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M aK p Ol\HKJIHlJ.e CKHe a30MCTllllbI HBJIHIOTCH KJIaCCH­

l lCCKHMIf MOJIe KYJIaM H-X0 3Jl e ew"tu cyn paa onexyrrs p­
HbIX CHCTCM [1]. O c 0 6 eHHo W'l1p o KHe nepCneI<TI1BbI HX 

HCn OJIb30 n aHlUf B ,n:aHHOM xasecrse B03HHKJIIf B pe­

3YJIbTaTe pa3p a 6 0 TKH 6CCTeMnJIaTHbiX MeTO,UOB CH HTe­

aa TaKHX BemeCTB [ 2 ]. B nocnenaee ,Ue CHTHJIeTlle n o ­

nys ema coen nneaaa C p a3JIHlIHbI MH paasiepasnr l\HKJIa , 

KOnl1q eCTBOM CBH3eH C = N , crpoenaev yrnesonopon­
aoro ¢ p a r M eHTa ( ,um¢aTWIec KHM, apOMaTHq eCKHM 

Hnlf UIlKJIOaJIlf¢ aTHq eCKHM) B KOJIbl\e. 

K l m c JIy Ba)l(HeHlIIHX n p e ap a ure a a ii B rpocrpopo pra­
lIHtIeCKOH XHM HH OTHOCHTCH pea x u n a nY'uOBHKa , 

n pezicraanmouraa C0 6 0 H rrpn c o en mren a e rnzrp o qi o c­

¢ OPI1JIb HbI X c o e,UuHeHIIH K KpaTHbIM CBH3HM. Ilpncoe­
zunre a a e K CBH3H C=N a30 M eTH HOB npIiBo ,UHT K ofipa­

30 BaHHl O a-a I\H IHO¢OC¢OPHJIb HbIX coezra uen a ti , 06JIa­

,UaIOUUIX y m lI<aJ1bHbIM I1 6IiOJIOrHqeCKIi aKTIiBHbIMH 

CBOHCTBaMH H KOM rI JIe KC0 0 6 p a3 y lO m eH cnoc06HoCTbIO 

[3]. 
B CBH3H C 3T HM n p e,UcTaBJIHJIOCb ueJIe C0 0 6 p a3HbI M 

o c y tuecr aars ¢OC¢ OPHJIlip OBam f e MaKpOl\HKJIHqeCKHX 

a30 M eTHHOB H T aKHM 06p a3 0 M nony-nrrs HOBbIe coeznr­

HeHJ IH, B KOTOp bIX aTOM a30 Ta BXO,UHT B COCTaB rerepo­

UHKJIa, a ¢ OC¢ OpHJIbHaH rpynna, CB~l3a H H aH C cocen ­

HIiM aTO l\IO M yrnepcn a , HaX O,UHTCH BUC UHKJIa. T aKHe 

coem m e n a a ,UO nacro xutero BpeMeHH npaKTHlJ.eCKIi He 

6 blJIH CHHTe3Hp OBaHbI H He HCrrOJIb3 0 BaJIHCb B KalJ.eCT­

][ 

Be X03Jlee )l,JI51 C0 3Jla HHH c y n p aM OJIeKy JI51p HbI X CHCT e~1. 

B TO )I(e s p e v a H3 BCCTHO, qTO aM HHo¢ocq>OPHJIbHbIe 

coe,UHHeHHH, conepzcanrae ncero JIHW b OJlHY rpyrrrry 
P ( O ) - C - N H , npOHBJIHIOT BbICOKYIO 3¢¢eKTHBHOCTb H 

