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The relative ability of the silicon bridging atom to transmit electronic effects 
has been discussed on the basis of statistical treatment of the available literature 
data. To study the transmission of electronic effects in tetraarylsilanes a 
number of triaryl(4-fluorophenyl)silanes have been prepared. The fluorine chemi- 
cal shifts relative to fluorobenzene as an internal standard have been measured 
for all these compounds in chloroform. 

For the compounds studied, a linear relationship between the fluorine chem- 
ical shifts and the Coo values of the substituted phenyl groups attached to the 
silicon atom has been found which proved to be better than the corresponding 
correlations involving the Zc or Co’ values. The results obtained suggest that 
the.transmission of electronic effects from one aromatic ring to another in 
tetraar&&mes occurs mainly by an inductive mechanism. A comparison of the 
slope of the correlation line for triaryl(4-fluorophenyl)silanes with the corre- 
sponding value ob’tained previously for triaryl(4fluorophenyl)tin compounds 
has shown that the transmitting ability of the Si-Car bonds is somewhat higher 
than that of the Sn-Car bonds. 

Introduction 

The problem of the relative efficiency of transmission of electronic effects 
through bridging groups containing Group IVB elements and in particular the 
Si atom, still remains unsolved despite the rather close attention with which it 
is-being studied [l--9]. 

There exist three different opinions as to the efficiency of transmission of 
substitucnt electronic effects through organosilicon bridges: Si < C [2,6], 
Si = C f3--5,7-9] and Si > C [l] which are based on the results of correlation 
treatment of different physico-chemical data for the corresponding model com- 
pound series. One of the major reasons underlying these differences seems to be 
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the insufficiently strict statistical treatment of the results obtained. For exam- 
ple, none of the above studies provide an accuracy of determination for the 
coefficients p of the corresponding correlation equations of the type: y = px f 
c, upon which the comparative study of the transmission capacities of different 
bridging groups is based. 

In this respect an additional statistical analysis of some of the data published 
[1,2,4,7] was carried out (Table I), which showed that if the error of determina- 
tion of the p value and the statistical criterium of equality of the two values com- 
pared IlO] are taken into account, it is possible to say with 95% confidence level 
that according to the results of the papers [2,4,7], the bridging atoms C and Si 
in the respective model systems have the same transmitting capacity of elec- 
tronic effects, while according to paper [l] the best conductor of electronic 
effects is the Si atom. 

l??evertheless out of the two above conclusions the latter seems to be less 
convincing because it is based upon minor changes of the methyl indicator 
group properties which are comparable with the experimental error (the varia- 
tion range of J(‘3C-H) is 1.4 Hz, the accuracy of determination being 50.3 Hz). 

Therefore, as can be seen from Table 1, the accuracy of determination for 
the slope of the correlation lines achieved up to date is equal to 38-4070 and 
does not allow us to elucidate the difference between the transmission capacities 
of bridging atoms of the Group IV elements. However, the possibility should 
not be overlooked that such distinctions may appear in the investigation of the 
corresponding reaction series by other physico-chemical methods, which make 
it possible to achieve higher accuracy in determining the p coefficients of the 
correlation equation_ 

At present one of the most promising methods in this respect seems to be the 
“F Nl’v1R technique, which is widely used for studying the transmission abilities 
of the different bridge systems [ll-141. Earlier 1151, this method was employed 
to characterize the efficiency of transmission of electronic effects in triaryl- 
@-fluorophenyl)tin compounds containing the tin bridging atom, with a rela- 
tive error of 25% calculated for 95% significance level, which substantially ex- 
ceeds t.he accuracy level achieved in other studies dealing with the transmission 
of electronic effects in organoelement compounds of Group IVB (Table 1). 

This gave us a reason to hope that the above mentioned method might be 
successfully employed for a more accurate quantitative comparison of trans- 

TABLE 1 

PARAMETERS OF CORRELATION EQUATIONS (y = jxc + c) 
-- ___-__--_. _-_. .____-__--~~- 

System x Y P SP = AP 
b L%pz = Ref. 

