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Although conformational preferences of neutral six-membered-
ring systems are dominated by steric efféatscent computational

studies suggest that electronic effects exert a profound influence

on the conformations of six-membered-ring oxocarbenium ions.
In the process of analyzing rates of glycoside hydrolysis, Bowen
and co-workers reported molecular mechanics calculations indi-
cating that hydroxyl groups at C-4 and C-3 of a six-membered
oxocarbenium iohassume pseudoaxial positions in the half-chair
conformation (eq 1§ The pseudoaxial preference has been
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attributed to a stabilizing electrostatic attraction between the
partially negatively charged hydroxyl oxygen atom and the
carbocationic carbohwhich are positioned closer together in a

pseudoaxial conformer than in a pseudoequatorial confotfher.

This phenomenon would have significant impact on bioorganic
and synthetic chemistry if it could be confirmed by solution-phase
experiments. For example, the mannosy! cation is believed to
adopt a conformation in which alkoxy groups at C-3 and C-4
reside in pseudoaxial orientatiohéThe preference for pseudo-

axial positions in oxocarbenium ions could also provide a means

to control the stereochemical courses of synthetic transforma-

tions®91n this paper, we report evidence that oxocarbenium ions

bearing electronegative substituents at C-3 and C-4 react through®

pseudoaxial conformers.

To investigate the influence of alkoxy groups on the conforma-
tions of oxocarbenium ions, we compared nucleophilic substitution
reactions of analogous alkyl- and alkoxy-substituted acetals
bearing a single substituent at various positions on the?rifg.

Because nucleophiles attack oxocarbenium and iminium ions

along axial trajectories through chairlike transition structdtés,
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tions will be strongly influenced by effects that stabilize the
ground state conformations, since the transition structures for
nucleophilic attack should be early and thus reactant-like. The
C-glycosylatiot®1* of an anomeric acetate with allyltrimethyl-
silane, which likely proceeds via an oxocarbenium foig an
excellent probe for determining reactive conformations since
attack of this carbon nucleophile is irreversible and high-yielding.

The nucleophilic substitution of 4-substituted tetrahydropyran
acetals3 proceeded with opposite stereochemistry depending upon
the substituent (eq 2). Alkyl-substituted acetdsand3c provided
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compound X cis : trans _yield (%)
a Me 94:6 74
b OBn 1:99 75
c CHyBn 93:7 77

the 1,4-cis productda,c whereas the presence of a benzyloxy
group at C-4 in3b led to selective formation of the 1,4-trans
product5b.16:17

The stereoselectivity observed for nucleophilic substitution of
3b (eq 2) indicates that the alkoxy-substituted oxocarbenium ion
intermediaté® reacts through the pseudoaxial conforméeq 3)8
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since stereoelectronic effett$?require that the 1,4-trans product
arises from nucleophilic attack on this conformer of the cation.
This conformational preference is in accord with computationally
determined conformational preferences for substituted tetrahy-
dropyran cations in their ground stafésThe results also indicate
that the alkyl-substituted oxocarbenium ions react through the
seudoequatorial conformé:s Alternative explanations for these
stereoselectivities do not account for the experimental data.
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,of starting material are separable. Control experiments indicate that both

anomers give the same product with the same degree of selectivity.
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Substituents at C-4 are too far away from the cationic carbon
atom to impede approach of the nucleophile. Anchimeric as-

sistance from the benzyloxy group can be discounted by examina-

tion of selectivities exhibited for other substitution patterns (vide
infra). Because both methyl-substituted ac8&abnd phenethyl-
substituted aceta@c undergo substitution with 1,4-cis selectivity,
participation by the phenyl group on the benzyloxy substituent
cannot be responsible for the reversal of selectitfty.

The reversal of selectivity exhibited by C-4 substituted acetals
was also observed for C-3 substituted systems. Nucleophilic
substitution on methyl-substituted ace®alprovided the 1,3-trans
product10a with high selectivity?® and the alkoxy-substituted
analogueBb provided 1,3-cis producdb (eq 4).
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compound X cis : trans _yield (%)
a Me <1:>99 69
b OBn 89:11 94

The selectivities observed for 3-substituted ace3dbx 4) are
consistent with calculations of ground-state conformations of
oxocarbenium ions in which an alkyl group at C-3 favors
pseudoequatorial conformédr, while an alkoxy group favors
pseudoaxial conformet2 (eq 5)32* Unlike the C-4 substituted
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systems, the pseudoaxial substituent at C-Bai6 close enough
to inhibit approach of the nucleophile. Evidently, the alkoxy
substituent is not large enough to force the reaction to occur via
the less stable conformdrl (X = OBn). The stereochemistry
observed for the alkoxy-substituted ace®dldemonstrates that
anchimeric assistance by the alkoxy group does not occur. If this
group were to participate in this way, the 1,3-trans product would
be formed from8b, contrary to the experimental result (eq 4).
To complete our studies, we examined the influence of
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modestly favored for the 2-methyl oxocarbenium ib® (X =

Me) 224 this conformer is less reactive than the axial conformer
17 (X = Me) since approach of the nucleophilelt®é must occur
along a trajectory over the methyl group. The low selectivity
observed for this substrate indicates that steric inhibition of
nucleophilic attack opposes conformational control. These forces
are not balanced for the alkoxy-substituted oxocarbenium ion,
however. Alkoxy substituents exhibit a larger preference for the
pseudoequatorial conformer than the alkyl-substituted cation,
likely due to hyperconjugation between the electron-donating
C—H bond and the 2p orbital on the electrophilic carbon atom.
Because an alkoxy group is less sterically demanding than an
alkyl group, the nucleophile can approach from the same face as
the substituent to provide predominantly the 1,2-cis proddét

As with the 3-substituted oxocarbenium ion, cis selectivity is
inconsistent with anchimeric assistance.
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The preference for C-4 substituted oxocarbenium ions to react
with alkoxy groups in pseudoaxial orientations extends to other
electronegative heteroatom substituents. Nucleophilic substitution
on 4-chloro acetal 8 provided the 1,4-trans produt® prefer-
entially (eq 8). This result may be understood by considering
nucleophilic attack on the pseudoaxially substituted oxocarbenium
ion 7 (X = Cl, eq 3)?°

o SnBry

18 90%

86 : 14 stereoselectivity

In conclusion, the stereoselective reactions of tetrahydropyran
acetals with nucleophiles demonstrate that oxocarbenium ions
bearing electronegative substituents at C-3 and C-4 react through
pseudoaxial conformers. These experiments show that for sub-
stitution at both C-3 and C-4, alkyl- and alkoxy-substituted
oxocarbenium ions provide products with opposite stereochem-
istries. In these cases, the conformer of the intermediate that
undergoes nucleophilic attack is the lower energy conformer as

substitution adjacent to the acetal carbon. An alkyl substituent determined using computational methods. The preference for
confers little stereochemical differentiation between the two sides heteroatom-substituted oxocarbenium ions to react through pseudo-
of the intermediate oxocarbenium ion (eq 6), consistent with axial conformers likely operates in other carbocationic systems

such asN-acyliminium ions?®
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observations on 2-methyl-substituted tetrahydrofuran acétale
reaction of the 2-alkoxy acetdf3b, on the other hand, was cis-
selective®®

The selectivities shown in eq 6 are the result of conformational
bias and steric approach control working in opposition to each
other. Although the pseudoequatorial conformer should be
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