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CU6UpCKOZO omoeneuust POCCUUCKOU axaoeuuu nay« 

Cuum esupoeanu U enepeue KOMnJleKCHO oxapaxmepusoeanu stemooa stu 11K, Y(/>, JlMP I H , 13C, 
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usyueno uemooou penmzenocmpykmypnoeo ananusa. 

Kmonensre CJIOBa : corrpaxcennue HHTpOaJIKaIlbI, Tpl16pOMMeTHJIbHaH rpy rma, CHHTe3, KOH.LJ,eHCa­

UH5I, CTpOeHI1e. 

Corrpsaceaasre HHTpOaJIKeHbI, cozrepacaunre B csoeii 

crpyxrype Tpl1raJIOreHMeTHJIbHYIO rpynny B BH~I1­

HarlbHOM nOJIO)l(eHI1H no OTHOllIeHI1IO K arrrporpynne, 

51BJI5IIOTCjf nepCneKTI1BHbIMH 11 I1HTeHCI1BHO 113Y4aIO­

ml1MI1CH B HaCTOHmee BpeM51 coe,n:I1HeHI1HMI1 [1 -3]. 

Bnepsue BI1~I1HaJIbHO 3aMCm eHHbl e Tpl1raJIOreHMC­

TI1JIHI1TP0aJIKCHbI (rpaqrrop- [4], TpI1XJIOp- [5, 6] , 

TPI16pOMMeTI1JIHI1Tpo:neHbI [7]) 6bIJII1 CI1HTe3I1pOBaHbI 

BO BTOPOH nOJIOBI1He npOllIJIOrO sexa. Har epec K 3TI1M 

coeJJ,I1HeHI1HM o6yCJIOBJIeH B03MO)l(HOCTbIO I1X I1CnOJIb­

30BaHI1jf B Ka4eCTBe epI13110JIOrI14eCKI1 aKTI1BHbIX Be­

meCTB. I13BecTHo, 4TO TPI1XJIOpMeTl1JIHI1Tp03TeH npo­

51BJIHeT epyMHraHTHyIO [ 8] 11 HeMaTO~ H,n:HYIO [9] aKTHB­

HOCTb. Kpove 'r o r o, BbICOKoaKTHBHbIC TpI1raJIOrCHMe­

TI1JIHI1Tp 0 3TeHbI n p I1MCHHIOTCH B Ka4CCTBC cTpOI1TeJIb ­

HblX 6JIOKOB ,n:JIH nOJIY4eHI1H epapMaKOJIOrlt4eCKI1 ax­

TIlBHbIX nenTI1,n:OB [ 10 ], a raiose Pa3JII14HbIX KJIaCCOB 

Opr aHI14 eCKI1X coenaaea a ii. Ha OCHOBe Tpl1epTOP- 11 

rpa xnopvernnconepacamax HI1Tp OaJIKeHOB n OJIy4eH 

IlIHPOKHH cnexrp coe,n:I1HeHHH JJ HHeHHOr o [II-13J, 

xapfio- (~I1KJI0 6yTaH [1], uopfiopnea [1 4 ]) H rerepo­

~I1KJJ I14CCKOro ( tiea ao n a p aa [ 15J, Xp OMCH [ I6J, oxca­

30JII1H [17] , oxcanop ri op a en [ 18 , 19]) pMOB. 

B OTJIH411e OT TpI1epTOp (XJJOp )M eTHJJHHTp03TeHOB 

crpoenae 11 XI1Ml14 CCKHC CBo HcTBa TpH6 p OMMen lJIHI1T­

p03TcHa no n acrosurero npexremr He I13Y4 aJJI1Cb. B 
ntrreparype I1MeIOTC5I CBC,n:CHHH TOJIbKO 0 nOJIyqeHI111 

ar o r o HI1TpOaJJKCHa, er o r exmep arype nJIaBJIeHHH H 

yet> cnexrpocxorrna [7]. 
CHHTe3 3 ,3,3-TpH6poM-I-HHTponponcHa ocy urecra­

JIjfJII1 O,n:HI1M H3 I13BCCTHbIX MCTO,n:OB nOJIyLJCHHH HHT­

pOaJIKeHOB C HCfI OJIb30 BaHHCM coorsercrnyroutero 
mrrpocrrapra [7]. H a nepsoii CTa,n:I1H KOHJJ,eHCaQHeH 

TpI16poMyKcycHoro ansnernna C HI1Tp o McTaHo M fIOJIy ­

4aJII1 1,1 , I-TpI16poM-2-fI1,n:p o KcH-3-HI1Tp o n p o n aH (I). 
Ha BTOPOH CTa,n:I1H B3aHMo,n:eHcTBHc aurpocnapra (I) C 

a~eTllJIXJlOpH,n:OM n p HBO.LJ,HJIO K o6pa30BaHHIO 2­

a~cToKc I1 - 1 , 1, I-Tp H6 p o M-3 - HHTpon p o n aHa (11) C BbIXO­

JJ,OM 8 1%. TIPH ,n:C3a~HJIHpOBaH H H nocn ezm er o ( 80°C, 

6eH30JI, Na2C03) ofipasyer ca CMCCb H30 Mepo B 3 ,3 ,3­
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rpatipov- l-a ar ponponeaa E-( IJI a) 11 Z-(IlI6) C 06 lUHM 

BbIXO,uOM 83% . 

