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Abstract

The pharmaceutical industry faces challenges such as
the use of toxic solvents, excessive use of energy, waste
generation and the implementation of conventional
procedures that do not adhere to green chemistry
principles. In the present study, we report the prompt
mineral (Montmorillonite K-10 clay) triggered cyclo-
condensation of chloroacetic acid with arylthiourea
subsequently followed by Knoevenagel condensation
with aromatic aldehyde in combination with sodium
acetate without solvents microwave irradiation results
in 3-aryl-5-benzylideno-2-thiohydantoins 4(a-I).

The substances 4 (a-1) with hydrazine hydrate in glacial
acetic acid offered the intermediate acetyl hydrazone of
4(a-1) which on cyclo-isomerization under reaction
conditions gave 1,8-diaryl-4,8-dihydro-1-
acetylpyrazolo[3,4-c] imidazole-2-thiones 5 (a-I).

Keywords: Green chemistry, Heterogeneous catalysis,
Knoevenagel condensation, Montmorillonite K-10 clay,
Microwave-irradiation, Pyrazoloimidazol-2-thione,
Solvent-free.

Introduction

The widespread use of hazardous solvents in pharmaceutical
manufacturing poses a significant risk to human health and
the environment. However, in the last few years, sustainable
chemistry has impacted the healthcare industry’s processes
by reducing the use of traditional chemical solvents®,
reducing waste generation by using recyclable materials and
adopting environmentally friendly organic synthetic
procedures.

The use of microwaves (MW) in solvent-free processes?’-°.
has been especially important for manufacturing. MW
irradiation accelerates chemical reactions, highlighting its
potential for innovative processes. This improvement is
especially noticeable in heterogeneous catalytic systems
when compared with conventional heating under identical
temperature conditions, due to interaction(s) between the
MW radiation field and the catalyst itself. For the above
reasons, it has given rise, over the years, to a strong interest
in the field of synthesis!*!83%,

In recent decades, heterogeneity of catalysts has gained

popularity in  eco-sustainable  organic  chemical
manufacturing because of their greater activity than
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homogeneous catalysts'*%®. The pharmaceutical sector is
preferred due to its ease of recovery, stability and capacity to
reduce waste. Lewis acid heterogeneous catalyst formation
from waste materials has become more common
recently?®4631 For example, sulfonic acid-functionalized
active carbon (AC) prepared from developed tea leaves has
been investigated for the synthesis of 2-substituted
benzimidazole and benzothiazole”.

Consuming volatile hazardous solvents in the chemical
sector poses a risk to human health and the environment.¢
Therefore, the need for clean processes that reduce energy
consumption, waste and expenditure is an ongoing issue.
Various studies have advocated the use of novel techniques
like “green" chemicals®*, mainly water*>*+*8 ionic fluids',
deeply eutectic solvents? and biological solvents?’-37-2,
However, solvent-free conditions®>**” are the most
effective options for conducting eco-sustainable chemical
processes. Reactions free of solvents can be performed by
employing reactants either alone or by including them in
solid bases simplifying the testing procedures while
significantly reducing the negative environmental effects.

The use of microwave energy has been proposed as a useful
method for increasing the speed of reactions, simplifying
processes and enhancing yields in chemical reactions free of
solvents triggered by solid Lewis acids'!73*4  Solid
supports have become popular in organic compound
production owing to their highly adaptable properties,
thermal resistance and inexpensive cost. Undoubtedly,
experimental methods that depend on solid-state processes
will minimize pollution. Solid supports (clays, permutit,
silica, alumina, or other matrix structures) are commonly
used in reactions to improve yields, to increase reaction
speed and to minimize environmental impact?+93,

Solid Lewis acid catalysts are commonly used in this
scenario and the use of heat*' can drive reactions.
Montmorillonite K-10 clay, known to act both as protic and
Bronsted acid, is an extensively investigated catalyst found
useful for numerous organic reactions such as the production
of g-lactones®, fused heterocycles!®, Friedel Crafts
reaction®, biomarkers, oxidative demethylation of methyl
phenols to benzoquinones’, internal cyclization, Michael
addition®, Boc group removal from aromatic amines®,

Diels Alder reaction® and so on. Montmorillonite is used in
numerous microwave reactions, both in liquid form and in
the absence of a solvent™'?. Essential pharmaceuticals
frequently contain heterocyclic molecules as constituents?’.
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The widespread use of heterocyclic molecules in the
pharmaceutical sector can be attributed to the availability of
a diverse range of reactions that allow for subtle structural
changes in heterocyclic materials>>*’. The processes were
carried out in the absence of a solvent under microwave
exposure with montmorillonite K-10 as the solid catalyst.

