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The dipole moments  and molar  Ker r  constants of 2 -ch lo ro -5 ,5 -d ime thy l -2 -ch lo ro - ,  and 4- 
methyl -2-ch loro- l ,3 ,2 -d ioxaphosphor inanes  were determined.  It was found that a chair  con-  
formation with an equatorial  P - C 1  bond is real ized in all cases .  

A large  number  of papers  devoted to the investigation of the three-d imensional  s t ruc tures  of s ix-  
membered  he terocycles  containing a phosphorus atom in the ring, par t icu lar ly  1,3,2-dioxaphosphorinane 
der ivat ives ,  have recent ly  appeared.  The most  accurate  data on the geometry  of the r ings were obtained 
for 2-oxa- l ,3 ,2-dioxaphosphor inanes  by means of x - r a y  diffraction analysis [1,2]. 1,3,2-Dioxaphosphorin-  
ane r ings containing a t r icoordinated phosphorus atom have received much less study. They were f i rs t  ob- 
tained by the condensation of 1 ,3-glycols  with phosphorus t r ichlor ide  [3,4]. We have also studied compounds 
of this type (I-III) by means of dipole-moment (DM) methods.  
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A number  of invest igators  have attempted to study the three-d imensional  s t ruc ture  of this type of 
compound by PMR spect roscopy [5-8]. Analysis of the chemical  shifts and s p i n - s p i n  coupling constants,  
as well as an investigation of the tempera ture  dependence of the PMR spec t ra  [5,6], demonst ra te  that the 
compounds exist  as a single conformer .  However, the difference in the ~Ax and ~Bx values (a sys tem of 
the AA'BB'MX type is considered) is evidence in favor of the chair  conformation,  since the dihedral POCH A 
and POCHB angles that affect this interaction will differ great ly  in the chai r  conformation,  whereas  these 
angles are  approximately  equal in the r igid boat form [5-7]. 

However, the authors could not r igorous ly  prove the geomet ry  of the P - C I  (or P-OCH3) bond. In [7] 
it is concluded that this bond is in the axial position on the bas is  of the fact that anomeric  effects induce 
g rea te r  preference  for the axial position in the corresponding substituted 1,3-dioxanes.  The same conclu-  
sion is drawn in [8]. It is substantiated by the fact that the adducts of phosphite with BH 3 have the chair  
s t ruc ture  with an axial P - O C H  3 bond. However, the drawing of such an analogy seems unjustified to us, 
since,  f i rs t  of all, the phosphorus atom changes its valence to become te t racoordinated,  and, second, the 
s ter ic  requi rements  of the BH 3 group are  far g rea te r  than the s te r ic  requirements  of the ether oxygen. 
Gagnaire and co -worke r s  [5,6], however,  concluded that the 1,3,2-dioxaphosphorinane ring exists in the 
r igid  chai r  conformation with an equatorial  P - C 1  bond as a consequence of the fact that s t rong 1,3-diaxial 
interactions are  present  in the axial conformer .  
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TABLE 1. Dipole Moments  (DM) and K e r r  Constants  of 2 - C h l o r o -  
1 ,3 ,2-d ioxaphosphor inanes  

Con- 

formation 

A 

B 

C 

C a l c .  D M ,  

D* 

2,94 

3,37 

2,68 

Experimental values 
I II III 
3,47 3,66 3,60 

--101 

144 

- -  56,3 

164 

�9 Calculamd mK" l0 n 

--7t,6 

I99 

- -  5t,9 

2i5 

III 

a-CHa -- tt8 
e-CHa -- t05 " 
a-CHa + t18 
e-CHa + t21 
a -CHa-  79,6 
e-CH8 -- 5t,9 

t2i 

* The ca l cu l a t ed  DM of I - I l l  do not d i f fer  f rom one another ,  s ince  
the DM of the CH 3 group i s  equal to the DM of the C - H  bond. 

Thus i t  can be a s s u m e d  that  it  can be absolu te ly  def in i t ive ly  proved  by means  of the PMR s p e c t r a  that  
the i , 3 ,2 -d ioxaphosphor inane  r i n g  does not have the f lexible  boat  conformat ion .  We the re fo re  confront  two 
p r o b l e m s  - the de te rmina t ion  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  of the r ing  and the elucidat ion of the p o s i -  
tion occupied by  the P - C 1  bond. 

