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Abstract

Treatment of 2-(benzo[d]thiazol-2’-ylthio)acetohydrazide (3) with acetylacetone afforded N-(4-
oxopentan-2-ylidine) acetohydrazide derivative 5. The acetohyrazide derivatives 3 and 5 were
utilized as a key intermediate for the synthesis of a novel heterocyclic compounds. The synthesis
of a novel series of condensation and substituted derivatives of 2-(benzo[d]thiazol-2’-ylthio) ace-
tohydrazide in good yield has been reported. The newly synthesized compounds were characte-
rized by elemental analysis 1H-NMR, 13C-NMR spectra and X-ray crystallographic investigations.
The reported crystal structures of these novel 2-(benzo[d] thiazol-2’-ylthio)acetohydrazide deriv-
atives are expected to be a remarkable contribution to the crystallographic database of heterocyc-
lic compounds.
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1. Introduction

Benzothiazole and its derivatives represent one of the most biologically active classes of compounds, displaying
a remarkable diversity of bioactivities in the medical and the agrochemicals field [1]-[3]. Recently, several pub-
lications reported that hydrazide-hydrazones are valuable intermediates in the synthesis of heterocyclic compounds
with potential pharmaceutical and biological activities [4] [5]. Based on those reports and in continuation of our
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interest in the synthesis of heterocycles containing a 2-(benzo[d]thiazol-2’-ylthio) moiety [6]-[8], we reported
herein the results of our study of the behavior the hitherto unreported of 2-(benzo[d]thiazol-2’-ylthio) acetohy-
drazide (3) towards a variety of reagents in order to synthesis of a novel 2,4-dihydropyrazole, 1,2,4-triazolopyri-
dine, N’-acetyl cinnamohydrazide and 1,2,4-triazolo-3-(4H)thione bearing 2-(benzo[d]thiazol-2’-ylthio) in the
hopes of obtaining compounds that have biological and pharmacological applications.

2. Results and Discussion
2.1. Synthesis

The 2-(benzo[d]thiazol-2’-ylthio) acetohydrazide (3) proved to be a useful key intermediate in the synthesis of
several heterocyclic nuclei [3]. Therefore, 2-(benzo[d]thiazol-2’-ylthio) acetohydrazide (3) was prepared as pre-
viously described in the literature via treatment of 2-MBT (1) with ethyl chloroacetate yielded 2. The latter
compound reacted with hydrazine hydrate afforded 3 in good yield [3] [9]. The structure of 3 was confirmed on
the basis of elemental analysis and spectral information. Treatment of 3 with acetylacetone in refluxing ethanol,
afforded N-(4-oxopentan-2-ylidene)acetohydrazide derivative 5 and not the pyrazole derivative 4 as it reported
in Literature [9]. The structure of 5 is confirmed by elemental analysis and spectral data. The mass spectrum
showed the peak of the molecular ion at m/z 321[M+, 10.0%] corresponding to molecular formula C14H;5N30,S,
(cf. Scheme 1). The *H NMR spectrum of 5 revealed, in addition to the aromatic benzothiazole protons, two
doublets at 6 H 2.97 and 2.84 ppm., with J = 16 Hz, as required for the methylene protons of H-3 indicating that
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Scheme 1. Synthesis route of 2-(benzo[d]thiazol-2’-ylthio) acetohydrazide and their derivatives.
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these protons are in a different environment. Likewise, the *H NMR spectrum exhibited two singlet signals at
SH 4.58 and 10.70 ppm for -SCH,-protons and NH group respectively. The assignments of *H and **C chemical
shifts of compound 5 were registered in the Experimental Section. On the other hand, when the compound 5
heated in ethanol, containing a catalytic amount of piperidine, afforded 5-hydroxy-4, 5-dihydropyrazole deriva-
tive 6 in good yield. The mass spectrum of the obtained product revealed a molecular ion peak [M+] at m/z
321[15%] and it is compatible with the molecular formula C14H15N30,S,. It is worth mentioning that both com-
pounds 5 and compound 6 have the same molecular formula, but has different melting points and spectral data
(cf. Scheme 1). The complete assignments of *H and **C chemical shift for 6 based on COSY and HSQC were
recorded in the Experimental Section. The structure of compound 6 was established based on X-ray crystallo-
graphic analysis, the pyrazole ring containing the chiral center (at C 10) and the benzothiazole moiety has lo-
cated almost the same plane (cf. Figure 1 and Table 1) [10].

Moreover, treatment of acetohydrazide derivative 5 with malononitrile in refluxing ethanolic piperidine af-
forded the [1,2,4]-triazolo[1,5-a]pyridine derivative 9 in good yield via the intermediary 7-8 (cf. Scheme 1).

Analytical and spectroscopic data confirmed the structure of compound 9. The mass spectrum of 9 revealed
the molecular ion peak (which is the base peak as well) at m/z value 351 [M+, 100%]. The complete assign-
ments of the *H and **C chemical shift of the compound were recorded in the Experimental Section. It is worth
noting that recently, [1,2,4]-triazolopyridine derivatives have been shown to be useful antifungal activities com-
pare with the commercial pesticide [11].

