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The Menschutkin Reaction of 1-Arylethyl Bromides with Pyridine:
Evidence for the Duality of Clean SN1 and SN2 Mechanisms
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Abstract: 1-Arylethyl bromides react with pyridine in acetonitrile by unimolecular and
bimolecular processes. These processes are quite distinct and this fact affords clear
evidence for the duality of clean SN1 and SN2 mechanisms, occurrence of independent
SN1 and SN2 reaction processes without an intermediate mechanism.
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The nucleophilic displacement reaction of 1-phenylethyl precursors has long been of particular interest,
primarily because of the mechanistic complexity that the electron-attracting aryl substituent brings about, by the
destabilization of the carbocationic transition state and enhancement of nucleophilic attack, which leads to SN1-
SN2 mechanistic changeover.lsz) Thus, the exalted r value of 1.15 in substituent effect correlations for
solvolytic reactions of 1-phenylethyl precursors in terms of Yukawa-Tsuno Eq. (1) 34

log (k /ko) = p (G°+FrAGH) (1)

has been interpreted in terms of the changeover of mechanism from Sy1 for electron-donating substituent
region to SN2 for electron-attracting one in a high nucleophilic solvent such as 80% aq. acetone.) Whereas
there remains a fundamental question concerning the molecularity of the rate-determining step, there is no way
to solve this problem by kinetics under the solvolytic conditions. In the present paper, we have chosen a typical
SN2 reaction, namely, the Menschutkin reaction of such a borderline system and carried out precise examination
of the kinetic dependence of the rate on the nucleophile pyridine concentration [Nu] for a wide range of
substituents in 1-arylethyl bromides in the nonsolvolyzing solvent acetonitrile at 35°C.

Observed rate constants, kobs, were determined under pseudo-first-order condition at various
concentrations [Nu] of pyridine (0.01-0.3M) and bromides (0.0005M) by following the conductance changes of
the pyridinium salt produced in a similar way to that in previous relevant studies.6) For all derivatives more
deactivated than the unsubstituted one, the reaction clearly proceeds almost entirely by a second-order process
(bimolecular SN2 mechanism); the plot of kobs vs. [Nu] passes through the origin within experimental
uncertainty, indicating that the reaction is accurately first-order in pyridine concentration. On the other hand,
there is a significant intercept in these plots for the electron-donating substituents, while there is a significant
first-order component, indicating concurrence of a zeroth-order reaction in pyridine. These results can be fitted
to an experimental kinetic equation (2) and depicted by the mechanistic scheme 1.

kobs = k1 + k2[Nu] 2
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Scheme 1

There is a zeroth-order component (k1), which is independent of the amount and nature of the
nucleophile. In other words, we clearly have the SN1 component alongside of the SN2 one. Since the reaction
was studied in inert solvent there is no doubt that the solvent is acting truly as a solvent and not as a nucleophile.

The k1 and k2 values were calculated by Eq. (2) and are listed in Table 1. The dependence of the Sy1
rate on the aryl substituents is clearly far greater than that of the Syy2 rate. While the Sy1 rates can be obtained
only for the limited range of substituted derivatives which are more electron-donating than H, the substituent
effect of this unimolecular process can be described in terms of Eq. (1) with a p value of -5.0 and an exalted r
value of 1.15 (correlation coefficient=0.999 and SD=+0.07) as shown by the excellent linear plot in Fig. 1.
The correlation parameters are the same as those obtained for the corresponding 1-phenylethyl chloride
solvolyses in solvolyzing solvents proceeding through pure SN1 carbocationic transition state.3)

On the other hand, the plot of log k2 vs. & (r=1.15) for the bimolecular process gives a smooth curvature
as shown in Fig. 1. The curved plot is interpreted in terms of a gradual change in p value associated with the
so-called SN2-SN1 mechanistic shift as the substituent changes from strongly deactivated (Z=3,5-(CF3)2) to
highly activated (Z=p-MeO) substituents. The negative p value should indicate the positive charge accumulated

at the central carbon in the transition state, implying a significant imbalance between the bond formation and

Table 1. Rate data (cf., Eq. (2)) for the unimolecular (k1) and bimolecular (k2) reactions of 1-arylethyl
bromides with pyridine in MeCN at 350C

Subst. Z 105k1is ) 105k(M-1s71) Subst. Z 10515 10%kM-1571)
p-MeO 1660 2820 2-Naph 0.28 11.6
p-MeS 103 215 m-Me 0.055 7.29
p-PhO 415 119 H 0.032 5.54
p-MeO-m-Cl 21.2 79.0 p-Cl _ 4.37
2-Fluorenyl (2-F1) 18.3 59.5 m-Cl . 2.085
3,4,5-Me3 8.56 41.1 m-CF3 . 1.77
3,4-Me2 3.67 28.3 m-NO3 o 1.21

p-Me 1.46 19.2 p-NO2 1.19

p-1-Bu 0.81 15.2 3,5-(CF3)2 0.651
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bond cleavage, i.e., the preferential bond breaking over bond formation in the pentavalent displacement
structure of the SN2 transition state. Similarly, a curved correlation of the substituent effect has been observed
in the Menschutkin reaction of substituted benzyl tosylates with a nucleophile and has been elegantly interpreted
by the perpendicular shift of the transition state coordinate for the bimolecular displacement mechanism from
neutral (tight) to carbocationic transition state (loose) with the substituent Z.6) The transition state should
become more Sy1-like (loose) as the aryl substituent becomes more electron-donative.