F o r  th i s ,  we syn thes ized  I - I l l  and m e a s u r e d  t h e i r  DM and m o l a r  K e r r  constants  at 250C in cyc lohex-  
ane ( t ab l e  1). The following m o l e c u l a r  g e o m e t r y  was a s s um e d  [1,2] in ca lcu la t ing  the DM and K e r r  con-  
s t an t s :  C - C  1.54/k,  C - O  1.44 A, P - O  1.63 A, P - C 1  2.084 A, CCC 112 ~ COP 118 ~ and OPO and OPC1 99 ~ 

It is  e a s y  to show that  the magnitude of the moment  of the u n s h a r e d  e lec t ron  pa i r  (UEP) has no effect 
on the r e s u l t  of the ca lcu la t ion  of the DM of compounds of th is  type via  a vec to r  addi t ive  scheme,  s ince  this  
moment  is  inc luded in i m p l i c i t  fo rm in the dipole moment  of the bonds ca lcu la ted  f rom the expe r imen ta l  
DM of s y m m e t r i c a l  c o m p o u n d s .  Thus,  if it  is  a s s u m e d  that  the UEP of the phosphorus  a tom has ze ro  
po la r i ty ,  the DM of the P - C 1  bond ca lcu la ted  f rom the expe r imen ta l  DM of phosphorus  t r i c h l o r i d e  [9] is  ' 
+0.56 D, while  the DM of the P - O  bond found f rom the DM of 4 -phospha-3 ,5 ,8 - t r ioxab icyc lo [2 .2 .2 ]oc tane  [9] 
is  -0 .43  D. The use  of a UEP moment  of 1.35 D, as  we have found f rom ca lcu la t ions  v ia  the s e l f - c o n s i s t e n t  
f ie ld  method [10], leads  to P - C 1  and P - O  bond moments  of 1.53 and 0.54 D, r e s p e c t i v e l y .  In accordance  
with the ex is t ing  t h e o r e t i c a l  concepts ,  these  values  seem more  r e l i a b l e .  However,  this  is  of no s igni f icance  
in the ca lcu la t ion  of the m o l e c u l a r  DM via  an addi t ive scheme .  The ca lcula t ion  of the DM of the poss ib le  
s t r u c t u r e s  of the s tudied compounds on the bas i s  of both se ts  of bond moments  g ives  ident ica l  r e s u l t s .  

A c h a i r  conformat ion  with an axia l  P - C 1  bond (A), a c h a i r  conformat ion with an equa to r ia l  P - C 1  bond 
(B), and a skew fo rm ~C) we re  examined.  It is  apparen t  f rom the data  in Table  1 that  al l  of the ca lcu la ted  
DM values  for  the cha i r  conformat ion  a r e  close to the expe r imen ta l  va lues ,  but they a r e  in bes t  ag reemen t  
with the DM of the cha i r  fo rm with an equa tor ia l  P - C 1  bond (DMca 1 3.37 D, DMex ~3 .4-3 .6  D). 

C~ Q 

A B C 

In o r d e r  to def in i te ly  convince ou r se lves  that  I-IH have the same s t r u c t u r e ,  we ca lcu la ted  the i r  K e r r  
cons tants  f rom Eqs .  (35) and (36) in [11], during which the po l a r i zab i l i t y  e l l ip so ids  of the s t r u c t u r e s  were  
c o n s i d e r e d  to be the t e n s o r  addit ive sum of the bonded e l l i p s o i d s .  Because  of the i r  isotropi.c c h a r a c t e r ,  
C - H  bonds we re  not taken into account  in the ca lcu la t ions .  The following bond p o l a r i z a b i l i t i e s  were  used:  

0 3 o 3 
C - C P L  = 0 . 9 8 A  , P T = 0 . 2 7 A  ; C - O p L  = 0 . 8 9 ~ s , p T = 0 . 4 6 ~ 3 ;  P - O P L  = 0 . 8 6 ~ s  PT=1.45-~3  [11 ,12] ,  

03 The an i so t ropy  of the P - C 1  bond (PL = 5.12 A , PT = 2.46 A 3) was ca lcu la ted  f rom the e x p e r i m e n t a l  mola r  
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TABLE 2. 
inanes 

Comp. I ~0 I--8 

Experimental ly  Determined P a r a m e t e r s  of Dioxaphosphor-  

I I 8,070 I 0,722 
II 7,433 0,557 

III I 7,945 I 0,605 

0,027 
0,04t 
0,064 

94,559 
t00,835 
53,722 

DM, D 

3,47 
3,66 
3,60 

inK. i01~ 

i64 
215 
12i 

Kerr  constant of phosphorus t r ichlor ide  [13]. It should be noted that when this sor t  of approach is used, 
the anisotropy of the polar izabi l i ty  of the UEP enters  in implicit  form into the polar izabi l i t ies  of the P - O  
and P - C 1  bonds, and var iat ion in its magnitude does not change the finite value of the molar  Kerr  constant.  

