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The configuration and conformations of ten 2-,  4-,  and 5-substituted 1,3,2-dioxaarsenanes 
were studied from their PMR spectra .  Inversion of the shielding constants of protons in the 
4, 6, and 5 positions and of methyl groups inthe 5 position was established, and the axial 
orientation of the A s - C l - a n d  A s - O R  bonds, the equatorial orientation of the 4-CH 3 group, 
and the chair conformation of the s ix -membered  heteror ing were proved. The anisotropies 
of the diamagnetic susceptibili ty were est imated for the f i rs t  time: AXAs_ O = 4.67 �9 10 -6 
and AXAs_C1 = 5.13 �9 10 -6 cm 3 �9 mole -1 (dipole approximation); AXAs_ O = 0.9- 10 -6 and 
AXAs_C1 = - 6 . 8 - 1 0  -6 cm 3-mole  -1 (nondipole approximation). The cyclic torsion angle (r = 
58 ~ was found for 2 -ch toro- l ,3 ,2 -d ioxaarsenane  by the "R-fac tor"  method. Conclusions 
regarding the conformation of the ring and substituents were confirmed by a study of the 
specific effect of an aromat ic  solvent on the position of the resonance lines. 

In recen t  yea r s ,  in connection with the intensive investigation of the s te reochemis t ry  of heterocycl ic  
sys tems ,  in teres t  has appeared in the investigation of cyclic ethers  that contain such polyvalent groupWt 
atoms as S [1-3] and Se [3, 4] and such group-V atoms as P [5, 6] in the ring. In these eases ,  the configura-  
tion [7-9] and conformational  [101 labilities of the r ing a re  determined by the stability of the pyramid of the 
bonds of these heteroatoms.  For the purpose of expanding and extending s tereochemical  investigations 
also with respec t  to the arsenic  atom, which, like phosphorus,  belongs to the group-V elements,  it seemed 
of definite in teres t  to study heteror ings  containing an arsenic  atom. The configuration and conformations 
of such heteror ings  have not been discussed in the l i terature .  We synthesized a number of cyclic ether~ of 
acids of tr ivatent  a r sen ic  that have not been investigated previously:  

R:J i ~  s-R' 
R ~ 

i RI=R~'=H, R3=CI:t~, R~=CI; II R~=R2=H, R~=CH3, R4=OCH~; III R'=R2=H, Rs=CH3, R4=OC6Hs; 
IV R~=R2=H, R~=CH3, R4=CsHs; V Rt=R2=C}'I3, RZ=H, R4=CI; VII(I=R2=CHs, R3=H. R4=OCH3; 
VII RI=R2=CH~, R3=H, R4=OC~H~; VIII R'=R2=R~=H, R4=CI; IX R~=R2=R~=H, R~=OCH3; X 

RI=R2=R~=H, R4= OC~H~, 

The configuration and conformations of I -X were established by high-resolut ion PMR spect roscopy.  
T~ne basis for these determinations was the K a r p l u s - C o n r o y  angular corre la t ions  [11-13] for vicinal spin- 
spin coupling constants (SSCC) withthe assumption that for sp 3 hybridization of the carbon atoms in six-  
membered  r ings ,  the charac te r  of the angular correla t ions  for the SSCC remains  the same as in the ease 
of the ethane fragment.  Fu r the rmore ,  by relying upon the information obtained r ega rd lng the re l a t ive  chem-  
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Fig~ 1. PlV[R s p e c t r u m  of 4 - m e t h y l - 2 - c h l o r o - l  ,3 ,2-  
d i o x a a r s e n a n e  (I). 

TABLE 1~ C h e m i c a l  Shif ts  of 1 , 3 , 2 - D i o x a a r s e n a n e s  a 

Corn - pound 5-[-t(a) 5-H(e) 4,6-H(a) 6-t-[(e) 4-Clh(e) 16,~', HZ 1~', HZ 

I 
II 

III 

IV 

V 
VI 

VII 

VIIIb 
IX 
X 

2,03 
1,89 
2,01 

1,61 
1,40 
C 

4,6 
4,47 
4,75 

4,08 
3,79 
4,00 

1,78 3,88 

5-CH3 (a) [ 5-CH3 (e) 4,6-H (a) 4,6-H (e) 
/ 

1,24 [ 0,76 
1,18 t 0,55 
1,22 0,60 

5-H (a) I 5-H (e) 

c 1,60 
2,27 1,42 
2,38 1,47 

4,28 
4,16 
4,34 

4,6-H (a) 

