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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  of a number  of 2 - th iono- l , 3 ,2 -d ioxaphosphor inanes  was 
s tudied by means  of dipole moments ,  the K e r r  effect,  and t h e o r e t i c a l  conformat iona l  ana ly -  
s i s  with p31 NMR data.  2,4--Dimethyl- and 2 - c h l o r o - 2 - t h i o n o - l , 3 , 2 - d i o x a p h o s p h o r i n a n e s  
have the c h a i r  conformat ion  with an equator ia l  th ionophosphoryl  group; the 2 -methy l  d e r i v -  
at ive ex i s t  as an equ i l ib r ium mix tu re  of the axia l  and equa tor ia l  c on f o r m e r s  with p r e d o m -  
inance of the f o r m e r .  The pa r t i c ipa t ion  of the boat form in the conformat ional  equ i l ib r ium 
was e s t ab l i shed  for  2 - c h l o r o - 4 - m e t h y l  de r iva t ive .  

In a continuation of our  s tudies  of 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  of phosphorus-conta in ing  h e t e r o -  
cyc l e s ,  we have s tudied the s t r u c t u r e s  of s e v e r a l  2 - th iono- l , 3 ,2 -d ioxaphosphor inanes  (I-IV) by means  of 
dipole moments  (DM) and the K e r r  effect .  

CH:~ CH:~ 

I II I l l  | Y  

The s t r u c t u r e  of the 1 ,3 ,2-dioxaphosphor inane  ring, which contains a t e t r a c o o r d i n a t e d  phosphorus 
atom, was p rev ious ly  inves t iga ted  in quite some deta i l  by means  of x - r a y  di f f ract ion [2, 3] and PMI~ s p e c -  
t r a  [4-6]. The study was p r i m a r i l y  devoted to the 2-oxo de r iva t i ve s ,  for  which a p r e f e r e nc e  for  the cha i r  
conformat ion  with an equa tor ia l  phosphoryl  group was demons t ra t ed .  A s i m i l a r  conclusion was a lso  drawn 
for  a s m a l l  number  of thionophosp},oryl de r iva t ives  [6, 7]. Recent ly [8, 9], it was found that it was poss ib le  
to s e p a r a t e  the g e o m e t r i c a l  i s o m e r s  of 2 - h y d r o x y - 4 - m e t h y l - 2 - t h i o n o - l , 3 , 2 - d i o x a p h o s p h o r i n a n e  and to 
de t e rmine  t h e i r  conf igurat ions  by means  of NMR s pe c t r o s c opy  [8, 9]. However,  the r ing conformat ions  
were  not cons ide red  in this  paper .  It t h e r e f o r e  s eemed  of i n t e r e s t  to examine in g r e a t e r  detaiI  the s t r u c -  
tu re  of 1 ,3 ,2-d ioxaphosphor inanes  with a th ionophosphoryl  group. 

Since the NMR s p e c t r a  unambiguously  a t tes t  that 1 ,3 ,2-dioxaphosphor inane  molecu les  exis t  in so lu-  
t ion in s y m m e t r i c a l  conformat ions  and that  the most  s tab le  form is the cha i r  form for  al l  of the inves t iga -  
ted compounds in the absence  of addi t ional  effects ,  c h a i r  conformat ions  with equa tor ia l  (A) and axia l  (B) 
posi t ions  of the th ionophosphoryl  group were  cons ide red  for  I -IV.  The expe r imen ta l  and ca lcu la ted  DM and 
m o l a r  K e r r  constants  a r e  p r e sen t ed  in Table  1. 

* See [1] for  communica t ion  I. 
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T A B L E  1. 
Compounds  

Compound 

I 

II 

III 

IV 

Dipole  M o m e n t s  and K e r r  C o n s t a n t s  f o r  the  I n v e s t i g a t e d  