A compar ison of the experimental  and calculated Ker r  constants  ~rable 1) leads us to the absolutely 
unambiguous conclusion that I-IH have the chair  form with an equatorial  P - C 1  bond, since the calculated 
Ker r  constants ,  like the experimental  constants ,  prove to be positive only for this conformat ion.  The close 
cor respondence  between the calculated and experimental  constants,  however,  is evidence for a r igid ring 
form.  

In cont ras t  to the f i rs t  two compounds, III can exist as geometr ica l  cis and t rans  i somers .  The fol-  
lowing geomet ry  of the substituents in the chair  form is possible for the t rans  i somer :  equatorial  P - C 1 ,  
axial CH3, axial P - C 1 ,  and equatorial  CH 3. The geometry  possible for the cis i somer  is:  equatorial  P - C 1 ,  
equatorial  CH3, axial P - C 1 ,  and axial CH 3. The Kerr-effect-method does not provide us with an answer as 
to which i somer  we have investigated. 

The conclusion regarding the three-d imensional  s t ruc ture  of I - I I I  contradicts  the resul ts  obtained for 
compounds of the te t racoordinated phosphorus atom in which the P = O bond al ready occupies the equatorial  
position. This sor t  of conformation can be determined by the effects of conjugation of the unshared pair  of 
e lect rons  of the endocyclic oxygen atoms and the orbitals of the phosphorus atom. As was demonstra ted in 
[14], it is a maximum for a t rans  orientation of the C - O  and P =O bonds, i.e., for an equatorial  orientation 
of the la t ter .  If it is assumed that, as a consequence of the considerably lower compress ion  of the 3d orbi t -  
als in tr ivalent  phosphorus derivat ives,  the effect of their  overlap with the UEP of the es te r  oxygen atoms 
is insignificant,  it should not have an appreciable effect on the relat ive conformational  preference  of the 
i s o m e r s .  In this case ,  the lat ter  is determined by the usual s ter ic  factors  that stabilize the equatorial  pos i -  
tion of a bulky substi tuent.  As for the energy of the d ipole-d ipole  interaction,  which is the reason for the 
so-ca l led  "anomeric  effect," it also should stabil ize the chair  conformation with an equatorial  P - C 1  bond, 
since,  according to [15], as a consequence of repulsion of the dipoles of the UEP, the lat ter  tend to orient 
themselves  in an antiparallel  manner .  This is achieved to a maximum degree when the UEP of phosphorus 
is axially oriented (structure B). As in [16], our theoret ical  calculations have actually demonstra ted that 
due to the e lec t ros ta t ic  interact ions of the two dipoles of the C - O  bonds with the moments  of P - C I  and UEP, 
the preference  for s t ruc ture  B is no less than 1.3 k c a l / m o l e  as compared  with the axial P - C 1  bond (A). 
Thus the indicated fac tors  may explain the experimental ly  observed conformation of 2 -ch lo ro - l , 3 ,2 -d ioxa -  
phosphorinanes.  

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

The 2-chloro- l ,3 ,2-d ioxaphosphor inanes  were obtained by the method in [1,4] and had the following 
physical  constants :  I, bp 70-71 ~ (17 mm) a n d n ~  1.4858; II, bp 71 ~ (10 ram) a n d n ~  1.4768 (Found: P 18.1%. 
CsHIoC102P. Calculated:  P 18.4%); III, bp 63 ~ (12 ram) and n~ 1.4780. Li te ra ture  data: I, bp 70-71 ~ (17 
ram) a n d n ~  1.4850 [4]; III, bp 65 ~ (12 mm) a n d n ~  1.4765 [4]. 

The molar  Ker r  constants were determined in cyclohexane at 25 ~ and were calculated f rom the equa- 
tion [11] 

inK=sKi(1 - [ ~ + u  

where H = 4nDl 2 (nD12 +2), I = 2/(s +2), sK 1 is the specific Kerr  constant of cyclohexane,  nD~ 5 = 1.4235, 

d 25 = 0.7783 [17], r = 2.0199 [18]; the Ker r  constant  of the pure solvent 03 �9 1017) was found experimental ly  
to be 0.057. Then, H = 2.013, I = 0.498, and sK i = 1.420 �9 10 -14. The coefficients of the computational equa-  
tions are  presented in Table 2. 
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