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THE USES OF
4-ARYL-3-THIOSEMICARBAZIDES IN

HETEROCYCLIC SYNTHESIS: SYNTHESIS
OF COUMARIN, PYRAZOLE, THIAZOLE

AND THIOPHENE DERIVATIVES

RAFAT MILAD MOHAREB3*, SAMI SELIM GHABRIALb and
WAGNAT WAHBA WARDAKHANb

"Chemistry Department, Faculty of Science, Cairo University, Giza, Egypt and
National Organization for Drug Control and Research, P.O. B 29, Cairo Egypt

(Received 26 September, 1997; In final form 13 November, 1997)

The reaction of 4-phenyl-3-thiosemicarbazide derivatives la-e with 3-aminoacetonitrile (2)
gave the condensed products 3a-e. The reactivity of the latter products toward variety of
chemical reagents was studied. Moreover, the reaction of 3b with phenylisothiocyanate; fol-
lowed by cyclization with a-haloketones 6,7 and 16, gave the thiazole and thiophene deriva-
tives.

Keywords: Thiosemicarbazides; aminoacetonitrile; thiazole; thiophene

INTRODUCTION

Thiosemicarbazides are versatile reagents which have recently been used
as synthetic intermediates for a large number of heterocyclic and fused
heterocyclic compounds.l~* The reactivity of 4-aryl-3-thiosemicarbazides
towards ketones, cyanomethylene reagents, and dimeric adducts attracted
our attention in recent years. The results showed the formation of thiazole,
pyrazole, pyridine and 1,3,4-thiadiazine derivatives.

* Corresponding Author.
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120 RAFAT MILAD MOHAREB et al.

RESULTS AND DISCUSSION

In continuation of our work, we have report here a new series of reactions
involving the use of the title reagent in the synthesis of coumarin, thiazole,
pyrazole and thiophene derivatives of potential biological activity.8"11 The
reaction of 4-aryl-3-thiosemicarbazide derivatives la-e with P-iminobuty-
ronitrile (2) in ethanol solution afforded products with molecular formulae
C11H12N4S) C,2H14N4S, C,2H14N4S), C12H14N4SO and CnHnN4SCl,
respectively. Two possible isomeric structures 3a-e and 4a-e were consid-
ered. The possibility of structures 4a-e was ruled out based on IR spectra
of the reaction products, which revealed in case of 3b (as an example of
the highest yield) the presence of two NH groups stretching at x> = 3460-
3380 cm"1 and one CN group stretching at x> = 2220 cm"1. Moreover, the
*H NMR spectrum revealed the presence of two singlets at 5= 2.19, 2.23
for two CH3 groups, a singlet at 8 = 4.89 ppm for a CH2 group, a multiplet
at 5 = 7.32-7.45 for a C6H4 group, and two singlets (D2O exchangeable)
at 8 = 8.20, 8.34 for two NH groups. Such data are in agreement with
structure 3b.

Further confirmation for structure of 3b was obtained through studying
its reactivity. Compound 3b reacted with benzaldehyde in ethanol solution
containing a catalytic amount of piperidine to form the benzylidene deriv-
ative 5. The reaction of 5 with monocholoroacetic acid (6) and with phen-
acyl bromide (7) afforded the thiazole derivatives 8a and 8b, respectively.

The reaction of 3b with salicylaldehyde gave the coumarin derivative 9.
Structure of 9 was confirmed on the basis of analytical and spectral data.
Thus, the IR spectrum of the reaction product revealed the presence of two
NH groups stretchings D = 3420-3345 cm"1, one C=O group stretching at
-0= 1690 cm"1, and a C=S group stretching at u = 1250 cm"1. The !H
NMR spectrum showed the presence of two singlets at 8 = 2.22, 2.25 for
two CH3 groups, a singlet at 8 = 6.89 for the coumarin H-4, a multiplet at
8 = 7.29-7.46 for two C6H5 groups and two singlets (D2O exchangeable)
at 8 = 8.23, 8.53 for two NH groups. Formation of 9 was assumed to take
place through formation of an arylidene followed by a Micheal addition of
the OH group to CN group and hydrolysis of the formed imino group to
keto group.12"14

