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Summary. 4-Benzoyl-1-cyanoacetylthiosemicarbazide un-
dergoes coupling reaction with aromatic diazonium chloride
to afford (arylhydrazono)thiosemicarbazide, which was reacted
with phenacyl bromide regioselectivity to afford the thia-
zoline. The (arylhydrazono)thiosemicarbazide could be trans-
formed into the pyrazolo[1,5-a]triazine. Heterocyclization
of 4-benzoyl-1-cyanoacetylthiosemicarbazide with a-haloke-
tones (bromoacetone and phenacyl bromide), ethyl iodide, and
ethyl bromoacetate furnished the pyrrylthiazoles, 1,2,4-
triazole, and 1,3,4-thiadiazine. The latter was coupled with
aromatic diazonium chloride to give the bis(arylhydrazono)-
thiadiazine. The mechanism for the formation of the title
compounds was suggested and discussed.

Keywords. Thiosemicarbazide; a-Haloketones; Thiazoline;
Triazole; Thiadiazine.

Introduction

The cyclization of thiosemicarbazides has been shown
to be an excellent strategy for the synthesis of sev-
eral heterocycles like 1,2,4-triazoles, 1,3,4-thiadi-
azoles, 1,3,4-oxadiazoles, and (or) 1,3,4-triazines
[1-4]. For instance, the cyclization of 1,4-disubsti-
tuted thiosemicarbazides resulted in the formation of
1,3,4-thiadiazoles in acidic media [5, 6]. On the oth-
er hand, the same thiosemicarbazides underwent a
cyclization to yield 1,2,4-triazole derivatives in the
presence of sodium hydroxide [7, 8].

* Corresponding author. E-mail: Bondock@mans.edu.eg

Alkylation of thiosemicarbazides with a-halocar-
bonyl compounds may result in the formation of
five- and six-membered isomeric heterocycles [9].
Although a large number of papers [10-13] deals
with the reactions of thiosemicarbazide with a-halo-
ketones, it is rather difficult to predict the structure
of the condensation products when new thiosemicar-
bazides as well as a-haloketones are used. The anal-
ysis of literature data shows that in such reactions
possible products are thiadiazines, thiazoles, thiazo-
lines, pyrazoles, and other compounds, depending on
the nature of the substituent both in the a-halocar-
bonyl compound and in thiosemicarbazide, as well
as on the reaction conditions, i.e. the pH of the
medium, temperature, solvent, reagent addition or-
der, etc. [14-17].

As a part of our program aimed at the develop-
ment of new simple and efficient procedures for the
synthesis of some important heterocyclic systems
from thiosemicarbazide derivatives, we have recent-
ly reported different successful approaches for the
synthesis of thiazole, thiadiazole, and thiobarbituric
acid derivatives [18-20].

In continuation of our interest in the synthesis of
novel heterocycles of potential biological importance,
we report here a facile one-pot selective synthesis of
the title compounds via reaction of 4-benzoyl-1-
cyanoacetylthiosemicarbazide (1) with «-halocar-
bonyl compounds and ethyl iodide.
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Results and Discussion

Firstly, we decided to block the active methylene
group of 1 before studying the cyclization of 1 after
its reaction with phenacyl bromide. A simple and an
efficient protocol for blocking of the active methylene
group of 1 was the coupling of 1 with 4-methoxy-
benzenediazonium chloride in pyridine at 0-5°C
which furnished the arylhydrazone 2. Heterocycliza-
tion of 2 with phenacyl bromide in boiling ethanol
containing freshly fused sodium acetate gave a prod-
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uct of molecular formula C,gH,9NgO,S. Two theo-
retically possible structures were considered (cf.
structures 4 and 6). The thiazole structure 6 was con-
sidered most likely based on its spectroscopic data.
The regiochemistry of 6 was established unequivo-
cally by mass spectroscopy. Its mass spectrum show-
ed a distinct peak at m/z =163 due to the PACONCS
fragment which could only be produced from the
regioisomeric structure 6. While its IR spectrum
showed the absence of C=S absorption band and
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the presence of absorption bands at 3250—3160 cm™!
due to two NH functions, at 2210cm~! due to con-
jugated C=N, and at 1665 and 1645 cm™" due to two
amidic C=0 functions. The "H NMR spectrum dis-
played a sharp singlet signal at 6 = 6.12 ppm charac-
teristic to the methine proton of thiazole ring and
the disappearance of two singlets characteristic to
NH protons.

