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Abstract

In an effort to discover potent camptothecin-derived antitumor agents, novel camptothecin
analogues with sulfonylpiperazinyl motifs at position-7 were designed and synthesized. They were
evaluated for /in vitro cytotoxicity with the sulforhodamine-B (SRB) method in five types of
human tumor cell lines, A-549, MDA-MB-231, KB, KB-VIN and MCF-7. With ICgq values in the
low UM to nM level, most of the new analogues showed greater cytotoxicity activity than the
reference compounds irinotecan and topotecan. Furthermore, compounds 121 (1Csq, 1.2 nM) and
12k (1C5p, 20.2 nM) displayed the highest cytotoxicity against the multidrug-resistant (MDR) KB-
VIN cell line and merit further development as preclinical drug candidates for treating cancer,
including MDR phenotype. Our study suggested that integration of sulfonylpiperazinyl motifs into
position-7 of camptothecin is an effective strategy for discovering new potent cytotoxic
camptothecin derivatives.
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Camptothecin (CPT, 1), a natural quinoline alkaloid isolated from the Chinese tree
Camptotheca acuminata, has shown significant antitumor activity against various cancers via
inhibition of topoisomerase 1.1-3 Extensive structural modifications on the C-7-, 9- or 10-
position of 1 led to the successful identification and development of the antitumor drugs
topotecan (2) and irinotecan (3), as well as several other analogs that are currently in clinical
trials. Particularly, the introduction of lipophilic substituents at the 7-position provides
favorable molecular interactions and improved pharmacological features that could have
potential therapeutic advantages. Through C-7 modification, some analogues were found to
exhibit superior pharmacological properties to 1,415 and several newer-generation clinical
candidates, including belotecan (CKD-602, 4), gimatecan (5), BNP-1350 (6), lurtotecan (7),
sinotecan (8) and DB-67 (9) emerged as alternatives to overcome the drawbacks of 1.16-21
Overall, the excellent activity profiles of these agents, including improved water solubility,
cytotoxic activity, drug resistance profiles, and antitumor spectra, suggested this compound
class could be optimized through rational C-7 modification. A binding model of 1 with
biological macromolecules also further demonstrated that the C-7 molecular area could
accommodate considerable structural diversity.22:23

In our continuing studies on the chemistry of 1, we recently reported a series of 7-(\-
substituted-methyl)-camptothecin derivatives that displayed potent cytotoxic activity with
significantly different drug-resistance profiles from those of 1.24 Some compounds exhibited
promising cytotoxicity against the KB-VIN drug resistant tumor cell line, while irinotecan
lost activity completely. The encouraging preliminary results have prompted us to extend our
investigation by synthesizing a novel series of 7-(A-[(substituted-sulfonyl)piperazinyl]-
methyl)-CPT derivatives. Pharmacophore merging is an efficient well-known strategy that
has been applied widely in drug design and discovery. Merging different pharmacophores,
which might have different mechanisms of action and targets, into one molecule may lead to
a new agent with enhanced efficacy and the ability to conquer resistance to the parent
drug.2® Furthermore, a piperazine group is commonly found in various drugsZ® and its
introduction can contribute to improved drug-like properties, such as bioavailability and
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metabolism. Also, the introduction of a bioactive sulfonyl group into a heterocyclic skeleton
results in significant changes in the bioactivity of the compounds.2” Thus, sulfonyl and
piperazinyl groups may be useful structural motifs for optimization of the scaffold of various
bioactive molecules. Given these considerations, in this paper, we proposed to incorporate
the two functional fragments, sulfonyl and piperazine, into 1 at the C-7 position and
synthesized a novel series of 1-derivatives.

The synthetic route to target compounds 12a-p is outlined in Scheme 1. Firstly, 7-
hydroxymethylcamptothecin (10) was obtained by Minisci free radical reaction of 1 with
hydrogen peroxide and ferrous sulfate in an aqueous methanol-sulfuric acid solution in 80%
yield?8. Subsequently, precursor 10 was converted into the key intermediate 7-
bromomethylcamptothecin (11) in 66% yield by heating in hydrobromic acid.2?
Intermediate 11 was coupled with various substituted sulfonylpiperazines in dry DMF to
produce the target compounds 12a-p in 19-45% yields.30

The new analogs 12a-p were evaluated for /n vitro cytotoxicity against five human cancer
cell lines (A-549, MDA-MB-231, KB, KB-VIN and MCF-7) using a sulforhodamine B
colorimetric assay.3132 Compounds 1-3 were used as reference compounds. The results of
the cytotoxicity studies are shown in Table 1.

