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The review summarizes published data on the behavior and reactions of acylthiosemicarbazides and

their derivatives, which lead to the formation of heterocyclic systems, including methods of preparation

in addition to synthesis of pyrrole, thiazole, thiadiazole, thiadiazolidine, and triazole derivatives as well

as fused heterocyclic compounds.
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1. INTRODUCTION

Thiosemicarbazide and its derivatives are a class of
very important organic compounds that were found to
be associated with various biological activities [1-15],
such as antifungal [16,17], anti-inflammatory, anti-HIV
[18,19], and of herbicidal activities [20].

Recent studies have shown that some compounds can
be used as corrosion inhibitors of steal [21,22], and
some can be used as semiconductors [23], and others
used in the metal complexes [24-36]. On the other
hand, the cyclized products were also intensively stud-
ied because of their biological and other properties [37—
40].

Thiosemicarbazides are versatile compounds, which
have been extensively used in the synthesis of different
heterocyclic ring systems [37—40]. Several authors devel-

oped a new simple and efficient procedure for prepara-
tion of thiosemicarbazide derivatives [32,40]. Recently,
different successful approaches have been reported for
synthesis of thiazine, thiadiazole, thiadiazine, thiadiaze-
pine, oxathiadiazole, and indazole, as well as pyridazine
derivatives from thiosemicarbazides [41-52].

2. SYNTHESIS OF ACYLTHIOSEMICARBAZIDES

Several authors [53-56] were interested to synthesis
of acylthiosemicarbazides 2, because they were found to
be associated with various biological activities. The
reaction of acylhydrazide (1) with KSCN in aq. HCI
under microwave irradiation gave l-acylthiosemicarba-
zides 2 [57].
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Treatment of thiosemicarbazide (3) with acyl halides
in aprotic polar solvent afforded compound 2, thus,
EtCOCI was gradually added to a mixture of 3 and
N,N-dimethylacetamide to give EtCONHNHCSNH, 2
[58].

ArCONHNH, in EtOH was saturated with dry HCI,
the salt dissolved in EtOH and reacted with NH4SCN,
the mixture was heated to give 2 [59,60].

S
Ar N )J\
\[r N NH,
H
(o]
2
Ar = CgHg, p-HO-CgH,4, p-EtO-CgHy4, p-C3H+-CgHa,

p-iso-CqH7-CgHy4, p-BuO-CgHy, p-iso-BuO-CgHy,
p-sec-BUO-CgHy, p-n-CgHy30-CgHy, p-CgHsCHo-CgHy.
P-NO2-CgHg

Equivalent amounts of thiosemicarbazide (3) and
RCOCI 4 in acetone were treated with NaHCO; to give
acylthiosemicarbazides 2 [61,62].

NaHCO;

S 0
HaN )J\ + )J\
N NH; R

3 4
2,4: R = Me, Et, n-C3Hy, ph, phCHa, p-OzN-CgH4

\”/\J\

Cl acetone

Heating acylhydrazide 1 in HCl with KSCN gave
acylthiosemicarbazides 2 [63].

s
e K
\”/\N NH,
H
o

R=Me, Ph, PhCH,, 0-HO-CgH,,p-HO-CgH,,
p-0,N-CgHa, PACH,NHNH

Refluxing substituted benzoyl chloride with hydrazine
and then with ammonium thiocyanate in ethanol in the
presence of hydrochloric acid led to the formation of
acylthiosemicarbazides 2 [64].
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R = H, p-CH30, p-NO,, 4-(p-NO»-CgHsNH),
4-(p-CI-CgH NH), 4-(p-CH30-CgHs), 4-iso-C3Hy,
2-CH30-4-CHs, 2 4-(CH3),

Also, acylthiosemicarbazides 2 were obtained via
interaction between thiosemicarbazide (3) and substi-
tuted acid chloride 4 in pyridine [65].

s
J\ NHz
HaN N
H

0]

A

Ar Cl

pyridine| reflux

S

N NH
H 2

NN
AFYN\
e 2
2,4: Ar = CgHs, 4-N,0-CgHy, 3-pyridiyl, 4-pyridiyl

On the other hand, acylthiosemicatbazides 2 were pre-
pared by the reaction of thiosemicarbazide (3) with ali-
phatic carboxylic acids 5§ [66].

S 0
T, L
~ 2 +
N N X

2 i R
N reflux

HxlElOH

S

S
~
\”/N NHZ
H
2

o}

25:R=H, CHa‘ C2H5, X=0H

Refluxing equimolar amounts of thiosemicarbazide (3)
and acetic anhydride in chloroform gave 1-acetylthio-
semicarbazide (2) [67,68].

s
HaN )k
N NH
H

A0, CHC;

ref lux

TJL
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Phthalic anhydride (6) reacted with thiosemicarbazide
(3) in presence of glacial acetic acid to give N-thiourei-
dophthalamic acid (2) [69].

o]
S
HaN JJ\ &
S5 S | »
H
o]
3 l 6
COOH
S
PN
NH,
(0]
2

Reaction of thiosemicarbazide (3) with propionyl
chloride (4) in the presence of pyridine gave 2 [70].

s (o]
HsN J‘I\ )J\
N NH, ~ CoHs cl
Hs 4

pyridine
-HCI

2-Propionylhydrazinecarbothioamide (2) was also pre-
pared by the reaction of thiosemicarbazide (3) with pro-
panoic anhydrides (7) [71].

s 0 )
HzN )]\ )J\ )J\
N NH,  Et o Et
- C,HsCO,H

S
n )]\
\"/ \N NH2
H

o} 2

CzHs

1-Aroylthiosemicarbazides 2 were also synthesized by
microwave irradiation of aromatic carboxylic acids 8
with ethanol in presence of sulfuric acid, hydrazine
hydrate, and KSCN via the formation of compounds 9
and aroylhydrazine derivatives 1 [72].

Journal of Heterocyclic Chemistry

Vol 49

0 o}
)]\ C,HgOH )L NH;NH,
—————T —_—
Ar OH H2804  Ar OC,Hs 85%
8 9

o}

S
H
KSCN/aq. HCI AT N )J\
)L ANHp 2524 B2 N NH,
E MW H
0
2

Ar

1

1,2,8,9: Ar = 0-CH30-CgHy, p-OoN-CgHa,
p-CH30-CgHy4, CgHs, 3-pyridyl

3. CHEMISTRY OF
ACYLTHIOSEMICARBAZIDES

3.1. Synthesis of thioformamidine and hydrazonoyl
sulfide derivatives. a-Chloroarylformamdine hydro-
chlorides 10 reacted with 1-acetylthiosemicarbazide 2
in acetone to give thio-bisformamidine derivatives 11
[73].