The reaction of 9 with monochloroacetic acid (6) or with phenacyl bro-
mide (7) afforded the thiazole derivatives 10a and 10b, respectively. Struc-
tures of compounds 10a,b were established on the basis of analytical and
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PROTON TRANSFER 121

spectral data (see experimental section). Further confirmation of structures
10a,b was obtained through the synthesis of 10a via another route. Thus,
the reaction of 3b with monochloroacetic acid (6) in refluxing ethanol
solution give the thiazole derivative 11. Reaction of 11 with salicylalde-
hyde gave the same product 10a (identical IR and mixed mp).

s
II

NH-C-NII-NH2

NH
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H
p-CH,

o-OCH,
p-OCHj
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XN '' N;-CN

CH-Ph

CH-Ph

R = OH
= Ph

SCHEME 1

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
3
7
 
2
8
 
J
a
n
u
a
r
y
 
2
0
1
1



122 RAFAT MILAD MOHAREB et al.

The reaction of 3b with benzenediazonim chloride gave the phenylhy-
drazone derivative 12 which underwent ready cyclization upon heating
under reflux in ethanolic sodium hydroxide solution to give the 5-ami-
nopyrazole derivative 13. The structure of compound 13 was established
on the basis of analytical and spectral data (see Scheme 2).

The reactivity of the cyanomethylene group present in compound 3b
towards the reaction with phenylisothiocyanate followed by heterocycliza-
tion with a-haloketones was studied. Such reactions have received consid-
erable attention in recent years by our research group and others and has
led to thiazole and thiophene derivatives of potential biological activi-
ties.15"18 However, the reaction of 3b with phenylisothiocyanate in
dimefhylformamide containing potassium hydroxide afforded the interme-
diate potassium sulphide salt 14. Treatment of 14 with phenacyl bromide
(7) afforded the thiazole derivative 15. The structure of the latter product
was established on the basis of analytical and spectral data. However, the
!H NmR spectmm showed the presence of two singlets at 8 = 2.19, 2.25
for two CH3 groups, a singlet at 8 = 6.88 for thiazole H-5, a multiplet at
8 = 7.32-7.59 for two C6H5 and C6H4 groups and two singlets (D2O
exchangeable) at 8 = 8.42, 8.76 for two NH groups.

The reaction of 14 with ethyl bromoacetate (16) afforded the thiophene
derivative 17 whose structure was based on analytical and spectral data.
However, the IR spectrum showed the presence of NH2, NH stretchings at
V = 3460-3330 cm"1 and one C=O stretching at i) = 1690 cm"1. Moreo-
ver, the ' H NMR spectrum showed the presence of a triplet at 6 = 1.14 for
the ester CH3, two singlets at 8 = 2.22, 2.26 for two CH3 groups, a quartet
at 8 = 4.42 for the ester CH2 group, a singlet at 8 = 5.21 (D2O exchangea-
ble) for NH2 group, a multiplet at 8 = 7.30-7.38 for C6H5, C6H4 groups,
and three singlets (D2O exchangeable) at 8 = 8.22, 8.34, 8.75 for three NH
groups. Reaction of 17 with aniline in an oil bath (140 °C) gave the anilide
derivative 18. In a similar way, the reaction of 14 with monochloroacetic
acid (6) afforded the thiophene derivative 20. The reaction probably took
place through the intermediate formation of 19 followed by decarboxyla-
tion.

The reaction of 14 with ethyl bromocyanoacetate 211 9 gave the thia-
zolone derivative 22. The structure of 22 was based on analytical and spec-
tral data. However, :H NMR spectrum which revealed the presence of two
singlets at 8 = 2.21, 2.23 for two CH3 group, a singlet at 8 = 6.56 for thia-
zole H-5, a multiplet at 8 = 7.32-7.40 for C6H5 and C6H4 groups, two sin-
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PROTON TRANSFER 123
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124 RAFAT MILAD MOHAREB et al.

glets (D2O exchangeable) at 6 = 8.25, 8.32 for two NH groups, and a
singlet at 5 = 10.21 for one OH group (see Scheme 3).

