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The development of catalytic enantioselective carbon-carbon
bond-forming reactions, particularly those that produce quaternary
stereocenters, is one of the most difficult challenges in stereo-
selective organic synthesis.1,2 In 1970, Steglich reported that
4-(dimethylamino)pyridine (DMAP) and 4-(pyrrolidino)pyridine
(PPY) catalyze the rearrangement ofO-acylated azlactones to their
C-acylated isomers, thereby generating both a new carbon-carbon
bond and a new quaternary stereocenter (eq 1).3,4 The products

of this rearrangement process represent useful building blocks
for synthetic organic chemistry, since nucleophiles react prefer-
entially at the azlactone carbonyl group to provide protected
R-alkylated R-amino acids.5-8 To the best of our knowledge,
there have been no reports of either diastereoselective or enan-
tioselective variants of this nucleophile-catalyzed rearrangement
reaction.

Several years ago, we initiated a research program directed at
the development of planar-chiral derivatives of DMAP (e.g.,1a,b)
as enantioselective nucleophilic catalysts. To date, we have

described the effectiveness of these complexes in the kinetic
resolution of secondary alcohols9 and in the deracemization/ring-
opening of azlactones.10,11 In view of Steglich’s discovery that
the rearrangement ofO-acylated azlactones is subject to catalysis
by 4-(dialkylamino)pyridines (eq 1), we set our sights on

achieving enantioselectiVe rearrangements with planar-chiral
derivatives of 4-(dialkylamino)pyridines. In this communication,
we report the realization of this objective through the use of a
new catalyst, PPY* (eq 2).

Our initial investigation into asymmetric Steglich rearrange-
ments focused on the use of previously reported DMAP* as the
chiral catalyst.9,12 In the meantime, however, we developed a
related new catalyst, PPY*,13 which we have discovered affords
a greater reaction rate and higher enantioselectivity in this
rearrangement as compared with DMAP* (eq 3).14,15

An optimization study exploring the dependence of enantiose-
lectivity on the 2-substituent of theO-acylated azlactone reveals
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Table 1. Dependence of Enantioselectivity on the 2-Substituent of
the O-Acylated Azlactone
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that alkyl (Table 1, entries 1 and 2) and heteroaryl (entry 3) groups
provide lower selectivity than do aryl substituents (entries 4-6).
Although the stereoselection appears to be relatively insensitive
to substitution on the aromatic ring (entries 4-6), the reaction
rate is affected more significantly, with use of the 4-methoxy
group leading to the most rapid rearrangement.16

Further improvement in enantioselectivity can be gained
through appropriate choice of the migrating acyl group (eq 4).

Although little variation in ee is observed for a range of simple
aliphatic substituents, use of the benzyl derivative leads to
appreciably enhanced stereoselection.

Under these optimized conditions, (-)-PPY* catalyzes the
rearrangement of an array ofO-acylated azlactones with high
enantioselectivity and in excellent yield (2% catalyst;tert-amyl
alcohol, 0 °C, 2-6 h; Table 2).17,18 The utility of these
rearrangement products is illustrated by their conversion to
dipeptide andR-methylserine derivatives (eqs 5 and 6).6,19,20

Preliminary studies indicate that, under the typical reaction
conditions, the rate of rearrangement is zero-order in substrate
and independent of concentration. This observation is consistent
with the pathway outlined in Scheme 1, wherein the resting state
of the system is ion pair3. The crossover experiment illustrated
in eq 7 suggests that reaction of theO-acylated azlactone with
PPY* (Scheme 1, step A) is reversible (thereby forming scrambled
“starting materials”4 and5) and that the counterions of the ion
pair can exchange (thereby forming4-7). Our demonstration
that the rearranged products are configurationally stable under
the reaction conditions provides evidence that step B of Scheme
1 is irreversible.

In summary, we have described synthetic and mechanistic
studies of a new method for the enantioselective construction of
quaternary stereocenters, the nucleophile-catalyzed rearrangement
of O-acylated azlactones. Using a new planar-chiral catalyst,
PPY*, we can effect this carbon-carbon bond-forming reaction,
which furnishes protectedR-alkylatedR-amino acids, with high
levels of enantioselectivity. Further investigations of the scope
and the mechanism of this process are underway.
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(16) This electronic effect is consistent with carbon-carbon bond formation
being the turnover-limiting step (vide infra).

(17) General procedure: A pink, 0°C solution of (-)-PPY* (3.8 mg, 0.010
mmol) in tert-amyl alcohol (4.0 mL) is added by cannula to a 0°C solution
of the O-acylated azlactone (0.50 mmol) intert-amyl alcohol (6.0 mL),
resulting in a deep-blue or purple solution. After the pink color of the catalyst
has returned (2-6 h), the reaction mixture is passed through a plug of silica
(EtOAc as the eluant) to remove the catalyst (the catalyst can be recovered
by then flushing the silica with 10% NEt3/90% EtOAc). The solvents are
evaporated, and the product is purified by flash chromatography.

(18) The absolute configuration of the rearranged product for R) CH2Ph
(Table 2) was determined through an X-ray crystallographic study of an amide
derived from ring-opening of the rearranged product with an enantiopure amine
(see Supporting Information for details). The absolute configurations of the
other reactions products were assigned by analogy.
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Table 2. Enantioselective Rearrangements ofO-Acylated
Azlactones Catalyzed by (-)-PPY*

Scheme 1
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