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1 | INTRODUCTION
Pyrazole is an important family in the synthetic organic
chemistry; played their roles in various branches of
human life. There are numerous studies reported related
to the synthesis of various functionalized pyrazoles, for
example, 4,6-substituted pyrazolo[3,4-d]pyrimidines'!,
microwave  assisted solvent-free  synthesis  of
pyrazolo[3,4-b]quinolines, pyrazolo|3,4-c]pyrazoles
using p-TsOH,m etc. Birault and his coworkers synthe-
sized novel 3-amino pyrazolo-[1,5-a]-pyridines for dye-
ing keratinous fibers containing 3-amino-pyrazolo-
[1,5-a]-pyridines.

Quinoline-based pyrazoles have been reported as
potential antibacterial and antifungal agents.[3] Akbas
and Berber (2005) reported the synthesis of several new

Twenty-four pyrazolo derivatives (1-4)(a-f) were synthesized and character-
ized by FTIR, 'H, and *C NMR (Nuclear Magnetic Resonance), and elemental
analysis. The synthesized compounds were also investigated for their antioxi-
dant and anticholinesterase activities. The compounds (3-4)(a-f) carrying
morpholine ring were more active than the piperidinyl containing compounds
(1-2)(a-f) in both activities. The compound 4f showed higher activity in both
assays as compared with the others. Additionally, the anticholinesterase
activity test provided higher values than the galantamine in the BChE assay.
Therefore, compound 4f can be used as anticholinesterase agent and/or anti-

cholinesterase assay standard.

pyrazolo-[3,4-d]-pyridazines by reacting 1H-pyrazole-
3-carboxylic acid with various hydrazines. The synthe-
sized compounds showed antimicrobial activities against
gram-negative, gram-positive bacteria and fungi.[‘” In
another study, a series of 3-phenylpyrazolo [1,5-a] pyrim-
idines were prepared and found to have great affinity
toward human corticotropin-releasing factor (CRF-1)
receptor.[S] In other studies, pyrazolo derivatives were
found as kinase inhibitors, for example, pyrazolo-[1,5-a]-
pyridines inhibited rearranged during transfection (RET)
kinase!®, pyrazolo-pyrimidine derivatives inhibited
Bruton's tyrosine kinase,!”! etc. Senga!® et al has reported
the synthesis and antischistosomal activity of certain
pyrazolo[1,5-a]-pyrimidines. Pyrazolo-[3,4-d]-pyrimidines
are reported by Hubbard et al as potent inhibitors of the
insulin-like growth factor receptor..”!
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Morpholine is a unique heterocyclic compound hav-
ing oxygen and nitrogen atoms. Being able to make three
and four bonds, nitrogen atom of the morpholine can be
used to derivative it or bond to other organic compounds.
Additionally, morpholine also plays as a ligand to make
complexes with the transition metals. Morpholine itself
has been used as a template in the synthesis of small
pore SAPO-34 molecular sieve.['®! Morpholine deriva-
tives have been reported as biologically active against
various organisms. Penneerselvam et al reported the syn-
thesis of 4-(4-aminophenyl)-morpholine-based Schiff
bases as potential antimicrobial agents.''!! Daniel and his
team developed a method for crosslinking hydrogels
using morpholine-2,3-diones.!"?! In another interesting
study, Knapp and Gally degraded morpholine micro-
bially.!*3! Morpholines™* and thiomorpholines™®! have
also been reported as prodrugs; useful as tachykinin
receptor antagonists. Chrysselis et al reported the
hypocholesterolemic and hypolipidemic activities of cer-
tain novel 2-biphenylyl morpholine derivatives with anti-
oxidant activity.'® Hale and coworkers studied the
phosphorylated morpholine acetal as human neurokinin-
1 receptor antagonists and described it as water-soluble
prodrug.[”!

Piperidine is a basic organic solvent, sometimes also
used as a cosolvent and a catalyst. Literature shows that
piperidine is mainly used in the synthesis of alkaloids,!'®!
although there are certain piperidine-based natural alka-
loids presents in plants.!*”! Piperidine derivatives have
been used in various biological activities. Fur and Uzan
observed a release of noradrenaline, dopamine, and
5-hydroxytryptamine when they applied 4-(3-indolyl-
alkyl)piperidine derivatives to the rat brain synapto-
somes, rat heart, and human blood platelets.[zol Orjales
et al synthesized and evaluated their binding studies of
[(Aryl)(aryloxy)methyl]piperidine derivatives and found
them as potential antidepressant drugs having high affin-
ity toward serotonin (5-HT) and norepinephrine
(NE) transporters.”?!! Cain and coworkers obtained a pat-
ent about the synthesis of piperidine ether derivatives
and their usage as psychotropic drugs as well as plant
fungicides.[*”! Aridos and his team also reported the syn-
thesis, antibacterial, and antitubercular studies of
piperidin-4-one and tetrahydropyridine derivatives.[**

The earlier discussion reflects that morpholines,
pyrazoles, and piperidines all are very versatile and can
be used in wide range of fields. Herein, we report the syn-
thesis, antioxidant and anticholinesterase activities of
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Schematic diagram for the preparation of target molecules
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TABLE 1 Antioxidant activities of the synthesized compounds®

p-Carotene/linoleic acid assay

Compound ICso (pM)
la 66.41 + 0.51
1b 63.19 + 0.46
1c 60.97 + 1.44
1d 59.13 £ 0.61
le 54.77 £ 0.22
1f 50.01 £ 0.15
2a 57.64 +£0.27
2b 53.71 + 0.77
2c 49.12 + 0.32
2d 42.66 + 0.63
2e 39.27 £ 0.93
2f 32.11 + 0.19
3a 50.08 +0.28
3b 48.48 + 0.42
3c 41.44 +0.73
3d 39.41 + 0.22
3e 36.00 + 0.36
3f 35.69 + 0.47
4a 45.19 + 0.55
4b 41.48 +0.33
4c 33.47 £0.16
4d 28.11 + 0.67
4e 27.57 + 0.50
4f 2142 +0.94
BHT" 240 £0.15
a-TOC? 4.55 £ 0.23

Abbreviation: BHT, butylated hydroxyl toluene.

DPPH assay ABTS + Assay CUPRAC
IC5o (pM) ICso (uM) Ags (LM)
73.46 + 1.26 75.77 + 1.19 76.36 + 0.02
71.14 + 0.38 75.01 +1.43 70.74 + 0.02
70.07 + 0.49 74.16 + 0.60 66.64 + 0.00
69.13 + 1.14 70.18 + 0.72 62.62 + 0.00
66.27 + 0.19 68.19 + 0.49 60.21 + 0.00
64.18 + 0.16 63.72 + 0.45 57.12 + 0.00
76.16 + 0.27 59.60 + 0.41 69.40 + 0.00
73.75 £ 1.51 53.57 £ 0.38 66.91 + 0.00
70.06 + 0.56 51.53 £ 0.31 64.40 + 0.00
68.44 + 0.43 48.70 + 0.27 59.88 + 0.00
65.21 + 0.47 43.55 £ 0.09 56.29 + 0.00
63.63 + 0.18 40.42 + 0.15 54.41 + 0.00
72.64 + 0.73 56.26 + 0.28 72.74 + 0.00
70.14 + 0.50 54.29 + 0.34 69.30 + 0.04
66.19 + 0.12 51.50 + 0.36 60.25 + 0.01
64.15 + 0.18 46.91 + 0.43 58.19 + 0.01
65.03 + 0.06 4344 £ 1.77 53.13 £ 0.04
62.65 + 0.78 41.45 +0.79 51.54 + 0.02
73.46 + 0.65 54.73 + 0.36 61.42 + 0.00
69.81 + 0.61 51.10 £ 0.46 55.60 + 0.00
67.52 + 0.63 49.28 £ 0.16 50.11 + 0.00
65.13 + 0.55 46.40 + 0.06 48.16 + 0.01
62.42 + 1.29 40.74 £ 0.10 47.06 + 0.02
60.66 + 1.57 36.35 +£0.99 44.12 + 0.00
54.72 + 0.61 2.93 + 0.67 3.98 +0.01
12.24 +0.18 4.98 + 0.42 40.46 + 0.02

*Values expressed are means + SD of three parallel measurements. p < .05, significantly different with student's ¢-test.

PReference compounds.

piperidin-morpholin-based pyrazoles. The aim of this
study was to obtain new chemically and biologically
active pyrazoles, piperidines and morpholines derivatives
in the one structure. The synthesized pyrazolo derivatives
are expected to be utilized in the future in the develop-
ment of new drugs

2 | RESULTS AND DISCUSSION

2.1 | Synthesis

The synthetic route to prepare the target molecules is given
in Scheme 1. The materials 2,4-thiazolidinedione and
rhodanine were selected as starting materials. (4-piperidin-

1-yl)benzaldehyde or (4-morpholin-1-yl)benzaldehyde were
reacted with 5-(4-piperidine-1-yl)benzylidene) thiazolidine-
24-dione (1-2) and 5-(4-morpholin-1-yl)benzylidene)-
2-thioxothiazolidin-4-one (3-4) in piperidine and ethanol
via Knoevenegal Condensation. After that, 3-(4-sub-
stitutedphenyl)-2-(4-(substituted)-3,3a-dihydro-2H-pyrazolo
[3,4-d]thiazol-5(6H)-one (1-2)(a-f) and 3-(4-substitute-
dphenyl)-2-(4-(substituted)-3,3a-dihydro-2H-pyrazolo
[3,4-d]thiazol-5(6H)-thione (3-4)(a-f) were obtained
from reaction 5-(4-piperidin-1-yl)benzylidene)thiazolidin-
2,4-dione (1-2) and 5-(4-morpholin-1-yl)benzylidene)-2-
thioxothiazolidin-4-one (3-4) with different hydrazines.

