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1. Graphical Abstract
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Abstract

Xanthine oxidase is an important target for thattreent of hyperuricemia, gout and other relatedatiss.
Analysis of the high-resolution structure of xanthioxidase with febuxostat identified the existentea
subpocket formed by the residues Leu648, Asn7687TY, Leul014 and Pro1076. In this study, we design
and synthesized a series of 2-[4-alkoxy-BHtktrazol-1-yl) phenyl]-6-oxo-1,6-dihydropyrimidire-carboxylic
acid derivatives8a-8z) with a tetrazole group targeting this subpocKethe xanthine oxidase active site, and
they were further evaluated for their inhibitorytgracy against xanthine oxidasevitro. The results showed
that all the tested compounda{8z) exhibited an apparent xanthine oxidase inhibifmotency, with I1Gyvalues
ranging from 0.0288 puM to 0.629 pM. Among them, poomd8u emerged as the most potent xanthine oxidase
inhibitor, with an 1Gg value of 0.0288 puM, which was comparable to febtatoGC;, = 0.0236 uM). The
structure-activity relationship results revealedttthe hydrophobic group at thépbsition was indispensable
for the inhibitory potencyin vitro against xanthine oxidase. A Lineweaver-Burk plevealed that the
representative compour8l acted as a mixed-type inhibitor for xanthine oselaFurthermore, molecular
modeling studies were performed to gain insights ite binding mode o8u with xanthine oxidase and
suggested that the tetrazole group of the phenitl was accommodated in the subpocket, as expected.
Moreover, a potassium oxonate-induced hyperuricemadel in rats was chosen to further confirm the
hypouricemic effect of compourli, and the result demonstrated that compoBmaould effectively reduce
serum uric acid levels at an oral dose of 5 mglkgaddition, acute oral toxicity study in mice indied that
compound3u was nontoxic and tolerated at a dose up to 200Bgndhus, compoun8u could be a potential

and efficacious agent in treatment of hyperuricemith low toxicity.

Key words: 6-Ox0-1,6-dihydropyrimidine-5-carboxylic acid; Tatole; Xanthine oxidase inhibitor; Subpocket;

Synthesis



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

1. Introduction

Xanthine oxidase (XO) is a molybdoenzyme catalyzihg oxidation of hypoxanthine to xanthine and
xanthine to urate in the last two steps of purineleotide metabolism [1-3]. Uric acid is the firmbduct of
purine metabolism in humans, and the high leveliraf acid in the plasma has been linked to a nunalber
pathologies, such as gout, cardiovascular disedsg®rtension and renal diseases [4-6]. Therefd,is
considered to be the most promising target for rodliig the uric acid level and for the treatmerft o
hyperuricemia, gout and other related diseases [7].

Allopurinol (Fig. 1), a prototype XO inhibitor and a hypoxanthine igsomis a widely used drug for
inhibiting XO in gout. However, in some cases, ititeractions of purine analogs XO inhibitors oniaties of
purine and pyrimidine metabolizing enzymes leathtoreported hypersensitivity (Stevens-Johnsonsjreyne
characterized by fever, skin rash, hepatitis, leytasis with eosinophilia and worsening renal fisrcinduced
in some of the patients [8-10].

Therefore, finding the nonpurine compounds withepbtXO-inhibition potency and fewer side effectarth
the purine analogs is in great demand. Considéhiese side effects, some nonpurine based XO iohshisuch
as febuxostat (approved in USA, 2009) [11], topdstat (approved in Japan, 2013) [12], Y-700 [18)xBazole
derivatives [14], selenazole derivatives [15], ia#dle derivatives [16], 2-(indol-2-yl)-thiazole datives [17],
1,2,3-triazole derivatives [18], pyrazole derivatv{19], isonicotinic acid derivatives [20], 2-m&ptopyridine
derivatives [21], isocytosine derivatives [22], ipyidine derivatives [23], fused pyrano [3, 2-d] jpyidine
derivatives [24], dihydropyridazine derivatives [2%Saphthopyran derivatives [26] and naphthoflavone
derivatives [27] have been developdeig( 1). Additionally, other XO inhibitors with varioushemotypes,
including  4-pyridyl-H-imidazole  derivatives [28], 5-(4-pyridyl)-1,2,4drole  derivatives [29],
2-benzylamino-4-methyl-1,3-thiazole derivatives ][3®-[4-(pyridin-4-yl)-1H-1,2,3-triazol-1-yl] benzonitrile
derivatives [31], N-(4-alkoxy-3-cyanophenyl) isonicotinamide/nicotinde  derivatives [32],
4,6-diaryl/heteroaryl pyrimidone derivatives [33jcapyrimidine-2,4-diamine derivatives [34], haveabeen
published in the literature. However, febuxostain@ longer a precise and safe therapy for hypermia
because the FDA added a black-box warning to thig due to its heart-related complications [35]ef&fore,
there is still a need to explore new nonpurine Xibitors with fewer side effects for the treatmenfit

hyperuricemia and gout.
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2 Fig. 1. Chemical structures of allopurinol and nonpurine M@ibitors.
3
4 Analysis of the high-resolution structureiq. 2a) of XO with febuxostat could identify the existenof a

5  subpocket formed by Leu648, Asn768, Lys771, Leul&id Prol076 residuebig. 2b), and it was observed
6 that the cyano group of febuxostat could interaith ¥he Asn768 residue deep inside the subpodkgt £c). In

7  many biologically important enzyme targets, tamgptthe unique subpocket of an enzyme active sitddco
8 impart selectivity by modulators [36-40], which wdthelp to further avoid some side effects [41-4%3. a
9 consequence, the subpocket of the XO active sitdddoe utilized for the development of the new nompe
10 XO inhibitors with increased selectivity and fewside effects. The tetrazole moiety is a low-toxitd a

11 practically nonmetabolized heterocyclic fragmentirec as a hydrogen acceptor similar to the cyarmugr
4
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[43-45], and the tetrazole moiety has received majention from medicinal chemists due to its wide
applications in the treatment of neonatal sepsitaitioxef, approved in 1982) [46], hypertension &jftas,
approved in 1994) [47] and symptoms of intermittelatidication (cilostazol, approved in 1988) [4Bhus, the
tetrazole moiety occupies an important positiothm discovery of new drugs [49]. Therefore, werafieed to
introduce a tetrazole moiety targeting the subpbaké¢he XO active site, with the hope of the tatta moiety
filling the subpocket, which is useful for helpitigands anchored tightly to the binding site, erdiag the

binding affinity [32, 50-52] and potentially previerg some side effects.
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Fig. 2. Structure analysis of the XO-febuxostat complexQ@ystal structure of the XO-febuxostat complexaas
cartoon representation. (b) The subpocket is shemsva gray surface and febuxostat is representad asnge
line. (c) Febuxostat is represented as an orange dind key polar interactions are depicted wititlbldashed

lines.

In our previous report, we explored several nevssga of nonpurine XO inhibitors, including isox&zol
derivatives [14], imidazole derivatives [16] andpyridyl-1H-imidazole derivatives [28]. Among them,
imidazole derivatives containing a 1-hydroxyimidigzanoiety showed excellent inhibitory potenuy vitro
against XO [16], and structure-activity relationslainalysis and molecular modeling studies indic#bed the

1-hydroxy moiety could form an extra H-bond withrT®10 and contribute to the inhibitory potency P,
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The results inspired us to further explore novel X@ibitors based on an extra H-bond with Thr10a0 i
addition to the interactions between the carboxgupg and Arg880 and Thr1010. Pyrimidine, a six merad
heterocyclic compound bearing two N-atoms in ting,ris usually used as an important pharmacopluorthé
design of many drugs, such as anticancer, antignal antibacterial agents [53], and there are alaay
successful examples of replacing five-memberedrbeycles with the pyrimidine heterocycle in ratibdrug
design [54]. In addition, several nonpurine XO biturs containing a pyrimidine heterocycle wereaksported
[21-24], so it was suggested that the pyrimidingugrcould be used as a potent pharmacophore taceefie
imidazole ring of imidazole derivatives [16]. Acdangly, we attempted to adopt the pyrimidine ringé¢place
the imidazole ring by the bioisosteric replacenstrategy and replace the cyano group with thezekeagroup
to design a series of 2-[4-alkoxy-3H#etrazol-1-yl) phenyl]-6-oxo-1,6-dihydropyrimidiriecarboxylic acid
derivatives Fig. 3).

In this paper, we described the synthesmsyitro bioevaluation and structure-activity relationshipis

2-[4-alkoxy-3-(H-tetrazol-1-yl) phenyl]-6-oxo-1,6-dihydropyrimidirecarboxylic acid derivatives 84-8z)

with a tetrazole group targeting the subpocket &atnby Leu648, Asn768, Lys771, Leul014 and Prol076

residues in the XO active site. Moreover, we deieh the inhibitory behavior of the representatteenpound

8u by usingmolecular modeling studies, steady-state kinetadyais and a hyperuricemic rat model, as well as

its acute oral toxicity.
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Fig. 3. Design strategy.

2. Reaults and discussion
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2.1. Chemistry

The synthesis of the 2-[4-alkoxy-3Hitetrazol-1-yl)phenyl]-6-oxo-1,6-dihydropyrimidirecarboxylic
acids8a-8y andthe 2-[4-hydroxy-3-(H-tetrazol-1-yl) phenyl]-6-oxo-1, 6-dihydropyrimidérs-carboxylic acid
8z reported in this study are describedsaineme 1. The commercially available 4-hydroxybenzonitfilg was
nitrated with nitric acid in acetic acid to providehydroxy-3-nitrobenzonitrile2) at a good yield, which was
then reduced wunder a hydrogen atmosphere catalybgd Pd/C in methanol to obtain
3-amino-4-hydroxybenzonitrile3] with high efficiency. Cyclization of the 3-amirbhydroxybenzonitrile J)
with triethyl orthoformate and sodium azide in &eicid generated the key intermedia#® [55] with a
moderate yield, which was further alkylated witte thppropriate alkyl halides in the presence of driys
potassium carbonate and potassium iodide in DMEite excellent yields of 4-alkoxy-3¥ittetrazol-1-yl)
benzonitriles5a-5y. The resulting intermediatésa-5y were treated with sodium methoxide and anhydrous
methanol to afford the imidates, which following iaolysis with ammonium chloride, gave
4-alkoxy-3-(H-tetrazol-1-yl) benzimidamide hydrochloride compdsi®a-6y [56] in moderate yields. The
condensation reaction of diethyl ethoxymethylenemate with 4-alkoxy-3-#-tetrazol-1-yl) benzimidamide
hydrochloride compound6a-6y in the presence of sodium ethoxide as an alkatetelyst provided ethyl
2-[4-alkoxy-3-(H-tetrazol-1-yl) phenyl]-6-oxo-1,6-dihydropyrimidirfecarboxylate§a-7y [57] in good yields,
and this reaction was followed by hydrolysis reatsi using an aqueous solution of lithium hydroxideive
2-[4-alkoxy-3-(H-tetrazol-1-yl)phenyl]-6-oxo0-1,6-dihydropyrimidire-carboxylic acid8a-8y.

The 2-[4-hydroxy-3-(H-tetrazol-1-yl)phenyl]-6-oxo-1,6-dihydropyrimidirecarboxylic acid 8z was
obtained by removing the benzyl protecting groughef compoundi under a hydrogen atmosphere at room
temperature catalyzed by Pd/C in DMF.

The structures were elucidated by HRMS, 1R,NMR and™*C NMR spectra. All spectral data were in
accordance with the assumed structures. HRMS asaigealed the target compounds with [M-léh peaks.
The IR spectra of the target compounds displayefidxyl stretching vibrations at 3402.8-3470.2 'oi8a-8y)
and a phenolic hydroxyl stretching vibration at 3®6cm" (8z). In *H NMR spectra, the CH of the tetrazole

group was observed as a singlet at approximat8ly [®pm in the seriea-38z.
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Scheme 1. Reagents and conditions: i. HNCHAc, 75°C; ii. Pd/C, KB MeOH, 25°C; iii. NaN, triethyl
orthoformate, HAc, 60°C; iv. f&Il or RBr, K,CO;, KI, DMF, 50-65°C; v. MeONa, MeOH, 25°C, 36 h, the

NH,4CI, 50°C; vi. diethyl ethoxymethylenemalonate, N&tOQH, 25°C; and vii. LIOH, KD, THF, 50°C.

2.2. Biological activity in vitro

Thein vitro bovine XO inhibitory activity of compound®a-8z was measured spectrophotometrically by
determining uric acid production at 295 nm. Febtaioand allopurinol were included as the positivatmls.
The testing results are shownTiable 1. All compounds exhibited excellent inhibitory potg with 1Gyvalues
ranging from 0.0288 pM to 0.629 uM. In particuleempound8u with a 3-chlorobenzyloxy group substituted
at the 4-position emerged as the most potent XO inhibit@sd = 0.0288 uM), which was comparable to

febuxostat (IGy = 0.0236 uM) and had andg@value 264-fold higher than that of allopurinol 4G 7.590 pM).
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8l W 0.0945:0.00295 8z 0.629+0.0374
8m m 0.0894:0.00745 Febuxostat 0.0236:0.00230

8n 0.149:0.0160 Allopurinol 7.59Gt0.215

a. All values are expressed as the mean = stawrdandof the mean of triplicate determinations.

Among the tested compounds, increasing the sizbeoSubstituent at the-gosition of the phenyl moiety
from a methoxy to an isopentyloxy group could silgachprove the XO inhibitory potency8& < 8b < 8c < 8d,
ICs50 = 0.0920 puM, 0.0737 uM, 0.0646 uM and 0.0541 pgdpectively). This finding indicated that increasin
the size of saturated alkoxy groups at thpakition of the phenyl moiety could favor the X@hibitory potency,
which may be due to the improved hydrophobic irtéoas with nonpolar residues at the entrance @pibcket
[22], and similar inhibitory behavior could also bleserved for selenazole derivatives [15]. Theaeginent of
a methoxy group with an allyloxy group at thiepdsition of the phenyl moiety led to approximataly-fold
increase in the inhibitory potencge(vs 8a, ICsq = 0.0437 uM and 0.0920 uM, respectively), and wtien
methyl substituent was introduced into the doulbdadbof the allyloxy group8g), the inhibitory potency
slightly decreaseddé > 8f > 8g, IC5, = 0.0437 uM, 0.0569 uM and 0.0692 uM, respectjvéifeanwhile, a
decrease in the inhibitory potency was also obskbye increasing the size of cycloalkoxy groups,hsas
cyclopropylmethoxy, cyclopentyloxy and cyclohexylimexy groups & > 8 > 8k, 1Cso = 0.0461 pM, 0.0585
KM and 0.0683 uM, respectively), implying that ie&sing the size of the olefinoxy groups or the agiloxy
groups at the'4position of the phenyl moiety could damage the iKkibitory potency, which may be due to the
steric hindrance of the substituents with the andomls at the entrance of the active pocket. Maeahe
introduction of the propargyloxy group at thepésition did not translate into improvement in ¥@ inhibitory
potency 8h vs8e, ICso = 0.0500 uM and 0.0437 uM, respectively).

