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"Hoeocutiupcxuii uncmumym OpZaHUTJeCKOii XUM.UU uueuu H. H . BOpOJIClIoea
 
CU6UpCKOZO OmOeJleHUR POCCUIICKOii axaoeuuu nay«
 

H CCJleOOeaHue peatcuuu ibypana U 2-MemUJl rjJyp aHa C l-numpo- U 1-6p oJl l- 1-Humpo-3 ,3,3-mp uxJ10p­
npOneHQMU nOKQ3WlO, umo drypan peazupyem no nymu oueuoeou KOHOeHCQlIUU, a e cnyuae 2-JltemWl­
rjJypaHa np ouecc npomexaem C 06pQ30eaHtteM oeyx munoe npooyxmoe - OUel/060Z0 CUHme3a II ::JJ7eK­

mpotpunsnozo saueiuenus no amou y C. 

IToBblIIIeHHbI H anrepec K peaK I..\H~M )J.HJIbCa-A JIb ­

~ep a C yxacrnev diypaua B xas ecr ae .l\HeHOBOH xoxmo­
HeHTbI CB5I3aH C B0 3MO)l(HOCTbIO CHHTC3a aa lfX OCHOBe 

OKcaHop6 opHeHOB, xoropsre IIIHp OKO HCnOJIb3YIOTC5I B 

KaqeCTBe HHTepMe.l\HaTOB npn KOHCTpy u p oBaHHH ana­
.lOr OB npapozmu x C-HYKJIe03H.l\OB [1, 2 ], MOHoTep n c­

HOH.l\OB, BbInOJIHRlOmHX cPYHKI..\HH cPep OMOHOB [3 J H 

apyrax 6HOJIOf WleCKH aKTHBHhI X BemeCTB [4, 5 ]. 

Cornacno JIHTepaTypHbIM .l\aHHbIM, xonzrencaua a 
HI1TP0 aJIKeHOB C rpypano« H ero rOMOJIOr aMH M O)l( eT 

nporexar s B 3aBHClfMoCTH OT xapaxr epa 3aMeCTHTeJIeH 

B ):lUCHC [ 6 J H .l\HeHoqHwc [7-9 J n o n YTH .l\HCHOBOr o 

CI1HTC3a HJIH 3JIeKTp 0 cP HJIbHOr O 3aMem eHU5I no arosry 
C2 

tPypaHOBoro I..\HKJIa. TaK, npu HaJIHqHH B MOJICKy­

sax HHTpOaJIKCHOB 3JICKTpOHOaKI..\Cn TOp HbI X 3aMeCTH­

reJIell (nanpaaep C 0 2R, CN, S03Ph , C Ch, P( O ) OR, 

CFJ) B ~ -nOJI O)l(eHHH K mrrporpyrme peaKI..\HH H.l\YT 

TOJIbKO no CXCMe .l\HeHOBo r o CHHTe3a [9-12 ]. 

ITP0.l\YKTbI 3JIeKTpo ¢ HJIb HOr O sasreuieuna drypa» 
06pa3y CT B pcaKI~H~ X C HHTp0 3TH JICHOM [ 9 , 13-15] H 

2eM-6 p o M HHTp OaJIKeHa M H (~-6pOM -~-HHTp03TCHHJI­

X" / CCl) 
C=C + o 

/ "" 0 2N H ° 

cPOCcPOHaTaMH H - Kap6oKCHJIaTaMH) [ 16- 18 ] . E CJIH B 

MOJIeKyJIe cPypaHa B nOJIO)l(eHlIH 2 HaXO.l\HTC5I 3JICKTpO­

HO.l\OH OpHhle 3aMCCTlfTeJIH (Cl-l-, OCH J ) , TO B pesyns­
r ar e p CaKIJ,HH ofipaayror cs npozryxrsr I.HKJIOnpHCOC.l\H­

HeHU5I H 3JIeKTpO¢ HJIbHOrO 3aMemeHH5I [ 6 ]. 

HaCT05llIl,Ce HCCJIC.l\OBaHHe nocnsmeao H3yqeHHIO 

p eaKUHH BHI..\HHaJIbHO 3a MCm CHHbI X HHTpOaJIKeHOB ­

I-HHTpo- H 1- 6 p o M- I-HHTpo-3,3,3 -Tp Hx JIo p n p o n c Ho B 

(I , II) - C cPy p aHoM H 2-MCTHJlcPypaHo M, a TaIOK e c o ­

nOCTaBJIeHHJO HX nOBe.l\eHHR C HHTpo 3TcHaM H, CO.l\CP­

)l(all.(H MH B ~ -nOJIO)l(eH HH ztpyrue 3JICKTpo HOaKI..\Cn TOp ­

HbIe 3a MCCTHTe JIH . 

Panee asropaaa p a6 0 Th I [ 19] 6 bIJIO yCTaHOBJIeHO, 

lITO I -H HTp o - 3,3,3 -TpHXJIOp n p On c H C cPypaHoM peara ­
pyer rrpa KOMH aTH OH rexmeparype B Teq CHHe 22 CYT 

C ofipaaoaannea CMeCH COOTBCTCTBYlOm l1X naacr cpco­
MCp HbI X oxcanopfiopa enoa. 

Ilpoaeneaaue HaMH axcrrepnv ea r a ns nsre UCCJIe.l\O­

BaHm I nOKaJaJIH , <JTO B3aHMO.l\eHcTBne HHTpOaJIKeHOB 

(I, II) c (py p aHo M npOTeKaCT HaH60 JIec 3¢qICKTHBHO B 

M5Ir KHX YCJIOBH~ X (1 6-18° C , B OTCYTCTBHe pacr aopa­

70 
2 CCl) 

) f/ 4 I 6 " , 
.5 // B 

0 2N
,\' 

X 
r. n :moo-(N02)- li la, IVa 

X = H (l , IlIa, 6); Br (II, I V a , 6). 

ITOCrynHJIO B P C.l\aKI..\HIO 10 HIOH$I 20 13 r. 
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OHHOH CMeCH nafinronaercs HaKOIIJ1eHHe Tep MO.llIIHa­

MH l1eCKI1 x o n r p onapyea o r o H30 Mc p a 3 Hdo-( V a) , KOTO­

PblH }{BJIliCTCli npeofinanaroum a (Va :V 6 = 5 : 1) 11 npr 
YBeJIli q eHHH Te r-.m epaTyphl peaxuna ( 8 0°C , C 61I6, 5 'I). 
Oznraxo rrOIIhITK a er o B hI)l eJI e H H~ MeTO,ll,OM Kono· 

HO'fHOH x p ovaror p aqum n pasena K 06pa30BaH1!1O 

3 a M e l ~C H Ho ro <!Jy p arJa V I ) . 3TOT <!JaKT cornacyetcs 

C OOTHOIlleHHe V a:V6:V I no ,n:aHHbIM 5lM P IH 

1.0:2.0:0.1 

1.0:1.5:0.2 

2.0:1.0:0.4 

4.0 :1.0:0.6 

5.0 :1.0:5.0 

"t"'--t--X(HBU) 
HA N0 2 

V I , VIlla, 6 

X = H (I, Va, 6 , VIa, 6 ) ; B r (II, VIla, 6, VIIIa, 6). 

T, °C B p eM5I , q 

20 12 

20 120 

20 240 

20 960 

80 (C6H6) 12 

M aKC H M aJlhHa~ xonuepcna HCXO)lHhI X COe,ll,HHCHHH 

( -85% ) H a 6j] IO)l a eTC~ -repea 5 CYT; B x one p eaKUHH 

COOTH OlliCHHe aMy KToB rrOCTOliHHO H3MeHjJCTCH. T aK, 

::.lK30-0Kc a Ho p6op HCH ( V 6 ) npeofinaziaer B peaK1.l,HOH­

HOn CMCCH B 1.5-2 pasa B Te QCHHe 5 CYT, lITO 

II0 3BOJIHeT pac cxra'rpa aar t, e r a KaK KHHeTUqeCKH KOH­

.rpo n a p y e a s o i n p ony x r [20]. C o apex enev B peaKIIH-

I, II 

-- -- ....-


2 50 

TCJm) 11 saacp uraer c a 0 6 pa30 BaHl1eM CMeCeH naacrepe­

OMe p HbIX J" d o -(N02) - , 3K30-(N 0 2) -OKcaHo p 6 0 pHelIOB 

(lIla, 6 ) 11 ( IVa , 6) C 06ll1,I1M BbIXO,ll,OM 86-8 8 % . C OOT­

nourenae »noo- 11 3K30 - 1130Mep OB rrpn I1Cn OJIb30BaHI1H 

HI1Tp0 aJIKe H3 (1) COCTaB l1n O lIla:III6 = 1:1, 'ITO COOT­

BeTcTBy eT J1IfTepaTYp HbIM IlaHHbIM [19). 