In the FTIR, stretching bands of N—H and C=O
groups related to (1-3)(a-f) and stretching bands of
N—H and C=S groups (2-4)(a-f) were observed at
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TABLE 2 Anticholinesterase activities of the synthesized
compounds®

Compound AChE (ICs5o pM) BChE (ICso pM)
la 72.90 £ 0.73 66.72 + 0.92
1b 70.29 + 0.91 60.19 + 0.96
1c 67.03 + 0.44 58.14 + 0.38
1d 64.66 + 0.33 55.53 +£0.25
le 62.97 + 0.17 53.04 + 0.24
1f 60.61 + 0.11 49.51 + 0.61
2a 69.25 + 1.23 60.63 + 0.76
2b 67.83 + 0.46 56.41 + 0.55
2c 65.13 + 0.19 53.19 £ 0.52
2d 62.42 + 0.49 51.54 +£ 0.19
2e 59.89 + 0.61 47.78 + 0.38
2f 56.65 + 0.48 46.42 + 0.27
3a 57.12 £ 0.46 65.27 +£0.26
3b 54.50 + 0.31 63.19 + 1.16
3c 49.51 +£0.63 61.06 + 0.57
3d 46.79 + 0.20 52.58 + 0.64
3e 42.46 + 0.06 49.49 + 0.63
3f 39.45 + 0.78 4548 + 0.46
4a 49.47 +0.43 60.61 + 0.91
4b 43.64 + 0.42 56.22 + 0.48
4c 39.28 +0.34 54.18 + 0.67
4d 37.98 +£0.18 50.26 + 0.35
4e 32.18 £ 0.67 44.80 + 0.44
4f 30.54 +£ 0.45 40.12 + 0.25
Galantamine® 4.48 +0.78 46.03 + 0.14

*Values expressed are means + SD of three parallel measurements. p < 0.05,
significantly different with student's ¢-test.
PReference compounds.

3278-2945, 16861670, and 3242-3105, 1391-1331 cm ™},
respectively. In pyrazolo derivatives (1-4)(a-f), the
stretching bands of C=S in compound (3-4) with one
C=0 group in the 2,4-thiazolidinedione ring in com-
pound (1-2) and the presence of the C=N stretching
bands observed in 1599-1570 cm ™" proved the synthesis
of pyrazolo (1-4)(a-f).

In the '"H NMR spectrum, the proton peak of the
—CH=C— group after Knoevenagel condensation was
found at 7.75-7.82 ppm. The presence of proton peak of
—CH=C— in compound (1-4) and the proton peak of the
pyrazolo (—CH—CH—) at 4.07-4.44 ppm also supported
the synthesis of the desired products. In the >*C NMR
spectrum of the target products, the disappearance of the
C=0 group in the starting material by pyrazole

formation was another proof that the target products
were obtained.

2.2 | Antioxidant activities of the
synthesized compounds

The synthesized compounds were screened for their antioxi-
dant activity using four different assays (Table 1) where a-
tocopherol (a-TOC) and butylated hydroxyl toluene (BHT)
were used as the positive standards. As the results showed,
compounds 4f, 4e, 4d, 2f, 4c, and 3f were most active in the
lipid peroxidation inhibitory activity, while in DPPH free
scavenging activity assay, compounds 4f, 4e, 3f, 2f, 3d, 1f, 3e,
4d, and 2e were most active. On the other hand, compounds
4f, 2f, and 4e exhibited higher cation radical scavenging
activity in ABTS™, while in CUPRAC reducing assay, com-
pounds 4f, 4e, 4d, and 4¢ were found on the top.

2.3 | Anticholinesterase activities of the
synthesized compounds

All 24 pyrazolo derivatives were tested for their in vitro anti-
cholinesterase inhibitory activity against AChE and BChE
enzymes whereas the results were compared with those of
galantamine as a standard (Table 2). The ICs, values of all
of the tested compounds were lower than 75 pM in the inhi-
bition of both enzymes. Compound 4f (ICsq:
30.54 + 0.45 pM) exhibited the highest activity followed by
d4e, 4d, 4c, and 3f. In the BChE inhibitory assay, 4f (ICsq:
40.12 + 0.25 pM), 4e (ICso: 44.80 + 0.44 pM), and 3f (ICs:
4548 + 046 pM) displayed higher activity than
galantamine (ICs¢: 46.03 + 0.14 pM).

3 | CONCLUSIONS

Twenty-four pyrazolo compounds (1-4)(a-f) were synthe-
sized in this study and subjected to in vitro antioxidant and
anticholinesterase inhibitory activities. The pyrazolo deriv-
atives, which were condensed with the 2-thioxothiazolidine
(2-4), were more active than the ones condensed with the
thiazolidin-2-on (1-3). Heterocyclic pyrazolo derivatives
(3-4) containing the morpholino group were found more
active than the pyrazolos containing piperidinyl group
(1-2). The —CF3, —OCF;, and —NO, containing pyrazolo
derivatives were more effective than other functional
groups. Compound 4f was most active in the f-carotene-
linoleic acid, DPPH free-radical scavenging, ABTS (2,2-
Azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) cation
radical scavenging, and CUPRAC (Copper (II) Ion
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Reduction Antioxidant Capacity) capacity activity assays;
still less active than the standards.

In the AChE enzyme inhibition activity assay of the
pyrazolo derivatives, 4f (ICsy: 30.54 + 0.45 pM) was the
most active, but lower than galantamine while both 4f
(ICsp: 40.11 + 0.25 uM) and 4e (ICsy: 44.80 + 0.44 uM)
were most active in BChE inhibition; even higher than
galantamine (ICsq: 46.03 + 0.14 pM). As compounds 4f
and 4e were both more active than the standards in anti-
oxidant and anticholinesterase activity, we suggest them
as new standards for these activities

4 | EXPERIMENTAL SECTION

41 | Chemicals and instruments

Ethanol (EtOH), piperidine, hydrazine monohydrate, acetic
acid, sodium hydrogen phosphate, sodium dihydrogen phos-
phate, sodium hydroxide, and sodium acetate were obtained
from E. Merck (Darmstadt, Germany); 4-iodopheny-
lhydrazine, 4-(trifluoromethyl)phenylhydrazine, 4-nitrophe-
nylhydrazine, phenylhdyrazine, thiazolidine-2,4-dione, and
4-(trifluoromethoxy)phenylhydrazine were obtained from
Alfa Aesar Co., Inc.; 2-thioxothiazolidin-4-one and 4-(1-
pyrrolidinyl)benzaldehyde were obtained from Sigma Chem-
ical Co. (Sigma-Aldrich GmbH, Sternheim, Germany).

The progress of the reactions and the product forma-
tions was monitored using thin layer chromatography.
Products were purified by crystallization (trial and error
method) using various solvents. The FTIR spectra of the
synthesized compounds were recorded on Perkin Elmer
1620 and Shimadzu IR-8400 spectrophotometer. Elemen-
tal analyses (C, H, N, and S) were performed on a
VarioMICRO, Elementar Analysen Systeme, GmbH,
Hanau, Germany. 'H NMR spectra were recorded on a
Bruker Avance-DPX-400 spectrometer (BioSpin, Billerca,
USA) in DMSO-d6, while *C NMR spectra were
recorded on 150 MHz NMR Agilent Technologies. Bioac-
tivity assays were carried out on a 96-well microplate
reader, SpectraMax 340PC384, Molecular Devices (USA).

4.2 | Synthesis
421 | General synthetic procedure of
compounds (1-4)

A mixture of thiazolidine-2,4-dione (20 mmol) or
2-thioxothiazolidin-4-one (20 mmol), 4-(1-substitued)
benzaldehyde (20 mmol), piperidine (16 mmol) was
refluxed in EtOH (50 mL) for 24 hours. The reaction

mixture was poured into H,O and acidified with glacial
AcOH that provided compounds 1-4 as solids, which
were recrystallized from ethanol.!**!

4.3 | 5-(4-(piperidin-1-yl)benzylidene)
thiazolidine-2,4-dione (1)

Yellow crystals; yield 72%; mp. 143.1°C; IR (Vg cm):
3284, 3242 (N—H), 2928 (C—H of the piperidinyl ring), 1672,
1635 (C=0), 1504, 1450, 1406 (C=C); 'H NMR (600 MHz,
DMSO-dg): 6 1.51 (m, 4H, —CH,—CH,—CH,—N—), 1.60
(m, 2H, —CH,—CH,—CH,—N—), 347 (t, 4H, —CH,—CH,
—CH,—N—), 6.72 (d, J; = 12 Hg, 2H, ortho position of
pyrrolidinyl —CH—), 7.76 (d, J; = 12 Hz, 2H, meta position of
pyrrolidinyl —CH—), 7.78 (s, 1H, —CH—), 1245 (s, 1H,
—NH—); *C NMR (150 MHz, DMSO-d,): & 24.7 (Cy), 25.8
(C,), 55.8 (C3), 112.1 (Cs), 116.4 (Cy), 125.2 (C,), 130.0 (Cy),
144.6 (Cg), 149.9 (C,), 168.1 (Cyg), 170.2 (C41); Anal. Calcd. for
molecular formula C;5H;4N,O,S: C, 62.48; H, 5.59; N, 9.71; S,
11.12%. Found: C, 62.39; H, 5.62; N, 9.68; S, 11.16%.

44 | 5-(4-(piperidin-1-yl)benzylidene)-
2-thioxothiazolidin-4-one (2)

Yellow crystals; yield 77%; mp. 152.1°C; IR (Umax, cm™):
3270, 3228 (N—H), 2928 (C—H of the piperidinyl ring), 1654
(C=0), 1512, 1444, 1400 (C=C), 1380 (C=S); 'H NMR
(600 MHz, DMSO-ds): 6 1.60 (m, 4H, —CH,—CH,—
CH,—N—), 1.68 (m, 2H, —CH,—CH,—CH,—N—), 3.50 (t,
4H, —CH,—CH,—CH,—N—), 6.77 (d, J; = 12 Hg, 2H, ortho
position of pyrrolidinyl —CH—), 7.76 (d, J; = 12 Hz, 2H, meta
position of pyrrolidinyl —CH—), 7.82 (s, 1H, —CH—), 12.49
(s, 1H, —NH—); ">C NMR (150 MHz, DMSO-dj): § 24.7 (C,),
25.8 (Cy), 55.2 (C), 112.0 (Cs), 116.8 (Cy), 124.4 (C,), 129.0
(Cy), 144.7 (Cy), 149.2 (C,), 168.9 (Cyp), 194.2 (Cyy); Anal.
Calcd. for molecular formula C;sH;4N,OS,: C 59.18; H,
5.30; N, 9.20; S, 21.07%. Found: C, 59.20; H, 5.32; N,
9.28; S, 21.06%.