The methodology's novelty stems from its environmentally
friendly operation, formation of structurally distinct
molecules, quick reaction time and high yield.

Montmorillonite is a diverse and eco-sustainable catalyst
due to its inexpensive price, simple care, simple extraction
via a filtering method and potential for use without solvents
in microwave ovens or during ultrasound exposure’s.
Montmorillonite, like others, is extensively available and
possesses a high surface area that contains Brensted and
Lewis acid sites that catalyse organic reactions!!»16:37:40.30,
Recently, an easy and sustainable protocol to produce novel
substituted 2-aryl benzimidazoles was established using
ZrOCly'nH>0 supported on montmorillonite K10,

Substances with imidazole frameworks are currently
attracting consideration for their medicinal properties'*?.
The most significant of these include  2-
thioxoimidazolidinones, which have antiviral properties,
especially against HIV#>%°,  Pyrazole compounds have
numerous medical and biological applications including
cancer-fighting, anti-inflammatory, fungicidal,
antimicrobial,  anti-insecticidal, analgesic, antiviral,
anticonvulsant, antidiabetic, antipyretic, anti-arrhythmic,
anti-depressant, anti-hyperglycaemic, anti-oxidative and
herbicidal*®!7-3. Phenazone was the initial pyrazole
available in the market as an antipyretic agent®’. The
medicinal value of pyrazole can be analysed using lists of
readily accessible drugs such as Celecoxib?, Lonazolac®,
Mepirizole’*, Rimonabant®®, Accomplia®’, Cimetidine®!,
Fipronil, Deracoxib? etc.

The investigation of the effect of structure on activity
revealed that by combining one heterocyclic moiety with
another, the therapeutic profile is typically improved many
times that that ofany individual heterocyclic moiety.
Multiple imidazole-2-thione variants have received
considerable attention owing to their broad medicinal
qualities and biological functions’>%?. Using molecular
diversity techniques to identify drugs involves multiple
disciplines  including computerized chemistry,  organic
chemical synthesis and molecular biology.

The primary goal of the work stated here is to deliver an
account of one aspect of molecule diversity-based drug
search, namely the establishment of a general synthetic
approach to the production of heterocyclic counterparts for
screening lead molecules for unique assays in the archives
of chemicals amassed through organic synthesis. The use of
mineral-supported reagents and microwave irradiation in
solvent-free conditions is an extensively documented
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environmentally friendly protocol with chemical and
biological applications!3,

Material and Methods

Each experiment was performed using a laboratory
microwave oven (Model BP 310/50) with an electrical
output of 600 W and an operating frequency of 2450 MHz.
All chemicals used in this investigation were of analytical
reagent grade. Melting points were obtained using the open-
glass capillary technique and were not corrected. Each
chemical was used exactly as received. The reaction results
were tracked using TLC (Merk silica gel). The IR spectra
were  captured using a  Shimadzu  FTIR-420
spectrophotometer. The 'H and '*C NMR spectra were
recorded at 400°C using a Bruker AVANCE DPX (400 MHz)
FT spectrometer in CDCI3 with TMS as an internal standard
(chemical shift in 8, ppm). Mass spectral data were recorded
on a JEOL SX- 303 (FAB) mass spectrophotometer at 70ev.
The elements were examined using a Coleman automatic C,
H and N analyzer.