® O
NH,Cl

Cl

s
e N M
3 + I-
SN NH, N
H H
° l 10

® 9 @ ©
NH,Cl NH.CI

H
L2 _N CH3

S

11 o

TZ

10,11: Ar = CgHs, 4-CH3-CgHy, 4-CI-CgHy,
3-CH3-CgHy, 2-CH3-CgHa,
3-CH30-CgHa, 4-C2Hs-CgHa,
3-Cl-CgHa, 2 6-(CH3),-CsH3

The interaction of various aryl amidine chlorides with
thiourea, allylthiourea, thiosemicarbazide and acetylthio-
semicarbazide in acetone at 0—5°C, afforded thio-bisfor-
mamidine derivatives for example compounds 11

[73,74].
R ® 0 @ ©
NH,CI NH,CI
\Q\ PP
N CH4
N S

N
H H

1 °

R=H, CH30, C2H5O

Hydrazonoyl chlorides 12 reacted with benzoyl thio-
semicarbazide (2) in ethanol/or triethylamine to give
two products. The first product was assigned as a
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C-substituted-N-phenylhydrazonoyl sulfide 14, where the
second product as a C-substituted-N-phenylhydrazonoyl
bissulfide 15 [75,76].

N
s N7 ph
H |
Ph N._ . R —
\’-r N NH, cl
H
(0] 2 o 12

NHPh

N NH
e A ’ :
x
s NHNHCOPh| — = N~ ph
0 13 o]
N
N|/ \F‘h
12 [Rﬁ/
’ s
2
0
15

3.2. Synthesis of pyrrole derivatives. N'-2-
(5-Amino-3,4-dicyano-2H-pyrrol-2-ylidene)-2-substituted
hydrazide 17 was obtained via interaction between 1-
acylthiosemicarbazides 2 with ethenetetracarbonitrile
(TCNE, 16) in ethyl acetate [77].

S
i H )l\ NC CN
SN NHy
H NC CN
o 2 16

12-158: R = OEt, CONHPh

lethyl acetate
NH,
N/
H
R N = / CN
\“/ N
0 CN

17

2,17: R = CHy, CgHs, 4-HO-CgHy, 4-Br-CaH,CH;

Compound 17 can be rationalized by the following
mechanism [77].

NC CN
-+ — arH 5 .
2 + — 2 + 16 —>= 2 + 16-H
NC CN
16

. H 5 i)+ 16-H

= i) -
\n/ \N/ \NHZ} ii) - HCN 17
0 18

. -8,
2x2 —

Also, the treatment of acylthiosemicarbazides 2 with
two molar equivalents of (1,3-dioxo-2,3-dihydro-1H-
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inden-2-ylidene)propanedinitrile (CNIND, 19), in ethyl
acetate at room temperature, forms the derivatives of
oxoindenopyrrolylidenehydrazides 20 and 21 [78].

o]
o]
[I CN
N
R/C\H/ \C/ T
CN
2 19 O
ii)- HCN
iii) - H20
N /COR

O M

20 21
2,20,21: R = CHs, CgHs, 4-HO-CgHa, 4-Br-CgHaCHs

The derivatives of oxoindenopyrrolylidenehydrazide
20 can be obtained during the reaction of CNIND 19
with 2 in ethyl acetate by elimination of a molecule of
sulfur to form intermediate 22, which loss H,O to form
compounds 20, whereas N'-(3-cyano-4-oxoindeno[1,2-
b]pyrrol-2(4H)-ylidene) substituted hydrazides 21 were
obtained by reacting 2 and 19 with elimination a mole-
cule of sulfur, a molecule of hydrogen cyanide, and a
molecule of H,O [78].

2 +19 —b—ﬁ-z‘+19-H-

. -8 H
2y 3 2 i +19-H
.Hzo
? /NHZ 20
Gy N=c HQ
e 10
NC
22 2 L— 21
i) - HCN
ii) - HoO

3.3. Synthesis of thiazole derivatives. By contrast,
o-ketohydrazonoyl halides 23, 24 reacted with ben-
zoylthiosemicarbazide (2) in ethanolic triethyl-amine
to give, in each case, one product which was assigned
as 5-phenylazothiazoles 25. The reaction is believed
to take place via formation of an intermediate (A, B),
which readily loses one molecule of water to afford
25 [76].
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NHCOPh HoN

)k( NHCOPh
\ . )‘\(
\ /
\]ﬁ

NYS
NHNHCOPh

23-25: R = CHj, CEH5, 2-C4H3S, 2-C1oH7

Hydrazonoyl bromide 24 reacted with benzoyl-thiose-
micarbazide (2) to give N'-(4-phenyl-5-(phenyl-diaze-
nyl)thiazol-2-yl)benzohydrazide 25 [79].

0 o]
Br
BH EtzN Ph/JH‘ +2
| -HBr |
N Ph Ph
\N/ ®\N/
H Q
24 c
Ph
o  HNT Ph
| Ph N==(
N
/
Ph H,0
R
s N Ny S
Y NHCOPh
NH, NHNHCOPh
B 25

Campaigne and Selby [80] reported that a number of
thiazole acetic esters were obtained in a good yield by
reacting ethyl 4-chloroacetoacetate (26) with thiosemi-
carbazones and acylthiosemicarbazides [80]. Cyclization
of l-acetylthiosemicarbazide 2a and 1-benzoylthiosemi-
carbazide 2b with ethyl 4-chloroacetoacetate (26) gave
ethyl-2-(2-acetamidothiazol-4-yl) acetate (27a) and
ethyl-2-(2-benzamidothiazol-4-yl) acetate (27b), whereas
2a,b was cyclized with chloroacetone to give 4-methyl
thiazole derivatives 28a,b [81].
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0
T s o 1)
N NH.
- CI\M
& H T * OCH5
2 S 2
CICHZCOCH31
ROCHN\{ ROCHN ( s-\Z
7\ N / CH,C0,CH
z 282015
28a,b Ak
2,27,28:a, R=CHg b, R = CgHs
1-Alkoxybenzoyl-2-thiazolylhydrazines 29 and 30

[82] were prepared by the reaction of alkoxybenzoylth-
iosemicarbazides 2 [83] and the appropriate o-halogeno-
ketone (phenacyl bromides or chloro acetone). Alkaline
hydrolysis of hydrazides 29 and 30 gave 2-thiazolyl-
hydrazines 31 [84,85], in addition to alkoxybenzoic acid
derivatives [73].

