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A new series derived from 4-(2-chloroacetyl)-1,2-dihydro-2,3-dimethyl-1-phenylpyrazol-5-one was syn-
thesized and characterized, and its pharmacological activity toward α-glucosidase and α-amylase enzyme in-
hibition was screened. Moreover, molecular docking studies were conducted to support the findings.
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INTRODUCTION

Diverse pharmacological activities have been associated
with pyrazole derivatives, which include several
applications in the field of medicinal chemistry and
pharmaceuticals. They have potent antitumor [1–3], anti-
bacterial [4], and antifungal [5] activities. In addition,
thiophene derivatives possess antimicrobial [6], anti-
inflammatory, analgesic [7], anti-hypertensive [8],
diabetes mellitus [9], gonadotropin-releasing hormone
antagonists [10], anti-protozoal [11], anti-inflammatory
[12], antitumor [13], anti-allergic [14], and antifungal
[15] activities, templates for serine protease inhibition
[16], and alternate substrate inhibitors of cholesterol
esterase [17]. Moreover, furan derivatives act as anti-
inflammatory [18], anti-tuberculosis [19,20], antitumor
[21], antimicrobial, and antifungal [22] agents.
The strategy of medicinal chemists in their research is to

discover new chemical entities, which maximally resemble
existing drugs with respect to key physicochemical and
biological properties, with the knowledge that the quest
for “drug-like” properties may indeed help achieve good

pharmacokinetic and pharmacodynamic properties. Such
drug-like properties include lipophilicity, polarity, size,
and solubility, plus some biological properties such as no
or low inhibition of cytochromes P450, no QT
prolongation, metabolic stability, and absence of
toxicophoric groups.
Therefore, these considerable biological and

pharmacological activities attracted a great deal of our
attention to synthesize new heterocyclic systems
containing a pyrazolone moiety. For this purpose, we
performed a series of reactions using 4-(2-chloroacetyl)-
1,2-dihydro-2,3-dimethyl-1-phenylpyrazol-5-one (1) as a
precursor for the versatile functionalized 1-[4-(1,2-
dihydro-1,5-dimethyl-2-phenyl-3-oxo-3H-pyrazol-4-yl)-2-
phenyl sulfonyl-1-ethanone (2), which is useful for the
fulfillment of our objective via its reactions with a variety
of reagents. The products were elucidated on the basis of
elemental analysis, spectral data, and alternative
synthesis. In continuation of our interest in the synthesis
of a variety of heterocyclic systems containing azoles,
thiophene, and furane-based heterocycles moiety from
readily obtainable inexpensive starting materials, we
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reported in this study a useful route toward azoles,
hiophene, and furane-based heterocycles via reaction of
4-(2-chloroacetyl)-1,2-dihydro-2,3-dimethyl-1-phenylpyrazol-
5-one (1). Further, the newly synthesized compounds were
evaluated for their α-glucosidase and α-amylase inhibitory
activity. Additionally, the drug-like properties and
molecular docking study of the synthesized compounds
were evaluated.

RESULTS AND DISCUSSION

Reaction of 4-(2-chloroacetyl)-1,2-dihydro-2,3-dimethyl-
1-phenylpyrazol-5-one (1) with sodium benzene sulfinate,
in refluxing ethanol, afforded the corresponding 1-[4-
(1,2-dihydro-1,5-dimethyl-2-phenyl-3-oxo-3H-pyrazol-
4-yl)-2-phenyl sulfonyl-1-ethanone (2). The structure
of the latter product was supported by its elemental
analysis and spectral data. For example, its IR
spectrum revealed two absorption bands at 1651 and
1641 cm�1 due to two carbonyl groups, and its mass
spectrum showed a peak at m/z 370 corresponding to
its molecular ion, whereas its 1H NMR spectrum
exhibited a singlet signal at 5.1 ppm due to
methylene protons.
Treatment of the compound 2 with diazotized p-

toluidine in ethanolic sodium acetate solution at 0–5°C
afforded the corresponding arylazo form 3 that exists in
equilibrium state with its arylhydrazone derivative 4.
Both elemental analysis and spectral data of the isolated
product were compatible with the assigned structure. For
example, its IR spectrum showed a hydrazone NH
stretching absorption band at 3427 cm�1 and two
absorption bands at 1672 and 1662 cm�1 due to two
carbonyl groups. Its 1H NMR spectrum revealed three
singlet signals at 2.2, 2.66, and 3.28 ppm due to three
methyl protons in addition to a singlet signal at 10.4 ppm
assigned to NH proton.
Fusion of compound 4 with ethyl cyanoacetate led to the

formation of pyridazinone derivative 5 via intramolecular
cyclization reaction (Fig. 1). The structure of the latter
product was confirmed on the basis of its elemental
analysis and spectral data, which were compatible with
the assigned structure where the absence of a band in the
region 3427–3456 due to NH and the appearance of a
band at 2206 cm�1due to nitrile group in its IR spectrum.
Treatment of ketosulfone 2 with 2-oxo-N-phenyl

propane hydrazonyl chloride or chloro(4-
bromophenylhydrazono) ethyl acetate afforded the
corresponding pyrazole derivatives 9c,d via the non-
isolable intermediates 7 and 8 (Fig. 2). The structures of
the formed products were supported on the basis of their
elemental analyses and spectral data, which were
compatible with the proposed structures.

The isolable intermediate 1,4-dicarbonyl derivative 10
was obtained via treatment of ketosulfone 2 with
phenacyl bromide in refluxing ethanol and in the

Figure 1. Synthesis of 4-cyano-6-benzenesulfonyl-5-[4-(1,2-dihydro-
1,5-dimethyl-2-phenyl-3-oxo-3H-pyrazol-4-yl)]pyridazin-3-one (5).

Figure 2. Synthesis of 1-phenyl-3-acetyl or1-(4-bromophenyl)-3-
ethylcarboxylate-4-phenylsulphonyl-5-[4-(1,2-dihydro-1,5-dimethyl-3-
oxo-3H-pyrazol-4-yl]pyrazole (9c,d).
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presence of a catalytic amount of triethylamine or in
sodium ethoxide solution (Fig. 3). The structure of the
latter product was identified according to their elemental
analysis and spectral data. For example, the IR spectrum
of the isolated product showed three carbonyl absorption
bands at v 1710, 1651, and 1641. Its 1H NMR revealed
two singlet signals at 2.53 and 3.2 ppm due to two
methyl protons in addition to a doublet signal at 3.6 ppm
and triplet signal at 4.2 ppm due to methylene and
methine protons, respectively. Its mass spectrum showed
a molecular ion peak at m/z 488. Boiling of the
compound 10 in pyridine afforded the corresponding
furan derivative 12 whose structure was compatible with
elemental analysis and spectral data (Fig. 3).

