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Abstract

Xanthine oxidase (XO) is responsible for the pathological condition called gout. Inhibition of XO activity by
various pyrazolo[3,4-d]thiazolo[3,2-a]pyrimidine-4-one derivatives was assessed and compared with the standard
inhibitor allopurinol. Out of 10 synthesized compounds, two compounds, viz. 3-amino-6-(2-hydroxyphenyl)-1H-
pyrazolo[3,4-d]thiazolo[3,2-alpyrimidin-4-one (3b) and 3-amino-6-(4-chloro-2-hydroxy-5-methylphenyl)-1H-
pyrazolo[3,4-d]thiazolo[3,2-a]lpyrimidin-4-one (3g) were found to have promising XO inhibitory activity of the
same order as allopurinol. Both compounds and allopurinol inhibited competitively with comparable Ki (3b:
3.56 ug, 3g: 2.337 g, allopurinol: 1.816 ug) and IC,; (3b: 4.228ug, 3g: 3.1g, allopurinol: 2.9 ug) values. The
enzyme-ligand interaction was studied by molecular docking using Autodock in BioMed Cache V. 6.1 software.
The results revealed a significant dock score for 3b (—84.976 kcal/mol) and 3g (—90.921 kcal/mol) compared with
allopurinol (—=55.01 kcal/mol). The physiochemical properties and toxicity of the compounds were determined in
silico using online computational tools. Overall, in vitro and in silico study revealed 3-amino-6-(4-chloro-2-hydroxy-
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5-methylphenyl)-1H-pyrazolo[3,4-d]thiazolo[3,2-alpyrimidin-4-one (3g) as a potential lead compound for the

design and development of XO inhibitors.
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molecular modeling

Introduction

Xanthine oxidase (XO, E.C. 1.1.3.22) is a key enzyme in the
purine scavenging pathway and catalyzes the conversion
of hypoxanthine to xanthine and xanthine to uric acid'.
The enzyme is distributed widely in bacteria, higher plants,
invertebrates, and vertebrates. In mammals the enzyme is
present in the kidney, lungs, myocardium, brain, plasma,
and erythrocytes; however, higher activity is found in the
liver and intestine® An increased level of xanthine oxidase
(XO)is implicated in ischemic-reperfusion injury, renal stone
formation, and reactive oxygen species (ROS) induced path-
ological states such as hepatitis, inflammation, aging, and
carcinogenesis**. In addition to this, the overproduction of
uric acid leads to hyperuricemia (>7 mg/dL) and gout®. Gout,
a common rheumatic disease, is caused by the deposition of

monosodium urate crystals (MSU) in synovial joints, with
painful inflammation®. Moreover, gout is also associated with
hypertension, hyperlipidation, diabetes mellitus, obesity,
and cardiovascular diseases’. The prevalence of gout has
been increasing worldwide during the past four decades, and
affects nearly 1% of the population in Western countries®'°.
The disease is found commonly in the UK, Japan, the
Philippines, and Taiwan, and in Samoans, the Maori people
of New Zealand, and Australian aborigines, with higher
morbidity and mortality rates'"'%. Treatment of gout involves
the use of xanthine oxidoreductase (XOR) inhibitors and
uricosuric agents'*'*. Allopurinol, a potent suicide inhibitor,
coordinates irreversibly with the reduced form of XO and
blocks the terminal step in uric acid biosynthesis and lowers
the plasma uric acid concentration. It is the only clinically
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available XO inhibitor that has been widely used, because of
its tolerance in patients'*'6. However, allopurinol treatment
produces several life-threatening hypersensitivity reactions
such as Stevens-Johnson syndrome or toxic epidermal
necrosis, and a variety of drug interactions'"'. Apart from
allopurinol, several pteridines, thiazoles, phenyl pyrazoles,
aryl triazoles, and flavonoids are reported to be inhibitors
of XORY. Therefore, the management of gout involves not
only treating acute arthritic inflammation and urolithiasis
but also lowering the urate levels, with the goal of preventing
arecurrent disease state and its progression®.

