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Spirocyclie glycolic esters of orthosilicic acid have been obtained by 
catalytic disproportionation of the corresponding polyesters formed 
duringtransesterificationoftetraethoxysilanebyglycols. The PMRspec- 
tra of these compounds were studied and their dipole moments were 
measured. 

For  a long time, attempts to synthesize spirocyclic 
es ters  of orthosil icic acid were unsuccessful [2-8].  
However, recently these compounds have been obtained 
by the reaction between the corresponding glycols and 
silicon tetrachloride [9-15],  and tetraacetoxysilane 
[16-20],  and a/so by other methods [21-23]. Certain 
authors [24,25] have reported the formation of the 
above-mentioned sp i roes te rs ,  although they have not 
confirmed their findings experimentally. 

We have elaborated a method for synthesizing spi-  
rocycl ic  es ters  of orthosil icic acid of the aliphatic 
se r ies ,  based on the catalytic disproportionation of 
polyesters  formed during the t ransester i f icat ion of te t -  
raethoxysilane by the corresponding glycols in the 
presence of t races  of bases or  acids [26]. 

After removing,  by distillation, the alcohol formed 
during the reaction between tetraethoxysilane and gly-  
col, the polyester  formed may be converted into the 
monomeric  spirocyclic compound by disproportionation 
catalyzed by KOH and forming during a controlled slow 
distillation or sublimation of the reaction mixture un- 
der  reduced pressure .  The reaction proceeds accord-  
ing to the scheme: 

HO';H ~ 
Si(OCzH~) 4 -r 2HO--R-OH --4CzH3OH 

�9 1 / [  - O ~ s i / O - - R - -  } KOH R/O\ . . /O ' x . t ,  
In ~ - R-  O NO-- I .  --  \ O / ~ \ O / "  

where R = divalent aliphatic radical. 

*For part IX, see [1]. 

By this pathway, the following spi roes ters  were ob- 
tained (see Table 1): 
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The ease of formation and stability of spirocyelic 
es ters  markedly increases  with increase in the num- 
ber  of hydrocarbon substitutes (methyl groups) in the 
ring. Under the conditions examined, it was impossible 
to disproportionate polyesters  obtained by an analogous 
pathway from tetraethoxysilane and ethanediol-1,2,  
propanediol-1,3,  butanediol-1,4,  or butanediol-2,3. 

The spirocyclic es ters  of orthosilicic acid obtained 
are color less  liquid (I) or crystall ine (II, B_I) com- 
pounds, readily soluble in the normal organic solvents. 
Even on storage they readily undergo polymerization. 
At normal temperatures ,  the viscosity of compound 
I markedly increases  within 24 hr (to a honey-like con- 
sistency),  and after 1 month this compound t ransforms 
into a solid glass- l ike  polymer which is markedly less 
soluble in benzene and acetone thanthe  original mono- 
mer ic  compound I. The polyester  formed on storage 
may be revers ibly  polymerized into compound I when 
heated under vacuum in the presence of powdered 
KOH. 

F rom the change in molecular  weight and melting 
points of the monomeric  spir0esters  presented in 
Table 1 over a period of time (after 24 hr), it is pos-  
sible to determine their comparative rates of poly- 
merization.  

Table 1 

R A3\  ~ / 0 \  n 
\ O / ~ L \ O  / 

R ] ately ~ after ;~ ~ ~ after calcu- 

I [--CI-I=CH2CH(CH3}--* - -  ] 212.3 326.8 1204,3148.53 8,02 13.93147.03 17.89113,75189,2 
II]--OJ=C(CH3)=C,H_~-- | 1 4 1 ~ 1 4 2  Nome l t  |247.2 384.4 [ 2 3 2 , 3 | 5 1 . 2 7  8,42 12 -29 |51 .6918 .68 /12 ,08 /86 -2  

[[1 | --r | [ 1 0 - - l i t  I 101--106 / 258.6 293.2"'/260.4/ 54.90 9At 10.97 |55.35 /9.29 110.79 1 81.2 

* Bp 118 ~ C ( 13 ram);  d 20 1.1242 ; n ~  0 1.4421 ; M R D 48.08 ;calc.  M R D 48,09.  
**After  boi l ing  for  6 hr in benzene,  M 298.3.  
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T a b l e  2 

