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The IR absorption spectra of 1, 1, 4, 4-tetramethyl- and 1, 1, 4, 4-te-  
traphenyl-l,4-disilacyclohexanes have been studied. The group spec- 
tral analysis of these compounds shows that the sillcon atoms have 
"barene" properties. The presence at about 980 cm -1 of one strong 
band (and not two) of C--C stretching vibrations in agreement with the 
selection rules confirms the chair form of the heterocycle. 

The spectral  propert ies  of heterocyclic organosi l i -  
con compounds, 1, 4-disilacyelohexanes, have been 
studied very  little up to the present time [1-3]. Never-  
theless, these heterocycles  are  interesting not only 
in respect  of their  chemical propert ies  but also for 
spectroscopic investigations. With these as examples 
it is possible to t race the "barene" effect of silicon 
atoms [1, 4, 5] and to obtain the information necessa ry  
to answer  the question on the conformation of such 
systems.  
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Fig. 1. IR spectra  of: a) (CsHs)4 
si (III7; b) (C~H5)2 Si (cI~cHzh 
Si (C6H5) 2 (II) KBr tablets; c) CH3) 2 
Si (CH2CH2) 2 Si (OH3) 2 (I7; d) (CH3) 3 
Si CH2CH 2 Si (CH3) 3 (IV) crys ta ls  

at -150 ~ C. 

In the present  paper we describe the resul ts  of an 
investigation of the IR spectra of 1, 1, 4, 4- te t ramethyl -  
1, 4-disi lacyclohexane (I), 1, 1, 4, 4-tetraphenyl-1,  4- 
disilacyclohexane (II), and also tetraphenyJsilane (III) 
and hexamethyldisilethane (IV). The vibrational spec-  
tra of complex molecules  of organosil icon compounds 
of the type R1R2R3R4Si are  noteworthy by the fact that 
they are  separated into the sum of the frequencies of 
the R i f ragments  and the frequencies of the skeleton 

(stretching Si--C vibrations and deformation C--Si--C 
vibrations generally located below 700 cm-i) .  This 
property,  called the "barene" effect [1, 4, 5] greatly 
facilitates the identification of the spectrum of an un- 
known organosilicon compound. 

Making use of this fact, we have carr ied  out a group 
analysis  of the IR spectrum of I (Fig. 1, c). Maxima at 
690, 777, 820-855, 1247 and 1263, 1412, 2907, and 
2967 cm -1 correspond, as is well known, to the f re -  
quencies of methyl groups attached to silicon atoms. 
Corresponding bands were observed in the spectrum 
of IV (Fig. 1, d). The remaining frequencies, 752, 978, 
990 (very weak), 1060, 1076 (shoulder), 1132, 1410, 
and a doublet in the 2900 cm -1 region, belong to the 
heterocycle V. 

R~ ~CH2--CH2\ /R  
/ S i <  / S i x  

R z --CH2--CH~-- --R 

A similar  assignment of bands can be car r ied  out 
in the case of the IR spectrum of II. From a compar -  
ison of the spectra of II and III (Fig. 1, a and b), it 
can be seen that they both contain a ser ies  of well- 
defined bands located above 700 cm -1 (707, 743, 857, 
999, 1028, 1071, 1108, 1180, 1260, 1305, 1332, 1381, 
1428, 1485, 1588, 3004, 3017, 3055 and 3066 cm-i) ,  
relating to a phenyl radical attached to a silicon atom 
[7]. The remaining bands, 761, 976, 1055, 1115, 1412, 
and 2881, and 2910 em -1, character ize  the heteroeyele 
V. It is easy to identify them with the corresponding 
bands of compound I (Fig. 1, b and c). 
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Fig. 2. Newman projection 
of the s ix-membered  orga-  
nosiiicon heterocycle in the 

chair  form. 

