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An intramolecular Schmidt reaction strategy for the synthesis
of a methyl analogue of crispine A
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Abstract

A convenient approach for the synthesis of a methyl analogue of crispine A, a potent anticancer agent, through intramolecular
Schmidt reaction of azido-ketone 6 is described.
� 2007 Elsevier Ltd. All rights reserved.
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Fig. 1. Crispine A and its analogues.
Medicinal plants and herbs represent a huge source of
novel biologically active natural products. In particular,
constituents of plants used in traditional medicine are
attractive candidates for the discovery of new lead drug
molecules. Carduus crispus, a popular invasive plant occur-
ring in Asia and Europe, has been used as Chinese folk
medicine for the treatment of colds, stomach ache, and
rheumatism. In 2002, a new indolizidine alkaloid known
as crispine A (1), was isolated from C. crispus, which was
found to exhibit superior antitumor activity against
SKOV3, KB and HeLa human cancer lines.1 As a
result of its potent antitumor activity, various synthetic
methods have been developed for the synthesis of crispine
A (1).2

Interestingly, Schell and Smith reported the first synthe-
sis of crispine A (1), even before its isolation, using a novel
N-chloramine rearrangement reaction.2f To understand the
structure activity relationship (SAR) as well as to improve
the efficacy of this novel anticancer agent, a flexible
approach for the synthesis of various analogues of crispine
A (1) is much sought after (Fig. 1). One of the most efficient
methods for the construction of the indolizidine framework
is based on intramolecular Schmidt reaction of azides.3,4

Pearson and Aube have exploited the synthetic potential
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of this intramolecular Schmidt reaction for the synthesis
of numerous indolizidine alkaloids.4 Recently, we reported
a novel approach for the construction of the indolizidine
skeleton using epoxide initiated cationic cyclization of an
azide which was further exploited in the stereo- and enan-
tioselective synthesis of indolizidines 167B and 209D.5

In this Letter, we report the synthesis of the methyl
analogue of crispine A 2 via intramolecular Schmidt reac-
tion of azido-ketone 6. Key intermediate 6 can be readily
synthesized from b-ketoester 7 as shown in Scheme 1. b-
Ketoester 7, prepared as described in the literature6 was
protected as the corresponding ethylene ketal 8 in moderate
yield. Alkylation of ethylene ketal 8 with 1-chloro-3-iodo-
propane, followed by azidation and subsequent hydrolysis
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Scheme 1. Retrosynthetic analysis of crispine A analogues.
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Scheme 2. Intramolecular Schmidt cyclization of azido-ketone 6.
Reagents and conditions: (i) ethylene glycol, PTSA, HC(OEt)3, dry
DCM, rt, 3 d, 53%, (ii) (a) 1-chloro-3-iodopropane, NaH, dry DMF, 0 �C
to rt, 30 min, 70%; (b) NaN3, DMF, 60 �C, 24 h, 83%; (c) DOW-
EX�50WX8H+, MeOH, reflux, 20 h, 81%; (iii) triflic acid, dry DCM, �5
to 0 �C, 15 min, 54%; (iv) LiOH, dioxane/water (3:1), rt, 5 h, 68%.
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Scheme 3. Synthesis of the methyl analogue of crispine A 2. Reagents and
conditions: (i) LAH, dry THF, 0 �C, rt, 8 h, 70%, (ii) (a) MsCl, Et3N, dry
DCM, 0 �C to rt, 6 h, 93%; (b) LAH, concd H2SO4, dry THF, 0 �C to rt,
80%.
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gave the corresponding azido-ketone 6 in 48% overall yield
(Scheme 2). Finally, the intramolecular Schmidt reaction of
azido-ketone 6 was successfully achieved using TfOH at �5
to 0 �C and the resultant cyclized product 3 was isolated in
54% yield, (Scheme 2). The structure of cyclized product 3

was unambiguously established by single crystal X-ray
analysis on the corresponding acid 4 (Fig. 2).7

After achieving the construction of the indolizidine skel-
eton via intramolecular Schmidt reaction, our next objec-
tive was to convert ester 3 to the methyl analogue of
crispine A (2).8

Consequently, ester 3 on reduction with LAH gave the
corresponding alcohol 5 in 70% yield. Mesylation of
hydroxymethyl-lactam 5 with mesyl chloride, followed by
reduction with LAH in the presence of concd H2SO4

2a

afforded the desired methyl analogue of crispine A (2) in
good yield (Scheme 3). Spectral data of compound 2 were
in complete agreement with the reported values.8a
Fig. 2. ORTEP diagram of acid 4.
In conclusion, we have achieved successfully the synthe-
sis of a methyl analogue of crispine A (2) via intramolecu-
lar Schmidt reaction of azido-ketone 6. The structure of the
cyclized indolizidine derivative 3 was unambiguously estab-
lished by single crystal X-ray analysis. Functionalized alco-
hol 5 can be further exploited in the synthesis of a library of
anticancer analogues of crispine A.9
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