IIPUCYTCTBUU
Pt—KaTannsaTopa, HO U IIpnu JIEUCTBUU HaTpusd B abCOJIIOTHOM CITUPTE.

= Na
~ C,HsOH
N NH
NUPUAAH NUnepuanH

MunepugnH. K pacteopy nupuanHa (20 r; 0,25 monb) B aBCONOTHOM cnupTe
(150 r; 3,26 monb) No Kyco4kam nNpubaensAT HAaTPUIA (75 r; 3,26 Monb). Mo OKOHYa-
HMW PACTBOPEHMS HATPUA pPeakLMOHHYI0 Maccy pa3baBnsioT BoAoW. [MpoayKT oTro-
HSAOT C BOASHLIM NMapoM 1 BbIAENAIOT B BUAE rMapoxiopuaa, A00aBnss CONSHYO
Kncnoty K auctuanaty, 7. nn. 237 °C (13 cnvpra). Beixog 21,2 1 (~100%).

25.5. IMMPUMHMJINHDI 1 ITYPUHDI

Cpenn Apyrux MEeCTUYIEHHBIX TETEPOLIMKINYECKUX COEMHEHNI MPOU3BOIHBIE
MUPUMUINHA U ypUHA MPEACTABIISIOT 0COObII MHTEpec. 3HaYeHUE 3TUX FreTePO-
apeHOB OIPEAEIAETCs TEM, YTO (DpArMeHThI MTPOU3BOAHBIX TUPUMUINHA U MTyPH-
Ha BXOJST B COCTaB CJIOXHBIX OMOOPTaHNUYECKUX CTPYKTYP, Ha3bIBAEMBIX HYK./1elU -
Hoebimu Kucaomamu (cM. pasfd. 28.2), OTBETCTBEHHBIX 3a XpaHEHHUE U mepenady
reHeTUYeCKOi MH(MOPMAIIUH.

Hymepartiys atoMoB B MoJIeKy/Iax MUPUMUIMHA U ITypUHA TTOKa3aHa HIKE.

4 6
3 N 7’ ‘ 5 1 N = |5 N7
2 k\ 6 2 k\ | 8

N N4 'NH

1 3 9
NUPUMUINH IIyprUH

B cocrasn HYKJICMHOBBIX KHUCJIOT BXOJAT CJACAYIOIINEC MPOU3BOAHBIC NMUPU-
MUIWHA: ypalluJa, TMTO3WUH U TUMUHH. Mx Ha3bpIBalOT nupumm)uuoebmu OCHO6a-
HUuAaAmu.

HN ’ HN | CH; N7 ‘
O)\NH O)\NH O)\NH

ypauui TUMHWH OUTO3UH
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B cocras HYKIJIIEMHOBBIX KHCJIOT BXOAAT TAaKXE M IMPOM3BOJHLIC ITypUHaA —
aICHUH U T'YaHUH. vt TIPON3BOJHBIC HAa3bIBAIOT RYPUHOBLIMU OCHOBAHUAMU .

NH, 0

N7 | JN HN | JN

L\N NH HQN)\\ N~ "NH
AOCHWUH T'YaHUH

W mupuMuanH, 1 ypyuH UMEIOT TUTOCKUE MOJIEKYJbI U 3aMKHYTHIE COMpPSI-
JKEHHBIE 7T-3JIeKTPOHHbBIE CUCTEMBI. DTH COeIUHEHWS M UX TIPOU3BOIHBIE TAKXKE
OTHOCSITCSI K UHCITy TeTePOapOMATUIECKHIX COSIMHEHMIA.

DparMeHThl MUPUMUINHA U ITypUHA BXOISAT B COCTaB W IPYTUX MPUPOTHBIX
coenuHennii. Kodenn cogepxurcs B Kode u gae. TeoOPOMUH COAEPKUTCS B Yae
1 KaKao.

0] O
CH;< CHj3 _CH;
N | )N HN ‘ )N
O)\II\I N/ O)\II\I N/
CH; CH;,
KoeuH TeOOpOMUH

s yeayoaennozo usyuenus

MEXAHW3MBI PEAKIIVI CUHTE3A
TETEPOLIUKJIMYECKUX COETUHEHUN

M3ydyeHre MeXaHM3MOB CHHTE3a TeTepOLMKINYECKNX COeIMHEHW TpeacTaB-
JIIeT MHTEpeC, 10 KpailHei Mepe, 1o IBYM MpUYMHaM. Bo-TiepBhIX, reTepoimk-
JIMYECKUE COeTMHEHMS COCTABJISIOT, IO HEKOTOPHIM OLIEHKaM, OKOJIO IBYX Tpe-
Tei BceX OpraHMYeCKMX COSIMHEHMIA; BO-BTOPBIX, CUHTE3bI FeTePOIIMKINIECKIX
COeIMHEHU, KaK MPaBWJIO, OCHOBAaHBI Ha MHOTOKOMITOHEHTHBIX peaKIIHUsIX U
MPOBOISTCS B «OMHOKOJIO0OBOM» BapHMaHTe. DTO OOCTOSTENBCTBO TPEACTABIISET
XMUMUKY YHUKAJTbHYIO BO3MOXKHOCTD IPOCIIEINTh, KaKUM 00pa3oM 0OoJjiee Mpo-
CThIe OpPTaHWYECKHE peaklMK «paboTaloT» B TaHAEME W IMPUBOAST K CHHTE3Y
BeChMa CJIOXKHBIX CTPYKTYP.

B kadecTBe MpUMeEpOB B 3TOM pasfesie 00CYKIAIOTCS HEKOTOphle Hanbolee
M3BECTHBIE UMEHHBIE peaKIINK CHHTE3a TeTePOLIMKIIMYECKIX COeTMHEHMUIA.
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Cunre3 nupposioB no Knoppy

DTOT METOJI OCHOBAaH Ha peaklUU o-aMUHOKeTOHa W 1,3-AuKapOOHUJIBHOIO
coenuHeHus [1]. Hanbosee n3BeCTHBIN MTPpUMEpP TaKOTO CUHTE3a MPEICTaBISICT
co0oii monydyeHue «muppojia KHoppa» — 2,4-mmkap03TOKCHU-3,5-IMMeTHI-
nuppoia [2]. Peakuust mpoBoauTCsl B OAHOIK K0j0€, TPOTEKAeT ¢ BHIXOJAOM 0
64% w BKITIOUaeT CJeayIoNIe CTaaumn:

(0] 0] NaNO, 0] 0] Zn/CH,COOH _
CH,COOH, H,0 T HO,r ,0,¢
alleTOyKCYCHBbIit NOH NH2
apup
Me 0] CO2Et Me CO2Et
. /[/i CH,COOH M
t
EtO,C NH, O Me E0,CT N Me
nuppon Knoppa

3aKIIOUNTEIbHAS CTaausl CHHTE3a — B3aMMOJICHCTBUE (.-aMUHOKETOHA M
ALIETOYKCYCHOTO 3(upa — MPOTEKAET 110 CIAEAYIOLIEMY MEXaHU3MY

0)

CO,Et CO,Et
T —L - )f..L =
0 Et,0C

Et,0C NH,

o

CO,Et CO,Et
—
CO,Et NJ CO.Ec N
CO,Et CO,Et CO,Et
HO H :B —
. ~— ——q ) _ / \
N N CO,Et
CO,Et N 2
" H co,EtH H
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[Muppoa KHoppa criocodeH K PyHKIIMOHAIU3AUY U MOXKET pacCMaTpUBaTh-
¢Sl KaK MHTEpMeIMaT B CUHTE3¢ Pa3IMYHbIX MTPOU3BOIHBIX NTUppoa |3, 4]:

— 00paboTKa BOIHBIM PAaCTBOPOM €IKOrO HaTpa BeleT K U30MpaTeIbHOMY
OMBIJICHUIO TOJIbKO KapOATOKCUTPYTIIIbI, HAXOASILEICS B TTOJOXEHUHU 2;

— NeficTBHE pacTBOpa CEPHOM KUCIOThI BEAET K U30MPaTEIbHOMY TUAPOINU3Y
TOJBKO KapO3TOKCUTPYIIIbI, HAXOASIICHCS B TTOJOXEHUU 4;

— METWJIbHAs IpyIlna, HaXOAsIIasiCsl B MOJOXEHUHU 5, MOXKET OBITh IIEpeBe/Ie -
Ha B XJIOPMETUJIbHYIO, (POPMUJIBbHYIO WU KapOOKCH-TPYIIIHL;

— Ha CTaJuM aleTOYKCYCHOTo 3¢upa CI0XXKHOI(UPHBIE IPYIIIIBI MOTYT OBITh
TpaHC(OPMUPOBAaHBI BBEICHUEM B HUX OCH3UJIBHOUN U mpem-0yTUAbHOM TPYIII.
ben3unbHas rpymmna B KOHEYHOM IIPOAYKTE MOXET ObITh JIETKO yaajeHa KaTau-
TUYECKUM TUIPOTEHOJIM30M, a mpem-0yTUIbHAs TpyIlna — 00pabOTKOM MPOIyK-
Ta TPUPTOPYKCYCHOI KUCIIOTOM.

Cpenu I1pyrux CMHTE30B TUPpPOoI0B 1Mo KHoppy MHTepec mpeacTaBisieT CUHTE3
Kpunrornupposna [ 3]

CH,
0
CH HNO,, CH3 CH3 0
3 o H,0 >:O (Zn + CH,CO,H) B:O CH,
E10,C B%O—% ho  gt0,c—CcH MO
\
NOH NH,
H,NNH,H0
" Na,E©OH
EtO,C
KPUIITOIIUPPOJI

KOTOPBII BXOIUT B COCTAB Psifia BasKHBIX OMOOPraHUUECKUX CTPYKTYP, B YACTHO-
cTU TeMuHa (cM. cTp. 275) 1 IPOAYyKTa HOPMAJIbHOTO OKUCIUTEJIbHOTO pacraaa
reMrHa B MMeYeHU — OMJIMpyOurHa.

CH, CH,
HOOC—cy,  cp,—COOH H
CH, CH CH; CH, CH,  CH, CH, CH
o T e T e L
CH CH CH
HO™ W 2 N~ OH
H H

OMTUPYOUH
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Cunre3 nnao0B no Oumepy

OpuH 13 HanboJiee N3BECTHBIX METOAOB CUHTE3a MHI0JIOB B 1883 I. ObLI OTKPHIT
Imurem Duwepom [5—9]. B mpocreitmeit dopMe 3TOT METOA TpeAroiaraet
HarpeBaHUe ajlbIeTUIa WIIK KeTOHA ¢ (DeHUJITUAPA3UHOM B KMCJION cpefe:

X N CH,COOH N
| NH t |
= e 2 o) =
N N
H H

[lepBas ctanus B MexaHW3Me 00pa30BaHMS WHIOA B 3TON peakIni — TOJIyde-
HHe QeHMITUIPA30HAa, KOTOPHI, KaK ITPaBUIo, MOXET ObITh BBIIEICH B KaUeCTBE
CTaOMIIBHOTO COETMHEHMST:

X N CH,COOH X
s o = P
N N
H H

DeHnATUAPa30H TAyTOMEPU3YETCs najiee 10 eHaMUHa, TTOCJIe Yero MMEET MECTO
[3,3]-curmarpomnHas reperpynnpoBKa ¢ oopazoBaHueM cribHOt C—C-cBsI3u n
paspbiBoM cnaboit N—N-cBsi3u ¢ TepeMenieHneM 3JIeKTPOHOB B O-WJIEHHOM
1117%036) GG

H

N HO = 13,3]
H /—\: ‘/ NN _bAl
F N AN /N\/NH
H

N
H

NH
N
H

3areM cienyeTt peapoMaTtusalysi 0eH30JbHOTO KOJIblIa C TIepeMellleHUeM MPo-
toHa ot C-aroma K N-atomy. ObpasoBaBiuascs NH,-rpynmna BHyTpUMOIEKY-
JIIPHO aTaKyeT COCEIHIOI0 UMUHOTPYIIITY, JaBas aMUHaJIb — N-3KBUBAJICHT alie-
tajs1. OnbITaMKU ¢ MEYEHBIMM aTOMaMU MOKa3aHO, YTO aTOM a30Ta, CBSI3aHHBIN C
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(beHMIOM, OKa3bIBaeTCs B KOHeUYHOM UHAoJe [8, 9]. Ha 3akmounTebHOM cTagun
MPOMCXOANUT KUCIOTHO-KAaTAIM3UPYyeMOe pas3iokKeHe aMUHAJIS C OTILETIICHUEM
aMMMaka, IIpOTOHA U apoMaTh3allieil MHIOJbHOTO LIMKJIa.

H
7 +° —~ ~ ‘ /, .
NH S, @
SNNNH NTNH;
.~ _n - .
RANS:
“ iy NH, “ S \NH,
H
. . 7
g 0
® N
H

OyeHb BaXXHBIM 3TAallOM B IIPOBENEHUM CHUHTE30B WMHIOJOB 10 Duiepy
SIBJISIETCS BBIOOP KUCJIOTHOTO KaTaJM3aTropa. YCIHelIHO MPUMEHEeHbI COISTHAs 1
cepHas KUCIOTHI, ToludochopHas U #1-TOJYOJICYIb(OHOBAST KUCIOTHI.
Kucnotsl JIbionca, Takue Kak TpuTOpUI 60pa, XJIOPUI LIMHKA, XJIOPU] XKelie3a
U XJIOPUJI aJTIOMUHUS, TAKXKe OKA3aJICh MOJIE3HBIMU KaTaJnu3aTOpaMH.

Merton ®uiepa He SIBISIETCS YHUBEPCAJIbHBIM METOIOM IJIsSI CUHTE3a BCEX
MMPOM3BOIHBIX MHIOMA. Peakiiny MHIOIN3ALNKU 0pmo-3aMellleHHBIX THIPa30HOB
[0 3TOMY METOIY MOTYT COIPOBOXAAThcd meperpynmnupoBkamu [8]. Tem He
MeHee 3TUM METOIOM JOCTYITHO MOJy4eHUe MHOTMX WHIOJOB, MOCKOJbKY OH
JIOTTYCKAeT 3HAYMTENIbHbIE M3MEHEHUsI B OEH30JIbHOM sIIpe apuiTrHapa3siHa.
Cpeny TaKuxX MHAOJOB CJIenyeT OTMETUTh CEPOTOHUH U Ipyrue apMareBTuYe-
CKHe CPeICTBa, ColepXKallne ero (pparMeHrT.

HO
\ NH,
o

N
H

CEpOTOHWH
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Hpyroit mpuMmep npuMeHeHus1 Metona Puiepa JaeT CUHTE3 CyMaTpHUIITaHa
(ToproBoe Ha3zBanue «Mmurpan»). [IpousBogHOE apuITHapa3MHa B 3TOM CUHTE-
3€ MOJIYYaloT 0 cXeMe

PhO PhO
\S N 1. NaNO,, HCI \S -
= Paraen——— ®
o~ \}) P 2. SnCl,, HC1 o~ \}) /NH3 Cle,
NH N
2 H

a BTOpPO KOMITOHEHT peaklWM — 3-IMaHOIpOoraHadb — MPUMEHSIOT B BHIE
aleTast, YToObl TIPEIOTBPATUTh €0 CAaMOKOHIeH caluio. B mpucyTcTBuM Kucio-
THI alleTajb TUAPOJIU3YETCS IO alibAerraa, KOTOPBIA U 00pa3yeT ruapa3oH.

PhO, CN
pd
S N o EtO
0~ \E) NH, cl® T
/ - 3
N OFt
apuJiITruapasnH H anecTalib 3—HI/IaH01'[p01'[aHaI[H

Ph

CN
O\ PhO\
S X MoK S NN CN
@) = _N 0] P
E N

cymarpuntan H

IHAPa3OH

«MMurpaH» — MPOTUBOMUTPEHO3HOE CPEACTBO, KOTOPOE MPEACTaBIsieT cO0O0
cnenuUIecKuil U ceIeKTUBHBINM aroHucT 5-HT1-cepoTOHMHOBBIX PeLIENTOPOB,
JIOKAJIM30BaHHBIX MPEUMYILIECTBEHHO B COCYIaX TOJIOBHOTO MO3ra.

Cunre3 mupuauHoB o I'angay

['aHY OTKPBLI CBOIO YHUKAJIBHYIO peakiiio cuHTe3a nupuanHoB B 1881 r. [10].
YeThIpeXKOMITOHEHTHAs peakiivs BKI0YaeT JBE MOJIEKYJIbl KeToa(hupa, MOJIEKY-
Jly aMMMaka M MOJIEKYJy ajibaeruna. Ee TMpoayKTOM OKa3blBaeTCd MOJIEKyJia
JUTAIPOTIUPUIMHA, KOTOPAs! OKUCIISIETCS A0 MTPOM3BOAHOTO MUPUINHA IEUCTBU -
eM HNO,, Ce(IV) nnun xuHoHa:

R R

EtO,C 0o~ 0,CEt EtO,C CO,Et

H L EtOH ‘ ‘
+ pHS,5
O

o
Z
==
TZ
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Peakiiust IeMOHCTPUPYET MPEKPACHBIil IPUMEDP MOJIEKYJISIPHOTO Paclo3HaBaHMs
MaJIbIMU MoJieKylaMu. Ee MeXaHM3M HEOJHOKPATHO M3Yydaics, B TOM 4YMCIe C
npumMereHneM Metonos PN u 13C IMP-crnextpockornuu [11].

OO6pa3oBaBIINIiCS HA TIEPBOI CTaaUU MPOLYKT UMEET JBe KapOOHWJIbHBIC TPYIIITbI HA
OIHOM KOHIIE TBOMHOM CBSI3U

T Etocjj =" TH Etocf
VN £
© 09 SH O

Y TI03TOMY SIBJISIETCSI OYeHb XOPOIIMM aKIeNTOPOM HyKieoduia B peakiimu MuxasJs.
TakuM HYKJIeO(hUIOM BBICTYIIAET BTOpasi MOJIEKYJIa UCXOAHOTO €HOJISATA:

R
EIO,C A co Et EtO,C CO,Et
Q
00
R R
Etozc;(j/\coza . Etozcrj;cozm
3 -
00 N
IIPpOU3BOJHOC
JUTNAPpOIINpPpUAHA

OkucieHue JUTUAponMpnanHa XMHOHOM COITPOBOXKIACTCs apOMaTHSaHHGﬁ
JBYX MOJIEKYJI U ITPOTEKAET OYC€Hb IJ1aaKO.

R H
Et0,C__ CO,Et EtO,C CO,Et Et0,C CO,Et
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H
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[aHY TpeasoXUIl CBOK CXeMYy CUHTe3a AUTMAponupuInHOB B 1882 r. OHa
MOJIy4YuJia HOBYIO XX13Hb B 1980-¢ roapl, Korga Obl1a 0OHapyKeHa CIIOCOOHOCTD
JUTUAPONUPUIMHOB OGJIOKMPOBATh MOCTYIIEHUE MOHOB Kanblius Ca2' uepes
MeMOpaHbl KJIETOK, UTO SIBJISICTCS BaKHBIM MpPU JIeYeHUU 3a00JeBaHUI cepalia.
Huke mokaszaHbl CTPYKTYpbI IBYX TaKUX MpenapaTtoB — dheJoaunmia u aMaoam-
MUHA.

Cl
0) (0]
Cl Cl A
MeO,C CO,Et MeO,C COEt ™\
[ (] o
N N O\/\I%H
H H 3
desoaunuH aMJIOAUTIH

KOHC‘IHO, JJI1 CMHTE3a TaKUX JUTUAPOITNPUIMNHOB Tpe6y€TC§[ MO)II/Id)I/IKaI_II/IH
METOda Fqua, 4YTO M ITOKa3aHO HM2KC Ha ITPUMEPE CUHTE3a @GHOZ[I/IHI/IHEI.

N

Cl
MeO, C Cl cl
(OCHOBaHI/Ie) MCO C —
(0]
Cl
o rMeO,C COOEt
N
Et0,C CO,EL H
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Cunre3 xuHoMHOB 0 CKpaymy

(DpaFMeHTBI 6CH30KOHZ[CHCI/IpOBaHHHI)IX IIUPUINHOB — XMHOJIMHA U U30XMHO-
JIMHA — BCTPEYAIOTCA CpE€AM MHOTOYMCIICHHBIX aJIKaJOuJ0B U d)apMaL[eBTI/I‘IG—
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CKUX CpeACTB. B yacTHOCTU, XMHOJIUH SIBJiIeTCSl (DparMeHTOM XMHUWHA, KJIaCcCH-
YeCKOro MPOTHBOMAJISIPUITHOTO CPECTBA.

CH;0

XUHUH

HauGonee M3BeCTHBIM METOAOM CHHTE3a XWUHOJMHA SIBISIETCS peaKIus
Ckpaymna (1880 1.) [12, 13]. Dra peakuust TakKe SIBJISICTCSI MHOTOKOMIIOHEHTHOM
U TPOBOANTCS B «OTHOKOJIOOBOM» BapuaHTe. Ha mepBoii cTaguu MMeeT MecTo
COIPSIKEHHOE TMPHCOEIMHEHNE aMMHA K HEHACBIIIEHHOMY KapOOHWIHBHOMY
COEIMHEHUIO, a 3aTeM IMOJYYEHHBIN KETOH JIETKO LIUMKIU3YETCS B 0pmo-TIONIOXKe-
HUE, aKTUBHPOBAaHHOE aMHMHOIPYIIONW ¢ 00pa3oBaHUWEM IUTHIAPOXUHOIMHA
rocJie AeTuapaTaiym.

R

= ‘ N R = 0°
(’(&ﬂ — i —
NGy, N O >

TZ

o

~Q > =C

A N A

H

1 1
—QJ=- )
=

I;II N

4-R-XUHOIUH

I[JIH OKMCJICHUA JUTUAPOXUHOJIMHA JO XUHOJIMHA ITPUTOJHbI MHOTHUEC OKUCIUTCIIN.
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TpaguumonHo cuHTe3 CKpayna IPOBOJUTCS CMEIIEHUEM apOMaTUYECKOro
aMuHa (aHWJIMHA B CUHTE3e COOCTBEHHO XWHOJIMHA), TIIMLIEPHHA, KOHLIECHTPUPOBaH-
HOM CepHOI KMCJIOThI, HUTPOOEH30J1a 1 TToceayonmM HarpeBanueM Boiie 100 °C.
Ponb rmiiepMHa COCTOMT B T'€HEpalldy aKpoJieMHa KaK HEHACHIIIIEHHOTo Kapbo-
HUJIBHOTO coemHeHrsT. HUTpoOGeH30:1 CITYKUT U paCTBOPUTENIEM, 1 OKHCITATETIEM.

K coxaneHuto, TpanuiiMoHHas mpoiieaypa cuHte3a Ckpaymna HepeaKo Conpo-
BOXIAeTCsI OYPHBIM MPOTEKAHUEM PEaKLIMK U BBIOPOCOM PEAKIMOHHOM CMeCH
13 KOJObI. OIVH M3 BaXXHBIX M CPaBHUTEIbHO O€30MacHbBIX ITPUMEPOB CUHTE3a
Ckpayma — TojydeHre 6-MeTOKCH-8-HUTPOXUHOJMHA ¢ IPUMEHEHUEM TIEHTOK-
cHIa MBIIIbsIKa BMECTO HUTPOOEH301a B KauecTBe oKucauTenss. Hutporpymma B
MTOJIOKEHUH 8 3TOr0 MPOU3BOIHOTO XMHOJMHA MOXET OBbITh MpeBpalleHa B pa3-
JIMYHBIE (DYHKIIMOHAbHBIE TPYITITHL:

A5205
“H,S0,, >100°C ,S0,, >100 °C

6- MCTOKCH-g-HI/ITpOXI/IHOJ'II/IH

Bosee 6e3omnacHoli siBsieTcsl caenyioias Mmonubukanus cuHtesa Ckpayna:
CHavaja MmoJly4yaroT aayKT peakuuu Muxasisi — MpOayKT KOHASHCAIIMM aMUHa
1 akposienHa (aaayKT), UMKIM3YIOT €ro B KMCJIOM pacTBOpE, a IMOTy4YeHHBIH
JUTUAPOXUHOIUH OKMCISIOT, HampuMep, xuHoHaMu tuna DDQ (2,3-auxsop-
5,6-IMLIMaHOOEH30XWHOH).

(0]
R I\ R R
joUA N CoRRe S
=
= N ~ N \ N
H H
aJTyKT 6-R-aurnapoXuHOJIMH 6-R-xuHOIMH

OnmvH U3 TPUMEPOB MPUMEHEHUST MOMM(PUIIMPOBAHHOTO BapUaHTAa CUHTE3a
Ckpayrna — CUHTe3 8-TUAPOKCUXUHOMHA («OKCUHA»). opmo-AMUHODEHO B 3TOM
CHUHTE3¢ MMEET EIMHCTBEHHOE 0pmo-TIOJOXKEeHUEe, CBOOOAHOE IJIsd LIMKIU3aluu,
U OTJIMYAETCSl BBHICOKOM HYKJIEO(DMIBHOCTBIO. BCiieacTBUE 3TOro peaxkiius MOXKET
OBITH MTPOBEACHA B YKCYCHOM KUCIOTE, CoAepXKallleil JUILb CJIeAbl CEpHON KMCIOTHI:

\
/\CHO _
CH,COOH
NH,  Fe,s0,),, BOH), N

OH ’ ’ OH
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CunTe3 THA30J10B

Kak mpumep cvHTE3a reTepoapeHoOB ¢ JABYMS arTOMaMM B IIMKJIE PACCMOTPUM
CHUHTE3 THA30J10B. B 5TOM IpuMepe He paccMarpuBaeTcs MMEHHas peakiivs.
OnHaKO OH MHTEPECEH MPUIIOXKEHUEM PETPOCUHTETUYEeCKOro aHanu3a Kopwu miist
LieJiell CUHTEe3a apOMaTUYECKHX TeTePOLMKINIECKNX COeTMHEeHH | 14].

MOXKHO MPEUTOKUTD IBE PETPOCUHTETUYECKIE CXEMBI IJISI CHHTE3a TUA30JIb-
HOTO LIMKJIA.

IlepBast cxema B OCHOBE CHTE3a pacCMaTpUBaeT B3aMMOICHCTBIE TTPOU3BO/I -
HOT'O KapOOHOBOW KHUCJIOTHI C aMUHOTHOEHOIOM:

R
N2 0 HN_ R
CNuC— Y 2N 2
R]%}i ‘ C—NuC-—s R,—C \/ N
X
S R, HPOM3BONHOE HS R,

KapOOHOBOI KUCJIOTHI ~ aMUHOTHOEHOJI

Jlerko TpeaIoyoXUTh, OMHAKO, YTO aMUHOTHOCHOJIBI SIBJISIIOTCSI BeChMa
HeCTaOMIbHBIMU COSTMHEHMSIMU W BPSIL JIM MOTYT BBICTYIIaTh B KAUeCTBE HAEK -
HBIX MTHTePMEIMaTOB CUHTE3a.

Bropast perpocuHTeTMYecKast cxeMa Ipenamnonaraet pa3pbiB C—N- u C—S-
CBsI3ell ¢ ApPYroil CTOpoHbI rerepoatoMoB. COIJIaCHO 3TOIl cxeMe, 3a CTagueit
reTepOLMKIN3aMY JOJDKHA ClIeoBaTh Jeruaparaius. st Takoi mocieaoBa-
TEJIBHOCTH CJIeyeT UMETh B BUIY, IO KpaifHell Mepe, 1Ba BapraHTa.

Bapuaum A

R OH

N 2 N—p NH Oy R
Rl ~</ ‘ — Rl ~</ 2 e— Rl ~</ +

S R, S R, SH Br R,
Bapuanm b

N N— NH  Br_R,
Rl \</ ‘ — I{1 4</ — I{1 —</ +

St 57 g, SH 07 R,

HO

O06a BapMaHTa MCXOIST M3 CTPYKTYpPhl THOAMUIA B KayecTBe HYKJIeO(DWIIa;
TAaKOW TMOAMUJL JIETKO JOCTYIIEH B PEAKLIMK COOTBETCTBYIOIIEro amuaa ¢ P,Ss:

NH, NH, NH
PZSS
Rf< - &ﬁQ &ﬁQ
0 S SH

aMu1 1 THOAMU L
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BapuanTel A u b pazinyaroTcst cTpoeHUEM o.-TaJIOTEHKETOHA, KOTOPKIA BCTY-
MaeT B peakivio ¢ THoaMuaoM. B 06oux BapraHTax THOAMUJ, BBICTYITaeT B Kaye-
cTBe amMOuaeHTHOoro Hykieoduiaa. Kak ormevanock B 1. 13 (1. 1, pa3n. «s
yIIyOJICHHOTO U3yYeHUsI» ), OJHA U3 KOHLIETLIMI, OOBSICHSIIOIINX PEaKLIMU TaKUX
HyKJIeO(UJIOB, TIPeAyCMaTpUBaeT MPEeANOUYTUTEIbHOCTh B3aUMOICHCTBUS MSIT-
KOro HykJieopuiabHoro ¢dpparmeHTa (rpynna SH) ¢ Msirkum anektpoduiom, a
JKeCTKOro HykJieouiabHoro ¢parmerTa (rpynmna NH) — ¢ 3kecTKuM aaeKTpodu -
JioM. IMeHHO Takoli cllydyaii peau3yercsl B BaApuaHTe A.

KECTKUI — KECTKUM

NH O0.__R, N— R
&—< + &—( ‘

SH Br R, S R

MSITKMIA —  MMITKui 3

ITo Takoii cxeMe ObIJT MOJIY4eH, B YaCTHOCTH, TIpernapaT (peHTHa3aK, HeCTepo-
WIHOE TTPOTUBOBOCIAIUTEILHOE CPEACTBO:

NH, O CeH,—Cl-n / CH=Clon
cggﬁg + ‘7‘*(%H;< ‘
S Br - COOH s —l.__COOH
THOOEH3aMM/L 3-0poM-3-(n-xJ10pOEeH30MIT)- (eHTHA3AK

IIPOIMMOHOBAasA KUCJI0Ta

CuHTe3 mpoTeKaeT O4YeHb JIETKO MPOCThIM HarpeBaHMEM JBYX pPearceHTOB —
THOOeH3aMuaa U 3-6poM-3-(1-XT10pOESH30UIT) IPOMTMOHOBOI KUCTIOTHI.

PEAKIIUN § NHAr

B atoit rnaBe u 1. 9 (1. II) ObLIM 006CYKAEHBI METOABI (PYHKIIMOHATU3ALUYN ape-
HOB U T'eTepOapeHOB C MPUMEHEHUEM peaKlril 371eKTpo(pUIbHOTO apoMaTHuye-
ckoro 3amentenus SzAT B . 14 (1. 1) 6bl1M pacCMOTPEHbI METO/IbI TpaHCHOP-
MalliM 3aMeCTUTEsIeli B apeHaX, OCHOBAaHHHbIC Ha pPeaklLMsIX HYKJIeODUIbHOro
apoOMaTUYECKOTrO 3aMEILEHUS S yAT.

B aToM pasnesie Mbl MO3HAKOMUMCS C €I1Ie OMHUM METOIOM BBEACHUS (DyHK-
LIMOHAJIBHBIX TPYIINT B apOMaTUYECKUA WM reTepoapoMaTUYecKuil cyocTpar,
a UMEHHO C MPSIMbIM 3aMEILEHMEM aTOMa BOJOPOJa B MOJIEKYJIaX apEHOB U TeTe-
pOapeHoB MoJ NelicTBUEM HYKIeO(hUIbHBIX areHTOB.

CoOOTBETCTBYIOLIME MPEBpallleHUsT TIPEAIOKEHO 0003HAUYaTh KakK peakiiuu
S NHAr. Kak ¥ TpaaulMOHHBIE peaKlMd HYKJICO(PUIbHOT0 apoMaTHYeCKOIro
3aMeleHUs, peakuuu S NHAr MPOTEKAIT JUIIb C apeHaAMU, aKTUBUPOBAHHHBbI -
MU BJIEKTPOOTPULIATENIbHBIMU 3aMecTUTe MU [15—18]. Kak u peakuuu Sy AT,
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p€akumm HYKHCO¢)HHBHOTO 3aMCIICHUA BOAOPOAA ITPOTEKAIOT C 06pa3OBaHI/I€M
O-KOMILJIEKCa:

X o X N Nu
| T eno
s
DAT DAT

rae DA — snekTpoHoakuenTopHas rpymnmna. [Tpu atom, eciu X = Hal, OAc unn
OTs, peakius S NHAr MOXET KOHKYPUPOBATh C peakuuen SyAr:

Y |
DAl = DAl

OCO0EHHO CKJIOHHBI K peaklusiM SNHAr reTepoapeHbl, MOJEKYJIbl KOTOPHIX
MPEACTABJISIOT COOOM 2JIEKTPOHOACDULIMTHBIE TT-CUCTEMBbI (MTUPUAUH, MUPUMU-
auH, 1,2,4-tpuasuH) [19-21].

SN0,
/M P + NH; (knak.) ===

Nu \H

=

NO
KMnoO, NS
A

CH,S” N "NH, CH,S" ™N° "NH,

I[TpuMeHeHne HYKICO(MWIHHOIO pearecHTa B KOMOMHALIMU C OKHUCIUTEEM,
POJIb KOTOPOTO COCTOUT B apOMaTU3aLIMK OBICTPO 00pa3ylollerocs G-KoMILIeKca
B MPOAYKT 3aMeIleHUsI, MPEACTaBsIeT cOOO0M JTUIb ONUH (OKUCIUTEIbHBIN) U3
BapMAHTOB MpPaKTUYECKON peaau3alnu peakuuii S NHAr. B 3aBucumocTu ot
CTPOEHUS pearnpylolirx cCyocTpaToB MOXKET ObITh peali30BaH M APYroi — 3JIM-
MUWHALMOHHbBI — NYyTh, He TPEOYIOIIUI CIIeLMaIbHO BBOJUMOIO OKMCIIMTEIS.
ITpuMepoM 3TOro myTH MOXKET CIYKUThb peakiust Yuunbadbuna (cMm. ctp. 257):

X

—NaH ‘ Z
N NH, N~ 'NH,

Peakunu § NHAr MPOIOJIKAIOT Uu3yuaThesi. K HacTosiieMy BpeMeHU 3TH peak-
umu mipoBeneHbl ¢ C-, O-, N-, S-, P- u Si-LleHTpupoBaHHBIMU HYKJICO(DUIAMMU.
[TokazaHo TakxKe, UTO MPeBpallEHUs] TOTO TUIA PEATU3YIOTCS KaK OTIC/IbHbIE
CTaauy B HEKOTOPBIX TAHAEMHBIX MPEBPALLIEHUSIX COOTBETCTBYIOIIMX TeTEPOLIMK-
JIMYECKUX coenuHeHuit [22, 23].
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Oco0oro BHUMAaHUS 3aClyXMBalOT BO3MOXHOCTH pealu3alluy peakiuii
S NHAr B MPOU3BOJCTBEHHBIX YCIOBUSIX. 3allaTeHTOBAH METOJ MPSIMOTrO aMUHU-
pOBaHUSI HUTPOOEH30J1a IeCTBUEM aMUI0B KApOOHOBBIX KUCJIOT:

O
NHR

0
n R4</ (CH_zﬁlj OH NH3/CH OH n R4</
NH
NO,

3aech R — ankui uay apui.

OTtaesibHbIE CTAAWU 3TOTO MPEeBPAICHUS TPOTEKAIOT KOJIMYECTBEHHO U B IOJI-
HOIf Mepe OTBEYalOT COBPEMEHHBIM TPEOOBAHUSIM «3€JICHON» XUMMU, TTOCKOJIBbKY
e€IMHCTBEHHBIM ITOOOYHBIM ITPOJYKTOM IIPU 3TOM SBJIsieTcs Bona [24, 25].

TETEPOAPOMATUYECKUE COEIUHEHNA
B XKMBbIX OPTAHU3MAX

[MupposibHasT CTPYKTypa BXOAUT B COCTAB MPUPOMIHBIX COCAMHEHUI, MMEIOIINX
BaKHOE 3HAaYeHME I KMBBIX OpraHm3MoB. [Ipexie Bcero cieiayeT Ha3BaTh
MpeICTaBUTENICH TPYIITBI TOPGUPUHOB, K KOTOPBIM OTHOCSIT 2eM02400UH KPOBU U
xa0poguaa.

Hwxe mist mpumepa IMOKa3aHbl HEKOTOPbIE aJKWUJIIUPPOJIbI, UIPAIOIINe
BaXKHYIO POJIb B IPUPOIHBIX MOPMUPUHOBBIX CTPYKTYpaX, B TOM YHCJIE B TeMO-

rjaio0uHe.
CHs CH,CHj; CH,CHj; Hj CH,—CH;j
Pt ¢ IS
Hj NH NH CHj NH

XEMOTTPPOJT KPUTITOTIMPPOJT OTICOTTMPPOIT
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['eMOr100MH OTBETCTBEH 3a TPAHCHOPT KUCJIOPOIa B XKMBOM OpraHusme: 1 r
reMorjao6mHa cBs3biBaet 1,35 cM3 kuciopona. [eMOrio61H CBs3bIBAET KUCIO-
pOJI B JIETKMX M pa3HOCHUT €ro 110 BceMy opraHu3my. I1pu cBSI3BIBAHUM C TeMO-
[JIOOMHOM KMCJIOPOJ, BBICTYITAeT KaK JIMTaH 110 OTHOLIEHWIO K aTOMY XeJje3a.
TokcuyHbBle CBOIICTBA MOHOOKCH/IA yIJIepoAa OIpeAcIsloTCS TeM, YTO OH SIB-
JIsieTcd elle 0osiee CUJIbHBIM JIUTaHIOM U IIPEIISITCTBYET CBI3BIBAHUIO Y TPAHC-
MOPTY KMCIOPOAA.

CH; CH-CH,

CH, CH;

HOOCCH,CHj; CH=CH,

HOOCCH,CHj CH;

reMrH-(pparMeHT reMorIoonHa

YacTUYHO TMAPUPOBAHHBIM MUPPOJbHBINA LUK CONEPKUTCS B Gumamune
B,,. Unnon aBasgercsa CTpYKTYPHBIM ()PArMEHTOM BaXXHBIX IIPUPOAHBIX COEIM-
HEHWI W ITUPOKO MCIOJIb3YETCS IS TTOJIYYSHUST Pa3IndHbIX JIeKapCTBEHHBIX
MpernapaTos.

CH,COOH CHy~CH-NH,

oW} [ coon

NH NH

B-UHAOAMITYKCYCHAs TpunrogaH
KucjoTa
HO CH,CH,NH,
|
: NH
CEPOTOHUH

DypaH, MUPUANH U XMHOJWH TaKKe SIBJISIIOTCS] CTPYKTYPHBIMU (pparMeHTaMu
MHOTHUX MPUPOIHBIX COENUHEHUI U JIEKAPCTBEHHBIX CPENCTB.
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Huxe nokazaH pAa IPpUPOIHBIX COCZ[I/IHGHI/Iﬁ, B COCTaB€ KOTOPbIX MPUCYTCT-
BYIOT Ha3BaHHBIC IT€TCPOaApOMaTUIECCKUEC d)paFMGHTI)I.

O
Do (D O
C// =
0" X NH N CH
H 0

(:l)ypdoypon WHAUTO HUKOTHUH

i
C _CH.
(CHs),N™ N
A
N
NH
mMopduH (R = H) TIMATHIIAMUL
repouH (R = COCHj3) JIN3EPTUHOBOM KUCIIOTHI

(IC)



Inasa 26.  YIJIEBOJ/IbI

OpraHuyeckue CoeIMHEH NS, UMEIOLINE OOLIYIO MOJIEKYIAPHYIO (DOPMYJTY
C,(H,0),.

Ha3bIBAIOT yeaeeodamu. JIpyroe Ha3BaHUE YIJIEBOIOB — KapOozuopamot.

YreBoabI SIBJSIOTCS MIPEACTABUTE/ISIMU OJHOTO U3 KJIACCOB OPraHMUYECKHUX Be-
LLIECTB, HauboJIee pacIpOCTPAHEHHbBIX B XKUBBIX OpraHU3Max. YTJIeBOIbI COCTABIIS -
10T ocHOBY (80% cyxoii Macchl) IpeBeCUHBI U cTebiei pacteHnii. Hanbosee pac-
MPOCTPAaHEHHBIMU TpYyINaMu YIJIEBOJOB B PACTUTCIBHOM MUpPE SIBJSIIOTCS
LIeJUTIONIO3a, KpaxMaJibl, TIEKTUHOBbBIC BEIIECTBA, caxapo3a U IIoKo3a. Psn yrieBo-
JIOB BBIJCIISIIOT U3 PACTUTEJIbHBIX MICTOYHUKOB B ITPOMBIIIJICHHBIX MaciuTabax. Ha-
MpUMepP, MUPOBOE MTPOU3BOJCTBO caxapo3bl JOCTUTAECT COTEH MUJUIMOHOB TOHH.

PaznuyHbIe yrieBoabl IPUCYTCTBYIOT B 3aMETHBIX KOJIMYECTBAX U B OpPraHU3Max
BBICILIUX XUBOTHBIX. [JII0KO3a SIBJsIeTCS OOHUM U3 KOMIIOHEHTOB KpoBu. PDpar-
MEHTBI YIJIEBOAOB COACPKATCSI B HYKJIEMHOBBIX KUCJIOTAX, KOTOPbIE KOHTPOJIUPY-
10T XpaHEeHUE U TiepeJady reHeTHIecKo nH(opMalMu B mpolieccax CUHTe3a Oeli-
KoB. K TIpou3BOOHBIM YIJIEBOJAOB OTHOCUTCSI aleHO3MHTpUbocdaT, KOTOPHIi
OTBETCTBEH 3a XpaHEHKE U TPAHCIIOPT SHEPTUU B OMOJIOTMUECKUX CUCTEMAX.

IMpocreiiive npeacTaBUTeNn YIJIEBOJOB — caxapa, Wi caxapuodvt, a Cpeau
HUX — eatoKo3a. [ 110K03a CIIyXXUT IPUMEPOM MOHOCAXapudda. DTo 03HAYaeT, UTO
OHa He MOXET OBbITh TMIPOJIM30BaHa B MEHee KpYITHbIe (hparMeHThl. Jucaxapuovt,
mpucaxapuost Vi 04u20caxapudbl OTINIAIOTCS TEM, UTO JAIOT ITPU TUIPOIU3E COOT-
BETCTBEHHO JIB€, TPU WJIM O BOCbMU MOJIEKYJ MOHOcaxapuaoB. Hoaucaxapuodot
SIBJITIOTCS TOJUMEPaMU, B KOTOPBIX YMCIO MOHOMEPHBIX 3BEHbEB MPEBbIIIACT
BoceMb. B mpupoaHbix nonucaxapuaax HacuutbiBaeTcs 1o 1000—3000 moHoca-
XapUIHBIX OCTaTKOB.

26.1. MOHOCAXAPU/IbI
26.1.1.  Kaaccudukanus

Monocaxapuabl pa3IMyaloTCcs YMCIOM aTOMOB YIJIepojia B LI U TUIIOM Kap0o-
HWIBHO TPYIIIBI (aJbAeTUAHAS WM KeTOHHas). Hampumep, 1o Takoii Kiraccu-
(puKauMM TIIOKO3Y ClIeAyeT pacCMaTpuBaTh Kak 2ekco3y (OHa MMEET IIeCTh aTo-
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MOB yIjiepoJa B LIeNu) U a.1b003y (KapOOHWJIbHAsS TPYINa HAXOAUTCS B aJibAeT U I~
Ho pyHK1IMK). [ToaTOMY 0000IIEHHBIN TEPMUH JIJISI TJIFOKO3bl — A.1b002eKco3da.
ITpuMepbl Ha3BaHUIA MOHOCAXapUI0B MPUBEIEHBI HUXKE.

0 0 i 0
oH oH 9 Tn
(llHOH (llHOH (llHOH : (|ZHOH
CH,OH *C|IHOH : |CHOH * |CHOH
aNbIOTPHO3a CH,OH * (liHOH * CleOH
aNbI0TeTPO3A CH,OH * (leOH
KETOreKcos3a CHon
anbIoreKco3a

Kak cienyeT u3 CTpyKTYpHBIX (DOPMYJT MOHOCAXapuaOB, OHU COJACPXKAT OT OfI-
HOTO JI0 YEThIPEX XUPATBHBIX LIEHTPOB (XUPaIbHbIE LIEHTPHI OTMEYEHBI 3BE310UKa-
MU *). KoHpurypaiust Kaxaoro MoHocaxapuaa ornpeaesieTcsl o HanboJiee crap-
1IeMy XHpaabHOMY LIEHTPY (HauboJiee yIaJeHHOMY OT KapOOHWIbHOM TPYIIIbI).

Huke mokaszaHbl MpoeKLMOHHBIe (hopMyJibl Duliiepa psiza MOHOCAXapUIOB C
0003HaUYeHUEeM UX KOH(pUTrypaluu 10 cTapilieMy XUpaJbHOMY LIEeHTpY (yKa3aHa
HyMepalusl cTepeolieHTpoB) 1o D/L- u R/S-HOMeHKIaTypam.

CHO CHO CHO CH,0OH
H—4—OH H—{—OH H——OH c-0
CH,OH HO-2—H HO——H HO——H
D-ruieprHOBbIA CH,0H H—— OH H—z— OH
(R)- rﬁfggﬁﬁb BBIiA L-Tpeo3sa, H-H— OH H——0H
beTI (S)-1peosa CH,OH CH,0H
D-rmoko3a, D-dpykTo3a,
(R)-rmoko3a (R)-dpykTo3a

B nipupone BcTpeyaroTcst MOHOCaxapuabl, B KOTOPBIX OAHA U3 TUAPOKCUTPYITIT
3aMellleHa BOJOPOIOM WM aMMHOIpyMIoi. B uyacTHocTU, de3okcucaxapamu
Ha3bIBAIOT caxapa, Kortopwle coxepxar rpymny —CH,— Bmecro —CH(OH).
Hanpumep, 2-ae3okcu-D-prbo3a BXOAUT B COCTaB AE30KCUPUOOHYKICHHOBOM
kucaotsl (JIHK).

CHO CHO
H——OH CH,
H——OH H——OH
H——OH H——OH

CH,0OH D-pu6osa CH,OH 2-aesokcu-D-pubosa
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Amunocaxapamu Ha3bIBaIOT caxapa, KoTopble comepxar rpynny —CH(NH,)—
BMecto —CH(OH)—. Hanbonee BaxXHbIMY aMMHOCaXapaMu SIBJISIIOTCST D-TI0KO-
3aMUH U D-rajakTto3aMuH. B mpupoae oHM BCTpevyaloTcsl, Kak MpaBuio, B BUIE
aleTaMUI0B.

CHO CHO
H——NH, H——NHCOCH;
HO—H HO——H
H——OH H——OH
H—1—OH 2-amwuno-2-ae3okcu- H——OH 2-aneramuno-
D-rmoxo3a 2-Ie30KCH-
CH,OH  (D-rmoxoszamun) CH,OH  D-rmoko3a

26.1.2.  CrpoeHue

D. Ouiep MoapoOHO U3YUMIT CTPOSHKME U CBOMCTBA TJIFOKO3bI, B TOM YMCJIE CTe-
PEOXMMMIO 3TOro MoHocaxapuaa. OH YCTaHOBMJI, YTO 3HA4YUTEJIbHAs 4YacTh
CBOICTB IJTIOKO3bI MOXKET OBITh ITOHSATA B TEPMUHAX OTKPBITOM (hopMbl. BMecTe ¢
TEM CJIelyeT UMETh B BUIY BO3MOXHOCTb IepeXoja OTKPBITOI (hopMbl (ghopmyaa
QDuwmepa) B uukinueckyto opmy (gpopmyaa Toasenca). lllecTuuneHHbIe UK~
yeckue OpMbI MOHOCAXapUIOB HA3bIBAIOT nupanozamu (B OCHOBE 3TOIO TEPMU-
Ha JISXKUT Ha3BaHUE OKCALIMKIIOIeKCaAUeHOB — MUPAHOB).

