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The UV spectra of Si-substituted siloeyclobutanes in vacuum were 
studied. The bathochromic shift of the absorption band, disclosed by 
comparison with hands of the corresponding aeyclic compounds, can 
be explained by the highly strained state of the four-membered ring. 
This same principle in disilocyclobutanes leads to the reduction of the 

barrier effect of the methylene group, di=upting the interaction of 
the silicon atoms in the unstrained molecule. 

Silocyclobutanes (I) are character ized by an ex- 
ceptionally high reactivi ty of the endocyclic S--C bond. 
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Fig. 1. UV spectra of monosi locy- 
clobutanes (1) and ethylchlorosi l -  
anes. The broken lines correspond 
to: 1) (C2H~)4Si; 2) (C2Hs)sSiC1; 
3) (C2H5)2SiC12. The solid lines 

correspond to: 
.CHa / \  CHa 

1) Qm':,CH , ; 2) ../S, <el 

8) \ / m  <el  " 

This high reactivi ty is exhibited by the action of both 
electrophilic and nucleophilic reagents and also by 
the high react ivi ty of the silicon heteroatom in r eac -  
tions of the SN~ - type. In addition, compounds of type 
(I) are increasingly important as they are a new type 
of organosil icon monomer,  used for the preparation",. 
of polymers  with the carbon silicon basic chain. The 
singular reactivi ty of I is usually explained by the 
strained condition of the ring and the accompanying 
steric effects. 
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Fig. 2. UV spect ra  of the 
polymers:  t) [Si(CH3)2CH2]n; 
2) [Si(CH3)2CH2CH2CH2] n. 
The absorption intensity is 
calculated on the basis of 
the group which contains the 

silicon atom. 

Recently,  a large amount of work has already been 
devoted to the synthesis and chemical  conversion of 
I. On the other hand, study of the physical proper t ies  
which could shed light on the special  s t ructure  of 
these compounds has been almost neglected. We were 
interested in studying the UV spectra  of the four-  
membered  carbon silicon ring compounds since it is 
well known that the spect ra  are closely associated 
with the valence electron propert ies  responsible for  
reactivity.  Since the compounds I chosen for study 
are formally saturated compounds like the alkylsilanes,  
their spect ra  were obtained on the vacuum spect ro-  
photometer SP-41, which was ear l ie r  used to deter -  
mine the region of absorption of the alkylsilanes. (The 
solvent used in our experiment was a specially puri -  
fied n-heptane. ) +j 2S00 
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Fig. 3. UV spectra:  
i) c"~\sl/~'m/c"+ 2) CH+\o./\+,/CH+ 

CH~ / \ /  \CH+ ; s  ; 

3) 1 ,3 ,5- t r i s i locyclohexane  (III). The 
absorption intensity is calculated on 
the basis of the group which contains 
the silicon atom (in disilocyclobutane 
1/2, in III 1/3 the actual measured  

value). 

Figure 1 shows the absorption lines of te t raethyl-  
silane and ethylchlorosilanes of the type 

c.,<c'>s,~c.,,, .c,. (n,=O, I, 2). 
CH 2 

These lines indicate that in the spectra  of I a signif- 
icant bathochromic shift is observed; that is, a draw- 
ing together of the energy level of the ground and ex- 
cited states occurs.  The most  probable reason for 
this seems to be adis tor t ion of the C--Si--C angle f rom 
that of a regular  tetrahedron and a corresponding 
excitation of the I molecule in the ground state. 

The occurrence  of the bathochromic shift in the 
strained cycloalkanes compared with n-  and i so-a l -  
kanes is known. For  example, according to our data 
the alkylcyclopropanes absorb in the region 1900-1800 
h, and lower, while n- and iso-alkanes and also u n -  

s t r a i n e d  eyclanes (hexane, cyclohexane, heptane, etc. ) 
with the same number of carbon atoms do not absorb 
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down to 1700/~. .  Th i s  a g r e e s  with the  s i n g u l a r  behav -  
i o r  of c y c l o p r o p a n e  compounds  which has  been ex -  
p l a ined  by the d i s t o r t i o n  of the v a l e n c e  ang l e s  in the  
c y c l o p r o p a n e  r i n g ,  which r e s u l t s  in an unusua l  un-  
s a t u r a t i o n  of the c a r b o n  r ing .  

In the c a s e  of the  f o u r - m e m b e r e d  c a r b o n s i l i c o n  
h e t e r o c y c l i c  r i n g  the b a t h o c h r o m i c  e f fec t  i s  c o m m e n -  
s u r a t e  wi th  o r  even g r e a t e r  than in the c a s e  of the 
c y c l o p r o p a n e  d e r i v a t i v e s .  Th i s  is  a p p a r e n t l y  e x p l a i n e d  
by the in t roduc t ion  into the r i n g  of a s i l i con  h e t e r o -  
a tom.  In connec t ion  with th i s  we b e c a m e  i n t e r e s t e d  
in s tudy ing  the UV s p e c t r a  of c y c l i c  compounds  con-  
t a in ing  two h e t e r o a t o m s  of s i l i con .  The s p e c t r u m  of  
1 , 1 , 3 , 3 - t e t r a m e t h y l - 1 , 3 - d i s i l o c y c l o b u t a n e  (I1) i s  
c o m p a r e d  with the s p e c t r u m  of the s i x - m e m b e r e d  
r i n g  (III) and of the high m o l e c u l a r  s i l o m e t h y l e n e  
polymer--[(CH3)~SiCH2]n with (n = 8" 10 ~) (IV) ( s e e  
F i g s .  2 and 3. ) 