4.5 | 5-(4-morpholinobenzyliden)
thiazolidin-2,4-dione (3)

Yellow crystals; yield 66%; mp. 150.9°C; IR (Vmax, M)
3225 (N—H), 2962 (C—H of the morpholinyl ring), 1670,
1635 (C=0), 1533, 1500, 1450 (C=C); 'H NMR
(600 MHz, DMSO-de): & 3.26 (t, 4H, —O—CH,—CH,
—N-), 3.71 (t, 4H, —O—CH,—CH,—N—), 7.04 (d, 2H,
J = 12 Hg, ortho position of morpholinyl —CH—), 7.44 (d,
2H, J = 12 Hz, meta position of morpholinyl —CH—),
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7.67 (s, 1H, —CH—), 12.37 (s, 1H, —NH—); >*C NMR
(150 MHz, DMSO-d,): & 55.7 (C2), 66.8 (C1), 112.4 (C4),
116.5 (C8), 126.4 (C6), 130.0 (C5), 144.2 (C7), 150.2 (C3),
167.2 (C9), 167.8 (C10); Anal. Calcd. for molecular for-
mula C,,H4N,05S: C 57.92; H, 4.86; N, 9.65; S, 11.04%.
Found: C, 57.97; H, 4.81; N, 9.72; S, 11.09%.

4.6 | 5-(4-morpholinobenzyliden)-
2-thioxothiazolidin-4-one (4)

Yellow crystals; yield 61%; mp. 155.6°C; IR (Vmay, cm™):
3212 (N—H), 2928 (C—H of the morpholinyl ring), 1652
(C=0), 1538, 1490, 1442 (C=C); 'H NMR (600 MHz,
DMSO-dg): & 3.20 (t, 4H, —O—CH,—CH,—N—), 3.70 (t,
4H, —O—CH,—CH,—N—), 6.74 (d, 2H, J = 12 Hz, ortho
position of morpholinyl —CH—), 7.44 (d, 2H, J = 12 Hg,
meta position of morpholinyl —CH—), 7.80 (s, 1H,
—CH-), 12.57 (s, 1H, —NH—); >C NMR (150 MHz,
DMSO-dy): & 55.0 (C2), 66.5 (C1), 112.1 (C4), 116.8 (C8),
125.2 (C6), 129.1 (C5), 144.8 (C7), 149.5 (C3), 168.9 (C9),
194.0 (C10); Anal. Calcd. for molecular formula
C.4sH14N,0,S,: C 54.88; H, 4.61; N, 9.14; S, 20.93%.
Found: C, 54.77; H, 4.71; N, 9.12; S, 20.79%.

4.6.1 | General synthesis of pyrazolo
derivatives (1-4)(a-f)

A mixture of 5 mmol 5-(4-(pyrrolidin-1-yl)benzylidene)
thiazolidin-2,4-dione (1) or  5-(4-(pyrrolidin-1-yl)
benzylidene)-2-thioxothiazolidin-4-one (2) with different
hydrazines (5 mmol) was refluxed with 2.5 mmol sodium
acetate in absolute ethanol (20 mL). The obtained prod-
uct was separated, washed, and crystallized from glacial
AcOH.[**!

4.7 | 3-(4-(piperidin-1-yl)phenyl)-3,3a-
dihydro-2H-pyrazolo[3,4-d] thiazol-5(6H)-
one (1a)

Yellow solid; yield 33%; mp. 153.8°C; IR (Vmax, Cm 0):
3278, 3236 (N—H), 2922 (C—H of the piperidinyl ring),
1670 (C=0), 1590 (C=N); '"H NMR (600 MHz, DMSO-
de): 8 1.65 (m, 4H, —CH,—CH,—CH,—N—), 1.88 (m, 2H,
—CH,—CH,—CH,—N—), 3.51 (t, 4H, —CH,—CH,—
CH,—N—), 421 (dd, 1H, J, = 4 Hz, J, = 10 Hz,
—CH—CH—S—), 4.38 (d, 1H, J, = 4 Hz, —CH—CH—S—),
6.77 (d, 2H, J; = 12 Hgz, ortho position of piperidinyl
—CH—), 7.20 (d, J; = 12 Hgz, 2H, meta position of
piperidinyl —CH—), 11.65 (d, 1H, J; = 10 Hz,
—CH—NH-), 13.01 (s, 1H, —NH—); *C NMR (150 MHz,

DMSO-dy): 6 26.6 (C;), 27.8 (C,), 51.4 (Cy), 56.7 (C3), 58.9
(Co), 114.9 (Cs), 132.5 (Cy), 138.1 (C,), 154.6 (Cy), 160.1
(Cqp), 201.2 (Cqy); Anal. Caled. for molecular formula
CsHgN4OS: C, 59.58; H, 6.00; N, 18.53; S, 10.60%.
Found: C 60.33; H, 6.13; N, 18.52; S, 11.11%.

4.8 | 2-phenyl-3-(4-(piperidin-1-yl)
phenyl)-3,3a-dihydro-2H-pyrazolo[3,4-d]
thiazol-5(6H)-one (1b)

Yellow solid; yield 27%; mp. 158.6°C; IR (Viayx, €M ):
3278, 3230 (N—H), 2927 (C—H of the piperidinyl
ring), 1674 (C=0), 1595 (C=N); '"H NMR (600 MHz,
DMSO-dg): & 1.60 (m, 4H, —CH,—CH,—CH,—N—),
1.66 (m, 2H, —CH,—CH,—CH,—N—), 3.72 (t, 4H,
—CH,—CH,—CH,~N—), 390 (d, 1H, J = 56 Hz
—CH—CH—S—), 4.16 (d, 1H, J = 5.6 Hz, —CH—CH—S—),
6.78 (d, 2H, J = 7.2 Hgz, ortho position of piperidinyl
—CH-), 6.88 (dd, 1H, J; = 12 Hz, J, = 12 Hz, para posi-
tion of N-phenyl —CH—), 6.99 (d, 2H, J = 8 Hz, ortho
position of N-phenyl —CH—), 7.32 (d, 2H, J = 7.2 Hz,
meta position of piperidiny]l —CH—), 7.40 (dd, 2H,
J; = 8 Hz, J, = 12 Hz, meta position of N-phenyl —CH—),
12.60 (s, 1H, —NH—); >*C NMR (150 MHz, DMSO-dy): &
26.0 (Cy), 27.5 (Cy), 55.6 (Co), 59.5 (C3), 64.4 (Cg), 114.3
(Cs), 120.8 (C13), 124.8 (Cy5), 133.6 (Cy), 136.6 (C1a), 138.1
(C,), 146.6 (C12), 154.2 (Cy), 166.3 (C1), 175.0 (Cy1); Anal.
Calcd. for molecular formula C,;H,,N,OS: C, 66.64; H,
5.86; N, 14.80; S, 8.47%. Found: C, 67.72; H, 5.92; N,
15.00; S, 8.40%.

49 | 2-(4-iodophenyl)-3-(4-(piperidin-
1-yl)phenyl)-3,3a-dihydro-2H-pyrazolo
[3,4-d]thiazol-5(6H)-one (1c)

Yellow solid; yield 38%; mp. 166.1°C; IR (Vmay, cm )
3272, 3241 (N—H), 2927 (C—H of the piperidinyl
ring), 1671 (C=0), 1593 (C=N); 'H NMR (600 MHz,
DMSO-d;): & 1.92 (m, 4H, —CH,—CH,—CH,—N—),
198 (m, 2H, —CH,—CH,—CH,—N—), 3.76 (t, 4H,
—CH,—CH,~CH,—N—), 418 (d, 1H, J = 56 Hz
—CH—CH—S—), 4.26 (d, 1H, J = 5.6 Hz, —CH—CH—S—),
6.78 (d, 2H, J = 12 Hz, ortho position of piperidinyl
—CH—), 7.00 (d, 2H, J = 8 Hz, ortho position of N-phenyl
—CH—), 7.24 (d, 2H, J = 12 Hz, meta position of
piperidinyl —CH—), 7.37 (d, 2H, J = 8 Hz, meta position
of N-phenyl —CH—), 12.79 (s, 1H, —NH—); >*C NMR
(150 MHz, DMSO-dy): & 26.4 (C,), 28.8 (C,), 56.1 (Co),
59.4 (C3), 62.2 (Cg), 80.8 (Cy4), 115.8 (Cs), 119.6 (Cy3),
133.1 (Cy), 139.8 (C,), 142.6 (C;5), 152.8 (C,), 163.2 (Cyo),
179.4 (Cy1); Anal. Caled. for molecular formula
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C,H,,IN,OS: C, 50.01; H, 4.20; N, 11.11; S, 6.36%.
Found: C, 50.17; H, 3.99; N, 11.18; S, 6.44%.

410 | 3-(4-(piperidin-1-yl)phenyl)-
2-(4-(trifluoromethyl)phenyl)-3,3a-dihydro-
2H-pyrazolo [3,4-d] thiazole-5(6H)-one (1d)

Yellow solid; yield 30%; mp. 157.4°C; IR (Vmax, CM )
3263, 3230 (N—H), 2930 (C—H of the piperidinyl ring),
1680 (C=0), 1580 (C=N); '"H NMR (600 MHz, DMSO-
dg): 8 1.56 (m, 4H, —CH,—CH,—CH,—N—), 1.64 (m, 2H,
—CH,—CH,—CH,—N—), 3.56 (t, 4H, —CH,—CH,
—CH,—N—), 4.08 (d, 1H, J = 5.6 Hz, —CH—CH—S—),
416 (d, 1H, J = 5.6 Hz, —CH—CH—S—), 6.66 (d, 2H,
J = 8 Hz, ortho position of N-phenyl —CH—), 6.82 (d, 2H,
J = 12 Hz, ortho position of piperidinyl —CH—), 7.24 (d,
2H, J = 12 Hz, meta position of piperidinyl —CH—), 7.55
(d, 2H, J = 8 Hz, meta position of N-phenyl —CH—),
12.72 (s, 1H, —NH—); *C NMR (150 MHz, DMSO-dy): &
26.4 (C,), 28.8 (C,), 55.6 (Cy), 57.1 (Cs), 61.0 (Cg), 113.6
(Cs), 115.7 (Cy3), 129.4 (Cyq), 130.9 (Cys), 131.8 (Cyia),
134.3 (Cy), 139.8 (C,), 149.4 (C15), 156.6 (Cy), 160.0 (Cyo),
1754 (Cyy1); Anal. Calcd. for molecular formula
C,,H, FsN,OS: C, 59.18; H, 4.73; N, 12.55; S, 7.18%.
Found: C, 58.88; H, 4.85; N, 13.08; S, 7.33%.