Cornacno cncK'rpy Jl.MP IH peaKu.110HHOH CMCCH, 

COO1'HOIlICHl1C H30MCpOB (IlIa) 11 ( IJI6) COC1'aBn5le1' 12 :1 

(puc. 1). E-H 30Mep (lIla) 6bIn BbI,ueJlCH B I1H,uHBH,uy ­

aJJbHOM ann e C nov outsro KOnOHO'1HOii <pJlCIlI­

xpoa ar or padnm (can a xar en s, 3J1lOeHT - qeTblpexxno­

PHC1'blH yr nepozr); OH npezicr aanser C060H xpacranrm­

qeCKOC BCU ~CCTBO C T. nn. 48-49°C. Texmeparypa 
rrJIaBnCHl151 11 nauusre Y<1l cnexrpocxonna (Awax 225 

HM, E 11570) nonyxeaaoro Har.m Hl1TpOaJTKeHa (lIla) 

cosnanaror C TaKOBblMI1 M R H3BCCTHor o OOpa311,a (1'. 
nn. 50°C, y et> cnexrp Awax 225 HM [7]) . 

H aMl:I ane pnsre ox apaxr epasoaaao CTpOCHI1C rrp o­

MeiKY1'OqHblX 11 KOHCqHOrO npony xr os peaK I~ I1H (I, II, 
ilIa, 1Il 6) C l:ICrrOnb30BaHl1CM y et>, 11K , Jl.M P II-! 11 l3C 

cnexr pocxoumr B corrOCTaBneHI1H co CTpyKTypHO OJ(­

HOTHrIHbIMH <pTOp(xnop)co,uepiKaw,I1MI1 06pa3u.aMI1 

[20, 21] Ii C npnBnCqCHUCM rereposnepasix atccnepn­

MCH1'OB (H M QC, HMBC). 

Cnexrp u 5IMP I H, l3C coe,uI1HCHHH (1-1II) cozrep­

iKaT carnansr npor oaos H yrnepona u x a1'OMOB sce x 

crpyxr ypa srx cPparMcH1'oB I1cCJTe)J.ycMbIX MOJTCKyJT; 

npaBI1JIbHOCTb O1'HeCCHl151 uaneacno nozrm epaczreaa 
npHMcHeHHeM re repoanepasrx 3Kcn epuMeH1'oB H M QC 

H H M B C. 

B crrexrpe 5IM P IH HI1TpoCnl1pTa (I) MarHHTHO HC­

3KBHBaJlCHTHbIC npor onsr Me1'HnCHOBOH rpynnu npo­

5IBn5II01'C5I B Bn,ue .nnyx cnrHaJJOB H" 4.70 M. ,L\. H H6 

a5.14 M. )J.. C rCMHHaJJbHOH KOHCTaHTOH 2JH H
6 13.43 Tu. 

MeTI1HOBbIH IIp01'OH peaorrapyer npa 4 .95 M. n . 11 CBH­

3aH C Cl1r HaJJaMH Me1'HJl eHOBOH rpyrmst KOHCTaHTaMH 

cna u-cnanosor o B3aHMo)J.eikTBH5I 3JHHa 1.93 11 3J HH
6 

9.16 Tu. CHrHaJI rH,L\pOKCHnbl-IOH rpynnu perncrpnpy­
CTC5I npn 3 .77 M. )J.. B cn exrpe 5IMP IH_ l3C HMQC 

coenuueaaa (1) u aomon aer ca KOppCn5Ill,I1 5I CHrHaJJOB 

, ICTHnCHOBblX npor on os C COOTBCTCTBylOlUHMH caraa­

naMI1 a1'OMa yrnepon a Ha
/C3 (77.04 M. zi.) , H6/C3

, a 

TaKiKC MCTHHOBoro rrpoToHa C aTOMOM yrnepo,ua C2 

(8 0.54 M. )J..) . ATOM yrnepoua TpH6pOMMeTHnbHOH 

rpyrun.r pC30HHpyeT n pa 45.22 M. zt. 
Hana -me ClUC oznror o anexr p oaoaxuerrr opnor o 3a­