c eheKTHBHOCTb B npoueccax )I(lIJlKOCTHOH 3KcrpaKUlIII 

HOHOB MeTaJIJIOB 11 MHHep aJIbHbIX KHCl IOT , a TaIOKe B 

M eM 6 p aHH OM rpaacnopr e oprann-r ecxax H MHHepaJIb­

HbIX KHCJIbIX cyticr par oa [3]. 3 TH CBOHCTBa B 3Half ll ­

TeJIbHOH M ep e 06y CJ10BJIHBalOTClI c noc0 6 HOCTbIO aMlI­

HO ¢ OC¢ OPHJIbHOH rp ynnu 0 6 p a3 0 BbIBaT b n HTH'm eH­

Hy IO XeJIaTHYIO CTp y KTYPY. B MaKp OUHI(JIHlJ.eCKHX aMH­

HO¢OC¢ OPHJIb HblX COe)l,H HeHH~X 3TH CBOHCT Ba MOr)'T 

6bl Tb 3HalJHTeJIb HO pacuntpensr Ii YCH iJeHbl sa ever 
COqeTaHIiH XeJIaTHOr O H M aKp OUHKJIHtl eCKOr o 3¢cP eK­

TOB, xcropue, KaK H3BeCTHO, c y rue CTBCHH O nOBbIWa]{)T 

TepMO,UHHaMHqecKyIO YCTOHqI1BOCTb KOMflJIeKCa X03}/­

uu-eocme. 
B ,UaHH OH pafiore anepnsre ocym eCTBJIeHO ¢OCcPo­

pHJIHpOBa llHe MaKp OllHI<J1IiQe CKOr O a30MeTHHa BTO­

PIiQHbIMH ¢OC¢l1HOKCI1)l,aMII na npn si ep e r e x c au som a 

(I), nOJIyQe HHOrO B p e3YJIbTaTe [3+3 ] - UIiKJI113aUHH r e­

pe¢ TaJIeBOr O ansner a n a 11 1,2-,UnaMHHoUHKJIoreKcaHa. 

B Ka lJ.eCTBe arop a -nroro <po c qm HOKClf)l,a lICn OJIb30Ba­

JIH JlH<PCHHJI¢OC¢HHOKCH,U (II). Peaxumo n p OBO,llIlJIlI 

rrpu ,UJIHTeJIb HOM KIin llQe HIiH p e aKllHo HIIOH CMeCE B 

,UHXJIO p MeTaHe rrpn CO OTHow e H H H aaoxie­
TIiH:,UH¢eHHJI¢oc<pHHOKCH,U = 1:6. 
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Ilepeu u npuu ep ¢OC¢OpURUp 0 6aHU51M aKpOl/UKflUlleCK 0 20 asouemuua... 

K OlU POJIh aa XO'uOM peaKUHI1 OCYLUeCTBJIHJII1 MeTO­
J:OM 51 M P 31P no YMellhwemllO HHTeHCI1BHOCTH cnr na­
na iUI<!JCHI1JI<pocqm HoKCH,Ua (op21.3 M. n ., IJPH 482 
Fu). CJIctJ,yeT OTl\leTHTb, QTO npI1Coe,UI1IfeHI1C ,UH<pe­
HHJI<pocqmHOKCI1,Ua no BceM CBH3HM C=N TPe6ycT npo­
!I.OJI)f{IH eJlhHOrO aarpesaaua; 95% -HaH KOHBepCI1H I1C­
xonaor o <poc<popopraHl1 lJeCKOr Ocoe,UI1HeHIUI nocr nr a­
eTCHaa 30 lJ. 

