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Mpod. 6. B. Tpouos.

K Bompocy 0 mexaHusme HMTpOBaHuA
H ApPyrMX peakumii 3amemenns B OeH30JbHOM sApE.

['pomajHOe TEXHMUECKOE 3HAYeHHEe PeaKUHH HUTPOBARUA OpraHHueCKHX
COEIMHEHH, OCOBEHHO COeNHHEHHH GEH30/IBHOTO PSAla, BbI3BAI0 NOABICHHE
60JbIIOT0 unc1a PaGoT, KACAIOWMXCS PA3IHYHBIX CTOPOH 3TOrO mpouecca.
MHOTHe aBTOPBI Ny TeM IKCTIEPHMEHTATbHEIX HCCAeI0BaHNHA H TEOPETHIECKUX
COO6pakeHHil, B [OC/TEIHEE BpeMA 4YacTO OCHOBAHHBIN HA 3JeKTPOHHOH
TEODHH, MBITATCH 1aTb TO HIAH HHOE OO'ACHEHHE MCXAHH3IMA HUTPOBAHHS,
HO HaJ10 CKas3aTh. UTO HH OJTHO H3 MNPEIIOXKCHHBIX 06‘ICHEHHH elie He
C1€e1a.10Ch OOUENnPHHSATHIM.

MpocTas cxema OOMEHHOTO Pa3TOXKEHHS: :

RH-}HO .NO, —~ R.NO,+H,0

yiKe J1aBHO 3aMeHeHa 6oJee CJOKHBIMH CXeMaMH. COT.1aCHO KOTODBIM nepBo#
CTanMelt NpOLeCca 3aMelleHus ABIAeTC 06PA30OBAHME NPO1YKTa NPHCOSIH-
HeHHst. 9Ta MBICIb B O6uled gopme Gbl1a BhickasaHa eue Keky.e. B nacro-
gliee BpPeMsi HEKOTOpbIe HCCJCAOBATEIH 1yMAIOT. HTO MOJIEKy.1d 430THOH
kucaoTel, pacnaswich Ha NO: w HO. npucoeanssercsa K HHTPYCMOMY
BelecTBy. JApYrHe CUMTalT G0.1ce BEPOSTHBIM NMPHCOCIHHEHHE B 1PYroM
nopsi;ike: B MOJI€KY.1e YIIeB0,10p0/1a WM 1pYroro Opranitieckoro BellecTna
paspeiBaercst cpsisb mexay C u H. a satem paiukal H BOA0PO- npUcoe-
JMHSIOTCS K 230THOH KHCJaO0Te.

[lepBoe npelno.loxenue B NOCICIHHE TOIbl 0CO6EHHO BbLIBHUIAETCs
I'. Buaauton!). [lpu aedcteun HNOs Ha sTHIEH. 6blT Bbie1eH a30THO-
KHCIBIH 3(QHD % — HUTPOITUIOBOFO CNHMPTA, 06PasOBaHUE KOTOPOTO o6'sc-
HseTCs TaK:

CH2 CH_g . NOZ CHg . NO:
[ 4NO,.OH — | LHNO, — = | - H,0.
CH, CH. OH CH. . ONO,

Ha Takoil e MeXaHH3M pPeaxilii YKa3plBaeT HCCIeI0BAaHKEe NPOIYKTOB
B3aMMO 1eiicTBHsL 12 — 1udennasthiaeda ¢ HNOs?)

(CL; H5)~_> C — CHQ _ (C(; H5)_3 C(OH) B CH_) NOZ —

[To aHATOFMHK C 3THM st OeH30/a M APYrdx apoMaTH4YeCKHX COCIH-
HeHHMIl TaKKe NPMHMUMAIOT UTO B NEpPBYI0 Ouepeanb a30THAs KHCAOTA MPH-
COeNMHAETCA K -IBOHHON CBsi3h OEH30JMbHOTO KOJBLA, & MOTOM OTILEN/AETCSH
MOJIEKY1a BO1bi:

cH CcH CH
P p
Hc/\.CH He? \cH . NO, HC e vo.
| i L NO,.OH——= | > ] - H,0
HC, JCH HC.  _CH.OH HCL  iCH
AN N 4
CH ch cHl

1) H. Wieland, E. Sakellarios, Ber. 53, 20 [1920].
H. Wieland, F. Rahn. Ber. 54, 1770 [1921].
2) R, Anschiitz, A. Gilbert. Ber. 54, 1857 [1921]; 57. 1697 [1924].



Tak ®c MHINYT W JIPYrHC aHAJOTHYHBIE HHTPOBAHHIO NPOLECCH, Hanp..
CynbPHPOBAHHE OCHI0ILHBIX cocauueHnt. Tak nna nelicTBUS aMHHOCYAB-
OHOBOI KHCIOTH Ha NPOCTHE 3QHPH HeHOI0B!) Mbl BCTPeuaeM ypaBHeHHe:

OR OR OH C])R
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N g AN

‘ | ’ C — SO, NH,
-
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- |

h4 NS

[rOr, 1 1onyekaoT ke o6pa3oBaHHe TPexXw.IeHHbX Kogel. Hanpwu-
MOeP. GCHBLIHPOBAHIC s IPA APOMATHYCCKHX YILTCBO.10PO.10B NPH HarpeBaHuH
¢ OeH3IORLIM 3DHPOM GCH30.1CY.1bPOHORBOH KUC.10TH  PE.1bIKU2) 06°aCHAET
TeM. UTO CHAYAIA CA0ARHLH 3PHP pacnaiaeTcs Ha CBOGOHYIO KHCJAOTY
CH-SO. 0l v amyvxnaacuTHu# paaukan = CH . Cg H;, kotopui#t 3atem
PAaspLIBACT O 1Y W3 ABOHHBIX CBA3eH O6CH30.1a:

é- SO, NH, H
———

,. H
7 —_— / N
1 CH 7 N¢ ‘ \”CH
| ’ + - CH C 1! > ) ; >CH C.Hy, — — l]
CH ’ C C.CH,.C.H,.