MCCTHTCn5I (auer oxcnrp ynnsr) B COC1'aBe COC)]} lHeHH5I 

(1 I) 3aKoHoMcpHO n pasozm K cnafionons noxry CMelUC­

HlHO scex CHr HaJJOB: MCTl1n CHOBbIC nporouu H" H H 6 

npORBn5IIOTC5I UpH 4.83 H 5.21 M. ,u. C r CMHHaJJbHOH 
KOHcTaH1'oH 2J HaH6 13.90 Tu; CHrH aJJ MCTHHOBO 0 npo­

TOHa Ha6nlO,uacTC5I npn 6.2 8 M. u. C KOHCTaHTaMH 
6CnI iH-CnHHOBor o B3aIIMo,uCHCTBH5I 3JHH 

a 8.85 11 3JHH 

2.1 4 I'u; MCTHnhHble nporoa sr auer oxca rpyrmsr npo­

5IBn5l101'C5I B BI1)J.e CHHf JlCTa npn 2.21 M. n . B cnexrpe 
5IMP I H_ !3C HMQC COC)J.HHCHH5I (II) Ha6nlO,uaIOTC5I 

H. A . A I-IIICII,.lOea 11 op. 
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n 

Pu c. 1. <1>par MeHT cnexrpa 51 MP lH CM eCH H30MepOB E-(llIa) 11 H 
Z-(IlI 6) (10:1). T 

n 
cneny iourae KPOCC-I1I1KI1: WIC3 

(7 6.13 M. n.), H6/C3
; 

I-r2/C2 (77. 64 M. )J.. ) , C1:L (2.2 1 M. ,u . )/~H3 (2 0 .6 1 M. )J..) . 

A1'OMy yrnepona 1'pH6pOMMeTl1nbHOli rpyrmsr OTBCqa­

er Cl1rHaJJ npn 37.41 M. n ., «apoonansuosry aroxiy yr­

rrepozta - 168.29 M. ,u. 

B 11K cnexr pax COC)J.HHCHI1H (I, II) HCCOnp5IiKeHHa51 

Hl11'porpyrrna rrp05lBJI5ICTC5I B OOnaCT5IX 1557-1 560 H 
11372-1379 CM- ; rto r nourenn e npa 3445 CM- J COOTBeT­

crsyer ruztpoxcansnoii rpyrme coe~H HC HHR (I), a xap­

60Hl1JJhHOH rpynne npaaannexor r HHTeHCHBHa5I Bono­
ca I1pl1 1767 CM-I . 

Cnexrp 5IMP IH HHTPOaJJKCHa (lIla) x apaxrepasy­

C1'C5I HaJJHqHeM nsyx ny cner os, OTBel.JalOlUHX BI:fU.I:f­

HaJl bHblM rrpOTOHaM H A H H B npa 7.36 11 1 .76 M. n ., 

COOTBC1'CTBeHHO, C KCCB 3J(H AHB) 12.5 1 r u, "ITO 

nozrrsepsoiaer E -KOH<pHryp aU.HIO MoncKyJI sr o r o CO­

c,uHHeHH5I (pac. 1). B cnexrpe 5IMP IH _ 13C HMB C 

(pHC. 2) COC,uI1HCHHR (IlIa) carnanu onetpnnon ux np o­

TOHOB KOppeJIHpylOT C car nan av u cooTBe1'cTBYIOlUHX 

a1'OMOB yrrrepon a: HA/C! (139.74 M. n.) J (C IHA) 200.2 1 
I

I'u; HA/C2 (144. 12 M. )J..) ; HA/C3 (20 .24 M. n .) Ii H B/C ; 
3H EY'C2 J(C2HB) 175.80 r u, H EY'C . H e06b1'IHOe MCCTO­

nonoxcemte CHrHaJJa a1'OMa yrnepona (20.24 M. n .) 

Tpl16POMMC1'IinbHoH rpynrrbl (n o cpaBHcHHIO C rppar­
MCHTOM Ce 13 B MoneKyne TpI1XnOpMeTI1JIHHTP0aJI KeHa 

88 .1 M. )J.. [20)) , co rn acno ~aHH bIM pa60TbI [22], no­

BI1,uHMOMy, MOiKHO 06b 5lCHHTb 3<p<p CK1'OM (<T}liKeJIOrO 

a1'OMa». B 11K cnexrpe E-HI1Tp0aJJKeHa (IIIa) conpx­

iKeHHOH mrrporpyune COOTBCTCTBylO1' nOnOCbJ norno ­

lUeHH5I npn 1543 11 1347 CM- 1
, )J.BoihlOH CBSI3H C=C 

OTBCqaeT nonoca n pa 1658 CM- 1
• 

B cnexrpe 5IM P IH CMCCH H30MCpOB HHTPOaJIKCHa 

(pac. 1) COC~~ H HeHHIO (III6) OTBCqalOT CHrHaJJbl orierpa­

HOBblX npor onoa H A (7 .0 1 M. n .) 11 H B (6.56 M. ,L\.) C 

C 
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KOHCTaHTOH CmiH-CmIIIOBorO B3aHMoAeHcTBlUI 9.46 Ta coe nanenua ( lIla) COBnaAalOT B npen enax OIJlH6KH C
 

I'u, 'ITO nonrsepxnaer HX l/UC-OpHeHTaUHlO. TaKOe TaKOBbl MH AJI ~ aHaJIOrH lJHOr O <pparM HTa C mpauc­

3HalJeHHe KCCB x aparcrep ao Ami Z-HHTpOCTHpOJIa pacnOJIO)J{eHHeM 3aMeCHITeJIeH (uarpor pyrma H rpypa­

[23]. B cnexrpe 51MP IH_ 13C HMBC CMeCH Coe,DJIHe­ I103HOe KOJIbUO) B MO rexyne co enune nna A [24] (CM.
 