The concave plot of log k2 against 6 (r=1.15) for the bimolecular process can well be analyzed in terms
of regressional power series expression, log (kz/ky) = -1.540 + 0.74(3)2 (p-MeO excluded), with correlation
coefficient = 0.995 and SD = +0.08 (n=17).7) The apparent pz values for the bimolecular process are
estimated to be -2.9 ~ -2.6 for Z=p-MeO ~ 2-Fluorenyl and -0.1 for Z=3,5-(CF3)2 from the tangent value of the
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Fig. 1. The substituent effect in the Menschutkin reaction of 1-arylethyl bromides with pyridine in acetonitrile
at 35°C; circles represent k2 for the bimolecular process and squares k1 for unimolecular process.
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correlation curve. The resonance-exalted substituent dependence with an appreciably high negative p value will
indicate the near limiting (SN1) nature of the SN2 mechanism for strongly electron-donating substituents.
While the reaction of strongly rate-enhancing p-MeO derivative appears to proceed through an appreciably
cationic transition state, it should still be characterized as a bimolecular displacement mechanism of the so-called
SN2 category. For the deactivated derivatives ranging from m-Cl to 3,5-(CF3)2, the significantly small | p |
value should be related to a tight transition state in the present SN2 reaction.

The recognition by Ingold of distinct Sy 1 and SN2 reaction mechanisms for nucleophilic substitution at
saturated carbon atoms was a milestone in the development of organic chemistry.8) Although the reality of
these distinct reaction types is now universaily recognized,?) the fundamental question of whether S§'1 and
SN2 reactions remain distinct at the borderline or gradually merge is still very controversial. Bentley and
Schleyer proposed the concept of a continuous spectrum of SN1-SN2 solvolytic mechanisms, from SN1
through Sy2(intermediate) to the conventional SN2 mechanism.10) This is in contrast with the present
experimental evidence. Indeed, we believe that we have provided here a clear and unambiguous evidence which
solves this controversy, namely, that SN1 and SN2 reactions can indeed remain distinct and that at a
mechanistic borderline, as well as at a most electron-donating end of the substrate series, the reaction occurs by
both reaction pathways proceeding independently and simultaneously. In conclusion, Sy1 and SN2 reaction
pathways constitute different channels and the energetically unfavored channel still exists even when only the
favorable one is experimentally observed.

References

1  Shiner, V. J. Jr.; Buddenbaum, W. E.; Murr, B. L.; Lamaty, C. J. Am. Chem. Soc. 1968, 90, 418;
Richard, J. P.; Jencks, W. P. J. Am. Chem. Soc. 1984, 106, 1383; Allen, A. D.; Kanagasabapathy, V.
M.; Tidwell, T. T. J. Am. Chem. Soc. 1985, 107, 4513.

2  Lee, I; Kim, H.-Y.; Kang, H.-K.; Lee, H.-W. J. Org. Chem. 1988, 53, 2678.

3 Tsuno, Y.; Sawada, M.; Fujii, T.; Yukawa, Y. Bull. Chem. Soc. Jpn. 1975, 48, 3337; Fujio, M.;
Adachi, T.; Shibuya, Y.; Murata, A.; Tsuno, Y. Tetrahedron Lett. 1984, 25, 4557.

Yukawa, Y.; Tsuno, Y.; Sawada, M. Bull. Chem. Soc. Jpn. 1966, 39, 2274.

5 Shorter, J. "Correlation Analysis in Chemistry,” eds. by Chapman, N. B.; Shorter, J. Plenum Press, New
York (1978), Chap. 4, p. 119; Shorter, J. "Correlation Analysis in Organic Reactivity," Research Studies
Press, Chichester (1982), Chap. 3, p. 27.

6 Yoh, S.-D.; Tsuno, Y.; Fujio, M.; Sawada, M.; Yukawa, Y. J. Chem. Soc., Perkin Trans. 2 1989, 7;
Kim, S.-H.; Yoh, S.-D.; Fujio, M.; Imahori, H.; Mishima, M.; Tsuno, Y. Bull. Korean Chem. Soc. 16,
760 (1995).

O'Brien, M.; More O'Ferrall, R. A. J. Chem. Soc., Perkin Trans. 2 1978, 1045.

8 Ingold, C. K. "Structure and Mechanism in Organic Chemistry,” 2nd Ed., Cornell University Press, Ithaca
(1969); Winstein, S.; Grunwald, E.; Jones, H. W. J. Am. Chem. Soc. 1951, 73, 2700.

9 Katritzky, A. R.; Musumarra, G. Chem. Soc. Rev. 1984, 13, 47; Katritzky A. R.; Brycki, B. E. J. Phys.
Org. Chem. 1988, 1, 1.

10 Bentley, T. W.; Schleyer, P. v. R. J. Am. Chem. Soc. 98, 7667 (1976); Bentley, T. W.; Bowen, C.T.;
Morten, D. H.; Schleyer, P.v. R.J. Am. Chem. Soc. 103, 5466 (1981).

(Received in Japan 6 February 1997, revised 17 March 1997; accepted 21 March 1997)



