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Abstract-The various structural types of novel cyclopropapyrroloindole(CPI) 
derivatives (7-10) were synthesized and their cytotoxicity was evaluated. Among 
these derivatives, 3-methoxycarbonylCPI(3-MCCPI) derivatives (8a,b) and 
cyclopropapyrrolocarbazole (CPC) derivative (10a)  were found to exhibit 
comparable cytotoxicity to U-73,975 (adozelesin) (1). 

The cyclopropapyrroloindole(CP1) derivatives, U-73,975 (adozelesin) (1),2 U-80,244 (carzelesin) (2)3, 

and KW-2189 (3),4 are the promising antitumor agents, the two of which, 2 and 3, are presently under 
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clinical trials (Figure  1) .  Recently, we reported the synthesis and antitumor activity of the novel CPI 

derivatives, bis(methoxycarbonyljCP1 (MC2CPI) and 3-methoxycarbonyl-2-trifluoromethyICP1 
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(MCTFCPI) derivatives (4) and (5). showing promising cytotoxicity (in vitro) and antitumor activity (in 

vivo) against murine leukemia and solid tumors (Figure 2).5 Among these derivatives, AT-3510 (6),  

the novel prodrug MCTFCPI derivative.5~ was found to exhibit more excellent antitumor activity and less 

toxicity than all of the CPl derivatives so far r ep~r t ed .~ - s  Based on these studies, it appeared evident that 

structural characteristics of the indole ring involved in the CPI system give a significant influence on 

cytotoxicity and antitumor activity. Accordingly, in order to explore the novel CPI derivatives exhibiting 

more excellent antitumor activity, we next investigated the effect of substituent(s) present in the indole ring. 

Herein, we wish to report on the synthesis and cytotoxicity of various structural types of novel CPI 

derivatives, 3-trifluoromethylCPI(3-TFCPI) seco-chloride derivative (7a).  3-methoxycarbonylCPI(3- 

MCCPI) derivatives (8a ,b) ,  cyclopropapyrrolobenzocarbazole(CPBC) derivative (9b). and 

cyclopropapyrrolocarbazole(CPC) derivative (lOa), which bear various substituents on the indole ring of 

the CPI system (Figure  3). Among these CPI derivatives, 7 a  and 9 b  were prepared in racemic forms 

while the synthesis of 8a,b and 10a was carried out in optically active compounds. This is because rough 

comparisons of cytotoxicity can be well done by its order of magnitude.6 

Figure 3 
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Synthesis of t h e  3-TrifluoromethylCPI(3-TFCPI) Seco-chloride Derivative (dl-7a) 

Synthesis of the 3-trifluoromethylCPI(3-TFCPI) seco-chloride derivative (dl-7a) corresponding to the 

trifluorinated analogue of the CPI system involved in 1 and 2 was first attempted. Thus, the introduction of 

a trifluoromethyl group was achieved by treating the isatin (dl-11)' with TMSCF$ in the presence of tetra- 

n-butylammonium fluoride (TBAF), providing the trifluoromethylated product (dl-12) as a diastereomeric 

mixture (cn. 3:l by 'H-NMR). This was converted to chloride (dl-13) by reduction with borane-dimethyl 

sulfide complex followed by chlorination. Treatment of dl-13 with boron tribromide underwent 

simultaneous deprotections of both the benzyl and Boc groups to give the indoline (dl-14). This was 

immediately coupled with 5-(benzofuran-2-ylcarbonyl)aminoindole-2-carboxylic acid ( 1 3 9  in the presence 

of I-[3-(dimethylamino)propyl]-3-ethylcarbodiimde hydrochloride (EDCI), affording dl-7a (Scheme 1 ) .  

Since spirocyclization of dl-7a to the 3-TFCPI system under basic conditions turned out to give a complex 
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mixture of the products probably due to the 3-trifluoromethyl group of indole ring, dl-7a was directly 

subjected to cytotoxicity assay as it stood. 
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(2 steps). c) BBq,  CH2C11, 4VC-10°C d j  ArCOzH (15). EDCI, DMF, rl, 42% (2 steps). 

