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A CONVENIENT ONE POT SYNTHESIS OF 3-THIOSUBSTITUTED COUMARINS
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Abstract - Several 3-thiosubstituted coumarins &22 are prepared by the
reaction of thioacetonitriles (2) with o-hydroxybenzaldehydes g&) in
ethanol using catalytic amount of sodium hydroxide followed by acidic

hydrolysis of intermediate imines (4).

(Benzothiazolylthicdcoumarins have been prepared earlier starting from Z-mercapto-
. 1 , .

benzothiazole following a large number of steps ’2. In view of the good anti-

fungal and antibacterial activities of the title compoundss, it was considered of

interest to affect a convenient synthesis of such compounds. In this paper, we

describe a convenient one pot synthesis of 3«thiosubstituted coumarins.

As a test case, Lreatment of 2-f(cyanomethyl)thio]lbenzothiazole (gg) {obtained
by the reaction of Z2-mercaptobenzothiazcle (ii)with chloroacetonitrile) with
salicylaldehyde (ii) in ethanol in the presence of agueous sodium hydroxide, gave
imine {32) in 80% yield. This compound (é&) was hydrolysed to the corresponding
coumarin (Eg) by treatment with dilute (1:1) hydrochloric acid. Eg_was soluble
in hot dilute alkali, but recovered unchanged on acidification, This indicated
the presence of a coumarin ring., Ir spectrum of the compound showed the presence
1

of coumarin carbonyl at 1720 cm™t and also 3,4-C=C at 1600 cm . In the ‘H-nmr

spectra (CDCl, + TFA) of this compound, besides other sighals, a singlet at

3
§ 8.65 for 4-H of the coumarin moiety was observed. On this basis, compound (23)
was assigned the structure as 3-(benzothiazol-2'-ylthio)coumarin, identical with
the sample obtained earlierl. Following the similar procedure, compounds (5b-£2

.
were prepared and structures were assigned on the basis of spectrzl data and

elemental analyses. Coumarins 5a-f could also be obtained in one pot by the
oo
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reaction of thioacetonitriles (Za:E) with o-hydroxyaldehydes (3a-b) in ethanolic

b e

agqueous sodium hydroxide and subsequent heating of the reaction mixture with

dilute hydrochloric acid without isolating the intermediate imines (4a-f).

— —
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For, 3a, 4a, 4c, 4e and 5a, 5Se¢, 5¢, Rl = H;
e A — —~——
3b, 4b, 4d, 4f and 5b, 5d, 5f, R, = OCHg;
For,
la, 2a, 4a, 4b, 5a, 5b, R =
1b, 2b, 4e¢, 4d, 5c¢, 5d, R =
P e . T B e R
le, 2¢, 4e, 4f, 5e, 5f, R =
“’ ml ,.,,.,,’ Nl ,....._.' ‘#.: /
1
EXPERIMENTAL

All melting points are uncorrected. Ir spectra were recorded on Perkin Elmer
Grating IR spectrophotometer model 621} 1H-n'mr spectra were recorded on Perkin
Elmer R-32 (90 MHz) instrument using TMS as the internal standard {chemical

shifts in &, ppm).

2-[ (Cyanomethyl}thio]benzothiazole (2a) : Typical procedure

A solution of 2-mercaptobenzothiazole (1a, 1.67 g, 0.01 mol) in dry acetone

(50 ml) was refluxed for 3 h with chloroacetonitrile (0.755 g, 0.01 mel) in the
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presence of anhydrous potassium carbonate (5 g). The inorganic salt was filtered
out, solvent was distilled off and the residue was treated with crushed ice. The
solid thus obtained was crystallised from petroleum ether - chloroform as light
brown crystals (1.85 g, yield 9037, mp 65-66°C; 1H—nmr (CDClB) § : 4.20 (s, 2H,
CHy), 7.30-8.20 (m, 4H, aromatic protons). Anal. Calcd for ColgN,S,: €, 52.43;
},2.91; N,13.59%. Found : C,52.34; H,2.84; N,13.50.

S8imilarly, following were prepared :

EEf: Crystallised from petroleum ether-chloroform as light pink crystals (yield
90%), mp 93-94°C; 1H-nmr (CDCl3) 6 1 4,00 (5,2H,CH2), 7.30-7.85 {m,4H,aromatic

protons}. Anal, Calcd for CQHGNzoS : C, 56.84; H,3.16; N,14.74. Found : C,56.73;

H,3.27; N,14.64.

2c¢: Crystallised from petroleum ether-chloroform as cream crystals (yield 92%), mp
106-107°C; ‘H-nmr (CDCLz) & & 3.80 (s,2H,CH,), 7.00 (t,J=5Hz,1H,5-H), 8.70 (d,J=5Hz,

2H,4~H and 6-H). Anal. : Calecd for C.H

gHsNgS @ C,47.68; H,3.81; N,27,81. Found :

C,47.54; H,3.29; N,27.72,

3-(Benzothiazol-2'-ylthio)coumarin imine (4a) : Typical procedure

Aqueous sodium hydroxide (4%, 1 ml, 0.001 mol) was added to a solution of 2-
[(cyanomethyl)thio]benzothiazole (2a, 2.06 g, 0.01 mol} and salicyladehyde (3a,
1.22 g, 0,01 mol) in ethancl (20 ml). The solution was refluxed for 20-25 min,
water (100 ml) was added and the precipitate was filtered and dried. [t was
crystallised from methanol as yellow crystals (2.79 g, yield 90%), mp 113-115°C;
1H-nmr (CDCl3 + TFA) & : 7.60-8.20 (m, BH, aromatic protons), 8.80 (s,1H,H-4), Anal.