Pyrazolopyrimidines are well known for their
pharmacological activities including antitumor, antipyretic,
anticancer, antimicrobial, antiviral, anti-inflammatory,
analgesic, antileishmanial, and antihistaminic activities* .
They also exhibit central nervous system (CNS) depressant,
neuroleptic, and anti-tuberculostatic activities*. Pyrazoles
and other heterocyclic compounds also possess inhibitory
activities against XO, cyclooxygenase (COX), and alkaline
phosphatases®-*°.

Prompted by the diverse pharmacological activities of
pyrazolopyrimidines and continuation of our search for
more potent xanthine oxidase inhibitors, we report here the
synthesis of pyrazolo[3,4-d]thiazolo[3,2-a]pyrimidin-4-one
derivatives, bearing different functional moieties, and a study
of their XO inhibitory activities. An attempt has been made to
insert the thiazolo moiety in pyrazolopyrimidine derivatives
for activity reinforcement.

Materials and methods

Materials

Xanthine, uric acid, nicotinamide adenine dinucleotide
(NAD*), nystatin, and tetracycline were purchased from
HiMedia Laboratories Ltd., Mumbai, India. All chemicals
were of AR grade and used without further purification
unless stated otherwise. Bovine milk xanthine oxidase was
purchased from Sigma Chemical Co. (St. Louis, MO).

Methods

Melting points of the synthesized compounds were obtained
on a Kofler micro-melting point apparatus and were
uncorrected. Thin layer chromatography (TLC) of all the
derivatives was monitored on silica gel-G coated glass plates,
and products were visualized by iodine vapor to check the
purity. Infrared (IR) spectra were recorded on a Thermo
Nicolet Nexus 670 spectrometer using KBr pellets. 'H nuclear
magnetic resonance (NMR) spectra were obtained using an
Avance 300 MHz spectrophotometer in dimethylsulfoxide
(DMSO)-d, with tetramethylsilane (TMS) as an internal
standard (Table 1). In all cases chemical shifts are in ppm
downfield to TMS.

Synthesis of 3-cyano-2-methylthio-4-oxo-4H-6-
(substituted-phenyl)thiazolo[3,2-a]pyrimidine (2a-j)
Synthesis of the target molecule was carried out accord-
ing to the reported procedure®*. Equimolar quantities of
2-amino-4-(substituted phenyl)thiazoles (1a-j) (1 mM) and

Table 1. Structure of pyrazolopyrimidine derivatives.

Substitutent
Entry R, R, R, R,  Yield(%) M.P.(°C)
3a H H Cl H 65 204
3b OH H H H 66 215
3c OH H H Cl 64 220
3d OH Br H Cl 65 195
3e H H NO, H 66 202
3f H H Br H 66 202
3g OH H Cl CH, 68 220
3h OH H Cl Cl 68 192
3i H H OH H 67 241
3§ OH I H cl 68 210

cyanoketene dithioacetal (1 mM) were refluxed in dry dime-
thyl formamide (DMF) in the presence of trimethylamine
(TEA), which afforded the 3-cyano-2-methylthio-4-oxo0-4H-
substituted thiazolo[1,2-a]pyrimidines (2a-j). All the com-
pounds were characterized by IR and 'H NMR as follows.

3-Cyano-2-methylthio-4-0x0-4H-5-(4-chlorophenyl)
thiazolo[1,2-a]pyrimidine (2a) 1R (KBrv max): 2210 (C=N),
1640 (C=0), 1598 (C=N) cm'; 'H NMR (DMSO-d,): & 2.58
(s,3H, SCH,), 8 7.16 (s, 1H, 5H-thiazole), 6 7.31-7.67 (m, 4 H,
Ar-H) ppm; Anal. Calculated: C, 50.37; H, 2.39; N, 12.50%.
Found: C, 50.34; H, 2.43; N, 12.46%.

