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The PMR spectra of various 1-sila- and 1-germacyclopentanes and 
also those of some substituted disilacyclohexanes are discussed. The 
influence of the magnetic field of the aryl and vinyl substituents in 
1,1-dialkyl-2,5-diaryl(vinyl)-l-sila(germa)cyclopentanes on the 
chemical shifts of the protons of the individual groups is studied, the 
differences found in the position of the PMR lines of the methyl and 
methylene groups showing the existence of cis-trans isomers in these 
heterocycles. With 1,1-dimethyl-2, 5-divinylsiIacyciopentane as an 
example, an increase in screening due to the magnetism of the mul- 
tiple bonds for the protons of groups not directly connected with the un- 
saturated groupings and located in a direction perpendicular to the 
axis of the double bond has been found experimentally. 

We have p rev ious ly  [1-3] desc r ibed  the p r epa ra t i on  
of d i -  and t e t r a a r y l  de r iva t i ve s  of 1, 1 -d ia lky l (a ry l ) -  
1 - s i l a (ge rma)cyc lopen tanes  by the r eac t ion  of o rgany l -  
d i eh lo ros i l anes  or  - g e r m a n e s  and mono-  or  d i a r y l -  
e thylenes ,  taken in a m o l a r  ra t io  o f l  : 2, with an exces s  
of an alkal i  meta l  (usually li thium) in t e t rahydrofuran  
(THF). S imi la r ly ,  f r o m  RR'SiC12 and 1, 3-d ienes  (in 
a m o l a r  ra t io  of 1 : 2) we have obtained b i s - v i n y l -  
subst i tuted 1, 1 - d i o r g a n y l - l - s i l a c y c l o p e n t a n e s  [4]. 
Using an e q u i m o l a r  ra t io  of RR'SiCI  2 and an ary le th lene ,  
with the s imul taneous  dilution of the THF with a hy-  
d roca rbon  solvent ,  we have obtained a ry l - subs t i tu t ed  
d i s i l acyc lohexanes  [5]. 

Although the s t ruc tu re  of the f i v e - m e m b e r e d  he t -  
e r o e y c l e s  obtained in this way as 1 - s i l a -  or  1 - g e r m a -  
cyclopentanes  has been demons t ra ted  [1-4] by the i r  
ana lys i s  and a study of thei r  phys ieochemica l  p r o p -  
e r t i e s ,  the pos i t ions  of the aryl  or  vinyl subst i tuents  
had not been def in i t ive ly  e lucidated until recent ly .  In 
p a r t i c u l a r ,  the r e su l t s  of a g a s - c h r o m a t o g r a p h i c  ana l -  
ys i s  and the PMR spec t rum of the 1, 1 -d imethy l -x ,  x ' -  
d i p h e n y l - l - s i l a c y c l o p e n t a n e  fo rmed  f r o m  s ty rene  and 
(CH3)2SiC12 (2 : 1) has shown the p r e s e n c e  in this c o m -  
pound of at l ea s t  two i s o m e r s ,  which couldbe connected 
with d i f fe ren t  pos i t ions  of the CsH s group e i the r  in 
r e l a t ion  to the plane of the s i lacye lopentane  r ing (c i s -  
t r ans  i s o m e r i s m )  or  r e l a t ive  to the s i l icon atom (posi-  
tion i s o m e r i s m )  [2]. A s i m i l a r  pa t te rn  has been ob-  
s e rved  in the case  of o ther  a ry l - subs t i tu t ed  1, 1 -d i -  
o r g a n y l - l - s i l a c y e l o p e n t a n e s  and the cor respond ing  
g e r m a  compounds [2, 6]. 

*Lec tu re  at the XI- th  Scient if ic  Conference  of the 
Inst i tute of H igh -Molecu la r -Weigh t  Compounds of the 
Academy of Sc iences  of the USSR (Leningrad,  March,  
1964) and at the Al l -Union  Conference  on the Use of 
Rad iospec t roscopy  in C h e m i s t r y  (Moscow, January ,  
1965). 