411 | 3-(4-(piperidin-1-yl)phenyl)-
2-(4-(trifluoromethoxy)phenyl)-3,3a-
dihydro-2H-pyrazolo [3,4-d] thiazole-5(6H)-
one (1e)

Yellow solid; yield 36%; mp. 155.0°C; IR (Vmax, CM )
3269, 3236 (N—H), 2936 (C—H of the piperidinyl ring),
1686 (C=0), 1586 (C=N); '"H NMR (600 MHz, DMSO-
dg): 8 1.60 (m, 4H, —CH,—CH,—CH,—N—), 1.68 (m, 2H,
—CH,—CH,—CH,—N—), 3.66 (t, 4H, —CH,—CH,—CH,
—N-—), 412 (d, 1H, J = 5.6 Hz, —CH—CH—S—), 4.28 (d,
1H, J = 5.6 Hz, —CH—CH—S—), 6.88 (d, 2H, J = 8 Hz,
ortho position of N-phenyl —CH—), 6.94 (d, 2H,
J = 12 Hgz, ortho position of piperidinyl —CH—), 7.12
(d, 2H, J = 12 Hz, meta position of piperidinyl
—CH—), 7.30 (d, 2H, J = 8 Hz, meta position of N-
phenyl —CH—), 12.89 (s, 1H, —NH—); >C NMR
(150 MHz, DMSO-dg): & 26.0 (C;), 27.2 (Cs), 54.5 (Cs),
56.7 (Cy), 63.4 (Cy), 114.4 (Cs), 116.9 (C;3), 117.5 (Cyy),
130.5 (Cg), 130.2 (Cyq), 135.6 (C,), 140.4 (Cy,), 144.4
(Cys), 153.1 (C,), 160.2 (Cyg), 188.4 (C;7); Anal. Calcd.
for molecular formula C,,H,F3N,O,S: C, 57.13; H,
4.58; N, 12.11; S, 6.93%. Found: C, 57.22; H, 4.66; N,
12.44; S, 7.01%.

412 | 2-(4-nitrophenyl)-3-(4-(piperidin-
1-yl)phenyl)-3,3a-dihydro-2H-pyrazolo
[3,4-d] thiazol-5(6H)-one (1f)

Yellow solid; yield 24%; mp. 161.1°C; IR (Vjayx, Cm):
3272, 3233 (N—H), 2931 (C—H of the piperidinyl ring),
1682 (C=0), 1581 (C=N); 'H NMR (600 MHz, DMSO-
de): 8 1.58 (m, 4H, —CH,—CH,—CH,—N—), 1.63 (m, 2H,
—CH,—CH,—CH,~N—), 358 (t, 4H, —CH,CH,
—CH,—N—), 4.20 (d, 1H, J = 5.6 Hz, —CH—CH—S—),
428 (d, 1H, J = 5.6 Hz, —CH—CH—S—), 6.70 (d, 2H,
J = 12 Hz, ortho position of piperidinyl —CH—), 7.16 (d,
2H, J = 12 Hz, meta position of piperidinyl —CH—), 7.28
(d, 2H, J = 8 Hz, ortho position of N-phenyl —CH—), 8.00
(d, 2H, J = 8 Hz, meta position of N-phenyl —CH—),
12.70 (s, 1H, —NH—); >C NMR (150 MHz, DMSO-dj): &
27.0 (C,), 29.4 (C,), 55.4 (Cy), 57.0 (Cs), 62.0 (Cg), 110.8
(C13), 114.7 (Cs), 129.2 (Cy4), 131.7 (C), 138.5 (C,), 140.0
(Cy5), 150.6 (Cyp), 152.5 (Cy), 158.4 (Cyo), 176.0 (Cyy):
Anal. Calcd. for molecular formula C,;H,;N505S: C,
59.56; H, 5.00; N, 16.54; S, 7.57%. Found: C, 60.08; H,
5.14; N, 16.95; S, 7.88%.

413 | 3-(4-(piperidin-1-yl)phenyl)-3,3a-
dihydro-2H-pyrazolo[3,4-d] thiazol-5(6H)-
thione (2a)

Yellow solid; yield 34%; mp. 149.8°C; IR (Vmax, CM )
3262, 3234 (N—H), 2928 (C—H of the piperidinyl ring),
1580 (C=N), 1387 (C=S); "H NMR (600 MHz, DMSO-d,):
& 1.65 (m, 4H, —CH,—CH,—CH,—N—), 1.88 (m, 2H,
—CH,—CH,—CH,—N—), 3.51 (t, 4H, —CH,—CH,—
CH,—N—), 421 (dd, 1H, J;, = 4 Hz, J, = 10 Hz,
—CH—CH—S—), 438 (d, 1H, J; = 4 Hz, —CH—CH—S—),
6.77 (d, 2H, J; = 12 Hz, ortho position of piperidinyl
—CH—), 7.20 (d, J, = 12 Hgz, 2H, meta position of
piperidinyl —CH—), 11.65 (d, 1H, J; = 10 Hz,
—CH—NH-), 13.01 (s, 1H, —NH—); °C NMR (150 MHz,
DMSO-dy): § 25.4 (Cy), 26.6 (C,), 52.8 (Cyg), 56.6 (Cs), 61.2
(Cy), 114.1 (Cs), 131.2 (Cg), 136.4 (C,), 152.2 (Cy), 161.5
(Cyp), 204.8 (C;1); Anal. Caled. for molecular formula
CisHigNuS,: C, 56.57; H, 5.70; N, 17.59; S, 20.04%.
Found: C, 57.01; H, 5.73; N, 18.08; S, 21.03%.

414 | 2-phenyl-3-(4-(piperidin-1-yl)
phenyl)-3,3a-dihydro-2H-pyrazolo [3,4-d]
thiazol-5(6H)-thione (2b)

Yellow solid; yield 39%; mp. 151.4°C; IR (Vmay, CM )
3251, 3240 (N—H), 2977 (C—H of the piperidinyl ring),
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1591 (C=N), 1391 (C=S); 'H NMR (600 MHz, DMSO-d,):
8 1.64 (m, 4H, —CH,—CH,—CH,—N—), 1.72 (m, 2H,
—CH,—CH,—CH,—N—), 386 (t, 4H, —CH,—CH,—
CH,—N—), 4.25 (d, 1H, J = 5.6 Hz, —CH—CH—S—), 4.29
(d, 1H, J = 56 Hz —CH—CH—S—), 6.80 (d, 2H,
J = 7.2 Hz, ortho position of piperidinyl —CH—), 6.92 (dd,
1H, J; = 12 Hz, J, = 12 Hgz, para position of N-phenyl
—CH-), 7.12 (d, 2H, J = 8 Hg, ortho position of N-phenyl
—CH—), 740 (d, 2H, J = 7.2 Hz, meta position of
piperidinyl —CH—), 7.46 (dd, 2H, J; = 8 Hz, J, = 12 Hz,
meta position of N-phenyl —CH—), 12.64 (s, 1H, —NH—);
13C NMR (150 MHz, DMSO-dy): & 28.2 (Cy), 29.6 (C,),
58.4 (Cg), 60.4 (C3), 64.4 (Cg), 116.0 (Cs), 124.1 (Cy3),
126.6 (Cy5), 136.3 (Cy), 139.8 (C14), 142.3 (C5), 149.0 (Cy5),
155.3 (C4), 168.0 (Cyg), 177.7 (Cyy); Anal. Calcd. for
molecular formula C,;H,,N,S,: C, 63.93; H, 5.62; N,
14.20; S, 16.25%. Found: C, 64.82; H, 5.77; N,
14.01; S, 16.33%.

415 | 2-(4-iodophenyl)-3-(4-(piperidin-
1-yl)phenyl)-3,3a-dihydro-2H-pyrazolo
[3,4-d]thiazole-5(6H)-thione (2c)

Yellow solid; yield 31%; mp. 157.6°C; IR (Vax cm™Y):
3244, 3221 (N—H), 2936 (C—H of the piperidinyl ring),
1590 (C=N), 1391 (C=S); 'H NMR (600 MHz, DMSO-dy):
8 1.66 (m, 4H, —CH,—CH,—CH,—N—), 1.78 (m, 2H,
—CH,—CH,—CH,—N—), 3.62 (t, 4H, —CH,—CH,—
CH,—N—), 3.88 (d, 1H, J = 5.6 Hz, —CH—CH—S—), 4.24
(d, 1H, J = 5.6 Hz, —CH—CH—S—), 6.60 (d, 2H, J = 8 Hz,
ortho position of N-phenyl —CH—), 6.80 (d, 2H,
J = 12 Hz, ortho position of piperidinyl —CH—), 7.32 (d,
2H, J = 12 Hz, meta position of piperidinyl —CH—), 7.48
(d, 2H, J = 8 Hz, meta position of N-phenyl —CH—),
12.85 (s, 1H, —NH—); >C NMR (150 MHz, DMSO-dy): &
27.5 (Cy), 29.4 (Cy), 55.9 (Cs), 58.4 (Cy), 63.6 (Cg), 79.8
(C1a), 114.4 (Cs), 118.1 (Cy3), 136.4 (Cy), 140.4 (C,), 143.2
(C1p), 155.8 (Cy), 161.4 (C;p), 201.6 (C;41); Anal. Calcd. for
molecular formula C,;H,;IN,S,: C, 48.46; H, 4.07; N,
10.77; S, 12.32%. Found: C, 49.06; H, 3.95; N,
10.89; S, 12.21%.

