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The investigation of the bond structure of phenyl-substituted silicon
organic compounds [1] has reyealed the existence of a dn pn bond between 
the silicon atom and the phenyl group. The purpose of the present work has 
been to throw light on thc influence of the silicon atom through the methylene 
group on the a and n electron systcm of the ring. Calculations have been made 
in connection with the bond structure of trimethyl-benzyl-silane (I), p-(bis-tri
methyl-silyl)-xylene (H), neopentyl-benzene (HI) and p-bis-neopentyl-ben
zene (IV). 

In calculating thc a bond system, the parameter method of DEL RE [2] 
was used. HO'wever, Del Re has given the coulomb, resonance and inductive 
parameters for the C-H, C-N, C 0, C-- C, N Hand C-halogen honds 
only. The extension of the mcthod for Si-H, Si C, Si Nand C-H bonds 
will be given in another paper [3]. The numbering of the atoms in the a bond 
system of the compounds studied is shown in Fig. 1. Calculated degrees of 
bond polarity are given in Table 1, partial charges in Table :2 and hond moments 

Bond polarity 
(Qd-B) 
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Table I 

Calculated a-bond polarities 

,0.0102 
':'0.0576 
,0.0662 

+0.0148 
+0.051S 

-0.0073 
-'--0.0414 
"':"0.0007 
+0.0410 
-0.0001 
+0.0409 

Compound 

-0.0102 
-0.0576 
+0.0662 

,0.0148 
+0.0516 

-0.0073 
-;-0.0414 

III 

,0.0193 

-0,0166 

-0.0077 
,-0.0247 
,0.0368 

-0.0088 
+0.0415 I 

-0.0008 
--0.0410 
-0.0001 
-0.04·09 

IY 

--0.0193 

-0.0166 

-0.0077 
':'0.02:17 
,0.0369 

-0.0088 
-0.0·H5 
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Fig. 1. ::'{umbering of the atoms in compounds 1-1\ (to the calculation of the a-bond system) 

in Table 3. The presence uf the silicon atom makes the carbon atoms in its 
vicinity more negative in comparison with the atoms in analogous position 
in the corresponding carbon compounds. Although the effect decreases with 
the distance of atoms, it is still remarkable in the case of carbon atoms in the 
y position. 



Partial charge 
'I 

Bond dipole moment 
(Debye) 

mC1-H1 
mC1-Si 
mC.-Si 
mC~-Cl 
mC-H. 
mC;-C~-
mCa-Ha 
mC4-C3 
mC.1-H4 
mC5-C4 
mC5-H5 
mC6-C5 

mC6 - H G 

mC7-C" 
mC7-H, 

rC-;YESTIGATIOC-; OF THE BOC-;D STRl.-CTCRE 

Table 2 

a partial charges 

-0.0882 
+0.0102 
-,--0.2390 
--0.044·3 
,0.0148 
-0.0662 

-0.0347 
-:-0.0414 
-0.0-103 
-;-0.0410 
-0.0408 
~0.0-109 

G bond 

0.0533 
0.5173 
0.5946 

0.0776 
0.3811 

0.0492 
0.2165 
0.0046 
0.21-14 
0.0004 
0.21-12 

Componnd 

11 III 

-0.0882 
,0.0102 
,0.2390 
-0.0,143 
-'-0.0148 
-0.0661 

-0.03·U 
-,--0.0414 

Table 3 

-0.0413 
-;-0.0193 

-0.0575 

-0.00'18 
+0.0247 
-0.0545 

-0.033·1 
+0.0415 
-0.0402 
...;-0.04.10 
-0.0408 
-:-0.0409 

dipole moments 

Compound 
-----

11 III 

0.1228 
0.0776 
0.3812 0.0567 

0.1291 
0.0489 0.2724 
0.2167 

0.059,1 
0.2170 
0.0055 
0.2144 
0.0005 
0.2142 

IY 

-0.0413 
+0.0193 

-0.0575 

-0.0048 
+0.024.7 
-0.0544 

-0.0327 
+0.0'115 

IV 

0.1010 

0.1228 

0.0567 
0.1291 
0.2725 

0.0589 
0.2173 

187 

In calculating the dipole moments of the bonds the following hond 
lengths were used: 

3* 

C-H 
C-C (alkyl) 
C-C (aromatic) 
Si C (alkyl) 

1,09 A 
1,54 A 
1,40 A 
1,87 A 
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The (j dipole moments (Prr) of molecules could be determined from the bond 
dipole moments by vectorial addition. 