Aminothiophene derivative 15 was obtained via
treatment of ketosulfone 2 with malononitrile and sulfur
in refluxing ethanol and in the presence of catalytic
amount of piperidine via the non-isolable intermediates
13 and 14 (Fig. 4). The structure of the latter isolated
product was established on the basis of its elemental
analysis and spectral data. For example, its IR spectrum
revealed two absorption bands at 3549 and 3464 cm�1

due to NH2 group, respectively, and a strong absorption
band at 2150 cm�1 assigned to nitrile function in addition
to carbonyl absorption band at 1643 cm�1. Its 1H NMR
revealed two singlet signals at 2.5 and 3.29 ppm due to
two methyl protons, respectively, as well as a singlet
signal assigned to NH2 protons (D2O-exchangeable), in

Figure 3. Synthesis of 2-[4-(1,2-dihydro-1,5-dimethyl-3-oxo-3H-pyrazol-4-yl]-3-phenyl-sulfonyl-5-phenylfuran (12).

Figure 4. Synthesis of 2-amino-3-cyano-4-[4-(1,2-dihydro-1,5-dimethyl-2-phenyl-3-oxo-3H-pyrazol-4-yl)]-5-phenylsulfonyl thiophene (15).
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addition to its mass spectrum that exhibited a peak at m/z
450 corresponding to its molecular ion.
Treatment of compound 2 with phenyl isothiocyanate in

dimethyl formamide in the presence of potassium
hydroxide at room temperature afforded the
corresponding potassium salt 16, which was converted
into 2-phenylsulfonyl-2-carboxamido-N-[4-(1,2-dihydro-
1,5-dimethyl-2-pheyl-3-oxo-3H-pyrazol-4-yl)thiazol-2-yl]
thioacetanilide (17) upon treatment with dilute
hydrochloric acid (Fig. 5). The structure of the latter
product was confirmed on the basis of its elemental
analysis and spectral data. For example, its IR spectrum
showed an absorption band at 3456 cm�1 due to NH
group and two absorption bands at 1665 and 1650 cm�1

assigned to two carbonyl groups, respectively. Its 1H
NMR spectrum revealed two singlet signals at δ 2.6 and
3.28 ppm assigned to two methyl protons, also two
singlet signals at 6.9 and 11.4 characteristic to SH and
NH protons, respectively, in addition to its mass
spectrum that exhibited a peak at m/z 555 corresponding
to its molecular ion.
The thioanilide derivative 17 reacted with phenacyl

bromide and 2-bromoacetyl thiophene, in the presence of
a catalytic amount of triethylamine to give the
corresponding phenylaminothiophene derivatives 21a,b
(Fig. 5). The structures of the isolated products were
established according to their elemental analyses and
spectral data, which were compatible with the assigned
structures.

Compound 17 underwent cyclocondensation reaction
with ethylchloroacetate in refluxing ethanol in the
presence of catalytic amount of piperidine to afford the
corresponding thiazolidinone derivative 22. The structure
of the isolated product was established on the basis of its
elemental analysis and spectral data. Also, compound 22
was alternatively obtained from the reaction of the
compound 17 with chloroacetonitrile under the same
conditions. Therefore, the other possible products were
completely excluded on the basis of elemental analysis,
spectral data, and chemical transformation (Fig. 8), where
the structure of compound 22 was supported via
alternative chemical synthesis from cyclocondensation
reaction of chloroacetonitrile with compound 17 (Fig. 6).
In a similar manner, compound 17 reacts with

chloroacetone to afford the corresponding methyl thiazole
derivative 26 on the basis of elemental analysis and spectral
data. For example, its IR spectrum revealed two carbonyl
absorption bands at 1659 and 1640 cm�1, respectively.
Also, its 1H NMR revealed three singlet signals at 2.64, 3.2,
and 3.8 ppm due to three methyl protons and singlet signal
at 6.3 ppm due to thiazole ring proton. Both spectral data
and alternative chemical synthesis excluded the other
possible isomeric structure 25 (Fig. 7).
Drug-like properties were calculated, and the results

were summarized in Table 4. Data obtained revealed that
compound 2 obeyed Lipinski’s rule five. The concept of
drug ability emerged as a way of describing members of
the expressed proteome that can bind high-affinity

Figure 5. 2-Benzoyl or 2-(thieno-4-ylcarbonyl)-3-[4-(1,2-dihydro-1,5-dimethyl-2-phenyl-3-oxo-3H-pyrazol-4-yl)-4-phenylsulphonyl-5-phenylaminothiophene
(21a,b).
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ligands with drug-like properties and whose activity is
modulated by such ligands [23,24].
The crystallographic structure of α-glucosidase of

Saccharomyces cerevisiae is not available up-to yet.
Docking of compounds 2, 3, and 5 on the active site of
α-glucosidase enzyme showed many interactions with
binding energies revealing good affinity [25–29] of the
compounds (Table 5 and Figs 8a–c, 9a–c, and 10a–c).

EXPERIMENTAL

Synthesis. All melting points were measured on a
Gallenkamp melting point apparatus (Gemini BV,
Netherlands). The IR spectra were recorded in potassium
bromide disks on a Pye Unicam SP 3300 (Cambridge
Instrument Co., UK) and Shimadzu FT IR 8101 PC
(Shimadzu Corp., Kyoto, Japan) infrared spectrophotometers.
The NMR spectra were recorded on a Varian Mercury VX-
300 NMR spectrometer (Varian Medical Systems, Palo Alto,
CA). 1H (300 MHz) and 13C NMR (75.46 MHz) were run in
deuterated chloroform (CDCl3) or dimethyl sulfoxide
(DMSO-d6). Chemical shifts were related to that of the

solvent. Mass spectra were recorded on a Shimadzu
GCMS-QP 1000 EX mass spectrometer (Shimadzu Corp.)
at 70 eV. Elemental analyses were carried out at the Microan-
alytical Center, Cairo University, Giza, Egypt.

