NOVEL Cu-CATALYZED METHODS FOR THE SYNTHESIS
OF FUSED THIAZOLES USING S,N-DIARYLATION REACTION

Keywords: imidazo[2,1-b]thiazoles, copper catalysis, phase transfer catalysis.

Imidazothiazoles and related compounds are of great interest as biologically
active compounds [1-6]. Imidazo[2,1-b]benzothiazole and its benzo analogs have
been usually obtained from 2-aminobenzothiazole in the system chloroacetalde-
hyde/1-butanol [7], from 1-(3-chlorophenyl)-2-mercaptoimidazole in NaNH,/NH;
[8], from 2-iodobenzothiazole and 2-iodoaniline in Cul/1,10-phenanthroline/
Cs,COs/xylene [9], from 2-mercaptobenzimidazole and 1-bromo-5-nitrophthalo-
nitrile with K,COs [10], or by photolysis of 1-(2-benzothiazolyl)benzotriazole [11].
However, there is no simple and general procedure for the synthesis of benzo-fused
imidazo[2,1-b]thiazoles and thiazolo[3,2-b][1,2,4]triazoles. We have elaborated
novel and simple Cu-catalyzed method for the preparation of these heterocyclic
systems. Besides, such Cu-catalyzed synthesis of new thiazole ring by stepwise
tandem S- and N-arylation reactions of substrates of type 1-3 is described for the
first time.

The high activity of copper(l) catalysts in N-arylation of imidazole and related
heterocycles was recently demonstrated [12—17]. Concurrently, the combination of
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alkali bases with tetrabutylammonium bromide (TBAB) as phase transfer catalyst
was presented in some recent articles [18, 19].

Synthesis of thiazoles 4 and 5 were carried out from corresponding thiols 1 and
2 by one-pot stepwise S,N-diarylation reaction with 1-bromo-2-iodobenzene in the
bicatalytic system solid KOH/Cul/1,10-phen/TBAB/DMF (Scheme, Method A).

Similarly [1,2,4]triazolo[5,1-b][1,3]benzothiazole (6) was prepared from
3-mercaptotriazole 3 and 1-bromo-2-iodobenzene.

We have likewise developed a novel catalytic system for the preparation of
fused thiazoles 4—6 in the water. Thus, interaction of compound 2 with 1-bromo-
2-iodobenzene in the system KOH/Cul/proline/Adogen 464 (100 mg)/ H,O leads to
desired product 5 in 74% vyield (Scheme, Method B). Adogen 464 (methyl-
trialkylammonium chloride) as a phase transfer agent or cationic surfactant has
been widely used in organic synthesis [20]. However, the use of Adogen 464 as an
additive in Cu-catalyzed reactions in water was demonstrated for the first time.
Interestingly, that in the absence of Adogen 464 only trace amounts of product 5
was obtained. Moreover, workup of reaction mixture in the case of compound 5 is
very simple — the product was isolated by filtration, followed by recrystallyzation
from hexane—EtOAc mixture to get an analytical sample. Synthesis of compounds 4
and 6 from thiols 1 and 3 using Method B was less effective.
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In summary, a simple one flask method for the selective preparation of benzo-
fused imidazo[2,1-b]thiazoles and [1,2,4]triazolo[5,1-b][1,3]benzothiazole from
corresponding thiols and 1-bromo-2-iodobenzene in the system solid KOH/Cul/
1,10-phen/TBAB/DMF by S,N-tandem arylation reactions has been developed.

'H And C NMR spectra were registered on Varian Mercury BB spectrometer (400 and
100 MHz, respectively) in CDCl;. Internal standard — solvent signal (6 7.25 and 77.0 ppm,
respectively). HRMS spectra were recorded on Micromass Q-TOF Micro quadrupole time-
of-flight high resolution mass spectrometer. Leucine enkephalin was used as internal lock
mass for accurate mass calculation. Melting points were detected on Boetius apparatus
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equipped with visual detector PHMH 05. Thiols 1-3, 1-bromo-2-iodobenzene (all Acros),
Cul, BuyNBr, 1,10-phenanthroline (Reahim) and dimethylformamide (extra dry, over
molecular sieves, Acros) were used without purification.

Synthesis of fused thiazoles 4—6 (General Method). A. Solid KOH (0.39 g, 6.0 mmol)
was added to the solution of an appropriate thiol 1-3 (1.5 mmol), 1-bromo-2-iodobenzene
(0.42 g, 1.5 mmol), Cul (0.057 g, 0.3 mmol), 1,10-phenanthroline (0.05 g, 0.3 mmol) and
TBAB (0.097 g, 0.3 mmol) in dry DMF (10 ml) in a glass reactor (50 ml) under argon. The
reaction mixture was stirred at 140°C for 18 h (products 4 and 5) or 48 h (product 6) under
argon. The solvent was removed under reduced pressure and the crude residue was
chromatographed on silica using hexane—EtOAc, 4:1 to 0:1, as eluent.

B. Solid KOH (0.22 g, 4.0 mmol) was added to the solution of an appropriate thiol 1-3
(1.0 mmol) and 1-bromo-2-iodobenzene (0.340 g, 1.2 mmol), Cul (0.038 g, 0.2 mmol),
proline (0.020 g, 0.2 mmol), and Adogen 464 (100 mg) in water (2 ml) in a glass reactor
(50 ml) under argon. The reaction mixture was stirred at 150 °C (TLC-control) for 18 h
under argon. The products was removed by filtration (for compound 5) or extracted with
CH,Cl, (for compounds 4 and 6). The extract of compounds 4 and 6 was dried over
Na,S0O,, concentrated under reduced pressure, and the crude residue was chromatographed
on silica using hexane — ethyl acetate (from 4:1 to 0:1) as eluent.

Imidazo|[2,1-b][1,3]benzothiazole (4) [21]. Yield 29% (Method A); traces (Method B).
Oil.

Benzimidazo[2,1-b][1,3]benzothiazole (5) [11]. Yield 59% (Method A); 74% (Method B).
Mp 118-120°C.

[1,2,4] Triazolo[5,1-b][1,3]benzothiazole (6). Yield 14% (Method A); 7% (Method B).
Mp 73-74°C. 'H NMR, &, ppm (J, Hz): 7.43 (1H, t, J = 8.0) and 7.54 (1H, t, J = 8.0,
H-6,7); 7.77 (1H, d, J = 7.6) and 7.97 (1H, d, J = 7.6, H-5,8); 8.21 (1H, s, H-2). °C NMR
spectrum, o, ppm: 113.5; 124.5; 125.9; 127.0; 129.7 (C-4a); 131.4 (C-8a); 155.7 (C-3a);
156.1 (C-2). Found, m/z (ESI): 176.0296 [M+H]. CgHgN;S. Calculated, m/z: 176.0282.
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