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The reductive cocondensation of chlorotrimethyisilane 
and dichlorodimethylsilane 
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Linear and cyclic permethyloligosilanes were prepared by the Wurtz-type cocondensation 
of chlorotrimethylsilane and dichlorodiniethylsilane in the presence of sodium metal or 
samarium iodide as reducing agents. The yields and composition of the reaction products 
depend on the cocondensation conditions. 
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Linear permethylol igosi lanes  Me(SiMe2)nMe ( l a ) ,  
where n >_ 3, are usually obtained by a stepwise synthe- 
sis, i.e., by the elongation of  the silaqe chain,  using the 
reaction of  reductive coupl ing of  chlorosilanes in the 
preseqce of  alkaline metal (Na or K - - N a  alloy) as the 
reducing agent in the Wur tz- type  reaction, t -4  The par- 
ticular members  of  the homologous series of  linear 
oligosilanes (up to heptasi lane)  were also obtained by 
one-step cocondensat ion  of  chlorotr imethyls i lane (2) 
and d ichlorodimethyls i lane  (3) with sodium metal at 
230--250 °C. :~ Unexpectedly ,  the formation of  ol igocy- 
closilanes (Me2Si)m (Ib)  did not occur. It is known 5 that 
in the condensat ion of  dichlorodiorganosi lanes  with Na 
in the presence of  a solvent,  lb  are usually formed 
(mainly, m = 6) along with l inear oligo- and polysilanes. 
Recently, 6 we have demonst ra ted  for the first t ime that 
the St--St  bonds can be formed in the coupling of  
chlorotr iorganosi lanes or  dichlorodiorganosi lanes  when 
Sm (II) salts, in part icular,  Sml  2 are used instead of  Na 
as the reducing agent. 

In this paper,  we report  the results of  a study of  
cocondensat ion of  chlorosi lanes 2 and 3 using sodium 
metal, which is t radi t ional ly  employed in this reaction, 
and Sml  2 suggested by us, as the reducing agents. 

Results  and Discuss ion  

Cocondensa t ion  of  chlorosi lanes 2 and 3 with Na 
was carried out in refluxing o-xylene at different molar  
ratios of  the initial chlorosi lanes (2 : 3 = 3 : I, 2 : I 
and I : I). According to G L C  analysis (Fig. I), l inear 
( l a ,  n = 2--10) ,  as well as cyclic ( Ib ,  m - -  5--10)  

oligosilanes were present itt tile reaction products in all 
cases (Scheme I). 

Scheme ! 

Na 
MeaSiCI + Me2SiCI2 -NaCI Me(SiMe2)nMe + (Me2Si)"~ 
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The content  of Ib depends oll the ratio of  chlorosil-  
anes and increases with the increase in the molar  per- 
centage of  3 in the mixture (Table I); the total yield of  
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Fig. I. Chromatogram of tile cocondensation products of Z 
and 3 (2 : I) with Na: I, 2, 3, 5, 7, 9, I1, 13, 15; I=, n = 
2--10 respectively; 4, 6, 8, I0, 12, 14; Ih, m = 5--10, 
respectively. 
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Table I. Effect of the ratio of tile initial chlorosilanes on tile 
composit ion of the cocondensat ion products 

Entry 2 3 Reduc- Product composition (%) Total 

ing agent la Ib Ic yield (%) 

/ 3 
2 2 
3 2 
4 I 

I Na 80.5 19.5 -- 77 
I Na 77.3 22.7 -- 80 
1 Sml 2 76.7 23.3 -- 83 
I Na 65.5 23.5 I 1.0 72 

l a  and  Ib is 7 0 - - 8 0  %. H i g h - m o l e c u l a r - w e i g h t  po lydi -  
m e t h y l s i l a n e  ( l c )  was also isola ted in a ra t io  o f  2 : 3 = 