Y!c n OJIh 30BaHlfc z e.JI -6p OMHHTpOaJIKeHa (II) npase­
no K yaennvemno CeneKTI1BH OCTH p eaK1.l,I1H, a p l1 3TOM 

COOTlW llle HHC o Kc aHo p 6 0 p HCHOB 3 Hdo -(lV a) :3K30 -(lV6) 

cocr as nno 6:1 COOTBeTCTBeHHO. .LJ:aHHoe COOTHOllIe­

HH e B ofionx cnyxaxx He 113MCHliJIOCb B r es ena e 19 CYT 

(xoaaepcns pea rerrr os - 9 0 % ), nocne xero B yxasan­
Hbl X YCJIOBlliIX nafimonanacs per po-nnenoaaa peaxuaa 
)])151 3Hd O- H30 Mep OB ( JIIa ) H (IV a ) , 'ITO npasonuno K 

Ha KOllJICHl1l0 HCXO,ll,HhI X HlnpOaJIKeHOB (J, II) B peas­
IIHOtlHOH CMeCH. D On bITKa yacnn-renn a CKOp OCTI1 pe ­
a KIIHIl nyrea narpesanaa CMeC H HCXO,ll,HbIX pearerrroa 
(1 -r, 80° , C 6H6) ycxopana perpo-peax umo ,D;Hn bc a­

Ansnepa 11 , KaK CJI e,ll,CTBHe , cnoc 0 6CTBOBaJIa y Mc Hbllle ­

HHiO BbIXO a oscanopfiopue noa ( IJIa, 6 , IVa , 6 ) no 10­

15%. OTMeTH!o.! , 'ITO ze.M-6p OM Hl-rrp OaJIKeH (II ) B OTJII1­

O N H2 ,/ 
e= e + 

/ "­
X cci, 

H. A. A HUCUMOeGUop. 

'{ He OT z eM -6 p OMHHTp Oa KpHJIaTa H - cPo c $ OHaTa [1 6­
18] npn B3aHMO,ll,ei1cTBHH C rpypairoxr He nasan npo 
.n.yKTOB anexrp odmnsnoro aasreuterra x . 

Konneacauna Hl1TpOaJIKeHOB (1, II) C 2-Me'rJ1J1¢Y­

panoxt npor exana HeO,ll,H0 3Haq HO, '{TO IIOCJIYJKIIJIO 

OCHOBa HHe M .n.JIli ee TmaTeJIbHOr O H3yqCHHli. ComaCHO 

mrreparypnsrv ,ll,aHH bIM [ 19] , B3aHMO,ll,eHCTBHe HilT· 

pOaJIKeHa (1) C 2-M eTl1ncPypaHo M ( KOM HaTHa51 reu­
neparypa, 4 q ) n p HBO,ll,HJIO K 06p a30 BallHJO COOTBe­

TCTBy JOlll,HX euoo- H 3K30 -o Kc aHo p 6 0 p He Ho B (Va:V 6 = 

= 1:3 ) , KOTOp bIC TpaHc cPopM Hp OBaJIHCb B rrponyn 
3n eKTpo epHJI h HOr O 3a Me m eHHli TOJJbKO non ,ll, eHCTBll e~1 

TpHcPTOp y KCy c Ho H KH CJIOThl HJJH IIpH ,ll,nHTeJIbHOH 

BbI.n.eP)KKC ( 2 Mec) pcaKIIHoHH OH CMeCH. O)lHaKO Ha­

6nlO,ll,e HHe aa X O)lOM p c aKIIHH C HCIIOJIh3 0 BaHHeM cnes­
TpOCKOIIHH 5lMP IH n03BOJIHJIO yC Ta HoBHTh , 'lTO npll 
B3aH fO)leHCTBHH HHTpOaJIKeHa (I) C 2 - MeTHJItPypaHOlI 

(5 CYT, 16 - 18 ° C, B OTc YT cTBlle pacrsoparena) 06pa:Jy' 
IOTCli He TOJIb KO aM YKTb J )lHeHOBOr o CHHTe3a - oxca­
Hop60 p He HbI ( V a, 6) , HO H IIp O)lyKT 3JIeKTp 0 tPHJIbHoro 

3aMelll,eHlili - 2,5-)lH3aMem e HHbIH epy p aH (VI). 



J /I cmpoeuue OKCa HOp 6 0p He H06, P YH Kl jUOHaJl U311p 06aHHbl X HUmpO 

HeHa

re

jHKl.(11 11 

Tor 

rreparypnsrv n .L\aHHbI MH 0 6 6JI billeH JIa6HJIb ­

!I :mdo(N0 2) - H30 Mep OB H CKJIOHHOCTH HX yzce 
~rKHX YCJlOBfUI X K pea K~H I1 BHy TpHMOJIeKy JUlp Ho H 

H C ~ OpM a UI1H (peTp O-.L\HCIIOBblH CHHTe3 , paCKp blTHe 

soptiopueaoaoro xons ua C 0 6 p a30BaHI1eM 3a Me­

.HhIX <pypaHo B, OKcaHop60p Ha.L\l1eHOB 11 ap e HOB) 

,22]. 
Je.II-Bp OMHHTp OaJIKe H (II) pearnpoa I C 2-MeTI1JI ­


HOM B auan orn-nu,tx ycnoa uax C 0 6 p a30 Ba HHeM
 

II :mdo-(N0 2) - H 3K30-(N 0 2) - H30 M ep OB OKc aHOp ­


(VIla , 6 ) B COOTHOIlleHl111 10: I H 2 ,5 - .L\HaJI ­


$ypaHa ( V Illa , 6 ) B COOTIIOIlleH l111 1:2 . D o .L\aHHbIM
 

n pOCKOn l111 5fMP I H, oxcanoptiop a easr ( V Ila , 6 )
 

,,3 10 cyr nOJI HOCTblO TpaHccPop M Hp OBaJIl1Cb B OT­

srue <pOPMbl ( V illa , 6) . OrMeTHM, 'ITO oxcaaopfiop­

HhI (V a, 6, V ila , 6) B ycnoaua x peaK~1111 npeapauia­

h rOJIbKO B orxpu r u e cPOPM bl (VI , V IIIa , 6) H He
 

pnesana BTOp W lH blC nponeccu nernnporanore­

OBaHHlI , KaK ObIJlO rrOKa3a HO H aMI1 panee .L\nH oxca­


p60pHeHOB, CO.L\ep )KamHX BMeCTO TpI1XJIOpMeTl1nb­


if rpyrmsr Kap 6 o KCHJIaTHy lO I1n H cPOCcPOHaTHylO
 

[10, 16, 18] . Orcyr crsne sropa-msrx aayr­
lfOJleKy n 5lpH hl x nponecc os (a npezcne acero nernn­

ranoreaa poaaa a a), rrO-Bll.L\HMOMY, MO)KHO 06b51C­


.h fionee MlI rrmMI1 y c n OBH5IMI1 peaK ~ 1111 11 npyroii
 
errpomroa npHp O.L\OH 11JH JIOpMeTl1J1h HOH rp yrm sr
 

iO cpasnenmo C aJIKOKCHKap6oHH. bHOH 11 JIHaJIKOKCH­

C~OP l1JIbHOH [23]. O CYIlieCTBJIem t e peaxu nn Hl1TP O­

rena (II) C 2 -M eTl1ncPypa Ho M npn aarpesanaa B 6eH­

ne (5 'I) npuseno K 0 6 p a3 0 Ba HI1IO I1CKJllO lfl1TeJlbHO 

jpaaoa ( V llIa , 6) B COOTHOllleH I1H 1: I. 
<p aKT, "ITO 0 6p a 3YlOIli l1eCH B pac cMaTpI1BaeMblx 

3Kl.(I1HX oxcaaopfiopnenu (Va, 6, V Ila, 6) n p a yse ­

- 11 mpuxnopstemuneuoii zpy nnauu 2 5 1 

nl1lfeHl1l1 BbI.L\ep)KKI1 p eaKl..\110HHOH CMeClI, a r asose n pu 

nonsrnce I1X asuienemrs na CH nncareire npespamaior ca 
B or xpur sre cPOPMbl ( V I , V illa , 6 ) , CBl1n eTCJlb CTBy eT, 

nO-BI1.L\I1MOM Y, 0 TOM , "ITO n OCJIe.L\Hl1e jlBJUIIOTC51 pe­
3YJIbTaTOM paCKpblTH5I He y cTOH LJ HBblX CTepWleCKH aa­
rpyxce mrux OKc aHop60 p HeHOB; nor n-mo, l ITO Ta KOH 

Map illpyr peaKIV IH xapaxr epen n JIH 2 -MCnIJltPy p an a . 

Crpoeane CHHTC3HpOBaHHbl X COeJIHHeH HH (IlIa , 6 ­

VIIIa , 6 ) YCTaHOBneIlO conoxyrnr ocr s io MCTO.L\OB 11K, 
51MP IH 11 13C cn etcrpocxo n nn C n p HMeHeH11e M rere­

13
p OH.L\ep HhIX Kop p em I UHOHHhl X 3K Cnepl1MeHTOB CH_ C 
HMQC, IH_13C HMBC) 11 pear renocrpyxrypuoro 
aHaJI!13a . 

