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ABSTRACT: We have found that the specific rate of
a-sulfonyl carbanion formation in a b-substituted sul-
fone shows a sizable dependence on the H Ca Cb X
torsion angle. Defining kN = (kexch)X/(kexch)model (where
the model has X=H or an alkyl group) we observed for
a collection of b-alkoxy sulfones (X=OR) acceptable
agreement with the expression log kN = a+ bcos2 θ
(where a = 1.70 and b = 2.62). Extension to other b-
substituents (X=RS, R2N, and R3N+) yields the same
pattern, with the last showing very large dependence
of kN on the torsion angle (b = 6.3). These observa-
tions are ascribed to the presence (in addition to the
inductive and field effects) of negative hyperconju-
gation responsible for accelerations of 1000-fold and
more, deriving from donation of the incipient negative
charge on carbon into the σ∗C X orbital in the transi-
tion state. These observations reflect, and at the same
time underline, the importance of the low-lying anti-
bonding orbitals present in heteroatomic molecules.
C© 2002 Wiley Periodicals, Inc. Heteroatom Chem 13:397–
405, 2002; Published online in Wiley Interscience
(www.interscience.wiley.com). DOI 10.1002/hc.10067

INTRODUCTION

How does a change in one part of the structure of a
molecule affect a reaction elsewhere in the molecule?
This is one of the most basic questions of chemical
reactivity, especially in organic chemistry in which
the molecules are commonly large and stable enough
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that a wide range of substituent groups may be
present leading to a wide variation in the course or
ease of reaction. The question may be asked within
two contexts: (a) the simple general query as to how a
particular change in another structure will influence
a proposed reaction, and (b) a more specific ques-
tion forming part of a mechanistic study of quanti-
tative effects in a carefully controlled system; in the
latter instance an alteration is made at a point in the
molecule sufficiently removed from the reaction cen-
ter that it will alter the ease but not the pathway of
the reaction under investigation. Both of the above
questions are commonplace enough to experimental
chemists, and it has been the view of physical or-
ganic chemists over much of the recent century that
a precisely formulated substituent effect question is
one of the most fruitful sources of information about
reaction mechanisms available to the inquiring
practitioner.

In the picture presented in current textbooks
and monographs [1], substituent effects fall into two
broad classes: (a) steric and (b) electronic. Steric ef-
fects comprise nonbonding interactions along with
effects arising from distortion from minimal energy
forms of bond angles, bond lengths, and torsion an-
gles; these are serviceably dealt with by molecular
mechanics calculations. Electronic effects, as com-
monly presented, consist of (i) conjugation (alias res-
onance or mesomerism) and (ii) the polar effect, it-
self regarded as made up of the inductive effect (in
which the effect is propagated via bond polariza-
tion) and the field effect (the interaction of charges
through space as described by Coulomb’s law). Other
factors sometimes invoked are polarizability and hy-
perconjugation, though these are called upon by
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most writers on an ad hoc rather than systematic
fashion. It is our contention that it would be fruit-
ful for practising organic chemists to regard hyper-
conjugation as one of the major electronic effects,
comparable to, or even more important than the in-
ductive or field effects. We have reached this con-
clusion by studying a particular reaction—the base
promoted formation of a-sulfonyl carbanions in an
aqueous medium—with an eye to discerning if the ef-
fects predicted by theory for the intervention of hy-
perconjugation are in evidence or not. In our view
the results are in full accord with the need to invoke
negative hyperconjugation.

