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Superjacent Orbital Control.
of the Anomeric Effect

Sir:

Hyperconjugation leads to different stable geometrical
conformations for the XCH,-CH,* and XCHy,-CH,~
ions.! If X is more electronegative than H, the cation
adopts an eclipsed conformation while the anion prefers

a bisected conformation. The orbital interactions
which determine these preferences involve the terminal

X H X H
H H H

bisected

An Interpretation

X

e

eclipsed

p orbital and the - and =w*-type orbitals of XCH,.
However, the specific interactions are different in cat-
ions and in anions. Let orbital p lie at energies AE
and AE*, respectively, from the X-unperturbed =, and
m,* orbitals, and let the X-perturbed (., m.*) pair be
shifted by (u,M) relative to the unperturbed pair. The
symmetry properties of the orbitals lead to the interac-
tions shown here. In the cation (two electrons) the
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energy in either conformation is equal to twice the sta-
bilization of the = orbital vig its interaction with p. If
a common matrix element 4 is assumed for this inter-
action, the relative energies are approximately (neglect-
ing overlap) —2h?*/AE (eclipsed) and —2h*(AE + )
(bisected).?

In anions (four electrons) there are two effects, which
both favor the same conformation. One of these is
the repulsive, p <>  interaction. Since orbitals p and
m are both occupied, their interaction is net desta-
bilizing.® If the p «» = overlap integral is S

E(repulsive) = —4Sh + 2S¥E, + E,) )

The other effect is atfractive and arises from the stabili-
zation of the occupied p orbital through its interaction
with the #* orbital. If A* is a common matrix element
for this interaction?

F(attractive) = —2(h* — S*E,)}/(E.x — E;) (2)
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or approximately —2h*2AE* (eclipsed) vs. —2h*?/
(AE* — \) (bisected). Realistic estimates of eq 1 and
2 accounting for the unsymmetrical nature of the (,7%)
orbital energy pattern and for the slightly larger value
of h relative to A* show the repulsive effect to dominate
in the reference ethyl anion.* However, similar esti-
mates show the attractive energy to increase rapidly in
systems with low-lying 7* orbitals (X more electro-
negative than H). Moreover, the attractive energy is
more sensitive to electronegative substituents than the
repulsive energy.*

Thus, whereas cation conformations are exclusively
controlled by the interaction of the nonbonding level
with the ‘“‘subjacent” level,® anion conformations are
controlled simultaneously by a repulsive interaction
with the subjacent level and by an attractive interaction
with the ‘“‘superjacent” level. The latter effect may
become predominant when X is electronegative,

The anomeric effect® is the preference of axial over
equatorial C; electronegative substituents in pyranose
rings. Attempts have been madet~=i78 to rationalize
this effect on the basis of electrostatic interactions be-
tween C;0-C,;X bond dipoles or between C;0-C;X
bonded pairs. Altona suggested? that donation from
the axial lone pair of the ring oxygen into the C;X anti-
bonding orbital stabilizes the axial conformation. Ngqr
measurements!® and bond length measurements®»® are
compatible with this interpretation. We now show
that if due account is made for the different energies of
the two oxygen lone pairs':'? their interaction with the
low-lying gcx* orbital leads naturally to the preference
for an axial X ligand.

Let n be the p-type oxygen lone pair and n’ the o-
type lone pair.1? The orientations of n and n’ relative
to the C;X and C;H bonds are shown in I (C;X axial)
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and II (C;X equatorial). The bond < lone-pair inter-
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actions each involve four electrons and X is electro-
negative. Let us consider then the attractive interac-
tions between the two lone-pair orbitals and the two
empty orbitals scx® and oox*. The important inter-
actions are shown with dotted arrows and the corre-
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sponding energies are approximately!?

I {(for n) —2k*YAE* — \)
(for n’) —2k**/(AE* + €)

I {(for n) —2h*2/AE*
(for n') —2h*2/(AE* + ¢ — )\)

Orbital n favors I while orbital n’ favors II. The
differential energy in favor of I is 4A* 2\e¢/(AE*)3, where
2h* 2\ J(AE*)? can be approximated by the energy differ-
ence between eclipsed and bisected conformations of
XCH,-CH,~ (15.7 kcal/mol for X = Cl1), the splitting
e is 17 kcal/mol (an initio calculation on tetrahydro-
pyran), and AE* is of the order of 160 kcal/mol.'4
The conformational preference is then ~3.3 kcal/mol
for X = Cl. The experimental value is 2.7 kcal/mol,®
while an STO-3G ab initio calculation on 1-chloro-
tetrahydropyran yields a conformational preference
of 1.2 kecal/mol (identical bond lengths in the two con-
formations) and 3.7 kcal/mol (relaxed bond lengths).

In highly polar solvents, orbitals n and n’ are both
stabilized, whence an increase in AE* and a decrease in
conformational preference, as observed.!®

We have not examined the repulsive energies corre-
sponding to eq 1 and we cannot rule out the possibility
that the preference for I is due to a smaller repulsion
energy. However, this is unlikely since a calculation
similar to the previous one—keeping only the four
largest orbital interactions and choosing a common
pair of (4, S) values—yields zero conformational pref-
erence. The observed solvent effect also argues against
any exclusion-repulsion control. Indeed, it can be
shown*that the repulsive energy change with substitution
(H — X), for any individual (nonbonding orbital, sub-
jacent orbital) pair, is independent of the energy gap
between the orbitals. Thus, superjacent orbital con-

(13) Overlap seems to discriminate only slightly between I and II
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trol by the C;X antibonding orbital, as first suggested
by Altona, and the energetic nonequivalence of the
oxygen lone pairs seem to be significant factors in deter-
mining the anomeric effect.

For X less electronegative than H, the same super-
jacent orbital interactions favor II (equatorial X) over
I, thereby providing at least some rationalization for
the reverse anomeric effect.!®
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Conformational Limitation for the Applicability of
the Taft Eq Parameters

Sir:
The steric parameters obtained from the linear free-
energy relationship (eq 1) proposed by Taft, for the

log k/ky = Eg n

evolution of rate constants in acid-catalyzed hydrolysis
of esters,! have been applied to a wide variety of reac-
tions.

These parameters have been subjected, however, to
various criticisms; among the most important ones
are: the lack of accounting for the difference in hyper-
conjugative ability between the various alkyl groups?
and the close relation between Es and o* observed by
Russian workers.?

It is noteworthy, however, that in spite of these crit-
icisms the Es parameters have a surprisingly large range
of applications such as: organic reactivity,* spectros-
copy,® enzymatic catalysis,® and drug design.” More-
over, Charton has shown, in a recent statistical analysis,
that the Es parameters are a function only of the van
der Waals radii.%?
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