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The ammonolysis of 1,4-bis(dimethylchlorosilyl)benzene with am- 
mo~rta forms heterocyclic compounds of low molecular weight. The 
main reaction product is the crystalline [CH3)zSiC~H4Si(CH3)2NH']4 ' 
which polymerizes on heating with the formation of polymers possess- 
ing a relative viscosity of 0.15-0.4. 

The re  is no in fo rmat ion  in the l i t e r a t u r e  on the 
amina t ion  of halogen de r iva t ives  of d i s i l y l b e n z e n e s .  

Fig .  1. X-Ray  diagram of III with 7? 0.18. 

A study of the a m m o n o l y s i s  of 1 ,4 -b i s (d ime thy l -  
ch lo ros i ly l )benzene  (I) has shown that the act ion of 
gaseous NH a on its so lut ions  does not lead to the 
fo rmat ion  of h igh -moIecu l a r -we igh t  compounds,  as 
was to be expected: compara t ive ly  l o w - m o l e c u l a r -  
weight c r y s t a l l i n e  subs t ances  a re  a lways obtained. 
Changing the r eac t ion  t e m p e r a t u r e  ( f rom - 4 0  to 0 ° C), 
the so lvent  (benzene,  toluene, ether),  and rep lac ing  
the gaseous  a m m o n i a  by liquid a m m o n i a  had no effect 
on the d i r ec t ion  of the p r o c e s s .  In all  cases  a c r y s -  
t a l l ine  compound with mp 129-130°C was i sola ted  
(yield 91.6%). The ana ly t i ca l  data and d e t e r m i n a t i o n s  
of the mo lecu l a r  weight ebu l l ioseop iea l ly  (780) and 
c ryoseop iea l ly  (870) have shown that it co r r e sponds  
to the fo rmula  [CH~)2SiC6H4Si(CH3)2NH]4 (II), i . e . ,  
the a m m o n o l y s i s  r eac t ion  takes place in the following 
way: 
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No cycl ic  compounds with a s m a l l e r  n u m b e r  of 
l inks in the r i ng  were  found in the products  of the 
a m m o n o l y s i s  of I, which is undoubtedly due to the 

cons ide rab le  r ig id i ty  of the--Si---C6H4--Si--  grouping .  
Never the le s s ,  the p r e s e n c e  of an NH group between 
the--Si---C6H¢--Si--  groups  probably  e n s u r e s  suff i -  
c ient  f lexib i l i ty  of the chain to shift  the r eac t ion  in 
the d i r ec t ion  of the p r e domi na n t  fo rmat ion  of cyclic,  
and not l inear ,  compounds .  This  appa ren t ly  a lso  ex- 
pIains why l i n e a r  po lymers  a re  not fo rmed  in the 
d i r ec t  a m m o n o l y s i s  of I .  

I t  appeared  of i n t e r e s t  to inves t iga te  the poss ib i l i ty  
of conver t ing  II into compounds of high m o l e c u l a r  
weight.  I t s  t h e r m a l  p o l y m e r i z a t i o n  at 150, 200, and 
250 ° C in the p r e s e n c e  of t r ace s  of NH4C1 showed that 
II is conver ted  r e l a t i v e l y  eas i ly  into an e las t i c  poly-  
m e r  (Ill) while its r educed  v i scos i ty  va r i e s  f rom 0.15 
to 0.4 accord ing  to the t ime  and condi t ions  of the 
condensa t ion  p r o c e s s .  Compound III has a we l l -  
e x p r e s s e d  o r d e r e d  s t r u c t u r e ,  as can be seen  f rom its 
X - r a y  d i a g r a m  (Fig .  1). 

The e l e m e n t a r y  compos i t ion  of III at  the end of 
po lymer i za t i on  is the s a m e  as that of compound II. 
This  shows that the p r oc e s s  takes place through the 
open ingof  the r ing .  The t h e r m o m e e h a n t c a l  p r o p e r t i e s  of 
III, which a r e  i l l u s t r a t ed  in Fig.  2, show that  the g lass  
t e m p e r a t u r e  changes accord ing  to the magni tude  on 
[~?] and shif ts  in the d i r ec t ion  of pos i t ive  t e m p e r a t u r e s  
when [U] i n c r e a s e s .  Compound III is soluble  in d ime th -  
y l fo rmamide ,  t e t r aeh lo roe thane ,  and pyr id ine ,  and 
is inso luble  in benzene,  toluene,  ethyl ether ,  ch lo ro-  
form, and pe t ro l eum e the r  but swel ls  in these so l -  
vents .  
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Fig .  2. T h e r m o m e e h a n i e a l  cu rves  of III obtained 
by the p o l y m e r i z a t i o n  of II: 1) 150 ° C, 3 hr;  

2) 200 ° C, 3 h r ;  3) 250 ° C ( 3 - 4 m m ) ,  3 hr .  