4,65 
4,56 
4,66 

1,21 --12,0 
t,11 --12,0 
1,23 

t,11 

3,56 
3,27 
3,37 

4,6-H (e) 

4,05 
C 
3,9 

- -  1 2 , 0  

- -  1 2 , 0  

- -  12,0 

-12,0 
- -  12,0 
--12,0 

--14.0 
-14,0 

m 

--  14,0 
--  14,0 
--  14,0 

aThe  s p e c t r a  w e r e  r e c o r d e d  with a V a r i a n  HA-100 D (100 MHz) s p e c -  
t r o m e t e r  a t  r o o m  t e m p e r a t u r e .  The da ta  p r e s e n t e d  h e r e  p e r t a i n  to 
20% s o l u t i o n s  (by volume)  in CCl 4. The c h e m i c a l  sh i f t s  (5, ppm) were  
m e a s u r e d  r e l a t i v e  to t e t r a m e t h y l s i t a n e  with an  a c c u r a c y  of • 0.005 
p p m .  bThe  s p e c t r u m  was ob ta ined  f r o m  a so lu t ion  in CDCla. cI t  was 
i m p o s s i b l e  to d e t e r m i n e  the sh i f t s  b e c a u s e  of o v e r l a p p i n g  by o t h e r  
s i g n a l s .  

ical shifts of geminal protons and gem-dimethyl groups for a definite preferred conformation, we made a 
quantitative analysis of the relative changes in the nuclear magnetic shielding constants (or) of protons with 

the aim of evaluating the anisotropy of the magnetic susceptibility of the As-O and As-CI bonds within 

dipole and nondipole approximations. The so-called "R-factor" method [14] was used for the quantitative 
evaluation of the degree of distortion of the ring of 1,3,2-dioxaarsenanes. We also discussed the value of 

the 2JHH, constants from the point of view of the conformations of the molecules [15]o In addition, we 

studied the effect of the aromatic solvent on the chemical shifts of the protons and methyl groups and dis- 

cussed this effect on the basis of a "binary collision" model as applied to the conformations of the mol- 
ecules. 

Conf igu ra t i on  and C o n f o r m a t i o n s  of Subs t i t u t ed  1 , 3 , 2 - D i o x a a r s e n a n e s  

4 - M e t h y l - 2 - c h l o r o - l , 3 , 2 - d i o x a a r s e n a n e  (I) (F ig .  1), wh ich  ac t s  as a "key"  o b j e c t  in the I - X  s e r i e s ,  
has  a qui te  c o m p l e x  but i n t e r p r e t a b l e  s p e c t r u m .  One can  m a k e  an unambiguous  a s s i g n m e n t  of the s p e c t r a l  
l ines  to the c o r r e s p o n d i n g  p r o t o n s  f r o m  the s c h e m e  of s p i n - s p i n  s p l i t t i n g s  ob ta ined  by e x a m i n a t i o n  of only  the z 
c o m p o n e n t s  of the  p r o t o n  s p i n s  (AA'BXY) and a l so  f r o m  the  c h e m i c a l  sh i f t s  (Table  1). I t  fo l lows  f r o m  th i s  a s -  
s i g n m e n t  tha t  in th is  c a s e  t h e r e  a r e  " a n o m a l o u s "  c h e m i c a l  sh i f t s  ( i n v e r s i o n  o r  r e v e r s a l  of the  n u c l e a r  m a g -  
n e t i c  s h i e l d i n g  c o n s t a n t s ) ;  i . e . ,  the  a x i a l  p r o t o n s  r e s o n a t e  at  l ower  f i e l d s  than the e q u a t o r i a l  p r o t o n s  [4]. 
The  l i t e r a t u r e  da t a  on d i o x a p h o s p h i t e s  [16], d i o x a s u l f i t e s  and d i o x a s e l e n i t e s  [4] d e m o n s t r a t e  the i n v e r s i o n  
of  the  n u c l e a r  m a g n e t i c  s h i e l d i n g  c o n s t a n t s  of a x i a l  and e q u a t o r i a l  H A and H B p r o t o n s  in the 4 pos i t i on  and 
a l so  of H X and Hy  and m e t h y l  s u b s t i t u e n t s  in the 5 p o s i t i o n  of t h e s e  compounds .  
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In I, resonance of proton H A, in the 4 position should appear as a complex multiplet of 24 lines with 
an average chemical  shift of 5 4.65 ppm, a lmost  coinciding with the position of the line of the H A proton. 
In fact, the integral  intensity of the band of the line at 5 4.6 ppm is 2H. The latter fact makes it possible 
to assume that the line of the H A, proton corresponds to the axial hydrogen, and, consequently, the 4-CH 3 
group replaces  the equatorial  valence. The geminal constants (JAB = - 1 2  Hz, JXY = - 1 4  Hz) and vicinal 
constants (JAY = 12 Hz, JAX = 2.6 Hz, JBX = 2.6 Hz, and JBY = 4 Hz) found from the spect rum corre la te  
with the corresponding valence ( H - C - W )  and dihedral angles with r e spec t  to the Ka rp lu s -Conroy  for -  
mulas [11-13], indicating the p re fe r red  chair  conformation of this ring. Inversion of the shielding constants 
(a) of the proton in the 4 and 6 positions is possible for an axial orientation of the As -C1  bond and, con- 
sequently, it can be supposed that I is the trans i somer .  