3-Cyano-2-methylthio-4-oxo-4H-5-(2-hydroxyphenyl)
thiazolo[1,2-aJpyrimidine (2b) IR (KBr v max): 3310
(OH), 2220 (C=N), 1685 (C=0), 1602(C=N) cm™; '"H NMR
(DMSO-d,): 6 11.08 (S, 1 H, OH), 2.61 (s, 3H, SCH,), 4 7.15
(s, 1H, 5H-thiazole), 6 7.2-7.38 (m, 4H, Ar-H) ppm; Anal.
Calculated: C, 53.33; H, 2.85; N, 13.33%. Found: C, 53.38; H,
2.81; N, 13.38%.

3-Cyano-2-methylthio-4-oxo-4H-5-(5-chloro-2-hydrox-
yphenylthiazolo[1,2-aJpyrimidine (2c) IR (KBr v max):
3325 (OH), 2215 (C=N), 1685 (C=0), 1605 (C=N) cm™; ' H
NMR (DMSO-d,):  11.25 (s, 1 H, OH), 2.50 (s, 3H, SCH,); &
7.18 (s, 1H, 5H-thiazole), 6 7.28-7.5 (m, 3H, Ar-H) ppm; Anal.
Calculated: C, 48.06; H, 2.28; N, 12.01%. Found: C, 48.02; H,
2.30; N, 12.05%.

Synthesis of 3-amino-6-(substituted-phenyl)-1H-
pyrazolo|3,4-d]thiazolo[3,2-a]pyrimidin-4-one (3a-j)
Reaction of 3-cyano-2-methylthio-4-oxo-4H-substituted-
thiazolo[1,2-a]pyrimidine (2a-j) with hydrazine hydrate
in ethanolic solution was refluxed for 3h. It afforded the
pyrazolo[3,4-d]|thiazolo[3,2-a]pyrimidin-4-one derivatives
(Scheme 1). The solvent was removed and the residue
was treated with chloroform and extracted with water. The
chloroform layer was separated and concentrated. After
complete evaporation of chloroform, compounds 3a-j were
obtained as colorless crystalline solids.

3-Amino-6-(4-chlorophenyl)-1H-pyrazolo[3,4-d]
thiazolo[3,2-a]pyrimidin-4-one (3a) 1R (KBr v max): 3455
(NH), 3340 (NH,), 3320 (-NH), 1660 (C=0), 1605 (C=N)
cm™ 'H NMR (DMSO-d,): & 4.60 (bs, 2H, NH,), § 7.1 (s, 1H,
5H- thiazole), & 7.31-7.64 (m 4H, Ar-H), & 8.6 (s, 1H, NH)
ppm; Anal. Calculated: C, 49.13; H, 2.51; N, 22.04%. Found:
C, 49.16; H, 2.52; N, 22.08%.
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Scheme 1. Synthesis of pyrazolopyrimidine derivatives.

3-Amino-6-(2-hydroxyphenyl)-1H-pyrazolo[3,4-d]
thiazolo[3,2-a[pyrimidin-4-one (3b) IR (KBr v max): 3460
(NH), 3330 (NH,), 3316 (-NH), 3210 (-OH), 1648 (C=0), 1608
(C=N) cm.'H NMR (DMSO-d,): 6 4.85 (bs, 2H, NH,), 4 7.08
(s, 1H, 5H-thiazole), 6 7.36-7.72 (m, 4H, Ar-H), 6 8.4 (s, 1 H,
NH), 6 11.56 (s, 1H, OH) ppm; Anal. Calculated: C, 52.17; H,
3.01; N, 23.41%. Found: C, 52.21; H, 3.04; N, 23.38%.