On the other hand, treatment of acetohydrazide derivative 3 with 2,3-butanedione in refluxing ethanolic pipe-
ridine afforded the acetohydrazide derivative 10 in good yield (cf. Scheme 2). The analytical and spectral data of
the last reaction product are entirely consistent with the proposed structure. The complete assignments of *H and
3¢ chemical shifts of compound 10 based on COSY and HSQC experiments were recorded in the Experimen-
tal Section. Moreover, Nuclear Overhauser Effect (NOE) experiments were carried out to establish the configu-
ration of acetohydrazide derivatives 10 whether it is (E) or (Z)isomers. Therefore, irradiation of a signal of the
NH proton at 6H 11.40 ppm,we observed increasing a signal of the methyl protons at JH 1.95 ppm. While, ir-
radiation of a methyl signal at 6H 1.95 ppm, increased the a NH signal at 5y 11.40 ppm and have no effect on an
acetyl signal at 6H 2.41 ppm. Indicate the 2-(benzo[d]thiazol-2’-ylthio)acetamide moiety and the methyl group
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Figure 1. A general view and atom labeling of X-rays structure of 6.

Table 1. Selected bond lengths ("A) & bond angles for compound 6.

Bond Bond length (CA) Bond Bond angle (°)

S2-C7 1.734 (2) C7-S2-C8 102.27 (11)
02-C10 1.404 (3) N3-C13-C14 1213 (3)
C14-C13 1.487 (4) C13-N3-N2 107.3 (2)
C13-N3 1.279 (3) C9-N2-C10 125.35 (19)

N3-N2 1.399 (3) 02-C10-C11 111.2 (2)
N2-C10 1.491 (3) N2-C10-C12 99.30 (19)
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Scheme 2. Reactions of 2-(benzo[d]thiazol-2’-ylthio) acetohydrazide with car-
bonyl compounds and phthalic anhydride.

are on opposite sides of the C=N, as required by an (E)-form. The crystal structure of 10 [12] depicted in Figure 2,
besides to the selected bond lengths and bond angles was registered in Table 2. It observed from crystallo-
graphic image for the compound 10 that two molecules of 10 were shown in one asymmetric unit of these crys-
tals; they are chemically same, only different in crystallographic point of view, due to nonequivalence in sym-
metry characteristics within the unit cell. In an attempt to obtain pyrolo[1,2-b][1,2,4]triazole derivative 11, the
compound 10 treated with malononitrile in refluxing ethanolic piperidine; it was found to be abortive.

Moreover, treatment of 2-(benzo[d]thiazol-2’-ylthio) acetohydrazide 3 with phthalic anhydride in refluxing
acetic acid, afforded N-(1,3-dioxoisoindolin-2-yl)acetamide derivative 13 in good yield and not 2,3-dihy-
drophthalazine-1,4-dione derivative 12 as it reported in the literature [9] (Scheme 2). Complete assignments of
'H and **C chemical shifts of compound 13 based on COSY and HSQC experiments were recorded in the Expe-
rimental Section. The crystal structure of 13 [13] depicted in Figure 3, beside to the selected bond lengths and
bond angles was registered in Table 3. The crystal networks contain dioxane molecule as the space-filling sol-
vent (crystalline solution). The phthalimide fraction is oriented nearly perpendicular to the plane of benzothia-
zole fraction (Figure 3). In an attempt to convert compound 13 to 1-aminoethylidine malononitrile derivatives
14 by treatment with malononitrile in refluxing ethanolic piperidine were ineffective.

On the other hand, condensation of 2-(benzo[d]thiazol-2’-ylthio) acetohydrazide (3) with 1,3-cyclohexadione
yielded N’-(3-oxocylohex-1-enyl) acetohydrazide hydrate derivative (15) as depicted in Scheme 2. The structure
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Figure 3. A general view and atom labeling of X-rays structure of 13.

Table 2. Selected bond lengths ("A) & bond angles for compound 10.

Bond Bond length ("A) Bond Bond angle (°)
S2-C5 1.804 (2) C4-S2-C5 100.69 (10)
N1-C6 1.356 (3) C6-N1-H1A 120.7
N1-N2 1.364 (3) C7-N2-N1 117.4 (2)
N2-C7 1.282 (3) C6-C5-S2 106.32 (15)
C5-C6 1.505 (3) 01-C8-C11 122.5 (3)
c7-C8 1.497 (4) N2-C7-C10 126.8 (3)

Table 3. Selected bond lengths ("A) & bond angles for compound 13.

Bond Bond length (CA) Bond Bond angle (°)
S1-C7 1.7439 (16) C7-S1-C8 101.81 (8)
01-C9 1.204 (2) N3-N2-H2 120.3
N2-N3 1.3788 (19) C9-C8-S1 11452 (11)

C8-HB8A 0.97 C1-S2-C7 88.69 (8)
03-C17 1.205 (2) 01-C9-N2 122.94 (15)
C9-C8 1.512 (2) 02-C10-C11 130.31 (16)

©,
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of this acetohydrazide hydrate derivative (15) deduced from its elemental analysis and spectroscopic data. The
mass spectrum revealed a molecular ion peak at m/z 333[M+ -H,Q], which corresponds to a molecular weight
consistent with a formula of C;5H15N30,S, (cf. Experimental Section). Furthermore, the X-ray crystallography
provided an unambiguous evidence of structure 15 as proposed in Scheme 2 [14] given in Figure 4.