B cn exrpax 51MP IH U11KJlHtl eCK l1e (oxcauopfiop­
aensi) H or xpsrru e (saa euieanu e cPyp a HbI) <pOPM bl 

nanfionee -rerxo OTJIHl.Ja IOTC51 no CHfHaJIaM rtporoaos 
M CTI1Jl hIlbI X r p y n n , KOTOpblC npOHBJUllOTC5I B cPOp MC 

CI1Hr JleTOB H He rrepespsraaior ca B n OJIC cnexrpa C 

.L\PYfHM H CHfHaJIaM II . Y oxcas opfiopneuoa MeTHJIbHble 

rpynnu, pacnonaraionnrecs y 6 a3 0 BOrO Sp3-r utipun ­
aoro aTOMa yrnepona, HM elOT XHMl1lfeCKHe C.L\BHrH 

1.58 11 1.84 M • .L\., a MeTI1Jlh Hhl e rp yrmsr orxpsrrsix 
cPOpM, HaXOAAIli11eCH npn CBH3H C=C cPyp aH a, 3aKO­

HOM ep Ho pe30HHpYIOT B 60JIee CJla60 M none (2 .20 11 

2 .29 M . n.). 
Cnexrpu 51MP IH oKc an o p 6 0 p HCHOB ( III-V, VII) 

conepzcar cam anu scex nporcnos ~H KJIa , a I1MeH HO ­

6a30 Bhl X (H I, H4
) , 0 e<pHH ORbI X Of, f·e ) 11 MeTUIIOBhlX 

(H5(6) N 0 2, H 6(5) CC13) . Easoasie nporon sr (H I , H4
) 

BCJIelJ;CTB11e COCe.L\CTBa C 3JlCKTp OOTpHl{aTeJIbHbIM M OC­

T11KOBbIM K11CJIOP0.L\OM HMelOT cnationon s nsrc cnra an sr 
B .L\l1ana30 HC 5 .11 -5 .38 (H I) 11 5. 3 6-5. 7 9 M. A. (H4

) 

(pn c . 1, Ta 6 JI. 1,2) . 

3 3 

\\" " \ 
3 

H" 3K30°2N''\ H N0 2 
3 1100 - 3K30 ­

l·r6 
H3 HI H6 3110 0 

3 K30 3K30 H4 3 1\30 H2 1-12 
K30 

H3 
HOO 

I-[l »noo 31\30 3HOO 

r'I5 H4 
3 HOO 3HOO 

I 

7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 8, M • .ll.. 

PIIC. 1. Cnexrp 5IMP IH (CDC!)) cxteca 31100 - 11 :JK30 - lf30 Me p OB coennaeuna (IIIa, 6), ClIlIThlH Cpa3Y nocne saueptueuua peaKUlIJ1. 

..• -r:r» . - ' . . -... '::~• .:~.,:_>.:.:~.. -.;: .. t; ..~<::.:.~~':: "'-=.. . .::, 
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252 H. A . AHU CU.J1W 6G U op. 

Ta6J11u~a 1
 

Il annsre cnexrpos 5lMP IH, 13c HI1TpOOKCaHop6opHeHoB (IlIa, 6, Na, 6)
 

BbIXO,il, % Cnercrp 5lMP lH (CDCl3), 0, M. Ll. (1, [II) Cne xrp .5l M P 13C (CDCI3), oc, M. Ll: 
NQ X 

(a:6) HI H2 H3 H4 HS H6 C1 C2 C3 C4 CS C6 

lila H 

) 
5.23 Ll. Ll 6.43 Ll. ,il 6.85 n. Ll 5.49 n, T 5. 13 n, Ll 3.61 ,il 83.10 134.06 139.70 80.02 84.46 64.52 

4J H1 H3 1.93 4J H2 H4 1.27 4JH3HI 1.93 4JH4H2 1.27 3J HSH6 3.97 3J H6HS3.97 
88 3./H1H6 1.86 3J H6HI 1.86 

(1: 1) 3J H2H3 5.65 3J H4 HS4.74 

III6 H 5.30 Jl 6.59 n. ,il 6.69 n, ,il 5.36 T 4.59 ,il. Ll 4.50 T 86.21 133.63 137.63 80.83 87.44 64.16 

4J HIH3 1.67 4JH2H4 1.92 4JH3HI 1.67 4JH4H2 1.92 3J HSH64.63 JJ H6H5 4.63 

J./H1H64.12 JJ H6H14.12 

JJ H2 H.1 5.62 3J H4HS0.56 

IVa Br 

) 
5.34 n. Ll 6.46 n, n I 6.87 n. n 5.49T - 3.84 c 84.62 135.30 141.06 89.90 89.57 65.71 

86 4J HI H.1 1.62 4JH2H4 1.86 4JH3Hl 1.62 JJ H4H2 1.86 

(6:1) 3J HIH6 1.83 3JH2H.1 5.72 

IV6 Br 5.38 n. Ll 6.62 Ll· Ll I 6.85 n, ,il 5.79 ts. Ll - 4.68 Ll - - - - - -

3JH1H6 3.99 4JH2H4 1.98 4JH4H2 1.98 JJH6Hl 3.99 

4J IIIH.1 1.53 JJ H2H.1 5.78 

"pOllle'JaUue. a) CHrHaJI aTOMa yr nep cna <pparMeHTa CCI3; oc, M. n.: 98.22 (IlIa) , 96.2 1 (1II6), 97.85 (Na). 

npHHa,Ll,JIe)KHOCTb IIOJIytJeHHbIX COe,l.(HHeHHH K 3 H­

00- HJIH 3K30- Pll,l.(y OIIpe,l.(eJIllJIH aa OCHOBaHHH aHaJIH­

THtJe CKHX KpHTep HeB, OIIHcaHHbIX B nareparype ,l.(JI1l 

CTp y KTypHO O,l.(HOTHIIHbIX COe,l.(HHeHHH [10, 24-26]. 
O ,l.(HHM H3 TaKHX KpHTepHeB xanaercs 3H alJ:eHHe XHMH­

xecxoro cnsara HHTpOMeTHHOBOro IIpOTOHa H5
(6l . Pa3­

JIHtJHe B BeJIHlJ:I1HaX X HM HlJ:eCKHX C,l.(BHr OB YKa3 a HHOr O 

IIp OTOHa B 3 HOO-(NOZ ) - H 3K3 0 -(NO z) - H30Mep a x o6y­

CJIOBJICHO ero HeO,l.(HHaKOBbIM paCIIOJIO)KeHHeM B npo­
crpancr se OTHOCHTeJIb HO M arHlITHO a Hl130 Tp On Ho H 

CBSI3H C=C u,HKJIa . KaK CJIC,l.(y eT 1I3 ,l.(aHHbIX Ta6JI. 1 H 

puc. 2, B 3 HOo - H30 Mep e npor on H5 
HMeeT 66JIbllIHe 

3Ha lJ:eHl11l XHMHgeCKoro czrsara (5.13 M . n.) H BH U,H­

HaJIbHOH KOHCTaHTbI 3J H4Hs 4.74 Fu lJ:TO saxonosrepuo 
COOTBeTCTBy eT ero 3K30 -opHeHTau,HH B COe,l.(HHe ­

HHH (IlIa). Mensume 3HalJ:eHH1l XHMHQeCKOr O cnaara 
(4.59 M. n.) H KCCB eJ H4HS 0.56 r u,) eroro nporoaa 

5
OTBe lJ:aIOT 3HOO( H )-p a c n OJIO)KeHHIO B COe,l.(HHeHHH 

(Ill6), lJ:TO cornacyercx C JIHTep arypHbI M H ,l.(aHHbIMH 

,l.(JIll 6 m (HKJIHlJ:e CKHX crpyxryp [27]. 

C UHlni 

V 

V 

MeTUHOBble nporonsr H6 
B COe,l.(UHeHIUI X (lIla , 6, 

I V a , 6 ) H H5 
B COe,l.(UHeHHllX (Va , 6, V Ila , 6 ) peaoanpy­

lOT B ,l.(HaIIa30He 3.6 1-4.68 M . n, B oxcauopfiopneaax 
6

(ITIa , 6, IVa, 6) CHrHaJI npor oaa H CB1l3aH BIHl,JI­

HaJIbHbIMH KOHCTaHTaMH C rrpor onost HI, xor opste rax­
)Ke xapaxrepaaytor ero npocrpancrnemryio OpHeIITa­

IJ)11O . Carnanu C MeHbllIUM H 3Ha QeHHlIM H XH MHlJ:eCKfiX 

C,l.(BHrOB H KCCB [3.6 1 M. ,l.( . H 3J HIH6 1.86 I'u ,/(nH 

coenaaenas ( IIIa) H 3.84 M . n. ,l.(JUI COe,l.(UHeHHR (IVa)] Te 

cooraercr sytor 3HOO-n OJIO)KeHHIO eroro nporoaa, a Cl 

CUrHaJIbl C 66JIbllIHMH 3Ha lJCHHRM H XHMHlJ:eCKfiX 3M 

C,l.(BHr OB U KCCB [4.50 M . ,l.(. C 3.!H1H6 4.12 r IJ, ,/(nH H" 
COe,l.(H HeHHll (Ill6 ) II 4.68 M . ,l.( . C 3.!HIH6 3.99 I'u ,/(nH 6( 
COe,l.(HHeHHll ( IV6 ) ] - COOTBeTCTBeHHO 3K30 -nono­ 3C 

)KeHm o . BI 

3 Ha q e HIIlI BUUHHaJI bHblX KCCB MeTHHOBbIX n p OTO­ CJ 

HOB (H5
, H6

) B COe,l.(H HeHUlIX (IIIa, 6 , Va, 6 ) eJ WH6 3.97 6­
H 4.63 Tu] coor aer crsyior mp a Hc -paCnOJIO)KeHIIKl 3 ' 

3THX n p o roaoa, xapax r ep n o sry ,l.(JIR reouerpan crpyx­ P 
TypHO O,l.(HOTUn HbIX Beme CTB [27, 28]. M 
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Tafinnua 2 

):(aHHble CrreKTpOB 5lMP 1H HHTpOOKcaHop6opHeHOB (V a, 6, VIla, 6) 

0 7 

COOTHOLUeHHe Cnercrp mvlP IH (CD CI3), 0, M. n, (1, rl.\) 
XQ X 

a:6a 
CH3 H2 H3 Hoi H5 J-[6 

Va H 

} 
1.81 C 6.82,[l. ,[l 6.21 ,[l 5.11,[l 3.72 n 4.81,[l 

1:2 
4JH2H4 1.85 4JH4H2 1.85 

3J H2H3 5.65 3JH5H63.97 

V6 H 1.56 C 6.67 ,[l. .u 6.32 ,[l 5.22 ,[l. n 4.51 ,[l. ,[l 4.64 ,[l 

4J H2H4 1.68 4J H4H2 1.68 3JH5H44. 11 

3JH4 H5 4.11 

3J H2H3 5 .62 3JH5j-] 64.63 

Vila Br } 1.85 C 6.60 M '1 6.05 M 5.25 M 3.74 M -, -
10:1 

VIl 6 Br 1.59 C 6.59 M 6.25 M 5.30 M 4.35 M -

npHMe'laHHe. a) Coe,UHHeHHlI (Va, 6, VIla, 6) 3aqmKcHpoBaHbI cnexr pansno; COOTHOLUeHHe a:6 B peaKl.\HOHHOH CMeCH tJ epe3 5 cy r. 