A .

() THAKO TAKOC HCTOIKOBAHHE BCEX NEPEYHC.ICHHLIX PeakuHi He.lb3si
CHTa L CROOOHEN OT HetocTaTkoB. [Ipexkae rcero o6pasyiouinecs 3.1echb
HDOMUARYTOUHLIC HTPOIAYKTH COICPAAT HMKIOTCKCATHCHOBY IO CHCTEMY CBA3eH
I HOCIeIVIoUlee, YaCTO [IOMTH  KOJMMCCTBCHHOE NPEBPalleHHE B OIHOM
HANPARICHHH (B VCI0BHAX HHTPOrAHUA 6€H30.1a—B HHTPOOCH30.1) 10BO.1bHO
MAIO - BUPOSITHO'). JTO OAHIAHHC BHOTHE NOTBEPAIALTCH Pe3y.1bTaTaMH
ACHCrBHY Ha OCH30. JIBYOKHCH 830Td. ITHJICHOBbBIC YI.1¢BO,10P0. 16l H 1pYTHE
HCOPCTCILEBIC COCLHHCHES O4YeHb 1erko npucociuHsioT 2NO, no Mecty
JABOAHONH WM 1TPOHHON CBsI3N, HANp., 3TH.ICHY):

CH: CH;NO.’
L 2NO, (nau N,O) —— |
CH. CH,NO,

Tak e, M30AMUICHY) TAIOMIHBIC NPOH3BOHBIE 3THaeHd. C.CLS) 1aer
CCLNO,. CCLNO, 1 7. 1. Iuanant naet TeTpaHuTpiop’) (1pH CONpsKeHHbIX
CHCTCMAN IBORANLIX cBsseit (1.4—udedna 6yTagHedH—1.3) KOHCTATHPOBAHO
NPHCOCAHHCHHC K KpadHuM 3scHbamt) (1.4).

[Mpoaykrs npucoemuennss moryt otwenaste HNO,, o6pasys wuTpo-
JePUBATH HENPC,1CIbHLIX YT.1¢B0.10PO,10By!

(C.H;). C(NO,) . CH.(NO.» (4+KOH) —- (CiH;); C=CH . NO;--HNO,

YA Quilico. Chem. Zbl, 1928. [, 1649.

. Foldi Ber. 61, 1609--1616 [1928].

.C. Hamerkun u A . C. 3a6poanuna X P.X. O.57 92 [1925].
emenoff Zeit. Chem. Pharm. 7, 137 [1864].

- Gitthrie. A, 116, 247 {1860], 119, 83 [1861].

. Biltz. Ber. 35, 1528 [1902}.

- Henry. Ber 2, 279 [1869].

. Wietand, H. Stenz!l. Ber. 40, 4828 [1907].

. Wieland, F. Rahn. Ber. 54, 1770 [1921].
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Beu3os ¢ IBYOKHMCHIO a30Ta Ha XOJAOAYy He pearupyeT, a npu Harpe-
BAHMM B 3amasHHOi Tpy6ke 10 80° naer JMIb HEMHOTO HHTPOGEH30.3,
TJaBHBIM ke o6pa3oM nepexoaut cpasy B 1,3, 5 TPUHHTPOOGEH30.1!).

CH CH . NO, C . NO,
HU/\TH ON.thﬁﬁiNm Hq/ CH
| +6NO, — > | — o ; +3HNO,
HC .CH O,N . HC CH . NO, cyN.c§\\ C . NO:
CH CH . NO, CH

Takum 06pa3oM, Kak U MOXKHO Obl10 [PEANOJ10raTh, 10c/1e paspbiba
ONHOH JBOHHOH CBA3M MOJEKyJa CTAHOBUTCH HENpPOUHOH M OLICTPO NpH-
coeannsier emwe 4 NO,. Ouenb BepoOsSTHO. YTO TO Ke camoe Gbi10 Ol H C
a30THOM KHC.10TOH, ecau 6Gbl OHA, A€HCTBHUTENbHO, NPUCOC THHAIACh K JIBOH-
HOH CBsi3M koabna. Mexay tem ¢ HNO; npu HeBHICOKO# Temmeparype
MOAy4aeTCs I1aBHBHIM 06Pa3oM MOHOHHTPOGEH30.1.

ITO 3aCTaBJIAET UCKATb APYroro 00‘aCHEHHMs] peaxlHH.

