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As part of a study of some aspects of the bimolecular nucleophilic sub-
stitution at saturated carbon, an examination of some halide exchanges has
been undertaken. To minimize the factors involved, a system with both nucleo-
phile and leaving group the same was desirable. Since the bromide-radio-
bromide exchange on a-phenylethyl bromidel was one of the studies that led
Gleave, Hughes and Ingold to propose the SN2 mechanism for such substitution52
it seemed appropriate to study that system. Using lithium bromide as the in-
organic bromide in anhydrous acetone, the bromide-radio-bromide (823r~) ex-—
changes for variously substituted o-phenylethyl bromides were followed by the
electro-deposition method of Beroniusa. Some data for the unsubstituted and
the para-nitro, bromo, methyl and methoxy compounds are summarized in the ac-
companying Table. Both eleetron withdrawing and electron donating substituents
greatly accelerate the bromide exchange reaction. A Hammett oOp plota gives a
deep U or V-shaped curve. Indeed, these results represent, to the author's
knowledge, the greatest curvature yet reported in a Hammett correlation.

Linear free energy correlations, of which the Hammett Equation4 is but one,
are perhaps surprisingly frequently observed when one considers their simplic-
ity and the multitudinous factors involved especially in the entropy contribu-

tion to the change in free energy. For rate as opposed to equilibrium prucesses,
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TABLE
YJZ::I_THCH3 + *Br(-) Acetone, 30°C. o YJ:::I_THCH3 + Br(_)
Cal
Br [LiBrl=5.00x10 M. *Br
k
(a) y
No. of k log /
Y runs 1/m.min. kh O(b) O+(c)
p—CH30 3 3.75%0.53 1.37 -0.27 ~0.778
p-CH3 3 0.36020.020 0.349 ~0.17 -0.311
p-H 4 0.161+0.008 0.00 0.00 0.00
p-Br 4 0.332+0.016 0.314 0.23 -
p—NO2 1 0.683 0.628 0.78 -
(a) Bimolecular rate constant not corrected for bromide ion activity.
(b) "Normal" substituent constant, see for example, L.P. Hammett "Physical

Organic Chemistry" Second Edition, McGraw-Hill, New York, 1970, pp.355-
358.

{(c) Substituent constant defined by H.C. Brown and Y. Okamoto [i. Amer. Chem.
Soc., 80, 4979 (1958)] for cases with transition states greatly stablized
by resonance electron donation.

bat the transition state solvation, charge separation, etc. further complicates
the situation. Curvature in Hammett plots thus is not uncommoné and is usu-~
ally assigned to a change in mechanism. While few substituents have thus far
been examined in these halide exchange studies, the Hammett p-value or re-
action constant for the electron donating para-methoxy and methyl substitu-
ents can be estimated to be about -9 with 0 or about -2.2 with 0+. Similarly,
the unsubstituted and para-bromo and nitro substituents lead to a p-value of
about +1. Mechanistically, this radical change in response to the electronic
effect of the substituent means that as the para-substituent is changed from
methoxy to methyl and hydrogen through bromo to nitro, there is a change from

a large positive to a moderately large negative charge at the transition
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state for a reaction that is apparently bimolecular throughout7’8.

In the ion pair mechanism for nucleophilic substitution at saturated car-~
bong, it is proposed that the initial step of the reaction is formation of a

contact or intimate ion pair by the substrate and its leaving group. The re-

action could show the characteristics of SNZ, “"mixed" or Syl mechanisms depend-

ing upon where in the series of solvation equilibria from the intimate ion pair
to the free, independently solvated ions nucleophilic attack occurs. With the
para-electron donating substituents in the a-phenylethyl bromide series, the
large positive charge developing at the transition state for bromide exchange
is clearly consistent with an ion pair mechanism. This 1s logical since the
carbonium ion species of the ion pair should be stablized and more easily
formed in these cases. With the electron withdrawing substituents, however,
the developement of a negative charge at the transition state of the reaction
suggests nucleophilic attack is now leading bond breakage, consistent with

traditional SNZ displacement in these cases.
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D)

(8)

(9)

The data at each concentration of lithfum bromide show a linear pseudo-
first order loss of ionic radio-bromide with a rate constant independent
of alkyl halide concentration except in the case of the methoxy-
substituent where the slower competing hydrogen bromide elimination leads
to an accelerating apparent exchange rate as the reaction progresses. For

4. 10-7 times the

the other substituents, the elimination reaction is 10°
exchange rate and linearity is obtained for as many as six half-lives.
The exchange rate increases but not linearly with increasing lithium bro-
mide concentration due to ion pairing reducing the activity coefficient

of the bromide ion as the concentration of the salt increases [cf. A.R.

8, 4022 (1973)]. See also footnote 8.

Stein, J. Org. Chem.,
While the Beronius method for following halide-radio-halide exchanges 1is
very clean and convenient, the inert electrolytes that could be used to
maintain the reaction media at constant ionic strength (e.g. LiN03,

Liclo LiClOA, Li picrate....) were either not sufficiently soluble in

3
acetone or interfered with the electro-deposition of silver bromide.
Consequently, it is not easily acertained whether the reaction remained
bimolecular or if, for the methoxy substituent, mixed uni- and bimolecu-
lar kinetics were shown [cf. A. Ceccon, I. Papa and A. Fara, J. Amer.Chem.
Soc., 88, 4643 (1966)]. However, when the concentration of lithium
bromide is decreased by a factor of five, the apparent rate comstant in-
creases by a factor of approximately two for substituents other than
methoxy. With methoxy, the increase was about 2.7 suggesting a unimole-

cular component in the observed rate.
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