_. .___ _. .__________.___..-_ .__._. __.~ ..----.--- 

ArSi(CH3)3 a 6I3C 3.83 0.64 1.47 39 2 
AlC(CH3)3 a 513c 4.56 0.70 1.72 39 4 

ArSi(CH3)3 * J(13C-H) 2.89 0.46 1.12 38 1 
AK(CH3)3 o J(13C-H) 1.03 0.15 c-41 40 4 
_4rSi(CH3)2H 0 J<‘%-H) 1.04 0.19 0.47 45 7 

-_ -_-. _... ___.____._.__._i_._.----_--.----.- 

a S, = Standard error of the coefficient p_ ’ &Y = absolute error of the coefficient p for 95% confidence 
level. c ApR = relative error of the coefficient p for 95% confidence level. 
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mission capacities of the bridging C, Si, Ge, Sn and Pb atoms and element- 
aromatic carbon bonds. In this connection the present paper deals with a 
study of the nature and efficiency of transmission of electronic effects through 
the bridging si!icon atom in the framework of the “F NMR method. 

&sultsanddiscussion 

In order to solve the problem indicated, a number of model compounds of 
the type Ar3SiC6H4F-4, where Ar = 4-(CH3)2NC6H4. 4-CH30C,H,, 4-CH3C6H4, 
3-CH3C6H4, C6H5, 4-FCgH4, 3-F&He, 4-ClC6H4, 3-C1CsH4, 3,4-Cl&H3 or 3,4,5- 
Cl&H2 were prepared and their fluorine chemical shifts relative to fluoroben- 
zene as an internal standard have been determined in 0.2 M solutions in chloro- 
form (Table 2). 

The results obtained clearly show that the fluorine chemical shifts associated 
witln the p-fluorophenyl group depend substantially upon the nature of the aryl 
substituent attached to the metal atom, the overall range of “F chemical shifts 
in the system studied being approximately equal to 5.6 ppm. 

In order to determine the nature of transmission of electronic effects through 
the bridging silicon atom we carried out the correlation of fluorine chemical 
shifts with polar constants of substituents in aromatic rings, for which values 
(3’ [16],5 1173 and 5+ [lS], were chosen characterizing respectively either 
absence (o”) or presence of the direct polar conjugation of the substituents in 
the aromatic ring with an indication center of either ordinary (5), or strongly 
electronaccepting (a’) character (Table 3). 

From the parameters of the obtained corre!ation equations it follows that in 
passing 25’ to 25 or Co’ the quality of the correlation relationship substantial- 
ly worsens e.g. the description of the behaviour of the bridging groups in ques- 
tion, the Taft inductive constants of the aryl groups should be considered as 
most suitable (Fig. l), and therefore the transmission of electronic effects through 
the Si-Car bonds as in the case of the Sri-Car bonds [16], proceeds mainly by 
an inductive mechanism. The data for the dual parameter correlation (Table 4) 
of the fluorine chemical shifts with inductive and resonance constants of the 
substituents led also to a similar conclusion. 

TXI3LE 2 

IgF CHEMICAL SHIFTS FOR TRIARYL(.&FLUOROPHENYL)SIL.4NES IN CHLOROFORM RELA- 

TIVE TO INTERNAL FLUOROBENZENE 

Cbmpound hIgF (PP~) 

-4 4.8 
-1.8 
-1.7 
-1.8 

-2.3 
-3.1. 

-3.5 
-3.7 

-4.0 
-5.0 

-6.4 . 
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Fig. 1. Plot of igF chemical shifts for 4-FC,+&iAqin chloroform versus the \‘a0 values for the sub- 

stituted phenol groups attached to the silicon atom: 1. 4-(CH3)2NCgHa; 2. -I-CH~OC~H~; 3. ~---=CH~C&H~: 

4.3-CH3C@4; 5. CgH5; 6.4-C1C,$4; 7, 4-FC,+q; 8. 3ClCsH4; 9. 3-FC6H4; 10. 3,4-C12CgH3; 11. 

These data show that the best results for both ti3SiC6&F-4 
and their organotin analogues are obtained by using the (3% and 
stants. 

