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Abstract: Novel water-soluble 4/-amino-4’-O-demethylepipodophyliotoxin derivatives (6-12),
designed to enhance minor groove binding ability, were synthesized and screened against NCI’s
in vitro disease-oriented human tumor cells. Among them, 4’-O-demethyl-4#[N-(1"""-methyl-
4°""-nitro-pyrrole-2"""-carbonyl)-4"-aminoanilino}-4-desoxypodophyllotoxin (10) and its HCl salt
(11) were found to exhibit potent cytotoxic activities (average log Glsy = -6.91, -7.00, and -5.01
for 10, 11, and etoposide, respectively). Compounds 10 and 12 were further tested for their
inhibitory activities against DNA topoisomerase 1I. Compound 10 again exhibited a superior
activity profile compared to that of etoposide, displaying increased cytotoxicity against KB and
KB-7d cells (IDsp/LDsp = 0.04/0.15 and 0.2/0.25 for KB and KB-7d cells, respectively),
topoisomerase II inhibitory activity (12.5 uM), and cellular protein DNA complex formation

(225%). © 1997 Elsevier Science Ltd. All rights reserved.

Introduction: Etoposide (VP-16, 1) and teniposide (VM-26, 2), semisynthetic glycosides of
podophyllotoxin,” are both potent anticancer chemotherapeutic agents. GL-331 (3), discovered
and developed in the author’s laboratory, is another podophyllotoxin derivative that is currently
in the phase II clinical trial for treatment of various cancers.” Unlike podophyllotoxin, which
inhibits the assembly of microtubules, the primary mode of action of etoposide, teniposide, and
GL331 is to stabilize the covalent topoisomerase [I-DNA cleavage complex, break DNA strands,

and cause cell death.**
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Recently, we reported the development of three-dimensional quantitative structure-
activity relationship of 101 analogs of 4’-O-demethylepipodophyllotoxin using the methodology

¥ The steric and

of comparative molecular field analysis (COMFA)® and q°-GRS technique.”
electrostatic contour plots of the final CoOMFA/q’-GRS model were compared with the DNA
phosphate backbone environment of the DNA-4’-O-demethylepipodophyllotoxin analog
complex. The comparison revealed that the COMFA steric and electrostatic fields are compatible
with stereochemical properties of the DNA backbone. On the basis of this study, we
hypothesized that an increase in the minor groove binding ability of the epipodophyllotoxin
derivatives should enhance the antitopoisomerase Il activity.

As a part of our ongoing effort to understand the mechanism of enzyme inhibition and
design inhibitors with clinical potential, we have investigated the proposed hypothesis by linking
a known minor groove binding functional group to active compound 5. In the present study, the
basic fragment, 1-methyl-4-nitro-2-pyrrolecarboxyl (see D) and 1-methyl-4-(1’-methyl-4’-nitro-
2’-pyrrolecarboxamido)-4-amino-2-pyrrolecarboxyl (see F), which are structural components of
the cytotoxic polypeptide netropsin,'® were linked to the compound 5. In addition, simple,
straight alkylamino derivatives were also synthesized (6-9). These derivatives were then
evaluated for their cytotoxic and inhibitory activities against various tumor cell lines and DNA
topoisomerase L.

Chemistry: The compounds 6-9 were synthesized (Scheme 1) from 4p-bromo-4’-demethyl-
epipodophyllotoxin (4) with corresponding amines according to a previously published method."'
Compounds 10'? and 12 were synthesized (Scheme 1) by condensation of compound 5, and the

corresponding fragments, 1-methyl-4-nitro-2-pyrrolecarbonyl chloride (D) and 1-methyl-4-(1’-
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Scheme 1. Synthesis of Etoposide Analogues 6-12
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methyl-4’-nitro-2’-pyrrolecarboxamido)-4-amino-2-pyrrolecarbonyl chloride (F), which were
prepared based on the literature method.'*"?
Biological Assay and Results: The compounds 6-12 were submitted to National Cancer
Institute (NCI) for in vitro disease-oriented human tumor cells screening.M The cytotoxic
activities of target compound against nine cell lines out of 60 cell lines tested are summarized in
Table 1. The results shown that all compounds, except 9, which displays almost equal potency to
etoposide, were about 10- to 100-fold more potent than etoposide. Among them, compound 10
and its HCI salt (11) were the most potent cytotoxic agents with average log Gls, values about -7,
especially against leukemia (MOLT-4) and breast cancer (MCF7) cells with log Glso values of
< -8.00. A comparison of the average log LCs of these compounds with etoposide revealed that
the newly synthesized analogues were approximately 6- to 330-fold less lethal to the tested cells.
The compounds 10 and 12 were further tested for their inhibitory activities against DNA
topoisomerase II by our in-house assay.'® The relative activities of compounds 10 and etoposide
against DNA topoisomerase II and cell growth inhibition are consistent with a mode of action for
10 as a “cleavable-complex” type inhibitor (Table 2). Growth of an etoposide resistant cell line,
KB-7d, is less cross-resistant to 10 than to etoposide (5- and 125-fold respectively). Moreover,
KB-7d cells are no more twofold less susceptible to compound 10’s cytotoxic action than KB
cells. Compound 12 appears to be a weak cleavable-complex type topoisomerase II inhibitor by
comparison to etoposide and 10. Although 12 is a potent inhibitor of KB cell growth, the
analogue is substantially less cytotoxic than 10, and it is unclear from the present work whether
topoisomerase II is an intracellular drug target for compound 12 (Table 2).
Acknowledgment: This investigation was supported by grant DHP 131 from the American

Cancer Society awarded to K. H. Lee.

References and Notes:

For 176, see Wang, H. K.; Lee, K. H. Bot. Buil. Acad. Sinica, 1997, in press.
Podwyssotzki, V. Arch. Exp. Pathol. Pharmakol. 1880, /3, 29.

Lee, K. H.; Wang, H. K. J. Food and Drug Analysis 1995, 3, 209.

Osheroff, N.; Zechiedrich, E. L.; Gale, K. C. BioEssays 1991, 13, 269.

RS SR

611



612

10.

1.

12.

13.
14,

15.

Z. Netal

Alton, P. A.; Harris, A. L. Annotation. British Journal of Haematology 1993, 85, 241.

Cho, S. J.; Tropsha, A.; Suffness, M.; Cheng, Y. C.; Lee, K. H. J Med Chem. 1996, 39,
1383.

Cramer, R. D., II; Patterson, D. E.; Bunce, J. D. J. Am. Chem. Soc. 1988, 110, 5959.

Cho, S. J.; Tropsha, A. J. Med. Chem. 1995, 38, 1060.

Wang, Z. Q.; Kuo, Y. H.; Schnur, D.; Bowen, J. P.; Liu, S. Y.; Han, F. S.; Chang, J. Y;
Cheng, Y. C.; Lee, K. H. J. Med Chem. 1990, 33, 2660.

Lee, M.; Roldan, M. C.; Haskell, M. K.; McAdam, S. R.; Hartley, J. A. J Med. Chem. 1994,
37,1208,

Lee, K. H.; Beers, S. A.; Mori, M.; Wang, Z. Q.; Kuo, Y. H.; Li, L.; Liu, S. Y.; Chang, J. Y;
Han, F. S.; Cheng Y. C. J Med. Chem. 1990, 33, 1364.

4’-0-Demethyl-4B-[ N-(1"’-methyl-4""-nitro-pyrrole-2"’-carbonyl)-4"-aminoanilino]-4-
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