HHH (ITIa, 6) HapMY C xoppenau aoansnru 3aBHCHMO­ Ta6JIHuy) H3 K eM6pHA)J{CKOH 6a3bl CTpyKTypHbIX AaH­


CT~M H, COOTBeTcTBylOJJ..(HMH E -H30Mepy (IlIa) (pHC. 2) Hbl X (CCDC 109502) [25].
 
Ha6JIlOAaeTCJI KOppe JIJlUH~ CHrIiaJIOB aTOMOB BOAopOAa
 N02
11 yrnepon a AJI~ Z-H30Mepa (III6) : HA/C! ( 129.86 M. A.) , 

h-J(CI HA) 177.91 r u, HA/C2 (75.72 M. A.); HA/C3 (20.38 
M. A. ) H HB/C!; HslC2 J(C2H

B) 177.09 [ I..( ; HslC3
. 

Crp yxrypa HHTpoaJIKeHa (IlIa) H3y'IeHa MeTOAOM 

penrreaocrpyxrypnoro aaannsa. Ilpocrpancraennoe 
crpoeinre MOJIeKyJIbI nOKa3aHO aa pHC. 3, aexoropue 
AJIHHbI cB~3e H npeACTaBJIeHbI B r afimnre. 

ATOMbl <pparMeHTa 02NCl=C2-e3-Br l JIe)J{aT B OA­

HOH nJIOCKOCTH B npenenax ±0.018(6) A; HHTpO- H 

TPH6pO MM eTHJIb Ha~ rpynrrsr H aXOAJlTC~ B mpau c­
nOJIO)J{eHHH. .LJ:JIHIIbl CBJl3eH narpoereaoaoro rpparsrea­

0, M . n. JL 
20 

40 

60 

80 

100 

120 

140 

160 

8.0 7.5 7.0 

0, M . n, 

PIIC. 2. Cnexr p IH_ 13 C HMBC coe,UI1HeHI1}1 ( IlIa). 

a 

c 

)J.nl1Hbi CB}l3efi (d, A) B HI1Tpo:neHOBbIX <!JparMeHTax MoneKyn 

coe,QI1HeHl1}1 (IlIa) 11 MO,QenbHOH CTJJYKTYPbI A [24] 

H l ."o 
I 

, 2 I~ N 

3 / C=C ......6 
X H 

X = CB r3 (lIla), y rn eeonau il OCTaTOK (A). 

CB}l3b 

N 1=O I 

N 1=02 

NI-e l 

C J C2 =

C2_C3 

C3_Br i 

C3- Br 

C3-Br> 

IlIa 

1.2 12(9) 

1.228(8) 

1.453(9) 

1.306( 8) 

1.486(9) 

1.941(7) 

1.96 1(6) 

1.932(6) 

6 

A 

1.217 

1.227 

1.455 

1.305 

1.50 1 

PIIC. 3. 06ll\I1H BI1,U MoneKynbi (a) 11 <!JparMeHT Kpl1CTaJInl1tJecKoH ynaKOBKl1 (6) coe,Ul1IleHI1}1 (IlIa). 
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Hnr epecao OTMeTHTb, 'ITO B KeM6pH,Il)KCKOH fiase 
crpyxrypnu x LJ.aHHhIX HaHLJ.eHO BCerO BOCeMI, COeLJ.H­
HeHHH, conepacaumx CBrr rpyrm y, rrpW·leM HH B OLJ.­
HOM H3 HHX OHa He COCeLJ.CTByeT C ,nBOHHOH C=C CBH­
3blO, CJIeLJ.OBaTeJII,HO MI,I HMeeM nepBI,IH npavep 
cr pyxrypu C TaKHM B3aHMHI,IM pacnonozcennea 3THX 
epparMeHTOB. 

