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Study of the equilibrium of the s t e r eo i somers  and conformers  of 5-phenyl- l ,3 ,5-dioxaphosphorinanes  and 
their  oxides and sulfides has shown that as the coordination number of the P atom increases ,  it shifts toward 
the form with axial orientat ion of the phenyl  at P [1, 2]. A s imi lar  conclusion was reached for 5 -phenyl - l ,3 ,5 -  
diazaphosphorinanes and their  oxides and sulfides [3]. Such a direction of shift is con t ra ry  to what has been 
observed for 1-phenylphosphorinan-4-one and its oxides,  sulfides, and selenides [4, 5], and can be explained 
by gauche interact ions of the dipoles along the P - C  bond [3] o r  by bond-orbi tal  interact ions [6]. It therefore  
became of in teres t  to determine the three-d imens ional  s t ructure  of 5 -pheny l -5 - se leno- l ,3 ,5 -d ioxa -  and di-  
azapho sphorinanes.  

The s t e r e o i s o m e r s  of 5 -phenyl -5-se leno-2 ,4 ,6- t r imethyl - l ,3 ,5 -d ioxaphosphor inane  with mp 162~ (I) and 
86~ (H) were obtained s imi lar ly  to the s t e r eo i somer s  of 5- th io-2 ,4 ,6- t r imethyl - l ,3 ,5-d ioxaphosphor inane  [7], 
from a mixture of the s t e r eo i somer s  of 5-phenyl-2 ,4 ,6- t r imethyl - l ,3 ,5-d ioxaphosphor inane  and selenium. In 
the 31P-{1H} NMR spectrum,  I and II had signals with chemical  shifts (CS) of 24 and 18 ppm, and in the PMR 
spect rum they had SSCC of 2JpH = - 1 3  and - 7  Hz, respect ively .  From a compar ison of these values with 
those given in [7] for the s t e r eo i somer s  of 5-phenyl -5- th io-2 ,4 ,6- t r imethyl - l ,3 ,5-d ioxaphosphor inane  (27 and 
24 ppm, 13.4 and 6.8 Hz, respect ive ly ,  for P = S a  and P = S e ) ,  [ and II were assigned to the axial (a) and equa- 
tor ia l  (e) or ientat ions,  respect ively ,  of the P = Se bond. Compound I goes over  to II completely when heated in 
the presence  of p-toluenesulfonic acid. This conf i rms the conclusion reached previously concerning the in- 
c reased  stability of the form with the axial phenyl at P as the P coordination number  increases :  

Se Ph 

e" II Mo 

(I) (I~) 

When the s t e r eo i somers  of 5-phenyl -2 ,4 ,6- t r i i sopropyl - l ,3 ,5-d ioxaphosphor inane  [8] reac t  with selenium, 
only one s t e r eo i somer  was separated in pure form,  mp 131~ CSin a p  NMR spect rum 42 ppm. The PMR spec-  
t rum of [II is shown in Fig. 1. From compar ison  with the PMR spectra  of the s t e r eo i somers  of g-phenyl-5-  
oxo-  and 5-phenyl -5- th io-2 ,4 ,6- t r i i sopropyl - l ,3 ,5-d ioxaphosphor inane  [8], it can be concluded that HI is in the 
twist conformation.  The stability of this form is due to the unfavorable interact ions of the P - C  ]bond in the 
chair  conformation with the axial isopropyl  group. 

The isopropyl  CH 3 signals of IK were assigned by compar ison with the PMR spect ra  of the s t e reo i somers  
of 5 , p h e n y l - 5 - o x o - a n d  5-phenyl -5- th io-2 ,4 ,6- t r i iospropyl - l ,3 ,5-d ioxaphosphor inane  [8, ~]. The signals with 
0.55 and 0.83 ppm CS and 3JHH = 6.8 Hz belong to the isopropyl  at C 2. The methyls of the isopropyl group with 
3JHH = 7 Hz at C 4 and C 6 are  also mutually nonequivalent. If we allow for the nonequivalence of the methyls  of 
the isopropyl  group at C 2 and the analogy with other  isopropyl-subst i tu ted 5-phenyl- l ,3 ,5-dioxaphosphor inanes ,  
it can be assumed that the CH 3 groups at C 4 and C ~ are  nonequivalent to an isopropyl group. The CH 3 groups 
are  anisochronic  due to the d i a s t e r eo i somer i sm caused by the a s y m m e t r y  of the P atom [10], although a con-  
tribution from s ter ic  factors  is also possible.  
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1. PMR S p e c t r u m  of  III  in CsH 6. 