3-Amino-6-(5-chloro-2-hydroxyphenyl)-1H-
pyrazolo[3,4-d]thiazolo[3,2-a[pyrimidin-4-one (3c) IR (KBr
v max): 3460 (NH), 3455 (NH, ), 3283 (-NH), 3192 (-OH), 1649
(C=0), 1613 (C=N) cm. 'H NMR (DMSO-d,): 6 4.91 (bs,
2H, NH,), 8 7.15 (s, 1H, 5H-thiazole), 8 7.31 (s, 1H, Ar-H), 6
7.54 (s, 1H, Ar-H), 6 7.82 (s, 1H, Ar-H), 6 8.36(s, 1H, NH), 6
11.46 (s, 1H, OH) ppm; Anal. Calculated: C, 46.77; H, 2.39; N,
20.98%. Found: C, 46.81; H, 2.32; N, 20.93%.

3-Amino-6-(3-bromo-5-chloro-2-hydroxyphenyl)-1H-
pyrazolo[3,4-d]thiazolo[3,2-a]pyrimidin-4-one (3d) 1R (KBr
v max): 3425 (NH), 3294 (NH,), 3327.03 (-NH), 3185 (-OH),
1655 (C=0), 1608 (C=N) cm'. 'H NMR (DMSO-d,): & 4.83
(bs, 2H, NH,), 6 7.06 (s, 1H, 5H-thiazole), 6 7.50 (s, 1H, Ar-H),
§7.81 (s, 1H, Ar-H), 8 8.51 (s, 1H, NH),  11.54 (s, 1H, OH)
ppm; Anal. Calculated: C, 37.81; H, 1.69; N, 16.90%. Found:
C, 37.84; H, 1.65; N, 16.846%.

3-Amino-6-(4-nitrophenyl)-1H-pyrazolo[3,4-d]
thiazolo[3,2-a[pyrimidin-4-one (3e) IR (KBr v max): 3387
(NH), 3256 (NH), 3256 (-NH), 2098 (N=0), 1658 (C=0), 1610
(C=N) cm™’. 'H NMR (DMSO-d,): & 4.85 (bs, 2H, NH,), 6
7.12 (s, 1H, 5H-thiazole), 6 7.38-7.86 (m, 4H, Ar-H), 6 8.36 (s,
1H, NH) ppm; Anal. Calculated: C, 52.70; H, 2.70; N, 28.37%.
Found: C, 52.74; H, 2.68; N, 28.35%.

3-Amino-6-(4-bromophenyl)-1H-pyrazolo|[3,4-d]
thiazolo[3,2-a[pyrimidin-4-one (3f) IR (KBr v max): 3432
(NH), 3340.15 (-NH,), 3340.15 (-NH), 3210 (OH), 1660
(C=0), 1609 (C=N) cm. 'H NMR (DMSO-d,):  5.10 (bs,
2H, NH,), & 7.16 (s, 1H, 5H-thiazole), 6 7.35-7.82 (m, 4H,
Ar-H), 6 8.31 (s, 1H, NH) ppm; Anal. Calculated: C, 43.09; H,
2.20; N, 19.33%. Found: C, 43.05; H, 2.16; N, 19.30%.

3-Amino-6-(4-chloro-2-hydroxy-5-methylphenyl)-1H-
pyrazolo[3,4-d]thiazolo[3,2-a]pyrimidin-4-one (3g) IR (KBr
v max): 3334 (NH), 3300 (NH, ), 3385 (-NH), 3186 (-OH), 1665
(C=0),1607.51 (C=N) cm'. 'H NMR (DMSO-d,):  2.15 (s,
3H, CH,), 6 4.86 (bs, 2H, NH,), 6 7.05 (s, 1H, 5H-thiazole), 6
7.81 (s, 1H, Ar-H), 6 7.42 (s, 1H, Ar-H), 6 8.51 (s, 1H, NH), 6
11.54 (s, 1H, OH) ppm; Anal. Calculated: C, 48.34; H, 2.87; N,
20.14%. Found: C, 48.35; H, 2.84; N, 20.16%.

