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ABSTRACT

A novel and efficient synthesis of racemic camptothecin, starting from a readily accessible hydroxy pyridone, is presented. Key steps include
a Claisen rearrangement of a functionalized allylic ether, a hindered Heck coupling, and a Friedla 1nder condensation.

Isolated from the Chinese plantCamptotheca acuminataby
Wall and co-workers in 1966, camptothecin (1) elicited
widespread interest due to its potent antitumor activity.1,2

The initial excitement quickly waned, however, because of
problems associated with its insolubility and toxicity. Several
years later,3 though, it was reported that camptothecin had a
unique mechanism of action that involved selective inhibition
of DNA topoisomerase I. This disclosure served to rekindle
interest in camptothecinoids and has led to topotecan (2a)4

and irinotecan (2b),5 as well as several other analogues6

currently in clinical and preclinical trials.

The camptothecinoids and camptothecin in particular have
been targeted by numerous research groups, which has
resulted in many imaginative syntheses over the past several
decades.2 Although several of the approaches are direct and
high-yielding, for the most part they are not open to facile
variation. We have previously described a route to the
camptothecinoids based on a bicyclization strategy.7 In this
communication we wish to disclose a conceptually different
approach founded on a 1,3-dipolar cycloaddition.8 This new
camptothecinoid approach, now demonstrated by the prepa-
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ration of camptothecin (as its racemate), is convergent at
several points, which should make it well-suited for eventual
structural modification of the natural product.

Padwa and co-workers have developed over the past
several years elegant chemistry based on isomünchnone
cycloadditions.9,10 In a particularly interesting example,9a

diazo imide3 was converted into isomünchnone4, which
underwent cycloaddition in situ with methyl acrylate to
furnish, ultimately, hydroxy pyridone5a; treatment of5a
with acid readily yielded hydroxy pyridone5b (Scheme 1).

We felt that this hydroxy pyridone might serve as a
precursor of a wide range of camptothecinoids if (1)
appropriate appendages for eventual hydroxy lactone con-
struction could be joined to5b at theR andâ positions to
give I ; (2) benzylic-type oxidation could be achieved at some
point in the presence of existing functionality to produceII;
(3) Friedländer condensation and eventual hydroxyl-group
deprotection could be accomplished (Scheme 2).

The synthesis began with etherification of hydroxy pyri-
done5b with (Z)-methyl 4-chloro-2-methoxybut-2-enoate11

and cesium carbonate to give derivative5c, in preparation
for a Claisen rearrangement to introduce a substituent in the
â position (Scheme 3). This etherification proved uneventful,
as did the subsequent thermally induced Claisen rearrange-
ment,12 and hydroxy pyridone6a could be secured in good
yield. Hydrogenation of6aover Pd/C then afforded hydroxy
pyridone6b, in which the desiredâ substituent was now in
place.

The introduction of theR substituent proved to be much
more problematic. The derived triflate7a failed to yield
serviceable amounts ofR coupled product with a large array
of palladium catalysts, ligands, and tin and boron reagents.
Several standard Heck procedures with styrene or methyl
acrylate were also examined for this transformation but
afforded the desired product in, at best, moderate yield.
Fortunately, however, greater success was achieved under
Jeffery’s conditions:13 palladium acetate in conjunction with
tetrabutylammonium acetate in acetonitrile at 80°C delivered
the styryl derivative7b in a remarkable 83% yield.

Lactone construction was completed by treatment of7b
with ozone in the presence of pyridine at-100°C, followed
by reduction of the resultant aldehyde with sodium borohy-
dride, which provided lactone8 in 80% overall yield (Scheme
4). Of the protocols examined for benzylic-type oxidation
of lactone 8 or other intermediates (e.g.,R-formyl and
R-styryl derivatives), selenium dioxide14 with 8 proved to
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be the most efficacious and afforded the hydroxy derivative
9 in 62% yield (68% brsm).15 As the corresponding crude
ketone, formed with the Dess-Martin periodinane, proved
unstable to purification, it was directly subjected to Fried-
länder condensation14,16 with an o-aminobenzaldehyde sur-
rogate to afford quinoline10 in 77% yield (2 steps). Since
we had previously found camptothecin to be surprisingly
stable in hot aqueous HBr, these conditions were applied to

cleave the methyl protecting group in10, which indeed
smoothly provided camptothecin in 86% yield. The synthetic
material (mp 264-265°C, dec) was chromatographically
and spectroscopically identical with an authentic sample of
the natural product.

To summarize, a new approach to camptothecin and its
congeners, which is both concise and efficient, has been
developed from readily available hydroxy pyridone5b. The
approach offers excellent opportunities for asymmetric
induction;17 these modifications, as well as other aspects,
are presently being studied and will be discussed in a future
publication.

Acknowledgment. We thank Professor P. Dumy for his
interest in our work. Financial support from the Université
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