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The dipole moments of 12 Si-substituted silatranes have been deter- 
mined in chloroform and ethyl acetate. We have followed the elec- 
tronic influence of silicon atom substituents on the dipole moment of 
the silatranes, taking into account the presence of the Si-,-N tram- 
annular bond in them. A hypothesis has been put forward on the for- 
mation by chloroform of a hydrogen bond with the silatranes (the oxy- 
gen atoms act as the donor centers). A study of the IR spectra of the 
silatranes in paraffin oil and in chloroform has shown that in CHC13 
the frequencies corresponding to the asymmetric stretching vibratiom 
of the Si--O bond increase by 15-30 cm "t. 

The dipole moment method is widely used to study 
the structure of ~organosilicon compounds andto eluci- 

date the valence state of the Si atoms in them and also 

the possibility of the participation of the vacant 3d or- 

bitals of silicon in conjugation (see, for example, 

[2-71). 
Among o rganos i l i con  compounds p a r t i c u l a r  i n t e r e s t  

i s  afforded by e t h e r s  of s i l ane t r i o l s  and t r i e t h a n o l -  
amine ,  the s o - c a l l e d  s i l a t r a n e s  [8, 9], with the gen-  

e r a l  fo rmula :  

R 

R=CHa (I), e~H5 (l |) ,  CH2=CH ( | | ] ) ,  C6Hs (|V), 

H (V), C~l-lsO (VI), C6HsO (gl | ) ,  3-CHaC6H40 (Vl|l),  
4-(CHahCC~H40 (IX), 5-CH3-2-(CH3)2CHC~HsO (X), 

4-CIC6H40 (Xl), 3-O2NC6H40 (XH). 

According  to the l i t e r a tu r e  [2, 9, 10] the c h a r a c t e r -  

i s t ic  f ea tu re  of the s i l a t r ane s  is the p r e s e n c e  of a 
t r ansannu la r  d o n o r - a c c e p t o r  S i g N  bond due to the 
p redominan t  sp3d hybr id iza t ion  of the s i l i con  atom. 
This  d e t e r m i n e s  the f ea tu res  of the chemica l  behav ior  

of the s i l a t r a n e s  and p e r m i t s  the high va lues  of the i r  
dipole momen t s  to be s a t i s f a c t o r i l y  explained,  and it 
a lso  enables  the changes in the values  of the dipole 
m omen t s  (#) of the s i l a t r ane s  to be connected with the 
e l e c t r o n i c  inf luence of the subs t i tuents  on the s i l i con  
atom. 

We have d e t e r m i n e d  the dipole momen t s  of 12-S i -  
subst i tu ted  s i l a t r a n e s  at 25 ~ C in c h l o r o f o r m  (Table 1) 
and in ethyl ace ta te  (Table 2) (the dipole moments  of 
some  of the s i l a t r ane s  s tudied have p r ev ious ly  been 

* F o r  par t  XVI, see  [1]. 

de t e rm ined  in benzene [2}). The method of m e a s u r e -  
ment  has been d e s c r i b e d  p rev ious ly  [11]. Calcula t ion  
of the dipole m o m e n t s  in a polar  so lvent  was c a r r i e d  
out by means  of Os ipov ' s  f o rm u la  [12]. The r e f r a c t i v e  
indices  were  d e t e r m i n e d  by means  of an RF-22  r e f r a e -  
t o m e t e r .  

The dipole m om en t s  of the m e t a l l o a t r a n e s  a r e  de -  
t e r m i n e d  ma in ly  by the moment  of the highly polar  
M ~ N  coord ina t ion  bond (where M is a meta l )  [13]. The 
contr ibut ion  of this  bond to the dipole moment  is so 

cons ide rab le  that for  the s i l a t r ane s  (# ~ 6 D in Ce~I6 
[2]), if it were  absent,  the ca lcu la ted  m o m e n t w o u l d  
have a fa r  lower  value of the o rde r  of 0 .2 -0 .5  D [2, 9]. 