The single crystal of 15 also contains water molecules in its network as space filling solvent. Based on bond
length (Table 4) it is indicating the presence of keto-enol transformation from N3 to O2 through C10 and C11 as
follows: the bond length between O1-C9 is 1.214 (6). While bond length between 02-C12 is 1.249 (6); elon-
gated a little due to partial enol-form. Also, bond length between N2-C9 is 1.346 (6) while bond length between
N3-C10 is 1.318 (7); reduced due to the partial double bond character. Besides, the two bond length between
C10-C11 and C11-C12 are same [1.426 (6) and 1.422 (8) respectively] due to resonance. The inter conversion of
the two forms involves the movement of the lone pair electrons on the N3 to the most electronegative atom (cf.
Figure 5).
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Figure 5. The keto-enol tautomeric forms of compound 15.
Table 4. Selected bond lengths ("A) & bond angles for compound 15.
Bond Bond length (CA) Bond Bond angle (°)
01-C9 1.214 (6) N3-N2-C9 119.7 (4)
02-C12 1.249 (6) C10-C11-C12 120.6 (4)
N2-C9 1.346 (6) 02-C12-C13 120.5 (6)
N3-C10 1.318 (7) 01-C9-C8 123.8 (4)
C10-C11 1.426 (6) C11-C10-C15 120.8 (5)
C11-C12 1.422 (8) C10-N3-H3A 118.9
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In continuation of our efforts to generate new routes to the different functional thiophenes [6], we have used
Gewald’s reaction [6] by treatment of compound 15 with malononitrile in refluxing ethanol containing an ele-
mental sulfur and a catalytic amount of piperidine. Nevertheless, this procedure was found to be unsuccessful to
obtain the expected 2-amino-3-cyanothiophene derivative 16. Moreover, condensation of acetohydrazide deriva-
tive 3 with thiophene-2-carbaldehyde afforded a mixture of both configurations E/Z acetohydrazide derivative
17 in a ratio of 3:2 respectively, based on the *H-NMR spectrum. The *H-NMR spectrum, revealed, in addition
to the expected aromatic signals, four downfield signals, two corresponding to the N=CH at JH 8.25 and 8.47
ppm. The other two signals corresponding to NH at oH 11.74 and 11.82 ppm. These protons assigned to the E
and Z-configuration, respectively. The latter two signals underwent facile hydrogen, deuterium exchange upon
addition of deuterium oxide. Also, the *H-NMR spectrum exhibited two singlet signals for methylene protons of
two isomer E and Z-configuration at JH 4.63 and 4.23 ppm respectively. In an attempt to synthesize pyrazole
derivative 18 by a one-pot reaction of acetohydrazide derivative 3 with thiophene-2-carbaldehyde in the reflux-
ing methanol, followed by treatment with malononitrile, however, it was unsuccessful (cf. Scheme 2).

On the other hand, treatment of acetohydrazide derivative 3 with triethyl orthoformate, in refluxing acetic
anhydride afforded N’-(acetyl) acetohydrazide derivative 19. In a similar manner, upon treatment of acetohydra-
zide derivative 3 with chloroacetyl chloride in dimethylformamide (DMF), afforded the N’-(2-chloroacetyl)-
acetohydrazide derivative 20 in good yield. The structure of 20 also confirmed by its spectral data. It should re-
mark at this point that many publications have recently reported the broad spectrum of biological usefulness ex-
hibited by N, N-diacylhydrazine derivatives such as anti-HIV, herbicidal and antifungal activities [15]. In con-
trast to the above-observed chemistry, the acetohydrazide derivative also reacted with cinnamoyl chloride in
1,4-dioxane and the presence of triethylamine afforded of E-configuration of N’-(acetyl cinnamohydrazide de-
rivative 21. Treatment of acetohydrazide derivative 3 with phenyl isothiocyanate in refluxing ethanolic sodium
hydroxide solution, afforded the [1,2,4]-triazole-3(4H)-thione derivative 22. The reaction of acetohydrazide de-
rivative 3 with dimethyl acetylene dicarboxylate (DMAD) provided a mixture of both configuration (E/Z ) acetyl
hydrazono succinate derivative (23) in a ratio of 3:1 respectively (based on the *H-NMR spectrum). The chemi-
cal shift of protons 23 was assigned using COSY and HSQC measurements were recorded in the Experimental

Section (cf. Scheme 3).
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Moreover, the *H-NMR spectrum showed in addition to the expected aromatic signals, two downfield signals
at oH 11.74 and 11.44 ppm and two upfield signals at oH 4.71 and 4.45 ppm assignable to the E and Z-configu-
ration for NH and methylene protons respectively. The crystal structure, bond lengths and bond angles data of
23 [16] depicted in Figure 6 and Table 5. From single crystal X-ray crystallography of dimethyl 2-[2-(-
2(benzo[d]thiazol-2’-ylthio)acetyl)hydrazono] succinate (23), it is indicated that the two acetate groups are
present as tail units of the molecule. Out of which, one of the acetate group is oriented in the molecular plane of
the benzothiazole, while the other acetate tail is situated perpendicular to this plane. Furthermore, the distortion-
less enhancement by polarization transfer (DEPT) experiment was too utilized for separate the carbon signals for
the compound 23. The DEPT spectrum of the aforementioned compound showed four positive signals §126.8,
125.0, 122.3 and 121.6 for the aromatic benzothiazole carbon (CH) and two positive signals 653.1 and 52.6 for
methyl carbons , while two negative signals at §35.8 and 32.6 for the methylene carbon. Also an attempt to pre-
pare the dihydropyridine 3,6-dione 24 via condensation of 23 with hydrazine hydrate was unsuccessful and the
product identified as 2-(benzo[d]thiazol-2'-ylthio) acetohydrazide 3 (cf. Scheme 3).