YiKe 1aBHO Obl1a BbICKA3aHa MbICJAb, 4TO NMPH HUTPOBAHHH MNPEKIE
Bcero u3 1Byx Moaekya1 HNO, o6pasyercs aHrMApPHI, KOTOPBIH YKC H 11pO-
M3BOIMT HHUTpyollee jAeficTBue. K 3TOMYy BBIBO1Y NPHULTH ['upwbax H
Kecc.iep?) Ha OCHOBAHMH HM3MEPEHHH CKODOCTH HHUTPOBAHUA 6eH3oaa asoT-
HOIl KHCTOTO B HHTPOOEH30abHOM pactBope. CKOPOCTH OKasalaCh Mpo-
MOPUHOHATbHOM KBaJAPaTy KOHLUEHTPALUMH KHCJIO0TH, T. €. peakids o
OTHOLIEHHIO K KHC.T0Te OGHUMOJEeKYIsipHa.

Cavornpouspoabnyio aeruiaparaunio HNO; ¢ o6pasoBadeM Ka1HO
nor.aowawpuero o1y N, Oj TpyAHO  10M0yCTHTb, HO B NOCAEHHE TOIbI
3Ta cxema onsTb BhlLABHraetcs [llaapmmuirom?®) A1 peakudd CO CMeCHIO
HNO; u H,SO,. Ou cuuTaet, 4TO CepHAsT KHUC.I0TA OTHHUMAET Yy a30THOM
BOIY, @ QHCH1DH1 MPHUCOCIHHACTCH K OCH30.IBHOMY sLIPY:

~ 4
/ S // \\‘GH . NO2

= |
N \\//CH.ONOQ \\//CH

OT1e1bHble ONBITH C A30THBHIM AHTHIPHIOM') MOKA3a1d, UTO YHCTHIH
N, Q, aBIAeTCS OUYEHb CUJIbHBIM HHUTPYHOILMM CDEICTBOM, KOTOPOE ViKC
npu O° NOUTH MOMEHTATBLHO MpeBpaldet CsHs B CyH; NO,. a HUTpO-
6eH30.1 [epeBOAHT B (MHMTpOOenso/. Ho aibHediiee HUTPOBAHME 10
TPHHUTPOOEH30.,1a HE HACTYNAeT JaXe NpH 76°. B aTolt TeopHH COXPAaHECH,
C/e10BATEIBHO, IJaBHBIH HEJ10CTAaTOK NE€PBOHAYAJILHOrO MpeiCTaBleHus O
npucoeesnu NO, u OH.

Muow’) B 1923—24 1. r,, a takme C. C. HamerxkuHbim A C 3a-
6popunoit’) B 1925 roiy Obiia 1ana Cxema, COr1acHO KOTOpPO# nepBok

1) H. Wieland. Ber. 54, 1776 (1921).
%) J. Gierschbach. A Kessler. Zeit Phys. Chem. II, 676 [1838].
A. Kessler. Zeit. Phys Chem. 1I. 691 [1888]

3) Schaarschmidt. Zeit. angew. Chem. 39, 1457 [1926].

sy L. B. Haines. H. Adkins. L. Am. chem. Soc. 47, 1419-26 [1925].

5y 5. B. Tpopos. ,M3p. Tomck Texu. Mu-ta*, 45, Ne 3, crp. 1—8 [1924]; ,Tpyasi
4-ro Mena. Clesna®, cip. 157. Cm. TaKKe: 1. 1. Muxaiiienko ,CoeluHerus yraepoaa®, d. 1,
n3g. 2-e, ctp. 109 [1923].

6) XK. P. X. O. 57, 87-96 [1925].




cTaaMeil npolecca HHTPOBAHWS HB/AETCH TNPUCOCAUHEHHE YIVeBOAODPOAA
K a30THOW KHC.10TC:

CH o CH 0 CH o
SN » s N
HC i e > c—N_-oH el —NZ,
——
ﬂ +N=0 - > ” OH-—- ‘ +H,0-
HC 'CH HC.  CH HCl CH
o O CH cH

JTO TOJIKOBAHMC PCAKUHA NPHMCHHUMO M K apPOMATHYECKHM H’ K
AHDHLIM  VTIUICBOI0OPO1aM M IPYTHM  coelHHeHHsaM. OHO HHCKOJBKO He
NPOTHBOPCHUT W PE3VABTATAM ONBITOB ¢ 3THJICHOBBIMU M JAP. Henpege/b-
HBIMH VIICBO10pO1aMH. He HCKIOuCHA BO3MOMHOCTb, YTO., HAnp., 3THJEH
¢ A30THOH KHCJOTOH CHAuYaTa [1aeT He HMTPO3TH.IOBLIK a.1KOro0.1b, @ NPOCTO
HHTPYCTCs, NOTs OBl Tak:

CH, 0 CH, CH,
m - [0 "
SN0 —s 0o - 0
AN M = ‘ P
CH, OH CH - N—OH cH N + H,0.
N
OH o)

4 OTOM VZKC MOKCT HPHCOCIMHHUTBLCH Mmo.aekyv.ia HNO; ¢ obpasopanunem
CH.NO. . CHLONO, . 3aeeh, npaB1a. NPHXOIHTCS  JIONYCTHTbL NPHCO-
GIHHCHHC BO.LODOd K MeHee F'HAPOTr€eHN3HPDOBIAHHOMY 3BE€HY, 4 KHCJIOQTHOTO
ovtatka k rpynne CH., HO 370 Jerko o6'aCHsIeTCd TeopHed yeperyiouteics
HABCICHHOH 110 I9PHOCTH:

