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Abstract—A general access to 3-hydroxy-4-(1-hydroxyalkyl)-�-lactams with a C4–C1� relative configuration unlike is provided. The
subsequent oxidative ring expansion of the corresponding 3-hydroxy �-lactam smoothly affords an �-amino acid N-carboxy
anhydride (NCA) formally derived from (2S,3S)-�-substituted serine, which upon sequential peptide coupling furnishes the
tripeptide segment 2, present in lysobactin. © 2001 Elsevier Science Ltd. All rights reserved.

�-Amino �-hydroxy acids, also termed �-substituted
serines, are frequently found in bioactive natural prod-
ucts,1 as in the macrocyclic peptide lactone antibiotic
lysobactin.2 The antibacterial mode of action of
lysobactin is comparable with the observed selectivity
and potency of the well known, clinically useful antibi-
otic vancomycin.3 In those infectious strains of van-
comycin-resistant bacteria, lysobactin might be the
alternative antibacterial agent of choice, in spite of its
toxicity. Consequently, the development of new pep-
tides of the lysobactin family with improved therapeutic
indexes, is of considerable interest. Necessarily, syn-
thetic or semi-synthetic approaches to lysobactin itself
and to the analogs should address the construction of

the �-amino �-hydroxy acid units present in their struc-
tures with a correct stereochemistry.4

Recently, we have reported a �-lactam approach to
�-amino acid N-carboxyanhydrides (NCAs) formally
derived from (2S,3R)-�-substituted serines, and the
subsequent synthesis of tripeptide 1.5 According to this
approach (Scheme 1) from the ring expansion of 3-
hydroxy �-lactams 4, NCAs 5 are obtained that can be
directly submitted to a peptide coupling reaction. The
traditionally required carboxy group activation of the
intermediate �-amino acid is thus avoided.6 The
method is still slightly restricted, because NCAs 6,
showing a relative configuration unlike, which often
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Scheme 1. General strategies for access to NCAs formally derived from �-substituted serines: previously described approach for
access to the like series and the proposed route to the unlike series.

corresponds with that of the biologically active com-
pounds, are not accessible through this route. This is so
because the sense of asymmetric induction typically
imparted by chiral �-oxyaldehydes-derived imines 3
during the [2+2] cycloaddition reaction7 produces the
corresponding �-lactam adducts with a �,�-like stereo-
chemical relationship. With the aim of expanding the
usefulness of our �-lactam approach, we herein report
on the facile access to NCAs 6 and to peptides derived
therefrom through a modified strategy.

In the modified strategy, the exocyclic stereocenter (car-
binol) is formed in a later stage with the desired
configuration. This may be achieved by diastereofacial
discrimination across the two faces of the precursor
carbonyl compound. The general route begins with the
enantiomerically pure 3-benzyloxy-4-carboxy azetidin-
2-one 7 as the key starting material that acts as a novel
non-racemic �-aminomalonic acid surrogate.8,9 The free
carboxy function in 7 allows for a correlative
organometallic addition–reduction process that results
in the formation of the exocyclic carbinol with the right
configuration. Further ring expansion and peptide cou-
pling culminate the synthetic plan.

The carboxylic acid 710 was first transformed into
Weinreb’s amide11 8. Subsequent treatment of 8 with
Grignard reagents provides ketones 9 in yields in the
range 65–75%. The reduction of ketones 9 to the
desired carbinols was found to be strongly sensitive to
the type of reducing agent employed. For example, the

reduction of 9a with sodium borohydride in methanol
as solvent provided an almost equimolecular mixture of
carbinols 10a/11a, while the reduction of the same
compound carried out with L-Selectride in either diethyl
ether or anhydrous THF furnished 10a/11a in a ratio
15:85. Likewise, the reduction of 9b with DIBAL-H in
THF as solvent proceeded to give 10b/11b in a ratio of
45:55. The ratio of isomers was improved up to 30:70
by using toluene as solvent, but, once again, the best
result was attained when the reduction was carried out
with L-Selectride. In this latter case, a mixture of 10b/
11b was produced in a 7:93 ratio. In every case, from
the corresponding mixture of carbinols each isomer was
separated by column chromatography, and the minor
isomer could be reused,12,13 as shown in Scheme 2.

With these products in hand, the synthesis of the pep-
tide fragment 15 of lysobactin was undertaken (Scheme
3). To this end, the hydroxyl group in 11a was first
protected as tert-butyldimethylsilyl ether and the result-
ing intermediate was subjected to O-debenzylation to
afford 12 (oil, [� ]D25=+31.0, c=1, CH2Cl2). Compound
12, upon treatment with a solution of commercial
bleach and a catalytic amount of TEMPO, furnished
the NCA 13 in 95% yield. Thus, the access to this
NCA, which traditionally would require the previous
synthesis of the corresponding �-amino acid, can now
be obtained from a non-�-amino acid precursor in a
concise fashion. Furthermore, this approach generates
the required amino acid as an active species, thereby
overcoming the need of additional protection and acti-

Scheme 2. Stereoselective access to �-lactams 11 from enantiomerically pure 7.
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Scheme 3. Synthesis of the tripeptide segment 15 present in lysobactin.

vation steps for peptide coupling. Accordingly, the
coupling of 13 with glycine tert-butyl ester afforded the
dipeptide product 14 in 75% yield without traces of
epimerized product at C�.14 Subsequent N-debenzyla-
tion and further coupling with N-Cbz-Ille-OH under
standard peptide coupling conditions provided 15 in
75% yield. In summary, the general route presented
here, that makes use of a new non-racemic amino
malonic acid surrogate, broadens the usefulness of ear-
lier methodology for the access to �-amino acid N-car-
boxyanhydrides (NCAs) from non-amino acid
precursors, and applications to the synthesis of non-
trivial peptides arise.
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