In considering the structure of organosilicon het- 
e rocyc tes  of type V, one must expect the presence of 
conformations analogous to the conformations of cy-  
clohexane~ Here the difference between the cyclic sys-  
tems consis ts  only in the fact that two (1, 4-) methy- 
lene groups of cyclohexane have been replaced in V by 
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- ,S i (C t t a )~groups ,  which a l s o  p o s s e s s  a t o t r a h e d r a l  
a r r a n g e m e n t  of the bonds .  As is wel l  known, e y c l o -  
hexane  e x i s t s  in the  c h a i r  f o r m  and in the e n e r g e t i c a l l y  
l e s s  f a v o r a b l e  boat  f o r m .  The  c o n s t r u c t i o n  of the s p a -  
t i a l  m o d e l  shows  that  the o r g a n o s i l i c o n  h e t e r o c y e l e  V 
m o s t  r e a d i l y  a s s u m e s  a c h a i r  f o r m  f r e e  f r o m  i n t e r n a l  
s t r e s s e s  and c o n s i s t i n g  of two - - C H ~ - - C t f  2 -  b r i d g e s  
in the g a u c h e  f o r m  c o n n e c t i n g  the s i l i c o n  a tom s (Fig .  
2). The  boat  f o r m  is  l e s s  l i k e l y  s i nce  it c o n s i s t s  of  a 
s y s t e m  of two u n s t a b l e  e t h y l e n e  b r i d g e s  in the  e i s  f o r m .  
In add i t ion ,  in t h i s  e a s e  it i s  s p a t i a l l y  d i f f i cu l t  to su -  

p e r p o s e  two v o l u m i n o u s  r a d i c a l s  (me thy l  o r  phenyl  

r a d i c a l s )  a t t a c h e d  to the  s i l i c o n  a t o m s  of the h e t e r o -  
c y c l e .  In a c t u a l  fact ,  when the t e t r a h e d r a l  a n g l e s  b e -  
tween  the bonds  of the C and Si a t o m s  a r e  o b s e r v e d ,  
the d i s t a n c e  b e t w e e n  the c l o s e s t  ( " b o w s p r i t "  [81) p o i n t s  
of  the bonds  of the S i - -C  r a d i c a l s  shou ld  be equa l  to 
the l e n g t h s  of the C---C bond (1.54 A).  It i s  c l e a r  tha t  

n e i t h e r  two m e t h y l  goroups [2 • 1.09 )k (2C--H)  + 2 • 
• 1.2 )~ (2H) = 4.58 A] nor ,  m u c h  l e s s ,  two phenyl  
r a d i c a l s  can  fi t  into th i s  s p a c e .  The  d i f f i cu l t y  is  not  

e l i m i n a t e d  e v e n  by a d i s t o r t i o n  of  the  boa t  wi th  s o m e  
i n t e r n a l  r o t a t i o n  a r o u n d  the S i - -C  bonds  of the r ing .  

The  above  c o n s i d e r a t i o n s  a r e  c o n f i r m e d  by s p e c t r o -  
s eopy .  The  o b j e c t  of the p r e s e n t  w o r k  was  not a e o m -  
p l e t e  i n t e r p r e t a t i o n  of  the  f r e q u e n c i e s  of the  c o m p -  
pounds  s t u d i e d  but on ly  a c o n s i d e r a t i o n  of the v i b r a -  

t i o n s  r e f l e c t i n g  the  c o n f o r m a t i o n  of  the h e t e r o c y c l e .  
As  t h e s e  we m a y  s e l e c t  the C - - C  s t r e t c h i n g  v i b r a t i o n s  
in the  1000 em -1 r e g i o n .  In a c t u a l  fact ,  the  h e t e r o -  

c y c l e  V in the  c h a i r  f o r m  is  d e s c r i b e d  by the  s y m m e t r y  
g r o u p  C2h wi th  a c e n t e r  of i n v e r s i o n .  A c c o r d i n g  to the 
s e l e c t i o n  r u l e s ,  on ly  one a n t i s y m m e t r i c  s t r e t c h i n g  
v i b r a t i o n  of the C - - C  type  A u i s  a c t i v e  in the IR s p e c -  
t r u m  of  V and a s y m m e t r i c a l  one  of type  Ag in the  
R a m a n  s p e c t r u m .  T h e  c o n f o r m a t i o n  in the  b o a t  f o r m  

is  d e s c r i b e d  by the s y m m e t r y  g roup  C2v and tha t  of a 
d i s t o r t e d  b o a t  by C a . In t h i s  c a s e  bo th  the  s y m m e t -  

r i c a l  v i b r a t i o n  A1 and the a n t i s y m m e t r i e a l  v i b r a t i o n  B 2 
of the C - - C  bond ( for  the  C 2 g r o u p  s y m m e t r y ,  A and 
B, r e s p e c t i v e l y )  a r e  f o r b i d d e n  in the  IR s p e c t r u m .  
Thus ,  the  c h a i r  f o r m  i s  c h a r a c t e r i z e d  by a s i n g l e  
band of  the  C - - C  s t r e t c h i n g  v i b r a t i o n s  and the boa t  
f o r m  by two.  In the  s p e c t r u m  of I (F ig .  1, c) t h e r e  i s  

