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L. Rodina 

GENERAL VIEW ON THE CONCERTED CYCLE ADDITION
 
REACTIONS
 

The paper incorporates a briefpresentation of the history and the simplest 
description ofthe "conservation oforbital symmetry" theory, known as the so called 
"Woodward-i-Hoffmann rules". A series of examples of concerted cycle additions 
which found a wide application not only in the laboratory practice but in the modern 
industry are also given. A table with different types of the concerted cycle addition 
classifications is presented. 

H. A. AHucUMo6a, H. r. Masapoea, B. M. EepeCm06UI(KllR 

COIIPHJKEHHhIE HHTPOAJIKEHhI B PEAKQIDIX C A31f,l(AMH 

0606UjeHbZ, cucmeuamusupoeanu U npOaHQJlU3Up06aHbz numepa­

mypuue oannsie, exuosatotuue peasuuu conpsoceunux HUmpOQJlKeHOe c 
opeanuuecxuuu U neopzanuuectcuuu a3UOQMU; nOKa3aHbZ cuumemuue­
cxue e03MO;)JCHocmu smux peaxuuu. Ilpueeoeuu npuuepu npaxmuuecxo­

20 ucnonssoeanus aooyxmoe 1,3-0UnOJlJlpH020 uuxnonpucoeouueuus. 

PeaKU:HH 1,3-,rumoJUlpHoro U:HKJIOnpHCOe,llHHeHIDI npeztcraanaior aarepec KaK 

C TeOpeTHqeCKOH, TaK H C npaKTHqeCKOH TOtIKH 3peHIDI. B3aHMo,n:eHcTBHe THIIH~bIX 

1,3-.zumoJIen - aaaztos, KaK rrpaBHJIO, npaaoznrr K 06Pa30BaHHIO IDITHtVIeHHbIX re­

TepoU:HI<JIOB - TpHaJOJIHHOB, xoropsre Moryr TpaHC<pOpMHpOBaTbC$l B COOTBeTCT­

B)'IO~He TpHa30JIbI H aJHPH,llHHbI. Harepec K ofipasytouneaca UHKJIHqeCKHM coena­

HeHHKM o6yCJIOBJIeH HX urnffPOKHM rrpHMeHeHHeM B KaqeCTBe $H3HOJIOrHqeCKH aK­

THBHhIX H npyrax npaxrasecxa 3Haqu:MhIX Be~eCTB [1 ]-[7]. 

JTOKCHH
 
(npOTHBoonyxOJIeBLIA npenapar) (9,10)
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Conpu*eHHble HHTpOaJlKeHbI B peaxnasx C a3H~aMH 

B nareparype npouecc 1,3-,[(HrroIDIpHoro rraxnonpacoezraaeaaa C ysacraex 
HHTpOaJIKeHOB rrpeacraanea B OCHOBHOM B3aHMO,[(eHCTBHeM aJIKHJI- H apHJIHHTpOaJI­

KeHOB C a3H,[(aMH H HeKOTOpbIMH ,[(Ha30COe,[(HHeHHHMH. O,[(HaKO nareparypasre nan­

asre HOCHT Pa3P03HeHHbm xapaxrep H B 60JIbillHHCTBe cnysaes rrOCBHmeHbI asyse­
HHIO OT)J.eJIbHbIX npencrasarenea 1,3-,[(HrroJIeH. B OCHOBHOM 3TO pa60TbI 70-80-x 

rO,[(OB. B cospeaeaasrx 0630PHbIX H MOHorpacPWlecKHx pafiorax, rrOCBxmeHHbIX XH­

MHH HHTpOaJIKeHOB, peaKUHHM 1,3-,[(HrrOJUlpHOrO UHKJlOrrpHcoe,[(HHeHHH y,[(eIDIeTCH 

aeaocraro-rsoe BHHMaHHe. 

Ilpennaraesasra 0630P rrOCBHmeH 0606meHHlO H aHaJIH3Y HMelOmHXCH B JIHTe­

parype cBe,[(eHHH, KaCaIOmHXCH peaKUHH 1,3-,[(HrroIDIpHoro UHKJIOrrpHCOe,[(HHeHHH 

a3H,[(OB K HHTpOaJIKeHaM. 0630P HJIJIlOcTpHpyeT CHHTeTIf':leCKHe B03MO>KHOCTH peax­

UHH 1,3-,[(HrroJUlpHoro UHKJIOIIpHcoe,[(HHeHIDl H rr03BOJUleT B onpeneneaaoa creneaa 

nporaosapoaars XHMHqeCKoe rrosezreaae Pa3JIWlHblX rro CTpoeHHIO HHTpOaJIKeHOB 

BO B3aHMo,[(eHcTBHH C a3H,[(aMH. 