7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 S, M .)J.. 

PIIC. 2. Cnexrp 5lMP IH (CDCI}) :moo-H30Mepa coe,UHHeH H>I (lIla). 

Hapazty C Ha3Ba HHbIMI1 aHaJUIT l1q eCKMMM Kp U ­

repHJIMU QYBCTBMTeJIbHbI M I1 K CTepCOXI1 m QeCKOMY 

crpOeHI1IO HBm l IOTCH 11 onedraaos u e nporonsr y CBH­
3 

3fl C2
= C o.MKJIa ,UmI :moo-(N0 2) - 11 3K30-(N0 2)­

1130Mep OB. Onediaaoau e npor onsr H2 
M H3 

OKCaHOp­

oopHeHOB ( IlIa , 6-V a , 6 , V Ila) npOHBJIHIOTCH B zraana­
30He 6.05-6.87 M. ,U. C xapaxr epasma 3HaQeHI1HMM 

BHl.\llHaJIbHbIX KOHCTaHT 3J WH6 5.62- 5.78 Tu, K a K M B 

CJIY'Iae panee ona c ana s tx a o p fio p n eaoa [25, 26], 
66JIbIIIee 3HaGCHI1e p a3 HI1IJ.hI XMM HGCCKI-IX C,UBMrOB 

JTl1X nporonos COOTBcTcTByer 31i00-OpMeHTao.MM HMT­

porpy n n bI ; B HaIIIeM c rry x ae LiH2H3 
,Um I 31i00-M30­

\lepOB ( lIla- V a , VIla) COCTaBJUIeT 0.41-0.61 M . ,U, a 

,UJIH 3K30 - 1130 Mep OB ( 1lI6-V6, VII6) COOTBCTCTBeHHO ­

LiH2H3 0.10-0.35 M. ,U. 

TIOJIyqeHHbl c HaMH <pM3I1KO-XI1MMQeCKMe xapaxre­
PI1CTMKI-I )J.JlH c oe,UuHeHliH ( llIa , 6) B I(CJIOM 6 JIH3KI1 

Ta KOBbI M ,UJIH 0 6paJ UOB, npHBc,UcHH bIX B nareparype 
[19]. 

B cnexrpax 5lMP IH oxcauopfiopaenoa (Va, 6, 
V Ila , 6), conepscaumx MeTHJIb HYIO rpynny y 6a30 ­

soro aTOMa YTJIc p o ,Ua C \ Ha6JIIO,UacTcH pa3JHIG ­

HOC npoasn ea ae CHrHaJIOB rpyrmu C H 3 - 1.56 H 

1.59 M. ,U. ,UmI 3K30-(V6, VJI6), 1.81 11 1.85 M. ,U. )J.JlH 

31i00-(Va, V Ila) H30MCpOB (Ta6 JI. 2). C JIa6 0 n OJIb HOe 

cMerueH HC CI-IrHaJIa ,UJIH n OCJIe,UHHX. nO-Bn,UHMoMy, 

~ 

........ -. - . - . - - ', ..-. .
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MOIK IlO OOb HClI l1T b n poCTP aHC'1'Bc HHOH C6J1\1)Ke H­

HOCThlO MensnbBo H H mrr porpyrm B 06naCTI-f CKJIa,l:(­

QUT OCTI1 unxna. 
B c o e,UI1H HtUl X (ilia, 6 , N a, 6) cnr nanu nporoacs 

HI 11 H3
; H2 

II H4 
CBH3aHbl M eIK,I:(y c 0 6 0 H ,l:(aJIbHHM I1 

KCCB [28] co 3Ha 4 eHHHMH 1.27- 1.98 11 1.62-1.93 ru 
COOT BCTCTBe HHO. Han uaae Cl-lj-rpynnsr y aTOM a yrne­
pozia c ' B COC,I:(UHem Ui X ( V a, 6 , V Ila , 6) 06b Hc HHeT 

orcyr crsae Tal<OBOH ,l:(JIH Cl1f11aJIa npor oaa H3
, 'HO 

caunerenscr syer 0 n paBHJl bHOCTIl l1.u.ellTl1epu KaU I1I1 

cnrnanoa np or ou oa y fiaaos oro aTO M a C4 
11 onerpnuo­

BhI X n p OTOHOB unxna. 
Ilp aaan snocn, OT Hece HH H MeTI1HOBbI X U onednuro­

BblX n p OTOHOB oxcan opfiopaeaoaoro KOJ1bL(a B MOJ1e­

xynax oxcanopfiopnea on ( lIla , 6 , IVa, 6 ) nozrraepaore­
na M e'1'O,l:(OM ,l:(By M e pHoH rerepoanep a oii xoppenauaon­

13CBO H c n e KTpocKODHH IH_ HMQC. T aK, B cnexrpe 
IH_13C HMQC COe,l:(H He IlH11 ( N a) (puc. 3) nafimona­
eTC}! B3aU MOCB}l 3b CHrHa.J10 B 0 a30BbIX npor oaon HI 
(5.34 M. .) 11 H4 (5.49 M . ,1:(.) C aTOMaMI1 yrnepona 
C 1 (84.62 M . ,1:( .) 11 C4 (89.90 M . ,1:( .) COOTBeTCTBe HHO, 

MeTHHOBo r o npor o u a H6 (3.84 M. ,1:\ .) C a'1'OM01\1 C6 

(65.71 M. ,1:\.), oneqmaoau x nporonos H2 (6.46 M . ,1:\.) 
H H3 (6.87 M. ,1:\. ) C aT OM aMH C2 (135.30 M . }J,.) H C3 

(14 1.06 M . ,1:(. ) COOTBeTCTBeH HO. 

AUa.'1H3 cneicr pa 'H_ 13C HM BC COe,l:(ImeHI1H (IVa) 

(pnc. 4) n03B0 J1 I1J1 rt p a au nsn o l1,1:(eHTHepUll.Hp OBaTb 

II. A . A,JlICU;\10 6a U Jp. 

cnraan sr MeTI1HOBOrO 11 onedia aosu x n p OTOHOI 

mncna, TaK KaK B He M n p OCn e)KHBaeTCH xoppen­
H2 una MeIK,I:\y CHf HaJIaM U n p OTOHa (6.46 M . JJ..) I: 

I 2 : 
aTOM aMH C (84.62 M . ,1:\ .), C ( 135.30 M . n.), C 
(141.06 M. ,1:(.); npor ouou H3 (6.87 M. zi.) H aTOMa~ 1M 
C4 (89.90 M . n.), C I (84.62 M . ,1:( .) , C3 (14 1.06 M. n.), 
C2 (135.30 M. ,U.) ; lIpOTOHOM HI (5.34 M . ,1:\.) H aTO M a~1II 
yrnepona TPI1XJ10 pMeT UJIbHOH r p ynn hl (97.85 M. ;1.). 
c' (84.62 M . zt.), C2 (135.30 M . ,n.), n p OTOHOM 1-14 (5 .49 

-+ I ' M. n .) 11 aTOM a MU C (89.90 M . n.) , C (84.62 M . n.), C 
(141.06 M. n.). 

AHaJIOr W -JH bIH nonxon C I1cnOHb30 Ba HHeM ,l:\By ,-tep· 

HhI X cne tcrpon OhlJI npmrenen H n p l1 aHaJIH3e cnexrpcs 
5IMP lH_ 13C ,l:\JI}I Coe,l:(I1HeHH H (lIla, 6 , I V o ) . 

HK cnexrpsr oxca uopoopneaoa (IlIa , 6, I V a, 6) II 

3a Mem eHHhIX epy p aHoB CO,l:\ep IK aT nOnOCbJ norno 
m e HI1}1 aarporpynnu B ofinacrxx (1560-1575, 1345­
1373 CM.. t) . 

Ilonaas H H<p0 PM a llYVI 0 TOHKOH cTPyKTYpe CIIHTe· 

sa poaaunstx oxcaaoptiopneuoa B raepnoii q>a3e nony· 
xeaa n p n H3 Yl.Je HI1H crpo e a u s ona oro 113 npencr as nre 

JIeu p Sln a - aernecrn a (IV a) - :>feTO,l:\OM p eHTr eHOCT' 

pyxryp n o ro aaanasa, n p OCTpaHCTBeHHoe crpoeine 
M OJIeKy JIhI n OKa3 aHO a a p HC. 5, reo n erpa-re c s ae n apa 

MeTpbI npencr aaneusr B Tu6 J1 . 3- 5. DI1ll.HKJIH4CCKlIii 

eppar MeHT HMeeT OObl4HYJO )J) UJ Ho p 6 0pHeHoB reoaer­
pHJO: /1}ITH l.Jn eHHbl e ll.HKnhl B HeM HMeKH KOH<popMa· 

H4 HI 1-16 

lJ U j 
0, M. }J,. 

