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ABSTRACT

This study evaluates the inhibition
effect of new 1,4-disubstituted-1,2,3-
triazoles against Xanthine Oxidase
supplemented by molecular
modelling. Nine compounds of 1,4-
disubstituted-1,2,3-triazoles by
Sharpless's approach have been
synthesized in this report. The
structures of the synthesized
compounds were characterized using

FT-IR, H and C-NMR and Mass X
spectroscopies Among these \ { A :
synthesized molecules (5- L t&, : >,

bromothiophen-2-yl)(1-(3-
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o

QO :Ar

fluorobenzyl)-1H-1,2,3-triazole-4-yl)methanone (9f) and (5-Bromothiophen-2-yl(1-(4-methoxybenzyl)-1H-1,2,3-triazole-4-yl)methanone
(9h) showed better activity against Xanthine oxidase (XO) compared to allopurinol. In the light of the XO inhibition results, triazoles having
of ketone moiety (9f-i) were found to be more active than triazoles of ketone-free (9a-e). These results were supported by docking models.
The docking calculations of the target XO with nine available compounds showed good binding energies with favourable binding interactions.
These findings were particularly evident that 9f (BE -7.29 kcal/mol) and 9h (BE -7.59 kcal/mol) are represented encouraging higher inhibition
properties towards xanthine oxidase (XO), compared to allopurinol as a reference compound. Significant binding energies and interactions
obtained by performing the docking studies are demonstrated, in particular, that the compounds 9f and 9h may be more potential bio

compounds than the positive compounds, allopurinol, and febuxostat.

Keywords: Triazole, xanthine oxidase, molecular docking, enzyme inhibition

INTRODUCTION

Xanthine oxidase, a highly sophisticated flavoprotein enzyme,
is responsible for uric acid formation from purines.*® The
increase in XO level leads to the formation of peroxide and
superoxide and this causes oxidative stress.* The increase of the
level of XO enzyme is an important factor that give rise to gout
illness because the increase can lead to accumulation of uric acid.
The uric acid is formed in the liver and removed with the urine.

*Corresponding Author: Dr. Burhan ATES; Dr. Aliye ALTUNDAS
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.,i\
e URN:NBN:sciencein.cbl.2023.v10.628
© Scienceln Publishing 1ssN: 2347-9825
https://pubs.thesciencein.org/cbl

i
b

T

"
Scienceln

Chemical Biology Letters

High levels of uric acid can cause several other diseases such as
metabolic syndrome.® The increase in the free radical and reactive
oxygen species (FR&ROS) levels coming from high levels of XO
can cause diverse pathological states including inflammation,
cancer, metabolic disorders, and chronic obstructive pulmonary
disease.® To overcome these diseases, XO inhibition could
minimize the production of FR & ROS and get a benefit for
treatment.” There are several studies in the literature on XO
inhibitors with a better pharmacological profile and fewer side
effects than allopurinol.®® Studies of allopurinol revealed that the
modification of the purine ring is crucial to its bioactivity.®
Allopurinol is used as an XO inhibitor and plays an active role in
the treatment of gout in recent years. However, allopurinol and
its analogues are stated to cause disruptions in the mechanism of
action.!* Based on these findings, diverse XO inhibitors
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comprising different five-member heterocyclic scaffolds
(triazoles, imidazoles, etc.) were explored and proved to improve
bioactivities.'? In the these perspectives, 1,2,3-Triazoles and their
derivatives attained significant attention in the field of medicinal
chemistry due to their diverse biological properties such as anti-
tumour, anti-cancer, anti-TB, anti-HIV, etc.2*? In addition, the
research is going on to develop new 1,2,3-triazoles for the
development of new drugs and therapeutic agents for various
diseases.??? It is seen that among the 1,2,3-triazoles derivatives,
especially the derivatives at the 4-position on this ring have
attention due to strong interactions with enzymes in the recent
studies.*?> Recently, it is indicated that these compounds
containing the azole ring have a better XO inhibitory effect than
allopurinol.?6-2