I : 1 .  
In a d d i t i o n  to the  c h a n g e  in the  c o m p o s i t i o n  o f  the  

r eac t i on  p roduc t s ,  in t he  c o c o n d e n s a t i o n  in o -xy lene ,  a 

s t r ik ing  d i f f e r ence  in t he  d i s t r i bu t ion  p a t t e r n  o f  ol igosi l -  
anes  a c c o r d i n g  to t he  c h a i n  l eng th  (n) was also observed .  
T h e  resul ts  d i f fer  f rom those  r epor ted  ea r l i e r  2. (Fig.  2). 
W h e n  the  c o c o n d e n s a t i o n  was p e r f o r m e d  in an  au to -  
c lave in the  a b s e n c e  o f  a so lven t ,  l a  (n = 2) was fo rmed  
in the  h ighes t  yield,  and  the  d i s t r i bu t ion  pa t t e r n  was o f  
an  a s y m p t o t i c  c h a r a c t e r  (see Fig. 2, a) ,  w h e r e a s  in 
o -xy lene ,  o l igos i l anes  l a  (n = 4 - - 6 ,  see Fig. 2, b) were  
the  m a j o r  p roduc t s .  As for o l i gomer s  of  Ib ,  c y c l o p e n t a -  
and  c y c l o h e x a s i l a n e s  were  fo rmed  p r e d o m i n a n t l y  (see 
Fig. 2, c). T h u s ,  t he  c o n d i t i o n s  o f c o c o n d e n s a t i o n  affect  
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Fig. 2. Distribution patterns according to the chain length (n) 
of la  (a, b) and the cycle size (m) of Ib (c) as a fimction of the 
2 : 3 ratio: 3 : 1 ( / ) ;  2 : I (2); I : 1 (..,r) (a), the published 
dataZ(a). 

subs t an t i a l ly  the  c o m p o s i t i o n  at td the  yields  o f  the  reac-  
t ion  p roduc t s .  

Previous ly ,  6 we have d e m o n s t r a t e d  t ha t  in the  reac-  
t ion  o f  2 wi th  Sml2 ,  d i s i l ane  l a  (n = 2) was o b t a i n e d  
on ly  in a negl ig ible  a m o u n t .  At  the  s a m e  t ime ,  3 reacts  
rapid ly  wi th  S m l  2 at anab ien t  t e m p e r a t t ,  re a f fo rd ing  a 
mix tu re  o f  pe rme thy l -~ t ,m-d ich lo roo l igos i l anes  a long  with 
a smal l  a m o u n t  o f  lb.  In a c o n t i n u a t i o n  o f  o u r  in-  
ves t iga t ion  o f  the  r educ t ive  c o u p l i n g  o f  o r g a n o c h l o r o s i l -  
anes ,  we s tud ied  the  c o c o n d e n s a t i o n  o f  2 and  3 with 
S m l  2 (0.1 M s o l u t i o n  in T H F ) .  it was e s t ab l i shed  that  
th is  r eac t ion  p roceeds  in a bo i l ing  so lven t  (TH F) afford-  
ing o l igos i lanes  l a  and  lb ,  and  in a ra t io  o f  2 : 3 equal  
to 2 : I t he  ra t io  of  l a  : Ib  is a h n o s t  the  s a m e  as tha t  
for c o c o n d e n s a t i o n  in the  p r e s e n c e  o f  Na  (see Tab le  I). 
However ,  t he  use of  S m l  2 as a r e d u c i n g  agen t  in this  
r eac t ion  ins tead  o f  a lka l ine  me ta l  has  s o m e  advan tages :  
the  c o c o n d e n s a t i o n  m a y  be ca r r i ed  ou t  in a h o n t o g e n e -  
ous  m e d i u m  (in T H F )  at lower  t e m p e r a t u r e  (at  66 °C 
ins tead  o f  144 °C) and  the  r eac t i on  t i m e  is s h o r t e n e d  
f rom 30 to 5 h. 

E x p e r i m e n t a l  

Tile GLC analysis was carried out with an LKhM-8MD 
chromatograph on a stainless steel column (100x0.3 cm, 5 % 
SE-30 on Chromaton  N - A W - D M C S ) ,  equipped with a 
katharonmter, using a temperature range from 30 to 300 °C 
programmed with 12 deg rain - I ,  and Ite as the carrier gas. 

