
with the organophosphoroUS molecule ,  O4-H[O r . . .  N 1 with p a r a m e t e r s :  N 1 . . .  04, 2~ ~,  O4-H[O4], 1.25(15 
.~, H[O4]. . .  N 1, 1o67(1) A, angle O4-H[O 4] . N 1, 168(15 ~ 

C O N C L U S I O N S  

1. 6-Methyl-  3 -me thoxy-2 ,4 ,4 - t r ipheny l -  3-phenyl imino-2,3 ,4 ,  5 - t e t r a h y d r o -  1 ,2 ,3-diazaphosphor[ne exis ts  
as the monomer  in the c rys ta l l ine  state.  

2. The c rys t a l  and molecule  s t ruc tu re  of the te t rahydrodiazaphosphor ine  and its solvate with CH3OH 
added at the P----N bond was de termined.  
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iH A N D  31p N M R  S T U D Y  O F  T H E  S T R U C T U R E  O F  

2 - R - 4 - M E T H Y L -  6 , 6 - D I P H E N Y L -  1 -  P H O S P H A -  2 , 3 - D I A  Z A B I C  Y C L O  

[ 3 . 1 . 0 ] H E X - 3 - E N E  A N D  2 , 3 , 4 , 5 - T E T R A H Y D R O - 1 , 2 , 3 -  

D I A Z A P H O S P H O R I N E  D E R I V A T I V E S  

B.  A. A r b u z o v ,  t~. N. D i a n o v a ,  UDC 542.91:541.6:547.1':118:543.422.25 
a n d  Y u .  Yu .  S a m i t o v  

We were  the f i r s t  to r epo r t  cycloaddit ion at the dicoordinated phosphorus  P=C bond in the case  of the 
react ion of 2-phenyl-  and 2 - a c e t y l - 5 - m e t h y l - l , 2 , 3 - d i a z a p h o s p h o l e s  with diphenyldiazamethane [1-3]. 

Since the react ion  pathway and p r o p e r t i e s  of the products  fo rmed  are  influenced by the s t ruc tu re  of the 
s tar t ing  compounds, we also studied the reac t ion  of N-benzoyl - subs t i tu ted  diazaphospholes  with diphenyldiaza-  
methane.  The reac t ion  p roceeds  in all cases  at room t e m p e r a t u r e  with the r e l e a s e  of N 2 and format ion  of 
crys ta l l ine  2- R - 4 - m e t h y l -  6 ,6-diphenyl-  1 -phospha-2 ,3-d iazab icyc lo  [3.1.0]hex- 3-enes  (IIa- c). (See scheme on 
next p age.) 

Upon heating with alcohols and upon the introduction of d ry  HC1 through solutions of (II) in CH2CI2, the 
phosphorane r ing of (1-[5 opens to fo rm t e t r a h y d r o - l , 2 - d l a z a - 3 - p h o s p h o r i n e  de r iva t ives  (III)-(V) [2]. These 
phosphorines add sulfur  [2]. 

The s t ruc tu re  of (II)-(VI) was shown by e lementa l  ana lys is ,  IR, 1H and 3tp NMR, and m a s s  spec t roscopy  
(Table 1). The chemical  shifts  for  the phosphorus  nuclei in the t h r e e - m e m b e r e d  r ing for  (II) are:  - 8 0  (IIa), 
- 9 3  (IIb), a n d - 9 0  ppm (IIc). F o r  (III)-(VI), 631P is in the range f rom 67-92 ppm. Simi lar  5P chemical  shifts  
a re  typical  for  these  envi ronments  of the phosphorus  atom [4]. 

The iH NM~R s pec t r a  provide m o r e  information on the s t ruc tu r e s  of (II)-(VI); some of these data are 
s u m m a r i z e d  for  (III)-(VI) in Table  1. 