MATERIALS AND METHODS

Experimental
Chemicals

The reagents used were obtained from companies such as
Merck, Sigma, Fluka. Analytical purity was used for purification.
Dry tetrahydrofuran was distilled immediately before synthesis.
Reactions were monitored with silica-filled TLC plates attached
to an alumina layer (SiO,, Merck 60 F254). For column
chromatography, silica gel (Merck60, particle size 0.040-0.063
mm) was used. For structure characterisation, functional group
analyses were performed by Fourier transform infrared (FTIR),
which is Bruker FTIR spectrometer. and proton (*H) and carbon
(33C) analyses were performed by Bruker spectrometer 300 MHz
and 75 MHz with tetramethylsilane (TMS) as the internal
standard, respectively. For High Resolution Mass Spectroscopy
(HRMS), which is the other supporting structure analysis, service
was procured from Agilent Technologies, 6224 TOF LC/MS
analysis. Melting points were recorded with STUART (SMP-30)
device.

Synthesis of Compound 3 and 4

A solution of the dibromo vinyl compound (1.0 equiv.) in dry
THF (30.0 mL) was stirred at -78 °C under an argon atmosphere
for 20 minutes. Then n-BuLi (1.6 M solution in pentane) (5.0
equiv.) was added to the mixture for 1.5 h. at -78 °C. The reaction
mixture was quenched with saturated ammonium chloride
solution (5.0 mL) and THF was removed under reduced pressure.
The mixture was diluted with H,O (20.0 mL) and extracted with
ethyl acetate (20 mL x 3). The combined ethyl acetate phase was
washed with brine, dried over anhydrous Na;SO,, filtered and
removed under reduced pressure., The residue was purified by
column chromatography on SiO, (EtOAc/Hex; 1:4) to give the
target compounds.?®

(0] Br
PPhs CBry Ar/\/ n-BuLi —
A~y 0°C,DCM Br  78°C, THF
1 2 3or4

Ar: @7 \o/©/

Scheme 1. Synthesis of arylacethylene derivatives
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Synthesis of azido methyl derivatives from aldehydes

Benzyl azides were obtained in 3 steps following literatures.®*
32

O
i, i, i ST N,
“S7H e X
X F
-
5 8a-f
8a: X: 3F 8h: X: 4F
8c: X: 3,4-DiF 8d: X; 3,5-DiF
8e: X: 4-NO, 8f. X: 4-OCH;,

i.NaBH4, MeOH, -5°C,
ii. PBrs, DCM, -5°C,
iii. NaNs, DMF, rt
Scheme 2. Synthesis of azidobenzyl derivatives

Click reaction procedure for triazoles 9a-e synthesis

Target N-benzyl-4-(aril-2-yl)-1H-1,2,3-triazoles (9a-e), were
prepared by dissolving 1-ethynyl-4-methoxybenzene (4) or 2-
ethynylthiophene (3) (1 equiv.) in the mixed solvent of tert-
butanol and water (6 mL; 1:1) with various substituted azides (1
equiv.). Copper sulfate pentahydrate (CuSO4.5H,0) (0.35 equiv.)
and sodium ascorbate (0.35 equiv.) were mixed and then added
to the reaction medium as catalysts. The reaction mixture was
stirred for 8 h at room temperature. The reaction was monitored
by TLC. After the end of the reaction, the mixture was poured
into brine, extracted with DCM (50 mL), and dried over Na,SOs.
The organic phase was evaporated by vacuum. The residue was
purified by flash column chromatography on silica gel eluting

with hexane and EtOAc to give the corresponding product 9a-
9.33_36

N
= N Ny
X@/\ 3 . /// Cus0,. ;H,0, Na ascorbate - N\:E
Ar 8h, rt, H,0:t-butanol (;7y) & p ar
8a-e 3ord 9a-e

9a: X: 3F; Ar: 40CH,Ph
9b: X: 4F; Ar: 40CH,Ph

8a: X: 3F

8b: X: 4F

8c: X: 3.4-DiF 9¢: X: 3,4-DiF; Ar: 40CH,Ph
8d: X: 3.5-DiF \O@ 9d: X: 4-NO,; Ar: 40CH,Ph
8e: X: 4-NO, 9e: X: 3,5-DiF; Ar: Thio