3-Amino-6-(4,5-dichloro-2-hydroxyphenyl)-1H-
pyrazolo[3,4-d]thiazolo[3,2-a[pyrimidin-4-one (3h) IR (KBr
v max): 3410 (-NH), 3376 (-NH,), 3195 (-OH), 1655 (C=0),
1604.51 (C=N) cm’. '"H NMR (DMSO-d,): 6 4.91 (bs, 2H,
NH,), 6 7.16 (s, 1H, 5H-thiazole), 6 7.43 (s, 1H, Ar-H), 6 7.82
(s, 1H, Ar-H), 6 8.32 (s, 1H, NH), 6 11.82 (s, 1H, OH) ppm;
Anal. Calculated: C, 42.50; H, 1.90; N, 19.07%. Found: C,
42.54; H, 1.93; N, 19.02%.

3-Amino-6-(4-hydroxyphenyl)-1H-pyrazolo[3,4-d]
thiazolo[3,2-a[pyrimidin-4-one (3i) IR (KBr v max): 3402
(-NH), 3360 (-NH,), 3243 (OH), 1642 (C=0), 1660 (C=N)
cm™’. 'H NMR (DMSO-d,): & 5.05 (bs, 2H, NH,),  6.22 (s. 1H,
OH), 6 7.05 (s, 1H, 5H-thiazole), 6 7.41-7.86 (m, 4H, Ar-H), 6
8.41 (s, 1H, NH) ppm; Anal. Calculated: C, 52.17; H, 3.01; N,
23.41%. Found: C, 52.14; H, 3.05; N, 23.46%.

RIGHTS LI N Kdx



Journal of Enzyme Inhibition and Medicinal Chemistry Downloaded from informahealthcare.com by University of South Carolinaon 12/26/11

For personal use only.

618 Khobragade C.N. et al.

3-Amino-6-(5-chloro-2-hydroxy-3-iodophenyl)-1H-
pyrazolo[3,4-d]thiazolo([3,2-a]pyrimidin-4-one (3j) IR (KBr
v max): 3385(-NH), 3286 (-NH,), 3192 (-OH), 1665 (C=0),
1606.51 (C=N) cm™. 'H NMR (DMSO-d,): d 4.87 (bs, 2H,
NH,), 6 7.12 (s, 1H, 5H-thiazole), 6 7.85 (s, 1H, Ar-H), 6 7.51
(s, 1H, Ar-H), 6 8.52 (s, 1H, NH), 6 11.64 (s, 1H, OH) ppm;
Anal. Calculated: C, 33.94; H, 1.52; N, 15.23%. Found: C,
33.91; H, 1.56; N, 15.20%.

Xanthine oxidase inhibitory activity

A series of 10 pyrazolopyrimidine derivatives synthesized
in this study were tested as inhibitors. The reaction mixture
containing 1mL xanthine (0.15mM), 2.5mL potassium
phosphate buffer (50 mM, pH 7.4), and 0.5 mL of XO solu-
tion (0.405U/mL) was incubated for 5 min at room tempera-
ture. Uric acid formation was recorded at 293nm using a
spectrophotometer (UV-Vis Shimadzu 1601). The inhibitory
effect of all the derivatives was determined by quantifying
the amount of uric acid (UA) produced from xanthine. A
decrease in UA formation at 293 nm by a derivative in a reac-
tion mixture confirmed XO inhibition. The concentration
of UA was estimated by standard uric acid curve. The blank
was prepared without enzyme solution. One unit of XO
is defined as the amount of enzyme that produces 1 pmol
of uric acid per minute at room temperature using 0.1 uM
xanthine as substrate®**. Kinetics study was carried out in
the absence and presence of the derivatives with varying
concentration of xanthine as substrate, i.e. 1-5 ug/mL (Table 2).
The results were compared with standard inhibitor allopu-
rinol. XO activity was expressed as percentage inhibition of
XO, as:

Inhibition rate I (%)=(C—S/C)x100

where S and C represent the absorbances of test compound
and blank, respectively.

The IC,, values, i.e. the pg concentration of inhibitor
necessary for 50% inhibition, were determined by reported
procedure®'.