1-[4-(1,2-Dihydro-1,5-dimethyl-2-phenyl-3-oxo-3H-pyrazol-
4-yl)]-2-(phenylsulfonyl) ethanone (2) A mixture of 4-(2-
chloroacetyl)-1,2-dihydro-2,3-dimethyl-1-phenylpyrazol-
5-one (1) (2.645 g, 10 mmol) and sodium benzene sulfonate
(1.64 g, 10 mmol) in absolute ethanol (20 mL) was refluxed
for 1 h and then cooled. The solid product so formed was
collected by filtration, washed with water, and dried.
Recrystallization from ethanol afforded 70% yield of 2,
mp: 215–6°C; IR (KBr) ν 1651, 1641 (2C¼O), 593
(C¼N) cm�1. 1H NMR (DMSO) δ; 2.53 (s,3H), 3.2
(s,3H), 5.1 (s,2H), 7.3–7.87 (m, 10H) ppm. 13C NMR
(DMSO-d6) δ (ppm) = 14.8, 34.4 (2CH3), 62.3 (CH2),
106.5, 117.8, 122.5, 125.9, 128.3, 129.7, 130.7, 133.7,
142.5, 153.2 (Ar-C), 164.8, 192.3 (2C¼O). MS, m/z: 371,
370 (M+), 215, 187, 77, 56. For C19H18N2SO4 (370.43)
Anal. Calcd: C: 61.61; H: 4.90; N: 7.56; S: 8.66%. Found:
C: 61.77; H: 5.06; N: 7.66; S: 8.77%.

2-(4-Methylphenyl)hydrazono-1-[4-(1,2-dihydro-1,5-
dimethyl-2-phenyl-3-oxo-3H-pyrazol-4-yl]-2-phenylsulfonyl-1-
ethanone (3) To a stirred solution of the1-[4-(1,2-
dihydro-1,5-dimethyl-2-phenyl-3-oxo-3H-pyrazol-4-yl)]-
2-(phenylsulfonyl) ethanone (2) (3.70 g, 10 mmol) in
ethanol (20 mL), sodium acetate trihydrate (2 g) was
added. The mixture was cooled at 0°C and treated with a
cold solution of the p-methylbenzene diazonium chloride
(1.54 g, 10 mmol) [prepared by diazotization of p-toluidine
in 6-M hydrochloric acid (6 mL) with a solution of sodium
nitrite (0.7 g, 10 mmol) in water (5 mL)] with stirring over
a period of 30 min. The reaction mixture was stirred for
further 4 h, and the precipitated product was collected by
filtration, washed with water, and dried. Recrystallization
from acetic acid afforded compound 3 in 80% yield, mp:
252–4°C; IR (KBr) ν 3427 (NH), 1672, 1662 (2C¼O),
1549 (C¼N) cm�1. 1H NMR (DMSO) δ 2.2 (s,3H), 2.53
(s,3H), 3.2 (s,3H), 6.93–7.93 (m, 14H, ArH), 10.4 (s, 1H,
NH, D2O-exchangeable) ppm. For C26H24N4SO4 (488.57)
Anal. Calcd: C: 63.92; H: 4.95; N: 11.47; S: 6.56%. Found:
C: 63.99; H: 4.90; N: 11.80; S: 6.66%.

4-Cyano-6-benzenesulfonyl-5-[4-(1,2-dihydro-1,5-dimethyl-
2-phenyl-3-oxo-3H-pyrazol-4-yl)]pyridazin-3-one (5)
Method A. To a mixture of compound 3 (4.88 g,
10 mmol) and ethylcyanoacetate (1.13 g, 10 mmol) in
ethanol, a few drops of piperidine, as a catalyst, were
added. The mixture was refluxed for 2–3 h and then
allowed to cool. The solid product was filtered off,
washed with ethanol, and dried. Recrystallization from
dioxane afforded 4-cyano-6-benzenesulfonyl-5-[4-(1,2-
dihydro-1,5-dimethyl-2-phenyl-3-oxo-3H-pyrazol-4-yl)]
pyridazin-3-one derivative 5 in 80% yield, mp: 262–4°C;
IR (KBr) ν 2206 (CN), 1659, 1620 (2C¼O) cm�1. 1H
NMR (DMSO) δ; 2.34 (s, 3H), 2.53 (s, 3H), 3.2 (s, 3H),

Figure 6. Synthesis of 2-(2-(1,5-dimethyl-3-oxo-2-phenyl-2,3-dihydro-
1H-pyrazol-4-yl)-2-oxo-1-(phenylsulfonyl)ethylidene)-3-phenylthiazolidin-
4-one (22).
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7.3–7.87 (m, 14H, ArH) ppm. MS, m/z: 537.15 (90.0%),
538.15 (32.6%). For C29H23N5O4S (537.15) Anal. Calcd:
C: 64.79; H: 4.31; N: 13.03; S: 5.96%. Found: C:64.79;
H:4.33; N:13.06; S:6.00%.

Method B. In a 250 mL, three-necked round-bottomed
flasks, fitted with air condenser and thermometer, 2.26 g
of ethyl cyanoacetate (20 mmol) was placed. The flask
was immersed in an oil bath heated to 145–150°C, and
then, 4.88 g of compound 3 was added portion-wise over
a period of 30 min; heating was continued for an
additional 1 h. The reaction flask was removed from the
oil bath, left to cool, and triturated with water. The solid
product was filtered off, washed with water several times,
and dried. Recrystallization from ethanol afforded the
corresponding product, which is identical in all respects
(mp, mixed mp, and spectra) with compound prepared by
method A described previously.

Reaction of ketosulfone 2 with hydrazonyl halide. To
a stirred solution of compound 2 (3.7 g, 10 mmol) in
sodium ethoxide, 2-oxo-N-(4-phenyl) propane hydrazonyl
chloride and chloro-(4-bromophenyl hydrazono) ethyl
acetate (10 mmol) were added. Stirring was continued for
6 h and then diluted with water. The solid product was
filtered off, washed with water, and dried.

Recrystallization from dimethylformamide (DMF)
afforded the corresponding products 9c,d. The compounds
synthesized with their physical data are listed below.

1-Phenyl-3-acetyl-4-phenylsulphonyl-5-[4-(1,2-dihydro-1,5-
dimethyl-3-oxo-3H-pyrazol-4-yl] pyrazole (9c) % yield, mp:
235–5°C; IR (KBr) ν 1728, 1643 (2C¼O) cm�1. 1H
NMR (DMSO) δ 1.1 (t, 3H), 2.4 (q, 2H), 2.5 (s, 3H), 3.3
(s, 3H), 7.3–7.9 (m, 14H) ppm. MS, m/z: 512.15
(100.0%), 513.16 (30.7%), 514.16 (5.4%). 13C NMR
(DMSO-d6) δ (ppm) = 14.8, 27.4, 34.4 (3CH3), 106.5,
107.9, 117.8, 122.5, 123.3, 125.9, 126.6, 128.3, 129.7,
130.7, 133.7, 139.7, 141.6, 142.5, 146.8, 153.2, 154.5
(Ar-C), 164.8, 195.3 (2C¼O). For C28H24N4SO4

(512.59) Anal. Calcd: C: 65.61; H: 4.72; N: 10.93; S:
6.26%. Found: C: 65.66; H: 4.65; N: 11.05; S: 6.30%.