Scheme 3. Synthesis of N-benzyl-4-(aril-2-yl)-1H-1,2,3-triazoles

Synthesis of 9f-i

The solution of substitute-thiophene ketone 10a-b (1 equiv.)
in DMF (1 mL) was added slowly to a mixture of benzyl azide
8a, 8d and 8f (1 equiv.), Cu(NOs), (0.2 equiv.), K2S;0s (3.0
equiv.), and TMEDA (0.2 eq.). The mixture was stirred at 100
°C. Upon completion of the reaction, Na,COs (aqg) (10 mL) was
added then extracted with EtOAc (3 x 5 mL). The combined
organic extracts were dried over anhydrous Na,SOs, filtered and
concentrated under reduced pressure. The residue was purified by
flash column chromatography on silica gel eluting with hexane
and EtOAc to give the corresponding product 9f-i. %
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O DMF NN o
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X + Cu(NOg); K3S;0¢
= S [ ———— /S
Y TMEDA, 100°C [~ ] =
8a-e 10a, b X of.i
8a: X: 3F 10a: Y: Br of: X: 3F; Y: Br
8d: X: 3,5-DiF 10b: Y: CH, 9g: X:3F; Y: CH,
8f: X: 4-OCH, Sh: X: 4-OCH,; Y: Br

8i: X: 3,5-DiF; Y: CH,
Scheme 4. Synthesis of triazoylthiophenylmethanone derivatives