Molecular modeling

The three-dimenaional (3D) structure of milk XO
complexed with febuxostat (Protein Data Bank (PDB)
code: 1n5x) was selected from the National Center for
Biotechnology Information (NCBI) database and the target
site was identified for docking. The structure was refined
using MM3 in the BioMed Cache (V. 6.1) software pack-
age®?. All the calculations were performed on a Pentium II1
workstation. The inhibitor-binding region was defined by
selecting a subset of residues within 5 A of the location of

Table 2. Kiand IC, values of the inhibitors.

the ligand (febuxostat TEI-6720) in the crystal structure. The
structures of all the synthesized compounds, allopurinol,
and febuxostat (TEI-6720) were refined at the lowest energy
conformation. Compounds were then docked using rigid
body docking to search for favorable binding alterations
based on the interaction force field scoring that includes
van der Waals and electrostatic interactions. The highest
scoring orientation (dock score) for each ligand proposed
a feasible binding mode of the inhibitor in the active site
of XO (Table 3).

In silico drug-relevant properties and toxicities of all
the compounds were also studied using open-source
computational software (OSIRIS, PASS).

Results

The synthesis of 10 pyrazolo[3,4-d|thiazolo[3,2-a]-
pyrimidin-4-one derivatives was carried out by replacing
1H of the pyrimidine moieties (Table 1). The yields for these
reactions are from fair to good (60-70%).

In vitro xanthine oxidase inhibitory activity of all the
derivatives was determined. The enzyme inhibition kinetics
were analyzed by Lineweaver-Burk double reciprocal
plots for the synthesized derivatives, and are depicted in
Figures 1-3. The kinetics study revealed that both derivatives
3g and 3b inhibited XO activity competitively, with Ki values
2.337pug and 3.56 pg, respectively. Overall, the derivative
3g was found to be a more effective inhibitor than 3b, and
similar to the standard allopurinol (Ki value 1.816 pg). The
percentage inhibition and IC,  were calculated for each test
compound.

Both compounds inhibited the enzyme in the range
of 50-60% at 3 ug/mL, as compared to allopurinol (66%)
(Table 2). Hence, the substitution of groups such as halo,
methyl, and hydroxyl is confirmed to confer inhibitory
activity.

Molecular modeling represents a powerful way to
design new candidate drugs by comparing the interac-
tions of ligand molecules and proteins with those of active
compounds. The compounds that were most likely to have
high binding affinities were represented by dock scores.
The compounds under study were also checked for their
in silico enzyme inhibitory activity by docking on XO. The
docking is in the active site at the molybdopterin domain
of the enzyme. The derivatives were superimposed with the
standard inhibitor febuxostat (TEI-6720) and the electron
binding energy (dock score) was calculated, as depicted
in Table 3.

Sr.no.  Inhibitor Type of inhibition Ki value (ug/mL) IC, value (ug) % Inhibition

1 3-Amino-6-(2-hydroxy phenyl)-1H-pyrazolo[3,4-d] Competitive 3.56 4.228 59
thiazolo[3,2-a]pyrimidin-4-one (3b)

2 3-Amino-6-(2-hydroxy-4-chloro-5-methylphenyl)-1H- Competitive 2.337 3.1 58
pyrazolo|3,4-d]thiazolo[3,2-a]pyrimidin-4-one (3g)

3 Allopurinol Competitive 1.816 2.9 66
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Table 3. Physicochemical properties and docking values of pyrazolo[3,4-d]thiazolo[3,2-a]pyrimidin-4-one derivatives.