The initial impetus to examine this reaction
arose from a paper by Thomas and Stirling [2] re-
porting the influence of substituents on the hydrogen
isotope exchange reaction shown in Eq. (1):

PhSO2CHTCH2X
EtO−−→ PhSO2C̄HCH2X
EtOH−→ PhSO2CH2CH2X (1)

They found a good correlation with the Taft sub-
stituent constant (σ∗) in accord with the expres-
sion log(kX/kH) = 4.89σ∗. The remarkable depen-
dence of the rate on the substituent implied by
this equation is readily illustrated by the result that
PhSO2CH2CH2OPh reacts 5.3× 104 times faster than
PhSO2CH2CH2CH3. It was our view that any attempt
to account for this substituent effect by consider-
ing only the conventional inductive and field effects
would not suffice and that another effect, namely
negative hyperconjugation [3] (alias the generalized
anomeric effect [4]), was sufficiently likely that the
matter should be put to the appropriate test.

The nature of the appropriate test becomes ev-
ident on examining the a-sulfonyl carbanion form-
ing process. It had been shown by experimental and
theoretical investigations [5] that removal of a pro-
ton from a sulfone to form the carbanion is a pro-
cess with a very strong preference for having the
C SO2 R array as shown in Eq. (2):

(2)

It was suggested by Wolfe et al. [6] that the preference
for the carbanion conformation shown in B could be
ascribed, at least in part, to a particular stabilization
arising from the donation of the electron pair of the
carbanion into σ∗C S, the antibonding C S orbital. It
is evident that a b-substituent X, if (a) placed in a
position as shown in A and B and (b) having a suffi-
ciently low energy antibonding orbital σ∗C X would be
perfectly set up to stabilize the free electron pair in B

by negative hyperconjugation, i.e., by donation into
the σ∗C X orbital in exactly the same manner as that
postulated for the stabilization by donation into the
σ∗C S orbital. By the same token attack of A by base
should lead to an incipient carbanion stabilized in
precisely the same way as B. Whenever this stabi-
lization is possible, the result will be a substantial
acceleration of carbanion formation by negative hy-
perconjugation. The n→ σ∗ interaction proposed for
the effect of the substituent X on the stability of B
(and by extension to the transition state leading to
B) is p-type overlap. Such overlap has clear geomet-
rical requirements, being maximal when the main
axes of the interacting orbitals are at 0 or 180◦ an-
gles with respect to each other and minimal when
at 90◦; a cos2θ (or, equivalently, cos 2θ) relation de-
scribes this interaction in simple form. The obvious
test of this hypothesis was to prepare a set of sulfones
with a b-substituent making different torsion angles
with respect to the hydrogen to be removed by base,
and to find if the rate constants for these reactions
correlated with the torsion angles.

b-ALKOXY SUBSTITUENTS

Materials, Rate Constants, and Angle Dependent
kN Values

Our first substituent was the alkoxy group [7,8]. The
full array of b-alkoxy sulfones along with the appro-
priate unsubstituted analogues lacking the alkoxy
group (“model” compounds) are shown as structures
1–25.
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The method is perhaps most easily illustrated by
the examples in Table 1 [7]. It is evident on com-
paring the rate constants for substrates 13, 15, and
16 that a torsion angle of close to 180◦ leads to
a reaction nearly 100 times faster than that of an
analogous species 4 with a torsion angle of roughly
60◦. This observation was sufficiently encouraging
and we proceeded with the daunting task of synthe-
sizing the rest of the sulfones in this array (1–25)
and determining their H–D exchange rate constants.
To avoid confusion from effects deriving from the

TABLE 1 First Studies of the Variation with Different H C C O Torsion Angles of the Rates of Carbanion Formation from
β-Alkoxysulfones