+ + -

CH, + - CH, (ONO,)
i FHONOY o | 4

CH . NO, CH, . NO,

B obuiea nocacansis cxema (C npucoe1uHeHMeNM HHUTPYeMOrO Belle-
CTBA K d30THOH KHCI0TC. @ HC HAo00POT). HACKO.IBKO BWIHO. .1yquie OT-
Beuacr gakrtayn. Ho ouna. xak v nepsas, He MOmET OO'SICHUTH TOTO, UTO
d30THYIO KHCIOTY HPH HUTPOBAHUH HCIb3H 3aMEHHTH CJIOXHbBIMU 3¢mpamu.
Metu.1nuTpaT [laze XPAHHTCS W NPO.1AETCS YaCcTO B GEH30.1bHOM PacTBOpe.
ITAIHUTPAT W MIOAMMIHHTPAT CTOSIM Y MeHs OKO.J0 Tpex .1eT B 3anasH-
HBIX MPOOHPKAN ¢ KCHI0.10M. [1CEB/IOKYMO.IOM H aHH30.IOM. HO j1a¥e 3TH
JACTKO HHTPYCMBIC COC/IHHCHHMST He BCTYNHIM B peakuuio. A MEX1y TeM,
KaKk pacna;t no mecry cpsizsu OH ¢ azoToM. Tak M npucoeinHeHHe HHTpye-
MO# MOaeRy.1s K HNOy ¢ paspbiBoM 1BOHHOH CBsSI3H a30Ta € KHCJIODOLOM,
AODKHBL GbLTH Gbl UTTH MPHMEPHO OJIMHAKOBO .1€rKO I/ CBOOOIHOR
KHACIO0Tbl H Ce 3(1’)HPOB.

Pas 37T0ro Het. TO NPUXOAMTCHA 1yMaTh, YTO B NpPOUECCe HUTPO-
BaHHsd Kakoe TO ydYacTHe NPHHHMAaeT BOJNOPOAHBH aToOM
A30THOH KUCA0TH. On MOKeT npu GeH30/€ NPHLUENUTHCH TOJABKO K
OLHOMY H3 yIMepo10B KoJbua. Takoe npHcoeiMHeHHE — KOMIIEKCHOE U
KOHCHYHO HCNPOYHOC—NPEICTABASeTCSE BIOJHE BO3MOXHbIM, €C/AK NPHHATL.
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Teopuio Lowry o noasipHOCTH JBOWHBIX cpsizeit. B npuMeHeHHH K CTAapoH
dopmyae Keky.1ie 3Ta Teopust 1aeT TAKOC pacnpele1eHue 3. 1CKTPOHOB B
6ensoe. -

H
.. C
H:C C
é (i.:H

fiipa Tpex yri1epoIHbIX ATOMOB OKPYMKCHH KaxK10€ TO.ILKO LICCTBIO
BATEHTHHIMH (RHCILHMMHU) 3JEKTPOHAMHU, Yy OCTAJbHBIX TPeX HMeETCs 1O 8
31eKTPOHOB. NpHuYeM 1Ba 00pasyioT CBOOOIHYIO 3J1EKTPOHHYIO napy. HC
HMEWILYI0 N0 JIPYyrylo CTOPOHY NOJI0XHTEIPHOrO 3apaia. K o, Ho# u3
TaKMX Nap 3.JeKTPOHOB, BEPOSTHEE BCCrO. W MPUTATHBACTCHA A1pO BOIO-
poJ1a A30THOH KHC.1OTHI:

H
.. C.. __H:b:N:O:
H:C CHO
c C. ;
e Ly

Hanucansas ¢opmy.ia kak 6y1TO HUUEIO €lle He 1aeT L1d PCUICHHS
BOMPOCA O MeXaHu3Me HHUTPOBaHMs. Ho eCau yueCTb pe3y.1bTaThl Ha6.1101¢-
Huit Tupwbaxa u Kecciepa, koTopbie [OBOPAT 33 y4acTHe B DEAKLUAHM HC
OJHOMH. @ JBYX MOJIEKY.1 a30THOH KMC.IOTbl, TO MOXHO CUHTATb BCPOATHBIM
CJeylolHKH X011 npeuecca:

[IpUTAHYBIIAACS K YIJEPOIHOMY aTOMY OeH301bHOrO KO/IbUA MOJE-
kyla HNO, 1eraer Gosee MOIBWIKHBIM CTOABUWIMA NpH 3TOM YIIEPO.IC
BOAOPOL. [Tocse 1HHI OTPLIBAETCA M MPHCOCIMHAETCS K KHGIOPO1y BTOPO#H
MOJIEKY. bl KHC.IOTbl C Pa3pbiBOM JBOHHOH CBA3M Mexc1y N u O:

CH  HNOy CH  HNO, CH
e N\cn / He” N\¢ N=0 HC, \~c — NO,

\ +N=0—~ l l —
HC CH N\ HC CH OH OH He.  lCH4H,04+HNOs
b1 oY o

f

BakHoe no/iBepiKAeHHE 3TOrO TOJAKOBAHUSI MeXaHU3MA PEAKUHH MOKHO
HaliTH B TOM, YTO STHIHMTPAT SHEPIHYHO HUTPYET OCH30J U TOMyON B
NPHUCYTCTBUM XJIOPUCTOTO ATIOMUHHSA!). Y AlCl; atom Al cnocobeH K KOMIl-
NeKCOO6pPA30BaHMI0 M eCTECTBEHHO MOXKeT HrpaTb po/b BOILOPOAA nepBoi

