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tetrahedral intermediates through hydrogen
bonding, which also reduces the enthalpic price
of the reaction. Accordingly, the cavitand pro-
vides a nearly ideal environment for this reaction:
The reactants are confined in a limited space and
properly oriented, and the desired reactive
intermediate is actively stabilized. The stabiliza-
tion is further enhanced by the binding of the
intermediate. In free solution, the dehydration
step is self-promoted; in the absence of a better
base, a second amine molecule can accelerate the
elimination of water. The confinement provided
by the cavitand prevents interaction between
external base and tetrahedral intermediate,
thereby inhibiting progression to the imine.

Are these confining cavities capable of
shifting equilibria toward otherwise unstable
intermediates (22)? Enzyme-catalyzed reactions
show enormous rate enhancements through
binding to reaction intermediates that structurally
resemble transition states. The alteration of
equilibria inside enzymes such as triose phos-
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phate isomerase has been proposed (23, 24) but,
despite close examination (25), has yet to be
confirmed. Another proposal relates the magni-
tude of these effects to the attractive forces
between enzyme and substrate, with the greatest
effects arising from the formation of covalent
bonds (26). The evidence presented here supports
this view, insofar as the cavitand’s functional
group arrangement resembles an enzyme active
site. Although these cavitands are not catalysts,
they show a capacity in stoichiometric quantities
to trap reactive intermediates, allowing more
direct study of reaction mechanisms.
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A Powerful Chiral Counterion
Strategy for Asymmetric Transition

Metal Catalysis

Gregory L. Hamilton, Eun Joo Kang, Miriam Mba, F. Dean Toste*

Traditionally, transition metal—catalyzed enantioselective transformations rely on chiral ligands tightly
bound to the metal to induce asymmetric product distributions. Here we report high enantioselectivities
conferred by a chiral counterion in a metal-catalyzed reaction. Two different transformations catalyzed
by cationic gold(l) complexes generated products in 90 to 99% enantiomeric excess with the use of
chiral binaphthol—derived phosphate anions. Furthermore, we show that the chiral counterion can be
combined additively with chiral ligands to enable an asymmetric transformation that cannot be
achieved by either method alone. This concept of relaying chiral information via an ion pair should be
applicable to a vast number of metal-mediated processes.

he preparation of enantiomerically pure
compounds has become a requirement for

agrochemical and pharmaceutical synthe-

sis. Such chiral nonracemic compounds are typi-
cally accessed from either Nature’s “chiral pool,”
by resolution of a racemate or by means of an

enantioselective transformation mediated by a
chiral catalyst (/). In general, chiral catalysts rely
on covalent (dative or nondative) bonds between
the reactive site and the chiral moiety. An alter-
native approach, which takes advantage of the
fact that many enantioselective catalysts bear a
positive charge, is the induction of asymmetry by
interaction of the cationic catalyst with a chiral
counteranion associated with the metal in an ion
pair. This idea is potentially very powerful
because, in principle, the same or a small library
of chiral anionic counterions could be used to
make a wide range of cationic catalysts enantio-
selective. The importance of chiral ion pairs is
well known in the fields of phase-transfer catal-
ysis (2) and organocatalysis (3—6) and may also
be relevant to chiral Bronsted acid catalysis (7).
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