3. Experimental Section
3.1. General Procedures

Melting points are reported uncorrected and determined on a Gallenkamp apparatus. The Infrared spectra rec-
orded on a Jasco FT/IR-6300 FT-IR uses KBr disks. *H-NMR and **C-NMR spectra were measured on a Bruker
DPX 400 MHz and Bruker AVANCE II 600 MHz spectrometers, with DMSO-d6 or CDCl; as solvent using
TMS as an internal standard. The methods used for the purpose of NMR assignment were COSY, HSQC, DEPT
and NOE. The chemical shifts expressed as a ¢ unit in parts per million (ppm) and TMS = 0.00 ppm. The fol-
lowing abbreviation is used: s = singlet, d = doublet, t = triplet; q = quartet; m = multiple; br. = broad. Mass
spectra measured on GC/MS DFS, THERMO instrument. Microanalyses performed on a CHNS-Vario.

Micro Cube Analyzer; Single crystal X-ray crystallography was performed using Rigaku Rapid II and Bruker
X8 Prospector diffractometers. The starting materials ethyl-2-(benzo[d]thiazol-2’-ylthio) acetate 2, mp 59°C (lit.

H15B

Figure 6. A general view and atom labeling of X-rays structure of 23.

Table 5. Selected bond lengths (A) & bond angles for compound 23.

Bond Bond length ("A) Bond Bond angle (%)

N2-C9 1.359 (6) S2-C8-C9 109.3 (3)
02-C12 1.205 (11) 01-C9-N2 120.5 (4)

N2-N3 1.348 (4) 02-C12-C11 116.6 (6)
N3-C10 1.285 (6) 05-C14-C10 115.2 (4)
C10-C14 1.478 (5) C9-N2-H2A 120.9
C11-C12 1.536 (8) C10-C11-C12 114.8 (5)
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mp. 58°C) [3] and 2-(benzo[d]thiazol-2’-ylthio)acetohydrazide (3), mp. 192°C - 194°C (lit mp. 193°C) [3] were
prepared according to the indicated literature method.

3.2. Procedures for the Synthesis of 2-(Benzothiazol-2’-ylthio)acetohydrazide
Derivatives

3.2.1. 2-(Benzo|[d]thiazol-2’-ylthio)-N’-(4-oxopentan-2-ylidene)acetohydrazide (5)

A mixture of compound 3 (2.39 gm 10.0 mmol) and 2,4-pentanedione (1.0 g, 10 mmol) in ethanol (20 mL) was
refluxed for 3 h. The reaction was allowed to cool to room temperature for 24 h. The solid product formed was
collected by filtration and crystallized from ethanol as white crystal. Yield: 2.40 g (75%); mp 182°C - 184°C;
FT-IR Vi (cm™): 3186 - 3568 (br, NH), 1690 (C=0 ketone),1670(C=0 amide); '"H NMR (DMSO-dg) J ppm:
10.7 (s, 1H, NH, D,0 exchangeable ), 8.02 (d, J = 8 Hz, 1H, H-4"), 7.85 (d, J = 8 Hz, 1H, H-7"), 7.46 (t, J =8
Hz, 1H, H-67), 7.36 (t, J = 8 Hz, 1H, H-5"), 4.58 (s, 2H, -SCHy), 2.97 (d, J = 16, 1H, H-3), 2.84 (d, J = 16, 1H,
H-3a), 2.01 (s,3H, CH5), 1.77 (s, 3 H, CH3); *C NMR (DMSO-dgs) 6 ppm: 168.1 (C=0), 166.4 (C=0),
165.1(C-2’), 155.9 & 152.6 (C-2 &C-3a’), 135.1 (C-7a’), 126.4 (C-67), 124.6 (C-57), 121.9 (C-4’), 121.2 (C-77),
52.2 ( CH,), 37.9 (CH,), 23.0 (CH3), 14.1 (CHs). EI-MS m/z [relative intensity]: 321 [M", 10], 264 [15%], 208
[100%], 180 [62%]. Anal. Calcdfor C14H15sN30,S, (321.42): C, 52.32; H, 4.70; N, 13.07%. Found: C, 52.16; H,
4.53; N, 13.39%.

3.2.2. 2-(Benzo[d]thiazol-2’-ylthio)-1-(5-hydroxy-3,5-dimethyl-4,5-dihydropyrazole-1-yl)
ethanone (6)

A solution of 5 (3.21 g, 10 mmol ) in ethanol (20 mL) containing a few drops of piperidine was refluxed for 3 h.
The reaction was allowed to cool to room temperature for 24 h. The solid product formed, was collected by fil-
tration and crystallized from ethanol as yellow crystal. Yield: 2.34 g (73%); mp 123°C - 125°C; FT-IR Vmax
(cm™%): 3090 - 3998 (br, OH), 1670(C=0);*H NMR (DMSO-ds) § ppm: 7.90 (d, J = 8 Hz, 1H, H-4"), 7.78 (d, J = 8
Hz, 1H, H-77), 7.47 (t, J = 8 Hz, 1H, H-67), 7.31 (t, J = 8 Hz, 1H, H-5), 6.55 (s, 1H, OH, D,0 exchangeable),
4.58 (dd, J = 20, 2H, SCH,), 2.98 (d, J = 16, 1H, H-4 pyrazole), 2.82 (d, J = 16, 1H, H-4’pyrazole), 2.01 (s, 3H,
CHs), 1.76 (s, 3 H, CHs); *C NMR ( DMSO-dg) d ppm: 166.5 (C=0), 163.7 (C-2’), 155.8 (C-3), 152.7 (C-3a’),
134.7 (C-7a’), 126.4 (C-67), 124.4 (C-5), 121.8 (C-4"), 121.1 (C-7’), 90.7 (C-5 pyrazole), 52.2 (C-4pyrazole),
37.9 (SCH,),), 25.9 (CHs), 15.9 (CHs). EI-MS m/z [relative intensity]: 321 [M*, 15%], 264 [18%], 230 [3%)],
208 [100%], 180 [62%]. Anal. Calcdfor C14H;5N30,S; (321.42): C, 52.32; H, 4.70; N, 13.07%. Found: C, 52.21;
H, 4.55; N, 13.08%.