T A B L E  1. PMR S p e c t r a l  P a r a m e t e r s  of  IV-VI I  in Solu t ion ,  
and  Conten t  of  F o r m s  wi th  P h a  a t  P A t o m  in (A) 

Compound 

(iv) 

(v) 

(vi) 

(VH) 

HA 

4,77 
4,45 
4,41 

4,77 
4,46 
4,33 

4,79 �9 
4,23 
4,43 

2,89 
3,69 

~, pprn 

HB H C 

4,i2 5,29 
3,95 5,0t 
3,90 5,08 

432 5,29 
4,03 5,05 
3,88 5,04 

4,t2 5,18 
3,89 4,63 
3,95 5(19 

2,24 
3,2t 

HD I PHA 

4,67 -t0,4 
4,Oi -iO,l 
4,52 -9,0 

4,67 -t0,4 
4,tt -10,4 
4,34 -9,6 

4,68 -9,7 
3,8i -9,6 
4,45 -9,6 

-1O,0 
-9,5 

j, Hz 

PI~B ~AI~B' ~UD ~cHD *.! 

0,4 - i5  4 -12 
0,6 -15 4 - i3  
0,5 - t4  4 - t2  

0,4 -15 4 - i2  
0,7 -15 4 - t2  
0,6 - t4  5 - i2  

0,3 - t4  4 - t2  
0,6 - t4  4 -12 
0,6 - t5  5 - i2  

3,0 - i3  
t,5 �9 "14 

(A). 
%. 

43 
48 
67 

57 

55 
57 
57 

5O 
56 

Solvent 

CHaCN 
CsH6 
CCI~ 

CtI3GN 
CsH6 
CCI~ 

CHaCN 
CsH~ 
CCI~ 

CsH6 
CCI~ 

The N , N - d i s u b s t i t u t e d  5 - p h e n y l -  ~ - s e l e n o - l , 3 , 5 - d i a z a p h o s p h o r i n a n e s  w e r e  o b t a i n e d  by the add i t i on  of  
s e l e n i u m  to the N , N - d i s u b s t i t u t e d  5 - p h e n y l - l , 3 , 5 - d i a z a p h o s p h o r i n a n e s  [3]. The t h r e e - d i m e n s i o n a l  s t r u c t u r e s  
w e r e  s t ud i ed  by PMR s p e c t r o s c o p y  and d ipo l e  m o m e n t s  (DM): 

Ph 
] / a  

R 
(A) 

So 

R 

R ~ P h  (IV), C6Hr (V), C6H4Br-p (Vl), CH2Ph (VII). 

The PMR p a r a m e t e r s  of  IV-VII  a r e  g iven  in T a b l e  1. The  s p e c t r a  of  the  m e t h y l e n e  p r o t o n s  of  the r i n g  
c o r r e s p o n d  to a (AB)2CDX s y s t e m ,  w h e r e  A and B a r e  the  a x i a l  and  e q u a t o r i a l  p r o t o n s  a t  the  c a r b o n  a t o m s  a t  
the 4 and 6 p o s i t i o n s ;  C and D a r e  the  a x i a l  and  e q u a t o r i a l  p r o t o n s  a t  the  c a r b o n  a t o m  in t h e  2 p o s i t i o n ,  and  X 
is  the p h o s p h o r u s  n u c l e u s .  The  high n o n e q u i v a l e n c e  va lue s  of  the CS of  the  m e t h y l e n e  p r o t o n s  a t  one and the 
s a m e  c a r b o n  i n d i c a t e  tha t  the  r i n g s  u n d e r  c o n s i d e r a t i o n  have  p r e d o m i n a n t l y  the  c h a i r  f o r m a t i o n  [11]. A c -  
c o r d i n g  to the  W r u l e ,  the  p r o t o n s  a t  C 2 t ha t  i n t e r a c t  with P with  SSCC 4JpH = 4.5 Hz a r e  e q u a t o r i a l  (D), whi le  
t h o s e  t ha t  do no t  i n t e r a c t  a r e  a x i a l  (C). P r o t o n s  A and B w e r e  a s s i g n e d  on the  b a s i s  of  a c o m p a r i s o n  of  the  
s p e c t r a  of  IV-VI I  wi th  t h o s e  of  N , N - d i s u b s t i t u t e d  5 - p h e n y l - 5 - t h i o - l , 3 , 5 - d i a z a p h o s p h o r i n a n e s  [3]. To p ro ton  B 
w e r e  a s s i g n e d  the s i g n a l s  ly ing  in a h i g h e r  f i e l d ,  and  s p l i t  f r o m  the P a t o m  wi th  a l o w e r  SSCC, than  fo r  p r o -  
ton A.  The a b s o l u t e  v a l u e s  o f  2 j p H  B a r e  s m a l l e r  than those  fo r  the  thio a n a l o g s  [3], and have  p o s i t i v e  s igns .  
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TABLE 2. Calcu la ted  and E x p e r i m e n t a l  Dipole Moments  
of A and B C o n f o r m e r s ,  and Equi l ib r ium Content of A in 
IV-VII 