Parameter 

[tI,, D, 
..K" 1012 
la, D, 
rnK" 1012 
p.,D, 
,.K. 10 '2 
~t, D, 
,.K. 10 ~2 

A, Conform ation 

a-CH~ ]A, e-OH3 1 B, a-CH3 I B, e-OH3 

1273 

622 

5,89 
1287 
5,89 

I 1168 
5,46 
714 
5,46 
[ 643 

3,92 
2O4 
3,92 

243 [ 
4,22 

- -  110 
4,22 

-149 I 

202 

--115 

Ex ptl. 
data 

3,90 
436 
5,37 
1175 
5,30 
1356 
5,54 
1195 

The  c a l c u l a t i o n s  w e r e  c a r r i e d  out f o r  t he  fo l lowing  bond leng ths  and v a l e n c e  ang l e s  [2]: C - C  1.54 ~, 
C - O  1 . 4 4 ~ ,  P - O  1.57 2 ,  C - C - C  111 ~ C - O - P l 1 8  ~  106 ~ , a n d O = P - O  114 ~ . Two s e t s  of bond  
m o m e n t s  w e r e  u s e d  []0]. The  f i r s t ,  d i s r e g a r d i n g  the  DM of t he  u n s h a r e d  e l e c t r o n  p a i r  of the  p h o s p h o r u s  
a tom,  was  as  fo l lows :  P = S  2.62 D, P - C H  3 1.28 D, P - C 1  0.56 D, and O - P  0.43 D. The  second ,  t ak ing  into 
account  an u n s h a r e d - p a i r  d ipo l e  m o m e n t  of 1.35 D, c a l c u l a t e d  by the  SCF m e t h o d  [10], was  as  fo l lows :  P =  S 
3.97 D, P - C H  3 9.45 D, P - C 1  1.53 D, and P - O  0.54 D. It i s  e a s y  to d e m o n s t r a t e  tha t  the  u se  of one o r  
a n o t h e r  s e t  does  not  af fec t  the  r e s u l t s  of t h e  c a l c u l a t i o n s ,  s i n c e ,  in the  f i r s t ,  the  DM of the  u n s h a r e d  p a i r  
i s  i nc luded  i m p l i c i t l y  in the  DM of the  bonds .  

.X cH, x J 

A B C 

CH3 0 

~ / ~ 0  / XS 
II D $ E 

The Ker r  constants of the var ious structures were calculated from Eqs. (35) and (36) in [11] for  the 
fol lowing bond polar izabi l i t ies:  C - C  bL=0.98 .~3, bT =0.27 ~3; C - O  bL=0.89 ~3, bT =0.46 13; the C - H  
bonds were considered to be isotropie and were disregarded [11]. The axes of the po lar izabi l i ty  el l ipsoids 
of the  bonds  of the  t e t r a c o o r d i n a t e d  p h o s p h o r u s  a tom w e r e  equa ted  with the  d i f f e r e n c e s  in t he  e l l i p s o i d s  of 
t h e  bonds  of  t r i c o o r d i n a t e d  p h o s p h o r u s  [10] and the  u n s h a r e d  e l e c t r o n  p a i r ,  du r ing  which the  l a t t e r  was  
t a k e n  a s  i s o t r o p i c  with o~=2.1 .~3 [12]. They  a r e  a s  fo l lows :  P - O  b L = 0 . 1 5  ~3, b T = 0 . 7 4  ~3; P - C 1  b L =  
4.41 ~3, b T = l . 7 5  ~3; P = S  b L = 6 . 7 2 / ~ 3 ,  b T = 3 . 4 6  fk~; P - C  b L = 1 . 5 7  ~3, bT =0.08  ~3. 

