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The  d e p e n d e n c e  of the s t r a i n  e n e r g y  on the d i s t a n c e  be tween  the n i t rogen  and s i l i c o n  a t o m s  was 
s t ud i ed  for  the  l - m e t h y ! - 2 - c a r b a s t l a t r a n e  m o l e c u l e  within the  f r a m e w o r k  of the  W e s t h e i m e r  
me thod .  F o r  m o d e l s  with the  p o s t u l a t e d  s i l i c on  c o o r d i n a t i o n  n u m b e r s  of 5 and 4, r e s p e c t i v e l y ,  
Si . . .N d i s t a n c e s  of 2.31 /~ (19.4 k c a l / m o l e )  and 2.41 /~ (32.4 kc a l /mo le )  c o r r e s p o n d  to the  m i n i -  
mum of the  c o n f o r m a t i o n a l  e n e r g y  of the  endo f o r m .  The  exo fo rm is the mos t  s t a b l e  when the 

o 
d i s t a n c e  be tween  the  Si and N a t o m s  is 3.10 A, and it is a l s o  the l e a s t  s t r a i n e d  s y s t e m  (1.8 
k c a l / m o l e ) .  S ince  l - m e t h y l - 2 - c a r b a s i l i t r a n e  e x i s t s  only in the  endo f o r m ,  the  s t a b i l i t y  of the  
l a t t e r  can  be j u s t i f i ed  only unde r  the  cond i t ion  tha t  the  e n e r g y  of the  t r a n s a n n u l a r  S i g N  i n t e r -  
a c t i on  e x c e e d s  17.6 k c a l / m o l e .  

The establishment of the factors that promote the formation and chemical stability of silatranes that have 
a "cage" structure is an important theoretical and practical problem. Its solution requires the development of 
certain model representations, in particular, representations of the energetics of the conversion of the sila- 
trane molecules to their hypothetical reactive exo form. 

Previously (for example, see [2]) in the case of 1-methylsilatrane (If) we demonstrated the fruitfulness of 
conformational analysis within the framework of the Westheimer method for the solution of the structural pro- 
blems of the chemistry of silatranes. In the present study we selected the 1-methyl-2-carbasilatrane (1) mole- 
cule as the subject of a similar study. 
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From a chemical point of view, this compound is less stable than silatrane II. Its synthesis is more 
difficult and gives the product in low yield. The distance between the nitrogen and silicon atoms in 2-carbasila- 
francs is ~0.2 7~ greater than in the corresponding silatranes [3]. The I I - S i - O  angle, the magnitude of which 
to a certain degree reflects the valence state of the silicon atom, is ~98 ~ in 2-earbasilatranes, i.e., it is inter- 
mediate between the values peculiar to compounds of tetra- and pentacoordinated silicon [3]. We therefore used 
two sets of starting data in the conformational analysis of carbasilatrane I. The first set (A) corresponds to a 
trigonally bipyramidal equilibrium orientation of the valence bonds of the silicon atom, and the second set (B) 
corresponds to a tetrahedral orientation. 

* See [1] for communication XLVIII. 
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TABLE 1. Calcula ted  and Ex-  
p e r i m e n t a l  Valence  Angles (in 

degrees)  in the 1 - M e t h y l - 2 -  
c a r b a s i l a t r a n e  Molecule  

Angle 

C~SiCa 
SiC~C6 
CKSiO,3 
SiO,3C~, 
C3C6C9 
C6C9N 
C14CI7N 

Calculated 
value 

102.8 
115.3 
97 

122.0 
109.3 
106.5 
111,6 

Experimental 
value 

103,0 
115,7 
98 

123 
l l0 .0  
I07,4 
107.5 

80 

60 

40 

20 

IE, kcal/mole 
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Fig. i. Potential functions of 
models A and B of the 1-methyl- 
2-carbasilatrane molecule. 

We studied the dependence of the conformat iona l  energy of c a r b a s i l a t r a n e  molecule  [ on the length of the 
S i - - N  bond for  va r ian t  A and on the d i s tance  between the s i l icon  ni t rogen a toms for va r ian t  B. The r e s u l t s  a r e  
p re sen ted  in Fig .  1. The r e l a t i ve ly  s m a l l  in t e rva l  of the change in 1S i_N is due to the fact that the dependence 
of the force  constant  of this  bond on its length has not been es tab l i shed .  An 1Si_N value of 2.31 7~ c o r r e s p o n d s  
to the absolute  minimum of the energy for model  A (19.4 kca l /mole) .  However,  in the case  of B the minimum 
energy of the endo form is 32.4 kca l /mole  at a d i s tance  (R) of 2.41 /~ between the s i l icon  and ni trogen a toms.  
These  ene rg ies  and d i s t ances  a r e  app rec i ab ly  l a r g e r  than the values  we found [2] for the optimum conformat ion  
of the II molecule .  Thus conformat iona l  ana lys i s  expla ins  in a na tura l  way the observed  change in the i n t e r -  
nuc lea r  d i s t ances  and the s tab i l i ty  of 2 - c a r b a s i l a t r a n e s  as  compared  with s i l a t r a n e s .  