Among the benzyloxy containing compounds, the timef the electron donating or electron withdnagyi
substituents, such as fluoro, chloro, bromo anchmet substituents, giara position of the benzyloxy group
led to a 1.3-1.8-fold increase in the inhibitoryigrecy compared with the unsubstituted benzyloxyvdéve @Go,
8p, 8q, 8r vs8l, IC5 = 0.0507 uM, 0.0531 pM, 0.0691 pM, 0.0552 pM ar@P85 M, respectively). This

finding demonstrated that modulation of the elettdensity of the benzyloxy aromatic ring could Wértbe

10
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inhibitory potency through introducing fluoro, chdg bromo and methoxy substituents into paea position of
the benzyloxy group, except compounds with a mathjgrt-butyl group at thgpara position of the benzyloxy
group 8m and8n, ICsy =0.0894 uM and 0.149 uM, respectively). Then, dcbmpoundswith fluoro, chloro,
bromo and methoxy groups at thieta position of the benzyloxy group were prepar8d 8u and8t, ICsp =
0.0477 uM, 0.0288 uM and 0.0450 puM, respectivéhterestingly, the chloro substitution at timeta position,
as in the case of compouBd, showed a remarkable inhibitory potencys(& 0.0288 puM), 2.4-fold higher
than that of compoun8p with chlorosubstitution at theara position (IGo = 0.0691 uM), which indicated that
a chlorine atom substituted at thesta position of the benzyloxy group was beneficial focreasing the
inhibitory potency. To further examine the influenof the positions and number of chlorine atomstren
benzyloxy group, the correspondingho-monochloro,ortho andpara-dichloro andortho-dichloro substituted
derivatives were synthesizefw( 8x and 8y, ICsq = 0.0917 uM, 0.0639 uM and 0.0838 UM, respectjvely
Among them, theortho substituted derivativeBw showed a 3.2-fold decrease in inhibitory potency in
comparison to compoun8u (8w < 8u, ICso= 0.0917 pM and 0.0288 uM, respectively), and tiehldro
substituted derivatives also had a slight decréagbe inhibitory potency8x, 8y < 8u, ICso= 0.0639 pM,
0.0838 uM and 0.0288 pM, respectively). Presumahéychloro monosubstitution at theta position kept the
chlorobenzyloxy moiety in a more favorable positemthat it could form better hydrophobic interawt with
nonpolar residues at the entrance of the XO apibaket.

Compound8z has a polar hydroxy group substituted at thposition, and it showed an 4¢value of 629
UM, which was 4.2-21.8-fold weaker than those dleotcompounds8a-8y) with hydrophobic alkoxy groups
substituted at the'4position. In addition, the hydrophobic group a¢ #h-position was indispensable for the
inhibitory potencyin vitro against XO, and this finding was consistent wite tonclusion of the isocytosine

derivatives [22].

2.3. Molecular modeling

To explore a probable interaction model of inhilst@nd the XO active site, molecular docking of the
compoundu in the substrate binding pocket of XO was performsitigthe Glide XP docking protocol (2016,
Schrodinger Suite)since molybdenume-pterion sites of both XO and bewanthine dehydrogenase (XDH) are

structurally equivalent [58], the X-ray crystalustture of the XDH/febuxostat complex (PDB code 1)%Xed

11
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in the docking studies was obtained from the RC8Reh Data Bank (PDB) [16]. The protein was prepaoy
removing all water molecules and adding all hydroggoms using Protein Preparation Wizard (2016,
Schrodinger Suite). The carboxyl groups of compo8uménd febuxostat were calculated in dissociated $orm
using the LIGPREP module (2016, Schrodinger Suite).

The binding model of the representative compo8mavas illustrated by Discovery Studio Visualizer 2017
and Pymol Fig. 4). According to our docking studies, the bindintg sesidues and overall binding modeBaf
were similar to that observed with febuxostag( 4a, Fig. 4b), and the results showed that the tetrazole moiety
of the phenyl unit was able to be accommodatedhéystibpocket formed by Leu648, Asn768, Lys771, Déd1l
and Pro1076, which further interacted with Asn768 ays771 through two hydrogen bonds, as expeétag (
4c). In the deepest part of the channel, the carbgrylip of the pyrimidine engaged in two hydrogemdso
with the side chain hydroxy group of Thr1010 and backbone amino group of Thr1010 and two additiona
hydrogen bonds with the guanidine group of Arg880reover, the carboxyl group tie pyrimidine formed an
electrostatic interaction and a hydrogen bond wit880 and two additional hydrogen bonds with Mo-QlHe
pyrimidine ring as a whole was sandwiched betwdebP4 and Phe1009 via “face-to-face” and “faceegeé
7Erstacking interactions, respectively. In additibre N-3 atom of the pyrimidine acted as a H-bonckptor
and linked to the amino acid residue GIlu802 via yalrdbgen bond. Furthermore, several hydrophobic
interactions, including a strorg rrinteraction between Phe649 and the 3-chlorobenmylmof the phenyl unit,
were also observed at the mouth of the pocket b@ti648, Phe649, Leu873, Val1011 and Leul(d. @c).

As designed, the carbonyl group, which exercisedle similar to the carboxyl group of febuxostagswv
able to interact simultaneously with Thr1010 ang@80. Meanwhile, the carboxyl group was closehtdeep

part of the active pocket, still retaining the kateractions with Arg880 and surprisingly increastwo extra

Y THR1010 >
VAL-1011 (—- ARG-880
A \
, i
LEUST3 2 Ry =

hydrogen bonds with Mos3004.

THR-1010 ARG-880

ASN-768

Fig. 4. Binding modes ofBu and febuxostat within the XO binding pocket. (abtBin (PDB code 1N5X,
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rainbow) is shown as a cartoon, and small moleardeshown as a line. The subpocket of the bindoaket is
shown as a surface colored in gray.(cyan) and febuxostat (orange) occupy the sandirgrsite in XO. (b)
XO residues interacting with febuxostat are deplidtg gray lines. Hydrogen bonds of febuxostat aevs as
black dashed lines. (c) XO residues interactindh il (cyan) are depicted by gray lines. Hydrogen bonds,
electrostatic interactions amdr stacking interactions &u are shown as green, orange and purple dashed lines

respectively.

2.4. Seady-state kinetic analysis

To determine the action mode of compouBds3z with XO, enzyme kinetics studies of the represirdga
compoundu were performedKig. 5). As show inFig.5, the analysis on the data of compound 8u indictitad
Vmax decreased with changing slopen(¥may in the presence of increasing concentrationstwbitor, wherein,
the K, and Vnax Values in the presence of 0.0133 to 0.@PbcompoundBu were 11.48, 24.63, 44.17, 74 oM
and 0.151, 0.141, 0.124, 0.096 /min, while, for the positive control, thepkand V. values were 5.38M
and 0.155uM /min, respectively. This behavior showed tlRat acted as a mixed-type mode inhibitor with
respect to xanthine for binding to XO, which wamifr to febuxostat. Moreover, it was found thaé th
intersecting lines on the graph converge to thersquadrant, which indicated that the value: ¢& constant
that defines the degree to which inhibitor bindaffigcts the affinity of the enzyme for the substyatas greater
than 1 [6,8]. This confirmed that the inhibitor fenentially bound to the free enzyme and not theyeme—

substrate complex. In addition, dose-dependenbitidm of XO by8u was exhibitedKig. 6).
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8u (0 uM)
= 8u (0.0133 uM)
- 8u (0.0265 uM)
—~— 8u (0.0530 M)
—— 8u (0.106 pM)

(A295/min)”’

-0.010 -0.005 0.000 0.005 0.010 0.015
(Xanthine pM)™

Fig. 5. Lineweaver-Burk plots of XO inhibition by compou8d.

100+

Inhibition (%)
E » (o)
T < 2

N
o
1

o

0.1 0.2 0.3 0.4 0.5
Compound 8u (uM)

-
o

Fig. 6. The inhibition of XO by compoun8u. Values are means = SDs, n = 3.

2.5. Acute oral toxicity study
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To explore the preliminary toxicity profile of thmost potent compoungl, the acute oral toxicity study
was performed at dose up to 2000 mg/kg, which wemIa400 times over the effective dose of 5mg/kg

according to OECD guidelines 2001 [59]. No signsgl agmptoms of toxicity and mortality were observed

within 24 h after the administration of test compadu

2.6. Hypouricemic effect in vivo

Since the compoun8u showed more potent inhibitory activity than all @tltompounds tested vitro, its
in vivo hypouricemic effect in the acute hyperuricemiamatdel was investigated and compared with those of
febuxostat and allopurinoF{g. 7). As expected, an intraperitoneal injection of 30§/kg potassium oxonate
markedly increased serum uric acid levels 3 h aftag administration in the model group compareth e
blank group P < 0.001 forBlank vs Model), confirming that the model was successfully dghbd. In
addition, administration of a single oral dose oh§/kg8u was able to significantly reduce the serum levéls o
uric acid at 3 hF < 0.05 for8u vs Modd), although the hypouricemic action was slightlwés than that of
febuxostat and allopurinol at an oral dose of Skg@gihd 10 mg/kg, respectively. Furthermore, the mmumnd8u
was able to reduce the serum uric acid levels ceabfto the blank group from 3 h to 8#P(> 0.05 for8u vs

Blank). The results oih vivo hypouricemic activity evaluation suggested that pound8u was a potential and

efficacious agent in the treatment of hyperuricemia

-~ Model

-#- Febuxostat (5 mg/kg)
Allopurinol (10 mg/kg)

- 8u (5 mglkg)

-+ Blank

Serum Urate Levels (umol/L)
AUC yric acid, 3-8h (rmol/L*h)

100T/#/-\*’4‘

Serum Urate Levels (at 3h, pmol/L)

2 3 4 5 6 7 8
Time after administration(h)

Fig. 7. Effect of compoundBu, febuxostat and allopurinol on the serum uric deiekls in the potassium
oxonate-induced hyperuricemic rat model. (a) Timerse changes in the serum uric acid levels after o
administration of Febuxostat, Allopurinol aBd in a potassium oxonate induced hyperuricemic (lgt.The

serum uric acid levels 3 h after oral administratad Febuxostat, Allopurinol an8u in a potassium oxonate

induced hyperuricemic rat. () The AU acig, 3-8 npfter oral administration du, febuxostat and allopurinol in
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a potassium oxonate induced hyperuricemic rat. Retaexpressed as the meas.D. *P < 0.05,*P < 0.001

and **** P < 0.0001 vs hyperuricemic ranpdel), “P>0.05 vsBlank.

3. Conclusion

We designed, synthesized and identified a series &f[4-alkoxy-3-(H-tetrazol-1-yl)
phenyl]-6-oxo-1,6-dihydropyrimidine-5-carboxylic idcderivatives as novel XO inhibitors with a tenbz
group targeting the subpocket formed by residuas48, Asn768, Lys771, Leul014 and Pro1076 at the XO
active site. Specifically, compour@l, which was comparable to febuxostat, emerged e@snibst potent XO
inhibitor. The Lineweaver-Burk plot showed that qgmund 8u acted as a mixed-type XO inhibitor. The
structure-activity relationship analysis demonstlatthat the hydrophobic group at thé&pdsition was
indispensable for the inhibitory poteniyvitro against XO. Furthermore, molecular docking stugies/ided
the molecular basis for rationalizing the activitfiythe designed compounds and suggested that bpocket
centered around Asn768 was able to accommodatéetirazole group, which further provided a potential
strategy for the design of nonpurine XO inhibitoFfhe results oin vivo hypouricemic activity evaluation
suggested that compour@d could effectively reduce serum uric acid levelsaatoral dose of 5 mg/kg. In
addition, acute oral toxicity study in mice indiedtthat compoun8u was nontoxic and tolerated at dose up to
2000 mg/kg. Thus, compour@ll could be a potential and efficacious agent inttneat of hyperuricemia with

low toxicity.

4. Experimental protocols

4.1 Chemistry

Unless otherwise indicated, reagents and solvert® wurchased from commercial sources and used
without further purification. All reactions were mitored by TLC using silica gel aluminum cards (@nn
thickness) with 254 nm and 365 nm fluorescent @idic Melting points were recorded on a YRT-3 mejti

apparatus and were uncorrectbd NMR spectra were recorded on a Bruker 400 MHzspmeter or a Bruker
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600 MHz spectrometer, atdC NMR spectra were recorded on a Bruker 400 MHztspmeter or a Bruker
600 MHz spectrometer. Chemical shifts were expreseeparts per million using tetramethylsilane as a

internal reference and DMS@-as the solvent. IR spectra were determined asg€Bets on a Bruker IFS-55

spectrometer and expressed in reciprocal centimefesl-MS data were gathered using an Agilent 1100

instrument. ESI-HRMS data were recorded in theé&dib540 Series Q-TOF-MS system.

4.1.1. Synthesis of 4-hydroxy-3-nitrobenzonitrile (2)

A solution of nitric acid (24.4 g, 0.252 mol) inedic acid (80 mL) was added dropwise at 75 °C stireed
solution of 4-hydroxybenzonitrile (30.0 g, 0.252ljria acetic acid (200 mL). Upon completion of thadition,
the mixture was heated under reflux for anther than it was poured into ice water, and the préstipiwas
filtered, washed with water to yield the compouh@9.0 g, 94.2%) as a yellow solid, mp 144.2°C-6465.
MS (ESI) m/z: 163.0 [M - H] '"H NMR (600 MHz, DMSO#dg) 5 12.34 (s, 1H), 8.42 (dl = 2.1 Hz, 1H), 7.94

(dd,J = 8.7, 2.1 Hz, 1H), 7.24 (d,= 8.7 Hz, 1H).

4.1.2. Synthesis of 3-amino-4-hydroxybenzonitrile (3)

A mixture of the compoun@ (39.0 g, 0.238 mol) and 10% Pd/C (3.9 g) in methavas stirred at room
temperature for 12 h under hydrogen atmospherer Aie completion of the reaction, the Pd/C wasréld out
and the filtrate was evaporated to give a browidg@9.5 g, 92.3%), which was used directly in thext step.
Mp 135.6 °C-136.6 °C. MS (ESI) m/z: 480.8 [2M + NdH NMR (600 MHz, DMSO#dg) 5 9.79 (s, 1H), 8.26
(d,J = 2.1 Hz, 1H), 8.07 (ddl = 8.8, 2.1 Hz, 1H), 7.58 (d,= 8.9 Hz, 1H), 4.92 (hepd,= 6.0 Hz, 1H), 1.27 (d,

J=6.0 Hz, 6H).

