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Abstract—Ten novel camptothecin (CPT) derivatives devoid of the lactone function in the E-ring were synthesized and evaluated as
anticancer agents. Several of these CPT analogues bearing a five-membered E-ring are potent inhibitors of the DNA relaxation and
cleavage reactions catalyzed by topoisomerase I and exhibit promising cytotoxic activities with IC50 values in the nM range. This is
the first successful design of lactone-free CPT, providing thus a new avenue to the development of topoisomerase I targeted anti-
tumor agents.
# 2003 Elsevier Ltd. All rights reserved.
Introduction

Camptothecin (CPT) 1 a pentacyclic alkaloid isolated
from Camptotheca acuminata by Wall and Wani in
1966, is one of the most important lead compounds in
anticancer research.2 The antitumoral activity of CPT is
attributed to the selective poisoning of DNA topo-
isomerase I, an enzyme essential for the relaxation of
DNA during important cellular processes.3 It has been
postulated that CPT, as a closed lactone E-ring, forms a
ternary complex with topoisomerase I and DNA. Dif-
ferent molecular models have been proposed for the
structure of this ternary complex taking into account
the key role of the six-membered a-hydroxy lactone E-
ring for the enzyme poisoning activity.4,5 Recently, the
3D structure of a ternary complex formed between
topoisomerase I, DNA and the clinically used CPT
derivative topotecan has been solved by X-ray crystal-
lography.6 The E-ring of CPT is essential to the inter-
action with the enzyme. However, this lactone E-ring of
CPT opens rapidly to an inactive hydroxy acid form in
human plasma. Over the past 10 years, a number of
E-ring modified CPT analogues have been prepared,
most of them being inactive or less active than CPT.7
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Consequently, the search for more stable analogues
possessing the necessary structural requirements for the
formation of stable ternary complexes is still very active.

In 1997, an E-ring modified CPT 2 with enhanced lactone
stability was found to be a very potent topoisomerase I
inhibitor and a powerful cytotoxic.8,9 The seven-mem-
bered lactone ring characteristic of the homo-
camptothecin derivatives limits the conversion into an
inactive carboxylate form.10

These observations raise the possibility that novel E-
ring modified analogues of CPT with improved chemi-
cal stability might possess enhanced antitumor activity.
To study this possibility, we have designed new
compounds, 3 and 4, lacking the oxygen of the lactone
E-ring and therefore possessing a five-membered E-ring.
Here, we report the synthesis of these compounds and
we demonstrate that the anti-topoisomerase I activity is
preserved.
Chemistry

Our synthesis was based on the procedure used by
Comins for the total synthesis of CPT.11

N-Alkylation of cyclopenta[c]pyridine derivatives 5 and
14 with different bromomethyl-3-quinolines, followed
by an intramolecular Heck reaction gave the desired
pentacyclic compounds.

The cyclopenta[c]pyridine-1-one 5 needed to prepare
compound 3 was obtained following the sequence
depicted in Scheme 1.

[(Fluoro-2-iodo-4)pyrid-3-yl]-carboxaldehyde 612,13 was
reacted with 1-ethoxy-1-(tributyltin) ethylene under
Stille conditions to give 7. The crude product 7 under-
went a spontaneous ring closure to give 8 and 9
during the purification on silica gel with CH2Cl2/
MeOH (98/2) as eluent. Treatment of the mixture (8
and 9) in trifluoroacetic acid in water–acetonitrile at
room temperature completed the hydrolysis of the cyclic
enol. Addition of an excess of ethylmagnesiumbromide
to 9 in diethylether at �30 �C afforded, after purifica-
tion, a 50% yield of diol 10 as a mixture of diastereo-
isomers (75/25). Oxidation of 10 gave an intermediate
hydroxyketone, the fluoro-2-pyridine function of which
was hydrolyzed in acidic medium to lead to the targeted
cyclopenta[c]pyridine-1-one 5. Then 5 was alkylated
with bromo-2-bromomethyl-3-quinoline following con-
ditions described by Curran,14 that provide selectively
the N-alkylated product in yield over 80%. The final
ring closure was accomplished by an intramolecular
Heck reaction11 to give 3 in moderate yield (25%).

Compounds 4 were prepared using a novel cyclo-
penta[c]pyridine-1-one possessing an oxo group at posi-
tion 6 (Scheme 2). The various AB quinolines
(substituted bromo-(chloro)-2-bromomethyl-3-quino-
lines) used in the last stage of the preparation of the
Scheme 1. (a) 1-Ethoxy-1-(tributyltin)ethylene, Pd(PPh3)4; (b) silica gel, CH2Cl2/MeOH (98/2); (c) CF3COOH, H2O/CH3CN, rt; (d) EtMgBr, Et2O,
�30 �C; (e) PCC, CH2Cl2; (f) 2 N HCl, reflux, 1 h; (g) bromo-2-bromomethyl-3-quinoline, NaH, LiBr, DME, DMF; (h) Pd(OAc)2, NBu4Br, KOAc,
CH3CN, reflux.
Scheme 2. (a) NaH, MEMCl, THF; (b) 5 equiv LDA/HMPA, THF;
(c) 3N HCl, reflux, 1 h; (d) HO(CH2)2OH, pTSA (cat.), toluene,
reflux; (e) variously substituted bromo-2-bromomethyl-3-quinolines,
NaH, LiBr, DME, DMF; (f) Pd(OAc)2, NBu4Br, KOAc CH3CN,
reflux; (g) CF3COOH/H2O/reflux.
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different compounds 4a–i were obtained following
methods described in the litterature.8,15