416 | 3-(4-(piperidin-1-yl)phenyl)-
2-(4-trifluoromethyl)phenyl)-3,3a-dihydro-
2H-pyrazolo[3,4-d]thiazole-5(6H)-

thione (2d)

Yellow solid; yield 28%; mp. 152.4°C; IR (Vmax, cm0):
3250, 3242 (N—H), 2981 (C—H of the piperidinyl ring),
1595 (C=N), 1391 (C=S); '"H NMR (600 MHz, DMSO-d,):
8 1.56 (m, 4H, —CH,—CH,—CH,—N—), 1.64 (m, 2H,

—CH,—CH,—CH,—N—), 3.56 (t, 4H, —CH,—CH,—
CH,—N—), 4.08 (d, 1H, J = 5.6 Hz, —CH—CH—S—), 4.16
(d, 1H, J = 5.6 Hz, —CH—CH—S—), 6.66 (d, 2H, J = 8 Hz,
ortho position of N-phenyl —CH—), 6.82 (d, 2H,
J = 12 Hz, ortho position of piperidinyl —CH—), 7.24 (d,
2H, J = 12 Hz, meta position of piperidinyl —CH—), 7.55
(d, 2H, J = 8 Hz, meta position of N-phenyl —CH—),
12.72 (s, 1H, —NH—); *C NMR (150 MHz, DMSO-d,):
§27.2 (C,), 29.4 (C,), 56.2 (C3), 60.2 (Cy), 64.5 (Cg), 114.0
(Cs), 116.3 (Cy3), 126.7 (Cig), 129.1 (Cys), 133.9 (Cuy),
135.0 (Cy), 138.7 (C5), 150.1 (Cy), 157.5 (Cy), 162.1 (Cyo),
202.2 (C;;); Anal. Calcd. for molecular formula
C,,H, FsN,S,: C, 57.13; H, 4.58; N, 12.11; S, 13.86%.
Found: C, 57.26; H, 4.67; N, 12.47; S, 13.93%.

417 | 3-(4-(piperidin-1-yl)phenyl)-
2-(4-(trifluoromethoxy)phenyl)-3,3a-
dihydro-2H-pyrazolo[3,4-d]thiazole-5(6H)-
thione (2e)

Yellow solid; yield 26%; mp. 157.3°C; IR (Vmax, CM V)
3252, 3233 (N—H), 2989 (C—H of the piperidinyl ring),
1599 (C=N), 1390 (C=S); "H NMR (600 MHz, DMSO-dy):
§ 1.62 (m, 4H, —CH,—CH,—CH,—N—), 1.69 (m, 2H,
—CH,—CH,—CH,—N—), 3.60 (t, 4H, —CH,—CH,—
CH,—N—), 422 (d, 1H, J = 5.6 Hz, —CH—CH—S—), 4.36
(d, 1H, J = 5.6 Hz, —CH—CH—S—), 6.60 (d, 2H, J = 8 Hz,
ortho position of N-phenyl —CH—), 6.75 (d, 2H,
J = 12 Hz, ortho position of piperidinyl —CH—), 7.00 (d,
2H, J = 12 Hz, meta position of piperidinyl —CH—), 7.22
(d, 2H, J = 8 Hz, meta position of N-phenyl —CH—),
12.72 (s, 1H, —NH—); '*C NMR (150 MHz, DMSO-ds): &
26.1 (Cy), 28.3 (Cs), 56.8 (Cs), 59.1 (Co), 63.4 (Cg), 113.9
(Cs), 115.8 (Cyq3), 118.9 (Cya), 132.6 (Cq), 135.8 (Cyp),
139.0 (C,), 144.4 (C,,), 148.7 (Cy5), 158.0 (Cy), 160.0 (Cyo),
202.0 (C;;); Anal. Calcd. for molecular formula
C5,H, F3N,OS,y: C, 55.22; H, 4.42; N, 11.71; S, 13.40%.
Found: C, 56.26; H, 4.50; N, 11.80; S, 13.55%.

418 | 2-(4-nitrophenyl)-3-(4-(piperidin-
1-yl)phenyl)-3,3a-dihydro-2H-pyrazolo
[3,4-d]thiazole-5(6H)-thione (2f)

Yellow solid; yield 21%; mp. 164.7°C; IR (Vmax, cm )
3249, 3231 (N—H), 2977 (C—H of the piperidinyl ring),
1586 (C=N), 1391 (C=S); 'H NMR (600 MHz, DMSO-d,):
8 1.55 (m, 4H, —CH,—CH,—CH,~N—), 1.62 (m, 2H,
—CH,—CH,~CH,~N—), 3.55 (t, 4H, —CH,—CH,—
CH,—N—), 4.11 (d, 1H, J = 5.6 Hz, —CH—CH—S—), 4.23
(d, 1H, J = 56 Hz —CH—CH—S—), 6.75 (d, 2H,
J = 12 Hz, ortho position of piperidinyl —CH—), 7.13 (d,
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2H, J = 12 Hz, meta position of piperidinyl —CH—), 7.32
(d, 2H, J = 8 Hz, ortho position of N-phenyl —CH—), 8.11
(d, 2H, J = 8 Hz, meta position of N-phenyl —CH—),
12.74 (s, 1H, —NH—); °C NMR (150 MHz, DMSO-dy): &
25.9 (C;), 27.8 (C,), 56.1 (C3), 58.7 (Cy), 63.6 (Cg), 112.8
(C13), 115.1 (Cs), 126.4 (Cy4), 130.0 (Cy), 135.2 (C,), 139.2
(Cy5), 1504 (Cyy), 154.1 (C,), 158.4 (Cypo), 204.1 (Cyy);
Anal. Calcd. for molecular formula C,;H,;N50,S,: C,
57.38; H, 4.82; N, 15.93; S, 14.59%. Found: C, 58.03; H,
4.94; N, 16.08; S, 14.44%.

419 | 3-(4-(morpholinophenyl)-3,3a,
dihydro-2H-pyrazolo[3,4-d]thiazole-5(6H)-
one (3a)

Yellow solid; yield 30%; mp. 154.7°C; IR (Viax cm™Y):
3234, 2975 (N—H), 2977 (C—H of the morpholinyl ring),
1672 (C=0), 1574 (C=N); 'H NMR (600 MHz, DMSO-
dg): & 3.33 (d, 4H, —O—CH,—CH,—N—), 3.83 (d, 4H,
—O—CH,—CH,—N—), 418 (dd, 1H, J;, = 4 Hz,
J, = 10 Hz, —CH—CH—S—), 4.21 (d, 1H, J; = 4 Hz,
—CH—CH—S—), 6.78 (d, 2H, J; = 12 Hz, ortho position of
morpholinyl —CH—), 7.24 (d, J; = 12 Hz, 2H, meta posi-
tion of morpholinyl —CH—), 11.72 (d, 1H, J; = 10 Hz,
—CH—NH-), 13.12 (s, 1H, —NH—); *C NMR (150 MHz,
DMSO-dg): & 52.8 (C,), 55.0 (Cg), 56.3 (Cs), 65.8 (Cy),
114.5 (Cy), 132.2 (Cs), 135.1 (Cg), 149.3 (Cs), 158.9 (Cy),
177.5 (Cy0); Anal. Calcd. for molecular formula
Ci14H16N,O5S: C, 55.25; H, 5.30; N, 18.41; S, 10.53%.
Found: C, 56.08; H, 5.43; N, 18.58; S, 10.43%.

420 | 3-(4-morpholinophenyl)-2-phenyl-
3,3a-dihydro-2H-pyrazolo|3,4-d]thiazole-
5(6H)-one (3b)

Yellow solid; yield 36%; mp. 163.4°C; IR (Vmax, CM )
3242, 2980 (N—H), 2945 (C—H of the morpholinyl ring),
1676 (C=0), 1571 (C=N); '"H NMR (600 MHz, DMSO-
d): & 3.25 (t, 4H, —O—CH,—CH,—N—), 3.80 (t, 4H,
—O0—CH,—CH,~N—), 424 (d, 1H, J = 56 Hz
—CH—CH—S—), 4.30 (d, 1H, J = 5.6 Hz, —CH—CH—S—),
6.85 (d, 2H, J = 7.2 Hg, ortho position of morpholinyl
—CH—), 6.90 (dd, 1H, J; = 12 Hz, J, = 12 Hz, para posi-
tion of N-phenyl —CH—), 7.02 (d, 2H, J = 8 Hgz, ortho
position of N-phenyl —CH—), 7.24 (d, 2H, J = 7.2 Hg,
meta position of morpholinyl —CH—), 7.40 (dd, 2H,
J; = 8 Hz, J, = 12 Hz, meta position of N-phenyl —CH—),
12.20 (s, 1H, —NH—); >C NMR (150 MHz, DMSO-dy): &
55.5 (Cg), 58.6 (Cs), 60.0 (C5), 68.9 (C;), 118.6 (C,), 120.0

(C12), 124.8 (C14), 130.7 (Cs), 133.3 (Cy3), 137.7 (Cy), 144.5
(Cq1), 155.3 (Cy), 160.1 (Cy), 172.0 (Cyp); Anal. Calcd. for
molecular formula C,,H,,N,O,S: C, 63.14; H, 5.30; N,
14.73; S, 843%. Found: C, 63.22; H, 547, N,
14.65; S, 8.52%.

421 | 2-(4-iodophenyl)-
3-(4-morpholinophenyl)-3,3a-diydro-2H-
pyrazolo[3,4-d]thiazole-5(6H)-one (3c)

Yellow solid; yield 25%; mp. 162.0°C; IR (Vjayx, Cm™):
3230, 2983 (N—H), 2954 (C—H of the morpholinyl ring),
1676 (C=0), 1578 (C=N); 'H NMR (600 MHz, DMSO-
de): & 3.21 (t, 4H, —O—CH,—CH,—N—), 3.71 (t, 4H,
—O—CH,CH,~N—), 414 (d, 1H, J = 56 Hg
—CH—CH—S—), 4.20 (d, 1H, J = 5.6 Hz, —CH—CH—S—),
6.75 (d, 2H, J = 12 Hgz, ortho position of morpholinyl
—CH—), 7.08 (d, 2H, J = 8 Hz, ortho position of N-phenyl
—CH—-), 7.17 (d, 2H, J = 12 Hz, meta position of
morpholinyl —CH—), 7.42 (d, 2H, J = 8 Hz, N- meta posi-
tion of N-phenyl —CH—), 12.65 (s, 1H, —NH—); °C
NMR (150 MHz, DMSO-d,): 8 54.8 (C,), 55.5 (Cg), 60.7
(C,), 67.9 (C;), 81.1 (Cy4), 114.2 (C,), 116.0 (C;5), 130.3
(Cs), 133.2 (Cy), 134.6 (C;3), 140.2 (Cyy), 149.1 (C5), 158.4
(Cy), 176.8 (Cy1p); Anal. Calcd. for molecular formula
CooHIN,O,S: C, 47.44; H, 3.78; N, 11.06; S, 6.33%.
Found: C, 47.52; H, 3.88; N, 11.09; S, 6.27%.