4.1.3. Synthesis of 4-hydroxy-3-(1H-tetrazol-1-yl) benzonitrile (4)

A mixture of 4-hydroxy-3-nitro benzonitrile (29.5 §.220 mol), triethyl orthoformate (39.1 g, 0.26l)
and sodium azide (14.4 g, 0.222 mol) was addeadticaacid (88.5 mL). The mixture was stirred at°@0for
12 h under nitrogen atmosphere. After completiothefreaction, the precipitate was filtered andystellized
from ethanol to give the compoudd(21.53 g, 52.3%) as a gray white solid, mp 194.896:0°C. MS (ESI)
m/z: 185.9 [M - H], *H NMR (600 MHz, DMSO#dg) 5 12.15 (s, 1H), 9.83 (s, 1H), 8.20 (&5 2.1 Hz, 1H), 7.89

(dd,J = 8.6, 2.1 Hz, 1H), 7.26 (d,= 8.6 Hz, 1H).
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4.1.4. Synthesis of 4-methoxy-3-(1H-tetrazol-1-yl) benzonitrile (5a)

A mixture of the compound (6 g, 32.06 mmol), methyl iodide (5.46 g, 38.47 ofjnanhydrous potassium
carbonate (8.85 g, 42.7 mmol) and DMF (32 mL) wescted at ambient temperature for 6 h under nitroge
atmosphere. After the reaction was completed, ttxéune was poured into water (200 mL). The preeifgitwas
filtered, washed with water, and recrystallizedt(@eum ether : ethyl acetate = 1:2) to yield tbenpound5a
(3.65 g, 39.1%) as a white solid, mp 172.3 °C-1P&1 MS (ESI) m/z: 202.4 [M + H] 224.4 [M + Na]; H
NMR (600 MHz, DMSOsdg) 6 9.85 (s, 1H), 8.28 (dl = 2.1 Hz, 1H), 8.12 (dd} = 8.8, 2.1 Hz, 1H), 7.56 (d,=

8.8 Hz, 1H), 3.96 (s, 3H).

4.1.5. General procedure for synthesis of 4-alkoxy-3-(1H-tetrazol-1-yl) benzonitriles (5b-5y)

A mixture of compound4 (6 g, 32.06 mmol), alkyl halides or benzyl halid88.47 mmol), anhydrous
potassium carbonate (8.85 g, 42.7 mmol), potassigide (710.48 mg, 4.28 mmol) and DMF (32 mL) was
reacted at 50°C for 8 h under nitrogen atmosphéidter the reaction was completed, the mixture wasred
into water (200 mL). The precipitate was filteredshed with water, and recrystallized (petroleuheetethyl

acetate = 1:2) to yield 4-alkoxy-3Hitetrazol-1-yl) benzonitrilessp-5y).

4.1.5.1. Synthesis of 4-isopropoxy-3-(1H-tetrazol-1-yl) benzonitrile (5b)
A white solid, yield: 66.5%. Mp 135.6 °C-136.6 S (ESI) m/z: 480.8 [2M + N4] 'H NMR (600 MHz,
DMSO-dg) 6 9.79 (s, 1H), 8.26 (d} = 2.1 Hz, 1H), 8.07 (ddl = 8.8, 2.1 Hz, 1H), 7.58 (d,= 8.9 Hz, 1H), 4.92

(hept,d = 6.0 Hz, 1H), 1.27 (d] = 6.0 Hz, 6H).

4.1.5.2. Synthesis of 4-isobutoxy-3-(1H-tetrazol-1-yl) benzonitrile (5¢)
A white solid, yield: 69.3%. Mp 139.2 °C-140.6 WS (ESI) m/z: 244.4 [M + H]; 266.3 [M + Na]; 508.9
[2M + NaJ’; *H NMR (600 MHz, DMSO-g) § 9.79 (s, 1H), 8.28 (d] = 2.1 Hz, 1H), 8.10 (dd] = 8.8, 2.1 Hz,

1H), 7.54 (d,) = 8.8 Hz, 1H), 3.98 (d] = 6.3 Hz, 2H), 1.95 (hepl,= 6.6 Hz, 1H), 0.84 (d] = 6.7 Hz, 6H).

4.1.5.3. Synthesis of 4-(isopentyl oxy)-3-(1H-tetrazol-1-yl) benzonitrile (5d)
A white solid, yield: 81.9%. Mp 108.7 °C-190 °C. MBSI) m/z: 258.3 [M + HJ, 280.2 [M + Na]J; 536.8
[2M + NaJ’; *H NMR (600 MHz, DMSO-g) § 9.79 (s, 1H), 8.27 (d] = 2.1 Hz, 1H), 8.10 (dd] = 8.8, 2.1 Hz,

1H), 7.57 (d,) = 8.8 Hz, 1H), 4.22 (1] = 6.3 Hz, 2H), 1.57 (dg} = 12.2, 6.0 Hz, 3H), 0.83 (d,= 6.3 Hz, 6H).
18
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4.1.5.4. Synthesis of 4-(allyloxy)-3-(1H-tetrazol-1-yl) benzonitrile (5€)

A white solid, yield: 94.5%. Mp 112.4°C-113.5°C. MBSI) m/z: 228.3 [M + H 250.2 [M + NaJ; 476.9
[2M + NaJ'; *H NMR (600 MHz, DMSOd6) 5 9.84 (s, 1H), 8.29 (dl = 2.0 Hz, 1H), 8.11 (dd] = 8.8, 2.0 Hz,
1H), 7.54 (dJ = 8.8 Hz, 1H), 5.98 (ddf] = 15.8, 10.4, 5.1 Hz, 1H), 5.31 — 5.23 (m, 2HB14(d,J = 5.1 Hz,

2H).

4.1.5.5. Synthesis of 4-[ (2-methylallyl) oxy] -3-(1H-tetrazol-1-yl) benzonitrile (5f)
A white solid, yield: 85.4%. Mp 115.9°C -117.5°CSMESI) m/z : 242.3 [M + H] 264.2 [M + Na]; 504.8
[2M + NaJ'; '"H NMR (600 MHz, DMSO-g) 5 9.81 (s, 1H), 8.30 (dl = 2.0 Hz, 1H), 8.11 (ddl = 8.8, 2.0 Hz,

1H), 7.53 (d,J = 8.8 Hz, 1H), 4.92 (d] = 19.0 Hz, 2H), 4.71 (s, 2H), 1.65 (s, 3H).

4.1.5.6. Synthesis of 4-[ (3-methylbut-2-en-1-yl) oxy] -3-(1H-tetrazol-1-yl) benzonitrile (5g)
A white solid, yield: 70.2%. Mp 126.3°C-127.2°C. MBSI) m/z: 256.2 [M + H}, 278.2 [M + NaJ; 532.8
[2M + NaJ'; *H NMR (600 MHz, DMSO-g) 5 9.79 (s, 1H), 8.26 (dl = 2.0 Hz, 1H), 8.09 (dd] = 8.8, 2.0 Hz,

1H), 7.55 (d,J = 8.8 Hz, 1H), 5.37 (t = 6.6 Hz, 1H), 4.78 (d] = 6.7 Hz, 2H), 1.69 (d] = 23.2 Hz, 6H).

4.1.5.7. Synthesis of 4-(prop-2-yn-1-yloxy)-3-(1H-tetrazol-1-yl) benzonitrile (5h)
A brown solid, yield: 82.4%. Mp 138.4°C-138.9° NMR (600 MHz, DMSO-d6) 9.83 (s, 1H), 8.37 —

8.27 (m, 1H), 8.21 — 8.12 (m, 1H), 7.61 Jcs 8.8 Hz, 1H), 5.15 — 5.03 (m, 2H), 3.74 Jc; 2.6 Hz, 1H).

4.1.5.8. Synthesis of 4-(cyclopropylmethoxy)-3-(1H-tetrazol-1-yl) benzonitrile (5i)
A brown solid, yield: 91.3%. Mp 139.1°C-140.2°(Ei NMR (600 MHz, DMSO-g) 5 9.81 (s, 1H), 8.28 (d,
J=2.1Hz, 1H), 8.07 (ddl = 8.7, 2.1 Hz, 1H), 7.52 (d,= 8.8 Hz, 1H), 4.09 (d] = 7.1 Hz, 2H), 1.20 (dddd,

= 15.1, 10.3, 5.3, 2.4 Hz, 1H), 0.56 — 0.49 (m, 2434 — 0.27 (m, 2H).

4.1.5.9. Synthesis of 4-(cyclopentyloxy)-3-(1H-tetrazol-1-yl) benzonitrile (5J)
A white solid, yield: 64.3%. Mp 148°C-149.1°C. MESI) m/z: 256.3 [M + H] ; 278.2 [M + Na] ;'H
NMR (600 MHz, DMSO-¢) 6 9.75 (s, 1H), 8.26 (d]= 2.1 Hz, 1H), 8.07 (dd] = 8.8, 2.1 Hz, 1H), 7.54 (d,=

8.8 Hz, 1H), 5.11 (tt) = 5.6, 2.5 Hz, 1H), 1.95 — 1.82 (m, 2H), 1.71 -21(, 2H), 1.59 — 1.47 (m, 4H).
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4.1.5.10. Synthesis of 4-(cyclohexylmethoxy)-3-(1H-tetrazol-1-yl) benzonitrile (5k)
A white solid, yield: 63.2%. Mp 120.6°C-122.2°t NMR (600 MHz, DMSO-g) 5 9.78 (s, 1H), 8.27 (d]
= 2.1 Hz, 1H), 8.09 (ddl = 8.8, 2.1 Hz, 1H), 7.54 (d,= 8.8 Hz, 1H), 4.01 (d] = 6.2 Hz, 2H), 1.71 — 1.56 (m,

6H), 1.17 (qtJ = 12.3, 3.2 Hz, 2H), 1.07 (gt= 12.6, 3.2 Hz, 1H), 0.91 (qd= 12.4, 3.4 Hz, 2H).

4.1.5.11. Synthesis of 4-(benzyloxy)-3-(1H-tetrazol-1-yl) benzonitrile (51)
A white solid, yield: 66.6%. Mp 148.3°C-149.0°C. MBSI) m/z: 576.8 [2M + N&] 'H NMR (600 MHz,
DMSO-d;) 6 9.83 (s, 1H), 8.31 (d} = 2.1 Hz, 1H), 8.12 (dd} = 8.8, 2.1 Hz, 1H), 7.63 (d,= 8.8 Hz, 1H), 7.41

—7.31 (m, 6H), 5.36 (s, 2H).

4.1.5.12. Synthesis of 4-[ (4-methylbenzyl) oxy] -3-(1H-tetrazol-1-yl) benzonitrile (5m)
An off-white solid, yield: 96.5%. Mp 161.2°C-162G°MS (ESI) m/z : 604.6 [2M + N&]*H NMR (600
MHz, DMSO-g;) 6 9.80 (s, 1H), 8.29 (d,= 2.1 Hz, 1H), 8.11 (dd}= 8.8, 2.1 Hz, 1H), 7.62 (d,= 8.8 Hz, 1H),

7.26 (d,J = 8.0 Hz, 2H), 7.18 (d] = 7.8 Hz, 2H), 5.29 (s, 2H), 2.28 (s, 3H).

4.1.5.13. Synthesis of 4-{[ 4-(tert-butyl) benzyl] oxy}-3-(1H-tetrazol-1-yl) benzonitrile (5n)
An off-white solid, yield: 80.2%. Mp 125.6 °C-128€. MS (ESI) m/z: 356.4 [M + N&J; *H NMR (600
MHz, DMSO-g;) 6 9.84 (s, 1H), 8.30 (d| = 2.1 Hz, 1H), 8.12 (dd} = 8.8, 2.1 Hz, 1H), 7.65 (d,= 8.8 Hz, 1H),

7.42 —7.37 (m, 2H), 7.33 — 7.26 (m, 2H), 5.32), 1.26 (s, 9H).

4.1.5.14. Synthesis of 4-[ (4-methoxybenzyl) oxy] -3-(1H-tetrazol-1-yl) benzonitrile (50)
A white solid, yield: 68.4%. Mp 148.9°C-150.2°C. MBSI) m/z: 330.2 [M + N&]; '"H NMR (600 MHz,
DMSO-d;) 6 9.79 (s, 1H), 8.29 (d} = 2.0 Hz, 1H), 8.12 (ddl = 8.8, 2.1 Hz, 1H), 7.64 (d,= 8.8 Hz, 1H), 7.33

(d,J = 8.6 Hz, 2H), 6.93 (d] = 8.6 Hz, 2H), 5.26 (s, 2H), 3.74 (s, 3H).

4.1.5.15. Synthesis of 4-[ (4-fluorobenzyl) oxy] -3-(1H-tetrazol-1-yl) benzonitrile (5p)
A white solid, yield: 52.7%. Mp 160.7°C-161.6°C. MBSI) m/z: 296.4 [M + H]; 318.2 [M + Na] ; *H
NMR (600 MHz, DMSO-¢) 6 9.83 (s, 1H), 8.30 (d] = 2.0 Hz, 1H), 8.12 (dd] = 8.8, 2.0 Hz, 1H), 7.63 (d,=

8.8 Hz, 1H), 7.45 (dd] = 8.4, 5.6 Hz, 2H), 7.21 (1,= 8.8 Hz, 2H), 5.34 (s, 2H).
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4.1.5.16. Synthesis of 4-[ (4-chlorobenzyl) oxy] -3-(1H-tetrazol-1-yl) benzonitrile (5q)
A white solid, yield: 61.1%. Mp 195.9°C-197°&4 NMR (600 MHz, DMSO-g) 5 9.84 (s, 1H), 8.31 (d} =
2.0 Hz, 1H), 8.12 (dd] = 8.8, 2.0 Hz, 1H), 7.61 (d,= 8.8 Hz, 1H), 7.45 (d] = 8.4 Hz, 2H), 7.41 (d] = 8.4 Hz,

2H), 5.35 (s, 2H).