1-(4-Bromophenyl)-3-ethylcarboxylate-4-phenylsulphonyl-5-
[4-(1,2-dihydro-1,5-dimethyl-3-oxo-3H-pyrazol-4-yl] pyrazole
(9d) mp: 225–6°C; IR (KBr) ν 1643, 1612 (2C¼O)
cm�1. MS, m/z: 512 (M+), 513, 514, 215, 187, 77, 56.
1H NMR (DMSO) δ 2.52 (s, 3H), 3.3 (s, 3H), 5.1 (s,
3H), 7.3–7.9 (m, 15H). MS, m/z: 622.07 (100.0%),
620.07 (97.8%), 623.07 (33.5%), 621.08 (31.1%),
622.08 (6.0%) ppm. For C29H25N4SO5Br: (620.07)
Anal. Calcd: C, 56.04; H, 4.05; Br, 12.86; N, 9.01; S,
5.16%. Found: C, 56.03; H, 4.07; Br, 12.86; N, 9.01;
S, 5.16%.

Figure 7. Synthesis of 1,5-dimethyl-4-(2-(4-methyl-3-phenylthiazol-2(3H)-ylidene)-2-(phenylsulfonyl)acetyl)-2-phenyl-1H-pyrazol-3(2H)-one (26).
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Figure 8. (a) Two-dimensional representation showing interactions between α-glucosidase enzyme and compound 2; (b) three-dimensional representation
showing interactions between α-glucosidase enzyme and compound 2; and (c) three-dimensional representation showing compound 2 on the active site of
α-glucosidase enzyme. [Color figure can be viewed at wileyonlinelibrary.com]
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Figure 9. (a) Two-dimensional representation showing interactions between α-glucosidase enzyme and compound 3; (b) three-dimensional representation
showing interactions between α-glucosidase enzyme and compound 3; and (c) three-dimensional representation showing compound 3 on the active site of
α-glucosidase enzyme. [Color figure can be viewed at wileyonlinelibrary.com]
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Figure 10. (a) Two-dimensional representation showing interactions between α-glucosidase enzyme and compound 5; (b) three-dimensional representa-
tion showing interactions between α-glucosidase enzyme and compound 5; and (c) three-dimensional representation showing compound 5 on the active
site of α-glucosidase enzyme. [Color figure can be viewed at wileyonlinelibrary.com]
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1-[4-(1,2-Dihydro-1,5-dimethyl-2-phenyl-3-oxo-3H-pyrazol-
4-yl]-2-phenyl sulfonyl-4-phenylbutan-1,4-dione (10) To a
stirred solution of ketosulfone 2 (3.7 g, 10 mmol) in sodium
ethoxide, phenacyl bromide (2.0 g, 10 mmol) was added.
Stirring was continued for 12 h and then diluted with water.
The solid product so formed was filtered off, washed with
water, dried, and finally recrystallized from DMF/ethanol to
afford the corresponding butan-1,4-dione derivative in 80%
yield, mp 266–8°C; IR (KBr) ν 1710, 1651, 1641 (3C¼O).
1H NMR (DMSO) δ: 2.53 (s, 3H), 3.2 (s, 3H), 3.6 (d, 2H),
4.2 (t, 1H), 7.3–7.87 (m, 15H) ppm. MS, m/z: 488 (90.0%),
489 (30.9%), For C27H24N2O5S (488.14) Anal. Calcd: C,
66.38; H, 4.95; N, 5.73; S, 6.56%. Found: C, 66.37; H,
4.95; N, 5.73; S, 6.573%.

2-[4-(1,2-Dihydro-1,5-dimethyl-3-oxo-3H-pyrazol-4-yl]-3-
phenyl-sulfonyl-5-phenylfuran (12) To a stirred solution of
2 (3.7 g, 10 mmol) in sodium ethoxide, phenacyl bromide
(2.0 g, 10 mmol) was added. Stirring continued for 6 h and
then diluted with water. The solid products were filtered
off, washed with water, and dried. Recrystallization from
DMF/water afforded the corresponding products 12 in 60–
70% yield, mp: 223–5°C; IR (KBr) ν 1639 (C¼O), 1593
(C¼N) cm�1. 1H NMR (DMSO) δ: 2.53 (s, 3H), 3.2 (s,
3H), 8.02 (s, 1H, furan-3-CH), 7.3–8.07 (m, 15H, ArH)
ppm. MS, m/z: 470, 469, 215, 188, 96, 56. For
C27H22N2SO4 (470.55) Anal. Calcd C: 68.92; H: 4.71; N:
5.95; S: 6.81%. Found: C: 68.99; H: 4.88; N: 5.60; S: 6.99%.

2-Amino-3-cyano-4-[4-(1,2-dihydro-1,5-dimethyl-2-phenyl-
3-oxo-3H-pyrazol-4-yl)]-5-phenylsulfonyl thiophene (15) To
a solution of 2 (3.70 g, 10 mmol) in ethanol (30 mL),
malononitrile (0.66 g, 10 mmol) and sulfur (0.32 g,
10 mmol), in the presence of a catalytic amount of
piperidine, were added. The reaction mixture was
refluxed for 4 h and then cooled. The formed precipitate
was collected by filtration, washed with ethanol, dried,
and finally recrystallized from DMF/ethanol to afford 15
in % yield, mp: 222–4°C; IR (KBr) ν 3549,3464 (NH2),
2150 (CN), 1643 (C¼O) cm�1. 1H NMR (DMSO) δ 2.5
(s, 3H), 3.29 (s, 3H), 5.13 (s, NH2 D2O-exchangeable),
7.3–7.9 (m, 10H) ppm. MS, m/z: 450.08 (100.0%),
451.09 (24.1%), 452.08 (9.8%), 452.09 (3.4%), 451.08
(3.1%), 453.08 (2.3%). For C22H18N4S2O3 (450.54) Anal.
Calcd: C: 58.65; H: 4.03; N: 12.44; S: 14.23%. Found:
C: 58.55; H: 4.05; N: 12.33; S: 14.26%.