3.2.3. 2-[(Benzo[d]thiazol-2’-ylthio)methy]-5,7-dimethyl-[1,2,4]triazole-[1,5-a]
pyridine-8-carbonitrile (9)

A mixture of 5 (3.21 g, 10.0 mmol) and malononitrile (0.66 g, 10 mmol) in ethanol (20 mL) containing a few
drops of piperidine was refluxed for 4 h. The reaction was allowed to cool to room temperature. The solid prod-
uct formed, was collected by filtration and crystallized from ethanol as brown crystals. Yield: 2.56 g (73%); mp
258°C - 260°C; FT-IR Vpax (cm %)z 2227 (CN); *H-NMR (DMSO-dg) § ppm: 7.94 (d, J = 8 Hz, 1H, H-4’), 7.84
(d, J=8Hz, 1H, H-7"), 7.47 (t, J = 8 Hz, 1H, H-6"), 7.36 (t, J = 8 Hz, 1H, H-5), 7.10 (s,1H, 6-H pyridine), 4.18
(s,2H, SCHy), 2.29 (s,, 3 H, CH3), 2.21 (s, 3 H, CHs); *C NMR (DMSO-dg) 6 ppm: 163.4, 160.7, 153.1, 151.6,
149.5, 1435, 135.5, 126.8, 125.1, 122.2, 121.8, 116.3, 114.4, 107.8 (arom. Carbons & CN), 30.7 (SCH,), 20.0
(CHs), 17.9 (CH3). EI-MS m/z (relative intensity): 351 [M", 100%], 318 [23%], 274 [2%], 236 [4%]. Anal.
Calcd. for C1;H13NsS, (351.45): C, 58.10; H, 3.73; N, 19.93; Found: C, 58.18; H, 3.83; N, 19.73.

3.2.4. (E) 2-[Benzo|[d]thiazol-2’-ylthio]-N’-(3-oxobutan-2-ylidine)acetohydrazide (10)

A mixture 3 (2.39 g, 10.0 mmol) and 2,3-butanedione (0.87 g, 10.0 mmol) in ethanol (20 mL) containing a few
drops of piperidinewas refluxed for 1 h. The reaction mixture was allowed to cool to room temperature. The
product formed was collected by filtration and recrystallized from ethanol as yellow crystals. Yield: 2.64 g
(86%); mp 198°C - 199°C. FT-IR Vpax (cm 1): 3188 - 3448 (br, NH), 1680 (C=0 ketone), 1612 (C=0 amide); *H
NMR (DMSO-dg) ¢ ppm: 11.40 (s, 1H, NH, D,O exchangeable), 8.02 (d, J = 8 Hz, 1H, H-4’) 7.81 (d, J = 8 Hz,
1H, H-77), 7.46 (t, J = 8 Hz, 1H, H-6"), 7.36 (t, J = 8Hz, 1H, H-5%), 4.75 (s, 2H, SCHy), 2.41(s, 3H, COCHj),
1.95 (s, 3H, CHs); *C NMR (DMSO-dg) J ppm: 196.9 (C=0 ketone), 169.8 (C=0 amide), 166.0 (C-2’), 152.4
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(C-32%), 147.4 (C-2), 134.7 (C-7a’), 126.3 (C-6"), 124.6 (C-5°), 121.9 (C-4"), 121.1 (C-7’), 35.3 (SCH,), 24.3
(COCHs), 9.8 (CHs). EI-MS m/z [relative intensity]: 307 [M", 10%], 264 [100%], 231 [13%], 208 [11%]. Anal.
Calcd. for C13H13N30,S, (307.39): C, 50.79; H, 4.26; N, 13.67%. Found: C, 50.53; H, 4.39; N, 13.45%.

3.2.5. 2-(Benzo[d]thiazol-2’-ylthio)-N’-(1,3-dioxoisoindolin-2-yl)acetamide (13)

A mixture of 3 (2.39 g 10.0 mmol) and phthalic anhydride (1.48 g, 10 mmol ) in acetic acid (10 mL) was heated
under refluxed for 2 - 3 h. The solid product, so formed, was collected by filtration and recrystallized from
1,4-dioxane as white crystal solid. Yield: 2.69 mg (73%); mp 176°C - 178°C; FT-IR Vpax (cm 3): 3215 (br, NH),
1793 & 1743 (2C=0),1662 (C=0 amide); *H NMR (DMSO-dg) § ppm : 11.22 (s, 1H, NH, D,O exchangeable),
8.01 (d, J =8 Hz, 1H, H-4") ,7.94 (d, J = 7.4 Hz, 2H, H-4 & H-7), 7.93 (d, J =8 Hz, 1H, H-7°), 791 (t, J=7.4
Hz, 2H, H-5 & H-6), 7.48 (t, J = 8 Hz, 1H, H-6"), 7.37 (t, J = 8 Hz, 1H, H-5’), 4.49 (s, 2H, SCH,); *C NMR
(DMSO-dg) 0 ppm: 166.5 (2C=0 amide ) 165.3 (C=0 amide ), 164.9 (C-2’), 152.5 (C-3a"), 135.2 (C-5 & C6),
134.9 (C-7a’), 129.4 (C-4a & C-7a), 126.4 (C-6’), 124.5 (C-5), 123.7 (C-4 & C-7), 121.8 (C-4’), 121.3 (C-77),
34.3 (SCH,). EI-MS m/z [relative intensity]: 369 [M*, 295 [11%], 250 [9%], 208 [100%]. Anal. Calcd. for
C17H11N303S, (369.42): C, 55.27; H, 3.00; N, 11.37%. Found: C, 54.90; H, 3.00; N, 11.22%.