4.1.5.17. Synthesis of 4-[ (4-bromobenzyl) oxy] -3-(1H-tetrazol-1-yl) benzonitrile (5r)
A white solid, yield: 59.4%. Mp 181.3°C-183.6°C. MBSI) m/z: 373.1 [M + H} 395.2 [M + NaJ; H
NMR (600 MHz, DMSO-¢)  9.84 (s, 1H), 8.31 (dl = 1.8 Hz, 1H), 8.12 (ddl = 8.8, 1.8 Hz, 1H), 7.61 (d,=

8.8 Hz, 1H), 7.58 (d] = 8.3 Hz, 2H), 7.34 (d] = 8.2 Hz, 2H), 5.34 (s, 2H).

4.1.5.18. Synthesis of 4-[ (3-methoxybenzyl) oxy] -3-(1H-tetrazol-1-yl) benzonitrile (5s)
A white solid, yield: 85.6%. Mp 134.4°C-135.6°C .MBSI) m/z: 308.3 [M + H} 330.2 [M + NaJ; H
NMR (400 MHz, DMSO-¢) 6 9.85 (s, 1H), 8.31 (d] = 2.1 Hz, 1H), 8.12 (dd] = 8.8, 2.1 Hz, 1H), 7.61 (d,=

8.8 Hz, 1H), 7.28 (t, 1H), 6.97 — 6.85 (m, 3H),3(8, 2H), 3.73 (s, 3H).

4.1.5.19. Synthesis of 4-[ (3-fluorobenzyl) oxy] -3-(1H-tetrazol-1-yl) benzonitrile (5t)
An off-white solid, yield: 87.0%. Mp 142.6°C -144@ .MS (ESI) m/z: 296.3 [M + H] 318.2 [M + Na;
'H NMR (400 MHz, DMSO-¢) § 9.87 (s, 1H), 8.31 (dl = 2.1 Hz, 1H), 8.13 (dd] = 8.8, 2.2 Hz, 1H), 7.61 (d,

J=8.8Hz, 1H), 7.49 — 7.38 (m, 1H), 7.24 — 7.19 2i), 7.19 — 7.13 (m, 1H), 5.38 (s, 2H).

4.1.5.20. Synthesis of 4-[ (3-chlorobenzyl) oxy] -3-(1H-tetrazol-1-yl) benzonitrile (5u)
An off-white solid, yield: 54.3%. Mp 157.2°C-158G"H NMR (600 MHz, DMSO-g) 5 9.88 (s, 1H), 8.32
(d,J=2.1Hz, 1H), 8.14 (ddl = 8.8, 2.1 Hz, 1H), 7.61 (d,= 8.8 Hz, 1H), 7.46 (dl = 2.0 Hz, 1H), 7.44 — 7.38

(m, 2H), 7.34 (ddJ = 5.0, 3.4 Hz, 1H), 5.37 (s, 2H).

4.1.5.21. Synthesis of 4-[ (3-bromobenzyl) oxy] -3-(1H-tetrazol-1-yl) benzonitrile (5v)
An off-white solid, yield: 66.5%. Mp 161.9 °C -1@2°C. MS (ESI) m/z: 378.2 [M + N&]'H NMR (600
MHz, DMSO-d) 6 9.87 (s, 1H), 8.32 (d] = 2.1 Hz, 1H), 8.14 (dd] = 8.8, 2.1 Hz, 1H), 7.64 — 7.57 (m, 2H),

7.54 (dtJ= 7.5, 1.8 Hz, 1H), 7.40 — 7.31 (m, 2H), 5.362(d).
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4.1.5.22. Synthesis of 4-[ (2-chlorobenzyl) oxy] -3-(1H-tetrazol-1-yl) benzonitrile (5w)
A white solid, yield: 63.5%. Mp 149.5°C-151.7°C. MBSI) m/z: 644.8 [2M + N&] 'H NMR (400 MHz,
DMSO-d;) 6 9.75 (s, 1H), 8.32 (dl = 2.1 Hz, 1H), 8.15 (dd} = 8.7, 2.1 Hz, 1H), 7.70 (d,= 8.8 Hz, 1H), 7.50

(dd,J= 7.7, 1.6 Hz, 1H), 7.45 (dd,= 7.1, 2.2 Hz, 1H), 7.43 — 7.32 (m, 2H), 5.412().

4.1.5.23. Synthesis of 4-[ (2, 6-dichlorobenzyl) oxy] -3-(1H-tetrazol-1-yl) benzonitrile (5x)
A white solid, yield: 83.8%. Mp 178.0°C-178.9°C. MBSI) m/z: 368.4 [M + N&d] ‘H NMR (400 MHz,
DMSO-d;) 6 9.57 (s, 1H), 8.32 (d} = 2.1 Hz, 1H), 8.20 (dd} = 8.7, 2.1 Hz, 1H), 7.86 (d,= 8.8 Hz, 1H), 7.56

—7.50 (m, 2H), 7.48 — 7.42 (m, 1H), 5.48 (s, 2H).

4.1.5.24. Synthesis of 4-[ (2, 4-dichlorobenzyl) oxy] -3-(1H-tetrazol-1-yl) benzonitrile (5y)
A white solid, yield: 92.2%. Mp 176.7°C-177.3°E NMR (400 MHz, DMSO-g) 5 9.75 (s, 1H), 8.32 (d]

= 2.1 Hz, 1H), 8.14 (dd] = 8.8, 2.1 Hz, 1H), 7.76 — 7.63 (m, 2H), 7.54417(m, 2H), 5.40 (s, 2H).

4.1.6. General procedure for synthesis of 4-alkoxy-3-(1H-tetrazol-1-yl) benzimidamide hydrochloride (6a-6y)

A 500 mL flask was charged with 250 mL of anhydrowethanol, 17.40 mmol of the compourt@ssy, and
5.22 mmol of sodium methoxide. The complex wasegmnted from moisture and stirred for 36 h. Then834.
mmol NH,Cl was added and stirring was continued at 50°C6fdr. Unreacted NKCI was filtered, and the
reaction mixture was concentrated under reducesispre. The crude residue was refluxed with ethgtede
and the precipitate was collected by filtrationdiee the compound§a-6y, which were used for the next

reaction without further purification.

4.1.6.1. Synthesis of 4-methoxy-3-(1H-tetrazol-1-yl) benzimidamide hydrochloride (6a)
A white solid, yield: 31.8%. MS (ESI) m/z: 218.2 [MH]"; *H NMR (600 MHz, DMSO-g) & 9.96 (s, 1H),

9.22 (s, 3H), 8.35 (d = 2.4 Hz, 1H), 8.24 (ddl = 8.9, 2.5 Hz, 1H), 7.64 (d,= 9.0 Hz, 1H), 4.01 (s, 3H).

4.1.6.2. Synthesis of 4-isopropoxy-3-(1H-tetrazol-1-yl) benzimidamide hydrochloride (6b)
A white solid, yield: 24.0%. MS (ESI) m/z: 247.2M2+ H]"; 269.1 [2M + Na] *H NMR (600 MHz,

DMSO-d) § 9.85 (s, 1H), 9.26 (s, 4H), 8.25 (= 2.4 Hz, 1H), 8.08 (dd] = 8.9, 2.5 Hz, 1H), 7.65 (d,= 9.0
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Hz, 1H), 4.96 (hept] = 6.1 Hz, 1H), 1.30 (dl = 6.0 Hz, 6H).

4.1.6.3. Synthesis of 4-isobutoxy-3-(1H-tetrazol-1-yl) benzmidamide hydrochloride (6¢)
A white solid, yield: 61.6%. MS (ESI) m/z: 261.3 [MH]"; 'H NMR (600 MHz, DMSO-g) & 9.87 (s, 1H),
8.89 (s, 3H), 8.30 (d] = 2.4 Hz, 1H), 8.18 (dd] = 8.8, 2.5 Hz, 1H), 7.60 (d,= 8.9 Hz, 1H), 4.01 (d] = 6.4

Hz, 2H), 1.97 (dpJ = 13.2, 6.6 Hz, 1H), 0.86 (d,= 6.7 Hz, 6H).

4.1.6.4. Synthesis of 4-(isopentyl oxy)-3-(1H-tetrazol-1-yl) benzimidamide hydrochloride (6d)
A white solid, yield: 34.5%. MS (ESI) m/z: 275.2 [MH]"; '"H NMR (600 MHz, DMSO-g) § 9.86 (s, 1H),
9.14 (s, 4H), 8.28 (dl = 2.4 Hz, 1H), 8.16 (dd} = 8.9, 2.4 Hz, 1H), 7.64 (d,= 9.0 Hz, 1H), 4.25 (} = 6.3 Hz,

2H), 1.59 (dg,) = 12.1, 6.1, 5.6 Hz, 3H), 0.85 (@= 6.3 Hz, 6H).

4.1.6.5. Synthesis of 4-(allyloxy)-3-(1H-tetrazol-1-yl) benzimidamide hydrochloride (6€)
A white solid, yield: 36.3%. MS (ESI) m/z: 245.1 [MH]"; 488.9 [2M + HJ"; 243.3 [M - H]; 'H NMR
(600 MHz, DMSO-g) & 9.94 (s, 1H), 8.63 (s, 6H), 8.33 (s, 1H), 8.20Xd, 8.9 Hz, 1H), 7.60 (d] = 8.8 Hz,

1H), 6.00 (ddt,) = 15.6, 9.9, 4.6 Hz, 1H), 5.28 (diiz 28.0, 13.9 Hz, 2H), 4.84 (d= 3.9 Hz, 2H).

4.1.6.6. Synthesis of 4-[ (2-methylallyl) oxy] -3-(1H-tetrazol-1-yl) benzimidamide hydrochloride (6f)
A white solid, yield: 33.6%. MS (ESI) m/z: 259.1 [MH]"; 517.0 [2M + HJ"; 257.3 [M - H]; 'H NMR
(600 MHz, DMSO-¢) 5 9.91 (s, 1H), 8.32 (dl = 2.3 Hz, 1H), 8.20 (dd] = 8.9, 2.4 Hz, 1H), 8.13 — 7.96 (m,

10H), 7.59 (dJ) = 8.9 Hz, 1H), 4.93 (d] = 4.0 Hz, 2H), 4.74 (s, 2H), 1.66 (s, 3H).

4.1.6.7. Synthesis of 4-[ (3-methylbut-2-en-1-yl) oxy] -3-(1H-tetrazol-1-yl) benzimidamide hydrochloride (6g)
A white solid, yield: 47.3%. MS (ESI) m/z: 273.2 [M H]"; 544.9 [2M + H]; '"H NMR (600 MHz,
DMSO-d;) 6 9.87 (s, 1H), 9.22 (s, OH), 8.30 (d, 2H), 8.18, (@d), 7.61 (dJ = 8.9 Hz, 1H), 5.39 (s, 2H), 4.81

(d,J=6.5Hz, 3H), 1.70 (dl = 17.8 Hz, 7H).

4.1.6.8. Synthesis of 4-(prop-2-yn-1-yloxy)-3-(1H-tetrazol-1-yl) benzimidamide hydrochloride (6h)
A white solid, yield: 36.7%. MS (ESI) m/z: 243.4 [M H]"; 265.3 [M + NaJ; '"H NMR (600 MHz,

DMSO-a) § 9.92 (s, 1H), 9.01 (s, 5H), 8.34 (s, 1H), 8.23)&,8.8 Hz, 1H), 7.66 (d] = 8.9 Hz, 1H), 5.11 (s,
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2H), 3.77 (s, 1H).

4.1.6.9. Synthesis of 4-(cyclopropyl methoxy)-3-(1H-tetrazol-1-yl) benzimidamide hydrochloride (6i)
A white solid, yield: 53.7%. MS (ESI) m/z: 259.3 [MH]"; *H NMR (600 MHz, DMSO-g) & 9.90 (s, 1H),
8.32 (d,J = 2.4 Hz, 1H), 8.18 (ddl = 8.9, 2.5 Hz, 1H), 7.72 (s, 29H), 7.58 Jd; 8.9 Hz, 1H), 4.11 (d]=7.1

Hz, 2H), 1.27 — 1.16 (m, 1H), 0.57 — 0.48 (m, 26135 — 0.28 (m, 2H).

4.1.6.10. Synthesis of 4-(cyclopentyl oxy)-3-(1H-tetrazol-1-yl) benzimidamide hydrochloride (6J)
A white solid, yield: 26.9%. MS (ESI) m/z: 273.2 [M H]"; 295.2 [M + Naf; '"H NMR (600 MHz,
DMSO-d;) 6 9.83 (s, 1H), 8.40 (s, 1H), 8.29 7 2.4 Hz, 1H), 8.16 (ddl = 8.9, 2.4 Hz, 4H), 7.60 (d,= 8.9

Hz, 1H), 5.17 — 5.13 (m, 1H), 1.97 — 1.88 (m, 2HY4 — 1.65 (m, 2H), 1.60 — 1.51 (m, 4H).

4.1.6.11. Synthesis of 4-(cyclohexylmethoxy)-3-(1H-tetrazol-1-yl) benzimidamide hydrochloride (6k)
A white solid, yield: 42.5%. MS (ESI) m/z: 301.3 [MH]"; '"H NMR (600 MHz, DMSO-g) 5 9.85 (s, 1H),
8.26 (d,J = 2.5 Hz, 1H), 8.14 (ddl = 9.0, 2.5 Hz, 2H), 7.96 (s, 10H), 7.61 Jds 8.9 Hz, 1H), 4.04 (d] = 6.2

Hz, 2H), 1.73 — 1.57 (m, 6H), 1.25 — 1.13 (m, 2H),2 — 1.03 (m, 1H), 0.99 — 0.89 (m, 2H).

4.1.6.12. Synthesis of 4-(benzyloxy)-3-(1H-tetrazol-1-yl) benzimidamide hydrochloride (6l)
A white solid, yield: 46.4%. MS (ESI) m/z: 295.2 [MH]"; '"H NMR (600 MHz, DMSO-g) 5 9.91 (s, 1H),
8.86 (s, 4H), 8.29 (d] = 2.4 Hz, 1H), 8.14 (dd] = 8.9, 2.5 Hz, 1H), 7.68 (d,= 9.0 Hz, 1H), 7.42 — 7.36 (m,

4H), 7.36 — 7.32 (m, 1H), 5.39 (s, 2H).

4.1.6.13. Synthesis of 4-[ (4-methylbenzyl) oxy] -3-(1H-tetrazol-1-yl) benzimidamide hydrochloride (6m)
A white solid, yield: 42.5%. MS (ESI) m/z: 309.4 [MH]"; 307.3 [M - HJ; *H NMR (600 MHz, DMSO-g)
8 9.89 (s, 1H), 8.92 (s, 4H), 8.28 @= 2.4 Hz, 1H), 8.13 (dd] = 8.9, 2.5 Hz, 1H), 7.67 (d,= 8.9 Hz, 1H),

7.29 (d,J = 7.8 Hz, 2H), 7.19 (d] = 7.7 Hz, 2H), 5.34 (s, 2H), 2.29 (s, 3H).

4.1.6.14. Synthesis of 4-{[ 4-(tert-butyl) benzyl] oxy}-3-(1H-tetrazol-1-yl) benzimidamide hydrochloride (6n)
A white solid, yield: 46.1%. MS (ESI) m/z: 351.3 [MH]"; 349.4 [M - H]; '"H NMR (600 MHz, DMSO-¢)

§9.92 (s, 1H), 8.30 (dl = 2.4 Hz, 1H), 8.16 (dd] = 8.9, 2.4 Hz, 1H), 7.70 (d,= 9.0 Hz, 1H), 7.43 — 7.37 (m,
24
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2H), 7.36 — 7.29 (m, 2H), 5.35 (s, 2H), 1.26 (s).9H

4.1.6.15. Synthesis of 4-[ (4-methoxybenzyl) oxy] -3-(1H-tetrazol-1-yl) benzimidamide hydrochloride (60)
A white solid, yield: 74.6%. MS (ESI) m/z: 325.2 [MH]"; 323.0 [M - HJ; *H NMR (600 MHz, DMSO-¢)
6 9.93 (s, 1H), 8.36 (dl = 2.4 Hz, 1H), 8.24 (dd] = 8.9, 2.4 Hz, 1H), 8.10 (s, 15H), 7.73 Jds 9.0 Hz, 1H),

7.37 (dd, 2H), 6.94 (dd, 2H), 5.32 (s, 2H), 3.753¢4).