. 

type compounds 
o1 polar con- 

Moreover the comparative study of the values p (Table 3) for the respective 
correlation relationships 6 * ‘F( Ar,SiC,H,F-4)-o’ and 8”F( L&,SnC,H,F-4)--o’ 
carried out with the aid of statistical equality criterium [lo] shows that for a 
95% significance level the transmission of the electronic effects of substituents 
in the aromatic groups to the indicator fluorine atom proceeds somewhat more 
effectively through the bridging silicon atom. Slightly better transmitting proper- 
ties of the Si atom as compared to the Sn atom are shown also by the slope of 
the correlation line estalolishing the connection between the chemical shifts of 
fluorine in triaryl-(p-fluorophenyl)silanes and in the corresponding triaryl-@- 
fluorophenyl)tin compounds, the value of which exceeds I. 

In the light of the data about the inductive nature of transmission of elec- 
tronic effects through the bridging atoms of Si and Sn, the greater transmitting 
capacity of Si may be most probably explained by the presence, in the tetra- 
arylsilanes, of a slight separate resonance d, -pA interaction between the ~ 
vacant d-orbit& of Si and the 7rr-electronic systems of the adjacent aromatic 
rings. This arises due to the specific geometry of the d-orbitals 1193 and which 
results in the lack of throughconjugation from one aromatic ring to another. 

To verify the correctness of the suggested hypothesis we have determined, by 
meansof the fluorine chemicaI shifts in m- and p-fluorophenyltriphenylsilanes 

(6, -1.8 ppm, 6, -0.2 ppm) on the basis of the corresponding Taft equations 
[20,21], the values of the inductive (or 0.11) and conjugative (a”, 0.07) constants 
of the PhsSi group which show that the mentioned group is a weak electron- 
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accepting substituent. Moreover, as the comparison of the 0% values-for the 
Ph$i and Ph$Sn [24’J groups shows; the contribution of the resonance constit- 
uent to the interactions in the Si-Car bond is slightly greater than in the Sn- 
Car bond. 

The results obtained in the present study make it possible to say that, in 
particular, model systems of the Ar~MC&F-4 type can be successfully used 
for a more accurate quantitative comparison of the transmission capacity of all 
the Group IVB bridging elements and of the corresponding element-aromatic 
carbon bonds. This is due to the fact that these systems have some advantages 
over other possible systems. Thus, if a reasonable assumption is made concem- 
ing the equality of the mean deviation of points from the regression line for the 
correlation equations with an equal number of points relating to ArsMC&&F-4 
and Ar&~R&,&F-4 systems, it is ponsible to demonstrate that the relative 
error of the coefficient p for the former series of compounds will be approxima- 
tely three times smaller than that for the latter. 

Experimental 

General 
The lgF h%IR spectra were recorded at 34’C on a Hitachi Perkin-Elmer 

R-20 spectrometer operating at 56.4 MHz. All measurements were performed 
in a solution of concentration not greater than 0.2 mol. 1-l. The use of the substi- 
tution method for the determination of fluorine chemical shifts has been 
described elsewhere 1231. The experimental error in the estimation of the 
fluorine chemical shifts was not greater than 6 I 0.1 ppm. Chloroform was 
purified by a conventional method and distilled over phosphorous pentoxide. 

Triphenyl4fluorophenylsilane and triphenyl-3-fluorophenylsilane [ 241 
were prepared by treating triphenylchlorosilane with either 4-fluorophenyl- 
[25] or 3-fluorophenyl~ithimn [ 24]_ The other unsymmetric triaryl(4-fluoro- 
pheriy1)silane.s studied in the present communication were synthesized by the 
action of the corresponding organolithium compounds upon 4-fluorophenyl- 
trichlorosilane [ 261, which was prepared by treating silicon tetrachloride with 
4-4~fluorophenyhnagnesium bromide. Some typical examples of the preparation 
of the triayl(4-fluorophenyl)silanes are given below. Analytical data and 
physical properties of prepared compounds are presented in Table 5. 