1) E. Boedtker. Bl [4] 3, 726 [1908]; Chem, Zbl. 1908. II, 403.
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moaekyasl HNO,. Bropast monekyna peardpyer ABOHHOH CBA3bIO, KOTOpPas
MMeeTCs M COXpaHsieT CBOIO AKTHBHOCTh U B CJAOXHHX 3pHpax. Cxema

HUTPOBaHus OeH30.1a OyjAeT 31eCh TAKOBA:

Al Cl,
N 7 AN /

‘/ ~C —~H /”// \'lc —H /
1[ ” 4A1C1,-—>‘ ‘ +N=0 —-~

f \ |
h N / \\/ OC, H,

. AlCI,
L h NOH - ’ " + HOCy H, + Al CL,.
OC, H, '

. N

Tak e, BO3MOXKHO. npoTekaeT HUTpOBaHMe cmecblo HNO,c H,SO,.
CepHast KMCIOTA MOMKET 3aMCHATH nepsylo moaekyay HNO, wan AICL.

He Bxoost B 06CYMJICHHE MHOTOUHC.ICHHBIX TEOpHH, KACAOWKXCHA
BONPOCE O NPABKHILHOCTAX 3aMEUICHHS B GEH301bHOM KOJIbIE, PACCMOTPHM,
R OMCMY NPHBCICT B 3TOM BONPOCE BBLIBUTAEMAas 31€Ch «CXEMa peakiuy
nuTpoBakus. JLis 3TOr0 MCDOIL3YeM ONATh TEOPHI0 LOWIYy M Hamuuem
2 1CKTPOHUBIE QOPMY.TBl, HAUp.. X10PGEH30.13, TOAYO/a. (PeHo.a, HUTPOGEH-
1012, OCH30HUTPHIA U GEH30/HOM KHC.IOTHL

Ecan npu 0.1HOM H3 yr1epoiubix aToMoB GeH30/bHOrO KOAblid CTOHT
Cl 10 okpyKaoHe €ro 7,1po 8 3.eKTPOHOB MOTYT ROMEILATD yr.IepOAy
HMCTH HIIHIOI N3Py 3.TCKTPOHOB JBOHHOH CBSI3H. DTOT YIEPOX, a TaKKe
(B CHIY HCPC1YIOUICHCH HABEICHHOH NOJAPHOCTH) 06a yI1JePOAHHX aToMa
B META-NOJOKCHAAN OYAyT UMeThb TOJbKO N0 6 BAJEHTHBIX 3.JeKTPOHOB,
4 OKO.10 #1¢p OPTO W napa-yriepoaoB 10.KHB PACHOJIaraTbCs TPH CBO-
OO/IHBIX ICKTPOHHBIX  NApbl, T. €. Bcero 6yieT no 8 3/1eKTpOHOB. B
roayo.ae s1po C-atoma GOKOBOH UENH OKPYKEHO ONSiTh BOCEMbIO 3/1€KTpO-
HaMM M HYXKHO OAH1aTh TOKOTO K€ DA3MeUIeHHs 3/JEKTPOHOB B KOJbIE.

To xe umeer y denoaa.

N H H
:C_)_L: H:(;:H O
C C C
H:c  cid H:c ~¢c:H H:C  c-H
H:C  C:H H:C C:H H:C C:H
_c' ¢ C
H H H

SICHO, uTO y BCeX 3THX CoexHHEHHB KOMIIJIEKCHasl CBfI3b C BOIOpO-
<lOM a30THOM KHCJOTHI BO3MQXHA TOABKO B OPTO M Napa-noJOXenuax, a
C1C10BATC.IBHO W HUTPOBATBLCH AOJIKHBI OpPTO H MNapa-3BeHbs.



B C¢H; - NO,, CsH; - CN, C¢H; - COOH nemocpeiaCTBEHHO K yTIE-
poay GeH3O0/IbH. siipa MpUMbIKaeT atom N HiH C. coeMHEHHBIH BOHHOIM
WK TPOMHOM CBSI3bI0 C ATOMOM (HJH atomamu) 60.1ee 3.1eKTPOOTPHUATE/b-
HOTO 3JemenTa. CBOGOIHBE Napbl 3J1eKTPOHOB ITHX CBS3eH 31eCh 3abupaer
O (npu NO, 1 COOH)uauN (npu CN). a NeNO, nan C B CN u COOH
OCTAeTCH C HENO.JIHBIM UHCJAOM 3.J1eKTPOHOB—6 (M1H 4). Bawxkaduiui yr.e-
pon GeH30.1bHOTO KOJbHA 10KEH MO BO3MOXHOCTH BOCHOJIHHTE STOT
HEAO0CTaTOK M NPUTArHBaeT K cebe nmapy 371eKTPOHOB B KO.IbUEC. B o6uem
mo.1yyaeM CJI€1YIOIHE 3.eKTPOHHBIE NOCTPOCHUS:

:O: N .. .“. . f“rOC . .