Moreover, the reaction of 14 with chloroacetyl chloride (23) afforded the
thiazole-5-one derivative 24. The structure of 24 was confirmed on the
basis of analytical and spectral data. .

The reaction of 22 with benzenediazonium chloride gave the phenylazo
derivative 25. The structure of 25 was based on analytical and spectral data
(see the experimental section).

We have also studied the reaction of l a with oc-benzal-P-ketobutyroni-
trile (26)20. The reaction took place in boiling ethanol solution to give the
pyrazole derivative 27. The structure ofthe latter product was based on
analytical and spectral data. Boiling of compound 27 in ethanol solution
containing sodium hydroxide give the pyrazole-5-one derivative 28. For-
mation of 28 took place via hydrolysis of the imino function present in 27
to afford a keto-function via loss of ammonia. The reactivity of 28 towards
chemical reagents to afford pyrazole derivatives was studied. Thus, the
reaction of 28 with hydrazine hydrate (29a) or with phenylhydrazine (29b)
afforded the pyrazolo[3,2-c]-l,2,4-triazole derivative 30a,b. Formation of
30a,b occured through the loss of hydrogen sulphide and ammonia. The
reaction of 28 with phenacyl bromide (7) gave the pyrazolo[2,3-c]thiazole
derivative 31. Its structure was based on analytical and spectral data (see
the experimental section).

A new approach in our work involved studying the reactivity of 28
towards active methylene reagents. Thus, the reaction of 28 with each of
malononitrile (32a) or ethyl cyanoacetate (32b) gave the same product
namely the pyrazolo[2,3-a] pyrimidine derivative (33) (see Scheme 4).
The reaction occured with the two reagents in two different mechanistic
sequences, since in the reaction with malononitrile (32a), a Micheal addi-
tion occured via addition ofthe imino group into the cyano group followed
by hydrolysis of the expected formed imino group into the carbonyl .The
reaction of 28 with ethyl cyanoacetate (32b), loss of ethanol took place to
give the same product 33 (identical IR and mixed mp).
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126 RAFAT MILAD MOHAREB et al
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PROTON TRANSFER 127

EXPERIMENTAL SECTION

All melting points are not corrected. IR spectra were obtained (KBr) on a
Pye Unicam SP-1000 spectrophotometer. H NMR spectra were measured
on Varian EM 390-90 Mhz in CD3SOCD3 as a solvent, using TMS as
internal standard, and chemical shifts were expressed as 8 values. Mass
spectra were obtained on an AEI MS 30 specterometer, at 70 eV. Elemen-
tal analyses were obtained from the Microanalytical Data Unit at Cairo
University.Giza, Egypt.

Butyronitrilo-3-(4-phenyl-3-thiosemicarbazone) (3a); Butyronitrilo-3-
(4-p-methylphenyl-3-thiosemicarbazone) (3b); Butyronitrilo-3-(4-o-meth-
oxy-3-thiosemicarbazone) (3c); Butyronitrilo-3-(4-p-methoxy-3-thiosemi-
carbazone)(3d) and Butyronitrilo-3-(4-/?-chloro-3-thiosemicarbazone)
(3e): General procedure: To a solution of la-e (1.67 g, 0.01 mol) in abso-
lute ethanol (50 ml) was added P-iminobutyronitrile 2 (0.82 g, 0.01 mol).
The reaction mixture, in each case, was heated under reflux for 4 h. The
solid product formed in each case, upon cooling was collected by filtra-
tion.

a-Butyronitrilo-P-(4-/?-tolyl)-3-thiosemicarbazone (5) and 3-Acetyl-
(4-p-tolyl-3-thiosemicarbazono)-coumarin (9): General procedure: To a
solution of 3b (2.46 g, 0.01 mol) in dimethylformamide (20 ml) containing
piperidine (0.5 ml), was added benzaldehyde (1.06 g, 0.01 mol) or salicy-
ladehyde (1.22 g, 0.01 mol). The reaction mixture, in each case, was
heated under reflux for 4h and then poured into ice/water containing few
drops of hydrochloric acid. The formed solid product, in each case, was
collected by filtration.