The mechanistic scenario for the formation of the
thiazoline 6 can be interpreted as follows. The acidic
character of imido group NH-4 enhances the nucleo-
philicity of the thiol group to attack the sp*-carbon
of phenacyl bromide to form the non-isolable S-phe-
nacylated intermediate 5 which underwent intra-
molecular cyclodehydration to form the thiazoline
structure 6. The connectivity for the Hantzsch thia-
zoline synthesis may be interpreted by electronic
factors that predispose electron-withdrawing substit-
uent (i.e. benzoyl) to maintain conjugative stabiliza-
tion with the imino nitrogen [21].

When compound 2 was treated with aqueous 5%
potassium hydroxide, it underwent intramolecular
cyclization to furnish 8-(4-methoxyphenylazo)-2-
phenyl-4-thioxo-3,4-dihydro-pyrazolo[1,5-a][1,3,5]-
triazin-7(6H)-one (8). The structure of compound
8 was inferred from correct elemental analysis and
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spectral data. The IR spectrum of 8 showed the ab-
sence of C=N absorption band and indicated the
presence of carbonyl stretching at 1645cm™!. The
"H NMR spectrum of 8, in addition to the multiplet
at 6 =7.58-8.26 ppm region due to the aromatic pro-
tons, exhibited two broad signals for two protons at
6 =28.35 and 9.28 ppm exchangeable with deuterium
oxide due to two NH protons and a singlet signal
at 6 =3.95 ppm due to the OCH; protons. The mass
spectrum of 8 showed a molecular ion peak at
m/z =378, corresponding to a molecular formula
C1gH14NgO,S.

A rationale for the formation of 8 probably in-
volves intramolecular cyclization of 2 by attack of
the basic thiosemicarbazide N2 on the nitrile carbon
to form the non-isolable intermediate 7 which in turn
undergoes intramolecular cyclocondensation by at-
tack of the imino N on the benzoyl C=0O group to
afford the product 8 (Scheme 1).

Next, we investigated the reactivity of thiosemi-
carbazide derivative 1 towards bromoacetone as well
as phenacyl bromide. Surprisingly, the reaction of
compound 1 with bromoacetone and/or phenacyl
bromide in boiling ethanol containing a catalytic
amount of freshly fused sodium acetate afforded the
bisheterocyclic compounds 12 rather than the ex-
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pected thiazole derivatives 9, 10, and 11. The chem-
ical structure of compounds 12 was elucidated on the
basis of elemental analysis and spectral data.

For example, the originally expected structures 9b
and 10b were excluded on the basis of elemental
analysis and spectral data. The mass spectrum show-
ed a molecular ion peak at m/z =462, corresponding
to a molecular formula C,;H;gN,O,S which was
different from molecular formula of structures 9b
and 10b. Moreover, the IR spectrum displayed the
absence of NH and C=S absorption bands and the
presence of C=N absorption band at 2237 cm™!
and two C=O stretching vibrations at 1665 and
1647cm™!. Also, the '"H NMR spectrum showed
the absence of signals characteristic to NH and acti-
vated methylene protons and the presence of two
doublet signals at 6 =4.64 and 5.67 ppm specific
for two adjacent pyrrolinone protons and a singlet
signal at 6 = 6.66 ppm specific for thiazoline proton.
These spectroscopic data were in accordance with
two other theoretically possible structures 11b and
12b. The IR and 'H NMR data in our hands could
not differentiate between structures 11b and 12b.
However, the mass spectrum proved to be a helpful
tool for differentiating the two structures. Thus, the
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mass spectrum showed a distinct peak at m/z =163
attributable to PACONCS fragment which could be
only obtained from 12b.