Cr poea ue norrysemtoro MaKpOUHI01I1'ICCKor o a­
aMI1Ho<poC<pOpIIJIbHOrO nponyxra (III), conepxauiero 
meers rp yrmapoaox P(O)Ph2 no 060)1y MaKpOUI1Kna, 
nonraepxneao C nOMOLUhIO 11K , 5IMP 1H, 13C, 31P 
cnCKTpOCKOnl111 H Macc-cneKTpOMeTpI1 l1 . TaK, B 11K 
cnexrpe npI1cyrcTBYIOT I1HTeHCHBHhIe nOJIOChI norno­
lI.\eHI15I rpynn NH (3428 CM- I) 11 P=O (1190 eM-I ). 
Cnexrp 51 M P 31p COtJ,ep)f{I1T ,UBa OnI13KO pacnonoscen­
HhIX CI1rH<wa O,Ulm aKOBOH I1HTeHCI1BHOCTI1 npI131.1 11 
31.6 M. ,U., xapaxr epnu x ,UJIHTPeTw lHhIx <pOC<pI1HOKCI1­
}WB C ,UByMH <peHI1nhHbIMI1 rpynrrasm npa aTOMe <poc­
<popa 11 YKa3hIBaIOLUI1X na nexoropoe pa3JII1lJI1e npo­
cTpaHcTBeHHoro pacnOJIO)f(eHHH 3TI1X rpyn n OTHOCI1­
TeJI bHO <pparMeHToB KOJIhua. B cnexrpe 5IM P I H, KO­
TOPhIH BBl1,Uy 3HaLfI1TenhHOH MOJIeKyJIHpHOH MaCChI 
coetJ,I1HeHHH (1lI) npetJ,CTaBJIeH YWI1pCHHhIMl1 CI1rHaJIa­
MH, HaI100JIee Ba)f(HhlM HBJUleTCH npncyrcrnne xapax­
repnor o Cl1r HaJIa MeTHHOBhIX npOTOHOB rpynn P(O) 
CH rtpn 4.6 M. ,U. MCTHHOBbIe nporonu UHKJlOr eKCaHO­
BbIX xoneu npencr asnenu CMr HanaMH B OOJIaCTl1 2.1­
2.4 M. n. , <lTO OTJI I1LfaeTCH OT l1X nOJIO)f(eHHH B cnexrpe 
HCXOJ-\Hor o rexcanscma (0 3.4 M. ,U.). ITPOTOHbI MeTH­
JIeHOBhIX rpynn npOHBJIHIOTCH YWl1peHHhIMH MyJIhTH­
nnerana B 06JIacTH 1.2- 1.6 M. ,U. B cnexrpe 51MP l3C 
orcyrcrsyer CI1rHaJI yrnepona rpynnsr C=N HCXO,UHO­
ro reKCaI1MHHa (I) (oc 160.4 M. ,U.) H I1MeIOTCH carnanu 
yrnepozmsix aTOMOB rpynn P(O) CH (oc 58.7, 61.0 M. 
n.), HaXO,UHLUHXCH B MaKpOUMKJIe, rpynn CH2 (oc 24.4, 
29.6, 33.1 M. ,U.) 11 NHCH (oc 54.1, 56.9 M. ,U.) UHKJIO­
reKcaHOBhIX KOJIeu, a 'raroxe oeH30nbHbIx KOJIeu B 00­
:IaCTI1 128.3-132.6 M. ,U. 

B Macc-cneKTpc coe,UI1HeHHH (III) npacyrcrsyer 
nmc C m/z 1872.7638, OTHOCHLUI1HCH K,110HY [M - Nat 
H nO,UTBep)f()laIOLUl1H MOJIeKynHpHyIO Maccy a30TCO­
nepxcamerc MaKpOUI1I01a C IlleCTbIO ,UH<peHI1JI<poc<pH­
HOKCI1,UHblMI1 rpyrmasm. I1MCIOTCH raxace TII1KI1 C m/z 
1670.693 5, 1467.6256 , 1265.56 15, 1061.67 18, 
849.5355 11 637.404 8, cooTBeTcTBYlOIUl1e <pparMellTaM 
C OTIUenJIeHHhIMI1 O,UHOH, ,UByMH, TpCMH, lJeTblpbMH, 
nHTbIO 11 weCTbIO ,UI1<peHI1JI<p0c<pI1HOKCUJJ:llbIMI1 rpyn­
naMI1 COOTBeTCTBeHHO. 