Thermal Method: Montmorillonite K-10 clay (0.50 g) was
placed in a solution containing aryl thiourea 1 (0.02 mol),
chloroacetic acid 2 (0.002 mol), aryl aldehyde 3 (0.02 mol)
and sodium chloroacetate (0.001 mol) in DMF (100 mL)
while stirring and the resultant mixture was heated on a
thermostatic oil bath at 90°C for the time specified in table
1. The reaction development was tracked using TLC
(Hexane: MeOH; 6:4 v/v). Once the reaction was completed,
the resultant mixture was allowed to cool, put into water and
filtered and the product was retrieved with ethanol (3x50
mL). The resulting extract was dried under low pressure to
produce a product that was then crystallized from ethanol to
yield analytically pure compounds (4a.1).

Microwave irradiation Method: Montmorillonite K-10
clay (0.50g) was thoroughly mixed with a mixture of
arylthiourea 1 (0.02mol), chloroacetic acid 2 (0.02mol),
aromatic aldehyde 3 (0.02mol) and sodium acetate
(0.002mol) in DMF (20ml) before the solvent was dried out
under low pressure. The samples were placed in a 40 ml vial
and heated in a microwave at 600 W for 2-3 minutes. The
reaction mixture was mixed well outside the microwave
oven for 2 min before being irradiated for an additional 3-
4 minutes. This irradiation-mixing process was continued
for all compounds at the specific times listed in table 1. The
end of the reaction was determined by TLC (Hexane:
MeOH, 6:4 v/v) and the product was separated with ethanol
(3x8 mL). The extract was filtered and the filtrate was
removed under low pressure to obtain the final product. The
final product was recrystallized from ethanol to obtain
analytically pure compounds (4a.1).

1,8-Diaryl-4,8-dihydro-1-acetylpyrazolo[3,4-c] imidazol-
2-thione (5a1): A solution of aryl-5-benzylideno-2-
thioxohydantoin 4.y (0.002 mol), hydrazine hydrate (0.2
mol) and glacial acetic acid (1 mL) was vigorously stirred at
ambient temperature for 3-5 hours. The resulting solid was
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separated and processed with water to yield compounds 5,.1.
Subsequently, they were cleaned and purified by
recrystallization from water-based ethanol.

Results and Discussion

Montmorillonite K-10clay (K-10clay) catalysed the cyclo-
condensation of arylthiourea 1 with chloroacetic acid 2
under free solvent microwave radiation, yielding 3-aryl-2-
thioxoimidazolidin-4-one (Scheme 1). 3-aryl-2-
thioxoimidazolidin-4-one upon Knoevenagel condensation

Res. J. Chem. Environ.

with an aromatic aldehyde in the presence of CH;COONa,
gave 3-aryl-5-benzylideno-2-thiohydanto. Regioselectivity
in the cyclo-condensation of aryl thiourea with chloroacetic
acid was attributed to differences in nucleophilicity between
the -NH; and -NHAr groups.

Additional delocalization of electrons on the aromatic ring
of -NHAr makes it a poor nucleophile and hence, the -NH>
group by nucleophilic substitution of a-halogen of
CICH2COOH resulted in an intermediate that was cyclized
to produce 4.1).

CH,COONa

MW, 5-8 min

NHnNH« H,O
. Qacm] CH,COOH

8 NHAr HO o Montomorillonite K-10 clay S
\/ . g S~
NH,

X
1 2 3

4 (a-1)