Le t  us now examine the proof  of the s t ruc tu re  of bicycl ic  compounds (Ha-c). The i r  1H NMR spec t r a  a re  
ex t r eme ly  s imple .  F o r  example ,  the single proton of the t h r e e - m e m b e r e d  r ing in (IIb) gives a doublet with 
chemical  shift  5H 3.78 ppm (2JpH = 21 Hz), i .e.,  the signal is in the usual  resonance  region for  cyclopropane 
protons [5]. In (Ha-c), the gem-diphenyl  group and the N=C bond adjacent  to the t h r e e - m e m b e r e d  r ing lead to 
a s t rong down-field shift for  this proton signal,  which is also re la ted  to the inductive and magnet ic  effect  of 

A. M. But lerov Insti tute of  Chemis t ry ,  V. I. U l 'yanov-Len in  Kazan State Univers i ty .  Trans la ted  f rom 
Izves t iya  Akademii  Nauk SSSR, Serlya Khimicheskaya ,  No. 12, pp. 2730-2733, December ,  1982. Original 
ar t ic le  submit ted April  5, 1982. 
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T A B L E  1. 1H and 31p NMR S p e c t r a  of  ( III)-(VI)  

6, ppm ~, Hz 
Com- 
pound ~P CIts 8JPCCHe 

(IVa) 
(Va) 

(III~ * 
(IIIa) 
(vI) 

+92 
+90 

+67 
+74 
+72 

2,t5 
2,26 

2.06 
2~t2 
t~88 

OCH~ Ph 

3,42 6,9-7,4 
3,73 6,9-7,4 

(OCH2)_ 7,0-7,3 

3fi5 6,9-7,4 
6,9-7,6 

Ha ~e 

3,08 2.85 
3,28 3104 

3,24 3,08 
3,36 3,t8 
3,45 3,09 

2Jae ~JPccH a 

-~8 ~0,5 
-18 ~0,5 

- i S  ~ t  
-18 ~0,5 
-18 ~4 

6~2 
6,0 

5,0 
6,0 

21,0 

*The chemical shift of the C(O)CH 3 methyl group is 2.07 ppm. 
$The the OCH 3 group doublet in CCI 4 solution overlaps the H a 
proton doublet. Thus, the subsequent 31p splitting cannot be 
determined precisely. 

R--N--N R--N--N 
/ % --N, / % 
P C--CHs + Ph~CN2 --~ Ph P C--CH3 

(Ia-c) / n 
' R=Ph(a)'CHsCO(b)'PhCO(c) ] Ph I 

I~'OH (IIa--c) HCl 

I f 
N--N N--N 

/ %C--OH8 Ctt,o~I / % WO--P ~' CI--P C--CH3 
\ / 

\C--CH/2 C--CH2 
/ \  / \  

Ph Ph Ph Ph 
(IIIa, b) 

R' = CHs (IVa) 
R" = C2H5 (Va) 

$ 
(IVa) --> 

Ph 
/ CHs0 N--N 

\P/ %--CHa 
s / 

S C--CH2 
/\ 

Ph Ph 
(vI) 

the phosphorus atom. The protons of the methyl group at the unsaturated carbon atom resonate at 6H 2.20 
ppm. The corresponding chemical shifts for (IIa) and (lib) are: 6CH 3.88 (IIa) and 3.59 ppm (rib), 6CH 3 2.12 
ppm. The signal for the acetyl protons in (IIb) is found at 6H 1.87 ppm (3H). The phenyl protons in IIa-c are 
found as broad bands at 6.5-7.1 ppm (I0 H). 

All compounds (III)-(VI) have generally similar IH NMR spectra. One such spectrum was given pre- 
viously [2]. Table 1 shows that the H a and H e protons of the endocyclic methylene group are anisochronie and 
under conditions of total heteronuclear IH-~iP} NMDR, these protons show a typical AB quadruplet as, for 
example, in the case of (IVa) with gem[hal coupling constant 2JAB =- 18 Hz. Subsequent spin-spin coupling 
of the lines of the AB quadruplet by the 31p nucleus occurs with a small constant (~ 0.5 Hz) for the low-field 
doublet and with constant 6.2 Hz for the high-field doublet. This feature of the PIVfR spectrum indicates that, 
at room temperature, (IVa) exists predominantly in the half-chair conformation: 