KpHCTaJIJII1'-leCKaH CTpYKTYpa coennaeaas (IlIa) 
xapaxrepaayer cx HaJIH'-lHeM ueno-re« BLJ.0JII, OCH b, 06­
pa30BaHHI,IMH B3aHMo,neI:fcTBHeM N0 2-rpynn: paccroa­
HHe 0 1" .0 23 .034(9) , O I···N ' 2.212(9), O I···C I 3.037(9) 
A (npa cyMMe BaH-,nep-BaaJII,COBI,IX panaycos 0 ..·0 
3.16, O· ..N 3.22, O..·C 3.35 A [26]). Ueno'IKH ynozce­
HI,I B CJIOll, napaJIJIeJII,HI,le nJIOCKOCTH b, c-a, nocpen­
CTBOM B3aHMo,neHCTBHH N02- H CBr3-rpynn C COKpa­
r.u.eHHbIMH KOHTaKTaMH 02 ..·Br3 2.938(6), Me)l(CJIOeBble 
KOHTaKTbl B r2..·Br2 3.611(1) (cyMMa saa-nep­
BaaJIbCOBI,IX pazmycos Oi--Br 3.45, Br..-Br 3.74 A 
[26]). 

3 KcncpliMCHTaJIhH3H qaCTh 

11K cnexrpu peracrpaposana na cnexrporporoaer­
pe Shimadzu lRPrestige-2 1 B xnoporpopve. CneKTpI,I 
51.MP 'H , 13C rIOJIyqeHI,I aa CneKTrOMeTpe Jeol 
ECX 400A [399.78 e H), 100.525 MrIJ. ( 3C) ] B XJIOpO­
epopMe-d/. BHyTpeHHHH crannapr - CHrHaJI OCTaTO'-l­
HI,IX npor ouoa aeneirr epapoaaunoro pacTBOpHTeJIH. 

Bsutenenne HH,nI1BH,nyaJII,HOr O E-H30Mepa ocyure­
CTBJIHJIH MeTo,nOM KOJIOHO'-lHOH xposrarorparpaa na 
CHJIHKareJIe MapKH Macherey-Negel (L 140/270 ll, 
r CpMaHHH) npn COOTHOIlleHHH Ber.u.eCTBO:HOCHTeJIb = 
I : I 0 (no Macce), 3Jl100TpOnHblH pHLJ. pacTBOpHTeJIeH no 
Tpa rtne [27J. 

PCIITr cuoCTpYh.....-yPHblH aHM"3 npoaonann npa 
reu rreparype 200(2) K aa ,nHeppaKToMeTpe Bruker 
K appa A PEX II (MoKa-H3JlY'-lelm e, rparpar ossn; MO­
a oxpoxrar op, CCD-,ll,CTeKTOp, MaKCUMaJIbHhlH yrOJI 28 
60.0°). MOHOKpUCTaJIJII,I coe):(HHeUUH (JIIa), asipamea ­
Hble H3 '-leTI,lpeXXJIOpHCToro yrnepona, MOHOKJIHHHI,le, 
napaa erpsr H'-leHKH : a 6.2735(6) , b 5.8979(5), c 10.641 
(1) A, b 97.389(4)°, V 390.46(6) N, npocrpancrsea­
HaH rpynna P2\, Z 2, C3H2B r3N Oz, dOh1Q 2.754 r/cM3, II 
15.428 MM- 1

, pasvep OCKOJIKa 0.45xOAOxO.10 MM. 
113MepHJIH HHTeHCHBHOCTH 2245 He3aBHCHMbIX orpa­
)l(eHHH. Bsenena nonpasxa na nornoui enae no npo­
rp aMMe SA D A BS (TpaHcMHccHH 0.0237-0.1031). 
CTpyKTYPY pacuurdipossmaaa npHMblM MeTO):(OM no 
npor paMMe SHEL X S-97 H YTO'-lIDlJUl B anasorponao­
aaorpormo« npH6m:l)l(eHHH (,nJlJI aTOMOB H ) no npo­
rp asoae SHELXL -97. I10JIO)l(eHHH aTOMOB BOLJ.Opo,na 
6hlJIH paccsaransr reoaerpuxecxa, napaverpu aTOMOB 
BOLJ.Opo,na YTO'IHHJIH B H30TponHoM npH6JIH)I(emIH no 

A . H. A I-Il /CUM06a U op. 

MOLJ.eJIH naesonura. OKOH'-laTeJIbHble napau erpsr YT0'-l­
HeHHH wR2 0. 1129, S 1.104, 82 napasterpa YTO'-lHeHHH 
(R 0.0436 LJ.JIH 1900 F > 4cr) . A TOMHhle xoopnanaru , 
,nJIHHI,I CBH3eli H yrnsr LI,enOJIHpoBaHbI B KeM6pHLI,)I(­
CKylO 6a3y CTpYKTYpHblX nannsrx (CCDC 947898). 

