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Gas phase basicities of a -trimethylsilylstyrenes have been deter-
mined by measuring proton transfer equilibrium constants. Basicity of
a -trimethylsilylstyrene was found to be comparable to that of a-alkyl-
styrene, suggesting that a-trimethylsilyl group as well as a -alkyl

group stabilizes a carbenium ion.

There is current interest in effects of silyl substituents on the stability of carbeni-
um ions which are believed to be intermediates in reactions of organosilicons.l) Experi-

mental and theoretical studies have been carried out extensively but the effect of «a -silyl

2-4) For example, no detectable reaction of

5)

substituents is even qualitatively unclear.

(CH3)3SiCH2X (X=Br, Cl) was observed in aqueous solvents,”’/ and 1l-phenyl-1-(trimethylsi-

7)

lyl)ethyl6 and a -trimethylsilybenzyl derivatives'’ solvolyze ca. 10% times slower than

the corresponding methyl-substituted ones. On the other hand, 2-trimethylsilyl-2-ada-

mantyl p-nitrobenzoate and the corresponding 2-methyl-2-adamantyl derivative solvolyze

8) a -Trimethylsilylvinyl triflates solvo-

9)

at essentially the same rate in 97% trifluoroethanol.
lyze even faster than the corresponding alkyl substituted derivatives. Such discrepan-
cies in effects of a-silyl substituents on solvolysis rates may have been attributed to
mechanistic complexities and the destabilization of the ground state.8’10) Recently ab
initio MO calculations for simple model systems reveal that a -silyl substituents destabilize
significantly carbenium ions relative to alkyl groups.2’4a) However, there is virtually no
quantitative measurement in the gas phase of the stabilization energy on carbenium ions
resulting from «a -silyl substituents. In order to elucidate intrinsic effect of a«a -silyl

substituents we have therefore decided to determine gas phase basicities (GB) of
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a -trimethylsilylstyrenes of which conjugate acids are expected to be l-aryl-1-(trimethyl-
silyl)ethyl cations.

Gas phase basicities have been determined by measuring proton transfer equilibrium
constants by means of a pulsed ICR spectrometer constructed in our laboratory as de-

scribed previously.ll’lz) Gas phase basicity values of «a -trimethylsilylstyrenes measured

ArC(SiMey)=CH, + Bt s—= Arc'(Me)siMe, + B (1)

relative to suitable reference bases are converted to absolute scales with respect to
ammonia (GB=195.6 kcal mol'l, 1 cal=4.184 J) as listed in Table 1. Unfortunately gas phase
basicity values could not be obtained for several a-trimethylsilylstyrenes having an

Table 1. Free Energy Changes of Proton Transfer Equilibria (1)

Subst.?) BP) AGe © G 9
p-OCHg4 2-chloropyridine -1.1
CH3CON(CH3)2 0.6 208.0
p-CHg 2-cyanopyridine -1.9
3-cyanopyridine -0.6 202.8
4-cyanopyridine 0.2
m-Me i—PrZO ~-2.4
acetylacetone -0.6
2-cyanopyridine 0.0 199.9
p-F i—PrZO -0.3
i—PrZCO -2.0 198.0
H i-Pry0 -0.7
acetylacetone 0.9 198.4

a) l-Aryl-1-(trimethylsilyl)ethylenes. b) Reference bases. GB values (in kcal mol'l) are as
follows; 2-chloropyridine; 206.6, CH3CON(CH3)2; 208.4, 2-cyanopyridine; 200.0, 3-
cyanopyridine; 201.3, 4-cyanopyridine; 202.1, i-Przo; 197.6, i-PrZCO; 1_916.0, acetylacetone;
199.3. c) Free energy changes of a reaction (1) at 308 K, in kcal mol ~. d) Averaged GB
values converted with respect to GB(NH3):195.6 kcal mol_l. Positive values denote greater
basicity.

Table 2. Gas Phase Basicities of a-Trimethylsilylstyrenes and the Corresponding

a —Methylstyrenesa)

p—OMe p—-Me m-Me p-F H
System AGB/kcal mol~ 1
Ar—C(SiMe3)=CH2 9.6 4.4 1.5 -0.4 0.0
Ar-C(Me)=CH, 10.5 4.1 1.8 -0.1 0.0P)

a) Ref. 12. b) Absolute GB = 199.1 kcal mol™l (Ref. 13).
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PhC(SiMe,)=CH, + PhCH'Me = PhC+(SiMe3)Me + PhCH=CH,, AG® = -4.5
PhC(SiMe,)=CH, + PhC*(t-Bu)Me === PhC*(SiMey)Me + PhC(t-Bu)=CH, AGC = —0.21%)
PhC(SiMe,)=CH, + PhC*Me, == pnc*(siMey)Me + PhC(Me)=CH, AGe = 0.7

electron-withdrawing substituent because of experimental difficulties.

Comparison of GB value of a-trimethylsilylstyrene with those of relevant bases
reveals that 1-trimethylsilylstyrene is clearly more basic than styrene and comparable to
those of «a-alkylstyrenes. If the protonation to a-trimethylsilylstyrene yields 1-phe-
nyl-1-(trimethylsilyl)ethyl cation (1), this result will lead us to an important conclusion
that the stabilization effect of a-trimethylsilyl on the carbenium ions is not different
from that of alkyl groups. Accordingly, it is particularly important to examine whether
the conjugate acid ion of a-trimethylsilylstyrene is 1 or its isomeric ions (2 and 3). For
this purpose effect of ring-substituents on the basicity of a-trimethylsilylstyrene has

been studied. In the cases of 2-phenyl-2-(trimethylsilyl)ethyl cation (2) and the siliceni-

Phc’ (CH4)Si(CH,) 4 PhCH(SiMe,)CH," PhC(CH,) ,Si* (CHy),

1 2 3

um cation (3) ring substituents would not affect significantly the stability of the ion be-
cause the carbon atom or the silicon atom bearing positive charge is insulated from the
phenyl ring by an sp3 carbon atom while the stability of 1 must be sensitive to the ring
substituent as well as that of ordinary benzylic cations. Table 2 exhibits clearly that the
substituent effect on the basicity of a-trimethylsilylstyrenes is as large as that of the
corresponding a-methylstyrene of which conjugate acid ion is a-cumyl cation. This fact
supports that the structure of the conjugate acid ion of a -trimethylsilylstyrene is 1.