Functional Molecular Molecular Drug

Compound groups formula weight LogP  Solubility Mutagenicity HBD HBA Pa Dock score score
3a Cl C,H,CIN,0S 319 0.75 -3.86 Non-mutagenic 3 4 0.404 -83.2 0.83
3b OH, C,H N.O,S 301.06 -0.16 -2.82  Non-mutagenic 4 5 0.329 -85 0.9
3c OH, C1 C,H,CIN,O,S 335.02 0.45 -3.56  Non-mutagenic 4 5 0.358 -80.4 0.84
3d Br,0OH, Cl C,HBrCINO,S 413 1.15 —-4.39  Non-mutagenic 4 5 0.356 -80 0.68
3e NO, C,H,N.O.S 332.07 -0.43 -3.46  Slightly mutagenic 5 6  0.346 -85.4 0.83
3f Br C,H, BIN.OS  362.98 0.54 -3.66 Non-mutagenic 3 4 0316 -78.3 0.78
3g OH,CL CH, CH,INOS 349 0.77 -3.9  Non-mutagenic 4 5 0.356 -90.9 0.79
3h OH,CI, Cl C,H,CLN.O,S 369 1.06 -4.3 Non-mutagenic 4 5 0.359 -85.6 0.74
3i OH C.H N.O,S 301.06 -0.16 -2.82  Non-mutagenic 4 5  0.329 -87.3 0.54
3j OH, I, Cl C,H,CIIN.O,S 461 1.38 -4.58 Non-mutagenic 4 5 0.321 -86.4 0.64
Allopurinol — CHN,O 136.04 -2.78 -1.54 Non-mutagenic 2 3 0.8 -55 0.95
Febuxostat — CH_.N,0.S 316.09 2.96 -2.63  Non-mutagenic 1 6 0.782 -96 0.67

In drug design, the compounds under study are usually
screened to qualify a drug candidate depending upon their o 5ug/ml
physiochemical properties set by the Lipinski “rule of five” + o 3ug/ml
In the present work, the physiochemical properties, viz.
molecular weight, Log P values, solubility, mutagenicity, 400 1 4 2ug/ml
Pa (possibility of activity), hydrogen bond acceptors (HBA), o control
hydrogen bond donors (HBD), and drug scores were 360 A
calculated using online drug-relevant prediction property
software (PASS, OSIRIS)*3, 320

Compounds 3b and 3g revealed good dock scores
(-84.976kcal/mol, -90.921kcal/mol) and drug scores 280 -
(0.9, 0.79), and therefore are considered to be better
inhibitors of XO. 240 -

200 -

Discussion 1
Enzyme activity of the compounds 3b and 3g was calculated Vv 160 1

in terms of Ki and IC, values. Both compounds showed a

competitive type of 1nh1b1t10n by binding with the free 1201
enzyme. Furthermore, an increase in substrate concentration

caused a reversible enzyme inhibition. The parameter Ki 80 1
denotes the affinity of an enzyme towards an inhibitor;

the greater the value of Kij, the less is the binding affinity. 1 40 1
The value depends on the substituted groups on the pyra- Km

zole ring. The IC_ value denotes the concentration of drug . . 7/ . . . . . 1
. R .. -06 —-04 2/ 0 02 04 06 08 10 12

required to inhibit the enzyme activity by 50%. The results

revealed that compound 3g possesses a promising inhibitory L

activity in the same order as that of allopurinol.
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To gain further insight into how the inhibitor interacts
with the XO, molecular docking on XO (PDB: 1n5x) was
performed using Autodock in BioMed Cache V. 6.1 soft-
ware. The 3D structure of bovine XO complexed with
febuxostat (TEI-6720) was selected, and the target site
was identified for docking. The inhibitor-binding region
was defined by selecting a subset of residues within 5 A of
the location of the ligand in the crystal structure. All the
compounds were then docked using rigid body docking
alterations based on the interaction force field scoring
that includes van der Waals and electrostatic interactions.
The highest scoring orientation for each ligand proposed
a feasible binding mode of the inhibitor in the active site

Figure 1. Lineweaver-Burk plot showing competitive inhibition of XO by
derivative 3b with varying concentration of xanthine (1-5pug/mL) and fixed
concentration of enzyme (0.0405U/mL) in potassium phosphate buffer
(50mM, pH 7.4) to a total reaction volume of 3.5mL.

