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ABSTRACT

A remote alkoxy substituent strongly stabilizes one particular conformer of an eight-membered ring oxocarbenium ion by a through-space
electrostatic effect. X-ray crystallographic analysis of a crystalline derivative proves that kinetically controlled nucleophilic substitution favors
the 1,4-trans product. Nucleophilic substitution of the corresponding alkyl-substituted acetate, however, is unselective. A computational model
has been developed and experimentally validated to predict the low-energy conformers of C3-, C4-, or C5-alkyl- or alkoxy-substituted eight-
membered ring oxocarbenium ions.

Many of the methods employed to synthesize the substituted
medium-ring ethers contained within cytotoxic natural
products such as the ladder ether toxins1 and Laurencia
metabolites2 rely on establishing stereochemistry prior to or
during cyclization. Selective introduction of a substituent to
a medium-ring oxocarbenium ion represents another powerful
method for preparing this class of compounds.2d The
stereoselectivities resulting from nucleophilic attack on
medium-ring oxocarbenium ions, however, are largely
undocumented,1a,2d in contrast to reactions of the more

common five- and six-membered ring systems.3 In this
communication, we provide a systematic study of the
influence of substituents on the selectivity of nucleophilic
additions to eight-membered ring oxocarbenium ions. We
demonstrate that steric effects alone are insufficient to obtain
high selectivity. In contrast, electronic effects exhibited by
remote alkoxy substituents in eight-membered rings can be
powerful forces for the control of ring conformation, and
therefore selectivity, mirroring results observed for five- and
six-membered rings.3

Selective nucleophilic addition to monosubstituted eight-
membered ring oxocarbenium ions4 can be complicated by
the presence of many accessible low-energy conformations
of these intermediates. Furthermore, the distribution of
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conformers cannot be predicted easily. Preference among the
conformers is crucial for achieving highly selective reactions
because nucleophilic attack should be slow relative to
conformer interconversion.2b,5,6The unsubstituted intermedi-
ate exists as two low-energy conformations, boat-chair-2 (1)
and boat-chair-3 (2), which are comparable in energy
(Scheme 1).7-10 When a remote substituent is appended to

the ring, conformational control becomes even more com-
plex. Selectivity upon nucleophilic attack depends not only
on the preferred substituent orientation but also on the relative
contribution of1, 2, and other possible conformers to the
overall energy profile.7b Each of these conformers should
undergo attack by nucleophiles from the periphery as
observed for electrophilic approach to medium- and large-
ring olefins.11

To elucidate the influence of remote substitution on
selectivity, we compared nucleophilic substitution reactions
of eight-membered ring oxocarbenium ion precursors bearing
a C3-, C4-, or C5-alkyl or alkoxy substituent.12,13 Nucleo-
philic addition to a C4-methyl-substituted eight-membered
ring oxocarbenium ion, generated upon treatment of acetate
3a with a Lewis acid, is unselective (Scheme 2).14-16 The
lowest energy conformers of this intermediate,6 and7, bear
a strong resemblance to the unsubstituted cations shown in
Scheme 1. Although the steric preference for a methyl
substituent to adopt a pseudoequatorial orientation seems to
dominate, conformers6 and7 should be similar in energy.10

As a consequence, selectivity is low because both di-

astereomeric faces of the oxocarbenium ion are presented
to the nucleophile.

A C4-alkoxy substituent, however, does control the
conformation of the charged intermediate.10 The C4-benzyl-
oxy-substituted acetate3b afforded high 1,4-trans di-
astereoselectivity upon nucleophilic substitution (Scheme
2).14-16 This selectivity can be explained by a through-space
electrostatic attraction17,18between the remote electronegative
substituent and C-19a that stabilizes conformer8 (Scheme
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2).19,20 This counterintuitive interaction occurs despite the
inherent preference for substituents at this position to reside
outside the ring, avoiding transannular strain.11 Conformer
9 is higher in energy than8 because the benzyloxy substituent
is too far away from the cationic carbon9a to stabilize this
conformer effectively. It is likely that nucleophilic addition
to 9 provides the minor 1,4-cis product5b.

The conformational preferences with substitution at C-5
resemble those observed when a C-4 substituent is present.
For example, nucleophilic substitution of acetate10aafforded
a nearly equal ratio of diastereomeric products11aand12a
(Scheme 3). The presence of two low-energy conformers (13,

and the C5-pseudoequatorial analogue of6) again leads to
an unselective nucleophilic substitution reaction.10,18,19A C5-
alkoxy-substituted eight-membered ring oxocarbenium ion
also exists as a mixture of conformers in which the remote
alkoxy group stabilizes the charged intermediate. Nucleo-
philic substitution reactions of C5-benzyloxy acetate10b
mainly provided 1,5-trans product11b (Scheme 3). Because
the energy difference among the three low-energy conformers
of the intermediate (only the lowest,14, is shown) leading
to 11b or 12b is less than that between8 and 9,10 the
trans:cis selectivity is reduced.

Alkyl or alkoxy substituents at C-3 do not exert significant
control for reactions of eight-membered ring oxocarbenium
ions. Conformers possessing a pseudoaxial or a pseudoequa-
torial substituent at a corner position of the eight-membered
ring are close in energy because the substituents experience
similar gauche-gauche interactions with the ring.7a,11 Be-
cause each conformer can react to give one of two diaster-
eomeric products, the overall selectivities for nucleophilic
substitution reactions of acetates15a and 15b are modest
(Scheme 4). As before, steric preferences likely govern the

distribution of conformers with alkyl substitution at C-3. The
1,3-cis isomer17a is the major product of nucleophilic
substitution of acetate15a, arising primarily from addition
to low-energy conformer18 (Scheme 4). While a pseudoaxial
benzyloxy substituent at the 3-position likely stabilizes the
carbocation in conformers19and the pseudoaxial C3-alkoxy
analogue of conformer2, the electrostatic attraction is
attenuated by the less than optimal geometry of the inter-
action.10 Nucleophilic addition to these conformers affords
the major 1,3-trans isomer16b. Other low-energy conformers
of the charged intermediate contain a pseudoequatorial C-3
alkoxy substituent and provide the minor 1,3-cis isomer17b
upon nucleophilic addition.

In conclusion, the strong electrostatic (alkoxy) or more
subtle steric (alkyl) effects exerted by remote substituents
in monosubstituted eight-membered ring oxocarbenium ions
govern the distributions of conformers in solution. These
distributions were predicted on the basis of a computational10

assessment of the low-energy conformers of these intermedi-
ates. Nucleophilic addition to these oxocarbenium ions
affords disubstituted oxocanes. Highly selective reactions
occur when a remote electronegative substituent can stabilize
one oxocarbenium ion conformer over all others prior to
nucleophilic attack.
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ion is the global minimum of this intermediate, but we do not believe that
this conformation can be used to explain the diastereoselectivity of this
reaction. Further explanation is provided within Supporting Information.
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