3.2.6. 2-(Benzo[d]thiazol-2’-ylthio)-N’-(3-oxocylohex-1-enyl)acetohydrazide hydrate (15)

A mixture of 3 (2.39 g 10.0 mmol) and 1,3-cyclohexanedione (1.12 g, 10.0 mmol) in ethanol (20 mL) was ref-
luxed for 2 - 3 h. The reaction mixture was allowed to cool to room temperature. The product formed was col-
lected by filtration and recrystallized from ethanol as yellow crystals. Yield: 2.63 g (79%); mp 185°C - 187°C;
FT-IR Vinax (cm 1):3433 (OH), 3198 (NH), 1695(C=0), 1657 (C=0); NMR (DMSO-ds) 6 ppm: 10.29 (s, 1H, NH,
D,0 exchangeable), 8.96 (s, 1H, NH, D,O exchangeable), 8.02 (d, J = 8 Hz, 1H, H-4"), 7.96 (d, J = 8 Hz, 1H,
H-7°), 7.47 (t, J =8 Hz, 1H, H-6), 7.37 (t, J = 8 Hz, 1H, H-5’), 5.15 (s, 1H, H-2) 4.23 (s, 2H, SCH,), 2. 32 (t, J = 8,
2 H, H-4), 2.11 (t, J =8, 2 H, H-6) 1.8 (t, J = 8, 2H, H-5); *C NMR (DMSO-dg) § ppm: 196.2 (C=0 ketone),
170.5 (C=0 amide), 166.0 (C-2), 164.6 (C-1), 152 (C-3a’), 135.1 (C-7a’), 126.0 (C-6’), 124.0 (C-5"), 122.1
(C-4%), 121 (C-7%), 99.7 (C-2), 37.1 (SCH,), 26.0 (C-4), 22.1 (C-6), 19.2 (C-5). EI-MS m/z [relative intensity]:
333 [M*-H,0, 10%], 315 [7%], 223 [3%)], 208 [47%)], 180 [56%]. Anal.Calcd.for CisH17N30sS, (351.34): C,
51.26; H, 4.88; N, 11.92%. Found: C, 51.08; H, 4.74; N, 11.92%.

3.2.7. (E)-2-[Benzo|[d]thiazol-2’-ylthio]-N’-(2-thiophene-2-yl-methylene)acetohydrazide (17)

A mixture of 3 (2.39 g, 10.0 mmol), and thiophene-2-carbaldehyde (1.12 g, 10.0 mmol) in methanol (20 mL)
was refluxed for 1 h. The reaction mixture was allowed to cool to room temperature. The product formed was
collected by filtration and crystallized from ethanol as yellow crystals. Yield: 2.53 g (76%); mp 134°C - 136°C;
FT-IR Vimax (cm™): 3295 (NH); 1658 (CO); *H-NMR (DMSO-dg)  ppm: 11.74 (s, 1H, D,O exchangeable, NH),
8.25 (s, 1 H, HC=N), 7.10 - 8.00 (m, 7H, Ar-H), 4.63 (s, 2H, SCH,); *C NMR (DMSO-ds) 6 ppm: 167.9 (C=0),
165.3 (C-27), 152.5 (-3a’), 142.4, 139.1, 134.8, 131.3, 130.7, 128.7, 127.8, 126.3, 124.4, 121.8 (arom. & HC=N),
35.8 (SCH,). EI-MS m/z [relative intensity]: 333 [M", 12%], 259 [4%], 223 [3%)], 208 [100%], 180 [71%]. Anal.
Calcd. for C14H11N3s0S; (333.38): C, 50.43; H, 3.33; N, 12.60%. Found: C, 50.33; H, 3.27; N, 12.61%.

3.2.8. 2-(Benzo[d]thiazol-2’-ylthio)-N’-(acetyl)acetohydrazide (19)