An ana lys i s  of the d i f fe rence  in the s t r a in  ene rg ie s  (~ 13 kcal /mole)  between opt imized s t r u c t u r e s  A and 
B showed that  i ts or ig in  is a s soc i a t ed  to a l a rge  extent with the energy of the van der  Waals  repu ls ion  of Si and 
N (~4.5  kcal /mole)  in B, which subs tan t i a l ly  exceeds  the s t r a i n  energy of the S i - -N bond in A (~0.5  kca l /mole) .  
However,  the de format ions  of most  of the va lence  angles  for both models  a re ,  on the ave rage ,  of ident ica l  mag-  
nitude, with the except ion of the s ix  NCH angles ,  which a r e  s t r a ined  to a g r e a t e r  deg ree  in model  B (~6 
kcal /mole)  than in model  A (~ 3 kca l /mole) .  

The va lence  angles ca lcu la ted  for opt imum conformat ion  A a re  in good ag reemen t  with the expe r imen ta l  

va lues  [3] (Table 1). 

It must  be noted that,  in ag reemen t  with the expe r imen ta l  data [3], the ca lcu la t ions  showed an "angular"  
s t r u c t u r e  of the CtSi. . .N f ragment ,  in which the ca lcu la ted  angle  is 177.9 ~ as compared  with the expe r imen ta l  

value of 176.8 ~ 

The ca lcu la ted  conf igurat ion of the f i v e - m e m b e r e d  a t rane  r ing  has the envelope form typ ica l  for s i l a t r a n e s .  

In ag reemen t  with the expe r imen ta l  data [3], the f i -ca rbon  a toms  (C6, C14, and C20 devia te  f rom the plane,  and 
the ave rage  deviat ion is ~ 0.55 A. The ca lcu la ted  ~ angle  between the c o r n e r  of the envelope and its base ,  which 
de t e rmines  the noncoplanar i ty  of the r ing,  is in good ag reemen t  with the e xpe r i m e n t a l  value.  Thus,  for  example ,  
the ca lcu la ted  ~ angle for the S i - - C 3 - C 6 - - C 9 - N  r ing  is 139.5 ~ as compared  with the e xpe r i m e n t a l  value of 

140.4 ~ . 

The high conformat iona l  mobi l i ty  of the 2 - c a r b a s i l a t r a n e  molecule ,  which is r e s p o n s i b l e  for the equiva-  
lence of the pro tons  within each of i ts methylene  groups in the PMR s p e c t r a  [4], is s a t i s f a c t o r i l y  conveyed by the 
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r e s u l t s  of the  c a l c u l a t i o n .  The  b a r r i e r s  to s y n c h r o n o u s  c o n v e r s i o n  for  f i v e - m e m b e r e d  r i n g s  in c a r b a s i l a t r a n e  
I a r e  l e s s  than  1 k c a l / m o l e ,  and the  c o n v e r s i o n  is r e a l i z e d  t h r o u g h  a n o n p l a n a r  t r a n s i t i o n  s t a t e .  In add i t ion ,  we 
c o n s i d e r e d  the  a s y n c h r o n o u s  c o n v e r s i o n  of t h e / % c a r b o n  a t o m s  to be t h e o r e t i e a l I y  p o s s i b l e :  

The  c a l c u l a t e d  p o t e n t i a l  funct ion of th i s  s o r t  of c o n v e r s i o n  p r o v i d e s  ev idence  for  i ts  e n e r g i e  d i s a d v a n -  
t a g e o u s n e s s ,  s i n c e  the  b a r r i e r  to c o n v e r s i o n  is m o r e  than 13 k c a l / m o l e ,  and the e n e r g y  of the  a s y m m e t r i c a l  
c o n f i g u r a t i o n  e x c e e d s  the e n e r g y  of the  s y m m e t r i c a l  c o n f i g u r a t i o n  by ~ 10 k e a l / m o l e .  The  b a r r i e r s  to r o t a t i o n  
of the  m e t h y l  g roup  r e l a t i v e  to the S i - C  bond a r e  l e s s  than 1.5 k e a l / m o l e .  

