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The dipole moment s  of the Si(OCH2CH2)3N he terocyel ic  f r a m e w o r k  were  calculated within the 
f r a m e w o r k  of an additive scheme by means  of data f r o m  x - r a y  diffract ion and conformat ional  
ana lys is  of s i l a t r anes .  The direct ion of the dipole moment  of this f r agmen t  coincides with the 
"exper imenta l ly"  d e t e r m i n e d v a l u e  ( f rom nitrogen to silicon), and its magnitude is ~3  D. The 
dipole moment  of the Si - -  N coordinate  bond was es t ima ted  to be 2.2 D, which co r r e sponds  to 
charge  t r a n s f e r  f rom the ni t rogen a tom to the s i l icon a tom (to the extent of 0.2 e). These  r e -  
sults  refute  the exist ing concepts  of the exceptional ly high pola r i ty  of the t ransannula r  Si ~ N 
bond in s i l a t r anes .  

The hypothesis  of the exis t ience of an Si ~ N d o n o r -  accep te r  bond in s i la t rane  molecules  (I) enables  
one to explain the pecul ia r i ty  of the chemical  behavior  and phys icochemica l  p rope r t i e s  of these  compounds 
[2-4], Of the proofs  for  t ransannula r  in teract ion between the ni t rogen and si l icon a toms in t molecu les ,  
the exceptionally la rge  (~  5 D) su rpass ing  of the exper imenta l  va lues  of the i r  dipole moments  as compared  
with the values calcula ted via an additivity scheme [5] has been cons idered  to be the m o s t  pe r suas ive  evi -  
dence, whereas  a n u m b e r  of exper imenta l  r e su l t s  (above all those of PMR spec t roscopy  [6, 7])do not con- 
f i rm  the conclusion [5] regard ing  the high pola r i ty  of the Si ~ N bond in I and provide  evidence only for a 
smal l  amount of t r a n s f e r  of the e lec t ron  density f r o m  the nitz.ogen a tom to the s i l icon a tom.  The r eason  
for  the contradict ion cons is t s ,  in our opinion, in the use of an ideal ized geome t ry  of the s i l a t r anes  in the 
calculat ion [5] of the dipole moment s .  
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La te r  x - r a y  diffract ion studies [8-10] and our calculat ions of an opt imized  geome t ry  for  I molecules  [11] 
r evea led  apprec iab le  dis tor t ion in the or ientat ion of the subst i tuents  at tached to the s i l icon a tom f rom a 
t r igona l -b ipyramidy l  or ientat ion and an inc rease  of 0.3-0.4 A in the S i - N  in te rnuc lear  dis tance as comp a red  
with the value adopted in [5]. This compel led  us to reca lcu la te  the dipole moments  of I by an additive 
scheme .  

*See [i] for communication XLII. 
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TABLE 1. Calculated Dipole 
Moments (D) of the Silatrane 
Si(OCH2CH2)3N Fragment  in I 

I 
Set of bond [ 
m o m e n t s  [ l- 

Model 

2- 3- 

1: 301 
2 2,:95 
3, 2:~2 

3,,!0~ 
2.95 
2180 

3,3,1 
3,94 
3,2~I 

In order  to ascer ta in  the effect of the fine pecul iar i t ies  of the 
three-d imensional  s t ruc ture  of the s i la t rane grouping (and its pos-  
sible changes on passing f rom the crys ta l l ine  state to solutions) on 
the dipole moment  of the I molecule,  we made calculations for three 
models .  

The atomic coordinates of the a t rane skeleton for the second 
and third models were taken f rom x - r a y  diffraction data for  1-phenyl-  
and 1-(m-ni t rophenyl)s i la t rane [8, 9], respect ively.* These mo-  
lecules differ not only with r e spec t  to the S i - N  internuclear  dis-  

tance but also with respec t  to the fact that different carbon atoms deviate f rom the plane of the a t rane 
SiOCCN semicyc les .  The geomet ry  of the f i r s t  model cor responds  to the optimized (by the Westheimer  
method} s t ruc ture  of the 1-methyls i la t rane  molecule [11] and, consequently, is f ree  of perturbat ions in- 
t roduced by the effects of in termolecular  interaction.  