B3aHMOLJ;eUCTBHe HHTpOaJIKeHOB C a3HLJ:aMH 

PeaK~UU c asuoos: nampus 

AHaJIH3 rnrreparypasrx cBe,[(eHHH, KaCaIOmHXCH 1,3-,[(HrroJUlpHoro UHKJIOrrpH­

coe,[(HHeHHH a3H,[(-HOHa K HHTpOaJIKeHaM, noxassraaer, qTO HaH60JIee H3yqeHHoH HB­

JIHeTCX peaKUHX asana HaTpHH C ,B-HHTpOCTHPOJIOM Hero rrpOH3BO,[(HbIMH. ITo ztaa­

HbIM pa60T [8]-[11], B3aHMo,[(eHCTBHe C ,B-HHTpOCTHPOJIOM B ,[(HMeTHJIcYJIbcP0KcH,[(e 

(80°C, 2 q) HJIH 3TaHOJIe (78°C, 3 q) conposoxaaercs 3JIHMHHHpOBaHHeM a30THCTOH 

KHCJIOTbI H saaepmaercs 06pa30BaHHeM TpHa30JIa C BbIXO,[(aMH 40% H 67% COOTBeT­

CTBeHHO. 

RC6H4~C6H4R 

+ y + 
CJI4R 

R 
B )]:MCO ()]:M<I>A) 2-8 q 

T,oC BbIXO,n TpHaJOJla, % 
H 80 40 (67*) 

n-,M-Cl (Br) 20 31-33 
n-N02 20 34 

n-Me, N(Me)2 70 13-20 

*npHMeqaHHe: BLIXO,ll lpHa30JIa UpH KHIDI'IeHHH (78 0c) B :naHOJIe 

ITOKa3aH.O, qrO nanasae 3aMeCTHTeJIeH B 6eH30JIbHOM KOJIbue cnocoficrayer 

06Pa30BaHHIO nofio-rasrx rrpozryxros peaKI.1HH H, KaK CJIe,[(CTBHe aroro, - sezrer K 

YMeHbmeHHIO ssrxozta TpHa30JIOB ,[(0 13-34%. TaK, B crrysae 3JIeKTpOHOaKuerrTOp­

HbIX 3aMeCTHTeJIeH (n-Cl,n-Br) 06pa3yIDTCH TpHapHJI6eH30JIbI (~20%), a B crryqae 
3JIeKTpOHO,[(OHOPHbIX (OCH3, N(CH3h,CH3) - TpHHHTpoUHKJIOreKCaHbI (-5%) [10], 

[11]. ITPH npoaenenaa peaKUHH B .ll:MCO HJIH AMebA pea.KI(HH OCJIO>KHHeTCH ofipa­

30BaHHeM, rrOMHMO TpHapHJI6eH30JIa HJIH TpHHHTpoUHKJIOreKCaHa, rrOJIHMepOB HC­

xozmoro HHTp0aJIKeHa. B MeTaHOJIe )J.aHHbIH rrOJIHMep Bbl,[(eJUllOT C KOJIHqeCTBeHHbIM 

BbIXO)J.OM. 
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XHMIDI 

OTMeTHM, ~O B3a.HMO):{eHCTBHe asazta HaTpIDI C Pa3JIH~bIMH TpH3aMemeHHbI­

MH HHTpOaJIKeHaMH nporexaer HeO):{H03HaYIHO H COrrpOBOJK,UaeTCH 06pa30BaHHeM 

TpHa30JIOB, BHHHJIa3H):{OB HJIH <pypOKCaHOB. Ha rrpe):{IlO~TeJIbHOCTbHarrpaBJIeHHH 

peaKUHH cymecrseano BJIHHeT xapaxrep H MecToHaxOJK,UeHHe 3aMeCTHTeJIH B MOJIe­

KyJIe ):{HrrOJIHpO<pHJIa. B qaCTHOCTH, BBe):{eHHe B ZeM-rrOJIO:>KeHHe K aarporpyrme 
3JIeKTpOHOaKUerrTOpHOrO 3aMeCTHTeJIH (COzR, Br, NOz) [9], [12] npasozrar K rrpe­

HMymecTBeHHoMy 06Pa30BaHHIO TpHa30JIOB. 

TaK, zeM-HHTpOaKpHJIaThI, conepxaurae B p-rrOJIO:>KeHHH HH):{OJIbHbIH HJIH <py­

PHJIbHbIH 3aMeCTHTeJIH, B peaKUHSIX C a3H):{OM HaTpIDI ztaror cooraercrsyromae rere­
pansaaeureaasre TpHa30JIbI [13], 14]. 

fill
¥:M<1>~ R202C~()A.. 1 
60C N NOR 
3 saca 'N' 

Rl=H, Me, N02; R2=Me, Ph, n-ClC6H4 H 

AHaJIOrHYIHO pearapyror C a3H):{OM HaTpIDI reTepHJI-ZeM-aUHJIHHTpo3TeHbI. 