With the aid of independent synthesis ,  chemica l  
r eac t ions ,  and UV and PMR spec t ra ,  we have recen t ly  
[7] shown that the f i v e - m e m b e r e d  he t e rocyc le s  fo rmed  
f r o m  ary le thy lenes  and RR'MC12 (M = Si or  Ge) at a 
mo la r  ra t io  of 2 : 1 consis t  exc lus ive ly  of 2, 5 - d i a r y l -  
1, 1 - d i o r g a n y l - l - s i l a ( g e r m a ) c y e l o p e n t a n e s  (mixtures  
of cis  and t rans  i somer s ) ,  for  example:  

. c J ~ s , ~ \ c ,  n5% . - ~ - ~  c., ~ 
5 H3C/,. CH35 5 H3C/''CH3 ~ 

cis isomer trams isomer 

This  conclusion is in harmony with r ecen t  data 
[8, 9] on the s t ruc tu re  of the d imethy ld iphenyls i l aey-  
c lopentane obtained s i m i l a r l y  f rom (CH3)2SiC12 and 
s ty rene  (1 : 2). 

In this paper  we cons ider  in detai l  the PMR spec t ra  
of a number  of a ry l - subs t i tu t ed  1, 1 - d i o r g a n y l - l - s i l a -  
cyclopentanes ,  1, 1 - d i o r g a n y l - l - g e r m a c y c l o p e n t a n e s ,  
1, 1, 4, 4 - t e t r ao rgany l -1 ,  4 -d i s i l acyc lohexanes ,  and 
some o ther  s i m i l a r  he te roeyc les .  In cons ider ing  the 
PMR spec t r a  of these  compounds, which a re  given in 
Fig.  1, some of them having been  given p rev ious ly  
[2, 6], we were  p r i m a r i l y  in te res ted  in the dependence 
of the pos i t ions  of the s ignals  of pa r t i cu l a r  groups of 
pro tons  on the s t ruc tu re  and i s o m e r i c  composi t ion of 
the he t e rocyc l e s  studied and the poss ib i l i ty  of the use 
of PMR data to es tab l i sh  the s t ruc tu re  of s i m i l a r  he t -  
e r o e y c l e s  studied and the poss ib i l i ty  of the use of PMR 
data to es tab l i sh  the s t ruc tu re  of s i m i l a r  he te roeyc l i e  
compounds. 

A cons idera t ion  of the spec t r a  of the 2, 5 - d i a r y l -  
subst i tuted 1, 1 - d i m e t h y l - l - s i l a ( g e r m a )  cyclopentanes 
(see table and figure) show that the p r e sence  in them 
of magne t i ca l ly  an iso t rop ic  subs t i tuen t s - -a ry l  groups 
p o s s e s s i n g  d i s s i m i l a r  magnet ic  suscep t ib i l i t i e s  in 
d i f ferent  d i rec t ions  [10J--has a substant ial  effect  on 
the values  of the chemica l  shifts ,  v, of the CH 3 groups 
attached to s i l icon or  germanium.  At the same t ime,  
as was to be expected,  this influence is shown unequally 
for  the cis  and t rans  i somer s .  Thus,  in place of one 
signal of the protons  of the CH 3 groups in the unsub-  
st i tuted 1, 1 -d imethyl -2 ,  5 - d i p h e n y l - l - s i l a c y c l o p e n t a n e  
(I) with ~- 9.91 ppm, in the spec t rum of 1, 1 -d imethy l -  
2, 5 -d ipheny l - l - s i l a eyc lopen t ane  (II) th ree  l ines  appear  
with ~- = 9.75, 10.15, and 10.65 ppm and with a ra t io  
of in tens i t ies  of 1 : 2 : 1. The same pat tern  is found for  
s i m i l a r  ge rman ium compounds, as is well seen f r o m  
a compar i son  of the spec t ra  of XI ( ,CH 3 9.76 ppm) and 
XII (1-CH 3 9.58, 9.92, and 10.43 ppm). 
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PMR spectra of silicon- and germanium-containing heterocycles: 
I) i, l-dimethyl-l-silaeyclopentane (1); 2) i, l-dimethyl-2, 5- 
diphenyl-l-silacyelopentane (If); 3) i, i, 2, 5-tetramethyl-2, 5- 
diphenyl-l-silacyelopentane (VII); 4) i, l-dimethyl-2, 2, 5, 5~tetra- 
phenyl-l-silacyclopentane (VIII); 5) 1, 1-diraethyl-2, 3, 4, 5-tetra- 
phenyl-l-silacyclopentane (IX); 6) i, l-dimethyl-2, 5-divinyl-l- 
silacyelopentane (X); 7) i, l-dimethyl-l-germacyelopentane (XI); 
8) i, l-dimethyl-2, 5-diphenyl-l-germacyclopentane (XII); 9) Di- 
(l-methyl-2, 5-diphenyl-l-silacyclopent-l-yl) (XIII); i0) i, I, 4, 
4-tetramethylbis (trimethylsilyl)- 1, 4-disilaeyclohexane (XIV); 
11) Diphenyl-1, 1, 4, 4-tetramethyl-l ,  4-disilacyclohexan e (XV); 