Three  sets  of bond moments  were used for  the calculation of the dipole moment  of the Si(OCH2CH2}3N 
fragment .  The dipole moments  of the C - H  (0.4 D), C - O  (0.7 D), and C - N  (0.45 D) bonds remained iden- 
tical in each of them [12], Only the dipole moment  of the S i - O  bond was var ied .  This was due to the fact  
that the absence of any information at all on the bond moments  in s i la t ranes  compells  one to use the #Si-O 
values obtained for model compounds - t r ia lkoxysi lanes - in the calculat ions.  The PSi-O values presented  
by various authors [13-15] for the la t ter  range f rom 1.19 to 1.7 D. In our calculat ions we therefore  used 
these ex t reme values of the dipole moments  of the S i - O  bonds (the f i r s t  and third sets) and the in te rme-  
diate value (1.54 D} (the second set}, which has already figured in a previous study [5]. It is c lear  that 
this so r t  of indeterminacy in the select ion of the bond moments ,  in addition to the known inadequacies of 
the additive scheme [12], substantially l imits the significance of the resul ts ,  which should be considered 
only as approximate.  

The calculations were made with a B~SM-6 computer  with a special  p r o g r a m .  

An analysis  of the resul ts  (Table 1) makes  it possible to a r r ive  at the following conclusions.  In 
cont ras t  to ea r l i e r  calculations [5], the direct ion of the calculated dipole moment  of the si latrane Si(OCH 2 " 
C H2)3N skeleton coincides with the "experimental"  direct ion (from nitrogen to silicon}, and its magnitude 
is much g rea te r  than the previously published value [5]. 

Variat ion of the magnitude of the dipole moment  of the S i - O  bond leads only to a small  change in 
the dipole moment  of the s i la trane skeleton (~ 0.3 D when/~Si-O changes by 0.5 D). 

The changes in the dipole moment  of the Si(OCH2CH2)3N grouping (without allowance for the dipole 
moment  of the Si ~ N  bond) Caused by var ia t ion of the three-dimensional  s t ruc ture  of I (from the f i r s t  to 
the third model) reached �9 0.3 D for any of the sets of bond moments  used. The previous conclusion [5] 
regarding the determining electronic  effect of substituent R on the dipole moment  Of both the entire 
Si(OCHzCH2)31~ fragment  inI  and ofthedipole moment  of the Si ~ N bond is therefore  invalid. The resul t s  
of our calculations show that s te r ic  factors  also have an appreciable effect  on the values of the dipole 
moments  of I. 

Our calculated dipole moment  of the s i la t raae  skeleton of the doubly convex (exo) [2, 11] form of the 
I molecule t  was found to be 1.04 D (in agreement  with the resu l t s  in [5]). This confirms the previous con-  
clusion [5] regarding the absence of appreciable amounts of the exo form of I in solution. 

The resul t s  make it possible to es t imate  the dipole moment  of the Si ~ N coordinate bond. The ex-  
per imental  values of the dipole moment  of the s i la trane ~i(OCH2CH2)31~ skeleton for 1-methyl -  and 1-phe-  
nylsi latrane are  5.03 and 5.14 D [5], respect ively .  The average (the second and third sets of bond mo-  
ments} calculated dipole moment of this grouping without allowance for ~Si ~ N is 2.8 D for the 1 -methy l -  
s i la t rane model and 2.9 D for the  1-phenylsf la t ranemodel .  On the bas is  of this, the dipole moment  of the 
Si ~ N t raasannular  bond in I can be considered to be 2.2 D.$ 

�9 The coordinates for the hydrogen atoms of the methylene groups were calculated under the assumption 
of a symmet r i ca l  orientation relat ive to the C - C - X p l a n e  (X = O or  N). 
tThe  atomic coordinates were taken f rom a calculation of its optimized s t ructure  [11] with PSi-O = 1.54 D. 
tBear ing  in mind the limitations inherent in the additive scheme of calculation of the dipole moments  [12] 
and the a rb i t r a ry  cha rac t e r  of the selection of the pa rame te r s  used in the calculations,  one should assume 
that the t rue ~S': ~ N value may  differ f rom the found value by • 1 D. In fact, the use of a ~Si-O value of 
1.2 D in the calculation (the f i r s t  set  of bond moments} lowers this value to 1.9 D. 

919 



o 

Inasmuch as the distance between the nitrogen and silicon atoms in I is 2.1-2.2 A [10], the indicated 
PSi ~ N value corresponds to charge t ransfer  from the nitrogen atom to the silicon atom (to the extent of 
0.2 e).  

Thus, without repudiating the ear l ier  conclusions regarding the determining effect of the Si -- N 
coordinate bond in silatrane molecules on many of their propert ies [2-4] (including also the dipole moments 
[5]), our results demonstrate only the erroneousness of the existing concepts of the exceptionally high 
polarity of this transannular bond. 
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