4.1.6.16. Synthesis of 4-[ (4-fluorobenzyl) oxy] -3-(1H-tetrazol-1-yl) benzimidamide hydrochloride (6p)
A white solid, yield: 38.6%. MS (ESI) m/z: 313.2 [MH]"; 311.3 [M - H]; "H NMR (600 MHz, DMSO-g)
8 9.93 (s, 1H), 8.97 (s, 6H), 8.32 (s, 1H), 8.19, (Hd 9.0, 2.4 Hz, 1H), 7.69 (d,= 8.9 Hz, 1H), 7.48 (dd] =

8.4, 5.4 Hz, 2H), 7.29 — 7.13 (m, 2H), 5.38 (s, 2H)

4.1.6.17. Synthesis of 4-[ (4-chlorobenzyl) oxy] -3-(1H-tetrazol-1-yl) benzimidamide hydrochloride (6q)
A white solid, yield: 39.0%. MS (ESI) m/z: 329.1 [MH]"; 327.1 [M - HJ; *H NMR (600 MHz, DMSO-g)
8 9.93 (s, 1H), 9.37 (s, 5H), 8.31 @= 2.2 Hz, 1H), 8.16 (dd] = 9.0, 2.4 Hz, 1H), 7.67 (d,= 8.9 Hz, 1H),

7.45 (dd,J = 2.3 Hz, 4H), 5.39 (s, 2H).

4.1.6.18. Synthesis of 4-[ (4-bromobenzyl) oxy] -3-(1H-tetrazol-1-yl) benzimidamide hydrochloride (6r)
A white solid, yield: 34.6%. MS (ESI) m/z: 373.1 [M H]"; 395.2 [M + Nal; '"H NMR (600 MHz,
DMSO-a;) 6 9.94 (s, 1H), 9.47 (s, 4H), 8.32 (s, 1H), 8.17)(d,8.9 Hz, 1H), 7.67 (dl = 8.9 Hz, 1H), 7.59 (d]

= 7.9 Hz, 2H), 7.38 (d] = 8.0 Hz, 2H), 5.38 (s, 2H).

4.1.6.19. Synthesis of 4-[ (3-methoxybenzyl) oxy] -3-(1H-tetrazol-1-yl) benzimidamide hydrochloride (6s)
A white solid, yield: 34.6%. MS (ESI) m/z: 325.2 [MH]"; 347.2 [M + NaJ; 323.0 [M - H]; 'H NMR (400
MHz, DMSO-g) 6 9.97 (s, 1H), 8.36 (dl = 2.3 Hz, 1H), 8.23 (dd, 1H), 8.12 (s, 8H), 7.67X= 8.9 Hz, 1H),

7.28 (t,J = 7.8 Hz, 1H), 7.01 — 6.92 (m, 2H), 6.88 (dd; 8.3, 2.5 Hz, 1H), 5.36 (s, 2H).

4.1.6.20. Synthesis of 4-[ (3-fluorobenzyl) oxy] -3-(1H-tetrazol-1-yl) benzimidamide hydrochloride (6t)
A white solid, yield: 66.3%. MS (ESI) m/z: 313.2 [MH]"; 335.2 [M + Na];311.0 [M - H]; 'H NMR (400

MHz, DMSO-&) § 9.98 (s, 1H), 8.36 (d} = 2.4 Hz, 1H), 8.22 (ddl = 8.9, 2.4 Hz, 1H), 7.95 (s, 16H), 7.67 d,
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= 8.9 Hz, 1H), 7.48 — 7.39 (m, 1H), 7.30 — 7.21 i), 7.20 — 7.12 (m, 1H), 5.41 (s, 2H).

4.1.6.21. Synthesis of 4-[ (3-chlorobenzyl) oxy] -3-(1H-tetrazol-1-yl) benzimidamide hydrochloride (6u)
A white solid, yield: 26.7%. MS (ESI) m/z: 329.2 [MH]"; 327.0 [M - HJ; *H NMR (600 MHz, DMSO-g)
6 10.00 (s, 1H), 8.37 (s, 1H), 8.24 (= 8.8 Hz, 1H), 7.67 (s, 59H), 7.48 (s, 1H), 7.43.33 (m, 3H), 5.40 (s,

2H).

4.1.6.22. Synthesis of 4-[ (3-bromobenzyl) oxy] -3-(1H-tetrazol-1-yl) benzimidamide hydrochloride (6v)
A white solid, yield: 64.1%. MS (ESI) m/z: 373.3 [MH]"; 370.9 [M - H]; *H NMR (600 MHz, DMSO-¢)
8 9.98 (s, 1H), 8.36 (dl = 2.4 Hz, 1H), 8.22 (dd] = 8.9, 2.5 Hz, 1H), 8.09 (s, 8H), 7.66 {d= 9.0 Hz, 1H),

7.62 (s, 1H), 7.34 (] = 7.8 Hz, 1H), 5.40 (s, 2H).

4.1.6.23. Synthesis of 4-[ (2-chlorobenzyl) oxy] -3-(1H-tetrazol-1-yl) benzmidamide hydrochloride (6w)
A white solid, yield: 43.1%. MS (ESI) m/z: 329.3 [MH]"; 351.3 [M + NaJ; 327.1 [M - H]; 'H NMR (400
MHz, DMSO-d;) 6 9.86 (s, 1H), 8.43 (s, 1H), 8.35 @= 2.3 Hz, 1H), 8.26 (s, 10H), 7.75 = 8.9 Hz, 1H),

7.53 — 7.46 (m, 2H), 7.43 — 7.32 (m, 2H), 5.42().

4.1.6.24. Synthesis of 4-[ (2, 6-dichlorobenzyl) oxy] -3-(1H-tetrazol-1-yl) benzimidamide hydrochloride (6x)

A white solid, yield: 39.8%. MS (ESI) m/z: 363.1 [MH]".

4.1.6.25. Synthesis of 4-[ (2, 4-dichlorobenzyl) oxy] -3-(1H-tetrazol-1-yl) benzimidamide hydrochloride (6y)
A white solid, yield: 36.4%. MS (ESI) m/z: 363.0 [MH]; 1H NMR (400 MHz, DMSO-d6p 9.90 (s, 1H),
8.43 (s, 1H), 8.39 (d] = 2.3 Hz, 1H), 8.28 (d] = 6.5 Hz, 1H), 7.86 (s, 12H), 7.69 (s, 1H), 7.87J(= 8.3 Hz,

1H), 7.48 (d,J = 7.9 Hz, 1H), 5.45 (s, 2H).

4.1.7. General procedure for synthesis of ethyl 2-[4-alkoxy-3-(1H-tetrazol-1-yl) phenyl]-6-oxo-1,
6-dihydropyrimidine-5-carboxylates (7a-7y)

To a solution of sodium hydride (3 g, 0.125 mol)eithanol (10 mL) were added compourtds?y (1.97
mmol) and diethyl ethoxymethylenemalonate (460 ghg6 mmol). The reaction mixture was stirred atmoo

temperature until the material spot disapperae@ily. After the reaction completed, the mixture veasled 5
26
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mL 6 M hydrochloric acid and stirred for 0.5 h, thhe precipitate was collected by filtration. Titesulting
residue was refluxed (ethanol or ethanol: dechletbeme=1:1) to yield ethyl 2-[4-alkoxy-3Hietrazol-1-yl)

phenyl]-6-oxo-1, 6-dihydropyrimidine-5-carboxylat@a-7y).

4.1.7.1. Synthesis of ethyl 2-[ 4-methoxy-3-(1H-tetrazol-1-yl) phenyl] -6-oxo-1,
6-dihydropyrimidine-5-carboxylate (7a)

A white solid, yield: 48.6%. Mp: degraded at 21&7MS (ESI) m/z: 341.1 [M - H], *H NMR (600 MHz,
DMSO-d;) § 13.22 (s, 1H), 9.87 (s, 1H), 8.64 (s, 1H), 8.57114), 8.45 (d,) = 8.2 Hz, 1H), 7.55 (d] = 8.9 Hz,

1H), 4.25 (g,) = 7.0 Hz, 2H), 3.98 (s, 3H), 1.28 Jt= 7.0 Hz, 3H).

4.1.7.2. Synthesis of ethyl 2-[ 4-isopropoxy-3-(1H-tetrazol-1-yl) phenyl] -6-oxo-1,
6-dihydropyrimidine-5-carboxylate (7b)

A white solid, yield: 48.4%. Mp 183.1°C-184.5°C. MESI) m/z: 369.2 [M - H] *H NMR (600 MHz,
DMSO-d;) § 13.23 (s, 1H), 9.81 (s, 1H), 8.65 (s, 1H), 8.581{4), 8.43 (d,) = 9.0 Hz, 1H), 7.58 (d] = 9.0 Hz,

1H), 4.94 (hept) = 6.0 Hz, 1H), 4.26 (] = 7.1 Hz, 2H), 1.30 (d] = 6.0 Hz, 6H), 1.28 (1] = 7.1 Hz, 2H).

4.1.7.3. Synthesis of ethyl 2-[ 4-isobutoxy-3-(1H-tetrazol-1-yl) phenyl] -6-oxo-1,
6-dihydropyrimidine-5-carboxylate (7c)

A white solid, yield: 70.1%. Mp 204.1°C-204.7°C. MBSI) m/z: 385.4 [M + H} 407.3 [M + NaJ; 383.2
[M - H]; *H NMR (600 MHz, DMSO-g) & 13.20 (s, 1H), 9.81 (s, 1H), 8.64 (s, 1H), 8.55)(d 2.0 Hz, 1H),
8.44 (ddJ = 8.9, 2.4 Hz, 1H), 7.54 (d,= 9.0 Hz, 1H), 4.25 (q] = 7.1 Hz, 2H), 4.00 (d] = 6.4 Hz, 2H), 1.99

(hept,d = 6.6 Hz, 1H), 1.28 (1] = 7.1 Hz, 3H), 0.87 (d = 6.7 Hz, 6H).

4.1.7.4. Synthesis of ethyl 2-[ 4-(isopentyl oxy)-3-(1H-tetrazol - 1-yl) phenyl] -6-oxo-1,
6-dihydropyrimidine-5-carboxylate (7d)

A white solid, yield: 40.2%. Mp 204.3°C-204.8°C. MBSI) m/z: 399.3 [M + H} 421.2 [M + NaJ; 437.2
[M + K]*; 397.0 [M - HJ; *H NMR (600 MHz, DMSO-g) § 13.21 (s, 1H), 9.80 (s, 1H), 8.63 (s, 1H), 8.55 (s
1H), 8.43 (d,J = 7.8 Hz, 1H), 7.56 (d] = 9.0 Hz, 1H), 4.29 — 4.20 (m, 4H), 1.65 — 1.57 &), 1.28 (tJ = 7.1

Hz, 3H), 0.86 (dJ = 6.1 Hz, 6H).
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4.1.7.5. Synthesis of ethyl 2-[4-(allyloxy)-3-(1H-tetrazol-1-yl) phenyl]-6-oxo-1,
6-dihydropyrimidine-5-carboxylate (7€)

A white solid, yield: 69.8%. Mp: degraded at 23C2MS (ESI) m/z: 369.3 [M + H] 391.2 [M + Na];
407.2 [M + K'; 367.0 [M - HJ; *H NMR (600 MHz, DMSO-g) § 9.85 (s, 1H), 8.56 (s, 1H), 8.52 (s, 1H), 8.48
(d,J = 8.6 Hz, 1H), 7.37 (d] = 8.7 Hz, 1H), 6.00 (ddf = 16.3, 10.5, 5.1 Hz, 1H), 5.26 (dbzs 25.2, 13.9 Hz,
2H), 4.74 (d,) = 5.1 Hz, 2H), 4.16 (4] = 7.1 Hz, 2H), 1.25 (1] = 6.7 Hz, 3H).

41.76. Synthesis of  ethyl 2-{4-[(2-methylallyl)  oxy]-3-(1H-tetrazol-1-yl)  phenyl}-6-oxo-1,
6-dihydropyrimidine-5-carboxylate (7f)

A white solid, yield: 61.4%. Mp: degraded at 21€8MS (ESI) m/z: 405.4 [M + N&] 381.1 [M - HJ; *H
NMR (600 MHz, DMSO-g) & 13.22 (s, 1H), 9.84 (s, 1H), 8.64 (s, 1H), 8.551(), 8.44 (d,) = 8.9 Hz, 1H),
7.55 (d,J = 9.0 Hz, 1H), 4.95 (d] = 8.4 Hz, 2H), 4.73 (s, 2H), 4.26 (= 7.1 Hz, 2H), 1.68 (s, 3H), 1.28 Jt=
7.1 Hz, 3H).
4.1.7.7. Synthesis of ethyl 2-{4-[(3-methylbut-2-en-1-yl) oxy]-3-(1H-tetrazol-1-yl)  phenyl}-6-oxo-1,
6-dihydropyrimidine-5-carboxylate (79)

A white solid, yield: 63.4%. Mp 204.2°C-204.5°C. MBSI) m/z: 397.4 [M + H}, 419.3 [M + NaJ; 395.1
[M - H]'; *H NMR (600 MHz, DMSO-g) § 13.21 (s, 1H), 9.81 (s, 1H), 8.65 (s, 1H), 8.56J(¢ 1.8 Hz, 1H),
8.44 (ddJ = 8.9, 2.4 Hz, 1H), 7.57 (d,= 9.0 Hz, 1H), 5.41 () = 6.5 Hz, 1H), 4.80 (d] = 6.6 Hz, 2H), 4.26 (q,

J=7.1Hz, 2H), 1.73 (s, 3H), 1.69 (s, 3H), 1.28 & 7.1 Hz, 3H).

