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In one of our previous studies '™ on the synthesis of pesticidal
heterocyclic compounds from a,f-unsaturated nitriles as start-
ing materials, we reported that the reaction of 2-aminobenzene-
thiol (2) with benzylidenemalononitriles 1 resulted in the for-
mation of 2-amino-6-(2-aminophenylthio)-4-aryl-3,5-dicyano-
pyridines’. Although a number of papers®** have been pub-
lished concerning the synthesis of 1,3-benzothiazole deriva-
tives from 2, 2-benzylidenecyanomethyl-1,3-benzothiazoles 3
have not previously been prepared from 1 and 2. We report
here that 3 can be prepared from 1 and 2 in ethanol contain-
ing acetic acid (Method A). The reaction of 2 with malononi-
trile formed 2-cyanomethyl-l,3-benzothiazole (4) in a good
yield. Product 4 was easily condensed with aromatic alde-
hydes to give 3 in high yields (Method B).
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In addition, we describe the simple synthesis of 3H-pyri-
dof2,1-b][1,3]-benzothiazole derivatives from 3 and malononi-
trile or cyanomethyl-1,3-benzothiazole (4).
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Compound 4 and aromatic aldehydes in tetrahydrofuran con-
taining triethylamine react at reflux temperature in a 2:1 mo-
lar ratio to give 1-amino-2-(1,3-benzothiazol-2-yl)-4-cyano-3-
aryl-3H-pyrido[2,1-b][1,3]benzothiazole (5) through Michael
addition (Method A). When a mixture of 3 and 4 in tetrahy-
drofuran containing triethylamine was refluxed, the same
product 5 was obtained in a good yield (Method B). When
malononitrile was used instead of 4, the reaction led to the
formation of  1-amino-2,4-dicyano-3-aryl-3H-pyrido[2,1-
b](1,3lbenzothiazole 6 (Method A). Product 6 may also be ob-
tained by condensation of 4 with 1 in tetrahydrofuran con-
taining triethylamine under reflux (Method B).

In these reactions, the nature of the substituent present in the
benzene ring has little effect on the reaction. Further work is
in progress to explore the potential utility of a,f-unsaturated
nitriles for the synthesis of other heterocyclic systems.
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Table. Compounds 3, §, and 6 prepared
Compound Yield [%] m.p. [°C] Molecular LR. (Nujol) "H-N.M.R. (DMSO-d;)
No. Ar formula® viem~7] S [ppm]
A B
3a C¢Hs 46 80 121-123° C6H,oN,S 30 7.5-1.7 (m, SHyom); 7.9-8.2 (m, 4 Hyrom): 8.48 (s, 1H,
(262.3) =CH—)
3b 4-H,C—C.H, 54 72 147-148° C17H12NZS 2230 238 (s, 3H, CH;); 7.1-7.7 (m, 4H,,,.); 7.8-8.2 (m,
(276.2) 4Hypom); 838 (5, 1H, =CH—)
3c 4-H,CO—CsH, 62 68 143-144° C7H:2N,08 2225 3.90 (s, 3H, CHj); 7.0-7.7 (m, 4Huom)s 7.9-8.3 (m,
(2922) 4H,0m); 8.30 (s, 1H, =CH—)
3d 4-Cl—C,H, 51 67 148-150° C16HoCIN,LS 2230 7.3-7.8 (m, 4H,rom); 7.9-8.3 (m, 4Hrom); 840 (s, 1H,
. (296.8) =CH—)
£} CeHs 36 61 220-221° CysH oN,S, 3360, 2190 4.82 (s, 1 H, =CH—); 7.2-8.1 (m, 9H,.om); 8.40 (s, 1H,
(436.4) NH,)
5h 4-H;C—C,H, 53 60 245-246° CagH15NLS, 3360, 2200 2.20 (s, 3H, CHj); 4.75 (s, 1H, CH): 7.0-8.1 (m,
) (450.4) 12H,,0m); 8.40 (s, 2H, NH>)
5S¢ 4-H;CO—CeH, 20 40 231-232° C,6H sNLOS, 3350, 2200 3.70 (s, 3H, CH,); 4.80~(S, 1H, CH); 7.0-8.3 (m
(466.4) 12Hyrom); 8.55 (5, 2H, NH) ’
5d 4-leC6H4 37 64 254-256° C1sHsCIN,S, 3400, 2200 495 (s, 1H, CH); 7.5-8.5k(m, 12H,r0m); 8.60 (s, 2H
470.9) NH,) Y
6a CeHs 67 64 190-191° C1oHy;:N,S 3420, 3320, 4.57 (s, 1H, CH); 6.52 (s, 2H NH,); 7.0-79 (m
(328.3) 2190 9H,0n) ’ o
6b 4-H,C—C¢H, 73 64 195-196° CoH,4N,S 3440, 3330, 2.35(s, 3H, CH3); 4.60 (s, 1H, CH); 6.65 (s, 2H, NH,);
©  emco (342.3) 2210 7.1-8.1 (m, 8 Hyom) )
-H,;C CsH, 65 58 193-194° CyH,,N,0S8 3430, 3320, 3.70 (s, 3H, CH,); 4.50 (s, 1H, CH); 6.50 (s, 2H, NH,):
64 4-Cl—CH 67 50 210-211 (C358.3) T 170, 0.7 3 )
- oHa -211° wHOCINGS  3430,3340, 470 (s, 1H, CH); 6.70 (s, 2H, NH,): 7.4-8.1
(3628) 210 $ Huvom) 5 "

