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STRAINED R I N G  COMPOUNDS OF SILICON AND GERMANIUM 

MANFRED WEIDENBRUCH*, ANNEMARIE SCHXFER, FRED- 
THOMAS GRIMM, and KARL-LUDWIG THOM 
Fachbere ich  Chemie d e r  U n i v e r s i t a t ,  D-2900 Olden- 
b u r g ,  W.-Germany 

A b s t r a c t  S e v e r a l  t h r e e -  and four-membered r i n g s  
of s i l i c o n  and germanium have been o b t a i n e d  by re- 
d u c t i v e  halogen e l i m i n a t i o n  from d i h a l o s i l a n e s  o r  
-germanes, r e s p e c t i v e l y .  Among t h e s e  r i n g s  hexa- 
tert-butylcyclotrisilane and - cyc lo t r ige rmane  re- 
v e a l  t h e  l a r g e s t  M-M bond l e n g t h s  w i t h i n  t h e s e  
series of compounds. The chemica l  behaviour  of  t h e  
c y c l o t r i s i l a n e  s k e l e t o n  i s  c h a r a c t e r i z e d  by t w o  
p a t h s  which can  be c l a s s i f i e d  acco rd ing  t o  t h e  num- 
b e r  of S i -S i  bond c l e a v a g e s .  I n  t h e  "dark"  one 
S i - S i  bond i s  c l eaved  l e a d i n g  t o  open-chained tr i-  
s i l a n e s  or  t o  r i n g  i n s e r t i o n  p r o d u c t s .  P h o t o l y s i s  
of  hexa-tert-butylcyclotrisilane proceeds  by c l e a v -  
age of t w o  S i - S i  bonds g i v i n g  d i - t e r t - b u t y l s i l y l e n e  
and tetra-tert-butyldisilene which can b e  t r a p p e d  
by v a r i o u s  m u l t i p l y  bonded compounds. These t r a p p -  
ing  r e a c t i o n s  l e a d  t o  s e v e r a l  t y p e s  of  s m a l l  o r  
medium-sized novel  s i l a c y c l e s .  

l a  The f i r s t  homoatomic three-membered c y c l e s  o f  s i l i c o n  , 
germaniumlb, and t i n  were p repa red  by Masamune e t  a l .  
and subsequen t ly  p h o t o l y t i c a l l y  conve r t ed  i n t o  t h e  cor- 
responding  d i m e t a l l e n e s '  (Eq. ( 1 )  ) . 

l c  

2 2 d 3 Ar2M=MAr  

MAr 2 A r 2 M  - 

M = S i ,  G e ,  Sn; A r  = 2,6-Dialkylphenyl  
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Ear l ie r  a t t e m p t s  t o  o b t a i n  hexa - t e r t -bu ty l cyc lo -  
t r i s i l a n e  (11, t h e  most s t r a i n e d  among t h e s e  c y c l e s ,  

2 gave on ly  a c y c l i c  compounds . However, i n  1984 w e  suc-  
ceeded i n  t h e  p r e p a r a t i o n  of  1 - by halogen a b s t r a c t i o n  
from di-tert-butyldiiodosilane o r  from 1,2-dibromo- 

1 , l  ,2,2-tetra-tert-butyldisilaneI r e s p e c t i v e l y 3 .  The 
format ion  of 1 - presumably o c c u r s  v i a  d i - t e r t - b u t y l s i -  

- 

l y l e n e  which can be t r a p p e d  by 
7 - s i l a b i c y c l o  [ 2 . 2 . 1  ] hep tad iene  

t-Bu2Si12 + L i / C I O H 8  

\ 

a n t h r a c e n e  t o  g i v e  t h e  

(216 (Eq. ( 2 )  1 .  

t-Bu2 
S i  

- 
/ \  

t-Bu2Si - Si-t-Bu2 (1) 

/ ( 2 )  
t-Bu2Si-Si-t-Bu2 I I  + L i / C  1 OH8 

1. - e x h i b i t s  t h e  l a r g e s t  S i -S i  bonds y e t  found i n  a 
s i l a c y c l e .  The ana logous ly  s u b s t i t u t e d  cyc lo t r ige rmane  
r e v e a l s  a n e a r l y  i d e n t i c a l  molecular  s t r u c t u r e  of D3- 
symmetry . Reducing t h e  steric c o n g e s t i o n  of  1 - by re- 
placement of one t e r t - b u t y l  group p e r  s i l i c o n  atom by 
t h e  less bulky cyc lohexyl  o r  i s o p r o p y l  groups  leads 

e i t h e r  t o  t h e  t h r e e -  o r  t o  t h e  four-membered homoatomic 
c y c l e s  depending on t h e  r e a c t i o n  c o n d i t i o n s  employed . 