B3a.HMo):{eHcTBHe, nposoztawoe B ~<1>A HJIH )];MeO npa KOMHaTHoH TeMrrepaType 

B resenae 3-8 qaCOB, sasepmaerca 06pa30BaHHeM 4-auHJI-1,2,3-TpHa3oJIOB C BbIXO­

):{aMH):{O 80% [14]-[16]. 

o 
II

X-C\ JHet 
NaN] ,[(M<DA(,[(M~O) n 

N .... ,.N 
N 
H 

Het= furyl-2, thienyl-2, 1-Me-Ind-3,1-Ac-Ind-3, X=Me, Ph 

HaJIHqHe B ZeM-rrOJIO:>KeHHH K aarporpyrme aTOMa ranorena rrpHBO):{HT K ofipaso­
BaHHID narpocoztepzcamax TpHa30JIOB. TaK, B3aHMo):{eHCTBHe rrpOH3BO):{HbIX zeu­
6pOMHHTpOCTHpOJIOB C a3H):{OM HaTpIDI KaK B rrpOTOHHbIX (3THJIOBbIH cnapr), TaK H B 

arrpOTOHHbIX ()l;MCO, )J;M<1>A) paCTBOpHTeJISIX COrrpOBOJK,UaeTCH nerazrporanoreaa­
pOBaHHeM H sasepuraerca <pOpMHpOBaHHeM HHTpOTpHa30JIOB C BbIXO):{aMH 40-71 % 
[9], [12]. 
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R=H, Me, H-Bu 

/ CH30H (CzHsOH), " 40-500C, 1.5-3""1 

02N7~R°2N- C= CH- R + NaN3I N, .NN02 R=C6Hs, n-CIC6H4, / N

'" n-CH3C6H4 H 
CH3C~ <.n:Mct>A), 

18-200C,2.5Q 

BbIXOJ(, % BbIXO.o;, % 
R 3TaHOn, )];MCO, R 3TaHOn, )];MCO, 

78°C 60°C 78°C 60°C 
H 50-60 45-55 zz-aadrran 52 71 

n-Br (M-Cl) 40-66 56--63 n-MeO 50 44 
n-~02,(M-~02) 40-66 35-40 n-(Me)2~ 31 

Conpsosenasie HHTpOamCeHLI B peaK~HHX C a3HJJ;aMH 

R, ....C02Et 
.---. /C=C, 

N3 H 

H C02Et 

R1., S-C02Et Hi 
~C=C~ ~~~~-~N, ~N 

H N02 N 
E-, z. H 

R, "C02Et 
L...-.........C=~ 

H N3 

C XOPOliUlM BbIXO.JJ:OM (.JJ:o 70%) HHTpoTpHa30nbI norryxarorca 'raiose H3 1,1-.JJ:H­

aarpo-z-anxamapanjereaos [8], [11], [17]. 

I1POH3BO.JJ:Hble a-HHTpOaKpHnOBOH H -KOpHtIHOH KHcnOT C a3H.JJ:OM HaTpHSI pea­

rapytor npa 20°C B CYXOM ):{M<I>A B resenae 1 tI H rrpHBO):(SlT K npeaxymecrsea­
HOMY 06pa30BaHHIO TPH1l30nOB (46-58%), HapSI.JJ:Y C HHMH asinensiorca zraa R30Mep­

HbIX BHHHna3H.JJ:a (9-21%). O.JJ:HaKO B3aHMo.JJ:eHcTBHe C a3H,ZJ;OM HaTpHSI anxan- H 

apansaaemeaasrx !J-HHTpoaKpHnaToB conpoaoaoiaercx H3MeHeHHeM COOTHOlIIeHHSI 

06pa3)'lOlI(HXCji npo.JJ:YKToB B CTOPOHY ysemraeaaa BbIXO.JJ:a BHHHlIa3H.JJ:OB [18]. 

I 

~ 
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XHMIUI 

-NaSR, (-NaS02R), -N2 

R=Me, Et, Ph 

06pa30BaHHe 3aMemeHHbIX <pypOKCaHa H3 npoxexyroxnoro HHTpOBHHHJIa3H­

na nyresr UHKJIH3aJ.J;HH C BbI,ZleJIeHHeM MOJIeKyJIbI a30Ta aafimoztaerca TaIOKe npa 
nposeneaaz B3aHMo,neHCTBHjI 1,2-,nHHHTpo3TeHoB [20] H 1-HHTPo-2-rarroreH3TeHoB 

[21] C a3H,nOM HaTPHjI npa narpesaaaa no 10~150 °C. 