EXPERIMENTA L 

Ammonolysis of p-[Si(CH~)2C1]~CsH 4 wkh gaseous ammonia. A 
tour-necked flask fitted with a stirrer, thermometer, reflux conden- 
ser, and tube for the introduction of ammonia was charged with 
26.3 g (0.1 mole) of I and 260 ml of dry toluene. Dry ammonia was 
passed through the solution at - 5  to 0 ° C for 4 hr. The precipitate 
was separated off and washed Mth toluene. The solvent was distilled 
off from the filtrate at room temperature and a pressure of 20-25 ram. 



C H E M I S T R Y  OF HETEROCYCLIC COMPOUNDS 411 

This gave 20.3 g (98%) of a white pulverulent substance. After re- 
crystallization from a threefold amount of hot hexane, dry pyridine, 
or tetrachloroethane, 18.6 g (91.6%) of II was obtained in the form 
of white acicular crystals with mp 129-130 ~ C. Found, %: C 57.78, 
58.08; H 8.17, 8.34; Si 26.98, 27.18; N 7.14, 6.98; tool. wt. 870 
(cryoscopically in benzene), 780 (ebultioscopically in benzene). 
Calculated for C40I~sSisN4, %: C 58.00; H 8.22; Si 27.08; N 6.75; 
mot. wt. 828. 

Ammonolysis of p-[Si(CHs)zCI]~C6H 4 with liquld ammonia. A 

four-necked flask fitted with a sri~et, theremometer, reflux conden- 
ser, and tube for the introduction of ammonia was charged with 
200 ml of dry toluene and, with cooIing to ~ --45 ~ C, ammonia was 
passed in for 1 hr. Then, at the same temperature, a solution of 
26.1 g (0.1 mole) of I in 60 ml of toluene was added dropwise over 
30 rain. Stirring and the passage oi ammonia were continued for 
another 2 hr 30 rain. After the mixture had reached room tempera- 
tuxe, the precipitate was separated off and the tiltrate was evaporated 
in vacuum to constant weight at 20 ~ C (2-3 ram). This gave 20.9 g 
of I (white crystalline powder). Found, %: C 57.08, 57.62; H 8.10, 
8.18; Si 27.06, 27.05; N 6.76, 6.91. 

Polymerization of II. Test-tubes each containing 1 g of II were 
placed in a thermostated vessel at 100, 200, or 250 ~ C. In 10-15 rain, 

the II was conveEted into a highly elastic polymer (liD. The specific 

viscosity ol the I% solution of Ill in dimethylformamide was 0.1-0.14 

in all experiments and did not increase when heating was carried out 

for 6-8 bx. 
Polymerization in vacuum was carried out at 2-3 mm and tem- 

peratures of 200, and 250 ~ C. Before being placed in the thermo- 

stated vessel, the test-tube was filled with ammonia. On polymeri- 
zation al 200 ~ C, ~sp of a 1% solution of III in dimethylfonnamide 
was 1.8 after 3 hr ann had not changed after 6 hr. On polymerization 

at 250" C, Wsp was 0.88 after 3 hr and 0.4 after 6 hr. The reduced 

viscosity of Ill was 0.84. Semitransparent brittle films were obtained 

from a solution of IlL Found, %: C 58.51, 58.13; H 8.41, 7.98; 

8i 26.33, 26.78; N 6.76, 6.91. Calculated for Ci0H178i2N, %: C 82.00; 

H 8.22; Si 27.08; N 6.75. 
The IR spectrum of II has a strong absorption band at 3340 cm -I 

corresponding to a N--H bond and also bands corresponding to a 
CHs--8i bond (800, 1260, 2900, 2960 cm "1) and a --CsH4"- group 

(1140, 3050 cm' l ) .  
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