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Possible steric configurations of 1 -organyl -  and 1-organoxysilatranes,  X~i(OCH2CH2) sN., are considered. 

The d ipole  moments of six compounds of this type (X = CHa, (CHa)2CH, CHz=CH, Call 5, CzHsO, C6H50) 
have been found exper imenta l ly  to be ext remely  high, 5 . 3 - 7 . 1  D. They conclusively show that the s i l a -  
tranes contain a semipolar  transannular coordinate bond S i g n  between the negat ive ly  charged g-covalent  
sil icon atom in the middle  of the planar SiO 3 group and the te t rahederal  onium nitrogen atom. 

The monomer ic  organyl (2, 2% 2"-aminotr ie thoxy)si lanes  (I, X = alkyl,  aryl) and organoxy(2, 2 ' ,  2" -aminot r ie thoxy)-  
silanes (I, X = alkoxy or aryloxy group) differ markedly  in their resistance to hydrolysis, and in respect to many other 
properties,  from the corresponding organyl-  (II, X = alkyl,  aryl) and, in par t icular ,  organoxytriethoxysilanes (II, X = a l -  

koxy or aryloxy group). 
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The readiness with which compom~ds of type I (and not polymers of analogous composit ion) are formed, their high 

mel t ing  points, low vola t i l i ty ,  solubil i ty in water,  and the sharp decrease in the electron donor properties Of their nitro- 
gen atom strongly suggest that  they contain an in t ramolecular  transannular coordination link between the electron donor 

(nitrogen) and electron acceptor  (silicon) atoms, i . e . ,  that its structure is that of a s i latrane of type III**. 
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It is of par t icular  interest that mo lecu le  III has a coordinate bond between the nitrogen and the 5-covalent  sil icon 
atom, since so far formation of s table coordinat ion complexes between alkoxysilanes and ammonia  or amines has not been 
observed. However, in work carried out by one of the authors [2, 3], it is shown that l ab i l e  complexes may exist in solu- 
tion between alkoxysilanes and certain amines. Monomeric complexes between halogenosilanes and ammonia  or amines, 
of the type R 4 _nSiX n' B (X = F, Ch  R = H, Ct-Is; n = 1 - 4; B = amine,  NHs) andeonta in ing a 5-covalent  sil icon atom, are 

cer ta inly  unknown *~. 

On the other hand, R4_nSiX n. 2B-type complex  compounds, with an octahedral  6 -cova len t  si l icon atom, have been 
qui te  extensively investigated [8 -11]. Their formation is due to transfer of an unshared electron pair of the nitrogen atom 

to vacant  3d orbitals of the central  sil icon atom. 

In accordance  with the class ical  tetrahedral  theory of the structure of organic compounds,  Si-substituted 2, 2', 2"- 
aminotr ie thoxysi lanes can be assigned two g-dimensional  structures with a te t rahedral  XSiO s group: an unstrained b icon-  
vex structure (IV), and an almost unstrained concavo-convex  structure (V). It is obvious that only in the case of structure 
V can there be a donor-aceeptor  transannnlar link between the nitrogen and si l icon atoms. Consideration of the Stewart-  
Brigleb (atom) models leads to the conclusion that it  is possible to have only one coneavo-convex  form Va (see Fig. 3), 

*Part I, see [1]. 
** Internal complex  he te roeye l ic  compounds of the type Xn_aM(OCH2CH2)aN. where  M is an e lement  of valence  3 or 

T l 

higher with incomple te  p or d electron shells, X is a substituent, and n is the valence of the atom M, have been named 

[1] atranes: s i latrane (M = Si), boratrane (M = B), ferratrane (M = Fe), e tc .  
*** Compounds of this composit ion described in the l i t e r a tu re  [4-7 ] are ei ther ammonia  salts or have a po lymer ic  structure. 