1-(3-Fluorobenzyl)-4-(4-methoxyphenyl)-1H-1,2,3-triazole
(9a): Solid, m.p: 145 °C%, yield: 31%. IR vmax (cm™): 3105,
2916, 1617, 1501, 1458, 1027. 'H-NMR (8 (ppm), CDCls): 7.73
(d, J=8.8 Hz, 2H), 7.67 (s, 1H), 7.35 (m, 1H), 7.07 (m, 1H), 7.04
(m, 1H), 7.00 (m, 1H), 6.94 (d, J= 8.8 Hz, 2H), 5.55 (s, 2H), 3.82
(s, 3H). 3C-NMR (5 (ppm), CDCls): 163.1, 159.7, 148.6, 137.3,
130.8, 127.1, 123.6, 123, 119, 115.8, 115, 114.3, 55.4, 53.5.
HRMS (TOF): m/z calcd for CisH14FN3O: 283.3064 found:
284.1204 [M+H]*
1-(4-Fluorobenzyl)-4-(4-methoxyphenyl)-1H-1,2,3-triazole
(9b): Solid, m.p: 157 °C%*, yield: 93%. IR vmax (cm™): 3135,
2926, 1607, 1502, 1458, 1222. *H-NMR (3 (ppm), CDCls): 7.72
(d, J= 8.8 Hz, 2H), 7.57 (s, 1H), 7.30 (dd, J= 8.6, 5.3 Hz, 2H),
7.08 (t, J= 8.6 Hz, 2H), 6.94 (d, J= 8.8 Hz, 2H), 5.65 (s, 2H),
3.82 (s, 3H). ®C-NMR (5 (ppm), CDCls): 163, 159.8, 148.2,
130.8, 130, 127, 123.3, 118.5, 116.3, 114, 55.5, 53.6. HRMS
(TOF): m/z calcd for Ci6H14FN3O: 283.3064 found: 284.1207
[M+H]*
1-(3,4-Difluorobenzyl)-4-(4-methoxyphenyl)-1H-1,2,3-
triazole (9c): Solid, m.p: 160 °C, yield: 37%. IR vmax (cm™):
3128, 2962, 1610, 1501, 1434, 1030. *H-NMR (3 (ppm), CDCly):
7.73 (d, J= 8.6 Hz, 1H), 7.61 (s, 1H), 7.22 (m, 3H), 7.00 (m, 3H),
6.93 (d, J= 8.6 Hz, 1H), 5.65 (s, 2H), 3.82 (s, 3H). *C-NMR (5
(ppm), CDCls): 159.9, 157.3, 150.8, 146.6, 132.7, 127.2, 126.3,
124.3,123.1, 117.3, 114.4, 55.5, 53.2. HRMS (TOF): m/z calcd
for C16H13F2N3O: 301.2968 found: 302.1115 [M+H]*
1-(4-Methoxyphenyl)-4-(4-nitrobenzyl)-1H-1,2,3-triazole
(9d): Solid, m.p: 140 °C®, yield: 28%. IR vmax (cm™): 3088,
2956, 1613, 1501, 1454, 1027. 'H-NMR (8 (ppm), CDCls): 8.22
(d, J=8.4 Hz, 2H), 7.73 (d, J= 8.4 Hz, 2H), 7.67 (s, 1H), 7.43 (d,
J=8.4 Hz, 2H), 6.94 (d, J= 8.5 Hz, 2H), 5.6 (s, 2H), 3.8 (s, 2H).
BBC-NMR (8 (ppm), CDCls): 160, 148.7, 148.2, 142, 128.7,
127.2,122.9,119, 114.4,55.5, 53.3. HRMS (TOF): m/z calcd for
C15H14N403: 310.3130 found: 311.1156 ['\/H'H]+
1-(3,5-Difluorobenzyl)-4-(thiophen-2-yl)-1H-1,2,3-triazole
(9e): Solid, m.p: 135-140 °C, yield: 71%. IR vmax (cm™): 3125,
3068, 1600, 1511, 1461. 'H-NMR (& (ppm), CDCls): 7.67 (s, 1H),
7.33(d, 2H), 7.08 (dd, 1H), 6.8 (d, 3H), 5.6 (s, 2H). *C-NMR (5
(ppm), CDCls): 163.5, 163.4, 138.3, 138.2, 138.1, 130.6, 127.9,
125.5, 124.6, 111.1, 104.6, 53.7. HRMS (TOF): m/z calcd for
Ci13HoF2N3S: 277.2928 found: 278.0570 [M+H]*
(5-bromothiophen-2-yl)(1-(3-fluorobenzyl)-1H-1,2,3-
triazole-4-yl)methanone (9f): Solid, m.p: 150 °C, yield: 31%.
IR vmax (cm™): 3111, 2952, 2853, 170, 1613, 1527, 1451. H-
NMR (8 (ppm), CDCls): 8.37 (d, 1H), 8.09 (s, 1H), 7.37 (td, 1H),
7.10 (d, 1H), 7.01 (dd, 2H), 6.93 (d, 1H), 5.6 (s, 2H). 3C-NMR
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(8 (ppm), CDCls): 175.8, 163.2, 147.8, 145, 136.7, 136.0, 131.7,
131.3, 127.8, 124.8, 124.0, 116.5, 115.5. HRMS (TOF): m/z
calcd for C14H1oFBrN3;OS: 366.2084 found: 365.9729 [M-H]*
1-(3-Fluuorobenzyl)-1H-1,2,3-triazole-4-yl)(5-
methylthiophen-2-yl)methanone (9g): Solid, m.p: 155 °C,
yield: 34%. IR vmax (cm™): 3121, 3068, 1604, 1531, 1491, 1438.
!H-NMR (5 (ppm), CDCl3): 8.56 (d, 1H), 8.17 (s, 1H), 7.37 (td,
1H), 7.09 (dd, 1H), 7.02 (dt, 2H), 6.89 (d, 1H), 5.6 (s, 2H), 2.37
(s, 3H). C-NMR (5 (ppm), CDCls): 176.7, 163.2, 151.6, 148.4,
140, 137.3,136.2, 131.1, 127.6, 127.5, 123.9, 116.4, 115.4, 53.9,
14.6. HRMS (TOF): m/z calcd for CisH1,FN3sOSNa*;: 324.06003
found: 324.0577 [M+Na]*
(5-Bromothiophen-2-yl(1-(4-methoxybenzyl)-1H-1,2,3-
triazole-4-yl)methanone (9h): Solid, m.p: 168 °C, yield:82%.
IR vmax (cm): 3125, 2938, 2841, 1700, 1634, 1534, 1406, 1046.
!H-NMR (§ (ppm), CDCls): 8.45 (d, 1H), 8.08 (s, 1H), 7.28 (d,
J=8.7 Hz, 2H), 7.18 (d, 1H), 6.92 (d, J= 8.7 Hz, 2H), 5.6 (s, 2H).
BC-NMR (5 (ppm), CDCls): 176, 160.4, 149.7, 147.5, 136.6,
131.6, 130.2, 127.5, 125.6, 124.6, 114.9, 55.5, 54.3. HRMS
(TOF): m/z calcd for CisHi12BrNsO,SNa*™: 399.9726 found:
399.9753 [M+Na]*
(1-(3,5-Difluorobenzyl)-1H-1,2,3-triazole-4-yl)(5-
methylthiophen-2-yl)methanone (9i): Solid, m.p: 168-171 °C,
yield: 69%. IR vmax (cm™): 3121, 3068, 2926, 2853, 1736, 1600,
1531, 1438. 'H-NMR (3 (ppm), CDCls): 8.48 (s, 1H), 8.11 (s,
1H), 7.17 (s, 1H), 6.77 (s, 3H), 5.6 (s, 2H), 2.37 (s, 3H). ®C-NMR
(6 (ppm), CDCls): 176.6, 163.6, 163.4, 151.8, 148.6, 140.1,
138.1, 137.4, 127.6, 124.9, 111.3, 104.8, 53.5, 16.4. HRMS
(TOF): m/z caled for CisHiFoN3OSNa*: 342.0483 found:
342.0507 [M+Na]*