)

O
PAS DAY y-TIUpaH AS DAY
1 1 0O 1
H—C—OH CZ H HO—C—H
H-—OH H-2—OH H-2—OH
3 o — 3 - 3 (@)
HO——H HO——H HO——H
H-4—O0H H-4—OH H-4—O0H
H- = H—{—OH H- -
‘CH,OH SCH,OH ‘CH,OH
I I
a-D-TaoKonupaHo3a D-rmoko3a - D-rinokonupaHo3a
(popmyna Tonnenca) (¢popmyna Puwepa) (gpopmyna Toanernca)
© OBPATUTE BHUMAHMUE!

3necb 1 ganee B popmynax TonneHca B yrnax, 0TMEYEHHbIX 3BE3004KO0 77, aTOMbI
OTCYTCTBYIOT.
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)1]'[9[ 0003HAYCHMSI LUMKJINYSCKUX d)OpM B HacTosg1I€e€ BpEMsA B XUMUU YIJTIEBO-
JOB Yalle€ MpUMEHAIOT KPECIOBUAHBIC d)OpMYIIBI, aHaJIOTMYHBIC TEM, KOTOPbIMU
0003HayaroT LHUKJIOreKCaH 1 ero 3aMelleHHbIE:

o~ D-riokonupaHo3sa, - D-rmokonupaHosa,
a-D-rmokosa B-D-rnoko3a

1 COOTBETCTBYIOLLIME YIIPOLIEHHbIE M300pakeHuss — ghopmyawvt Xeyopca (B 3TUX
¢dopmynax arombl H mipu yriaepogHbIX aTOMax 4acTo He M300pakaioT):

6 6
CH,OH CH,OH
H O_H H O. OH
H H
*KOH H ! 4CCOH H !
HO " ; OH HO 5 . H
H oH ! H oH I
a-D-raokonupaHo3a p-D-rnokonupaHo3a
© OBPATUTE BHUMAHMUE!

Huxe n3obpaxeHa kpecnoeuaHas dopmyna f-D-rnokonmpaHossl, B KOTOPOW BCe
3aMeCcTUTENN UMEIOT 3KBATOPUASIbHYIO OPUEHTaLMIO (e-KoHbOopMep). 3Ta CTPYKTY-
pa Ha 6 kkan/mMonb cTabunbHee, YeM a-KOHPOPMEpP, B KOTOPOM BCE 3aMECTUTENN
MMEIOT aKCuasibHYI0 OpUEHTaLMIO.

H CH,0H CH,0H OH
HO Q ~— H/ oo H
HO H OH H H
OH H
H H OH OH
e-koHbopMep (- D-TI0KO3bI a-koHbopMmep B-D-TIoKOo3bl

Huknuuyeckue GOpMBI TJIIOKO3bI SIBISIIOTCSI BHYTPEHHUMU HOAYAUEMAAIMU:
ruapokcurpymnna npu arome Cy npucoennnena K rpynne CHO.
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B ¢opwme I «monyateranbHas» ruapokcurpynmna npu arome C, (ee NpUHATO
Ha3bIBaTh 2AUKO3UOHOU 2udpoKcuzpynnoll) HarpaBjieHa HUXe TJIOCKOCTU MOJIEKY-
JIbL; 3Ta (popMa HazBaHa a-aHomepoM. B (popmyne TomneHca a-aHOMepa TMIPO-
keurpynmna npu C,-aToMe HaxoauTes crpasa (cm. ¢Tp. 279).

®opwma II otiryaercs opueHTaumMei ruapokcuna npu arome C, BbILIE TI0C-
KOCTU MOJIEKYJbl; oTa (opMa Ha3BaHa P-anomepom. B dopmyne TomneHca
B-anomepa ruapokcurpymma npu C,-aToMe HaXOAUTCs CIIEBA.

Mmeetcs nmpoctoii crmocod TpaHchopMaluuu MpoeKUUMOHHOM dopmysbl ToJ-
JIeHca B (popmysy Xeyopca 1 Hao00poT. [ MapoKcurpyIibl, Haxoasiuecs B (pop-
MmyJsiax TouieHca caeBa, OpUEeHTUPOBaHbI BBEpX B hopmymnax Xeyopca. ['mapo-
KCUTPYIINbI, Haxomasiuecs: B ¢opmyiax TojuieHca cripaBa, OpUEHTUPOBAHbI
BHU3 B (popmysax Xeyopca.

Crpykrypsl I u II oTHOCATCA ApPYT K APYry Kak auactepeoMepbl. OHuM pasiu-
4aroTcs KoHburypauueii Toabko npu arome C,.

AnomepHbiid atoM C; B mosyaleTaabHbIX (hOpMax IIIOKO3bl — €ILE ONUH XU~
pajibHbBIN LIEHTP B ee MoJjieKyie. OO0lee YMCI0 ONTUUECKUX U30MEPOB MUPAHO3
paBHO, TaKuM obpasoMm, 2° = 32.

JIBa crepeonsomepa, coaepKallie HECKOJbKO XUpadbHbIX LIGHTPOB, HO pas-
Jiyalouyecs: KOHOUrypauuei moavko 00H020 U3 yeHmpoe, Ha3blBAIOT dnuUMe-
pamu. - D-I'moko- u B-D-rajakToNnupaHo3bl pa3inyaroTcs TOJbKO KOHpUrypa-
uueit npu atome C, U ABIAIOTCA SMUMEPAMU.

CH,OH CH,OH
H ——O. OH HO 1——O._ OH
sk H NG
OH H ! OH H !
HO 5 | H 5 |
H OH H OH
B-D-rnrokonupaHo3a (- D-rajiakTonupaHo3a
© OBPATUTE BHUMAHMUE!

CornacHo OaHHbIM BbIlLIE OMpenaeneHnaM, anMMepbl CleayeT paccMaTpuBaTth Kak
YaCTHBI Cyyan AnMacTepeoMepPOB, @ aHOMEPbLI — Kak YaCTHbIN Ciyyal 3anMmMepos.

DpyKTO3a BMECTO AIBACTUAHOM (PYHKIIMU COIEPXKHUT OKCOTPYIITY, TTO3TOMY
ee MKJIMJecKkas opMma IpencTaBisieT coboit noayxemans. Opykrosa odbpasyer
MATUYICHHYIO IUKIIMYECKYIO (POpMY; TaKOM LIMKJIMUECKUIT MOHOCAXapyI Ha3bl-
BaloT (hypanosoii (IPOMCXOXIEHUE 3TOrO TEPMUHA AHAJIOTMYHO MPOUCXOKIECHUIO
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TEpMMHA «[TMPAHO3a»; OH MPOUCXOIUT OT Ha3BaHUS IISITUWIECHHOTO TeTepoapeHa
«bypan»).

! (|:H20H 1 1
’C—0 HOH,C——OH HO-2—CH,OH
HO-—H HO->—H . HO—H
4 — 4 0 4 0
H-—OH H-—OH H-—OH
H——OH HOH,C—>—H HOH,C—>—H
CH,0H

a-D-dpykrodypaHosa B-D-bpykTodypaHo3a

1
CH,0H CH,OH

o-aHOMeEp p-aHomep

B KpHUCTaJUTMYECKOM COCTOSHUU YIJIEBOJIBI CYLIECTBYIOT B LINKJINYECKOM (hop-
Me, W JIMIIb B pacTBOPax MMEIOT MECTO B3aMMHBIE IPEBPAIEHNSA OTKPBITON U
LIMKJTMYECKOM (hopM.

3agaua 26.1. CKoIBKO XUPAJbHBIX HEHTPOB COACPXKUTCA B aJIbJOTPUO3EC, aJIbAOTETPO3E, KETO-
T€KCOo3¢, anpaorekcose?

26.1.3. Peaxkuumn

MyTapoTanus rJi0KO03bl

Yucras o-D-riokonupaHosa (OYMILAIT MepeKpUcTalIn3alueil 13 3TaHoJa)
umMeeT yroi Bpauienus [a], +112,2°. Yucrasa B-D-TI0KONMPaHO3a UMEET yroJl
BpaiieHus o], +18,7°. B KpucTamimyeckoM coCTOSHUM 00€ (hOPMBI BIIOJIHE yC-
TOWYMBBI U HE TIOIBEPKEHBI B3aMMOIIPEeBPAIICHUSIM. YKa3aHHbBIE YIJIbl ONITHYEC-
KOTO BpallleHUsI OTHOCATCS K BOAHBIM PacTBOpaM Ha3BaHHbBIX (DOPM U U3MEPEHbI
cpasy IocJje NPUroTOBAEHUS PACTBOPOB.

OnHako BOJAHbIE PACTBOPbl MHAMBUAYATIbHBIX O- U [3-¢OPM TJIIOKO3bI CO
BPEMEHEM M3MEHSIOT YIOJl ONTUYECKOro BpallleHUs 10 PABHOBECHOIO 3Haye-
HUs, paBHOro +52,5°. D10 sgBleHUE BlepBble HaOmogaau B 1846 r. 1 Ha3Banu
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mymapomauueti. Ero mprunHa 3aKa04aeTcsl B TOM, YTO LHUKIUUYECKUe (pOpMbI
noJjyaietanis (a- U 3-aHOMepbl) B BOOHOM PACTBOPE HAXOASTCS B PABHOBECUU
C OTKPBITOI (hopMoOii.

a-D-rioKonupaHo3a <—= OTKpbITast popMa —— (- D-raoKonupaHosa

[a] , +112,2° [a], +18,7°

B stux YCIIOBUAX KaXKIbIA aKT PECUMKIIMN3alIN OTKprTOfI ¢)0pr1 BHOBb 10
TJIIOKOITMPAHO3bl PABHOBEPOATHO BEIAECT K 06pa30BaHmo OJJHOIo N3 AByX aHOME-
POB, UTO U O6YCJ'[OBJ'[I/IBa€T M3MCHCHMUC yTJila BpalllCHUA.

H OH
/ D—rn}01u<o3a \ H
H CH,0H C OTKPBITOM LIETIbIO CHZOHO
HO 0 HO
HO H HO OH
H H on
OHon H H
a-D-rmokonupaHnosa (36%) - D-rmokonupanosa (64%)

B paBHOBecHOIT cMecu D-TITIOKOIMUPAHO3bI cofepkutes 36% a-n3zomepa n 64%
-uzomepa. KoHlieHTpaLusi OTKpbITOi (hOpMBI, Yepe3 KOTOPYIO B3auMOIIpeBpa-
IIAIOTCST aHOMepHI, cocTapiisget b 0,024%.

He Bcernma f-aHomep nupaHo3bl 6osee ctabwieH. Hanpumep, D-maHHO3a B
paBHOBeCUHU MUMeET O0JIbllee colepKaHne a-aHoMepa:

H OH
H D- H
CHZOH / compﬁ?gg?félnmo \ CHZOH
HO OI? HO 0O
HO q H HO OH
H
H H
OH H H

a.-D-maHHOMpaHo3a (69%) - D-manHonupanosa (31%)
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OTOT (haKT MOSYUYNST Ha3BaHUE «aHomepHbtil Igdexm». OH OOBSICHSIETCS CTe-
PEO3JIEKTPOHHOI cTadmIn3anueir a-aHoMmepa [2].

B3anMHBIe peBpalIeHnsT OTKPBITHIX U IMUKINIeCKNX (popM MOHOCAXapHUIOB
WHOTIa Ha3BIBAIOT KO4b4amo-yenHol maymomepuei.

3amaua 26.2. Hamummre cxemy TpeBpalleHUld, KOTOpbIe IpeTeprieBacT WHAWBUIyaTbHAs
B-D-mannonupanosa ([a], +18,77°), Gymyuu pacTBopeHa B BOIE.

3amaua 26.3. Ha npumMepe MaHHOITMPAHO3bl OOBSICHUTE, B YeM COCTOUT CYTh aHOMEPHOTo a(deKTa.

N3omepusanms rjioKo3bl

M3oMepu3zaiyiss B BOOZHOM pacTBOPE IIEJIOYM — €lle OfHA peakiisl OTKPbITOM
(bopmbl rmoko3el. Harpumep, D-rimokosa B BogHoM pactBope Ca(OH), nonsep-
raeTcst ObICTPOI M30MEPH3aLIMK C 0OpPa30BaHNEM HECKOJIBKUX H30MEPOB, BKITIO-
yast D-ppykTo3y u D-MaHHO3Y.

H

CHO CHO ﬁ—oo CHO
H——OH o:i—OH C—OH HO——H
HO——H eou_|HO——H HO——H | H,0 HO——H
H——OH "0 | 4——0OH  H——OH | ®on  H——OH
H——OH H——OH H——OH H——OH

CH,OH CH,OH CH,OH CH,OH
D-rmoko03a D-MmaHHO3a

H,0
; <

(|2H20H ﬁZ—OH

Cc-0 C—OH
HO——H HO——H
H——OH H——OH
H——OH H——OH

CH,0H CH,0H

D-(dppykTo3a E€HIMOJ

IMpryrHa CIIOCOOHOCTH IIIOKO3bl K M30MEPU3ALAN 3aKJII0YAETCd B IIPOTOH-
HOM MOIBMKHOCTH aroma H, HaxomsIerocst y yrjaiepogHOro aToMa, COCEIHETO C
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KapOoHUJbHOW Tpynmnoil. BeiaeacTBue 3Toro obpasyercst eHoJbHas (popma —
KJII0YeBasi CTPYKTypa M30MepU3allMOHHOTIO Mpoliecca.

© OBPATUTE BHUMAHMUE!
YkasaHHasa nsomepusauma oobpatnma. lNoatomy ¢ppykTo3a B BOAHO-LIENOYHbIX pac-
TBOPAx COOEPXUT FNIOKO3Y 1 MaHHO3Y.

ITonyyenue ramKo3uaoB

Ecnu mponyckathb razoo6pasnbiii HCI uepe3 pactBop D-(+)-TJ1I0KO3bI B METaHO-
Jie, IpoTeKaeT peaklinsi ¢ 00pa30BaHUMEM aHOMEPHBIX MeTUIalleTae.

© OBPATUTE BHUMAHMUE!
B kpecnosuaHbix popMynax MOHOCAxapuaoB Ha STOM CXEMe W Janee nokasabl
TOJIbKO 9KBATOPUATIbHbLIE 3aMECTUTENN.

CHO
H——0OH HOH,C
HO——H CH;0H, HCI
—— HO —
H—F—OH HO OH
H——OH p-D-rmokonupanoza OH
CH,OH
HOH,C o HOH,C
- . +
190 190 OCH;
I OH n OH
metui-o-D-rmokonupanosua OCHj MeTUI-3- D-TIIOKONUPaHO3MT

B 0011eM ciiyyae LMKIMYECKUE ALETald YIJIEBOIOB HA3LIBAIOT 2AUKO3UOAMIU.
ALETaJIN [JIIOKO3bI Ha3bIBAIOT 2410K03U0aMU, A HATIDUMED, alleTaly MaHHO3bI Ha-
3BIBAIOT ManHo3udamu. MexaHnu3M 00pa30BaHUs METUINTIOKO3UIA JaH HIIKE.

CMech aHOMEPHBIX TIIMKO3UAO0B 00pa3yeTcss MHave, 4eM MPU MyTapoTaluu,
a UMEHHO — MUHYSI CTaNI0 00pa30BaHUST OTKPBITON (POPMBbI:

/O H® /O H-O
—_— ® 2
r/J//J/Q/OH —H® N‘OHz —H,0
OH OH

®
—0 mo‘cli
3
M@ M —H® 1 +ﬁ I
CMECD O~ U 3-METUJI-
OH OH D-rnokonupaHo3uioB
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Kaxk v apyrve anerany wiv KeTaiu, IIIMKO3KUIbI CTA0OUIbLHBI B BOIHBIX U BOJI-
HO-IIEJOYHBIX PACTBOpPax, HE CIOCOOHBI K PABHOBECHBIM IIpPEBPAIEHUAM
OTKPBITOI W IUKJINYECKON (hOpM M ITO3TOMY HE Jal0T PeakInio cepeOpsiHOro
3epKayia. B KMCIIBIX pacTBOpax OHM IMOABEPTalOTCS TMIPOINU3Y C 0Opa3oBaHUEM
COOTBETCTBYIOIIIETO caxapa U CITUpTa:

HOH,C o HOH,C o
®
Hom _H09 Hom + CH;OH
HO OCH; HO OH
OH OH
METWII-3- D-TTI0KOMUPaHO3U, o, - D-rmokonupaHosa

Ocrarok CIIMpTa Ha3bIBACTCA AAUKOH.

© OBPATUTE BHUMAHMUE!
BonHucTasa ravko3mngHas cesisb ( v ) yKasblBaeT Ha PaBHOBEPOSITHYIO BO3MOX-
HOCTb 06Pa30BaHNS aKCUaNIbHOM 1 SKBATOPMANbHON CBA3EN.

IMrKo3mabl BeChbMa pacipoCTpaHeHbl Cpefy TTPUPOIHBIX COeMMHEeHMI. B Ka-
YeCTBE alIMKOHOB B HUX BBICTYNAIOT PparMeHTHI HE TOJIBKO ITPOCTHIX audaTu-
YECKUX CIIUPTOB, HO W IPYTUX, HEPENKO CIIOXHBIX, COEAUHEHU.

Hanpumep, B cepdeunbix eaukozudax, MpUMeHsIEMbIX B KauecTBe (papMaleB-
TUYECKUX TIPEIapaToB ISl CTUMYJISILIUNA CEPIECYHON IESITeIbHOCTH, B Ka4yeCTBe
arIMKOHOB BBICTYITAIOT IMPOM3BOAHBIE CTepoumoB. [lomMumo O-TITMKO3MIOB
CyLIECTBYIOT U N-TJMKO3UIbI, B KOTOPHIX arJIMKOH MPUCOSAUMHEH K caxapuay
yepe3 aTroM asota. K Hambosee BakHBIM N-INIMKO3UAAM OTHOCST HYKAC03UObL
(cM. pazn. 28.1.3).

I'Maposn3 MKo3MaoB MOXKET ObITh MPOBEAEH M CTepeoCITeliM(UIECKH C TT0-
MOIIBIO (hepmenmos — KaTaln3aTOPOB OMOXUMUYECKUX peakinii. DepMeHTHI OT-
JIMYAIOTCS HE TOJBKO TEM, UTO HepeaKo ycKopsiioT peakiu B 1010 pas, Ho u Tem,
YTO JEHCTBYIOT cTepeocneinduIecKu, pearupysi, HampuMmep, JUIIb C OTHUM U3
CcTepeon3oMepoB. B yacTHOCTH, (DepMEHT Oo-TJII0KO3MAa3a THIPOJIU3YET JIUIIb
METWI-0i- D-TIIOKOMMPAHO3U/I, HE 3aTparuBsas f-aHoMep:

CH,0H CH,0H
H ——O_H H ——O_H

IgH n i (P)IH n + CH;0H.
HO OCH; HO OH

H OH H OH

MCTI/IH—(X—D—FJT}OKOHHpaHOZWIZ[ (X-D-FHFOKOHHP&HOZ}&
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HanpoTus, epMeHT B-TII0K0311a3a TUAPOIU3YET TOJBKO B-aHOMED:

CH,OH CH,OH
H ——O. OCH; H A——0O. OH
H B-rmoko3unasa H + CH:OH
OH H H,0 OH H Sheh
HO H HO H
H OH H OH
MeTUJI-[3- D-TOKONMUPAHO3UL - D-rnoKonupaHo3sa

BakHO OTMETHUTh, YTO B YKa3aHHBIX BBIIIE YCIOBUSIX METUIMPOBAHUIO MO -
BepraeTcs JIMIIb ToJIyaleTaabHast THIAPOKCUTPYITIA (21uKo3udHas 2uopokcuzpyn-
na) TI0KOo3bl. MeTUIMPOBaHUE IPYTUX TMAPOKCUTPYIIIT TPOTEKAET B UHBIX YCI0-
BHsIX. HampyMep, MeTHIITITIOKO3UI MOKET OBITh TIpeBpalleH B ITeHTaAMETUIIbHOE
MMPOM3BOIHOE OOPabOTKONM M3OBITKOM IMMETWICYJIb(aTa B BOIHOM pPacTBOpeE
NaOH (metoamka cunTe3a BuibsimMcona). ['MapoKcUTpynibl B MOHOCaXapuaax
GoJjiee KUCIIBIE, YeM B OOBIYHBIX cripTax. [109TOMY OHM JIeTKO MpeBpaIlaioTcs B
aTKOKCUI-NOHBI B BogHoM NaOH u ncueprbiBaionie MeTUINPYIOTCS:

HOH,C °0OH,C
LA ARG
n30.
o “OCH; o OCH;

o, 3-MeTI1- D-I1I0KONMUPaHO3U L

CH;0H,C
. CH 0
CH;0 OCH;
OCH,

o, 3-TieHTaMeTu- D-TII0KOIUPaHO3U

Metokcurpynmel ipu aromMax C,, C;, C, u C; — 00bIuHbBIE 2(DUPHbBIE TPYIITIHL:
OHM CTaOWJIbHBI B pa30aBlieHHbIX KucnoTax. OqHako metokcurpynmna npu C, —
ocobeHHas (areTajbHasi) ¥ IO3TOMY MOJBEPraeTcst TMAPOIN3Y 1 B pa30aBIIeHHOMN
COJISTHOM KUCJIOTE:

OCHs OCHj
CH, CH,
AR Au=—
CH;0 OCH; CH;0 OH
OCH; OCH;

2,3,4,6-Terpa-O-MeTui- D-TIIOKOIUPaHO3a

3amava 26.4. Harummre cxemy IpeBpalieHuii, KOTOPbIE TpeTepIieBaeT MeTHI- 3~ D-TIIIOKOTIN -
panosun ([a] ;, +158°) npu o6paboTke:
a) pa30aBJICHHOI COJITHOM KUCIOTOH;  ©) pa30aBlieHHON IIEJI0YbIO.
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Auu.nnponaﬂne I/TIIOKO3bI

B npoTuBONOAOXHOCTh AIKWJIMPOBAHUIO AllMJIMPOBAHUE BCEX TMAPOKCUTPYII
[JIIOKO3bI UJIET B OIHUX U TEX XKe yCJIOBUsIX. B yacTHOCTH, 0OpabaThiBast MOHOCA-
xapuz u3deitkoM (CH;CO),0 B mpucyTcTBrm €1aboro OCHOBaHUSA (HarpuMmep,
alierata HaTpus WM MUPUAMHA), MOXHO IPEBPATUTh BCE TUAPOKCUTPYIIIbI
(BkII0Yast aHoMepHyIo 1pu atoMe C,) B cioxxHoabupHbIe. [Ipyn HU3KOI TemIe-
patype peakiius WUIET cTepeocnelnUuyHO: a-aHOMEp JaeT o.-TMeHTaaleTaT 1
p-aHOMEp maeT P-TieHTaanerar.

(l)COCHg
HOH,C CH, o
HO (CH;CO,0 (m30.)  CH;COO
HO MUPUAMH CH;COO
OH CH;CO0
OH OCOCH;
o- D-riroKonupaHos3a nenrta-O-aueTun-a- D-rioKonupaHosa

HutepecHo, uTo -TeHTaareTar obpasyercs ObICTpee, YeM o-TIeHTaalleTar:
3KBaTOpHAabHAS TUAPOKCUTPYIITIA TIPM aHOMEPHOM IIEHTpe B -mM3oMepe Oosee
JOCTYITHA ISl peaklLMU, HeXeIW aKcuajabHas TMAPOKCUTPYIINA B O-M30MeEpE.
a-IleHTaaneraT, ogHAaKO, SIBISIETCS TEPMOAMHAMMWYECKU 0Oo0Jiee YCTONYMBBIM
(ele oaUH IMPUMED IIPOSIBIICHUST AHOMEPHO20 Shpekma):

CH,0COCH; CH,0COCH;
K
CH;COO 0O =——= CH;C00
CH;COO OCOCH; H CH;COO
OCOCH; CH;COO { CH,
p-aHomep K=6,7 o-aHoMep
© OBPATUTE BHUMAHME!

KoHuenuus KMHETUYECKOr0 U TEPMOAMHAMMNYECKOTO KOHTPONS <<pa60TaeT» n onqa
CNOXHbIX OPraHNYeCKNX COEQUHEHNI, UMEIOLLMX BAXHOE 3HAYEHNE B BUOXUMUM XN~
BbIX OPraHN3mMoB.

Peakuus moHocaxapuaos ¢ ¢eHmruapasnnom. OeHnno3a3onbl

AJnbiervaHas rpyIina ajabao3 pearupyer ¢ ruapokcuaaMmuiom NH,OH u penun-
runapasuHoM C;HsNHNH,. B Markux ycioBusix rioko3a o0pasyeT ¢ (peHUIru-
Ipa3rHOM (DeHUITUIPA30H:

0

(l:\H (llH:N—NHC6H5
((l:HOH)4 + C¢HsNHNH, — ((llHOH)4 + H,0
CH,OH erm- CH,OH

TUIpa3uH
TJTI0KO3a eHnArnIpazoH rIoKO3bl
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Muaye nporekaer peakuus rokosbl ¢ n3dobitkom C;H;NHNH, npu Harpe-
BaHUU. B aTHX ycnoBusix oOpa3yeTcs MpoOAyKT ¢ ABYMSI (DEHUJITUAPA3OHOBBIMU
(bparmeHTaMu B MOJICKYJIC — (DeHUA03A30H:

CHO CH=N-NHGCgH;
GHOH 4 3csHNHNH, — N NHGHs 4 ¢ HiNH, + NH; + H,0
(CHOH); (CHOH)3
CH,0H CH,OH
deHnI03a30H

Peakuys, Takum 06pa3oM, COIPOBOXKIAETCSA NOTEPEi XMpaibHOTO LieHTpa pu C,,
HO He 3aTparuBaeT IPyruX XUPaabHbIX LIEHTPOB.

3CsHsNHNH, CH=N-NH—-CGHs ;¢ NN,
D-rmokoza ————— | ~——— = D-MaHHO3a
C=N—NH—-CxH;
CH,OH HO——H
¢=0 H——OH
| 3C¢HsNHNH
(CHOH); £ ~ H OH
CH,OH CH,OH
D-dpykToza ¢eHn03a30H

DnuMepHble TeKco3bl — D-ToKo3a U D-MaHHO3a — HUMEIOT OJUHAKOBYIO
KoHurypauuio y atoMoB C,, C, u Cy 1 1aI0T OIMH ¥ TOT XK€ 03a30H.

OKHUC/IeH’E TII0KO3bI

st oKuCaeHUS TI0KO3bI MPUMEHSTIOT LIeJIbIi Pl OKUcauTeei (peareHTol To-
JeHca u benenukta—®ennHra, 6poMHasi BoJa, a30THasi KUCAOTa, MEpUOIHAs
KHCJIOTa), KaXIbI U3 KOTOPBIX OKa3bIBaeT crielpuieckoe AeiicTBMe Ha MOHO-
caxapuji. DTO CBOMCTBO MCIIOJB3YIOT KaK ISl TOTO, YTOOBI J0Ka3aTh CTPOCHUE
MOHOCaxapuaa, Tak U B CHHTETUYECKUX LEeSIX.

IIpu oxuciaeHun rmoko3bl peareHTamu TosuteHca u beHenukTa—®enuHra
aNIbIETUIHAS TPYIIAa OKUCISETCSl 10 KapOOKCUIbHOM rpymmbl. Obpasyolimecs
MOHOKapOOHOBBIE KUCIOThI HAa3bIBAIOT a.1b00HO6bIMU (2AUKOHOBBIMU) KUCAOMAMU.

OKUCJIEHUE PEATEHTAMMU TOJUIEHCA 1 BEHEJJUKTA-®EJIMHTA

® o
Peazenm Toaaenca [Ag(NH,),OH] okucnser nioko3y 10 IIIOKOHOBO KUCIOTHI,
Ha CTEHKAaX KOJIOBI MPU 3TOM 00pas3yeTcsl 0caloK MeTalInuecKoro cepedpa (pe-
aKIIUs «CepeOPsSTHOTO 3epKajiar):

CHO COOH
(CHOH), &E@EME*(QHOHM—FZAQ
CH,OH CH,OH

D-rimoko3a D-rmoKoHOBas KMCIIOTa
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[Tpu okucaeHUU TIOKO3bl peazenmom beneduxma—PDeaunza (3TOT peakTUB
COIEPKUT MOHBI IBYXBAJIEHTHON MEIW U MMEET CUHMIA LIBET) IMOSIBJICHUE KUP-
MUYHO-KPACHOTO 0CagKa OIHO3HAYHO CBUACTEILCTBYET O HAIMUMU B CTPYKTYpE
MOHOCaxapuia JIerKO OKUCISIEMO albAeTUIHOM IPYIIIIbI:

CHO COOH
(CHOH), 262+ 420 (CHOH), + Cu0| + 2H,0

CUHUI pacTBOp

CH,0OH CH,OH  kupnuurio-
KpacHwlil
D-rmoxo3a D-rmokoHoBas ocadok

KHUCJIOTa

DTH peakLMM OKUCJIEHUs JIETKO MPOTEKAaloT ¢ MOHOCAaXapuaaMu, ColepsKa-
LIMMU TIoJTyaleTaabHyo (PyHKIM0. B BomHOM pacTBope mosyaueTaiyd B He3Ha-
YUTEIBHOM KOJIMYECTBE MMPUCYTCTBYIOT B OTKPHITOM (hOpMe CO CBOOOTHOM allbe-
TUAHON (PYyHKIIMEH.

Mono- n Oucaxapudol, NAIOIINE PEaKLMIO «CepeOPSHOro 3epKaia» C pe-
areHToM ToJIJleHca ¥ KpacHBIN ocaliok ¢ peareHToM beHennkra—®ennnra, Ha-
3bIBAIOT 6occmanaeauearowumu. Mono- 1 ducaxapuovt, He CITOCOOHBIE K TaKUM
peakiysIM, Ha3bIBAIOT He60CCIAHABAUCAIOWUMU.

K BoccTaHaBIMBAIOIIMM caxapaM OTHOCST U (DPyKTO3y, KOTOpasi B BOIHO-
IIEJIOYHOM PaCTBOPE CIOCOOHA, KaK OTMEUYEHO BHIIIE, H30MEPU30BaThCs 10 TITI0-
KO3bI 1 MAHHO3BI.

3anaua 26.5. YKa)KI/ITC, KaKMe 13 NEPEUYNUCICHHLIX HUXKE IMPOU3BOJIHBIX D-r110K03bl OTHOCSIT-
Cd K BOCCTaHaBJIMBAIOIIMM caxapaM.

a) a-D-IIIoKonupaHo3a; I) IIEHTAMETUI-0.- D-IJIIOKOIMMPAHO3HI,;
0) - D-rmoKonupaHo3a; ) TIeHTaaleTat o.- D-IIIOKOMUPAaHO3HI;
B) METWJI-[3- D-IJIIOKOMTMPAHO3UL; e) 2,3,4,6-terpa-O-MeTui- D-NIIOKOMMPaHO3a.

[Mosicaute otBeT. Hanuimmre cTpyKTypHBIe (DOPMYIIBI TEPEUNCICHHBIX COSTMHEHUIA.

OKVCJEHUE BPOMHO BOJIOM

bpomHast Boga — ymIOOHbBII peareHT AJisi OKMCIEHUSI MOHOCaXapuaoB (ayiba03);
OHa IJ1aIKO OKUCJIACT aJIbACTUIHYIO I'PDYIIITY JO Kap60KCHHBHOVI. ]_[pI/I 9TOM MO-
Hocaxapuabl HE IOABEPIrarOTCsad M30MEpU3aLIUN. ]_[pOJ:[yKTaMI/I ABJISAKOTCAd COOT-
BE€TCTBYIOIIIUE a/lb60H06’ble Kucaomebul.

CllHO C|IOOH
(CHOH), 2 (CHOH),
CH,OH CH,OH
D-tnroko3sa D-TnroKoHOBAsT KMCI0Ta
(asib03a) (a1bIOHOBAs KUCIOTA)

CylllecTBeHHO, 4TO TJII0KO3a ITOIBepraeTcs OKMCICHHIO OPOMHOI BOIOW B
MoJTyalieTaJIbHOM (LIMKJTMYECKOii) hopMe, IprUeM f-aHOMEp OKUCIISIETCS 3HAUM -
TeJIbHO ObICTpee, YeM a.-aHoMep. D-TITIoKOHOBast KMCIIoTa 00pa3yeTcs TPy 3TOM
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B BUJIC LIMKJIMYECKOT0 3¢pupa — §-J1aKTOHA, KOTOPhIA 00paTUMO U30MEPU3YETCS
JIO Y-JIaKTOHa.

HOH,C HOH,C
HO ° B _ HO O H0
HO OH H:0 HO ~H,0
OH OH o
- D-rnrokonupaHo3a D-r110KOHO-0-J1aKTOH
H
. COSH CH,OH
HO H 0
. HO—+H __ . o
- OH H
H OH H
H——OH 0 OH
CH,OH
D-rn1oKoHOBasI KUCI0Ta D-1110KOHO-Y-JTaKTOH

OKHMCJIEHUE PA3BABJIEHHOM A30THOM KNCJIOTOMN

[Tpu okMcaeHMM MOHOCAaxapua0B pa3daBJeHHON a30THOW KMCJIOTOM IOJydaroT
IMKapOOHOBbBIE — @A.1b0apoBble KUCAOMDL:

(llHO (IJOOH
((l;HOH)4 HNOs (pas6.) ((|3HOH)4
CH,OH COOH
anpa03a anbIapoBast
KHCI0Ta
CHO COOH
HOHLC H——OH H——OH
2 HO——H HO——H
HO . HNO;
Ho OH — > H——OH ——> H—OH
OH H——OH H——OH
- D-rmokonupaHo3a CH,OH COOH
D-riokapoBast
KHCIIOTA

AI[I)I[apOBbIC KHNCJIOTbI TaKXKE JIETKO O6pa3YIOT Y- 0-JTaKTOHBI.

3agaua 26.6. M306pa3ute OTKPBITYIO GOPMY MPOIYKTa OKMCIeHUs D-MaHHO3bI pa30aBIeHHOM
HNO;. Hazosure s1oT npoaykr. Crenaiite 3aK/I104€HHE O €r0 ONTUYECKON aKTUBHOCTH.
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INEPUOJATHOE OKHUCJIEHUE

[lepromaTHOE OKHMCJIEHWE MOHOCAXapUAOB M3BECTHO KaK OKUCAUMEAbHOE pac-
wenaenue. OHO JIETKO MPOTEKAET C COEAUHEHUSIMU, KOTOPhIE COAEPXKAT TUAPO-
KCUTPYIIIBI Y COCETHUX aTOMOB yriiepoaa. B MoHocaxapuaax mpu 3ToM pa3phbiBa-
1o1cst Bce C—C-cBs3u:

CHO
H——OH

CH20H MypaBbUHas1
it KHCJIOTA

HCpI/IOHaTHOG OKMUCJIECHUEC pa60TaeT 1 B BOAHLIX paCcTBOpax. B OpPraHNMYE€CKNX
pPacTBOPUTEIIAX OJIA TEX XKE neJyen YI[O6H€G IIPUMEHATH TETpaaucTaT CBMHLA
Pb(OCOCH,),.

Boccranonienne MOHOCaxapujaioB

[Tpu neiicTBUM HATpUAOOPrUApUIAa Ha aliblo3y OOpa3yeTcss MHOTOATOMHbIN
CITUPT — 2eKcum.

ClHO ClHQOH
NaBH
(CHOH)y - (CHOH)
CH,OH CH,OH
ajlbao3a TEKCUT

B yacTtHoCTH, U3 D-TJIIOKO3bI MPU 3TOM 00pasyeTcst D-earouum.

CHO CH,OH
H——OH H——OH
HO——H NaBHs  HO——H
H—oH ™  p—oH
H——OH H——OH
CH,OH CH,OH
D-Tnoko3a D-rmouur (copouT)

M3 Kcui1o3bl U ragakTo3bl TIoJIy4aroT Kcuaum 1 0y/lb14um COOTBETCTBEHHO. DTU
MHOI'0aTOMHbLI€ CITMPThI Ha3HA4YaroT OOJIbHBIM 11abEeTOM BMECTO caxapogahl.

YaMHeHue yriepoaHoil nenu MoHocaxapuaa no Merony Kumann—®umepa

Ha nepsoii craguu no memody Kuauanu—®@uwmepa (1885 1.) 1oayyaroT LMaHTWI -
PUH, KOTOPBIA SIBJISIETCSI CMEChIo TractepeomMepoB. CMech pasiessiioT, U Jajib-
HelIIre TIpeBpaIleHuUsT ITPOBOAST C MHANBUAYATbHBIMU TUACTEPEOMEpPaMHU.
LlMaHruapyH Iocie TMAPOIM3a W IeTMapaTalluy IaeT y-JaKTOH, KOTOPBIi
BOCCTaHaBJIMBAIOT IO ajIbI03bl, COAEPXKAIel Ha OIMH aToM yIiiepojaa OoJibllie,
4eM MCXOOHbIN MoHOcaxapul, Hanpumep C; — C,. Huxe meton Kunnann—®u-
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[Iepa MmoKa3aH Ha IpuMepe CUHTe3a ABYX allbI0TeTpo3 — D-Tpeo3bl 1 D-3pUTpo-
3bI — M3 D-TJIULIEPUHOBOTO ajibaeruaa (aabIOTPUO3bI).

0
v
o, )
-[JIMLEPUHOBBIIA
H——OH “iehns
CH,OH
[HCN
i '
CN CN
H——OH SMUMEPHbBIE HO—H
H——OH  (uacrepeovepsy ~ H—OH
CH,OH CH,OH
1. Ba(OH), 1. Ba(OH),
2.H;0® 2.H;0®
COOH COOH
H——OH SMUMEPHbIE HO——H
H——OH  “lon ~ H—OH
CH,OH CH,OH
f f
H o H o
H H O snumepHbie H HO O
H Cacronn H
cHo OH OH OH H CHO
H——OH )/Na(Hg) pH3-5 Na(Hg) pH 3-5 HO——H
H——OH H——OH
CH,OH CH,OH
D-(—)-3putpo3sa D-(—)-Tpeo3a

3a paboThl 110 CUHTE3Y caxapoB U MypuHOB J. Puwmep B 1902 1. ObLT yIOCTOCH

HobGenesckoii mpemMuu.

3amava 26.7. Kakve TpoIyKThl MOTYT OBITH TIOJIYUEHBI TI0 cXeMe cuHTe3a Kunmnanu—®@uiepa
13 CJIEYIOIINX MOHOCAXapUI0B:
a) D-sputpo3sa; 6) D-tpeosa?

derpagamus monocaxapuaos no Pygdy

VYIIepoaHylo 1elb B MOJIEKYJIaX MOHOCaXapyI0B MOKHO He TOJbKO HapalluBaTh,
HO Y yKOpaYMBaTh IMOCJIEI0BATEIbHO Ha OIMH aTOM yriiepona. M3BecTHBI menod
Pyghcha (1898 r.) nerpagaliviu yrjaieBoaoB BKIIOYACT CICAYIOLIME CTaAUMU.
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1. OxucaeHue anba03bl 10 albJIOHOBON KUCIOTHI IeUCTBUEM OPOMHOIA BOJIBI.
2. OxucnuTebHOE AeKapOOKCUIMPOBAHUE albJIOHOBOI KMCIOThI 0 COOTBET-
CTBYIOILICH aJibl03bl MPY JACHCTBUH MEPOKCUIA BOAOPOIA U CyibdaTa xeje3a(3+).

CHO COOH CHO
H——OH H——OH 0 OH
Br H,O -
H——OH —g— H—-OH - = [ o + 0
H——OH H——OH CH.OH
CH,OH CH,OH 2
D-(—)-pubo3za D-puboHoBast D-(—)-spurpo3sa

Kucjora

26.2. TN CAXAPU/IbBI

MoHocaxapuasl MOTYT JaBaTh TJIMKO3KMIBI HE TOJIBKO CO CIIUPTaMU, HO U C IpY-
TMMUA MOHOCaXapuaaMu. DTa peakiys TIUKO3WIMPOBAHUS OTKPHIBACT ITYTh
K Ou- U noaucaxapuoam.

26.2.1.  Caxaposa

Caxapo3a tipeacTaBisieT co00il nucaxapui, COCTOSIINMI U3 OCTaTKOB D-TTIOKO3bI
U D-dpyKTO3bl, CBSI3aHHBIX TJMKO3UA0-TJIMKO3UIHOU CBSA3bIO (ai-1,3-2-CBs3b).

CH,OH
H > O_H
4 H 1
OH H
H OH
o.-D-Tr1oKo3a
H O
— 4 gH PII 1 2KKCH WS
HO ™ r & 9% 3 71 CH,OH
H 0 H

OH (+)-caxapo3sa
(o~ D-rmoxonupano3ui-f3- D-dbpykrodypaHo3um)

(+)-Caxaposa — 3T0 caxap, KOTOPbIi yrnoTpeOstoT B nuiy. Ero KucaoTHbI
ruaposus aaet 1 Moib D-1oko3bl +1 MoJib D-pykTo3sl. (+)-Caxapo3a — HeBOC-
CTaHABJIMBAIOLIMI TJIMKO3UI, KaK U MeTWUI-D-Tnoko3ua. B omimunm ot apyrux
[JIMKO3UIIOB (+)-caxapo3a He o0pa3yeT 03a30H M He MoJBepraeTcs MyTapoTaluu.
DTO 00BSICHSIETCS TEM, UTO B MOJIeKyJIe (+)-caxapo3bl aHOMEPHbIE LIEHTPbI 000MX
caxapoB COeIUHSICT IJIMKO3UIHAS CBSI3b, a MoJIyaleTalbHasl (PyHKIIMS OTCYTCTBYET.
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26.2.2. MaiabTo3a

Eme onuu mpuMep mucaxapuna — Mmaabmosza (TpUBUATBHOE Ha3BaHHUE «COJOI0-
BB caxap)» — MPOAYKT (pepMEHTATUBHOTO THIPOJIN3a Kpaxmaia.

HZOH CHzOH
H H O _H 40 OBD—MEUILTOSEI, )
-O-(a-D-rnoKonupaHo3uiI)-
OH H OL(}D—I‘JIIOKOHI/IpaHOSa
HO OH
H OH

o- 2/1LlK03LlaH(1}l C643b

B aToMm aucaxapuie ocTaTKM MOHOCAXapuaoB CBSI3aHbI INIMKO3UI0-TIMKO3HOMN
cBsi3b10 (a-1,4-CBsI3b).

BcaencrBue Hanmuuus mosyaleTaabHOM (YHKIIMU B MOJIEKYJIE€ MajbTO3bl,
O.-aHOMEep HAXOJUTCSl B PABHOBECUU C [3-aHOMEPOM — B-MasibTo30i, 4-0O-(a-D-
[JIIOKONUPaHO3WI)- - D-TitokonupaHo3oii. Eciiv ee momBepraioT KUCIOTHOMY
TUAPOIN3Y, ONIydaloT 2 MoJib D-(+)-TJII0KO3bI.

B nmpoTuBOMONIOKHOCTh caxapo3e MajlbTO3a — BOCCTaHABAMBAIOIIUIA TJIUKO-
311, TIOCKOJIbKY B €70 CTPYKTYpe UMEETCsI MoJyaleTalbHbIN (hparMeHT. MalbTO-
3a JaeT peakuuu ¢ peareHToM beHenukra—®enuHra u GeHUITUAPA3UHOM.

W3 apyrux npuMepoB nucaxapuaoB MOXHO Ha3BaTh 2akmo3y (MOJOYHBIN ca-
Xap) — AMcaxapull, ConepxXalluil OCTaToK (- D-rajakTonvMpaHo3bl (B (pukcupo-
BaHHOMU P-popme) U D-TI10KO3bI M IPUCYTCTBYIOIIMIA B MOJIOKE TTIOUYTU BCEX MJIE-
KOIUTAIOLIMX:

CH,OH CH,O0H

T

OH «-nakrosa,
4-0O- ([3 - D-rajakTonMpaHo3WI)-0.- D l‘IIIOKOHI/IpaH03a

CH,OH CH,OH
- @ @ —
CH20H CHZOH
HO i O._OH
- OH R ORE OH
H

H OH [3 -JIaKTO34,

4-0O-(B-D-ranakronupaHo3uI)- [3 D rmoxormpaﬂow
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E1le mpuMep — ueaa06uoza — myicaxapui, COAepsKaInii JBa OCTaTKa TTIOKO3bI
(OIMH U3 OCTATKOB HAXOMUTCS B (DUKCUPOBAHHOM -dopme):

CH,OH CH,OH
q —0O H ——O_H

H H

OH H ! 04K OH H -
HO H OH

H OH H OH

a-1emnuoomo3a,
4-0O-(p-D-rmokonupaHo3un)-a- D-TIIOKONMpaHo3a

CH,OH CH,OH

H —o0 H OH o
, H H P
——— OH H >!P 04K OH H C\H E—
HO H
H OH H OH

CH,OH CH,OH

H OH H OH
B-uennobuosa,
4-0O-(B-D-rmokonupaHo3ui)-f - D-TIIOKOTMpaHo3a
Hanunuue nosyaletaJbHbIX (PYHKIMI B MOJIEKy/IaxX JaKTO3bl U LEIOOMNO3BI
TTO3BOJILICT OTHOCUTD MX K BOCCTaHaBJ/IMBAIOIINM CaxapaM.

26.3. ITOJINCAXAPU/IbI

26.3.1. Knaccudukamus

Iloaucaxapudst — BBICOKOMOJIEKYJISIPHBIC YTJIEBObI, TTPEACTaBISIIONINE CO00i
MPOJAYKTHI MOJUKOHAEHCALIMM MOHOCAXapua0B UM UX Mpou3BoaHbIX. [To xu-
MUWYECKOM MPUPO/Ie MoJUcaxapuabl cleayeT paccMaTpUBaTh KaK MOJUTIMKO3U -
apl. [Tpu 3TOM Kaxkaoe 3BeHO MOHOCAaXapujia CBSI3aHO INIMKO3UIHBIMU CBS3SIMU
C TIPEAbIAYIIUM U MOCSAYIOIIMM 3BeHbsIMU. [IJIsI CBS3U C MOCAEAYIOIIUM 3Be-
HOM IIPEJOCTABJISIETCS TJIMKO3UAHAs TUAPOKCUTPYIINA, a IUISL CBSI3U C IIPEIbLIY-
IIMM 3BEHOM — COUpTOBas (MIMKO3HAsl) TUAPOKCUTPYIIIA, Yallle BCEero y aTo-
moB C, mmnm C,. B noaucaxapuigax pacTUTENBHOTO NMPOUCXOXIEHMS B
OCHOBHOM obOpa3syiorcs 1,4- vm 1,6-TTUKO3UIHBIE CBSA3M, a B MOJIMcaxapuaax
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SKUBOTHOTO TTPOMCXOXKIEHUSI KpOMe 3TUX CBsi3eit obpasyiorcs Takxke 1,3-u 1,2-
[JIMKO3MIHbBIE CBSI3U. Ha KOHIle MOJIEKyJIbI YaCTO HAaXOAUTCS BOCCTAHABIMBAIO-
M1 0OCTaTOK MOHOCaXapuaa, HO IMTOCKOJIBKY €To J0JIs 10 OTHOIIEHUIO KO BCelt
MOJIEKYJIe OYeHb Majia, TO IMOoJucaxXapuabl MPOSBISIOT OYeHb clabble BOcCTa-
HaBJIMBaIOIIe CBOCTBA.

IMonvcaxapyabl MO CTPOEHMIO IEJISTCS Ha IMHEHbBIE W pa3BeTBJICHHbBIE, a 110
COCTaBy — Ha cemeponoaucaxapudbt, KOTOPbIe COCTOSIT U3 pa3IMYHBIX MOHOCAXa-
PUIOB, U 20MONOAUCAXAPUObL, KOTOPBIE COCTOAT U3 (pparMeHTOB OJHOIO M TOTO
Xe MOHocaxapuaa. B ciyJae MIOKO3bI TakKMe TOMOIOJNHCAXapUIbl HA3bIBAIOT
2aloKanamu;. Kpaxmai, TIITMKOTeH, LIeJUTI0NI03a.

26.3.2. Kpaxman

Kpaxmaa — ocHOBHas TIMTaTe/IbHAsI YacTh pacTeHMIl (KyKypy3a, KapTodesb,
MIIEHWLIA, PUC), UCTOYHUK IMUTAHUS YEJIOBEKA U KUBOTHBIX.