A mixture of 3 (2.39 g 10.0 mmol) and triethyl orthoformate (1.6 g, 10.0 mmol) in acetic anhydride (20 mL) was
refluxed for 2 h. The reaction was allowed to cool to room temperature, then poured in ice cold water. The solid
product formed was collected by filtration and crystallized from ethanol as white crystals. Yield: 1.9 g (71%);
mp 202°C - 204°C; FT-IR Vmax (cm™): 3205 (2NH), 1685, 1641 (2C=0 amide);*H-NMR (DMSO-ds) 6 ppm:
10.28 (s, 1H, NH, D,0 exchangeable), 9.99 (s, 1H, NH, D,O exchangeable), 8.02 (d, J = 8 Hz, 1H, H-4"), 7.85
(d, J=8Hz, 1H, H-77), 7.48 (t, J = 8 Hz, 1H, H-6), 7.38 (t, J = 8Hz, 1H, H-5’), 4.23 (s, 2H, SCH,), 1.92 (s, 3H,
CHs); *C-NMR (DMSO-dg): 6C 167.9 (C=0), 165.9 (C=0), 165.4 (C-2’), 152.5 (C-3a’), 134.8 (C-7a’), 126.4
(C-6"), 124.6 (C-57), 121.9 (C-47), 121.2 (C-7"), 34.7 (SCH,), 20.5 (CH3). EI-MS m/z [relative intensity]: 281
[M*, 12%)], 236 [4%], 208 100%)], 180 [37%)]. Anal. Calcd. for Ci;H;3N30,S; (281.35): C, 46.96; H, 3.94; N,
14.93%. Found: C, 46.81; H, 3.95; N, 14.92%.

3.2.9. 2-(Benzo|d]thiazol-2’-ylthio-)-N’-(2-chloroacetyl)acetohydrazide (20)
A mixture 3 (2.39 g, 10.0 mmol) and chloroacetyl chloride (1.12 g, 10.0 mmol) in DMF (20 mL) was heated for
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2 h. The mixture was allowed to cool to room temperature. The solid product formed was collected by Filtration
and crystallized from ethanol as yellow crystals. Yield: 2.28 g (82%); mp 162°C - 164°C; FT-IR Vmay (cm™):
3174 (2NH), 1659 (2C=0 amide); *H-NMR (DMSO-dg) § ppm: 10.56 (s, 1H, NH, D,O exchangeable) 10.52 (s,
1H,NH, D,0 exchangeable), 8.03 - 7.35 (m, 4H, ArH), 4.52 (s, 2H, CH,), 4.26 (s, 2H, CH,); *C-NMR (DMSO-
de) 6C ppm: 165.7 (C=0), 165.3 (C=0), 162.3 (C-2"), 152.5 (C-3a’), 135.8 (C-7a’), 126.4 (C-67), 124.6 (C-5),
121.8 (C-4°), 121.2 (C-7°), 40.8 (CH.CI), 34.6 (SCH,). EI-MS m/z [relative intensity]: 316 [M*, 13%], 279 [2%],
241 [2%], 208 [100%]. Anal. Calcd. for C;;H1oCIN3O,S, (315.80): C, 41.84; H, 3.19; N, 13.31%. Found: C,
41.72; H, 3.23; N, 13.43%.

3.2.10. N’[-2-(Benzo|[d]thiazol-2’-ylthio)acetyl]cinnamohydrazide (21)

A mixture of 3 (2.39 g 10.0 mmol) and cinnamoyl chloride (1.66 g, 10.0 mmol) in 1,4 dioxane (20 mL) contain-
ing a few drops of triethylamine was refluxed for 2 h .The solid product formed, was collected by filtration and
crystallized from ethanol as white crystals. Yield: 2.80 g (76%); mp 164°C - 166°C; FT-IR Vma (cm™Y): 3207
(2NH), 1672 (C=0), 1641 (CO-amide); *H-NMR (DMSO-ds) dy: 10.60 (s, 1H,NH, D,0 exchangeable), 10.39 (s,
1H, NH, D,O exchangeable), 8.03 (d, J = 8 Hz, 1H, H-4"), 7.87 (d, J = 8 Hz, 1H, H-7’), 7.88 - 7.37 (m, 8H,
Ar-H & vinylic-H), 6.70 (d, 1H, J = 16, vinylic-H), 4.28 (s, 2H, SCH,); *C-NMR (DMSO-ds) dc ppm: 165.8 &
165.0 (2C=0), 163.3, 152.5, 140.3, 134.8, 134.5, 129.8, 129.0, 127.7, 126.4, 124.6, 121.8, 121.2, 119.2 (arom.
carbons) 34.7 (CH,). EI-MS m/z [relative intensity]: 369 [M", 7%], 208 [51%)] 180 [9%], 148 [3%], 131 [100%].
Anal. Calcd. for C1gH15N30,S; (369.46): C, 58.52; H, 4.09; N, 11.37%. Found: C, 58.32; H, 4.09; N, 11.39%.

3.2.11. 5-[(Benzo[d]thiazol-2’-ylthio)methyl]-4-phenyl-2H-1,2,4-triazole-3 (4 H)-thione (22)

A mixture of 3 (2.39 g 10.0 mmol) and phenyl isothiocyanate (1.99 g, 10.0 mmol) in ethanol (20 mL) and so-
dium hydroxide solution (2 g in 20 mL water) was refluxed for 2 h. The reaction mixture was allowed to cool to
room temperature then acidify with 10% HCI. The product formed was collected by filtration and crystallized
from ethanol as yellow crystals. Yield: 2.99 g (84%); mp 140°C - 142°C; FT-IR Vma (cm™): 3061(NH);
'H-NMR (DMSO-ds) dy ppm: 7.17 - 7.95 (m, 10H, ArH & NH), 4.54 (s, 2H, SCH,). EI-MS [relative intensity]:
356 [M", 71%)], 323 [8%)] 265 [3%)], 224 [7%].190 [12%]. Anal. Calcd. for CysH1;N,Ss (356.46): C 53.91; H,
3.39; N, 15.72%. Found: C, 53.97; H, 3.46; N, 15.92%.