12) 1, 1-diethyl-2, 5-diphenyl-l-silacyclopentane (XVI). 
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C h e m i c a l  Sh i f t s  f o r  t he  CH 8 G r o u p s  A t t a c h e d  to S i l i c o n  o r  G e r m a n i u m  

Compound "~, ppm Compound ~, ppm 

CH3/ \CH 3 

Ct~ H5 ~Si/L'-Cu H 5 

CH3/\CH3 

(I) 9.91 

(It) 10.65: 
]0.15and 

9.75 

CH3\ /,CH3 
C6Hs/~Si ~C6H5 

CH3/\,CH 3 

C A t . \ [ - - ~ / C  H 5 
C ~ f / \ s ~ \ c i t t  

~H3/\CH3 5 

C6H 5 C6H 5 

(1II) 
CH3/'~CII ~ 

Cfl3C6H4 S ' - - ~ i  C6H4C|I 
CH3/'\ C fl:i 

CH3/~CH 3 

CH3/~CH3 

(IV) 

a! 

(v) 

C6H 5 C6H- 
CsH6~---~-i C~H: 

CH3/~'CH3 

CH:~=CH S ~ i  CH=CH 2 
CH3ff\CH a 

CH3/\CH 3 

c ~ M s ~ - ~  c6H5 (XlI) 

Ctt3/\C~t 3 

cnacaH4~c6u~cHa  (XIIa) 

CHa/~CH 3 

(vi) 

9.739 

0.6l: 

,~162 

0.16: 
t.92and 
'~9.70 

0.06: 
',93and 
9.81 

(VII) 10.28: 
10.21 and 

9.75 

(VIII) |0.10 

(IX) 9.96 

(X) 10.1h 
9.95 and 

9.92 

(XI) 9.76 

10.43: 
9.92 

and 9.58 

t0.48: 
9.86 and 

9,57 
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A compar i son  of the spec t ra  of II and XII taken at 
30, 40, and 60 MHz c lear ly  shows that all three  r e s o -  
nance s ignals  belong to di f ferent  types of protons  (dif- 
fe ren t  CH groups).  