Aaanora-rao C 06pa30BaHHeM 3aMemeHHbIX IPYPOKCaHOB pearapyror C a3H,nOM 

HaTpHjI BHUHHarrbHbIe HHTpOTHO- H HHTpOCYJIb<P0HHJI3TeHbI [22]. TaK, B3aHMo,neHcT­

BHe 1-HHTpo-2-THo- H 1-HHTpo-2-cYJIblPo:neHoB C YKa3aHHbIM HeOpraHHqeCKHM a3H­

,nOM ocymecrsnsercs B MjlrKHX yCJIOBHSIX - B )];MCO rrpa KOMHarnOH TeMrreparype 

B TeqeHHe 3~90 MHHyT JIH60 npa 6~80 "C, 35-120 MHHYT; nponecc conposoacna­
eTCjI rrOCJIe,nOBaTeJIbHO nporexaromaaa CTa;::{HmiH 3aMemeHHjI H nHKJIH3aUHH H sa­
sepnraercs 06pa30BaHHeM IPYPOKCaHOB C KOJI~eCTBeHHhIMH BbIXO,naMH [22]. 

Y C2H50H:C(,H30 H 

R......C-c(' + NaN3 lOO-lSOC ~ 
~N R' .-NaY 

Y=N02 Hal; R,R'=H,Alk, Ph; RtoR' 

B peaK.I:(HSIX aJIKHJI(apHJI)3aMemeHHbIX P-HHTpOaKpHJIaTOB C 6pOMHCTbIM a3H­

,nOM B ~<1>A HJIH 6eH30JIe (80°C, 1 q) rrepsoaaxansno rryresr neranpotipovapoaa­
HHjI rrposressyrcsaoro npozryxra npacoenaneaaa (3aIPHKCHpOBaHHOrO npa -40.•• 

-45 DC) ofipasyrorca HCKJllOqHTeJIbHO BHHHJIa3:H,ZJ;bI (Z H E). ITo MHeHHIO aBTOpOB 

[19], E-IPOpMa ,naHHbIX a3H,nOB npa ,narrbHeHilleM aarpesaaaa (1 q) HJIH 06JIyqeHHH 

naer HHTpOa3epHH. ITpHqeM npa 06JIyqeHHH E-HHTpOBHHHJIa3H,n MO:lKeT H30MepH30­

BaTbCjI B Z-IPOpMy, craoanasapyionrytoca ztanee rryresr UHKJIH3aIlHH B IPYPOKCaH. 

R,c=c"H + N Br~ ~R-/r- ~\-fY'L~
~N"' - , 3 (.lIMc1lA) ~'"'l 

(X)2 Et 800C, 1'1 N02 N3 
Z- Hmf E-H30Mep I -HBr 

1 

[ 

R,c=c/C02Etj 

°2N"' 'N 
z­ 3 

hv, l-N2 

R,\--/C02Et 

II \\ 
N, /N 

if ° 
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Conpaseesasre ampoanseasr B peaKQHRX C a3H.llaMH 

TaKHM 06pa30M, CYAA no nareparypasns HCTO~HKaM, peaKUHH COnpSI)KeHHbIX 

HHTpo:neHOB C a3H.n;OM HaTpIDI (THIIH'tJHbIM npezrcraaarenera HeOpnUIH'IeCKHX a3H­

)lOB) B 3aBHCHMOCTH OT npaponsr H MeCTOnOJIO)KeHIDI 3aMeCTHTeJIeH npa yrnepon­
yrnepozraoa KpaTHOH CBjl3H .n;HIIOJIjIpoqmJIa H yCJIOBHH peaKUHH MOryT nporexars C 

06pa30BaHHeM HCKJIIO"9:HTeJIhHO TPHa30JIOB HJIH CMeceH TPHa30JIOB C BHHHJIa3H.n;aMH, 

JIH60 <PYPOKCaHOB. IlocJIe.n;HHH BapHaHT peaJIH3yeTCjI npennoxrarensao npa HaJIH­

liHH B BHIlHHaJIbHOM nOJIO)KeHHH K aarporpyrrrre xopomo yxonsmero 3aMeCTHTeJIjI 

(Hal, N02, SR, S02R) H l/uc-pacrrOJIO)KeHHjI K HeH asanorpyrmsr B npoMe)J(YTOtIHO 

06Pa3)'lOIIJ;HXCjI BHHHJIa3H.n;ax. 

PeaKI(UU c opzanuuecxuuu Q3UOtlMU 

COrJIaCHO JIHTepaTypHbIM .n;aHHbIM B peaKI.J;HH C OpraHH"9:eCKHMH a3H.n;aMH 6blJ1H 

aseneasr B OCHOBHOM aJIKHJI-, apHJI- H rerepansaaememrsre HHTP03TeHbI. TaK, B pa­

60Tax [23], [24] rrOKa3aHO, "9:TO npa B3aHMo.n.eHCTBHH P.HHTPOCTHpOJIa C <peHHJIa3H­

