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Communications to the Editor 

Novel Sulfonamides as Potential, Systemically 
Active Antitumor Agents 

The discovery of new antitumor agents has truly con- 
tributed to the treatment of certain types of tumors, i.e. 
leukemias and lymphomas. Unfortunately, however, 
chemotherapeutic treatments are far from satisfactory to 
patients with malignant solid tumors, particularly to those 
with slowly growing solid tumors. Therefore, we attempted 
to discover clinically effective drugs against such refractory 
solid tumors. 

It has been repeatedly noted that traditional primary 
in vivo screening using murine leukemias (P388 and L1210) 
are unsuitable for the detection of clinically active agents 
against solid Our main strategy was that 
structurally novel synthetic compounds with significant 
antiproliferative activity against solid tumor cells in vitro 
would be tested for antitumor activity against the slowly 
growing, murine solid tumors in vivo. We used colon 38 
(murine colon adenocarcinoma) in the primary in vivo tests 
because this model has the following characteristics: (a) 
colon 38 is a relatively slow growing, murine solid tumor," 
(b) colon 38 is comparatively resistant to ~hemotherapy,~ 
and (c) colon 38 is subcutaneously (sc) i m p l a n u  therefore 
systemic absorption and delivery of drugs are required in 
order to inhibit tumor growth. In the case of the tradi- 
tional murine leukemia models, intraperitoneal (ip) drug 
treatment after ip tumor implantation has been exclusively 
used. For the purpose of choosing candidates for in vivo 
tests, we initially screened new synthetics for in vitro an- 
tiproliferative activity against two kinds of solid tumor 
cells, colon 38 and KB (human carcinoma of the naso- 
pharynx) cells. 

In the course of selecting various chemical structures 
which may be of use in designing novel antitumor agents, 
we were particularly interested in sulfonamides, because 
sulfadiazine, an antibacterial sulfonamide, was reported 
to preferentially accumulate in sc-implanted murine tu- 
mors after ip administration.6 Since it has been well 
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known that sulfonamides have a variety of biological ac- 
tivities such as antibacterial, insulin releasing, carbonic 
anhydrase inhibitory, and antithyroid,' there seemed to 
be a possibility that new antitumor sulfonamides with 
mechanisms different from those of known antitumor 
agents could be discovered. Therefore, we undertook the 
synthesis and screening of a number of sulfonamides with 
widely differing chemical structure. Although very little 
information had appeared in the literature regarding an- 
titumor activity of sulfonamides, chloroquinoxaline sul- 
fonamide (CQS) was reported to have antitumor activiv 
while our work was in progress. The mechanism of action 
of CQS has not yet been el~cidated.8~~ 

Chemistry. The syntheses of the N-(2-anilino-3- 
pyridy1)benzenesulfonamide analogs 2-6 are outlined in 
Scheme I. 2-Anilino-3-pyridinamine derivatives were 
obtained by the catalytic hydrogenation of 2-anilino-3- 
nitropyridine derivatives, which were prepared in good 
yields by heating the mixture of 2-chloro-3-nitropyridine 
and aniline or its derivatives at ca. 100 OC.l0 Condensation 
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Table I. In Vitro Antiproliferative Activity of Compounds 1-6 

1% (ccg/mLP 
comDd R X Y colon 38 KB 

1 CH3 CH CH 1.2 0.46 
2 CH, N CH 3.2 1.5 .~ ~. 

3 CHjO N CH 0.45 0.27 
4 CH30 N COCHB 3.6 1.9 
5 CH30 N COH 0.38 0.29 
6 CHqO N N 1.4 1.0 

' Concentration to inhibit colon 38 and KB cell proliferation by 
50% relative to untreated controls after 72 h of continuous drug 
exposure. 