C e :N:C. Q:C e
H:C  C:H H:C  C:H H:C C:H
H:C. C:H H:C C:H H:C C:H

¢ S T
H H H

KoMniekcHoe npucoe1MHeHHEe BO,10P01a a30THOH KHC.IOThL. . TIOMHHHA
M 1p. J013KHO MPOUCXOAHTH K MeTa-YIIepOIHBIM aToOMaM; W CI01a e Ha-
NpaB.JIsieTcss HUTPO-TPyMna.

Ecin B3aTb 60.J€e MNOJHBIE PSIIbl 3aMECTHTEI€H. ODHCHTHPVIOUIUN B
OpTO-napa H.JIM B METa-MOJOXEHHE!):

o—p : Cl, Br, J, OH, OR, SR, NH., N(CH;),, NH . CO . CH,;, NH . CO.
C¢P;, NH . CO . NH;, NH . NO,,—N=N—, -—N-—-N—, CH,;, CH:R, C; Hs,
CHZCI,CH;,.CN,CHH.OR,CHg.COOH,CHZ.CHzé)OOH,CHg.CHOH.COOH,
CH, . CH(NH,) . COOH. CH, . NH . CO . CH;. O . PO(CH);

m : SO, SO,H, NO, NH;.O.SO;H, NH;.O.NO, CN, CCls.
CF.,, CHO, COOH. COR, CO.CH,Br, CH,.NO, CH(NH,). COOH,
CO .NH . CH, . COOH,

TO NMOYTH 63 HCKIIYEHHH NMPH MeTa-OPHEHTHPYIOIIHX TPpYyNnax y aToMa.
HEMOCPeJCTBEHHO MPHMBIKAIONEr0 K OeH30.1bHOMY KO.IbILY, 4PO OKDPYIKEHO
HEMO.THBLIM YHC.JIOM 31eKTPOHOB. Y KJI0OHs0TC SO.. SO; H. CCl;.CF;. NH.
NO.. CH (CH,) - COOH. NH; - O * NO, u 1. n. B nepsuix uerbipex 3a-
MECTHTEASX MOMXEeT HMeThb 3HaueHue TO, UTO Cepa ¥ YIr1epol CBs3aHbl
60bwwel yacTbio ¢ Tpems (T0abko B SO, ¢ ABYMsl) aTOMaMu OUCHb 3.1EKTPO-
OTPHUATEIbHBIX 3.1€MEHTOB. S1Pa KOTOPbIX. TOBUIUMOMY. CHILHO OTTATMBAIOT
K ce6Ge 3J1eKTPOHbI M 1€.1a10T Ma.10 HACbiEHHbBIMH COCE1HHE aTOMHBIC fA1pa.
CH, « NO, Mo)keT (PyHKUHOHHPOBATH B TABTOMEpPHOH Qopme CH=NOOH.
{IpH COJIAX aMMHOB IKCMEPHMEHTAIbHO 10KA3aHO. UTO B META-MO.I0KEHHE

1) J. Houben. ,Die Method®n der organ. Chemie* IV, 107 [1924].
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OpHEHTHpYET uonu3upoBanHas rpynna NHz. HM36biTounbif nOM0KUTEAbHBIH
3apsl 3TOH rpynnsl, KOHEUHO, JOMNKEH MPHBJAEYL K COCEJHEMY YIJIEePOAY
CBOOOAHYIO MApy 3JEKTPOHOB.

_+
H. -H |
N
| oy |
% H:é : C:H :
! H:C C-H
| H

[TpubaBaenue Apyrux Co.1eit noaanisicr (HCCOHMANMIO U YMeHblaeT
BHIXOM METAHHTPONPOIYKTA. ITO Hab.110714.10Ch, HARP.. TPH HUTPOBAHMH
JAM3THIGEH3WAAMHHEA B CPEIC CCPHOM KHCIO0TH ¢ NPHOABJIeHHeM CepHOo-
KHC.10r0 aMMOHHst!). BLIXO1 M-HUTPO-/IH3TH. —-OCHIHIAMUHR B KOHUGHTPH-
POBAHHOM pacTBope Obi1 44", 11pu pasbas.iciuu B1Boe NOHSICH 10 52%,
a B npucyrcTBun (NH,), SO, ynaa 10 34°..

Hutposanue 1- Gewsuanunepuinna) o0 729 MeTa-COeAHHEHHS, C
NH; NO; —56%. a ¢ aerue pactsopumpim NH (CH,),NO, 1axe 16%.

Ouenb xapaktepuble mndpul Mbl Haxo.wuy 5 paborax Maroabza c
COTpyaHHKaMHu. HuTpOBaHuC B 01MHAKOBHIX VCIOBM®X psia Coseft apo-
MAaTHYCCKHX dMUHOB. OT.THUAIOMMXCS IPYF OT IPYyrd 10 CTENeHH JHCCOIH-
alMu ¥ nO pacCTOSHHMIO @30THOIO aToOMa OT OEH30.1bHOTO KO.IblA, AAJI0
C/eAYIOIHE KO.THYCCTBA METAHUTPO-1€PUBATORY):

| CyH,.CHn . NH, . HX  CyH, . (CHn . N(CHp.X
|

88",

n—1 49% m — 3avenr ;
n—2 12" ] 19%
n—=3 l 37 3%

fpH HHTPOBaHHK coennnenni N, P. As, Sb noyuaaucs takue pesyasraTsi:t)

- —— ——

Hutpyemsie sewectsa | _E':gg;m{ t |
‘
o o [
CeHy  N(CHy) X 1 100% Citly . CH, . N (CHy), X 839%
CeHs . P(CHy) X 100 % CeH, . CH,. P(CH,, X 10,1 %
CsH; . As (CHy); X 98,2% CsH; . CH, . As (CH;), X 3,4%
CsH; . Sb(CH;), X 86,3%

) B.Flirscheim, E. L. Holmes. J, ¢ch. S. Lond. 1926, 1562—70

A Pollard, R. Robinson. I ch. S. Lond. 1927, 2770—80.