2-Phenylsulphonyl-2-carboxamido-N-[4-(1,2-dihydro-1,5-
dimethyl-2-phenyl-3-oxo-3H-pyrazol-4-yl)thiazol-2-yl]
thioacetanilide (17) To a stirred solution of potassium
hydroxide (0.11 g, 2 mmol) in DMF (20 mL), 1-[4-(1,2-
dihydro-1,5-dimethyl-2-phenyl-3-oxo-3H-pyrazol-2-yl)]-
2-phenylsulfonylethanone 2 was added to a stirred solution
of potassium hydroxide (0.11 g, 2 mmol) in DMF (20 mL).
After stirring for 30 min, phenyl isothiocyanate (0.27 g,
2 mmol) was added to the resulting mixture. Stirring was
continued for 6 h and then pour over crushed ice containing
hydrochloric acid. The solid product so formed was filtered

off, washed with water, and dried, and finally,
recrystallization from DMF/water afforded 55 in 70% yield,
mp: 180–2°C; IR (KBr) ν 3456 (NH), 1665, 1650 (2C¼O)
cm�1. 1H NMR (DMSO) δ 2.6 (s, 3H), 3.28 (s, 3H), 6.9 (s,
1H), 7.4–7.9 (m, 15H), 11.4 (s, 1H) ppm. MS, m/z:
505(M+), 504, 503, 215, 187, 77, 56. For C26H23N3S2O4

(505.62) Anal. Calcd: C: 61.76; H: 4.59; N: 8.31; S:
12.68%. Found: C: 61.88; H: 4.49; N: 8.35; S: 12.68%.

Reaction of compound 17 with α-haloketones To a
mixture of compound 17 (5.05 g, 10 mmol) and 1-
phenyl-2-bromoethanone or 2-bromoacetylthiophene
(10 mmol) in absolute ethanol (20 mL), an equivalent
amount of triethylamine was added. The mixture was
refluxed for 2–3 h and then cooled. The solid product so
formed was collected by filtration, washed with ethanol,
and dried. Recrystallization from ethanol afforded 21a,b
in 70–75% yield. The compounds synthesized with their
physical and spectral data are listed below.

2-Benzoyl-3-[4-(1,2-dihydro-1,5-dimethyl-2-phenyl-3-oxo-
3H-pyrazol-4-yl)-4-phenylsulphonyl-5-phenylaminothiophene
(21a) Yield: 70%, mp: 232–3°C; IR (KBr) ν 3418 (NH),
1659, 1630 (2C¼O) cm�1. 1H NMR (DMSO) δ 2.4(q,
2H), 2.7 (s, 3H), 3.2 (s, 3H), 6.9–8.5 (m, 15H), 10.4 (s, 1H,
NH, D2O-exchangeable) ppm. MS, m/z: 543.13 (60.0%),
544.13 (34.5%), 545.12 (9.0%). For C29H25N3O4S2
(543.13) Anal. Calcd: C, 64.07; H, 4.64; N, 7.73; S,
11.80%. Found: C, 64.0; H, 4.65; N, 7.71; S, 11.82%.

2-(Thieno-4-ylcarbonyl)-3-[4-(1,2-dihydro-1,5-dimethyl-2-
phenyl-3-oxo-3H-pyrazol-4-yl)]-4-phenylsulphonyl-5-
phenylaminothiophene (21b) Yield 80%, mp: 222–3°C; IR
(KBr) ν 3418 (NH), 1659, 1640(2C¼O), 1597 (C¼N)
cm�1. 1H NMR (DMSO) δ 2.64 (s, 3H), 3.2 (s, 3H), 7.3–
7.89 (m, 18H), 10.4 (s, 1H, NH, D2O-exchangeable)
ppm. MS, m/z: 611.10 (70.0%), 612.10 (38.3%). For
C32H25N3O4S3 (611.10) Anal. Calcd: C, 62.83; H, 4.12;
N, 6.87; S, 15.72%. Found: C, 62.85; H, 4.13; N, 6.87;
S, 15.74%.

2-(2-(1,5-Dimethyl-3-oxo-2-phenyl-2,3-dihydro-1H-pyrazol-
4-yl)-2-oxo-1-(phenylsulfonyl)ethylidene)-3-phenylthiazolidin-
4-one (22)
Method A. To a mixture of compound 17 (5.05 g,
10 mmol) and ethylchloroacetate (1.22 g, 10 mmol) in
absolute ethanol (20 mL), an equivalent amount of
piperidine was added. The mixture was refluxed for 2–
3 h and then cooled. The solid product so formed was
collected by filteration, washed with ethanol, and dried.
Recrystallization from ethanol afforded the corresponding
thiazolidinone derivative 22 in 75% yields; mp: 236–8°C;
IR (KBr) ν 1668, 1659, 1640 (3C¼O), 1599 (C¼N)
cm�1. 1H NMR (DMSO) δ 2.64 (s, 3H), 3.2 (s, 3H), 3.8
(s, 3H), 4.3 (s, CH2), 7.31–7.93 (m, 10H) ppm. MS, m/z:
545.11 (100.0%), 546.11 (32.3%), 547.10 (9.1%). For
C28H23N3O5S2 (545.11) Anal. Calcd: C, 61.64; H, 4.25;
N, 7.70; S, 11.75%. Found: C, 61.65; H, 4.23; N, 7.22;
S, 11.71%.
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Method B. To a mixture of compound 17 (5.05 g,
10 mmol) and chloroacetonitrile (1.22 g, 10 mmol) in
absolute ethanol (20 mL), an equivalent amount of
piperidine was added. The mixture was refluxed for 4 h
and then cooled. The solid product so formed was
collected by filtration, washed with ethanol, and dried.
Recrystallization from DMF afforded the corresponding
product, which is identical in all respects (mp, mixed mp,
and spectra) with compound prepared by method A
described previously.