A c o m p a r i s o n  of t he  e x p e r i m e n t a l  d ipo l e  m o m e n t s  with one a n o t h e r  d e m o n s t r a t e s  tha t ,  whi le  the  p o -  
l a r i t i e s  of c h l o r o  d e r i v a t i v e s  III  and IV a r e  c l o s e ,  the  DM of I and  II d i f f e r  m a r k e d l y ,  which i n d i c a t e s  a 
d i f f e r e n c e  in t h e i r  c o n f o r m a t i o n s .  T h e  DM and K e r r  c o n s t a n t s  found f o r  II and IV a r e  c l o s e s t  to the  v a l u e s  
c a l c u l a t e d  fo r  f o r m  A; fo r  I, on the  o t h e r  hand,  the  DM c o r r e s p o n d s  to an a x i a l  p o s i t i o n  of  the  P = S bond.  The 
IR s p e c t r o s c o p i c  da t a  i n d i c a t e  t he  p r e s e n c e  of a c o n f o r m a t i o n a l  e q u i l i b r i u m  [13], whi le  m e t h y l a t e d  d e r i v a -  
t i v e . I I  e x i s t s  only  wi th  an e q u a t o r i a l  o r i e n t a t i o n  of t he  t h i o n o p h o s p h o r y l  g roup .  S t a b i l i z a t i o n  of one of the  
c o n f o r m e r s  i s  p o s s i b l e  if t he  m e t h y l  g r o u p  in II o c c u p i e s  an e n e r g e t i c a l l y  f a v o r a b l e  e q u a t o r i a l  pos i t i on .  In 
f ac t ,  t he  K e r r  c o n s t a n t  d e t e r m i n e d  f o r  t h i s  c o m p o u n d  is  in e x c e l l e n t  a g r e e m e n t  with t he  v a l u e  c a l c u l a t e d  
p r e c i s e l y  f o r  an e q u a t o r i a l  m e t h y l  g r o u p  (the e i s  e o n f i g u a r a t i o n  with r e s p e c t  to  t he  P = S  bond) .  T h e  good 
c o n v e r g e n c e  c o n f i r m s  the  a p p l i c a b i l i t y  of the  a d d i t i v e  s c h e m e  of t he  p o l a r i z a b i l i t i e s  to d i o x a p h o s p h o r i n a n e s  
with P = S  and P - C  bonds  (I, II) and is  e v i d e n c e  f o r  t he  r e l i a b i l i t y  of the  c o n s t a n t s  c a l c u l a t e d  f o r  the  c o n -  
f o r m e r s  of I.  The  e x p e r i m e n t a l  v a l u e  c o r r e s p o n d s  to  0.8 m o l e  f r a c t i o n  of f o r m  B, which is  in a g r e e m e n t  
wi th  t he  s p e c t r o s c o p i c  da t a  [13]. H o w e v e r ,  the  DM does  not e x c e e d  the  c a l c u l a t e d  v a l u e  f o r  f o r m  B. Th i s  
m a y  b e  a c o n s e q u e n c e  of  the  i n a d e q u a c y  of the  s i m p l e  a d d i t i v e  s c h e m e .  It  shou ld  be  no ted  tha t  the  P 3~ NMR 
c h e m i c a l  sh i f t s  in I (5 = -  97 ppm in CC14 r e l a t i v e  to 85% H3PO 4 as  the  e x t e r n a l  s t a n d a r d )  and  II (5 = -  89 ppm) 
d i f f e r :  t he  nuc l eus  of t he  p h o s p h o r u s  a t o m  is  m o r e  s h i e l d e d  when the  t h i o n o p h o s p h o r y l  g roup  is  in the  
e q u a t o r i a l  p o s i t i o n .  An a t t e m p t  was  m a d e  to  e s t i m a t e  the  change  in the  e l e c t r o n i c  s t r u c t u r e  of the  p h o s p h o -  
ru s  bonds  as  t he  r i n g  c o n f o r m a t i o n  c h a n g e s .  In doing so,  i t  was  a s s u m e d  tha t  t he  t r a n s i t i o n  b e t w e e n  f o r m s  
A and B h a s  the  g r e a t e s t  e f fec t  on the  p o l a r i t y  of t he  P - O  bonds ,  s i n c e  con juga t ion  of  the  u n s h a r e d  e l e c t r o n  
p a i r s  of the  oxygen  a t o m s  with t he  3d o r b i t a l s  of  p h o s p h o r u s  can  be  r e a l i z e d  in one of t h e s e  f o r m s .  F o r  
p h o s p h o r y l  c o m p o u n d s ,  t h i s  s o r t  of i n t e r a c t i o n  i s  m a x i m a l  f o r  a t r a n s  o r i e n t a t i o n  of t he  C - O  and P = O  
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TABLE 2. S te r ic  I n t e r a c t i o n s  in Dioxaphosphor -  

i nanes  

Conforma- 
tion 

Type of interaction 

C--H .-. CI--P 
C--H--- CHa--P 
C--CHa �9 .. CI--P 
C--CHa �9 �9 �9 H--C 

C--H ... S=P 
C--H .-. CI--P 

E, kcaI/mole 

--0,14 
--0,04 

3,84 
1,15 

--0,14 
1,57 

TABLE 3. K e r r  Cons t an t s  of the  P o s s i b l e  S t r u c t u r e s  of IV 

Ring con- Orientation of m~ ,:, 
Conformation of 4-CH 3 formation 4-CH3 

trans relative to P = S 

cis relative to P = S 

A 
B 
C 
E 
A 
B 
C 
E 

1341 
tll 

1253 
366 

1294 
74 

1267 
235 

TABLE 4. Dipole Momen t s  and K e r r  Cons t an t s  of the Inves t iga t ed  
Compounds  