Compound] Vexp* D 

or) [ 4,o6 
(v) 4,54 

(vi) 3,06 
(vii) 5,32 

mp=se=3,73 D 

.aA ~ .a B (A), % 

2,70 5,49 4~ 5 3,06 5,51 
t,13 5,80 
4,34 5,79 36 

mP=Se=~,0 D 
~A g B (A), % 

2,96 5,75 68 
3,32 5,77 57 
i,37 6,01 78 
4,59 6,06 54 

In o r d e r  to de t e rmine  the equ i l i b r i a  of  the c o n f o r m e r s  of IV-VK with the ax ia l  and equator ia l  o r i e n t a -  
t ions of the phenyl a t  the P a tom f rom the s p e c t r a ,  I and II were  used as model  compounds.  The 2JpH SSCC 
a r e  quite s table  to the effect  of subs t i tuents  a t  the C and P a toms  on the P - C  bond, and such an approach  has 
proved to be c o r r e c t  for  the N ,N-d i subs t i t u t ed  5 - p h e n y l - l , 3 , 5 - d i a z a p h o r p h o r i n a n e s  and the i r  oxides  and su l -  
f ides [3]. The SSCC of I and II were  d e t e r m i n e d  in benzene,  a c e t on i t r i l e ,  and CC14, and no solvent effect  was 
found. The content  of the f o r m s  with ax i a l  phenyl a t  the P atom in the conformat iona l  equ i l ib r ia  of IV-VH in 
the solut ions is given in Table  1. 

The dipole moments  of IV-VII were  m e a s u r e d  in benzene a t  25~ They a r e :  IV, 4.06 D (coefficients  of 

ca lcu la t ing  equat ions a = 4.9144, T = 0.4373); V, 4.54 D (a = 5.5202, y = 0.2847); VI, 3.06 D (~ = 2.2011, y = 
0.3582); VII, 5.32 D (a = 7.4633, T = 0.2586). In ca lcu la t ing  the DM of the cha i r  conformat ions  with axia l  and 
equa to r i a l  o r i en t a t i ons  of  the P = Se bond, we used the g e o m e t r i c a l  p a r a m e t e r s  and the bond po l a r i t i e s  given 
in [12]. The moment  of the s e l e n o - p h o s p h o r y l  bond has r ecen t ly  been e s t ima ted  in [13], and is  evidence for 
s igni f icant  f luctuat ions  of bond p o l a r i t y  depending on the na ture  of the subst i tuent  a t  the P atom. Yor the 
compounds that  we c o n s i d e r e d ,  DM of the s e l e n o - p h o s p h o r y l  group can be taken as  equal  to that  ca lcula ted  

f rom Ph3P = Se [13], m p = S e  = 3.73 D, o r  f rom t r i a lky tphosphine  se lenide  [13], m p = S e  = 4.0 D. Eoth values  
were  used to ca lcu la te  the p o l a r i t y  of c o n f o r m e r s  A and B {Table 2). The i n c r e a s e  in the po la r i ty  of the s e n  
eno - p h o s p h o r y l  bond causes  some equa l i za t ion  in the population of the IV-VI con fo rmers .  This a g r e e s  with 
the Exner  p r inc ip le  concern ing  the i s o - c o n f o r m a t i o n a l  capabi l i ty  of compounds with phenyl o r  p -subs t i tu ted  
phenyl subs t i tuents  [14]. T h e r e f o r e ,  the va lues  in the l a s t  column of Table 2 a r e  more  re l i ab le .  

