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Abstract—A remarkable new entry to N-unsubstituted �-lactams using rink resin as the solid-support has been developed. © 2002
Elsevier Science Ltd. All rights reserved.

A continuous and intense effort has been directed to
developing methods for synthesizing �-lactams because
of their enormous impact on different diseases.1 N-
Unsubstituted �-lactams plays a central role as key
intermediates in the synthesis of several biologically
active antibiotics.2 The importance of these types of
compounds for the semi-synthesis of the novel anti-
cancer agents Taxol and Taxotere is also well docu-
mented.3 Oxidative cleavage by cerric ammonium
nitrate of an activated aromatic moiety attached to the
nitrogen of the �-lactam ring offers the most direct
synthesis of N-unsubstituted �-lactams.4 This method
has some shortcomings, however, since it is very sensi-
tive to acid-labile compounds and in many cases the
yields are poor. To overcome these problems, a syn-
thetic method that employs neutral conditions using
cobalt carbonyl has been reported.5 Many other less
frequently methods known in the literature are not
popular.6 Although these methods tolerate labile func-
tionalities, their practical application is limited. One
alternative we are exploring is the use of solid phase
support.

We want to take advantage of a current focus in
organic chemistry, the extension of principles of organic

reactions that take place in homogeneous conditions to
analogous reactions that take place on solid-support.7

Solid-phase synthesis of 1,2,3-trisubstituted �-lactams
using Sasrin resin has been reported in a pioneering
work.8 N-Unsubstituted �-lactams using TentaGel S
resin under a photochemical method has been investi-
gated.9 Encouraged by these two reports and in contin-
uation of our own efforts to synthesize �-lactams10 of
biological significance, we report here a new method of
synthesizing N-unsubstituted 3,4-disubstituted �-lac-
tams using rink resin as the solid support. Although the
use of rink resin in various chemical transformations
has been reported frequently,11 it has never been used in
�-lactam synthesis.

Although a number of methods for synthesizing �-lac-
tam rings have been developed, the Staudinger reaction
is still the best for this purpose.12 To test the feasibility
of the rink resin approach, we prepared a number of
imines first using rink resin and a variety of aldehydes
using trimethyl orthoformate. Then cycloaddition was
performed on these using triethyl amine as the base and
dichloromethane as the solvent at temperatures ranging
from 0°C to room temperature. FT-IR was used to
monitor the progress of the reaction. The disappear-
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ance of the imines peaks indicated the completion of
the reaction. Finally, rink resin was cleaved by using
50% trifluoroacetic acid in dichloromethane, and the
product, N-unsubstituted �-lactam, was isolated in
excellent yield (Scheme 1).13

Notably, a number of groups (acetoxy, phthalimido,
ether, ester and the ring itself) remained intact during
the acid treatment. The stereochemistry of the products
followed earlier observation (Table 1).

Considering the solid-supported reaction, excess
reagent was used in each step to assure complete con-
version, and so, the yield of the final product was high.
Excess reagents were removed by simply washing the
resin with polar solvents (dichloromethane or
methanol).

In conclusion, we have demonstrated for the first time
that rink resin-derived imines can be used in a cycload-
dition reaction with acid chlorides (or equivalent) and
the resin bound �-lactam can be easily cleaved to the

N-unsubstituted �-lactam. Owing to the smooth and
excellent yield, this method has broad applicability. In
addition, resin-bound �-lactams can serve as intermedi-
ates for the synthesis of various other natural and
non-natural compounds. That is, the resin attached to
the nitrogen of the �-lactam ring can actually act as a
novel protective group during these transformations.
Application of the rink resin and other solid-support
mediated approaches toward the synthesis of �-lactam
and other compounds will be reported in due course.
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Table 1. Preparation of N-unsubstituted �-lactams
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