The PMR spect ra  of the remaining compounds of this ser ies  display the following general  features:  

a) marked nonequivalence of the axial and equatorial  methylene protons in the 4 and 6 positions and 
marked nonequivalence of the gem-dimethyl  group in the 5 position are observed;  

b) there is inversion of the nuclear  magnetic shielding constants of the protons in the 4 and 6 posi-  
tions and of the protons and methyl groups in the 5 position; 

c) the SSCC found f rom the spec t ra  do not vary as a function of the substituents in the 4, 5, and 6 
posit ions;  

d) the protons of a 1,3,2-dioxaarsenane ring that is unsubstituted in the 4, 5, and 6 positions form a 
s ix-spin AA'BB'XY sys tem,  the analysis  of which is possible within a f i r s t -o rde r  approximation. 

A study of the tempera ture  dependence (from - 4 0  to + 160 ~ did not reveal  any changes in the chem-  
ical shifts and SSCC. This indicates that these compounds exist in the p re fe r red  chair  conformation on the 
NMR time scale.  

Recently [15] an i terat ion method was used to corre la te  the empir ica l  data for the geminal SSCC in 
s ix -membered  heterocycles ,  and these data were presented in analytical form as the dependence of 2JHH 
on the cyclic torsion angle r (the angle between the bisectors  of the p and a orbitals) in the cyclic com-  
pounds. According to this dependence, the geminal constants for an ideal chair  conformation (~ = 60 ~ have 
the following values: J66' = - 1 0 . 4  Hz, J55' = -13 .5  Hz; these Values are  in agreement  with the geminal con- 
stants in 1 ,3 ,2-dioxaarsenanes:  J66' = -12 .0  Hz, Jss' = -14 .0  Hz. This confirms the chair  conformation. 

Evaluation of the Anisotropies of Diamagnetic Susceptibility AXAs_C1 and A • 

At present ,  the l i te ra ture  does not contain data on the diamagnetic anisotropy of As - O  and As - C1 bonds. 
This information can be extracted f rom the PMR spect ra .  The marked nonequivalence of the methylene protons 
in the 4 position (A~ = a A -  aB = - 0.72 ppm) and of the methyl groups in the 5 position (Aa =-- 0.48 ppm) that were 
observed in the PMR spect rum of V indicate the p re fe r red  chair  conformation of its molecules with an axial As - 
C1 bond. The energies of the thermal  vibrations a re  apparently insufficient to invert  the conformation of the 
A s - C 1  bond. The difference in the shielding of the axial and equatorial  protons and methyl groups is ap- 
parently due principally to the contribution to shielding of effects due to the diamagnetic anisotropy of the 

�9 bonds and orbitals of the unshared pairs  of electrons of the heteroatoms and to the e lec t r ica l  fields induced 
by the e lec t r ica l  dipole moments  of the bonds [17]: 

A~=~(H~) -~(H~) =xaol,an+XAoj el 
] 