Table 11. In Vitro Antitumor Activity of Compounds 2-6 
against Colon 38' 

dose death/  
comrxl (malkddav) total TICb (%I  

2 100 
200 
400 

3 50 
100 
200 

4 50 
100 
200 

25 
50 

100 

25 
50 

5 12.5 

6 12.5 

20 
19 
1 

27 
2 
1 

30 
1 
0 

59 
32 
3 
2 

41 
35 
14 

a The tumor was introduced by sc implantation of a 75-mg tumor 
fragment into the axillary region of female BDFl mice on day 0. 
Compounds 2-6 were administered orally on days 1-8. The tu- 
mors were excised and weighed on day 21. *(Tumor weight of 
treated mice/tumor weight of control mice) X 100. 

of p-methyl or p-methoxybenzenesulfonyl chloride with 
2-anilino-3-pyridinamine derivatives in pyridine at  room 
temperature gave compounds 2-6 in good yields. The 
structures of these compounds were established by spec- 
troscopic and analytical data. 

Biological Activity and Discussion. A number of 
sulfanilamides, i.e., sulfadiazine, sulfapyridine, sulfamer- 
azine, sulfamethazine, sulfisomidine, sulfadimethoxine, 
sulfathiazole, sulfamethoxazole, sulfamethizole, and sulf- 
isoxazole, were tested for in vitro antiproliferative activity 
against colon 38 and KB cells. None of the sulfanilamides 
showed inhibitory activity against these cells (ICw > 100 

Of the compounds tested, 1 was the first discovered 
sulfonamide with substantial in vitro antiproliferative 
activity (Table I). Although 1 showed only marginal in 
vivo antitumor activity against colon 38, further modifi- 
cation of the structure of 1 led to the discovery of analog 
2 with good in vivo activity (Table 11). Compound 2 
showed antitumor activity against colon 38 in a dose-de- 

pg/mL). 
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Figure 1. Effects of compound 5 and vincristine on the mitotic 
index of P388 cells in vitro. P388 cells were cultured with the 
drugs for 12 h. The cells were treated with 75 mM KC1, fixed 
with MeOH-AcOH, and stained with crystal violet. The mitotic 
index was determined by counting at least 300 cells (control 4.5%). 
Similar resulte were obtained in a second experiment. 

pendent manner after oral (pol administration on days 1-8. 
Replacement of the methyl group of 2 by a methoxy group 
(analog 3) increased both in vitro and in vivo activity. 
Substitution with a hydroxy group in position 4 of the 
anilino group of 3 (analog 6)  did not affect in vitro activity 
but increased in vivo activity. No correlation between in 
vitro and in vivo antitumor activity was observed upon 
modification of the anilino group of 3 (3 vs 4-6). It is 
noteworthy that 2,3, and 6 have a broad range of effective 
doses. Compound 5 has been selected for further evalu- 
ation. Compound 5 waa found to inhibit mitosis of P388 
cells at  cytotoxic concentrations (ICw = 0.32 pg/mL) as 
shown in Figure 1. Ita excellent activity and wide range 
of effective doses in the colon 38 model and ita structural 
novelty, unrelated to known antineoplaams, suggest that 
5 may be a hopeful new antitumor agent for human solid 
tumors. Reporta on the structure-activity relationships 
of this series of compounds, further data on the efficacy 
of 5 (E7010) in this and other tumor models, and the 
precise mechanism of action will be forthcoming. 

HiroBhi Yoshino,* Norihiro Ueda, Jun Niijima 
Hiroyuki Sugumi, Yoshihiko Kotake, Nozomu Koyanagi 

Kentaro Yoshimatsu, Makoto Asada, Tatsuo Watanabe 
Takeshi Nagaau, Kappei Tsukahara 

Atsumi Iijima, Kyosuke Kitoh 
Tsukuba Research Laboratories 

Eisai Company, Ltd., 1-3, Tokodai 5 chome 
Tsukuba-shi, Ibaraki 300-26, Japan 

Received March 9, 1992 

Isopropyl and Phenyl Esters of 3@-(4-Substituted 
phenyl)tropan-2j9-carboxylic Acids. Potent and 
Selective Compounds for the Dopamine 
Transporter 

Since (-)-cocaine (1) is a popular drug of abuse, much 
effort has been devoted to elucidating its neurochemical 
mode of action. Ritz et al.l correlated the potencies of 
cocaine and cocaine analogs in self-administration studies 
with their potencies in inhibiting [3H]mazindol binding to 
the dopamine (DA) transporter in rat striatum and con- 
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