The observed anomalously  remote  shift of the s ig-  
nals  of the CHa groups of compounds II and XII is due 
to the fact that the methyl  groups,  being located in the 
space above the plane of the benzene  r ings ,  which are  
apparent ly  a r ranged  approximate ly  pe rpend icu la r ly  to 
the plane of the f i v e - m e m b e r e d  heterocyele ,  undergo 
a s t rong sc reen ing  action f rom the d i rec t ion  of the 
magnet ic  field of the a romat ic  r ings  induced by the 
motion of the rr-etectrons.  The methyl  groups of the 
t r ans  i s o m e r s  of II and XII p r e sen t  in this addit ional  
magnet ic  field r e m a i n  p rac t i ca l ly  equivalent ,  s ince 
the nonplanar i ty  of the f [ve -membered  he te roeyc les  is 
usua l ly  ex t remely  smal l .  In view of this, the t r ans  
i s o m e r s  of II and XII show only one s t rong signal of 
the protons  of the CH 3 groups at ~- 10.15 and 9.92 ppm, 
respec t ive ly .  In the eis i somer s  of II and XII, one of 
the methyl groups is p resen t ,  e ssen t ia l ly ,  between two 
benzene nuclei  and is subject  to the max imum s c r e e n -  
ing action,  which causes  a shift of s ignals  of these 
CH 3 groups into the s t ronges t  field (7 10.65 and 10.43 
ppm, respect ively) .  The influence of the addit ional 
magnet ic  field of the benzene r ings  on the second CH 3 
groups of the ets i somer s ,  acting in the opposite d i r e c -  
t ion f rom the CH~ groups,  is cons iderab ly  l e s s  and, in 
fact, is in the reverse direction. This leads to a small 

shift in the resonance lines of the CH 3 groups in the 

weak-field direction (signals at ~" 9.75 ppm for II and 

9.58 ppm for XII). A similar value of ~- (9.73 ppm) is 

observed for the protons of the CH 3 groups of l,l-di- 
methyl-3,4-diphenyl-l-silaeyclopentane (III) [9], where 

the mutual influence of the C~H 5 and CH 3 groups must 
evidently be very small. 

gives a ratio of trans and cis isomers of ~50 : 50 for 

II and ~60 : 40 for XII, which agrees with the results 

of their chromatographic analysis [2, 6]. 

When, instead of two, four CgH 5 groups are present 
in the i, l-dimethylsilaeyclopentane ring (compounds 

VIII and IX, table), in the i r  PMR spec t ra  only one s ig -  
nal of the protons  of the CH a groups r e m a i n s ,  with -r 
10.10 ppm for  VIII* and 9.96 ppm for IX. This  shows 
the equivalence of the CH a groups in VIII and IX and, 
consequent ly ,  the t ransotd and s y m m e t r i c a l  a r r a n g e -  
men t  of thephenyl  subs t i tuents  in posi t ions  2 and 5 of 
these he te rocyc les  which, of course ,  is the mos t  s t e r -  
ical ly  favorable  a r r angemen t .  

The in t roduct ion of one CH a group into each of the 
benzene  nuclei  of II and XII, i . e . ,  the passage  f rom 
II to IV and f rom XII to XIIa does not in fact change 

*In the PMR spec t rum of compound VIII [2], in addi-  
tion to the actual  l ine for the CH 3 groups with 1- 10.10 
ppm, two other l ines  have been shown e r r o n e o u s l y - -  
with ~- ,-.10.0 and 9.68 (printed as 8.68) ppm and for  
the CH 2 groups of the heterocycle ,  in addition to the 
actual  signal at T 7.4 ppm, low- in tens i ty  s ignals  of 
impur i t i e s  at ~- 7.98 and 6.17 ppm. 
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the number ,  posi t ion,  and rat io of the s ignals  of the 
protons  of the (CH3)2Si and (CHa)2Ge groupings.  How- 
ever ,  the fu r the r  r ep lacement  of hydrogen atoms of the 
aryl  subs t i tuent  by CH 3 groups obviously causes  a 
change in the mutual  or ien ta t ion  of the f o r m e r  and, as 
a consequence,  a cons iderable  d i sp lacement  of the 
s ignals  of the CI-I~ groups attached to s i l icon in the 
weak-field d i rec t ion- - the  d isp lacement  AT amounts  
to 0 .5 -0 .7  ppm on pass ing  f rom II and IV to V and VI 
(see table and [2]). A s i m i l a r  but s m a l l e r  d ispIacement  
of the s ignals  of the CH 3 groups attached to s i l icon is 
brought  about by the r ep lacemen t  of one of them in II 
and IV by a phenyl group (AT ~0.3 ppm) [21. 