The  p o t e n t i a l  funct ion for  m o d e l  B when RSi  . . .N = 3.1 ~ has a m i n i m u m  that  c o r r e s p o n d s  to  the  exo f o r m  
of c a r b a s i l a t r a n e  I. A c o m p a r i s o n ,  with r e s p e c t  to the  e n e r g y ,  of the  o p t i m u m  c o n f o r m a t i o n s  A and B with the  
exo f o r m  (E ~ 1.8 k c a l / m o l e )  shows  that  it is  not p o s s i b l e  to exp la in  the  ex -pe r imen ta l ly  o b s e r v e d  s t a b i l i t y  of the  
endo fo rm within  the  f r a m e w o r k  of the  W e s t h e i m e r  me thod .  T h o s e  p o s s i b l e  i n t e r a c t i o n s  tha t  s t a b i l i z e  the  endo 
fo rm that  w e r e  d i s r e g a r d e d  in the  c a l c u l a t i o n  mus t  be t aken  into accoun t  for  a g r e e m e n t  be tween  the  t h e o r e t i c a l  
r e s u l t s  and the e x p e r i m e n t a l  da t a ;  they  should  exceed  17.6 kc a l / r no l e  for  m o d e l  A and 30.6 k c a l / m o l e  for  m o d e l  
B. 

in a p r e v i o u s  p a p e r  [21 we have a l r e a d y  invoked the a p p r o x i m a t e  equa t ion  [51 

- - A H  at - _v H b --Econf 

w h e r e  ,XHat is  the  a t o m i z a t i o n  en tha lpy  and s  i s  the  s u m  of the  e n t h a l p i e s  of t he  c h e m i c a l  b o n d s  f o r  the  
endo o r  exo f o r m ,  for  an u n d e r s t a n d i n g  of the  p r o b l e m  of the  s t a b i l i t y  of s i l a t r a n e s .  On the  b a s i s  of th i s  e q u a -  
t ion,  i t  is  d i f f i cu l t  to find i n t e r a c t i o n s  that  s t a b i l i z e  the endo f o r m  for  m o d e l  B, though they  migh t  be e l e c t r o -  
s t a t i c  i n t e r a c t i o n s  of the  type  invo lv ing  the u n s h a r e d  p a i r  of n i t r o g e n  and a p o l a r  bond ( C - O ,  S i - O ,  ere) .  How- 
e v e r ,  our  e s t i m a t e s  showed tha t  a l l o w a n c e  for  t h e s e  i n t e r a c t i o n s  i n s u r e s  the  n e c e s s a r y  e n e r g y  ga in  of the  endo 
f o r m  of  B as  c o m p a r e d  with  the exo f o r m  only in the  c a s e  of u n r e a l i s t i c a l l y  high d ipo le  m o m e n t s  of the  C - O  and 
S i - O  bonds .  As  an  e x a m p l e ,  the  d ipo l e  m o m e n t  of the C - O  bond should  be ~ 4  D in s t e a d  of the  a c t u a l  va lue  of 

0.8 D [61. 

H o w e v e r ,  to s u b s t a n t i a t e  the  s t a b i l i t y  of the  endo fo rm of m o d e l  A it  is su f f i c i en t  in the  e x p r e s s i o n  fo r  
~ H a t  to  a s s u m e  tha t  the en tha lpy  of the  Si ~ N  bond e x c e e d s  17.6 k c a l / m o l e .  

Thus  f r o m  e n e r g y  c o n s i d e r a t i o n s  one should  p r e f e r  a m o d e l  with a p e n t a c o o r d i n a t e d  s i l i c o n  a t o m .  A 
m o r e  p ro found  e x a m i n a t i o n  of th i s  p r o b l e m  r e q u i r e s  quan tum c h e m i c a l  m e t h o d s .  The  r e s u l t s  of s t ud i e s  that  we 
have begun in th i s  d i r e c t i o n  wi l l  be p u b l i s h e d  soon.  