CH3.~SI/CH2\si  / CH 3 CH~.. ~)SI /CH2\  Sl~ / ~CH~ - 

CHa/ ' \CH2/ \CH~ Ctl. / ] I \CH. 
CH~ CIt 2 * 
\sj/ 

I t H3~CH3 Ill 

III  and IV have the s a m e  s t r u c t u r a l  unit  Si(CH3)2CH ~ 
as  I and II,  but it  is  l i k e l y  that  the  m o s t  s i g n i f i c a n t  
of the C--Si--C ang les  of t h e i r  m o l e c u l e s  a r e  t e t r a -  
h e d r a l .  The m o l e c u l e  III  ha s  an a b s o r p t i o n  band,  the  
s t r e n g t h  of which in the f i r s t  a p p r o x i m a t i o n  can be 
u n d e r s t o o d  as  a t r i p l i n g  of the a b s o r p t i o n  of Si(C2Hh)4. 
The s m a l l  b a t h o c h r o m i c  sh i f t  of the band o b s e r v e d  
h e r e  b e a r s  w i t n e s s  to the w e a k n e s s  of the  i n t e r a c t i o n  
of the g roup- -S I (CHs)2 - - ac ros s  the m e t h y l e n e  c r o s s  
link. It i s  p o s s i b l e  to a r r i v e  at  an ana logous  c onc lu -  
s ion  th rough  the e x a m i n a t i o n  of  the  UV s p e c t r u m  of 
IV. In sp i t e  of the  v e r y  long length  of i t s  m o l e c u l e ,  a 
s t r o n g  sh i f t ,  c h a r a c t e r i s t i c  of even s h o r t  cha in  m o l -  
e c u l e s  of the  type  [Si(CH2h]n (n = 2 - 5 5 )  2, i s  not  ob -  
s e r v e d .  (The m e t h y l e n e  c r o s s  l ink i n t e r f e r e s  wi th  
the  i n t e r a c t i o n  of s i l i c o n  a t o m s  in the chain .  Even 
s t r o n g e r  " b a r r i e r s "  to the i n t e r a c t i o n  of s i l i c o n  a t o m s  
in the chain  [Si(CHs)2CH2CH2]n, (V) (F ig .  2) a r e  the 
t r i m e t h y l e n e  g r o u p s ,  to which  the h y p s o c h r o m i c  sh i f t  
in the  s p e c t r a  of p o l y m e r s  b e a r s  w i t n e s s .  ) 

As is  ev iden t  f r o m  F ig .  3 the a b s o r p t i o n  band in the 
s p e c t r u m  of II i s  o b s e r v e d  in the r e g i o n  of ~2000 A.  

Thus ,  i t  i s  obvious  by c o m p a r i s o n  with  (I) that  the  i n -  
t r oduc t i on  of the  s econd  a tom of s i l i con  in the r i n g  in -  
c r e a s e s  the b a t h o c h r o m i c  sh i f t  in the  s p e c t r u m  of 
f o u r - m e m b e r e d  r i n g s .  The  s i n g u l a r  s t r u c t u r e  of the  

f o u r - m e m b e r e d  r i n g  l e a d s  us  to be l i e ve  tha t  the 
m e t h y l e n e  g roup  h e r e  i s  not  a " b a r r i e r "  which  d i s r u p t s  
the i n t e r a c t i o n  of s i l i c on  a t o m s  to the s a m e  ex ten t  to 
which th i s  o c c u r s  in compounds  with t e t r a h e d r a l  a toms .  

The  b a t h o c h r o m i c  sh i f t  of  I and II is  weakened  ( s ee  
F i g s .  1 and 3) with the subs t i t u t ion  of m e t h y l  g roups  
on the s i l i c on  g roups  by c h l o r i n e  a toms .  The g r e a t e r  
the  n u m b e r  of c h l o r i n e  a t o m s ,  the  g r e a t e r  is  the ob-  
s e r v e d  weaken ing .  In th is  r e l a t i o n s h i p  I be h aves  in 
a m a n n e r  ana logous  to the a c y c l i c  (C2Hh)mSiC14-m. 
F i g u r e  1 i s  a v i s u a l  i l l u s t r a t i o n  of th i s  p r i n c i p l e .  

The UV s p e c t r a  of I and H ob ta ined  in our  work  
a g r e e  wi th  e a r l i e r  we l l -known  f a c t o r s  about the  un-  
u s u a l l y  high l eve l  of the m o l e c u l a r  r e f r a c t i o n  of t he se  
compounds  [3]. This  is  not  s u r p r i s i n g ,  s i n c e  both 
p h e n o m e n a  have a s i m i l a r  n a t u r e .  

I was  ob t a ined  as  shown in [3]. II  and I I I  w e r e  s y n -  
t h e s i z e d  f r o m  c h l o r o m e t h y l d i m e t h y l c h l o r o s i l a n e  and 
magne  s lum a c c o r d i n g  to [4] ; 1 - c h l o r o -  1 , 3 , 3 - t e t r a -  
m e t h y l - l ,  3 - d i s i l o c y c l o b u t a n e  was  ob ta ined  by A. V. 
Ze l eno i  by c onde ns ing  c h l o r o m e t h y l d i m e t h y l c h l o r o -  
s i l a n e  and c h l o r o m e t h y l m e t h y l d i c h l o r o s i l a n e ,  u s ing  
m a g n e s i u m .  The  p r o p e r t i e s  of t h e s e  i nd iv idua l  c o r n -  
pounds  a g r e e  wi th  the  given l i t e r a t u r e  and the p u r i t y  
was  v e r i f i e d  by g a s - l i q u i d  c h r o m a t o g r a p h y .  The p o -  
l y m e r i c  compounds  IV and V w e r e  p r e p a r e d  a c c o r d i n g  
to [5] and [6]. 
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