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Introduction

The application of parallel synthesis to generate combi-
natorial libraries as an efficient means of creating pharma-
ceutical “drug-like leads” has gained considerable intérést.

o
N N
/ 3 HoN / B\WNHz

T s s

N

O CHg

camalexin (1a), R=R'=H

6-methoxycamalexin (1b), R =OMe, R' = H

1-methylcamalexin (1¢), R =H, R' = Me

BE 10988 (2)
Figure 1. Structures of naturally occurring camalexins and BE
10988.
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By accelerating the synthesis and screening of an ever larger ®Reagents and conditions: (a) method A: (1) NaNCUSQ, concen-

number of synthetic analogues, combinatorial chemistry has
greatly impacted the drug discovery procésdespite this

trated HCI; (2) CuCl, concentrated HCI; method BBuONO, CuCh,
CH3CN; (b) 5, Pd(PPB)4, 2 M ag. NaCQOs;, MeOH/benzene (1/4), 8tC.

success, compounds originating from natural sources still Taple 1. Preparation of 2-Chlorothiazoles and Synthesis of

play a major role in drug therapy. One of the topics of current
combinatorial chemistry is to design small molecule libraries
based on natural products as templdtes.
Camalexinsla—1c), which was produced as phytoalexins
in the leaves oCamelina satia (Cruciferae) in response to
infection by the fungug#\lternaria brassicagwas elucidated
to be (3-indolyl)-2-thiazoles. The naturally occurring BE
10988 @), an inhibitor of topoisomerase, was shown to be
a thiazole-substituted indolequinoh&everal syntheses of
analogues of these two natural products were introduced,
from a Grignard reaction of substituted indoles and 2-bro-
mothiazole] with a Hantzsch reaction as the key steqr,
by photocyclization of substituted (indol-1-yl)thiour€aEhe
thiazole and benzothiazole derivatives of indole have been
found to exhibit antimicrobidland cytotoxic activitie$.Our
efforts for the synthesis and biological activity studies of
bis(indolyl)thiazoles also developed new antitumor agéhts.
Biaryl bond construction using the Suzuki reaction is
attractive because both solutibhand solid-phasé reaction
conditions are documented. The boric acid byproducts of the
Suzuki coupling process are essentially nontoxic, which is
of particular importance in library synthesis. In our efforts
to search for novel antitumor agents, we have synthesized
bisindole alkaloids utilizing Suzuki coupling as the key step.
As a part of our ongoing study in building libraries for phar-
maceutical drug discovery,we designed some analogues
of camalexins mainly by introducing diversities in the

(Indolyl)Thiazoyl via Suzuki Cross-Coupling

Yield (%)? . .
entry  2-chlorothiazole 4 (method)b Indolyl thiazole 6 Yield (%)
N A
N anl
1 o= —° [ s 87
S
4a 1\"_‘3 6a
N
BnO. 2
2 4a —° [ ] s 84
N" eb
Ts N
X
N BnO a
3 C'—</:©\ 53 (A) | ] s "cHy 52
S CH3 qu 6c
40 Ts N
X
N BnO. 7
4 a—(j@ 52 (B) T s F o,
S NO, N” 6d

4c :

N BnO é \”
5 C|—</Sl . 77(8) \©U/<S)\N°2 92
NO, N
ad 'i's GeN
N BnO aa
6 o | — \©U/<s/ 85
S N ef

4e i

N
7 o D\ 91 (B) No Reaction
S OMe
4f
N
8 CI—</ 66 (A) No Reaction
S SO,CH3
49

thiazole moiety. Herein, we report a solution-phase synthesis

a|solated yields for preparation dffrom 3. ® The method used

of a thiazoyl-substituted indolyl library using Suzuki cross- for preparation of 2-chlorothiazole (Scheme aJhe 2-chlorothia-
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zoles were from commercial sourcédsolated yields for synthesis
of 6 via Suzuki cross-coupling.
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coupling between diverse 2-chlorothiazoleta{4g) and
N-tosyl-3-indolylboronic acids5a—5b).

Results and Discussion

A 2-chlorothiazoyl sublibrary was prepafétbefore the
target library construction could begin. The 2-chlorothiazoles,
except for the commercially availabfia and4e, were pre-
pared from the corresponding 2-aminothiazoles by Sand-
meyer reactions (method A) or by using tieet-buty! nitrite-
cupric chloride reagent system (method'BThe latter pro-
cedure not only utilized a solvent (acetonitrile) which dis-
solves the starting aminothiazol@dut also eliminated the
hydrogen-substituted byproduct, resulting in higher yields
of the desired product$ (Scheme 1, Table 1).

