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Abstract: 5-(2-Pyridylsulfonyl)-2-thiazolamine (2) was effective both in mitomycin C (MMC)-induced
thrombocytopenia and in an animal model of idiopathic thrombocytopenic purpura (ITP). It also suppressed the
increase of autoantibodies against platelets in the ITP model and showed no blood toxicity. Chemical
modification of 2 led to the discovery of more potent compounds against MMC-induced thrombocytopenia.

. © 1998 Elsevier Science Ltd. All rights reserved.

Introduction

Thrombocytopenia is a major side effect of cancer chemotherapy and radiotherapy.! Development of
effective therapies for autoimmune thrombocytopenia such as idiopathic thrombocytopenic purpura (ITP) is also
of importance.2-3 Several cytokines such as interleukin (IL)-6,45 IL-3,6 IL-17 and PIXY3218 have been
evaluated for stimulation of megakaryocyte proliferation and maturation, but to date, only IL-111.% and
thrombopoietin10.11 have demonstrated significant clinical efficacy.12 Lower molecular—weight compounds,
e.g., leustroducsins, 13 conagenin, 14 Y-25510,15 KT6352,16 TAN-1511 analogue!7-!8 and FK565,19 have also
been reported as thrombopoietic agents.  But their clinical usefulness is not yet clear.

Recent reports have shown that dapsone 1 is effective against autoimmune thrombocytopenia.20-27
However, dose-intensive therapy of 1 is limited by a variety of toxicities, including hemolytic anemia and
methemoglobinemia.28 In the course of research on new antinephritic agents, we found compound 2
(FR115092) possessed a similar potency and pharmacological profile to 1, but devoid of any blood toxicity. 29
Thus, we focused on the development of a novel agent for thrombocytopenia, based on the structure of 2.
Reported here are the effects of 2 against thrombocytopenia in mice, and the synthesis and pharmacological
evaluation of 2-related compounds.
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Chemistry

Synthetic routes to the 2-aminothiazole derivatives 5-17 (Tables 1-3) are summarized in Scheme 1.
Commercially available 2-acetylpyridine 21 was converted to unstable aldehyde 22, which was brominated and
treated with thiourea to give 5-(2-pyridylcarbonyl)-2-thiazolamine 5. The sulfoxides 6—17 were synthesized
by careful oxidation with m-chloroperbenzoic acid (m-CPBA) from the corresponding sulfides 24. The key
intermediates 24 were obtained by the coupling reaction between 5-halothiazoles (23,26) and thiols in the
presence of NaHCO3 or K2 CO3. Syntheses of miscellaneous compounds 18-2 0 are shown in Scheme 2.
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2-Methylaminothiazole and 2-desaminothiazole derivatives 18, 19 were prepared from 3 or 4 (previously
reported in ref.29) using a conventional methylation or deamination method, respectively. ~Successive treatment
of 2-amino-5-mercapto-1,3,4-thiadiazole 2 8 with 2-chloroquinoline and m-CPBA afforded 2 0.

Biological results and discussion
Dapsone (1) and FR115092 (2) were given orally to mitomycin C (MMC)-induced thrombocytopenic mice30
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(Fig.1), and male (NZW x BXSB)F; mice (W/BF| mice) which are well-known as an animal model for ITP3!
(Fig.2). Both compounds inhibited the reduction of the number of platelets in the MMC-induced model as
shown in Fig.1-A.  In addition, although 1 induced a decrease in the number of peripheral red blood cells, 2
did not (Fig.1-B). Both 1 and 2 also significantly prevented the development of thrombocytopenia and
suppressed the increase in circulating autoantibodies against platelets (PAAs) in W/BF; mice (Fig.2).
Compound 2 also encouraged the growth and maturation of megakaryocytes in bone marrow in both models
(data not shown).32 The above results indicated that 2 was effective against thrombocytopenia, without induction
of hemolytic anemia.

In order to clarify further the structure-activity
relationship of analogues of 2 and to find more potent

Table 1. Investigation of Connecting Links (X)
compounds, we chemically modified the connecting link,

X._N
the pyridine, and the 2-aminothiazole moieties of 2. HZN—-<\3]/ U
The test results, % of the number of platelets for the N 7
treated versus MMC control group in the MMC-induced Number of platelets ¢/
. . . . Compd. X (% of MMC control)
thrombocytopenic mice, are summarized in Tables 1-3.
As a first step, we tested a series of compounds (3-5), 2b S0, 139%%
which had various connecting links (X) as a surrogate 3 S(0) I5q%s
for the sulfone group in 2. As shown in Table 1, the
sulfoxide 3 was the most active in the series and we 44 § 147%
selected 3 as a lead compound for further modification. 59 Co 140
As a surrogate for the 2-pyridyl group, some a) Dose : 100 mg/kg p.o. ; ** p<0.01, * p<0.05

vs. MMC control (Student's t-test). See ref. 30
for experimental detail.