):(JIH norryxemra HHTp0aJIKeHa (lIla, 6) HCnOJII,30Ba­
JIH KOMMep'-leCKH nocryrmue pear etrr sr, 

1,1,1-T pn6poM-2-r ll.upoKclI -3-HllTpOnpOnaH (I). 
K pacTBopy 20 r (0.067 MOJII,) 6pOMaJIH B 30 MJI BOLJ.bl 
npn nepev eunmaaaa ,n06aBJIHJlH 5.4 M jJ (0 .1 MOJII,) 
HHTpoMeTaHa. K peaKIJ.HOHHOH CMeCH rrpn aarpesaana 
(45-50°C) H nepeaeunraauu a nopqHHMH LI,06aBJIIDIH 
0.8 r K2C0 3 B TeqeHHe - 30 MHH. I10JIyqeHHI,IH pac­
TBOp JleHTpaJlH30BaJIH pa36aBJleHHOH COJIHHOH KHCJIO­
TOH. 0 6pa30BaBIllHHcH narpocmrpr OTLI,eJHIJlII B LI,eJIH­
TeJII,HOH soponxe. Il poasmnue BOLI,I,I 3KcTpam pOBaJIH 
XJIOpOepOpMOM (3x 25 MJ1) U o6be,nHHMH C OCHOBHOH 
eppaKIJ.Helf, cyiuana HaLI, CaCh o TIoCJIe OTrOHKH pac­
TBOpHTeJlH nOJIy ' IaJIlI 20.85 r (91%) COeLI,HHeHHH (J) B 
BHLJ.e 6eCIJ.BeTHOrO MacJlo06pa3Hor o aentecr s a, KOTO­
poe npn OXJla)l(LI,eHI1H KPI1CTaJIJlH30BaJIOCb, T. nJI. 76­
78°C (1'. nJI. 78°C [28]). 

2-AncToKclf- l ,I , I -TpIl6pOM-3-Hlu ponponan (In . 
K 20.85 r (0.061 MOJlI,) anrpocnapra (I ) npHJlHBaJIl1 
8.7 MJI (0 .122 MOJlI,) aIJ.eTI1JlXJIOpH,na. 0 6pa30BaBllIHH­
CH pacrsop nonorp esana aa BO,nHHOH 6aHe no pacr so­
peHHH turrpocnapra H BbILJ.ep)l(I1BaJIH 12 '-l npa KOMHaT­
HOH TeMnepaTYPe. 3aTeM OTrOHHJIH H36blTOK auer nn­
XJIOpHLJ.a (-3.0 MJI). PeaKIJ.HOHHylO Maccy npOMI,IBaJIH 
20 MJI rexcaaa H 3aTeM H3 peaKIJ.HOHHOH MaCCbl orro­
HHJIH r excan H conepacaun nicx B HeM aueTI1JJXJJOpl1).:(. K 
OCTaTKy npI-:lJIHBaJIH rexcaa (20 MJI) I-:I OXJIa)l(LJ.aJIH CMe­
CblO JII,LI,a CCOJII,lO. Bsmasum e KpHCTaJIJII,I OTepHJII,TpO­
BI,IBaJIH H nOJIyqaJIH 22.2 5 r (95%) coennaeuaa (II) C 
T. nJI. 66-68°C (3TaI-JOJl) (1'. nJI. 66- 67°C [7]). 

3,3,3-TpH 6pOM-I-HIiTponponcH (III). K pacr sopy 
22.25 r (0.058 MOJlI,) COeLI,J1HeUIDI (II ) B 50 MJl 6eH3oJIa 
,no6aBJIHJIH 6.77 r (0.0 64 MOJlh) xapfionar a HaTpHH H 
peaxuaoaayro CMeCb KHfl jJTliJlH 6 4. 0 6pa30BaBIllHHCjJ 
ocazrox OTepHJlbTpOBblBaJIH, paCTBopHTeJIb OTrOHjJJlH Ii 
nOJIy'-laJIH 17.28 r (92%) TeMHO-OpaH)I(eBOr O sracnooo­
paanoro BeIUCCTBa, jJBJlH lO lJ ~erOCH CMeCblO H30MepoB 
E-(lIla) H Z-(I1I6) B COOTHOlIJeHHH 12: 1. Xpovarorpa­
epHpoBaHHeM :3TOH CMeCH na cnnmcarene H3 eppaKUHH, 
BblMhlBaeMOH CCI4, nOJlYl.JaJlH E-3,3 ,3-TpH6poM-l ­
H11TpOnpOneH (Illa), fl peLI,CTaBJljJ lOIUHH C060H »cerrro­
sar u e KpHCTaJIJIbI C T. nn, 48-49°C {[T. nn. 50°C, T. 
xnn. 92- 95°C (2 MM pr, CT. [7]} . Haiineuo, %: C 
11.09, 11.15; H 0.65, 0.60; N 4.3 1, 4.35 C3H2Br3N 0 2. 
BbI'IHCJlCIIO, %: C 11 .11, H 0.62, N 4.32. 