Synthesis of t h e  3-MethoxycarbonylCPI(3-MCCPI) Derivatives (8a,b) 

Taking into account of the antitumor activity of 3-6 so far reported,5 we next designed the 3- 

methoxycarbonylCP1(3-MCCPI) derivatives (8a ,b)  which are regioisomeric to duocarmycin SA (16)  

Figure 4 
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(Figure 4).10 Thus, the acetyl group of the pyrroloindole [(S)-17I1I was removed by methanolysis under 

basic conditions, giving rise to alcohol [(S)-181. Conversion of (S)-18 to chloride [(S)-191 followed by 

removal of the benzyl group by transfer hydrogenolysis provided the phenol [(S)-201. Deprotection of (S)- 
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20 under acidic conditions gave the indoline [(S)-211 as its hydrochloride. This was immediately coupled 

with 159 and 5.6.7-trimethoxyindole-2-carboxylic acid (22)7 in the presence of EDCI to afford the seco- 

chlorides (S)-23a and (S)-23b, respectively. Finally, treatments of (S)-23a,b with 1,s- 

diazabicyclo[5.4.0]undec-7-ene (DBU) effected spirocyclization, furnishing 8a, [a]$ = +170' (c = 0.20,  

THF) and 8b,  [a],''= +205" (c = 0.20, THF) (Scheme 2). 

Synthesis of t h e  Cyclopropapyrrolobenzocarbazole(CPBC) Derivative (dl-9b) 

In the CPI derivatives (3-6 and 16), one or two carbonyl group(s) are attached at the C2- or C3-position, 

or both the C2- and C3-positions of CPI system in a form of methoxycarbonyl group. Therefore, we 

further designed the cyclopropapyrrolobenzocarbazole(CPBC) derivative (dl-9b) carrying two carhonyl 

groups in a form of quinone system. Thus, according to the reported method,l2 the treatment of the 5- 

aminoindoline (dl-2417 with 1,4-naphthoquinone gave rise to the aminoquinone (dl-25). Oxidative 

cyclization of dl-25 was effected with Pd(OAc)2 in acetic acid, affording the pyrrolohenzocarbazole (dl-26) 

as a sole product. The acetyl group of dl-26 was removed by methanolysis under basic conditions, and the 

resulting alcohol (dl-27) was converted to the mesylate (dl-28). Treatment of dl-28 with boron trihromide 

underwent simultaneous deprotection of both the benzyl and Boc groups giving the indoline (dl-29). This 

was immediately coupled with 227 in the presence of EDCI to give the seco-mesylate (dl-30). Finally, 

treatment of dl-30 with DBU effected spirocyclization, affording dl-9b (Scheme 3). 
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Synthesis of t h e  Cyclopropapyrrolocarbazole(CPC) Derivative (10a) 

With dl-7a, 8 a , b ,  and dl-9b in hand, the synthesis of the cyclopropapyrrolocarbarole(CPC) derivative 

carrying the CPI system fused with a benzene ring at its C2- and C1-positions was next attempted. 

According to the reported method,]? phenylation of (S)-246 with triphenyl bismuthine in the presence of 

Cu(0Ac)z provided the aniline [(S)-311. Oxidative cyclization of  (S)-31 was effected with Pd(0Ac)z to 

afford the pyrrolocarbazole [(S)-321 as a sole product. The acetyl group of (S)-32 was removed by 

methanolysis under basic conditions, giving rise to alcohol [(S)-331. Conversion of (S)-33 to chloride 

Scheme 4 
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[(S)-341 followed by removal of the benzyl group by transfer hydrogenolysis provided the phenol [(S)- 

351. Further deprotection of (S)-35 under acidic conditions afforded the indoline [(S)-361 as its 

hydrochloride. This was immediately coupled with 157 in the presence EDCI to give the seco-mesylate 

[(S)-37al. Finally, treatment of (S)-37a with DBU effected spirocyclization, furnishing (S)-lOa, [a]," = 

+216" (c = 0.20, THF). By employing the similar procedure, dl-37b was synthesized from dl-247 

(Scheme 3) .  

Cytotoxicity Assay of Var ious  S t ruc tu ra l  Types of Novel CPI Derivatives 

With the novel CPI derivatives (8a ,b ,  dl-9b, and 10a)  in hand, they were subjected to cytotoxicity assay 

(in virro) against HeLaS3 human uterine cervix carcinoma along with the seco-chlorides (dl-7a) and (dl- 

37b) .  From the results shown in Tab le  1 ,  cytotoxicity of Sa ,b ,  dl-37b and 10a  was found to be 

comparable to that of 1.14 It is well known that seco-halides exhibit cytotoxicity after they are first 

convened to the corresponding CPI derivatives,l5 and that 5-(benzofuran-2-ylcahnyl)aminoindole-2- 

carbonyl group shows a similar effect to 5,6,7-trimethoxyindole-2-carbonyl group in the cytotoxicity 
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a) Drug concentration required to inhihit the growth o f  HeLaS1 cells by 5011. 