The r ep lacemen t  of the methine protons of the s i l a -  
cyelopentane r ing by CH 3 groups, i . e . ,  the passage 
f rom II to VII, is shown in the d i sappearance  (or a 
d i sp lacement  in the weak-field direction) of the most  
remote  l ines  of the CH 3 groups on the s i l icon atom 
(in the 10.6 ppm region).  Simultaneously  there is an 
i nc r ea se  in the in tens i ty  and a complicat ion of the form 
of the methyl  line located in the lowest  f ields (about 
9.7 ppm). I t m u s t a p p a r e n t l y b e  cons idered  that here,  
also, there is a change in the or ien ta t ion  of the ben-  
zene r ings  and, consequently,  a change in the topog- 
raphy of the magnet ic  field induced by thenu. 

The p re sence  of a large number  of mass ive  sub-  
s i tuents  in thebis(s i lacyclopentyl )  XIII leads to the s i t -  
uation that the methyl groups inevi tably come into the 
field of action of some or all of the benzene nuclei.  
As a resul t ,  two groups of l ines  appear in the spec-  
t rum with cen te rs  at about 10.0 and 10.6 ppm (includ- 
ing one l ine with a record  d isp lacement ,  ~- ~ 10.8 ppm), 
while the i r  complex nature  may indicate the exis tence 
of d i f ferent  fo rms  of screening.  However, in contras t  
to the ma jo r i ty  of the s i lacyclopentanes  considered,  
there  are  no s ignals  in the 9 .7-9 .8  ppm region.  

The specific influence of aryl  subst i tuents  on the 
posi t ion and na ture  of the s ignals  of the CH a groups 
attached to s i l icon is also c lear ly  shown in a compa r -  
i son of the s t ruc tu ra l ly  s i m i l a r  disubst i tuted S i - t e t r a -  
methyld is i laeye lohexanes  XIV and XV (see figure).  The 
single line with "r 10.02 ppm f rom all themethyl  groups 
of compound XIV is replaced in the case of XV by two 
doublets.  At the same t ime, all four l ines  are  chemi-  
cal shifts ,  as was shown by a compar i son  of the spec-  
t ra  taken at 30 and 40 MHz. 

A cons idera t ion  of the posi t ions  of the l ines  of the 
methylene  and methine  protons of these he teroeyetes  
give in te res t ing  and impor tan t  information.  A cha r -  
ae t e r i s t i e  fea ture  is the p re sence  in the spec t ra  of 
a ma jo r i ty  of the d i a ry l - subs t i t u t ed  1, l - d i m e t h y l s i l a -  
(germa)eyclopentanes  (II, IV-VI,  XII, and XIIa) of 
p rac t i ca l ly  a s ingle  common signal  for  the protons of 
the CH and CH 2 groups of the he te rocyc l ic  r ing  in the 
region of compara t ive ly  low f ields,  7 .5-7 .8  ppm. Thus, 
a superpos i t ion  of the protons  of the CH groups con-  
nected with s i l icon or ge r ma n i um on the s ignals  of the 
protons of the CH groups connected with s i l icon  or 
ge r ma n i um on the s ignals  of the pro tons  of the CH 2 
groups of the r ing  not connected with the heteroatom is 
found. This marked  d i sp lacement  of the s ignals  of 
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the  p r o t o n s  of the  h e t e r o e y c l i c  r i n g  in the  w e a k - f i e l d  
d i r e c t i o n  (by 0 . 5 - 0 . 7  and  1 . 5 - 1 . 7  p p m  as  c o m p a r e d  
w i t h  the  s i m i l a r  s i g n a l s  of t h e  u n s u b s t i t u t e d  h e t e r o -  