Cnexrpsi 5IMP JH, l3C 11 31p (CDCI3) CHHTbI aa 
npnfiope B ruker A vance-400 na lJaCTOTax 400 .13, 
100.61 11 161.98 Mfu COOTBeTCTBeuuo. XHMI1LfeCKl1e 
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C,UBI1rH 31p 113MepeHbI OTHOCHTCJIbHO 85%-HOH H3PO.j. 
11K cnexrp CH.l1T aa npniiope Shimadzu FTIR-8400S B 
ra finence c KBr. Macc-cne xrp IIOJIy<leH tra nputi ope 
Bruker Customer Microtof 10223 C HOHH3aUl1eH ::H1eK­
rpopacnunenae n npn I1Cl10JIb30Ball l111 B Ka'ICCTBe pac­
r sopnr ens MeTUJIOBOrO cnapra. 3JIeMenTHbrli aHaJI I13 
BblI10JIHeH aa aBTOMaTl1 ':1eCKOM CHNS-aHam l3aTOpe 
V ario M icrocube E1ementar ; conepacaane rpocrpopa 
onp enenanu cnexrporpor oaerpa-recxn. 

Texcaa :Hill (I ) nonyx en B3auMOtJ,eHcTBHeM r epep­
TaJIeBOrO ansnerana (Acres Organics, 98%) c 1,2­
,UHaMHHOUHKJIOreKCaHOM (Acros Organics, 98%, CMeCb 
1IUC- 11 mpaHc-1I30MepoB) cornac no MeTO)1HKe [4] C 
YBeJII1lJeHl1eM apesreaa nposeneuaa peaKI..(HH. )J,HlfJe­
mlJl<p0c<pI1HOKCI1.Q (II) nOJIyLfeH nyrea r nnponm a ,UH­
<pCHI1JIXJIOP<P0c<pMHa (Acros Or ganics, 98%) 1 H. pac­
TBOpOM cornnroii KI1CJlOTbI B ar a ocdiepe aproua [5]. 
XnOpl1CTbIH MeTI1JIeH - KOMMep'lccKHH npony xr (X LI, 
TY 2631-0 19-44493179-98, 3AO «BCKTOH»). 

Coena ueune (Ill). Cu ecs 2.02 r (10 MMonb) ,Uu<pe­
HHn<p0c<pI1HOKcH,Ua (11) B 5 MJI fieaaonuor o xnopncroro 
MeTHJIeHa 11 1.05 r ( 1.66 MMOJIb) r eKcaHMIIHa (1) B 17 
MJI roro zce pacr nopnr enn KlInHTHnH B Te4CHHe 35 4 B 
arvocrpepe cyxor o aprona. 3, TeM pacr nopur ens yna­
JII1JII1 npa nOMOIUI1 por opnor o acnaprrr ens. D ony4HJIU 
3.03 r (98.6%) coenanerurs (1II) B BI1,Ue rsepnor c Be­
urecrsa zcenroaa ro-xpea oaor o usera. T. nn. > 230°C. 
11K cnexrp, v, Cl\{- I: 3428 (NH), 1190 (P= O). Cnexrp 
5IM P lH , 0, M. ,U. : 1.2-1.6 M (l 2H , CH2) , 2.1-2.4 M 
(6H , NCHuHK@reKcwI) ' 4.6 M (6H, PCH ), 6.8- 8.0 M (72H, 
Ar). Cnexrp 51MP 13C, oc, M. ,U.: 24.4, 29.6, 33.1 
(12CH2) ; 54.1, 56.9 (6N CHuIfI0IOreKCHJl) ; 58.7, 61.0 
(6PCH), 128.3-L32.6 (A r) . Cnexrp 5IMP 3Jp, Op, M. )1. : 
31.1, 31.6. Haiineuo, % : C 73.87; H 6.42; N 4.51; P 
9.78. C1l4H114N 60 6P6. Bu-rne !CHO, %: C 74.01; H 
6.21; N 4.54; P 10.05. 

Pafiora BbInOJIHeHa npn epHHaHcoBoH nonnepxxe 
POCcI1l1cKor o <poHJ-\a <pYHJ(aMcHTanbHblx uccnenoaa­
HHH (rpaar NQ11-03-00648). 
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