Tile reaction products were identified by comparison with 
anthcntic samples of la  and ib synthesized according to the 
known procedures from Refs. 2, 3, 7, and 8. 

All reactions were carried out under  dry Ar. 
Cocondensat ion of 2 and 3 (I  : I )  in the presence  o f N a .  A 

mixture of 2 (108.5 g, I real) and 3 (129.0 g, I real) was 
added dropwise to a dispersion of Na (69.0 g, 3 g-at.) in 
boiling, anhydrous o-xylene (400 mL) for 3 h, and the mix- 
ture was refluxed for 30 h with intense stirring; the reaction 
was monitored by GLC. The reaction mixture was cooled and 
filtered. Volatile substances (the fraction with b.p. 105--120 °C) 
and the solvent were removed from the filtrate. Tile residue 
was combined with the collected fraction, treated with cold, 
concentrated H2SO 4 to remove siloxanes, washed with water 
to the neutral reaction, dried with Na2SO4, and analyzed by 
GLC. Fractionation of the residue (73.4 g) on a rectification 
cohmm afforded la  (95--98 % purity according to GLC)  with 
n tip to 5 (from n = 6, la  contained 15--20 % of Ib as an 
admixture): n = 2, b.p, 113--I 14 °C, nD 20 1.4225 (cf. Ref. 2: 
b.p. 112--113 °C, riD25 1.4200); n = 3, b.p. 177--178 °C, 
nD 20 1.4638 (cf. Ref. 2: b.p. 176--177 °C, riD25 1.4572); n = 
4, b.p. 125--126 °C (34 Torr) ,  riD20 1.4875 (e l  Ref. 2: b.p. 
121--122 °C (35 Torr), nD 30 1.4810); n = 5, b.p. 115-- 
116 °C (5 Torr),  nD 2° 1.5055 (cf. Ref. 2: b.p. 162--163 °C 
(33 Torr), nD 30 1.5010). 

The precipitate after f i l t rat ion of  the reaction mixture was 
washed subsequently with anhydrous o-xylene, ethanol, and 
water, and the insoluble residue was washed with an ethanol--  
water mixture (I : I ) u n t i l t h e  reaction for the presence of Cl-  
was negative, The residue was dried in a vacuum oven (70 °C). 
yielding lc (4,6 g, 7.9 % from 3) as a white powder. UV, 
kma×/nm: 345, IR (KBr), v /era-I :  2990, 2940 (C- -H) ,  1245, 
835 (Si--Me).  
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Cocondensat ion of  2 and 3 in the ratios of 3 : 1 and 2 : I 
was carried out in a similar manner.  

Cocondensation of 2 and 3 (2 : I) in the presence o f S m i  z. 
A mixture of  2 (0.5 g, 0.0046 tool) and 3 (0.3 g, 0.0023 tool) 
in anhydrous TI IF  (5 mL) was added dropwise over 5 rain to 
a stirred 0.1 Msolu t ion  of  Snl l)  in anhydrous TIt F (110 mL) 
prepared from Sm (3.32 g, 0.022 g-at.) and diiodomethane 
(2.95 g, 0.011 tool). The mixture was refluxed for 5 h tmtil a 
ycllow-brown coloration appeared. The reaction mixture was 
cooled and treated with 0.1 N HCI to dissolve the precipitate 
of Sml2CI; the organic layer was extracted with ether, washed 
with water, aqueous sodium thiosulfate, and water, and dried 
with Na2SO 4. Ether and T H F  were removed; according to 
GLC,  the residue (0.31 g) contained mainly a mixture of la 
and lb. 

Th i s  work was f i nanc i a l l y  s u p p o r t e d  by tile Russ ian  
Fot,  n d a t i o n  for  B a s i c  R e s e a r c h  ( P r o j e c t  No.  
9 4 - 0 3 - 0 8 0 8 2 )  and  t he  I n t e r n a t i o n a l  S c i e n c e  F o u n d a t i o n  
( G r a n t  M R V  300).  
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