Two in te rconnec ted  f a c t o r s  affect  the dipole m o -  
ments  of the s i l a t r ane s  studied:  1) the i n c r e a s e  in the 
dipole momen t  through the v e c t o r i a l  combinat ion  of the 
m o m e n t s  of the S i g N  and Si- -R bonds; 2) the change in 
the momen t  of the coord ina t ion  bond due to the e l e c -  
t ron ic  e f fec t  of the subst i tuent .  

The r e su l t s  obtained show that the dipole moments  
of the s i l a t r a n e s  containing an alkoxy or  an ary loxy 
group on the s i l i con  atom (R = OAlk or  OAr) a r e  a l -  
ways g r e a t e r  than the m om en t s  of the s i l a t r a n e s  in 
which the Si atom is connected with the cor respond ing  
hydroca rbon  subst i tuent  (R = Alk or Ar).  Since inboth  
ca se s  the pos i t ive  end of the dipole is  d i r e c t e d  toward 
the s i l i con  atom [2, 3], the m o m e n t  of the mo lecu l e  is 
composed  of the momen t  of the d o n o r - a c c e p t o r  bond 
and the momen t  of the Si - -R bond. 

As is well known, the dipole m o m e n t  of the Si--O 

bond (1.36 D for  R = OAlk, 1.86 D for  R = OAr [7]) ex -  
ceeds the momen t  of the Si--C bond (0~ D) [14] which, 
a s suming  the constancy of the momen t  of the S i g n  
bond, s a t i s f a c t o r i l y  explains  the obse rved  inc rea sed  
values  of the dipole m om en t s  of the a r y l o x y -  and a lk -  
o x y s i l a t r a n e s .  However ,  the m o m e n t  of the S igN bond 
cannot be c o n s i d e r e d  constant ,  as is shown by the lack 
of c o r r e s p o n d e n c e  be tween the i n c r e a s e s  in the dipole 
m om en t s  on pass ing  f r o m  the a lky l -  and a r y l s i l a t r a n e s  
to the co r r e spond ing  alkoxy and ary loxy d e r i v a t i v e s  
and the v e c t o r i a l  sum of the momen t s .  Since the 3d 
orb i ta l s  of the s i l i con  atom pa r t i c ipa te  in the f o r m a -  
tion of the d o n o r - a c c e p t o r  bond, the m o m e n t  of the 
S i g n  bond also obviously  depends on the compet ing  
occupancy of the vacant  Si orbi t~ls  by the e l e c t r o n s  of 
the subst i tuent  R. E l ec t ron -dona t i ng  subst i tuents  op- 
pose the ex i s t ence  of the S i g n  coordinat ion  bond and 
its dipole m o m e n t  d e c r e a s e s ,  w h i c h  leads  to a fal l  in 
the m o m e n t  of the molecu le  as a whole.  

The electronic influences of aryloxy and alkoxy 
groups are characterized by the -I and +M effects. It 
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Com- 
pound 

I 

II 

III 

IV 

V 

VI 

VII 

VIII 

IX 

X 

XI 

XII 

Table  1 

Dipole  Moments  of the S i l a t r a n e s  in C h l o r o f o r m  and I n t e r m e d i a t e  
F i g u r e s  fo r  T h e i r  D e t e r m i n a t i o n *  

t '~  era3 I 
R N ~2s d4~-s ] nD2s 

J 

CH3 

C2Hs 

CH2=CH 

C6Hs 

H 

C2HsO 

C6HsO 

3-CHaC6H40 

4- (CH3) 3CC6H40 

5-CH3-2- (CH3) 2CHC6HaO 

4-C1C6H40 

3-O~NC6H40 

0.00293 
0.00303 

0.00300 
0.00434 

0,00124 
0,00196 

0.00247 
0,00267 

0.00159 
0.00165 

0,00208 
0.00278 

0.00251 
0,00352 

0,00194 
0.00208 

0,O0059 
0.00110 

0.00127 
0.00191 

0.00107 
0.00113 

0.00079 
0.00134 

4 9940! 1.4787 1.4430 
510051] 1.4783 1.4431, 

4.9475 1.4790] 1 4431 
5.0602 1.4784 1.4433 

4.7812 1 4796 b 1.4435 
4.8471 1:47961 1.4437 

4.9408 1.4785 1.4437 
4.9648 1.4782 1.4439 

4.9122 1.4791 1.4440i 
4.9247 1.4791 1.4440 t 

4"9368~ 1.4794 1.4433! 5.0300 1.4794 1.4432 I 

1.4787 / 14440 I 
,4 9927' 1.4805! 1.4439 

1.48041 15.0147 1,4439 

4,7608! 1.4797[ 1,4431] 
4.82411,4796 f 1,4431 

14793 ~ 1.4433 
4,92324"84181:47901,4437 

4.885511.481311,44301 
4,902511,481611.4430 I 
4,843411.4803 i 1,4435 
4.9875t 1.480011.44381 