S
W \N
H
2
|
Y~CH2COCSH4-X1 EtOH/DMF acetone lY-CHz(IOCHg
CeHaX CHy
g e
ROCHNHN S ROCHNHN S
30

2,29,30: R = 3,4,5-CH;0-C¢H,»
= 3.4-(OCH,0)-CgHs3
= 3,5-CH;0-CgHs

29: X =H, 4-Cl, 2,4-Cl, 4-Br,
4-CH3, 4-OCH3, 4-CgHs,
4-NO,

31: R'= CH3, CgHs, 4‘C|“CGH4,
2,4-CI-CgHg, 4-Br-CgHg,
4-CHy-CeHy

Y =Cl, Br

On the other hand, thiazole derivatives 33 were
formed by refluxing alkoxy benzoylthiosemicarbazide
(2) with (1,2-dichloroethyl)ethylether (32)[82,83,86-94].
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A N )]\ i
I
.
N NH, + CH /l\/m
\[r N 2 Moy
32

0 2
i) - 2HCI
ii) - CH5OH
N
Ar H
R
H S

o}
33

2,33: Ar=345-C H30-C6H2‘ 3‘4-(0CH20)-C6H3,
3,5-CH3O0-CgH3

1-Methyl-2-(2-hydrazino-4-thiazolyl)benzimidazole 36
was synthesized by condensation of compound 35 with
l-acetylthiosemicarbazide (2). Compound 38 was syn-
thesized by reaction of 36 with the ketones 37 or con-

densation of 35 directly with thiosemicarbazones 39
[95-97].

Bl’gr’ACOH
reflux
CHEBr

U 35
|
. R
+2
;i))-HBr >= NNHCSNH,
iii) # HO* R 3
iv) - AcOH R
NHNH, >=o NN N\N)\R.
@W 1
N S
CHy CH,
36 38

37-39:R= CH3, H, CH3
R'= CHy, Gghls, p-HO-Cghy, p-ChCeHy, pLHO-CHy, p-NOy-CoHy, pNHy-CeHy,
NzCHy0-5-HO-CgHs, p{CHg)oN-CeHy, p{CoHs)aN-CeHe

2-Hydrazino-4-arylthiazoles 40 were prepared by the
condensation of appropriate phenacyl bromide with 2
followed by acid hydrolysis with dil. HCI. Refluxing 40
with 3-substituted pentane-2,4-diones 41 in ethanol with
little acetic acid afforded pyrazolothiazoles 42, whereas
on condensation with 3-carboethoxymethylpentane-2,4-
dione 43 gave compound 44, alkaline hydrolysis of 44
gave 45 [98,99].
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CH,

\[\HIR

Hj

?: E'OH COCHS
)\NH * RACH
COCH3
a4
R =H, CH3, CoH
43 COCHs BT
chOC—(
CH200202H5
)\N—N 1) NaOH )\N—N
2)CH;OH
HaC CHa HaC CH,q
CH,CO,CHs5 CH2CO.H
44 45

40, 44, 45: Ar = CgHs, 4-CI-CgH,, 4-Br-CgHy, 4-F-CgH,
42: Ar = CgHs, 4-Cl-CgHy, 4-Br-CgHy, 4-F-CgHy
R =H, CHj CyHsg

Cyclization of 1-acetylthiosemicarbazide (2) with
BrCH,CH,NH,.HBr in iso-propyl alcohol gave N'-(4,5-
dihydrothiazol-2-yl)acetohydrazide (46) with eliminating
a molecule of NH,CI [100].

v

46
Fathalla et al. [101], reported the reaction of 6-methyl-
2-chloroacetamidobenzothiazole (47) with 2 followed by
hydrolysis to yield hydrazinothiazole derivatives 48,
which in turn reacted with p-chlorobenzaldehyde (49) to
give (Z)-N-(2-(2-(4-chlorobenzylidene)hydrazinyl)-4,5-
dihydrothiazol-4-yl)-6-methylbenzo[d]thiazol-2-amine 50.

o]
)J\ N TNHE + /Q:}\H%CHZCI
47

b} -HCI
ii) hyd.
ul) AcOH

QY 7:>\~H“”2

49 Cl

QY\E»

HeG 50 al
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Also, the reaction of bromoacetyltetralin (51) with
acylthiosemicarbazide (2) gave 4-(5,6,7,8-tetrahydrona-
phthalen-2-yl)thiazol-2-amine (52) (during the elimina-
tion of H,O, HBr, and CH3CONH, after hydrolysis). 52
Reacted with aromatic aldehydes to give thiazole deriva-
tives 53 [102].

O

CHQBF
NH2 +

N
N/T
H
2 ]

-H,0
- CH,CONH,

T

|hyd. =

53
R = CgHs, 4-CH3-CgHy, 4-CH30-CgH,, 2-pyridyl, 2-thienyl
Hydrazonoyl bromide derivative 54 was reacted with

benzoylthiosemicarbazide (2) to give 5-arylazothiazole
derivatives 55 [103].

HsC 0

@)
H
/lL _N NHz + N o~ —= \N/Ph
Ph N \
H S
S
4 Ph

Br
l 54
//N-\'Ph
CH; N

N \ / S
L NAN/HYO

Ph
55

Thiazole derivatives 31 were prepared by heating 1-
acetylthiosemicarbazide 2 with the corresponding phena-
cyl halides followed by hydrolysis [104].
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S
H

S
31

R = CgHs, 3.4-HO-CgHj, 2,3 4-HO-C4H,
2,5-HO-CgH3, 3,5-HO-CgH,

2,4-Disubstituted thiazoles 33 were obtained during
the reaction of RCOCH,Cl with 1-acetylthiosemicarba-
zide (2) [105,106].