EXPERIMENTAL 

The  c o n f o r m a t i o n a l  e n e r g y  of 1 - m e t h y l - 2 - c a r b a s i l a t r a n e  was  c a l c u l a t e d  f rom a s p e c i a l  p r o g r a m  tha t  
a l lows  f ix ing of any i n t e r n a l  c o o r d i n a t e s  of the  m o l e c u l e .  O p t i m i z a t i o n  was  r e a l i z e d  by the  f a s t e s t - d e s c e n t  
method  with v a r i a t i o n  of the  t o r s i o n  and v a l e n c e  a n g l e s .  V a r i a t i o n  of the  Si ~ N  bond length  was p e r m i t t e d  in 
m o d e l  A. The  i n t e r a c t i o n  of the  ~ ' a lenee-nonbonded  a t o m s  was e x t r a p o l a t e d  by the exp -6  po t e n t i a l .  The  e l e c -  
t r o s t a t i c  i n t e r a c t i o n s  w e r e  d i s r e g a r d e d .  The  f o r c e  c o n s t a n t s  of the  c o r r e s p o n d i n g  v a l e n c e  and torsior_ ang l e s  
w e r e  a s s u m e d  to be i d e n t i c a l  for  both v a r i a n t s ,  but the  A se t ,  in c o n t r a s t  to the  B se t ,  con ta ined  the  f o r c e  c o n -  
s t an t  for  the  t r a n s a n n u l a r  St ~ N  bond and for  the  OSiN, C1SiN , and CaSiN a ng l e s .  The  p a r a m e t e r s  used  in the  
c a l c u l a t i o n  w e r e  t a k e n  f r o m  [7-131. 

1. 

2. 

3. 
4. 
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A S S O C I A T I O N  C O N S T A N T S  O F  S U B S T I T U T E D  

2 - A C E T Y L T H I O P H E N E S  W I T H  P H E N O L  

Y u .  N.  S u r o v ,  L .  P .  P i v o v a r e v i c h ,  
L .  A.  K u t u l y a ,  a n d  S. V.  T s u k e r m a n  

UDC 543.422.4:547.732.04 

The associat ion constants (Kass) of a number of substituted 2-acetylthiophenes and 3-ace ty l -  
thiophene with phenol in te t rachloroethylene solutions at 25, 50, and 80 ~ were determined by IR 
spect roscopy.  It is shown that acetylthiophenes are  s t ronger  proton acceptors  than the c o r -  
responding acetophenones. The thermodynamic charac te r i s t i c s  (AH and AS) of the associat ion 
were calculated, and the p resence  of a compensation effect was established. It is shown on the 
basis of cor re la t ion  of the Kas s values by means of the Brown, Yukawa-Tsuno ,  and Swain-  
Lupton equations that the thiophene r ing is a better t r ansmi t t e r  of the effect of substituents than 
the benzene ring because of the increased conductivity of the conjugation effect. 

In o rder  to cha rac te r i ze  the effect of the thiophene r ing on the pro ton-acceptor  capaci ty of the carbonyl  
group and the efficiency of t r ansmiss ion  of the electronic effects of substituents in this he teroaromat ic  sys tem 
as compared with the benzene ring [1, 2], we measured the associat ion constants ( K o . )  of a number of subst i-  

�9 . . ~ ~ o  e tuted acetylthiophenes with phenol m te t rachloroethylene solutions at ~5, 50, and 80 and d termined the the r -  
modynamic charac te r i s t i c s  (AH and AS) of the investigated process  (Table 1). 

At all of the investigated tempera tures  the Kas s values obtained for 2- and 3-acetylthiophenes (I and II) 
exceed the values obtained for acetophenone (X). At the same time, the previously determined A~OH values for 
2-acetylthiophene (196 �9 1 cm -~) and acetophenone (197 =L i cm -1) [2] do not differ. These facts are  a consequence 
of the effect of the pro ton-acceptor  capacity of the carbonyl  group of, on the one hand, the electronic effects of 
the hetaryl  r ing bonded to it and, on the other,  the s ter ic  hindrance to the formation of H bonds created by the 
heteroatom, which, as is well known [3, 4], is in the s - c i s  position relat ive to the oxygen atom.* When the 
phenyl group in acetophenone is replaced by the e lec t ron-donor  2-thienyl group [6], the effect of the above- 
mentioned oppositely actIng factors  on the AvOH value is compensated and as a resul t  does not change. How- 
ever the increase  In Kas s on pass ing from X to I indicates that the Kas s values are  considerably less sensit ive 
to s ter ic  effects,  and the polari ty of the carbonyl  group has a grea ter  effect on them; this is in agreement  with 
the resul ts  obtained during a study of the pro ton-acceptor  capacity of substituted acetophenones, 2-ace ty lse leno-  
phenes [2], and other carbonyl  bases [7]. 

* See [5] for the existence of s ter ic  hindrance between the carbonyl  group and an adjacent thiophene ring. 
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