4 

5 

The r e a c t i v i t y  of 1 - h a s  been s t u d i e d  i n  g r e a t e r  
d e t a i l s .  Its chemica l  behaviour  can be c l a s s i f i e d  ac- 
co rd ing  t o  t h e  number of  S i -S i  bond c l e a v a g e s  (Eq. ( 3 ) ) .  

0 

I n  t h e  "dark"  t h e  r e a c t i o n  of  1 - with  oxygen, s u l -  
f u r ,  and g rey  se len ium f o l l o w s  r o u t e  ( a )  y i e l d i n g  t h e  
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STRAINED R I N G  COMPOUNDS OF SILICON AND GERMANIUM 231 

R2 R2 
,Si 

R2Si 'SiR2 + XY R2Si 'SiR2 
S i  

/ 

I 
Y 

I 
X 

1 - - 

X' - ' Y  XY - R2Si ' - k i R 2  2 R2 S i= S i R  

r ing-extended  oxa- , t h i a -  and s e l e n a t r i s i l e t a n e s 6  ( E q .  

( 4 ) ) .  The photochemica l ly  or  c a t a l y t i c a l l y  induced  reac- 
t i o n s  f o l l o w  r o u t e  ( b )  w i th  s imul t aneous  fo rma t ion  of  

t-Bu2Si - X 

t-Bu2Si-Si-t-Bu2 

X = 0,  S ,  Se 
- I I  ( 4 )  
- 1 .t {XI 4 

s i l y l e n e  and d i s i l e n e  a s  c l e a v a g e  p r o d u c t s .  P h o t o l y s i s  

of 1 - i n  t h e  p re sence  of k e t o n e s  l e a d s  t o  t h e  a d d i t i o n  
p r o d u c t s  of bo th  i n t e r m e d i a t e s  across t h e  CO double  bond 
g i v i n g  t h e  o x a s i l i r a n e s  (2) and t h e  o x a d i s i l e t a n e s  (2). 
Whereas - 2 cannot  be i s o l a t e d ,  t h e  compounds 3 - are s table  
i n  t h e  s o l i d  s ta te .  I n  s o l u t i o n ,  however, t h e  a d d i t i o n  

p r o d u c t s  formed from t h e  e n o l i z i a b l e  k e t o n e s  a c e t o n e  or 
acetophenone r e a r r a n g e  t o  t h e  a c y c l i c  s i l a n y l  or  d i s i -  
l a n y l  e n o l  e t h e r s ,  r e s p e c t i v e l y 7  (Eq. 

- - 

( 5 )  1 .  
The p a l l a d i u m - s a l t  c a t a l y z e d  

t h e  same mechanism a s  proposed f o r  
induced r i n g  c l eavage .  Trapping of  
by pheny lace ty l ene  ( 2 )  - should  g i v e  
(4) - and t h e  1 , 2 - d i s i l a c y c l o b u t e n e  

e a c t i o n s  o f  1 - f o l l o w  

t h e  photochemica l ly  

t h e  c l e a v a g e  p r o d u c t s  
t h e  s i l a c y c l o p r o p e n e  
3 ) .  Whereas 5 - can  b e  - 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
1
2
 
2
9
 
J
a
n
u
a
r
y
 
2
0
1
1



232 M. WEIDENBRUCH, A. SCH&?ER,F.-T. GRIMM, K.-L. THOM 

0 
88 

RCCH3 

H 0 C H 2  ,/R 
'".A / \ 

t-Bu2Si - 0 
//CH2 - t-Bu S i O C  

2 1  'R 
H 

R 
1 

H3C-C - 0 
I I  

t -Bu2Si-Si-t-Bu2 

i so l a t ed ,  - undergoes a f u r t h e r  two atom i n s e r t i o n  
r e a c t i o n  y i e l d i n g  t h e  s i l o 1  ( g I 7  (Eq. (6)). 