0cHj 
Ha j 

Ph--~ 
Ph 
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The methyl  group at C(sp 2) is tentat ively shown extruding f rom the plane of a toms C~_C6=N-N and the down- 
field doublet may  be ass igned to the pseudoaxial  H a proton s inee the dihedral  angle between the C - H a  and C - P  
bonds is c lose to 90 ~ and this angle is about 150 ~ for  the C - H e  bond. An empi r i ca l  dependence for  3JP(III)OCH 
on the dihedral  angle between the planes in which the P - O  and C - H  bond lie and the angle charac te r i z ing  the 
or ienta t ion of the unshared e lec t ron  pa i r  of the phosphorus  atom re la t ive  to the O - C  bond has been found for  
such angles.  According to this dependence, the constants  a re  0 and ~ 8 Hz for  the equator ia l  conformat ion of 
the orbi ta l  of the unshared  e lec t ron  pa i r  of the t r iva len t  phosphorus  atom and 0 and ~15 Hz for  the axial  con- 
format ion  of the unshared e lec t ron  pai r .  Thus, the predominant  conformat ion in (IlI)-(VD is a ha l f - cha i r  
with pseudoequator!a l  or ientat ion of the phosphorus unshared e lec t ron  pai r .  Such a conformat ion  was found 
prev ious ly  for  (IVa) in the c rys ta l l ine  state by x - r a y  diffract ion s t ruc tu ra l  analysis  [3]~ 

In the case of the compound with the thiophosphory[ group (VD, the coupling of the phosphorus atom with 
the Ha proton has constant ~4 Hz, while this coupling with the He proton has constant 3JP(IIDCCH e = 21 HZo 

Comparison of these constants with the IH NNIR spectral data for the stereoisomers of 2-methoxy-2-thio-4- 
methyl - l ,3 ,2 -d ioxaphosphor inane  [6] indicates that the ha l f - cha i r  conformat ion with pseudoaxial  or ientat ion of 
the thiophosphoryl  group i3 predominant  for  (VI). 

E X P E R I M E N T A L  

The 1H NMR spec t ra  were  taken on a Varian HA-100D s p e c t r o m e t e r  with TMS internal  s tandard for  5 
vol.% solutions in CC14. The 31p chemical  shifts  were  found by 1H-{31P}NMDR and moni tored  by d i rec t  m e a -  
su remen t  on a YaMR-KGU-4 s p e c t r o m e t e r .  

2 -Beuzoy l -4 -methy l -6 ,6 -d ipheny l - l -phospha-2 ,3 -d iazab icyc lo [3 .1 .0 ]hex-3-ene  (lie). A solution of 0.8 g 
Ph2CN 2 in CH2CI 2 was added to a solution of 0~ g (Ic) [7] in CH2C12 in a drybox at about 20~ The t e m p e r a t u r e  
of the react ion  mix tu re  was r a i sed  to 50~ The vigorous  r e l e a se  of N 2 ensued. The reac t ion  was complete  
in 20 min. The react ion  mix ture  was left  to stand overnight  and then f i l tered to yield 1~ g (78%) c rys ta l l ine  
(IIc) with mp 189-190~ {from ethanol)~ Molecular  m a s s :  found, 370; calculated,  370.4. IR spec t rum (v, cm-1): 
710, 725, 770, 790, 1500, 1600 (Ph), 1580 (C---N), 1640 (CO). Found: C, 74.48; H, 5.16; P, 8.51; N, 7~176 Cal-  
culated for  C23H19N2PO; C, 74.57; H, 5.17; P, 8.36; N, 7.56%. 

The syntheses  of (Ha), (IIb), and (III)-(VI) were  descr ibed  in our  e a r l i e r  work [1, 2]~ The authors  
thank Yu. Ya. E f r emov  and R. Z~ Musin for  taking the m a s s  spec t ra .  

C O N C L U S I O N S  

1. The reac t ion  of 2 -R-5~methyl - l ,2 ,3 -d iazaphospholeswi th  diphenyldiazomethane leads to the f o r m a -  
tion of 2 -R-4 -me thy l -6 ,6 -d ipheny l - l - phospha -2 ,3 -d i azab i cyc lo [3 .1 .0 lhex -3 -enes  which, upon heating with 
alcohols and reac t ion  with d ry  HC1, conver t  to der iva t ives  of 2 ,3 ,4 ,5 - t e t r ahyd ro - l , 2 -d i aza -3 -phospho r ine s .  

2o The s t e r eochemica l  dependence of the 3JP(III)CCH vicinal coupling constant  on the dihedral  angle for  
these  phosphor ines  indicated predominant  ha l f - cha i r  conformat ion  with pseudoequator ia l  or ienta t ion of the 
phosphorus  unshared  e lec t ron  pa i r  orbi ta l .  
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