R
N H CHj
/ )\N/N\\(
S H 5
33

R =3,4(HO)-CeH3,
2,5-(HO),-CgH3,
2,3,4-(HO)3-CgH,

Naphthobisthiazole 57 can be obtained by refluxing 1-
acylthiosemicarbazides 2 with 2,3-dichloro-1,4-naphtho-
quinone (DCHNQ, 56) in ethyl acetate. Compounds 57
were formed from reaction of one molecule of
(DCHNQ, 56) and two molecules of 2 by loss of two
molecules of HCI and another two molecules of H,O af-
ter abstracting a molecule of H, [107].

0
s
H )L cl
R N
H
0
5 Cl
0
56

+
o] } o]

2,57: R = CHy, CgHs, 4-HO-CgHy, 4-Br-CgH,CH,

3.4. Synthesis of thiadiazole and thiadiazoline
derivatives. 1-Acylthiosemicarbazides 2 were cyclized
with dehydrating reagents to thiadiazole derivatives 58.
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Common reagents for this cyclization such as neat sulfu-
ric acid, neat polyphosphoric acid or mixtures
[108,109], and phosphorus halides have been used when
R is alkyl but the reaction fails when R is aryl
[110,111]. In contrast, Kress and Costantino [112]
reported that these procedures require a large molar
excess of acid, water, and base. So the following treat-
ment report a convenient and general cyclization where
R = alkyl or aryl. Thus, treatment of 2 with methanesul-
fonic acid in refluxing toluene for 4-6 hr afforded good
yields of the thiadiazolines 58 [112].

NfN

(o]
RN/ \
H
S

58

2,58: R = p-CF3-CgHy, p-Cl-CgH.4, CgHoCHy, (CgHs)2CH, (CH3)3C
R1=H, CHs

When 1-acetyl- and benzoylthiosemicarbazides 2
[64,113] were separately treated with chlorodiazo-buta-
diene derivative 59, at ambient temperature, hydrochlor-
ides 60 were formed, which were readily converted into
the corresponding bases 4-substituted-A>-1,2,3-thiadiazo-
line 61 [114,115], whereas 4—triazole—3—yl—A2—1,3,4—thia—
diazolines 62 was obtained during dehydration of 61 by
refluxing with toluene.

20-25°C

s
RN )K NN
T\N NH, * Y\N/\h 2
H

0 Ph 59

”ZN cl NH,

)\ NaOH aq Ph/ /L
ats TEA

R

R
-HZO l N\ /N
wee” L
toluene S N

H

Ph
62
2,60-62: R = CHy, CgHs

Treating 1-acylthiosemicarbazides 2 with concentrated
H,SO, pouring into water and neutralizing with NH,OH
or Na,CO; afforded S-substituted-2-amino-1,3,4-thiadia-
zoles 63 [62,63,116,117].
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N—N

= HEN/4 )\R

S

T\/U\

63

2,63: R = CH3, CyHs, C3H7, CgHs, CgH4CH,, p-0,N-CgHy,
p-HO-CgH,, cyclohexyl, 3-pyridyl, 4-pyridyl

1,3,4-Thiadiazoles 65 were prepared via the acylation
of thiosemicarbazide followed by dehydration to afford
thiadiazoles 63 [112]. Thiadiazoles 63 could be trans-
formed into 64 and subsequent hydrazinolysis of 64 under
mild condensations provided thiadiazoles 65 [118,119].

S [e) 8
D GNP N
HzN ™~
\‘” NH, * R cl \"/ N NH,
3 4 o
N—N N—N
oo N Y
HaN . R NaNO; CI s R
63 64
lN2H4
N—N
NS )\
65

2,4,63-65: R = CH3, C2Hs, CgHs, n-C3HyC, iso-C4Hg

Cyclodehydration of acylthiosemicarbazides 2 gave
thiadiazoles 63, which were reacted with 3-aryl-2-thi-
oxo-thiazolidin-4-one 66 to give 3-substituted-5-[(5-sub-
stituted-1,3,4-thiadiazol-2-yl)diazenyl]-2-thioxothia-zoli-

din-4-one 67 [120].
Ry o]
\ f
N
s% 5

N—/N

R%S)\NHZ +

LNaNOz
(o]

Rq T
N N
NN
L0
s s

67

63,66,67: R = CgHs, CgHsCHy, 2-CH3-CgHy,
3-CH3-CgHa, 4-CH3-CqHa
Ry = CgHs, 2-CH3-CgHy, 4-CHy-CgHay,
4-CH30-CqH4
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Refluxing thiosemicarbazide (3) omitted with AcCl
followed by elimination of H,O gave 2-acetamido-5-
methyl-1,3,4-thiadiazole (68) [121].

o}
N—N
H3C/[Lu/(8)\CH3
68

0-(2-Amino-1,3,4-thiadiazol-5-yl)benzoic acid (63)
can be obtained by refluxing of N-thiouridophthalonic
acid (2) in polyphosphoric acid or acetic acid [69].

B
/N\n/NHz 5)\NH2
—

COOH
63

COOH

The reaction of 2-amino-5-(4-substituted phenyl)-1,3.4-
thiadiazoles 63 with 4,7-dichloroquinoline (69) yielded
thiadiazoles 70. Among these thiadiazoles, the nitro deriva-
tive 70c was hydrogenated over Raney-nickel to give 5-(4-
aminophenyl)-N-(7-chloroquinolin-4-yl)-1,3,4-thiadiazol-
2-amine (72). Acylation of 72 with ethyl chloroformate
yielded 2-(7-chloro-4-quinolinylamino)-5-(p-carbethoxya-
minophenyl)-1,3,4-thiadiazole (73). On the other hand, hy-
drogenation of 63c in the presence of Raney-nickel yielded
the corresponding amino compound 63d, which trans-
formed to 5-[4-(7-chloroquinolin-4-ylamino)phenyl]-1,3,4-
thiadiazol-2-amine (71) and ethyl 5-(4-(7-chloroquinolin-
4-ylamino)phenyl)- 1,3,4-thiadiaz-ol-2-ylcarbamate 74 by
reaction with 69 via steps A and B [122].

{
B
=
o
Cl N
63 R 69

I EtOH, reflux I
[
a— 5 @ YNHZ HN/AS)\‘O\
R
\ZN /; 70
C[CODEI lﬁa -Ni

@5 @f . /U\Q

CICOOE(

N
HN/Q
_CO,Et

63,70:a,R=H;b,R=Cl,c, R=NO;;d, R=NH;
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3.5. Synthesis of triazole and triazoline deri-
vatives. 1,2,4-Triazoline-5-thione derivative 76 could be
synthesized independently via cyclization of 1-benzoyl-
4-B-acyanoethyl thiosemicarbazide (75), which was pre-
pared via cyanoethylation of 1-benzoyl thiosemicarba-
zide (2) [123].