CoI~ - 
pound as0 --]~ V 6 I~, D m K .  1012 

I 
II 

III 
IV 

19,874 
34,103 
32,000' 
32,401 

0,303 
0,335 
0,245 
0,222 

0,420 
0,380 
0,360 
0,360 

390,281 
957,440 

1061,860 
867,863 

3,90 
5,37 
5,30 
5,54 

436 
II75 
13,56 
It95 

bonds  [14]. However ,  a c o m p a r i s o n  of the p31 NMR and C13~ NQR data and the d i s s o c i a t i o n  cons t an t s  of the 
ac ids  [15] a t t e s t s  to the p r e s e n c e  of pTr-dTr con juga t ion  only in  the phosphory l  group.  This  is ev idence  in 
f avor  of the fact  that  the th ionophospbory l  bond should  change  only s l igh t ly  on p a s s i n g  f r o m  fo rm A to B; 
the s a m e  can  be a s s u m e d  fo r  the P - C  bond.  A knowledge of the pos i t ion  of the I A ~ I B  e q u i l i b r i u m  and the 
DM of c o n f o r m e r  A (the e x p e r i m e n t a l  va lue  for  II, which is  s a t i s f a c t o r i l y  d e s c r i b e d  by the addi t ive  scheme)  
m a k e s  it pos s ib l e  to ca l cu la t e  the p o l a r i t y  of f o r m  B as 3.43 D. The effect ive  DM of the P - O  bond is then  
0.10 D in s t ead  of 0.43 D. Thus  an i n t e r a c t i o n  m o m e n t  of ~0.3  D, which c o r r e s p o n d s  to a change in the 
c h e m i c a l  shift  of p a  of 8 ppm, o c c u r s  in the c h a i r  c o n f o r m a t i o n  with an ax ia l  phosphory l  group.  

Like the p o l a r i t i e s ,  the p31 NMR f r e q u e n c i e s  for  I l l  and IV a r e  equal  (- 60 ppm). Chloro  d e r i v a t i v e  
III ex i s t s  in a s i ng l e  c o n f o r m a t i o n  [13], which,  a c c o r d i ng  to the  dipole  m o m e n t ,  is  a c h a i r  with an e q u a t o r i a l  
P = S  bond.  However ,  the K e r r  cons t an t  ca l cu la t ed  for  th i s  s t r u c t u r e  is  c o n s i d e r a b l y  lower  than the e x p e r i -  
m e n t a l  va lue ,  although it is  the  c l o s e s t  one to it .  The r e a s o n  for  th is  ma y  be the s t rong  i n t e r a c t i o n  of the 
r e ad i l y  p o l a r i z a b l e  P - C 1  and P = S  bonds .  This  is t aken  into account  by the in t roduc t ion  of the ef fec t ive  
a n i s o t r o p y  of the  p o l a r i z a b i l i t y  of the P - C 1  bond, c a l cu l a t ed  f r o m  the e x p e r i m e n t a l  data  for  III. It can be 
u s e d  in the  ca l cu l a t i on  of the an i so t ropy  of the  p o l a r i z a b i l i t y  of the c o n f o r m e r s  of compounds  of this  type.  
Thus  the  s p e c t r o s c o p i c  data  fo r  IV ind ica t e  the e q u i l i b r i u m  of t h r e e  t h r e e - d i m e n s i o n a l  f o r m s ,  in which the  
two of equal  po l a r i t y  p r e d o m i n a t e  [13]. The  magn i tude  of the dipole m o m e n t  (Table  1) ind ica tes  a p r e d o m i -  
nan t ly  equa to r i a l  o r i e n t a t i o n  of the  th ionophosphory l  group.  It is s u b s t a n t i a l l y  p r e f e r a b l e ,  s ince  HI ex i s t s  
exc lu s ive ly  in th i s  con fo rma t ion .  The  a p p e a r a n c e  of a complex  c o n f o r m a t i o n a l  e q u i l i b r i u m  when a m e t h y l  
group is i n t roduced  into the 4 pos i t ion  m a y  be  due only  to i ts  u n f a v o r a b l e  ax ia l  o r i e n t a t i o n  in A. It can be 
conc luded  that  the C - C H  3 bond in IV is in the t r a n s  pos i t ion  r e l a t i v e  to P = S .  The  r e l a t i v e  s t ab i l i t y  of 
c h a i r  B {with an e q u a t o r i a l  me thy l  g roup  but  an  u n f a v o r a b l e  ax ia l  o r i e n t a t i o n  of the th ionophosphory l  group) 
and boat  C (with e q u a t o r i a l  C - C H  3 and P = S  bonds) is  comple t e ly  u n d e r s t a n d a b l e ;  the l e s s  po la r  IV f o r m  
can  a lso  be  r e p r e s e n t e d  as the twis t  c o n f o r m a t i o n  (E), in which the e n e r g y  of o r i e n t a t i o n  of the  P - O  bonds 
is l e s s  than  that  in B. A boat  with an ax ia l  t h ionophosphory l  group (D) is not  s t ab i l i z ed  by any f ac to r s .  
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The qualitative examination is conf i rmed by the calculation of the energies of three-d imensional  
fo rms  of IV with respect  to a s t ruc ture  of the III type. The energies of the s ter ic  interactions [16] a re  
presented in Table 2. 