In vitro Assay of XO Inhibitory Effects

Different triazole compounds were investigated for the
inhibition effects on XO by observing the decrease in the uric
acid level. The XO activity was evaluated by observing the
increase in absorbance of uric acid levels at 294 nm, which was
caused by the conversion of xanthine to uric acid. The decrease
in uric acid generation was used to evaluate the catalyzed reaction
for XO inhibition. To begin the reaction, XO (0.2 U), PBS (50
mM, pH 7.4), varied quantities of investigated compounds, and
xanthine (1 mM) were added to the reaction mixture. Before
adding the xanthine, the reaction mixture was incubated at 37 °C
for 10 minutes. The activity was detected by Shimadzu UV-1601
at wavelength 294 nm. Allopurinol was used as a positive control.
Then the 1Cso of XO enzyme was found in terms of the decrease
in uric acid formation as compared to the formation in the
absence of an inhibitor. The 1Csy was calculated as the following:

Inhibition (%) = x 100

(A-B)
A

Where A is the absorbance without the tested compound and B is
the absorbance with the tested extract.
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Molecular Docking Procedures

The binding of novel compounds 9a-i to XO as a target was
searched using the one of in silico method, molecular docking
simulation with AutoDock Vina.*®3® The respective compounds
were sketched and done geometry optimization at
DFT/B3LYP/6-31G* level of Gaussian 09.° Afterwards, the
target XO (pdb: 3NVY) was acquired from the protein data bank
database.** Autodock Tools 1.5.7 was used to prepare and
determine the binding site of the target XO. The grid size of the
target enzyme is 40 x 40 x 40 A3 x, y, z coordinates by taking
macromolecule to the center in 0.375 A grid spacing. In the
docking calculations, 200 conformations for each compound
were left flexible, while the current enzyme was held rigid. The
lowest binding energy conformers and two-dimensional (2D)
interactions were chosen from 10 top ranked poses. UCSF
Chimera*? and Discovery Studio 3.5* were also utilized for
visualization of the best-docked pose and 3D target-ligand
interactions in the docking studies.

RESULT AND DISCUSSION

The target compounds were synthesized after several reaction
steps as indicated Scheme 1, Scheme 2, Scheme 3 and Scheme 4.
The structures of the synthesized compounds were characterized
using FT-IR, 'H and ¥C-NMR and Mass spectroscopies
(Supplementary data). As a starting point, in Scheme 1 and
Scheme 2, 1-ethynyl-4-methoxybenzene or 2-ethynylthiophene
and substitute azido methyl were respectively synthesized as to
literatures.?’-* Then these compounds, 3 or 4 and 8a-e, were used
as the main synthetic backbone to synthesize target compounds
9a-i using Click Chemistry as like Sharpless et al. Then, the
biological studies containing of XO inhibition were investigated
by UV-vis absorption spectroscopy against the reference drug,
Allopurinol.

