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Abstract: The novel 3-methoxycarbonyl-2-trifluoromethylcyclopropapyrroloindole (MCTFCPI) bisalkylators
were synthesized and their antitumor activity was evaluated. Among these derivatives, 7f in which two MCTFCPI

moieties are connected with a 5,5'-bis(2-carbonyl-1H-indole) group, was found to exhibit more prominent
cytotoxicity and antitumor activity than U-77,779 (bizelesin) (2). © 1998 Elsevier Science Ltd. All rights reserved.

The cyclopropapyrroloindole(CPI) derivatives, U-80,244 (carzelesin) (1)! and KW-2189 (3)2, are
presently under clinical trials as the promising antitumor agents (Figure 1). Recently, we reported the synthesis
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and antitumor activity of the novel 3-methoxycarbonyl-2-trifluoromethylCPI (MCTFCPI) derivatives and their
prodrugs which show prominent cytotoxicity (in vitro) and antitumor activity (in vivo) against murine solid
tumor.? Based on these studies, AT-3510 (4) was explored to exhibit antitumor activity against human tumor
xenografts more excellent than that for 1, 3 and the clinically widely used anticancer agent, cisplatin.4
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It is reported that U-77,779 (bizelesin) (2) in which two alkylating moieties are connected with a rigid
linker, 1,3-bis(2-carbonyl-1H-indol-5-yl)urea group, behaves as a bisalkylator.52 It is also reported that, for the
bisalkylators bearing flexible methylene linkers, their cytotoxicity highly depends upon the length of their
methylene linkers.5 Although the studies. on the length and type of rigid linkers have been of quite limited, it
appeared that in vivo antitumor activity of 2 carrying rigid linker is more excellent than that of bisalkylators
bearing flexible methylene linkers.5® Therefore, our synthetic attention on the novel bisalkylators was first
focused on the length and type of rigid linker between the two MCTFCPI groups. Among them, 7f was found
to exhibit more promising in vitro and in vivo activity than 2. The two MCTFCPI moieties of 7f are connected
with a 5,5'-bis(2-carbonyl- 1 H-indole) group, which has a carbon-carbon single bond between the two indole
rings. Herein, we wish report on the synthesis and antitumor activity of the novel bisalkylators carrying two
MCTFCPI rings.

According to the procedure reported in the preceding paper,® we completed the synthesis of novel
MCTFCPI bisalkylators 7a~f by coupling two equivalents of the optically active phenol (S)-5 with one
equivalent of various dicarboxylic acids 6a~f (Scheme 1).

Scheme 1
MeO,C. CF3
~ci Cl =
NH
N OH

Ta~f
a) i) 3MHCI-AcOEt ii) EDCI, HO»C-Ar-CO,H (6a~f),
7a; 86%, Tb; 36%, Tc;, 33%, 7d; 29%, Te; 48%, 7f; 40%.

Hozo—(/j@/mcow HO,c—¢ O O N—co,H
N N
H

N N
H p H H o
NHCONH d: X = CH,

CsC eX=0

Among 6a~f, bis(2-carboxyl-1H-indol-5-yl) derivatives 6¢~f were prepared according to the reported
methods.® Synthesis of 1,3-bis(2-carboxyl-1H-indol-5-yl)urea (6a)3 was achieved by acylation of ethyl 5-
aminoindole-2-carboxylate (8) with 1,1'-carbonyldiimidazole (CDI) followed by alkaline hydrolysis of the
formed diethyl ester 9 (Scheme 2). The synthesis of 1,2-bis(2-carboxyl-1H-indol-5-yl)ethyne (6b) was

Scheme 2
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a) CDI, THF, rt, 58%. b) LiOH, 77%.
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carried out starting from methyl S5-bromoindole-2-carboxylate (10) as shown in Scheme 3. Therein, a
palladium-catalyzed coupling’ was employed to insert an acetylenic bond between the two 5-positions in the

indole rings.
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a) trimethylsilylacetylene, Pd(PPh3), (10mol%), Cul, EtzN, MeCN, reflux, 75%. b) 0.2MNaOH, MeOH,
rt, 76%. c) 10, PA(PPh3)4 (10mol%), Cul, Etz3N, MeCN, reflux, 48%. d) 20%KOH, EtOH, 80°C, 93%.