It is worthwhile to mention that when thiosemi-
carbazide derivative 1 and «-haloketones (bromo-
acetone and phenacyl bromide) were reacted in 1:1
and/or 1:2 molar ratio under similar conditions, the
same bisheterocyclic product 12 was obtained, but
the yield was reduced to one half when an equimolar
amount was used.

1,2,4-Triazoles are considered to be very inter-
esting heterocyclic ring systems because of their
biological and pharmaceutical importance [22-24].
There are known drugs containing the 1,2,4-triazole
moiety [25-27]. In the present work we explore the
synthetic potentional of 1 to obtain some novel tria-
zoles. Thus, the reaction of 1 with ethyl iodide in
DMF at room temperature and in the presence of
anhydrous potassium carbonate gave 1,2,4-triazole
derivative 13. The structure of 13 was established
on the basis of its elemental analysis and spectral
data. Thus, its IR spectrum revealed the presence
of absorption bands at 2225cm™! attributable to
C=N and at 1660 cm~! attributable to C=0 stretch-
ing and the absence of NH and C=S absorption
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bands. Moreover its 'H NMR spectrum showed no
broad signals assignable to NH function and the
presence of a singlet signal at 6 =4.69 ppm distinc-
tive for activated methylene protons, quartet signal at
6 =3.03 ppm assignable to SCH, protons, triplet sig-
nal at 6 =1.16 ppm assignable to CH; protons, and
multiplet signal at 6 =7.41-7.94 ppm assignable to
aromatic protons. Its mass spectrum showed molec-
ular ion peak (M) at m/z =272, corresponding to a
molecular formula C;3H;,N,4OS.

On the other hand, reacting of compound 1 with
ethyl bromoacetate in DMF at room temperature and
in the presence of anhydrous potassium carbonate
afforded the unexpected thiadiazinone derivative
16 instead of the 1,2,4-triazole derivative 15 (see
Scheme 3). Formation of 16 is assumed to take place
through the non-isolable intermediate 14 which un-
derwent cyclization by loss of ethanol. The formation
of 16 is in accordance with the previously reported
formation of similar system [28].

The structure 16 was established for the reaction
product based on its analytical and spectral data.
Thus, its IR spectrum exhibited the presence of ab-
sorption bands at 3210cm~! characteristic to NH
function, at 2228 cm™~! characteristic to C=N func-
tion, and at 1662, 1668, and 1678 characteristic to
three amidic C=0O functions and no absorption bands
characteristic to ester and C=S functions. Whereas
its "H NMR spectrum discovered the presence of
two singlets assignable to cyanomethylene protons
and methylene protons of 1,2,4-thiadiazine ring at
6=4.65 and 4.29 ppm in addition to a broad signal
at 0 =11.14 ppm assignable to NH proton. Its mass
spectrum showed a molecular ion peak at m/z =302,
corresponding to a molecular formula C;3H;,N4O3S.

The structure of the product 16 was further con-
firmed from the following behavior. It undergoes the
coupling reaction with two molar amounts of the
aromatic diazonium chloride to afford the colored
bishydrazone derivative 17.

The structure of product 17 was confirmed on the
basis of elemental analysis and spectral data. The
IR spectrum exhibited absorption bands at 3454-—
3190cm~! region characteristic to NH group,
2210cm™! characteristic to conjugated C=N group,
and 1678, 1661, and 1655 cm™' characteristic to three
amidic C=0 groups. The 'H NMR spectrum re-
vealed the presence of two new singlets at 6 =3.88
and 3.95 ppm characteristic for two methoxy protons
and the absence of signals characteristic to cyano-

methylene protons and methylene protons of 1,2.4-
thiadiazine ring. The mass spectrum showed a
molecular ion peak (M) at m/z=1598.

In conclusion, we developed a facile and selective
procedure for preparation of novel monohetero-
cycles namely thiazoline, triazole, thiadiazine, and
fused heterocycles like pyrazolo[l,5-altriazine as
well as bisheterocyles via reaction of 4-benzoyl-1-
cyanoacetylthiosemicarbazide with «-halocarbonyl
compounds and ethyl iodide.