1-Ethynyl-4-methoxybenzene (3) and 2-ethynylthiophene (4)
were synthesized in two steps with Corey Fuchs method for their
use in click chemistry according to literature. Structures of this
compound were elucidated using FTIR analysis method. In the
IR spectra, there is v (-C=C-) stretching at 2150-2200 cm
supporting the formation of alkyne. The synthesis of the obtained
benzyl azides was carried out in the light of literature data. As
with alkynes, the structures of benzyl azides were elucidated by
FTIR spectroscopy. The specific stretching band of benzyl azides
(8a-f) at 2090 cm in the IR spectra was evidence that these
derivatives were synthesized. Derivatives containing triazole ring
(9a-i) have been obtained from the [3 + 2] cycloaddition reaction
of synthesized alkynes and azides. Structures of derivatives were
characterized at using FTIR, 'H, C NMR and HRMS-TOF,
respectively. In the FTIR spectra of 9a-i derivatives, the specific
stretching band of alkynes and benzyl azides were observed at
2150-2200 and 2090 cm?, respectively, disappeared and specific
stretching band of synthesized 1,4-disubstituted-1,2,3-triazole
derivatives were observed at about 3100-3150 cm™.

All target compounds 9a-i were analyzed in the *H NMR and
13C APT NMR in CDCl; solvent. For 9a-d derivatives, the range
of 3.83-4.00 ppm (s, 3H) belongs to -OCHj3 and of 5.85-5.62 ppm
(s, 2H) belongs to benzylic methylene. And in the 9a-d
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derivatives, the AA’XX’ system of para-methoxybenzene ring
protons can be seen at § of 6.93 ppm (quasi d, J = 8.6-8.8 Hz,
2H) for hydrogen atoms next to the methoxy group (AA’ part),
while the XX’ part appear at 4 of 7.73 ppm (quasi d, J = 8.6-8.8
Hz, 2H). Hydrogen atoms of the thiophene ring on 9e-i resonate
at 8 of 7.50-7.00 ppm different than 9a-d derivatives. Lastly, the
hydrogen atom of the triazole ring appears at d range of 7.60-8.05
ppm as a singlet (s, 1H). It had been observed that the *C-APT
NMR spectra of the compounds are compatible with the structure
as in 'H NMR. From *C APT NMR spectra data, carbon signal
of the compound 9a-i the -OCH; and -CH.- observed
respectively, at around 60 ppm and almost 55 ppm and the signals
at 3 = 125-119 ppm and 8 = 160-147 ppm, showed the carbon C-
5 and C-4 of the triazole moiety, respectively.

The in vitro inhibitory impact of triazole on serum bovine XO
was assessed by a rise in the generation of uric acid levels at 294
nm. Increased XO levels cause many cancer types owing to an
increase in ROS generation.** As a result, inhibiting XO
decreases the formation of uric acid and ROS. Allopurinol is a
purine-like molecule that is commonly utilized as an XO
inhibitor. Nevertheless, because of allopurinol has a similarity of
the purine metabolite, this allopurinol inhibitor produces
significant adverse effects in purine metabolism. Febuxostat is
the first chemical of an emerging family of antihyperuricaemic
medicines known as non-purine selective xanthine oxidase
inhibitors. However, several studies have been conducted in
order to develop more powerful non-purine XO inhibitors.*>7 In
this study, we investigated the inhibitory characteristics of
triazoles on the activity of XO and discovered that the ICs, values
ranged from 0.93 to 2.07 uM as summarized in Table 1. The 1Cso
value of allopurinol, a commonly used medication, was
determined as 3.32 uM. In vitro activity tests on these triazole
compounds revealed that all triazole compounds performed
better as xanthine oxidase inhibitors than allopurinol. Among to
9a-i derivatives, 9a-d compounds contain methoxyphenyl ring
and 9e contains thiophenyl ring at the 4-position of triazole ring,
whereas  9f-i  compounds  contain a  substituted
thiophenylmethanone. Through biochemical investigation, one
observed that compounds of 9f and 9h have higher 1Cs, values
compared to the other derivatives. When the XO enzyme
inhibitions of 9a-e derivatives were evaluated within themselves
9d has the highest inhibition value of the derivative, which bears
a strongly electron-withdrawing -NO; group on the benzyl ring.
However, when the activity of the thiophene ring was examined
directly instead of the methoxyphenyl ring, it was seen that the
activity did not change at a significant rate. Among these
derivatives, the ability of the oxygen atom in the methoxy group
to hydrogen bond with the hydrogen atom in the enzyme is higher
than the ability of the sulfur atom in the thiophene ring in the 9e
derivative to make hydrogen bonding. Thus, 4-OMephenyl ring
may have caused an increase in the enzyme inhibition of the
structure.