Caled for C  H, N,08, : C, 61.93; H,3.23; N,9.03. TFound : C,61.84; H,3.28, N,8.94,

4b: Crystallised from methanol as yellow crystals (yield 920%), mp 78-81°C;
1H—nmr (CDCla) § 1 4.00 (s, 3H, OCH3), 7.10-8.00 {(m, 7H, aromatic protons), 8.40
(s,1H,H-4), Anal. Caled for 017H12N20282 : C,60.00; H,3.53; N,8.24, Found :
¢,59.84; H,3.43; N,B.14.

*Benzene was used as solvent for the cyanomethylation of 1b to get EB;
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Compounds 4c¢, 4d, 4e and 4f could not be isolated in pure form.

3-(Benzothiazol-2'-ylthio)coumarin (5a) : Typical procedure

(i) One pot method

To a solution of 2-[(cyanocmethyl)thiolbenzothiazole (%EJ 2,06 g, 0,01 mol) and
salicyladehyde (EEJ 1.22 g, 0.01 mol) in etharol (20 ml) was added agueous sodium
hydroxide (4%, 1 ml, 0.001 mol) and the solution was refluxed for 20 min on a
steam bath, 6N hydrochloric acid (10 ml) was added to the ccoled reaction
mixture and it was refluxed for further 15 min. The reaction mixture was ccoled,
water (100 ml) was added and it was left at room temperature for 3 h. The yellow
precipitate thus obtained was filtered, washed with water and dried. It was
crystallised from methancl as yellow nheedles (2.8 g, yield 90%4), mp 170-171°C

(Lit.1 mp 170-171°C).

(ii) Two step method

To the hot ethanolic solution of ga,(o.31 g, 0.001 mol) in 5 ml of ethanol was
added 6N hydrochloric acid (1 ml) and the contents were refluxed over a steam
bath for 15 min, .Cooled reaction mixture was diluted with water when yellow
precipitate separated cut. It was filtered, dried and crystallised from methanol

as yellow needlies (0.29 g, yield 94%), mp 170-171°C (Lit.1 mp 170-171°C).

5b : Crystallised from methanol as light yellow needles (yield 90% in one pot

method, 80% in stepwise method), mp 172-173°C (Lit.1 mp 172-173°C).

5c¢ ¢+ Crystallised from methanol as cream crystals (yield 70%), mp 220-221°C;

Ir v 22;01 1700 em™ T (C=0), 1600 em™ ! (C=C); ‘H-nmr (CDC1, + TFA) & @ 7.60-8.10
(m, 8H, arcmatic protcens),8.60 (s,1H,H-4), Anal. Czaled for C,_. H. NO,.S : C,

167973
65.08; H,3.05; N,4.74. Found : C,65.04; H,2.94; N,4.64.

3d : Crystallised from methanol as light yellow crystals (yield 68%), mp 240-
Vi

241°C; Tr +"49°1 1700 cm™! (c=0), 1600 cm !

—cy. ly_
max (C=C); "H-nmr (CDC1

3 * TFA)

5§ 3 4.00 (S,SH,OCHB), 7.20-7,60 (m,7H,aromatic protons), 8.35 (s,1H,H-4), Anal.

Caled for C NO4S : C, 62.77; H,3.38; N,4.31, Found : C,62,64; H,3.47;

17111
N,4.24.
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5e¢ : Crystallised from methanol as cream crystals {(yieid 72%), mp 184-185°C;
L
Ir y Yuol 1 (=03, 1600 em ! (C=C); lH-nmr (CDCY

max

1720 cm” + TFA) 6 7.40 -

3
8.10 (m, 54, &, 6, 7, 8-H and 5'-H), 8.70 (s,1H,H-4), 9.25 (d,J=5Hz, 2H, 4'-H

and 6'-H)., Anal. Calcd for C13H8N2028 : C, 60.94; H,3.12; N,10.94. Found

C,60.74; H,3.18; N,10.84,

5f : Crystallised from methanol as cream crystals (yield 71%), mp 176-177°C;
v

i:i01 1705 em 1 (C=0), 1600 om™ ' (C<C); ‘H-nmr (coer,

3H,0CH,), 7.40-7.80 (m,3H,5, 6 and 7-H), 8.00 (t,J=5Hz,1H,H-5'), 8.80 (s,1H,

Ir v + TFA) ¢ : 4.00 (s,

H-4), 9.30 (d,J=5Hz,2H,H-4" and H-6'), Anal. Calcd for C ,H, N,0,8 : C,58.74;

H,3.49; N,9.79. Found : C,58.70; H,3.44; N,2.73.
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