Intermediate 11, previously prepared by Comins,13 was
used as starting material. Treatment of 11 with MEMCl
in the presence of sodium hydride in THF gave MEM
ether 12 in high yield. Then, conditions of the intra-
molecular ring closure of 12 were investigated. Reaction
of 12 with one equivalent of LDA/HMPA in THF at 0�

C during several hours afforded only small quantities of
the bicyclic ketone 13.16 The best results were observed
after treatment of 12 with a 5-fold excess of LDA/
HMPA in THF at 0 �C for 1 h. Following these condi-
tions 13 was obtained in 73% yield. Then the fluoro-1-
cyclopenta[c]pyridine 13 was hydrolyzed to the corre-
sponding pyridine-1-one after treatment with 3N HCl at
reflux. To prevent an enolization reaction in basic med-
ium and the formation of side products during the fol-
lowing step, the ketone was converted to the cyclic ketal
14. Then, the cyclopenta[c]pyridine-1-one 14 was selec-
tively N-alkylated with the variously substituted bromo-
2-bromomethyl-3-quinolines in high yields. The final
ring closure was performed using the conditions descri-
bed in Scheme 1 and gave the pentacyclic compounds
only in moderate yields. Then the deprotection of the
ketone proceeded upon treatment with CF3COOH/H2O
at reflux and gave the final products 4a–i quantitatively.
Biological Results

Topoisomerase I inhibition

The topoisomerase I inhibitory properties of the tested
compounds were examined using a DNA relaxation
assay.17 Negatively supercoiled plasmid pKMp27 was
incubated with topoisomerase I in the presence of each
drug at 1 or 10 mM. Parallel experiments were per-
formed with CPT and SN-38, the active metabolite of
the anticancer drug irinotecan. DNA samples were
treated with SDS and proteinase K to remove any
covalently bound protein and resolved in 1% agarose
gels containing ethidium bromide. As shown in Figure 1,
supercoiled DNA is fully relaxed by topoisomerase I in
the absence of drug (compare lanes DNA and Topo I).
In the presence of the test drugs, the intensity of the
slowest-migrating band, corresponding to the nicked
form of DNA, has increased significantly. This effect
reflects the stabilization of topoisomerase I–DNA clea-
vable complexes. Band intensities were quantified and
the extent of cleavage detected with each compound was
expressed relative to that detected with SN38 at the
same concentration (1 mM) (Table 1). With compound
4b, the level of nicked DNA molecules was only slightly
lower than that of the clinically relevant CPT. With the
other compounds, the amount of DNA cleavage was
less pronounced compared to SN38; however, there is
no doubt that these lactone-free compounds behave as
conventional topoisomerase I poison. These observa-
tions were fully confirmed by complementary experi-
ments using a 117-mer 32P-labeled DNA restriction
fragments (Fig. 2). Compounds 4b, 4c and 4i strongly
promote the cleavage of DNA by topoisomerase I.
Cell-growth inhibition

The cytotoxicity of the newly designed CPT derivatives
was measured using a conventional microculture tetra-
zolium assay as described.18 L1210 leukemia cells were
exposed to graded concentrations of drug for 48 h, and
the results are expressed as IC50. Except for 3 and 4e, all
the compounds were potent inhibitors of L1210 cell
proliferation, 4i being the most potent with an IC50
value of 60 nM, which is in the same range as topotecan
IC50 (Table 1). The cytotoxic potential of 4i was eval-
uated further on two human solid tumor cell lines,
DU145 (prostate) and HT29 (colon), which were
slightly more sensitive than L1210 with an average IC50
of 29 nM, versus 30 nM for SN38 or 40 nM for topo-
tecan. Cell-cycle analyses19 revealed that the CPT deri-
vatives induce arrest in the G2+M phases of the cell
cycle (Table 1). These results suggest that all of these
camptothecin derivatives share a similar mechanism of
action in whole cells.
Conclusion

There is no doubt that these CPT analogues bearing a
five-membered ketone E-ring are potent Topo I poisons,
in spite of the absence of a lactone moiety. For the first
time, a non-lactone CPT derivative active against Topo
I has been successfully designed. The most potent deri-
vatives were as cytotoxic for tumor cells as clinically
relevant drugs such as SN38 and topotecan. Similar
Figure 1. Effect of the camptothecin derivatives at (a) 1 mM and (b) 10
mM on the relaxation of plasmid DNA by human topoisomerase I.
Native supercoiled pKMp27 DNA (lane DNA) was incubated with
topoisomerase I in the absence (lane TopoI) or presence of the indi-
cated compound. Lanes marked CPT and SN38 refer to camptothecin
and the active metabolite of the antitumor drug irinotecan, respec-
tively. DNA samples were separated by electrophoresis on agarose gels
containing ethidium bromide (1 mg/mL). Gel were photographed
under UV light. Nck, nicked; Rel, relaxed; Sc, supercoiled.
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perturbations of the cell cycle were induced by the novel
derivatives and the reference drugs, suggesting that poi-
soning of topo I is the molecular mechanism underlying
their cytotoxic properties.
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