)lOM B MjIrKHX YCJIOBIUX (20°C, HeCKOJIbKO aeaens), a TaK)Ke rrpa .n;eMTH"'iaCOBOH 

ssr-nepaoce peaKIlHOHHOH CMeCH npa 100°C B nponaaone HJIH ~<1>A BbI.n;eJIjIeTCjI 

TOJIbKO 4-HHTpo-1,5-.n;H<peHHJITpHa30JIHH (a) C He3HaquTeJIbHhIM BbIXO)lOM (9-15%) 

[25], [26]. O)lHaKO nposeneaae 3TOH peaKUHH npa xansseaaa B 'ronyone (17 "9:) 

cnocoficrsyer ee rrpOTeKaHHIO no .n;BYM HanpaBJIeHHRM C 06pa30BaHHeM ssnneaa­
3BaHHOrO TpHa30JIHHa (a) H peraoasouepoa - l,4-(b) H 1,5-(c) -.n;H<peHHJI-1H-TPH­
a30JIOB B COOTHOIIIeHHH 10:1 COOTBeTCTBeHHO [24]. 

H Ph 

-HN02 • /5 4\ 
N(2J.N

pi N 
b 

H

/4 5\
Ph 

3 IN
N~2/ -, 

N Ph 
c 

- 2 

YCJIOBHlI peaxuaa BbIXO,ll" % 
PacTBOpHTeJIb T,oC Bpens, q TPH830JIHH (a) TPH830JIbI (b:c) 

- 20 * 15 -
nponanon-I 100 9 9 -

,l.(M<I>A 100 9 11 -
TOJIyOJI 110 17 20 40 (10:1) 
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• 

o nonyseaaa HHTpOTpHa30JIa (d) aapany C TpHa30JIOM (b) 6e3 aarporpynmr 

npn KHillIqeHHH B UHKJIOreKCaHe (156 q) cBH,D;eTeJIbCTB)'IOT ,AaHHbIe pa60TbI [27]. 

06pa30BaHHe 4-HHTpo-1,5-.llHcPeHHJI- (d) H 1,4-.llHcPeHHJI-1H-TpHa3oJIa (b) 3TH 

aBTOPbI 06bSlCHIDOT KaK pe3YJIbTaT neraapapoaaaas H nemrrpanaa rrepaoaasansao 

06pa3)'1Om;HXCSI perHOH30MepHbIX TpHa30JIHHOB. 

Bseneaae B peaxmno C cPeHHJIa3H,llOM 3aMem;eHHbIX (B KOJIbue) P-HHTpO­

CTHpOJIOB n03BOJISleT Ha6mo,AaTb BJIHSlHHe rrpHpO,AbI 3aMeCTHTeJISI B 6eH30JIbHOM 

KOJIbue aa TeqeHHe peaKUHH C OpraHHqeCKHMH a3H.llaMH. TaK, npa HaJIHqHH 3JIeKTpO­

HO.llOHOPHbIX 3aMeCTHTeJIeH B 6eH30JIbHOM KOJIbue P-HHTpOCTHpOJIa (n-MeTHJI-, 
n-MeTOKCH-, n-,llHMeTHJIaMHHO-) peaKUHSI sasepmaercs rrpeauymecraeaasnr 06pa30­

BaHHeM COOTBeTCTByIDIllHX 4-HHTpO-1,5-.llHapwITpHa30JIHHOB (6) [23], [25]. 

.. 
a 

R BbIXO,lJ;, % R BbIXO,lJ;, % 
0 a 

, 
0 a 

, 

-0-, n-Br - 60 n-OMe 33 
0-, n-Cl 6 31 n-Me 60 -

n- N (Me)2 26 -

I1pH BBe.lleHHH B peaxnaro C cPeHHJIa3H.llOM npOH3BO.llHbIX p-HHTpOCrnpOJIa, 

cozrepacamax anexrpoaoaxnenropasre 3aMeCrnTeJIH B 6eH30JIbHOM KOJIbue (0-, 
n-xJIop, 0-, n-6poM), 3HaqHTeJIbHO CHH)I(aeTCSI KOJIHlIeCTBO HHTpOTpHa30JIHHOB (6) H 

YBeJIHqHBaeTCSI BbIXo.ll1-cPeHHJI-4-apHJITpHa30JIOB (a') (31-60%), lITO MO)l(HO CBSI­
4 

aars, IIO-BH,llHMOMy, C IIOBblIlleHHeM nO.llBH)I(HOCTH BO.ll0p0.llHOrO aTOMa npa C aTO­

Me TpHa30JIHHOBOro reTepOUHKJIa (a) [24], [25]. 

