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Long before the biological activityor the synthetic utility of tams not only with generally good tramkastereoselectity but
B-lactams was appreciated, Staudinger developed the first methodalso with usefubnantioselectiity (Table 1, entries 49).12In addi-
for their synthesis by coupling a ketene with an iminghis tion, we have examined one coupling afyanmetricatlisubstituted
convergent strategy has endured as a particularly attractive approactiketene (entry 10); gratifyingly, the desirgdlactam is generated
to generating this important family of compourfds the case of in excellent enantiomeric excess (98%).
Staudinger reactions of monosubstituted ketenes, which have been As mentioned earlier3-lactams are interesting targets due not
intensively studied, the ci§-lactam is typically the predominant  only to their bioactivity but also to their utility as precursors to
product? If the trans diastereomer is desired, it can be accessedother important families of compounds. To the best of our
through epimerization of the cis isomer under basic conditions. knowledge, only one report has described the synthesis of an

Staudinger reactions of disubstituted ketenes are much less comN-triflyl 3-lactam?3 and there have been no investigations of their
mon? despite the fact that-lactams that bear twa. substituents reactivity. We have established that a range of derivatizations of
are an important class of target moleclé3nly one method has  N-triflyl -lactams can be achieved in good yield without an erosion
been described for the diastereo- and enantioselective synthesis oin stereochemical purity, furnishing protectgeamino alcohols,
o,a-disubstitutegs-lactams through a catalytic asymmetric Staudinger S-amino acids, ang-amino amides (eqs-35). Furthermore, the
reaction (eq 1):® as indicated, this process preferentially affords triflyl group can be reductively removed (eq ).
the cis isomef.Of course, for sucff-lactams, the trans diastereomer o Ar
cannot be generated from the cis isomer through simple base-in- h:bmf LiAIH4 HO/%N“ @)
duced epimerization. Therefore, foro-disubstituteds-lactams, P 5,  THF,80°C PH Me H
it is necessary to develop a Staudinger reaction that is itself trans Me Ar = 4-FCeHa 77%
selective. In this report, we describe the achievement of this objective. o Ar
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While attempting to improve upon the process illustrated in eq 9%
1, we made the exciting discovery that the cis/trans selectivity of
Staudinger reactions catalyzed by PPY derivativgPPY =
4-(pyrrolidino)pyridine) can be effectively controlled through the
appropriate choice of the N-protecting group of the imine. Thus,
ketenes couple witlN-tosyl imines to predominantly generate cis
pB-lactams, whereas reactions witktriflyl imines preferentially

Naturally, we were intrigued by the remarkable dependence of
the cis/trans diastereoselectivity on the choice of Kasulfonyl
group (eq 2). Interestingly, the differing electrophilicity of the
imines leads to divergent behavior in the presence of catalyst
whereas there is no evidence by NMR of an interaction between
the catalyst and arN-tosyl imine (eq 7), the catalyst reacts

furnish the trans isomers (e.g., eq 2)!

quantitatively with anN-triflyl imine to furnish adductA (eq 8)%°
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trans e
SO,R=Ts 8:1 NTF NTY
T 1:6 catalyst 1 H J\Ph m H-T~Ph 8
Aware of the paucity of methods for the catalytic asymmetric Y @ catalyst 1
A

synthesis of3-lactams!® we decided to optimize and to investigate

the scope of this interesting new trans-selective Staudinger reaction,

It is tempting to suggest that the origin of the different cis/trans

which produces two adjacent stereocenters (one all-carbon quaterpreferences for Staudinger reactiond\sfosyl/triflyl imines cata-
nary'! and one tertiary). We were pleased to determine that a rangelyzed byl may lie in the divergent reactivity depicted in eqs 7 and

of ketenes andN-triflyl imines couple to furnish an array g¥-lac-
11586 = J. AM. CHEM. SOC. 2005, 127, 11586—11587

8, that is, that these two classes of imines couple with ketenes by

10.1021/ja052058p CCC: $30.25 © 2005 American Chemical Society



COMMUNICATIONS

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 riiyht,
triflyl -lactams readily react with nucleophiles to generate other

Table 1. Catalytic Asymmetric Synthesis of Highly Substituted

trans f-Lactams?
O o}
it e thTf
Phet—,
PnJ\R kR‘

10% (-)-1

CHClo andfor toluene ROR useful families of compounds, includingamino alcohols ang-
amino acids. Additional synthetic and mechanistic studies of cata-

entry R R tansicls e (%)”  yield (%)° lytic asymmetric Staudinger reactions are underway.
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Figure 1. A mechanism for nucleophile-catalyzed Staudinger reactions:

a “ketene-first” pathway.
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