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We have recently initiated a program directed toward
the development of stereoselective metal-catalyzed in-
tramolecular hydride transfer reactions. The catalytic
aldol-Tishchenko reaction is one such process wherein
an organized transition state results in diastereoselective
product formation.® For similar reasons, we expected that
an intramolecular Cannizzaro reaction (eq 1) might occur
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with stereocontrol in the presence of an appropriate
Lewis acid catalyst. This transformation results in the
production of synthetically useful a-hydroxy esters di-
rectly from readily available glyoxals? under neutral
conditions. Current precedent for an intramolecular
Lewis acid (as opposed to Bronsted base) catalyzed
Cannizzaro reaction is limited to reaction conditions
requiring high temperature (60 °C) and/or high catalyst
loading (20 mol % catalyst) and, in some cases, involves
competitive side reactions.?® Herein, we report that the
intramolecular Cannizzaro reaction may be brought
about at room temperature with as little as 1 mol % of
an appropriate Lewis acid catalyst. While initial studies
indicate that the reaction may be subject to asymmetric
catalysis, preliminary mechanistic experiments also in-
dicate that common C,-symmetric ligands are not ap-
propriate for this reaction and that design of new ligand
motifs may be required to realize high enantioselectivity
in this metal-catalyzed process.

As a preliminary test reaction, catalytic conversion of
phenyl glyoxal hydrate to isopropyl mandelate was
examined in the presence of a number of metal salts. In
these experiments, 2-propanol was used as a cosolvent
thereby necessitating that catalysts are tolerant of protic
reaction conditions.* The experimental protocol involves
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Table 1. Chromium-Catalyzed Cannizzaro Reaction of
Aryl Glyoxals?
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a All reactions were carried out with 10 mol % Cr(ClO4)3-6H,0
at room temperature for 24 h in 2:1 2-propanol:dichloroethane
solvent. PPercent yield is of isolated material after silica gel
chromatography. All compounds were characterized by IH NMR,
13C NMR, IR, and elemental analysis.

addition of 10% catalyst to an 2-propanol—dichloroethane
solution of the glyoxal substrate (most often employed
as the hydrate) followed by a 24 h reaction period. The
reactions were carried out on the benchtop with no
particular precautions to exclude moisture or oxygen from
the reaction vessel. Of the 20 metal complexes examined,
it was found that Cu(ClQO,),-6H,0, Cu(OTf),;, and Cr-
(Cl0O,)3:6H,0 gave the highest levels of reactivity; reac-
tions with Fe(ClO4)3:6H,0, Mg(ClO,),-6H,0, AI(CIO,)3*
9H,0, Li(Cl0O,4)-3H,0, and Y(ClO,)3 provided no product.
To explore substrate scope with Cr(ClO,);-6H,0, the
series of reactions presented in Table 1 was examined.®
It was found that various aromatic glyoxals are converted
to a-hydroxy esters with isolated yields ranging from 40
to 84%. Notably, under the influence of the chromium-
(111) catalyst, alcohol functionality is tolerated in the
starting material (entry 5, Table 1).

To initiate studies in asymmetric catalysis, an arrayed
catalyst evaluation approach was employed.® This cata-
lyst discovery strategy revealed Cu(OTf),—PhBox’ and
Ni(ClO,),—BINAP? as two metal—ligand combinations
able to effect the Cannizzaro reaction in an enantiose-
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Table 2. Cu(ll)-PhBox Catalyzed Asymmetric
Cannizzaro Reaction?
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a All reactions were carried out at room temperature for 24 h
in 2:1 2-propanol:dichloroethane solvent. PPercent vyield is of
isolated material after silica gel chromatography. All compounds
were characterized by 'H NMR, 13C NMR, IR and elemental
analysis. ‘Determined by chiral GLC analysis. Absolute configu-
ration determined by comparison to authentic material.
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lective fashion. In the presence of 10 mol % of a 1:1
complex of Cu(OTf), and (S,S)-Ph-box (see Table 2),
phenyl glyoxal hydrate is converted to R-isopropyl man-
delate in 28% ee and 57% yield. Notably, similar levels
of enantioselectivity and yield can be obtained with 5 mol
% and 1 mol % catalyst loading. When nonaromatic
substituted bis(oxazoline) ligands were employed in place
of PhBox, significantly diminished yields were obtained.
For instance, when 10 mol % t-Bu-box was used as the
ligand the Cannizzaro adduct could not be detected by
IH NMR analysis of the crude mixture. Such unusual
reactivity discrepancies, upon substitution of aromatic
oxazoline-derived ligands for their alkyl-substituted coun-
terparts, have been noted in the recent literature by
Evans® and Jgrgensen.1°

To provide a mechanistic foundation for rational
catalyst modification, the crossover experiment in Scheme
1 was carried out. Subjection of a 1:1 mixture of deute-
rium-labeled phenyl glyoxal*' and nonlabeled 2-naphth-
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ylglyoxal to the catalytic reaction conditions resulted in
the corresponding Cannizzaro reaction products. Both 'H
and ?H NMR spectroscopic analysis show that <5%
deuterium is incorporated in the naphthyl-derived prod-
uct and <5% hydrogen is incorporated at the carbinol
position of the mandelate product. Since no crossover
occurs in the hydride transfer step, it is reasonable to
speculate that the Lewis acid-catalyzed Cannizzaro reac-
tion proceeds by an intramolecular 1,2 hydride shift. This
experiment also indicates that the current reaction does
not proceed through an enediol intermediate similar to
that invoked for the Lobry de Bruyn-Alberda van Eken-
stein reaction,’? as the enediol is known to participate
in proton exchange with solvent and would therefore
result in nonstoichiometric deuterium incorporation in
the crossover experiment described above.*?

On the basis of our observations, we propose the
reaction mechanism described in Scheme 2. Initial reac-
tion of the arylglyoxal with 2-propanol provides hemi-
acetal 4. Subsequent coordination of 4 to the catalyst
followed by intramolecular hydride transfer, presumably
by a three-center transition state, might then provide the
observed reaction product. In support of this conjecture
is that '"H NMR (CDCIl;) analysis of the arylglyoxal
hydrate in the presence of 5 equiv of 2-propanol shows
only the presence of hemiacetal 4; resonances for the
aldehyde and hydrate could not be detected. Under this
paradigm, enantioselective transformation would result
from a dynamic resolution whereby the chiral transition-
metal complex selectively binds and catalyzes the rear-
rangement of one enantiomer of an equilibrating mixture
of the stereoisomers of 4.1* This mechanistic scheme
highlights the challenge in design of an effective catalyst
for enantioselective transformation. The enantiomer of
4 that is expected to bind a C, symmetric catalyst in a
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Notes

“matched” fashion (‘PrO directed away from steric bulk,
see 5) will experience a more substantial steric penalty
upon hydride transfer and pyramidalization of the newly
forming stereocenter (aryl directed toward steric bulk of
ligand, see 6) than does the “mismatched” enantiomer
of hemiacetal 4. We suspect that these counteracting
steric interactions, generated by the C, symmetric envi-
ronment about the ligand, lead to low selectivity and that
design of new ligand motifs may be required to realize a
highly selective transformation.
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