Experimental

All melting points were measured on an electrothermal
Gallenkamp melting apparatus. Elemental analyses data (in
accord with the calculated values) were obtained from the
microanalytical unit, Cairo University, Cairo, Egypt. IR spec-
tra were recorded for KBr discs on a Mattson 5000 FTIR
spectrophotometer. '"H NMR spectra were measured on a
Bruker AC 300 (300MHz) in DMSO-d¢ as solvent, using
TMS as an internal standard, and chemical shifts are expressed
as 8. Mass spectra were determined on a Finnigan Incos 500
spectrometer (70eV). All reactions were followed by TLC
(silica gel, aluminum sheets 60 F,s4, Merck). 4-Benzoyl-1-
cyanoacetyl-thiosemicarbazide (1) was prepared according to
the published procedure [29].

2-(2-(Benzoylcarbamothioyl)hydrazinyl)-N'-(4-methoxy-
phenyl)-2-oxoacetohydrazonoyl cyanide (2, CgH;sNgO3S)
To a cold solution of 2.62 g 1 (1 mmol) in 30 cm? pyridine was
added dropwise a cold solution of p-methoxyphenyldiazonium
chloride (1 mmol) [prepared by addition of 0.7 g NaNO, in
10cm® Hy,0 to 1.23 g p-anisidine (1 mmol) in 3cm’ conc.
HCI at 0-5°C under stirring] while stirring. The addition took
about 30 min, after which stirring was continued for further
1 h. The colored solid precipitate was collected by filtration,
washed with cold water, and recrystallized from a mixture of
EtOH-DMF (2:1) to afford the title compound. Pale red crys-
tals; yield 82%; mp 234-235°C; IR (KBr): v=3300-3190
(4NH), 2206 (C=N), 1665, 1655 (2C=0), 1582 (C=N)
em™'; 'H NMR (DMSO-de): §=3.90 (s, OCHj), 6.98 (s, br,
2NH), 7.17-7.87 (m, 5Ar—H), 8.12, 8.23 (two d, /=8.0Hz,
4Ar-H), 10.51 (s, br, NH), 12.44 (s, br, NH) ppm; MS (EI,
70eV): m/z (%) =396 (M*, 14.4), 319 (3.2), 276 (19.1), 232
(27.9), 202 (39.7), 174 (47.0), 148 (34.6), 105 (100), 77 (67.7),
51 (32.4).

2-(2-(Benzoylimino)-4-phenylthiazol-3(2H)-ylamino)-N' -
(4-methoxyphenyl)-2-oxoacetohydrazonoyl cyanide

(6, C26H20N6O5S)

A mixture of 1.98 g 2 (5 mmol) and 0.99 g phenacyl bromide
(5mmol) in 30cm’ absolute ethanol containing freshly fused
sodium acetate (75 mmol) was refluxed for 6 h. The reaction
mixture was allowed to cool, and then poured onto crushed
ice, and the separated solid filtered off, dried well, and recrys-
tallized from ethanol to give compound 6. Orange crystals;
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yield 71%; mp 255-256°C; IR (KBr): v =3250-3160 (2NH),
2210 (C=N), 1665, 1647 (2C=0), 1592 (C=N) cm™'; 'H
NMR (DMSO-de): 6 =3.98 (s, OCHs), 6.12 (s, thiazole Cs-
H), 7.26-7.90 (m, 5Ar-H), 7.95, 8.06 (two d, J=8.0Hz,
each 2H, 4Ar—H), 8.60 (s, NH), 10.20 (s, br, NH) ppm; MS
(EI, 70eV): m/z (%)=496 (M*, 20.6), 419 (7.1), 319
(10.6), 374 (12.9), 365 (22.6), 322 (16.6), 294 (27.1), 175
(14.3), 163 (41.7), 122 (7.5), 107 (5.4), 105 (100), 77 (62.9),
51 (28.5).