It is noteworthy that the substituent effect on the stability of 1 is very similar to
that on a-cumyl cation. This suggests that resonance effect of para m~donor substitu-
ents contribute to the stability of 1 in the same degree as that in a-cumyl cation. In
other words, there is no difference in resonance demand (r), a measure of = -interaction
between the positive charge and aryl =z -system given by the LArsSR analysis,ls) between
1 and a —cumyl cation (r=1.00).12) In the previous studies on gaseous stabilities of

8AG® = p(c®+ r AT (2)
benzylic carbenium ions we found that the resonance demand (r) varies significantly with
the system and that its change is related with electronic effects of a-substituent(s)
attached to the benzylic carbon atom, i.e., the destabilized carbenium ion by electron-
withdrawing a -substituent(s) has the greater r value, e.g., r values for 1l-aryl-2,2,2-
trifluoroethyl cation and l-aryl-1-triflucromethylethyl cation are 1.53 and 1.40, respective-
1y.16) In conclusion, a striking resemblance of the substituent effect in addition to the
stability of the parent carbenium ion (ring substituent = H) between 1 and «a-cumyl
cation suggests that the effect of trimethylsilyl group on the stability of benzylic carbe-

nium ion is close to that of methyl group. This is in a sharp contrast with theoretical
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calculations that a-silyl substituents destabilize significantly carbenium ions compared
with alkyl substituentsz’4) although it is unclear whether or not calculation results for
simple model systems are applicable to the present system.

The present result may further lead us to a suggestion with regard to a-silicon
effect on reactions of organosilicon compounds. That is, it seems that the extremely low
reactivity in the solvolysis of «a -trimethylsilyl substrates compared with the correspond-
ing alkyl substituted substrates is attributed to the destabilization of the ionizing proc-
ess due to exalted steric constrain and desolvation by bulkiness of trimethylsilyl group
rather than the stabilities of their intermediate carbocations. This may be supported by

the fact that 1-phenyl-1-(trimethylsilyl)ethyl and 1-t-butyl-l1-phenylethyl substrates

7)

solvolyze at the essentially same rate. Thus, one must use with caution rates of sol-

volysis as a measure of intrinsic stabilities of carbenium ions.
The present work was supported in part by a Grant-in-Aid for Scientific Research

(03214107) from the Minister of Education, Science and Culture.

References

1) T. A. Blumenkopf and L. E. Overman, Chem. Rev., 86, 857 (1986).

2) S. G. Wierschke, J. Chandrasekhar, and W. J. Jorgensen, J. Am. Chem. Soc., 107, 1496
(1985).

3) J. B. Lambert and R. B. Finzel, J. Am. Chem. Soc., 104, 2020 (1982).

4) a) Y. Apeloig and A. Stanger, J. Org. Chem., 47, 1462 (1982); b) Y. Apeloig, M. Karni, A.
Stanger, H. Schwarz, T. Drewello, and G. Czekay, J. Chem. Soc., Chem. Commun., 1987,
989; ¢) Y. Apeloig, "Theoretical Aspects of Organosilicon Compounds,” in "The Chemistry of
Organic Silicon Compounds,”" ed by S. Patai and Z. Rappoport, John Wiley and Sons, New
York (1989), Chap. 2.

5) M. A. Cook, C. Eaborn, and D. R. Walton, J. Organomet. Chem., 29, 389 (1971).

6) F. K. Cartledge and J. P. Jones, Tetrahedron Lett., 24, 2193 (1971).

7) N. Shimizu, C. Kinoshita, E. Osajima, and Y. Tsuno, Bull. Chem. Soc. Jpn., 64, 1145
(1991); N. Shimizu, S. Watanabe, and Y. Tsuno, ibid., 64, 2249 (1991).

8) Y. Apeloig and A. Stanger, J. Am. Chem. Soc., 107, 2806 (1985).

9) M. D. Schiavelli, D. M. Jung, A. K. Vaden, P. J. Stang, T. E. Fisk, and D. S. Morrison, J.
org. Chem., 46, 92 (1981).

10) P. J. Stang, M. Ladika, Y. Apeloig, A. Stanger, M. D. Schiavelli, and M. R. Hughey, J.
Am. Chem. Soc., 104, 6852 (1982).

11) M. Mishima, M. Fujio, and Y. Tsuno, Mem. Fac. Sci., Ser. C, Kyushu Univ., 16(1)
(1984).

12) M. Mishima, S. Usui, H. Inoue, M. Fujio, and Y. Tsuno, Nippon Kagaku Kaishi, 1989,
1269.

13) S. G. Lias, J. F. Liebman, and R. D. Levin, J. Phys. Chem. Ref. Data, 13, 695 (1984).

14) M. Mishima, K. Nakata, H. Nomura, M. Fujio, and Y. Tsuno, unpublished results.

15) Y. Yukawa, Y. Tsuno, and M. Sawada, Bull. Chem. Soc. Jpn., 39, 2274 (1966).

16) M. Mishima, H. Inoue, M. Fujio, and Y. Tsuno, Tetrahedron Lett., 30, 2101 (1989); 31, 685
(1990).

(Received January 6, 1992)



