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Long before the biological activity1 or the synthetic utility2 of
â-lactams was appreciated, Staudinger developed the first method
for their synthesis by coupling a ketene with an imine.3 This
convergent strategy has endured as a particularly attractive approach
to generating this important family of compounds.4 In the case of
Staudinger reactions of monosubstituted ketenes, which have been
intensively studied, the cisâ-lactam is typically the predominant
product.5 If the trans diastereomer is desired, it can be accessed
through epimerization of the cis isomer under basic conditions.

Staudinger reactions of disubstituted ketenes are much less com-
mon,4 despite the fact thatâ-lactams that bear twoR substituents
are an important class of target molecules.6 Only one method has
been described for the diastereo- and enantioselective synthesis of
R,R-disubstitutedâ-lactams through a catalytic asymmetric Staudinger
reaction (eq 1);7,8 as indicated, this process preferentially affords
the cis isomer.9 Of course, for suchâ-lactams, the trans diastereomer
cannot be generated from the cis isomer through simple base-in-
duced epimerization. Therefore, forR,R-disubstitutedâ-lactams,
it is necessary to develop a Staudinger reaction that is itself trans
selective. In this report, we describe the achievement of this objective.

While attempting to improve upon the process illustrated in eq
1, we made the exciting discovery that the cis/trans selectivity of
Staudinger reactions catalyzed by PPY derivative1 (PPY )
4-(pyrrolidino)pyridine) can be effectively controlled through the
appropriate choice of the N-protecting group of the imine. Thus,
ketenes couple withN-tosyl imines to predominantly generate cis
â-lactams, whereas reactions withN-triflyl imines preferentially
furnish the trans isomers (e.g., eq 2)!

Aware of the paucity of methods for the catalytic asymmetric
synthesis ofâ-lactams,10 we decided to optimize and to investigate
the scope of this interesting new trans-selective Staudinger reaction,
which produces two adjacent stereocenters (one all-carbon quater-
nary11 and one tertiary). We were pleased to determine that a range
of ketenes andN-triflyl imines couple to furnish an array ofâ-lac-

tams not only with generally good transdiastereoselectiVity but
also with usefulenantioselectiVity (Table 1, entries 1-9).12 In addi-
tion, we have examined one coupling of asymmetricaldisubstituted
ketene (entry 10); gratifyingly, the desiredâ-lactam is generated
in excellent enantiomeric excess (98%).

As mentioned earlier,â-lactams are interesting targets due not
only to their bioactivity but also to their utility as precursors to
other important families of compounds. To the best of our
knowledge, only one report has described the synthesis of an
N-triflyl â-lactam,13 and there have been no investigations of their
reactivity. We have established that a range of derivatizations of
N-triflyl â-lactams can be achieved in good yield without an erosion
in stereochemical purity, furnishing protectedγ-amino alcohols,
â-amino acids, andâ-amino amides (eqs 3-5). Furthermore, the
triflyl group can be reductively removed (eq 6).14

Naturally, we were intrigued by the remarkable dependence of
the cis/trans diastereoselectivity on the choice of theN-sulfonyl
group (eq 2). Interestingly, the differing electrophilicity of the
imines leads to divergent behavior in the presence of catalyst1;
whereas there is no evidence by1H NMR of an interaction between
the catalyst and anN-tosyl imine (eq 7), the catalyst reacts
quantitatively with anN-triflyl imine to furnish adductA (eq 8).15

It is tempting to suggest that the origin of the different cis/trans
preferences for Staudinger reactions ofN-tosyl/triflyl imines cata-
lyzed by1 may lie in the divergent reactivity depicted in eqs 7 and
8, that is, that these two classes of imines couple with ketenes by
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distinct mechanisms. Lectka has proposed that Staudinger reactions
of N-tosyl imines catalyzed by a quinine derivative proceed through
the pathway illustrated in Figure 1,8 and we believe that this is the
mechanism for reactions ofN-tosyl imines catalyzed by1. One
speculative suggestion is thatN-triflyl imines, on the other hand,
react through the pathway outlined in Figure 2, wherein adductA
of eq 8 serves as an intermediate. We are currently pursuing experi-
ments designed to test this as well as other possible explanations
for the striking dependence of diastereoselectivity on the N-
protecting group.16

In conclusion, relatively few methods have been described for
the catalytic asymmetric synthesis ofâ-lactams, and those that have
been reported are typically cis selective. In this investigation, we
have developed the first catalytic enantioselective Staudinger reac-
tions that provide transâ-lactams. Interestingly, the key to this
method is the use of anN-triflyl protecting group for the imine.
We have suggested that the unusual trans diastereoselectivity may

be the consequence of a novel pathway for Staudinger reactions of
this class of highly electrophilic imines. We have demonstrated
that, along with serving as interesting targets in their own right,N-
triflyl â-lactams readily react with nucleophiles to generate other
useful families of compounds, includingγ-amino alcohols andâ-
amino acids. Additional synthetic and mechanistic studies of cata-
lytic asymmetric Staudinger reactions are underway.
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Table 1. Catalytic Asymmetric Synthesis of Highly Substituted
trans â-Lactamsa

entry R R1 trans:cis ee (%)b yield (%)c

1 Et Ph 86:14 63 60
2 Me Ph 98:2 81 83
3 i-Bu Ph 97:3 63 72
4 Me 4-FC6H4 96:4 85 84
5 Me 4-(CF3)C6H4 97:3 69 80
6 Me 4-(OMe)C6H4 81:19 82 76
7 Me o-tolyl 81:19 99 89
8 Me 2-BrC6H4 80:20 84 79
9 Me 2-naphthyl 98:2 94 76

10 Ph Ph - 98 62

a All data are the average of two experiments.b Enantiomeric excess of
the trans diastereomer.c Yield of the mixture of diastereomers.

Figure 1. A mechanism for nucleophile-catalyzed Staudinger reactions:
a “ketene-first” pathway.

Figure 2. A mechanism for nucleophile-catalyzed Staudinger reactions:
an “imine-first” pathway.
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