P a r a m e t e r s  of  t h e  P M R  S p e c t r a  of  S p i r o c y c l i e  E s t e r s  of  

O r t h o s i l i c i c  A c i d  

Chemical displacements, ppm* 
Spiroester 

TCH a TC--CH2--C "~O Ctt TOCH 

I** 
II 

I l l  

8.76 (d) 
9.04 (s) 
8.78 (s) 

8,30 (qu) 6.00 (tr) 
6.31 (s) 

5,83 (quint) 

*s, singlet; d, doublet; tr, triplet; qu, quadruplet; quint, quintet. 
**KCCB of vicinal protons i n ~ [ 3 ]  JH-H ~'~ 6.5 Hz. 

S p i r o c y e l i e  e s t e r s  of  o r t h o s i l i c i c  a c i d  a r e  v e r y  
r e a d i l y  h y d r o l y z e d ,  e v e n  by  t h e  m o i s t u r e  of t h e  a i r .  

On s t a n d i n g  in  a i r ,  t h e  c r y s t a l l i n e  c o m p o u n d s  II  and  

I I I  d i s s o l v e  i n t o  a v i s c o u s  r u b b e r - l i k e  m a s s  w i t h i n  

s e v e r a l  h o u r s  and  t h e  o r i g i n a l  g l y c o l  m a y  b e  i s o l a t e d  

f r o m  t h e  p r o d u c t s  of  h y d r o l y s i s .  

In  o r d e r  to  r e v e a l  t h e  s t r u c t u r e  and  c o n f o r m a t i o n  

of t h e  s p i r o c y c l i e  e s t e r s  o b t a i n e d ,  t h e  P M R  s p e c t r a  

of t h e s e  c o m p o u n d s  w e r e  s t u d i e d  and  t h e i r  d i p o l e  m o -  

m e n t s  w e r e  m e a s u r e d .  

T h e  P M R  s p e c t r u m  of s p i r o e s t e r  I i s  a n a l o g o u s  to  

the  s p e c t r u m  of b u t a n e d i o l - l , 3  [27] ,  and  c a n  b e  d i s -  

t i n g u i s h e d  o n l y  b y  t h e  s m a l l  p a r a m a g n e t i c  d i s p l a c e -  

m e n t  of a l l  l i n e s  of r e s o n a n c e  a b s o r p t i o n .  T h e  P M R  

s p e c t r a  of c o m p o u n d s  II a n d  III c o n s i s t  of two a n d  one  
s i n g l e t s ,  r e s p e c t i v e l y ,  t h e  p o s i t i o n  of w h i c h  i s  e x -  

t r e m e l y  c h a r a c t e r i s t i c  f o r  t h e  r e s o n a n c e  of t h e  m e t h -  
y l e n e  and  m e t h y l  p r o t o n s .  

T h u s ,  t h e  m u l t i p l i c i t y  of t h e  l i n e s  in  t h e  P M B  s p e c -  

t r a  ( s e e  T a b l e  2) i n d i c a t e  t h e  h i g h  r a t e  of  c o n f o r m a -  

t i o n  t r a n s i t i o n s  i n  m o l e c u l e s  I - I I I  a t  r o o m  t e m p e r a -  

t u r e .  

A s t u d y  of t h e  B r i g l e b - S t u a r t  m o d e l  s h o w e d  t h a t  f o r  

s p i r o e s t e r  I I ,  b e c a u s e  of t he  l a r g e  s i z e  of t h e  m e t h y l  

g r o u p s ,  t h e  e x i s t e n c e  of s i x - m e m b e r e d  r i n g s  in  t h e  

f o r m  of a " b a t h "  i s  s t e r i c a l l y  i m p o s s i b l e .  T h e  d i p o l e  
m o m e n t  of c o m p o u n d  I I ,  c a l c u l a t e d  f o r  t h e  c o n f o r m a -  

t i o n  of b o t h  r i n g s  in  t h e  f o r m  of a n  " a r m c h a i r , "  i s  