We made a theoretical  evaluation of the contribution of the anisotropy of the magnetic susceptibil i ty (AMS) 
of all of the bonds and oxygen atoms within the dipole approximation [18] and within the nendipole approxi-  
mation [17], and the effect of the e lec t r ica l  field was est imated from the Buck ingham-Masher  formula [191. 
Using the data in Table 2, the nonequivalence of the axial and equatorial  protons in the 4 position, and the 
nonequivalence of the methyl groups in the 5 position, f rom the spec t rum of V, allowing for the contribu- 
tions of the AMS and the effect of the e lec t r ica l  fields of the bonds, we est imated the anisotropies of the 
diamagnetic susceptibili ty of the A s - C I  and A s - O  bonds. Within the nondipole approximation, for an axial 
orientation of the A s - C 1  bond we obtain 

A~(H) = 0.373Ax.~s-o +0.31 IAz.~s-cl+0.090Azc-II 
+ 0.010Axc-o +0.280Axe:-0,007Azc-c -0.195; 

A~rz= -0.004A zAs-o +0:011AZA~-m-- 0) 170AZc-H 
+ 0.090Axe- o --0.390Azo:--0.117. 

424 



TABLE 2. E l e c t r i c a l ,  Magnet ic ,  and G e o m e t r i c a l  P a r a m e t e r s  of 
the 2 - C h l o r o - l , 3 , 2 - d i o x a a r s e n a n e  Molecule  Used to Es t ima te  the 
An i so t ropy  of the Diamagne t i c  Suscep t ib i l i ty  of the A s - C 1  and 
A s - O  Chemica l  Bonds 

Bond 

C--C 
C--O 
C--H 
0 : (2p~) 
As--C1 
As--O 

r 
Bond /Dip ole 
length, Iofthe[m~ 

bonds, D 

1,54 20 

1,44 2o 0,86 
1,10 21 0,4 

2,26 22 1,3 
1,75 23 0,82 

Anisotropies of the magnetic 
susceptibility, A • : -•177 
cm 3 . mole-f • 
Dipole approxi 
mation q_8] 

4,89 �9 10 -a 25 
5,3. I0 -~ 4 
0,9 �9 10 -a 2s 
8,1 - i0 s2s 

--5,13. 10 -~ 
4,6.10 a 

, Nondipole ap- 
proximation [1% 

1,54. 10 ~25 
1,48. 10 025 
0,9. 10 -G25 
3,6" 10 02~ 

--6,8. l0 -G 
0,9- 10 -s 

Valence angles 

ZCCC= 112 ~ 20 
ZCCO=Ill T M  

Z OAsO= 100 ~ 24 
ZCOAs = 118 ~ 24 

ZAsOCHa = 118 r 
Z OAsCI = 98,5 ~ 

ZAsOC6Hs= 120 ~ 

Set t ing  AXC_C = 1.34" 10 -6, AXc_o  --- 1.48 o 10 -6, AXC_H = 0 . 9 . 1 0  -6, and AX O = 3.9 �9 10 -~ cm 3 �9 mole  -1 and 
so lv ing  this s y s t e m  of equa t ions ,  we ob ta in  AXAs_ O = 0 . 9 . 1 0  -6 and AXAs_CI = - 6 . 8 "  10 -6 em 3 �9 mole  -1. 

Within  the dipole  app rox ima t ion ,  for  an axia l  o r i e n t a t i on  of the A s - C 1  bond we obta in  A• O =4.67 �9 10 -6 
andA• = 5.13 �9 10 -6 cm 3. mole  - i .  Thus,  in  the nondipole  approx ima t ion ,  for  an axial  o r i e n t a t i on  of the 
A s - C 1  bond and the cha i r  c o n f o r m a t i o n  we obta in  r e a l  AXAs_ O and AXAs_C1 va lues  with r e s p e c t  to n u m e r -  
ica l  va lue  and s ign  u n d e r  the a s s u m p t i o n  that  the axial  p ro ton  is l e s s  shie lded than the equa to r i a l  pro ton ,  
and that  the axia l  methyl  group is  l e s s  sh ie lded  than the equa to r i a l  methyl  group; this  is proved in the case  
of the s p e c t r u m  of III. 