Sulfonea θ ( ◦)b kexch (M−1 s−1)c log kN
d

13 172.9 4.30× 10−2e 4.55

15 173.5 3.2× 10−2 4.43

16 173.7 (C-5 He) 2.3× 10−2 4.28
174.0 (C-3 He) 1.6× 10−2 4.12

4 59.3 4.5× 10−4 2.57

a The 1H NMR spectra of 15 and 21 before and during exchange showed that the equatorial H’s (shown) underwent exchange more than 100
times faster than the axial hydrogen atoms on the same carbon, as expected from the earlier work summarized in the text. It should also be
noted that in 13 (and in the alternative model 22) only half of the hydrogens ultimately to be exchanged are in the equatorial conformation at
any time and that their rate constants must be multiplied by 2 for comparison with the rate constants measured for 15, 16, and 4.
b H C C O torsion angle as estimated by PCModel.
c Rate constants for the exchange of the equatorial hydrogen(s) shown in D2O at 20◦C as determined by 1H NMR. The equatorial hydrogen
signals were clearly distinguishable and assignable in the spectra of 4, 15, 16, and 21.
d kN = (kexch)OR/(kexch)model; in the present instances (kexch)OR is the rate constant given in column 3 and (kexch)model is the rate constant
(1.2× 10−6 M−1 s−1) for the exchange of the analogous equatorial hydrogen atom in trans-1-thiadecalin 1,1-dioxide (21) under the same
conditions.
eExperimental rate constant multiplied by the statistical factor 2; see first footnote.

presence of different ring structures in the set of
b-alkoxysulfones (1–17), we chose to determine kN,
as defined in Eq. (3), where (kexch)OR is the second-
order rate constant for H–D exchange for the b-
alkoxysulfone and (kexch)model is the rate constant un-
der the same conditions for a model compound in
which the alkoxy group is replaced by either a hydro-
gen atom or a carbon substituent (CH3 or CH2 ,
as appropriate).

kN = (kexch)OR/(kexch)model (3)

In this way we hoped to be able to see the effect of
replacing the b-hydrogen (or carbon) by the alkoxy
group with all other factors cancelling out. A plot
of log kN vs the torsion angle θ for 19 different H–D
exchange reactions of b-alkoxysulfones is shown in
Fig. 1. In this plot the experimental points believed to
be least perturbed by extraneous factors (solid circles
or solid diamonds) are grouped around θ values of
roughly 10◦, 60◦, and 175◦ and suffice in themselves
to establish the point that kN depends on θ. Of the
remaining points five (8–12) are believed to reflect
two effects: (a) a steric acceleration deriving from
a strong nonbonding eclipsing interaction between
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FIGURE 1 Plot of log kN vs the torsion angle (θ) for the
b-alkoxysulfones. Circles (filled or open) refer to kN values
based on a hydrogen model (e.g., 18–20, 23), and the di-
amonds to those from a carbon model (21, 24, 25). Filled
circles and filled black diamonds show the effect of the alkoxy
substituent without requiring any correction for steric or other
effects. The heavily outlined circles (bull’s-eyes) are values
corrected for steric and γ effects. Note that points for 1 and 7
are each yoked horizontally, reflecting discrepancies between
the estimated (PCModel) and X-ray crystallographic torsion
angles. Compounds 6a, 6b, 17a, and 17b are shown with
vertically yoked points (circles and diamonds, from hydrogen
and carbon models, respectively). The curve corresponds to
log kN = 1.70+ 2.62 cos2θ, obtained from a nonlinear least
squares fit. Further details are given in Ref. [8].

the RO and PhSO2 groups (in 9–12) and (b) the
additional accelerating influence of the alkoxy group
in the γ (as well as the b) orientation (in 8 and 12). A
roughly quantitative estimate of these effects made
it possible to correct these log kN values giving the
points shown as heavily outlined circles (bull’s eyes)
in Fig. 1; further details on these and other points
are given in Ref. [8].

Ths solid line shown in Fig. 1 corresponds
to Eq. (4) where a = 1.70± 0.17 and b = 2.62±
0.20 was obtained from a weighted nonlinear least
squares treatment of the solid circles and solid dia-
monds.

log kN = a+ bcos2 θ (4)

Because of the errors in the bull’s eyes introduced
by the correction process, inclusion of these points
in the least squares analysis has no effect on the
parameters given.