T\JL CW\JLMN

i) NaOEt
ii) ACOH.HCI
ii) - H,0

Ph
—
HNTN\/\CN

S
76

Pyrolysis of 1-acetylthiosemicarbazide (2) gave 5-
methyl-4H-1,2 4-triazole-3-thiol (77) as a major product.
A free radical mechanism has been suggested to account
for the products [124].

N—N
Hs%N)\CHe
H

77

1,2,4-Triazole-3-selenols 78-80 were prepared by the
treatment of acetyl thiosemicarbazide (2) with aq. Na,Se
at pH = 7.8 and acidification with AcOH at pH = 4
[125].

N—N HN—N

HSC/QN)\SeH Hac/gN)\SeH
H

78 79

N—NH
30/& )\SEH

80

On the other hand, 5-aryl-1,2,4-triazoline-3-thiol 77
was obtained via microwave irradiation of acylthiosemi-
carbazides 2 in aq. NaOH for several minutes [126].
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S
N )]\
Ar\ﬂ/N'\N NH /L )\
2
! H aq. NaOH SH

77

2,77: Ar = CgHs, subst-CgHs, 3-pyridyl

Also, triazole derivatives 77 were prepared by the
reaction of appropriate acylthiosemicarbazides 2 and
KOH in ethanol under reflux, followed by acidification
with acetic acid [127].

N—N
Ar/(N>\SH
H
77

Ar = p-CHj3-CgHy, p-CH30-CgHy,
p-Cl-CgHy4, m-Br-CgHy

New S-alkylated 5-(butylthio)-3-substituted phenyl-
1H-1,2,4-triazoles 82 and 1-(2,3-dihydrobenzo[b][1,4]-
dioxin-6-yl)-2-(3-substituted  phenyl-1H-1,2,4-triazol-5-
ylthio)-ethanones 84 were synthesized by alkylation of
1,2,4-triazole-5-thiones 81 with iodobutane or with 2-
bromo-1-(2,3-dihydrobenzo[b][1,4]dioxin-6-yl)ethanone
(83) [128].

81
+
Nao
Qf A
HsCO A }CHa)z
504“9 Br Y
82 o 83
——NH CH2
= /)\S
HCO
3 84

1,2,4-Trizoline-5-thione (85) can be obtained by cycli-
zation of 1-formylthiosemicarbazide 2 in a 2M sodium
carbonate solution [129].
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S
o M L
Na,CO
\H/\N NH24"2 :
H
o}

1-Acetylthiosemicarbazide (2) cyclized with sodium
methoxide in methanol to 3-methyl-1,2,4-triazoline-5-
thione (81) [130]. Alternatively, the cyclization can be
affected by heating to about 185°C [131,132].

N—NH
H:;C/& %

31

T\/H\

Another route to the acylthiosemicarbazides 2 was
offered by the reaction of thiosemicarbazide 3 with ali-
phatic anhydrides [71], one mole of propionic anhy-
dride, reacted with 3 to give 1-propionyl thiosemicarba-
zide, which cyclized into 3-ethyl-1,2,4-triazoline-5-thiol
(77) [71].

N )‘\ (EtCOZO EtY S

N
H
2

Na,CO5
10 %

N—N

E1/4N>\SH
H

On the other hand, 5-ethyl-4H-1,2,4-triazole-3-thiol
(77) can be obtained during the reaction of thiosemicar-
bazide 3 with appropriately substituted acid chlorides in
the presence of pyridine [19,133].

s o)
N )l\ )L PyridineEt N
N NH, * Et c-HCl H
2

3 4
NasCO3
10 %
N—/N

Et/(N)\SH
H

77

DOI 10.1002/jhet



48 A. A. Hassan, E. M. El-Sheref, and A. H. Abou-Zied

Also, triazole derivatives 77 were also obtained by the
cyclization of acylthiosemicarbazides 2 on treating 4-
substituted benzoyl chloride with thiosemicarbazide (3)
and elimination a molecule of HCl and H,O from 2 to
give triazoles 77 [134].

N—N

NA
;

g

R~

77
R =H, 4-OH, 4-OCH3, 4-Cl, 3.4~(Cl),

However, nitrothiazolylmercaptotriazole 86 can be
obtained by the treatment of 3-phenyl-5-thione-1,2.4-tri-
azole (in MeOH) with 2-bromo-5-nitrothiazole in pres-
ence of NaOMe [135].

O 0
&

Goswami et al. [136] reported that oxidative cycliza-
tion of 1-(2,4-dichlorobenzoyl)thiosemicarbazide (2)
gave 3-(2,4-dichlrophenyl)-1H-1,2,4-triazol-5-thione (81)
[137].

Cl al
& N—NH
§ /
N._ - H,0
ﬁ NH, — N S
¢ 0 cl H
2

81

5-Furan-2-yl-4H-1,2 4-triazole-3-thiol (77) was pre-
pared by the reaction of the appropriate 2-furoyl-thiose-
micarbazide (2) and potassium hydroxide in ethanol for
3 hr under reflux, followed by acidification with acetic
acid [138,139].

/ \ H i N—N
N\
%/ HJ\”“Z _‘Q/KN)\SH
(o] o H
2 77
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Condensation of methyl 3-oxo-3,4-dihydroquinoxalin-
2-ylcarbamate (87) with thioesemicarbazide in boiling
pyridine via initial nucleophilic attack of the amino
group to ester carbonyl without attack at the carbonyl of
the quinoxaline ring followed by cyclization to give 3-
(5-thioxo-4,5-dihydro-1H-1,2,4-triazol-3-ylamino)quinoxa-
lin-2(1H)-one (88) [140,141].

S
A
HaN N
H
3

pyridine

H
N o]
I
N NHCO,CH,
87
H
N o
@ I 7#NH
PPN
N N N B
H H
88

5-(4,6-Diphenylpyrimidin-2-yl)-1,2,4-triazolin-3-thiole
89 [142] could be prepared either by base-catalyzed cy-
clization of acylthiosemicarbazide 2 or by the reaction
of methyl pyrimidine-2-carboxylate 90 with thiosemi-
carbazide 3 in presence of NaOH.