The data of Table  2 e s t a b l i s h  the p r edominance ,  in the IV-VI equ i l ib r i a ,  of the conformer  with the a x -  
ial  phenyl a t  the P a tom;  i ts  population dens i ty  is  about  70~. F o r  VII, equal pa r t i c ipa t ion  of both c o n f o r m e r s  
in the equ i l ib r ium is appa ren t l y  typ ica l .  Like Table  1, Table  2 conf i rms  the conclusion that  the s tab i l i ty  of 
the c o n f o r m e r  with the ax i a l  phenyl  a t  P i n c r e a s e s  a s  one goes  f rom 5 -pheny l - l , 3 ,5 -d i azaphosphor inanes  
(3-17~ by SSCC, 30~ by DM) to t h e i r  d e r i v a t i v e s  [3]. The d i f ference  between the r e s u l t s  obtained by the two 
methods is  of the so r t  not iced e a r l i e r  fo r  the ox ides  and sul f ides  [3]. The d i f ference  can be due to the n e c e s -  
s i ty ,  in the DM method,  for  ca l cu la t ing  confo rmat ions  that  d i f fer  in subs t i tuent  or ien ta t ion  a t  the N atom.  PMR 
s p e c t r o s c o p y  g ives  the content  of the f o r m s  that  d i f fer  in o r i en ta t ion  of the phenyl a t  P. 

The d i r ec t ion  of the equ i l ib r ium shif t  in going f rom 5 - phe ny I - 2 ,4 ,6 - t r i m e t hy l - l , 3 , 5 - d i oxa phos p ho r inane  
(84g of the form with Pha  a t  P) to i ts  se len ide  (100~ and f rom 5 -pheny l - l , 3 ,5 -d i azaphosphor inanes  (3-17~) 
to t he i r  se len ides  (43-57ff~) is oppos i te  to that  in going f rom 1-phenylphosphor inan-4-one  (28~) to i ts selenide 
(4%). P robab ly  the equ i l ib r ium pos i t ion  for  the 5 - p h e n y l - l , 3 , 5 - d i o x a -  and 5 -pheny l - l , 3 ,5 -d i azaphosphor inanes  
is de t e rmined  by the same f ac to r s  a s  fo r  the ox ides  and su l f ides  [3]. 

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

PMR s p e c t r a  were  r e c o r d e d  on a Var ian  T-60 appa ra tu s  (60 MHz, 34.5~ TMS in te rna l  s tandard) .  
3Ip NMR spec t r a  were  r e c o r d e d  on a KGU-4NMR s p e c t r o m e t e r  (10.2 MHz) with noise  i so l a to r  for  protons at  
25.2 MHz. 

5 - P h e n y l - g - s e l e n o - 2 , 4 , 6 - t r i m e t h y l - l , 3 , 5 - d i o x a p h o s p h o r i n a n e  (I). To a solution of 1.5 g of 5-phenyl -  
2 , 4 , 6 - t r i m e t h y l - l , 3 , 5 - d i o x a p h o s p h o r i n a n e  [7] in 5 ml  of  C~H 6 in an Ar  a tmosphe re  was added an excess  of pow- 
dered  Se. The mix tu re  was heated for  30 rain a t  90~ the solvent  was r emoved ,  and the r e s idue  was c r y s t a l -  
l ized f rom CH3OH. Y i e l d 0 . 6 g ( 3 0 % ) , m p  162~ 6 31p 24 ppm (CH3OH). Found: C 47.43; H 5.58; P 10.00~. 
C12H17021oSe. Calcula ted:  C 47.52; H 5.61; P 10.23~. 
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5-Phenyl -5-se leno-2 ,4 ,6 - t r imethy l - l ,3 ,5 -d ioxaphosphor inane  (I[). A solution of 0.2 g of I in 10 ml of 
C6H 6 was boiled for 6 h with a catalytic amount of p-toluenesulfonic acid. The extent of isomerizat ion was 
followed by the ~lp NMR spectrum.  The solvent was removed in vacuum. The yield of II was about 100%, 
mp 86~ 5 31p 18 ppm (C~H~). Found: C 47.43; I-t 5.60; P 10.12~. C12I-ItTO2PSe. Calculated: C 47.52; H 5.61; 
P 10.23~ 