4.1.7.8. Synthesis of ethyl 6-0x0-2-[ 4-(prop-2-yn-1-yloxy)-3-(1H-tetrazol - 1-yl) phenyl] -1,
6-dihydropyrimidine-5-carboxylate (7h)

A white solid, yield: 55.6%. Mp 211.3°C-212.0°C. MBSI) m/z: 365.0 [M - H] 'H NMR (400 MHz,
DMSO-d) § 13.22 (s, 1H), 9.84 (s, 1H), 8.66 (s, 1H), 8.58)(d 2.3 Hz, 1H), 8.47 (dd] = 9.0, 2.3 Hz, 1H),
7.61 (d,J = 9.0 Hz, 1H), 5.09 (d] = 2.4 Hz, 2H), 4.26 (q] = 7.1 Hz, 2H), 3.73 () = 2.4 Hz, 1H), 1.29 (] =

7.1 Hz, 3H).

4.1.7.9. Synthesis of ethyl 2-[ 4-(cyclopropyl methoxy)-3-(1H-tetrazol-1-yl) phenyl] -6-oxo-1,
6-dihydropyrimidine-5-carboxylate (7i)

A white solid, yield: 58.4%. Mp: degraded at 21@1MS (ESI) m/z: 405.4 [M + N&] 381.3 [M - HJ; *H
28
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NMR (400 MHz, DMSO-g) 5 13.26 (s, 1H), 9.86 (s, 1H), 8.63 (s, 1H), 8.59)(d 2.3 Hz, 1H), 8.44 (dd] =
8.9, 2.3 Hz, 1H), 7.53 (d,= 8.9 Hz, 1H), 4.26 (q] = 7.1 Hz, 2H), 4.12 (d] = 7.0 Hz, 2H), 1.29 (1] = 7.1 Hz,

3H), 0.55 (dt, 2H), 0.34 (df, = 6.2, 4.3 Hz, 2H).

4.1.7.10. Synthesis of ethyl 2-[ 4-(cyclopentyl oxy)-3-(1H-tetrazol-1-yl) phenyl] -6-oxo-1,
6-dihydropyrimidine-5-carboxylate (7J)

A white solid, yield: 67.0%. Mp: degraded at 20€5MS (ESI) m/z: 419.3 [M + N&] 395.1 [M - HJ; *H
NMR (600 MHz, DMSO-¢) & 13.21 (s, 1H), 9.77 (s, 1H), 8.64 (s, 1H), 8.561(3), 8.43 (d,J = 8.8 Hz, 1H),
7.55 (d,J = 8.9 Hz, 1H), 5.14 (p, 1H), 4.25 @= 7.1 Hz, 2H), 1.98 — 1.88 (m, 2H), 1.76 — 1.68 2id), 1.57 (q,

J=4.9, 3.4 Hz, 4H), 1.28 (,= 7.1 Hz, 3H) .

4.1.7.11. Synthesis of ethyl 2-[ 4-(cyclohexylmethoxy)-3-(1H-tetrazol-1-yl) phenyl] -6-oxo-1,
6-dihydropyrimidine-5-carboxylate (7k)

A white solid, yield: 47.8%. Mp: degraded at 19@C8MS (ESI) m/z: 405.4 [M + N4] 381.3 [M - HJ; 'H
NMR (600 MHz, DMSO-¢) § 13.23 (s, 1H), 9.80 (s, 1H), 8.64 (s, 1H), 8.55)(d 2.3 Hz, 1H), 8.45 (dd, 1H),
7.55 (d,J = 9.0 Hz, 1H), 4.25 (q] = 7.1 Hz, 2H), 4.03 (d] = 6.3 Hz, 2H), 1.75 — 1.58 (m, 6H), 1.28)& 7.1

Hz, 3H), 1.24 — 1.14 (m, 3H), 1.13 — 1.04 (m, 16{%8 — 0.89 (m, 2H) .

4.1.7.12. Synthesis of ethyl 2-[ 4-(benzyl oxy)-3-(1H-tetrazol-1-yl) phenyl] -6-oxo-1,
6-dihydropyrimidine-5-carboxylate (71)

A white solid, yield: 69.6%. Mp: degraded at 21&9MS (ESI) m/z: 419.2 [M + H] 441.1 [M + Na{;
417.0 [M - HJ; *H NMR (600 MHz, DMSO-g) 5 13.21 (s, 1H), 9.85 (s, 1H), 8.64 (s, 1H), 8.58)(d 1.9 Hz,
1H), 8.44 (dd,) = 9.0, 2.3 Hz, 1H), 7.63 (d,= 9.0 Hz, 1H), 7.43 — 7.37 (m, 4H), 7.36 — 7.32 {iH), 5.37 (s,

2H), 4.25 (qJ = 7.1 Hz, 2H), 1.28 (1] = 7.1 Hz, 3H) .

4.1.7.13. Synthesis of ehyl 2-{4-[(4-methylbenzyl)  oxy]-3-(1H-tetrazol-1-yl)  phenyl}-6-oxo-1,
6-dihydropyrimidine-5-carboxylate (7m)

A white solid, yield: 72.1%. Mp: degraded at 22&3MS (ESI) m/z: 431.1 [M - H]*H NMR (600 MHz,
DMSO-d) & 13.22 (s, 1H), 9.82 (s, 1H), 8.64 (s, 1H), 8.57L), 8.43 (d,J = 8.0 Hz, 1H), 7.63 (d] = 9.0 Hz,

1H), 7.30 (dJ = 7.9 Hz, 2H), 7.19 (d] = 7.9 Hz, 2H), 5.32 (s, 2H), 4.25 @ 7.1 Hz, 2H), 2.29 (s, 3H), 1.28
29
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(t,J=7.1Hz, 3H).

4.1.7.14. Synthesis of ethyl 2-{4-{[4-(tert-butyl) benzyl] oxy}-3-(1H-tetrazol-1-yl) phenyl}-6-oxo-1,
6-dihydropyrimidine-5-carboxylate (7n)

A white solid, yield: 68.3%. Mp: degraded at 22&5MS (ESI) m/z: 475.2 [M + H] 497.2 [M + Na{;

513.2 [M + K['; 473.1 [M - HJ; *H NMR (600 MHz, DMSO-g) § 13.21 (s, 1H), 9.85 (s, 1H), 8.64 (s, 1H), 8.57

(d,J = 2.3 Hz, 1H), 8.44 (dd = 8.9, 2.4 Hz, 1H), 7.65 (d,= 9.0 Hz, 1H), 7.40 (d] = 8.4 Hz, 2H), 7.33 (d] =

8.3 Hz, 2H), 5.33 (s, 2H), 4.25 @= 7.1 Hz, 2H), 1.29 (1] = 7.1 Hz, 3H), 1.26 (s, 9H) .

4.1.7.15. Synthesis of ethyl 2-{4-[(4-methoxybenzyl)  oxy]-3-(1H-tetrazol-1-yl)  phenyl}-6-oxo-1,
6-dihydropyrimidine-5-carboxylate (70)

A white solid, yield: 50.6%. Mp: degraded at 20&€4MS (ESI) m/z: 471.3 [M + N&] 447.0 [M - HJ; *H
NMR (400 MHz, DMSO-¢) 5 13.21 (s, 1H), 9.80 (s, 1H), 8.64 (s, 1H), 8.57)(d 2.3 Hz, 1H), 8.45 (dd] =
8.8, 2.3 Hz, 1H), 7.66 (d, = 9.0 Hz, 1H), 7.36 (dd, 2H), 6.94 (dd, 2H), 5(892H), 4.26 (qJ = 7.1 Hz, 2H),

3.75 (s, 3H), 1.29 (i] = 7.1 Hz, 3H).

41.7.16. Synthesis of ethyl  2-{4-[(4-fluorobenzyl)  oxy]-3-(1H-tetrazol-1-yl)  phenyl}-6-oxo-1,
6-dihydropyrimidine-5-carboxylate (7p)

A white solid, yield: 39.3%. Mp: degraded at 18@OMS (ESI) m/z: 459.4 [M + N&] 435.2 [M - HJ; 'H
NMR (400 MHz, DMSO-¢) § 9.82 (s, 1H), 8.53 (s, 1H), 8.52 (= 1.8 Hz, 1H), 8.49 (ddl = 8.7, 2.1 Hz, 1H),

7.51—7.41 (m, 3H), 7.26 — 7.17 (m, 2H), 5.22(4), 4.16 (q,) = 7.1 Hz, 2H), 1.25 (] = 7.1 Hz, 3H).

41.7.17. Synthesis of ethyl 2-{4-[(4-chlorobenzyl)  oxy]-3-(1H-tetrazol-1-yl)  phenyl}-6-oxo-1,
6-dihydropyrimidine-5-carboxylate (7q)

A white solid, yield: 30.1%. Mp: degraded at 23@4MS (ESI) m/z: 475.4 [M + N&]*H NMR (400 MHz,
DMSO-d;) § 13.21 (s, 1H), 9.85 (s, 1H), 8.65 (s, 1H), 8.58)(d 2.3 Hz, 1H), 8.51 — 8.39 (m, 1H), 7.62 Jcs

9.0 Hz, 1H), 7.53 — 7.38 (m, 4H), 5.37 (s, 2H)64(@8,J = 7.1 Hz, 2H), 1.28 (] = 7.1 Hz, 3H).

4.1.7.18. Synthesis of ethyl 2-{4-[(4-bromobenzyl)  oxy]-3-(1H-tetrazol-1-yl)  phenyl}-6-oxo-1,

6-dihydropyrimidine-5-carboxylate (7r)
30
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An off white solid, yield: 55.2%. Mp: degraded &925°C. MS (ESI) m/z: 519.4 [M + N3]495.2 [M - HJ;
'H NMR (600 MHz, DMSO-g) § 9.84 (s, 1H), 8.52 (s, 1H), 8.52 (8= 2.0 Hz, 1H), 8.48 (dd] = 8.8, 2.1 Hz,
1H), 7.58 (d,J = 8.1 Hz, 2H), 7.46 (d] = 8.8 Hz, 1H), 7.35 (dl = 8.0 Hz, 2H), 5.27 (s, 2H), 4.16 (= 7.1 Hz,

2H), 1.25 (tJ = 7.0 Hz, 3H).

4.1.7.19. 9Yynthesis of ethyl 2-{4-[(3-methoxybenzyl) oxy]-3-(1H-tetrazol-1-yl)  phenyl}-6-oxo-1,
6-dihydropyrimidine-5-carboxylate (75)

A white solid, yield: 61.8%. Mp: degraded at 20&9MS (ESI) m/z: 449.4 [M + H] 471.2 [M + Na{;
447.1 [M - H]; *H NMR (600 MHz, DMSO-g) 5 13.23 (s, 1H), 9.88 (s, 1H), 8.65 (s, 1H), 8.58L{), 8.45 (d,
J=8.8 Hz, 1H), 7.63 (d] = 9.0 Hz, 1H), 7.29 (] = 7.9 Hz, 1H), 6.95 (d] = 6.8 Hz, 2H), 6.92 — 6.85 (m, 1H),

5.35 (s, 2H), 4.26 (gl = 7.0 Hz, 2H), 3.74 (s, 3H), 1.28 {t= 7.1 Hz, 3H).

4.1.7.20. Synthesis of ethyl 2-{4-[(3-fluorobenzyl)  oxy]-3-(1H-tetrazol-1-yl)  phenyl}-6-oxo-1,
6-dihydropyrimidine-5-carboxylate (7t)

A white solid, yield: 46.8%. Mp: degraded at 21&€£9MS (ESI) m/z: 437.4 [M + H] 459.3 [M + Na{;
435.1 [M - HJ; *H NMR (400 MHz, DMSO-g) 5 13.21 (s, 1H), 9.89 (s, 1H), 8.65 (s, 1H), 8.58.{4), 8.45 (d,
J=8.9 Hz, 1H), 7.62 (d] = 9.0 Hz, 1H), 7.44 (ddl = 7.4 Hz, 1H), 7.24 (d] = 8.3 Hz, 2H), 7.18 (1) = 8.5 Hz,

1H), 5.40 (s, 2H), 4.26 (4,= 7.1 Hz, 2H), 1.29 (] = 7.1 Hz, 3H).

41.721. Synthesis of ethyl 2-{4-[(3-chlorobenzyl)  oxy]-3-(1H-tetrazol-1-yl)  phenyl}-6-oxo-1,
6-dihydropyrimidine-5-carboxylate (7u)

A white solid, yield: 49.3%. Mp 209.4°C-209.6°C. MBSI) m/z: 453.2 [M + H}, 475.2 [M + NaJ; 451.0
[M - H]; *H NMR (600 MHz, DMSO-¢) 5 13.23 (s, OH), 9.90 (s, 1H), 8.65 (s, OH), 8.581(), 8.45 (d,J =
8.9 Hz, 1H), 7.62 (d] = 9.0 Hz, 1H), 7.49 (s, 1H), 7.46 — 7.38 (m, 3HR6 (d,J = 6.8 Hz, 1H), 5.39 (s, 2H),

4.26 (q,d = 7.0 Hz, 2H), 1.28 (] = 7.1 Hz, 3H).

4.1.722. Synthesis of ethyl 2-{4-[(3-bromobenzyl)  oxy]-3-(1H-tetrazol-1-yl)  phenyl}-6-oxo-1,
6-dihydropyrimidine-5-carboxylate (7v)
A white solid, yield: 51.4%. Mp 211.0°C -211.2°C.SMESI) m/z: 519.1 [M + N&] 495.0 [M - HJ; 'H

NMR (400 MHz, DMSO-g) § 13.19 (s, 1H), 9.88 (s, 1H), 8.64 (s, 1H), 8.58)(d 2.3 Hz, 1H), 8.44 (dd] =
31
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8.8, 2.3 Hz, 1H), 7.64 — 7.58 (m, 2H), 7.57 — 7O 1H), 7.43 — 7.33 (m, 2H), 5.37 (s, 2H), 4.25)g 7.1 Hz,

2H), 1.28 (tJ = 7.1 Hz, 3H).

4.1.7.23. Synthesis of ethyl 2-{4-[(2-chlorobenzyl)  oxy]-3-(1H-tetrazol-1-yl)  phenyl}-6-oxo-1,
6-dihydropyrimidine-5-carboxylate (7w)

A white solid, yield: 63.2%. Mp: degraded at 20&0MS (ESI) m/z: 453.4 [M + H] 475.4 [M + Na{;
451.3 [M - HJ; *H NMR (400 MHz, DMSO-g) 5 13.21 (s, 1H), 9.77 (s, 1H), 8.65 (s, 1H), 8.58)(d 2.2 Hz,
1H), 8.47 (dd) = 8.9, 2.3 Hz, 1H), 7.70 (d,= 8.9 Hz, 1H), 7.54 — 7.46 (m, 2H), 7.44 — 7.33 PiH), 5.43 (s,

2H), 4.26 (g = 7.1 Hz, 2H), 1.29 (1] = 7.1 Hz, 3H).

4.1.7.24. Yynthesis of ethyl 2-{4[(2, 6-dichlorobenzyl) oxy]-3-(1H-tetrazol-1-yl) phenyl}-6-oxo-1,
6-dihydropyrimidine-5-carboxylate (7x)

A white solid, yield: 47.9%. Mp: degraded at 22&1MS (ESI) m/z: 510.3 [M + N4] 486.3 [M - HJ; 'H
NMR (400 MHz, DMSO-¢) 5 13.28 (s, 1H), 9.57 (s, 1H), 8.66 (s, 1H), 8.57)(d 2.3 Hz, 1H), 8.53 (dd] =
8.8, 2.4 Hz, 1H), 7.87 (d,= 8.9 Hz, 1H), 7.58 — 7.52 (m, 2H), 7.46 (d& 9.1, 6.9 Hz, 1H), 5.50 (s, 2H), 4.26

(q,J=7.1Hz, 2H), 1.29 (] = 7.1 Hz, 3H).