P

Ph

SH
N
S | Q\ )J\ NaCH \ N“\
Ph N N NH, — > >—<\
H _— \—NH
o)
2 Ph 89

+3 YN&OH

Ph

Y

| = OCHa
Ph N

90 o

Similarly, triazoles 91 and 92 were obtained by the
cyclization of the corresponding thiosemicarbazides in
alkaline medium [143,144].
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A A
N
| \>/SH M N\
\ NH \N/
N
N HyC™™ A
H
CO,H
91 92
Also, heating of 1-(2-benzothiazolylcarbonyl)thio-

semi-carbazide (2) with sodium hydroxide, followed by
intramolecular cyclization gave 3-(benzo[d]thiazol-2-yl)-
1H-1,2,4-triazole-5(4H)-thione (93) [145].

N s N i S
| NaOH \ \‘(
S Pleg \
NT NH, ¢ \—NH
0
2 93

3.6. Synthesis of thiazine derivatives. 1-Acylthiose-
micarbazides 2 reacted with TCNE (16) in ethyl acetate
to give N’-(4-amino-5,6-dicyano-2H-1,3-thiazin-2-yli-
dene) substituted hydrazides 94 [77].

s
T =
H
o NG CN
2 16
HN—N
R*< \%N
o s \ NH,
NC CN
94

2,97: R = CHj, C4Hy, 4-HO-CyH,, 4-Br-CgH,

The formation of compound 94 can be rationalized as
following [77].
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Addition of 1-acylthiosemicarbazides 2 to 2,3-
dicyano-1,4-naphthoquinone (96), resulted in an initial
formation of CTC followed by the formation of naph-
thothiazine derivatives 97 [107].

4 of

\

i)+ H,

CN i) - HCN

R \ m) HZO
0

2,97: R = CHy, Cghs, 4-HO-CgHy, 4-Br-CH,CH,

On the other hand, refluxing equivalent amount of 1-
acylthiosemicarbazides 2 with 1,4-diphenylbut-2-yne-
1,4-dione (98) in acetonitrile lead to the formation of
1,3-thiazin-2-ylidene-substituted hydrazides 99 [146].

S
. H /“\ o) o]
W e =
H
o Ph Ph
2 98

CH3CN| - H,0
reflux
Ph
NF
S
T
(@] Ph
99

2,99: R = CgHj, 4-HO-CgHy, 4-CH30-CgHg, 4-Br-CgHs, CHy

The formation of thiazine derivatives 99 can be
rationalized as shown [146].
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SH
H
L
T \ﬁ -
© 2
Ph l“ Ph ©
0
(N <9 HN
H < H |
R N\.’.ﬁ o) R N\@)\ Y
N S N) S
H l
0 Ph 100 o] l Ph
Ph
T
H
e -

101

3.7. Synthesis of fused heterocyclic systems
containing 1,3,4-thiadiazole ring. 1-Acylthiosemicar-
bazides 2, under the action of concentrated H,SO,4, was
converted to aminothiadiazoles 102. N-Acetyl deriva-
tives 103 was obtained by the action of acetic
anhydraide on compound 102, whereas imidazo[2,1-
b][1,3,4]thiadiazoles 105 was formed by the condensa-
tion of 102 with o-haloketones via intermediate 104
[147].

103

AGZO” H;0"
N—N

S
e R
+
NS
H R . NH
(o]
2

102
lR1COCH2X
CH,COR;

N~—_. N—/N
N H*
s 1A,
S \N R g NHX
105 104

2,102,103: R = 2-Phenylthiazol-4-yl, 4-methyl-2-phenylthiazol-5-y|
105: R = 2-Phenylthiazol-4-yl, 4-methyl-2-phenylthiazol-5-yl

R; = Methyl, phenyl

X=Cl, Br

Also, thiadiazolotriazine derivatives 106 were pre-
pared by the cyclodehydration of the appropriate 2,
reaction of the resulting aminothiadiazoles with aromatic
acid chlorides and NH4SCN, followed by cyclodehydra-
tion [148].
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S N S
%
Fy\

106

R= C8H5, p-Cl-CsH4, CaH5OCH2
F= O-F-CGH4, p-F-CGH4

It has been reported that cycloaddition of 5-aryl/ary-
loxymethyl-2-benzylideneamino-1,3,4-thiadiazole deriva-
tives 107 to arylisothiocyanate afforded 108 [149-152],
and 107 was prepared by the reaction of thiadiazole 63
with p-chlorobenzaldehyde.

S
R N )J\ A
H+
e

H R NH2
o S

2 63

l p-Cl-CeHa-CHO

R4 NS r -
L
S
108

2,63,107,10: R = CgHs, 0-CI-CgHy, p-Cl-CgHy4, p-CH3-CgH4OCH;
R1 = p-Cl-CgHa

107

Also Singh et al. [153] reported that, 1-acyl thiosemi-
carbazide 2 on cyclodehydration with conc. H,SO4
gave the corresponding compound 63, which on treat-
ment with acylchlorides and NH4SCN in acetone
followed by the cyclization of the resultant N-acyl-N'-
(5-aralkyl/aryl-1,3,4-thiadiazol-2-yl)thioureas 109 with
PCls/POCl; gave the corresponding thiadiazolotriazine
derivatives 110, which have herbicidal activity
[154,155].
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s
R N J\ —
H+
Pt 1
H R . NH
0
2 63
R'COC
NH,SCN

s 0 s Ho
N—N R N—N ‘
A= 0 s

!
s NS
TYIN%R
R 110

2,63,1 09,1 10: R = CsHsCHz, CsHs, D-CE-C5H4, D-CH3-05H4, lTl-CHa-CsH4
R'= CaH5, ,U‘Cl-Cf;Hq, ,D'Cl‘CsH4OCH2

On the other hand, heating mixture of acylthiosemi-
carbazides 2 and ethyl acetoacetate (111) with P,Os/
CH;SOsH (CH3SOs3H = methanesulfonic acid) gave
thiadiazolopyrimidine derivatives 112 [156—159].