HN N—COCH;
Ar
5 (a-])
Scheme 1
Table 1
Physical Data of 3-Aryl-5-benzylideno-2-thioxohydantoin (4a.1)
Compd Ar Ar' Time Yield M.P.
MWI Thermal |MIW (min) | Thermal
(min) (hour) (hour)
4a CsHs CsH3s 5 4 85 35 220
4b CeHs 4-CI-C¢H4 6 5 82 34 235
4c CsHs 4-HO-CsH4 6 3 87 36 145
4d CsHs 4-MeO- CgH4 5 3 90 37 215
4e CsHjs 2-NO»- CeHy 7 5 84 32 250
4f CsHs 3-MeO, 4-HO- C¢H3 5 3 87 34 195
4g 4-Me- CeHs 6 4 82 31 230
CsHy
4h 4-Me- 4-Cl-C¢H4 7 6 83 33 248
CesHy
4i 4-Me- 4-HO- C¢H4 6 4 86 33 180
CsHa
4 4-Me- 4-MeO- CeH4 6 4 87 34 220
CsHy
4k 4-Me- 2-NO;- C¢Hy 5 5 88 33 185
CesHy
41 4-Me- 3-MeO, 4-HO- 5 4 88 35 200
CeHa4 CeH3
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Other mineral supports, viz. silica gel, neutral, or basic
alumina, were far less effective, resulting in either no
reaction (in the case of basic alumina) or relatively very low
yields (15-30%) of 4.y (in the case of silica gel and neutral
alumina). To compare the final temperature, the temperature
was measured by immersing a glass thermometer into the
reaction mixture immediately after MW irradiation and was
found to be <88°C. The reactions were also carried out using
a thermostatic oil bath at the same temperature (88°C) as in
the MW-activated method but for a longer period (Table 1).

It was found that the MW method significantly improved the
yield. MW enhancement of yields and reduction in reaction
time can be rationalized based on the formation of dipolar
activated complex | from uncharged reactants complex II
from uncharged adduct in these reactions and greater
stabilization of the more dipolar activated complex by
dipole-dipole interaction with electric field of the
microwaves as compared to the less dihydro-1-

Res. J. Chem. Environ.

acetylpyrazolo[3,4- c]imidazol-2-thiones (Scheme 1 ) in 75-
88% yields (Table 2).

'H NMR and IR Spectra: Spectral analysis using *H NMR
and IR confirmed the structure of 4, (Table 3). The
formation of compounds 4a-1 confirmed by signals at & 7.2
- 7.4 as multiplets for aromatic protons, 6 4.80 as singlet for
the vinylic proton of the benzylideno group and 6 2.1 - 2.5
as singlet for -NH- proton in *H NMR spectra. Absorption
spectrum bands in the region of 3300-3350 cm for N-H,
3050 cm! for aromatic C-H, 1690 cm-1 for C=0, 1620 cm-
1 for C=C, 1600,1500, 1468 cm-1 for aromatic C-C, 1200
cm-1 for C=S and 1180 cm-1 for C-N stretching in IR
spectra and 1200 cm-1 for C-N stretching in 1H NMR
spectra were suggestive of the synthesis of compounds 4.
Spectral and element investigations also validated the
structure of 54 (Table 4). All the produced compounds'
spectra closely resembled the fused pyrazole moiety's 2-
thioxoimidazolidine ring.

Table 2
Physical Data of and 1,8-Diaryl-4,8-dihydro-1-Acetyl pyrazolo[3,4-c] imidazol-2-thione (5a.1)

Compd. Ar Yield (%) M.P. (°C)
S5a C@Hs C6H5 80 112
5b CsHs 4-Cl-CeHy4 82 122
5¢c C6H5 4-HO-C6H4 84 124
5d C@Hs 4-MeO- C6H4 86 119
Se C6H5 Z-NOQ- C6H4 77 115
5f CeHss 3-MeO, 4-HO-CsH3 90 130
5g 4—M6—C6H4 C(,H5 84 110
Sh 4-Me-CeH4 4-Cl-C¢H4 88 118
5i 4-Me-C¢H4 4-HO- C¢Hy 90 123
5] 4-Me-C¢H4 4-MeO- C¢Hy 91 126
5k 4-Me-C6H4 2-N02- C6H4 87 128
51 4-Me-CeH4 3-MeO, 4-HO-CsH3 90 132

Table 3

Spectral Characterization Data of 3-Aryl-5-benzylideno-2-thioxohydantoin (4a-I)

