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Substituent Effect on Solvolysis of 2-(Aryldimethylsilyl)ethyl Chlorides
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Department of Chemistry, Faculty of Science, Kochi University, Akebono-Cho, Kochi 780, Japan

Abstract: The solvolysis rates of 2-(aryldimethylsilyl)ethyl chlorides 3 were measured using a conductometric
method. The analysis of the Yukawa-Tsuno LArSR equation gives a reaction constant of p=-1.42 and a high
resonance demand of r=1.48. This result indicates that the B-silicon effect is attributed to the cyclic transition state
structure with a positive charge on the silicon in this primary system.

It is well known that a trimethylsilyl group strongly stabilizes a carbocation at the B position (so-called -
silicon effect). 1) The studies of this effect have recently been experimentally and theoretically carried out?)
Many chemists are explaining the B-silicon effect by Si-C hyperconjugation 1 or cyclic structure 2.1-3)
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The differences in these two structures are the position of the positive charge and the distance between the
silicon group and carbocation site. For the position of positive charge, it should be possible to examine it by the
substituent effect of an aryl group on the silicon. Because the substituent effect changes with the position of
charge and the distance between the reaction site and aryl group. From this viewpoint, Vencl et al. have already
reported the substituent and solvent effects on the solvolysis of 1-(aryldimethylsilyl)ethyl chlorides 3 4
However, they could not analyze the substituent effect with strongly electron-donating substituents. Therefore,
in order to clarify the stabilization mechanism (transition state structure), we measured the solvolysis rates of 1-
(aryldimethylsilylethyl chlorides 3, including strongly electron donating p-OCH3 and p-OCH3-m-Cl
substituents, and analyzed the substituent effect of aryl group on the silicon atom.

2-(Aryldimethylsilyl)ethyl chlorides 3 were synthesized by the procedures of Vencl et al.® The solvolysis
rates of p-OCHs and p-OCH3-m-Cl derivatives were immediately measured after vacuum distillation, because
both derivatives decomposed at room temperature. The solvolysis rates were conductometrically measured in
various aqueous solvents at 50°C.5) The solvolysis followed a first-order reaction rate law until 4 half-lives.
These rate constants are summarized in Table 1. Vencl et al. have reported the deviations from the first-order
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Table 1. Rate constants of Solvolysis for 2-(Aryldimethylsilyl)ethyl Chlorides at 50 °C

Substituent Solventa 104k(s ) 1) Substituent  Solvent 104k(s' l)
p-OCH3 60E 118.5 p-Cl 60E 2.591
p-OCH3-m-Cl 60E 109.9% m-Cl 60E 1.177
p-CH3 60E 9.484 m-CF3 40E 5322
3,5-(CHs3)2 &0E 7.921 50E 2.065
m-CH3 60E 7.186 60E 0.7098
H 40E 47.04 T0E 0.2722
S0E 16.27 80E 0.0854
60E 5.950 S0A 1.134
70E 2.053 60A 0.2901
80E 0.6062 T0A 0.8047
S0A 9.073 50T 13.39
60A 2.296 97T 3.399
T0A 0.572
50T 1273
97T 48.12

a 40E-80E: 40/60-80/20(v/v) ethanol/water, 50A-70A: 50/50-70/30(v/v) acetone/water; S50T-97T. 50/50-97/3(wiw)

trifluoroethanol/water mixtures. b Average of dublicate runs.

Fig. 1. The o plot for solvolysis of 2-(aryldimethylsilyl)ethyl chlorides.
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Fig. 2. The LArSR plot for solvolysis of 2-(aryldimethylsilyl)ethyl Chlorides.

dependence in the acid-catalyzed solvolysis of (2-hydroxyethyl)p-anisyldimethylsilane and (2-hydroxyethyl)p-
tolyldimethylsilane and the easy dearylation for electron-donating substi tents. 4% The dearylation leads to the
decrease of solvolysis rate because of the formation of the less reactive disiloxane.®) These reactions seems not
to be important in the present solvolysis, because the solvolysis rate of the p-OCH3-m-Cl substituent decelerated
slightly in the presence of 2,6—Iutidine7) and because the p-OCH3 and p-OCH3-m-ClI derivatives are more
reactive than the other derivatives. The Hammett plots are shown in Figures 1 and 2. From the m-CF3
substituent to the p-CH3 one, the rate constants are correlated with the Hammett o substituent constants, as the
result of Vencl. However, strongly electron-donating substituents (p-OCH3 and p-OCH3-m-Cl substituents)
were deviated in the direction of activation from the correlation line. In contrast, in the LArSR plot the rate
constants of all substituents is well correlated. The reaction constant p value is -1.42 and the r value, which isa
parameter of the resonance demand, is 1.48.8) 1tis very important that the r value is larger than unity, since
the r value implies the degree of resonance interaction between the aryl group and the reaction site in the rate-
determining transition state. Even in the solvolysis of 1,1-dimethylbenzyl chloride which proceeds through a
stable benzylic carbocation intermediate, the r value is unity.g) These results indicate that the positive charge
locates on the silicon atom in the transition state and that the silicon atom possesses a similar ability to delocalize
the positive charge onto the aromatic system like a carbon atom. Generally, the reaction that gives a large r value
shows a large p value.10) The reaction constant p value of the present solvolysis appears to be small when
compared with the r value. Mishima and Tsuno have reported that the p value of the solvolysis is smaller than
that of the gas phase because of the dispersion of the positive charge by sol vation.!1) On the basis of this fact
and the availability of empty 3d orbitals of silicon, we imagine that a large dispersion of the positive charge on
the silicon may cause the small p value. Actually, the p value of the substitution reaction on the silicon atom is
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small.12) To discuss the B-silicon effect in more detail, the substituent effects of aryt group at silicon atom on
the solvolysis of other B-silicon derivatives are now being performed.

This work was partially supported by Grants-in-Aid for Scientific Research No.01740315 from the Ministry
of Education, Science and Culture.
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