4.1.7.25. Yynthesis of ethyl 2-{4[(2, 4-dichlorobenzyl) oxy]-3-(1H-tetrazol-1-yl) phenyl}-6-oxo-1,
6-dihydropyrimidine-5-carboxylate (7y)

A white solid, yield: 56.7%. Mp: degraded at 23T.0MS (ESI) m/z: 509.0 [M + N&]*H NMR (400 MHz,
DMSO-d;) § 13.30 (s, 1H), 9.80 (s, 1H), 8.64 (s, 1H), 8.58)(d 2.3 Hz, 1H), 8.53 — 8.45 (m, 1H), 7.71 Jcs
9.0 Hz, 1H), 7.69 (dJ = 2.1 Hz, 1H), 7.53 (d] = 8.3 Hz, 1H), 7.47 (dd] = 8.3, 2.1 Hz, 1H), 5.42 (s, 2H), 4.26

(0,J = 7.1 Hz, 2H), 1.28 (1] = 7.1 Hz, 3H).

418  General procedure for synthesis of 2-[4-alkoxy-3-(1H-tetrazol-1-yl)  phenyl]-6-oxo-1,
6-dihydropyrimidine-5-carboxylic acids (8a-8y)

A mixture of ethyl 2-[4-alkoxy-3-(H-tetrazol-1-yl) phenyl]-6-oxo-1,6-dihydropyrimidise carboxylates
7a-7y (1.46 mmol) , 10% LiOH aqueous (5 mL) and THF (dD) were stirred at 50°C until the material spot
disapperaed by TLC. The solvent was concentratea #acuum, and the residue was acidified with dilut

hydrochloric acid to pH 1. The resulting preciptatas filtered , and refluxed for 0.5 h with a rang of THF
32
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and HO (2:1) to vyield the corresponding 2-[4-alkoxy-34ftetrazol-1-yl) phenyl]-6-oxo-1,

6-dihydropyrimidine-5-carboxylic acid8#-8y).

4.1.8.1. Synthesis of 2-[ 4-methoxy-3-(1H-tetrazol-1-yl) phenyl]-6-oxo-1, 6-dihydropyrimidine-5-carboxylic acid
(8a)

A white solid, yield: 76.3%. Mp: degraded at 18C7ESI-HRMS calcd. for GHgNgO4 [M - H]” 313.0691,
found: 313.0781*H NMR (600 MHz, DMSO-g) § 9.89 (s, 1H), 8.72 (s, 1H), 8.58 (ts 2.1 Hz, 1H), 8.47 (dd,
J=8.9, 2.0 Hz, 1H), 7.59 (d,= 8.9 Hz, 1H), 3.99 (s, 3H)°C NMR (100 MHz, DMSO-¢) 5 165.30 , 159.70 ,
155.56 , 145.20 , 145.20 , 145.19, 132.38 , 126421.92 , 123.21 , 114.04 , 111.57 , 57.52 .KBr{ Cm'l)

3470.2, 3111.7, 2847.0, 1725.2, 1480.7, 1293.6.

4.1.8.2. SYynthesis of 2-[4-isopropoxy-3-(1H-tetrazol-1-yl)phenyl] -6-oxo-1,6-dihydropyrimidine-5-carboxylic
acid (8b)

A white solid, yield: 80.1%. Mp: degraded at 23ZQ0°ESI-HRMS calcd. for gH13Ne¢O4 [M - H] 341.1004,
found: 341.1135'H NMR (600 MHz, DMSO-¢) § 9.83 (s, 1H), 8.73 (s, 1H), 8.57 (s, 1H), 8.43 (tid 8.8, 2.4
Hz, 1H), 7.62 (d,) = 9.1 Hz, 1H), 4.95 (hepf,= 6.0 Hz, 1H), 1.31 (d] = 6.0 Hz, 7H)**C NMR (100 MHz,
DMSO-as) 4 164.99 , 159.39 , 154.04 , 145.14 , 145.14 , ®5132.33 , 126.75, 123.98 , 123.80 , 115.45 ,

111.85,72.96 , 21.82 . IR (KBr, ¢ith 3441.1, 3142.3, 2983.3, 1737.5, 1468.7, 1286.3.

4.1.8.3. Synthesis of 2-[4-isobutoxy-3-(1H-tetrazol-1-yl) phenyl]-6-oxo-1, 6-dihydropyrimidine-5-carboxylic
acid (8c)

A white solid, yield: 84.5%. Mp: degraded at 21&3ESI-HRMS calcd. for ¢gH1sNgO4 [M - H] 355.1160,
found: 355.1181*H NMR (600 MHz, DMSO-g) § 9.82 (s, 1H), 8.73 (s, 1H), 8.56 (t 2.2 Hz, 1H), 8.45 (dd,
J=8.9, 2.2 Hz, 1H), 7.58 (d,= 9.0 Hz, 1H), 4.02 (d] = 6.4 Hz, 2H), 2.00 (hepd,= 6.6 Hz, 1H), 0.88 (d] =
6.7 Hz, 7H) **C NMR (100 MHz, DMSO-¢) & 165.03 , 159.42 , 155.46 , 145.25 , 145.24 , ¥45232.61 ,
126.84 , 124.28 , 123.31, 114.66 , 111.83 , 758688 , 19.15 . IR (KBr, cif) 3422.9, 3157.8, 2963.6, 1735.4,

1469.3, 1292.3.

4.1.8.4. Synthesis of 2-[4-(isopentyloxy)-3-(1H-tetrazol-1-yl)phenyl] -6-oxo-1,6-dihydropyrimidine-5-carboxylic

acid (8d)
33
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A white solid, yield: 72.6%. Mp: degraded at 21@9ESI-HRMS calcd. for GH1/NgO4 [M - H] 369.1317,
found: 369.1383'H NMR (600 MHz, DMSO-g) § 9.82 (s, 1H), 8.73 (s, 1H), 8.56 (s, 1H), 8.48408m, 1H),
7.61 (d,J = 8.9 Hz, 1H), 4.26 () = 6.1 Hz, 2H), 1.66 — 1.57 (m, 3H), 0.86 Jd5 5.5 Hz, 8H)*C NMR (100
MHz, DMSO-d)) & 164.99 , 159.38 , 155.22 , 145.16 , 145.16 , B15.132.48 , 126.63 , 124.21 , 123.31,

114.70, 111.87 , 68.73 , 37.24 , 25.06 , 22.R6(KIBr, cni*) 3445.8, 3155.8, 2959.3, 1735.5, 1470.3, 1290.7.

4.1.85. Synthesis of 2-[4-(allyloxy)-3-(1H-tetrazol-1-yl) phenyl]-6-oxo-1, 6-dihydropyrimidine-5-carboxylic
acid (8e)

A white solid, yield: 80.3%. Mp: degraded at 21T2°ESI-HRMS calcd. for GH11NgO4 [M - H] 339.0847,
found: 339.0902'H NMR (400 MHz, DMSO-g) 5 9.87 (s, 1H), 8.73 (s, 1H), 8.57 (t5 2.3 Hz, 1H), 8.44 (dd,
J=8.8, 2.4 Hz, 1H), 7.58 (d,= 9.0 Hz, 1H), 6.03 (ddfl = 16.1, 10.3, 5.1 Hz, 1H), 5.42 — 5.20 (m, 2H$54(d,
J=5.1 Hz, 2H) *C NMR (100 MHz, DMSO-g) § 165.02 , 159.44 , 154.73 , 145.28 , 145.28 , T45182.65 ,
132.42 , 126.86 , 124.62 , 123.42 , 118.85 , 115.002.04 , 70.30 . IR (KBr, ch) 3188.4, 2927.4, 1750.9,

1442.6, 1282.4.

4.1.8.6. Synthesis of
2-{4-[ (2-methylallyl)oxy] -3-(1H-tetrazol - 1-yl) phenyl }-6-oxo- 1,6-dihydropyrimidine-5-car boxylic acid (8f)

A white solid, yield: 69.8%. Mp: degraded at 22€6ESI-HRMS calcd. for GH13NgO4 [M - H]” 353.1004,
found: 353.1077*H NMR (400 MHz, DMSO-g) & 13.44 (s, 2H), 9.84 (s, 1H), 8.73 (s, 1H), 8.551(4), 8.44
(d, J = 8.9 Hz, 1H), 7.57 (d) = 9.0 Hz, 1H), 4.95 (d, 2H), 4.74 (s, 2H), 1.693sl) . "°C NMR (100 MHz,
DMSO-d;) 8 165.01 , 159.41 , 155.06 , 145.36 , 145.35 , ¥45839.88 , 132.56 , 127.14 , 124.57 , 123.40 ,

115.04,113.52, 112.01, 72.82, 19.40 . IR (Ki¥;") 3428.6, 3086.9, 2922.6, 1748.7, 1444.0, 1284.5.

4.1.8.7. Synthesis  of  2-{4-[(3-methylbut-2-en-1-yl) oxy] -3-(1H-tetrazol-1-yl) phenyl}-6-oxo-1,
6-dihydropyrimidine-5-carboxylic acid (89)

A white solid, yield: 77.8%. Mp250°C. ESI-HRMS calcd. for £H15NgO4 [M - H]" 367.1160, found:
367.1102;"H NMR (600 MHz, DMSO-g) 5 9.89 (s, 1H), 8.78 (s, 1H), 8.64 (s, 1H), 8.53, (id 8.8, 2.3 Hz,
1H), 7.64 (dJ = 8.9 Hz, 1H), 5.49 () = 6.8 Hz, 1H), 4.87 (d] = 6.3 Hz, 3H), 1.81 (s, 4H), 1.77 (s, 3HJC
NMR (150 MHz, DMSO-¢) 6 165.89 , 160.52 , 154.52 , 145.15 , 145.15 , B39832.12 , 126.42 , 125.86 ,

123.34,118.90, 114.97 , 111.26 , 66.88 , 258859 . IR (KBr, crit) 3183.3, 2921.7, 1707.8, 1462.9, 1284.8.
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4.1.8.8. Synthesis of 6-0x0-2-[ 4-(prop-2-yn-1-yl oxy)-3-(1H-tetrazol-1-yl) phenyl] -1,
6-dihydropyrimidine-5-carboxylic acid (8h)

A white solid, yield: 81.7%. Mp: degraded at 2289°ESI-HRMS calcd. for gHgNgO,4 [M - H]” 337.0691,
found: 337.0650'H NMR (600 MHz, DMSO-g) 5 9.87 (s, 1H), 8.74 (s, 1H), 8.59 (b 2.0 Hz, 2H), 8.47 (dd,
J=8.9, 2.0 Hz, 2H), 7.65 (d,= 9.0 Hz, 1H), 5.10 (d] = 1.8 Hz, 3H), 3.75 (1] = 2.4 Hz, 1H) *C NMR (150
MHz, DMSO-d) 6 165.07 , 159.42 , 153.67 , 145.27 , 145.25 , ¥5.232.25 , 126.92 , 125.37 , 123.58 ,

115.29, 112.08 , 80.33, 78.23, 57.79 . IR (Kir") 3266.4, 3111.8, 2924.0, 2120.2, 1720.3, 1432957.

4.1.8.9. Synthesis of
2-[ 4-(cyclopropyl methoxy)-3-(1H-tetrazol-1-yl) phenyl] -6-oxo- 1,6-dihydropyrimidine-5-car boxylic acid (8i)

A white solid, yield: 74.8%. Mp250°C. ESI-HRMS calcd. for H13N¢O4 [M - H]” 353.1004, found:
353.1038;'H NMR (600 MHz, DMSO-g) § 13.67 (s, 1H), 9.84 (s, 1H), 8.71 (s, 1H), 8.581{3), 8.40 (d,) =
7.5 Hz, 1H), 7.55 (dJ = 8.2 Hz, 1H), 4.12 (d] = 5.6 Hz, 2H), 1.30 — 1.17 (m, 1H), 0.55 Jds 7.9 Hz, 2H),
0.38 — 0.29 (m, 2H) **C NMR (100 MHz, DMSO-¢) § 164.94 , 159.29 , 154.91 , 145.02 , 145.02 , 5.0
132.25, 126.26 , 124.14 , 123.36 , 114.89 , 11172959 , 10.01 , 3.44 . IR (KBr, ¢hn3187.6, 2925.5, 1698.9,

1468.3, 1288.4.

4.1.8.10. Synthesis of 2-[ 4-(cyclopentyl oxy)-3-(1H-tetrazol-1-yl) phenyl] -6-oxo-1,
6-dihydropyrimidine-5-carboxylic acid (8J)

A white solid, yield: 76.3%. Mp250°C. ESI-HRMS calcd. for £H15sNgO4 [M - H]" 367.1160, found:
367.1173;"H NMR (600 MHz, DMSO-g) 5 9.78 (s, 1H), 8.71 (s, 1H), 8.56 (s, 1H), 8.43)¢, 8.8 Hz, 1H),
7.57 (d,J = 8.9 Hz, 1H), 5.13 () = 6.0 Hz, 1H), 1.93 (dt) = 13.5, 6.7 Hz, 2H), 1.79 — 1.67 (m, 2H), 1.63 —
1.50 (m, 5H) *C NMR (100 MHz, DMSO-¢) § 165.15 , 159.59 , 154.16 , 145.09 , 145.08 , BI5182.29 ,
126.73 ,124.30 , 123.86 , 115.58 , 111.71 , 823%54 , 23.82 . IR (KBr, cil) 3446.9, 2958.8, 1736.8, 1430.3,

1285.1.

4.1.8.11. Synthesis of
2-[ 4-(cyclohexylmethoxy)-3-(1H-tetrazol-1-yl) phenyl] -6-oxo- 1,6-dihydropyrimidine-5-carboxylic acid (8k)

A white solid, yield: 78.2%. Mp: degraded at 21COESI-HRMS calcd. for gH1gNgO4 [M - H]” 395.1473,
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found: 395.1485'H NMR (600 MHz, DMSO-¢) 5 9.81 (s, 1H), 8.73 (s, 1H), 8.55 (t= 2.1 Hz, 1H), 8.44 (dd,
J=8.9, 2.1 Hz, 1H), 7.59 (d,= 9.0 Hz, 1H), 4.04 (d] = 6.3 Hz, 2H), 1.77 — 1.58 (m, 6H), 1.24 — 1.17 2i),
1.14 — 1.06 (m, 1H), 1.01 — 0.90 (m, 2HJC NMR (100 MHz, DMSO-¢) § 165.03 , 159.43 , 155.48 , 145.24 ,
145.23 , 145.23 , 132,59 , 126.82 , 124.25 , 123B1.67 , 111.85 , 74.93 , 37.08, 29.31 , 263657 . IR

(KBr, cmi®) 3189.1, 2930.1, 1707.2, 1465.8, 1287.9.