<1>u3HKo-XHMHl.JCCKHe nccnenonanaa COeLI,HHeHHH 
(1, II , IlIa, 6) BblIIOJlHeUbl C HCnOJlI,30BaHueM otiopyno­



3,3,3-Tp u6po M-I -liumponpo ne H: cuumes U cmp oenue 

BaHWI Ilearpa KOJIJIeKTHBHOro nOJIb30BaHH}I <PaKYJIb­

r er a XHMHH POCCHHCKOr O rocyn apcraen uor o nenaro­

ruuecxoro yaasepcarera HM. A.H. Tepuena, Pear re­
HOCTPyKTypHblH aHaJIH3 MOHOKpHCTaJIn a COejlHHeHH5I 

(IlIa) npos zten B r py n ne pe ur r en ocrpy xt ypuor o aHa­

mrsa X lI MHlJeCKOr O cepsncnor o Ll,eHTPa KOJJJJeKTlIBHO­

ro n OJJb30BaliIDI na fiaae H OBOCH6Hp CKor o HHCTliTYTa 

Opr aHHlJeCKOH XHMHH HM. H.H. B opmKUOBa CO PAH. 

Pa60Ta asmon ueua npH <pHHaHCOBOH n ozuiepsoce 

Maaoopnayxa POCCHH B pasncax 6a30BOH '1aCH l r ocy ­

napcrse naoro sanaaaa. 

C m l COK mrreparypsr 

[1] Koro taev	 V Yu., Barkov A. Yu., Sos novskikh V. Ya.. Slepukhin 

P .A., Kodess MI. II Tetrah edron Lett. 201 I. Vol. 52. N 44 . P. 

5764 . DOl: 10.10 16/j .tetlet.201 1.08 .109. 

[2] Koro taev	 V Yil ., Sos novskikh V Ya., Barabanov Af.A ., Yasnol'a 

E.S., Ezhikova A,f. A., Kodess M I., Slepukhin P.A. II 

Tetrahed ron. 2010. Vol. 66 . N 6. P. 1404. 001: 10.10161 

j .tet.2 009.11.094 . 

[3]	 Sepecmoeuutcan B.Af.. Maxapeioco C B., Eyul.MapUHOI3 H.C , 

J1bICeI/KO K A.. C lIUPI/Ofl A.C, Cmyxaus E.B . 11 1138. AH. Cep. 

XII M. 2009. NQ 5. C. 998; Berestovitskaya v.u, Makarenk o 

S. V , Bushmarinov I.S , Ly ssen ko K.A ., Smirnov A.S , Stuka n ' 

E.V II Rus . Chern . Bul l. 2009 . Vol. 58. N 5. P. 1023. 0 0 1: 

10.1007/s11 172-009-0 131-2 . 

[4] Shech ter H , Ley DE , Roberson E.B. II J. Am . Che rn. Soc . 

1956 . Vol. 78. P. 4984 . 001: 10.102 11jaOI600a049. 

[5]	 Irv ing H , Fuller H I. II J. Chern. Soc. 1948. P. 1989. 001: 

10.1039/JR9480001987. 

[6] Brower F., Burkett H II J. Am. Chern. Soc . 1953 . Vo l. 75 . N 5. 

P. 1082.00 1: 10. 102 11j aOlI 01 a02 1. 

[7] H6aHo6a H. C , Caou xoe P.A., Ilemyxoe B.A ., Fyooeu u JIB . II 

1138. AH CCCP. Cep. XHM . 1968. NQ9. C. 2 144. 

[8] Bates A.N., Spencer D.M, Wain R.L. II Ann. Appl. BioI. 1963. 

Vol. 51. N I. P. 153. DOl : 10. llll /j .1744­

7348 .1963.tb03682.x. 

[9J Bluestone H , Heights C US Pat. 29 17551 (1959) II C. A. 1959. 

Vol. 53. P. 227 18a. 

[10] Molteni u .. Volonterio A., Zanda ivf. Il 0 rg. Lett. 200 3. Vol. 5. 

N 21. P. 3887. 0 0 1: 10.102 1/010354730. 

[I I)	 Molteni lv/., B igotti S., Volonterio A. , Bellucci M C , Mazzini 

S , Zan da M II Org. Biorno l. Chern. 200 9. Vo l. 7. N 11. P. 

228 6. DOl : I0.10391B90 17 18F . 

[12) Kop omaee B.IO., Kymn tuee H.E., Eap soe A.EO. , Kooecc M H. . 

Cnenyxuu Il.A; 3an e6aJl06 A.iG. 11 1138. AH. Cep . XHM. 200 9. 

T. 58. NQ9. C. 1827; Korotaev VYu., Kutyashev I.B., Barkov 

A. Yu., Kodess M I. , Slepukhin P.A., Zapevalov A.Ya. II Russ. 

Chern. Bull. 200 9.Vol. 58. N 9. P. 1886. DOl: 10.10071 

s l l l 72-009-0257-2. 