especially benzimidazole and quinoline derivatives 10— b)Ref.29.  ¢)2HCl salt.

condensed-heterocycles showed excellent activity,

Table 2. Investigation of 5-(Arylsulfinyl)-2-thiazolamines
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Table 3. Investigation of Miscellaneous Table4. Dose-response Study
Derivatives

Compd Number of platelets (% of MMC control) a)
Number of platelets ¢ pe- 10 mg/kg 32 mg/kg 100 mg/kg

Compd.
pd Structure g £ MMC control)
10 92 12 165+
s_S_N
17 HZN—(\IU 118 11 116 123* 188*
N Me ~F
) 12 138* 153* 181
18 —<S]’S ® 132
MeHN—% U 19 124 148* 171%+
O e
S S Ng )
19 J O 148 1 91 125+ 150%
0
S_S_N 2 94 143% 1395+
\Ir &
20 HZN-—(\N_N |/ 102

a) ** p<0.01, *p<0.05 vs. MMC control (Student's t-test).
a) Dose : 32 mg/kg p.o. ; *p<0.05 vs. MMC control.

12 were more active than 3 (Table 2). Interestingly, desamino compound 19 also exhibited potent activity
(Table 3). But incorporation of a methyl moiety (17,18) or replacement of thiazole with thiadiazole (20)
resulted in loss of activity.

Based on the dose-response study shown in Table 4, compounds 12 and 19 were confirmed to be superior to
1 or 2. The activities described in this paper suggest that thiazole derivatives such as 2, 12 or 19 have
potential as a new agent for various types of thrombocytopenic diseases. Full details of the chemistry and
pharmacology of this novel series of compounds will be published in due course.

Acknowledgments: The authors are grateful to Drs. H. Senoh, K. Shimomura, T. Fujii, and their
colleagues in the pharmacological division for valuable suggestions and biological assays, and Drs. K. Sakane
and G. W. Spears in the Medicinal Chemistry Research Laboratories for useful advice during the preparation of
this manuscript.

References and Notes
*  Fax : 81-6-304-5435, E-mail : kiyoshi_tsuji@po.fujisawa.co.jp
1. Isaacs, C.; Robert, N.J.; Bailey, F.A.; Schuster, M. W.; Overmoyer, B.; Graham, M.; Cai, B.; Beach,
K.J.; Loewy, J.W.; Kaye, J.A. J. Clin. Oncol. 1997, 15, 3368-3377.
2. George, J.N.; El-Harake, M.A.; Raskob, G.E. N. Eng. J. Med. 1994, 331, 1207-1211.

3. Morinaga, S. Hematology and Oncology (Ketsueki Shuyoka) 1998, 36, 135-140.

4. Veldhuis, G.J.; Willemse, P.H.B.; Sleijfer, D.T.; van der Graaf, W.T.A.; Groen, H.J.M.; Limburg,
P.C.; Mulder, N.H.; de Vries, E.G.E. J. Clin. Oncol. 1995, 13, 2585-2593.

5. Estey, E.; Andreeff, M. Leukemia 1995, 9, 1440-1443.

6. Shultz, G.; Krumwieh, D.; Oster, W. Pharmacol. Ther. 1991, 52, 85-94,

7. Tewari, A.; Buhles, W.C. Jr; Fletcher Starnes, H. Jr. Lancet 1990, 336, 712-714.

8. Williams, D.E.; Farese, A.; MacVittie, T.J. Blood 1993, 82(Suppl.1), 366.



2478

10.

11.

12.

13.

14.

1.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.
29.

30.

31.

32.

K. Tsuji et al. / Bioorg. Med. Chem. Lett. 8 (1998) 2473-2478

Tepler, 1.; Elias, L.; Smith, J.W. II; Hussein, M.; Rosen, G.; Chang, A.Y.-C.; Moor, J.0.; Gordon,
M.S.; Kuca, B.; Beach, K.J.; Loewy, J.W.; Garnik, M.B.; Kaye, J.A. Blood 1996, 87, 3607-3614.
Archimbaud, E.; Ottmann, O.; Liu Yin, J.A.; Lechner, K.; Dombret, H.; Sanz, M.A.; Herrmann, F.;
Gruss, H.; Fenaux, P.; Ganser, A.; Heil, G.; Kanz, L.; Brugger, W.; Sims, T.; Olsen, K.; Hoelzer, D.
Blood 1996, 88(Suppl.1), 447a.