e q u i v a l e n t  to  2.6 D,  w h i c h  i s  in  a g r e e m e n t  w i th  t h e  

e x p e r i m e n t a l l y  d e t e r m i n e d  v a l u e  of  2 .88 D. T h e  d i p o l e  

m o m e n t  of c o m p o u n d  I i s  e q u i v a l e n t  to  2 .27  D,  i. e. , 

in  c o m p a r i s o n  w i t h  t h e  d i p o l e  m o m e n t  of c o m p o u n d  II  
i s  r e d u c e d  by  0.5 D. T h i s  i s  p r o b a b l y  d u e  to l ow  s t e r i c  
h i n d r a n c e s  in  t h e  m o l e c u l e  of  c o m p o u n d  I .  T h u s ,  t h e  
v a l u e s  of t h e  d i p o l e  m o m e n t s  and  PMB s p e c t r a  of 

c o m p o u n d s  I and  II i n d i c a t e  t h e  p r e s e n c e  of r a p i d  a r m -  

c h a i r - a r m c h a i r  c o n f o r m a t i o n  t r a n s i t i o n s  in  t h e s e  m o l -  

e c u l e s .  T h e  d i p o l e  m o m e n t  of  c o m p o u n d  III ,  b o t h  

f i v e - m e m b e r e d  r i n g s  of  w h i c h  a r e  a p p a r e n t l y  a l m o s t  

p l a n a r ,  d o e s  no t  d i f f e r  f r o m  0 w i t h i n  t h e  l i m i t s  of  

e r r o r  of t h e  m e a s u r e m e n t s ,  w h i c h  c o n f i r m s  t h e  n o n -  

p o l a r  s y m m e t r i c a l  s t r u c t u r e  of t h i s  c o m p o u n d  w i t h  t h e  

s i l i c o n  a t o m  in  t h e  c e n t e r  of s y m m e t r y .  

EXPERIMENTAL 

Preparation of Spiroeyelic Esters of Orthosilicie Acid. The alcohol 
formed during transesterification was slowly removed by distillation 
from a mixture of 20.8 g (0.1 mole) tetraethoxysilane, 0.2 mole of 
the corresponding glyeol, and 0.2 g n-toluenesulfonic acid. Normally, 
the theoretical quantity is isolated (22.5 ml). To the polyester thus 
obtained was added 0.5 g of powdered KOH and the mixture was heated 
under vacuum. As a result, the spirocyeIic ester was slowly removed 
by distillation or sublimation. The latter was purified by means of re- 
peated distillation or sublimation under vacuum. 

Physical constants and data of the analysis and yields of the ob- 
tained spirocyciic esters are presented in Table 1. Physical constants 
of the spiroesters were determined immediately after preparation and 
also 24 hr after preparation. 

PMR Spectra. PMR spectra were obtained in the YaMR-5535TsLA 
spectrophotometer (40 MHz). Spiroesters t and II were studied in the 
form of 15% (by volume) solutions in CC14 and compound III was 
studied in HCC1 a. Cyclohexane (rCsH12 = 8.56 ppm) was used as an 
internal standard. The values of the chemical displacements were 
determined by the method of lateral bands with an accuracy of • 0.01 
ppm. 

Dipole Moments. Dipole moments were measured by the method 
of heterodyne pulsations (frequency of 1 MHz) in benzene solutions 
at 25 ~ C. The results of the measurements were extrapolated to in- 
finite dilution by the method of Gederstrand. 
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Table 3 

Experimental Data Concerning the Determination of Dipole 
Moments 

Spire- c, mole Ptotal, 
ester fraction s d MRD, cm3 Per, cm3 ~, D cm 3 

I 

II 

l l I  
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0.001529 
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0.003371 
0.002330 
0.001887 
0.000000 
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2.2938 
2.2966 
2.2954 
2.2921 
2.3071 
2.2966 
2.2916 
2.2740 

0.8764 
0.8754 
08751 
0,8762 
0s 
0:8749 
0.8751 
0.8750 
0.8750 
0.8742 

i57.70 

232.53 

220.82 

47.95 

57,15 

66.54 

I07.35 

172.53 

150.95 

2.27 

2.88 

2.69 
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