Compd. Mol. Formula IR (KBr, v cm™) 'H NMR spectroscopy (400 MS (El,
MHz, CDCl3, 8, ppm) m/z (M*)
da C16H12N,0S 3320, 3050, 1690, 1620, 1600, 6 2.1 (s, 1H, -NH-), 4.8 (s, 1H, - 280 (M%)
1500, 1468, 1200 and 1180 C=CHAI), 7.2-7.4 (m, 10 H, Ar-H)
4b C1sHuNOSCI | 3330, 3052, 1695, 1620, 1600, | & 2.4 (s, 1H, -NH-), 5.2 (s, 1H,- | 314.5(M")
1500, 1460, 1210 and 1190 C=CHAr), 7.21-7.51 (m, 9H, Ar-
H)
4c C,H,N, 0,5 | 3320, 3050, 2530, 1685, 522 (s, 1H, -NH-), 4.4 (s,1H, -OH | 296.12(M")
1618,1600, 1502, 1469, exchangeable with D;0), 4.78 (s,
1H, -C=CHAr), 6.9-7.4 (m, 9H, Ar-
H)
4d C17HuN20,S | 3320, 3050, 2530, 1690, 2.3 (s, 1H, -NH-), 3.3 310(M")
1620,1600, 1500, 1468,1200, (s, 3H, -OCHs), 4.82 (s, 1H, -
1180 and 1120 C=CHA), 7.07-7.76
(m, 9H, Ar-H)
4e C,Hi,N; O.S | 3330, 3045, 1690 1625, 1600, § 2.5 (s, 1H, -NH-), 4. 325.13(M")
1504, 1470, 1210 and 1190 2 (s, 1H, -C=CHA),
6.92-7.40 (m, 9H, Ar-H)
https://doi.org/10.25303/294rjce086093 89
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4f C,7;H4N,0O5S 3320, 3050, 3000 cm1, 2520, 8 2.1 (s, 1H, -NH-), 3.3 (s,3H, 326.10(M*)
1690, 1620, 1600, 1500,1468, OCHs), 44 (brs 1H, -OH
1200, 1180 and 1120 exchangeable with D20),4.8 (s,1H,-
C=CHAr), 7.1-7.9 (m, 8H, Ar-H)
49 Ci7H1uN2 0S 3320, 3050, 2960, 1690, 1620, 'H NMR (CDCl3): &1.32 (s, 3H, 294.16(M*)
1600, 1500, 1468, 1200 and -CHj3), 2.1 (s, 1H, -NH-),4.8 (s 1H,
1180 -C=CHA), 7.2-7.4 (m, 9H, Ar-H)
4h C17H13N20OSCI 3330,3052, 2960,1695, 1600, 6 1.31 (s, 3H, -CH3) 2.4 (s, 1H, - 328.10(M*)
1620, 1500,1460, 1210,1190 NH-), 5.2(s, 1H, -C=CH Ar),
7.21-7.51 (m, 8H, Ar-H)
4i C,sHuN, O,S 3320,3050, 2950, 2540, 1685, 61.32 (s, 3H, -CH3),2.2 (s, 1H, - 310.14(M%)
1618, 1600, 1502, 1468, 1200, NH-), 4.4(s,1H, -OH exchangeable
1180 and 1120 with D20),4.78 (s, 1H,-C=CHA),
6.9-7.4 (m, 8H, Ar-H)
4j CigH16N,0,S 3320, 3050, 3000, 2950, 1690, 6 1.31 (s, 3H, -CH3),2.3 (s, 1H, - 324.18(M*)
1620, 1600, 1500, 1468, 1200, NH-), 3.3 (s, 3H, -OCH3) , 4.82 (s,
1180 and 1120 1H, -C=CHAr),7.07-7.76 (m, 8H,
Ar-H)
4k C17H13N303S 1690, 1625, 1600, 1504, 1470, & 1.33 (s, 3H, -CHg), 2.5(s, 1H, - | 339.16(M*)
1210 and 1190 NH-) ,4.2 (s,1H,-C=CHAr) 6.92-
7.40 (m, 8H, Ar-H)
4] C18H16N203S 3320, 3050, 3000, 2960, 6 1.30(s, 3H,-CH3),2.1(s, 1H, - 340.15 (M%)

1120

2520, 1690, 1620, 1600,
1500, 1468, 1200, 1180,

NH-),3.3 (s, 3H, -OCH3), 4.4 (s,1H,
-OH exchangeable with D20), 4. 8
(s, 1H,-C=CHAr),7.1-7.9(m, 7H,
Ar-H)