As was r e c e n t l y  shown in [3, 4], the i n v e r s i o n  of the p ro ton  sh ie ld ing  cons tan t s  of hydrogen  a toms 
and methy l  g roups  in the 5 pos i t ion  in cyc l i c  e the r s  is due p r i n c i p a l l y  to the an i so t ropy  of the d iamagne t i c  
s u s c e p t i b i l i t y  of the u n s h a r e d  e l e c t r o n  pa i r s  [(2p2z)eff] of the oxygen a toms  if the i r  mo l e c u l e s  r e s i d e  in the 
p r e f e r r e d  cha i r  con fo rma t ion .  There  is  no b a s i s  in the case  of 1 , 3 , 2 - d i o x a a r s e n a n e s  to a t t r i bu t e  the fact  
of i n v e r s i o n  of the c h e m i c a l  sh i f t s  of H X and Hy to o ther  causes .  In the indicated  case ,  the e l e c t r i c a l  field 
a r i s i n g  f r o m  the dipole m o m e n t  a s s o c i a t e d  with the u n s h a r e d  pa i r  of e l e c t r o n s  can be d i s r e g a r d e d  at  d i s -  
t ances  g r e a t e r  than 2 A [26]. However ,  in  the case  of i n v e r s i o n  of the sh ie ld ing  cons tan t s  in the 4(6) pos i -  
t ion,  this effect  is addi t iona l  to the effect  a r i s i n g  f rom the a n i s o t r o p y  of the magne t i c  s u s c e p t i b i l i t y  of the 
A s - O  and A s - C 1  bonds .  Since the p r e s e n t  s tudy leads to the conc lu s ion  of the axial  con fo rma t ion  of the 
A s - C 1  bond, s t a b i l i z a t i o n  of such a c o n f o r m a t i o n  may  be a rgued  f rom the p r e s e n c e ,  as in the case  of cycl ic  
su l f i t e s  [27], of a c e r t a i n  "bonding" c h e m i c a l  i n t e r a c t i o n  be tween  the ch lo r ine  and ax ia l  H A and HA, hyd ro -  
gen a toms  that is r e a l i z e d  for an  axia l  c o n f o r m a t i o n  of the A s - C I  bond. 

The " R - F a c t o r "  as a C r i t e r i o n  of D i s to r t i ons  of the Cha i r  Ring  Confo rma t ion  

Fo r  s i x - m e m b e r e d  r i n g s  tha t  have a - C H 2 - C H  z -  f r a g m e n t ,  r e g a r d l e s s  of whether  they ex i s t  as an 
e q u i l i b r i u m  m i x t u r e  of two equ ivMent  c o n f o r m e r s  or  have a p r e f e r r e d  cha i r  confo rma t ion ,  the " R - f a c t o r "  
method  [14, 28] makes  i t  p o s s i b l e  to find the cycl ic  t o r s i o n  angles  (@) f r o m  the v i e ina l  SSCC: 

/ 3 Vi~ 
cos r  {7%~?~! 

1 i (1)  
R=Jtrans/cis , ]trans ~- ~(]aa+/ec'), ]cis~ 2 (Scw@Jea)" 

E x p r e s s i o n  (1) was  ob ta ined  f r o m  the c o r r e l a t i o n  condi t ions  for  v i c i n a l  SSCC [12]. F o r  2 - c h l o r o - l , 3 , -  
2 - d i o x a a r s e n a n e  (VIII )we have R = 2 . 2 1 ;  this c o r r e s p o n d s  to a l a r g e r  cyc l i c  t o r s i on  angle  in  the - C H  2 -  
CH 2 -  f r a g m e n t  (r = 58 ~ than for  1 ,3-d ioxane  [29] (R = 1.81 and r = 55~ This  i n c r e a s e  m e a n s  that  the 
c o n f o r m a t i o n  of the r i n g  of VIII app roaches  that  of an " idea l"  cha i r ,  in  view of which the unfavorab le  
s t e r i c  1 , 3 - i n t e r a c t i o n s  typ ica l  for  cyc lohexane ,  1 ,3-d ioxane ,  and 1 ,3 -d i th iane  have s m a l l  va lues  in the 
cha i r  c o n f o r m a t i o n  with an  ax ia l  As -C1  bond. It  has been  p r e v i o u s l y  e s t a b l i she d  [30] that in  phosphi tes  the 
e n e r g y  of the s t e r i c  C . . .  C1 i n t e r a c t i o n ,  found on file bas i s  of a s e r i e s  of s tud ies  [31-33], is neg l ig ib ly  s m a l l  
and,  m o r e o v e r ,  has a pos i t ive  s ign.  Consequen t ly ,  s t e r i c  i n t e r a c t i o n  canno t  h inde r  the ax ia l  o r i e n t a t i on  of 
the A s - C 1  bond. The ax ia l  c h a r a c t e r  of the t r i v a l e n t  phosphorus  s ubs t i tuen t  in 1 ,3 ,2 -d ioxaphosphor inanes  
was a l so  r e c e n t l y  [34] p roved  p e r s u a s i v e l y  by an  a n a l y s i s  of the PMR s p e c t r a .  