* All products gave satisfactory microanalyses (C +0.27%, H +0.27%, N £0.24%, S +0.34%).
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2-Cyanomethyl-1,3-benzothiazole (4):

A equimolar mixture of 2-aminobenzenethiol (235 1.25 g, 10 mmol),
malononitrile (0.66 g, 10 mmol), and acetic acid (10 mmol) in ethanol
(10 ml) is magnetically stirred at room temperature until no further
precipitate is produced, and then allowed to stand overnight. The re-
sultant pale yellow precipitate is isolated by suction, and recrystallized
from ethanol; yield 1.4 g (80%); m.p. 101-102 °C.

CoHgN,S calc. C 62.07 H 347 N 16.09 S 18.37
(174.1) found 62.19 3.47 16.09 18.40

LR. (Nujol): v=2250 cm ™.

'H-N.M.R. (DMSO-d,): 6=4.72 (s, 2H, —CHy—); 7.00-7.80 (m,
2 me»m); 7-80“827 PPm (m* 2 Hm‘mn)'

2-Benzylidenecyanomethyl-1,3-benzothiazoles (3); General Procedure:

Method A: To a mixture of benzylidenemalononitrile 1 (10 mmol)
and 2-aminobenzenethiol (25 1.25 g, 10 mmol) in ethanol (10 ml), ace-
tic acid (10 mmol) is added. The mixture is heated under reflux for 3 h,
and then allowed to stand overnight. The resuitant yellow precipitate
is isolated by suction and recrystallized.

Method B: To a mixture of 2-cyanomethyl-1,3-benzothiazole (4;
1.74 g, 10 mmol) and the aromatic aldehyde (10 mmol) in ethanol (10
ml), triethylamine (a few drops) is added, and the mixture is magneti-
cally stirred at room temperature for 4 h, and then allowed to stand
overnight. Work-up is as described under Method A. Recrystallization
solvent: 3a, ethanol; 3b-3d, tetrahydrofuran/ethanol (1:1).

1-Amino-2-(1,3-benzothiazol-2-yl)-4-cyano-3-aryl-3H-pyridol2,1-
bi1,3lbenzothiazoles (5); General Procedure:

Method A: To a mixture of 2-cyanomethyl-1,3-benzothiazole (4;
1.74 g, 10 mmol) and an aromatic aldehyde (5 mmol) in tetrahydrofu-
ran (5 ml), triethylamine {a few drops) is added. The mixture is heated
under reflux for 8 h. A crystalline matter precipitates during the reac-
tion. After cooling, the resultant precipitate is isolated by suction,
washed with ethanol (5 ml), and then recrystallized from tetrahydrofu-
ran/ethanol (1:1).

Method B: To a mixture of 2-cyanomethyl-1,3-benzothiazole (4;
1.74 g, 10 mmol) and the benzylidenecyanomethyl-1,3-benzothiazole 3
(10 mmol) in tetrahydrofuran ($ mi), triethylamine (a few drops) is ad-
ded. and the mixture is heated under reflux for 6 h. Work-up is as de-
scribed under Method A.

1-Amin0~2,4-dicyano-3-aryl-3H-pyrido[2, 1-b§1,3]benzothiazoles 6);
General Procedure:

Method A: To a mixture of benzylidenecyanomethyl-1,3-benzothi-
azole 3 (10 mmol) and malononitrile (10 mmol) in tetrahydrofuran (5
ml), triethylamine (a few drops) is added, and the mixture is heated
under reflux for § h. The reaction mixture is allowed to stand over-
night and the resultant precipitate is isolated by suction. Recrystalliza-
tion from tetrahydrofuran/ethanol (1:1) gives 6.

Method B: To a mixture of 2-cyanomethyl-1,3-benzothiazole (4;
1.74 g, 10 mmol) and the benzylidenemalononitrile (10 mmol) in tetra-
hydrofuran (5 ml), triethylamine (a few drops) is added, and the mix-
ture is heated under reflux for 3 h. Work-up is as described under
Method A.
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