IIporuecc 06pasoBaHUs MAaKPOMOJIEKYJIBI KpaxMalia, COCTOSIIINI U3 OCTaTKOB
0.-TJTIOKO3bI, MOXKHO IIPEJICTaBUTh CJICAYIOIIUM 00pa3oM:

CH,OH
H O_ H
4 H
OH H -
HO
3
H OH
CH,OH CH,OH
O H H O_ H
OH H 1 4 gH H 1+I’ZH20
3 2 0 3 , O~
OH H OH
Kpaxma

OCHOBHOI MCTOYHMK TIOJIydeHHST KpaxMmajia — KIyOHU KapTodels, ceMeHa
KYKYPY3bI, KOTOpbIE M3MeIbYaloT, POMBIBAIOT BOIOM. BeimenuBinvecs Meakue
3epHa Kpaxmaja 3aTeM BBICYIIMBAIOT U MTOJIyYaloT B BUe O€JI0ro MmopoIika.

Kpaxman He oOHapyXMBaeT BOCCTAaHABIMBAIOIINX CBOMCTB, HO TTOCJIe 00pa-
GOTKM PacTBOPOM CEPHOI KMUCJIOTHI IPEBPAIIaeTCsT B TPOAYKTHI THAPOJIN3a: CHa-
yajia B J€KCTPUHBI, a 3aTeM — B Aucaxapui MajabTo3y. KOHEUHBIM MPOAYKTOM
THIPOJIN3a SABJISIETCS O--TJII0K03a, YTO MOXKHO 3aIicaTh B KpaTKoi hopme:

(CsH1005), + nHO nCgH,Og.
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Kpaxmajg — onuH U3 BaxXHENIINX KOMIIOHEHTOB MPOAYKTOB IMTUTAHUS, XOTS
HEIOCPEACTBEHHO OH HE YCBauMBaeTCs OpraHuM3MoM. B mulineBapuTeIbHOM
TpakTe Kpaxmall TUAPOJU3yeTcsl hepMeHTaMu, a oopasyroliasicsi B pe3yJbTaTe
TUAPOJIN3a TJI0K03a IMOCTyNaeT B KPOBb 1, TAKUM 00pa3oM, BO BCe TKaHU Op-
raHu3Ma. YacTUYHbBII I'MAPOIN3 Kpaxmalla MPOUCXOAUT yXKe TIPU HarpeBaHUU,
CBSI3AHHOM C MPUTOTOBJIEHUEM IMUILEBBIX MPOAYKTOB: MPU BhINIEUKe xjieda
(oO6pa3oBaHUe OEKCTPUHOB), Bapke KapTodenass U M3TOTOBJICHUM KOHIUTEP-
CKUX U3IEJIUN.

HarpeBaHuem Kpaxmaia ¢ BOAOU MOJydyaoT KOJUTOUIHYIO CYCIIEH3H1I0, COCTO-
amryio u3 10—20% ammnossl 1 80—90% aMUIONeKTHHA:

CH,OH CH,OH N
H O_H H O_H
H H B '
OH H OH H (n=100 + 500).
— Oo— 0o—
L H OH H OH |n

Amunoza — nonumep D-TIIOKO3bI, B KOTOPOM (hparMeHThI COeIMHEHBI - 1,4-
[JIMKO3UIHBIMU CBSI3SIMU, OTHOCUTCS K HEBOCCTaHABIMBAIOILIMM caxapaMm. Mo-
JiekynsipHasg Macca ammio3bl ~400 000, T. €. B coCTaB 3TOro MoJiMMepa BXOIUT
cBoire 1000 MoHOCaxapyAHBIX CYObEeAMHUALL.

Amunronekmun — pa3BeTBICHHBIN MOIUMEP, UMEIOLINIT MOJIEKYJISIPHYIO Mac-
cy ot 1 1o 6 mutH. COCTOUT M3 OCTATKOB D-INTIOKO3bI, CBSI3aHHBIX O-1,4-TJIUKO-
3UAHBIMM CBSI3SIMU, M OOKOBBIX LieTield, MPUCOEIMHEHHBIX K OCHOBHON LieTu
0.~ 1,6-TJIMKO3UIHBIMU CBSI3SIMU.

Tiuxoecen — CTPYKTYpHBIM M (DYHKLUMOHAJIbHBIM aHAJIOT PACTUTEIBLHOTO
KpaxmaJia y XKMUBOTHBIX, ellle 0oJiee pa3BEeTBICHHBII, YeM aMUJIONEeKTUH. MMe-
eT MCKJIIOUMTEbHO BBICOKYIO MOJIEKYJIsIpHYIO Maccy — Ao 100 muH. 'mukoreH
CIYKUT TIPEKPACHBIM «XpaHWIUILEM» YIJIEBOJAOB JJIs1 JKUBOTHBIX. [ToCTOSIHHO
HaXOJIUTCS B KJIETKE U Oyarogapsi OrpOMHBIM pa3MepaM MOJIEKYJIbl U OOJIbIIO-
MY YMCJIy KOHLEBBIX TPYIIT MOAACPXKMUBACT B KJIETKE YCTOMUYMBYIO KOHIIEHTPA-
LIMIO TJIFOKO3HI.

26.3.3. lemmonao3a

JpyruM mmpoKo pacinpoCcTpaHEHHBIM ITOJIMCAXapUI0M SIBJISIETCS UeAlr0A03a, VIV
kaemyuamka. OHa BXOOUT B COCTaB O0OOJIOUKM KJIETOK, OTKyJa W IOJy4YuJia CBOE
Ha3BaHMe (OT JiaT. «LEeJUTI0103a» — KJIeTKa). B pacTeHusIX LIeJI1i0J103a COCTaBIS -
et or 50 10 95% ot ob6ueir Maccel. OcoOeHHO GoraThl LIEJIII0I030i BOJOKHA
XJIONKA, JIbHA, KOHOIUIM, a TaKKe IPeBEeCHbIC BOJIOKHA.
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CrpoeHKe LEII0N03bl CXOAHO CO CTPOEHMEM Kpaxmalia, HO B OTJIMYHME OT
Kpaxmasa LeJITI0j03a COCTOUT U3 OCTATKOB B-II0KO3bl. IIpoliecc coeanHeHust
MX MEXIy CO00I MOXKHO TPEICTaBUTh CIECAYIOLIINM 00pa3oM:

CH,OH
H
0 H
OH H
HO
3 2
H OH
p-roKo3a

HEJTI0JI03a

Tort dakT, 4To Kpaxma U LEeJUTI0103a COCTOSIT U3 Pa3HbIX IMKJINYECKUX (OpM
[JIIOKO3bI, OOBSICHSIET pa3IMUHbIE CBOKCTBA 3TUX IBYX Noaucaxapuaon. Kpaxman
JIETKO TUIIPOJIM3YETCSI B OpraHU3Me 4esloBeKa IMoJ AeiCcTBUEM (DEPMEHTOB U SIB-
JISIETCSI OAHUM U3 BaXKHEUIINUX MPOIYKTOB MUTAHMUSI.

Lemntono3a He rumpoausyercs: depMeHTaMu. DTO OObBSICHSETCS TeM, 4YTO
(bepMeHTBI paclIEIISIOT CBS3M MEXIY OCTaTKaMU O.-[JIIOKO3bl B Kpaxmalie, HO He
JNEHCTBYIOT Ha CBSI3U MEXKY OCTaTKaMU [3-TJIIOKO3bl, U3 KOTOPBIX U COCTOUT 11eJI-
Jmojo3a. IMeHHO Mo 2Toi NMpUYKHE 1IeJUTI0/103a KaK MUILIEeBOM MPOAYKT YeJloBe-
KOM HE MOXET ObITh UCITOIb30BaHa. HampoTuB, KWBOTHbIE, 0COOEHHO XKBayHbIE,
YCIEIIHO YCBAMBAIOT KJIETYATKY, IMOCKOJbKY MX OpraHW3Mbl cofepkaT Heo0X0-
JIVIMBbIE IS €€ TUAPOJIu3a (hepMEHTHI.

OBMEH SHEPTHN B XUBOM OPTAHU3ME

B 3T0i1 ri1aBe ObLI pacCMOTPEH XMMUYECKMIA CUHTE3 YIJIEBOIOB. B mpupoje yrie-
BOJbI CMHTE3UPYIOTCA B 3C€JICHBIX PAaCTCHUAX U3 YIJIEKMUCIIOrO ra3a U BOIbI ITOJ
JEeCTBUEM COJTHEYHOU sHepruu (ghomocunmes). CymmapHoe ypaBHeHUE (HOTO-
CHUHTE3a 3aIIMChIBACTCA CIACAYIOLINM 06pa30M:
XJIOPOMPUJILIT
xCO, + yH,O + hy 2O ¢ (H,0), + xO,

(conHevHast
SHEPTHSI)



300 Jlonoanenus

DTO ypaBHEHUE MOKa3bIBAET, YTO YIJIEBOALI IEHCTBYIOT KaK KOHCEPBAHTHI
COJTHEYHOM SHEPTUU. DHEPIUsl BEICBOOOXKIAETCS MPU paCILEeIUIEHUU YIJIEBOIOB,
HAIIPUMEDP B XXKMBOTHBIX opranusmax, 10 CO, u H,O:

C«(Hy0), + xO, xCO, + yH,O + osHeprus

YacTh 5TOi SHEpruu BBIIEISETCS B BHUJE TEIUIA, a Ipyras 4acThb PacXoOmyeTcs B
rpoliecce OMOCUHTE3A.

Hcrionb3oBaHue BBIIETSIOMIEICS 9HEPTUY MPEACTABIISIET IJIsT SKUBOTO Opra-
HU3Ma oIlpee/eHHYIO ITpobieMy. B yacTHOCTH, OpraHu3M yeoBeKa MOXET aK-
TUBHO MepepabaThiBaTh TOJIBKO YaCTh ITOM DHEPIHU, TIEPEBOAS ee, HarlpuMmep,
B MBIIIEYHYIO WM YMCTBEHHYIO 3Hepruio. OcTaBiiascs 4acTh 9HEPTUU PacXo-
JyeTCsl MaCCUBHO — KaK TOJIbKO COJepKaHUe MoJucaxapuaoB Ha 1 KT TKaHel
npocturaetT 50—60 T, sHeprus HauyMHAET MCIOJB30BAaThCS IS 00pa3oBaHUS
TPUTIULEPUIOB (3KUPOB).

OnuH U3 MyTell «I0Je3HO» KOHCEepBallMM SHEPTUN — CUHTE3 A0eHO3UHMmpU-
docpama (ATD) us adenozundugpocipama (AJ1®) n HeopraHuueckoro docdara.
Kaxk mmoka3zaHo HIXe, aleHO3MH COCTOMT U3 (pparMeHTa a30THCTOrO OCHOBAHUS
(ameHuH), pparMeHTa MOHOcaxapuaa (pubo3a) u octaTka Iu- (WM Tpu) (oc-
(opHOIT KUCIOTHI.

NH,
= N
N
NT Ny Q
dbparmeHT [l [l [l °
afeHHa CH, O_fl’ _O_fl’—OH + HO—Il’—O
OH HO 0° 0° 0@
H 0 H dparmeHT nudochopHoit docdar-noH
(bparmeHT prubO3HI KHUCJIOTBI
AJl®
SHEepPrusi
OKMCJIIMTCJIbHBIX
I\IH2 peakuuni
= N
N ’ \> I I
k\N N i i
(0] 0O (0]
H H PR I o
CHz—O—ll)—O—Il’—O—II’—O + H,0
OH HO 0° 0° 0°
H O H . ;
AT® HO6a3 CBAA3b

P—O—P
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DTa peaxKkuus MpOoTEKaEeT BO BCEX XKMBBLIX OpraHM3Max, Kak B paCTUTCIIbHBIX,
TaK U B 2KMBOTHBbIX. SHG]DFI/IH COXpaHsICTCA B ATO u MCITIOJIB3YETCA B JIaJIbHE -
HIE€M BO BCEX IIpoLeccax, NpOTCKaArIMnX ¢ paCXO0A0BaHUEM SHEPIUU: COKpalle-
HUEC MBILIL, CUHTE3 MAaKpPOMOJICKYJI, YMCTBCHHAaA SHEPIrug u T. 1.

AT® + H,O AJl® + dochar-noH
O 0]
7 /

AT® + R-C —— R Q  + a0
OH O—[l’—Oe

O@

Takum obGpazom, OUOJOTMUYECKOE OKMCICHUE TJIIOKO3bl UAECT B HECKOJBKO
cTaauii, a BHICBOOOXKIaeMasl TIpy 3TOM 3HEPTrusi KOHCEPBUPYETCSI B BUIE MaKpO-
BPruvecKux coeauHeHmii. Kak yxke oTMeueHo, BEAyIIYIO POJIb CPEAU 3TUX COSAM -
HeHuii urpaet AT®. I'pynna peakiyii, Kotopble B KOHeYHOM uTore gaiotT ATO,
MOJIyYrsia HeCKOJIbKO Ha3BaHMii: ki Kpebca, UK TpUKapOOHOBBIX KUCIOT,
LIUKJI TUMOHHOM KUCJIOTHI.

DTUMM peakLUsIMU 3aBepIIACTCsl a3pobHoe okucaeHue (T. €. B TIPUCYTCTBUU
KHCJIOPOJIa BO3/1yXa) OpraHMYeCKUX MOJIEKYJI B KUBBIX opraHu3Max. CBsI3b MeX-
oy uukiaoM Kpedca u Apyrumu mpolieccamu IpeBpaiieHus OMoJOTMYeCKUX MO-
JIEKyJI TIoKa3aHa CXeMaTUYeCKU HIKE.

Caxapa

I'moko3a

[MupoBuHOTpagHas KUCI0Ta

Kupbr ——~__~ AuetmnkopepmeHT A # N~ benku

Huxn Kpebca

UTOXpOMHas CUCTEMa

+
02 JbIXaTeJbHasd LCIb

W3 cxembl BUIHO, 4TO ogHa u3 pyHkumnii ATd 3akiaodaeTcs B riepeHoce ho-
catHbIX rpymi (pochoprinpoBaHue). B XKUBBIX CUCTEMAaX 9K3epeoHU4eCK U eu-
dpoauz AT® HepeaKo COTPSIKEH CO BTOPOU IHdepeoHu4ecKoll peakyueli. DHEPTusl,
KOTOpasi BBICBOOOXKAaeTcs rpu ruaponunse ATD, «3anmyckaeT» SHASPrOHUYECKU A
Trpoliecc.
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YraeBob! SIBASIIOTCSI ICTOUHMKOM 3HEPryMU YesioBeKa B MOBCEAHEBHOM XU3-
HU. B yacTHOCTH, 2HEPrUIO, COmepXKalllyIOCsl B TNIMKOTeHE, YeJIOBEK pacXoayeT B
TE€YeHUE OMHOTO THS. DHEPTUsl «UIUTEIbHOTO» XPAaHEHUST COACPKUTCS B XKUPAX.
3amnachbl KMPOB Y UYeJOBeKa TaKOBbI, YTO UX SHEPIUIO YEJIOBEK CMOXKET U3pPacxo-
JIOBaTh HEe paHee yeM uepes Mecsll. [1pu aToM cienyeT UMeTh B BUAY, UTO OMOXU -
muyeckoe pacuieruienue 1 rxupa 10 CO, v Boabl 1aeT B 2 pasa GoJiblie SHEp-
TUU, HEXeMU paciieruieHue 1 r yrieBoaoB uin 1 r 0eJKOB.

OnHako, Tak KaK COBPEMEHHbII YeJIOBEK HE HYXKIaeTCsl B ITUTEJIbHOM KOH-
CepBalLlU SHEPIUU, ero HU3MOJOTUIECKYIO TOTPEOHOCTh B XKUpax ClAeayeT Mpu-
3HaThb HEBBICOKOI. DTO Tem OoJjiee CMpaBelIMBO, MOCKOJbKY 4YeJIoBeUeCKUi
OpraHu3M CaMOCTOSITEIbHO CITIOCOOEH CMHTE3UPOBATh BCE HACBIIICHHbIE [JIULIE-
PUIBI U YAaCTh HEHACHIIIEHHbBIX IULepua0B. HezaMeHUMBbIMU SIBJSIIOTCS TIULIE-
PUJBI JWIIb HEKOTOPBIX HEHACHIIIEHHBIX XXUPHBIX KUCJIOT; OHU JOJKHBI OBbITh
MPEACTaBACHbI B pallMOHE TTUTAHMSI.



Inasa 27 AMUHOKHNCJOTDI,
ITEIITU/IbI 1 BEJIKU

TepMuH «npomeunsr» TPOUCXOIUT OT TPEUECKOTO CJIOBA “proteios”, KOTopoe 03-
HayaeT <«IIepBUYHBIN». DTUM ITOQYEPKUBACTCS IIEPBOCTEIICHHAS 3HAYMMOCTD
MPOTEUHOB JUISI BCEX JKMBBIX OPraHU3MOB. B 4acTHOCTH, TPOTEUHBI COCTABISIIOT
He MeHee 50% cyxoif MacChl OpraHu3ma 4ejioBeka. B pycckom si3bike TSt 000-
3HaYeHUsI MPOTEUHOB ILIMPOKO PACIIPOCTPAHEH TEPMUH «DeAKu».

DyHKIIMK OEJIKOB B OpraHU3Me Ype3BbluaiiHO MHOroo0pas3Hbl. HekoTophie 13
HUX (HAIpUMEp, KOJUIAreH) COCTaBJISIIOT OCHOBY KOCTHO-MBbIIIEUHBIX TKAHEH.
Hpyrue Oenku BKJIIOUEHBI B MMMYHHYIO CUCTEMY WM BBIMOJHSIIOT 3alllUTHbIC
¢GyHKLIMKM NpOoTUB MHGEKIU 1 Bo30ymuTeneil OoJie3Heli. Hanbosee BaxkHbIE
0enKku — (pepMeHTHI (3H3MMBbI), KOTOPbIE KATaTU3UPYIOT XUMUYECKIE peaKIuu,
MpOTEKAaloIIe B OpraHu3Me, U TOPMOHBI, PETYJIUPYIOIINE BCe OMOXUMUYECKUE
MPOLIECCHI B OpraHU3Me.

benxku gBasgioTcs nmoaMMmepamMu, B KOTOPBIX (pparMeHThI oi-aMUHOKHUCIIOT CO-
eAWHEHbl aMUIHBIMU CBSI3sIMU. JIJIsT TTOCTpOoeHUsT OEJKOB MPUPOJA MCITOIb3YEeT
20 a-aMMHOKHUCIIOT. B coctaB 6eka MoxkeT ObITh BKJIIoueHo oT 50 1o 8000 MoJe-
KyJ1 aMUHOKHCJIOT, a MOJIEKYJISIpHAsl Macca 0ejika MOXKET JOCTUraTh 1 MJTH.

27.1. KJTACCUPUKALINA a-AMUHOKUCIIOT

Bce 0.-aMUHOKUCIIOTHI UMEIOT CIIEAYIOLIYIO O0LIYIO (DOpMYITY:

e
H,N—C—C—OH
R

B ocHOBe xytaccuduKanmu Jiexat CBOicTBa OOKOBOW IPYIIIbl — 3aMECTUTE-
719 R. DTOT 3aMecTUTE b MOKET UMETh HEMTPATbHYIO, MOJISIPHYIO, OCHOBHYIO WU
KUCJIOTHYIO Tpupoay. Huke mpupoaHble o-aMUHOKMCIOTHI KJIacCU(PUIIMPOBa-
HBI B 3aBCMMOCTH OT CBOMCTB 3aMecTHTessT R. YKazaHbI TakKe CTPYKTYpHBIE
(hopMyJTBI 0.-aMUHOKMCIIOT, UX ITOJTHBIE M COKpallleHHbIe Ha3BaHWsl, a TAKXKE 3Ha-
YEHMsI MX U302JIEKTPUYECKUX ToueK pH; (cm. pasn. 27.4.1).
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MHorue aMMHOKHUCJIOTBI MOTYT OBbITh CUHTE3MPOBAHbI B XXMBBIX OpraHmM3Max
(pacTUTENBHBIX WJIM XKMBOTHBIX). BbICIlMe XXUBOTHBIE, OAHAKO, HE CITOCOOHBI
CUHTE3UPOBaTh BCE AMWHOKMCIOTHI, KOTOPbIE OHM MCIIOJB3YIOT B OEJIKOBOM
cuHTe3e. OpraHu3M 4esioBeKa, HalpuMep, HE MOXET CUHTE3MpOBaTh BOCEMb
AMUHOKMUCIIOT. DTU AMUHOKUCAOMBI HA3BIBAIOT HezameHumbvimu. OHU TOJKHBI
MOCTynaTh B OPraHU3M 4YejioBeKa ¢ Tnuileii. HezameHuMble KMCIOThI OTMEUEHBI
HIXXE OYKBOM «H».

Amunoxucaomot ¢ HenoAApHbIMU OoKo06bIMU epynnamu R:

19 e 18
HN—C—C—OH H;N—C-C—OH HN—C—C—OH
CH; H CH—CH,CH;
AutanuH, Ala (6,0) Imuiun, Gly (6,0) CH;
U3zoneiuuy, Ile (6,0)
H
R "R
HN—C-C—OH H,N—C-C—OH
CH,—CH—CHj CH,CH,SCH;
(le3 Metuonun, Met (5,7)
JleiiuH, Leu (6,0) f
H
R o HOQ
H)N—C—C—OH N—C—C—OH

IIponun, Pro (6,3)

®denunananuH, Phe (5,5)

H
e
H,N—C—C—OH

| H O

CH, ]
HN—C-C—OH

A\ (liH—CH3

NH CH;

Tpunrtodan, Trp (5,9) Banun, Val (6,0)
H H
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AMuUHOKUCA0MYbL ¢ NOAAPHLIMU HelimpPaabHbimu 60K06bIMu 2pynnamu R:
P9 LR e
HZN—(li—C—OH HN— (|:—C—OH HzN—Clj—C—OH
CHz—(H:—NHz CHQCHQ—C”:—NHz CH,—OH
0] o) Cepum, Ser (5,7)
AcmaparuH, Asn (5,4) I'nyramun, Gln (5,7)

e e e
HN— IC_ C—OH HN— IC_C_ OH HN— ?—C —OH
CH,—SH (le—CHg CH,

Lucrenn, Cys (5,0) OH
TpeonuH, Thr (5,6)
H
OH

AMuHOKUCAOMBL C KUCAOMHBIMU OOKOBLIMU epynnamu R:

R
HN—C-C—OH
CH,~C—OH
o)

AcnaparuHoBast
kucaota, Asp (3,0)

H O

[l
H,N—C—C—OH

|
CH,CH,~C—OH
o)

I'myramuHoBast
kucnota, Glu (3,2)

AMUHOKUCAOMBL C OCHOBHBIMU OOKOBBIMU epynnamu R:

O
|l
H,N—C—C—OH IﬁIH

|
CH,CH,CH,NH—C—NH,

AprunHuH, Arg (10,8)

HN—C-C—OH
CH,CH,CH,CH,NH,
Jluzun, Lys (9,7)

H

Tuposun, Tyr (5,7)

Tuctunun, His (7,6)
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B npupoaHbIX cOeAMHEHUSIX BCTPEYAIOTCS OCTATKU U JIPYTUX O.-aMUHOKMC-
JIOT, KOTOpbIE, OAHAKO, HE IPUHUMAIOT yJ4acTUsI B OEJIKOBOM CUHTE3€E, a SBJISI-
I0TCSI MIPOAYKTAMU TpeBpalleHuit (parMeHTOB COOTBETCTBYIOIIMX O.-AMMHO-
KUCIOT. B KauecTBe mpumepa MOXKXHO Ha3BaTh 4-TUAPOKCUIIPOJIMH U LIMCTUH,
o0pasylolluecs: COOTBETCTBEHHO U3 ()parMeHTOB MPOJIMHA U LIUCTEUHA B MPU-
POIHBIX OenKax.

HN—CH—COOH
COOH COOH

| |
H)N—CH—CH,—S—S—CH,—CH—NH,
OH LUCTUH

4-TUAPOKCUTIPOTUH

B yacTHOCTH, 4-TUIPOKCUIIPOJIUH CONEPKUTCS TOJIBKO B KOJIJlareHe — OeJI-
K€, KOTOPbIH SIBJISIETCS OCHOBHOIM COCTABHOM YaCThIO KOCTEW U XPSILIEN BCEX TT0-
3BOHOYHBIX.

27.2. CIIOCOBbI ITOJTYYEHUA a-AMUHOKUCTIOT

Huke mpuBOAUTCS psii METOAOB, MPUTOIHBIX JUISI MpEernapaTMBHOTO CUHTE3a
0.-aMUHOKHUCJIOT B J1aOOPATOPHBIX YCIOBUSIX.

AMPIHP[pOBaHHe O~-TAJIOr€H3aMCIIECHHBIX KUCJIOT

HyxkneoduinbHoOe 3aMellieHe rajloreHa Ha aMUHOTPYIITY B O.-TaJIOTeHKapOOHO-
BOI KMCJIOTE — OAMH M3 HauboJiee M3BECTHBIX METOMOB CUHTE3A CL-AMUHOKMC-
JotT (cm. T. 11, pa3n. 13.4.1):

0
7
R—CH-COOH ““(Ree R—CH-C| s
Il-Ial ll\IHz O°"NH,
(Hal = Br, Cl)
0
R—CH—C_

XOTST 3TOT METOI TIPUMEHUM TSI CUHTE3a HE TOJIbKO O.-aMUHOKMCJIOT, HO
M aMMUHOKHMCJIOT C JIIOOBIM yAaJeHHeM aMIHOTPYIIITHI OT KApOOKCUIBLHOM, TIPpU-
MEHSIETCSI OH CPABHUTENIBHO PEIKO M3-3a HEBBICOKMX BBIXOIOB 1€JI€BOTO MPO-
JIYKTA.
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AmunupoBanue 3¢UpoB o-rajioreH3aMenIeHHbIX KHCJIOT
no Metoxy I'abpuaJia

DTOT METOJ TPEACTaBJIsIeT Co00i MOIMMUKALIMIO U3BECTHOIO METO/Ia CHHTE3a
MEPBUYHBIX aMUHOB U 00OECIeYrBaeT IMOJydeHHE (L-AMUHOKHUCIIOT C BBICOKUM
BBIXOJOM (cM. pa3a. 20.4.4):

(0]
0® )
N:°K® + CHy—C 52
3:1 OC,Hs
50
dranumua Kaaus STUJIOBBIN 23U
MOHOXJIOPYKCYCHOM KHUCIOTBI
(0]
//O KOH/H,0 H,0, HCl
—_— N—CH,—C, g
0C,H;s
COOH 0
4
- ©i + C,H;O0H + CH2 C\
OH
COOH ®NH C1®

TUAPOXJIOPH
rmuHa (90%)

ITonyuenue no meroxy IlITpekkepa—3enuHCKOro

ITo aToMy criocoOy anpaerua oopadaThiBalOT BOAHBIM PACTBOPOM CMECH LIMaHU-
Ja Kajaus v xjaopuaa ammonus (cm. T. 11, pazn. 19.1.4):

NH4Cl + KCN NH,CN + KCI

NH,CN === NH; + HCN

0
/

R—¢ TGS R- CH-C-N 1O (6., HOLL R— CH-COOH
H

NH2 ®NH3C:1e

HUTPUI TUIPOXTIOPULL
0.-aMUHOKUCJIOTHI 0,-aMUHOKWCJIOTBI
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B pesynbraTe HyK/1€0(DUIBHOIO MPUCOSIMHEHUSI aMMUaKa K aJbAeTUay 1 110~
CJIeAYIOLIEro OTIIEIJIEHNS BOAbI 00pa3yeTcsi UMUH, KOTOPBI, pearupys ¢ 1ua-
HOBOJIOPOJIOM, J1aeT HUTPUJ O.-aMUHOKUCIOThI. ['MAPOIU3 HUTPUIBHOM TPYIIIbI
MPUBOAUT K -aMUHOKHCJIOTE.

H /\
6@ 5//\ e S

. o H CN
A e
aJlbacrua H H
R—$H—C_NmOHQ»R—$H—C00H + NH,CI
NH, ®NH;Cl ©
HUTPUI TUIPOXJIOPULL
O-aMUHOKUCIIOTHL O-aMUHOKHMCJIIOTHEL

DTOT MeTOo BIiepBbie ObLI NpeioxeH A. Illmpexkepom (1850 r.) 1 ObLT OCHO-
BaH Ha IIPUMEHEHUM aMMUaKa M CUHWIBHOM KKCI0ThL. B 1906 . ero ycoBepiieH-
crBoBai H.JI. 3eaunckwi u I.J1. Cmadnuxos.

CuHTe3 Ha 0CHOBE MAJIOHOBOIO 3(hupa

0.-~AMMHOKHUCJIOTHI TIOJIy4aloT U Yyepe3 MaJoOHOBbIM 3up. DTOT MeTo MoKa3aH
HIDKE Ha MpuMepe MoydeHus (peHuIaJaHnHa (CM cTp. 75):

NOK®
C|DOOC2H5 COOC2H5

Br
COOC,H;s coocgg
MaJIOHOBBI 6pOMMaJTOHOBI)II/I
a¢hup a¢up

N- (I)TaHI/IMHJ:IOMaJIOHOBbIﬁ acpup

O CH,CI
o COOC,yHs o ©/

— N—C Na
“COOC,Hs

0]



27.3. npOCTpaHCTBCHHaH N30MEPpUA U ONITUYECKAaA aKTUBHOCTb \-aMHUHOKMUCJIOT 309

COOC2H5
-, _ NaOH/H,0 H,0, HCI
COOC2H5 !
CH2

N-dTanuMuao6eH3MIMaI0HOBbIN 3(up

COOH CHzf(llH—COOH
- +2C,H;0H + CO, + ®NH3 C]e
COOH
q)TaJTCBaﬂ KHUCJI0Ta TNAPOXJIOpU I (bCHV[JTaJTaHI/IHa

BaxxHO OTMETHUTB, YTO BCe CIIOCOOBI ITOJTyYEeHUSI, ONMCAHHbIE B 9TOM pasjielie,
MPUBOIAIT K palleMUYECKUM CMECSIM DHAHTUOMEPOB O.-aMUHOKUCJIOT.

3anaua 27.1. l'[pezmomme CXEMBbI CUHTE3a CJICAYIOIMNX aMUHOKUCIIOT:

®
NH;

®
| NH;
a) CgHsCHCOOP 6)

Ccoo®

27.3. ITPOCTPAHCTBEHHAA N3OMEPUA
N OIITUYECKAA AKTUBHOCTD
o-AMMHOKUCJIOT

Bce 0-aMMHOKUCIIOTHI, KPOME MIMIMHA, COIEpPXKAT aCUMMETPUYECKUI aTOM yI-
Jiepoa.

3epKanvras
naockocmo
COOH COOH
HN—CH—COOH H+NH2 H2N+H
amMuHoKucaoTa D-psina E aMuHOKuc0Ta L-psina
(R-xoHueypayus) (S-xoHnghueypayus)

OHAHTHUOMEPbI
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IMpupoaHble 0.-aMUHOKMCIIOTHI ONTUYECKM aKTUBHBI, T. €. UMEIOT CTPOEHNE
OJIHOTO U3 JABYX SHAHTHMOMEPOB. YCTaHOBJIEHO, YTO OL.-AMUHOKUCIIOTHI TIPUPOJI-
HOTO TIPOMCXOXICHUS UMEIOT S-KOH(GUTYPAIUIO, T. €. OTHOCATCS K L-psimy.

COOH

CH, VH2

(S)-anaHuH

[MpupomHast aMUHOKHKCIIOTa L-TPEOHMH, COepKallast ABa aCUMMETPUIECKIX
aToMa yriepona, MMeeT CIeIYIONyI0 KOH(PUTYPaIrIO:

COOH
H,N——H
H——OH
CH;
(28,3R)-2-amuHO-

3-TuapOKCUMACTSTHAST KUCIIOTA
(L-TpeoHuH)

© OBPATUTE BHUMAHMUE!
OTHeCeHMe «.-aMUHOKUCIIOT, CoAepXalimx ABa unm 6onee xumpasbHbiX aTOMOB,
K D- vnn L-pagy NnpoBOAST MO BEPXHEMY XMPaSIbHOMY aTOMy B MPOEKLMOHHOM HOop-
myne @uwepa.

CyliecTByeT 3HaAYNTEIBHOE YMCI0O METOAOB, TTO3BOJISIONINX PA3AeUTh palle-
Mu4deckue GopMbl AMUHOKHCIIOT, KOTOPBIE IMOIYYalOT MEePEYMCAEHHBIMU BhIILIE
crocobamu. OAWH U3 TAKUX METOIOB MPUBOIUTCS HILKE.

DTOT METOJ OCHOBAH Ha NMPUMEHEHNH (pepMeHTa, Ha3bIBAEMOTO deauuna3oil.
Ero ¢yHKIIMS COCTOMT B TOM, YTOOBI KaTAIM3UPOBATh THAPOJIN3 N-aluaaMUHO-
KUCJIOT B XXMBBIX opraHnn3Max. [10cKoIbKy akTUBHas 4acTh (hepMeHTa X1paJibHa,
OH KaTaJM3upyeT TUAPOJIN3 TOJBbKO N-aluaaMUHOKUCIOTHI, UMeoIei L-KOH-
(urypauuio:

depMeHT
D,L-R_ClH_COOe (CH;C0),0 D,L-R_ClH_COOH Jeauunasa
°NH; CH;CONH
COO0° COO°

®
. H3N+H + H+NHCOCH3 + CH;COOH

L-amuHokuciaora  D-N-aumiaMUHOKHCIIOTA
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Paznenenue cmecu L-amuHO- U D-N-allMIaMUHOKMCIIOT, MOJy4YaeMOi Moce
TUAPOJIN3a, KaK MPaBUJIO, HE TPEICTABIISIET TPYIHOCTEIA.

Eme ogHa BO3MOXKHOCTh MOJYYEHUSI DHAHTUOYMCTBIX O.-aMUHOKMCJIOT 3a-
KJII0YaeTCsl B IPUMEHEHUU ACUMMemMpU4eckKoeo, WA SHAHMUOCENEKMUBHO20 CUH-
me3a. Hampumep, crieliMajibHbIi KaTaiu3aTtop (XUpajabHbIii KOMILIEKC POAMS)
MO3BOJISIET TUAPUPOBATH 2-alleTUJIAMUHOIIPOIICHOBYIO KMCJIOTY C BBICOKOM CTe-
MEHbIO PHAHTUOCEICKTUBHOCTH:

H,/xupanbHblit

CHQ* C—COOH koMmIuiekc Rh
|
NHCOCH;

2-aleTuaaMmuHO-
MPOTEHOBast KUCJIOTa

COOH . CO0°
CH;CONH | H oo H3N+H
-Hj

CH; CH;
N-auetwi-L-anaHuH L-ananuH

27.4. PEAKIINN o-AMUHOKUCJIOT

27.4.1.  Kuca0THO-OCHOBHBIE CBOCTBA

[TOCKOJIBKY 0.-aMUHOKHUCJIOTHI COEPKAT M KUCIOTHYIO, M OCHOBHYIO (DyHKIINH,
OHU 00J1amaroT aMGOTEPHBIMU CBOMCTBAMU U CYILIECTBYIOT B PacTBOpax B BHIE
OUNONSAPHLIX UOHO8 (bemauHbl):

O O
HzN—CH—C —OH =——= H3N—CH C —0°
R R
OUMOJISIPHbIN NOH
(6eTtanH)

Bosee moapoOHO KUCIOTHO-OCHOBHBIE CBOICTBA O.-aMUHOKHMCIIOT PACCMOT-
pUM Ha IpuMepe ajlaHWHa.

(0] 0] (0]
® Il H® ® Il o _ H® TR
H3N—|CH—C—OH Tl H3N—|CH—C—O Tl HZN—(|3H—C—O
CH; CH; CH;
KaTuoHHas opMma OUIOJISIPHBIA NOH aHUOHHas hopma

pKyon) 2,35 PKyeen 9,7
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B cunbHOKMCIION cpene, HanpumMep rpu pH 0, aJaHUH MOTHOCTHIO CYILIECTBY-
eT B Bule KatvMoHa. 3HayeHue pK, KapOOKCUJILHOM TPYIIbI B TAKOM KaTHOHE
paBHO 2,35, 4TO 3aMETHO HUXKE, YeM PK  OOBIYHBIX KADOOHOBBIX KUCJIOT (HaNpy-
Mep, pK, TPONMOHOBOM KMCIOTHI paBHO 4,89). DTOT (haKT He JOJKEH BbI3bIBATH
yaMBIieHus, Tak Kak NH -rpynna B KaTHOHHOI (hopMe aMUHOKMCIIOTBI BBICTY-
MTaeT B KaueCTBe CUJILHOTO 3JIEKTPOHOAKIIENITOPA.

B mienouHoit cpene ajaHWH HaxoAMTCS B popMme aHMOHA. TakuM oGpa3oMm,
B BOJHBIX PacTBOpax CyLIECTBYET paBHOBeCcHe MeXIy (popMaMu OeTanHa, aHUO-
Ha 1 KatuoHa. [TojioxxeHue 3Toro paBHOBecHsT 3aBUCUT OT pH pacTBopa.

Kaxmast o-aMMHOKMCIIOTA UMeeT 3HaueHre pH, Tpy KOTOpoM KOHLIEHTpALIHST
OMITIOJIIPHOTO MOHA MaKCUMAaJIbHA; 3TO 3HaYeHne 0003Havaetcsa pH, u HasbiBaeT-
cs uzosaexmpuxeckoil moyukoi. J1na ananvna snayenue pH; paHo 6.

pH. = PK,om) T PK,6er) _ 2,3+9,7

l = 6,0.
2 2

Kak yxe ormeyanoch, 3HaueHne pH; 11 Kaxnoii U3 aMMHOKHUCIIOT YKa3aHO
BbIILIE B CKOOKax MpU uX Kiaaccubukauuu (cMm. pasa. 27.1).

Ipu 3HayeHun pH,, XapakTepusyIoLIeM M303JIEKTPUYECKYIO TOUKY, AMUHO-
KUCJIOTa UMEET PSIJI CrIelnPruIecKnx cBOCTB. OTMETHUM CJIeIyIOIIue:

1) pacTBOPMMOCTb aMUHOKHMCJIOTHI B BOJE MPHM 3TOM 3HAUEHWMU SIBJISIETCS
MUHUMAaJIbHOM, TTOCKOJIbKY OMITOJISIPDHBIN MOH, B KOTOPOM JIBa pa3HOMMEHHBIX
3apsia MPOCTPAHCTBEHHO COJIMKEHBI, UMEET MeHee OJIaroNpusITHBIC YCIOBUS
IUIS1 CoJIbBaTallMU, HEXKEJU JBa OTAEJIbHbBIX MOHA (3TO CBONMCTBO WJLTIOCTPUPYET-
csl HUXKe);

® O ® ]
CoJibBaTalus coJibBaTalus OTACIbHbBIX MOHOB
6I/IHOJ'I$I[)H01"O MnOoHa

2) 9JIEKTPOIIPOBOIHOCTH pACTBOPA AMHUHOKHUCIIOTHI UMEEeT MUHUMAIbHOE 3Ha-
uenue npu pH, paBHoM pH,, Tak Kak cyMMapHBlii 3apsiji OUMONSAPHOrO HOHA pa-
BEH HYJIIO.

IMockonbKy GeTanH, aHUOH U KATUOH (.-aMUHOKHUCJIOTHI HaXOASITCSI B paBHO-
BECHH, O.-aMUHOKKCIIOTBHI BCTYIAIOT B peakiMU, XapaKTepHble W JJis aMUHOB,
U U1 KApOOHOBBIX KMCJIOT.

3anmava 27.2. B kakoit (hopMe HaXOAMTCS Kaxkaast U3 CIICAYIOIINX aMUTHOKHUCIIOT B BOIHOM pac-
TBOpe npu pH 2, 6 u 12:
a) aJlaHuH; 0) TUPO3WH; B) JTU3WH?
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27.4.2. N-AuunupoBaHue

AI_H/IJ'[I/IpOBaHI/IG AMUHOTI'PYIIIIbI IMPOTEKACT JOCTATOYHO JIETKO ITO JIEVICTBUEM
Pa3JINYHbIX alUJIMPYIOIIUX ar€HTOB.

CHZ COOH + (CH3C0),0

CH,—COOH + CH3;COOH

25°C
YKCYCHBII O
NH2 AHTUAPUIT NH _C//
TJTATIAH \CH3
N-aueTuiruumuH
CH2 COOH + HCOOH T15.¢ C¢H,~COOH + H,O
MypaBbUHast
NHZ KHUCJI0TA NH_C//O
TJIULUH \H

N-dopMuATIMIUH

o)
CH;~COOH + C6H5—c/: Mo~ CHy~COOH + NaCl
NH,

Cl | )
GeH30WIXJIOPHIL NH- (<
TIMLTH

N-0eH30MWITTTULIH

[Monydyenne N-alMIbHBIX TTPOU3BOAHBIX MCIOJB3YIOT U 3aIUThI aMHHO-
rpymmbl. C 3TOM HEJTbI0 YacTO MTPUMEHSTIOT
a) beH3uaxaopgpopmuam:

0]
I —HCI O
CeHsCHOH + CHC—Cl — - CeHsCHy—0—C,
OEH3WIOBBI ¢docreH Cl
CITUPT GeH3uIXII0phopMUaT
//O
Cl |
5 NH,
eH3uIXJI0phopMUaT T
0

—— CeHsCH~0—C
NH—CH,—COOH

N-0eH3UT0KCUKApOOHWITIULIMH
(N-3awuwennvlil eruyun)
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0) mpem-6ymokcukapbokcasud (Boc-3amuTa):

o)
/)
(CH3);C—0—C.  + CHy— —COOH
; BNH, 1\’IH—C//O
P apGoKcaa ML "0—C(CHj);
(BOC—N3)

N-mpem-0yTOKCUKApOOHWJITIULIMH
(N-3awuuiernblil enuyun)

[TpermyiriecTBO OEH3UIOKCUKAPOOHUIBHOM U mpem-0yTOKCUKAapOOHUIbHOM
IpyNIl 3aKJouyaeTcsl B JErKOCTU UX yaajleHus. Kak npaBuio, 3allUTHYIO OcH-
3UJIbHYIO TPYIIY YAAISIOT KAaTAIUTUYECKUM TUAPOTeHOJIM30M WIU JSUCTBUEM
pacTBopa GpOMOBOIOPOAA B YKCYCHOM KUCTIOTE:

H,, Pd/CaCO;

O
2
C6H5CH2* (O C\ ]
Il\IH HBr/CH;COOH
cH
COOH

N-0eH3UTOKCUKAPOOHUATIULIUH

CHsCHy + COp + CHy C0o0°

TOJIYOIT @ NH3
N TJIMIAH
C¢HsCH,Br + CO, + CH,—COOH
OEH3MIOpOMUL ® Tl\IH3 Br®
TUAPOOPOMMUIL
TJIMIMHA

mpem-bByTOKCUKapOOHMITBHYIO TPYIIITY MOKHO JIETKO YIaJIUTh AeicTBUEM | H.
pacTBOpa XJI0pPOBOAOPOIA B O€3BOIHOM METaHOJIE:

0
(CH3);C—0—C. _Hal
NH—CH,—COOH ™"

N-mpem-0yTOKCUKapOOHWITIMIIMH

CH2 COOH + CH;— C CH, + CO,
®NH C1© CH3

TUIPOXJIOPUI TIIUITNAH U300yTUIICH
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27.4.3. N-AnkuimpoBaHue

MoHoanKWIMpoBaHUe aMUHOTPYIIILI HE Bceraa IpoTeKaeT u3dupareabHo. M3-
OMpaTeIbHOCTh 3TOM peaklMU 3aBUCUT OT XapaKTepa aJIKMJIMPYIOILIEro areHTa.
ITpumepoMm rinagkoro N-MOHOAIKUJIMPOBAHUSI MOXKET CIY>KUTh CUHTE3 N-OeH-
3UJIAMUHOKHUCIIOT:

O
CH;sCHCl + CHy-C KoH.
OEH3WIXIOPUL, | O°PK®
NH,

K-conb rmunmHa

0
72 1. H,O (KOH),
— CeHsCH,NH-CH,~C_ #}31{6)51
OCH,C¢Hs = ">

N,O-1n0eH3WATIMLIMH

®
——— C4HsCH,~NH—CH,—~COOH == C4¢H;CH,~NH,~CH,—CO0°

N-OeH3UNTIULIUH

27.4.4.  Peakuus sTepupuKanuu

Peakuuio OCYHIECTBJIAIOT JIECTBUEM CyXOro XjaopoBoagopojJa Ha CMEChb 06e3Boj-
HOTro crmupra 1 aMMHOKMCJIOTHI. 9(1)]/[[) AMMWHOKMCJIOTHI IMTOJIY4YalOT B BUIEC XJIOPIU-
Jpara, KOTOprVI EPEBOIAAT B OCHOBAHUE JIEVICTBUEM TpUaJKWJIaMMHa:

0 O
o C,Hs;0H & (GHs);N &
(|:H2 COOH g (cyxoii), 25 °C |CH2 %\OC q |CH2 C\OC H
NH, ONH;Cl 285 NH, 215
TJULH TUIPOXIIOPUT STUJIOBBIT 3hup
STUJIOBOTO 3upa TIMIAHA
TJIUIUHA

1t TosTydeHusT 6eH3UIOBBIX 3(HPOB AMIUHOKUCIIOT B KA4eCTBE KaTaJIN3aTo-
pa IPUMEHSIOT OEH30JICYIb(MOHOBYIO KUCIOTY. BhIIEISIONyIOCsT BOLY OTTOHSTIOT
B XOJIe peaKIInu:

& CgHsSO3H
H;N—CH-CO0" + CHsCHOH =Cia-
OEH3MJIOBBII

®
— H3N—(|JH—COOCH2C6H5 C¢HsS05°
CH;

O-06eH3W1aTaHUHOEH30J1CY/IbhOoHAT
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BGHSI/IJ'[OBBIG 3¢)Hpbl AMUWHOKMUCJIIOT HaAllJINU OCO6GHHO M POKOE MPUMEHE-
HHE, ITOCKOJIbKY O-6eH3VUTbHa§[ 3almTa JETrKO CHUMACTCA THAPUPOBAHUEM B OT-
CYTCTBUE BOJHI.

@
© Hy/Pd
H;N—CH-COOCH,CgHs CI Hy/Pd_
CH;

runpoxiopun O-6eH3unaraHnHa

®
— H3N—(|3H—COOH ClI° + C¢HsCH;.

CH; TOJYOJ

THIPOXJIOPUITL
aJlaHMHA

3amava 27.3. AjTaHWH TTOIBEpraeTCst KUCIOTHO-KATaTU3UPYeMOoii aTepubuKaii MeIjieHHee,
4yeM mponaHoBas Kucjota. [Ipemioxure oobsicHeHNe 3ToMY (hakTy.

27.4.5. Peakuuu 1e3aMUHUPOBAHUS

CB0OOHbBIE AMMWHOKUMCJIOTHI, KaK 1M IMEPBUYHbIC a)'[I/I(l)aTI/I‘IGCKI/IG AMUHBI, pearu-
PYIOT C A30TUCTOM KUCJOTOM C BbIAEJIEHUEM a30Ta.

CHy~COOH HNO, CH,~COOH + Nt + H,0

NH, OH
TJINIIUH TJINKOJIEBAs
KHcJjoTa

M3mepeHue KoJauMyecTBa BBIISIMBIIETOCS a30Ta MCIOJb3YETCSl ISl KOJIUYECT-
BEHHOTI'O OIpeAeIeHUsI aMUHOKMUCIIOTHI.