60.0 

~ 70.0 
H6/C6 

80.0 HI/C]...90.0 
• • 

H4/C4 
100.0 

110.0 

120.0 

130.0 J-I2/C2... 
140.0 

H3/C3 
150.0 

5 

1~--c2 

I~--CJ 

0, M. )l.7.0 6.0 5.0 4.0 3.0 

P IIC. 3. Cnexrp IH_ 13C HMQC (CDCI3) COeUJ1HeHlUl (IVa). 
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70.0 

l 

op. [Ui/me3II cmpoeuue oscanoptiopnenoe. ¢YHKt(1I0HaJlI/3UpOemIH bI X numpo - II mpuxnop.uemunsnou epynnauu 

HOB 
II3 

~JUI.-

) H 
0, M . n. C3 

60 .0 
1MH 

•A.), 
1MH 

a.), 

•
80.0 H3/C l

;.49 : 
, C3 

90.0 
H3/C4 

rep ­ 100.0 
• 

POB 
110.0 

120.0 

H3/C2 
130.0 

rr e­ 140.0 
~JIY­

H3/C3 ~ [T e ­ 150.0
 
T ­ 7.0 6.5 6.0 5.5 5.0
 

une 
.pa­
<11M 
rer ­
~a -

Br 

Cl l 

,..-­ - - C6 

1..-­ - - C2 

1t---­ - C3 

0, M . ti .4.0 4 .5 

H I/C2

• 
PIlC. 4. Cnexrp IH_ 13C HMBC (CDC I3) coenaaenns (IVa). 

r 
H2/C6

H2/C I 

H2/C4 

H2/C2 •• "'" H2/C3 

PIIC. 5. Feosrerpax MoneKynbl coenaneans (IVa) B xpacran ne. llY HKtnl/P OM noxasaau cnaoas aayrpaaonexynspnaa BO,ll0P0,llHM CBfl 3b 

1maC-H " 'O Ii coxpaureaaue KOHTaKTbl rana Br ·Cl. 

J!l fO «oneepma 0 7, WeCTH'IJleHHhIH - KOH<popMa~H IO 
WHflbl. 

06beMHhIH TpHxnOp MeTHJlhHhIH 3aMCCTlI TeJlh npn 

lTOMe C6 
H aTOM 6p OMa rrpn aTOMe C5 HMelOT lJ,HCOH)J,­

.lJ''IO 3KBaTOpHaJIhHylO opHeHTalJ,lIIO, a mrrporpyrma 
ipH aTOMe C5 

- aKCHaJIhHYIO [TOpCHOHHble yrnsr 
H C7C6C5N1( C6C58 r ' -10.7(3)° -1 11.4(2)° (pHC. 5]. 

3!lOnb CB}l3H C5 _C6 peanasyer ca sacn oaea aas KOH­

pOpMaUH}I [TOpCHOHHhIM yron C IC6C5C4 -5 .9(2)0]. 

~Bo iiHa}l CB}l3h C2=C3 B MOJleKYJle (IV a) He CKpY4eHa 

[TOpCHOHHhIH y r orr C 1C2C3C4 - 0.9(3) ° H nnnna CB}l3U 

C2=C31.3 16(4) A] J eOMeTpH'I eCKHe napaxierpst TpH­

XJlOpMeTHnhHoH H mrrpor pynn oxcanopfi opaen oaor o 

rppar n eur a 06hI'IHhle. B KeM6pu)J, )[(CKOH 6a'3e crpyic­
r ypa srx .n.aHHbIX [29-31] aanfi onee 6m 13KHM aHaJIOr OM 

accnen yexioro HaMil coe)J,HHeHHH (IVa) }IBJUIeTCH 1,4­

)J,HMeTH - 5-3K30 -HUTpO-6-3 HOO-(Tp lix n op MeTHn)-7 ­

oKca611lJ,lIKJlO[2.2. 1[rerrr -Z-en (xionens uoe COe)UIHe­

HHe) [ 19]. M aKCHMaJIbHble OTJlH'I ll}l Me)[()J,y MO)J,eJl b­

HbIM H coenaaeaaesr (IVa) tt a6mo)J,aloTc}I .lJ.JlH )J,JlI1H 
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Ta6JIu,-,a 3 

)),JlilHbl CB1I3eH (A) B MOJleKYJle coenanemot (IVa) 

CB1I 3b d C B1I3b d CB1I 3h d 

Br l- C5 

O J- N I 

N I-C5 

C6_C1 

C11-e7 

O' _C I 

C5_C6 

1.934(2) 

1.21 7(3) 

1.524 (3 ) 

1.57 1(3) 

1.785(2) 

1.437(3) 

1.550 (3) 

C2 _C) 

C4 _ H4 

C)-H) 

C II-C7 

02 -N(I) 

C4_C 5 

C6 _C7 

1.31 6(4) 

0.98 

0.93 

1.760(2 ) 

1.20 1(3) 

1.554 (4) 

1.530 (3) 

C6_H6 

C2 _H2 

er-e' 
0 7_C 

C4 _C3 

C I-e2 

CI- H I 

0.98 

0.93 

1.77 3(2) 

1.424 (4) 

1.504(4) 

1.509(3) 

0.98 

Banerrrnsre yrnst (rpan) B MOJleKYJle coeznsnenaa (IVa) 

y 

C10 7( 

c4a7

O INI 

0 2N I 

0 7C4 

C3C4 

Br ie 

NiCS
 

C5C6
 

C7C6
 

CSCI
 

YrOJl co Yr on co YrOJl co 

C·O' C4 96.58(18) 0lN102 12 5.0(2) 0 lN 1C5 115.6(2) 

0 2N 1C5 119.4(2) 0 7C4C5 98.0(2) 0 7C4C) 102.6 (2) 

C5C4C3 108.0(2) Br lC5N 1 104.74(1 5) Br lC5C4 108.68(15) 

Br lC5C6 l\ 8.39(16) N 1C5C4 110.7(2) N 1C 5C6 112.01(1 6) 

C4C5C6 102.32(18) C5C6C l 99 .07(1 6) C5C6C7 12 1.75(18) 

C IC6C7 112.90(17) 0 7CIC6 101.50( 17) 0 7C1C2 102. 16(19) 

C6C IC2 105. 16(18 ) C IC2C) 105 .5(2) C4C3C2 106.1(2) 

Ci 1C7C12 109.77 (12) C1IC7Ct3 107.01(1 2) CI IC7C6 112.59(15 ) 

Cl2C7Ce 106 .67(12 ) Cl2C7C6 113.83(1 5) CI3C7C6 106 .52(15) 

07 C4H4 115 C5C4E4 115 C3C4H4 115 

C5C6H6 107 C IC6H6 107 C7C6H6 107 

0 7C IH I 115 C6C I ~ ~ 1 115 C2C I H I 115 

CIC2H2 127 C3C2H2 12 7 C4C3H3 127 

C2C3H 2 127 

4 5 4
cs aseii C _ C H C 3 _C , paBHhIX 1.554(4) H 1.505(4) A 
B co enanen a a (IV a) H 1.589 H 1.472 A B Mo,neJIhHOM 

coen n neaaa. K pOMC roro, aHaJIOrHllHO Mo,neJIhlloMy 

coe,nHHeHI1IO TpHXJIOpMeTHJl hHaJl. rpyn na B coennae­

HHH (IVa) aar op a oacena n o OTHow eHHIO K CBJl.3H 
5 6 7 2C _ C , TOpCHOHHbIM yrOJI c5C 6C C I paBCH 68.8(2)°. 

OpHeHTalll1 J1. mrrporp yrm sr onpenens cr cs TOp CHOH­
4

HhIM y r n ov 0 1N1C5C paBHhIM 37.9(2Y 
MOJIeKyJIapHaR crpy xrypa coen a neaaa (IV a) xa­

paxrepasyerca BHYTPHMOJICKy JIRpHOM BO,nOpO.n.HOH 

CBSl3hlO C 
6H " '0 2N 10 1 

[ c paCCTORHHRMH H .. ·O 2.38, 
C oo ·O 2.795(3) A H y rJIOM C H O 105°] 11 COKpam eHHhI­

MIl KOHTaKTaMI1 Me)l(.n.y aTOMOM 6pOMa H aTOMaMII XJIO­
1 

pa (Cl , Cf) TPlIXJlOpMeTl1JIhHOH r pyn nsr {c paccr oa-

CIC' 

clc 
cIa 

H4C 
5c c 

Br l 
( 

c'c 
H6

( 

H6
( 

C6
( 

c'e 

HlUIMH Brl ,. ' CI I 3.396( 1) H Brl .. 'CI2 3.4 17( 1) A, CYM­

MhI BaH-,nep -BaaJIhCOBhIX panay cos Cl.. ·Br [32] 3.63 
A}. 