of XO (Table 3). A significant dock score for 3b (-84.976)
and 3g (-90.921) compared with allopurinol (-55.01)
was observed. The observed result coincides with the
above-reported in vitro enzyme inhibitory activity of 3b
and 3g. In the enzyme-ligand interactions, amino acids
of the active site Leu 648, Phe 649, Asn 768, Lys 771, Glu
802, Thr 803, Leu 873, Ser 876, Arg 880, Phe 914, Ser 1008,
Phe 1009, Thr 1010, Val 1011, Phe 1013, Leu 1014, Pro 1076,
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Figure 2. Lineweaver-Burk plot showing competitive inhibition of XO by
derivative 3g with varying concentration of xanthine (1-5 ug/mL) and fixed
concentration of enzyme (0.0405U/mL) in potassium phosphate buffer
(50mM, pH 7.4) to a total reaction volume of 3.5mL.

Ala 1078, Ala 1079, and Glu 1261 were found to stack on
the majority of compounds. Replacement of the hydrogen
acceptor groups by hydrogen donors may increase the
binding of the active site. This study permits the screening
of molecules for future investigation.

Prediction of toxicity, drug likeness, and drug score by the
computer program OSIRIS provides the basis for avoiding
the experimental study of potentially harmful substances.
In OSIRIS, toxicity risk assessment predicts mutagenicity,
tumorigenicity, and irritant and reproductive effects.
Prediction of biological activity spectra for the synthesized
compounds was performed by PASS. This covers 1482 kinds
of biological activities including basic pharmacological
effects, action mechanisms, and specific toxicities. The
result of prediction is presented as a list of activities with
appropriate Pa and Pi values. Pa and Pi are estimates of
probabilities for the compound to be active and inactive,
respectively, for each type of activity from the biological
activity spectrum.

Lipophilicity was also determined in silico using OSIRIS.
The lipophilicity of a compound (Log P) is associated with
its transport across the various bio-membranes. All the
compounds were found to be within the range of lipophilicity
(>5) as compared to the standard. According to the Lipinski
“rule of five,” solubility and molecular weight of a com-
pound are related to its excretion and in vivo administration.

S5ug/ml
3ug/ml
2ug/ml

control

T f f T T T T T T |
-06 -04 9/2 0 02 04 06 08 1.0 12

Figure 3. Lineweaver-Burk plot showing competitive inhibition of XO by
allopurinol with varying concentration of xanthine (1-5 pg/mL) and fixed
concentration of enzyme (0.0405U/mL) in potassium phosphate buffer
(50mM, pH 7.4) to a total reaction volume of 3.5mL.

Acceptable solubility (>5) and molecular weight (>500) were
observed for all the compounds. Toxicity of a compound is
determined in the form of mutagenicity, tumorigenicity, and
irritant and reproductive effects. The results summarized in
Table 2 revealed all compounds to be non-mutagenic, and
therefore biologically safe for administration. It is reported
that some nitro compounds may possess carcinogenicity
and mutagenicity®. This might be the reason that compound
3e was revealed to be slightly mutagenic and tumorigenic.
Compounds 3a-j showed an HBA level below 10 and HBD
below 5, which are also within the limits set by the Lipinski
rule. Overall, the compounds possessed a good drug score
as compared to the standard inhibitor allopurinol. The
drug novelty of the compounds was determined by their
Pa values. Even though all the compounds under study
showed a structure-activity relationship with the compound
allopurinol, they showed novelty (>0.5), compared with
allopurinol (0.800).

In summary, we have described the synthesis and XO
inhibitory activity of pyrazolothiazolopyrimidine based
inhibitors. Molecular docking and drug likeness of the
compounds confirmed 3-amino-6-(4-chloro-2-hydroxy-
5-methylphenyl)-1H-pyrazolo[3,4-d]thiazolo[3,2-a]-
pyrimidin-4-one as a future lead compound for the design
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Activity of pyrazolo[3,4-d]Jthiazolo[3,2-a]pyrimidin-4-one derivatives

and development of XOR inhibitors in the treatment of
hyperuricemia and gout.
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