solu- 
tion 

35.10 
35,23 

34.59 
35.86 

32.70 
33.42 

34,52 
34.79 

34.12 
34.25 

34.44 
35.47 

36.07 
37.77 

35.03 
35,28 

32,49 
33,22 

33.31 
34.33 

33.85 
34.04 

33.37 
34.98 

sub- 
s tance 

1172 
1176 

1030 
1014 

1134 
1100 

1152 
1167 

1649 
1674 

1403 
1429 

1751 
1740 

1660 
1672 

1554 
1510 

1387 
1468 

2056 
2116 

2619 
2754 

u.D 

7.57 
7.57 

7.09 
7.04 

7.44 
7.33 

7.50 
7,55 

8.97 
9.04 

8,27 
8.35 

9.24 
9.21 

9.00 
9.03 

8.74 
8.52 

8.22 
8.47 

10.02 
10.16 

11.31 
11,60 

*N, 2s, d42S, nD2s, Por, and # are, respectively, the molar fraction, the dielectric constant, the den- 
sity, the refractive index of the solution, the orientation polarization, and the dipole moment. 

Table  2 

Dipole  Moments  of the S i l a t r a n e s  in E thy l  Ace ta t e  

Com- 
p o u n d  

I 

III 

VII 

XII 

CH3 

CH2=CH 

C6H50 

3-O~NC6H40 

N ~25 d4~5 riD25 cm3 / in Cd-16* 
Por, _ _  

solu- sub- p, D ~t, D 
tion stance / 

0.00125 
0.00160 
0.00144 
0.0O201 
0,00025 
0.00031 
0.00072 
0.O0O87 

6.2085 
6.2224 
6.3390 
6.3701 
6,0102 
6.0137 
6.3685 
6,3907 

0.8921 
0.8922 
0.8904 
0.8907 
0.8935 
0.8936 
0.8903 
0.8906 

1,3700 
1.3701 
1.3700 
1.3700 
1,3700 
1.3700 
1.3699 
1.3700 

62.74 
62.94 
64.58 
65.02 
60.01 
60.05 
64.97 
65.25 

656 5.66 I 
649 5.63 ~ 5.30 
734 5,99 I 
758 6.09 t 5.88 

1046 7.14 
965 6.85 / 7.13 

1943 9.74 / 
1 9 2 6 9 . 6 9 t  

*According to the literature [ Z] 
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may  be a s sumed  that in the 1 - a ry loxys i l a t r ane s  the 
aryloxy group exhibits p redominan t ly  e l e c t r o n - a c c e p t -  
ing p rope r t i e s ,  which lead to an i n c r e a s e  in the mo-  
men t  of the S igN bond and, cor respondingly ,  of the 
dipole m o m e n t  of the compound. To a cons iderab le  ex-  
tent  this  explains the i nc r ea se  in  the values  of p of 
compounds XI and XIL which conta in  e lec t ronegat ive  
subs t i tuents  in the a romat ic  nucleus ,  and the dec rease  
in the momen t s  of compounds VIII, IX, and X, con-  
ta in ing  e lec t ron-dona t ing  groups in the phenyl radica l .  
F r o m  this point of view it is also poss ib le  to u n d e r -  
stand the dec rease  in  the dipole moments  of the s i l a -  
t r anes  on pass ing  f rom alkoxy and aryloxy to alkyl 
subs t i tuen ts ,  which, in this case ,  apparen t ly  exhibit  
e l ec t ron-dona t ing  p rope r t i e s .  Thus, the t r e a tme n t  of 
the r e su l t s  obtained is in good ag reemen t  with ideas on 
the p r e sence  in the s i l a t r a n e s  of a t r a n s a n n u t a r  donor-  
acceptor  S igN bond. 