1,5-Dimethyl-4-(2-(4-methyl-3-phenylthiazol-2(3H)-ylidene)-
2-(phenylsulfonyl)acetyl)-2-phenyl-1H-pyrazol-3(2H)-one
(26) To a mixture of compound 17 (5.05 g, 10 mmol)
and chloroacetone (0.92 g, 10 mmol) in absolute ethanol
(20 ml), an equivalent amount of triethylamine was
added. The mixture was refluxed for 2–3 h and then
cooled. The solid product so formed was collected by
filtration, washed with ethanol, and dried.
Recrystallization from ethanol afforded thiazole
derivative 26 in 75% yield. mp: 266–8°C; IR (KBr) ν
1659, 1640 (2C¼O), 1599 (C¼N) cm�1. 1H NMR
(DMSO) δ 2.64 (s, 3H), 3.2 (s, 3H), 3.8 (s, 3H), 6.3 (s,
5CH-thiazole), 7.31–7.93 (m, 10H) ppm. MS, m/z:
543.13 (80.0%), 544.13 (34.5%). For C29H25N3O4S2
(543.13) Anal. Calcd: C, 64.07; H, 4.64; N, 7.73; S,
11.80%. Found; C, 64.09; H, 4.65; N, 7.73; S, 11.83%.

Pharmacological evaluation. Methods
α-Glucosidase and α-amylase inhibition assays. The
α-glucosidase and α-amylase inhibition assays were
performed using the modified method of [30]. Pancreatic
α-amylase (porcine based) and intestinal α-glucosidase
(from S. cerevisiae) were the enzymes used in this study.
All tested compounds showed potent α-Glucosidase and
α -Amylase Inhibitor activities as given in Table 1. These
enzymes are mainly involve in the digestion of
carbohydrate. Inhibition of these enzymes will slow down
the absorption of glucose into blood thus will reduce
postprandial hyperglycemia. Inhibition activity of these
enzymes was performed using α-amylase and α-
glucosidase colorimetric assays [31].
The absorbance of the inhibition activity of these

enzymes was measured using microplate reader-end point
reading (BioRad, Hercules, CA) at appropriate
wavelengths: 400 nm (α-glucosidase) and 540 nm (α-
amylase). The percentage inhibition was calculated as
follows: %inhibition = [(Aneg

control � Ablank) � (Asample � Asample blank)] ÷ (Aneg

control � Ablank) × 100%, where A = absorbance. The
activity of the tested compounds was assessed by plotting
percentage inhibition against a range of plant extracts
concentrations. IC50 value (effective concentration with
50% inhibition) was thus determined and expressed as
means ± standard error of mean of the triplicate
measurements.

B in vivo oral hypoglycemic activity
Acute study. The synthesized compounds were
screened for hypoglycemic activity in vivo by alloxan-
induced diabetic mice model. For acute study, animals
were fasted overnight, and the fasting Serum Glucose
(SG), 0 h, levels were calculated. Now, the compounds
were administered at a fixed dose of 200 μg/kg body
weight orally [homogenized suspension in 0.5% carboxy
methyl cellulose (CMC) and permissible amounts of
Tween 80]. Animals of vehicle-treated group were given
an equal amount of 0.5% CMC, and those of control
group were kept as such. Blood samples were removed
from all animals at 2, 4, 6, and 24 h, and percentage
change in SG was calculated (Table 2) [32–34].

Subacute study. Study animals were fasted overnight,
and the fasting SG, 0 day, levels were calculated. Now,
the compounds tested were administered at a fixed dose
of 200 μg/kg orally (homogenized suspension in 0.5%
CMC and permissible amounts of Tween 80) for 21 days
at a fixed time. After 21 days, treatment was stopped, and
animals were left for a rest period of 7 days. Animals of
vehicle-treated group were given an equal amount of
0.5% CMC, and those of control group were kept as
such. During study, blood samples were removed from
all animals at 7, 14, 21, and 28 days, and percentage
change in SG was calculated (Table 3) [32–34]. The data
obtained were analyzed by one-way analysis of variance
followed by Dunnett’s test. The results were expressed as
mean ± standard error of mean for each group; p < 0.01
was considered as statistically significant.
Oral glucose tolerance test. This test was performed
after 21 days of treatment of diabetic animals with test
compounds and standard at a dose of 200 μg/kg. The
animals were kept on fasting overnight. The compounds
and standard were administered at a fixed dose of
200 μg/kg orally. Animals of vehicle-treated group were
given an equal amount of 0.5% CMC, and those of

Table 1

α-Glucosidase and α-amylase inhibition assays of the newly synthesized
compounds.

Compounds no.

IC50 (μM) IC50 (μM)

α-Glucosidase α-Amylase

2 14.67 63.66
3 16.76 74.65
5 19.65 85.76
9c 23.64 96.67
9d 25.53 117.76
10 28.44 126.85
12 32.54 145.96
15 33.65 164.85
21 34.55 183.76
22 45.46 200.65
26 47.55 211.76
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control group were kept as such, and SG was estimated
immediately, that is considered as 0 min. After half an
hour of drug administration and SG estimation (0 min),
glucose (2.5 g/kg) was administered orally to the animals,
and further SG was estimated at 30, 60, 90, and 120 min.

New information for the drug discovery. New drug
discovery is a complex process involving the inputs of
many branches of science like physical and organic
chemistry, cellular and molecular biology, biochemistry,
pharmacology, computational chemistry, and so on and
so forth. Discovering a new drug molecule and bringing
it to the clinician’s desk requires team efforts of so many
experts in their own field. When we peep into the past,
we notice that new drugs have been discovered either
serendipitously or by keen observations and systematic
studies. Up to 1980s, the rate of launching new drug

molecules per year has remained impressive, but 1990
onwards, this rate has decreased dramatically. Medicinal
chemists became more rational in their approach in the
later years for discovering new drugs, and that should
have increased the rate of discovering new drug
molecules over the years. But astonishingly, the reverse
has happened. One understandable reason is a stricter
regulatory regime, which is more sensitive to the
reporting of side effects of the new drugs and providing
of exhaustive pre-clinical and clinical data. The other
reason scientists quote is the lack of information about
new disease targets. Hype was created about human
genome mapping that once completed, this would
provide immense amount of information about new
biological targets for discovering new drug molecules.
Alas! This has not happened. There is no denying the

Table 2

Effect of tested compounds (200 μg/kg) on SG in diabetic mice (acute study). Compd %Change in SG.

