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Nucleophilic catalysis is a powerful concept for instilling asymmetry
into a variety of different reactions.1,2 Chiral derivatives of 4-(dim-
ethylamino)pyridine (DMAP) feature prominently among the catalysts
used for kinetic resolution and desymmetrization processes.1 The
intermediate chiral ion pairs (e.g., I) are more reactive than the acylating
reagents used to generate them, thus enabling enantioselective acyl
transfer pathways. Here we present a new concept for asymmetric
nucleophilic catalysis and its application to the kinetic resolution of
primary amines.

We envisioned a simple achiral acyl pyridinium salt to be rendered
chiral upon binding of the corresponding anion to a chiral anion
receptor (e.g., a thiourea compound), resulting in the formation of chiral
ion pair III. This strategy provides an alternative to the use of chiral
DMAP analogues and might offer potential advantages. First, III could
be a better acylating agent than II, as binding of a chiral receptor to
the anion should serve to lower interactions of the latter with the acyl
pyridinium species, making it more electrophilic. In addition, the proper
choice of X- and the reaction medium could cause II to be significantly
less soluble than III, further favoring reaction of the substrate to occur
with III over II. Furthermore, the achiral nucleophilic promoter or
the acyl pyridinium salt itself (e.g., II) could be used in stoichiometric
amounts. Inspiration for this concept was drawn from the field of anion
binding receptors3 as well as the recent elegant contributions by
Jacobsen,4 Schreiner,5 and others.6,7

The kinetic resolution of amines was considered a worthy challenge,
suited ideally to demonstrate the potential of this new concept. The
inherent nucleophilicity of primary amines, being comparable to the
reactivity of many potential nucleophilic promoters, has hampered the
development of small molecule catalysts that can efficiently resolve
this important class of substrates. We are aware of only one example,
an insightful contribution by Fu and co-workers, in which simple
amines such as 6a were resolved successfully using a combination of
a chiral PPY catalyst and an azlactone based acylating reagent.8,9

In the realm of small molecule catalysis,10 there are no examples
that employ catalytic amounts of a chiral promoter in combination
with a simple acylating reagent.11 Table 1 summarizes our efforts in
identifying a viable hydrogen bonding (HB) catalyst12,13 for the process
outlined in eq 1. Toluene solutions of benzoic anhydride and DMAP
were prepared at room temperature in the presence of molecular sieves,
followed by cooling to -78 °C and addition of catalyst and amine.
Enantioenriched products were obtained at various substrate concentra-
tions, with a 0.01 M concentration providing the best s-factor (entry
4).14 We next studied the efficiency of this process with regards to

the amount of DMAP used. Remarkably, the use of only 20 mol % of
DMAP gave rise to an improved s-factor of 10 (entry 8). Lower
amounts of DMAP resulted in reduced s-factors. While loadings for
both catalysts could be lowered further (entries 11-13), the s-factors
were slightly reduced in these instances. Interestingly, virtually no
conversion occurred in the absence of both DMAP and catalyst 1a
(entry 14). Addition of DMAP (20 mol %) as the only catalyst had no
discernible effect on the reaction rate (entry 15). Use of the thiourea
catalyst 1a (20 mol %) in the absence of DMAP gave rise to significant
amounts of enantioenriched product (entry 16). However, the efficiency
of this process is considerably lower in comparison to the optimized
process in which the DMAP cocatalyst is present. Other HB catalysts
were also evaluated but gave inferior results (entries 17-23).15 We

Table 1. Evaluation of Reaction Parametersa

entry catalyst
(mol %)

DMAP
(mol %)

concn
[M]

conversion
(%) s-factor

1 1a (20) 50 0.06 47 5.5
2 1a (20) 50 0.03 47 7.0
3 1a (20) 50 0.02 47 8.6
4 1a (20) 50 0.01 45 9.5
5 1a (20) 50 0.005 44 9.4
6 1a (20) 40 0.01 47 9.4
7 1a (20) 30 0.01 47 10
8 1a (20) 20 0.01 45 10
9 1a (20) 10 0.01 43 8.5

10 1a (20) 5 0.01 44 7.7
11 1a (15) 15 0.01 46 9.0
12 1a (10) 10 0.01 46 9.0
13 1a (5) 5 0.01 44 8.5
14 none none 0.01 <1 N/A
15 none 20 0.01 <2 N/A
16 1a (20) none 0.01 40 1.4
17 1b (20) 20 0.01 40 8.6
18 1c (20) 20 0.01 43 4.5
19 1d (20) 20 0.01 21 4.1
20 2 (20) 20 0.01 44 7.2
21 3 (20) 20 0.01 42 3.7
22 4 (20) 20 0.01 30 1.2
23 5 (20) 20 0.01 38 1.5

a Reactions were performed on a 0.2 mmol scale. The s-factors were
determined by HPLC analysis; see the Supporting Information for details.
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propose that catalysis in the absence of DMAP involves HB activation
of the anhydride via an intermediate such as A.16 In the presence of
DMAP, intermediates related to B appear to dominate the outcome of
this reaction, as the direct interaction of an acyl pyridinium species
with a thiourea is unlikely.4a Binding of benzoate to thiourea 1a may
have an effect on the equilibrium concentrations of DMAP and its
corresponding acyl pyridinium salt, a factor that is likely playing an
important role in the overall process.17-19

The scope of the reaction was explored under the previously
optimized conditions (Chart 1). A number of benzylic amines were
resolved with good selectivities. Notably, electron-poor substrates gave
higher s-factors, regardless of the position of the electron-withdrawing
group. Catalysis via the competing and s-factor lowering pathway A
is likely reduced in these cases. Remarkably, the seemingly more
challenging substrates 6l and 6n were resolved with better selectivities
as compared to the parent substrate 6a. Using only 5 mol % of each
DMAP and 1a, amine 6g could be resolved with an only slightly
reduced s-factor of 19 (47% conversion, 2 h). This trend appears to
be general, and other substrates performed well at this lower catalyst
loading.20

In summary, we have introduced a new concept for asymmetric
nucleophilic catalysis that involves the use of chiral anion receptors to
generate chiral ion pairs in situ from simple acyl pyridinium salts. This
strategy was successfully applied to the kinetic resolution of amines.
Current efforts are aimed at developing a more complete mechanistic
understanding of this reaction and at exploring related processes.
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Chart 1. Scope of the Reactiona

a Reactions were performed on a 0.25 mmol scale. The s-factors were
determined by HPLC analysis; see the Supporting Information for details
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