The dipole moments  of some s i l a t r anes  de te rmined  
in ethyl acetate  (Table 2) are cons ide rab ly  lower than 
the momen t s  of the cor responding  compounds in chlo-  
ro fo rm (by 1 .3 -2 .4  D) but are  ident ica l  with the values  
of the momen t s  in benzene [2]. Since to calcula te  the di -  
pole momen t s  of the s i l a t r a n e s  in CHC13and CH3COOC2H 5 
an equation [12] was used which l a rge ly  takes into ac -  
count the inf luence of a polar  solvent ,  a s  is shown 
by the values  of p in ethyl acetate,  in this case some 
other fac tors  probably  affect the value of #. 

We as sume  that this is explained by the fo rmat ion  
by chloroform of a hydrogen bond with the s i l a t r ane  
molecule .  As is well  known, the protonated hydrogen 
atom of the C--H bond of ch loroform is capable of 
taking par t  in the fo rmat ion  of a hydrogen bond with 
e l ec t ron -dona t ing  atoms [15]. Chloroform does not 
fo rm a hydrogen bond with the n i t rogen  atom of a s i l a -  
t rane  s ince  this would n e c e s s a r i l y  lead to a weakening 
of the S igN coordinat ion bond and this ,  as ment ioned 
above, would cause not an i n c r e a s e  but a d e c r e a s e  in 
the dipole momen t  of the molecule .  This shows the 
re la t ive  s t rength  of the S igN coordinat ion bond in which 
the unsha red  pai r  of e l ec t rons  of the n i t rogen  atom 
par t i c ipa tes .  

The i n c r e a s e  in the dipole momen t s  of the s i l a t r anes  
in  ch loroform can apparent ly  be explained by the fo r -  
ma t ion  of a hydrogen bond between the CHC13 and the 
oxygen atoms of the s i l a t r ane  skeleton.  (The ex is tence  
of such an in te rac t ion  has been shown by V. A. Pes tu -  
novich, M. G. Voronkov, and G. I. Zelchan in a study 
of the PMR spec t r a  of sys t ems  of s i l a t r a n e s  with chlo-  
roform.)  In this case,  the unsha red  pa i r  of e l ec t rons  
of an oxygen atom par t i c ipa tes  in donor -accep to r  in -  
t e r ac t i on  with the hydrogen atom of the chloroform,  
which leads to a weakening of the p~--d~ conjugation 
of the s i l icon  with the oxygen, in consequence of which 
the 3d orbi ta ls  of the s i l i con  a r e  pa r t i a l ly  f reed.  This,  
in its turn,  leads to an inc rease  in the moment  of the 
SigN bond and to a corresponding rise in the dipole 
moment of the silatranes in chloroform. However, the 
influence of the hydrogen bonds of the oxygen atoms 
with CHCI3 may also have a purely inductive nature. 

Some confirmation of the formation of hydrogen 
bonds is given by the IR spectra that we obtained of 

the s i l a t r a n e s  under  cons ide ra t ion  in paraff in  oil and 
in ch loroform.  These spec t r a  were  taken on an IKS-14A 
doub le -beam spec t rome te r  in the range  of an NaCI 
p r i s m  (700-1800 cm- l ) .  The a s s ignmen t  of the abso rp -  
t ion bands was c a r r i e d  out in accordance  with published 
data [16]. Without dwell ing on a detai led analys is  of 
the spec t r a  of the s i l a t r anes ,  which has been given 
prev ious ly  [16], we may note that the spec t ra  of so lu-  
t ions of the s i l a t r anes  in chloroform and in the condensed 
phase s c a r c e l y  differ f rom one another ,  with the ex-  
cept ion of the bands cor responding  to the a n t i s y m m e t r i c  
s t re tch ing  v ib ra t ions  of the Si--O bond in the 760-800-  
cm -1 region.  There  is a cons iderab le  i n c r e a s e  in the 
f requency of this  bond (by 15-30  cm - l )  in the IR spec-  
t r a  of solut ions  of all  the compounds in CHC13 as com-  
pared  with the spec t ra  of the condensed phase.  
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