Yy Ch. K. Jngold, J. S \yilson. J. ch. S. Lond. 1927, 810 —-13.

) Ch. K Jngold, F. R Shaw, J. 8. Wilson. J ch. S. Lond. 1928, 1280-6,

o N e
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Besne daktopsi, yBeTHYHBAIOLUHE CTENEHD 3/IEKTPOJTHTHYECKOH AHCCO-
IHAIMA COJIH, [OBBILIAIOT OJHOBPEMEHHO M BBIXOJ META-HHUTPOCOCIHHEHHUS.

Tak e BAHAET W NMPHUOIMKEHHE 3apsila aMMOHHEBOro (M T. .) HOHA
K 6eH30JbHOMY KOJAbLY. KOHEUHO, BO3MOXHBI CJYyYaH, KOTAd DasaHuHbIC
BAMSHMS NPOTHBOAEHCTYIOT Apyr apyry [cpasnenne CgHs N(CH3)sX u
CsH; - CH; - N(CH,):X].

JlnazoHneBast rpynna. uiies 6J1aro1aps CHJIBHOR AHCCOUMALMM 1HA30-
HHEBBIX COJIeH MOJIOKHTEAbHBIH 3aPsij 1 KPOME TOTO TPOHHYIO CBfA3b MEXAY
a30THBIMH aTOMaMH, JOJKHQ OCOOEHHO 3HEPrHYHO HANPaBAATH NO, (n ap)
B MeTa-no.osenne. W neficTBUTEIbHO. eCTh ykazaHue!), 4yTo—N(X)=N
MPEBOCXOANT B 3TOM OTHOWIEHHH BCE JpYrie 3aMECTHTC/IH.

OpTo-napa-OpHeHTHPYIOlIHe aTOMBl K TIPYMNbl BO BCEX COCIMHEHAAX,
IS KOTOPBIX MOXHO HAmHMCaTh BIOJHE ONpeAe]eHHYIO dbopMy.1y. NPUMBI-
KAIOT K OEH301bHOMY SADY NOJHBIM OKTETOM  3.1eKTPOHOB. Muorna
3nech GBLIBAIOT ,1BOHHBIE H JBXe TPOHHbIe CBfi3H, KaK B MO.JICKY.IdX
CG H5 ‘N=N 'CG H{,. CG H5 ‘-CH=CH - COOH‘!), C‘; }{5 C—C -COO HZ)
(NpH HUTPOBAHHH J1aeT TOAbKO 6% MeTa-3aMCLIEH..a CeH; C = N-—819),
HO BCErila MeX1y OJ1MHAaKOBBIMM aTOMAMH, TaK UTO H BO3MOKHO M TAKOE€
pacno 10KeHHe, NPH KOTOPOM JIHIIHMC 3.1E€KTPOHbI 6y1yT y 6.avxaiiero
K 6CEH30.IbHOMY KOJbLy aTOMa.

Bro/iHe eCTeCTBEHHO, 4TO OPTO-Napa-3aMellleHHI0 OYeHb Cnoco6eTByer
CBOGOIHBIH OTPHUATE/bHBIH 3apAl. KOTODBIH JO/DKCH OTTAIKHBATBL 3/1EK-
TpOHb! OT 6aMXKaKIUX K cebe aTOMOB. OnbITbl C HUTPOBAHHEM CO€IHHEHHH,
cogepkamnux rpynny CH, - SO2R?) nokasaan, 4TO AEHCTBHTE.1LHO, HA-
M60.1bIUKMA BHIXO1 Mapa W OPTO-NPOJYKTOB (H HavMeHbIUHH-MeTa) noayua-
ercs npy R=—OH. ¥xe 3ameHa TMJIPOKCH.ILHOrO BO10pO.1d METH.IOM
MOBbLILIAET KO.1MY. 06Pa3ylollerocs MeTaHHTpo1epuBaTa ¢ 13,79 10 32.4%

[TpuBeienHble Bbllle Psibl 3aMECTHTENEH MMEIOT .IHLIb npHG.IH3H-
TeabHOe 3HaueHue. [TOYTH BCer;1a HUTPOBAHHE U ApYrHe peakKud MpHBOAAT
K CMECH BCEX TPeX H30MepoOB: OpTO, MeTa M fapa u TOJbKO npeo6aanaer
OJHH M3 THIMOB 3aMelUleHHs. B HEKOTOPbLIX CJayuasix I/IABHOC Hafpas/eHHe
npouecca 3aBHCHT M OT TOTO peareHTa, KOTODHIM MEI JeficTByeM Ha TO
WM uHoe GenzoubHoe coeiunenue. Tak CgH; - CHCl, u CyH; + CCly
NMpH HUTPOBAHWM JAIOT I11aBH. 06P. META-NPOAYKT, IPH XTOPHPOBAHHHU Napa.