When the activity measurements of 9f-i derivatives containing
substituted thiophene ring are examined, it is seen that 9f and 9h
compounds have the highest inhibition activities compared to
other derivatives. The compound 9f which has a bromide atom at
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the thiophene ring may be cause a further increase of interaction
of enzyme center as compared to other compounds. According to
the results of this study it was predicted that XO enzyme
inhibition would be increased if the electron-withdrawing atom
or groups contain in these compounds. Especially, among all of
the derivatives of 9f and 9h proved to show the most potent
enzyme inhibitory activity.

For determining the inhibition type of the compounds, 9f was
chosen due to the most potent inhibitor. According to inhibition
data, the Lineweaver—Burk plok was prepared and given in
Figure 2. These results prove 9f has competitive inhibition
properties against XO. The kinetic studies of the inhibition
mechanism allowed a definition due to allopurinol and febuxostat
acting as competitive inhibitors against XO. “¢ These triazole
derivatives having very close structure from febuxostat exhibited
similar inhibition type.

In a recent study, 5-benzyl-3-pyridyl-1H-1,2,4-triazole
exhibited the 1Cso for XO in the range from 0.16 to 12.70 uM*
and in another study, dimethyl N-benzyl-1H-1,2,3-triazole-4,5-
dicarboxylate and (N-benzyl-1H-1,2,3-triazole-4,5-diyl)
dimethanol derivatives were reported that the 1Cs value range
were 0.73-1.71 puM.5® According to our results, especially,
among all these triazole derivatives of 9f and 9h proved to be
show the most potent enzyme inhibitory activity and may be a
good alternative for XO inhibition.

Table 1. ICso values of 9a-i derivatives on XO activity.

Code of synthesized derivatives 1Cso (UM) R?
9a 1.95+0.013 0.998
9b 1.58 £ 0.030 0.989
9c 2.07 £0.075 0.987
9d 1.41+£0.042 0.986
9e 157 £0.014 0.996
of 0.93£0.020 0.975
99 1.51+£0.027 0.962
9h 0.99 +0.043 0.995
9i 1.98 +£0.073 0.975
Allopurinol 3.32+£0.029 0.978
m
"
"
o TRt g
E w .
é —— Witheu! inhibitor

Ty 05042 4 12964

1/[S] (M)

Figure 1. The inhibition type of triazole derivative (9f).
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There are many literature reports in which new thiazole
derivatives have been evaluated by computational studies as well
as experimental studies.*>* In this study, thiazole derivatives
synthesized using the same approach were supported by
molecular docking studies. New generic compounds, whose
biological activities have been studied, were observed at the
molecular level through molecular docking studies. Under this
perspective, the structure and activity relationships of the
relevant compounds with the target were examined and
evaluated. The interactions between novel 1,2 3-triazole
derivatives (9a-i) as ligands and XO protein as target is crucial to
understanding the binding affinity of ligands in the chosen target
medium. In this visualized analysis, it was found that all
compounds bound better to the target enzyme than a positive
compound, allopurinol. This case summarized in Table 1
numerically supports the binding energy of all compounds.
Meanwhile, there is a relationship between binding energy values
and biological inhibition values (Table 2 and Figure 3). They
show the same tendency not in numerical values, but in their
orientation, and show a harmonious and parallel relationship with
each other. The relationship between XO and allopurinol is given
in Figure S 41. Besides allopurinol, the febuxostat compound
created a binding energy of -5.82 kcal/mol when we analyzed it
on the relevant target computationally. Febuxostat, 2-[3-cyano-
4-(2-methylpropoxy)phenyl]-4-methyl-1,3-thiazole-5-
carboxylic acid structure has a larger surface area than allopurinol
structure. It carries out hydrogen bonds with Asn768, Arg880,
Ser876, and Phe1009 in the active site of the target enzyme, and
alkyl and n-alkyl type hydrophobic interactions with Leu648 and
Phe649 residues (Figure S42 and Table S10). Potent compounds

Table 2. The binding energy values for the compounds (9a-i) and
allopurinol™ as a positive compound, towards XO.