The presence  of an axial methyl group destabil izes form A considerably (~4.8 kcal /mole) .  The en- 
ergy in boat C is made up of an interaction of the C - H  . . . C 1 - P  type and two b a r r i e r s  to orientation of 
the C - O  bonds (3.8 kcal /mole) .  The energy of twist f rom E is a little less .  The values calculated for  the 
conformers  of IV (excluding boat D) using the effective anisotropy of the P - C 1  bond are  presented in 
Table 3. 

Considerably bet ter  convergence with the experimental  results  (1195 �9 10-12), as compared with the 
values presented in Table 1, is achieved. The assignment of the configuration of the methyl group on the 
bas is  of the Kerr  constants cannot be confirmed, but the least polar  of the three  forms participating in the 
equilibrium can be identified. The amount of it present  is ~20%. The anisotropy of the polarizabil i ty of 
the two conformers  that are  undoubtedly present  in the mixture (A and C) is so close that variat ions in 
the i r  relat ive amounts do not affect the Ker r  constant of the mixture.  The experimental  value corresponds  
to the presence  of ~20% of the chai r  form with an axial thionophosphoryl group (form B). 

Thus the relative stabilit ies of the conformers  in thionophosphoryl compounds with P - C  (I, II) and 
P - C 1  (III, IV) bonds differ. In the absence of additional fac tors ,  i.e.,  for  unsubstituted derivatives I and 
III, the axial orientation of the P=S  bond is more  stable in the f i rs t  case,  and the equatorial  orientation is 
real ized exclusively in the second. In o rde r  to ascer ta in  the reasons for  this phenomenon, the energies of 
s te r ic  interactions between the substituents attached to phosphorus and the axial hydrogen atoms were com-  
pared (Table 2). The s ter ic  requi rements  are  in the o rde r  CH 3 > S =C1, but the differences in the energies 
are  extremely small .  An examination of the d ipo le -d ipo le  interactions,  as in [10],leads to two sets of en- 
ergy pa rame te r s  corresponding to the two sets of bond dipole moments  indicated above. In both cases ,  
conformations with equatorial  thionophosphoryl groups a re  more  favorable for  chloro derivat ives III and 
IV. (The difference in energy is ~0.5 kcal /mole . )  A still l a rge r  value (0.9 kcal /mole)  is obtained for  I 
and II when the DM of the unshared pair  is taken into account. The calculations demonstra te  that it is im-  
possible to explain the effect of substituents attached to the phosphorus atom on the ring conformation on 
the basis of c lass ica l  concepts.  Analysis  of the p3~ NMR chemical  shifts and the bond DM demonstra tes  
that there  are  also quantum-chemical  interactions.  An examination of them will be ca r r i ed  out in one of 
our  subsequent studies. 

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

Compounds I and II were obtained by the react ion of CH3P(S)C12 with 1,3- tr imethyleneglycol  and 1,3- 
butyleneglycol in hot benzene in the presence  of t r ie thylamine [17]. The previously unrepor ted 2,4-dimethyl-  
2- tbiono-l ,3 ,2-dioxaphospborinane (II) had bp 88-90 ~ (0.5 ram), dt 2~ 1.2495, and nD2~ 1.5210. Found: P 18.6; 
S 18.0%; MR D 40.44. ChHI/O2PS. Calculated: P 18.5; S 19.0%; MR D 40.92. Compounds III and IV were syn- 
thesized f rom PSC13 and the appropria te  1,3-glycols by the method in [18]. The DM and mola r  Ker r  con- 
stants were determined f rom CC14 solutions by the method in [19]. The coefficients of the equations used 
in the calculations a re  presented in Table 4. 

The p81 NMR spect ra  were obtained with a YaMR-KGU-4 spec t romete r  with an adapter  for  recording 
p3~ spec t ra  by 1~. I. Gol 'dfarb,  to whom the authors are  s incere ly  grateful.  
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