OKuCIUTENIbHOE Ie3aMUHUPOBAHKUE O.-aMUHOKUCIIOT IOJ JaeiictBueM 1,2,3-
WHAAHTPUOHA — HUHeUOPUHA — JIEXXUT B OCHOBE MX KaYeCTBEHHOro OOHapyxKe-
Hus. [Tpu 3TOM a-aMUHOKHMCIOTA MpeTepIieBaeT r1yO0oKue MpeBpalleHus], a po-
JYKT peaklMu UMEET XapaKTepHYI0 CUHIOI OKPACKY (HUHIUOPUHO6AS PeaKuust).
CuHuii nBeT 00ycioBieH od0pa3zoBaHueM Kpacutenst Cunuii Pyamana

OH
OH " NH, 1 H=0>C-0
HUHIUAPUH

(eudpamuas gopma
1,2,3-unoanmpuona)
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0] (0]
H,O HUHTUIPUH
— y C—N—-CH, ’ 0 CH-NH, 33,0
—H—C,
H
OH 0
2-aMuHO-1,3-MHAAHIUOH
0 o oy O
= Ne—
— CH—N-C — C—N—C
(0] 0] 0] (0]
(Myaxe 570 HM)

B oeJIoM, IJId HHHFHZ[pI/IHOBOﬁ p€aKklMM XapaKT€pHa BbICOKasA YyBCTBUTCIIb-
HOCTD, ITOCKOJIBKY OTACJBbHBIC €€ CTaAuN OTIMYAIOTCA XOPOIIMMHN BbIXOJaMU U
BOCITPOMN3BOANMOCTBIO.

27.4.6.  OTHomeHHe K HATPEBAHHUIO

[1pu HarpeBaHUM O.-aMUHOKKCIIOTHI IIPEBPAIAIOTCS B LIMKJIMYECKIE aMUIbI, Ha-
3bIBaeMble duxemonunepaszunamu. HarpuMep, aJaHUH TakKuM 00pa3oM LIUKITU3Y-
ercs 10 3,6-IuMeTHI-2,5-1MKeTonuIepa3nHa:

CH
| 3 //O CH3
NH-CH-C_
e SO 1 85 _0
FH n 2o + BN
“HO! £ NH
" C—CH-NH 0™ 74
0" CH, CH;
aJlaHuH 3,6-1uMeTHI-2,5-TNKETO-
MUIepasuH

I'apoan3oM OJHOM M3 MENTUAHBIX CBSA3EH B 3,6-1UMETIII-2,5-TUKETOIUIIE-
pa3uHe JIETKO MOJYyYUTh COOTBETCTBYIOLIMM nunentua Ala—Ala.

27.4.7. IlenTuanblii cCMHTE3
AMI/IHOKI/ICJ’[OTH B IIeriTugax nu 6em<ax CBsI3aHbI l'[elTTHI[HOﬁ CBS3b10. Henmm)uoﬁ

C6:3b10 HA3bIBAIOT aMMNIHYIO CBsI3b, KOTOpas CBA3bIBACT d)paTMeHTBI JBYX aMHWHO-
KHCJIOT.
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Hanpuwmep,
/O /O
e v
H2N—(|:H—C\ + H2N—(|3H—C\ —_—
/CH OH CH, OH
CH; CH; St
BaJIMH HUCTENH

nenmuoHas ces3b

O (0]
[l [l
S HZN—(llH—C—NH (llH—C—OH + H,O
CH CH,
CH; CH; iy
N-KOoHIIeBast C-koH1IeBas

AMMWHOKMUCIIOTa AMMHOKUCJI0TAa

N J
N

JUIICTITUL

B o01ieM, aMuaHy0 CBsI3b MOJYYUTH HecJIoXKHO. Kak mokasaHo BbILIeE, JJIsI
3TOTr0 MOXHO yKa3aTh 110 KpaliHell Mepe JBa MyTH:

a) uepes XA0paHeuopuo

/O /O

v v

R—C_  + R—NH, — R—C| + R'NH,- HCI;
Cl NH-R'

0) Kap6oouuMuoHbLil Memod, B OCHOBE KOTOPOTO JIEXKUT MPUMEHEHUE TUILIUK-
Jnorexkcuakapooguumuaa (JALITK/T)

O
Y
R—C_  + R—NH, + CgH;N—C-—N—CgH;; ——
OH
aMUH JUIUKIIOTEKCHIT-
KapOOHOBast KapOoIMuMu
KHUCJoTa
0] (0]

Il Il
— R—C—NH—R' + C¢H;;—NH—C-—NH—CgH,

aMu N,N'-IMIUKIOreKCUIT-
MOYEBMHA
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[MoxydyeHune MENTUIHOM CBSI3K, KOTOpast (hOPMaTbHO TaKKe OTHOCUTCS K YMC-
JIy aMUIHBIX CBSI3€il, OCTIOXHSETCSI TeM (PaKTOM, YTO M aMUHOTPYIIIa, U KapOOoK-
CUTPYIIIIa HaXOMSTCS B OMHOM M TOM e MOJIeKYyJIe aMUHOKMCIOTHI. [loaTomy
CUHTE3 LIeJICBOrO TUIIETITHIa COITPOBOXIAETCSI 00pa30BaHMEeM ITOOOUYHBIX TUTICTI-
TUJOB MPU TTOJIYYSHUU €TO KaK 10 XA0paHeUOpuoHomy memody (a):

0 0O
HN-CH-C_  + HN-CH-C —
R Cl k' OH
i 0
—_— HQN—(|:H—C—NI-I—(|:H—C—OH +
R R’
1LEJIeBOM AUTIENTHT
[l (II)
+ H2N—(|:H— C—NH—(llH— C—Cl + H(,
R’ R
ITOOOYHBIA TUTTENTHI
TaK U 1Mo xapboduumudHomy memoady (0):
0O 0O
H,N—CH—-C + H,N—CH—C + JUI'Kd ——
., OH .. OH
R R’
Il (II)

— H2N—(|:H— C—N H—(|:H— C—OH +

R R'

1IeJI€BOI TUTIETITU/L
[l I(I)

+ HyN— (le— C—NH—ClH— C—OH +

R R

[TOOOYHBINA JUTIENTHL,

0 i i
+ HyN— (le— C—NH—(EH— C—OH + C¢H;;—NH—C—NH—Cg4Hj,
R' R' N, N'-IMLMKIOreKCUIMOYEBUHA

MOOOYHBIN TUTIENTUL
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IIpeBpameHus nuIIeBbIX OEJIKOB

[MprHUMas BO BHUMaHUE MCKITIOYUTEIBHYIO BaXXHOCTh OMOJOTMYECKHUX (PYHK-
LM GEIKOB, HEOOXOIMMO XOTsI ObI KPATKO OCTAHOBUTLCS Ha TTPEBPAILIEHUSIX TTH -
IIeBBIX OEJIKOB B XKUBOM OpTaHM3Me.

Benku, roragarolye B opraHu3M B KauecTBe MPOAYKTOB IMUTAHMS, [IOABEPra-
1oTcs Tuapoausy. Kak yxke oTMedanoch, OHU JIETKO TMIPOJIU3YIOTCS B KUCION
cpele ¢ 00pa3oBaHUEM OTIEIbHBIX aMUHOKHUCIIOT. PacienieHre 6eJIKOB B opra-
HM3Me HauMHAETCS B KEJIyIKe TOJ JeicTBUeM (pepMeHTa MeIlCcUHa U COJITHOMI
KUCJIOTHL. [1py 3TOM GeJIKM MpeBpalaoTCsd B CMECU Pa3TMYHBIX MTOJUIIEIITHIOB.
I'maposus B xkelyaKe — JIMIIbL OJHA U3 CTaauii epepaboTky 6einkoB. CMech Iel-
TUIOB TOCTYMAaeT U3 XKeJyAKa B IBEHaILATUIIEPCTHYIO KUIIKY (BEpXHUI OTIEI
KWIIIEYHWKA), a 3aTeM — B TOHKHMI KUIIEYHUK, TAe MO/ AeACTBUEM CIIeIMaTbHBIX
(bepMeHTOB — merncuaa3s — 3aBepllaeTcs TUAPOJIU3 TOJUIETITHAOB 10 CBOOOI-
HBIX aMUHOKHCITOT. OGpa30oBaBIIecs TAKUM 00pa3oM aMUHOKMCIIOTHI BcachiBa-
IOTCSI M3 TOHKOTO KHMIIIEYHNKA B KPOBEHOCHYIO CUCTEMY, YTOOBI IIPUHSTH yJacThe
B CUHTE3¢ UIMEHHO TeX 0€JIKOB, KOTOpbIE B JaHHBIN TTEPUOJT Pa3BUTHUSI HEOOXOIM -
MBI XKHBOMY OPTaHU3MY.

27.5. BTOPUYHASA, TPETUYHAA
N YETBEPTUYHAA CTPYKTYPhBI BEJIKOB

[TocnenoBaTeIbHOCTh AMUHOKUCIIOT, KOBAJIEHTHO CBSI3AHHBIX MEXIY CO00il B
MOJUMENTUIE, MPEACTABIISICT COO0I nepeuuHyo cmpykmypy beqxa.

Kak yxe oTmeuanoch, poJjib 0€JKOB B OMOXMMUUECKUX MPOLIECCax Ype3Bbl-
yaliHO pa3HooOpa3Ha. beakoBy0 MpUpoay UMEIOT (PePMEHTHI, KaTaTU3UPYIOLLITE
pa3IMuHbIe peaklUu B OpraHu3Me: aTepuduKalunio, TuapaTaluo BOMHON CBsI-
31, OKMCJIEHUE U BOCCTaHOBJCHHUE, AeKapOOKCUJIMpPOBAHUE, KOHACHCALIUIO
Knsitzena u MHorue apyrue. Psig GesKoB BBITOJIHSIOT TPAHCIIOPTHBIE U MOHHO-
oOMeHHBbIe YHKLMU. MI3BeCTHBI OCJIKU-TOPMOHBI KaK PeryJsiTopbl OMOXUMUYE-
ckux npoieccoB. CocoOHOCTh OeIKa BHIMOJHSTh TY WM UHYIO (DYHKIINIO OTpe-
JIEJISIeTCSl €T0 CTPYKTYPOIA.

®usuonornyeckue (yHKUIMU OeJika B OTPOMHON Mepe ONpenessioTcs He
TOJIBKO €ro MEepBUYHONM CTPYKTYPOI, HO U €ro MPOCTPAaHCTBEHHON CTPYKTYpOI,
a UMECHHO 6MOPUMHOU, MPemu1Hol I 4emeepmu4Holl CImpyKmypamu.

Huxe mocienoBaTelbHO pacCMOTPEHBI B3aMMOJEUCTBUSI, KOTOPbIE Ompe/e-
JISIIOT CIIOCOOHOCTD OSJIKOB MPUHUMATh U YAEPKUBATh Ty WIM UHYIO BBICOKOOD-
raHU30BaHHYIO B MPOCTPAHCTBEHHOM OTHOILLIeHUU opMy (puc. 27.1).

Bodopoouwvie ceésasu enympu nosunenmudroii yenu. ITpuMep 3TUX CBsI3eii MOKa-
3aH HUXKE TIPU 00CYKIEHUU CTPYKTYPbI O.-CITUPAJIH.

Bodopoouvie cesazu mexncdy nosunenmuoduvimu yenamu. Hanvume aMUIHBIX
¢yHKIMIA BO (pparMeHTax aMUHOKHUCJIOT MpeaorpeaesieT UX CIIOCOOHOCTh K
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O6p330BaHH]0 CUJIBHBIX BOOOPOAHBIX CBSI3EN U MEXIAY COCCAHUMM ITOJIUIICII-
TUAHBIMU LICTISAMUA.

O R H
H | H
N
N
I H
R H O R

R O H R
H |

/& )H/N\H/k\

N

H | H

H R (0]
MMeHHO Takue BOAOPOAHBbIE CBSI3U B MEPBYIO Ouepeb CUMTAIOTCS OTBETCTBEH-
HBbIMU 32 (DOPMUPOBAHUE BTOPUUHOM CTPYKTYPHI OCJIKOB.

Boodopoonsie cesa3u medxncdy 6okoeoii epynnoii R u noaunenmuoroil uenvro. DT
BOJOPOJHBIC CBSI3U TaKKe ClieayeT MPUMHUMATh BO BHUMaHUE MPU OLIEHKE CTPYK-
Typhbl Oejika. B kayecTBe nmpuMepa Ha puc. 27.1 moka3zaHo H-cBsi3piBaHMe MeXIy
TUAPOKCUTPYMIION (pparMeHTa TMPO3MHA U KapOOHWIBHOM TPYIION IOJUIIeH-
TUIHOM LIETH.

Dnekmpocmamuueckue 83aumo0eiicmeuss Mexcoy UOHHLIMU YeHmpamu O0K08bIX
epynn R. ITpuMep Takoro poja B3aMMOJIEUCTBUI TakKe MoKa3aH Ha puc. 27.1.

Tuopoghoonuvie 63aumodeiicmeus mexncdy 60kosvimu epynnamu R. HemonsipHbie
YIJIEBOAOPOAHBIE (pparMeHThl OOKOBBIX Ipynml R Moryt ¢opMupoBaTh JOKasb-
Hble TUAPOGOOHBIE ITOJIOCTU B MPOCTPAHCTBEHHOI CTPYKTYype OeKa.

Kosanenmmuoie ces3u —S—S—. TlpyuMep 3TOro CTPYKTYPHOTO 3JeMEHTa JaloT
MOJIUIEIITUIHBIC 1IENH, BKIIoYalome ¢pparMeHT [ucrenHa. I1pu okucaeHun nBe
MPOCTPAHCTBEHHO COMMKEHHbIE TUOIbHBIE (YHKIIMU SH 1IMCTeMHOBBIX (hparMeH-
TOB JIETKO 00pa3yloT AUCYIbMUIHYIO CBsI3b —S—S—. Ecin LiucTenHoBbIe (par-
MEHTBI COAEPXKATCS B Pa3IMYHbBIX MOJUMEIITUIHBIX LEISIX, 00pa3yIoIIics IIMCTe-
WHOBBII MOCTHK CBSI3bIBACT 3TH Lienn. Eciu (pparMeHThI IMCTEMHA COAECPKATCS B
OJIHOM M TOM Ke MOJIMIIENTUAHON LIeNn, 00pa3oBaHMe MOCTMKA —S—S— BeleT K
(opMUPOBaHMIO HOBOIO MAaKpOLIMKJIAa B 3TOM noJiunentuae. Kak Bolie yxke orMe-
4ajoch, MUCYIb(MUIHBIE CBSI3U XapaKTePHbI, B YaCTHOCTHU, JIJIsI MHCYJIMHA.

Tenepp, mocjae 03HAKOMJIEHUS C MPUPOJOI CUJI, onlpeaestonmnx hopMy oe-
Ka, pacCMOTPUM OCOOEHHOCTM €ro BTOPWUYHOM, TPETUUYHON U UYETBEPTUUHOMN
CTPYKTYDBHI.

Bropuunasi cTpykTypa 0ejiKka ornpeaesisieTcsi Kak KoH(popMalust MoJIUIenTUI-
Hoit nenu. Cpenu HanboJIee BaXKHbBIX TUIIOB BTOPUUYHOI CTPYKTYPhI Ha30BEM CJle-
JIyIOIIKe.

a.-Cnupaap. 9ta KoHbopMaius (puc. 27.2) mpencrapisieT codoit crpaib, 00-
pa30BaHHYIO €IMHCTBEHHOM LIETNbI0 W MMEIOLIYIO HallpaBlieHWEe BpalleHUs 10
Xomy yacoBoii cTtpenku. a-Crnupanb nMmeet mar 0,54 uMm u nuametp 1,05 um. Ha
KaXIbIil ee BUTOK MPUXOIUTCS B CpeIHEM 36 aMUHOKHCIOTHBIX OCTaTKOB. OmnH
aMUHOKHUCJIOTHBIN ocTaToK 3aHMMaeT 0,15 HM IJIMHBI cIpaIu.
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Puc. 27.2. a-Cnupanb 6eaka
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>0

7,0

Puc. 27.3. CknamuaTas p-cTpykrypa 0ejka
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MC)K,Z[Y aToMaMM BOJAOpOAa B NenTUIHON TPYIIINPOBKE N Kap6OHI/IJ'[bHBIM
KHNCJIOPOJIOM TpeTbCVI 10 CYETY OT HEC aMUMHOKMCJIOTBI BO3BHUKAIOT BHYTPUMOJIC-
KYJAPHBIC BOOOPOIAHLIC CBA3U. DTU CBSI3U MOSIBIISIIOTCS TTOCTIE d)OpMI/IpOBaHI/IH
CITMpaJii 1 3aKpECILIAIOT €€.

- Hr, H R, H
: |2 Il | N
SN ON e M e O
H R H R
00uH ocmamox 68000p0O0HAs 83D
AMUHOKUCAOMbL o-cnupanu

Ckaaduwamasn B-cmpykmypa HopMUpyeTCs TUIOCKOCTSIMU, 3aKPEIJICHHbIMU
BOJOPOJHBIMM CBSI3IMM MeEXIYy MNapajeIbHbIMA LEeNsIMU aMWHOKUCIIOT
(puc. 27.3).

TpernuHasi cTpyKTypa 0enka (popMuUpyeTcsl CriocoOOM CKJIaAbIBAHUSI BTOPUY-
HOI CTpyKTypbl. Hampumep, cBuBasiCb B KJIyOOK, CIIMpaiyd OOpa3yloT 2100):1bl.
MMeHHo Takyto (popMy UMEIOT OSJIKU, BBITTOIHSIONIME POJIb OMOJIOTMYECKUX KaTa-
JIN3aTOPOB U PETYJIITOPOB, a TAKXKE OCJIKU, UMEIOIIUE TPAHCIIOPTHBIE (DYHKIIMU.

Iloaspubie eudpoghunvrvie epynnsl B TI00YJIE pacoONOXEHbI HA €€ BHEIIHEH
MMOBEPXHOCTU, a HenoAspHble eudpohobHble epynnbl 0OOpallleHbl BHYTPb IJIOOYJIbIL.
bnaronapst aToMy Hapy>XHasi IOBEPXHOCTb O€JIKa ruApaTUpPyeTCs, YTO MOBbIIIIA-
€T PacTBOPUMOCThH OeJiKa 1 00yCIOBIMBAET BO3MOXHOCTb €0 yJacTHsI B OMOXM-
MUYECKUX peaKLUsIX, KOTOpble B (PU3MOJOTMUYECKUX YCIOBUSIX IPOTEKAIOT B
BOIHOM cpele.

Pacnonarasice psimom, ciipaiu o0pa3yloT HUTEBUIHBIE CTPYKTYPhI, Ha3bIBae-
Mble pubpurramu. @UOPUIISIpHBIC OCJIKU SABISIIOTCS OCHOBHBIM CTPOUTEIHHBIM
MaTepraioM BOJIOC, KOXXM 1 MBIILIEYHBIX TKAHEI.

TpetnyHas cTpykTypa Oejika CTaOMIU3UpYyeTCsl TJaBHBIM 00Opa30oM CBSI3SIMU
MeX1y OOKOBBIMM TPYMHIIaM¥ aMMHOKMCIOTHBIX OCTaTKOB: JUCYIb(MUIHbIE U BO-
JIOPOJHbIE CBSI3U, NUIOJSIPHBIE B3aMMOJACHMCTBUS, CHJIbI BaH-Iep-BaajlbCcOBa
MPUTSKEHUS, 3JIEKTpocTaTuyeckue 3MEKThI.

YerBepTuuHas CTPYKTypa 0eiaka (popMupyeTcst Kak aHcamMOJIb IByX UJIu Oosiee
MOJIMIIENITUIHBIX LIETel, Kaxaast U3 KOTOPhIX UMEET CBOIO ITEPBUYHYIO, BTOPUY-
HYIO M TPETUUYHYIO CTPYKTYPbI 1 Ha3biBaeTcs cybsedunuyeli. CyobeIMHUIIBI MOTYT
OBITh OO OIMHAKOBBIMU IO COCTaBY M CTPOCHMIO, JTMOO pasnauyHbiMU. He-
CKOJIBKO TaKMX CyObEeIMHULL MOTYT OOBEINHSTLCS ¢ 0Opa30BaHUEM B pe3yabTaTe
COBMECTHOI YNaKOBKU YETBEPTUYHOM CTPYKTYPHI.

YerBepTUuHasi CTpyKTypa Oejika He MeHee BakHa, IOCKOJbKY HEKOTOpPBIE
OeJIKM BBIMIOJHSIIOT CBOM OMoOJIOTMYecKMe (PYHKIMU, HaXOAsIChb HE B BUAE OIU-
HapHOW MOJIMIIENITUIHON 1IeTH, a B BUAE KOHIJIoMepaTa (aHcamMOJIs1) ABYX WU
Oosiee LieTIeid.



Inasa 25. HYKIEWHOBDBIE KUCJIOTbI

HeobOxonMocTh BKITIOUeHUS] MaTepyraiia 3TOi IIaBbl B KypC OpraHM4eCcKoi XuMUN
IPY U3YYEHUU OCHOBHBIX I'PYI OMOJOIMYECKU aKTUBHBIX COSIMHEHMIA OIpee-
JISIeTCSl UCKITIOUUTEIbHON BAXKHOCThIO HYKJIEMHOBBIX KHCJIOT JIJIs1 XKUBBIX OPraHu3-
MOB. HykJIeMHOBBIE KMCIOThI OTBETCTBEHHBI 32 XpaHEHUE U BOCIIPOU3BEACHNE Te-
HETUYECKOI MH(pOPMALMKM BO BCEX JKUBBIX CUCTEMAX.

M3BecTHBI HYKJIEMHOBbBIC KUCIOTBI IBYX TUIIOB: 0€30KCUPUOOHYKACUHOBbLIE KUC-
aomot (JIHK) v pubonyxaeunoevte xkucaomot (PHK). ®yukuus PHK coctout B
TOM, YTOOBI «3aITyCTUTh B paboTy» nHMopMaIuio, Kotopas xpanurcs B JJHK.

o Toro Kak 0bL1M paciinpoBaHbl 3aTaAKU CTPOSHUS U (DYHKLIMOHUPOBAHMS
HYKJICMHOBBIX KUCJIOT, MPOOJIEMbl BOCITPOM3BEACHMS XKUBBIX OPraHU3MOB U Tie-
pedayn HacJAeACTBEHHBIX TNMPU3HAKOB B KMBBIX OpraHM3Max OMoJIormyecKast
HayKa CBSI3bIBaJla C TOHSITUSIMU «XPOMOCOMa» U «T'eH». TepMUH «XpoMocoMa»
O3Hayvajl CTPYKTYPHYIO €IMHUILY B SIApe KJIETKU, SIBJSTIOIIYIOCSI HOCUTEJIEM Ha-
caencTBeHHOM nHdopmauuu. [1og TepMUHOM «T'eH» MOHUMAJHU YacTh «XPOMOCO-
MbI», KOTOpasi KOHTPOJIUPYET Mepeaady OTAeIbHBIX XapaKTepHbIX HACIEeICTBEeH-
HBIX TPU3HAKOB: 1IBET IJ1a3, LIBET BOJIOC U T. 1.

B Hacrosiiee BpeMsi TEpMUHOM «XpPOMOCOMa» TIOJIb3YIOTCS ISl 0003Haue-
HUs KoMIuiekca 6eaka u mosiekyabl JIHK. TepMuHoM «reH» onpenensioT ¢ppar-
MeHT JJHK, KoTophlii HampaBiasieT CUHTE3 MHAMBUAYAJIbHBIX MOJIUIIEIITUIOB.
PaznuyHble XMBbIE OpraHU3MBbl Pa3IMYAIOTCS YMCIOM XPOMOCOM U T€HOB: JIO-
maap umeeT 64 xpoMocoMbl (32 mapshl), Koirka — 38 XpoMOCOM, a YeJI0BEK —
46 xpomocom (23 mapsl). [Tonaraior, 4To B 23 mapax XpoOMOCOM YeJIOBEKa CO-
nepxutcs 100 000 reHOB.

28.1. CTPOEHHE

[TomoOHO GeKkaM W yrjeBogaM, HYKJIEMHOBBbIE KUCIOThI MPEACTABISIOT COOOM
crielMPUYecKyio TPYIy OpraHu4ecKuX MomMMepoB. HyKIEMHOBBIE KUCIOTHI
SIBJISTIOTCSL noaunykaeomudamu. YToObI TOHATH, KaK MTOCTPOSHBI 3TU MOJUMEDHI,
pPAcCMOTPHM CTPOEHNE MHIUBUAYATBHOTO HYKJICOTHIA.
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Kaskablii HYKJIEOTHL COIEPKUT TPY pparMeHTa: MATUIICHHBIN MK MOHOCA-
xapuna (caxapa), LUKINYEeCKOe a30THCTOe OCHOBaHUE M (hOChATHYIO IPYIITy
OPO?~, Harpumep:

NH,

LIMKJINYECKOE
SN a30TUCTOE

‘ /g OCHOBaHUE

Il
eo—1|>—o—H2c 0. N 7O

°0
docdarHas
rpymmna
OH MOHOCaxapu
(me3oxkcupubdo3a)

JAHK n PHK paznuyaroTcst THIIaMu caxapa U OCHOBAHMSI B MOJTUHYKJICOTHUT-
HBIX LIETISIX.

28.1.1.  Monocaxapuapl

B PHK B kauecTBe MoHOcaxapuaa conepxkurtcs puoosa. B JHK B kauectBe Mo-
HOcaxapuaa COAEPXKUTCS 2-Ae30KCUpr003a (UTO U OTpeAeIsieT, B CBOIO 04Yepe/lb,
TepMUH <<z[e30Kcan60HyKnenHOBaﬂ KI/ICJ’IOTa»).

HOH2C HOH2C
D-pubo3za 2-ne30Kcu-D-pubosa

28.1.2. llukimyeckue a30THCTbIE OCHOBAHHUS

B cocraBe HYKJIEMHOBBIX KHCJIOT COACPKATCA MATh FeTEPOLMKINYECKIX OCHOBAHUMA.
TpI/I N3 HUX — LMTO3UH, TUMHWH, YpalluJl — OTHOCAT K ITPOM3BOAHBIM IMMPUMUHANHA:

NH, o) o)
CH; _H _H
C f\ \fk N fk N
4 N o S
MMUPUMUTTH H Il-I Il-I

uuto3uH (C) TuMuH (T) ypauui (U)
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a aBa — al€HWH U T'YaHUH — K IIPOM3BOAHbIM ITYPpHUHA:

NH, (0]
Dy oy
] ¢ ]
e ) -
H MypuH afgeHuH (A) ryaHuH (G)

B ckoOkax njaHbl OykBbI aHrmiickoro ajigasura: C — cytosine, T — thymine,
U — uridine, A — adenine, G — guanine.

AIleHUH, TyaHUH U LUUTO3UH TpucyTcTByioT U B JJHK, u B PHK; Tumun —
tosibko B JIHK, ypamun — Tonsko B PHK.

28.1.3.  Hykneo3uapl

Pubo3a unu nezokcuprdo3a U 0OIHO U3 TePEYMCICHHBIX BbIIlIE OCHOBAaHUI JalOT
MOJIEKYJY HYKAeo3uda. OCTaTK MOHOCaXapuaa U LIMKIMYECKOTO a30TUCTOTO OC-
HOBAHUSI COCIUHSIIOTCS CBSI3bI0 MeXIy N-aTOMOM OCHOBaHMUSI U aHOMEPHBIM
C-aromoM MoHocaxapuga. OCTaTOK LUMKINYECKOrOo a30TUCTOTO OCHOBAHUSI B
CTPYKTYpE HYKJICO3M1a BLICTYIIAeT TAKUM 00pa30M B poJiu aeaukoxa (MogpoOHee
00 amIMKOHax cM. B pasa. 26.1.3).

HOH,C
. HOHQC 0 N O
/g I + H,0

OH OH
pubo3a ypaumn OH OH
VPHIH
© OBPATUTE BHUMAHMUE!

HasBaHus HyKNeosnmos 00PasyloT ChedyloLwmnM 00pasoM: C OKOHYAHMEM -O3MH,
€C/IM MOHOCAaxapwia, CBA3aH C NyPUHOBbIM OCHOBAHWEM, 1 C OKOHYAHVEM ~UAMH, ECN
MOHOCaxapwa, CB3aH C MMPUMUONHOBbIM OCHOBAHUEM.
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28.1.4.  Hykaeoruap

MoHodochaThl HyKJICO3UI0B HA3bIBAIOT HYKACOMUOAMU.

(0]
o og_L ®
HOH,C N O—P—O0-H,C 5 N
0o
OH OH
NIe30KCUPUOOHYKIIEO3UT NIe30KCUPUOOHYKIIEOTHT

Hixe nanbr IIPUMEDPLI O6pa3OBaHI/I${ Ha3BaHUI HYKJIEOTUIIOB.

NH,
N AN
7
: <NfN/)

°0;P-0-HC

afeHO3UH-5'-MoHopochar

OH OH (pubonykaeomuo)

JIe30KCULIUTUINH-S5'-MOoHOpochaT
OH (Oe3okcupubonykseomud)

Kaxaplii 13 HyKJI€OTUAOB MOXET MPUCOSANHSITh TOMOJHUTEIbHbBIE ochat-
Hble TpYINbl ¢ obpazoBaHueM AudocdatoB u TpudocharoB. ObOpasyrolmrecs
MPU 3TOM CTPYKTYPhl UMEIOT BakKHeiiIlee 3HaUeHNEe B XXKU3HEACSITEIbHOCTU KU -
BbIX OpraHM3MoB. Kak paHee yxXe OTMeualoch, POJb adenozuHmpughocghama
(AT®D) B OMO3HEPreTUYECKOM LIMKJIE 3aKJIH0YaeTCsI B TOM, UTO MPU TpaHc(opma-
uuu aaeHo3uHTpudocdara B adenozurdugocgpam (AJ1D) BricBOOOKAACTCS OHO-
XUMMUUECKast SHEPTHUSL.
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B CTpYKTYpHOM OTHOILEHUU HYKJIEMHOBBIE KMCIIOTHI SIBJISTIOTCS MTOJIMMEpPa-
MM HYKJIEOTUAO0B. DparMeHThl HYKJIEOTUIOB COEAMHEHBI B HYKJIEMHOBBIX KHC-
sotax ¢pochaTHO-3(UPHBIMU CBI3IMU. Takue CBA3M 00pa3yroTCs MEXIY THI-
pokcusioM npu atomMe C; oxHOro Hykjaeoruaa u docdarHoil rpynmnoil npu
atrome Cs, ipyroro Hykjieotuaa. Huxe nokasaHo, kak (opMupyercs CTPyKTY-
pa IMHYKJIeOTHUaA.

(0]
Il 5! I 5'

@o—fl)—o—Hzc o @ eo—f|>—o—H2(: 0 @
O@ + O@ [
3 3
OH OH

MOHOHYKJIEOTU]I 1 MOHOHYKJIEOTU]I, 2
[l 5

°0—P—0—H,C 0 @

b
3
(0]
|
— °0—P—0—H,C 0 @

Oo

3

munykieornns OH

[To Tomy ke nmpuHUMITY HOPMUPYETCST MOJIEKyJIa TPUHYKJIEOTUAA U Jajiee —
MOJUHYKJICOTUA.

(5"-koHuesas dochar
epynna) |
caxap—OCHOBaHMIe
docdar

caxap—OCHOBaHUe
docdar
(3'-xonyesasn |
epynna) caxap—OCHOBaHME
AHaJIOTMYHO TOMY, KaK CTPYKTypa 1 (yHKIIMS OeIKa 3aBUCST OT MOC/IeI0Ba-
TEJIbHOCTU aMHWHOKMCIIOT, CTPOCHUE 1 d)YHKHI/IH HYKJICHHOBOfI KNCJIOTHI 3aBUCAT
OT MOCJE€A0BATCJIBbHOCTU OTACJIBbHBIX HYKJICOTHOAOB. C)'IGI[YGT 06paTI/ITb BHUMaA-
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HHE, YTO CKECJICThI U 6GJTKOB, N HYKJIIEMHOBBIX KMCJIOT COCTOAT U3 CUCTEMATUYECC-
KN MMOBTOPAIOIINXCA 3BEHLEB.

SN S A U M A o

| |
benrok —NH-CH—C—NH-CH-C—NH-CH-C—NH-CH—C—

OCHOBAaHMUEC OCHOBAaHUE) OCHOBaHUE3

Hyknennosas

— @oc@mar — caxap — (poc@dar — caxap — ocar—caxap —
icrora hocd p— docd p— ocd p

[lepeMeHHBIMHU SIBIISIIOTCS OOKO6ble Uenu aMuHOKUCA0m B OeJIKaX U OCHOGAHUA
B HYKJIEMHOBBIX KHCIIOTaX. B COOTBETCTBUM C 3THM CTPYKTYPY HYKJIEMHOBO
KWCJIOTHI, KaK MPaBUJIO, MPEICTABIISIOT, INIIb YKa3biBasl MOCIeA0BATEIbHOCTh
OCHOBAaHMM, MPUCYTCTBYIOIINX B CBSI3aHHBIX MEXIy CO0OI HYKJIEOTHAAX, Ha-
MpUMep:

—T-A-G-G-C-T—-.

28.1.5.  JIpoiinbie cnupayu THK. Moaeas Yorcona—Kpuka

Monekyna JJHK coctout u3 aByx crimpajieit, 3aKpy4deHHBIX OJJHA OTHOCUTEIbHO
JIPYyroii B MPOTUBOIIOJIOXKHbBIX HAIIPaBJIECHUIX. DTO MOJMHYKICOTUIHbIE CIIpa-
JIX, B KOTOPbIX (hochaTHbIE U YIIIeBOAHBIE (pparMeHThI pacojiaraloTcsi CHapyXu.
I'eTepouukinyeckre oCHOBaHUSI, (hOPMUPYIOLLINE COOCTBEHHO CITUPaJib, paciio-
naratorcst BHyTpu. H-CBsi3biBaHMe MexXIy (hparMeHTaMU OCHOBaHUIA o0ecIeun-
BaeT yCTOMUMBOCTbD ABOIHOM crivpanu. [Tpu atom H-cBs3M SIBASIOTCS 1OCTATOY-
HO MPOYHBIMU JIUILb Mexcdy OnpedeseHHbIMU Napamu 0CHO8AHUIL.

5) PR OH &)

i())*TZZ:AA(\

(3)YHO P®)

COOTBCTCTBy}OH_II/IG napot OCHOGAHUIl HA3BIBAIOTCSI KomniemenmapHoimu:. C€CJIn
OCHOBaHME A HaXOIUTCSI B OJHOM ernu, To0 OCHOBaAaHUE T momxHO oKa3aThes Mo Co-
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CEICTBY B IPYIoOii Lieru. AHAIOTMYHO, eciii ocHoBaHMe C HAXOOUTCsI B OMHOIA 1ie-
1, To pparmeHT ocHoBaHUA G IOJDKEH HAXOIUTHLCH T10 COCENICTBY B IPYToOii LIETTH.

0,29 HM I|_I H 0,29 HM
CH; /O-"H—N Nﬁ N—H O
/ o 7 \ N / \ 030 HM \
NO 31(;IHMN\: N\
N O N /N~\< >7N
(0] O-- H—N
0,29 um H

B JHK yenoBeka BCTpeyaroTCs JTUIIb YEThIPE OCHOBAHUSI: a€HWUH, IMTO3WH,
TyaHUH U TUMUH. Byayun pacrosioXeHbl 1o aHIIMICKOMY andaBUTy, 3TU OCHO-
BaHUSI MOTYT 0Opa30BBIBATh Maphbl TOJBKO TaK, KaK IMTOKa3aHO HUXKE.

v !

A C G T
aleHWH A } TUMWH
LUTO3UH TyaHWH

OKa3aJioch, YTO 3TU MpaBUIa KOMITJIEMEHTAPHOCTH a30TUCTBIX OCHOBAHUIA B HYK-
JISMHOBBIX KMCJIOTaX JieXKaT B OCHOBE Iepefauyy TeHeTUYeCKOo MHMopMaun 1
YIIPaBJICHUSI CUHTE30M OCJIKOB. ABTOpaMU MOJEIN IBOWHOM CIIUPaIN SBJISTIOTCS
Jhic. Yomcon n @. Kpuk, ynocToeHHBIE 32 CBOU paboTel B 1962 1. HoGeneBcKkoit
MIPEMUM.

© OBPATUTE BHUMAHMUE!
Aeovixoii cimpansio JHK Ha3biBalOT [1BE MNOSIMHYKNEOTUAHbIE CIMPAN, 3aKpyYeH-
Hble 04Ha OTHOCUTENIbHO APYroi B NMPOTUBOMOJNIOXHBLIX HANPaBileHUsX; O4Ha Lernb
[OHK HasbiBaeTCca TemmniaTtHom, opyras — MaTpuyHom.

28.2. HYKIIEMHOBBIE KNCJIOTBI
N HACJIEACTBEHHOCTD

HacneactBeHHble TpU3HAKM JIIOOOTO XMBOro opraHusma omnpenesstores JHK
o6oux pomuteneii. Otn JJHK nmpucyTcTBYIOT COOTBETCTBEHHO B KJIETKE CIIEPMBbI
u B kietke siiua. Kaxnas JJTHK BHOCUT B KOMOMHALIMIO KJIETOK POJAUTEICH Om-
peleeHHbI HAabop TeHOB.

I'eHeTnueckas uH@opMalus 3aKOAUPOBaHA B MOCIEI0BaTEIbHOCTU OCHOBA-
HuM, pacnojararmomuxcs Baojab uenu JHK. ITpu kaxaom nejneHuu KIeTKu 3Ta
UH(pOpPMaLIUST KOTTUPYETCST U IEPEHOCUTCS B TOYEPHIOIO KJIEeTKY. Jlajgee Ha OCHO-
BE 9TOM MH(OpPMaLMK B KJIETKAX OCYLUECTBISIETCS CUHTE3 COOTBETCTBYIOLIMX
0enkoB. Kaxnplii reH B Mmonekyie JIHK comepxuT «<MHCTpyKLIMK» , HEOOXOIUMBbIE
IS CUHTEe3a OHOro OeJika.
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LleHTpaibHOE MOJIOXKEHWE MOJIEKYJISIPHOU T€HETUKH 3aKJII04aeTCsl B TOM, YTO
JAHK xpanut reHetndeckyio nHgopmanuio, PHK cuutsiBaeT aTy nHpOopMalmio
U UCTIOJIB3YET €€ B cuHTe3€ 0esKOoB. [Tpu 3TOM peann3yioTcs TpU OCHOBHBIX IPO-
liecca: peruiMKalusi, TPAaHCKPUIIIUS U TPAHCISLIUSA:

TPAHCKPUITLIHWA TpaHCIA WA

permKanust
—_—

JHK JHK PHK benoxk

Penauxauyus — nipoliecc, B KOTOPOM B XOJI€ JAeJICHUS KJIETKA BOCITPOU3BOIUT-
cs1 uaeHtTuuHast konust (peruinka) JJHK. JIBe qouyepHue KIETKU MMEIOT, TAKUM
obpas3om, onHy 1 Ty xe JJHK.

Tpanckpunyusa — 1ipoliecc, B X0J€ KOTOPOTO CYUTBHIBAIOTCS TEHETUYECKHE KO-
nbl, cogepxaiuecs B JIHK. ITpogykTamMu TpaHCKPUITLIMY SIBJISTIOTCS pUOOHYKJIIE-
WHOBBIE KUCJOTHI, KOTOphIE IepeHocdT 3ajoxeHHylo B JIHK uHdopmammio k
MECTy CMHTe3a OeJika.

Tpancaayua — mpoliecc, B KOTOPOM TE€HETUUYECKUE KOIbl, MEPEHOCHUMBIE
PHK, nexonupyroTcst U UCIIOJIb3YIOTCS B MENTUIHOM CUHTE3E.

28.2.1.  Penmukanusa IHK

Permmukanms JIHK HaunHaeTcst B siipe KJaeTKu ¢ packpyunBaHus cnvpaiu JJHK.
[To mepe atoro craHoBsTcs moctynmHbiMU ocHoBaHMsl JIHK. K packpyyeHHOMY
dparmenty JJHK npuobmxkaiorcst pparmenTsl rpyniisl JJHK-nonmmepassl 1 Ko-
MUPYIOT COOTBETCTBYIOIIMMA y4aCTOK, UCITOJIB3YS TPU 9TOM HEOOXOIUMbIEC HYKJIE-
osuarpudocdatel. OAUH 3a APYTMM HYKJIEO3MIbl BCTPAUBAIOTCSI B PACTYIILYIO
uenb JIHK. Takoe BcTpanBaHKWE CTPOrO PeryaupyeTcss BOMOPOIHBIMU CBSI3SIMU,
MoKa3aHHbIMU BbIllle Ha cxeme. [Ipu 3ToM B3aMMOAECHCTBOBAaTH MOTYT TOJBKO
cTporo onpeaeneHHble mapel: A <= T, G <= C.

TemnnatHas
Lelb

T
Hosas uernb, —/‘O

pactymag 5—3' 5 (|: 0 OcHoBaHue

‘ OcHoBaHMe

oo (')y( 0 0°
‘OCHOBaHI/le eee

OcHoBaHUe

PaspeiBaloiasics 5'(|:H
CBAI3b 2 O 5'
4
BCTpaI/IBaIOHII/Iﬁ_(Jy 3
HYKJIEO3U /I~

Tpudocdar OH
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[TockoabKy Kaxkaasi HOBasl Liellb KOMILIEMEHTapHa MepBOHAYAIbHOMN (TeM-
MJIATHOM) LIeMU, B XOJI¢ PerIMKAlUU MPOU3BOASTCS NBE WUACHTUUHBICE KOMUU
cnupanu JHK. B kaxnoit HoBoii ciupanu JIHK ogHa nenb saBisieTcst, TaKuM 00-
pa3oM, TEMIUIATHOM, a Apyrasg — BHOBb CUHTE3UPOBAHHOIA.

Kak nokazano Ha cxeme, JJHK-nmonuMepasa kataausupyeT peakKiuo MEKIY
5'-ocdaTHOI TpyIIoii BCTpanBaeMoOro HykJieo3uarpudocdara m cBoOOIHOM
3'-OH-rpynrmoii pacTyllero INoJuMHyKJIeoTuaa. TakuMm oOpa3oM, TeMILIaTHasI
LeTb Konupyercsd B 3' — S'-Hanpasnenun, a HoBast JJHK 1ienb mpu aToM pacteT
B 5' — 3'-HampaBJICHUU.

28.2.2.  Tpanckpunuus. Cuntes PHK

PuGoHyKI€MHOBBIE KUCIOTHI CUHTE3UPYIOTCS B KJIeTKaX B MPOLIECCe TPAHCKPUII-
uuu JIHK. DToT npoliecc B OCHOBHBIX YepTax MoJ00eH PerIMKaLN.

B xonme TpaHCKpuMLMU, KaK W MpU PEIUIMKALIMKU, MaJblid Y4aCTOK JBOMHOM
cnupaym JHK packpyumnBaercs. OcHoBanus nByx ueneil JHK craHoBsaTcs no-
CTYIIHBIMM TSI «ITOACTPaMBaHMSI» KOMILIEMEHTAPHBIX HYKJICOTUAOB. [Ipn 3TOM
Bo3MoxeH cuHTe3 PHK Tpex Tmmnos:

penauxayuonnas PHK (p-PHK);
mpancnopmuas, i mpaucaayuonnas PHK (m-PHK);
nocoLavhasn, inv ungpopmayuonnas PHK (n-PHK).

B xone PHK-cuHTe3a TpaHCKPUMILIMY MOABEPraeTcs TOJIbKO OHA U3 ABYX 1ie-
neit JIHK. DTy 1ienb Ha3bIBaIOT memnaamuoii yenvro. Bropasi KomIjieMeHTapHast
uens JAHK HazbiBaeTcss mampuunoil yensro. I1ockonbKy 1ens n-PHK dopmupy-
erca Ha TemruiatHoil tenu JHK, 3Ty Lienu okasbIBaloTCs, B KOHIIE KOHIIOB,
KoMIuIeMeHTapHbIMU. TakuM oopa3oM, cuHTe3upoBaHHas n-PHK saBaseTcst ko-
nueit matpuuHoit nenu JJHK u HazeiBaetcs mocbuibHOit PHK (n-PHK): oHa
umeeT ocHoBaHus U (ypauui) BMecto ocHoBaHuii T (TumuH). COOTBETCTBYIO-
e orHomeHust mexay uensgmu JHK u PHK nmmoctpupylorest Huxe.

Martpuunas uens THK 5" ATG CCA GTA GGC CAC TTG TCA 3
Temnnatnas nens JTHK 3 TAC GGT CAT CCG GTG AAC AGT 5
n-PHK 5" AUG CCA GUA GGC CAC UUG UCA 3

© OBPATUTE BHUMAHMUE!
OcHoBaHMS Kaxaon U3 Lenei nepeyncneHbl B BUAe TPUMIETOB. Takme TpUMeTsl,
Ha3blBAEMbIE KOZOHAMM, NlexaT B OCHOBE MEeHeTMYEecKoro kopa. Kaxabi KOmoH
KOAMPYeT onpefeneHHyo aM1UHOKUCIIOTY.
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Tpauckpunums JAHK nns BocnipousBonctBa n-PHK BkitodaeT cieayronine
CTaguu.

ITpouecc TpaHCcKpunuUMKU HauuMHaeTcs ¢ Toro, yto PHK-noaumepasa «oTbic-
KUBAET» KOHMPOAbHbLIL (hpaemenm (cmapm-kodorn) B JHK, npeniiecTByonii To-
My ydactky uenu JJHK, KoTophslil 1okeH ObITh «cunTaH» PHK.

PHK-nonumepasa gsuraetcst Bnouab pparmenta JJHK, KoTophblit momiexXut TpaHe-
KpUIILKU, U BCcTpauBaeT B hopmupyemyto PHK koMIieMeHTapHbIe HYKJIEOTHIbI.

Tpanckpunuus 3akaHuuBaercsi, Kornra PHK-nonuMepasa nocruraer nocre-
JIOBaTEJIbHOCTU HYKJICOTUIOB, KOTOPAsl BBIMOJHSIET (DYHKIIUIO «CHON-KOMAHObI»
(cmon-xooon).

B 3aBepiiieHMM TpaHCKPUITLMY Kaxaoe ocHoBaHue MoJieKyabl PHK cooTBet-
CTBYET KaxKIOMy OCHOBaHUIO, KOTOpOe nMeaoch B MH(popMmanmoHnHoi JTHK.

28.2.3.  Tpancnsauusa. buocunres oejka

TpaHcasius npeacTaBiisieT coboi Tpolecce, B X0Ae KOTOPOro HYKJIeOTUIHAS T10-
clienoBaTesIbHOCTD (reHeTnyeckuit ko) nocelibHOI PHK (n-PHK) onpenensier
pacrojaoXeHne aMUHOKHUCIOT B CHHTE3UPYEMOM OEJIKE.

B npouecce TpaHcasuuu kpoMe nockutbHOM PHK yyacTBytoT TpaHcmopTHast
PHK (m-PHK) u permukauuonnast PHK (p-PHK), koTopast Haxonutcst B cocTaBe
KOMIUIeKca ¢ hepMEHTOM, KaTaJIM3UPYIOLMM 00pa3oBaHue MENTUAHON cBs3u. Ta-
KOI KOMILIEKC Ha3bIBAIOT pubocomoti. Kaxknplii U3 yuaCTHUKOB TPAHC/ISILIUU UMEET
ctporo onpeaeneHHble GyHkumu. n-PHK nocnenoBarenbHOCTbIO CBOMX KOIOHOB
OIpeeJISIeT MOPSIIOK MPUCOSIMHEHMS TeX UM MHBIX aMUHOKHKCIIOT B CUHTE3UpYe-
MoM Oenke. m-PHK mocTasisier HeoOXoauMble aMMHOKHCIOTHI K MECTY CUHTE3a.
Hnst aroro m-PHK ucnonb3yer coOCTBEeHHBII KOIOH (€ro Ha3bIBAIOT aHMUK0O0O-
HOM), KOTODBII SIBJISIETCSI KOMILIeMeHTapHbIM KonoHy #n-PHK. m-PHK, Hecymmas
COOTBETCTBYIOIIYI0O aMWHOKHWCIOTY, MOXET IPUCOEAMHUTHLCS, TaKUM 00pa3oM,
TOJIBKO K CTPOTo onpeaeeHHoMY ydacTKy #-PHK.