4.22 | 3-(4-morpholinophenyl)-
2-(4-(trifluoromethyl)phenyl)-3,3a-dihydro-
2H-pyrazolo[3,4-d]thiazole-5(6H)-one (3d)

Yellow solid; yield 19%; mp. 167.1°C; IR (Vmax, cm )
3237, 2957 (N—H), 2972 (C—H of the morpholinyl ring),
1678 (C=0), 1578 (C=N); 'H NMR (600 MHz, DMSO-
de): & 3.19 (t, 4H, —O—CH,—CH,—N—), 3.60 (t, 4H,
—O0—CH,—CH,~N—), 411 (d, 1H, J = 56 Hz
—CH—CH—S—), 4.23 (d, 1H, J = 5.6 Hz, —CH—CH—S—),
6.50 (d, 2H, J = 8 Hz, ortho position of N-phenyl —CH—),
6.77 (d, 2H, J = 12 Hgz, ortho position of morpholinyl
—CH—), 745 (d, 2H, J = 12 Hz, meta position of
morpholinyl —CH—), 7.48 (d, 2H, J = 8 Hz, meta position
of N-phenyl —CH—), 12.77 (s, 1H, —NH—); >C NMR
(150 MHz, DMSO-d,): & 57.9 (C,), 59.0 (Cyg), 60.8 (C-),
69.7 (Cy), 115.7 (Cy), 116.9 (Cyo), 124.8 (Cys), 125.1 (Cya),
128.4 (Cy3), 130.1 (Cs), 136.9 (Cy), 148.5 (C;3), 150.0 (Cs),
156.4 (Cg), 178.1 (Cyp); Anal. Calcd. for molecular for-
mula C,H,oF3N,O,S: C, 56.24; H, 4.27; N, 12.49; S,
7.15%. Found: C, 56.17; H, 4.39; N, 12.27; S, 7.11%.
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423 | 3-(4-morpholinophenyl)-
2-(4-(trifluoromethoxy)phenyl)-3,3a-
dihydro-2H-pyrazolo[3,4-d]thiazole-5(6H)-
one (3e)

Yellow solid; yield 28%; mp. 160.6°C; IR (Vax, cm™):
3231, 2984 (N—H), 2966 (C—H of the morpholinyl ring),
1673 (C=0), 1579 (C=N); 'H NMR (600 MHz, DMSO-
de): & 3.17 (t, 4H, —O—CH,—CH,—N—), 3.72 (t, 4H,
—0—CH,—CH,~N—), 418 (d, 1H, J = 56 Hz
—CH—CH—S—), 4.26 (d, 1H, J = 5.6 Hz, CH—CH—S—),
6.55 (d, 2H, J = 8 Hz, ortho position of N-phenyl —CH—),
6.70 (d, 2H, J = 8 Hz, meta position of N-phenyl —CH—),
6.78 (d, 2H, J = 12 Hgz, ortho position of morpholinyl
—CH—), 7.30 (d, 2H, J = 12 Hz, meta position of
morpholinyl —CH—), 12.72 (s, 1H, —NH—); °C NMR
(150 MHz, DMSO-dy): & 53.5 (Cy), 56.8 (Cg), 60.1 (C,),
66.9 (Cy), 113.0 (C,), 114.2 (C15), 116.3 (Cy3), 128.8 (Cys),
130.0 (Cs), 133.5 (C), 138.2 (Cyy), 142.2 (C,4), 148.6 (Cs),
159.2 (Cy), 178.2 (Cyp); Anal. Calcd. for molecular for-
mula C, H,oF3N405S: C, 54.30; H, 4.12; N, 12.06; S,
6.90%. Found: C, 54.27; H, 4.20; N, 12.07; S, 6.77%.

424 | 3-(4-morpholinophenyl)-
2-(4-nitrophenyl)-3,3a-dihydro-2H-pyrazolo
[3,4-d]thiazole-5(6H)-one (3f)

Yellow solid; yield 39%; mp. 163.9°C; IR (Vmax, CM )
3241, 3003 (N—H), 2960 (C—H of the morpholinyl ring),
1677 (C=0), 1579 (C=N); 'H NMR (600 MHz, DMSO-
do): & 3.24 (t, 4H, —O—CH,—CH,—N—), 3.72 (t, 4H,
—O—C&—CHZ—N—), 419 (d, 1H, J = 56 Hz
—CH—CH—S—), 4.34 (d, 1H, J = 5.6 Hz, —CH—CH—S—),
6.76 (d, 2H, J = 12 Hgz, ortho position of morpholinyl
—CH—), 7.16 (d, 2H, J = 12 Hz, meta position of
morpholinyl —CH—), 7.31 (d, 2H, J = 8 Hz, ortho position
of N-phenyl —CH—), 8.00 (d, 2H, J = 8 Hz, meta position
of N-phenyl —CH—), 12.84 (s, 1H, —NH—); "*C NMR
(150 MHz, DMSO-dg): & 53.6 (C,), 56.1 (Cy), 60.2 (C,),
63.3 (Cy), 111.0 (Cyy), 113.7 (Cy), 124.4 (Cy3), 129.7 (Cs),
135.7 (Cy), 139.8 (Cya), 147.9 (Cs), 150.2 (Cy;), 158.1 (Cy),
175.5 (Cy0); Anal. Calcd. for molecular formula
CooH1oNsO,S: C, 56.46; H, 4.50; N, 16.46; S, 7.54%.
Found: C, 56.52; H, 4.52; N, 16.78; S, 7.42%.

4.25 | 3-(4-(morpholinophenyl)-3,3a-
dihydro-2H-pyrazolo[3,4-d]thiazole-5(6H)-
thione (4a)

Yellow solid; yield 29%; mp. 154.4°C; IR (Vmax, CM )
3216, 3105 (N—H), 2930 (C—H of the morpholinyl ring),

1590 (C=N); 1350 (C=S); "H NMR (600 MHz, DMSO-d,):
§ 3.23 (d, 4H, —O—CH,—CH,~N-), 3.77 (d, 4H,
—O0—CH,—CH,~N—), 401 (d, 1H, J, = 4 Hz
—CH—CH—S—), 4.29 (dd, 1H, J; = 4 Hz, J, = 10 Hg,
—CH—CH—S—), 6.71 (d, 2H, J; = 12 Hz, ortho position of
morpholinyl —CH—), 7.18 (d, J; = 12 Hz, 2H, meta posi-
tion of morpholinyl —CH—), 11.66 (d, 1H, J, = 10 Hg,
—CH—NH—), 13.04 (s, 1H, —NH—); *C NMR (150 MHz,
DMSO-dy): & 54.6 (C,), 57.1 (Cg), 59.5 (C,), 68.6 (Cy),
113.6 (Cy), 136.2 (Cs), 139.4 (Cy), 151.3 (C3), 160.9 (Co),
204.8 (Cyo); Anal. Caled. for molecular formula
CHN,OS,: C, 52.48; H, 5.03; N, 17.48; S, 20.01%.
Found: C, 52.44; H, 5.12; N, 17.40; S, 21.14%.

426 | 3-(4-morpholinophenyl)-2-phenyl-
3,3a-dihydro-2H-pyrazolo|3,4-d]thiazole-
5(6H)-thione (4b)

Yellow solid; yield 37%; mp. 158.7°C; IR (Vmay, CM )
3205, 3111 (N—H), 2918 (C—H of the morpholinyl ring),
1577 (C=N), 1338 (C=S); '"H NMR (600 MHz, DMSO-d,):
8 320 (t, 4H, —O—CH,—CH,—N—), 3.77 (t, 4H,
—O0—CH,—CH,~N—), 418 (d, 1H, J = 56 Hz
—CH—CH—S—), 432 (d, 1H, J = 5.6 Hz, —CH—CH—S—),
6.70 (d, 2H, J = 7.2 Hgz, ortho position of morpholinyl
—CH-), 6.82 (dd, 1H, J; = 12 Hz, J, = 12 Hz, para posi-
tion of N-phenyl —CH—), 6.92 (d, 2H, J = 8 Hz, ortho
position of N-phenyl —CH—), 7.18 (d, 2H, J = 7.2 Hz,
meta position of morpholinyl —CH—), 7.29 (dd, 2H,
J; = 8 Hz, J, = 12 Hz, meta position of N-phenyl —CH—),
12.11 (s, 1H, —NH—); >C NMR (150 MHz, DMSO-dj): &
55.1 (C,), 58.2 (Cy), 62.1 (C,), 68.3 (C;), 115.9 (Cy), 119.2
(C12), 122.7 (Cy4), 131.4 (Cs), 132.7 (Cy3), 133.2 (Cy), 144.4
(Cq1), 150.0 (C5), 159.8 (Cy), 201.1 (C;p); Anal. Calcd. for
molecular formula C,,H,,N,0S,: C, 60.58; H, 5.08; N,
14.13; S, 16.17%. Found: C, 61.02; H, 5.19; N,
14.15; S, 17.00%.