ApOMaTHqeCKHe H aJIHcPaTlfqeCKHe HHTpo3TeHbI, conepacanrae B 6Ulj-IIOJIO:>Ke­

HHH K aarporpyrme reTepOUHKJIHqeCKHe 3aMeCTHTeJIH (MOPcPOJIHJI-, IIHppOJIH.llHJI-, 

IIHIIepH.llHJI-), 06Pa3yIDT C cPeHHJIa3H.llOM HHTpOTpHa30JIbI [28]-[30]. B qaCTHOCTH, 

IIOKa3aHO, lITO mpanc-wsouei: 2-MopcP0JIHJI-1-HHTponeHa C cPeHHJIa3H,llOM pearnpyer 

IIpH 100°C (10 q) H ztaer HHTpOTpHa30JI C BbIXO.llOM 60%, B OTJIHqHe OT ero uuc­
H30Mepa, KOTOpbIH B 3TaHOJIe IIpH 78°C (96 q) ofipasyer TOT :>Ke HHTpOCO.llep:>KalI(HH 

TpHa30JI, HO C BbIXO,llOM 30% [30], [31J. 
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Conpasseamae HHTpOamCeHbl B peaKUHBX C a3H,llaMH 

Bseaenae BO BTOpOe nOJIO:>KeHHe 2-MoPcP0JIHJI-I-HHTPo3THJIeHa erne O)lHOrO 3a­

MeCTHTeJUI (Me, Ph) npHBO)lHT K cymecrsenaovy CHH:>KeHHlO BbIXO)la HHrp0TPHaJO­

JIOB zro 14 (R1=Ph) - 16% (Rl = Me). Bsrecre C TeM, yBeJIH"t{eHHIO BbIXO)la )laHHOrO 

npoztyxra cnocoficrayer HCnOJIb30BaHHe BMeCTO cPeHHJIaJH)la n-HHTP0cPeHHJIaJH)la 

(R'<Me -30%, R1=H -75%) [30]. 

- MOP<P°JUfH 

( IUIPPOJIH,llHH, 

IIHIIepH,llHH) 

R RL R; PacTBOpHTeJIb BpeMH, q T,oC BbIXOJJ., % 
H MOP<POJIHJI H - 10 100 60 

MOP<bOJIHJI H H :naHOJI 96 78,5 30 
H MOP<POJIHJI N02 :naHOJI 100 78,5 75 

Me Mop<pomm H - 17 80 16 
Me MOP<POJIHJI N02 - 17 80 30 
Ph MOP<POJIHJI H - 16 60 14 

MOP<POJIHJI MOP<POJIHJI N02 TOJIyOJI 4 110 47 
MOp<bOJIlIJI MOP<POJIlm CI TOnyOJI 48 110 16 

R1 Rl R~ PacTBOpHTeJIb BpeMH, q T,oC BbIXOJJ., % 
IIHPPOJIHJJ.HJI IIHPPOJIHJJ.HJI N02 TOJIYOJI 4 110 30 
IIHIIepH,lJ,HJI IIHIIepHJJ.HJI N02 TOnyOJI 4 20 30 

ABTOpaMH pa60T [28, 30] nOKaJaHO, "tITO npa KHnHlIeHHH 3KBHMOJIeKYJUlpHbIX 

KOJIH"t{eCTB 3aMemeHHbIX MOPcP0JIHJIHHTP03TeHoB H n-T03HJIaJH)la B cnapre norrysa­

IOTCSI C BbIXO)laMH 13-56% 4-HHTPO-5-3aMemeHHbIe 1,2,3-TPHaJOJIbI KaK pe3YJIbTaT 

3JIHMHHHpOBaHHSI n-T03HJIaTa MOpcPOJIHHa OT nepsoaaxansao o6paJYlOrnHXCSI TPHa­

30JIHHOB. 

R 
H 

Me 

Ph 

BbIXOJJ. Ha30JIa, % 
56 
15 
13 
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Hccnezrosaaae 1,3-.llHIIOIDIpHoro UHKJIOllpHCOe.llHHeHHR aa rrpassepe peaKUHH 

reMHHaJIbH03aMemeHHbIX (110 OTHomeHHIO K aarporpyrme) aJIKHn- H apHITHHTp03Te­

HOB (Rl=A1k, Ar) C «peHHna3H.llOM 1I0Ka3bIBaeT, -rro nponecc IIpOTeKaeT peraocne­

UH<pHtIHO, COllpOBO)l()J;aeTCR 3nHMHHHpOBaHHeM a30THCTOH KHcnOTbI OT nepsoaa­

tIaJIbHO 06pa3)'1OlI(HXCR TpHa30nHHOB H saaepmaercs 06pa30BaHHeM aJIKHn(apHn)­

saxeureaasrx TpHa30nOB (60-80%) [31]. Hanaxae B zeM-II0nO)l(eHHH K aarporpyrrrre 

aTOMa ranoreaa (Rl=Br) cIIOc06CTByeT 3nHMHHHpoBaHHIO ranoreaosoztopozta C 06­

pa30BaHHeM 4-HHTpOTpHa30nOB (17-66%) [24], [25], [31]. 

