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Abstract—A formal total synthesis of camptothecin 1 is presented. The key steps include construction of the D-ring of camptothecin
featuring an efficient ring-closing metathesis (RCM) reaction and the subsequent Michael addition of nitropropane across the dou-
ble bond of the dihydropyridone 3.
� 2004 Elsevier Ltd. All rights reserved.
Camptothecin, a pentacyclic alkaloid isolated from the
Chinese tree Camptotheca acuminata by Wall et al. in
1966,1 is one of the outstanding lead compounds in anti-
cancer drug development. Camptothecin and several
analogues of camptothecin, collectively called campto-
thecins, have been isolated from various botanical
sources. Very recently extracts from Pyrenacantha kla-
ineana2 and the hairy roots of Ophiorrhiza pumila3 have
yielded camptothecins. Camptothecin as such was not
ideal for pharmaceutical development, mostly due to
its toxicity, poor solubility and the unstable nature of
0040-4039/$ - see front matter � 2004 Elsevier Ltd. All rights reserved.
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Figure 1.
the lactone ring, which opens rapidly to an inactive hyd-
roxy acid under physiological conditions. Liu and
co-workers reported in 1985 that the cytotoxicity of
camptothecin was attributed to a unique mechanism
of action involving selective inhibition of DNA topo-
isomerase I, an enzyme essential for relaxation of
DNA during important cellular process.4 This sparked
renewed interest in camptothecins, culminating in the
launch of two successful compounds, namely irinotecan
and topotecan (Fig. 1) in clinical practice. Several other
compounds are in various stages of clinical trials.5
one.
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It has been shown that changing the six-membered
a-hydroxy lactone ring found in camptothecin to a
seven-membered b-hydroxy lactone ring reinforces the
stability of the lactone thereby reducing its conversion
into the inactive carboxylate form. Homocamptothecin
has been shown to be much more active than the parent
compound against a variety of tumour cells.6 Campto-
thecin also demonstrates impressive antiretroviral activ-
ity against acute and chronic HIV-1 infections.7

Due to the excellent biological activity, unique mode of
action and challenging structure, camptothecin has been
a popular compound over four decades for both medic-
inal as well as synthetic chemists. Several total syntheses
have been developed as a direct and practical route to
the preparation of analogues and for scale-up.8 As a
part of our research program, we have directed our
efforts towards a practical and efficient synthesis of
camptothecin and mappicine ketone. Our first
approach, described in 1998,9 involved an intramolecu-
lar Michael reaction for the construction of the pyridone
D-ring. In another approach, we utilised an intramole-
cular aldol condensation of an appropriate ketol for
the construction of the D-ring of camptothecin10a

(Scheme 1).

Our continuing interest in camptothecin and mappicine
ketone10b led us to explore a new and efficient approach
for the synthesis of the D-ring utilising intramolecular
ring-closing metathesis (Scheme 2). This paper presents
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Scheme 2. Reagents and conditions: (1) 10% NaOH, TBAHSO4, DCM, rt, 0

3h, 96%; (3) NaH, C6H6, ethyl acrylate, reflux, 3h, 65%; (4) 10% HCl, reflu
our detailed investigation of attempts to transform the
envisioned strategy into reality.