With the thiazoyl sublibrary in hand, we next turned our
attention to the elaboration of 2:¢(Bdolyl)thiazoyl library
using Suzuki cross-coupling (Scheme 1). Relative to aryl
bromide or iodide, the reactivity of aryl chloride in this
reaction has proven to be much lower. A model reaction of
4a(in 1 mmol scale) wittN-tosyl-3-indolylboronic acid%a)
gavebain a yield of 87% (Table 1, entry 1), which estab-
lished the efficacy of the proposed coupling process. A
benzyloxy group was introduced into the indole core, which

might facilitate a possibly necessary solid-phase synthesis.

Thus, 5-benzyloxyN-tosyl-3-indolylboronic acid §b) was
subjected to the Suzuki reactions with the constructed
2-chlorothiazoyl sublibrary in the presence of a catalytic
Pd(PPh), and with 2 M aqueous solution of MaOs; as the

base. The cross-couplings proceeded smoothly in good-to-

excellent yield (Table 1, entries—=5) unless the thiazole

Journal of Combinatorial Chemistry, 2003, Vol. 5, No. 855

Baldwin, J.; Handerson, Med. Res. Re 1996 16, 391.
(c) Ellman, J. A.; Thompson, L. AChem. Re. 1996 555.
(d) Choong, I. C.; Ellman, J. AAnnu. Rep. Med. Chem.
1996 31, 309.

(2) (a) Gordon, E. M.; Barrett, R. W.; Dower, W. J.; Fodor, P.
A.; Gallop, M. A.J. Med. Chem1994 37, 1385. (b) Gallop,
M. A.; Barrett, R. W.; Dower, W. J.; Fodor, P. A.; Gordon,
E. M. J. Med. Chem1994 37, 1233.

(3) Plunkett, M. J.; Ellman, J. ASci. Am.1997, 276, 68.

(4) (a) Watson, CAngew. Chem., Int. EA.999 38, 1903. (b)
Hall, D. G.; Manku, S.; Wang, Kl. Comb. Chen2001, 3,
125.

(5) (a) Browne, L. M.; Conn, K. L.; Ayer, W. A.; Tewari, J. P.
Tetrahedronl991, 47, 3909. (b) Padras, M. S. C.; Okanga,
F. I.; Zaharia, I. L.; Khan, A. QPhytochemistry200Q 53,
161.

(6) Oka, H.; Yoshinari, T.; Murai, T.; Kawamura, K.; Satoh,
F.; Funaishi, K.; Okura, A.; Suda, H.; Okanishi, M.; Shizuri,
Y. J. Antibiot 1991, 44, 486.

(7) (a) Ayer, W. A.; Craw, P. A.; Ma, Y.; Miao, STetrahedron
1992 48, 2919. (b) Dzurilla, M.; Ruzinsky, M.; Kutschy,
P.; Tewari, J. P.; Kovacik, V.Collect. Czech. Chem.
Commun.1999 64, 1448.

(8) (a) Moody, C. J.; Swann, B. Chem. Soc., Perkin Trans. 1
1993 2561. (b) Moody, C. J.; Swann, E.; Houlbrook, S.;
Stephens, M. A.; Stratford, I. J. Med. Chem1995 38,
1039. (c) Moody, C. J.; Roffey, J. R. A.; Stephens, M. A.;
Stratford, I. J.Anti-Cancer Drugsl997, 8, 489.

(9) Muthusamy, S.; Paramasivam, R.; Ramakrishnan, \d.T.
Heterocycl. Chem1991, 28, 759.

(20) (a) Gu, X.-H.; Wan, X.-Zh; Jiang, BBioorg. Med. Chem.

Lett. 1999 9, 569. (b) Jiang, B.; Gu, X.-HBioorg. Med.
Chem.200Q 8, 363.

(11) Miyaura, N.; Suzuki, AChem. Re. 1995 95, 2457.

substrate was an electron-rich benzothiazole 2-chloride (15) (a)piettre, S. R.; Baltzer, Setrahedron Lett1997, 38, 1197.

(entries 7-8).
In summary, we have designed an exploratory library
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based on natural products by introducing diversities into the (13) (a) Jiang, B.; Yang, C.-Gdeterocycle00Q 53, 1489. (b)

thiazole moiety, and have employed Suzuki cross-coupling
in the synthesis of the library in good-to-excellent yields.
This library is now being evaluated for biological activity
and the details will be reported in due course. Our further
study in building (indolyl)thiazoyl libraries for pharmaceuti-
cal drug discovery will be decided upon the evaluation.
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