R1=Alk,Ar 

-HN02­

Rl R2, 
O~C=C:H 

R2=AlK, AI 

Bseneaae B peaKIJ;HIO C <peHHna3.H,UOM HHTpOaJIKeHOB, cozrepzcamax B BHUH­

HaJIbHOM 1I0nO)l(eHHH BTOPOH anexrpoaoaxnerrropasra 3aMeCTHTenb (C02R, 
P(O)(OR)2), IIpHBO.llHT K CnO)KHOH CMeCH IIP0)lyKTOB, liTO, 1I0-BH)lHMOMy, ofiycnon­

neao Clloc06HOCTbIO ayxneotpansaoro nearpa )lHIIOIDI K araxe 110 JlBYM KOHKypH­

P)'IOlI(HM peaKUHOHHbIM IJ;eHTpaM C=C CBR3H narronspodiana. 

TaK, B3aHMO.lleHCTBHe <peHIDIa3H)la (EtOH, 20°C, 14 cyr.) C aJlKHJIOBblMH 3<pHpa­

MIl ~HHTpOaKpHITaTarrpOTeKaJIO 110 JlB}'M aanpaaneaseea C lIepBOHatIaJIbHbIM 06pa30­

BaHHeM peraoaaovepasrx TpHa30ITHHOB (a, 6). Ilocnenaae ~e B MRrKHX ycnosasx 

nposeneaas peaKUHH 1I0)lBepranHCb BHyrpHMOneKYAApHOH TpaHC«pOpMaI.{HH - .llerH){­

PRpOBaHHIO HJIH .lleHHTpaI:(HH C <popMHpOBaHHeM COOTBeTCTB)'IOmHX peraoaaosrepasrx 

TpHa30nOB C HHTpo- H 6e3 HHTpOrpyrrrrbI. Cneayer OTMeTIITb, lITO KpoMe azuryxros 1,3­

.llHIIOIDlpHOro UHKJIorrpHCOe.llHHeHIDI - IIjITHlJITeHHbIX reTepoUHKJIOB (TpHa30ITHHOB, 

TpHa30noB) - B peaKUHoHHoH CMeCH 06Hap~eHbI rrpOH3BO,lUIbIe a3HpH)lHHOB [32]. 

02NCH=CHX + PhN3 

t l l

02N X H X 02N X

H -. ~ ~ ..- 'rr5\
n.T -N2 NO H -N2 N3 IN

N l; 2?1~ 2 N ~ 2" "
 
Ph' N Ph N Ph
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COnpSI)KeHHble HHTp08mCeHbI B peaKQHSlX C aJH,A8MH 

e 

AHaJIOrHqHO peaKUHSI 1,3-,l{HIIOJUIpHOrO I(HKJIOlIpHCOe,l{HHeHHSI OC~eCTBJUI­

JIaCb rrpa HCIIOJIb30BaHHH B xasecrse ,l{HIIOJUIPO<PHJIa p-HHTpOneHHJI<poc<poHaTa. 

Ilpouecc TaK:>Ke nporexan 110 ,l{B)'M KOHKYPHpyromHM Mapmp)'TaM H 3aaepWaJICSI 06­

pa30BaHHeM a30TCO,l{ep:>KaID;HX reTepOIJ;HKJIOB - perHOH30MepHLIX TpHa30JIHHOB, 

TpHa30JIOB H ztaacrepeosrepasrx a3HpH,n:HHOB [33]. 

Bapsaposanae yCJIOBHH B3aHMO,l{eHCTBHSI <peHHJIa3H,l{a C p-HHTpOaKpHJIaTOM H 

P-HHTp03TeHHJI<poc<poHaToM II)'TeM CMeHhI pacTBOpHTeJUI (3TaHOJI, 6eH30JI, ,[(MCa, 
TOnyOJI) H rexneparypaoro pe)I(HMa (20-110 °C) IIOKa3aJIO, "'ITO He3aBHCHMO OT npa­

P0,l{bI pacTBOpHTeJUI C YBeJIHqeHHeM resmeparypu peaKI(HH Ha6J1lO,l{aeTCSI )'MeHbme­

HHe BbIXO,l{OB HHTpOTpHa30JIOB C 45%,l{0 5%, IIpH 3TOM BbIXO,l{bI TpHa30JIOB 6e3 HHT­

porpyrmsr 3aKOHOMepHo B03pacTaIOT C 15% zto 54%, ssrxoz; a3HpH,n:HHOB TaK:>Ke yse­
JIHqlfBaeTCSI C 7%,l{0 25%. 