Triphenyl-4-fiuomphenylsilane 
To a rapidly stied solution of n-butyllithium in 50 ml of dry diethyl ether, 

prepared from 4.6 (0.05 ml) of butyl chloride and 0.85 g (0.12 g atom) of 
lithium, was slowly added a solution of 6-7 g (0.038 mol) of 4-bromofluoro 
benzene in 30 ml of the same solvent under nitrogen while maintaining the 
temperature below -50°C. After stirring at -50°C for 1 h a solution of 2.94 g 
(0.01 mol) of triphenylchlorosilane in 30 ml of dry ether was added to the 
prepared solution of 4-fluorophenyllithium. After stirring at room temperature 
for 8 h and refluxing for 2 h, the reaction mixture was decomposed with a 
saturated aqueous solution of NH&l. The ether hzyer was separated, dried over 
CaC12 and the solvent removed. The residual brown oil was treated by ice 
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acetic acid, washed with petroleum ether and recrystallized from propanol. 
1.7 g of a co,loufless crystalline substance were obtained after sublimation. 

4-Fiuorophenyltrichlorosilane 
To a solution of 4Xluorophenylmagnesium bromide, obtained from 50.7 g 

(0.29 mol) of 4-bromofiuorobenzene and 7.2 g (0.3 md) of magnesium tum- 
ings in 250 ml of dry ether under dry argon was slowly added a solution of 4.7 g 
(0.27 mol) of silicsn tetrachloride in 100 ml of the same solvent with stirring 
and cooling in an ice bath_ After refluxing for 5 h, the reaction mixture was 
cooled and the resulting solid was filtered and washed with dry ether under 
argon. AU ether filtrates were combined, the solvent removed and the residue 
distilled under reduced pressure and in dry inert atmosphere yielding 33.4 g of 
colourless lic@d with b-p. 86--88”Cll’i mmHg (lit. [26] b.p. 194.5-196.5”C/ 
738 mmKg). 

Tris(3,4,5-trichiorophenyi)(4-fluorophenyi)silane 
.A solution of 9.38 g (0.036 mol) of 3,4,&trichlorobromobenzene in 50 ml 

of dry ether was added slowly under dry argon to a stirred solution of n-butyl- 
lithium in dry ether prepared from 4.6 g (0.05 mol) of butyl chloride and 0.85 
g (0.12 g atom) of lithium in 50 ml of ether at -70°C. After stirring at -70°C 
for 1 h, a solution of 2.1 g (0.09 mol) of 4-fiu&ophenyltrichlorosilane in 30 ml 
of dry ether was added to the prepared solution of 3,4,5-trichlorophenyllithium. 
Then the reaction mixture was stirred at room temperature for 3 h, reflused 
for 1 h, cooled and decomposed with a saturated aqueous of N&Cl. The ether 
layer was separated, dried over CaClz and the solve& removed. Two crystafliza- 
tions of the residual brown oil from propanol gave 5.9 g of a crystalline sub- 
stance. 

Tris(4-chlorophenyl)($-fluorophenyl)silane, tris(3-chlorophenyl)(4-fluoro- 
phenyl)silane,tetra(d_-fluorophenyl)silane, tris(3-fluorophenyl)(4fluorophenyl)- 

silane and tris(3,4_dichlorophenyf)(4Xluorophenyl)silane were prepared in a 
similar manner. 

To a solution of 4-dimethylaminopheny!lithium, prepared from 6.4 g (0.032 
mol)of 4-bromodimethylaniline and 0.51 g (0.064 g atom) of lithium in 50 
ml of dry ether, was added a solution of 2.3 g (0.01 mol) of 4-fluorophenyltri- 
chlcrosilane in 30 ml of the same solvent with cooling and under argon. After 
refluxing for 3 h, the reaction mixture was decomposed with a saturated aque- 
ous solution of N&Cl. The ether layer was separated, dried over Na2SO~ and 
the solvent removed. 1.6 g of a white crystalline substance were obtained after 
two crystallizations from petroleum ether under argon. 

Tris(d-methouyphenyl)(4-fluorophenyl)siIane, tris(4-methylphenyl)(LL-fluoro- 
phenyl)sifane and tris( 3-methylphenyl)(d-fiuorophenyl)silane were prepared in 
a similar manner. 
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