Table 4

Spectral Characterization Data of 1,8-Diaryl-4,8-dihydro-1- Acetyl pyrazolo[3,4-c] imidazol-2- thione (5a-1)

Compd. | Mol. Formula | IR (KBr, v cm™) 'H NMR (400 MHz, CDCl;, §, ppm) MS (EI,
m/z (M*)
5a CisHeN,OS | 3320,3050,1690, 8 2.0 (d, 1H, J= 2.5 Hz, -NH-), 2.02 (5, 3H,- | 336.10(M")
1640,1600,1500,1468 | COCH3), 3.6 (m, 1H, H-4),5.1 (d, 1H, J= 3.2
, 1200, 1180 Hz, H-8),6.46-7.27 (m, 10 H, Ar-H)
5b CisH1sCINOS | 3330,3050,1690, 5 2.0 (d, 1H, /= 2.5 Hz, -NH-), 2.02 (3, 3H, | 370.5(M")
1640,1600,1500,1468 | -COCH3), 3.6 (m, 1H, H-4), 5.1 (d, 1H, J=3.2
, 1200, 1180 Hz, H-8), 6.46-7.22 (m, 9 H, Ar-H)
5¢ C oH,N,02S | 3320,3050,2900, 52.0 (d, 1H, J=2.5 Hz, -NH-),2.02 (s, | 352.14(M")
2560,1690,1640,1600 3H, -COCH3), 3.6 (m, 1H, H-4), 5.0
,1500,1468, 1200, (brs, 1H, ArOH exchangeable with D20),
1180 5.1 (d, 1H, J= 3.2 Hz, H-8),6.46-7.01 (m, 9 H,
Ar-H)
5d CoH,N,0,S | 3320,3050, 2930, 5 2.0 (d, 1H, J= 2.5 Hz, -NH-), 2.02(s, 3H,- | 366.16(M")
2560,1690,1640,1600 | COCH;3), 3.6 (m, 1H, H-4), 3.73 (s, 3H, -
,1500, OCH3),5.1 (d, 1H, J= 3.2 Hz, H-8), 6.46-7.01
1468, 1200, 1180 (m, 9 H, Ar-H)
Se CH,:N:sO5S | 3320,3050, 1690, 5 2.0 (d, 1H, /= 2.5 HzNH-), 2.02 (s, 381(MY)
1640, 1600, 1500, 3H, -COCH3), 3.6 (m, 1H, H-4),5.1 (d, 1H, J=
1468, 1200, 1180 3.2 Hz, H-8),
6.46-8.14 (m, 9 H, Ar-H)
5f CoH N,0:S | 3320,3050,2930, 5 2.0 (4, IH, /= 2.5 HzNH-), 2.02 (s, | 381.15(M")
2560, 1690, 1640, 3H, -COCH3), 3.6 (m, 1H, H-4),3.73 (s, 3H,
1600, 1500, 1468, -OCHj3), 5.0 (brs, 1H, ArOH exchangeable
1200, 1180, 1120 with D,0), 5.1 (d, 1H, J= 3.2 Hz, H-8),
6.46-7.01 (m, 8H, Ar-H)
5g CHsN,OS | 3320, 3050,2930, | 2.0 (d, 1H, /= 2.5 Hz,-NH-), 2.02 (s, | 250.10(M")
1690, 1640, 1600, 3H,-COCH3), 2.35 (s, 3H, -CH3),3.6 (m,
https://doi.org/10.25303/294rjce086093 90
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1500, 1468, 1200, 1H, H-4), 5.1 (d, 1H, J= 3.2 Hz, H-8), 6.46-
1180 7.21 (m, 9H, Ar-H)
5h Ci19oH17CIN4OS | 3320, 3050, 2940, 6 2.0 (d, 1H, J= 2.5 Hz, - NH-),2.02(s,3H,- 384.5(M")
1690, 1640, 1600, COCH3), 2.35 (s, 3H, -CH3),3.6 (m, 1H,
1500, 1468, 1200, H-4), 5.1(d, 1H, J= 3.2 Hz, H-8), 6.46-7.21
1180 (m, 9H, Ar-H)
5i C,oH gN,O0,S | 3320, 3050, 2940, 5 2.0 (d, 1H, J= 2.5 Hz,-NH-),2.02(s, 3H, - | 366.14(M")
2900, 2560, 1690, COCH3), 2.35 (s, 3H, -CH3),3.6 (m, 1H, H-4),
1640, 1600, 5.0 (brs, 1H, ArOH exchangeable with D,0),5.1
1500, 1468, 1200, (d, 1H, J= 3.2 Hz, H-8),6.46-7.01(m, 8H,
1180 Ar-H).
5j C,0H,0N,O,S | 3320, 3050, 2930, 6 20 (d, 1H, J= 2.5 Hz-NH-), | 380.16(M")
2900, 1690,1640, 2.02(s,3H,COCH3), 2.35 (s, 3H, -CH3),3.6 (m,
1600,1500, 1468, 1H, H-4), 3.73(s, 3H, -OCH3), 5.1 (d, 1H,J=
1200, 1180, 1120 3.2 Hz, H-8), 6.46-7.01(m, 8H, Ar-H).
5k C,oH;;N;O,S | 3320, 3050, 2930, 6 2.0 (d, 1H, J= 2.5 Hz, -NH-), 2.02 (s, 395(M")
1690, 1640, 1500, 3H, -COCH3), 2.35 (s, 3H, - CH3),3.6 (m,
1468, 1200, 1180 1H, H-4), 3.73 (s, 3H,-OCH3), 5.1 (d, 1H, J=
3.2 Hz, H-8), 6.46-8.14(m, 8H, Ar-H).
51 C,0H,oN,O5S | 3320, 3050, 2930, 6 2.0 (d, 1H, J= 2.5 Hz, -NH-),2.02 (s, 395.15(M%)
2900, 2560, 1690, 3H, -COCH3), 2.35 (s, 3H, - CH3),3.6 (m, 1H,
1640, 1600, 1500, H-4), 3.73 (s, 3H, -OCH3), 5.0 (brs, 1H, ArOH
1468, 1200, 1180, exchangeable with D,0) 5.1 (d, 1H, J=
1120 3.2Hz, H-8), 6.46-7.14(m, 7H, Ar-H)