a s t r o n g  f r e q u e n c y  of  978 c m  -1 wi th  a w e a k  s h o u l d e r  

at  990 c m  -1. T h e  c o n v o l u t e d  e t h y l e n e  b r i d g e s  of the 
h e t e r o c y c l e  V i n t e r a c t  l i t t l e  wi th  one  a n o t h e r  b e c a u s e  
of  the  " b a r e n e "  p r o p e r t y  of the  s i l i c o n  a t o m s ,  t hanks  

to wh ich  the  IR s p e c t r u m  is  c h a r a c t e r i s t i c  f o r  the  

SiCH2CH2Si m o i e t y  in the g a u c h e  f o r m .  
L e t  us  now t u r n  o u r  a t t e n t i o n  to the 9 0 0 - 1 0 5 0  em -1 

r e g i o n  in the IR s p e c t r u m  of (IV) (F ig .  1, d) a s s u m i n g  
the  t r a n s  f o r m  wi th  a z i g z a g  a r r a n g e m e n t  ot the  a t o m s  

of the  s k e l e t o n  in the  c r y s t a l l i n e  s t a t e .  T h e  c o n f o r m a -  
t ion of t h i s  m o l e c u l e  b e l o n g s  to the  s y m m e t r y  g r o u p  
Ca h, f o r  wh ich  the  s t r e t c h i n g  v i b r a t i o n  of  the  C--C 

bond is  not  p e r m i t t e d  and d o e s  not  a p p e a r  in the IR 

s p e c t r u m .  T h e  s m a l l  peak  at  992 c m  -1 i s  a p p a r e n t l y  

due  to a c o m b i n a t i o n  f r e q u e n c y .  In t h i s  r e g i o n  I has  

on ly  one s t r o n g  band,  at  978 c m  - I ,  w h i c h  c h a r a c t e r -  

i z e s  the  s t r e t c h i n g  v i b r a t i o n s  of  the C - - C  bond.  T h e  

s h o u l d e r  a t  990 e m - I  is,  a s  in the  IR s p e c t r u m  of IV, 

a c o m b i n a t i o n  f r e q u e n c y .  The  p r e s e n c e  of only one 
s t r o n g  band of the ( ' - - C  v i i ) ra t ion  is  in f a v o r  of the 
c h a i r  fo rm of the  h e t e r o e y c l e  V c o n s i d e r e d .  A c o r r e -  
spond ing  I)and at  ~7(; c',u -1 a l s o  a p p e a r s  in the s p o e t r u n l  
of II (Fig .  1, b). Thus ,  the  s t r e t c h i n g  v i b r a t i o n  of the 
C - - C  bond can be u s e d  a s  a c o n v e n i e n t  m e t h o d  fo r  d e -  
t e r m i n i n g  the c o n f o r m a t i o n  of c h a i n s  of the XCII2( ' I I :X 
type.  

FXPERIb.IEN ['AL 

1, 1, 4, 4-TetTarnethyl-1, 4-disilacyclohexane(I)wasobtaincd from 
t, s by a previously published method l l ] .  
['lie structure of this t 'olllpoulld was shown b~,' a cl~romatographic com- 
parison with a reference sample prepared fronl ethylene and diehloro- 
dimethyisilane [6J. 

1, 1, 4, 4-Tettaphenyl-I,  4-disilaeyclohexane (II) was obtained by 
the following reaction 

fl .p lc l ,  C H:CH, > 
- ~af c,, H~.) (C,.H; Si l l2 {C H-,),S (CH-- C .) -.- ((2,.Hn) SI { ; t l  C H :  

The II was isolated from the reaction mixture hy recrystallization from 
benzene and had mp 207.5~ ~ C. * Found: C 79.76; 80.0,% H a.59; 
6,49; 8i 13.25; 13.62%. (:alculatcd for r %: r 80.00; I1 6.64; 
Si ] 3.3. At room temperature, compomtds I and IV ~tre liquids and 
II and III are solids. 

A cryostat was used to obtain the spectra of I and IV in the crystal- 
line state. Samples of II and I!I were prepared in the form of appropri- 
ate tablets with KBr, The recording of the IR spectra was carried out 
on a UR-10 i,ffrared spectrometer (with a resolving power at 1000 cm "l 
of 1.5 era-l). 
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