c y c l e s  I and  XI) i s  in c o m p l e t e  a g r e e m e n t  w i t h  the  
p r o v e d  [ 7 - 9 ]  2, 5 - p o s i t i o n  of the  a r y l  s u b s t i t u e n t s  in  
c o m p o u n d s  II, I V - V I ,  XII ,  and  X I I a  and  w i th  the  a p -  

p r o x i m a t e l y  p e r p e n d i c u l a r  o r i e n t a t i o n  of the  p l a n e s  

of the  b e n z e n e  r i n g  r e l a t i v e  to the  p l a n e  of the  h e t e r o -  
c y c l e s .  In a c t u a l  f a c t ,  in the  c a s e  of t he  i s o m e r i c  

d i m e t h y l d i p h e n y l s i l a c y c l o p e n t a n e  III wi th  a 3, 4 - a r -  
r a n g e m e n t  of t he  C6H ~ g r o u p s ,  d i f f e r e n t  s i g n a l s  a r e  
o b s e r v e d  f o r  the  p r o t o n s  of the  SiCH 2 and  CeHsCH 

g r o u p i n g s  of the  h e t e r o c y e l e  ( m u l t i p l e t s  at  8.8 and  
7.1 p p m ,  r e s p e c t i v e l y )  [9]. A s i m i l a r  m u l t i p l e t  in  t h e  
8 . 3 - 8 . 9  p p m  r e g i o n  i s  found  in t he  s p e c t r u m  of c o m -  

pound  XV w h i c h  a l s o  h a s  SiCH 2 g r o u p i n g s  ( see  f i g u r e ) .  
A t  the  s a m e  t i m e ,  a s  w a s  to b e  e x p e c t e d ,  the  i n t e n s i t y  
of the  s i g n a l s  of t h e s e  m e t h y l e n e  g r o u p i n g s  i s  a p p r o x -  
i m a t e l y  d o u b l e  t h a t  of the  l i n e s  of the  m e t h i n e  p r o t o n s  
l o c a t e d  in the  7 . 5 - 7 . 9  p p m  r e g i o n .  

A m a r k e d  d i f f e r e n c e  in the  p o s i t i o n s  of t he  s i g n a l s  
of  the  ~ -  and  f i - C H  g r o u p s  of t he  h e t e r o e y c l i c  r i n g  
( r e l a t i v e  to t he  Si a t o m )  i s  a l s o  o b s e r v e d  f o r  1, 1-  
d i m e t h y l - 2 ,  3, 4, 5 - t e t r a p h e n y l s i l a c y c l o p e n t a n e  (IX) 
( s ee  f i g u r e ) .  T h e  p o s i t i o n  of the  s i g n a l  of the  p r o t o n s  

of the  f l - C H  g r o u p s  (6.8 ppm)  i s ,  a s w a s  to b e  e x p e c t e d ,  
f a i r l y  c l o s e  to the  p o s i t i o n  of t he  s i g n a l  of the  s i m i l a r  
CH g r o u p s  of III (7.1 ppm)  [7]. F u r t h e r m o r e ,  in  the  
s p e c t r u m  of IX t h e r e  is  a l s o  a d i f f e r e n c e  in t h e  s i g n a l s  
of the  C6H 5 g r o u p s  l o c a t e d  in the  c~ (2, 5-)  and  fi (3, 4 - )  
p o s i t i o n s  of the  h e t e r o c y c l e - - t h e  d i f f e r e n c e  in the  c h e m -  

i c a l  s h i f t s ,  A ~ ,  i s  0 .12 p p m .  
The  P M R  l i n e s  f o r  the  a c y c l i c  S iCH2and  C C H a g r o u p -  

i n g s  a r e  g e n e r a l l y  l o c a t e d  in t he  r e g i o n s  a b o u t  9 .4  and  