Torsion Angle Dependence
and Hyperconjugation

We take the results summarized in Fig. 1 as evidence
for a torsion-angle dependent variation of the elec-
tronic effect of the b-alkoxy substituent in a-sulfonyl
carbanion formation, and we interpret the observed
variation of log kN with θ as due to the variation of
the magnitude of the negative hyperconjugation of
the incipient carbanion with the alkoxy group with
variation in θ. Specifically at θ ≈ 180◦ the hypercon-
jugative influence is maximal and at 60◦ (and 120◦)
the effect is much reduced, presumably diminishing
to zero at 90◦ in the event that unperturbed exam-
ples with that torsion angle could be studied. Inter-
estingly, the influence of the substituent is also very
strong when θ ≈ 0◦, as one might expect from the
simplest picture of p-overlap of the incipient carban-
ion with the σ∗C OR orbital. The substituent effect of
a b-alkoxy group at 90◦ is reasonably assigned to the
sum of the inductive and field effects (only), with
the effects at 0◦ and 180◦ representing the sum of
all three effects; at 0◦ and 180◦ hyperconjugation is
clearly the major effect, distinctly greater than the
sum of the other two.

Inductive and Field Effects

The angle-independence term, a in Eq. (4), merits
discussion in terms of the relative roles of the in-
ductive and field effects. The inductive effect is de-
fined in terms of a successive polarization of the
sigma bonds and depends on the number of inter-
vening bonds but not their orientation, i.e., the in-
ductive effect is completely independent of θ. The
field effect, however, derives from the interaction
of charged bodies in space according to Coulomb’s
law, which describes the energy of the interaction
as proportional to the reciprocal of the distance be-
tween the charges, hence leading to variation of the
field effect with both the number and the orienta-
tion of the intervening bonds. We have examined the
present example of a partial negative charge inter-
acting with the dipole of a C O bond in the light of
the Kirkwood–Westheimer [9] treatment for the in-
teraction of charges with dipolar substituents. Our
calculations [10a] indicated that one might expect
a small variation corresponding to a sigmoid curve
with (a) a minimal value at low values of θ, (b) a fairly
sharp increase in the range of 60–120◦, and (c) an
asymptotic approach to a maximal value at θ = 180◦.
The magnitude of the maximal effect depends on the
choice of the “effective dielectric constant,” but it
seems likely that an effect on kN as high as a fac-
tor of 10 might be possible. Such a variation of field
effect is clearly quite different from that indicated by
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Fig. 1, i.e., neither the field nor the inductive effects
can account for the observed cos2 θ dependence. The
intervention of a small field effect, however, is con-
sistent with the results shown in Fig. 1. With such
a picture the major influence is the torsion angle
dependent negative hyperconjugation with minor
effects from both the angle independent inductive
effect and a weak sigmoidal field effect (increasing
as θ varies from 0 to 180◦ for uncharged substituents)
following the Kirkwood–Westheimer model.

It is important to recognize that the terms hy-
perconjugation and polar effects, like all substituent
effects as commonly defined, reflect the difference
in the influence of the substituent from that of the
substituent in the model, i.e., the hydrogen atom or
carbon grouping. In other words the hyperconjuga-
tive effect of an alkoxy group with θ = 180◦ leading
to an enhancement in kN of 400 times, represents
not the effect of the OR group alone, but rather the
extent by which the hyperconjugative effect of the
b-alkoxy group exceeds that of the hydrogen or car-
bon substituent in the same position [11].