S o} 0
o ol I L
~ + Et
T N7 R, o CH,
o} 2 111
PzOs]MESOgH
0
N/N\
P
=
HaC N S
112

2,112: R =H, CH3, C6H5, O-CH30-CEH4, p-CHaO-CsH4,
O'CI“C6H4. m-Cl‘CeH4, p-Cl-CGH4, m-OzN-CaH“:
p-CH3-CgHy

3.8. Synthesis of fused heterocyclic systems con-
taining 1,3,4-oxadiazole ring. 1-Acylthiosemicarba-
zides 2 is reacted with TCNE (16) in ethyl acetate to
give 2-subsituted imidazo[2,1-b]Joxadiazole-5,6-dicarbo-
nitrile 113 [77].
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s
T N NH, + >—<
H
& NC CN
2 16
CN

N—
N7\
R——</ /\\ N
S
0] N
113
2,113: R = CHs, C4Hs, 4-HO-CgHy, 4-Br-CgH,

Rationales for the formation of products 113 are pre-
sented as shown. Compounds 113 were formed from 2
and 16 after the loss of H,S and two molecules of HCN
via intermediates 95 and 114 [77].

——
—

2 +16 2" 16

95

i)-16
ii) - HoS

N—NH N—N
NNBLLLEN I N I o
S2HON  [R™ g7 SNH R Ng” “NH;
4

11

1-Acylthiosemicarbazides 2 reacted with 2,3-
dichloro-5,6-dicyano-1,4-benzoquinone (115) in ethyl
acetate at room temperature resulted in the formation
of unstable charge-transfer complexes followed by
chemical reaction to give benzimidazoxadiazoles 116
[107].
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o} Cl CN

115
i) - HoS

ii) - HCN

i) + Hy

iv) - H,0

Cl
R /N\
N Cl

N OH
CN
116
2,116: R = CHjz, CeHs, 4-HO-CgHy, 4-Br-CgH4CH,

On the other hand, mixing of two-fold molar excess
of 2,3,5,6-tetrachloro-1,4-benzoquinone (CHL-p, 117)
with one molecule of 1-acylthiosemicarbazides 2 lead to
the formation of an initial charge transfer complexes
(CTC) followed by the formation of benzimidazoxadia-
zolediones 118 [107].

0
S
H /U\ cl cl
R N
~
T N NH, +
H
o] cl Cl
2
o]

117
i) - HyS
ii)- 2 HCl

" [o]
=N
Y y "
N cl

118

2,118: R = CH3, CgHs, 4-HO-CgHa4, 4-Br-CgH4CH2

Naphthoimidazoxadiazole 119 can be obtained by
refluxing 1-acylthiosemicarbazides 2 with 2,3-dichloro-
1,4-naphthoquinone (DCHNQ, 56) in ethyl acetate, dur-
ing the elimination of one molecule of H,S and two
molecules of HCI [107].
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0
S
e ML 2
H
(0] Cl
2
0]
L 56
(0]
/N“\(
N
)—°
V4
N

¢}

R

119

2,119: R = CHj, CeHg, 4-HO-CgHy, 4-Br-CH.CH,

3.9. Synthesis of fused heterocyclic systems con-
taining 1,2,4-triazole ring. Cyclization of benzoylthio-
semicarbazide derivatives 2 [114] in sodium hydroxide
afforded 1,2,4-triazoline-5-thione derivatives 81 [80],
which was refluxed with ethyl 4-chloro-3-oxo-butyrate
(26) to give thiazolotriazole derivatives 120 [160,161].

s

L B\
R N NaOH /
N NH, "
H R N
o H
2

81

+
0] 0}
CI\)\\/U\
o >
26

i CO,Et
R”< /L
N S
H
120

2,81,120: R = CgHj5, 0-CI-CgHy4, p-CI-CgHy,

Cyclization of acylthiosemicarbazides 2 under alka-
line conditions gave 3-thiol-5-aryl-1,3,4-triazoles 77,
which reacted with 2-halocyclohexanones 121 in ethanol
to give compounds 123 via intermediate 122 rather than
124 [54-56,162-166]. On the other hand, compounds
125 were formed during the reaction of 2 with 121.
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S S N
A e e
R.__N NaOH R W, 2 /( >\
Y NH, [ ) SH N NHz R SH
H R N H N
0 H 0 H
R - 2 77
2 R R
0 o b, cord
77 N—N 0] o] ;\E_F{
—_—
EtOH R/< J\ * HX S—& )\R
X N g / N
Rs it
121 H g5
R'=H,X=Cl a 128
R'=CO,Et X = Br R -WHZO R R Ry le
N )\ o} o &
o & ] /'~
)—NH : —N P N

S

123
g
R
2+ 121 —» | \%ﬁ/ \ﬂ/
s 0
125

2,77,125: R = CsH5, O“’CHg‘CaH4, p-CH30-05H4, p-C!~CeH4‘
p-CHy-CgHy, 0-CHy-CgHy
121,125: R'= H, CO,C,H5

124

2-Aryl-6,7-dialkoxyindeno[1,2:4,5]thiazolo[3,2-b]tri-
azoles 127 [167] were synthesized by the reaction of
2-bromoindanones 126 [168] in the presence of dry
methanol, and 77 was obtained by the cyclization of
aroyl thiosemicarbazides 2 with KOH [169].

0
N—N Rz
R1/4 >\SH + o
N
H R3
7 126
MeOH
Ry
= | N N
PN
Ry 7 s N Ry
127

77127: Ry = 4-MeO-CgHjy, CeHsCHy, CsHs, 0-CI-CeHy
126,127: R, = OMe, OEt
R; = OMe, OFt

Condensation of 3-methyl or ethyl-5-thiol-triazoles 77
with either 3-(2-bromoacetyl)coumarins in acetic acid or
via direct reaction with substituted 3-acetyl coumarins in
carbon tetrachloride or dioxane under photohalogenation
and using bromine in the presence of chloro-(N,N”-ethyle-
nebisaminobenzamide)lanthanum (II) or samarium (III) as
catalyst, gave uncyclized ketone 128, which was cyclized
using polyphosphoric acid (PPA) to give 129 [170-175].
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B

Rz \ >/N

129

2,77,128,129: R = CH3, C,Hs
a, 4% NaOH
b, Bry, CCl, or dioxane, [Ln(EBAB)CI;]
¢, Disubst- 3-acetylcoumarine
d, Disubst- 3-(2-bromoacetyl)coumarine
EtOH, AcOH
e, PPA

Condensation of l-acylthiosemicarbazides 2 with dis-
ubstituted-3-(2-bromoacetyl)coumarines in the presence
of bromine in dry carbon tetrachloride or dioxane using
lanthanum catalyst or when reacted with disubstituted 3-
acetylcoumarine in absolute ethanol yielded 2-acetyl-
hydrazino-4-coumarinylthiazole 130. Subsequent treat-
ment of 130 with POCI; induced facile cyclization to
give 131 [175].