M OJIeKyJIhI oxcanopoop aeaa (IVa) 06pa3y 1OT MelK· . ~ ). 
JI,y C0 6 0 M uenoxxa (BJI,OJIh OCI1 a) aa ClJeT BOJI,OpO,UHhIX ~ 
CBSl3CH Me)l(.n.y MeTHHOBhIM aTOMOM BOJI,Op OJI,a y aTO ~13 

yrnep ozra c' OJI,HOH MOJIeKy JIhI II aTOMOM KHCJIOpo):\a 
l mrr porpynnu npyr oii MOJl eKYJIhI C 1H " ' O [c pa ccros­

HHSlMH H .. O 2.53, C ' '' O 3.3 12 (3) A H y r JIOM CHO 
137°] (puc . 6). 

Kpov e 3THX BHYTPH- 11 Me)l(MOJleKYJIHpHhIX maano­ PI 

JI,eifcTBHM B KpHCTaJIJIe Ha6JIIOJI,aIOTCR JI,BOMHbIe YKOPO­ nYI/ K~ 

lJeHHhle KOHTaKThI MOJleKy JI (IVa) Me)l(JI,y aTOMOM 6po­ THnal 

Ma OJI,HOH uenos xa H aTOMOM xnopa TPI1XJIOpMen IJIb- Br l . . . 
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T a6J1Hua 5 

T OpCHOHHble yrnsr ('t:), B MoneKyne coenH HeHHJI (IVa) 

Yron r Y r on r Y r on '[ 

ClO7C4C5 -62.5(2) C I0 7C4C3 48.1(2) C40 7CIC6 59.9(2) 

~07 C I C2 -48.5(2) O lN 1C5Br i - 79. 1(2) O1N 1C5C4 37 .9(3) 

OWC5C6 151.4(2) 0 2N1C5Br i 99 .6(2) 0 2N1C5C4 -143.4(2) 

02N'C5C6 -29.9(3) 0 7C4C5Br' - 84.4(19) 0 7C4C5N 1 161.1(18) 

01C4C 5C6 4 1.6(2) C3C4C5Br i 169 .45( 18) C3C4C5N 1 55. 0(3) 

C)C4C5C6 -64.6(2) 0 7C4C3C2 - 30.5(3) C5C4C3C2 72 .4(3) 

Br lC5C6C I 113.53(16) Br lC5C6C7 - 10.7(3) N 1C5C6C 1 124.44( 19) 

N1Cl C6C7 111.4(2) C4C5C6C I - 5.9(2) C4C5C6C7 -130.1(2) 

C5C6CI0 7 -3 1.38( 19) C5C6C IC2 74.8(2) C7C6C I0 7 98 .9(2) 

C7C6CIC2 - 155.03(19) C5C6C7CJ' - 56.9(2) CSC6C7Cl2 68 .8(2) 

CSC6C7CI3 -173 .93( 15) C 'C 6C7CI' - 174.49(14) C IC6C7C[2 48.7(2) 

C'C6C7CI3 68 .52(18) 0 7C 'C2C1 3 1.7(3) C6C I C1 - 74.0(3) 

C'C2C1C4 -0.9(3) C40 7C' H' - 175 H4C4C5Br i 39 

CI 0 7 ~ H4 174 H4C IC5C6 165 0 7C4C3H3 149 

H4C4C5N 1 -76 H4C4C1C2 - 157 H4C4C3H3 23 

C'C4C3H3 -1 08 N 1C5C6H6 - 13 C4C5C6H6 106 

BrlC5C6H6 -135 C7C6CIH1 - 27 H6C6C '0 7 - 143 

C5C6C IH1 - 157 H6C6C IH1 92 H6C6C7CI1 67 

H6C6C IC2 -37 H6C6e CJ3 - 50 0 7C IC21·e - 148 

H6C6C7c f - 167 H1C IC2C1 158 H1C IC2H2 -22 

C6CIC2H2 106 H2C2C1C4 179 H2C2C3H1 - I 

C1C 2C3H1 179 

,.....-------­

-.--- ---4~J 
C\2',,,,, 

Puc. 6. <1>parMeHT ynaxomor coenHHeHHJI ( I Va) B xp acranne, 

TIyHKm upoM noxaaausr MeJl<MOJIeKynJlpHble sonoponaste CB1I3H 

rana CI H"'01NO, C6H"'0 7 H MeJl<MoneKynllpHble KO HTaKTbl THna 

Brl.. ·CJ2 

HOH rpyrmu ztpyroa uenoxxa [c paCCTOmIHHMH 
Br l 

.. 'C12 3.454(1) A], npHBO~ IU H e K <pOpMHpoBaHHIO 

~HM epH bIX nap (PHC. 6) . 
BO~OPO~Hoc BH 3a H HbIe uenO'I KH ~HM ep OB 06pa3ytOT 

TpeXMepHYJO napxeroofipaaayro ynaxcsxy sa C'IeT cna­

6bIX Me)KMOJleKYJlHpHbIX BO~OPO~Hb IX CBJl3eH MeTH­
uosoro npOTOHa y C6 H MOCTIfKOBOr o aTOMa KHCJlO­

pona 0 7 C6H- "07 [c paCCTOHHHJlMH H- · ·O 2.36, C " 'O 

3.295 (3) A H yrrr oa CH O 160°). 
Ilpa aHaJIH3e CTpoeHHJI 2 ,5-~H3aMeIUeHH blx <pypa­

HOB (VI, V I lla, 6) B xasecrae MO~eJlb HbIX HCnOJlb30Ba­

JlH crpyxrypn o O~HOTH nH bIe coe~HH eHHH [16-18]. 
Cnexrpu .5IMP 'H BeIUeCTB (VI, VIlla, 6) (Ta6Jl. 6) 
CO~ep)KaT CHTIHUIbI npor oaos <pypaHoBoro xonsua B 

~Ham130H e 5.99-6.52 M. n. C xapaxrepnsnra BHUHHaJIb­
HbIMH KOHCTaHTaMH 3JH1H4 3.20-3 .36 Fu B BH~e Y3KHX 
~y6Jl eTO B H pacutenneaau e CHrHaJIbJ MeTHHOBblX H 

MeTHJleHOBblX nporoaos HacbIIUeHHoH 'IaCTH MOJleKy­
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Tafinuua 6
 

L\aHHble cnexrpo s 5fMP IH 11 13c 2,5-Al1 arJKflJl3aMemeHHbIX tjlypaHoB (VI, VIIIa, 6)"
 

Ilpusreuauae. a) ):VuI coeAHHeHI1H (Vlll a, 6) cocr aoureane 1130MepOBCOCTaBmleT a:6 = 1:1. 

Cnexr p 5I. MP IH (CDCb), b, M. A. (J, fI.\) Cneicrp 5I. MP 13 C (CDCI3), be, M. )1. 

NQ X 
H4 H3 HA Hs', Hs" CH3 C2 C3 C4 C5 .eHA ~ H s ~HJ ~C1 J 

VI H 6.43 )1 5.99 L( 4.72 L( . L( 5.07 L(. A, 5.20 A· )1 2.28 c 144.1 1 107.12 113.20 153.89 57.09 75.11 13.7 198.23 

J(H AHs) 9.69 J(HS-HA) 9.69, J(HB"HA ) 3.79 

J( HAHIl ,) 3.79 J(H s,Hs') 13.86 

J H3H43 .20 

VIll a Br 6.52 A16.02 ).\ 5,02 )1 6.69 A 2.31 c 144.04 106.92 114.32 153.71 62.29 78.95 13.72!96J: 

J (HAHB) 7.63 J (HsHA) 7.63 

J H3H43 .36 

V1ll6 Br 6.45 .u 15,99 A 4.73 }l, 6.61 L( 2.29 c 142.47 107.34 113.83 154.32 62.88 76.55 13.72 96.79 

.J(HAH B) 6.7 1 J (HnHA) 6.7 1 

J H3H43 ,36 

PIIC. 7. Cnexrp 5I.MP IH 2-MeTl1Jl-5-[2-HHTpo­ l -(TpI1 XJlOPMeTI1JI):nI1JI]tjlypaHa (VI) BCDCI3. 

2.5 2.0 0, M . n.3.5 3.0 5.0 4.5 4.0 5.5 6.0 

H4 HB" HH' 

13A '-' I
5.C 4)" 

• \ I1-1 3 

H3C • HB" 

HA N 02 

-----,, I I I I I I I I 

6.5 

JIb!. 

B COe)l,HUeHHH (VI) rrporonsr M eTH HOBOI1 H M eTUJIe ­

HOBOH r pynn sa C4 eT Ma r HH THo H He3K BHBaJIeHTHOCTH 

nporonos HB, HB" 06pa3 y IOT TpexcnHHo BYIO cncrexry; 

CUrHaJI MeTHHOBoro rtpor oua HA (4.72 M. n.) pacuen 
JIeH OT B3aHM O)l,eHCT BHH C rr pOTOH aM I1 HB, Hll" (5 .0711 
5.20 M . )l,. COOTBeT CTBeH Ho ), Be JlW JI1Hbl BHl.\HHaJIbHbIX 

KOHCTaHT I1MeIOT 3Ha'leHHH 3J(HAHR,) 9.69 H 3j(HAHwl 

CH3 

3 4 

VH 

3.79 1 u 
C rier 

HOH aa 
<pparMe 

pa30Ba1J 
MepoB ( 

npH xp 
uouiem 
B cnexr 
H npos 
30HHpy 

n WIHH 

B 6oJle 

H 6.6 1 
J.w 7.6 

Cne 
l 3C HI 
ECX4C 
399.78 
30BaHH 

pacTBo 
'rpst II( 

Prestig 
{'H } IJ 

B IJ,eH' 
JIHTHllf 

nenaro 
Bhl. 