In IH NMR, there are multiplets at & 6.46-8.14 due to
aromatic protons, singlets at 6 2.02 for -COCH3 protons,
doublets at & 3.60-3.65 with J=3.2 Hz and at § 5.1-5.6 with
J= 3.2 Hz owing to H-4 and H-8 respectively. The nucleus
of pyrazoloimidazol-2-thione was visible in the spectra of
Sa-l.

In the IR spectra, there are doublets at & 2.0 for -NH- with
J=2.5 Hz, singlets at § 2.00-2.08 for -COCH3, multiplets at
4 3.63 and doublets at 6 4.96 with J=4.2 Hz due to anomeric
proton (C=S). In IR spectra, doublet at § 2.0 for —-NH- with
J=2.5 Hz, singlet at 5 2.00-2.08 for -COCH3, multiplet at &
3.63 for H-4 and doublet at 6 5.1-5.6 with J= 3.2 Hz for H-8
and multiplet atd 6.90-7.80 for aromatic protons supported
the formation of 5,1 Spectra of all the synthesized
compounds showed close similaritywith the spectral pattern
of fused pyrazolemoiety with 2-thioxoimidazolidine ring.

Singlet at & 2.02 for -COCHjsprotons, doublets at & 3.60-
3.65 with J= 3.2 Hz and at § 5.1-5.6 with J= 3.2Hz were
due to H-4 and H-8 respectively and multiplets at & 6.46-
8.14 were due to aromatic protons in 'H NMR spectra of
synthesized compound. 3C NMR spectral analysis in the
region 6 108-165 for aromatic carbons and atd 165-175 for
C=S and C=O carbons supported that all synthesized
compounds are of pyrazolo-imidazolidin-2-thione skeleton.
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