9.0 p p m ,  r e s p e c t i v e l y .  H o w e v e r ,  in  t he  s p e c t r u m  of 
the  d i p h e n y l - s u b s t i t u t e d  1, 1 - d i e t h y l s i l a c y c l o p e n t a n e  
XVI ,  w h i c h  o b v i o u s l y  c o n s i s t s  of a m i x t u r e  of c i s  and  
t r a n s  i s o m e r s ,  s i g n a l s  in  t h e  s t r o n g e r  f i e ld ,  f r o m  
8.9 to 9.9 p p m ,  a r e  a l s o  o b s e r v e d  f o r  t h e s e  p r o t o n s ,  
w h i c h  i s  a g a i n  a c o n s e q u e n c e  of the  s c r e e n i n g  i n f l u e n c e  

of t he  n e i g h b o r i n g  b e n z e n e  r i n g s .  F u r t h e r m o r e ,  a 
c o i n c i d e n c e  of t h e  c h e m i c a l  s h i f t s  of the  p r o t o n s  of t he  
c y c l i c  SiCH and  CCH 2 g r o u p i n g s  in  t he  h e t e r o c y e l e s  
II and  VI  (a s i n g l e  c o m p l e x  s i g n a l  a t  ~ 7 . 8  ppm)  m u s t  

b e  m e n t i o n e d .  
M a g n e t i c  a n i s o t r o p y  of a d i f f e r e n t  t ype  a p p e a r s  in  

the  s p e c t r u m  of t he  d i ( v i n y l - s u b s t i t u t e d )  1, 1 - d i m e t h y l -  
1 - s i l a e y e l o p e n t a n e  X. A c o m p a r i s o n  of the  s p e c t r u m  
of t h i s  c o m p o u n d  and  t h a t  of t he  u n s u b s t i t u t e d  1, 1-  
d i m e t h y l s i l a c y e l o p e n t a n e  (I) s h o w s  t h a t  t he  l i n e s  of 
the  CH 3 g r o u p s  of X u n d e r g o  a s m a l l  d i s p l a c e m e n t  
f r o m  the  9.91 p p m  r e g i o n  and  a r e  c o n v e r t e d  in to  t h r e e  
l i n e s  w i th  ~- 9.92,  9 .95,  and  10.11 p p m  (see  f i g u r e ) .  
T h i s  d i s p l a c e m e n t  i s  a c o n s e q u e n c e  of a s c r e e n i n g  

a c t i o n  on  t he  CH 3 g r o u p s  on  t he  p a r t  of the  v i n y l  r a d -  
i c a l s .  In  a c t u a l  f a c t ,  the  d o u b l e  c a r b o n - c a r b o n  bond  
p o s s e s s e s  d i f f e r e n t  m a g n e t i c  s u s c e p t i b i l i t i e s  in  t h r e e  
d i r e c t i o n s :  a m i n i m u m  in  t h e  d i r e c t i o n  of p r o l o n g a t i o n  
of t he  d o u b l e  b o n d ,  a m a x i m u m  in  a d i r e c t i o n  t r a n s -  
v e r s e  to  t he  bond  and  l y i n g  in  the  p l a n e  of the  bond ,  
and  an  i n t e r m e d i a t e  v a l u e  in the d i r e c t i o n  t r a n s v e r s e  

to the  bond  b u t  p e r p e n d i c u l a r  to  t h i s  p l a n e .  T h e  r e s u l t  
of the  d e c r e a s e  in the  t o t a l  m a g n e t i c  f i e l d  f o r  the  p r o -  
t o n s  l o c a t e d  in the  d i r e c t i o n  of t h e  p r o l o n g a t i o n  of the  
d o u b l e  b o n d ,  i . e . ,  p r o t o n s  of t he  : > C = C - - C H 2 - -  and,  

I 
p a r t i c u l a r l y ,  t he  > C = C - - H ,  type ,  is  a d i s p l a c e m e n t  

I 
of t h e i r  s i g n a l s  in  t he  d i r e c t i o n  of l o w e r  v a l u e s  of 
a s  c o m p a r e d  wi th  the  s a t u r a t e d  c o m p o u n d s .  H o w e v e r ,  

the  e f f e c t  of the  i n c r e a s e d  s c r e e n i n g  in the  d i r e c t i o n  

t r a n s v e r s e  to  the  d o u b l e  bond  i s  a n u n u s u a l  p h e n o m e n o n .  