4.27 | 2-(4-iodophenyl)-
3-(4-morpholinophenyl)-3,3a-dihydro-2H-
pyrazolo|3,4-d]thiazole-5(6H)-thione (4c)

Yellow solid; yield 24%; mp. 155.6°C; IR (Vmax, CM )
3211, 3119 (N—H), 2919 (C—H of the morpholinyl ring),
1578 (C=N), 1334 (C=S); 'H NMR (600 MHz, DMSO-d,):
5 329 (t, 4H, —O—CH,—CH,—N—), 3.66 (t, 4H,
—0—CH,—CH,—N—), 400 (d, 1H, J = 56 Hzg
—CH—CH—S—), 4.34 (d, 1H, J = 5.6 Hz, —CH—CH—S—),
6.48 (d, 2H, J = 8 Hgz, ortho position of N-phenyl —CH—),
6.70 (d, 2H, J = 12 Hgz, ortho position of morpholinyl
—CH—), 7.20 (d, 2H, J = 12 Hgz, meta position of
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morpholinyl —CH—), 7.41 (d, 2H, J = 8 Hz, meta position
of N-phenyl —CH—), 12.61 (s, 1H, —NH—); *C NMR
(150 MHz, DMSO-dy): & 53.0 (C,), 56.5 (Cy), 62.2 (C,),
66.3 (Cy), 79.8 (C14), 113.1 (Cy), 115.7 (C12), 130.8 (Cs),
134.7 (Cy), 140.1 (C3), 144.6 (Cy,), 148.4 (C5), 160.5 (Cy),
200.8 (C;0); Anal. Calcd. for molecular formula
CooH19IN,OS,: C, 45.98; H, 3.67; N, 10.72; S, 12.28%.
Found: C, 46.14; H, 3.58; N, 11.00; S, 12.37%.

4.28 | 3-(4-morpholinophenyl)-
2-(4-(trifluoromethyl)phenyl)-3,3a-dihydro-
2H-pyrazolo[3,4-d]thiazole-5(6H)-

thione (4d)

Yellow solid; yield 28%; mp. 165.5°C; IR (Vmax, CM )
3217, 3114 (N—H), 2923 (C—H of the morpholinyl ring),
1582 (C=N), 1331 (C=S); "H NMR (600 MHz, DMSO-d,):
8 3.16 (t, 4H, —O—CH,—CH,—N—), 3.65 (t, 4H,
—0—CH,;—CH,~N—), 407 (d, 1H, J = 56 Hz
—CH—CH—S—), 4.20 (d, 1H, J = 5.6 Hz, —CH—CH—S—),
6.58 (d, 2H, J = 8 Hz, ortho position of N-phenyl —CH—),
6.70 (d, 2H, J = 12 Hgz, ortho position of morpholinyl
—CH—), 7.21 (d, 2H, J = 12 Hz, meta position of
morpholinyl —CH—), 7.40 (d, 2H, J = 8 Hz, meta position
of N-phenyl —CH—), 12.81 (s, 1H, —NH—); '*C NMR
(150 MHz, DMSO-dy): & 54.0 (Cy), 57.2 (Cyg), 62.6 (C,),
66.7 (Cy), 113.4 (Cy), 115.2 (Cy2), 124.0 (Cy5), 125.2 (C1),
126.3 (Cy3), 130.5 (Cs), 135.5 (Ce), 148.0 (Cy;), 149.9 (Cs),
160.0 (Cy), 201.4 (C;p); Anal. Calcd. for molecular for-
mula C,HoF3N,0S,: C, 54.30; H, 4.12; N, 12.06; S,
13.81%. Found: C, 54.27; H, 4.28; N, 11.87; S, 13.80%.

429 | 3-(4-morpholinophenyl)-
2-(4-(trifluoromethoxy)phenyl)-3,3a-
dihydro-2H-pyrazolo[3,4-d]thiazole-5(6H)-
thione (4e)

Yellow solid; yield 25%; mp. 162.7°C; IR (Vmax, CM )
3210, 3116 (N—H), 2927 (C—H of the morpholinyl ring),
1583 (C=N), 1337 (C=S); 'H NMR (600 MHz, DMSO-dy):
8 321 (t, 4H, —O—CH,—CH,~N—), 3.69 (t, 4H,
—0—CH,—CH,~N—), 411 (d, 1H, J = 56 Hz
—CH—CH—S—), 4.29 (d, 1H, J = 5.6 Hz, —CH—CH—S—),
6.59 (d, 2H, J = 8 Hz, ortho position of N-phenyl —CH—),
6.73 (d, 2H, J = 12 Hgz, ortho position of morpholinyl
—CH—), 6.80 (d, 2H, J = 8 Hz, meta position of N-phenyl
—CH—), 7.22 (d, 2H, J = 12 Hz, meta position of
morpholinyl —CH—), 12.70 (s, 1H, —NH—); 13C NMR
(150 MHz, DMSO-dg): & 53.0 (C,), 56.9 (Cg), 63.3 (C,),
68.0 (Cy), 112.2 (Cy), 113.5 (Cy2), 114.4 (Cy3), 130.8 (C;5),
131.4 (Cs), 135.5 (Cg), 139.2 (C1y), 143.3 (Cy4), 147.6 (C5),

160.2 (Cy), 176.0 (Cy0); Anal. Calcd. for molecular for-
mula C,;H;oF3N,0,S,: C, 52.49; H, 3.99; N, 11.66; S,
13.35%. Found: C, 52.47; H, 4.00; N, 11.97; S, 13.27%.

430 | 3-(4-morpholinophenyl)-
2-(4-nitrophenyl)-3,3a-dihydro-2H-pyrazolo
[3,4-d]thiazole-5(6H)-thione (4f)

Yellow solid; yield 23%; mp. 148.6°C; IR (Vmax, CM )
3217, 3117 (N—H), 2924 (C—H of the morpholinyl ring),
1570 (C=N), 1331 (C=S); "H NMR (600 MHz, DMSO-d,):
& 328 (t, 4H, —O—CH,—CH,—N—), 3.64 (t, 4H,
—0—CH,~CH,~N—), 414 (d, 1H, J = 56 Hz
—CH—CH—S—), 4.22 (d, 1H, J = 5.6 Hz, —CH—CH—S—),
6.70 (d, 2H, J = 12 Hgz, ortho position of morpholinyl
—CH—), 7.11 (d, 2H, J = 12 Hz, meta position of
morpholinyl —CH—), 7.22 (d, 2H, J = 8 Hz, ortho position
of N-phenyl —CH—), 8.10 (d, 2H, J = 8 Hz, meta position
of N-phenyl —CH—), 12.79 (s, 1H, —NH—); >*C NMR
(150 MHz, DMSO-dy): & 54.1 (Cy), 55.5 (Cg), 61.3 (C,),
67.0 (Cy), 111.6 (Cy,), 112.9 (Cy), 125.6 (C13), 129.1 (Cs),
134.4 (Cy), 139.2 (Cy4), 148.2 (Cs), 151.3 (Cy3), 158.7 (Co),
201.2 (C;o); Anal. Calcd. for molecular formula
CyoH19N505S,: C, 54.41; H, 4.34; N, 15.86; S, 14.72%.
Found: C, 55.00; H, 4.42; N, 15.77; S, 14.80%.

4.31 | Antioxidant activity

Solutions of synthesized compounds with various concen-
trations, that is, 200, 100, 50, and 25 pM were prepared.
DMSO was used as a control while a-tocopherol and BHT
were used as antioxidant standards. The obtained results
were given as 50% concentration (ICs,). For f-carotene-
linoleic acid, DPPH' scavenging, and ABTS™* scavenging
activity assays, the sample concentration was calculated
from the graph of antioxidant activity percentage against
sample concentration. Results of CUPRAC capacity activ-
ity assay were given as absorbance.

The total antioxidant activity was evaluated using j-
carotene-linoleic acid.[***”) Free-radical scavenging activ-
ity was determined by spectrophotometer using DPPH
assay as described by Blois.!*”?®! ABTS™ scavenging
activity was determined according to the method of Re
et al,'®! while the cupric reducing capacity was deter-
mined according to Apak’s method!>!,

4.32 | Anticholinesterase activity

AChE (electric eel) and BChE (horse serum) inhibitions
were measured spectrophotometrically. Solutions of the
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synthesized compounds of various concentrations, that
is, 200, 100, 50, and 25 ppm were prepared.
Acetylthiocholine iodide and butyrylthiocholine chloride
were employed as substrates. DTNB
(5,50-dithiobis(2-nitrobenzoic)acid was used for the mea-
surement of the anticholinesterase activity.*! The results
were given as 50% concentration (ICsp).

ACKNOWLEDGMENTS

The present study was supported by the Research Foun-
dation of Mugla Sitki Kogman University (Project No:
15/089).

ORCID
Yusuf Sicak © https://orcid.org/0000-0003-2339-5837

REFERENCES AND NOTES

[1] Robins, R. K. J. Am. Chem. Soc. 1956, 78, 784.

[2] Paul, S.; Gupta, M.; Gupta, R.; Loupy, A. Tetrahedron Lett.
2001, 42, 3827.

[3] Holla, B. S.; Mahalinga, M.; Karthikeyan, M. S
Akberali, P. M.; Shetty, N. S. Bioorg. Med. Chem. 2006, 14,
2040.

[4] Akbas, E. Eur. J. Med. Chem. 2005, 40, 401.

[5] Wustrow, D. J.; Capiris, T.; Rubin, R.; Knobelsdorf, J. A.;
Akunne, H.; Davis, M. D.; MacKenzie, R.; Pugsley, T. A.;
Zoski, K. T.; Heffner, T. G.; Wise, L. D. Bioorg. Med. Chem.
Lett. 1998, 8, 2067.

[6] S. W. Andrews, J. F. Blake, M. J. Chicarelli, A. Golos, J. Haas,
Y. Jiang, G. R. Kolakowski, U.S. Patent Application No.
10/174,028, 2018.

[7] W. Chen, D. J. Loury, T. D. Mody, U.S. Patent No. 7,718,662,
2010.

[8] Senga, K.; Novinson, T.; Wilson, H. R.; Robins, R. K. J. Med.
Chem. 1981, 24, 610.

[9] Hubbard, R. D.; Bamaung, N. Y.; Palazzo, F.; Zhang, Q.
Kovar, P.; Osterling, D. J.; Hu, X.; Wilsbacher, J. L.; Johnson,
E. F.; Bouska, J.; Wang, J.; Bell, R. L.; Davidsen, S. K.;
Sheppard, G. S. Bioorg. Med. Chem. Lett. 2007, 17, 5406.

[10] Prakash, A. M.; Unnikrishnan, S. J. Chem Soc., Faraday Trans
1994, 90, 2291.

[11] Panneerselvam, P.; Nair, R. R.; Vijayalakshmi, G.;
Subramanian, E. H.; Sridhar, S. K. Eur. J. Med. Chem. 2005,
40, 225.