MepoB 
rpadnu 
Henom 
Anamt 
Silufol 
Y<1> CF 

MCpOB 
IH .no 
HHn. 

Pel 
coezun 

PYKTJ1 
nonss: 
raHlflH 

ornem 
Pe r 

npa : 
APEX 
TOp, ( 

M OHO 



259"me:J u cmpoeuue OKCQH Op6opH eH0f3 , P Y HKlj UOI laJI WlUP 0 60 1lll bi X uumpo - 11 mpuxnop surmu.u.noii epynnas tn 

79f1.( (pHC, 7), 
Cnexrp JIMP ' H se urecr aa (VIII) co,Uep)KI1T ,UBOH:­
Ii Ha60p CI1 HaJIOB npor onos scex crpyxrypnu x 
fMeHTOB MOJICKyJlhl, 'ITO csaner ern.crayer 06 06­

lOBaHHH sroro coezmnenaa B BI1,ne nsyx ,Ul1aCTepco­
poB (V IIIa) 11 (V IlI6) B COOTHOUleHI1H I : 1, onuaxo 
II xpoa aro rpaqinposauaa aa CHJIHKaf'eJIe HX COOT­

enne H3MeWleTC~ . Merunoasre npOTOHhI /-lA, H B 
tnexrpe JIMP 1H ofipasyror JIByxcnHHOBYJO cncr ev y 
npO lIBAAlOTC~ B sane ,ny6JIeTOB; npOTOHhT H" pe­
IHlp)'lOT npH 5.02 H 4.73 M. n., npor onu /-IB non 

HHeM mrr porpyn nu 11 aTOMa 6poMa CM ClllarOTC~ 

oorree cJIa60e none H PC30HHPYlOT B 06JIaCTH 6.69 
6,61 M. n . C xapaxrepusrsia BHIlHHaJTbHblMH KC CB 

III7.63 n 6.71 f Il [32] . 

3KcnepliMCHT3J1bH3S1 <faCTI. 

Cnexrpu JIMP IH, 13C- CH } ' H- 13C HMQC, 'H­
HM BC per HCTpnpOBaJTH ua cneicrpoa er pe Jeol 

X400A C pa60LlHMH 4aCTOTaMI1 100.52 (' ~C) H 

<I>

e

,9,78 Mf'u ('H) B netircpoxnopotpopae-c', C HCnOJ1h­
BaHileM OCTaTO'IHOr O curnana H ,neih epll poBaHll oro 
TBOpl1TeAA KaK anyrpeuuer o cr anztapr a. 11K crrex­

hI nonyaensr na C!>ypbc-cnCKTpOMCTpe Shirnadzu m. 
stige-2 1 B xnopodiopa e. Cnexrpu }IMP 'H , 13C_ 

iH} 'H_ 13C HMQC, ' H-IJC HM BC H HK BbmOJ I H~mf 

Ilenrpe KOJ1JleKTHBHOr o n0J1h 30Ba HH~ cnetcr poana­
ITI1QeCKOr O ueurpa POCCHH:CKOr O rocynapcr neaaoro 
.!larorH'I cxoro yHHBcpcHTCTa 11M. A. 11. Fcpuena. 

Bsineneane HH,nI1BI1.nYaJTbI-l hlX 3H()O- 1I JK30-H30­
pOB ocyurecr nnanu MeTo.nOM KOnOHO'I HOH xpOMaTO­
a~llI1 aa CHJlHKarCJ1e MapKH Che mapol 100/200 C 

'C!lOJlb30BaHl1eM paCTBOpHTeJlcI:i no srerozunce [33] . 
HaJII13 MCTO,nOM TCX ocyntecr s UIJ1I1 H3 nnacr a usax 
ilufol-254 B CMCCI1 rescan- auer ou (3:2), npoaanenue 

CBeTOM. COOTHOWeI-l I1C 3HOO- H 3K30-)JHacTepeo­
pos orrpenenann C 110MOlllbiO cnekr pocxonaa JIMP 

ff .1\0 nposenenaa KOJlOHO'l HOrO xpovar orpaqnrpoaa­
lUI. 

PeH1T CHOCTP YKTYP Ubl H 3H3JIII3 MOHOKPIICTaJIJl3 
Oe.1\HuelUUl (I Va) nposenen B orne ICHlm peirrreaocr­
yrrypa srx accnenosaa a n Llea rpa KOJ1J1CKTI1BHOr O 
0J1b30B3HlUI na 6a3e H aocafiupcxoro UHCTHT)'Ta op­
aHH'l eCKOH XHMHI1 HM. H.H. BOP0)l{IlOBCl CH611pCKOr O 
rnenenns POCCIfHCKOH axanesnra lIaYK. 

PeHTrCHOCTpYKTYPHhlH 3KcnepHMeHT npOBO)JHJlH 
pH 296(2) K ua JlH<ppaKToMcTpe Bruker Kappa 
\PEX II (MoK u-H3 yseaue, paqnrro asrii M O HOXPO~ta­

rap, CCD -,neTeKTOp, MaKCHMaJTbHbltr YJ-OJl 28 58.9°). 
IOHOKpl1CTaJTJlbl COe.nIfHCHlUl ( IVa) esrpaurensr lI3 

UlICTOH3, MOHOK.rJ HIIHhTC : a 7.2649(3) , b 9.9098(4), 
c 15.2604(6) A, P 90.506(2)°, VI09~ . 6 1 ( 8) A3

, IlPO­

crpaucrn ennaa rpyn na P21/n, Z 4, C7H5BrC IJN0 3, 
1 

d Bbf'of. 2.040 r/cM3
, f.l 4.45 MM - , passrcp oopaaua 

0.52x0 .32xO.26 MM. H 3MepRJlH HHTeHCHBHOCTH 3231 
He3aBHCHMblX O'1p a)l(CIUlH: . Baenena norrpassa I-Ia no­
fJlOlllCI-IHC no nporpavv e SA DA BS (r paacxnrccna 
0.2054-0.3905). Crpyxrypy pacunuppoaana I1 P ~ MbIM 

MeTO,UOM no nporpasoae S1 IELXS-97 H yrO'I HHJIH 13 

aHH30TpOlJHO-l130 ponuosi (,nJ151 H ) npH6JHf)l{eHlHI 110 
rtporpaxnre SHELX L-97. I103H1HII1 BO)JOpO,nOB pac­
c-urr auu recver pa xecxa, napasterpu 31'0 1013 H yrox­
HSUIII B 1130TponHOM npH6J1u)[(CHllll, B Mo,neJlH lIaC·I,'J.­
HIlKa. OKOH4aTeJlbHbiC napaeterpsi YTO'IHCHlI~: ~\lR2 

0.0946, 1.04 J, J36 napaa erpos y rouueuua (R 0.0483 
.nJur 2560 F > 4). ATOMHhIC «oopnauaru , )lJlHHbl CB~ ­

aeii H yrnu nenounposam.r B VCM6pu,n)J{CKyIO fiasy 
CTPYKTypHblX ,naUHhIX [29] (CeDC 874994) . 

Hcxonuue UHTpOaJTKCH (I) II ce~,,-6 p oMIlHTPOaJTKeH 

(II) nOJ1 YLlaJIH no MeTo,nUKaM, rrpHBc,ucUHbiM Bpafior ax 
[34, 35] 11 [36, 37] COOTBCTCTBCIIHO. 

5-0 rrrpo-ti-rpuxnop a e 11J1-7- 0 KCa6 11 UII KJI0­
l2.2.lIrcIIT-2-ellbl (lI la, 6). a. Me h 3.00 r (0.0 16 
M011h) l -I-IHTpO-3,3,3-TpHXJ10pnponcua (I ) H 1.31 r (1.4 
MH, 0.02 MOJlb) epypaua aunepxuaan« npn 16-18°C 
19 cyr , 3aTeM xpoaarorpadiapoeann Ha CHJUIKarCJIC 
H 113 r excanosoii (ppaKIlHH uunennnn 0.24 r (8% ) 
mrrpoamceua (0. It!3 <ppa l<l~H H , BblMbIBaCMOH -reru­
pexxnopncru« yr nepo OM (100 Mn) , Bbl,LI.eJU/JIH 3.5R r 
(88%) oxcanopoopuena (in a, 6) B COOTHOIUCHlHl 1:1. 
DOBTOPllhlM xposrarorparpapouau» M CMCClf H30MCpOB 
(Illa, 6) H3 nepaoii <!lpaKIlIUl ( 100 MJ1) 110nYLJaJlH oxca­
nopfiopnen (IlIa) , T. nJ1. 62- 64°C {T. nJ I. 6 64.5"C 
(nCHTaH:3<pHp = 20:1) [ 19]}. }!3 q)paKIlIHl , Bblt-.I hl­
aaeraoii BTOpOH nopuaeii -rer t.rpexxrropacroro 
yrnepona (50 IJI), 1I0JIy<laJTH CMeCb oKcaHop6opHCHOB 
(HI a, 6). vb TpCTbCi1 <ppaKIlHH ( 100 Mn) Bbl.n.CJHIJ1H OK­
caHop60pHCH (HI6), T. n11 . 70-71 °C {T. rrn, 69- 71°C 
(ueuran.adiap - 20:1) [ 19] }. Haiineno, %: C 32.44, 
32.47; H 2.28, 2.3 J; N 5.40, 5.44. C7H6CI3N0 3. BbI­
LIHCiICHO, % : C 32.50; H 2.32; N 5.42. 