Angle Dependence of σ∗, a New Parameter σ∗θ
One way of treating the observation of a torsion an-
gle dependent substituent effect is to propose a tor-
sion angle dependent version of the Taft substituent
constant, σ∗, which we may symbolize as σ∗θ , and
which may be derived as follows. Noting that the
rate of the H–D exchange in PhSO2CH2CH2OMe vs
that of PhSO2CH2CH3 in our most generally used sys-
tem (D2O–dioxane-d8, 25◦C) was the same (1.2× 103)
as that found by Thomas and Stirling [2] in their
experiments (in EtOH, 25◦C) which had led to the
expression log kX/kH = 4.89σ∗, we feel justified in
concluding that log kN ≈ 4.9σ∗θ is a reasonably close
approximation. Combining this with Eq. (4) (log
kN = 1.70+ 2.62 cos2 θ), we write Eq. (5), where
(σ∗θ )OR is the Taft substituent constant for the alkoxy
group for the specific torsion angle, θ.

(σ∗θ )OR ≈ 0.35+ 0.53 cos2 θ (5)

This yields the following (σ∗θ )OR values: (σ∗0)OR =
(σ∗180)OR = 0.88, (σ∗60)OR = 0.48, and (σ∗90)OR = 0.35.

One may note that the maximal value of (σ∗θ )OR

(0.88) is distinctly larger than the range of values
(0.51–0.76) usually given for the methoxy group
[12]. This is readily accounted for in terms of
the array of conformations that can be expected
for a conformationally mobile substrate (such as
PhSO2CH2CH2OMe); some of the conformations are
unreactive, one (probably not more) maximally re-
active (with the conformation as in A), and some
less reactive, with the overall reaction reflecting the

weighted average as prescribed by Winstein–Holness
kinetics. This picture may well account, at least in
part, for the considerable variation in the reported σ∗

values (cf. the range for OMe above) with variation
in σ∗ arising simply because of differing conforma-
tional equilibria in the reacting systems.

The present idea may be usefully applied to the
long-standing question of the mechanisms of elim-
ination reactions in some b-substituted cyclohexyl
aryl sulfones studied extensively in the 1950s and
1960s by Pearson, Bordwell, Hine, and Goering and
coworkers, and terminated somewhat inconclusively
in the 1970s. As we have shown elsewhere [8], the
concept of the variation of substituent effect with tor-
sion angle establishes the E1cB mechanism without
recourse to further hypotheses.

OTHER SUBSTITUENTS—GENERALITY

The above experiments led us to the conclusion that
negative hyperconjugation is important with at least
one substituent (the alkoxy group) in at least one re-
action (a-H–D exchange in sulfones). This raised the
obvious question of other substituents and other re-
actions. The finding of Thomas and Stirling [2] that
the isotopic exchange process in Eq. (1) showed a
good correlation with the Taft σ∗ values for a wide
array of substituents, indicates that the alkoxy sub-
stituent is not behaving exceptionally in this reac-
tion. This in turn would suggest that other sub-
stituents in this correlation might also be expected
to have hyperconjugative components in their sub-
stituent effects and to display them in appropriate
H–D exchange reactions.

We have therefore synthesized the nine b-
substituted sulfones shown by structures 26–28;
these correspond to approximate θ values of, re-
spectively, 180◦, 60◦, and 0◦; compounds 20 and 21
serve as the models. Our results [10b,10c,13, A. Z.
Cheng, V. Dave, unpublished work] are summarized
by Fig. 2, and clearly establish the generality of the
dependence of the variation of log kN on the tor-
sion angle (θ). The message is clear: negative hy-
perconjugation can be expected under the appropri-
ate circumstances with any substituent, especially
heteroatomic substituents in which the electronic
properties are quite different from those of the model
substituent (hydrogen or carbon).
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FIGURE 2 Plot of log kN vs torsion angle for b-substituted
sulfones 26–28. Experimental points and a and b parame-
ters for Eq. (4) (derived from nonlinear least squares fits)
are shown as follows: X = trialkylammonio, squares, dot–
dash line from a= 2.89± 0.0002, b = 6.29± 0.0002; X =
alkylthio, inverted triangles, dotted line from a = 0.65± 0.12,
b = 3.23± 0.15; X = tertiary amino, circles, dashed line from
a = 0.90± 0.19, b = 1.95± 0.24. The solid line is that for X=
alkoxy transferred from Fig. 1 for comparison.