Table 1. Cytotoxicity Against HeLaS3 Human Uterine Cervix Carcinoma 

assay.5a.b Taking into account of these facts, it appeared evident that the novel 3-MCCPI and CPC systems 

might be useful as promising scaffolds to explore novel anticancer agents. Further investigations on the 3- 

MCCPI and CPC systems are in progress. 

'CSO 
(nsirnllg' 

ACKNOWLEDGEMENTS 

We are grateful to Dr. S. Suzue, Kyorin Pharmaceutical Co. Ltd., for many valuable suggestions and 

encouragement. 

7a 8a 8b 9b dl-37b 10a 1 

0.28 0.048 0.052 1.4 0.019 0.015 0.03h 

REFERENCES AND NOTES 

I .  This paper is dedicated to Dr. Bernhard Witkop by celebrating his 80th birthday. 
2 .  B. K. Bhuyan, K. S. Smith, E. G. Adams, G. L. Petzold, and J. P. McGovren, Cancer R e s ,  1992, 

52,5687 and references therein. 
3 .  L. H. Li, T. F. DeKoning, R. C. Kelly, W. C. Krueger, J. P. McGovren, G. E. Padbury, G. L. 

Petzold,T. L. Wallace, R. J. Ouding, M.  D. Prairie, and I. Gebhard, Cancer Res., 1992.52, 4904 
4.  A. Asai, S. Nagamura, and H. Saito, J. Arn. Chem. Soc., 1994, 116, 4171. 
5 .  a) Y. Fukuda, Y. Oomori, and S. Terashima, Bioorg. Med. Chem. Lerr., 1997, 7,  749. b) Y. 

Fukuda, H. Furuta, F. Shiga, Y. Oomori, Y. Kusama, H. Ebisu and S. Terashima, ibid., 1997, 13,  

1683. c) Y. Fukuda, H. Furuta, Y. Kusama, H. Ebisu, Y. Oomori and S. Terashima, in preparation. 
6 .  a) Y. Fukuda, K. Nakatani, and S. Terashima, Bioorg. Med. Chern. Lerr., 1992, 2,  755. b) D. L. 

Boger, W. Yun, S. Terashima, Y. Fukuda, K. Nakatani, P. A. Kitos, and Q. Jin, ibid., 1992, 2, 
759. c)  Y. Fukuda, K. Nakatani, and S.  Terashirna, Tetrahedron, 1994, 50, 2809. d) K. Nakatani, 
Y. Fukuda, and S. Terashima, Pure & Appl. Chem., 1994.66, 2255. 

7 .  a) Y. Fukuda, K. Nakatani, Y. Ito, and S.  Terashima, Tetrrhedron. Letr., 1990, 31, 6699. b) Y. 
Fukuda, Y. Ito, K. Nakatani, and S. Terashima, Tetrahedron, 1994.50, 2793. 

8 .  R. Krishnamurti, D. R .  Bellew, and G. K. S. Prakash, J. Org. Cl~em., 1991, 56, 984. 
9 .  M. A. Warpehoski, 1. Gebhard, R. C. Kelly, W. C. Krueger, L. H. Li, J .  P. McGovren, M .  D. 

Prairie, N. Wicnienski, and W. Wierenga, J .  Med. Chem., 1988, 31, 590. 
10. a) M. Ichimura, T .  Ogawa, K. Takahashi, E. Kohayashi, I. Kawamoto, T. Yasuzawa, I. Takahashi, 

and H. Nakano, J. Arltibior., 1990, 43, 1037. b) T. Yasuzawa, Y. Saitoh, M. Ichimura, I. 
Takahashi, and H. Sano, ibid., 1991, 44, 445. 

1 I .  Y. Fukuda, H. Furuta, F. Shiga, Y. Asahina, and S. Terashima, Heterocycles, 1997, 45, 2303. 

12. M. Yogo, C.  Ito, and H. Furukawa, Chem. Phnrm. Bull., 1991,39,  328. 
13. R. A. Ahramovitch, D. H. R. Barton, and J:P. Finet, Tetr-rrhedron, 1988, 44, 3039 and references 

therein. 

14. U-73,975 (adozelesin) (1) used as the standard compound was synthesized in our laboratories. See, 
ref. I I .  

15. M. Ichimura, T. Ogawa, K. Takahashi, A. Mihara, I. Takahashi, and H. Nakano, Oncology 

Research, 1993.5, 165. Also see, ref. 3. and 4. 

Received, 20 th  A p r i l ,  1998 