EXPERIMENTAL* 

The PMR spectra were obtained on a high-resolution (10 "8) radio- 
spectrometer of the INM-3 type at a frequency of 40 MHz at room 
temperature. The solvent used w a s  CC14 (concentration of the solutions 
20-40%) and the internal standard (--1%) tetramethylsilane (r 10.00 
ppm) or tetramethylgermane (~- 9.87-ppmT. The chemical shifts were 
determined by the side-band method. 

1,1-Dimethyl-l-silacyclopentane (I) was obtained [113 from 1, 4- 
dibromobutane, magnesium, and dimethyldichlorosilane in ether; 
yield 57%, bp 104 ~ C (752 ram), n~ 1.4360, d~ ~ 0.7933. According 
to the literature [11], bp 106 ~ C (760 ram), n~ 1.48487, d~ 0 0.7938. 

1,1-Dimethyl-l-germacyclopentane (XI). A solution of 100 g (0.48 
mole) ef 1,4-dibromobutane in 100 mt of ether was added dropwise to 
36 g (1.5 g-at) of magnesium in 250 ml of ether. After the mixture 
had been boiled for 2 hrs the ether was distilled off to dryness and re- 
placed by 200 ml of THF. Then, with vigorous stirring, 53 g (0.31 mole) 
of dimethyldichlorogermane in 75 ml of THF was added dropwise. After 
the mixture had been boiled for 3 hr, the liquid reaction products were 
decanted off and distilled through a column. The yield of 1,1-dimethyl- 
germacyclopentane with bp 118-119 ~ C (752 ram), n~ 1.4595, d42~ 
1.0641, was 16.8 g (35%). Found, %: C 44.77, 44.86; H 8.78, 8.76; 
Ge 46.70, 46.61. Calculated for C6H14Ge, %: C 48.39; H 8.89; Ge 
45.72. Raman spectrum (AV, cm-1): 158 (1), 167 (1), 191 (2 broad), 
284 (0), 342 (5), 475 (2), 544 (0), 574 (10), 603 (2), 623 (1), 698 (1), 
851 (3), 953 (17, 1032 (17, 1075 (1), 1113 (0), 1143 (2 broad), 1202 
(1 broad), 1246 (2 broad), 1322 (0), 1416 (2), 1450 (27, 2855 (77, 
2879 (1), 2911 (10), 2938 (3), 2959 (2), 2979 (3). 

The syntheses and properties of the aryl- and vinyl-substituted sila- 
cyclopentanes [1, 2,4], of the substituted disilacyclohexanes [5], and 
of the diaryl-1,1-dimethyigermacyclopentanes [3] have been reported 
previously. 

Bis(1-methyl-2,5-diphenyl-l-silacyclopentyl) (XlII). A mixture of 
30 g (0.2 mole) of CH3SiC1 s and 42 g (0.4 mole) of styrene was added 
with vigorous stirring, using a steel turbine stirrer, to 5 g (0.7 g-at) of 
small pieces of lithium in 100 ml of THY (.-,40 ~ C, 40 rain). After 
further stirring (20-30 ~ C, i hr) and the usual working up, three vacuum 
distillations yielded 11.5 g (23%) of the bis(dimethyldiphenylsiIacyclo- 
pentyl). Viscous liquid with bp 270-272" C (0.45 mm), n~ ~1.600. 
It crystallized on standing, mp 174-175 ~ C (from CC147. Found, %: 
C 81.28, 81.18; H 8.05, 8.01; Si 9.98, 10.17; tool. wt. 484, 489 
(cryoscopically in benzene). Calculated for Ca4H3sSi z, %: C 81.22; 
H 7.82; Si 11.16: tool. wt. 502.8. 

The authors express their gratitude to A. V. Kessenikh for taking 
several of the PMR spectra and for critical observations on the inves- 
tigation. 
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