As shown in Table 1, all of the new compounds exhibited more potent /n7 vitro cytotoxic
activity against five tested tumor cell lines than 2, a clinically used 1-derived
chemotherapeutic drug, and most of the new derivatives showed comparable or superior
potency to 3. The ICgq values of the new derivatives spanned a broad range from 0.21 to 481
nM, equivalent or superior compared with those of the parent compound 1. Remarkably, all
of compounds were more potent than 2 (ICgy >20,000 nM) against the MDR KB-VIN cell
line, with 121 (IC5 1.2 nM) and 12k (ICgq 20.2 nM) showing the greatest cytotoxicity
against this cell line. All of target compounds also showed increased cytotoxic potency
against the triple-negative breast cancer (MDA-MB-231) cell line compared with 2 or 3.
This result indicated that the introduction of a sulfonyl-piperazinyl group at C-7 might
combat the tumor MDR phenotype caused by P-glycoprotein overexpression.

The ICsp values in Table 1 also revealed that the A-549 cell line was more sensitive than the
other four cell lines to these compounds, which is consistent with the clinical behavior of
other derivatives of 1.33 From Table 1, phenyl (12c), 4-methylphenyl (12d), 4-ethylphenyl
(12e), 4-fluorophenyl (12j), 3,5-difluorophenyl (12n), and 2-thienyl (12p) R groups within
the sulfonylpiperazinyl side chain led to significantly enhanced cytotoxicity, as these
derivatives displayed 1Cgq values of less than 1 nM against the A-549 tumor cell line. In
comparison, compounds without an aromatic ring directly attached to the sulfonyl group,
including 12a (R = NMey), 12b (R = n-Bu), and 12g (R = Bn) showed reduced cytotoxic
activity. In addition, the identity of the aromatic group was important as a sharp drop in
potency was also observed against most cell lines, when 2-naphthyl, a bicyclic aryl group, or
2-pyridinyl was introduced rather than phenyl, compare 12m (1Cs5q 13.0-165 nM) and 120
(ICs0 21.9-327 nM) to 12¢ (ICsq 0.25-70.4 nM), respectively.
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The data also indicated that the size or electronic density of the substituents at C-7 might
greatly influence the potency of the new 1-derivatives. Compounds containing phenyl rings
with simple electron-donating alkyl substituents, such as 12d (p-CH3) and 12e (p-CH,CH3),
exhibited similar and significant cytotoxic activity against A549 cells (ICsg 0.89 and 0.65
nM, respectively). Meanwhile, compound 12h with a strongly electron-withdrawing 4-nitro
group on the phenyl ring was dramatically less potent (A549 ICsq 29.7 nM). However,
compound 12j with weakly electron-withdrawing p-fluoro substitution on the phenyl ring
was highly active against the tested tumor cells (A549 ICsq 0.50 nM) and much more potent
than 12k with p-chloro substitution (A549 1Cgy 6.92 nM), indicating that the substituent’s
size, in addition to electronic characteristics, could affect the activity. Compound 121, with a
3,5-dimethoxyphenyl R group, exhibited much better activity than compound 12i, with a 4-
methoxyphenyl R group, again indicating that steric characteristics are critical.