With the novel MCTFCPI bisalkylators 7a~f in hand, we investigated cytotoxicity assay (in vitro) against
HeLaS3 human uterine cervix carcinoma and antitumor activity assay (in vivo) against Colon 26 murine
adenocarcinoma. As shown in Table 1, 7a having a ureadiyl group as the linker similarly to 2 exhibited
comparable cytotoxicity and antitumor activity to 2.8 Cytotoxicity and antitumor activity of 7f were obviously

Table 1. Cytotoxicity Against HeLaS3 Human Uterine Cervix Carcinoma
and Antitumor Activity Against Colon 26 Murine Adenocarcinoma

7 a b c d e f 2
ICso
(agmy® | 01 035 021 3 22 00049  0.060
TG 94 82 87 80 88 84 90
(neke)® [ (15.6) (31.3) (31.3) (4000) (4000) (0.977) (15.6)

a) Drug concentration required to inhibit the growth of HeLaS3 cells by 50%.
b) Colon 26 (10%/mouse) cells were inoculated s.c. into male CDF1 mice on day 0. Drugs were administered
i.v. on day 6. The percentage tumor growth inhibition as compared with the untreated group.

superior to those of 2. In summary, it appeared evident that the length of a rigid linker gives a significant
influence on cytotoxicity and antitumor activity rather than the type of a rigid linker. Further investigations on the
MCTFCPI bisalkylators bearing novel rigid linkers are in progress and will be reported shortly.

Acknowledgments:

We are grateful to Dr. S. Suzue, Kyorin Pharmaceutical Co. Ltd., for many valuable suggestions and
encouragement. We thank Dr. T. Ishizaki, Kyorin Pharmaceutical Co. Ltd., for proving us with a sample of

dicarboxylic acid 6a.



1390 Y. Fukuda et al. / Bioorg. Med. Chem. Lent. 8 (1998) 13871390

References and Notes

1. Li, L. H;; DeKoning, T. F.; Kelly, R. C.; Krueger, W. C.; McGovren, J. P.; Padbury, G. E.; Petzold, G.

L.; Wallace, T. L.; Ouding, R. J.; Prairie, M. D.; Gebhard, I. Cancer Res., 1992, 52, 4904 .
. Asai, A.; Nagamura, S.; Saito, H. J. Am. Chem. Soc., 1994, 116, 4171.

3. Fukuda, Y.; Furuta, H.; Shiga, F.; Oomori, Y.; Kusama, Y.; Ebisu, H.; Terashima, S. Bioorg. Med.
Chem. Lett., 1997, 7, 1683.

4. a) Terashima, S.; Fukuda, Y.; Oomori, Y. US Patent 5,629,430. b) Fukuda, Y.; Furuta, H.; Kusama, Y.;
Ebisu, H.; Oomori, Y.; Terashima, S. in preparation.

5. a) Mitchell, M. A,; Kelly, R. C.; Wicnienski, N. A.; Hatzenbuhler, N. T.; Williams, M. G.; Petzold, G. L.
Slightom, J. L.; Siemieniak, D. R. J. Am. Chem. Soc., 1991, /13, 8994. b) Mitchell, M. A.; Johnson,
P. D.; Williams, M. G.; Aristoff, P. A. ibid., 1989, 111, 6428.

6. For the synthesis of 6¢~f, see, Cheshmaritashvili, M. G.; Samsoniya, Sh. A.; Kurkovskaya, L. N.;
Suvorov, N. N. Khim. Geterotsikl. Soedin, 1984, 1,73. cf. C. A., 100, 191694v. (for 6¢), Samsoniya,
Sh. A.; Chikvaidze, I. Sh.; Suvorov, N. N.; Gverdtsiteli, . M. Soobshch. Akad. Nauk Gruz. SSR, 1978,
91, 609. cf. C. A,, 90, 137617j. (for 6d), Samsoniya, Sh. A.; Tabidze, D. M.; Suvorov, N. N. Khim.
Geterotsikl. Soedin, 1981, 1, 57. cf. C. A., 95, 42809n. (for 6e), Suvorov, N. N.; Samsoniya, Sh. A.;
Chilikin, L. G.; Chikvaidze, I. Sh.; Turchin, K. F.; Efimova, T. K.; Tret'yakova, L. G.; Gverdtsiteli, I. M.
ibid., 1978, 2, 217. cf. C. A., 89, 42988w. (for 6f).

7. a) Alvarez, A.; Guzman, A.; Ruiz, A.; Velarde, E.; Muchowski, J. M. J. Org. Chem., 1992, 57, 1653.
b) Sonogashira, K.; Tohda, Y.; Hagihara, N. Tetrahedron Lett., 1975, 50, 4467. c) Takahashi, S.;
Kuroyama, Y.; Sonogashira, K.; Hagihara, N. Synthesis 1980, 627.

8. U-77,779 (bizelesin) (2) used as the standard compound was synthesized in our laboratories. Fukuda, Y.;
Furuta, H.; Shiga, F.; Asahina, Y.; Terashima, S. Heterocycles, 1997, 45, 2303.