Bce 3TO BnoJHe MoOXeT OblTb OO'SICHEHO TeéM, YTO oOnpejeasemoe
3aMeCTHTe.1eM TO H.IH HHOE PAclON0KEHHE 3 TEKTPOHOB B MOJIEKY/1€ AB/IACTCA
TaKkKe TOJIbKO NPe06JalaloliMM B KaXI10M OTI1eibHOM cayuae. EcTb yka-
3aHMA Jake Ha CYIICCTBOBAHME 3/MEKTPOHHBIX H30MepOB. Tak i Mera-
HHTPOTO.1Y0.1d KOHCTATHPOBAHb 1Be (QOPMEL. KOTOPHIM  MPUIIHCLIBAIOT
cTpoenue!) (BLIPAXKEHO CXeMATHUYECKH): -

-

(CHy) (CHy)
— + |
C C
-+ S — g~ —
HC/ CH HC:/ +CH
HC', C (NO.) HC C (NO,)
+cH ch
1) H. A. Schoutissen. R. T.ch. P. B. 40, 763—74; Chem. Zbl. 1928. 1, 804.
2) J.W, Baker. K. E Cooper, Ch. K. Jngold. Chem Zbl. 1928. 1, 2603.
3 Ch. K. Jngold. E.H. Jngold, F.R. Shaw. J. ch. S. Lond. 1927, 813—32
4 R.H.Clarke, R. N. Crozier. Chem. Zbl. 1926. 11, 20.
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B nepsom sapsael pasmemiessl 1o HHTporpynme (T. €. NPHHATO BO
BHUMaHHE, KaK B HeH JQOJIKHBl OblTb PACMON0KEHbl 3JEKTPOHB, a4 MOTOM
nocrpoenye foseneno a0 CH, no npuHuMny uyeperoBaHusi—--u--), Bo
BTOpo# no mertuay. Tax xak NO, 6osee CHIBHO OPHEHTHDPYIOWMH 3a-
MECTHTE/Ib, TO €CTECTBEHHO, YTO NePBLHA H30Mep A0/XKeH OhiThb yCTOHYMBee.

Y Apyrux coeiMHeHHH BO3MOXKHA Takas e H3OMEPHS, HO H30MepHhl,
TOBHAMMOMY, MOWYTH BCeria OYEHb JErKO NPeBPALAIOTCS JADYT B Apyra.
OTHOCUTeNBHBIM cOxepIKaHHEM 3THX H30MepPOB H CKOPOCTbHIO B3aHMOAeHCT-
BHA KaXAOTO M3 HHUX CO B3ATHLIM PEAreHTOM ONPe/JCJAeTC KOHEeYHHj
Pe€3yabTaT TOro MAH HHOrO Npolecca.

O CKOPOCTH HUTPOBAHHS PALTHUHBIX COEIHHEHMHl § 31eCh HHYEro He
TOBOpIO. 3JTd CKOPOCTb MNPH KaKOM-HHGY1b HMEKOLLEMCS B GeH30/1bHOM
AIPE 3aMECTHTENR NO/MKHA TaKKE 3aBUCETh OT 3JICKTPOHHOMH CTPYKTYPpHI
MOJEKY/Ib H, C1e10BaTeTbHO, MOKET GLITh ONPCIC.ICHHBIM 06Pa3oM CBsi3ana
H C IMDHTHDYIOWHM JIeHCTBHeM 3aMecTHTe.1s. HO oyeBHAHO, 38BHCHMOCTb
CAMLIKOM C10)KHA. Jlake [10BO.TbHO O6Iice HA NepBLIH B3TAST npaBH.JIo0,
4TO OPTO-napa OPHEHTHUPYIOUIME IPYMHIb YCKOPSIOT HHTPOBAHHE a, MeTa-
OPHEHTHDPYIOLIHE 3aMCAASIOT, [131€KO He BCeria onpasieiBaetcs!). Xopouo
IPHMEHHMO OHO TO/IBKO L1151 HCKOTOPBIX CH.IBHO OPHCHTHPYIOWMX rpynn:
OH, NH,, NO,, CN u yex. ap.

PasButbie B 3710 pabote coobpaxcHUst MOryT 6blTh NpHMEHEHB H
K OG'CHEHMIO IDYTUX NPOUCCCOB 3aMCIICHHS B GCHIOABHOM psay. Cyab-
#posanne npotekact. no Beei BCPOATHOCTH, COBCPILICHHO aHaJOTHYHO
HUTPOBaHUIO. XOPOWIO 06 SICHICTCS YCKOPCHHE 1€HCTRUS FaJ0H 108 B MpH-
cyretBun AlClg:

CH CH  AlC CH
ne” N\ cn e’ el HC /\;CBr
-+ AICI -> ‘ +Br—Br — » h -+ HBr+ AICI;
HC 'CH HC CH HC cH
\// \:\ - \\ -
CH CH CH

H T. 1.

') Kak nokasmBaior, Hallp., pe3ynbTaThl M3MepeHuii CKOPOCTH HWTPOBAHMs GeHsona
€ro roMoJoroB M JepHBATOB B HUTPOGEHAOALHOI cpexe (b. B. Tpouos u I H.’Bep)
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