38 



Fig. 1. Biconvex unstrained space model Fig. 2. Concavo-convex, almost unstrain- 
of the 1 -methylsilatrane (IV) molecule ed space model of the !-methyls i la t rane 

(V'. molecule.  

in which the nitrogen and silicon atoms are separated by a distance, such that a coordinate link can be formed between 
them*. Still, the conclusion that silatranes have structure V, shown in the photo, appears premature. The point is that 
with the transannular donor-acceptor link Si-~-N in the silatrane molecule,  the covalence of the silicon atom rises to 5; 
then the hybridization of its valence orbitals must be spad and not the usual tetrahedral sp a, and this corresponds to 5 val -  
ence bonds directed toward the vertices of a trigonal bipyramid. Consequently, the molecular configuration of the sila- 
tranes must be represented by structure VI, containing a planar SiO 3 group, and a tetrahedral 4-covalent  nitrogen atom. 

Fig. 3. Concavo-convex three dimen- 
sional Stewart-Brigleg model of the 1-  

methylsilatrane molecule  (Va). 

Fig. 4. Three-dimensional structure 
of the 1-methylsilatrane molecule 

(VI). 

The decisive proof that the silatranes have a configuration like (VI) consists in establishing the presence of adipolar 
transannular link between the silicon and nitrogen atoms. In addition to indirect arguments previously put forward[l ,  13], 
the present paper gives a more convincing confirmation of the existence of a transannular donor-acceptor bond Si--N, 
based on measurements of the dipole moments. 

Measurements have been made of the electric dipole moments of six 1-organyl-  and 1-organoxysilatranes 
X S i ( O C H 2 C H 2 ) s N  (X = CHs, (CHs)2CH, CHz~CH, C6Hs, CzHsO, C6H50)(see table 1). 

T l _ + 

The moment  of the group -Si(OCH2CH2)sN without a transannular donor-acceptor link Si--N (structure IV), as calc- 
ulated from the bond moments, is 0.93 D, the vector moment  being directed from silicon to nitrogen**. 

The dipole moments of organyl-  and organoxy( 2, 2', 2"-aminotriethoxy)silanes, calculated on the basis of this value 
and St.-X bond moments, and assuming structure IV, are rather lower than those found experimentally (e.  g . ,  by 5 D). 
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The dipole moments of the organyl-  arid organoxytriethoxysilanes (II), which have s imilar  structures, are also consider-  

ably  lower than those of the corresponding silatranes (by 3 . 5 - 4 . 5  D). 

cHs 
(CHs) 2CH 
CH2=CH 

C 6 H s  
C2H50 
C6H50 

TABLE I 

Dipole moments of 1-organyl and 1-organoxysilatranes, X Si (OCH~CH2)aN 
t ', 

~t, D . 

Found 
(~0.15D) 

5.Jr) 
5,55 
5.88 
5.98 
6.29 
7.13 

Calculated for 
structure IV 

0.66 ' 
0.66 
0.5 
0.09 
0.49 

[a XSi(OC2Hs)3 
[14] ix S./X 

1 .;[0 0.27 
- -  0,27 
- -  0:4 
1.67 0.84 
1 , 8 2  1 :42  

Average value 

~, --Si(OCH~CHJaN 
T l 

5.03 
5:28 
525 
5.14 
4:87 

5.2-+0,2 D 

The much greater exper imenta l  values of the d ipole  moments  of organyl-  and organoxysilatranes ( 5 . 3 - 7 . 1  D), 
which indicates their high polar i ty ,  is not only unequivocal  evidence against their having the biconvex structure IV, but 

also affords conclusive evidence that these compounds contain t h e  polar  transannular link Si+-N with an onium nitrogen 
a tom and a negat ive ly  charged 5-covalen t  si l icon atom. The average exper imenta l  value of the d ipole  moment  of the 

group - -  S i  ( O C H 2 C H ~ ) a N  is 5 .2+0.2  D, the vector being directed from nitrogen to silicon. 
T [ 

