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a b s t r a c t

Six derivatives of 10-hydroxycamptothecin were prepared via solvolysis of topotecan in corresponding
alcohols and acetic anhydride. We attributed the specific reactivity of topotecan to the internal hydro-
gen-bonding between 10-hydroxy and the nitrogen atom in position 9. As a result the reaction under-
went through an intermediate ortho-quionomethlide species to reach equilibrium. Bioactivity
screening data showed all products could potentially inhibit the proliferation of several cancer cell lines
in vitro and a bigger size group in 9-position would be favorable for the anti-tumor activities observably.

� 2011 Elsevier Ltd. All rights reserved.
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Figure 1. Structures of camptothecin and topotecan.
Camptothecin (CPT, 1, Fig. 1), a pentacyclic alkaloid, was iso-
lated by Wall et al. in 1966 from the Chinese tree Camptotheca
acuminata1 and was reported to possess potent anti-tumor activity.
However, its clinical application has been hindered due to severe
toxicity and extremely poor solubility.2 Until the action mecha-
nism of camptothecin, it can inhibit DNA topoisomerase I, was dis-
covered in 1985, this compound was then revived, which brought a
worldwide attention and led to the successful clinical application
of several CPT derivatives including topotecan (2), irinotecan and
10-hydroxycamptothecin.3,4 Now hundreds of CPT derivatives are
undergoing investigation,5a–c in particular structure modifications
in positions 7, 9 and 10,6a–d some of which even go into various
stages of clinical trials.

In our research, a 11C-labeled quaternary ammonium salt of
topotecan, namely 11C-9-(N,N,N-trimethylaminomethyl)-10-
hydroxycamptothcin, was attempted to prepare as PET (Positron-
Emission Tomography) molecule for tumor diagnosis. In the process
of synthesizing the related reference substance, the methylation of
topotecan was performed via iodomethane and methanol was
selected as solvent due to it could dissolve the substrate very well.
Following the reaction was monitored by TLC until it reached equi-
librium, the main product was separated, purified and determined
via 1H NMR and MS as 10-hydroxy-9-(methoxymethyl)camptothcin
(3)7 unexpectedly, that is, instead of methylation the dimethylamino
group of topotecan was substituted by a methoxyl group. The fact
that the solvent participated in the reaction made us wonder if the
quaternary ammonium salt of topotecan had been formed before
All rights reserved.

ong), zhangqian511@shmu.
methanol attacked the carbon-atom in benzyl since the strong
leaving-activity of trimethylamino group.

To testify the hypothesis, topotecan was refluxed in methanol
without iodomethane. Out of expectation, the reaction still reached
equilibrium after refluxing 20 h and afforded the same product in
31.7% as before (recovered substrate in 42.0%). From these results,
we attributed the specific chemical behavior of topotecan to the
internal hydrogen-bonding between 10-hydroxy group and the
nitrogen atom in position 9, of which the unshared pair of elec-
trons is locked by hydrogen that makes the methylation of nitro-
gen atom with iodomethane more difficult and enhances the
leaving ability of dimethylamino group as dimethylamine entity.
If that happens, topotecan will transfer into an intermediate
ortho-quinonemethide species as shown in Figure 2. Herein, both
topotecan (2) and 10-hydroxy-9-(methoxymethyl)camptothcin
(3) could be considered as ortho-quinonemethide precursors
(QMPs).8 Dimethylamine or methanol can come off easily to afford
ortho-quinonemethide and inversely they both can react with the
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Figure 2. Mechanism of the solvolysis of topotecan in methanol.
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Scheme 1. Solvolysis of topotecan in different alcohols.
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Scheme 2. Solvolysis of topotecan in acetic anhydride. Reagents and conditions:
Method A: (CH3CO)2O, 50 �C. Method B: (CH3CO)2O/DMAP, CHCl3, reflux.

Table 1
Anti-tumor activity of solvolysis products 3–8 against KB, HepG2 and C26

Compounds Cytotoxicity in vitro (IC50, lM)

KB HepG2 C26

10-Hydroxy CPT 0.829 0.981 0.496
3 25.367 92.071 100.776
4 19.727 3.909 29.106
5 7.246 13.480 3.877
6 1.376 0.802 0.273
7 0.794 1.004 0.157
8 1.151 1.306 0.424

KB, human oral squamous cell carcinoma; HepG2, human liver cancer; C26, mice
colon carcinoma.
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intermediate as nucleophiles to establish reaction equilibrium as
observed.

Under similar protocol, the solvolysis of topotecan in ethyl alco-
hol, isopropyl alcohol and tert-butyl alcohol afforded 4, 5 and 6,7

respectively, with the yields from 16.0% to 43.2% (Scheme 1). While
cutting off the quantity of starting material recovered from the
reaction, the translation rates would range from 54.6% to 69.8%.

Other than in alcohols, the solvolysis of topotecan in acetic
anhydride, acetic acid, ethanethiol and water was also explored,
respectively. After the solution of topotecan in acetic anhydride
was stirred under 50 �C for 49 h, the reaction afforded compound
KB
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7 with a yield of 38.2%. While 1 N of DMAP was added into the
reaction, another 10, 20-diacetylation product 8 was separated
besides 7 (Scheme 2). However, the reactions did not afford the rel-
evant products when acetic acid, ethanethiol and water were em-
ployed as solvents, possibly due to their stronger acidity and
weaker nucleophilicity than alcohols.

All of these 9-alkoxymethyl and 9-acetoxymethyl derivatives
were screened against three cancer cell lines (KB, HepG2 and
C26) by WST-1 assay and using 10-hydroxycamptothecin (HCTP)
as reference compound. The bioactivity data (shown in Table 1)
demonstrated most of the compounds possessed potential antipro-
liferative activities and concentration dependence (Fig. 3). Espe-
cially, 7 and 6 showed more potent cytotoxic activity on KB and
HepG2, respectively, than that of the reference compound. On
C26 cell line test, 3 derivatives (6, 7 and 8) exhibited stronger activ-
ity than 10-hydroxycamptothecin, in which 7 was even three-fold
more active than the reference compound. Moreover, there was an
evident trend among 9-alkoxymethyl derivatives from the test re-
sults that the bulkier the group in position 9 became, the higher
cytotoxic activity the compound possessed except for compound
4 on HepG2. A possible structure–activity relationship between
9-position group and its bioactivity was suggested that a bigger
size group in the 9-position would be observably favorable for
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anti-tumor activities, which was consistent with the bioactivity
screening results of some 9-substituted such as CHO, CN and
CH@NOC(CH3)3 10-hydroxycamptothecins reported by Dallavalle
et al.6b As to 9-acetoxymethyl derivatives, the data of 7 was slightly
smaller than that of 8, indicting that 20-acetyl group was not com-
patible for its bioactivities.

In conclusion, 6 derivatives of 10-hydroxycamptothecin were
obtained via solvolysis of topotecan in corresponding alcohols
and acetic anhydride, and screened on several cancer cell lines as
anti-tumor agents. The mechanism of this kind of reaction is attrib-
uted to the existence of internal hydrogen-bonding between
10-hydroxy and 9-nitrogen atom in topotecan. Consequently the
reaction undergoes through an intermediate ortho-quionomethlide
species to reach an equilibrium. It is worth mentioning that the
lipo-solubility of all the 10-hydroxy 9-alkoxymethyl and 9-
acetoxymethylcamptothecins is improved substantially compared
with 10-hydroxycamptothecin or topotecan base.
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