P.'spOM-P-HHTp03TeHHJI<poc<poHaT H P.6pOM-P.HHTpOaKpHJIaT B peaxmno C 

<peHHJIa3H,l{OM BCTyrraJIH B 60JIee iKeCTKHX yCJIOBHSIX (80°C, 6eH30JI, 2 s), qrO, 110­

BH,l{HMOMY, CBSI3aHO co CTepHqeCKHM <paKTOpOM. Hamrrae aTOMa 6pOMa B MOJIeKy­

nax HCXO,l{HbIX ,l{HIIOJISIP0<pHJIOB, KaK H CJIe,l{OBaJIO o:>KH,l{aTb, ysena-raaaer seposr­
HOCTb BH)'TpHMOneKyJUIpHbIX npespameaaa IIepBOHaqaJIbHO 06Pa3YIDIIUlXCSI rpaa­

30JIHHOB, xoropsre Cpa3Y IIpeTeplIeBaIOT zterazrporanoreaaposaaae KaK HaH60JIee 

6hICTpbIH II)'Tb apOMaTH3aI(HH, xro II03BOJUIeT COXpaHHTh B CTpYKTYJle TpHa30JIa 

aarporpyrrrry. Ilpouecc 3aBepWaJICSI 06pa30BaHHeM cooTBeTcTB)'IOm;HX peraoaso­

MepHLIX HHTpOTpHa30JIOB H a3HpH,n:HHOB [34]. 

x YCJIOBIDI pea.KQHH 
BbIXOJ];, % 

TPHa30JIHH TPHa30JIbI A3HPHJ];HH 

P(O)(OR)2 3TaHOJI, 20°C, 336 q 6 52 8 
C02Et 3TaHOJI, 20°C, 336 q 7 60 7 

P(O)(OR)2 ,llMCO, 60°C, 0.08 q - 48 10 
C02Et ,llMCO, 60°C, 0.08 q - 61 12 

P(O)(OR)2 lieH30JI, 60°C, 3 q - 55 15 
C02Et lieH30JI, 60°C, 3 q - 57 17 

P(O)(OR)2 lieH30JI. 80°C, 2 q - 57 20 
C02Et lieH30JI, 0 °C, 2 q - 56 22 
C02Et TOJIYoJI, 110°C, 1,5 q - 59 25 
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TaKHM 06pa.30M, H3 aHaJIH3a HMelOm;meCH B nareparype pa60T, rrOCBHm;eHHbIX 

B3aHMO,neHCTBHIO HHTpOaJIKeHOB C <peHHJIa.3H,nOM, CJIe,LJ;yeT, -rro 'lame scero asropsr 
asurensror O.D:HH H3 perHOH30MepHbIX TpHa.30nOB [28-31], peose nonysaror perao­

aaosrepaere aztnyxrsr B BH.D:e TpHa.30nHHOB H TpHa.30nOB [24, 27]. Donee rnyooxoay 
rrpOTeKaHHIO peaKUHH - ,LJ;O TpHa.30nOB, KaK npasano, cnocoficrnyror JKeCTKHe 

ycnonaa B3aHMo,neifcTBHH H HaJIHqHe anexrpoaoaxuerrropasrx 3aMeCTHTeneH B 

MoneKynax KaK nanonspoipanoa, TaK H 1,3-,LJ;HrroneH. 

Cosoxynnocrs rrpasczrcaasrx B nareparype npaxepoa peaKUHH HHTpOanKeHOB 

C a.3H,n:aMH anmocrpapyer IIIHpoKHe B03MOJKHOCTH KOHCTpYHpOBaHHH na me OCHO­

Be a.30THCTbIX reTepOUHKnOB H o,n:HOBpeMeHHO nomepxaaaer xerxyro 3aBHCH­

MOCTb MapIIIpYTOB paCCMaTpHBaeMbIX npoueccon OT CTpoeHHH HCXO,LJ;HbIX pearcaros 

(1,3-,n:HrronH, ,LJ;HrrOngpoqmna) H ycnosaa HX B3aHMo,n:eHCTBHH. 

CYM rro nareparypasnr .D:aHHbIM, anrepec K peaKUHHM HHTpOaJIKeHOB C a.3H­

,n:aMH He ocnafiesaer. Ha HX OCHOBe nonysea ,n:OCTaTOqHO 60nbIIIOH accopraxear 
TpHa.30nOB, HHTpOTpHa.30nOB, <l!YPOKCaHOB; peaKUHH UHKnOrrpHcoe,n:HHeHHH ofiecne­
qHBaIOT yztotiasre CHHTeTHqeCKHe rrO,UXO.D:bI K ueneaanpaaneaaoxy CHHTe3Y rerepo­

UHKnHqeCKHXCTPYKTYP, B TOM qJfcne H HMelOIIJ:HX ueaaoe npaxnazmoe saaseaae. 
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N. Anisimova, N. Makarova, V. Berestovitskaya 

CONJUGATED NITROLKENES IN REACTIONS WITH AZIDES 
ANDD~COMFOUNDS 

Literature data on reactions ofconjugated nitroalkenes with organic and in­
organic azides, aliphatic and aromaticdiazocompounds are summarized, systema­
tized and analized and synthetic potential of these reactions is shown. Examples of 
practical application ofadducts of1,3-dipolar cycloaddition are presented. 
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