Bis-derivatives are symmetrical. If the two trimethyl-silyl groups (or the 
corresponding carbon-containing group) are in the trans position, no resultant 
dipole moment exists. Taking rotation into consideration, a certain dipole 
moment appears: 

.u! = 2 (NI sin 6)2 (I + cos cp) 
where 

NI stands for the precessing group moments, 
6 for the angle bet'ween these moments and rotation axis, and 
cp for the angle between the two group moments (angle of rotation). 
Accordingly, ,Ucp is a (j dipole moment belonging to a rotation state char-

acterized by a given angle cp. Assuming free rotation, the resultant dipole 
moment will be the integral mean of u;;, for an entire rotation: 

~ , . 

_1_ f 2(lVI sin 6)2 (I 
2n 

fI. 1'2 lVI sin 6 ,'U' 

cos ({) dcp 

As reflected by the data in Table cl, the presence of silicon atom increases the 
dipole moment. 

Calculations concerning the n bond system were carried out for trimethyl
benzyl-silane. The numhering of the atoms belonging to the electron system 
of the compound is sho,.,-n in Fig. 2. 

The hyperconjugation of the hydrogen atoms attached to carhon atom 
2 can be interpreted hy assuming that the two hydrogen atoms produce 
a pseudo p-orbital which ovcrlaps the p-orhital of carhon atom 2 (hence indi
rectly also the ;T dectron system of the ring and one vacant cl orbital of the 
silicon atom). Thus a nine-central ;T clectron system is formed. 

In the case of allyl-substituted silicon derivatives a further effect exists 
besides hyperconjugation: a d ;T, or long bond between the d-orbital of 

Table 4 

Calculated a-dipole moments 

Compound 

III IY 

f/rr(D) 0.212 0.136 0.051 
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the silicon atom andp;r-orbital of a carbon atom in/9 position [4]. The situation 
is similar to that in fluoro-alkyl-substituted benzene derivatives in which, 
according to SHEPPARD [5] the lone pair p electrons of fluor atoms produce 
a p ;r interaction with the ;r-system of the ring. As benzyl compounds are 
pseudo-allyl compounds or more precisely analogous to allyl compounds it is 
reasonable to assume long bonds in the case of trimethyl-benzyl-silane. Calcu
lations were made both taking and not taking the existence of long bonds into 
consideration. 

Fig. 2. ~umbering of the atoms belonging to the :T electron system of trimethyl-bellzyl-silane 

In calculating with the one-electron LCAO-MO method the elements of 
the energy matrix (coulomb and resonance integrals) ·were expressed in para
metric form: (X denoted the coulomb integral of the p;r-orbital of the carbon 
in the benzene ring, and P the resonance integral of the carbon-carhon (p;r-p;r) 
hond in henzene. Some of the parameters were calculated hy means of integral 
tables [6], while the parameters concerning hyperconjugation were taken from 
the literature [7]. The coulomb and resonance integrals in parametric form are 
as follows: 

1,8152 P 
(X!.! = cc4 = (X; = (X6 = X7" = (Xs = X9 = X 

(X3 = X - 0,5 P 
P12 = 0,3374 P 
PH = 0,1283 P (with long bond); PH = ° (without long bond) 

P23 = 3,06 19 
P2i = 0,8 {3 
PH~ = {J56 = PG? = P7S = P89 = f3 

For the O-th approximation the eigenvalues, linear coefficients, ;r partial 
charges, bond moments and the dipole moments ,Ll:; of the molecule due to the 
;r electron system were calculated. When the existence of a d ;r bond was 
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assumed, the ;r dipole moment was found to deerease remarkably (see Table 5). 
Using the (j dipole moments ealculated by the method of Del Re the resultant 
dipole moment f'a,~ of the molecule has been calculated. The comparison of 
the data in Table 5 with the experimental dipole moment which is equal to 
0,55 D [1] reveals that the assumption concerning the existenee of the d ;r 
bond 'was reasonable. In the case of the nine-central system containing the long 

Table 5 

Calculated dipole moments of trimethyl-benzyl-silane 

Without long bond 
With long b"Ond 

,u.« (D) 

1.137 
0.365 

Table 6 

1"0'," (D) 

1.325 
0.490 

Energies of the molecular orbitals of trimethyl-henzyl-silane 

eJ= 0 

a+2.9969p 
0:-;-1.9513/1 
0:-;-1.000013 
a+0.9618p 
0:-0.9803p 
a-1.0000/1 
a-1.7880p 
a-2.0034{; 
a-3.4535{; 

1.9'122{1 

, .. = 1.0 

a+2.9949{; 
0(71.9517{; 
a 1 0.9988/1 
0(+0.9633(1 
(7.-0.9787/1 
0(-1.0012/1 
(7.-1.7927/1 
0(-2.0044/1 
(7.-3.4469/1 