3.2.12. (E)-Dimethyl 2-[2-(-2(benzo[d]thiazol-2’-ylthio)acetyl)hydrazono] succinate (23)

Mixture of 3 (2.39 g, 10.0 mmol) and dimethylacetylene dicarboxylate (1.12 g, 10.0 mmol) in 1,4 dioxane (20
mL) containing a few drops of triethylamine was refluxed for 3 h. The mixture was allowed to cool to room
temperature. The solid product formed, was collected by filtration and crystallized from methanol as pale yellow
crystals. Yield: 2.85 g (75%); mp 147°C - 148°C; FT-IR Vpa (cm3): 3182 (NH), 1749,1710 (2C=0 ester), 1683
(C=0 amide); *H NMR (DMSO-dg) dppm: 11.74 (s, 1H, NH, D,0 exchangeable), 7.98 (d, J = 8 Hz, 1H, H-4"),
7.84 (d, J=8Hz, 1H, H-7°), 7.45 (t, J = 8 Hz, 1H, H-6"), 7.35 (t, J = 8 Hz, 1H, H-57), 4.71 (s, 2H, SCH,), 3.83
(s, 2H, CH,), 3.82 (s, 3H, OCH), 3.67 (s, 3H, OCHj); *C-NMR (DMSO-ds) 5c/ppm: 170.0 (amide C=0), 166.4
(ester C=0), 165.2 (ester C=0), 164.5 (C-2"), 152.9 (C-3a’), 136.3 (C=N), 135.2 (C-7a’), 126.8 (C-67), 125.0
(C-5%), 122.3 (C-4"), 121.6 (C-77), 53.1 (OCHg), 52.6 (OCHy), 35.8 (SCH,), 32.6 (COCH,). EI- MS m/z [relative
intensity]: 381 [M*, 10%], 323 [71%], 272 [2%], 250 [12%], 208 [41%]. Anal. Calcd. for CisHisN3 OsS,
(381.32): C, 47.23; H, 3.96; N, 11.02%. Found: C, 47.13; H, 3.85; N, 11.21%.

3.3. Single Crystal X-Ray Diffraction Studies

Crystal structure of compounds 6 [10], 10 [12], 13 [13], 15 [14] and 23 [16], as well as their packing pattern
were successfully developed by single crystal X-ray diffraction analysis. The molecular structure information of
all these molecules, obtained from the X-diffraction method is in perfect agreement with their predicted synthet-
ic protocol and other characterization techniques like 'HNMR and **C NMR and mass spectroscopy.

Table 6 summarizes the crystal nature, unit cell descriptions and crystallographic refinement parameters of all
crystal samples studied in this work.

4. Conclusions

We have corrected the wrong literature structures formed from reactions 2-(benzo[d]thiazol-2’-ylthio) acetohy-
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Table 6. Precise crystal data for 6, 10, 13, 15 and 23.

Compound 6 10 13 15 23

Crystal Dimension/mm  0.07 x0.13x0.25 09 x0.13x0.19 0.10x0.20x0.34  0.20 x 0.20 x 0.20 0.10 x 0.25 x 0.25

cmﬁé gl:r LI%T;EE!ELI:SS' ng)?;iokl_cl)irll(zss, Ll?)T;gokl_(I)irll(iss, Colorless, Prism Colorless, block like
Formula weight C14H15N30,S, Ci13H13N30,S, C19H15N304S, Ci5H17N305S, Ci5H15N30sS,
Crystal system Triclinic Monoclinic Triclinic Triclinic Triclinic
Space group P-1 P121/c1 P-1 P-1 P-1
TIK 296 296 296 296 296
alA 7.8168 (5) 12.5590 (7) 7.5866 (6) 7.646 (2) 7.7601 (5)
b//A 8.6997 (6) 29.3421 (17) 11.5021 (9) 10.020 (2) 10.5935 (6)
c/A 11.6038 (7) 7.9023 (5) 11.7568 (9) 11.640 (2) 12.6829 (9)
aldeg 88.409 (3) 90 99.111 (2) 72.136 (5) 65.372 (5)
Bldeg 73.837 (3) 93.870 (3) 106.564 (3) 77.211 (6) 72.296 (5)
Adeg 82.013 (3) 90 102.689 (3) 78.761 (6) 78.930 (6)
VIA? 750.51 (8) 2905.4 (3) 932.16 (13) 820.0 (2) 900.3 (1)
z 2 8 2 2 2
p/mm™ 3.287 3.371 2.874 3421 3.240
Pearealg-cm 1.422 1.405 1473 1.423 1.403
Thetamaydeg 61.15 66.66 66.28 25.00 26.35
Reflections collected 3851 14154 11244 6464 8085
Unique reflections 2218 4962 3177 2870 3645
Rint 0.0170 0.0276 0.0353 0.0481 0.0244
R(1>20) 0.0346 0.0425 0.0357 0.0664 0.0679
R (all data) 0.0355 0.0501 0.0361 0.1071 0.0972
Rw (all data) 0.1005 0.1392 0.0937 0.2302 0.2426
Peak max/e A 0.234 0.391 0.250 0.45 0.93

drazide (3) with acetyl acetone and phthalic anhydride. We have also reported that both compounds 3 and 5
were utilized as a key intermediate for the synthesis of a novel heterocyclic compounds. We also reported the
synthesis of a novel series of condensation and substituted derivatives of 2-(benzo[d]thiazol-2’-ylthio) acetohy-
drazide in good yield. The structures of the newly synthesized compounds were confirmed by elemental analysis,
'H-NMR, *C-NMR spectra, Ms, and X-ray crystallographic investigations.
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