Specif ic  Effect  of an A r o m a t i c  Solvent  

F o r  an addi t iona l  c o n f i r m a t i o n  of conc l u s i ons  r e g a r d i n g  the con fo rma t ion  of I -X,  we examined  the 
changes  in  the c h e m i c a l  sh i f t s  of the p ro tons  on p a s s i n g  f r o m  CC14 so lu t ions  to so lu t ions  in  benzene .  The 
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CCi 4 
TABLE 3. Differences in Shifts (ASc6Hs in ppm) a 

COl'I]- 5-H(a) 5-tl(e) 4,6-1I(a) 4-Cite(e) 6-H(e) 
pound 

I +0,44 I b +0,25 +0,27 +0,34 
II +0,10 I ~-0,16 +0,02 +0,05 +0,05 

IlI +0,03 +0,12 +0,13 +0,19 

5-CH~ (a) ] 5-CHj (c) 4,6-H (a) 4,6-H (e) [ 

V + 0,23 + 0,53 q- 0,09 + 0,24 
V I - 0,03 + 0,02 - 0,04 - 0,01 

V I I + 0,06 + 0,28 0 + 0,02 

VIII 5-H (a) 1 5-t~ (e) 4,6-~J (a) . 4,G-~I (e) 
viii  b / +0,78 +0,29 +~,49 

IX +0,04 +o,21 +0,06 
X +0,33 t +0.43 +0,14 +0,20 

aThe data presented in this table pertain to 20% (by volume) solu- 
tions in CC14 and in C6H s. bThese shifts were impossible  to de- 
termine because of overlap by other signals.  

resul ts  show that the effect of an aromat ic  solvent depends unambiguously on the s te r ic  position of the 
proton or  methyl group in the molecule.  The data a re  presented in Table 3, f rom which one can draw the 
following conclusions: 

a) benzene as a solvent shifts the position of the resonance of the protons to s t rong field to a g rea te r  
or  l esse r  degree depending on the spatial position of the proton under considerat ion;  

b) in all of the compounds, equatorial substituents in the 4, 6, and 5 positions are more  strongly 
shielded than axial substi tuents,  and equatorial  substituents in the 5 position are  shielded to a g rea te r  degree.  
This regular i ty may serve  as an additional argument  in favor of the equator ia l  orientation of the 4-CH 3 group 
in I-IV; 

c) the axial 4,6-H and equatorial  4,6-H in I, II, IV, and X are shielded a lmost  identically. However, 
in the case of molecules  with a gem-dimethyl  group in the 5 position, these same protons are  much more  
weakly shielded and a r e  deshielded when R 4 = OCH3. When there is a gem-dimethyl  group, the benzene 
molecule apparently cannot approach the dissolved molecule as closely as in other cases ;  

d) the maximum shielding of the protons is observed when R t = C1, and great  nonequivalence in the 
shielding of the protons and methyl groups a r i ses ;  the degree of shielding dec reases  f rom R ~ = OC6H 5 to 
R 4 = OCH 3. 

The observed shifts, which are  caused by the aromat ic  solvent, can be explained under the a s sump-  
t-ion that molecular  collision complexes [35] of approximately the same s t ruc ture  in all cases  a r i se  in the 
investigated sys tems .  The factor  that determines the geometry of the complex is the at t ract ion between 
the electrophil ic positive end of the local dipole of dissolved substance and the nucleophilic n -e l ec t ron  
sys tem of the benzene ring.  The s trong mutual repulsion between this electrophil ic  sys tem and the negative 
end of the dipole of the dissolved substance gives the t ime-averaged geometry of the complex. It has been 
assumed [36] that the unshared pairs  of e lectrons of the heteroatems entering into the molecule may also 
affect the orientat ion of the benzene molecules .  Thus the effect of the a romat ic  solvent confirms the exis-  
tence of 1,3,2-dioxaarsenanes in the p re fe r red  chair  conformation. 
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