Hanpumep, tpumier (kogoH) U—U—G (ypaumi—ypalui—TyaHUH) B LU
n-PHK sBisieTcst KomoHOM, OTpeesIsIiolM BCTpaBaHUe JIEHIIMHA B pacTYIIYIO
Henb Oenka. YToObl Takoe BCTpaMBaHME 0Ka3ajdoCh BO3MOXKHBIM, B LU
m-PHK, xoTopast jocTaBisieT MOJIEKYJy JeHLIMHA, JOKEH IMPUCYTCTBOBAThb aH-
tukonoH AAC. AHanornyHo KogoH AAA B uenu n-PHK cnietmduyeH mist tusn-
Ha. m-PHK, koTopas mocrtasisieT MOJEKyIy JU3MHA K MECTy CMHTe3a, JOJIKHA
obnagath aHTukogoHoM UUU, 4TOOBI MPUCOSAUMHUTHCS K YKa3aHHOMY MECTY
B uenu n-PHK. Kaxnoe npucoenunenue m-PHK k n-PHK conpoBoxnaercs
¢epMeHTaTUBHOM peakiyeit (B cocTaBe puOOCOMBI), B pe3yJibTaTe KOTOPOIt ocTa-
TOK €lll¢ OJHOM aMMHOKKMCJIOTHI BCTPaUBAECTCs B PaCTYILYIO MOJIEKYJIY CUHTE3U-
pyemMoro oenka.
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DTOT Ipolece MOBTOPsieTCsl MHOToKpaTtHo. Pubocoma nuraercs Buosb n-PHK
U obecrieuyrBaeT o0pa3oBaHKe HEOOXOAUMBIX MeNTUAHBIX cBs3eil. Korma 6enkoBast
LIeTb HEOOXOAMMBIX pa3MEPOB CUHTE3UPOBaHa, pudocoMa mocturaet yyactka UAA,
KOTOPBIH SIB/ISIETCS CTOoN-KogoHOM. Pubocoma otnensiercst ot n-PHK; To Xe npo-
WCXOJUT Y C CUHTE3UPOBAHHBIM OCJIKOM.

Jaxe 10 OKOHYaHMsSI CUHTE3a IMOJUNENTUIHON 1IeMM HauuHaeTcs (popMu-
poBaHUe ee crielupUIeCcKOil BTOPUUHON U TPeTUYHON CTPYKTYp. Bpems cuH-
Te3a OEJIKOBOI MOJIEKYJIbl 3aBUCUT, KOHEYHO, OT €€ pa3MepoB, OJHAKO B Cpe/l-
HEM Kaxasi pubocoMa MokeT o0pa3oBaTh 10 150 MeNTUAHBIX CBSI3Ei KaxKaylo
MUHYTY.

B 3axkiioueHue ciemyeT OTMETUTh, YTO YEThIPE OCHOBAHMSI, YYaCTBYIOIIME
B COCTaBe COOTBETCTBYIOIIMX HYyKJIeoTUA0B B cuHTe3e PHK, Moryr oGpazoBarh
64 pasnmmyHbBIX TpUILieTa. M3 3TUX TpUILIETOB (KOTOHOB) 61 TPUILIET ITpeTHa3HA-
YeH JJ11 KOOAUPOBAaHUS TeX UM MHBIX aMUHOKHUCIOT (HEKOTOPbhIE aMUHOKUCIOTHI
KOAMPYIOTCS 00Jiee YeM OTHUM KOJOHOM), a TPU KOJIOHA SIBJISIIOTCSI CTOIT-KOI0-
Hamu. IllecTpaecsT YyeThlpe TeHETUYECKMX KOJIOHA SIBJISIIOTCSI YHUBEPCAJTbHBIMU
JIJIsSI BCEX XKUBBIX OPraHU3MOB.

MOJIEKYJIAPHOE Y3HABAHUE B XUMHWH 1 BUOJIOTNN

B 3T0i1 r1aBe ObUIM pacCMOTPEHbI MOpa3UTEbHbIE MPUMEPHI CIeln(pUIECKOro
B3aMMOJICHCTBUSI OPTaHMISCKHUX MAKPOMOJIEKYJT MEXKIy COOOIA:

— nBoriHasg cniupaib JIHK dopmupyeTcs 3a cueT BOTOPOIHBIX CBSI3EH MEX Ty
CTPOTO ONpeneJeHHBIMU OCHOBAHUSIMU (KOMILJIEMEHTapHBIE TTaphl);

— Bce ctaguu BocrnpousseaeHus JJHK nmeror B cBoeit ocHoOBe crieunduyec-
KO€ B3aMMOJICCTBUE MOJIUHYKICOTUIHBIX LIETICH.

CT0J1b BBICOKYIO U30MPATEIbHOCTh B3aUMOACHCTBUSI OPraHUUECKUX MOJIEKYJ
OBLIO MPETOXKEHO 0003HaUYaTh TEPMUHOM «MOACKYAAPHOE Y3HAGAHUEY .

AHaJIOTMYHbIE B3aUMOJEHUCTBUSI ObUTU omnurcaHbl paHee B 1. 13 (T. II) mpu 00-
CYXKIEeHUU paboThl UMMYHHOI cUCTeMBI (pa3si. «JlomoaHeHus»). B ocHoBe (pyHK-
LIMOHUPOBAHMSI 3TON CUCTEMBI JieXKaT MPOLECChl CIIELU(PUISCKOro pacno3HaBa-
HUSI, CBSI3bIBAaHUSI U YAAJCHUS YYXKEPOAHBIX COCAMHEHMIA (aHTUTEHOB)
AHTUTEJIaMU, KOTOPbIE BbIPAOATHIBAET ISl TOM 1IEJIU 3A0POBbI OPraHU3M.

He cnenyer onHako cuuTath, 4TO (heHOMEH «MOJIEKYJIIPHOIO Y3HABAHMS» Xa-
paKTepeH JUIIb 11T 0MOOPTaHUYECKUX CYOCTPaTOB U OMOXUMHMYECKUX PeaKIIUA.
B npenbiayiiux riaaBax He pa3 NpUBOAUINUCH IPUMEPHI «y3HABAHUST» PA3IMYHbBIX
cyOCcTpaToOB OpraHM4YecKMMM MoJjieKysamu. Llukinndeckue nonuadupsl odnana-
IOT CITOCOOHOCTBIO «y3HaBaTb» HEOpraHu4eckue MOHBI: [18]-kpayH-6 «y3HaeT»
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WOH Kanus, [58]-kpayH-5 «y3HaeT» UOH HaTpus, a [12]-kpayH-4 u3dupareabHO
BKJIIOUAeT BO BHYTPEHHIOKO TOJIOCTh TOJBKO UOH JIUTHSI.

O o 0 0
O O o 0
__/ \_/

CriocOOHOCThIO «y3HaBaThb» MOHBI HATPHUSI M Kajausl o0NagaloT U MaKpOJIMIbL.
Hanpumep, HOHaKTUH CITOCOOEH BKJIIOYATh B CBOXO BHYTPEHHIOIO MTOJIOCTh U TPaHC-
MOPTUPOBATH Yepe3 MeMOpaHbl TOJILKO MOHBI Kaus (cM. T. 11, r. 18, puc. 18.1).

B sTux npumepax peuyb uueT o0 oOpazoBaHUM COCIUHEHUI BKIOUeHUs. Ta-
KHe peaklUU MPUHSITO Ha3bIBATh 63aUMO0elCIeuemM «X03UH—20Cmb». MOJIEKYJ1a
KpayH-3¢upa MpU 3TOM KaK XO3SIMH BKJIIOUAeT BO BHYTPEHHIOIO IOJOCTh MOH
MeTaJjlia, KOTOPbIi CUUTAETCS] TOCTEM.

HMHTtepecHO, 4TO KpayH-3(UPbl — «X035€Ba» — TOASTCSI HE TOJIbKO JJIsl CBSI-
3bIBaHUS KAaTUOHOB. HIke mokaszaH [UKINYECKUi TeTpaaMMOHUEBbII MOH, CITO-
COOHBIN crieM(UIYECKU CBSI3bIBATh TOJBKO MOH XJIOPA.

®N\ ‘\\H‘\Ne + C° ——~
H

y

B ocHOBe MexaHM3MOB BKyca U 3araxa, Kak 1 (papMaKoJOTUYeCKOTro AeicT-
BUSI JIEKapCTB, JieXKaT B3aMMOJICICTBUSI COOTBETCTBYIOIIMX OPTaHUYECKUX MO-
JIEKYJ ¢ peuentopamMu. DTU e3aumodeiicmeus TakKxKe SIBISIIOTCS cneyuguuecku-
mu. DddexT cragkoro BKyca, Hampumep, oOecreunmBacTCsd KOHTAKTOM
«CIAaJKOM» MOJIEKYJIbl U pelienTopa B BOCbMU lLieHTpax (TJ1. 24, pasn. «Jdomnon-
HeHUs»). UMeHHO OJlarofapsi TaKOMY KOHTAaKTY PELIENITOP Y3HAET «CIaaKylo»
MoJeKyJqy. BzaummomeiicTBUSI TaKOro pojia Ha3bIBAlOT @3aumodeiicmeuem
«KAIOY—3aMOK»: KIIIOY («cllagKasi» MOJIeKyjia) U 3aMOK (MaKpoMOoJieKyJia COOT-
BETCTBYIOIIETO pelenTopa). AHaJOTMUHbIE B3aMMOACHCTBUSI OTBEUalOT U 3a
dapmakogoruyeckuit 3¢OeKT JeKapCcTB.

MOXHO OTMETUTb HECKOJIbKO TMOJOXEHUI, KOTOPBIE SIBJISIIOTCS OOIIMMM KaK
JIJISI MOJIEKYJISIPHOTO Y3HABaHUSI, TaK U JIJIs1 B3AUMOIECTBUI TUIIA «TOCTh—XO035I-
NH» N «KITIOY—3aMOK».
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B xaxioM ciaydae aBe MOJIEKYJIbl B3aUMONEHCTBYIOT MEXIY COOOIA:

a) 1o KpaliHeil Mepe B ABYyX M OoJjiee LIeHTpax;

0) MOCPEenCTBOM BOAOPOIHBIX CBSI3EH, 2JIeKTpocTaTUUeCKUX I(PHEKTOB, BaH-
Jep-BaabCOBBIX CUJI MPUTSIKEHUSI;

B) 03 00pa3oBaHuUsI KOBAJICHTHbIX CBS3EH.

Oco0Oblli MHTEPEC MPEACTABISIOT MPUMEPbI, B KOTOPBIX MOJEKYJIbl B3aUMO-
JNEHCTBYIOT 1 1aI0T COOTBETCTBYIOIIME MPOAYKTHI HE 32 CUET BOJOPOAHBIX CBSI3Eit
1 JIEKTPOCTATUUECKUX CUJI, a 3a CUET BaH-Iep-BaabCOBbIX cul. Hike mokasa-
Ha CTPYKTypa COCIMHEHMSI, B KOTOPOM BO BHYTPEHHIOIO THAPO(GOOHYIO MOJI0CTh
«X035IMHa» BKJIIOUEHA ruaApodoOHast MOJIEKYJIa «TOCTsI» — MepujieHa.

Mgg Me
X@
Me O O, Me
Me Me
X® /Me
Me > NG

M
Me Me
Me O O Me
X@
N\
Mc{ ® Me

Kak BUIHO, B CTPYKTYpax «XO3sIMHa» U «[OCTSI» B 00JIACTU CBSA3BIBAHUS OTCYTCT-
BYIOT (pparMeHTBI, CIIOCOOHBIE 00ecIeunTh 3(PHEKTUBHOE MEKMOJEKYISIPHOE
H-cBsasbiBanue, a HaxonsTcs auinb Henosipuble C—C- u C—H-cBsi3u. Tem He
MeHee CBOOOJHAsSI SHEPIUsl CBSI3BIBAHUS B Mape «XO3SIMH—TOCTb» OLIEHUBACTCS
BeauunHou 41,9 k/I>k/Mosb. B aToli mape oTCyTCTBYIOT (pparMeHThI, CIIOCOOHBIE
K 3(pheKTUBHOMY 3JIEKTPOCTaATUUECKOMY B3auMoelicTButo. HalineHHy0 3Hep-
TUIO CBSI3U CJIEAYET OTHECTU, TAKUM 00pa3oM, K BaH-Jep-BaalbCOBbIM CUJIaM.

T'oBops 0 coeMHEHUSIX BKJIIOYEHMUSI, CAENYET MOAYEPKHYTh UX Ba’KHYIO OCO-
OCHHOCTB: BHEAPEHUE «TOCTSI» B IOJOCTh «XO3SIMHA» CYILIECTBEHHO W3MEHSET
CBOICTBA MOJIEKYJIbI «TOCTSI».

Hanpumep, BBUIY TOTO, YTO BHEIIHUI MEpUMETP KpayH-3(pUPOB ruapodo-
OCcH, COOTBETCTBYIOLLIME HEOpPraHMYEeCKUe BEelleCTBa, B YACTHOCTU MepMaHTaHaT
KaJIvsl WUIM TUAPOKCUIL Kalus, B IPUCYTCTBUM 18-KpayH-6 IpUoOpETaroT pacTBo-



MosnekyasapHoe y3HaBaHUe B XUMUK U GUOJIOTUI 339

PUMOCTb B OpraHUYECKUX PacCTBOPUTEISAX (HampuMep, B 0eH3ouie). [Toatomy no-
OaBieHue TeTparuapodypaHa BMecTo 18-KpayH-6 HUKAK He MOBBIIIAET PACTBO-
PUMOCTb CoJieil Kaiusl B OeH30J1e.

MaxkpoLMKII, BKIIOYAIOIIWIA MOJIEKYy epuieHa, HallpOTUB, MO Mepudepun
uMeeT TuapoduiIbHble (pparMeHThl. [ MaApodOOHbII TIepuieH B pe3y/IbTaTe B3au-
MOJCIHCTBUS ¢ TAKUM MaKpOLIMKJIOM MPUOOpeTaeT paCTBOPUMOCTD B TTOJISIPHBIX
pPacTBOPUTEIISIX, B TOM YKCJIe U B BOJE.

BaxkHO moguepKHYTh, UTO HE3aBUCUMO OT MPUPOIbI CUJI, CBSI3bIBAIOIIMX B3a-
MMOJEHCTBYIOIINE KOMIIOHEHTHl OPYr ¢ OPYroM, MPUMEPHLI MOJIEKYJIAPHOIO
y3HaBaHUS CJeAyeT paccMaTpuBaTh KakK IPOLECChl KOMILIEKCOOOpa3oBaHusl,
K KOTOPBIM MPUMEHUMBbI 00I111e 3aKOHbBI TEPMOAUHAMUKU:

A+B——AB
_ [AB]
Kasn = TAT BT -

Kak u Bcsikast apyrasi KOHCTaHTa paBHOBECHSI, KOHCTaHTa KpaBH 3aBUCUT OT
CTaHJIAapTHOI CBOOOMHON 3HEpruu cBsi3biBaHUsI (AG°) MOJIEKYJIbl «TOCTSI» MOJIe-

KYJION «XO3SIMHa»:
AG°=23RT IgK

paBH"
9KCHCpHMGHTaﬂBHO€ N3MEPEHUE KOHCTAHTbI paBHOBECHUA U ITO3BOJINJIO, TAKUM

o6pa30M, OLICHUTb YKAa3aHHOE BBIIIE 3HAYEHUE DHEPTUU B3aUMOMAECUCTBUA
TEpUJIEHA C MOJIEKYJION «XO3IHA».
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IMPUWJIOXEHNA

L. PE3VYJIbTATBI PACYETOB HEKOTOPBIX
OPTAHMYECKUX MOJIEKYJI METOJOM MOX

Huxe IIPUBEACHDBI PE3YJIbTAThl PACYECTOB psAda COITPSAKEHHBIX OpraHM4Ye€CKnx Mo-
Jekys metogoM MOX. DTu pe3yabTaTbl PEeKOMEHIYIOTCS IJIs1 IPUMEHEHUS TTpU
O3HaKOMJICHMHU y4yallinXcsd ¢ OCHOBHBIMU KOHLCIIHUAMM TEOPUU MOJICKYJISIPHBIX
opouTtasneit. Jlajiee repeyrciaeHbl opraHn4eckue MoJjieKyabl. Homepa, coOcTBeH-
Hble 9HEPTUU U KO3(hOULIMEHTH MOJIEKYISIPHBIX OpOUTAIeil TaHbI 110 CTPOKAaM.
Howmepa aTroMoB B (hopMyJiax COOTBETCTBYIOT HOMEpPaM CTOJIOLOB (MToapoOHee O
npolieaype pacyeToB cM. B T. I, pasn. 1.8.2).

Coenunenue Howmep | Dueprus Cob6cTBennbie Koadpuumentsr MO
MO MO
1 | 2 | 3 | 4 | 5 | s
ITponunen 4 o-—29130p —0,072 0,209 —0,677 0,702
CH, CH CHjs 3 a—1,130p8 0,644 —0,728 —0,057 0,227
1 2 34 2 o+0,809p -0,755 —0,611 0,111 0,211
1 a+27331p 0,099 0,231 0,726 0,641
Lo [ 2 [ 3 ] 4] s | s
DTUNECHXJIOPU]L 3 a-—1,027p 0,694 —0,713 0,094
CH,—CH Cl 2 o+1,9288 —0,710 —0,659 0,246
1 2 3 1 a+2,0998 0,113 0,238 0,965
Lt | 2 | 3 [ 4] 5 | 6
MeToKcuaTuIeH 3 a—1,104p 0,663 —0,731 0,160
CH,—CH OCH; 2 o+0,831p -0,744 —0,618 0,256
1 2 3 1 a+2,2733 0,088 0,289 0,953
I T I T R I
AMUHOSTIIEH 3 a—1,1298 0,646 —0,730 0,222
CH,_CH NH, 2 0 +0.682p —0.723 —0.494  0.483
1 2 3 1 a+1,9478 0,243 0,473 0,847



344 Ipunoxcenus

Tabauya (npodoaxcenue)

Coenunenne Howmep | DHeprus CoocTBennblie K03dduuments MO
MO |MO
1 [ 2 [ 3 [ 4 | 5 | 6
Bunun6opax 3 a-—1,5458 0,370 —0,571 0,733
CH,—CH BH, 2 a-0,5778 —0,668 0,385 0,637
1 23 I a+1,1228 0,646 0,725 0,239
Lo [ 2 [ 3 [ 4 [ 5 [ 6
Hutpostunen 5 o—1,490p —0,450 0,670 —0,457 0,264 0,264
6 4 a—03638 —0,621 0,225 0,449 —0,426 —0,426
CH, CH N° 3 a+1,0508 0,640 0,672 0,055 —0,260 —0,260
T 3*0 2 o+ 1,4008 0,000 0,000 0,000 0,707 —0,707
5 1 a+44038 0,050 0,220 0,766 0,426 0,426
L v 2 [ 3 [ 4] s | 6
Byranuen 4 o-1,618 -0,372 0,602 —0,602 0,372
1 2 3 a—0,618 —0,602 0,372 0,372 —0,602
CH, CH 2 a+06188 —0,602 —0372 0372 0,602
3CH CH, 1 a+1,6188 0,372 0,602 0,602 0,372
L 2 [ 3 [ 4 s | 6
Texcatpuen-1,3,5 6 o — 1,802p 0,232 —-0,418 0,521 —0,521 0,418 —0,232
1 2 5 a—1,2478 0418 —0,521 0,232 0,232 —0,521 0,418
CH, C|H A 4 o—04458 0,521 —0,232 —0,418 0,418 0,232 —0,521
3CH CH 3 a+04458 0,521 0,232 —0,418 —0,418 0,232 0,521
5(I:H oy 2 a+1,2473 0418 0,521 0,232 —0,232 —0,521 —0,418
21 a+1,8028 0,232 0,418 0,521 0,521 0,418 0,232
Lo 2 [ 3 [ 4] s | 6
Benson 6 o—2,000p 0,408 —0,408 0,408 —0,408 0,408 —0,408
1 5 o—1,0006 0,577 —0,289 —0,289 0,577 —0,289 —0,289
6 2 4 o—1,0008 0,000 —0,500 0,500 0,000 —0,500 0,500
5 3 3 a+1,0008 0,000 0,500 0,500 0,000 —0,500 —0,500
2 a+1,0008 0,577 0,289 —0,289 —0,577 —0,289 0,289
4 1 o+2,0008 0408 0,408 0,408 0,408 0,408 0,408

L [ 2] 3] 4] s [ s

o —2,303p 0,301 -0,231 0,231 —0,301 —0,301 0,231
o—1,6183 —-0,263 0,425 —0,425 0,263 0,263 0,425

0

9
7 J 2 8 a—1,3033 0,400 -0,174 -0,174 0,399 0,399 —0,174
7 o —1,000p8 0,000 0,408 —0,408 0,000 0,000 —0,408
6 10 3 6 a—0,6183 0,425 —0,263 —0,263 0,425 —0,425 0,263




1. Pe3ybTaThl pacyeToB HEKOTOPBIX OPTaHUISCKUX MOJIEKYT MmeTomoMm MOX 345

Tabauya (npodoaxcerue)

Coenunenue Howmep | Dueprus Cob6cTBennbie Koadmments: MO
MO MO
1 [ 2 [ 3 [ 4 | 5 | 6

5 a+0,6183 0,425 0,263 —0,263 —0,425 0,425 0,263

4 o+ 1,0008 0,000 —0,408 —0,408 0,000 0,000 —0,408

3 o+1,3033 -0,400 —0,174 0,174 —0,400 0,400 0,174

Hadranuu 2 o+ 1,618p 0,263 0,425 0425 0,263 —0,263 —0,425

8 1 1 o+2,303p 0,301 0,231 0,231 0,301 0,301 0,231

7 J 2
. OO . L 7 | 8 | 9 | 1
10 a—23038 0231 0,301 —0461 0461

5 4 10
9 a—16188 —0,425 0263 0,000 0,000
8 a—1303p —0,174 0399 —0,347 —0,347
7 a—1,0008 0,408 0,000 —0,408 0,408
6 a—06188 0,263 —0,425 0,000 0,000
5 a+0,618 —0263 —0,425 0,000 0,000
4 o+1,0008 —0,408 0,000 0,408 0,408
3 a+1303 0,174 —0,400 —0,347 0,347
2 a+1,6188 —0,425 —0,263 0,000 0,000
I «+23038 0231 0301 0461 0,461
L [ 2] 3] 4] s [ s
10 @—2,0956 0259 0,00 0,259 —0,335 0,160 0,000
9 a-—1869 —0,250 0,267 —0,250 —0,323 0,404 —0,433
8 a—1579p —0436 0553 —0,436 0,084 —0,270 0,342
7 a—0,738p 0,299 0,000 —0,299 0,357 —0,484 0,000
6 «—0400p 0,063 —0,316 0,063 —0,470 —0,102 0,511
5 a+0477p 0,543 0,000 0,543 —0,160 —0,335 0,000
4 a+0887p 0,259 0,583 0,259 —0,218 0,160 0,360
3 a+135p —0221 0,000 0221 0484 0357 0,000
Asyrert 2 a+1,6528 0268 0324 0,268 —0,191 —0,433 —0,525
X I «+23108 0323 0,280 0000 028 0,200 0,173

—

— N W A LN 0o O

Ly 7
2 . L 7 | 8 [ 9 | 1w
10 o—2,0958 —0,160 0,335 —0,543 0,543

o — 1,869B 0,404 —-0,323 0,200 0,200
o—1,579 -0,270 0,084 0,136 0,136
o —0,738p 0,484 —0,357 —0,221 0,221
o — 0,400 —0,102 —0,470 0,290 0,290
o + 0,477 0,335 0,160 —0,259 0,259
o+ 0,8878 0,160 0,218 —0,354 —0,354
o+ 1,356 —0,357 —0,484 —0,299 0,299
o+ 1,652 -0,433 -0,191 0,118 0,118
o+ 2,310 0,200 0,289 0,467 0,467



346 Ipunoscerus

Tabauya (npodoaxcenue)

Coenunenue Howmep | Dueprus Cob6cTBennbie Koadmments: MO
MO MO

1 | 2 | 3 | 4 | 5 | s
AHTpaueH 14 o-—24148 0215 —0,152 0,152 —0,215 —0,215 0,152
13 o —2,0008 —0,289 0,289 —0,289 0,289 —0,289 0,289
; $ 1023 5 12 a— 14148 —0,250 0,049 0,181 —0,304 —0,304 0,181
11 o-1,4148 —0212 0420 —0,382 0,120 0,120 —0,382
63 10 «—1,0008 0,363 —0,019 —0,344 0,363 —0,363 0,344
50047 9 o—1,0008 0,188 —0,408 0,220 0,188 —0,188 —0,220
8 o—04148 —0311 0,220 0220 —0,311 —0,311 0,220
7 a+04148 —0311 —0,220 0,220 0311 0311 0,220
6 a+1,0008 0,060 0,383 0314 —0,069 0,069 —0,314
5
4
3
2
1

o + 1,0008 0,402 0,141 —0,261 —0,402 0,402 0,261
o+ 1,414 -0,221 —0,421 —0,374 —0,108 —0,108 —0,374
o+ 1,414 —-0,241 -0,032 0,196 0,309 0,309 0,196
a +2,0008 0,280 0,289 0,289 0,289 —0,289 —0,289
o+ 2,414p 0,215 0,152 0,152 0,215 0,215 0,152

L7 | 8 [ o | 0| u | n

14 o-—2414 -0,152 0,215 0,304 —0,304 0,367 —0,367
13 o—2,0006 —0,289 0,289 0,000 0,000 0,289 —0,289
12 o —1,414p 0,049 —0,250 —0,430 —-0,353 0,250 0,030
11 o—1,414p 0,420 -0,212 0,170 —-0,299 0,212 —0,120
10 o —1,000p8 0,019 —-0,363 0,000 0,000 0,019 0,334
9 o—1,0008 0,408 —0,188 0,000 0,000 0,408 —0,220
o—0,414p 0,220 —0,311 0,440 0,440 —0,091 —0,091
o+0,4148 —-0,220 —0,311 0,440 —0,440 —0,091 0,091
o+ 1,0008 -0,383 —0,069 0,000 0,000 0,383 0,314
o+ 1,0008 -0,141 —0,402 0,000 0,000 0,141 —0,261
o+ 1,414 -0,421 —0,221 0,153 0,313 0,221 0,108
o+ 11,4143 —-0,032 —0,241 -0,473 0,341 0,241 —0,309
o +2,0008 -0,289 —0,289 0,000 0,000 —0,289 —0,289
o+ 2,414p 0,152 0,215 0,304 0,304 0,367 0,367

13 14

14 o-—24148 —0,367 0,367
13 o —2,0008 0,289 —0,289
12 o—1,414p 0,030 0,250
11 o-1414 —0,120 0,212
10 o-—1,000p —0,334 —0,019
9 o—1,000p8 0,220 —0,408
o —0,414p —0,091 —0,091
o+ 0,414p 0,091 —0,091
o+ 1,000 -0,314 —0,383
o + 1,0008 0,261 —0,141
o+ 1,414B 0,108 0,221
o+ 1,414 —0,309 0,241
o +2,0008 0,289 0,289
o+ 2,414p 0,367 0,367

— N W A L O\ o

— N WA WO\ o



I. Pe3ynbraThl pacyeToB HEKOTOPBIX OPraHWYecKUX MoJieKya MetonoM MOX 347

Tabauya (npodoaxcerue)

Coenunenue Howmep | Dueprus Cob6cTBennbie Koadmments: MO
MO MO
1 | 2 | 3 | 4 | 5 | s
Tonyon 8 a—20935 0,254 —0,102 0,045 —0,031 0,045 —0,102
21 7 a—2014 —0,411 0,397 —0,389 0,387 —0,389 0,397
CHy 6 a—1084p 0,571 —0,238 —0,313 0,577 —0,313 —0,238
s R, 5 o—1,0008 0,000 —0,500 0,500 0,000 —0,500 0,500
4 a+0861p 0,538 0,349 —0,238 —0,554 —0,238 0,349
; 5 3 a+1,0008 0,000 —0,500 —0,500 0,000 0,500 0,500
? 2 a+1,88p 0,236 0,349 0,423 0,448 0,423 0,349
1 o+2388 0309 0178 0,115 0,09 0,115 0,178
7 8

8 a—209358 —0,665 0,683

7 a—2014 —0,130 0,214

6 o—1,084p 0,041 —0,176

5 o—1,0006 0,000 0,000

4 a+0,861p —0,104 —0,191

3 a+1,0008 0,000 0,000

2 a+1,88p —0,261 —0,273

1 a+238p8 0678 0,588

v [ 2 [ 3 [ 4] s [ s

8 a—2,136p 0,144 —0,308 0,513 —0,394 0,329 —0,308
7 a—14148 0,354 —0,500 0,354 0,000 —0,354 0,500
6 o—1,0008 0,000 0,000 0,000 —0,500 0,500 0,000
5 a—0,6628 0,595 —0,394 —0,334 0,308 0,130 —0,394
4 a+0,6628 0,595 0,394 —0,334 —0,308 0,130 0,394
Crupox 3 a+1,0008 0,000 0,000 0,000 0,500 —0,500 0,000
21 2 a+ 1414 0,354 0,500 0,354 0,000 —0,354 —0,500
CH CH, 1 o+2,136 0,144 0,308 0,513 0394 0,329 0,308

8 4 7 8

o—2,1368 0,329 —0,394
o— 14148 —0,354 0,000
o —1,0008 —0,500 0,500
o— 0,662 0,130 0,308
o +0,6628 0,130 —0,308
o+ 1,0008  —0,500 —0,500
o+ 1,414 —0,354 0,000
o+2,1368 0,339 0,394

— N W A LN 0



348 Ipunoscerus

Tabauya (npodoaxcenue)

Coenunenne Homep | Dueprus Cob6cTBennbie Koadmments: MO
MO |MO

1 | 2 | 3 | 4 | 5 | s
7 a—2007 0,042 —0416 0,409 —0,405 0,404 —0,405
6 o—1,018 0077 —0,577 0,278 0,294 —0,577 0,294
5 a—1,0008 0,000 0,000 0,500 —0,500 0,000 0,500
4 o+0,9058 0212 —0,558 —0,307 0,266 0,560 0,266

Xf[ 6 k) ) E) ) k) b )
oo 3 @+1,0008 0000 0,000 0,500 0,500 0,000 —0,500
al 2 o+ 1,874 —0,601 0,189 0,297 0,368 0,393 0,368
) 1 «+22008 0,765 0,383 0269 0,208 0,189 0,208

7 3 7

6 4 7 0—20078 0,409
5 6 a—10188 0,278
5 a—1,000 —0,500
4 a+0,9058 —0,307
3 o+1,0008 —0,500
2 o+1,874 0,297
1 o+2,2008 0,269
L v [ 2 [ 3 ] 4] s | s
7 a—20290 0,087 —0,439 0,411 —0,394 0,389 —0,394
6 a—1,0708 0,149 —0,574 0,247 0,309 —0,578 0,309
5 a—1,0008 0,000 0,000 0,500 —0,500 0,000 0,500
Deron 4 a+0,827p 0,347 —0,508 —0,349 0219 0,531 0,219
| 3+ 1,000 0,000 0,000 0,500 0,500 0,000 —0,500
OH 2 o+1,809 -0483 0,115 0,297 0,423 0,468 0,423
5 1 o+2,4628 0,785 0454 0244 0,148 0,120 0,148

7 3 7

6 4 7  o—2,0298 0,411
5 6 o—1,070p 0,247
5 a—1,0008 —0,500
4 a+0,8278 —0,349
3 o+ 1,000 —0,500
2 o+ 1,8098 0,297
I a+2,4628 0,244
Lo [ 2] 3] af s [
AHUTH 7 o —2,0333 0,100 —0,444 0,411 -0,392 0,385 —0,392
TlIH 6 o—1,083p 0,177 -0,571 0,238 0,313 —0,577 0,313
5 2 5 a—1,0008 0,000 0,000 0,500 -0,500 0,000 0,500
7 3 4  a+0,774p 0,477 —-0,451 —-0,358 0,184 0,495 0,184
3 o+ 1,000 0,000 0,000 0,500 0,500 0,000 —0,500
6 4 2 o+ 1,643 -0,647 —0,116 0,164 0,384 0,468 0,384
3 I o+2.229 0,560 0,510 0,345 0,259 0,232 0,259



I. Pesynbrarsl pacyeToB HEKOTOPBIX OpraHUYeCKUX MoJieKys1 Mmetogom MOX

349

Tabauya (npodoaxcerue)

Coenunenue Howmep | Dueprus Cob6cTBennbie Koadmments: MO
MO MO
7
AHUIUH 7  a—2,0338 0,411
1 6 a—1,083p 0,238
NH, 5 a—1,0008 —0,500
2 4 o+0,774p —0,358
7 3 3 o+ 1,000 —0,500
6 4 2 a+ 1,643 0,164
: 1 a+2,2290 0,345
1 | 2 3 | 4 | 5 | 6
8 a—2,1658 —0,168 0,326 —0,522 0,384 —0,309 0,286
7 a—14758 —0,312 0,535 —0,303 —0,044 0,368 —0,499
6 a—1,0008 0,000 0,000 0,000 0,500 —0,500 0,000
5 a—06178 —0,416 0,485 0,350 —0,350 —0,134 0,433
Bensanern 4 «+1,0006 0,000 0,000 0,000 0500 0,500 0,000
) 3 a+1,0228 0,326 —0,037 —0,547 —0,261 0,280 0,547
H_; 0 2 a+ 19178 —0,396 —0,182 0,269 0,349 0,400 0,417
Ned 1 a+25186 0,661 0,559 0376 0,194 0,112 0,089
s N4 (7 [ s
; 5 8 a—2,1658 —0,309 0,384
Z 7 a— 14758 0,368 —0,044
6 a—1000p 0,500 —0,500
5 a—06178 —0,134 —0,350
4 o+ 1,0008 —0,500 —0,500
3 a+1,0228 0,280 —0,261
2 a+19178 0,400 0,349
1 o+2518 01112 0,194
1 | 2 3 | 4 | 5 | 6
HutpoGeHson 9 a—21158 —0,106 0,223 —0,106 —0,508 0,403 —0,345
30 8 a—13148 —0,229 0371 —0,229 —0452 0,074 0,355
02,0 7 a—1,0008 0,000 0,000 0,000 0,000 0,500 —0,500
N 6 «—03988 —0,441 0,475 —0,441 0,199 —0,325 —0,070
4 5 a+1,0008 0,000 0,000 0,000 0,000 0,500 0,500
9 > 4 a+1,034p 0,215 —0,047 0,215 —0,552 —0,257 0,286
. 6 3 a+ 1,400 0,707 0,000 —0,707 0,000 0,000 0,000
Z 2 a+ 19778 0,131 0,045 0,131 —0,374 —0,396 —0,411
1 a+44168 0422 0763 0,422 0233 0,056 0,014



350

Ipunoxcenus

Tabauya (npodoaxcenue)

Coenunenue Howmep | Dueprus Cob6cTBennbie Koadmments: MO
MO MO
7 | 8 | o9
Hurpobenson 9 a—2,1158 0,326 —0,344 0,403
30 8 a—1314p —0,540 0,355 0,074
02,0 7 a—1,0008 0,000 0,500 —0,500
N 6 o—0398 0,353 —0,070 —0,325
4 5 o+1,0008 0,000 —0,500 —0,500
9 5 4 o+1,034 0553 0,286 —0,257
g 6 3 o+1,4008 0,000 0,000 0,000
= 2 a+19778 —0411 —0,411 —0,396
1 a+44168 0,006 0014 0,056
L v | 2 | 3 | 4] 5 | 6
Tuppon 5 a—1618 0,000 —0,372 0,602 —0,602 0,372
4__ 3 4 o—1,0088 -0,374 0,587 —0,292 —0,292 0,587
5/ \2 3 a+0,6188 0,000 —0,602 —0,372 0,372 0,602
NG 2 a+ 1,183 —0,559 0,109 0,576 0,576 0,109
X 1 «+23208 0,740 0379 0,287 00287 0,379
L v [ 2 [ 3 ] 4] s | s
®ypan 5 a—1,6I8 0,000 —0,372 0,602 —0,602 0,372
4 3 4 0-00948 —0323 0,595 —0,306 —0,306 0,595
{/ \§ X 3 o+06188 0,000 —0,602 —0,372 0,372 0,602
> o 2 a+1,3148 -0444 0,190 0,605 0,605 0,190
1 1 a+26338 083 0331 0203 0,203 0,331
R T R R
Mupuaus 6 o—1934p —0,323 0,393 —0,437 0,452 —0,437 0,393
4 5 a—1,0008 0,000 —0,500 0,500 0,000 —0,500 0,500
3N 4 o-—0841p —0,546 0,366 0238 —0,566 0,238 0,366
o Je 3 a+1,0008 0,000 —0,500 —0,500 0,000 0,500 0,500
2™y 2 a+1,167p —0,571 —0,191 0,349 0,598 0,349 —0,191
1 1 a+2,1078 0,521 0419 0361 0,343 0361 0,419
I I T R R
Wnzon 9 o-—2158 0,100 0,085 —0,247 —0,383 0,320 —0,308
2 8 o—1,500p —0,245 0,506 —0,539 —0,090 —0,168 0,341
5 3 7 o—1,1788 —0,290 0,187 0,041 —0,279 0,565 —0,385
6 |2 6 o—0863 —0,187 0,449 —0,219 0,505 —0,177 —0,353
S8 ONI 5 o+0534p —0,382 0,354 0,534 —0414 —0,152 0,333
i 4 a+0,79p 0,310 0399 0,039 0,137 0478 0,243
3 o+1,280p 0,317 —0,124 —0,444 —0,348 —0,001 0,347
2 o+1,669 —0481 —0,327 —0,013 0374 0,487 0,438
1 o+24198 0486 0303 00297 00245 0,177 0,184



1. Pe3ybTaThl pacyeToB HEKOTOPBIX OPTaHUISCKUX MOJIEKYT MmeTomoMm MOX 351

Tabauya (npodoaxcerue)

Coenunenue Howmep | Dueprus Cob6cTBennbie Koadmments: MO
MO MO
7 | 8 | o9
Wupon 9 a—2,1588 0,344 —0,436 0,506
4 9 8§ a—1,5008 -0,344 0,175 0,302
5 3 7 a—1,178 —0,111 0,516 —0,235
6 | D) 6 o-—0,863p 0,482 —0,062 —0,260
> 8 NT 5 o+0534p 0,330 —0,157 —0,069
ll-l 4 o+0,796p —0,284 —0,469 —0,368
3 o+ 1,2808 0,445 0,223 —0.,445
2 o+t 1,6698 0,244 —0,304 0,138
1 a+24198 0,267 0,463 0415
I I T ' R

10 a—2,267p 0,237 -0,205 0,228 —0,311 —0,321 0,250

9 a-1,593p 0,186 —0,409 0,465 —0,332 0,212 —0,401

8 a-—1,232p -0,350 0,226 0,071 —0,314 —0,454 0,244

7 o — 1,000 0,000 —0,408 0,408 0,000 0,000 0,408

6 o-—0,5273 -0,422 0,353 0,236 —0,477 0,389 —0,220

5 a+0,703p -0,395 —0,166 0,278 0,362 —0,464 —0,302

4 o+ 1,000 0,000 0,408 0,408 0,000 0,000 0,408

3 o+1,384p -0,393 —0,060 0,310 0,490 0,307 0,057

XuHOMMH 2 o+ 1,669 0,376 0,425 0,333 0,131 —0,337 —0,447

S 4 1 a+2,362p 0,395 0,265 0,230 0,280 0,267 0,200

] 105
; )y L 7 | 8 | 9 | 1w
9 N

8 1 10 a—22673 —0,246 0,307 —0,451 0,478
o —1,5938 0,427 —0,280 0,018 0,064
o—1,2328 0,154 —0,434 0,380 0,316
o —1,0008 —-0,408 0,000 0,408 —0,408
o—0,5278 -0,272 0,364 0,081 0,016
o +0,703p 0,251 0,479 0,086 —0,024
o + 1,0008 0,408 0,000 —0,408 —0,408
o+ 1,384 —0,227 —0,372 —0,288 0,367
o+ 1,669 —0,410 —0,237 0,015 —0,114
o +2,362p 0,206 0,286 0,471 0,431

— N WA LN 0O O

Lol 2 [ 3 ] a] s | s

o —2,2548 0,236 —0,139 0,196 —0,302 —0,331 0,261
o —1,5518 0,085 —0,344 0,492 —0,418 0,134 —0,365
o— 1,246 -0,417 0,072 0,119 —0,220 —0,457 0,414
o — 1,000 0,000 —0,447 0,447 0,000 0,224 0,224
o—0,4596 -0,513 0,396 0,075 —0,430 0,336 —0,277

N3oxuHOMMH 1
5 4

9 o
o =)
\
Y4 -
AN xwo o



352 Ipunoscerus

Tabauya (npodoaxcerue)

Coenunenue Howmep | Dueprus Cob6cTBennbie Koadmments: MO
MO MO
1 [ 2 [ 3 [ 4 | 5 | 6

5 a+0,4598 0,513 0,396 —-0,075 —0,430 0,336 0,277

4 o+ 11,0008 0,000 —0,447 —0,447 0,000 0,224 —0,224

soumomy 3 @t L246B —0.417 0,072 0,119 0220 0457 0414

5 4 2 a+ 1,5518 0,085 0,344 0492 0,418 —0,134 —0,365
1

6 103 a+2254p 0,236 0,139 0,196 0,302 0,331 0,261
7 _N L7 1 8 [ o [ 1
9 2

8 1 10 a—2,254 —0,257 0,319 —0,462 0,486
9 a—1,551P 0,432 —0,305 0,041 0,157
8 a—1,246p —0,059 —0,341 0,484 0,155
7 a—1,0008 —-0,447 0,224 0,224 —0,447
6 a—0459p -0,209 0,373 0,038 0,123
5 a+0,4596 -0,209 0,373 0,038 —0,123
4 o+1,0006 -0,447 —0,224 0,224 0,447
3 a+1,246p 0,059 —0,341 0,484 0,155
2 a+1,551p -0,432 —-0,305 —0,041 0,157
1 a+2254p 0,257 0,319 0,462 0,486
L [ 2] 3] 4] s [ s
14 o —2,371p 0,228 —0,163 0,159 —-0,216 —0,216 0,159
13 o —2,0008 0,289 —0,289 0,289 —-0,289 0,289 —0,289
12 a—1,414p 0,000 0,289 —-0,408 0,289 0,289 —0,408
11 o-—1,323p 0,334 —-0,322 0,091 0,201 0,201 0,091
10 o-—1,0006 —0,246 —0,160 0,405 —0,246 0,246 —0,405
9 a-1,0008 -0,326 0,376 —0,050 —0,326 0,326 0,050
8 a—0,3258 0,310 —0,182 —0,250 0,264 0,264 —0,250
7 a+0,514 -0,316 —0,257 0,184 0,351 0,351 0,184
6 o+ 1,0008 0,009 —-0,349 0,358 —0,009 0,009 0,358
5 a+1,0006 -0,408 —0,212 0,196 0,408 —0,408 —0,196
4 a+1,414p 0,000 —0,289 -0,408 —0,289 —0,289 —0,408
3 a+1,5374 -0,320 —-0,293 —-0,130 0,093 0,093 —0,130
AKpUIMH 2 o+ 2,0008 0,289 0,289 0,289 0,289 —-0,289 —0,289
8 2 ! 1 o+2,4738 0,195 0,135 0,140 0,211 0,211 0,140

NS

72 \1 | | | | | |
7 8 9 10 11 12
6 5 1 N/14 3

10 4 14 a-2377p -0,163 0,228 0,319 —0,246 0354 —0,379
13 o —2,000p8 0,289 —0,289 0,000 0,000 —0,289 0,289
12 a— 1,414 0,289 0,000 0,408 0,000 0,000 —0,289
11 o-1,3233 -0,322 0,334 0,182 0,392 —0,357 —0,121
10 o —1,0008 0,160 0,246 0,000 0,000 0,160 —0,405
9 a-1,0008 -0,376 0,326 0,000 0,000 —0,376 0,050
8 a-—0,325 —0,182 0,310 —0,501 —0,399 0,165 0,081
7 a+0,514 -0,257 —0,316 0,368 —0,448 —0,003 0,095
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Tabauya (npodoaxcerue)

Coenunenne Homep | Dueprus Cob6cTBennbie Koadmments: MO
MO MO
7 | 8 | o | 10 [ n [ 1

6 o+1,0008 0,349 —0,009 0,000 0,000 —0,349 —0,358
5 a+1,0008 0212 0,408 0,000 0,000 —0,212 0,196
4 a+1,414p —0,289 0,000 0,408 0,000 0,000 0,289
3 a+1,537p —0,293 —0,320 —0,260 0,526 0,273 —0,199

g AKP‘;MH 1 2 a+2,0006 —0,289 —0,289 0,000 0,000 —0,289 —0,289
1

+ 2,473 0,135 0,195 0,280 0,387 0,382 0,346
13 14
6 A NN 3

10 4 14 o-2377 -0,379 0,354
13 o —2,0006 —0,289 0,289
12 o-—1,414 —0,289 0,000
11 o-1,3233 —0,121 —0,357

10 o —1,000p 0,405 —0,160
9 a—1,0008 0,050 0,376
8 a—0,3258 0,081 0,165
7 oa+0,514p 0,095 —0,003
6 o+ 1,000 0,358 0,349
5 o+1,0006 —0,196 0,212
4 a+1,4148 0,289 0,000
3 a+1,5378 -0,199 0,273
2 o+ 2,0008 0,289 0,289
1 a+24738 0,346 0,382

L [ 2] 3] a4 s [ s

o—1,878 —0,346 0,373 —0,346 0,443 —0,477 0,443
o—0,9128 -0,302 0,662 —0,302 —0,236 0,517 —0,236
o —0,781p 0,435 0,000 —0,435 0,557 0,000 —0,557
o+ 1,077 —-0,264 —0,490 —0,264 0,338 0,627 0,338

TMupumunnx

4 \>
=7
—_— N WA WL O\

N o+ 1,281 —-0,557 0,000 0,557 0,435 0,000 —0,435

1 a+ 2,193 0,468 0,427 0468 0,366 0,333 0,366
Lo [ 2 | 3 [ 4] s [ s

n-beH30XMHOH 8 a—2.2728 0,203 —0,453 0,356 —0,356 0,453 —0,203

(1) 7  o-—1,624p 0,309 —0,560 0,213 0,213 —0,560 0,309

) 6 o —1,0008 0,000 0,000 —0,500 —0,500 0,000 0,000

8 3 5 o —0,006p 0,422 —-0,326 0,328 0,328 0,326 —0,422

4 o+ 1,0008 0,000 0,000 —0,500 —0,500 0,000 0,000

7 < 4 3 o+1,088 -0,462 0,033 0,378 0,378 0,033 —0,462

o 2 a+24788 0,530 0,434 0,125 —0,125 —0,434 —0,530

6 I a+2,736B 0,437 0,431 0,248 0,248 0,431 0,437
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Tabauya (npodoaxcenue)

Coenunenue Howmep | Dueprus Cob6cTBennbie Koadmments: MO
MO MO
7 8
n-BeH30XMHOH 8 a-—22728 -0,356 0,356
(1) 7 a—1,624p 0213 0213
2 6 o —1,0008 0,500 —0,500
8 3 5 a—0,006p 0,328 —0,328
4 o+ 1,0008 0,500 0,500
[ 4 3 o+1,088 0,378 0,378
o) 2 a+24783 —0,125 0,125
6 I a+2,7368 0,248 0,248
Lo | 2 | 3 [ 4] 5 | 6
12 a—2,461p 0,162 —0,380 0,260 —0,260 0,380 —0,162
11 a—1,728p 0,128 —0,240 0,330 —0,330 0,240 —0,128
10 a-1,7126 -0,279 0,521 -0,192 -0,192 0,521 —-0,279
9 o —1,0008 0,000 0,000 —0,408 0,408 0,000 0,000
8 a—0,865p 0,150 -0,211 0,113 0,113 —0,211 0,150
7 o—0,118p 0,392 -0,331 -0,376 0,376 0,331 —0,392
6 o+ 1,0008 0,000 0,000 0,408 0,408 0,000 0,000
5 o+ 1,013p 0,177 —0,021 —0,011 0,011 0,021 —0,177
| 4-Haprowmmonr 4 o+ 1073p 0417 —0,034 0,465 —0.465 —0,034 0417
3 a+1,8998 -0,247 —0,111 —-0,123 —0,123 —0,111 —0,247
2 a+2,495B 0,522 0,433 0,124 —0,124 —0,433 —0,522
I o+2,8053 0,401 0,413 0,229 0,229 0413 0,401

L7 [ 8 [ o [ 10| nu| n

12 a-—2,461p -0,423 0,238 —0,163 0,163 —0,238 0,423
11 a—1,7283 0,115 -0,324 0,445 —0,445 0,324 —0,115
10 a-1,7128 -0,265 0,197 —0,073 —0,073 0,197 —0,265
9 o-1,0006 —0,408 0,000 0,408 —0,408 0,000 0,408
o—0,8658 —0,180 0,547 —0,293 —0,293 0,547 —0,180
o—0,118p 0,197 -0,157 —-0,178 0,178 0,157 —0,197
o+ 1,0008 —-0,408 0,000 0,408 0,408 0,000 —0,408
o+ 1,013 0,287 0,556 0,276 —0,276 —0,556 —0,287
o+1,073 —0,223 0,017 0,242 0,242 0,017 —0,223
o+ 1,8998 0,299 0,379 0,422 0,422 0,379 0,299
o +2,4958 —0,142 —-0,064 —0,018 0,018 0,064 0,142
o+ 2,8058 0,303 0,135 0,075 0,075 0,135 0,303

— N WA LA
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Tabauya (npodoaxcerue)

Coenunenue Howmep | Dueprus Cob6cTBennbie Koadmments: MO
MO MO
1 | 2 | 3 | 4 | 5 | s

11 oa—1,212p 0,120 —0,238 0,109 0,260 —0,337 —0,342

10 o—1,753p 0,095 —0,577 0,305 0,460 —0,230 0,197

9 a-—1,240p -0,088 0,384 —0,246 —0,023 —0,356 —0,191

8 a—1,052p —0,125 —0,068 0,047 0,098 —0,036 —0,447

7 o-—0,501p -0,177 0,302 —0,277 0,422 —0,514 0,346

6 o+0,7038 -0,136 —0,118 0,370 —0,551 —0,270 0,186

5 a+0,8098 -0,254 —0,007 0,036 0,141 0,133 —0,513

4 o+1,4033 -0,018 0,031 0,241 —0,318 —0,477 0,002

Kymapus 3 a+1,8598 0,603 —0,134 -0,317 —0,236 —0,305 —0,338
6 5 2 a+2,1796 -0,246 0,328 0,523 0,097 —0,118 —0,269
1 o+2,924p 0,643 0,476 0,431 0,205 0,124 0,067

3
7 N4
8@(} | 7 | 8 | o | 10 | n

o—1,2128 0,270 —0,255 0,295 —0,397 0,486
o—1,7533 —0,288 0,308 —0,252 0,133 —0,057
o— 1,240 -0,228 0,473 —0,359 —0,028 0,464
o —1,0528 0,531 —0,111 —0,413 0,546 —0,061
a—0,501p —0,009 —0,341 0,180 0,251 —0,164
o +0,7033 -0,230 —-0,348 —0,015 0,338 0,361
o+0,8098 —0,434 0,127 0,547 0,360 —0,023
o+ 1,403p 0,355 0,496 0,340 —0,018 —0,352
o+1,859p3 -0,270 —0,213 —0,100 0,027 —0,331
oa+2,1798 -0,232 —0,237 —0,285 —0,383 —0,353
o +2,924p 0,040 0,051 0,109 0,267 0,157

—_
w

—

—_

—_
— N W Pk 0O O
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IL. OU3NOJOTMYECKOE IEVCTBUE
HAUBOJIEE PACITPOCTPAHEHHDBIX
OPTAHMYECKUX BEIIECTB

AMMHAK ¥ Hu3ImKe aJkuwiamMunbl. CUJIBHO JEHCTBYIOT Ha CJIM3UCTYIO O00O0JIOUKY,
a TaK>Ke BBI3bIBAIOT CJIE30TOYMBOCTD U BOCTIAJICHUE IJ1a3, CUIbHbIN Kalllesb, XKe-
HUE B TOpJjie, TOITHOTY U MMPUCTYIIBI OJBIIIKY U yayiibe. [lepBast moMoIb mpu oT-
PaBIIEHUM — CBEXUI BO3MYX, KUCIOPOA U Mapbl YKCYCHOM KUCJIOTHI (BAbIXaHUE),
MPU CWJILHOM OTPaBJICHUU — UCKYCCTBEHHOE JbIXaHUE.