8-(4-Methoxyphenylazo)-2-phenyl-4-thioxo-3,4-dihydropy-
razolo[1,5-a][1,3,5]triazin-7(6H)-one (8, C,gH4sNcO,S)

A solution of 1.98 g 2 (5mmol) in 15 cm? ethanol was treat-
ed with 20cm® aqueous 5% potassium hydroxide, then
refluxed for 2 h, left to cool, diluted with water, and acidified
with dilute HCI. The solid product formed was collected
by filtration, dried well, and crystallized from a mixture of
EtOH-CHCI; (1:1) to give compound 8. Brown crys-
tals; yield 72%; mp 277-278°C; IR (KBr): v=3300-
3100 (2NH), 1645 (C=0), 1582 (N=N) cm~!; '"H NMR
(DMSO-dg): 6=3.95 (s, OCHj3), 7.26-7.88 (m, 5Ar-H),
8.05, 8.26 (two d, J=7.8Hz, 4Ar-H), 8.35 (s, br, NH),
9.28 (s, br, NH) ppm; MS (EL, 70eV): m/z (%)=378
(MT, 9.1), 350 (14.3), 243 (20.3), 148 (30.9), 118 (100),
77 (35.1), 51 (13.9).

Synthesis of Bisheterocyclic Compounds 12a—12b

A mixture of 2.62g 1 (1 mmol) and the appropriate c-halo-
ketone (bromoacetone or phenacyl bromide) (2mmol) in
30cm’® absolute ethanol containing 2 g freshly fused sodium
acetate (25 mmol) was refluxed for 6 h, then allowed to cool.
The precipitate that formed was filtered off, washed with
water, dried, and recrystallized from ethanol to give the bishet-
erocyclic compounds 12a—12b.

N-(3-(3-Cyano-5-methyl-2-oxo-2,3-dihydro-1H-pyrrol-
1-yl)-4-methylthiazol-2(3H)-ylidene )benzamide

(12a, C7H4N40,5)

Brown crystals; yield 68%; mp 272-273°C; IR (KBr): v=
2235 (C=N), 1665 (C=0), 1645 (ring C=0), 1592 (C=N)
cm™!; '"H NMR (DMSO-dg): § =2.08 (s, CHy), 2.21 (s, CHs),
4.49 (d, J=2.5Hz, pyrrole C3-H), 5.56 (d, /= 2.5 Hz, pyrrole
C4-H), 6.23 (s, thiazole Cs-H), 7.47-7.94 (m, 5Ar-H) ppm;
MS (EL 70eV): m/z (%)=338 (M, 9.8), 233 (6.5), 218
(15.2), 190 (19.6), 163 (8.2), 121 (4.3), 105 (100), 77 (43.5),
51 (16.9).

N-(3-(3-Cyano-2-oxo-5-phenyl-2,3-dihydro-1H-pyrrol-
1-yl)-4-phenylthiazol-2(3H)-ylidene )benzamide

(12b, C»7H;5N40,S)

Green crystals; yield 74%; mp 287-288°C; IR (KBr): v=
2237 (C=N), 1665 (C=0), 1647 (ring C=0), 1596 (C=N)
cm™'; "H NMR (DMSO-dg): 6 =4.64 (d, J=2.6Hz, pyrrole
Cs-H), 5.67 (d, J=2.6Hz, pyrrole C4-H), 6.66 (s, thiazole
Cs-H), 7.26-7.99 (m, 15Ar—H) ppm; MS (EIL, 70eV): m/z
(%) =462 (M", 9.8), 357 M*-PhCO, 19.9), 299 (24.6), 279
(3.3), 271 (12.8), 245 (23.5), 183 (15.7), 163 (7.4), 155 (19.4),
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134 (14.7), 105 (100), 81 (14.8), 78 (26.7), 77 (61.8), 53
(24.8), 51 (17.6).