5-Phenyl -~-se leno-2 ,4 ,6- t r i i sopropyl - l ,3 ,5 -d ioxaphosphor inane  (III). To a solution of 2 g of 5-phenyl-  
2 ,4 ,6- t r i i sopropyl- l ,3 ,5-dioxaphosphor inane  [8] in 5 ml of C6H 6 in an Ar a tmosphere  was added an excess, of 
powdered Se. The mixture was heated for 30 min at 80~ the solvent was removed,  and the residue was 
ehromatographed on a si l ica gel column with 20 : 1 petroleum ether  : diethyl ether.  A mixture of s te reo iso-  
mers  with 31p 5 of 33 and 14 ppm was separated in the f i r s t  f ract ions ,  and a s t e r eo i somer  with 31p 5 of 42 
ppm in the last f r ac t ions .  The yield of the single i somer  was 0.3 g (12~), mp 131~ Found: C 55.86; H 7.65; 
P 7.7.q~. C18H2~O2PSe. Calculated: C 55.81; H 7.49; P 8.01~ 

] ,3 ,5 -Tr iphenyl -~-se leno- l ,3 ,5 -d iazaphosphor inane  (IV). Onto 1.15g (3.5mmole) of 1 ,3 ,5- t r iphenyl- l ,3 ,  
5-diazaphosphorinane [3] in 10 ml of CH3CN was sprinkled an excess  of  Se. The mixture was heated to boiling 
and left over  night. The excess  Se was removed,  the solvent was evaporated off, and the residue was c rys t a l -  
lized from CI-t3CN. The yield of IV was 0.8~ g (60~) , mp 108-110~ 31p 5 6 ppm (CH3CN). Found: C 61.80; 
H 5.08; 1D 7.42%. C21H2tPN2Se. Calculated: C 61.31; H 5.11; P 7.54%. 

5 -Pheny l -5 - se l eno- l , 3 -d i -p - to ly l - l , 3 ,5 -d i azaphosphor inane  (V). To 1.45 g (4 mmoles)  of 5 -pheny l - l ,3 -  
d i -p- to ly l - l ,3 ,5 -d iazaphorphor inane  [3] in 10 ml of CH3CN was added an excess of Se. The mixture was heated 
to boiling and left over  night. The excess  selenium was removed,  the solvent was evaporated off, and the p re -  
cipitated c rys ta l s  were fi l tered off. The yield of V was 1.22 g ( 6 ~ )  , m p  106-107~ 31p 5 6 ppm (CH3CN). 
Found: C 63.5q; H 5.68; 1 ~ 7.42c/~. C23H2~PN2Se. Calculated: C 62.8q; H 5.69; P 7.067/~. 

5 -Pheny l -5 - se leno- l ,3 ,5 -d i -p -b romopheny l - l , 3 ,5 -d iazaphosphor inane  (VI). Compound VI was obtained 
s imi lar ly  to V f rom 5-pheny l - l ,3 -d i -p -b romopheny l - l ,3 ,5 -d iazaphosphor inane  [3]. Yield of VI 81~, mp 125- 
127oc, 3~p 5 6 ppm (CsHsN). Found: C 44.95; H 3.29; P 5.30%. C21H19PN2SeBr 2. Calculated: C 44.28; 
H 3.34; P 5.45~ 

5 -Pheny l -5 - se teno- l ,3 -d ibenzy l - l ,3 ,5 -d iazaphosphor inane  (VII). Compound VII was obtained s imi lar ly  
to V from 5-phenyl- l ,3-d ibenzyI-1 ,3 ,5-d iazaphosphor inane  [3]. Yield of VII 68~, mp 109-110~ 31p 5 3 ppm 
(CH3CN). Found: C 61.91; H 5.69; P 6.88~,. C23H25PN2Se. Calculated: C 62.87; H 5.6q; P 6.88~. 

C O N C L U S I O N S  

1. Substituted 5-phenyl -5-se leno- l ,3 ,5-d ioxaphosphor inanes  exist  as s t e r eo i somers  that differ in the 
orientat ion of substituents at the P and C atoms. In the case of 5 -pheny l -5 - se l eno-2 ,4 ,6 - t r ime thy l - l , 3 ,5 -d i -  
oxaphosphorinane,  the thermodynamical ly  stable s t e r eo i somer  is the one in the chain conformation with an 
axial phenyl at the phosphorus atom. 

2. 5 -Phenyl -5 -se leno- l ,3 ,5 -d iazaphosphor inanes  are  mixtures  of conformers  that differ in the o r ien ta -  
tion of the phenyl at  the phosphorus atom. 
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