T A B L E  2 

Dipole  measurement  da ta  for  XSi(OCH2CHjaN in benzene at 25 ~ 
T I 

f' ~ mRD, c-"3~ Por, x mole  fract, i d Ptotal, cma c m  s ~ ix, D 

CHs 

(CHa)2CH 

CH2= CH 

C6H5 

C2HsO 

C6HsO 

0.000653 
0.000331 

0.000786 
0,000534 
0,000485 
0.000329 

0.000800 
0.000301 
0.000175 

0,000779 
0,000568 
0,000396 

0,000598 
0,000512 
0.000322 

0.000000 2,273G 

0,001012 2.3145 
0.000714 2.3016 
0.000534 2.2943 

0.001006 2.3171 
2,3016 
2,2886 

2,3109 
2.2994 
2.2948 
2.2901 

2.3124 
2.2896 
2,2823 

2,3160 
2.3072 
2.2953 

2.3174 
2,3106 
2.2967 

0.8734 

018741 
0,8739 

0.8743 
0.8741 

0,8740 
0.8739 
0.8738 

0,8743 
0,8738 

0fi742 
0,8740 

0.8770 
0.8741 
0,8738 

633.72 

704,37 

775.82 

820,07 

884.24 

1131.60 

43.25 

53,84 

49.I8 

64,86 

49.41 

64.78 

583,98 5.30 

650,53 ' 5,55 

719,27 5.88 

745,52 5,98 

824,94 6,29 

1057,10 7.13 

+ 
The approximate  value of the bond moment  for S] ~-N can be ca lcu la ted  as 8.6 D (shift of an electron having 

charge 4. 80 X 10 "1~ esu, with 1.8 A N - S i  (spSd) bond in tera tomic  distance).  Starting from this, the moment  for the group 
- -  Si (OCH2CHJ 3~ must  amount to 8 . 6 - 1 . 1  = 7.5 D (the ca lcu la ted  dipole moment  for this group, assuming it  to have 

structure Vi but not the  transannular bond Si ~ -N ,  is 1.06 D). The somewhat lower exper imenta l  value of the dipole m o -  
ment  for this group (5 .2  19) is due to the effect  of reverse polar iza t ion,  induced by the intrinsic dipole moment ,  to the 
induction of a moment  in the substituent X* l inked to the si l icon atom, and, of course, m the fact  that the unshared pair 

*On the other hand, consideration of analogous molecular  models  of the boratranes B(OCH2CH2)aN with a planar 
t I 

BO 3 group shows the possible existence of both concavo-convex  and biconvex structures [12]. 
** In the calculat ions  the valence  angles C - N - C ,  S i - O - C ,  and O--Si--O are assumed te t rahedral ,  and the bond m o -  

ments for C - H ,  C - N ,  S i -O  and C--O are taken as 0.37, 0.45, 1.54,  and 0 .74 D, respect ively .  
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of electrons of the nitrogen atom is not completely shifted onto the silicon atom, This phenomenon is a general one for 
semipolar bonds, the experimental values of g being always less than the calculated ones based on electron shift between 

coordinated atoms [15]. 

All molecules with semipolar bonds of the same type as those in the silatranes (amine complexes, complexes of 
ethers and sulfides with halides of boron, aluminum, titanium, tin, etc. ) likewise have high dipole moments of the same 
order [16]. 

EXPERIMENTAL 

The stock 1-methyl-, isopropyl-, vinyl-, and phenylsilatranes are described in the preceding paper [1]. Ethoxy- 
silatrane is prepared in 90% yield by transesterification of tetraethoxysilane with triethanolamine in the presence of KOH. 
Recrystallized from heptane it melts at 102-108 ~ 1-Phenoxysilatrane is obtained by reacting together equimolecular 
amounts of tetraethoxysilane, triethanolamine, an d phenol, in the presence of KOH as a catalyst (yield 98%). Recrystal- 
lized from heptane-chloroform it melted at 228.0-229.2 o . 

Silatrane dipole moments were determined in benzene at 28 ~ by the heterodyne beat method. The method of 
measurement has previously been described [17]. Total polarization was calculated by Hederstrand's method. Molecular 
refractions were calculated from refraction values for benzene and chloroform solutions. The atomic polarization was 

assumed equal to 15% MR D, The experimental data is given in Table 2. 

*Here it must be emphasized that the experimental value for the group --Si(OCH2CH2)aN (5.2 D) is obtained 
T I 

starting from the Si-X (sp3d) bond moments of Table 1. Certainly, the Si-X~(sp~d) moments must differ appreciably 

from the latter. 
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