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Alkyl Substituent Effects in Electrophilic Substitution at
Saturated Carbon. Inapplicability of Taft o* Values
Sir:

Electrophilic displacement at saturated carbon is an im-
portant process, characteristic for organometallic interme-
diates. Despite extensive studies, however, there is only lim-
ited knowledge concerning the mechanism of cleavage of
the alkyl-metal bond, particularly with regard to structural
variations.!-3

We wish to report the use of alkyl substituents as sensi-
tive probes for examining electronic effects.in electrophilic
cleavages. Mercury compounds are ideal models for or-
ganometals since they are substitution-inert and less subject
to steric effects than other metals (due to the relatively
large radius and two-coordination of mercury). Acetolysis
of the dialkylmercury compounds in Table I proceeds ac-
cording toeq | and 2,

! R’'HgOAc + RH o))
R-Hg-R’ + HOAc <<Z

RHgOAc + R'H (2)
where R, R’ = Me, Et, i-Pr, t-Bu, and follows first-order ki-
netics to high conversions. The pseudo-first-order rate con-
stants, k and k’, are determined individually by following
the rate of alkane liberation by gas chromatography and
alkylmercuric acetate by its proton NMR spectrum. A
large deuterium kinetic isotope effect in the range of 9-11
(in HOAc and DOAc), depending on the organomercurial,
suggests that a substantial positive charge is developed on

mercury in the transition state.*

Examination of the complete series of dialkylmercurials
allows the effects of alkyl groups to be separated into two
classes, namely, the cleaved alkyl group R and the depart-
ing alkyl group R’ in eq 1. The importance of steric effects
is shown in Table I by the reactivity of various alkyl groups
under the conditions of a common leaving group.> More
importantly, when a particular alkyl group R is cleaved,
the dependence of log k on the nature of the departing
group R’Hg is in good agreement with eq 3.

(log k/ky,) Me:Et:i-Pr:t-Bu = 0:0.76:1.31:1.44
0:010:017: 0.19

where boldface numbers represent values after normaliza-
tion of Et = 0.10 to conform to Taft o* in eq 4. The rela-
tionship is independent of the cleaved group R as shown by
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Flgure 1. Correlation of the rates of acetolysis of MeHgR (@), EtHgR
(®), and i-PrHgR (O) with the vertical ionization potentials of
RHgMe measured by He(I) photoelectron spectroscopy.
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Figure 2. Comparison of the polar effects of alkyl groups using the Taft
o* values and those obtained from ionization potentials. Additivity ef-
fects in alkylhydrazines (Q), alkyl bromides (@), aldehydes (©), and
alcohols () are from ref 8. Saturation effects in alkylmethylmercury
(®) and alkyltrimethyltin (®) from ref 9. (Note that linearity in the
additivity effect would be further improved in every case by the use of
a* = —0.20 for i-Pr.)
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Table I. Rates of Acetolysis of Dialkylmercurialse
_RHR g po 7+ 7+  Ipb
R R’ (sec™") (sec™) log & log k’ V)
Me Me 3.90 3.90¢ 0.59 0.59 9.33
Me Et 23.5 14.3 1.37 1.16 8.84
Me i-Pr 85.8 8.45 1.93 0.93 8.47
Me t-Bu 120 —d 2.08 — 8.32
Et Et 81.8 81.8¢ 1.91 1.91 8.45
Et i-Pr 255 47.0 2.41 1.67 8.18
Et t-Bu 378 —d 2.58 — 8.06
i-Pr i-Pr 154 154¢ 2.19 2.19 8.03
i-Pr +-Bu 224 —d 2.35 — 7.73

aPseudo-first-order rate constants in HOAc solvent at 37.5°C.
b First vertical ionization potential by He(I) photoelectron spec-
troscopy; unpublished results with J. Ulman and T. P. Fehlner.
¢ Rates for symmetrical mercurials are statistically corrected. d Rates
of cleavage of r-Bu groups were too slow for direct measurement by
this procedure.

the identical slopes of the lines in Figure 1. The nonadditiv-
ity of energies as a-hydrogens are successively replaced by
methyl groups in eq 3 reflects a saturation effect.® This sit-
uation contrasts with the additivity requirement Taft? has
used as a criterion to identify polar effects as denoted by the
empirical substituent constants o*.

(6") Me:Et:i-Pr:¢-Bu = 0:010:0.19:0.30 (4)

The difference between energy effects which are saturat-
ed and those that are additive provides the key, we feel, to
the understanding of substituent effects in electrophilic
cleavages. For example, there is a strong linear correlation
in Figure 2 between o* values and the ionization potentials
of a series of alcohols, aldehydes, alkylhydrazines, and alkyl
halides represented by the process: R-X — R-X:* + ¢8 On
the other hand, the ionization potentials of a series of orga-
nomercurials RHgMe also plotted against o* shows a satu-
ration effect®® equivalent to that illustrated in Figure 1 for
acetolysis. The same saturation obtains for ionization from
the same series of Grignard reagents and alkyl-trimethyltin
compounds R-SnMej; measured independently.® The differ-
ence can be explained by considering the highest occupied
molecular orbital (HOMO) in each series. For those com-
pounds containing nonbonding electrons, the ionization pro-
ceeds from a HOMO which is largely orthogonal to the or-
bital involved in the bonding of the heteroatom to carbon,?
and its effect on the electron density in the bond is mini-
mal.'® In contrast, the ionization process in organometals
such as Me;Hg proceeds from a bonding molecular orbital
with a node at mercury.!! Consequently, the electron densi-
ty in the bond to carbon is diminished substantially, and the
cationic character of the a-carbon is accompanied by a de-
crease in electron repulsion which is not effectively constant
as the alkyl group is systematically varied from Me to ¢-
Bu.'?® Indeed, the validity of this description is shown by
values of the ionization potentials of alkyl radicals [i.e., R-
— R* + ¢], which agree remarkably well with those ob-
tained from SCF-MO calculations.!2.!3

Significantly, the ionization potentials of alkyl radi-
cals'213 show the characteristic saturation effect described
above, and they correlate well with log k for acetolysis and
the ionization potentials of organomercurials examined in
this study. The remarkable correlation of the latter in Fig-
ure 1 is perhaps best approached from the mechanistic
standpoint of the Edwards oxy-base equation,'!5 in which
nucleophilicity involves both a term for basicity and one re-
lated to oxidation potential (polarizability). In the electro-
philic cleavages of organometals, basicity is represented by
the intercept in Figure 1, and it is controlled by the nature

of the cleaved group R, i.e., by the electron density and the
steric restraints surrounding the Hg-R bond. When the
cleaved group is the same, contributions from polarizability
are derived from the leaving group R’-Hg, and they are
limited by saturation effects in R’. Thus, the reactivity of
organometals as g-donors!® is strongly influenced by the na-
ture of the leaving group. In protodemercurations, leaving
group effects will reflect exclusively changes in polarizabili-
ty produced by alkyl substituents and hence will parallel
their effect on the ionization potential of the organomercu-
rials.!” These conclusions are noteworthy in view of the
minor role generally attributed'#2 to polarizability in the
nucleophilicity of = and n donors toward protonic electro-
philes, and we hope that further studies will extend their
generality, 18
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