AMUHBI apoMaTHYEeCKHe — aHUJIMH, TOJYUAUHBI, XJIOPAaHUJIUHBI, OpOMaHUIN-
Hbl 1 HUTPOAHUJIMHBI — SBJISIFOTCSI CUJIbHBIMU SIIAMMU JIJIS1 KPOBEHOCHOM U HEPB-
HOIt cucTeM. BabixaHue mapoB aMUHOB BbI3bIBA€T FOJIOBOKPYKEHUE, PBOTY, IIPU-
BOIMUT K TOTEpe CO3HAaHUS W Mapaiudy. BcachiBaloTcs 4yepe3 KoxXy. MHorue
apoMaTUYeCKue aMUHBI SIBIISIIOTCSI KaHlLeporeHaMu. IIpu oTpaBieHUM HE0OXO-
JUMBI CBEXXUI BO3MYX U MOJIOKO.

Aneton. [Tapsl alleToHa BBI3BIBAIOT pa3ApakeHUe BEPXHUX AbIXaTeIbHbIX Y-
Teil; MHOTA alleTOH MMEET SIIOBUTBIC MPUMECH, KOTOPbIE YCHJIMBAIOT €ro Hera-
TMBHOE JICHCTBHE HAa OPTraHU3M.

Bensmixmopun (0eH3MIOpOMUI) 00IaJaeT JAKPUMATOPHBIM ACHCTBHEM, BbI3bI-
BaeT pasIpaxkeHue CIM3UCThIX 000J104eK I1a3 M Hoca. [Ipu rmomamaHuu Ha KOXY
SKMIKOTO XJIOPMCTOIO OEH3MJIa BO3HUKAET TSXKEJIbI BOCIIAJIUTEIbHBIN TTpoliecc.

beH3uH, JUrpouH, KepocuH JeHCTBYIOT OJypMaHUBAOIIMM 00pa3oM U OKa3bl-
BalOT BpeJHOE ACHCTBUE Ha 310pOBbe uesoBeka. [1pu 1ierkoM oTpaBieHUN HyXKeH
CBEXUI BO3AYX, IPU CUJIBHOM — MCKYCCTBEHHOE JIbIXaHUE U CBEXXUIA BO3IYX.

Benzomixiopua B mapooOpa3HOM COCTOSIHUM BbI3bIBAET pa3ipakeHUe CAU3U-
CTBIX 000JI0YEK.

benzoJ. BipixaHue mapoB O6eH30J1a IeMCTBYeT Ha HEPBHYIO CUCTEMY (TOJIOB-
HbIe 00J11, TOIIIHOTA, HApKOTUYeCcKoe aeicTBre). ObnanaeT KyMyJIITUBHBIM Ieii-
ctBUeM. [IpM XpOHMYECKOM OTpaBJICHUU SIBJSIETCS KPOBSHBIM M COCYAUCTHIM
s110M (CKJIOHHOCTb K KPOBOTEUEHHUSIM CIM3UCTOM 000JI0UKK, HOCOBOE KPOBOTEUE-
HUE), a TaKXKe 00J1aiaeT KaHLIepOreHHbIM AelicTBUeM. CHUJIBHO pa3apaXaeT KOXy.
ITpu oTpaBieHU OEH30JI0M ClIeyeT IPUMEHUTh UCKYCCTBEHHOE IbIXaHUE U He-
MeIJIEHHO IMPUOETHYTh K BpauyeOHO ITOMOIIIN.

1,4-BeH30XHHOH JCICTBYET Ha HEPBHYIO CUCTEMY, Ha KPOBb, BBI3bIBACT KUC-
JIOPOJHOE roJIoJaHKe OpraHu3Ma, 00JaacT pasapaxKalolluMU CBOMCTBAMU, SIB-
JISIeTCS MPUYMHOM KOHBIOKTUBUTA TJ1a3 YU POTOBUIIBI.

Jumetnicyanhar ouyeHb SI0BUT, 00J1aJaeT KAHIEPOTEeHHbBIM U MyTareHHbIM
neiicrBueM. CrienyeTr nzberaTh BAbIXaHUS €ro rmapoB. BriuTeiBaercs Koxeit. I1pu
MomnagaHuM Ha KOXY Hamo cpa3y OOMBITh IOBPEXICHHBIM y4acTOK PacTBOPOM
amMMMaka. Paboty ¢ numeTuicyab¢aToM HY>KHO MPOBOAUTH TOJBKO B BHITSDKHOM
mKady ¢ Xxopolei BEeHTUWISLMEHA.

Ju-n-0yTumoBsiii 3¢Up OKa3bIBaeT pa3apaaroliee NeiicTBUe Ha I1a3a v CJIu-
3UCTbIe 000JOYKM HOCA U TOPTaHU.
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JIuHUTPOOEH301 OUYEHDb SIIOBUT; BO3MOXHO OTpaBJeHUE KaK TMPU BIAbIXaHUU
€ro MapoB, TaK U MbLIN. BbI3bIBa€T CUHIOLIHOCTh, PACCTPONCTBO AbIXaHUS, y4a-
LIEHHBIA CcJIa0bIi MyJIbC, MHOTAA — MOTEPIO CO3ZHAHUSL.

JInokcaH SIBJIIETCSI HAPKOTUKOM, HEPBHBIM SIZIOM, SITOM JIJISI MIEYEHU U MOYEK.
[Tapb! BHI3BIBAIOT pa3apaXkeHue CAU3UCThIX 00o0ouek. C BO3IyxoM 00pa3yeT B3phl-
BOOIIACHBIE CMECH, €T0 CoAepKaHue 1 MI/J1 MpeAcTaBisieT OOJIbIIYIO OMAaCHOCTb.

M30neHTUIHUTPUT SIBJISIETCS CWJIBHBIM $IIOM, TIpU paboTe ¢ HUM TpeldyeTcs
CTPOroe BBINOJHEHNUE TEXHUKHU O€30IaCHOCTH.

M3zonponmnoseiii cnupt. OTpaBiieHWe M3OMPOMUIOBBIM CIIUPTOM TOAOOHO
WHTOKCUKAIIUU 3TUJIOBBIM CIIMPTOM (3TAaHOJIOM).

Mertanou ss1oBUT. [Tapbl MeTaHOIa TPY BABIXaHWU JECMCTBYIOT OlypMaHNUBaO-
UM 00pa3oMm, MpU MpueMe BHYTPb BBI3bIBAET OTpaBlIieHUE WU cMepTh (Dojiee
30 mu1). MoxeT MPUBECTH K CJIENOTe, CYyA0pOoramM, MoTepe CO3HaHUs, HapylIeHHU -
sIM CEpACYHOr0 pUTMa U CMEPTH.

MypaBbunass KucjioTa. BabixaHue mapoB MypaBbMHOM KHUCIJIOTHI BbI3BIBAET
CWJIbHOE pa3lpakeHHWe CIAU3MCTBIX 000J04YeK U ClIe30TouMBOCTh. Ilpu momana-
HUU Ha KOXY MOABJIAIOTCA 0XKOI'M, TPYAHO IMOABEPraouinecs J€4eHUIO.

Hutpocoeaunenuss apoMaTHyeckue — HUTPOOEH30J1, HUTPOXJIOPOEH30J1, HUT-
POAHWJIMH — SIBJISIIOTCSI CUJIbHBIMM SIIaMU JUISI KPOBEHOCHOM M HEPBHOM CUCTEM.
Bapixanue mapoB HUTpPOOEH30J1a BbI3BIBAET CUHIOIIHOCTh, TOJOBOKPYKEHMUE,
PBOTY, IPUBOAUT K IOTEpe CO3HAHUS W Mapaiauuy. BcackiBaroTcst yepe3 KOoxy,
MpU TToNaJaHuK Ha KOXY UX CJeAyeT HEMEIJIEHHO CMbITh OOJIbIIMM KOJUYECT-
BoM crniuprta. [Ipu oTpaBieHUM HEOOXOIUM CBEXKUIA BO3IYX.

Hutpomeran. O06agaeT HapKOTUYECKUM ACHCTBUEM, COIPOBOXKIAIOIIMMCS
CYIIOPOKHBIMHU ITpUITaJKaAMU.

Okcupl a30Ta OUEHb OTMIACHBI, UX ACHCTBUE MPOSIBIISETCS HE Cpa3y, a JIUILb 110
MCTEeYEHNU HEKOTOPOro BpeMeHu. Bo3neiicTBYIOT Ha CIM3UCTYIO 0O00J0UYKY U JIbI-
XaTeJIbHbIE TTyTU, pa3apaxaloT Ij1a3a, BbI3bIBAalOT CYyXOCThb B ropJie, KallleJib, MHO-
raa TOIIHOTY M PBOTY, a TakKxKe OTeK Jerkux. Ilpu mautenbHoil paboTe B aTMO-
chepe OKCUIOB a30Ta BO3HUKAIOT pa3IMUHbIe XpoHuYeckue 3aboneBanus. [1pu
OTpaBJICHUU HEOOXOAMMO BAbIXaHUE Kucaopoaa. ITpu 3ToM BBUIY BO3MOXKHOIO
OTeKa JIETKMX 1M HapylLIeHUsI KpOBOOOpallleHUsI clieayeT u3oeraTh 000 husn-
YeCcKOM Harpy3KM Ha OpraHu3M, MOoCTpadaBIIeMy HEOOXOIUMO 00eCTIeYUTh I10JI-
HBII TOKOI, TIOMECTUB €ro B TEIJIO U HAJIOKUB TEILIbIe KOMIIPECCHI.

Ilerpoaeiinbiii 3¢up. B Oonbuioli KOHUEHTpalMM Mapbl aupa AeiCTBYIOT
oaypMaHMBaloIuM oopazom. ITpu 1erkoM oTpaBieHUU HEOOXOAUM CBEXKUI BO3-
JIyX, MIPU CUJIBHOM — MCKYCCTBEHHOE JIbIXaHMe U CBEXXUI BO3IYX, KMCIOPOI.

IMupuaun. Ero mapbl BBI3BIBAIOT pasapakeHue CAU3UCTBIX 000JI04YeK a3 U
BEPXHUX JbIXaTeJIbHbIX IyTeH, MeplIeHUe B ropie, Kalllejlb, BOCIAJIEHUE KOXU
(1epMaTuT) ¢ CUJIbHBIM JKKEHUEM.

Cepoyranepoa. [Ipu BabixaHUM HEOOJBIIMX KOJIUYECTB MMApOB IEMCTBYET KakK
CWJIbHBII HEPBHBIM $1/1, BHI3bIBAET 00I1IEe PACCTPONCTBO HEPBHOI CUCTEMBI C TsI-
JKeJIbIMU TI0C/IeACTBUSIMU. BbicoKasi KOHILIEHTpalus napoB ouyeHb oracHa. I[1po-
SIBJISIET HAPKOTUYECKOE IeiCTBIE.
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Tomyon obnagaeT (GU3MOJOTUYSCKUM IEUCTBUEM, aHAJIOTMYHBIM ACHCTBUIO
O0eH3ou1a (cM. 6eH3o). B 1iesioM, ogHaKoO, MeHee SITOBUT.

YKcycHas KucaoTa. [1apbl pa3apaxaloT CIM3UCTbIe 000J0YKU U KOXY. Jleas-
Hasl YKCYCHasl KUCI0Ta CUJIBHO 00XKMTaeT KOXKY, IpU MoMaJaHuK Ha KOXY ee clie-
JIyeT CMbIBaTh OOJIBIINM KOJIUYECTBOM BOIbI.

YKCYCHOITHIOBBII 3(HUP 00J1agaeT B HEKOTOPOM CTENEHM HAPKOTUYECKUM
neiicteueM. Ero mapel npu BABIXaHUU OLYyPMaHUBAIOT, PasapaXaioT CIU3UCThIE
obojiouku. IlepBast moMolLb MTPY OTPABJICHUU — CBEXKUIA BO3AYX.

®eHoa — 517, ASHCTBYIOLIMI HA HEPBHYIO CUCTEMY U 00JIaJal0IINii CUTbHBIM
pasnpaxkeHueM AbIXaTebHbIX IyTei 1 ra3. [Tpu monagaHuy Ha KOXKY BbI3bIBaeT
OXOTH.

XJIOpyKCycHasi KUCJIOTA pa3apaXkaeT CAU3UCThIe 000JOUYKU IbIXaTeIbHbIX ITy-
Tell M a3, BbI3bIBAET OXOTU, COMPOBOXAAIOIIMECS OOIIMPHBIM IIENYIIIEHUEM
KoXH. OXOT TPOXOIUT OBICTPO U PYOLIOB MOCE 3a>KUBJICHUST HE OCTaBJISIET.

XnopodopM — HAPKOTUK, JEUCTBYET HA BHYTPEHHUE OpraHbl, HapyllaeT 00-
MeH BelecTB. [1pu padote ¢ xopodopMoM MHOTIA BO3MOXHO OTpaBjieHHEe 00-
pa3yolMMcs U3 Hero ocreHoM. XJI0podopM sIBJIsIeTCs MMPUUYNHON HapyLLIeHUsT
CepIeYHOr0 pUTMa U arpoduu neyeHu, odaaaaeT KaHIIEPOreHHBIM IeCTBUEM.

YeTbIpexXJIOPUCTHIi YIIIEpo — HApKOTHUK, TOMaJaHie KOTOPOro B OpraHU3M
BelIET K 00Jiee TSKEIbIM U3MEHEHUSIM 110 CPAaBHEHUIO ¢ XJIOPO(hOopMOM.

DTaHON — HAPKOTUK, BBHI3BIBAIOLIMI CHavyala BO30YXIECHUE; €T0 JIUTEIbHOE
BO3/IEICTBYE MPUBOIUT K TSIKEIbIM 3a00JIeBAHUSIM HEPBHOI CUCTEMBI, TIUIIICBa-
PUTEJIBHOTO arnapara U CepaeuYHO-COCYAUCTON CUCTEMBI.
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crepeocenexktuBHas 159 (111)
6H-1-Azabununkio[4.4.4]terpagekad

197 (111)
1-Azabunukio[4.4.4]reTpagei-5-eH

198 (111)

AzetunuH 235 (111)

Asunbl KapOoHOBbIX KuciaoT 228 (111)
Azunbl 462 (11)

Asupuaus 235, 236 (11I)

Azobenson 146 (I1I)

Azokcubenson 146 (I11)
Aszococtapstomue 220 (111)
Azocoueranue apeHos 88 (I1)
AzotHoe mipasuiio 197 (I1)

Asynen 33 (II)

L-Axo3amuH, cuHTe3 peakuueiit AHpu

156 (I1T)

Axpunosast kucyiora 82, 91 (I1I)
Axpunonutpwit 316 (1), 84 (I11)
Axponeun 483 (11)

B peakuuu dunsca—Anbaepa 357 (1)
AxkTuBUpoBaHHbIN Komruieke 100 (1)
AxcuanbHbiit KoHDopMmep 208 (I)
AKTUBHUPOBaHHBIE TaJloreHapeHbl 2606,

270 (11)

AKTHBHUPOBaHHbIE 2JEKTPOGUIbI, peaKuu

¢ ankeHamu 286 (I)

AxTuBupytoiue 3amectutenn 71 (I1)
AmanuH 304, 310 (111)
Anmuzapun 364 (1), 513 (IT)
Anurtam 234 (111)
Amuuukinndyeckue coeauHenus 31 (I)
Ankamnounst 199, 200, 204 (111)
AnkaHauazoHuii-uonsl 193, 194 (111)
Aunxanoubt 327 (11)
Anxkansl 121 (I)
opomupoBaHue 144 (1)
ranoreHupoBanue 144 (1)
WOHHBIe peakuuu 156 (1)
kapookcunupoBaHue 155 (I)
MEXMOJIeKyJIgpHble cuiibl 128 (1)
MeTonabl cuHTe3a 125 (I)
HutpoBaHue 145 (I)
HutposupoBanue 155 (I)
HopMasnbHbie 122 (1)
okucaenue 147 (I)
okcumupoBanue 155 (I)
onuromepusanus 156 (1)
npocTtpaHcTBeHHOe cTpoeHue 129 (I)
panukanbHble peakiuu 135 (1)
peaxkiny B MPUCYTCTBUM COENUHEHU N
nepexonHbix Metauios 159 (I)
peakiu ¢ qudopanamu 159 (1)
CHUHTE3 BOCCTAHOBJIEHUEM TaJlOreHas-
kaHoB 125 (I)
CHHTE3 TUIPpUpPOBaHUeM aakeHoB 125 (1)
cuHTe3 U3 auankuiakynparo 125 (I)
cuHTe3 13 peakTuBoB [punbsipa 125 (I)
cuHTe3 110 Puiepy—Tpormry 126 (1)
cuHTe3 peakiueir Bropira 125 (1)
CHHTE3bI TpoMblliieHHbIe 125 (1)
cynabdookucnenue 147 (1)
cynabdoxmopupoBanue 146 (I)
TEMIIEPATYPbl KUTIEHUSI U TUTaBJIEHUS
127 (I)
tepmonu3 149 (1)
dochonunuponanue 155 (I)
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boToMHUTIMMPOBaHWE PATUKATBLHBIX
peakuwmii 136, 162 (1)
xjaopupoBaHue 135 (I)
LIETTHOUW paIuKaJIbHbIA MEXaHU3M
136 (I)
271eKTPO(DUIbHOE TaIOreHUPOBaHUE
157 (I)
anekTpodmibHOe HUTpoBaHue 157 (I)
Ankenunnbensonst 97 (1I)
Aunkensl 223 (1)
rajioreHupoBanue 233 (I)
runpatauus 247 (1)
TUApUpOBaHUe TeTeporeHHoe 262, 264 (1)
ruaprupoBaHre romoreHHoe 265 (1)
runpodopupoBanue 233 (1)
runporaioreHupoBanue 240 (I)
nsomepust 223 (1)
HoMmeHkiatypa 223 (I)
okucieHue 249 (I)
okcumepkypuposanue 249 (I)
noyydeHue
BOCCTaHOBJIEHUEM aJIkuHoB 223 (1)
nmerunpatanyei crmupton 223 (1)
neruaprupoBaHueM ankaHoB 225 (1)
NETUAPOTAIIOTeHUPOBAHUEM TUTA-
JioreHasikaHoB 226 (1)
npucoeanHeHue cnuptos 249 (1)
panukanbHoe 3amerierue 260 (1)
pamukanbHoe rpucoeanHerue 257 (I)
peaxkiyu 3JeKTpoPUIbHOTO TPUCOEAU-
HeHus 233 (I)
Ankunamunsbl, peakuyu 191 (I11)
Ankunbensonst 60, 97 (11)
ANKWITUAPOKCOHUEBBIN UOH 341, 342 (1I)
AnkunupoBaHue apeHosB 47, 59 (11)
Anxuncynbdonatsl 338 (11)
AnxunbHas rpynna 28 (1)
Ankunsl 296 (1)
AnxoronpaeruaporeHasa, pepment 373 (II)
Annen 329 (1)
AJmnioBslii cimpt 232, 233, 327, 359, 636,
366 (IT)
Annundenunonsiit acpup 385 (11)
neperpynnuposka Kisitzena 398 (11)
AnnunuukioneHnrtan 295 (I11)
AnnunbHasg neperpynnuponka 347 (I1)
B peakuuax Syl 234 (1I)
AnmunbHoe 3amertenue 261 (1)
O-Annundenon 385 (11)
Macc-crektp 204 (1I)
AnnokopuyHas kuciota 83 (I11I)
Amtokcum, moHop NO 161 (111)
Anbmapossie Kucnotsl 291 (111)

Anbaerunst 431 (1)
aBrookucienue 465 (I1I)
BoccraHoBeHue 467 (1)
KeTo-eHosbHas TayTomepus 470 (I1)
HeHachIieHHble 481 (11)
HomeHkiarypa 431 (II)
nosryueHue 433 (II)
pauemu3sarus 473 (11)
peakuum 440 (1I)

HYKJI€O(DWIBHOTO TIPUCOSTMHEHUS
441, 457 (11)
MPUCOETNHEHUSI—OTILETIICHUS
N-nykneodunon 460 (1)
criekTpaynbHbIi anamu3 500 (11)
(uznueckue cBOMCTBA U CTPOEHUE
437 (11)

Anbnep 333, 347 (I)

Anbnorekcosa 278 (I111)

Anbaosa 278 (I11)

Anwnons 477 (11)

AnbnonbHast konaeHcauus 477 (I11)
BHyTpuMoutekyssipHast 510 (I1)
HanpasieHHas 505 (11)
nepekpectHast 477 (I1I)
sHaHTHOocenekTuBHasg 510 (11)

AnbaoHOBbIE (IJIMKOHOBBIE) KMCIOThI
289 (111)

Anbnoterposa 278 (I111)

Anbnotpuo3sa 278 (111)

AMOUIEHTHbBIE HYKJIEO(MUIbI, B pEaKLIUsIX
Sy2 250 (IT)

Amununsr 227 (111)

Amubl KapOOHOBBIX KucaoT 30, 32,

50 (I11)

Ammuno3sa 298 (111)

AwmunonekTtud 298 (111)

n-AMuHoOeH3oiiHas kuciaota 119 (11)

-AmuHokap6onoBbie kucaoTsl 80 (111)

AmuHokuciotsl 303 (111)

OetaumHHast ctpykrypa 311 (11I)

ne3amuHupoBanue 316 (111)

KHCI0THO-OCHOBHBIE cBoticTBa 311 (11I)

knaccudukanus 303 (111)

ontuueckas aktuBHocTh 309 (I11)

peakuuu 311 (111)

crioco6wI rrosrygerust 306 (111)

SHaAHTHUOCENeKTUBHBIN cuHTe3 311 (111)
o-AMuHokucaotsl 81 (I11)
y-AMuHoMmacisgHas kuciiota (TAMK)

373 (1)
1-AMUHOMETUILIMKIIOTEKCAHO, TIEPeTpyIl-

mmipoBKa Tudbeno—dembsinona 216 (I)
3-AmuHornieHTaHoBast kuciaota 80 (111)
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2-AMmuHonupuauH 257, 259 (111)
-AmuHonpornonosas kuciota 91 (I11)
AmuHocaxapa 279 (11I)
n-Amunodenon 397 (11)
Amwunbl 162 (111)
KiaccuduKalys 1 HOMEHKJIaTypa
162 (I11)
ocHoBHOCTb U NH-kucnorHocts 175 (111)
nosyyerue 164 (11I)
peakmuu 175, 187 (11I)
criekTpabHbIN aHanmm3 194 (111)
(uznueckue cBOICTBA U CTPOEHUE
171 (I11)
AwmnonunuH 268 (111)
AHaba3uH, CTEPEOCENEKTUBHBII CUHTE3
189 (I)
op-Anamms 112 (I)
AHTUIPUI yuc-TeTparuapodrajieBoil Kuc-
J0Thl 348 (1)
AHTUIPUIBI KapOOHOBBIX KucoT 31, 39 (111)
(E)-Anuzanbaokcum 232 (111)
(Z)-Anuzanpnokcum 232 (111)
m-Anvsunun 274 (11)
Anuzon 71, 114, 386, 410 (IT)
0pmo,napa-opueHTALIMS B PeaKIIUsIX
SpAr 71 (1)
Anwunun 18, 64, 83, 89, 90 (I)
pKa(BH+) 89 (I)
AnnonHas nonmumepu3sanmst 280 (1)
AnnoH-paaukain 76 (I)
AHHenMpoBaHue apeHoB 63, 66 (1I)
Annynenst 20 (II)
a-Anomep 281 (111)
B-Anomep 281 (I11)
AHoMepHBIT a2 dekT 284 (111)
Awnpu 150 (I1T)
AnTaronucts 117 (IT)
Antunapomarnueckue coeguaenus 20 (11)
AHtuBuHHas kuciaota 113 (I11)
Anturensr 256 (11)
AntuxomoH 335 (11I)
AnTtuokcuaanTsl 163 (1), 400 (I1)
Antutena 256 (1)
Antndpus 363 (1)
AHTruHbIN mypryp 17 (I)
Antounanuaunst 407 (I11)
Anrouunansr 407 (11)
AHTpaHuioBas kuciota 97 (111)
AwnTpaxuHoH 128, 136, 495 (II)
Amntpauen 31, 32, 58, 126, 128, 134, 136,
138, 141 (II)
KUHETUYECKUI U30TOIHBIN 3(hheKT
npu HUTpoBaHuu 58 (11)

AHXUMEPHOE CONEWCTBIE B PEAKIIUAX S'y2
252 (11)

Aprunus 305 (11I)

Apenuesbiit noH 50 (11)

Apun 97 (II)

Apunruapasus 219 (111)

Apwunruapasonst 463 (1)

ApUIUIBI alleTOYKCYCHOM KUCTIOTHI, a30-
couetanue 222 (11I)

ApHar 222, 226 (111)

Apomatmzammst 128 (11)

Apomatuueckue aMuHbI 173 (111)
HutposupoBaHue 191 (I11)
peakuym 187 (111)

Apomatnueckue nons 23 (1I)

Apomaruueckue coenuHeHus 20 (11)

Apomatnueckue criupthl 327 (11)

Apomarunueckuii psa 24 (1)

ApomatuyHoctu kputepuu 14 (11)

Apca6enzon 41 (1I)

AcumMmeTpuueckast albIoabHasl KOHIAeH ca-
ust DBanca 509 (1I)

AcuMmeTtpudeckuit atom 166 (1)

Acnaparux 304 (I1T)

AcnaparuHoBas kuciora 305 (I1T)

Acmaptam 233, 234 (111)

AcniupuH 118 (II)

Acdanser 149 (1)

Araktnueckue mmoaumepsr 280 (1)

AtomHas opouTainb 32 (I)

AxupanbHast Mojiekyia 166 (1)

Auenadruiaen 246 (I)

Auetanu 444, 445 (1)

Auetanpaerun 296, 299, 432, 438, 447, 451,
463, 471, 477, 481, 483 (1), 60, 182,
251 (11T)

Aueramun 50 (111)
pK, 83 (I)

Auertanunug 40, 181, 188, 189 (111)

AuerunaneroH 83 (I)

CH-kucnorHoctb 470 (11)

Auerunen 22, 36, 42, 71, 296, 316, 320,
349 (1)
pK, 83 (I)

Auerunenuabt 302 (1)

AuetuiakosHzum A 134 (111)

AUETWIHUTPAT, HUTPOBaHUe PypaHa
244 (111)

AleTuICATUIMIOBAsT KUCTOTa (ACITUPUH)
388 (1)

Auerwixinopun 36, 37, 38, 60, 99, 181 (III)

Anerunxomun 205, 206 (I111)

Auerunuukiorekcan 466 (11)
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AneroanieTriikosH3uM A 136 (111)
Anerokcunmkiiorekcat 466 (1)
AueroH 56, 57, 60, 91, 92, 102, 104, 128,
184, 356 (I1I)
CH-KUCJIOTHOCTb M KETO-CHOJIbHAS
tayromepust 470 (1I)
AUETOHUTPUI (3TAHHUTPUA) 56, 57, 60,
231 (IIT)
AueToykcycHbiit acoup 495 (11), 62, 64, 99,
111,222,239 (111)
azocoueranue 222 (I1I)
pK, 83 (I)
AueTodeHoH 64, 68, 85, 89, 97, 146, 300,
432,475, 476 (1)
pK, 83 (I)
Anukianyeckue coeauHenus 31 (I)
Auvkimaeckuii psin 23, 24 (1)
N-Auui-2-0Kca30JuANHOHbI B 9HAHTUO-
cenekTuBHOM eHou3anuu 509 (11)
A1uiaTbl KapOOHOBBIX U CYJIbHOHOBBIX
KUCJIOT B peakuusax SpAr 89 (1I)
AITWITUTIOTAJIOTEHUTBI, TAJIOTCHUPYIOIIIHE
areHThl B peakuuax SyAr 54 (1)
AN -MOHBI, PE30HAHCHBIE CTPYKTYPhI
65 (1)
Aunnuposanue 37 (111)
apeHoB 47, 64 (1)
N-AuunnupuarHuesbie conu 254 (111)
AuwnnbHas rpyrma 64 (I11), 11 (111)
AnpobHoe okucaenue 301 (I1T)

BazucHas opoutans 61 (I)
Baiiep 199 (1), 466 (II)
Baxemut 389 (11)
Bamb6eprep 405 (11)
bananoBast cBs3b (t-cBsi3b) 204 (1)
Bapnep Bpamenus 130 (1)
Bapnep unsepcuu 137 (1)
Batoxpomusiii casur B OCIT 152 (11)
baxman 122 (11), 218 (11I)
beiikep 405 (II)
Benku 303 (I1T)

crpykrypa 320 (I11)
benwiit crpenrtonun 119 (11), 129 (111)
benenukr 289 (I11)
bens|a]anTpanen 140, 141 (1I)
bens[a]|nupen 140 (II)
bens[b]dayopanrten 141 (II)
Bens|k]dayopanren 141 (11)
Benzanpanwiun 462 (1I), 183 (I1I)
benzanpaiieton 481 (11)
Bbenzanpanerodpenon 481 (11)

bewsanbaerun 74, 97, 432, 452, 462, 469,
481, 483 (1)
Mema-OPUEHTALIUS B PEAKLIUAX S AT

74 (II)

Benzamun 50 (11I)

benzanunun 38 (111)

benssanen 38 (11)

Bbensenuensrii non 50 (I11)

bensunamun, nonyyenue 170 (111)

Bensunopomun 104, 116, 372 (11)

Bensunoserii ciupt 327, 360, 367, 469 (11),
49 (111)

2-beHsunokcu- 1 -MeTUANMPUANHU I
TpudIaT, 3aInTa TUAPOKCUTPYTITTHI
372 (1)

Bensunxmopun 62, 63, 233, 259 (1I)

BensunpHas 3amura GyHKIMOHATBHBIX
rpynn 115 (1)

bensun nerkuii 127, 148 (1)

Bbenzowmnxmopun 36 (111)

Bbensoitnas kucnora 13, 15, 20, 28 (I1I)
pK, 83 (I)

Benzon 18, 24, 70, 71, 74, 80, 83, 96, 99,
112, 150, 197, 199, 265, 321, 348 (I)

benzon [Ibtoapa 38 (11)

benzon Jlanenoypra 38 (I1)

Bbenszonauazoauerar 208, 211, 217 (11I)

benzonauazonuiirunpokeun 211 (I11)

benzonmuazonuitxiaopun 208, 211 (111)

Benszonauazorar 211, 212 (11I)

benzonauazouunanun 208 (111)
m-benzonmucynbdokucnora 119 (111)

«beHsonbHas monocar 154 (II)

Benzoncynsdokucnora 18 (1), 56 (II), 119,
129 (111)

Benszoncynsboxinopun 56 (I11), 129 (111)

Benzonurpun 56 (111)

Benzodenon 64, 97, 432 (11)

1,4-benzoxunon 495 (II)

o-benzoxuHon 399 (II)

n-benzoxunon 399 (11)

1,2-benzoxunon 495 (II)

beprman, demrocekynnHass UK-cnekrpo-
ckorust 324 (II)

Beptio 17, 321 (1)

bepuenuyc 17, 18, 20, 118 (1)

Bepu 112 (II)

buapunsHas kouneHcarus 277 (11)

Buwtmupyoun 263 (111)

BumonexkynspHoe HykIeoDUIbHOE 3aMe-
menue 217 (1)

(R)-(+)-bunadTokcun B peakiium AHpU
155 (11T)
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buocuntes 6enka 334 (111)

1,8-buc(mumeTniiaMuHo)HaTaIuH,
ocHoBHOCTH 202 (I1I)

bucmabenszon 41 (II)

budennn 121, 300 (II)
MPOU3BOJIHbIE, ONITUYECKAsI AaKTUBHOCTh

123 (II)

Bunukiio [3.2.1]okran 195 (I)

bunukno[2.2.0]rekcan 195 (I)

bunukioankansr 195 (1)

Bunuknonporenwst 39 (11)

bunuknorerpaneuen 198 (I111)

bnan 50 (IIT)

Bom6ukon, dpepomon 326 (1)

Bop 33 (I)

9-bopadbunukio|3.3.1]HoHaH 254 (1)

Bopansr 310 (1I)

Boposonopons 310 (I1)

bopoaun 23 (I11)

Bopoprannyeckue coequnenus 310 (11)

Bpayn 275 (11)

bpéncren 81 (1)

Bposunatsr 128 (I11)

N-bposunmutomunus 200 (I11)

2-bpom-1-tiporten 260 (11)

1-BpoM-2-MeTHI0yTaH, ONTHYECKast
akTUBHOCTH 166 (I)

2-Bbpom-2-MeTundyTaH, 1eruapoopoMupo-
Banue 228 (I)

2-Bpom-4-HuTpo-6-x10pheHo, unco-
3ameleHue B peakumu SzAr 92 (1)

4-bpomanu3zon 414 (11)

o-bpomaHun30:1, apuHOBBIM MEXaHU3M
3amMeleHus: opoma 274 (I1)

Bpomaneranbaerun 474 (11)

Bpomanerunopomun 61 (111)

Bpomb6en3zon 52 (II)

2-bpomOyTaH, neruapoopoMrupoBaHNe
227 (I)

Bpomruaputsl, noxyyenue 285 (1)

Bpomupenuessiii nox 306 (1)

BpomupoBanue aqkeHOB, MEXaHU3M U
kuHeTnKa 233 (1)

o-bpomuadrammn 262 (11)

BpoMmHas Boaa, okucieHre MOHOCcaxapu-
noB 290 (I11)

Bpomonus non 234 (I)

2-bpoMmHadTanuH, peakius
Pozenmynna—bpayna 275 (II)

1-BpommenTan 213 (II)

3-bpomnupuaun 255 (I111)

BpomnupuauHuii-uon 53 (11)

1-bpomnponan 144 (I)

2-bpomnpomnan 144 (1)
o-BpoMTonyor, peakiust
Pozenmynna—bpayna 275 (11)
n-bpomdenon 392 (II)
2-Bpom(aTiin)6eH30i1, TToTydeHue
93 (1)
BpomdropxiiopmeTaH, onTuyecKast akTUB-
HocTb 166 (I)
Bpomumknorekcan 211, 341 (1I)
bpomatan, criektp [IMP 185 (II)
Byso 50 (1)
Bykmunctepdynnepen 42 (1I)
1,3-Byranuen 53, 67, 197, 228, 308, 328,
356 (1)
ByranueH-cTupoabHbIiA conoaumep
345 (1)
n-byran 20, 122, 131, 168, 225 (I)
Byranane 438 (II)
byranamun 30, 58 (111)
ByrannauTpwr 58 (111)
1-Byranon 63, 353, 366, 369, 438 (I1)
2-byranon 219, 231, 296, 337, 341,
349 (1)
2-bytaHon 438 (11)
2-byrantuon 130 (111)
1-Byten 225, 226, 230, 261, 301 (I)
2-byren 196, 223, 234, 229, 244, 268, 275,
284, 317, 318, 331 (I)
2-Bbyrenans 483 (II)
(R)-2-Bbyrtanoun, peakuusi arepuduKalum
337 (1)
Byrenannr 222 (I)
2,3,4-tpuc(mpem-BbyTua)UMKI00yTaAuEH-
1-xapOoHOBas KUCJIOTa, METUIIOBBII
adup 21 (1)
n-Bytunamun 165, 172 (111)
(R)-emop-bytunanerar 46, 47 (I111)
noayaerue 337 (II)
mpem-bytuntuonponanoat 135 (I1I)
2-bytun 299 (1)
Byrunanerar 22 (I11)
mpem-bytunanerart 38, 61 (I1I)
mpem-bytunbenson 62 (11)
#-Bytunopomun 341 (11)
mpem-bytunopomun 229, 230, 235, 245,
342, 343 (II)
mpem-bytunruaponepokcun 161 (1)
Byrunnmuruii 287, 300 (IT)
mpem-Bbytunmaruuiixiaopun 286 (11)
mpem-bytunosslii criupt 328, 368 (11)
pK, 83 (D)
mpem-bytunxmopun 47, 286, 342 (1)
bytiepos 18, 19, 32, 33 (I)
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Barnep 215, 267 (I)

Bakep-mipouecc 273 (I)

BaneHTHbIe KOeOaHMSI, TTOJOCHI B
MK-cnekTpax opraHuyecKux coeiuHe-
uuit 160 (1)

BanentHsii 6asuc 61 (1)

Banepuanosas kuciaota 17 (I11)

Baneponutpuin 56 (111)

Banun 304, 318 (111)

Baymmax 216 (1), 405 (II)

Banbnenosckoe obpatenue 219 (11)

Ban-nep-BaanbcoB paguyc asmeMeHTa 48 (1)

Baut-Todd 21 (1)

Benep 17, 18 (I)

MeToJ nonyyeHus auetuiena 297 (1)

Benkarapaman 405 (I1)

Bunanng 222 (I)

Bunnurep 466 (1)

Bunscmetiiep 87 (11)

Bunbsimcon 411 (11)

Bununauerar 316 (1)

Bununanerwren 316 (1)

Bununt6opansr 312, 322 (I)

Bununmarauiixinopun 286 (11)

Bunumxmtopun 260, 274 (11)

Bunwmatunosstit adup 409 (1)

Bunnbie kucnotsr 113 (111)
crepeousomepus 182 (1)

Bunorpannas kucnora 113 (111)

Burtamun A 220 (I)

Buramun B, 275 (III)

Buramun C 164 (1)

Butamun D, 221 (1)

Burtamun E 164 (I)

Butamun K 513 (II)

Burtur 320, 454, 455 (1I)

Bkyca mexanusm 231 (I11)

BHenpenue nmuranna B 6-CBI3b B KOMIUIEK-
ce nepexoaHoro Metaia 308 (II)

BuyTtpenHsist TpoiiHast cBsizb 296 (1)

BHyTpuMmonexyisipHbie IeperpynimupoBKYI
399 (1)

BHyTpUMOIeKYISIpHBIN HYKITOMDWIBHBINA
kataym3 116 (I11)

Bona, pK, 83 (I)

Bonoponnsie caszu 59 (I)

Boub 262 (1)

Bosbsra 17 (1)

Bonbsd 67, 468 (1I)

Bocku nipupoansie 111 (111)

Boccranasnusatoniue caxapa 290 (111)

BoccranoBuTebHOE aAMUHUPOBAHKE
461 (1), 168 (I1I)

BoccranoButenbHoe otiierieHue 308,
320 (1)
Boccranosnenue apeHos o bepuy 113 (II)
Boccranosienue no Kuxnepy—Bonbdy
468 (11)
Boccranosnenue o Kinemmenceny 468 (1)
BoccTanosienue cioxHbix aupos 49 (I111)
Bcerynatomias rpynma 70 (I)
Bropuunas ankunabHas rpynmna 128 (1)
Bropuunas ctpykrypa 6enakon 320 (111)
Bropuunsle ramoreHankans 211 (11)
Bropuunsie criuptel 327 (11)
Bropuunslii atrom yraepoaa 122 (1)
BropuuHblit KWHETUYECKUI M30TOMHbBIN
addekt B peakumax Syl 232 (1)
BynBopn 22, 284, 350 (1)
Beiciias 3aHsTast MOJIeKyIsIpHast OpOUTATD
63 (I)
Bropir 125 (I), 284 (II)

T'a6pusab 73, 170, 307 (111)

Tazoiine 148 (1)

D-Tanakrozamun 279 (I1I)

B -D-Tanaktonupanosa 281 (III)

lanorenankansr 211 (11)

lanorenankensr 259 (11)

lanoreHaHTHAPUILI KAPOOHOBBIX KHCIOT
29, 31, 36 (I111)

Tanorenapensr 259, 265 (1)

Tanorenruapunst 255 (1)

lanoreHunb! cepul, peakiiny Co CIIUpTaMu
348 (1)

Tanorenuasl ochopa, peakiuu co Crup-
Ttamu 348 (11)

TanorenupoBanue apeHos 47, 51 (11)

TasloreHNTPOU3BOAHBIE YTJIEBOJOPOIOB,
B3auMojeiictere ¢ Metaiamu 284 (11)

lanorennpousBoaHbIe, CIEKTPATbHBIN aHA-
a3 248 (I1)

lamorenyrinesomopomasr 278 (11)

n-TanoreHdenonsl, kucaotrHocTh 382 (11)

Tanodopmuas peaxius 475 (11)

Tammer 112, 366 (1)

Tany 251, 266 (111)

larrepman 86 (1I)

Iexcamerunaucunokcan 317 (I1)

n-Texcan 122, 150, 152, 159, 329 (1)

Texcanansb 438 (11)

2-Texcanoun 250 (I)

2-Tekcanon 438 (II)

[excaxnopiiukiiorekcaH (rekcaxjiopaH)
279 (11)
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I-Texcen 250 (1)
mpanc-3-Texcen 319 (1)
1-Texcun 299 (1)
Texcur 292 (111)
Iexcoza 277 (11I)
n-Texran 122 (1)
Tems 61 (111)
Temun 275 (111)
Iemorno6un 275 (11I)
Ten 326 (11I)
IenTpuakonTan 327 (I)
n-Tenniikoszan 122 (I)
Tenanen 34 (I1)
n-Terrran 122, 152, 155, 156 (1), 214 (1I)
TenTanans 438 (1)
1-TenrreH, nukitonpornanupoBanue 276 (1)
2-Terrtun 295 (11)
Iepanuon 219 (I)
9HAHTUOCEJIEKTUBHOE SMTOKCUANPOBA-
uue 291 (1)
Tepourun 280 (I1)
Tepuanaynuun 234 (I11)
Iepoun 276 (11I)
Tepubepr 137 (I)
Terepoapomatuyeckue coeaqunenus 35 (11),
235, 274 (111)
Iereponus 73 (I)
KOBajJieHTHOI cBsizu 44 (1)
Ierepouuknuueckue coenunenust 24 (1),
234 (11I)
KJaccuduKalus 1 HOMEHKJ1aTypa
234 (11I)
ubpunuzanus 39, 43 (1)
ATOMHBIX OpOUTAJIeil B MOJIEKYJie OeH-
3oia 18 (1I)
Iunpaszunbl KapooHoBbIX KucaoT 228 (111)
Tunpazo6enson 146 (111)
Tunpazonsr 462 (11)
[unparauus ankeHoB, MosyyeHue CIUPTOB
329 (1)
[npaTer anbaerunoB u KeToHOB 443 (11)
Tunpuanetii casur 246 (1), 345 (1)
B [IEPETPYNIMPOBKAX peakuuid Syl u
FE1 248 (1)
[npobopupoBaHue alkeHOB, MOTYyYeHUE
criupros 329 (I1)
4-Tuapokcu-7-renragekKaHoH, CUHTE3
peakuueit Aupu 157 (I11)
(.5)-2-Tunapokcu-2-mMeTui-3-HUTpoIporna-
HOBast KUCJIOTA, ITUJIOBBIN 3hUp
160 (I1T)
B-Tunpokcn-B -MeTHIITIyTapUIKO3H3UM A
136 (11T)