[ l 3]	 Turconi .i, Lebeau L., Pari s .i-u, Mioskowsk i C II 

745 

Tetrahedron Lett . 2006. Vol. 47. N 1. P. 12 1. 0 0 1: 10.10161 

j .tetIet.2005.10.116. 

[ 14] CJlo6oo'lUK06a E.K , AHUl.1IM06a H A., EepeCm06uI/KaR B.M II 

){{OX . 2013. T. 83. Bsm. 8. C. 1402 ; Slobodchikova E.K., 

Anisimova N.A ., Beresto vitskaya V ,'"l. II Russ. 1. Gen. Chern . 

20 13. Vol. 83. N 8. P. 1631. DOl : 10.11341 

S10703 6321308029X . 

[15) Korotaev V Yu.. Sosnovskikh V Ya., Barkov A. Yu.. Slepu khin 

P. A. , Ezhiko va M A., Kodess M I., Shklya ev Y V II 

Tetr ahed ron . 20 11. Vol. 67 . N 45 . P. 8685. D I: 10.10161 

j. tet.20 11.09.049. 

[16)	 Korotaev V Yu.. Sosnovs kikh V Ya., Kutyash ev I.B., Barkov 

A.Yu., Ma tochkina E.G., Kodess M I. II Tetrahedron. 2008. 

Vo l. 64. N22. P. 5055 . DO l: 10.10 I6/j .tet.2008.03.065. 

(17)	 Bigotti s. Ma lpezz i L., Molt en i M. , Mele A., Panzeri w. , 
Zanda M II Tetrahedron Lett. 2009. Vol. 50. N 2 1. P. 2540. 

0 01: 1O.1016/j .tetlet.2009.03.059. 

(18)	 Balt hazor T.M , Gaede B., Korte D.E., Shieh H.-S II J. Org. 

Chern. 1984. Vo l. 49. N 23 . P. 454 7. DOl: 10.10211 

joOO197a049 . 

[19] AHuCll.l106a H.A., Cnoiioouuxoea E.K, Eepecmoeuuuas B.M... 

KY:JICae6a A.A., H6aHo6a A-f.E., Pu iianoea T.B. II ){{OX . 20 14. 

T. 84 . Bsm. 2. C. 249. 

(20)	 Hucu aeea 3 .A.. Ta3u306a A.A ., Bepeu taeuna H.A., '{awcoe 

n.s.. Anucuuoea H.A., Maxapesxo C B. , C l1l/PI/06 A.C, Ee­

pecmoeuuxasi B.M II ){{OX. 2007 . T. 77. Bu n. 5. C. 798; 

Ishmaeva E.A. , Gazizova A.A.. Vereshchagina Ya.A., 

Chachkov D. V., Anisi mova N.A ., Makarenko S V., Smirnov 

A.S , Berestovitskaya v.u. II Rus. 1. Gen. Ch~m. 2007 . Vol. 

77. N 5. P. 894 . DOl : 10,J 134/S1 07036320705013 1. 

[2 1) Pat. US20 11/152273 (20 II). 

[22] Cumseepcm eiin	 P., Beticm ep <P., KUMJI p . Cnexrpoaerpuse­

cxas lI.IJ-eHTmpHKaUHlI OpraHH'IeCKIlX COe.IJ- IIHeHIlH. M, : bY]­

HOM. J1a60paTopHSI 3Harm ii, 2011. 557 c. 

(23)	 Miller D.B. , Fla nagan P. w. , Sheehter H II J. Org. Chern . 

1976. Vol. 41. N 12. P. 21 12. 0 0 1: 10.1021 /jo00874aOI0 . 

[24)	 Tron chet J. MJ. . Zere lli S., Bernard inell i G. 1/ 1. Carbohydr. 

Chern. 1999. Vol. 18. P. 343 . DOl : 10.1080/073283099085 

44000. 

(25) Allen F.H. II Acta Crystallo gr. (B) . 2002. Vol. 58 . P. 380. 0 0 1: 

10.1107 /S0108768 102003890; Bruno II Co le J. C. 

Edging ton P.R., Kessler M , Macra e C F., McCabe P., 

Pearson J., Taylor R. II Acta Crystallogr. (B) . 2002 . Vol. 58. 

P. 389. 001: 10.1107/S0I 08768102003324 . 

[26) Rowlan d R.S , Taylo r R. II J. Phys. Chern. 1996. Vol. 100. P. 

7384.00 1: 10.102 1/jp95 314 1. 

[27) Kocmuxoe P.P. , KY3f1e /lo6 J'v/.C , H06uKo6 u.c; COK0J106 B.B., 

Xne6HuKo6 A.<P. ITpaKTHKyM lIO opraaavecxossy cHHTe3y. 

CTI6: ~I3 11. CIT6f'Y, 2009 . C. 257. 

[28]	 Chat taway F.D ., Wither ingt on P. II J. Chern . Soc. 1935. P. 

1178 . DOl: 10.1039IJR93500011 78. 