Vadhan-Raj, S.; Patel, S.; Broxmeyer, H.E.; Bueso-Ramos, C.; Reddy, S.P.; Papadopolous, N.;
Burgess, A.; Johnston, T.; Yang, T.; Paton, V.; Hellmann, S.; Benjamin, R.S. Blood 1996, 88(Suppl.1),
448a.

Mizoguchi, H. Saishin Igaku 1997, 52, 235-241.

Shibata, T.; Kurthara, S.; Oikawa, T.; Ohkawa, N.; Shimazaki, N.; Sasagawa, K.; Kobayashi, T.;
Kohama, T.; Asai, F.; Shiraishi, A.; Sugimura, Y. J. Antibiot. 1995, 48, 1518-1520.

Kawatsu, M.; Yamashita, T.; Ishizuka, M.; Takeuchi, T. J. Antibiot. 1994, 47, 1123-1129.

Hisadome, M.; Ooe, T.; Sueoka, H. JP06-32734 (1994).

Shiotsu, Y.; Tamaoki, T. Saishin Igaku 1997, 52, 168-175.

Tanida, S.; Tobita, T.; Yukishige, K. JP07-252163 (1995).

Itoh, F.; Nishikimi, Y.; Hasuoka, A.; Yoshioka, Y.; Yukishige, K.; Tanida, S.; Aono, T. Chem. Pharm.
Bull. 1998, 46, 255-273.

Maeda, M.; Suzuki, S.; Ohtsuka, K.; Satoh, S.; Nishigaki, F.; Shimomura, K.; Imai, Y.; Niwa, M.;
Kohsaka, M. Biol. Pharm. Bull. 1994, 17, 173-179.

Moss, C.; Hamilton, P.J. Br. Med. J. 1988, 297, 266.

Durand, J.M.; Lefévre, P.; Hovette, P.; Issifi, S.; Mongin, M. Am. J. Med. 1991, 90, 675-677.
Godeau, B.; Oksenhendler, E.; Bierling, P. Am. J. Hematol. 1993, 44, 70-72.

Schmidt, M.L.; Smith, H.E.; Gamerman, S.; DiMichele, D.; Glazer, S.; Paul Scott, J. Br. J. Haematol.
1991, 78, 459-463.

Park, Y.-H.; Sunamoto, M.; Miyoshi, T.; Konaka, Y. Jpn. J. Clin. Hematol. (Rinsho Ketsueki) 1993,
34, 870-875.

Hernandes, F.; Linares, M.; Colomina, P.; Pastor, E.; Cervero, A; Perez, A.; Perella, M. Br. J. Haematol.
1995, 90, 473-475.

Godeau, B.; Durand, J.M.; Roudot-Thoraval, F.; Tenneze, A.; Oksenhendler, E.; Kaplanski, G.;
Schaeffer, A.; Bierling, P. Br. J. Haematol. 1997, 97, 336-339.

Higashihara, M.; Koori, M.; Miyazaki, K. Hematology and Oncology (Ketsueki Shuyoka) 1998, 36,
141-144.

Coleman, M.D. Gen. Pharmacol. 1995, 26, 1461-1467.

Ogino, T.; Tsuji, K.; Tojo, T.; Igari, N.; Seki, N.; Sudo, Y.; Manda, T.; Nishigaki, F.; Matsuo, M.
Bioorg. Med. Chem. Lert. 1998, 8, 75-80.

The platelet count-increasing activity was determined using mice whose number of platelets was depleted
as a result of MMC administration. Test compounds were administered orally once a day for 5 days to
male ddY mice (n = 10). MMC (3.2 mg/kg) was administered intravenously to mice on days 0, 2 and 4
after the initial dosing with the test compound. The number of platelets was counted 5 days after the final
dosing with the test compound with an automatic blood analyzer (Sysmex E-4000).

Mizutani, H.; Furubayashi, T.; Kuriu, A.; Take, H.; Tomiyama, Y.; Yoshida, H.; Nakamura, Y. Inaba,
M.; Kurata, Y.; Yonezawa, T.; Tarui, S.; Ikehara, S. Blood 1990, 75, 1809-1812.

Nishigaki, F.; Tsujimoto, S.; Inami, M.; Matsumoto, S.; Naoe, Y.; Kawamura, L; Seki, N.; Tsuji, K.;
Manda, T.; Shimomura, K. Jpn. J. Pharmacol. 1997, 73 (Suppl. 1), 153.