Name Binding Energy (kcal/mol) | 1Csy(UM)
9a -6.94 1.95

9b -6.77 1.58

9c -6.88 2.07

ad -6.43 141

% -6.24 1.99

of -7.29 0.93

9g -7.07 151

9h -7.59 0.99

9i -6.75 1.98
Allopurinol -6.10 3.32
Febuxostat -5.82 -

ICs0 ——Binding Energy (kealmol)
4,00 3

0,00

-4.00

Biclogical Activity and Binding Score
¢
2

600 6,94

150

$00 .
o 3 o o of & o & % ‘ch\ &
& &

Figure 2. Relationship of binding energy values versus biological
activity values (ICso) of the compounds (9a-i) and allopurinol.
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(9f and 9h) show higher binding affinity with the target than both
control compounds.

Moreover, the two- and three-dimensional images of
compounds 9h and 9f, which are the top of the compounds
discussed, visualized using Discovery Studio 3.5 as illustrated in
Figure 3. The best compound, 9h with a binding energy of -7.59
kcal/mol is makes three hydrogen bonds with Arg880 (2.839 A
and 2.482 A) and Phe1009 (1.878 A) amino acids; two
electrostatic interactions with Arg880 (3.633 A) and Glu879
(3.513 A), and also eight hydrophobic interactions including pi-
pi-stacked, alkyl and pi-alkyl interactions with Phe1009 (4.208
A), Leu648 (4.237 A), Met770 (5.152 A), Ala1078 (3.897 A and
5.333 A), Alal079 (4.206 A), Pro1076 (4.692 A) and Val1011
(4.743 A) residues in the binding site of the target enzyme.

The second one, compound 9f with a binding energy of -7.29
kcal /mol is docked with Val1011 (2.250 A), Phe1009 (2.403 A
and 2.387 A) via hydrogen bonds; Glu879 (3.485 A) via
electrostatic interaction, and also Phe1009 (3.675 A), Phe914
(5.837 A), Ala1079 (4.430 A), Pro1076 (5.413 A), Ala1078
(4.482 A) and Val1011 (4.230 A) residues in the XO, via
hydrophaobic interactions.

In addition, Table S10 and Table S11 in the supporting
information section contains the docking results of the
compounds 9a-i as well as the bond distance between them, as
well as potential interactions (hydrogen bonds, electrostatic,
hydrophobic bonds) compounds and XO.

Figure 3. 2D and 3D docked pose of the compound 9f (default color,
stick form), 9h (cyan color, stick form) and allopurinol (green color,
ball and stick form), febuxostat (light pink color, ball and stick form),
showing interaction with XO.

The two best compounds (9h and 9f), whose images and
interactions we have mentioned, interact better with the target
than the reference compound because the positive compound
(allopurinol) interacts with Ser876 (2.949 A), Glug79 (2.224 A)
and Arg880 (2.706 A) amino acids by hydrogen bonding and
with Phe914 (4.447 A and 5.663 A), Phe1009 (4.797 A), Ala1078
(5.0971 A) and Ala1079 (5.209 A) residues in the target enzyme
by hydrophobic interactions. The most important part here is that
the electron-donating methoxy group is attached at the 4th
position of the phenyl ring of the compound 9h structure and the
presence of a fluorine atom in the 3rd position of the phenyl ring
in the compound 9f has shown the dominant effect on the XO
target and biological activities of the related compounds. In
addition to these, the size of the topological surface areas of the
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relevant compounds in the active region of the target against
positive compound is also important.

CONCLUSION

In brief, this stud contains synthesis of 1,4-disubstituted-1,2,3-
triazole motifs, these motifs investigation of XO enzyme
inhibition and docking studies. The structure of new compounds
were synthesized by Sahrpless method and their structures
characterized by using FT-IR, *H-NMR, *C-NMR and HRMS-
TOF spectroscopic techniques. The characterization data were
consistent with the builds of compounds. The new triazole
compounds were used to determine the efficient inhibition
against XO enzymes. All synthesized 1,2,3-triazole analogues
(9a-i) exerted micromolar inhibitory activities against XO.
Especially, 9f and 9h manifested excellent potency against XO
with 1Csp 0f 0.93 + 0.020 and 0.99 + 0.043. Among triazole cores,
especially compounds of thiophene ring were excellent inhibition
effect. Significant binding energies and interactions obtained by
performing the docking studies are demonstrated, in particular,
that the compounds 9f and 9h may be more potential bio
compounds than the positive compounds, allopurinol, and
febuxostat.
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