Compound no. 2 h 4 h 6 h 24 h

Control 1.21 ± 0.32 2.11 ± 0.32 2.45 ± 0.22 �0.21 ± 0.2
Vehicle 5.09 ± 0.32 9.87 ± 0.43 9.89 ± 0.32 1.51 ± 0.2
Pioglitazone �32.16 ± 1.21 �22.45 ± 1.22 �12.34 ± 0.51 �13.28 ± 0.1
2 �33.45 ± 1.3 �24.34 ± 0.43 �19.62 ± 0.52 �16.55 ± 0.83
3 �32.56 ± 1.3 �23.49 ± 0.23 �18.28 ± 0.53 �16.50 ± 0.23
5 �31.54 ± 1.03 �22.34 ± 0.23 �18.00 ± 0.32 �16.00 ± 0.32
9c �30.23 ± 0.32 �21.23 ± 0.33 �18.81 ± 0.21 �15.45 ± 0.43
9d �29.38 ± 0.34 �20.16 ± 0.24 �17.78 ± 0.12 �15.00 ± 0.34
10 �28.38 ± 0.54 �19.29 ± 0.33 �16.56 ± 0.11 �14.33 ± 0.25
12 �26.38 ± 0.5 �17.77 ± 0.12 �14.56 ± 0.13 �12.34 ± 0.34
15 �24.39 ± 0.32 �16.59 ± 0.23 �12.34 ± 0.12 �10.23 ± 0.43
21 �21.20 ± 0.32 �15.30 ± 0.14 �12.01 ± 0.12 �9.98 ± 0.3
22 �20.00 ± 0.36 �14.45 ± 0.23 �11.29 ± 0.13 �8.78 ± 0.3
26 �19.29 ± 0.12 �13.23 ± 0.12 �10.23 ± 0.12 �8.01 ± 0.3

Values are mean ± standard error of the mean, n = 6 in each group; statistical analysis by one-way analysis of variance followed by Dunnett’s test using
GraphPad InStat software (P < 0.05).

Table 3

Effect of tested compounds (200 μg/kg) on SG in diabetic mice (Subacute study). %Change in SG.

Compound no. 7 days 14 days 21 days 7-day rest period

Control 1.2 1.34 1.45 1.67
Vehicle 6.45 7.65 8.76 9.87
Pioglitazone �11.23 ± 0.2 �18.34 ± 0.1 �50.39 ± 0.7 �43.45 ± 0.4
2 �13.34 ± 0.3 �23.45 ± 0.2 �60.32 ± 0.6 �53.60 ± 0.5
3 �12.32 ± 0.2 �23.09 ± 0.1 �59.54 ± 0.7 �52.34 ± 0.4
5 �12.34 ± 0.3 �22.34 ± 0.2 �58.59 ± 0.6 �49.34 ± 0.3
9c �11.34 ± 0.4 �21.98 ± 0.3 �54.39 ± 0.8 �26.56 ± 0.5
9d �11.22 ± 0.3 �21.89 ± 0.2 �51.28 ± 0.7 �43.56 ± 0.4
10 �10.87 ± 0.4 �20.19 ± 0.3 �49.45 ± 0.6 �40.18 ± 0.3
12 �10.23 ± 0.1 �19.88 ± 0.4 �45.49 ± 0.7 �39.45 ± 0.4
15 �9.34 ± 0.2 �18.17 ± 0.3 �43.49 ± 0.5 �33.45 ± 0.3
21 �9.12 ± 0.1 �17.66 ± 0.2 �44.30 ± 0.5 �32.34 ± 0.5
22 �8.13 ± 0.2 �16.12 ± 0.2 �42.34 ± 0.5 �31.23 ± 0.3
26 �8.00 ± 0.1 �15.44 ± 0.1 �41.14 ± 0.6 �29.76 ± 0.4

Values are mean ± standard error of the mean, n = 6 in each group; statistical analysis by one-way analysis of variance followed by Dunnett’s test using
GraphPad InStat software (P < 0.05).
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fact that fewer drugs are getting discovered across the
globe, but what is the situation in our country? [30]
Free India took its first breath in the lap of utter poverty.

Even food and other essential commodities were not avail-
able to its people leave aside medicines. To provide essen-
tial drugs at cheaper rates to the people, the Government of
India enacted a legislation, the Indian Patent Act, in 1970.
According to this act, “Product Patenting” was not tenable
as this act recognized only the “Process Patenting.” This
act proved to be a boon for the growth of pharmaceutical
industry in the country. By modifying the processes for
the active pharmaceutical ingredients as well as the formu-
lations, medicines could be offered to the poor populace at
affordable prices. Pharmaceutical industry grew by leaps
and bounds, and India became an exporting country of
pharmaceuticals even to the Western countries [30].
Unfortunately, this legislation, which catalyzed the

growth of pharmaceutical industry and provided
medicines at affordable rates to the poor people, proved
to be a big stumbling block in the new drug discovery
process for the nascent pharmaceutical industry. It
crippled the basic research in pharmaceutical field and
forced us to become copycats. By adopting reverse
engineering, we could make any molecule in the world
by modifying the process. This proved to be a death knell
for our basic research. When a new drug molecule was
available at the least price by slight modification of the
available synthetic process, then why would anybody
spend fortunes in discovering new drug molecules? Apart
from this main reason, lack of team work is another
factor why we are not succeeding even now in our
efforts. But is discovery of new drug molecules such a
cumbersome resource and time-consuming process that it
seems to be a dream for us? That too, when we are
ushering into an era, which the whole world says,
belongs to India and China. To my mind, discovering a
new drug entity is not as difficult and unachievable a task
as it is being projected. Maybe we are being misled by cer-
tain forces with ulterior motives and selfish interests so that
we do not make serious efforts in this direction [30].
As mentioned earlier, new drug discovery requires team

work. We do not know when we will start working as a
team. Another misconception people have is about
computer-aided drug designing or molecular modeling.
People think that drug designing techniques will provide
new drug molecules without efforts. This has not
happened till date even after implementation of these
techniques for the last 10–15 years. And this will not
happen in near future also. Computer-aided drug
designing techniques are lead optimization techniques
and in some cases hasten the process of lead
identification. These techniques are used to make the
drug discovery process more rational. On their own, these
will never discover a new drug. But yes, these techniques

save a lot of time and energy and provide us a better
understanding of the discovery process. There are many
techniques that are part of computer-aided drug designing
process. To start with the simplest one is quantitative
structure–activity relationship (QSAR), which is also
referred to as 2D-QSAR sometimes. 3D-QSAR involving
comparative molecular field analysis (CoMFA) and
comparative molecular similarity index analysis
(CoMSIA) are extension of QSAR. QSAR is not able to
take the three-dimensional (3D) structure of a molecule
into consideration due to absence of 3D parameterization
of structures. 3D-QSAR scores over QSAR in this
respect. Docking studies throw more light on the binding
modes of drugs with their target proteins, but it is
feasible only when the crystal structure of the target
enzyme/protein is known with good resolution. Docking
studies are also used for virtual screening of databases.
But the ideal technique for virtual screening of
compounds is through pharmacophore mapping and
screening, especially when the structure of the target is
not known. Very large databases can be first screened by
pharmacophore because the technique is quite fast
followed by screening of the positive hits using docking
studies. In silico designing of novel compounds can also
be performed using de novo designing techniques subject
to the condition that the target structure is known [30].
Drug discovery scenario has completely changed in the