In summary, we have reported the synthesis and cytotoxicity evaluation of a series of new 7-
(NV-[(substituted-sulfonyl)-piperazinyl]-methyl)-CPT derivatives. Preliminary /n vitro
cytotoxicity evaluation demonstrated that some of the derivatives showed very potent
cytotoxicity from 0.21 to 481 nM and were more potent than 2 and 3. Notably, all of the
compounds were more potent than 2 (ICsg >20 pM) against the MDR KB-VIN cell line,
with 121 (ICsq 1.2 nM) and 12k (ICsq 20.2 nM) showing the greatest cytotoxicity against
this cell line. Furthermore, SAR study suggested that both aromatic and aliphatic
substituents on the sulfonyl-piperazinyl side chain at C-7 can promote potency to some
extent, while selected variations of these substituents can greatly affect the activity. These
findings support our further optimization of 1 to develop potential anticancer drug
candidates, particularly against the MDR phenotype. Continuing studies to substantiate and
improve activity profiles are underway in our laboratories and will be reported in due course.
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Synthesis of key intermediate 7-bromomethylcamptothecin (11). To a solution of 7-
hydroxymethylcamptothecin (7) (300 mg, 0.80 mmol) in HBr (40%, 40 mL), 98% H,SO4 (0.1
mL) was added and the mixture was heated at reflux for 16 h. After completion of the reaction, the
solvent was evaporated under vacuum and the residue recrystallized from MeOH to provide 7-
bromomethylcamptothecin (8) as a light brown solid (234 mg, 66% yield). 1H NMR (400 MHz,
DMSO0-dp) 8. 0.87 (t, ~=7.2Hz, 3H, 19-H), 1.84-1.90 (m, 2H, 18-H), 5.26 (s, 2H, -CH>-), 5.28 (s,
2H, 5-H), 5.45 (s, 2H, 17-H), 6.50 (s, 1H, 20-OH), 7.33 (s, 1H, 14-H), 7.76 (t, ~£7.2Hz, 1H, 11-
H), 7.89 (t, ~=7.2Hz, 1H, 10-H), 8.21 (d, /£8.4Hz, 1H, 12-H), 8.42 (d, /~=8.4Hz, 1H, 9-H); MS-ESI
m/z. 441.4 [M+H]™.
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30. General synthetic procedure for target compounds 12a—p. To a solution of 7-

bromomethylcamptothecin (0.1 mmol) in dry DMF (10 mL), the appropriate sulfonylpiperazine
(0.15 mmol) dissolved in DMF (3 mL) was added and the mixture was stirred at rt. After the
reaction was completed, the mixture was evaporated to dryness and the residue was purified by
chromatography on silica gel using CHCI3/MeOH as eluant to give target compounds 12a—p.
Representative analytical and spectroscopic data of 7-(A-[(4-methylphenylsulfonyl)piperazinyl]-
methyl)-(205)-camptothecin (12a): Yield 28%; m.p. 245-247°C; IHNMR (400MHz, DMS0-dpg)
&:0.87 (t, ~£7.2Hz, 3H, 18-H), 1.84-1.89 (m, 2H, 19-H), 2.39 (s, 3H, -CH3), 2.59 (m, 4H,
piperazine-H), 2.73-2.89 (m, 4H, piperazine-H), 4.11 (s, 2H, -CH>-), 5.28 (s, 2H, 5-H), 5.42 (s,
2H, 17-H), 6.54 (s, 1H, 20-OH), 7.32 (s, 1H, 14-H), 7.42 (d, /=8.0Hz, 2H, Ar-H), 7.58 (d,
J=8.0Hz, 2H, Ar-H), 7.68 (t, /=8.0Hz, 1H, 10-H), 7.82 (t, /=7.6Hz, 1H, 11-H), 8.15 (d, /=8.4Hz,
1H, 12-H), 8.37 (d, /£8.4Hz, 1H, 9-H), MS-ESI m/z 601.1 [M+H].

31. Skehan P, Storeng R, Scudiero D, Monks A, McMahon J, Vistica D, Warren JT, Bokesch H,

Kenney S, Boyd MR. J Natl Cancer Inst. 1990; 82:1107. [PubMed: 2359136]

32. Cytotoxic activity was determined by the sulforhodamine B (SRB) colorimetric assay as previously

described.3L In brief, the cells (3-5x% 103 cells/well) were seeded in 96-well plates filled with
RPMI-1640 medium supplemented with 10% fetal bovine serum (FBS) containing various
concentrations of samples, and incubated for 72 h. At the end of the exposure period, the attached
cells were fixed with cold 50% trichloroacetic acid for 30 min followed by staining with 0.04%
SRB (Sigma Chemical Co.) for 30 min. The bound SRB was solubilized in 10 mM Tris-base and
the absorbance was measured at 515 nm on a Microplate Reader ELx800 (Bio-Tek Instruments,
Winooski, VT) with a Gen5 software. All results were representative of three or more experiments
and ICxq is expressed as the average with standard deviation (SD).
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General synthetic procedure for target compounds 12a-p.
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