2-Tunpoxcu-1-HadroiiHas Kuciaora
388 (1)
3-Tugpokcu-2-HadToiiHast KMcjioTa
388 (II)
4-Tunpoxcu-1-HadroiiHas kuciora 13 (I11)
4-Tunpokcuazobenson 389 (II)
o-TugpokcuankancyiabdoHatsl 449 (11)
n-Tuapokcuanerodenon 395 (I1I)
n-IuapokcubeHsoitHas kuciota 387 (11)
4-Tunpoxcunpous 306 (111)
Tunpokcunuposanue apeHos 90 (1I)
anekTpodunbHoe 402 (1I)
8-TunpoxkcuxuHoauH (okcun) 270 (111)
Tunponepokcun kymuia 378 (11)
IunpoxunoH (1,4-nuruapodeHson) 376,
401 (11)
Twnecniu 39 (1)
Tunbman 436 (11)
Tunc6epr 182 (111)
Tunepxonwtorauus 143 (I)
Tuncoxpomusriii cipur B DCIT 152 (11)
Tuctuaun 305 (I11)
[1aBHOE kBaHTOBOE ymcio 33 (I)
[nazep 323 (I)
[koren 298 (111)
[ukosuanas runpokcurpyrnmna 281 (111)
[mkosuas 285 (111)
N-TImukosumsr 286 (111)
[mko3unsl cepneunbie 286 (111)
[ukonesast kucnota 89, 93 (11I)
[nkonoBbie kucaots 289 (111)
Drauepun 327, 339, 363 (1)
D-TmuuepuHoBslii anbaerun 278 (111)
[viepuHOBBIN aTbaeTH, ONITUIECKast
aKTUBHOCTB 166, 172 (I)
[DmmnepodocdopHas kucnora 339 (11)
Dmumanetit agup 95 (111)
Danwa 304, 313 (11I)
[ryramun 304 (111)
[tyramunosas kuciaota 305 (111)
[ryratuon 142 (11)
D-Timoxaposas kucnota 291 (I1I)
Imoko3a 135, 232, 277, 288, 289, 292, 294,
297, 299 (111)
usomepusanus 284 (111)
peakuuu 282 (I11)
bennnrunpason 288 (111)
D-Tmoko3amuH (2-aMUHO-2-1€30KCH -
D-rmoko3za) 279 (111)
Droko3uast 285 (I11)
D-TimokoHo-y-naktoH 291 (111)
D-TimokoHo-6-yaktoH 291 (I11)
D-Timoxonosast kucinora 289, 290 (I1I)
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o.- D-Inokonupanosa (D-ritoko3a) 232,
279, 283, 288 (11I)

- D-Imokonupanosa 279, 281, 283,
291 (I11)

D-Timotur 292 (111)

TomGepr 122 (11), 218 (111)

Tomonus cBsizu 44, 72 (1)

Tomopeakuus Junbca—Anbaepa 349 (1)

Todman 14 (1), 54, 179 (111)

Ipannuson, pepomon 326 (1)

[paHnYHBIC MOJIEKYJISIpHBIC OpOUTAIN 63,
79 (I)

[paduueckuii MeTon onpeneaeHus apoMa-
traroctu 30 (I1)

Ipunbsp 285 (11)

Ipuce 191 (111)

Ipyruen 279 (1I)

[yanunuHbl sJHAHTUOMEPHBIE B PeaKlINKU
Anpu 154 (I1I)

[yanun 261, 328 (111)

Hapzan 95 (I11)

HatusHas cBs3b 306 (1I)

Hay-nipouecc 377 (II)

HBotinas crimpans JHK 331, 332 (I1I)

JByxatomHbie ciupthl 327 (11)

Jle bpoitnb 33 (I)

Hesu 17 (1)

[eruapataliusi CIUpTOB MEXMOJIEKYISIP-
Hasg 410 (IT)

Herunpooenson 272 (11)
reHepauus U3 aHTPaAaHUIOBOM KUCIOThI

97 (111)

7-erunpoxonecrepun 221 (1)

[Herpananust MmoHocaxapunos 293 (I11)

[Hesaktuupytoiue 3amectutenu 73 (I11)

2-Jle3okcu-D-pudoza 278, 327 (111)

J1e30KCUpUOOHYKJIEMHOBAsI KUCJIOTA
(AHK) 339 (II), 278, 326 (11I)

Hezokcupudonykneosun 329 (111)

Hesoxkcupudonykieorun 329 (111)

Hesoxcucaxapa 278 (I11)

Hetiman 17 (1)

n-Jlekan 122 (I)

Hexananb 438 (I1)

2-Jlexanon 438 (II)

Hekctpo3za 295 (1)

Jenokanu3oBaHHasi KOBAJIEHTHAsI CBSI3b
54 (1)

Henvdunuaun 407 (11)

HembsiaoB 216 (1)

Hereprentsr 138 (111)

JlecbopMaliMoHHbIEe KOJeOaHUSsI, TIOJOCHI B
MK-crekTpax opraHU4ecKux CoeaHe-
nuit 160 (IT)

(E)-8-JleueHoBas KucjiaoTa, GepoMoH
326 (I)

N-euwnamun 177 (111)

1-Hewun 300 (1)

1,1-An(4-xmopdenmn)-2,2,2-TpUXJIOpITaH
(AOT) 279 (1)

2,6-Tu-mpem-6ytundenon 163 (T)

1,5-Inazadbunmkio|4.3.0|Hon-5-ex (1bH)
B peakuusix anuMuHupoBanus 196 (111)

1,8-/Inazadbuiukino|5.4.0]ynnei-7-eH
(1BY) B peakuMsixX 3TMMUHUPOBAHUS
196 (111)

Huazoankanbl 222 (111)
peakuum 224 (111)
crnocoObl nmojyyeHust 222 (111)

Huazoruaparst 211 (111)

o-uazokeronsr 226 (11I)

HuazomeTtan 22, 222 (11I)

UCTOYHUK KapbeHa 274 (1)

Huazocoenunenus 208 (111)
apomatuueckue 209 (11I)
peakuuu 212 (111)
criocoObl moyyeHust 209 (111)
dusnueckue cBOMCTBA U CTPOEHNE

210 (111)

Huazotar 211 (I1I)

Jwnazorupoanue 191 (I11)

JuankuncymbOuabl, SHAHTHOCETIEKTUBHOE
okucaenue 133 (I11I)

Huapuncynbduabr 131 (111)

Huactepeomepst 179 (I)

Huanernnnepokcua 161 (1)

Jnbenzounanepokenn 161 (I)

Hu6opan 251 (1), 311 (1I)

1,2-Aubpom-1-penunstan 233 (1)

3,5-JIu6pom-4-ruipoKcudeH30iHasT KUC-
JIOTa, UNCo-3aMELIEHNE B PEAKLMN S pAT
91 (1)

2,3-IubpomOyTaH, ctepeonzomepust 179 (I)

6,6"-Iubpomunauro 364 (1)

mpanc-1,2-JAn6pomiukiiorekcan 229 (1)

1,2-Iln6pomatan 234 (1)

1,2-Auruapobenson 376, 401 (II)

anmu-1,2-AUTUAPOKCUINPOBAHNE ATKEHOB
270 (1)
no IIpeso 284 (1)

cun-1,2-JIuTUAPOKCUINPOBAHNE ATKEHOB
no Byasopny 284 (I)

2,3-luruaponupaH, alkuiupoBaHue
crmuproB 372 (11)
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AuruaponupunuH, apomatusauus 373 (I1)
Juruapormmpunuasr 268 (111)
Hurmum 427 (11)
JuronanbHas rudpunuzauus 42 (1)
[veHoH-dbeHoNMbHAs TIeperpynpoBKa
405 (11)
Juenodpun 350 (I)
Huenbt 328 (I)
JAMu30npoNuUIKeTOH, peaKiius C peakTuBa-
mu [punbsipa 453 (I1)
Jvmzorporuiossiit apup 410, 412 (11)
Huuzonponunstunamun (JJUDA) 196 (111)
HNukap6oHoBbIe KUCTOTHI 65 (111)
Huketen 495 (11)
Juxeronunepasunsl 317 (111)
Huxman 81 (11I)
MukobansrokTakapborwmt 309 (11)
Hunbe 333, 347 (1)
Jumerns (6pom)0op, pacuieryieHue mpo-
ctbix a¢pupos 428 (11)
JvmMeTunaMua nuBajieBoi KUCIOThI, BOC-
craHosneHue 55 (I111)
B- (N,N-dumerumaMuHo)IponnoheHOH
476, 477 (IT)
4-TumetunamuHonupuauH (DMAP)
254 (11T)
N,N-dumetunanuaun 176 (111)
ocHoBHOCTb 202 (I1T)
Jumetmnosslii a¢up 411 (11)
JAuMeTUIOBBII 3Up a301MKapOOHOBOIM
KUCOThI, peakius dunbca—Anbaepa
349 (I)
JAMMeTUJIOBBII 3(Up AUITUIECHIIMKOJIS
412 (11)
Humerunptyts 284, 289 (1I)
Humetuncynbdat 338, 340 (II)
Humetuncynbdokenn 133 (I1T)
B peakuuax 5,2 220 (II)
okuciaeHue criuprton 360 (II)
Jumerunrepedranat 292 (1)
HumetundpopMaMu B peakuusx Sy 2
220 (1D)
1,3-Aumernnuukiorekcan 194 (1)
2,2-JINMEeTUITIUKIIOTeKaHOJI, TIEPerpyIIT-
poBka Barnepa—MeepBeiiHa 215 (I)
1,2-Aumetunuukiorekcex 244 (1)
1,1-Aumerumuknonporan 197 (1)
2,2-InmeTokcunporan 449 (II)
1,2-Aumerokcuatan 412 (11)
Huaamur 339 (11)
Junnamuueckas crepeoxumus 183 (1)
2,4-JIMHUTPOAHUINH, ocHOBHOCTD 177 (11I)
m-JAunantpobenson 59 (11), 145 (11I)

Hunutpomeran, pK, 83 (I)

2,4-InHUTpODEHWITUIPA30H alleTaIbIe-
runa 463 (I1I)

2,4-IAwautpodenon 267 (1)

2,4-Iunutpoxopbenson 267, 390 (11)

1,4-uokcan 236 (I11)

1,3-JInokconansl 448 (II)

eem-Jlvnonsl 442 (11)
ruapupoBanue 228 (1)

JurionbHBIN MOMEHT cBs13u 46 ()

Jwnpornmnosslii a¢up 410, 412 (11)

Hucaxapunbt 277, 294 (111)

Jucuamunoopan 254 (I)

Jucnepcuonnbie cuiibl 58 (1)

JucpotaTopHbiii mpouecc 351 (1)

Hucynbbuasr 132 (111)

Ju-mpem-0yTUIKETOH, peaklus C mpem-
oyrwiutuem 454 (11)

HAn-mpem-6ytunnepoxcun 160 (I)

Judenmmamun 176 (111)

Hudenunmeran, CH-kucnorHocts 103 (11)

Hudenwunosslii acdup 409 (I1)

JOudenmncynbdon 127 (I111)

JudropauxiopmeraH (xjaaaoH-12) 214,
278 (I1)

2,3-Inxiiop-5,6-1MraHo0e H30XUHOH
(DDQ) 270 (I1I)

2,6-IuxyopanvinH, nojiaydenue 94 (I1)

0-, M-, n-JAuxnopoenszoinst 263 (1)

Huxnopkap6en 390 (II)

Huxopmeran 135 (1), 213 (1)

1,1-Aunxmopuukiorekcan 210 (I)

1,2-Auxnopuukiorekcan 210 (I)

1,3-Huxnopuukiorekcan 210 (1)

[u (mukioneHTagueHmn)xemne3o 306 (I11)

JAuvatuiagunuHaTt, KoHaeHcauus JukmaHa
81 (I1I)

JAvsTunaMun TU3epruHOBON KUCIOTHI
276 (111)

Huatunamun 165, 175, 177, 181, 185,
193 (111)
pK, 83 (D)

N,N-Hustrwnanumux 176 (111)

Jwstmnanerans 447 (11)

Juatunosslii acup 409, 427 (11)

JAunaTuioBblii 2¢bup aueTUIeHAMKapOOHO-
BOU KHMCIIOTHI, peakiust Juibca—
Anbaepa 349 (1)

Huatunmepoxeun 160 (1)

Jnuna csi3u 44 (1)

n-Jlonexan 122 (I)

1-Hdonexantuon 131 (1I1)

Hoxkcopyourmna 406 (11)
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JoHopHo-akienTopHas cBsa3b 37 (1)
[onopHo-akuenTopHbIit komruiekc 96 (1),
314 (11)
H-JlorpuakonTan 122 (I)
Hodamun 96 (11)
Hynsuut 292 (111)
Hymuctoie macia 219 (1)
Hproap 22 (1), 306 (II)
pe3oHaHcHbIe hopmyibl 6eH3ona 15 (11)
Mioma 18 (1)

Enamunst 182 (I11)
peakuym 202 (111)

EHonuzanust ajgbaeruioB v KeToHOB 471,
503 (IT)
peruo- u crepeocesieKTuBHOCTb 503 (1)
TEPMOAMHAMUYECKUIN U KUHETUYECKUIA

KoHTpoJib 471 (1I)

Enonsr 312 (1)

EHOASAT-MOHBI KApOOHOBBIX KUCIOT 1
(DYHKIIMOHATBHBIX TIPOM3BOIHBIX
59 (I11)

EHongT-noHbl, aMOMAECHTHBIE HYKJIeO(hU-
a1 471 (I1)

Kene3o (LMKIOOYTaAMEeH ) TPUKAPOOHMII
305 (1)

Kepap 18 (1)

«XKecTKOCTb» pearupylolieit CCTeMbl
106 (I)

«KecTKOCTb» 2JIEKTPOHHOI 000J10UKU
ModexyJbl 78, 80 (I)

Kupsr 111, 112 (11I)

3aitues 227 (1), 436 (11), 39 (111)

3akoH Jlambepta—byrepa—bepa 150 (1I)

unco-3amerenue B peakuusx SpAr 91 (II)

Mmema-3aMelieHNe B peakuuax S Ar 69 (1)

opmo-3ameleHue B peakuusax SpAr 69 (11)

napa-3amenienne B peakuusax SgAr 69 (1)

3amerieHune IMa3oTpymiibl Ha TUAPOKCH-
rpynmy 379 (1I)

3aMKHyTas 271eKTpoHHas obosiouka 27 (II)

3anameiiep 215 (111)

3amaxa mexanusm 231 (111)

3apsia Ha aToMe Zu 67 (I)

3apsIoBbIil KOHTPOJIb OPTAHUUYECKON peak-
u 108 (I)

3acnoHeHHast koHdopMmarus 130 (1)

3aropmozkeHHast KoHopmarnmst 130 (1)

3anmTa TMIPOKCIIBHOM TPYIIIIBI B CITUP-
tax 371 (II)

3eseitnb 326 (11)

emHckwmit 333 (1), 61, 307 (111)

3edupoB, peakiiuy aTKEHOB C aKTUBUPO-
BaHHBIMU 2JieKTpodunamu 288 (I)

SunuH 18 (1), 146 (11I)

3bIK, peakiMy aTKEHOB C aKTUBUPOBAHHbBI-
MM anektpoduaamu 288 (1)

No6ynpodeH, ontuueckue nsomepsl 192 (I)
Urnappol61 (I11)
Nnentudnkanms opraHnIecKux BEIIeCTB
144, 148, 156, 203 (II)
M300yTniieH, npucoenuHeHe KOaXJI0pa
238 (D)
M3zokporonosas kuciaota 83 (I111)
Nzoneituun 304 (111)
Hzomacnsanas kuciora 12 (111)
N3zomepuzalius alkuanpyiomero areHTa
61 (IT)
E/Z-N3omepus ankeHoB 224 (1)
yuc-mpanc-V3oMepust LUKIOATKAHOB
195 (I)
E-N3omeps 224 (1)
Z-N3omepsl 224 (1)
mpanc-N3omepst 194 (1)
yuc-Vzomepsr 194 (1)
WMzonutpuibl (u3oumanuabl) 231 (111)
Wzonentenmmmupodocdar 136, 137 (I1I)
Wzonentunautput 339 (1)
W3zonpen 345, 350 (1)
W3zonpenanun 120 (I1)
2-UNzonponui-5-MeTUIaHu30, Unco-3aMe-
nieHue B peakuun S Ar 91 (1)
Hzonponun (beHun)cynbbua, sSHAaHTUOCE-
JiektuBHOE okuciaeHue 134 (111)
Hzonponuiabdenson (kymon) 61, 62, 100,
378 (1)
Hzonporunuzodytupart 42 (111)
4-Wzonponunnupunux 250 (111)
Hzonponuntuonuanat 228 (11)
H3zotaktuueckue noaumepsl 281 (1)
H3zodranesas kucnora 66 (111)
Hzoxunonun 268 (111)
Hzoumanater 230 (111)
M3zosnexrpuueckas Touka 312 (111)
HK-cmektp 167 (1)
Wmunet (6etannsr) 319 (11), 132 (111)
Hmurpan 266 (111)
Mmunazon 237 (111)
HyKJIeoWIbHBIN Kataaus 115, 237 (111)
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HNmunoadupsl kapooHoBbIX KUcoT 227 (11T)

HWmunusg xkatuon 477 (11)

mpanc-UmunopetunHans 360 (1)

yuc-VIMUHOpEeTUHAITb, (DOTOM30MEPHU3ALIMS
360 (I)

Wmunbr 461 (1)

HMmMoHueBsbiit noH 184, 185 (I11)

Mmmynuret 143 (11)

HMmmynHas cuctema 256 (1)

MuBepcus azora 173 (111)

Huruourtopsr HIV-niporeassr 155 (111)

MHrnouTopsl paanMKaabHbIX peakiuit
160 (I)

Wuronwn 22, 175 (I)

1,3-UnnannuoH, azocouetanue 222 (111)

Wnnen 246 (1), 112 (11)

Wnnuro 17, 364 (1), 276 (11I)

Wunon 237, 239, 248, 264, 265 (111)

NunykruHblii addexr 49 (1)

WunimaTops! panukaibHbIX peakimii 160 (1)

Hurerpan nepekpoiBanus 63 (1)

HNubpakpacHbIle CIIEKTPbl OpraHUIeCKUX
coenuuenwuii 159 (II)

2-WUonodytan 341 (II)

HNonodbopmuas peaxkuus 475 (11)

1-UonnenTan 213 (II)

MNonuzanus opraHu4eckux CoOeAMHeHU I
Mo IeCTBUEM JIEKTPOHHOTO yaapa
195 (11)

HMoHusupyioiiasi CHocOOHOCTb pacTBOPU
Teneit B peaktmax Syl 229 (II)

WNonnas napa, psrxtas 97 (1)

Hounas napa, tecnas 97 (I)

HoHHO-KooparHAIIMOHHAs TTOJIMMepr3a-
uus 280 (I)

HMonnrble peareHThl B peakuusix Jduibca—
Anbaepa 358 (I)

Honodopsr 429 (11)

Honwi cynbdonus 132 (111)
CH-kucnorHocts 132 (111)

HMpunadenson 40 (1I)

HNpunuitxnopun-ouc (tpudenumn-doc-
un)kapoonun 308 (1I)

HcuepnbiBatoriiee rajoreHuposanue 474 (11)

Kanmwno 324 (1)

Kamdopa 219, 361 (I), 502 (II)
Kan 175 (I)

Kannauimapo 468 (11)
Kanpunosas kucnora 17 (111)
Kanponosas kuciota 17 (I11)
Kapam 259 (1)

Kap6amarst 230 (I11)
Kap6aHuoHbl, pe3oHaHCHas CTaOUIM3aLIMST

73,86 (I)

Kapb6enuesbie nonst 158 (I)

Kapo6enounsr 274 (I)

Kap6ennsr 274 (1)

Kap6orunpater 277 (111)

Kap6onmnMuaHbIit METOM TETITUAHOTO
cuntesa 318 (I11)

Kap6okaTtuonsl 73, 99, 241, 242, 278, 279,

309, 338, 340, 341 (I)
Kap6okcunar-uonsl, peakuuu 21 (111)
Kap6onuesbie nonsl 158 (1)
Kap6onosrsie kucnotsl 11 (11I)

kucaoTHocThb 19, 20 (111)

HoMmeHkiatypa 11 (I11)

ocHoBHOCTh 21 (I1I)

peakuuu 19 (I111)

criocoosl nosyyenust 13 (111)

(uznyeckue cBOICTBA U CTPOCHUE

16 (I17)

CH-kucnotHocts 59 (I11)
Kap6onuknmueckue coennHenus 24 (1)
KapsoH, ontuueckue uzomepnl 192 (I)
B-Kaportun 360 (1), 408 (I1)

Kappep 361 (I)
Kactpo 324 (I)
Karanus

KucaoTHbI 72 (1)

ocHOBHBIH 72 (1)

Karanuzarop Jlunmnapa 317 (I)
Karnonnas nomumepusanust 278 (I)
Karnon-panukansr 76 (1)

Katnonsr nuazonuns 46 (I1)
KaTtuonsr Hurposonus 46 (1)
Karnon Hutponus 46 (11)

Kayuyk 344 (I)

HatypanbHbIil 344 (1)

cuHTeTHYeckuii 344 (1)
Ksanputukiman 362 (I)
KBaHTOBO-XMMUYeCKUi KpUTEpUil apoma-

tuuHoctu 27 (I1)

Kekyne 17 (I)

dopmyna 6enzona 15 (1)

Kepmb 44 (11)
Kepocun 148 (I)
Keramm 444, 445 (1I)
Ketensr 492 (11)

HUCTOYHUK KapbeHa 274 (1)

norygerue 493 (1I)

peakuuu 494 (1I)

CcTpoeHre U (U3UYECKUE CBOKCTBA

493 (11)
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Ketorekcoza 278 (I11)
Kero-eHonbHas tayromepust 312 (I)
Ketonsr 431 (1I)

BoccTaHoBeHue 467 (1)

nevitepooomen 473 (11)

KeTo-eHoabHas Tayromepust 470 (11)

HeHacbleHHbie 481 (11)

HoMmeHkiarypa 431 (II)

noaydeHue 433 (1I)

pauemu3zaius 473 (11)

peakuym 440 (1I)

HYKJI€0(DUJIBHOTO MPUCOeTUHEHUS
441, 457 (11)
MPUCOETNHEHUSI—OTIIETIICHUST
N-nykieodunos 460 (I11)
crnekTpaibHblil aHanuz 500 (11)
(usnueckue cBOCTBA U CTPOCHUE
437 (11)

CH-kucnorHocts 470 (11)

Kuxnep 67, 468 (1I)
Kunuanu 292 (111)
Kunetnueckuii uzoronHblit apdexr B

peakumax SpAr 51, 56, 58 (1)
KuHetnueckuii KOHTPOJIb

1,2-nipyucoeIMHEeHUS peakluii TMeHOB

339 (D)

opranuyeckoit peakiuu 104, 341 (I)

cyiabdupoBanus HadTanuHa 131 (11)
a-Kucnora 95 (I)
n-Kucnota 95 (I)

Kucnora bpéncrena 81 (I)

Kwucnora Jlstouca 96 (I)

NH-KuciaorHocTh aMu10B KapOOHOBBIX
kuciot 52 (1IT)

KucnotHocTh TUKapOOHOBBIX KUCIOT

68 (111)

KucnorHocts criuptoB 334, 368 (1I)

B pasnuuHbIX azax 368 (II)
CH-Kucnorsl, pK, 83, 86 (1)
NH-Kucnorsl, pK, 83 (T)
OH-Kwucnorsl, pK, 83 (I)

Knaiizen 480, 483 (1I)

Kirapk 169 (111)

KnemmeHncen 67, 468 (11)

Krnerka 429, 430 (11)

Kousopun 200 (I11)

Kuégenaremns 78, 79 (I1I)

Knopp 238, 239, 262 (III)

Kobansrruapunarerpakapoonut 309 (I1)

KoBanenTtHas cBsa3b 36, 44 (1)

KoBaneHTHbIii pannyc atoma aJeMeHTa
44 (1)

Komonsr 334 (I11)

Koxkaun 205 (I1I)

Komwoe 387 (11), 25 (I11)
Konbuato-uienmHas tayromepust 284 (111)
cumm-Komanmuaun 250 (11T)

n-Kommiexce 99 (I)

Kommnekc Kopu 370 (I1)

Kowmrureke MeiizenreiiMepa 269 (11)
Komrmnekc Cappera 370 (11)
Komrmnekcs JIntonca 318 (11)
KomruteMeHTapHbBIe Tapbl OCHOBAHUIA

331 (I11)

Kommnemenrtapubie yuactku 118 (I1)
o-Kommexest 100 (I)

B peakuuax SpAr 48 (1)

n-Kommiekcrl B peakuusix SzAr 48 (1I)
Kommnexest nepexoaHbix MetaiioB 303 (I1)
Konmakos 287 (1)
KonneHncanunonnsie nonumepst 74 (111)
Konpaencanuus Jukmana 81, 101 (11T)
KonneHncupoBaHHbie 6EH30UIHbBIE YTJIEBO-

noponasl 31, 125, 137 (1)

Konuun 205 (111)

Konkypenuus peakumii Sy2 u E2 242 (1I)
Konosanos 145 (I)

Konpotaropnsliit mporecc 351 (1)
Koncranra 3amecturens 112 (1)
KoncTaHTa ciMH-CIMHOBOTO B3aUMOEH -

creus 182 (II)

Kondurypammontsie nuzomeps 166 (I)

otHocutebHO C=N-cBsa3u 461 (II)
Kondopmanuu 129 (1)

Kondopmepsr 129 (1)
KoHuenuuu peak inOHHOM CITOCOOHOCTHU

81 (I)

Konuenuust rpaHUYHBIX opOUTANIeit

110 (I), 391 (1)

peakumnu S Ar 139 (IT)

Konnenmus MITKIX 1 KeCTKUX KUCIIOT U

OCHOBaHMI B peakuuax Sy2 250 (I1I)
Kopwu 145, 370 (II)

Kopwuunas kuciora 110 (II), 65, 79, 83, 85,

86 (11I)

Kopuunsiit anbaerun 481 (11)
Koptuzon 222 (I)
Koptukocrepounst 222 (1)
Koccens 35 (1)

Koym 186 (I11)
Kodaxkropsr 119 (I)
Kodeun 261 (I111)
Kodepment Q 512 (II)
Kodepmentst 119 (1)

Kox 86 (1I)

Koumn 24 (11I)
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Koanzum A 136 (111)

18-Kpayn-6 338 (I1I)

Kpayn-acups 418, 425 (11)

Kpadrc 59, 64 (1I)

Kpaxman 295, 297 (111)

Kpe6e 301 (IIT)

m-Kpeson, kucnorHocts 382 (II)

n-Kpeson, kuciaornocts 382 (11)

0-, m-, n-Kpesonbl (MetunadeHoanr) 375 (1I)

Kpexunr 149 (1)

Kpure 267 (1)

Kpux 331, 332 (I1I)

Kpunronun 200 (111)

Kpunrormppoi 263, 274 (111)

Kpocc-coueranue Bununadopanon 322 (I)

Kporo 42, 44 (11)

KpotonoBas kuciora 83 (111)

KpotonoBas konaeHcauus 477 (I1I)

KpotonoBbiii anbaerua 483 (11)

Kpyr ®pocra 30 (11)

Kpyxanos 378 (II)

Kcenobunoruku 94, 256 (I1)

Kewnmu 292 (11T)

m-Keumon 99 (I1)

o-Kcewunon 61, 99, 107, 108 (11)

n-Kcwmon 217 (1), 61, 66, 99, 100, 114,
179 (1)

Kynonockuii naterpain 63 (I)

Kymon 61, 99, 100, 106, 378 (II)
criektp [IMP u criektp 13C IMP

191 (II)

KymosnbHbIit MeTon TTosTydeHust heHota
378 (1)

KymynuposanHbie nBoliHbie ¢Bsi3u 329 (I)

Kyn 361 (I)

o-KynapeHoH, cTepeoceeKTUBHbIN CUHTE3
190 (I)

Kymnep 18 (I)

Kynmanc 77 (I)

Kyprmmyce 229 (111)

Kyuepos 310 (I)

JlaBcan 292 (1), 74 (111)

JlaByasbe 17 (I)

Jlaktuast 295 (1), 93 (11I)

Jlakroza 295 (I11)

Jlakronst 93 (111)

JlaypuHosas kucnora 17 (I11)

Jle Bemnb 21 (1)

Jle6enes, cunTes 1,3-0yranueHa 332 (1)
Jleiiumn 304 (111)

JlekapcTBa, mpousBoaHbie 6en3ona 117 (11)

JIubux 18 (I)

Jlurauger 304 (11)

Jluzun 305 (I111)

JlukopuumauH, cuHTe3 peakiieit AHpu
157 (11T)

Jlumonnas kucnora 374 (II), 89 (I1I)

Jlunpnap 317 (1)

JlumoeBast kuciora 158 (I11)

Jlunckom6 313 (II)

JlntuitamromuHuiiruapun 467 (11)

JlutuitnuOyTUnKymnpar, peakiinu ¢ ajikKui-,
BUHWI- 1 apuaragorenunamu 300 (1I)

Jlutnitnuuzonponunamun 472 (11)

Jlutuiinudenunkynpart, okuciaenue 122 (II)

Jlomonocos 17 (1)

Jlykac 347, 348 (II)

Jlykompen 363 (1)

2,6-Jlytunun 250 (111)

JIvtouc 22, 32, 35, 96, 252 (I)

JIptouca opmyasr 36 (I)

MarauTtHoe KBaHToBoe unciio 33 (I)
Maiinc 269 (1)
Maiio 259 (I)
Maxkpomuner 93 (111)
TpaHcnopT noHoB 429 (I1)
MakKcUMyMBbI B 2JIEKTPOHHBIX CITEKTpax
TIOTJIOIEHUST OPTAHUIECKUX COeIMHE -
Huit 151 (1)
Maneunosas kuciora 87 (I11)
Mannuken 60 (1)
Manonunkoanzum A 136 (I111)
Manonosas kuciota 66, 112 (I1I)
MasonoBsiii acup 75, 86 (I111)
pk, 83 ()
Manswroza 294, 295 (111)
Mannux 476 (I1), 148 (I11)
D-Maunno3a 283, 284 (111)
Mannosunbi 285 (I11)
o-D-Mannonupano3sa 283 (I1I)
B-D-Mannonupanosa 283 (11I)
Mapraneuanetunaretpakapoonua 308 (11)
Mapranenmeruiarekcakapoonmt 304 (11)
MapraneumeruiarneHTakapooHua 307,
308 (I1)
MapraneurmenTtakapoonua 307 (11)
Macna 111, 112 (I1I)
MacnstHast kucnota 14, 17, 19, 93 (111)
Macc-creKkTpbl OpraHUIeCKUX COeTMHE-
Huit 195 (1)
Marpuunas uens JHK 334 (I11)
MeBanonosas kuciora 137 (111)
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MenpopraHudueckue coequHeHus 276,
299 (11)
Meepgelin 215 (1)
MeXMOJIeKYIISIpHBIE TIeperpyIITUPOBKU
398 (1)
Mesunats 128 (I11)
Mesutunen 86, 99, 402 (11)
MeszoBunHas kuciaota 113 (I11)
MemOpaHbl, KJIETOYHbIE (I1JIa3MaTUYEeCKKeE)
429, 430 (1I)
L-Menromn 367, 435 (1I)
MewnTon 219 (I)
Mepkypunuessiii voH 251 (1), 302 (II)
Mepkypuposanue aperos 90 (1I)
MepkypupoBaHue BuHuiaoopaHoB 322 (1)
MeTtaboa13M OpraHuYeCKUX COeAMHEHU
94 (1)
Merta6oausm yraesomnon 135 (I11)
Merannadensonst 40 (I1)
MerTamioopraHnuecKe CoeqnHEeHMST
283 (1)
Meranbaerun 448 (I1)
Mertan 21, 35, 40, 69, 84, 122, 124, 134,
156, 225,297 (I)
Meranon, pK, 22, 46, 70, 74, 83 (1)
MeTtwi-o - D-tmokonupanosun 285 (111)
Metun-f - D-rmokonupanosun 285 (111)
1-MeTui-1-aMuHOMETWIIILIMKIIOTeKCaH,
neperpymmnuposka embsHosa 216 (I)
2-MeTui-1-0yTaHoJ, onTruyecKasi akTUB-
Hoctb 172 (I)
2-Metun-2-6yraHon, macc-crekrp 364 (II)
3-Metun-2-6yranon 345 (I1)
2-Metun-2-6yren 229 (1)
3-Metun-1-6yTeH
neperpynnuposka B peakuuu ¢ HCI
246 (1)
TIepeTpyImIpoBKa
Barnepa—Meepseiina 246 (I)
o,B-Metun-D-rnokonupanosun 287 (I111)
2-Metun-2-autpomnporanon 145 (111)
4-Metni-4-nieHTaHos-2-oH, crekrp [IMP
187 (II)
1-MeTun-2-nmupuanHURATBIOKCUM UOINI,
nmonop NO 161 (I1T)
1-MeTtun-4-nupuanHUaIbIOKCUM UOIUI,
nmoHop NO 161 (I1I)
2-Metun-1-npomneH 229 (I)
2-Metun-2-npomnanoi, cnekrp [IMP
190 (11)
2-Metun-2-nponantuon 131 (I11)
N-MeTun-2-peHunnunepunuH, rnoayye-
nue 169 (111)

N-MetunamrocepuanH, CTEPEOCENEKTUB-
Hbiit cunTes 189 (I)

MertunamuH 51, 172, 179, 195 (11I)
pK, (BHY) 89 (I)

N-Metwranunaua 167 (111)

Metunauerar 60 (111)

Metuno6enzoncynbbonar 127 (I11)

2-MetunbensodeHoH, nomryderue 93 (1)

3-Metunoudenun 218 (111)

1-MeTtunouuukio[2.2.1]rentaH-2-o1,
reperpynmnupoBka Barnepa—
Meepgeiina 215 (I)

Metunbopan 314 (II)

Metunt6opHas kuciora 314 (1I)

2-Metunoyran 147 (I)

2-MetunbyranoBas kucjorta 12, 16 (I11)

3-Metunoyrunaterat 42 (I111)

2-Metunrekcan 123 (I)

S5-Metunrekcananb 272 (I)

2-MetunrentanekaH, pepomon 325 (1)

Metunaubopan 311 (II)

Mertunauxiopoopan 311 (II)

N-Metunnoneunnamus 55 (111)

MeTuneHuukiaorekcad, cuares 186 (111)

Mertunua numertuincyibdonus 132 (111)

MeTtunuzonponunossiit acdup 409 (11)

Metunuzoumanun 231 (I11)

Metunmens 300 (11)

MeTtunoBsriii oparkeBblid, cuHTe3 201 (111)

Metunuautpar 339 (11)

2-MertunneHnTtaH, Macc-criektp 205 (11)

2-MeTwimeHTaHOBAasT KMCJIOTa, CUHTE3
78 (11I)

4-MeTuimneHTaHoOBast KMCJIOTa, CUHTE3
77 (111)

3-Metuanupunux 256 (111)

2-MeTurporneH, mojydeHue peakiuei
Burrura 455 (11)

Meruncanuuunar 388, 405 (1), 42 (I1I)

Metuncynwsdar 338, 340 (1)

N-Metunrerparuapobepoepun 199 (I1I)

2-Metundenon 379 (II)

3-Metundenon 379 (II)

4-Metundenon 379 (I1I)

Metundopmuar 42 (I111)

1-Metunukorentanon 216 (I)

mpanc-2- MeTUIIUKIONIEHTaHOI, TTOTyve-
Hue 255 (I)

(25)-2-MeTunuuKIoNeHTaHOH, CTepecIie-
mrdudeckas peakius ¢ MeTWITUTHEM
452 (1)

MeTwinHHaMaT, SHAaHTUOCETIEKTUBHOE
nuruapokcunuponanue 290 (1)
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MerunsaHTapHas kuciota, cuHtes 87 (I11)
MeTWITHTapHbII aHTUAPU]L, B allUJTMPOBa-
nuu no Opuneno—Kpadrey 66 (11)
Metuonun 304 (I11)
Meron ApHara 222 (111)
Merton Butrrtura 320 (11)
Meron [abpuans 73, 170, 307 (111)
Meron lanyva 251, 266 (111)
Meton 3enunckoro 297 (1I)
Meton Kumnanu—®umepa 292 (111)
Metox MOX 63 (I)
Meton Pydda 293 (111)
Meron Yyraesa—LlepesutriHosa 293 (II)
Meron Lltpekkepa—3enunckoro 307 (I111)
6-MeToKCHU-8-HUTPOXUHOINH, CUHTES T10
Cxpaytry 270 (111)
m-MetokcubensoitHasg kuciota 20 (111)
n-MetokcubeHsoitHas kucaota 20 (I111)
2-MetokcuHadTanuu 409 (I1)
n-MetokcudeHo, kuciaorHocTb 382 (I1)
Metokcunuknonentan 249 (I)
Mexanusm 3penus 359 (I)
Mexanusm peakuuu 100 (I)
MupuctuHoBas kuciaota 17 (I11)
Murtuepnux 18 (I)
Muxasns 490 (11), 79, 148 (111)
MHoroaromubie ciupthl 327 (1T)
Mopnenb Yorcona—Kpuka 331 (I11)
MonexynspHast opourtaib 60 (1)
3ansTas 63 (I)
paspeixisttomast 63 (1)
cBobomHas 63 (1)
cBs3biBarorias 63 (I)
MonexynsipHas anekrpoHuka 208 (I1)
MonexynsapHoe y3HaBanue 336 (I11)
MonexynspHocTtb peakiuu 103 (1)
MouteKyasipHbIe HOHBI B MacC-CIIEKTpax
opranmyeckux coenunenuit 195 (I1I)
MouJiekysspHble OpOUTAIM METaHa,
BbIpoxxaeHHbIe 133 (I)
MonexynspHslii nepexkmodarenab 208 (I11)
MonutaeHrekcakapoonua 304 (II)
Monuna 279 (11)
Monounas kuciora 294 (I), 89, 113 (I1I)
onTHYecKast akTuBHOCTb 166 (1)
Mosnbozonun 272 (1)
MomnaktuH 430 (1I)
Monowmep 277 (I)
MoHoMOoJIeKYIsSIpHOE HYKJIeO(hUIbHOE
3ametenue 217, 229 (1)
MoHoMoeKyIsIpHOE PNMMUHUPOBAHUE
(peakuuu El) 244 (I1)
Mononutpo-#-nonekan 146 (1)

Mownocaxapusi 277 (111)

Monocnou Jlenrmiopa—bmomkert 210 (11)

Mopdun 205, 276 (111)

Mouesuna 230 (11I)

Moromme cpenctpa 138 (111)

MypasbuHas kucinota 83 (1), 12, 16, 17, 19,
111 (I11)

Myrarenes 142 (11)

MyrtarenHble cBoricTBa [TAY 141 (1I)

Myrtapotauus 283 (I111)

Miopana 161 (11I)

«Msrkue» pearupyroinue cuctemsl 391 (11)

«Msarkoctb» MoJiekybl 80 (1)

«MsrkocTb» pearupyomeii cuctemst 106 (1)

«MSITKOCTb» BJIEKTPOHHOMI 000JI0UYKU
moJtekybl 78, 80 (1)

Haitmon 293 (1), 464 (11)

Haiinon-6,6 401 (II), 74 (I11)

Hanotpy6ku 42, 44 (11)

HamnpasnenHast anpnonbHast KOHASHCAITS
477 (11)

Hanpstxenue baitepa 199 (I)

Hanpsixenue [Mutuepa 199 (1)

Hamnpstxenwne [pemora 199 (1)

Hacnenactennocts 332 (I11)

Hacwiennsie ciuptst 327 (11)

Haceriiennsie yrneBomopomst 29 (1)

Harpaueroykcycnsiit acpup 103 (11I)

Harpuitboprunpunm 467 (11)

Harpwuitopranuueckue coequuenust 298 (11)

Harpmanonosstii apup 76 (111)

Harra 148, 280 (I)

Hadranuu 22, 31, 32, 63, 126, 260, 262,
275, 377,499 (11)

I-HadranuuanazoHuii ruapocyibbar
208 (11T)

1-Hadtona (a-nadroma) 376, 401 (1I)

2-Hadtoxn (3-nadrom) 376, 401 (I1I)

1,4-Hadroxunon 495 (II)

HeaktuBupoBaHHbBIE rajjoreHapeHbl 266,
270 (11)

Heapomaruueckue coenqunenus 20 (11)

Hesoccranapnusaromue caxapuabl 290 (111)

Heitpomenuaropst 120 (I1), 204 (I11),
373 (1)

Heiiponsr 373 (11)

Heiiporokcunst 204 (I11)

Heitporpancmutrepsr 204 (111)

Hexknaccuueckue kapOOKaTUOHBI B peak-
LMSIX ¢ AaHXUMEPHBIM CONEHCTBUEM
253 (11)
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Henbcon 436 (11)
Hewmmos 378 (1)
o,3-HeHacpllieHHbIE aJIbAETUIbI U KETOHBI
485 (1)
o,3-HeHacrpleHHbIe KUCIOTHI U UX TTPO-
uzBoaHbie 82 (I11)
Hewnaceiennsie ciuptol 327 (11)
Henacoimennsie yrinesogoposst 29 (1)
Henuuecky 287 (1)
cuHTe3 uHnosos 204 (111)
Heomnienran 315 (I1)
HeonenTtunossiii cupt 368 (11), 25 (I111)
neperpynnuposka B peakuuu ¢ HCI
345, 346 (II)
Heonpen 345 (1)
HemonsipHble pacTBOPUTENIN B PEAKIIUSIX
Sy2 220 (II)
HecornacoBanHast opuenTtarus 81 (I1)
Hecneunduueckas conbBaTauus 58 (1)
Hed 149 (I1I)
Husias cBobonHas MosieKyasipHasi opou-
Tasb 63 (I)
Huxkensrerpakapoonwt 307 (11)
Huxkons npuzma 169 (1)
Hwuxorun 205, 276 (I11)
HuxotnHamMumane HUHAMHYKIEOTU]T
(xodbepment HATH) 136 (I11)
apomatu3zaius 373 (11)
Huuruapun 316 (111)
Hunruapunosas peakuus 316 (111)
Hutpun peHunykcycHoit KuciaoTbl
(benunaneronutpun) 56, 57 (111)
Hutpuibl KapOOHOBBIX KMCJIOT 32,
56 (I1I)
1-Hutpo-1-deHmiaTad, onTudeckas
akTUBHOCTD 166 (I)
Hutpoankanst 141 (111)
peakuym 145 (111)
CH-kucnotHocts 147 (11I)
Hutpoankenst 143 (111)
Hwurpoamsmonm 154 (111)
HutpoanbnonbHas peakuus 150 (I11)
Hutpoamunsr 152 (111)
4-Hurpoanuson 266 (II)
m-Hutpoanunun 145, 214 (111)
n-Hurpoanunux, cunres 189 (I111)
Hurpoapensr 143 (111)
n-Hurtpoaueranuaua 40 (I111)
m-HutpobeHnsoitHas kucaora 20 (I11)
n-Hurpobensoitnas kuciora 20 (11I)
Hwutpob6enson 18, 70, 74, 99 (1), 57, 75 (1I),
144, 151, 270, 274 (I11)
npsimoe amuHupoBanue 274 (111)

n-HurtpobeH3osnaua3oHuii tetpagpropdbopar

208 (11I)
HurpoBanue

AJIKAHOB ¥ apOMAaTUIECKUX COCTUHE-

Huii 142 (111)

apeHoB 47, 56 (1I)
HuTtposuposanue apeHos 88 (II)
Hwutpozoamunsr 193 (111)
N-Hutpozoanunun 211 (I111)
Hwutposzobenzon 146 (I11)
N-Hurpozomumetunamun 193 (111)
N-HutposzoHopaukotuH 193 (11I)
n-Hurtposzodenoin 396 (II)
HuTtponoseie kuciaotsl 148 (111)
Hutpomeran 141, 142, 143, 144, 150, 151,

154 (111)

pK, 83 (I)
Hutponart-uonsl, peakiuu 148 (111)
Hwutponuii-uon 57 (II)
8-HutpookTeH-3-0H, CUHTE3 peaklueit

Awnpu 158 (I1I)
3-Hutponupunun 255 (I111)
4-Hurpormmpunun 257 (111)
4-HutponupuauH-N-okcun 257 (111)
I-Hutponponan, cnektp [IMP 185 (II)
2-Hurponporman 141, 147 (11I)
Hutpocoennnenus 141 (I11)

HomeHkiarypa 141 (111)

peakuum 145 (111)

crnocoObl noaydyeHus 142 (111)

(usnueckre CBOMCTBA U CTPOCHUE

143 (11I)

Hutpocnuptsr 150, 152 (I11)
B-Hutpoctupon 151 (I1T)
4-Hurpotomayon 141 (11I)
3-HurporosyoJ, npaBujia OpueHTaluu B

peakuuax SpAr 83 (I1)
Hwurpoykeycnas kucinora, pK, 83 (I)
n-Hurpodbenwnruapasux 219 (111)
Hutpo-dopma 148 (111)
2-Hurpodenon 379 (II)
3-Hutpodenon 379 (11)
4-Hurpodenon 266, 379 (II)
m-Hurtpodenon 214 (11I)
n-Hutpodenon 397 (1)
4-Hurpoxiopbenson 266 (11)
n-Hurpoxmop6ensoin 214 (111)
o-Hurpoxnop0beH3oJ1, peakiius YibMaHa

122 (II)
Hutpoosran 215 (11), 144 (11I)
Hutpostunen 144 (111)
Hurpytomias cmech 56 (I1)
D/L-Homenxkimarypa 172 (I)
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R/S-Homenkinarypa 175 (I)

HomeHkiatypa opraHMuecKux coeHe-
Huit 27 (I)

Honaktun 430 (I1)

#-Honan 122 (I)

Houanans 438 (1I)

2-HonaHon 438 (I1)

Hopanpenanun 120 (1), 206 (111)

Hop6opHanueH, (poTronzomepusanusi
362 (1)

7-HopObopHeHUI-KaTMOH, pe30HAHCHbIE
ctpyKTyphl 253 (II)

Hodpe 233 (111)

Hyxnennossie kuciaotsr 326 (111)
HacneactBeHHocTb 332 (111)

Hyxneosuner 327, 328 (111)

Hyxneodun 74 (1)

Hykneodbunsl B peakuusx Sy2 215, 227 (1I)

HykneoduiabHoe 3aMellieHUe B TajlOreH -
apeHax 265 (II)
apuHOBbI MexaHu3m 272 (1I)
MexaHu3M SyAr 268 (I1)

HyxneodwuibHoe 3amernienre Bogopoa B
apeHax u retapeHax 272 (I11)

HyxneodunbHocTs HykIIeoduios 227 (11)

HyxneodwnbHbiit Katamus 114 (111)

O6men sueprun 299 (111)

O6patHoe moHupoBanue 306 (1)

OO6pailieHue KoHbUrypauuu (MHBepCus)
219 (1)

OnHoatomHbie ciupthl 327 (11)

O3zonHuast 272 (1)

O3zonomu3s 270 (I)

OkucneHnue 6eHzona 1o dhenoaa 402 (II)

Oxkucnenue auapuikynparon 122 (I1)

OKuclieHre CITUPTOB IO aTbIeTUIO0B
COETMHEHUSIMU XpOMa, MEXaHU3M
369 (IT)

OkucauTenbHOe MpucoeanHeHue 308,
320 (1)

OxkucnutenbHoe paciierieHue 292 (111)

Okcazon 237 (I1I)

6uc-OKca30JUHbI, XMpaIbHbIEe KaTaanu3aTo-
pbl A3a-Anpu peakuuu 159 (111)

Okcagocderan 455 (11)

Oxkcetan 418 (I1), 235, 236 (I11)

Oxkcwun azora 161 (I1T)

Oxkcuner amuHOB 186 (I11)

OKCUMepKypUpOBaHUE aTKEHOB
mexaHusm 302 (II)
noryaeHue criuptoB 330 (1)

Oxkcumbr 462 (11)

Okcupan 418, 427 (1)
noayuenue 418 (I1I)
peakuuu 421 (11)
crpoenue 420 (II)

3-OxkcobyTtaHoBas kuciora 432 (II)

H-Oxkran 122, 152 (I)

Oxkrananb 438 (1I)

OkTtaHoBoe uucio 148 (1)

2-OxkraHoH 438 (I11)

1-Okrantuon 131 (11I)

1-OkTun 300 (I)

Oma 156 (I)

Onuromepusanms 277 (I)

Onurocaxapuabl 277 (111)

Omeparop snepruu 61 (I)

Onconuppo:n 275 (111)

Onruyeckast akTUBHOCTB 166, 169, 173 (1)

Ontuveckast U30MeEpUS TU3aMeTleHHBIX
uukinoankanos 209 (1)