-1.9421{; 

bond the w-technique was used in order to take the electron-electron inter
actions into consideration, starting with the data of the O-th approximation. 
It has been stated in an earlier paper [8] that the results ealculated by the w 

technique best agree with experimental data f01.' W ::--:. 1.0. The energies of the 
molecular orbitals (in et; and (3 units) calculated for (!J = 0 (O-th approximation) 
and w 1.0 are given in Table 6. The eight electrons of the n system (two 
from the CH2 group exerting the hyperconjugation effect, and six from the 
phenyl group) are situated on the first four orbitals. In the last row of the 
table the calculated energies of the smallest ;r ;r* transition are given, the 
value of which does not change remarkably during the calculation by the w 

technique. The et; hand in the ultraviolet spectrum of trimethyl-henzyl-silane 
is at greater wave-length (267 nm) [1] than the corresponding band of henzene 
(255 um). The calculated:r :r* transition is 2(3 for benzene, whereas it is 
smaller in the case of trimethyl-benzyl-silane, in agreement with experimental 
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data. Omitting the long bond, Llm = 1.9464 f3 is obtained in the O-th approx
imation "which is in poor agreement 'with the data of the ultraviolet spectrum. 

The 7C partial charges and the resultant G, ::r charge distribution of the 
molecule calculated with OJ = 1.0 are presented in Fig. 3. The correctness of 
calculation is proved by the good agreement of the G, 7C partial charge calculated 
for silicon atom and the Si29 chemical shift of the compound (b Si

29 23.4) 
with the corresponding quantities of other substituted silicon compounds 
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Fig. 3. ;z; partial charges (a) and resultant charge distribution (b) in trimethyl-benzyl-5ilane 

[9, 10], as shown in Fig. 4. The ::r-hond orders of the molecule are given in 
Fig. 5. Comparing thesc hond orders 'with the ::r-hond orders of trimethyl-allyl
silane [4.] plotted in Fig. 6, the ::r-hond orders of the silicon-x-carhon hond and 
silicon-f3-carhon hond appear to he ahout equal in the two compounds. This 
proves that benzyl group can he considered analogous to allyl group. 

In Fig. 5 also the free 7C valences for the ortho, meta and para position 
relative to the side-chain are marked. Free valences influence the course of 
electrophile substitution reactions of the ring. Free valence is greatest in the 
ortho and smallest in the meta position. On the other hand, the ::r partial 
charge is greatest in the ortho and smallest in the meta position. These calcu
lated results are in good agreement with the experimental results of BENKESER 

and BRUlIIFIELD [11], namely that 80% ortho-nitro and20% para-nitro deriv
ative is obtained when trimethyl-benzyl-silane is allowed to react with 
Cu(NOJz in acetic anhydride. Partial charges calculated 'with neglection of the 
long bond are inconsistent with the ahove results. In the latter case +0.0234, 

0.0115 and 0.0378 could be calculated as ::r partial charges on the carbon 
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Fig. 4. Correlation between the Si~9 chemical shift and partial charge 011 the silicoll atom in 
the case of some silicon-organic compounds. (Chemical shifts are related to polydimethyl

siloxane of a viscosity of 1 OcSt.) 

0.110:;: 
(U976 

I 

,), 
OA006 

Fig. 5. :-r-bond orders and free valences in trimethyl-benzyl-silane 

Fig. 6. :-r-bond orders in trimethyl-allyl-silane 

atoms in the ortho, meta and para position, respectively. In this case the charge 
distribution would hinder electrophile substitution in the ortho position. 

The :r dipole moment of the molecule calculated from the partial charges 
obtained by the w-technique is 0.288 D, whereas the resultant dipole moment 
is 0.420 D. The agreement of ,u(J",;r dipole moments with experimental values 
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was not as good as in the case where d - n bond was assumed without using 
the w-technique. This is probably due to the fact that (j dipole moments can 
be poorly approximated even by calculations according to Del Re. 

Snmmary 

Calculations were made in connection with benzyl-substituted silicon derivatives and 
their carbon analogues. In the case of a-bond systems, the method of Del Re, in the case of 
:o-bond systems the one-electron Hiickel-LCAO-)IO method was used. With trimethyl-benzyl
silane a long bond was assumed between a silicon atom and a carbon in {3 position besides hyper
conjugation. Partial charges, a- and :o-dipole moments, the energies of the molecular orbitals 
of the :7 system, the :7 bond orders and the energy of the smallest electron transfer were cal
culated, and compared "ith experimental data. 
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