t-Bu, t-Bu, 

C6H5CECH 

(5) 

(6 

1 1  

(2) 
1, t-Bu2S i- S i- t-Bu2 

According t o  t h e  d i f f e r e n t  s t a b i l i t i e s  of t h e  re- 
s u l t i n g  compounds i n  s e v e r a l  cases o n l y  t h e  s i l y l e n e  or 
t h e  d i s i l e n e  a d d i t i o n  p roduc t  can be isolated from t h e  
r e a c t i o n  mixture .  P h o t o l y s i s  of 1 i n  t h e  p re sence  of 
n i t r i l e s  i s  thought  t o  proceed by a [ 2 + l l a d d i t i o n  of 
t h e  s i l y l e n e  a c r o s s  t h e  CN t r i p l e  bond y i e l d i n g  t h e  un- 
s t a b l e  r i n g s  ( 8 )  - which d imer i ze  t o  g i v e  t h e  d i a z a d i s i -  
l acyc lohexad ienes  (9) and (lo) (Eq. ( 7 )  1 . 

I n  s o l u t i o n ,  a r e a r r a n g e s  w i t h i n  two days  by a 
twofold hydrogen t r a n s f e r  from t h e  methyl carbon atoms 
t o  t h e  n i t r o g e n  atoms l e a d i n g  t o  a new h e t e r o c y c l i c  com- 
pound c o n t a i n i n g  t w o  e x o c y c l i c  CC double  bonds 8 . 

- 

- - 
- 
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t -Bu2 S i : 

+ 

R-C -N 
,C=N 

x 2  - t-Bu, t-Bu, 
L 

C-R \ 
,Si  

N 
si: 

N /  N 

t-Bu2 t -Bu2  

( 7 )  

The s u g g e s t e d  f o r m a t i o n  of  t h e  i n t e r m e d i a t e  8 by 

s i l y l e n e  a d d i t i o n  t o  n i t r i l e s  i s  i n d i r e c t l y  conf i rmed  

by a n  a n a l o g o u s  r e a c t i o n  o f  1 - w i t h  phospha-a lkynes .  Due 

t o  t h e  l a r g e r  P=C bond i n  t h i s  case t h e  s i l y l e n e  a d d i -  

t i o n  p r o d u c t s  are i s o l a b l e  a s  o i l y  l i q u i d s .  The phos- 
p h a s i l i r e n e s  (11) react w i t h  t h e  t u n g s t e n  complex 

W ( C 0 ) 5 ( t h f )  (l2) by r ep lacemen t  of  t e t r a h y d r o f u r a n e  

( t h f )  g i v i n g  t h e  phosphane complex (GI ( E q .  ( 8 )  ) . 

- 

- 

t -Bu2 S i : t -Bu2 

(8) + u  - 

C=P-w (CO) 
Fi\ - t h f ’  

,C=P/ E. R’ 

-I- 

R-C-P 

R = t-Bu ( L a )  - ; R = Adamantyl ( L b )  - 

H i t h e r t o  o n l y  one case i s  known where t h e  d i s i l e n e  

a d d i t i o n  p r o d u c t  i s  more s table  a s  t h e  c o r r e s p o n d i n g  

s i l y l e n e  a d d u c t .  P h o t o l y s i s  o f  1 - i n  t h e  p r e s e n c e  o f  

racemic 3 - t h i a z o l i n e  p r o c e e d s  d i a s t e r e o s e l e c t i v e l y  by 

d i s i l e n e  a d d i t i o n  t o  t h e  CN d o u b l e  bond y i e l d i n g  t h e  

a z a d i s i l a c y c l o b u t a n e  d e r i v a t i v e  (l4) - l o  (Eq. ( 9 )  1 .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
1
2
 
2
9
 
J
a
n
u
a
r
y
 
2
0
1
1



234 M. WEIDENBRUCH, A.SCHwER,F.-T.GRIMM,K.-L.THOM 

t- .Bu 2 Si=Si- t -Bu2 

-I 

\ 
C-N 

CH (CH3 

t-Bu2Si-Si-t-Bu2 
\ I  I 

2 H3C C H ( C H 3  
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