OnTrueckue uzomepsl 21, 330 (1)

Onruueckoe Bpatienue 169 (1)
Habmomaemoe 170 (I)

OpOuranbHblii KOHTPOJIb 350 (1)
opranuueckoit peakuuu 108, 351, 353,

355, 357 (I)

OpraHuyeckre peakuuu, Kiaccuukaiust
69 (1)

OpraHnJeckue CoeIuHeHUs, Kaaccuduka-
us 29 (I)

Opranuveckuii cunrte3 21 (1), 144, 148 (1I)

mema-OpueHTaHThl (3amectutenu Il poma)
B peakuuax SpAr 74 (1)

opmo,napa-OpUeHTAHTHI (3aMECTUTENTN
I pona) B peaxumsax S Ar 71 (1I)

OCKOJIOUHBIE MOHBI B MACC-CIEKTpax opra-
HuYeckux coeauHenuit 195 (II)

Ocmabenson 40 (11)

OcHoBanue bpéncrena 82, 86, 91 (1)

OcHoBanue Jlbrounca 95 (I)

o-Ocnosanusg 96 (I)

n-OcHoBanust 96 (I)

n-OcHoBanus 96 (I)

OcnoBanus Ludda 461, 462 (11)

OcHoBHOCTb HyKJIeohuos 227 (1I)

OcHoBHOCTb ciupToB 334 (I1)

Ocb cummetpun 167 (1)

OtHocurenbHas KoHpurypauus 172 (1)

IMaans 238 (111)
IMannanguit-pochruHOBBIE KOMITIEKCHI
276 (1)
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[TanKpaTHCTaTUH, CUHTE3 peakieir AHpU
157 (11T)
[Mapanbaerun 447 (11)
[MapacummaTuyeckasi BereTaTuBHasi HEPB-
Hast cuctema 206 (I11)
[Mapadunsr 149 (1)
[Mapadopmanbaerun 447 (11)
[Mapadopm 447 (1I)
[Mapaueramon 96, 118 (1)
[MapkuHcona 6omesnpb 96 (11)
[MapraukossIit apdexr 278 (11)
[Tactepa mMeTox paciuernieHus: paleMuye-
ckux Gopm 185 (1)
Menepcen 429 (1I)
[Menaprouunun 407 (IT)
[Tenapronosas kucnora 17 (111)
1,3-TlenTamuen 328 (I)
1,4-Tlentaguen 329 (I)
2,3-Tlentanuen 330 (I)
[Menranen 34 (11)
[MenTtanans 438 (II)
INenra-O-aneTuia-o - D-riaokonupaHo3a
288 (11I)
o3 -TlenTameT1- D-r1I0KONMUPaHO3U L
287 (111)
2,2-IlenrameruneH-1,3-nuokconan 448 (1)
2,4-Tlentanauon 432 (II)
2-Tlentanon 438 (11)
3-TlenTanon 438 (II)
[MenTasputpura Hutpar 339 (I1I)
I-TTenTen 229, 335 (1)
mpanc-2-Tlenten 229, 236 (1)
yuc-2-Tlenten 229, 235 (1)
I-TTentun 300 (1)
MenTumnas csa3b 317 (111)
Mentuansiit cunres 317 (111)
MenTuast 303 (I11)
[MepBuunas ankwibpHas rpynma 28 (1)
[MepBuunHas crpykrypa 6eakos 320 (111)
[TepBuunbie raioreHasnkanst 211 (I1)
[MepBuunbie criupter 327 (11)
[TepBuunbIit atoM yriaepoaa 122 (I)
[Mepeankmmposanue amuHoB 165 (111)
[Meperpynmuposka
Bam6eprepa 405 (11)
beiikepa—Benkarapamana 405 (11)
Barnepa—Meepseiina 215, 246 (1), 347,
369 (IT)
B PEAKIIMsIX C aHXUMEPHBIM CONeH-
ctBuem 256 (1I)
Bamnaxa 216 (I), 405 (1)
Bonbda 226 (111)
Topmana 54 (111)

HembstHoBa 216 (1)
Kustitzena 398 (11)
Mak-Jladpdeptu 203 (1I)
Tuddeno—dembsinosa 216 (1)
dasopckoro 216 (I)
®puca 397 (I1)
[MeperpynmnupoBKu
B peakuuax Syl u E1 248 (1I)
B peakuusix cnuptoB 344 (11)
[TeperpynmupoBOYHbIE MOHBI B Macc-
CIIEKTPaX OPTaHUIECKUX COCTMHEHUI
195 (11)
[MepexucHsiit achdext Xapamia 310 (1)
[MepekpectHas konneHcamus KaiizeHa—
[Imuara 483 (11)
[lepeHoC 3JI€KTPOHOB B XKUBOM KIIETKE
512 (1)
[Tepexonnoe coctosinue 100 (I)
IMepearepucdukauus 48 (111)
MMepunen 138 (1), 338 (I1I)
[MepuonatHoe oxucnenue 292 (I11)
anmu-TlepurniaHapHast KoHdopMalus cyo-
CTpaTa B peaklMsIX STMMUHUPOBAHUS
240 (1)
IMepuykanyeckue peakunu 196, 345,
354 (D
Mepxun 198 (1), 65, 84 (I1I)
[Mepoxcuasr 417 (11)
IMepoxcukap6oHoBBIEe KMCIOTHI 465 (1I)
[MepdroprenTan 214 (II)
o-TTukonun 250 (11T)
B-TMuxomun 250 (III)
y-TTukonun 250 (111)
(5)- (—)-TTungonon, cuHTe3 peakuuei
Awnpu 156 (I1I)
B-IMunen 219 (I)
n-Tlenrtan 122, 125, 127 (I)
u-TlenrakonTan 122 (I)
Munepunun 79, 195, 236, 260 (111)
[Mupazon 237 (111)
y-TTupan 236 (111)
[Mupanosza 279 (111)
[Mupen 138 (II)
Mupumun 35 (1), 236 (111)
HykJ1eodUIbHOE 3aMellleHe BOI0POo/a
273 (111)
HyKJIeOWIbHBIN KaTamus 115, 119, 236,
244, 250, 260, 266, 288 (I11)
peakuuu 253 (11I)
crroco0bl rmosrydeHus 251 (111)
(uznyeckue cBOICTBA U CTPOEHUE
252 (111)
TMupunun-3-cynshokuciora 255 (111)
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Mupunua-N-okcuab 256 (111)
3-TMupuanHkapOboHOBask (HUKOTUHOBAS)
kucaota 12 (I111)
3-TTupununcynsdokucaota 119 (I11)
MupunuHcynbdhoTprokcua, cyabbupona-
Hue dypana 244 (111)
2-Tlupunon 259 (11I)
4-Tlupunon 259 (I1I)
ITupunuensie conu 407 (11)
Mupumunun 35 (1), 236, 237, 260, 327 (111)
HyKJIeo(pMIbHOE 3aMeIIeHe BOIOPOIa
273 (111)
npousBoaHbie 228 (I11)
IMupumunuroBbie ocHoBaHuUs 260 (111)
TMupumunuusr 260 (111)
[MupoBuHorpagHas kuciaota 135 (I111)
cunres 99 (111)
TTuporanmon 401 (I1)
TMupokarexun 376, 401 (1I)
ITupoxarexun6opan 254 (1)
TMupokcum, nonop NO 161 (111)
TTuponus 6eHzona 122 (11)
TTuppon 35 (11), 235, 236, 237, 253, 257,
262, 274 (111)
TTupponuaun 184, 235, 236, 242, 246,
247 (111)
(N-Tupponununo)uuxiorekcer 184 (111)
IMutuep 99 (1)
IMumessie 6enku 320 (111)
ITnatdopmunr 149 (1)
Inenku Jlenrmiopa—bnomxkert 209 (11)
InockomnonspuzoBannsiii ceT 169 (1)
ITnockocth cummerpuu 167 (1)
TToGouHOe (a3uMyTaJIbHOE) KBAHTOBOE
gucio 33 (I)
TToBepxHOCTHO-aKTHBHbIE BelecTna 210
(IT), 138 (I1T)
IMomuankunuposanue 61 (I1I)
TMonuamuast 293 (1), 74 (111)
IMonuBununanerar 294 (I)
MonuBununosslii criupt 294 (1)
mpanc-1,4-TTonuuzonpeH 344 (I)
yuc-1,4-Tlonuuzonpen 344 (I)
Monukonnencamus 292 (1)
TMonumepst 277 (I)
TMonumepuzauust
ankeHoB 277 (I)
conpsikeHHbIX AueHoB 343 (I)
IMonumepsl KoaeHcalnoHHble 292 (1)
[Momumonounas kucnota 294 (1)
IMomunr 39, 46 (1)
dopmyia 6enzona 16 (11)
IMonunykneotunst 326 (I111)

[Mommcaxapunst 277, 296 (111)
IMomucunokcaunst 317 (1I)
IMonuyperanosas nieHa 230 (111)
[Monuypetanst 230 (111)
[Monuuuknuyeckre apoMaTUUECKUe yrie-

Bogoponbl 121 (II)

opueHTauus peakuuit SzAr 139 (II)
[MonuadupHbie BotokHa 74 (111)
[Monuacdupser 292 (1)

[MoxHast ameKTpoHHAas IIOTHOCTH 66 (1)
[MonHast t-2MeKTpOHHAS SHEPTHST MOJIEKY-

abl £ o) 68 (I)

[Tonosbie ropmonsl 219 (1)
[Monyamunans 477 (1I)

[Monyaueranu 444 (1), 280 (I1I)
[Monyketanu 444 (11), 281 (11I)
[Monapuzyemocts 47 (1)

[MonspHocTs cBsizu 45 (1)

[TonsipHbIe alIPOTOHHBIE PACTBOPUTENN B

peaxumax Sy2 220 (II)

Mot 60 (T)
[Mopsinok peakuuu 102 (I)
[Mopsimoxk cBsi3u 67 (1)

npo6HbIii 67 (1)

mostHbI 67 (1)

[Toctynat Xammonaa 137, 138 (I)

[MocwinbHas (MHGopmanmonHast) PHK
334 (111)

[Morenuuman nonuzauuu 77 (1)

[IpaBuna apomatuynoctu 20 (11)

[Mpasuna Bynsopna—Xodmana 350 (1)

[paBuna opreHTaINK B peaKUMsAX S AT

68, 77 (1)

[MpaBuna peakuuii IUKJIONPUCOCAUHEHUS

354 (D
[IpaBuna crapimHcTBa 3aMeCTUTENEH

175 (I)

[MpaBuno apomatnanoctu 137 (11)
[paBuno lodpmana 179 (I1I)
B peaKIMsIX IMMMUHUPOBaHUS 238,
239 (1)
[MpaBuno 3aiinesa 227 (I)

B peakuusix anumMuHupoBaHus 238 (I1)
[TpaBuno MapkoBHukosa 241, 257, 308 (1)
[MpeBo 284 (1)

IIpenor 175, 199 (I)

[Tpuszman 38 (I1)

MMpunexaes 266 (1), 420 (IT)

[TpuHLMIT TMHEHHOCTU CBOOOIHBIX HEP-

ruit 116 (I)

[Mpupona usera 359 (I)
[Mpucoenunenue 70 (I)
o Mwuxaasmio 490 (11)
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1,2-TlpucoenrHenue (MpsiMoe MPUCOETU-
nenue) 338 (1), 85 (11I)
1,4-TIpucoenuHeHue (CONMpsKEHHOE MPU-
coequnenue) 338 (1), 85 (I1I)
aumu-Tlpucoenuuenue 234 (I)
cun-Tlpucoennnenue HBr k apunaikeHam
245 (1)
cun-TlpucoenuHenue B peakuusix Juiabca—
Anbnepa 355 (I)
[Tpo6Ga TuHcoOepra 182 (111)
[Mpo6Ga Jlykaca 347, 348 (II)
[poekiinonHbie hopmyiisl Duitrepa 171 (1)
[Mpoekuus Hetomena 129 (1)
IMponexpactso 118 (II)
[Mponun 304 (I1I)
ITpomexyrounoe coequnenue 102 (1)
IMpomytarensr 141 (11)
[ponan 122, 139, 144 (1)
ITponanans 274 (1), 438 (1I)
[MpormaruuTpun 57 (111)
1-Tlponanon 223, 295, 315, 329, 341, 410,
423 (11)
2-Tlpomanon 100, 327, 329, 330, 368, 369,
370 (1)
(S)-ITponaHosio, cMHTe3 peakuueit AHpuU
155 (111)
TIponaprunossiii ciupt 366 (11)
Ipomnen 55, 71, 105, 223, 225, 227, 229,
230, 242, 247, 266, 273 (1)
ITponenans 483 (1I)
ITponenosas kucnota 84 (I11)
N- (#-ITpomun)anuauH, cuHTe3 165 (111)
n-TlponunGenson 61, 67 (11)
TTporuu 296, 298, 300, 303, 314 (I)
ITpormmHoBas kucnota 84 (111)
Iponuonunopomun 36 (111)
Tpormmonutpun, MK-criektp 161 (1)
Ipornmonosas kucnora 17, 19 (111)
Iponmodenon 67 (1I)
IIpoctpancTBeHHBIE M30MepHwI 165 (1)
[TpocTtbie acpupnl
kinaccuduKalus 1 HOMEHKIaTypa
409 (IT)
HyKseomibHbIe cBoiicTBa 414 (1I)
okucaenue 417 (1)
OCHOBHOCTb 414 (I1)
noayaerue 410 (I1)
pacuernieHue 415, 428 (11)
CIIeKTpaTbHBIN aHamu3 426, 427 (1I)
crpoenue 412 (II)
¢busnyeckue croiictea 411, 412 (II)
ITportennst 303 (I111)
ITpororun 200 (111)

ITporomnazma 430 (11)
IMpoxupanbHast (SHAHTUOTOITHAS) CTOPOHA
186 (I)
[MpoxupanbHag monekyna 133 (111)
ITpoxupanbHas peakums 183, 185 (I)
TTpoxupanbhbiit atom 183 (I)
[Mpsimoe moruposanue 306 (11)
TlceBnonutponsr 148 (11I)
Tlcesnonensrhepun 21 (11)
[Mypun 237, 260, 261, 328 (111)
[MypunoBbie ocHoBaHus 261 (111)

Panukano-dyHKIMOHaIbHAS HOMEHKJIATy-
pa 32 (I)

Paiimep 390 (II)

o.-Pacmag MonekynsspHOTO MOHA B Macc-
crektpe 202 (II)

-Pacnan MosekyasspHOro MOHA B Macc-
criektpe 202 (1I)

Pacmenienue (pasnenenue) paemMuye-
ckux Gopm 184 (1)

Pacimeruienrie BUHWIOOpaHOB TaJloTeHAMU
322.(D)

Pacuienienue o Todomany 179 (111)

Panemusanus cy6eTpaTa B peakuuax Syl
231 (1)

Pauemuueckast moguduxanus (pauemMuye-
ckas ¢opma) 171 (1)

PanmonansHast HomeHkatypa 27, 29 (1)

PeareHt
benenukra—®emuara 289 (111)
Maiinca 269 (I)
Hopwmana 286 (II)
Tonnenca 464 (1), 289 (11I)
[laprnnecca 133 (11I)

Peaktussl [punbspa 285, 293 (11)
B PETPOCUHTETUYECKOM aHau3e 145,

146 (II)
NUMepU3alMs U acCoLMalus ¢ pacTBO-
putenem 285 (II)

Peakuuu 69 (I)
nonHsbie 73 (I)
kataymtraeckue 71 (I)
KWHEeTUYecKu KoHTpoupyembie 104 (I)
kimaccudukarmst 69 (1)
kpocc-coueranust 320 (11)
JIvtouca KuciaoTHO-ocHOBHbIE 96 (1)
HyKJIeodunbHOTO 3aMeteHust 75 (I)
omHo3yeKTpoHHKIe 76 (1)
neperpynmnupoBku 71 (1)
npucoeauHeHus 70 (I)
panukanbpHOTO 3aMereHust 73 (1)
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panukanbHbie 72 (I)

cuHxpoHHbIe 75 (1)

tepmuueckue 71 (I)

TEPMOIMHAMUYECKU KOHTPOJIUPYEeMbIe
89 (I)

doroxumuyeckue 72 (I)

HukiaonpucoeauHeHus 347, 354 (1)

mesoyHoro TasiaeHus 126 (111)

3JIEKTPOPUIBLHOTO 3ameleHus 75,
115 (I)

snumuHupoBaHus 71 (1)

Konnakona 287 (1)
KonoBanosa 145 (I)

Kouu 24 (I111)

Koyma 186 (I1I)

Kpure 267 (I)

Kypuwyca 229 (I1I)
Kyuepona 310 (I)
Mannwuxa 476 (11), 185 (11I)
Muxasns 490 (II), 79 (I1I)
Henunecky 287 (1)

Heda 149 (III)

PeaxkiimonHast koncranta 112 (1)
Peaxiimonnas cepust 112 (I)

[Maans—Knoppa 238 (I11)
MMepkuna 198 (1), 65, 84 (I1I)

azocouetanus 220 (11I)
Anpu 150 (III)
apuupoBanus 218 (111)
Apnara—Diicteprta 226 (111)
Baitepa—Bunurepa 466 (11)
Bopomnna—XyHcaukkepa 23 (111)
ByBo—bnana 50 (111)
Barnepa 267 (I)
BunbscMmeiiepa—Xaaxa 87 (I1)
Bunbsamcona 384, 411 (II)
BuHWIMpoBaHus 316 (1)
BHyYTpUMoJeKyasipHast Aupu 157 (I111)
Burttura 454, 455 (1I)
Bonsi—Lurnepa 262 (1)
Bropma 125 (1), 284 (1I)
larrepmana—Amnamca 86 (1)
larrepmana—Koxa 86 (I1)
Iena—®onbrapaa—3enunckoro 61 (111)
[azepa 320, 323 (1)
Tombepra—baxmana 122 (11), 218 (11I)
Ipunbspa 285 (11)
Topmana 54 (I1I)
Hap3ana 95 (I11)
NIe3aMUHUPOBAHNS apUITAMUHOB

216 (I11)
Junsca—Anbaepa 333, 347 (1)
3annmeiiepa 215 (111)
Bununa 146 (11I)
nomiaktoHuzauuu 285 (1)
Kamno—Xonkesuua 324 (I)

Peaxims IMpunexaesa 266 (1), 420 (1I)

Paiimepa—Tumana 390 (11)

Permme 316, 321 (I)

Pedopmatckoro 92 (I111)

Puna 146 (1)

Poauonosa 80 (I11)

Pozenmynma—bBpayna 275 (11)

Pozenmynna—3aiiniesa 436 (11), 39 (11I)

«cepebpstHOTO 3epKana» 464 (11),
289 (111)

crepeoceneKTuBHOCTD 152 (111)

Cummonca—Cwmmura 276 (1)

Conoramupsr 324 (1)

Crume 322 (11)

Cropka 203 (I1I)

Cysyku 323 (1I)

Vnbmana 122, 277 (11)

Durrepa 248, 264 (111)

®dumepa—Ilmaitepa 27 (I111)

Xexa 321 (1)

Yuunbadbuna 257, 273 (111)

[umana 215 (111)

MImuara 229 (I11)

mesjouyHoro ruasiaeHust 376 (11)

srepudukanym 337 (1)

DuBaitnepa—Kiapka 169 (I11)

KOpbeBa 239 (111)

PernocenextusHocts 139 (1)

JeTUIPOOPOMUPOBAHUST TAIOTEH-
ankaHoB 227 (I)
eHomuzanuu 504 (11)

Kannwuimapo 468 (I1)
Kacrpo—Credenca 324 (I)
Kixuepa—Bonbda 67 (11)
Knaitzena—IlImunra 480, 483 (1I)
Knemmencena 67 (11)
Kuésenarens 78, 79 (11I)

Pesseparpon 406 (11)
Pesonanc 49, 55 (I)

rpasua 56 (I)
PesonancHas crabummsanms 86 (I)
PesonancHas crpykrypa 55 (1)
Pesonancusrii ruopun 55 (1), 16 (11)
Knoppa 239 (I11I) PesonancHbiit unTerpan 63 (1)
Konwoe 25 (I11) Pesopuun (1,3-muruapo6enson) 376,
Konsoe—ILImurra 387 (II) 401 (1)
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Pextuduxanusa nebru 148 (1)
Perumikammonnast PHK 334 (111)
Peruinkanusa 333 (111)
Permie 316, 321 (I)
mpanc-Petunans 360 (1)
Perurnoin 360 (1)
Perpo—Anpu peaxuus 158 (I111)
Perpopeaxumst Ivnbca—Anbaepa 333 (1)
Perpocunrernyeckas cranus 144 (1I)
Perpocunrernyeckuit ananus 144 (1I)
Perysamun 200 (111)
Pedopmatckuii 92 (111)
PeuenTopsr 231 (111)
D-Puboza 278, 294, 327, 328 (11I)
D-Pubonosas kucnota 294 (I111)
Pubonyxnennonas kuciaora (PHK)
339 (11), 326 (11I)
Pu6ocoma 335 (I1I)
Pun 146 (1)
Pudopmunr 149 (1)
Pobuncon 22 (1)
(opmyna 6enzona 15 (1)
Pomuii(1)(Tpunupasonmiboparo)amkapoo-
HWI, aKTUBUpOBaHUe ankaHoB 324 (II)
Ponuii(I)xnopunrpuc (rpudperHusicpochuH)
319 (1)
Poauiiruapunduc (tpudenunbochuH)aTH-
sienkap6onun 305 (IT)
Pomnonos 80 (I11)
Pozenmynn 275, 436 (I1), 39 (I1I)
Poynenn 279 (I1)
Pryreopranmyeckue oenuuenunst 301 (I11)
Pyxuuka 222 (I)
Pydod 293 (111)

Cabarbe 264 (1)

CakponoBas kuciora 387 (I1I), 21, 233,
234 (11I)

Canuuunossiit anbaerun 390 (1)

Campoyramon 120 (11)

Capper 370 (II)

Caxapa (caxapunupi) 277 (11I)

Caxapun 232, 233 (11I)

Caxapo3sa 232, 233, 294 (I11)

CaepxconpsikeHre (TUIepKOHBIOTaIINs )
54 (I)

CBoOonHas aHeprust aktuaru 100, 104 (1)

CB0OOJHOpaIUKAIbHAS TTOJIUMEPU3aLIUS
277 (1)

CBoOoaHble pagukaibl aikaHoB 138 (I)

CBsI3bIBaOIINE MOJIEKYJISIPHBIE OpOUTATN
28 (1)

o-Css3b 40 (1)

n-Css13pb 41 (I)

CenamMuH, CTepeoceNeKTUBHbBIN CUHTE3
189 (I)

o-Cemnen 220 (I)

Cemukap6asun 463 (11)

Ceprees 378 (II)

Cepun 305 (I11)

CepHblit aHTUAPUA, CYJIbGUPYIOLLINI areHT
B peakuuax SpAr 55 (1)

CepotonuH 265, 275 (I1I)

Cxaras cTpykTypHas opmyna 123 (I)

CurmarpornHsie nieperpynnupoku 399 (11)

Cuna6enson 41 (I1I)

Cunanst 316 (11)

CununokcoHueBblit noH 428 (11)

Cunukonsr 317 (11)

Cunokcansl 317 (I1)

CWIBHO aKTUBUPYIOIINE 3aMECTUTEIN B
peakumuax S Ar 76 (1)

CWIbHO N€3aKTUBUPYIOIINE 3aMECTUTEHU B
peakuusax SgAr 76 (1)

CummoHnc 276 (1)

CumnaTuyeckasi BereTaTUuBHasi HepBHast
cucrema 206 (I1I)

Cunarncer 373 (11), 206 (11I)

Cunrier 182 (II)

Oxkco-Cuntes 274 (I)

CuHre3 xuHOMMHOB 110 CKpaymy 268 (I11)

CunTe3 rupposioB o Kxaoppy 262 (111)

Cunres-ras 22, 149 (I)

Cunretndeckue Motomive cpencrsa 129 (I1T)

CuHretnyeckuit skBuBaneHT 145 (11)

CuHretnyeckoe aepeso 145 (II)

CunroHn 145 (II)

CuHXpoHHBIN MexaHu3M 345 (I)
peaxkuuit Aunbca—Anpaepa 357 (1)

CucreMaTnyeckast HOMEHKIIaTypa
HIOITAK 27, 28 (1)

Cxsanen 220 (I), 137 (I1I)

CxopocteaumuTupytomas cragust 102 (1)
peakuuit Syl 230 (II)

Cxpayr 268 (111)

Cnabo aKTUBUPYIOIINE 3aMECTUTEIN B
peakuusx SpAr 76 (1)

Cnabo ae3aKTUBUPYIOLIME 3aMECTUTEIU B
peakuuax S Ar 76 (1)

CnoxHoadupHas KoHaeHcauus KnaiizeHa
62, 101 (I1I)

CroxHbIe 3(Upbl KAPOOHOBBIX KUCIOT 31,
42 (111)

Cwaitinc 42, 44 (11)

Cwmur 276 (I)



TIpeomemnbwiit ykazamenw

381

Cob6cerBennas aHeprust MO 61 (1)

Cob6cerBeHHbIi KoaddumueHt MO 60 (I)

CornacoBanHas opueHTtanus 81 (I11)

Conbparauus 91 (1)
Hecrrenuduaeckas 59, 92 (1)
crnetmpuueckas 59, 92, 94 (I)

Conoramupa 324 (I)

Comnonmmep 277 (1)

Pr_p-ConpsikeHune B MoJiekyJie heHona
380 (IT)

Comnpsxenue 52 (I)

ComnpskeHHas kuciora 81 (1)

ComnpsikeHHoe ocHoBaHue 81 (1)

ComnpskeHHbIe ABOMHBIE cBs13n 328 (1),

482 (1)
CriektpaibHbie MeTonbl 144, 148 (11)
CrieKTphl
13C IMP opraHuyecKuX CoeanHEHUI
191 (II)

MMPOTOHHOTO MarHUTHOTO Pe30HaHCa
opraHuyeckux coenuHenuit 175 (I1I)
SIIEPHOTO MAarHUTHOTO Pe30HaHCa opra-
HU4ecknx coenuHenuit 173 (II)

o-Cnmpans 6enka 321 (111)

Cnupo[2.4]rentan 195 (1)

Crupo[4.4|nonan 195 (I)

Cnupoankansl 195 (I)

Cnuptsl 327 (11)

Cramaukos 308 (11I)

Crapt-konoH 334 (III)

CrerneHb OKMCIEHUsI MeTaJlla B KOMITJIEK-
cax repexonHbix MetasutoB 308 (11)

Crepeousomepust 165 (1)
uukioankanos 208 (1)

Crepeonzomepsl 21, 165 (1)

CrepeoceneKTuBHOCTH 218 (1)
ouoxumuueckux peakuuii 189 (1)
eHomuzanuu 504, 507 (1I)

CrepeocenekTuBHbIe peakuuu 185 (1)

Crepeocrieliipuieckoe roMoOreHHOe Tr/I-
pupoBanue aakeHnos 319 (I11)

CrepeocniettuduaHocts 350 (1)
peakunii Ad ; ankenos 234 (I)

CrepeoueHTtp 166 (I)

Crepounpi 219 (1)

Credenc 324 (1)

Ctu6abenszon 41 (II)

Crune 322 (11)

mpanc-CTuiiboeH, hoTornzoMepu3anus
359 (1)

yuc-Ctunbben 359 (I)

Crupon 232, 246, 253, 307, 345 (1), 110,
355, 418 (1II)

CtudHunosas kucnora 59 (II)
Cron-komoH 334 (111)
Cropk 203 (I11)
B-Crpykrypa 6eska 324 (111)
CrpykrypHast opmyna 19, 28 (I)
CrpykrypHble nzomepbl 20 (1)
Cy6ctpar 69 (1)
BJIMSHUE CTPOEHUS B Peakuuax Sy 1
223 (1)
BJIVSTHUE CTPOSHUSI B PEaKILIMSIX DJTUMU-
nuposanust 239 (1)
Cysyku 323 (11)
Cynbbagumesun 129 (111)
Cynbdamunsr 129 (111)
Cynbbhanunamu (0enblii CTPenTOLIUI)
129 (I11)
Cynbdanmnosas kuciota 190 (111)
Cynbdaruazon 129 (11I)
Cynbbunst 131 (111)
CynbdhupoBanue apeHos 47, 54 (1I)
Cynbdokcuast 133 (111)
Cynbdonan 130 (I11)
Cynbdonamunsr 129 (11I)
Cynbdonosbie kucaotst 119 (111)
necynbpuposanue 124 (I1T)
kuciaotHeie cBoiicTBa (111)
KkiaccuduKalus 1 HOMEHKJIaTypa
119 (I11)
npousBonHbie 126 (I11)
peakuuu 123 (11I)
crnocoObl noaydyeHus 120 (111)
(usnueckue cBOICTBA U CTpOCHUE
123 (I11)
Cynbdonsl 133 (111)
Cynbdoxmopunst 126 (111)
Cymarpurtan 266 (I111)
CynepKUCIOThI, TPeBpaIleHNs CITUPTOB
369 (1)
CoanasuueBoro tumna coenuHeHnus 306 (I11)

Tanmunomun, ontuyeckue usomepst 193 (1)
TannupoBanue apeHon 90 (11)
Tapuposas kucnora 327 (1)
TemmuiatHas uenb 334 (111)
Temrnatublii cunTes 426 (11)
Teobpomun 261 (I11)
Teopema Kynmanca 77 (1)
Teopus

Bpéncrena 81 (I)

OTTAJIKMBAHUS BAJIEHTHBIX 2JIEKTPOH-

Hbix map 39 (I)
xumuyeckoro crpoeHus 19 (I)
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Ternora
ruapupoBaHus 6eHzona 16 (I11)
ob6paszoBaHus coenuHeHus 150, 153 (I)

Ternotsl cropanus 150 (I)
ankaHoB 152 (I)

Tepedranesas kuciaora 107 (11), 66,

112 (I11)

TepmuHanbHast (KOHLIEBasT) TPOWHAST CBSI3b
296 (1)

TepmogrHaMUYeCcKUii KOHTPOJIb
opranmydeckoit peakumu 89, 341 (I)
1,4-npucoeaHeHNsT peaKklnii JUeHOB

340 (1)
cynbdupoBanus HadpTammHa 131 (1)

Tepnenst 219 (1)

Teppamurma 406 (11)

Tepdenunnr 121 (11)

Tecroctepon 221 (I)

2,3,4,6-Terpa-O-MeTrin - D-TTIOKOITAPaHO-
3a 287 (I1I)

Terpaankundochonus conu, CH-kucaor-
Hoctb 319 (II)

2,3,4,6-TeTpaOpOMaHWINH, UNCO-3AMELLE-
Hue B peakuuu SzAr 92 (1)

Tetparunpokap6a3zon 264, 265 (111)

1,2,3,4-TerparunpoHadTagnH (TeTpagrH)
63 (II)

Terparuaporuoden 242 (111)

Terparunpodypan 412, 418, 427 (11), 235,
242 (11I)

n-Tetpagekan 122 (I)

n-TerpakonTan 122 (I)

Tetpanun 63, 127 (1)

o-Tetpanon 66, 127 (1)

2,2,3,6-Terpamerwi-5-srmrentan 123 (1)

TerpameTtunonoso 289 (11)

Terpametuncsunerr 289 (11)

TerpameTtuncunan 315 (11)

Terpadropatunen 275 (I1)

2,3,7,8-TeTpaxiop-n-1MOKCUH (IMOKCHUH)
280 (1)

Terpaxnopmetan 135 (I)

Terpauen 138 (II)

Terpasnpuueckast ruopuauzamus 40 (I)

Terpastunammonuitopomun 216 (1I),

165 (I11)

Terpastuncsunen 138 (1), 284 (1I)

Tuazon 237, 238, 271 (111)

TuazoJbl, peTpOCMHTETUYECKAsT CXeMa CHH-
te3a 271 (11I)

Tuman 390 (II)

Tummn 260, 327 (111)

Tumon 405 (I1)

Tuntum 233 (I11)

Twoanpmerumsr 134 (111)

Tuoaneranu 450 (I1)

Tuoxkeranu 450 (1I)

Tuoxeronsr 134 (111)

Tuoxucnotsr 135 (I11)

n-Tuokpeszon 214 (I111)

Tuonsr 130 (11I)

TuomoueBuna 131 (11I)

Tuocemukap6aszua 463 (11)

Tuoykcychast kuciora 135 (I1I)

Tuoden 35 (1), 235, 237, 241, 245 (11I)

Tuoadupsr 135 (111)

Tupozun 117 (1I), 305 (I111)

Tuddeno 216 (I)

Tosunatsr 226, 255, 352, 361, 362 (11),
128 (11T)

a-Tokodepon 164 (1), 408 (IT)

TOKCHMYHOCTh OPraHUYECKUX COSTMHEHUI
94 (1)

Tonnenc 464 (11), 279, 289 (111)

n-Tonyunun 214 (111)

n-Tonmywnosas kuciota 13 (I11)

n-Tonywnosbiii anbaerun 432 (11)

n-Tomynutpun 56 (111)

Tomyon 14, 61, 79, 82, 85, 93, 95, 99, 104,
109, 115, 116, 261 (II)
CH-kucnornocts 103 (II)

n-Tomyoncynbdamun 127 (111)

n-Tonyoncynbpunar Hatpus 127, 128 (11I)

n-Tonyoncynbdoxucaora 119, 130 (I1I)

anmu-7-(n-Tonyonacyab(pOHUIOKCH)-
2-HOPOOPHEH, peaKiysl ¢ aHXMMEPHbIM
coneiictueM 253 (II)

n-Tomyoncynbdoxmopun 127 (111)

Tomcon 33 (I)

TopcuoHHOe HanpsixkeHue (HanpsiKeHue
MMurtuepa) 199 (1)

TpaHcaHHyAsIpHOE HampsKeHUe (HampsbKe-
Hue I1penora) 199 (I)

Tpancannynspusie cBsi3n N—C B ajika-
snounax 200 (I1T)

Tpanckpunius 333 (111)

Tpaucmsamus 333, 335 (111)

TpancmeramupoBanue 288 (11)

TpaHncnoptHas (TpaHcasuuonHas) PHK
334 (111)

L-Tpeoza 278 (I11)

Tpeonun 305, 310 (I1I)

Tpernunas ankwibHas rpynmna 28 (1)

Tpetnunas cTpykrypa 6eakoB 320,

325 (111)
Tpetnunsbie rasoreHankansl 211 (11)
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Tpetuunsie ciuptsr 327 (11)
TpexmepHble KIMHOBUIHBIE TIPOSKIIUY
171 (I)
Tpex1eHTPOBBIE IBYXAJIEKTPOHHBIE CBSI3N
290, 313 (1)
1,2,4-TpuasuH, HyKJIe0(DUIBbHOE 3aMellie-
Hue Bopopoza 273 (111)
n-TpuakonTan 122 (I)
Tpuaterokcu6opan 314 (11)
2,4,6-Tpubpomanuaux 216 (111)
2,4,6-TpubpomOeH30iiHAs KICIIOTa
218 (111)
1,3,5-Tpubpomobenson 216 (I1I)
2,4,6-Tpudpomdenon 392 (II)
TpuBuanbHas HomeHkaarypa 27 (1)
TpuronanbHast rubpuausanus 41 (I)
n-Tpunexan 122 (1)
H-Tpukozan 122 (I)
(2)-9-Tpuko3seH, pepomon 326 (1)
Tpumerunamomunuit, numep 290 (I1)
Tpumerunamuu 172, 179 (111)
2,N,N-TpuMeTunaHUJIMH, OCHOBHOCTb
202 (11T)
Tpumerunoopan 312 (I1)
2,2,3-Tpumerunoyran 123 (1)
2,2,4-TpumerunreHran 123 (I)
TpumeTuncunuIMOnuA, paciiernjieHme
TPOCTHIX U CIIOXKHBIX 3(DUPOB
428 (11)
TpumerunykcycHas kuciota 25 (111)
2,4,6-Tpumetundenon 402 (11)
Tpumerundocdar 318, 340 (1I)
Tpumerundochonuiitpuxiopobopat
318 (1)
Tpumerundochounitxaopun 318 (1)
Tpumerunxmopcunan 316 (I1I)
cununupoBaHue cnuptos 372 (11)
TpUMeTUIATUIIAMMOHUIA TUIPOKCHUI, pac-
wereHue no foomany 179 (111)
3,4,5-TpuMetokcuaueTo(heHOH, unco-
3aMenleHue B peakuun S Ar 91 (1)
2,4,6-Tpunurpoann3zon 269 (1I)
Tpunutpornmuuepun 339 (II)
Tpunutpomeran, pK, 83 (I)
2,4,6-Tpunurpoctunbben 151 (111)
2,4,6-Tpunurporomnyon 151, 152 (I11)
2,4,6-Tpunurpodeneron 269 (11)
2,4,6-TpunutpodeHos (MMKpUHOBasT KUC-
qota) 267, 379, 392 (1), 152 (11I)
Tpuoxkcan 447 (I1)
Tpunponenunoopan 312 (II)
Tpunpornunoopaun 252 (1), 315 (II)
Tpunramun 249 (111)

Tpunrodan 275, 304 (I111)
2,4,6-Tpuc (mpem-6yTiit)HeHOKCUITbHbI
panukan 400 (11)
2,4,6-Tpuc (mpem-6ytmn)denon 394 (1I)
Tpucaxapunsr 277 (111)
Tpucreapar rnunepuna 42, 48 (111)
Tpudenmmamun 167, 176 (111)
Tpudenmnoopan 312 (1I)
Tpudenunmeran, CH-kucaorHocts 103 (11)
Tpudenundocdhdun 307, 454, 455 (11)
TpudenwxiopmeraH, 3aluTa THAPOKCU-
rpynnsl 372 (1T)
TpudeHIHUKIONPONEHWINIAIEPXIOpaT,
apomaTuaHoCTh 24 (II)
Tpudnarsr 128 (111)
3-TpudropmeTHIOEH30IHAs KMCIOTA, TTpa-
BUJIa OPUEHTAIINY B PEAKIIVSIX
SpAr 82 (1)
TpudropykcycHas kucaora 113 (11T)
pK, 83 (I)
Tpuxnopmeran 135 (I)
TpuxnopykcycHas kuciaota 19 (I1T)
2,4,5-TpuxnopdeHOKCUYKCyCHast KUCIOTa
280 (1)
Tpuxnopatusien 275 (11)
Tpustunamu 55, 165, 172, 175, 195 (111)
Tpuatun6opaun 252 (1), 311 (11)
Tpusarokcubopan 311 (11)
Tponunuitopomu 26 (11)
Tpomm 126 (1)

Yanba, mexanusm 3penust 359 (1)

Youxunon 512 (II)

Yraesonsr 277 (111)

VYrinoBoe HanpsikeHue (HarpspKeHue
Baiiepa) 199 (I)

VnenpHoe Bpamenue 170 (1)

Vapuc 378 (11)

Yunxkunacon 306 (1)

YunkuHcoHa katanu3satop 265 (1)

VkcycHas kuciora 12, 16, 17, 19, 25, 40,
46, 47, 59, 66, 106, 111, 115, 135 (I1I)
pK, 20, 27,83, 159 (I)
cniektp [TMP 178 (II)

Vinbman 122, 277 (I1)

VYMepeHHO aKTUBUPYIOIINE 3aMECTUTENN B
peakuusx SpAr 76 (1)

H-YHIeKaH, depoMoH 122, 326 (1)

Yorcon, 331, 332 (11I)

VYpaBuenue lammera 112 (1)

Vpauwn 260, 327, 328 (I111)

Ypunun 328 (111)
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Y®-CrieKTpbl OpraHnIecKUX COSTMHEHUIA
149, 159 (1II)
VYxomsmas rpynma 70 (1)
BJIMSIHUE TIPUPOJIBI B PEAKIIUAX Sy2
225 (11)
VYyactue coceqHMX IPYI B PEAKLUAX Sy2
252 (1)

®apopckuii 216, 315 (I)

DakTophl MaplUATbHBIX CKOPOCTEH B
peakuuax SpAr 80 (1)

Dapaneit 17 (1)

dapmaxkodopsr 117 (11)

®apnesoin 220 (1)

®emunr 289 (111)

Denonunun 268 (111)

demrocekyHaHas crekrpockomus 324 (11)

®enantpen 31, 126, 128, 129, 134, 141 (1)

®enanerun 118 (1)

®eneron 411 (II)

®ennn 97 (1)

1-®ennn-1,3-0yragueH, MojaydeHUEe peak-
uueit Burtura 455 (11)

4-®eHwi-1-6ytaHo, BHYTPUMOJIEKYJISIP-
Hoe ankunupoBanue 63 (11)

mpeo-3-Dennn-2-0yTUATO3WIAT B peak-
LUSIX C aHXUMEPHBIM CONEHCTBUEM
255 (IT)

®ennn-katuon 212 (11I)

®ennnananun 117 (I11), 304 (111)

D-®enunananux 232 (111)

L-®enunananun 232 (111)

®enunaneramun 51 (11T)

®enumnanerar 386 (11), 42 (111)
HK-cnexrp 171 (IT)
neperpynmnuposka @puca 397 (1I)

®enunanetwieH 298, 307 (I)

®enunaneronutpua 51 (111)

®enunbdensoar 386 (11), 42 (111)

N-®enundenzoncyabdamua 182 (111)

4-MdenunbyraHoBast KMCI0Ta, BHYTPUMOJIE-
KyssipHoe armnpoBanue 66 (11)

4-DeHnn0yTaHOWIXJIOPHT, BHYTPUMOJIEKY-
JsipHOe atupoBanue 66 (1)

®enunruapason 463 (11)

®enunruapoxkcunamun 146 (111)

Oenmumiruii 284 (11)

®enunmens 300 (11)

®enunHurpometan 141 (111)

®enunoszazonsr 288 (111)

2-Oenmmmupunut 258 (111)

3-®enmmmnpornanosas kuciaota 12 (I11)

®enuncanmuumnat (caro) 388 (I11)
®enunrpuxnopcwnad 317 (1)
®enunykeycHas kuciaora 15, 90 (111)
2-DeHWIITUATO3WIAT B PEaKIIMSIX C AHXU-
MepHBIM coneiictBuem 254 (1I)
DeHOKCUI-UOH, Pe30HAHCHAsI CTa0WIN3a-
umst 381 (I1)
Denou 64, 83, 86, 90 (1)
cyabdupoBanue 124 (I111)
pK, 53 (I), 382 (II)
DenonohopMatbIeruaIHble CMOJIbI
389 (1)
o-®enoncynbdokuciora 392 (1)
n-®enoncynbbokucaora 392 (1I)
®enondranenn 395 (1)
®enrtnasak, cunres 272 (111)
®epmentst 119 (1), 286, 303 (I1I)
®epomonnl 325 (I)
Deppouen 306 (11)
®epurotra 161 (111)
®umiep 126 (1), 306 (1), 27, 248, 264, 279,
292, 293 (111)
®umepa Gopmyinsr 171 (1)
®ropormonuH (1,3,5-TpuruapobeH3our)
87, 376 (1I)
Dryopen 124, 125 (11)
CH-kucnorHocts 103 (11)
®osnprapm 61 (111)
auu-®opwma 148 (111I)
mez0-Dopma 181 (I)
mpeo-Popma 181 (I)
apumpo-Dopma 181 (I)
Dopmanpaerun 161, 295, 356, 432, 438,
440, 469, 480 (II)
®opmammn 50 (111)
®opmunrposanue apeHoB 86 (1I)
dopmyna
Tonnenca 279 (11I)
yrieponHoro ckenera 123 (I)
Gurrepa 279 (111)
Xeyopca 280 (I1T)
Docpadenson 41 (1I)
®ocoaruanasie kucaotsr 139 (111)
®ocoaruasr 139 (111)
Docpunobie nuranasr 321 (11)
Docounsr 318 (1)
Ddochommumner 138 (111)
Docpopansl (hochoHmeBbie winab) 319,
454 (1)
Dochopmmposanue 301 (111)
dochopopraHuueckre coeTMHEHUS
317 (IT)
®otocunres 299 (11I)
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dotoxummueckue peakimu 359 (1)

®otoxumus 359 (I)

®parmMeHTalusi MOJIEKYJISIPHBIX MIOHOB B
Macc-CIeKTpax OPraHMYECKUX COSITU -
nenwuit 195 (II)

Dpeii, bemrocekynaHas MK -crekTpocko-
nust 324 (I1)

@pupens 59, 64 (1)

®puc 397 (11)

D-®pykro3a 232, 278, 281, 282, 284,
289 (IIT)

o -D-OpykTodypanosa 282 (111)

®raneBas kucinora 107 (II), 66 (11I)

®ranesbrit anruapun 128, 134, 395 (1), 72,
112 (I17)

®ranennoBbie kpacutenu 395 (1)

@Oramumun 72, 97 (111)

®druoxkoin 513 (1)

DTOpUA-NOH, CHATHE CYITMILHOM 3aIIMThI
372 (1)

®roprpuxiaopmeTat (xaagonH-11) 278 (1)

®dropykcycHas kuciiora, pK, 83 (1)

Dykyn 22, 60 (I)

Dyrepenst 42 (11)

®ymaposas kuciora 87 (111)

®dymurarnn 513 (11)

dynkimoHanbHast rpymma 19, 23, 25, 30, 47 (1)

®ypan 35 (II), 235, 236, 237 (11I)

®ypanosa 281 (I11)

Dypdypon 238, 275 (111)

Xaak 87 (II)

XankoH 481 (I1)

Xapakrepuctuueckue yactotel B K-
CIIEKTPaxX OPTaHUYECKUX COEAMHEHUI
160 (II)

Xappuc, pemrocekynaHas MK-cnekrpo-
ckonust 324 (II)

Xek 321 (1I)

Xemormppou 274 (111)

XemocenektuBHOCTH 139 (1)

Xecc 137 (II)

Xeyopc 280 (I1I)

XuMuyeckast 9KBUBaJIEHTHOCTb POTOHOB
176 (1I)

Xumuueckuii capur B criektpax AMP
176 (II)
YIJIEPOAHBIX aTOMOB B crieKTpax 3C

SAMP 193 (IT)

Xunu 205, 269 (11I)
XUHOJIUHWIOBBIN 2hup 290 (1)

XunonuH 35 (I1), 268 (11I)

XuHonsl 495 (11), 512
norygerue 495 (1I)
npuponnsie 512 (II)
peakuuu 497 (11)
HNunsca—Anpaepa 499 (11)
XupanbHas mojekyna 166 (1)
XupanbHble Jekapersa 190 (1)
XupanbHbIit aToM (cTepeornieHTp) 166 (1)
Xuctpuonukorokcus 206 (I11)
3-Xnop-1-nponeH 259
4-Xnop-N-MeTUIaHUINH, TIpaBujia OpUeH-
Tauuu B peakumsax SpAr 84 (1I)
Xnopanb 443 (I1)
Xnopanwrunapar 443 (11)
Xnopamun T 130 (I11)
3-XnopOeH30iiHast KUCI0Ta, TpaBujia opu-
eHTanuu B peakiusax S, Ar 83 (11)
XnopbeHnson 52, 53,79, 98, 122, 260, 271,
272, 275, 280, 316, 377 (II)
2-XopOyTaH, CTepeOXUMUS PeakMid §y2
219 (1)
Xmopun D-ty6okypapuna 206 (111)
XJIOpUCTBIN HUTPO3UJI, peaKIIusI C aTKeHa-
mu 285 (I)
o-XnopmaciisiHasg kuciiota, cuares 91 (111)
Xnopmeran 135 (1), 213 (IT)
XnopmeruaupoBanue 1o biaany 62 (1)
1-XnopnenTan 192, 213, 352 (1I)
1-Xnopnponan 139 (I)
2-Xnopnpomnan 139 (1), 211 (1)
XnopoHuii-uoH 52 (I11)
Xnopodopwm 135 (I), 213 (1I)
4-XnopToJyos1, TIpaBujia OpUeHTALUK B
peakumuax SpAr 84 (I1)
0-, M-, n-Xyoptoayossl 262 (11)
XnopykcycHas kucioTa 19, 93, 113 (111)
pK, 83 (I)
n-Xnopdenwirunpasuu 219 (111)
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