Examination of the parameters recorded in the
caption to Fig. 2 reveals two features of note. First,
we look at the parameters for a, the angle indepen-
dence term in Eq. (4), which vary from 0.65 for
the thioalkoxy (RS) group to 2.89 for the trialkyl-
ammonio (R3N+) function. As was described in the
previous section, division of a (the angle indepen-
dence parameter) by 4.9 yields (σ∗90)X, the angle de-
pendent σ∗ value for the torsion angle of 90◦, i.e. the
Taft substituent constant in which there is no hyper-
conjugation and the electronic effect reflects only the
field and inductive effects. The values of (σ∗90)X so ob-
tained are RS 0.13, R2N 0.18, RO 0.35 (as above),
and R3N+ 0.59. The order of listing is, of course,
simply that of increasing (σ∗90)X values; this order,
however, also corresponds to the order of increasing
electronegativities of these groups, a pattern fully
consistent with our assignment of the angle inde-
pendence terms to the field and inductive effects. It
should be explicitly noted that standard σ∗ (and σI)
values do not show such a simple correlation with
electronegativity, e.g., the value for the least elec-
tronegative group, the alkylthio (RS) group (e.g. MeS
σ∗ 0.29–0.69) lies between those for the amino func-
tion (e.g. Me2N σ∗ 0.13–0.42) and the alkoxy group
(e.g. MeO σ∗ 0.51–0.76) [12].

We note as our second point the variation of b,
the angle dependence parameter, from 1.95 for R2N,
through 2.62 for RO, and 3.23 for RS, to 6.29 for
R3N+. We interpret this parameter as a quantitative
index of the extent of hyperconjugation in this re-
action, i.e., showing that hyperconjugation has the
smallest effect with R2N, somewhat larger with RO,
larger still with RS, and finally substantially greater
yet with R3N+ groups.

At the qualitative level of simple orbital interac-
tion diagrams [14] the observed pattern is fully con-
sonant with simple MO theory. It is necessary to re-
call [14] that the energy change on interaction of two
orbitals (i.e., the extent of lowering of the resulting
lower energy orbital or of the increase of the higher
energy orbital) is given approximately by Eq. (6),
where the h2

AB term is the interaction matrix element,
and εA and εB are the energies of the interacting or-
bitals; it should also be recalled that εA for an atomic
orbital decreases as the electronegativity (or formal
positive charge) of the atom increases.

1ε ≈ h2
AB

εA − εB
(6)

If we examine the negative hyperconjugative sta-
bilization of a b-substituted carbanion (C̄ C X) in
terms of a simple MO picture, we first illustrate the
interaction as a p-type overlap of a filled p-orbital
with an unoccupied σ∗ orbital as in 29 [15].

The corresponding orbital interaction diagrams for
both X=C and X=O are given in Fig. 3 wherein
we see that the net result of the two sets of orbital
interactions is 1εCO > 1εCC, i.e., the negative hyper-
conjugative interaction is predicted to be greater for
X=O than for X=C. This pattern arises primarily
because the energy of σ∗CC is higher than that of σ∗CO

and hence the denominator of Eq. (6) in the CC case
(εσ∗CC − εC) is larger than that in the CO interaction
(εσ∗CO − εC). The higher energy of σ∗CC vs. σ∗CO arises in
turn from essentially the same cause, i.e., the denom-
inator for the CO sigma system is larger than that for
the CC sigma array [16] and the σ∗CO energy level is
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FIGURE 3 Orbital interaction diagrams comparing negative hyperconjugation in C̄ C X with (a) X = carbon and (b) X =
oxygen. The left side of each diagram shows the interaction of the filled p-orbital of the carbanion with each σ∗ orbital. The
resulting energy lowering is given by 1εCC for X = C and 1εCO for X = O; 1εCO > 1εCC, the difference being due to the lower
energy of σ∗CO vs σ∗CC, the origin of which in turn is shown on the right side of each diagram.

lower than that for σ∗CC. Another feature contribut-
ing to the larger value of 1εCO with respect to 1εCC is
the improved p-overlap arising because of the larger
coefficient of σ∗CO on the carbon atom relative to that
on (either) carbon in σ∗CC. An attempt has been made
in Fig. 3 to indicate qualitatively the magnitude of
these coefficients by varying the sizes of the orbitals.