[12] T. Daniel, K. M. Exner, K. Massonne,
M. Weismantel, U.S. Patent No. 7,183,360, 2007.

[13] Knapp, J. S.; Callely, A. G.; Mainprize, J.; Appl, J. J. Bacteriol.
1982, 52, 5.

U. Riegel,

[14] C. P. Dorn, J. J. Hale, M. MacCoss, S. G. Mills, U.S. Patent No.
5,691,336, 1997.

[15] C. P. Dorn, P. E. Finke, J. J. Hale, M. MacCoss, S. G. Mills,
S. K. Shah, M. S. Chambers, T. Harrison, T. Ladduwahetty,
B. J. Williams, U.S. Patent No. 5,719,147, 1998.

[16] Chrysselis, M. C.; Rekka, E. A.; Kourounakis, P. N. J. Med.
Chem. 2000, 43, 609.

[17] Hale, J. J.; Mills, S. G.; MacCoss, M.; Dorn, C. P.; Finke, P. E.;
Budhu, R. J.; Reamer, R. A.; Huskey, S. E.; Luffer-Atlas, D.;
Dean, B. J.; McGowan, E. M.; Feeney, W. P.; Chiu, S. H,;
Cascieri, M. A.; Chicchi, G. G.; Kurtz, M. M.; Sadowski, S.;
Ber, E.; Tattersall, F. D.; Rupniak, N. M.; Williams, A. R.;
Rycroft, W.; Hargreaves, R.; Metzger, J. M.; MaclIntyre, D. E.
J. Med. Chem. 2000, 43, 1234.

[18] Strunz, G. M.; Findlay, J. A. The Alkaloids: Chem. Pharmacol.
1985, 26, 89.

[19] O'Hagan, D. Nat. Prod. Rep. 2000, 17, 435.

[20] Le Fur, G.; Uzan, A. Biochem. Pharmacol. 1977, 26, 497.

[21] Orjales, A.; Mosquera, R.; Toledo, A.; Pumar, M. C.;
Garcia, N.; Cortizo, L.; Labeaga, L.; Innerarity, A. J. Med.
Chem. 2003, 46, 5512.

[22] G. A. Cain, P. J. Gilligan, S. W. Tam, U.S. Patent No. 5,169,855,
1992.

[23] Aridoss, G.; Amirthaganesan, S.; Kumar, N. A,; Kim, J. T
Lim, K. T.; Kabilan, S.; Jeong, Y. T. Bioorg. Med. Chem. Lett.
2008, 18, 6542.

[24] Bruno, G.; Costantino, L.; Curinga, C.; Maccari, R.;
Monforte, F.; Nicolo, F.; Ottana, R.; Vigorita, M. G. Bioorg.
Med. Chem. 2002, 10, 1077.

[25] Pandey, D.; Nag, A. K. Asian J. Chem. 2000, 12, 612.

[26] Marco, G. J. J. Am. Oil Chem. Soc. 1968, 45, 594.

[27] Oztiirk, M.; Aydogmus-Oztiirk, F.; Duru, M. E.; Topcu, G.
Food Chem. 2007, 103, 623.

[28] Blois, M. S. Nature 1958, 181, 1199.

[29] Re, R.; Pellegrini, N.; Proteggente, A.; Pannala, A.; Yang, M.;
Rice-Evans, C. Free Radic. Biol. Med. 1999, 26, 1231.

[30] Apak, R.; Giiclii, K.; Ozyiirek, M.; Karademir, S. E.; Agric, I.
Food Chem. 2004, 52, 7970.

[31] Ellman, G. L, Courtney, K. D.; Andres, V.
Featherstone, R. M. Biochem. Pharmacol. 1961, 7, 88.

How to cite this article: Sicak Y, Oru¢-Emre EE,
Oztiirk M, Karakiiciik-Tyidogan A, Nadeem S.
Synthesis, characterization, and antioxidant and
anticholinesterase activities of pyrazolo derivatives.
J Heterocyclic Chem. 2019;1-12. https://doi.org/10.

1002/jhet.3829



https://orcid.org/0000-0003-2339-5837
https://orcid.org/0000-0003-2339-5837
https://doi.org/10.1002/jhet.3829
https://doi.org/10.1002/jhet.3829
https://www.researchgate.net/publication/338022462

	Synthesis, characterization, and antioxidant and anticholinesterase activities of pyrazolo derivatives
	1  INTRODUCTION
	2  RESULTS AND DISCUSSION
	2.1  Synthesis
	2.2  Antioxidant activities of the synthesized compounds
	2.3  Anticholinesterase activities of the synthesized compounds

	3  CONCLUSIONS
	4  EXPERIMENTAL SECTION
	4.1  Chemicals and instruments
	4.2  Synthesis
	4.2.1  General synthetic procedure of compounds (1-4)

	4.3  5-(4-(piperidin-1-yl)benzylidene)thiazolidine-2,4-dione (1)
	4.4  5-(4-(piperidin-1-yl)benzylidene)-2-thioxothiazolidin-4-one (2)
	4.5  5-(4-morpholinobenzyliden)thiazolidin-2,4-dione (3)
	4.6  5-(4-morpholinobenzyliden)-2-thioxothiazolidin-4-one (4)
	4.6.1  General synthesis of pyrazolo derivatives (1-4)(a-f)

	4.7  3-(4-(piperidin-1-yl)phenyl)-3,3a-dihydro-2H-pyrazolo[3,4-d] thiazol-5(6H)-one (1a)
	4.8  2-phenyl-3-(4-(piperidin-1-yl)phenyl)-3,3a-dihydro-2H-pyrazolo[3,4-d] thiazol-5(6H)-one (1b)
	4.9  2-(4-iodophenyl)-3-(4-(piperidin-1-yl)phenyl)-3,3a-dihydro-2H-pyrazolo [3,4-d]thiazol-5(6H)-one (1c)
	4.10  3-(4-(piperidin-1-yl)phenyl)-2-(4-(trifluoromethyl)phenyl)-3,3a-dihydro-2H-pyrazolo [3,4-d] thiazole-5(6H)-one (1d)
	4.11  3-(4-(piperidin-1-yl)phenyl)-2-(4-(trifluoromethoxy)phenyl)-3,3a-dihydro-2H-pyrazolo [3,4-d] thiazole-5(6H)-one (1e)
	4.12  2-(4-nitrophenyl)-3-(4-(piperidin-1-yl)phenyl)-3,3a-dihydro-2H-pyrazolo[3,4-d] thiazol-5(6H)-one (1f)
	4.13  3-(4-(piperidin-1-yl)phenyl)-3,3a-dihydro-2H-pyrazolo[3,4-d] thiazol-5(6H)-thione (2a)
	4.14  2-phenyl-3-(4-(piperidin-1-yl)phenyl)-3,3a-dihydro-2H-pyrazolo [3,4-d]thiazol-5(6H)-thione (2b)
	4.15  2-(4-iodophenyl)-3-(4-(piperidin-1-yl)phenyl)-3,3a-dihydro-2H-pyrazolo[3,4-d]thiazole-5(6H)-thione (2c)
	4.16  3-(4-(piperidin-1-yl)phenyl)-2-(4-trifluoromethyl)phenyl)-3,3a-dihydro-2H-pyrazolo[3,4-d]thiazole-5(6H)-thione (2d)
	4.17  3-(4-(piperidin-1-yl)phenyl)-2-(4-(trifluoromethoxy)phenyl)-3,3a-dihydro-2H-pyrazolo[3,4-d]thiazole-5(6H)-thione (2e)
	4.18  2-(4-nitrophenyl)-3-(4-(piperidin-1-yl)phenyl)-3,3a-dihydro-2H-pyrazolo[3,4-d]thiazole-5(6H)-thione (2f)
	4.19  3-(4-(morpholinophenyl)-3,3a,dihydro-2H-pyrazolo[3,4-d]thiazole-5(6H)-one (3a)
	4.20  3-(4-morpholinophenyl)-2-phenyl-3,3a-dihydro-2H-pyrazolo[3,4-d]thiazole-5(6H)-one (3b)
	4.21  2-(4-iodophenyl)-3-(4-morpholinophenyl)-3,3a-diydro-2H-pyrazolo[3,4-d]thiazole-5(6H)-one (3c)
	4.22  3-(4-morpholinophenyl)-2-(4-(trifluoromethyl)phenyl)-3,3a-dihydro-2H-pyrazolo[3,4-d]thiazole-5(6H)-one (3d)
	4.23  3-(4-morpholinophenyl)-2-(4-(trifluoromethoxy)phenyl)-3,3a-dihydro-2H-pyrazolo[3,4-d]thiazole-5(6H)-one (3e)
	4.24  3-(4-morpholinophenyl)-2-(4-nitrophenyl)-3,3a-dihydro-2H-pyrazolo[3,4-d]thiazole-5(6H)-one (3f)
	4.25  3-(4-(morpholinophenyl)-3,3a-dihydro-2H-pyrazolo[3,4-d]thiazole-5(6H)-thione (4a)
	4.26  3-(4-morpholinophenyl)-2-phenyl-3,3a-dihydro-2H-pyrazolo[3,4-d]thiazole-5(6H)-thione (4b)
	4.27  2-(4-iodophenyl)-3-(4-morpholinophenyl)-3,3a-dihydro-2H-pyrazolo[3,4-d]thiazole-5(6H)-thione (4c)
	4.28  3-(4-morpholinophenyl)-2-(4-(trifluoromethyl)phenyl)-3,3a-dihydro-2H-pyrazolo[3,4-d]thiazole-5(6H)-thione (4d)
	4.29  3-(4-morpholinophenyl)-2-(4-(trifluoromethoxy)phenyl)-3,3a-dihydro-2H-pyrazolo[3,4-d]thiazole-5(6H)-thione (4e)
	4.30  3-(4-morpholinophenyl)-2-(4-nitrophenyl)-3,3a-dihydro-2H-pyrazolo[3,4-d]thiazole-5(6H)-thione (4f)
	4.31  Antioxidant activity
	4.32  Anticholinesterase activity

	ACKNOWLEDGMENTS
	REFERENCES AND NOTES



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier (FOGRA1)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <>
    /CHT <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /JPN <>
    /KOR <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG (Modified PDFX1a settings for Blackwell publications)
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


