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ABSTRACT

Enantioselective N-acylation of 4-aryl-β-lactams in the presence of acyl transfer catalyst Cl-PIQ provides an effective method for their non-
enzymatic kinetic resolution.

β-Lactams (azetidin-2-ones) are widely known both as
pharmaceuticals (e.g., antibiotics1 and cholesterol-lowering
drugs2) and as versatile intermediates in the preparation of
other classes of organic compounds.3 Enantioselective
approaches to their synthesis, despite the many advances
achieved in this field,4 remain limited in their scope. There-
fore, enzymatic kinetic resolution5 (KR) of their race-
mates, mostly via β-lactam ring opening6 or O-acylation
of N-hydroxymethyl derivatives,7 continues to be widely

used (Figure 1).8,9 Enantioselective N-acylation, which
would provide an alternative direct method for the KR

of N-unsubstituted β-lactams, has not been previously
reported.
Several years ago, we disclosed the first examples of KR

of racemic oxazolidin-2-ones via catalytic, enantioselective
N-acylation.10 As part of a broader study aimed at

Figure 1. Enzymatic approaches to KR of β-lactams.
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extending this methodology to other classes of secondary
amides,11�13 we decided to explore the KR of β-lactams.

As the starting point, we subjected (()-4-phenyl-β-lac-
tam 1 to the set of conditions that proved to be most
successful in the KR of oxazolidinones. Disappointingly,
no reaction tookplacewithin 24h in the presence of 10mol
% of BTM14c 2 (Table 1, entry 1, and Figure 2). Further-
more,HBTM3,14ewhich typically displayshigher catalytic
activity than the previously developed catalysts 2, reached

Table 1. Optimization Studies

entry catalyst solvent temp, �C time, h % convn s

1 2 CDCl3 23 24 0a ND

2 3 CDCl3 23 48 ∼10a ND

3 4 CDCl3 23 24 33 10

4b 4 CDCl3 23 4.0 35a 1.0

5c 4 CDCl3 23 10 35 1.8

6 4 CH2Cl2 23 24 21 5.5

7 4 THF 23 24 22 6.6

8d 4 EtMe2COH 23 10 45 16

9d 4 EtMe2COH 0 24 47 20

10e 4 EtMe2COH 0 48 33 19

11f 4 EtMe2COH 0 24 35 21

12d 4 HCtCMe2COH 23 10 41 16

General conditions: 0.1M (()-1, 0.1M (i-PrCO)2O, 0.1M i-Pr2NEt,
0.01 M (10 mol %) catalyst, unless specified otherwise. The data
reported are for single runs. aConversion was determined by 1H
NMR. b (MeCO)2O was used instead of (i-PrCO)2O. c (EtCO)2O was
used instead of (i-PrCO)2O. d 0.05 M (()-1 and 0.005 M (10 mol %) 4
were used. e 0.05M (()-1 and 0.0025M (5 mol %) 4 were used. f 0.05M
(()-1, 0.05 M (i-PrCO)2O, 0.05 M i-Pr2NEt, and 0.005 M (10 mol %) 4
were used.

Figure 2. Amidine-based catalysts used in this study.

Table 2. Substrate Scope

General conditions: 0.05M racemic substrate, 0.1M (i-PrCO)2O, 0.1
M i-Pr2NEt, 0.01 M (10 mol %) 4, tert-amyl alcohol, 0 �C, unless
specified otherwise. The data reported are averages of duplicate runs.
aAbsolute configuration of the fast-reacting enantiomer is shown. b 0.2
M (4 equiv) of (i-PrCO)2O and i-Pr2NEt were used. cReaction per-
formed in CDCl3 at rt.

dAbsolute stereochemistry notation is inverted in
this case according to CIP nomenclature rules.
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only low conversion after 2 days (entry 2). To our relief,
however, Cl-PIQ 414b produced a more promising result
(entry 3), which encouraged us to continue our investiga-
tion. The use of isobutyric anhydride proved critical for
the success of the KR, as its less hindered analogues,
acetic and propionic anhydrides, produced little to no
enantioselectivity15 (entries 4 and 5).
Survey of solvents revealed that tert-amyl alcohol sig-

nificantly increased both the enantioselectivity and the
reaction rate, although the substrate concentration had
to be lowered due to its limited solubility (entry 8). This
result was not particularly surprising, as the same solvent
proved to be optimal for the Cl-PIQ-catalyzed KR of
oxazolidinones.16 Lowering the temperature to 0 �C in-
creased the selectivity factor to a respectable level (entry 9).
Lowering the catalyst loading or the concentration of the
base and the acylating agent was deemed impractical due
to the increase in reaction times (entries 10 and 11).
Comparable results were also obtained at room tempera-
ture using the tertiary propargylic alcohol, 2-methyl-3-
butyn-2-ol (entry 12). However, due to its higher freezing
point compared to tert-amyl alcohol (þ3 vs �12 �C,
respectively), the latter was given preference in our ex-
ploration of the substrate scope (Table 2).
Somewhat unexpectedly, both p-chloro- and p-meth-

oxy-substituted analogues of substrate 1 (5 and 6) were
resolved with considerably higher selectivity factors
(Table 2, entries 2 and 3 vs 1). On the other hand,
o-chloro-substituted derivative 7 displayed rather disap-
pointing enantioselectivity and very low reaction rate

(entry 4). 4-(2-Naphthyl)-β-lactam 9 reacted with much
higher rate and enantioselectivity than its 1-naphthyl iso-
mer 8 (entries 5 and 6). Average results were obtained with
2-thienyl derivative 10 chosen as a representative of hetero-
aryl-substituted substrates (entry 7). Substitution at theC3
positionof the β-lactam ring (11and 12) led to significantly
decreased reaction rates and enantioselectivities (cf. entries
8 vs 1 and 9 vs 6). Indene-derived substrate 13, which may
be regarded as a conformationally constrained analogue of
1, reacted at a similar rate and with a somewhat lower
selectivity factor (entry 10). This result was especially
surprising given the complete lack of enantioselectivity in
the acylation of 1-indanol under similar conditions.14a The
analogous bicyclic substrate 14 lacking the benzene ring,
however, proved to be completely unreactive (entry 11),
which suggests the importance of π-interactions for sub-
strate recogntion.14a,f,17 The absolute sense of enantiose-
lection observed with substrate 13was confirmed to be the
same as with 1, as well as all oxazolidinones10 and several
classes of alcohols14 investigated in our earlier studies.
Although the latter two observations suggest at least
qualitative similaritybetween the transition state operating
in the KR of β-lactams and those proposed in previous
cases,14 the validity of this analogy remains tobeprobedby
computational studies.
In conclusion,wehave achieved the first enantioselective

N-acylation of β-lactams leading to their effective non-
enzymatic resolution. Extension of this methodology to
related classes of substrates will be reported in due course.
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