2-(4-Benzoyl-5-ethylsulfanyl-4H-1,2,4-triazol-3-yl)-
acetonitrile (13, C,3H;,N,0S)

To a cold suspension of 1.38 g anhydrous K,COj3 (1 mmol) in
30cm® DMF, 2.62 g 1 (1 mmol) were added, followed by ad-
dition of 1.55 g ethyl iodide (1 mmol). The mixture was stirred
at room temperature for 24 h. The reaction mixture was then
triturated with 50cm’ cold water, and acidified with dilute
HCI. The resultant solid product, so precipitated, was collect-
ed by filtration, dried well, and crystallized from ethanol
to give compound 13. Yellow crystals; yield 65%; mp 232—
233°C; IR (KBr): 7=2245 (C=N), 1682 (C=0) cm™'; 'H
NMR (DMSO-dg): 6§=1.16 (t, J=7.5Hz, CH3), 3.03 (q,
J=7.5Hz, SCH,), 4.69 (s, NCCH,), 7.41-7.94 (m, 5Ar-H)
ppm; MS (EL 70eV): m/z (%) =272 (M*, 16.0), 211 (31.5),
167 (23.9), 138 (34.8), 105 (100), 77 (38.9), 51 (15.6).

N-(4-(2-Cyanoacetyl)-5-oxo-5,6-dihydro-4H-1,3,4-
thiadiazin-2-yl)benzamide (16, C13H;(N4O3S)

To a cold suspension of 1.38 g anhydrous K,COj3; (1 mmol) in
30cm® DMF, 2.62 g 1 (1 mmol) were added, followed by
addition of 1.65 g ethyl bromoacetate (1 mmol). The mixture
was stirred at room temperature for 20 h. The reaction mixture
was then triturated with 50 cm® cold water, and few drops of
dilute HCl were added till pH = 7. The resultant solid product,
so precipitated, was collected by filtration, dried well, and
crystallized from ethanol to give compound 16. Orange crys-
tals; yield 61%; mp 255-256°C; IR (KBr): 7 =3234 (NH),
2232 (C=N), 1672, 1660, 1645 (3C=0) cm~'; 'H NMR
(DMSO-dg): 6=4.29 (s, thiadiazine ring CH,), 4.65 (s,
NCCH,), 7.51-7.94 (m, 5Ar-H), 11.14 (s, NH) ppm; MS
(EL 70eV): m/z (%) =302 M+, 32.2), 262 (16.9), 170 (23.0),
154 (49.6), 105 (100), 77 (71.7), 51 (16.8).

2-(2-Benzamido-6-(2-(4-methoxyphenyl)-hydrazono)-5-oxo-
5,6-dihydro-4H-1,3,4-thiadiazin-4-yl)-N'-(4-methoxyphenyl)-
2-oxoacetohydrazonoyl cyanide (17, C,5sH gNgO3S)

A well stirred solution of 0.62g p-anisidine (5mmol) in
1.5cm’ concentrated HCI and 3 cm’® H,O was cooled in an
ice-bath at 0-5°C and diazotized with the solution of 0.35g
NaNO, in 5cm® H,O. Then, the above cold diazonium solu-
tion was added dropwise to a well stirred cold solution of
0.75 g 16 (25 mmol) in 25 cm® pyridine. The reaction mixture
was stirred for 2h until complete coupling reaction was
reached. The solid product obtained, was filtered off, washed
with cold water, and recrystallized from a mixture of EfOH—
DMF (1:1) to give compound 17. Red crystals; yield 82%; mp
283-284°C; IR (KBr): v =3325-3185 (3 NH), 2212 (C=N),
1664, 1652, 1643 (3C=0), 1625 (C=N) cm~'; 'H NMR
(DMSO-dg): 6=3.88 (s, OCH3), 3.95 (s, OCHz), 7.28-7.81
(m, 5Ar-H), 7.85, 7.94 (two d, J="7.9 Hz, 4Ar-H), 8.15, 8.25
(two d, J=28.0Hz, 4Ar—H), 9.74 (s, br, 2NH), 10.87 (s, br,
NH) ppm; MS (EI, 70eV): m/z (%) =570 M™*, 13.7), 406
(8.6), 284 (14.6), 174 (16.6), 122 (25.7), 105 (100), 77 (61.1),
51 (16.9).
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