a-Benzal-P-imino-(2-p-tolylimino)-4-hydroxythiazolo-3-yl)butyronitrile
(8a): To a solution of 5 (3.43 g, 0.01 mol) in dimethyformamide (50 ml)
was added monochloroacetic acid (6) (0.94 g, 0.01 mol) . The reaction
mixture was heated under reflux for 9h and then evaporated in vacuo. The
remaining product was triturated with chloroform, and the formed solid
product was collected by filtration.

a-Benzal-p-(2-p-tolylimino)-4-phenylthiazolo-3-yl)butyronitrile (8b):
To a solution of 5 (3.43g, 0.01 mol) in dimethylformamide (50 ml) was
added phenacyl bromide (7) (2.00g, 0.01 mol). The reaction mixture was
heated under reflux for 10 h and then left to cool to room temperature. The
solid product formed upon dilution with water containing few drops of
sodium hydroxide, was collected by filtration.
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3-Imino-(3'-acetylcoumarino)-4-hydroxy-2-(p-tolylimino)thiazole (10a);
and2-(p-Tolylimino)-3-imino-(3'-acetylcoumarino)-4-phenylthiazole(10b):
General procedure: To a solution of 9 (3.51 g, 0.01 mol) in absolute etha-
nol (50 ml) was added monochloroacetic acid (6) (0.94 g, 0.01 mol) or
phenacylbromide (7) (2.0 g, 0.01 mol). The reaction mixture was heated
under reflux for 8 h and then left to cool, the solid product formed, in each
case, upon dilution with water containing sodium hydroxide was collected
by filtration.

p-Imino-(2-p-tolylimino-4-hydroxythaizolo-3-yl)butyronitrile (11): To
a solution of 3b (2.46 g, 0.01 mol) in dimethylformamide(40 ml) was
added monochloroacetic acid (6) (0.94 g, 0.01 mol). The reaction mixture
was heated under reflux for 3 h. The solid product formed, upon dilution
with water containing few drops of sodium hydroxide, was collected by
filtration.

Conversion of 11 into 10a: To a solution of 11 (2.86 g, 0.01 mol) in
dimethylformamide (20 ml) containing piperidine (0.5 ml) was added sali-
cylaldehyde (1.22g, 0.01 mol). The reaction mixture was heated under
reflux for 12 h and then evaporated in vacuo. The remaining product was
triturated with diethyl ether and the formed solid product was collected by
filtration to afford the same product 18 (identical mp, mixed mp and IR
spectra).

a-Phenylhydrazono-p-(4-p-tolyl)-3-thiosemicarbazono)butyronitrile (12)
and a-(4-hydroxy-5-phenylazo-3-phenylthiazolidin-2-eno)-P-(4'-p-tolyl-
3'-thiosemi-carbazono)butyronitriIe (25): General procedure: To a cold
solution of 3b (2.46 g, 0.01 mol) or 22 (4.22 g, 0.01 mol) in ethanol at 0 °C
containing sodium hydroxide (10 ml, 10 %) was added a solution of ben-
zenediazonium chloride (0.01 mol) [prepared by adding sodium nitrite
solution (0.69 g, 0.01 mol) to a cold solution (0-5 °C) of aniline (0.93 g,
0.01 mol) containing the appropriate quantity of hydrochloric acid] with
continuous stirring for 4 h. The solid product formed was collected by fil-
tration.

5-Amino-3-methyl-4-phenylazo-l-(p-tolylaminothiocarbonyl)pyrazole
(13): A solution of 12 (3.5 g, 0.01 mol) in absolute ethanol (30 ml) con-
taining sodium hydroxide (0.5 g) was heated under reflux for 3 h and then
left to cool. The solid product formed upon pouring into water containing
few drops of hydrochloric acid (pH = 6) was collected by filtration.