For the amino group (R2N) we can readily inter-
polate to predict that 1εCO > 1εCN > 1εCC, while for
the trialkylammonio group (R3N+) the much lower
energy of the nitrogen atomic orbital due to the pos-
itive charge leads to a low value of σ∗CN+ and from
this to a large value of1εCN+ (larger than1εCO). With
the thioalkyl group (RS) the origin of the fairly high
negative hyperconjugation (as indicated by the value
of 3.2 for the angle dependence parameter) is to be
found not in high electronegativity, but rather in the
comparatively poor σ-overlap of the 2p-orbital on
carbon with the 3-orbital on sulfur. This produces
a much smaller value of h2

AB in Eq. (6) which leads
to a low energy value for σ∗CS; thus both the h2

AB and
εA − εB terms are smaller for thioalkyl vs. the alkoxy
group and it is not surprising that the angle depen-
dence parameter b is higher for RS than for RO.

RELATED WORK

The concept of hyperconjugation has been extant for
more than 60 years and it is appropriate to specify
what is new in this investigation and how it relates
to other studies. The theoretical concept of nega-
tive hyperconjugation, especially in connection with
the generalized anomeric effect, was dealt with in
a number of papers [3] in the 1970s and 1980s. The
present work provides simple, readily understood ex-
perimental support for the predictions made in these
studies. The paper by Schleyer and Kos [3c] is par-
ticularly relevant. The authors estimated that a total
stabilization energy of 23.5 kcal mol−1 results from
replacement of X=H by X=OH in XCH2CH2

−. Of
this 13.2 kcal mol−1, (or 56%) was ascribed to hy-
perconjugation; a similar estimate for X=NH2 in-
dicated 55% hyperconjugation contribution. From
our experiments we may estimate the hyperconju-
gation percentage from the a and b parameters in
Eq. (4), specifically, the ratio 100b/(a+ b). From this
we estimate that the percentage of hyperconjugation
in the substituent effect is 61% for OH and 68% for
NH2. Given the completely different sources for these
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estimates we regard the substantial agreement be-
tween our results and those of Schleyer and Kos as
reassuring.

The concept of negative hyperconjugation has
been invoked in the chemistry of carbanions pre-
viously by Ahlberg and Thibblin [17] to account
for the effects of oxygen substituents in 1,3-proton
transfer in indenes and in clarifying aspects of
the E2-E1cB borderline. In studying the mecha-
nism of nucleophilic substitution at electrophilic
olefins, Rappoport [18] has noted that the reaction
commonly proceeds with retention. Rappoport and
Apeloig [3d] account for this behavior in terms of
the intermediate carbanion and its stabilization by
negative hyperconjugation.

During much of the time when we were busy
making b-alkoxy sulfones Lambert and his cowork-
ers [19] were investigating the corresponding angle
dependence of “ordinary” or “positive” hyperconju-
gation. In this investigation Lambert and cowork-
ers synthesized a set of b-trimethylsilyl alcohol
derivatives and found that the solvolysis rate con-
stants varied spectacularly with the torsion angle,
exactly as expected from hyperconjugative stabi-
lization of the incipient carbocation by the σCSi

electrons.
The mutual consistency of these various theo-

retical and experimental studies is such that, in our
view, it would be perverse to draw any other con-
clusion than that hyperconjugation can lead to large
chemical effects, especially with heteroatoms.
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