last decade. Earlier, a lot of emphasis used to be put in
discovering more potent compounds with fewer side effects
using animal models. When such compounds were entering
the clinical phase, these used to face high rejection rates
due to absorption, distribution, metabolism, excretion, and
toxicity (ADMET) problems, thereby putting huge efforts
and resources down the drain. Nowadays, more emphasis
is on assessing new chemical entities for ADMET
parameters prior to further studies. Several softwares are
available to theoretical assessing of ADMET parameters
for a new chemical entity. In a typical situation when a
new chemical entity shows good binding affinity with the
target enzyme/receptor, it is assessed for its ADMET
parameters followed by whole body autoradiography.
Further biological evaluations are performed only when the
compound passes these litmus tests [30].
It is a pity that majority of our researchers in the field are

unaware about these techniques. We are not making
serious efforts to train our graduate students in these
techniques. There is a need to give en masse training to
our researchers on computer-aided designing techniques.
In 1980s, several groups were working in the field of
QSAR in pharmacy institutions in India. Those days, the
number of pharmacy education imparting institutions were
also limited, maybe 20–25 at the most. Today, there are
about a thousand such institutions, but the number of re-
search groups engaged in new drug discovery can be
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counted on fingers. And how many of these research
groups are using computer-aided designing tools? The
figure has awfully deteriorated. Where are we heading to?
Have we put ourselves in a reverse gear? [30]

RESULTS

Drug-likeness analysis. The concept of drug-likeness
helps to optimize pharmacokinetic and pharmaceutical
properties, for example, solubility, chemical stability,
bioavailability, and distribution profile. A number of
molecular descriptors have emerged as reasonably
informative and predictive, for example, the rule of five.

Druggability and drug-likeness. The concept of
druggability emerged as a way of describing members of
the expressed proteome that can bind high-affinity
ligands with drug-like properties and whose activity is
modulated by such ligands [35,36]. The mission of
medicinal chemists is to design and discover hits that can
be improved to leads, leads that can be optimized to
candidates and candidates that will become valuable
drugs. In other words, the strategy of medicinal chemists
in their research is to discover new chemical entities,
which maximally resemble existing drugs with respect to
key physicochemical and biological properties, with the
knowledge that the quest for “drug-like” properties may
indeed help achieve good pharmacokinetic and
pharmacodynamic properties. Such drug-like properties
include lipophilicity, polarity, size, and solubility, plus
some biological properties such as no or low inhibition of
cytochromes P450, no QT prolongation, metabolic
stability, and absence of toxicophoric groups. Drug-like
properties were calculated, and the results were
summarized in Table 1. Drug-like properties consist of
molecular weight, octanol–water partitioning coefficient

(AlogP) based on Ghose and Crippen’s method [37]. The
number of hydrogen bond acceptors, the number of
hydrogen bond donors, and total polar surface area. All
the data were calculated using the MOE 2014.09 package.
From Table 4, we found that compound 2 obeys

Lipinski’s rule of five.
Molecular modeling. The crystallographic structure of

α-glucosidase of S. cerevisiae is not available up-to yet.
Although only few homology models have been reported
[38,39], so we developed the 3D model for α-glucosidase
by comparative homology modeling technique using the
same etiquette as described by Taha et al. [40]. The
primary sequence was retrieved from UniProt (Access
code P53341). The crystallographic structure of
S. cerevisiae isomaltase (PDB code 3AJ7; resolution
1.30 Å) with 72.4% of sequence identity with the target
was selected as template 33. The 3D structure of α-
glucosidase for S. cerevisiae was predicted using MOE
2014.09 homology modeling tools. The predicted model
was then subjected to energy minimization up to 0.05
gradients. Before docking, ligands and protein were
prepared using MOE 2014.09. The 3D structures of these
newly synthesized compounds were built using MOE-
Builder Module program implemented in MOE and save
as a (.mdb) file for molecular docking. Subsequently, the
energy of all compounds was minimized up to 0.05
gradient using MMFF 94× force field. Energy
minimization of all compounds was followed by the
preparation of protein for docking purposes. Most
macromolecular crystal structures contain little or no
hydrogen coordinate data due to limited resolution, and
thus, protonation was done prior to docking using
Protonate 3D tools. Protonation was followed by energy
minimization up to 0.05 gradient using Amber 99 force
field. All the synthesized compounds was docked into the
active site of protein using the Triangular Matching

Table 4

Drug-like properties of molecules.

Compound name Weight (g/mol) TPSA logS logP HBA HBD Toxicity

2 370.43 74.76 �4.26 2.20 4 0 No
3 488.57 99.15 �6.73 3.93 5 1 No
5 537.60 114.15 �7.94 4.12 6 0 No

HBA, hydrogen bond acceptors; HBD, hydrogen bond donors; TPSA, total polar surface area.

Table 5

List of interaction of compound 2 on the active site of α-glucosidase enzyme.

Ligand Receptor Interaction Distance E (kcal/mol)

C26 O ILE 272 (A) H-donor 3.46 �0.3
6-ring CA ARG 263 (A) pi-H 4.61 �0.3
6-ring OG SER 298 (A) pi-H 3.96 �0.2
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docking method, and 30 conformations of all the
compounds and protein complex were generated with
docking score.

Molecular docking. Docking of compound 2 on the
active site of α-glucosidase enzyme shows many
interaction with binding energies revealing good affinity
of the compound (Fig. 8a–c and Table 5).
Docking of compound 3 on the active site of α-

glucosidase enzyme shows many interaction with binding
energies revealing good affinity of the compound
(Fig. 9a–c and Table 6).
Docking of compound 5 on the active site of α-

glucosidase enzyme shows many interaction with binding
energies revealing good affinity of the compound
(Fig. 10a–c and Table 7).

Molecular modeling. Docking study was performed
using the MOE 2014.09 software. Regularization and
optimization for protein and ligand were performed. Each
docked compound was assigned a score according to its
fit in the ligand-binding pocket and its binding mod.

CONCLUSION

In summary, a series of pyrazol-5-one derivatives were
prepared on the basis of its 2-chloroacetyl pyrazol-5-one
derivatives. Most of these compounds exhibited a
considerable inhibition activity against α-glucosidase and
α-amylase enzyme.
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