3-Acetyl-(4'-(p,-tolyl)-3'-thiosemicarbazono)-4-amino-2-phenylamino-
5-phenyl-formamidothiophene (18): To a dry solid 17 (4.67 g, 0.01 mol)
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was added the appropriate quantity of aniline 30 (0.93 g, 0.01 mol). The
reaction mixture was heated in an oil bath at 140 °C. The solid product
formed upon cooling was triturated with ethanol then collected by filtra-
tion.

a-(3',4-Diphenylthiazolidin-2-eno-P-(4-p-tolyl-3-thiosernicarbazono)-
butyronitrile (15); 3-Acetyl-(4'-p-tolyl-3'-thiosemicarbazono)-4-amino-2-
phenylaminothiophene (20); oc-(4-Hydroxy-3-phenylthiazolidin-2-eno)-
P-(4>-p-tolyl-3'-thiosemicarbazono)butyronitri.le (24): General procedure:
To a cold solution of 3b (2.46 g, 0.01 mol) in dimethylformamide (20 ml)
containing finely divided potassium hydroxide (0.57 g, 0.01 mol) was
added phenylisothiocyanate (1.35 g, 0.01 mol) and the reaction mixture
was stirred at room temperature for 24 h. Phenacyl bromide (7), mono-
chloroacetic acid (6) (0.94 g, 0.01 mol), ethyl cyanobromoacetate (21)
(1.94 g, 0.01 mol) or chloroacetyl chloride (23) (1.13 g, 0.01 mol) was
added. The whole reaction mixture was stirred at room temperature for an
additional 24 h. The solid product formed, upon addition of water contain-
ing hydrochloric acid (pH = 6) and stirring for 6h, was collected by filtra-
tion.

4-(Benzal-5-imino-3-methyl-l-phenylthiocyanatopyrazole (27): To a
solution of la (1.81 g, 0.01 mol) in absolute ethanol (40 ml) was added
a-benzal-P-ketobutyronitrile 26 (1.71 g, 0.01 mol). The reaction mixture
was heated under reflux for 4 h. The solid product formed from the cold
solution was collected by filtration.

4-Benzal-3-methyl-l -phenylisothiocyanatopyrazol-5-one (28): A solu-
tion of 27 (3.06 g, 0.01 mol) in absolute ethanol (30 ml) containing sodium
hydroxide (0.5 g) was heated under reflux for 3 h and then left to cool. The
solid product, so formed upon pouring into water containing few drops of
hydrochloric acid (pH = 6), was collected by filtration.

6-Benzal-5-methyl-2[H]-3-phenyliminopyrazolo[3,2-c] 1,2,4-triazole (30a);
6-Benzal-5-methyl-2-phenyl-3-phenyliminopyrazolo[3,2-c] 1,2,4-triazole
(30b): General procedure: To a solution of 28 (3.21 g, 0.01 mol) in
dimethylformamide (50 ml) was added hydrazine hydrate (0.5 g, 0.01
mol) or phenylhydrazine (1.1 g, 0.01 mol). The reaction mixture, in each
case, was heated under reflux for 10 h. the solid product formed upon
cooling was collected by filtration.

6-Benzal-l-benzoyl-5-methyl-3-phenyliminopyrazolo[2,3-c]thiazole
(31): To a solution of 28 (3.21 g, 0.01 mol) in absolute ethanol (50 ml) was
added phenacyl bromide (7) (2.0 g, 0.01 mol). The reaction mixture was
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heated under reflux for 12h and then left to cool. The solid product formed
upon pouring into ice/water mixture containing few drops of sodium
hydroxide was collected by filtration.

7-Benzal-3-cyano-6-methyl-2-oxo-4-phenylaminopyrazolo[2,3-a]pyri-
midine (33): To a solution of 28 (3.21 g, 0.01 mol) in dimethylformamide
(30 ml) containing piperidine (0.5 ml) was added malononitrile 32a
(0.66g, 0.01 mol) or ethyl cyanoacetate 32b (1.13g, 0.01 mol). The reac-
tion mixture was heated under reflux for 8h. The solid product formed
.after adding on ice/water mixture, was collected by filtration.

2 8 + 7 •

1-Ph

31
ilH-Ph

piperidine NC

28 + CH2-CN ' = ^ YTtN Y ^
32a, X = CN , C H " P h

b, X = COOEt .' .
: 33
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