Accordingly, the versatile tricyclic amine 4 was synthe-
sised (Scheme 2) starting from a very simple Schiff�s base
6. Alkylation of 6 with allyl bromide under phase trans-
fer conditions (TBAHSO4 as phase transfer catalyst)
using 10% aq NaOH furnished the allylated Schiff�s base
7 in excellent yield. Acidic hydrolysis of 7 liberated the
free amine, which in turn was protected as carbamate
8 using CbzCl in 96% yield from 7. To our delight
urethane 8 underwent a one-pot Michael addition, fol-
lowed by Dieckmann cyclisation with ethyl acrylate
using NaH as base, to afford the keto ester 5 in 65%
yield. Keto ester 5 when subjected to hydrolysis and
decarboxylation using 10% HCl at reflux temperature
for 5h provided the ketone 9. The same transformation
was also achieved by following Krapcho� s decarboxyla-
tion protocol (DMSO, NaCl, 125 �C, 4h, 64% yield from
8).10c Compound 9 without purification was subjected to
modified Friedlander condensation with the Schiff�s base
10 to provide the desired quinoline 4 in 72% yield.
Deprotection of the Cbz group of 4 was performed with
10equiv of TMSCl/NaI at 0 �C––rt for 1h using CH3CN
as the solvent.11 The same transformation was also
efficiently achieved with 16equiv of KOH in ethanol
at reflux.12 This was followed by direct acylation with
acryloyl chloride in the presence of K2CO3 to furnish
the acrylamide 11 in 73% yield from urethane 4. A con-
sistent and higher yield of acrylamide 11 was obtained
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Scheme 3. Reagents and conditions: (1) (a) KOH, EtOH, reflux, 24h; (b) acryloyl chloride, K2CO3, DCM, rt, 3h, 73%; (2) 16 (10mmol%), benzene,
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when the Cbz group in 4 was obtained under alkaline
conditions (Scheme 3).

Having synthesised the required substrate 11, the stage
was now set for evaluating the construction of the D-
ring via a ring-closing metathesis protocol. It was very
gratifying to find that when the amide 11 was refluxed
in benzene employing Grubbs first generation catalyst
1613 for 26–32h under nitrogen, along with the desired
dihydropyridone 3, the completely aromatised tetra-
cyclic pyridone 12 was also obtained. The products 3
and 12 were formed in the ratio 3:2 (1H NMR analysis),
respectively. Performing the RCM employing Marco�s
protocol14 circumvented this shortcoming, giving the de-
sired dihydropyridone 3 in 89% yield. Tetrahydropyr-
idone 3 is the key intermediate in Stork�s synthesis
of camptothecin.15 Having four out of the five rings of
camptothecin in place, we explored the possibility of
functionalising the fifth ring of camptothecin by conju-
gate addition. It was observed that a mixture of DBU,
nitropropane and 3 at room temperature afforded nitro
compound 13 in a very high yield. It is pertinent to
mention that similar Michael additions of nitroalkanes
promoted by DBU have been documented on a,b-
unsaturated lactams where activation of the double
bond is a prerequisite, and achieved by placing elec-
tron-withdrawing groups on the nitrogen16,17 or by
converting the lactam into a thiolactam.18 The scope
of this transformation is under investigation and will
be described in due course.

Even though the DDQ oxidation of the nitrolactam 13
afforded the desired pyridone 14, the poor yield of this
transformation was a cause for concern. However, our
attempts to improve the yields by increasing the relative
quantity of the reagent and the reaction time were
unsuccessful. Therefore we decided to perform the Nef
reaction on 13 prior to the dehydrogenation procedure.
On exposure to standard Nef conditions,19 not only was
the nitro functionality transformed to a carbonyl, but
surprisingly oxidation to the corresponding pyridone
15 was also effected in 23% yield. However, optimum
conditions for this transformation have not been exten-
sively studied [conditions attempted are (a) NaOH,
MeOH, �44 �C, 3h, followed by H2SO4, MeOH,
�20 �C to 0 �C, 4h; (b) K2CO3, 30% H2O2, MeOH, rt,
8h;20 (c) NaOH, Na2HPO4, MeOH, rt, 1h, followed
by Oxone, rt, overnight21]. Finally the reduction of the
carbonyl group of 15 with NaBH4 gave the desired hyd-
roxy pyridone 2 in nearly quantitative yield. Hydroxy
compound 2 is a key intermediate in Murata�s synthesis
of camptothecin,22 thus, our approach constitutes a for-
mal total synthesis of camptothecin.

In summary we have established the efficacy of a RCM
reaction in the construction of pyridone moiety of the
antitumour alkaloid camptothecin 1. Further applica-
tion of this strategy towards the synthesis of alkaloids
related to camptothecin, viz. mappicine ketone, is cur-
rently underway in our laboratory.
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