6. K pacrsopy 3.00 I' (0.016 MOJlb) nrrrpoanxeu a ( I) 
B 10 MJ1 aficornoraoro 6CH30Jla I1pn63B J1~ JlH 1.31 I' 

(1 .4 MJ1, 0,02 MOJ1h) (!lypaHa. PeaKIl110HHYlO CMCCb KH­
II51THJIl1 13 Te'-leHUC 1 4. Pac opnr ein, yn apasana aa 
pOTOpllOM IICnapIITCJlC; OCTaBWeCC MaCJ10 xpouaro­
rpaqmposana na ClfJIHKar eJ1C. yf3 r excauoeoii <ppaKIlI1H 
Bb I,nen~JII1 2.4 r (80%) ncxonnor o HHTP0aJTKella ( I). y13 
rppaxuaa , BblMblBaeMoii 4eThlpeXXJ10pHCTh1M YL1CPO­
.nOM, nOJlY' laJII1 0.45 r ( 11%) CMCCli oxcauopfiopaeuos 
(lIla) U (1II6) B COOTHOWCHlIH 1: l. 

5-Iipol\l-S-HHTpo-6-TpHxJlop MeTlIJ1-7-oKca611­
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llUKJIO(2.2.I] rerrr-Z-ema (IVa, 6) . a. CMCCI, 3.50 r 

(0 .013 MOllI,) 1-6poM- 1-lHlTPO-3,3,3-TPHxlIOpnponcHa 
(II) H 1.06 r ( 1.1 MJI , 0.016 MOllI,) cPypaHa asm epacma­
lIH rrpa 16-18°C B TCtlCHHC 19 cYT, 3aTCM peax ­
lJ,HOHHylO CMecI, xpoaarorpadnrpoaana aa camucar ene. 

113 nepnoii cPpaKUHH (r excau , 100 MlI) BbIMbIBaJIH 

0.32 r (9%) HHTPoaJIKeHa (II). 113 BTOPOH cPpaKUUH 
(rexcan, 100 MlI) nonysamr 2.63 r (60%) oxcanopfiop­
neaa (Iva), T. nn. 94-96°C. 113 <ppaKUUH, BI,IMI,IBae­
MoH tteTI,lpeXXlIOpHCTI,IM y rneponosr (100 MlI) , nOJIy ­
sann 1.14 r (26%) CMeCI1 oKcaHop6opHCHOB (Iva, 6) B 

COOTHOIIIeHI1I1 3Hoo-(IV a):3K30-(lV 6) = 4: I. Haiizie­
HO, %: C 24.86, 24.80; H 1.44, 1.48; N 4.14, 4.17. 
C7HsCI3BrNO. Bu nacneao, % : C 24.89; H 1.48: N 
4.15. 

6. K pacr sopy 3.50 r (0.0 13 MOJlh) mrrpoanxeua (II) 
B 10 Mll afcomoruor o 6eH301la npafiaanan« 1.06 r 

(1.1 MlI, 0.0 16 MOllI,) cPypaHa. PeaKlJ,HOHHYIO CMeCb 
KUnjiTHlIH B r esenae 1 'I . PaCTBOpHTeJlI, ynapanana na 
pOTOpHOM acnaparene; OCTaBIIIeeCjI MaCJIO xpoxraro­

rparpaposana ua CHJlliKarCJIC. 113 r eKcaHOBOH cPpaKUHI1 
nonysanu 2.10 r (60%) HHTpOaJIKeHa (II), 113 <ppaKlJ,I1H 
ttCTI,lpeXXlIopHCTor o yrnepona - 0.66 r (15 %) CMeCH 
oxcanopfiopaeaoa 3Hdo-( IV a) 11 3K3o-( IV6) B COOTHO­
IIIeHHH 6: 1. 

I-McTuJI-6-HHTpo-5-TpuxJIOPMcTu JI-7-oKca6u­

LlHKJlo(2.2.1] I'CIIT-2-cUbi (Va, 6), 2-MeTHJI-5-12-HUT­
po-J-(TpHXJlOpMCTHJI)JTUJI]cIJyp aH (VI). a. K 3.00 r 
(0.01 6 MOllI,) I -Hl'ITpo-3,3,3-TPHX1IopnponeHa (1) rrpa­
6aBJIR.lIH 1.57 r (0.0 19 MOllh, 1.7 MlI) 2-MenJ.TI Q>yp aHa H 
peaKlJ,HOHHYlO CMecI, ssmepaoraana npn 16-1 8°C B 

Te4eHHe 5 cYT. 0 6pa30BaBillYlOCn MaclInHHcTYIO iKH,n­
KOCTh, xoropas, no ,naHHI,IM cnexrpa .5IMP 'H, coziep­
iKHT oxcanopfiop aeusr (V a, 6) B COOTHOIIIeHHH 1:2 H 
coezuureuae (VI) , xpov ar orpaqnrpoaana na CHlI HKar e­
lie. 113 cPpaKlJ,HH, BI,IMI,IBaeMOH ttCTI,IpeXXlIopHCTI,IM 

yrneponoxr, BI,I,nellnllH 3.09 r (72%) BCmeCTBa (VI), Rf 
0.79 . Haiineao, %: C 35.25, 35.29; H 2.93, 2.97; N 
5. 15, 5.20. CgHgChN03• BblttHCJIeHO, %: C 35.23; H 
2.94; N 5.14. 

6. K pacr sopy 3.00 r . (0 .016 MOllI,) HHTPOaJIKeHa (I) 
B 10 Mll a6COJlJOTHOrO 6cH301la I1pH6aBJInJIH 1.57 r 
(1.7 MJI, 0.019 MOllI,) 2-MCTMJI<pypaHa. Peaxunoaayio 
CMCCI, narpesana B TetteHHe 5 tt. PacTBOpHTeJII, ynapn­

BalIH aa pOTOpHOM ncnaprrrene. no ,naHHI,IM cnexrpa 
5IMP 11-1 06pa30BaBIIIHHcjI OCTaTOK conepxorr oxca­

Hop60pHeHhI (V a, 6) B COOTHOIIICHHH 4:1, Q>ypaH (V I) 
H HHTP0allKeH (I). M aClIOo6pa3HI,IH OCTaTOK neper oas ­
JIH B BaKYYMe (1 5- 16 MM pr, CT.) H nonysana 1.07 r 
(25%) coenaaeaaa (V I) , Rf O.79. 

6-lipoM-1-MCTIf JI-6- HUTpo-5-Tpu XJIOpMCTUJI-7­
oKca6 uQu KJIo(2.2.1 ]rCIIT-2-CHbl (Vila, 6) , 2-MCTUJI­

H. A. AHucl/..\Jo6Q/I llp, 

5-12-6poM-2-HUTpo-l -(TpUXJIOpMCTUJI)JTHlIlljIypaH 
(VIlla, 6). a. K 3.50 r (0 .0 13 MOJII,) 1-6pOM-I -HH1]lo­

3,3,3-TPHXJIOpnpOneHa (II) npH6aBJInJIH 1.28 r (0.010 
MOJII" 1.4 MJI) 2-MeTHJIepyp aHa H peaI<UHoHHy!O C~ l ec, 

BI,I,nCPiKHBaJIU npn 16-18°C B TetteHHC 5 cYT. noilaH· 
HblM cnexrpa .5IMP I H, peaKUI10HHan CMCCI, cO,1\epJKIli 

oxcaa opfiop ne asr (VIla, 6) B COOTHOWCHHI1 10:I 1\co­
e,nHHCHHn (V Illa, 6) B COOTIIOIII CHI1 I1 I: I. Peaxnuoa 
ayro CMCCb xposrarorparpa poaana ua canuxarene II 

113 Q>paKlJ,HH, BI,IMI,IBaer.fOH -rersrpexxrropacrun yr· 
neponou, BI,I,ncmVlH 3.10 r (68%) CMeCII 1f30MepOB 

(VIlla, 6) B anne 6eClJ,BCTHOH iKH,nKOCTH, Rf 0.74 il 
0.55. Haiineao, % : C 27.32, 27.38; H 2.03, 2.08; N 
4.02; 4.06 . CgH7B rC hN O J . BbltlHClICHO, % : C 27.31 ;H 
1.99; N 3.98. 

6. K pacrnopy 3.50 r . (0.013 MOJII,) HHTP0aJIKCH3 
(II) B 10 MJI a6COJlIOTHOr O 6cH301la npl16a13l1nJJlI 1.28 r 
( 1.4 MJI, 0.016 MOJII,) 2-MeTllJI(llypaHa H KUmlTIlJlII B 

TClJeHHe 5 tt. PaCTBOpHTCJlb ynapaaanu aa poropnos 
ucnaparene. B n lIytlCHHOH MacJIoo6pa3HOif )KIIIlKO' 

CTI1, no ,naHHbIM cnexrpa .5IMP 'H, ofinapyzcea 2,5-)111' 
aJIKHJIQ>ypaH (VIII) 13 BI1,ne CMeCH nnacrepeoaepcs 
(V Illa:V1lI6) = (1: I). OCTaToK xpoaarorparpnpoaau 
aa CUJIIIKarellC H 113 <ppaKlJ,HH, BI,IMI,lBaeMOH rekcauon 
BhI,neJInllH 3.88 r (85% ) CMCCH H30MepoB (V Illa, 6), Ri 

0.74 H 0.55. 
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