s
A
\P} NH,

0 Rj

130

R3

131

2,130,131: R = CH3, CzHs
R; =H, OCHj, Br
Ry =H, Br, Cl, CH;
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130

131

2,130,131: R = CH3, CaHs
Ry =H, OCHj, Br
Ry = H, Br, Cl, CH,

A mixture of 1-acetylthiosemicarbazide (2), chloro-
acetone and ethanol was heated under reflux to give
132, which on treatment with ammonium acetate in
refluxing EtOH converted to thiazolotriazole derivatives
133 [84].

hi
HN—N_ ) " "
f‘\>\s Ho | J\
N%) R)\;‘\/s
CHs £
132 133

132,1 33:R= C2H5

Khazi and Mahajanshetti [176] reported that conden-
sation of 3-thiol-1,3,4-triazoles 77 and 2-bromodime-
done derivatives 134 in THF/or benzene gave 135 [177].
Compounds 135 were also obtained by heating a mix-
ture of dimedone 137 and 77 in benzene containing a
trace of benzoylperoxide. Thermal dehydration of 135 in
PPA/or ethanol yielded the corresponding 138. Forma-
tion of 136 during the reaction of 134 with 77 was ruled
out by an unambiguous synthesis of 140 from reaction
of 2 with 134 in THF via formation of 139, which was
heated with PPA to give 140.
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S

PN
NWN\” Hy NaOH HS/()\

0
Hy OH
N—( PPA
— 140
% r < )
134 N—N
135
CHy AiPPA
137 HsC Niiﬂ
KA
7 N7 A
o 138
CH, CHs
HC H,C Ar
THF N PPA N—fl
1344 2 —> /|]\ — )\
A % N
57 “NHNHCOAr s7 N
0 0
139 140

2,77,135,138,139,140: Ar = CgHs, p-CHy-CgHg, m-CHy-CgHa, p-CHCgHy, 0-CHC4H,,
p-MeO-CgHy, p-O4N-CgHy, m-ON-CeHy, CgHg-CHy

Refluxing 1-benzoylthiosemicarbazide (2) and 4-
chloroacetoacetate (26) in ethanol afforded thiazole
derivatives 141. Thiazolyltriazole derivatives 143 were
formed during the reaction of 141 with POCl; in xylene.
The corresponding structural isomer 144 was obtained
by reacting 142 with 26 in ethanol [178,179].

S
" N 1]
1 * C]\/U\)k
T ﬁ Ny OEt
L 2 ‘ 2

i) NaOEYELOH
l i) ACOH lE‘OH
S
N—N
/( )\ Ph H/N—<\ L]
Ph

N Bl NH N
H OF
142 - d 141

EtOH| 26 / POC

© i EtOH :

S
- ~
A0 ”Y"/ °
" Ph OFEt

144 OEt 143
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Also, the interaction between 1-acylthiosemicarba-
zides 2 and diethyl maleate (145) in refluxing glacial
acetic acid gave [1,2,4]triazolo[3,4-b][1,3]thiazine-5-car-
boxylates 146 [180].

Et0,C

S
e M
CO;Et
\”/ \N NH2 ” K/ 2
H
9 2 l 145

146

2,146: R = CHs, CgHs, 4-HO-CgHa, 4-Br-CgH4CHa

3.10. Synthesis of fused indoles. Substituted thiazo-
loindolidene 148 and substituted pyrroloindolidene 149
can be obtained by refluxing one mole of 1-acylthiose-
micarbazides 2 with two equivalents of 3-(dicyano-
methylene)-2-indolone (147) in ethanol/piperidene [78].

NG
s CN
e N {
™~

N NHz * 0

\[( N :
0 ﬁ
2 ‘ 147

N CN
\F’ : /: YNNHCOR
7
/ Ve / “NHCOR
N _—NH
N
148 149

2,148,149: R = CHj, CgHg, 4-HO-CgH,, 4-Br-CgH,CH,

Compounds 148 could be formed during reaction of 2
with 147 and elimination of a molecule of malononitrile
and a molecule of water, whereas 149 were formed via
dimerization of 2 with loss of a molecule of sulfur and
the reaction with 147 via eliminating one molecule of
hydrogen cyanide and one molecule of water [78].
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o 0
P PR ®
2 pip. N NH.
“R N/T —5 " RN X7+ pipH
H 2 H S]

s
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i) +147
i) +H*
iii) - HCN
0
NC N )\\R_
N
/Y H
- H0
149 ~—— \ NH;
/
N OH
151

3.11. Synthesis of spiro-compounds. On the other
hand, a pyridine solution of 7,7,8,8-tetracyanoquinodi-
methane (TCNQ, 152) and 1-acylthiosemicarbazides 2
in a molar ratio of 2:1 were kept at 100°C for 2 h with
admission of air to give spiro-compounds 153 in addi-
tion to compound 154 [78].

s
. N )L NC CN
Y %

H
G NC CN
2 ‘ 152
oN l l
HN
== NN CN CN CN
= CN :_. . :

0 \ NC CN CN CN
N

}_‘ d

N

& H

153 154

2,153: R = CHy, CgH, 4-HO-CeHy, 4-Br-CeH,CH,

The formation of the spiro-compounds can be ration-
alized by the following mechanism [78].

ot — o .
2 + 152 ——> 2 + 152 —/8> 2 + 152-H

NH, 0
H
7] NC, N—N—C—R
2x2 ————» _ — » 153
+152-H CN
NC
ne H
155
NG, CN
. +H + 152
152-H 46- — H| 155 454
2 NC CN
156
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3.12. Synthesis of thianthrenetetraone. Mixing two-
fold molar excess of 2,3,5,6-tetrachloro-1,4-benzoqui-
none 117 with one mole of acylthiosemicarbazides 2
leads to the formation of an initial CTC followed by
formation of products 2,3,7,8-tetrachlorothianthrene-
1,4,6,9-tetraone 157 [107].

o]
S
H )]\ cl cl
R N
~
W e
H
o] cl Cl
2
o]
117

o} 0
cl s cl
cl s cl

o} o}
157
2: R = CHg, CgHs, 4-HO-CgHy, 4-Br-CgH,CH,
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