4.1.8.12. Synthesis of 2-[4-(benzyloxy)-3-(1H-tetrazol-1-yl)phenyl] -6-oxo-1,6-dihydropyrimidine-5-carboxylic
acid (81)

A white solid, yield: 80.8%. Mp: degraded at 21€6ESI-HRMS calcd. for gH13N¢O4 [M - H]” 389.1004,
found: 389.0974'H NMR (600 MHz, DMSO-g) 5 9.86 (s, 1H), 8.72 (s, 1H), 8.58 (ts 2.3 Hz, 1H), 8.44 (dd,
J=8.9, 2.4 Hz, 1H), 7.67 (d,= 8.9 Hz, 1H), 7.45 — 7.30 (m, 6H), 5.38 (s, 2. NMR (100 MHz, DMSCds)
5 165.73 , 160.36 , 154.56 , 145.24 , 145.24 , 35.236.01 , 132.30 , 129.03 , 128.73 , 128.066, 72,

126.05 , 123.45,115.10, 111.52 , 71.32 . IR (K@) 3417.2, 2944.3, 1717.7, 1454.4, 1285.1.

4.1.8.13. Synthesis of 2-{4-[ (4-methylbenzyl) oxy] -3-(1H-tetrazol-1-yl) phenyl}-6-oxo-1,
6-dihydropyrimidine-5-carboxylic acid (8m)

A white solid, yield: 84.1%. Mp250°C. ESI-HRMS calcd. for gH1sNgO4 [M - H]" 403.1160, found:
403.1245:'H NMR (600 MHz, DMSO-g) & 9.81 (s, 1H), 8.64 (s, 1H), 8.55 (s, 1H), 8.51Xd, 8.7 Hz, 1H),
7.50 (s, 1H), 7.28 (dl = 6.5 Hz, 3H), 7.18 (d] = 7.3 Hz, 3H), 5.24 (s, 2H), 2.29 (s, 3HJC NMR (150 MHz,
DMSO-d) 8 162.58 , 159.49 , 152.24 , 145.18 , 145.17 , B15137.89 , 133.37 , 131.32, 129.51 , 128.15,
125.64 , 123.10 , 122.79 , 116.38 , 114.11 , 70.81.23 . IR (KBr, crif) 3421.9, 2924.0, 1599.7, 1437.9,

1286.3.

4.1.8.14. Synthesis of 2-{4-{[4-(tert-butyl) benzyl]  oxy}-3-(1H-tetrazol-1-yl)  phenyl}-6-oxo-1,
6-dihydropyrimidine-5-carboxylic acid (8n)

A white solid, yield: 76.6%. Mp: degraded at 1589ESI-HRMS calcd. for §H,:N¢O4 [M - H]” 445.1630,
found: 445.1683'H NMR (600 MHz, DMSO-¢) 5 9.84 (s, 1H), 8.64 (s, 1H), 8.56 (b= 2.2 Hz, 1H), 8.52 (dd,
J=8.8, 2.2 Hz, 1H), 7.56 (d,= 8.9 Hz, 1H), 7.40 (d] = 8.4 Hz, 2H), 7.33 (d] = 8.2 Hz, 2H), 5.28 (s, 2H),
1.27 (s, 9H) *C NMR (100 MHz, DMSO-g) & 165.13 , 159.55 , 154.90 , 151.26 , 145.23 , BI5245.23 ,

13291, 13245, 127.94 , 126.85, 125.78 , 1248B23.48 , 115.15, 111.88 , 71.21 , 34.79 , 3163 (KBr,
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cm'’) 3423.5, 2961.4, 1737.7, 1463.2, 1273.0.

4.1.8.15. Synthesis of
2-{4-[ (4-methoxybenzyl)oxy] -3-(1H-tetrazol - 1-yl ) phenyl }-6-oxo-1,6-dihydropyrimidine-5-carboxylic acid (80)

A white solid, yield: 70.1%. Mp: degraded at 11€&8ESI-HRMS calcd. for &H1sNgOs [M - H] 419.1109,
found: 419.1009*H NMR (600 MHz, DMSO-g) & 14.00 (s, 1H), 9.81 (s, 1H), 8.72 (s, 1H), 8.57)(d 2.3 Hz,
1H), 8.45 (ddJ = 8.9, 2.3 Hz, 1H), 7.68 (d,= 9.0 Hz, 1H), 7.37 (d] = 8.5 Hz, 2H), 6.94 (d] = 8.6 Hz, 2H),
5.29 (s, 2H), 3.75 (s, 3H)™*C NMR (150 MHz, DMSO-¢) & 165.46 , 159.97 , 159.77 , 154.69 , 145.18 ,
145.17 , 145.15, 132.29, 130.11 , 127.73 , 126¥5.34 , 123.46 , 115.18 , 114.41 , 111.6724155.57 .

IR (KBr, cmi*) 3409.1, 3160.0, 2933.0, 1722.0, 1482.2, 1297.8.

4.1.8.16. Synthesis of
2-{4-[ (4-fluorobenzyl)oxy] -3-(1H-tetrazol - 1-yl ) phenyl }-6-oxo-1,6-dihydropyrimidine-5-carboxylic acid (8p)

A white solid, yield: 76.5%. Mp: degraded at 2189ESI-HRMS calcd. for gHi,FNgO4 [M - H]
407.0910, found: 407.08084 NMR (600 MHz, DMSO-g) § 9.85 (s, 1H), 8.73 (s, 1H), 8.58 (s, 1H), 8.45J(d,
= 8.9 Hz, 1H), 7.67 (d] = 8.8 Hz, 1H), 7.53 — 7.43 (m, 2H), 7.29 — 7.17 M), 5.36 (s, 2H) :*C NMR (100
MHz, DMSO-d) & 165.05 , 159.45 , 154.70 , 145.18 , 132.42 , B32.130.56 , 130.47 , 126.84 , 124.85 ,

123.51, 116.01, 115.79, 115.17 , 70.69 . IR (K@&i') 3419.5, 3173.6, 3078.6, 1723.0, 1462.3, 1286.4.

4.1.8.17. Synthesis of 2-{4-[ (4-chlorobenzyl) oxy] -3-(1H-tetrazol-1-yl) phenyl}-6-oxo-1,
6-dihydropyrimidine-5-carboxylic acid (8q)

A white solid, yield: 78.2%. Mp250°C. ESI-HRMS calcd. for gH1,CINgO,4 [M - H] 423.0614, found:
423.0579;*H NMR (400 MHz, DMSO-g) 5 13.94 (s, 1H), 9.86 (s, 1H), 8.72 (s, 1H), 8.58](d 2.3 Hz, 1H),
8.45 (dd,J = 8.9, 2.4 Hz, 1H), 7.65 (d,= 9.0 Hz, 1H), 7.50 — 7.41 (m, 4H), 5.38 (s, ZFJ. NMR (100 MHz,
DMSO-d;) 4 165.35 , 159.83 , 154.53 , 145.23 , 145.22 , ™5235.00 , 133.42 , 132.38 , 130.03 , 129.06 ,
126.84 , 125.46 , 123.49 , 115.14 , 111.78 , 70.83 (KBr, cm® 3440.1, 3089.8, 2923.3, 1723.2, 1461.4,

1288.2.

4.1.8.18. Synthesis of

2-{4-[ (4-bromobenzyl)oxy] -3-(1H-tetrazol - 1-yl)phenyl }-6-oxo-1,6-dihydropyrimidine-5-carboxylic acid (8r)
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A white solid, yield: 80.6%. Mp>250°C. ESI-HRMS cd! for GgH1:BrN¢O4 [M - H]" 467.0109, found:
466.9961;'*H NMR (600 MHz, DMSO-g) 5 14.24 (s, 1H), 9.87 (s, 1H), 8.72 (s, 1H), 8.581(), 8.46 (d,) =
8.9 Hz, 1H), 7.63 (d] = 8.8 Hz, 1H), 7.60 (d] = 7.6 Hz, 2H), 7.38 (d] = 7.3 Hz, 2H), 5.36 (s, 2H)"*C NMR
(150 MHz, DMSO-¢) & 165.79 , 160.40 , 154.31 , 145.26 , 145.24 , B85¥82.27 , 131.99 , 130.34 , 126.75 ,
126.25 , 123.43 , 121.98 , 115.06 , 111.53 , 70.80.51 . IR (KBr, cif) 3420.2, 2925.9, 1734.8, 1490.4,

1289.5.

4.1.8.19. Synthesis of 2-{4-[ (3-methoxybenzyl) oxy] -3-(1H-tetrazol-1-yl) phenyl}-6-oxo-1,
6-dihydropyrimidine-5-carboxylic acid (8s)

A white solid, yield: 68.6%. Mp: degraded at 22&3ESI-HRMS calcd. for gH1sNgOs [M - H] 419.1109,
found: 419.1086'H NMR (600 MHz, DMSOds) 5 13.82 (s, 1H), 9.90 (s, 1H), 8.73 (s, 1H), 8.581(4), 8.45
(d,J=8.9 Hz, 1H), 7.66 (dl = 9.0 Hz, 1H), 7.30 (] = 7.9 Hz, 1H), 6.97 (s, 2H), 6.90 @ 8.1 Hz, 1H), 5.35
(s, 2H), 3.74 (s, 3H}*C NMR (100 MHz, DMSO-¢) 5 165.09 , 159.83 , 159.50 , 154.84 , 145.28 , B15.2
145.27 ,137.49 ,132.48 , 130.14 , 126.89, 124188.53 , 119.97 , 115.16, 114.29, 113.30 ,.941171.18 ,

55.50 . IR (KBr, crit) 3444.6, 3094.4, 1743.1, 1448.2, 1290.7.

4.1.8.20. Synthesis of 2-{4-[ (3-fluorobenzyl)
oxy] -3-(1H-tetrazol-1-yl)phenyl}-6-oxo-1,6-dihydropyrimidine-5-carboxylic acid (8t)

A white solid, yield: 83.9%. Mp: degraded at 21Z7°ESI-HRMS calcd. for gHi1,FNgO4 [M - H]
407.0910, found: 407.09484 NMR (600 MHz, DMSO-g) 5 9.90 (s, 1H), 8.72 (s, 1H), 8.58 (= 2.3 Hz,
1H), 8.44 (dd,) = 8.8, 2.4 Hz, 1H), 7.64 (d,= 8.9 Hz, 1H), 7.44 (q] = 7.5 Hz, 1H), 7.29 — 7.22 (m, 2H), 7.18
(t, J = 7.5 Hz, 1H), 5.40 (s, 2H)’C NMR (100 MHz, DMSOd,) 5 163.84 , 161.41 , 154.43 , 145.29 , 138.89 ,
138.82,132.38, 131.15, 131.07 , 126.85, 12319%3.48 , 115.63 , 115.43 , 115.06 , 114.85 ,6814111.69

70.46 . IR (KBr, crift) 3454.2, 3076.1, 2923.4, 1749.6, 1457.3, 1285.6.

4.1.8.21. Synthesis of
2-{4-[ (3-chlorobenzyl)oxy] - 3-(1H-tetrazol - 1-yl) phenyl } -6-oxo-1,6-dihydropyrimidine-5-carboxylic acid (8u)

A white solid, yield: 81.7%. Mp250°C. ESI-HRMS calcd. for gH1,CINgO,4 [M - H]" 423.0614, found:
423.0588H NMR (600 MHz, DMSO-g) & 13.77 (s, 1H), 9.90 (s, 1H), 8.72 (s, 1H), 8.581), 8.44 (d,) =

8.8 Hz, 1H), 7.64 (dJ = 7.0 Hz, 1H), 7.49 (s, 1H), 7.45 — 7.39 (m, 2HR7 (d,J = 6.7 Hz, 1H), 5.39 (s, 2H) .
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%C NMR (150 MHz, DMSO-¢) 5 165.14 , 159.50 , 154.54 , 145.28 , 145.26 , B45188.45 , 133.68 , 132.45 ,
130.96 , 128.68 , 127.83 , 126.87 , 126.59 , 125183.49 , 115.09 , 111.92 , 70.41 . IR (KBr, 9r8460.3,

3074.6, 2927.5, 1714.0, 1462.3, 1273.9.

4.1.8.22. Synthesis of 2-{4-[ (3-bromobenzyl) oxy] -3-(1H-tetrazol-1-yl) phenyl}-6-oxo-1,
6-dihydropyrimidine-5-carboxylic acid (8v)

A white solid, yield: 74.4%. Mp250°C. ESI-HRMS calcd. for gH1.BrN¢O4 [M - H] 467.0109, found:
467.0154;'H NMR (600 MHz, DMSO-g) 5 13.69 (s, 1H), 9.90 (s, 1H), 8.73 (s, 1H), 8.581(4), 8.44 (dd,) =
8.9, 2.4 Hz, 1H), 7.64 (d,= 9.8 Hz, 2H), 7.54 (dl = 7.7 Hz, 1H), 7.43 — 7.39 (m, 1H), 7.36Jt 7.8 Hz, 1H),
5.39 (s, 2H) °C NMR (100 MHz, DMSO-¢) § 165.04 , 159.42 , 154.60 , 145.25 , 145.24 , ¥45238.69 ,
132.47,131.58, 131.22,130.72, 126.97 , 12618%.96 , 123.53 , 122.24 , 115.12, 111.983&0IR (KB,

cm™) 3180.6, 2931.6, 1701.7, 1470.7, 1272.4.

4.1.8.23. Synthesis of 2-{4-[ (2-chlorobenzyl) oxy] -3-(1H-tetrazol-1-yl) phenyl}-6-oxo-1,
6-dihydropyrimidine-5-carboxylic acid (8w)

A white solid, yield: 76.8%. Mp: degraded at 19€1ESI-HRMS calcd. for H1,CINgO4 [M - H]
423.0614, found: 423.0663 NMR (400 MHz, DMSO-¢)  9.78 (s, 1H), 8.74 (s, 1H), 8.59 @z 2.4 Hz,
1H), 8.48 (ddJ = 8.9, 2.3 Hz, 1H), 7.74 (d,= 9.0 Hz, 1H), 7.55 — 7.47 (m, 2H), 7.45 — 7.33 &), 5.45 (s,
2H) . °C NMR (100 MHz, DMSO-g) 5 165.04 , 159.43 , 154.66 , 145.21 , 145.21 , 5133.26 , 133.04 ,
132.59 , 130.83 , 130.52 , 130.03 , 127.92 , 127126.12 , 123.57 , 115.28 , 112.06 , 69.12 .KRr(cm™)

3402.8, 3167.9, 2924.9, 1711.8, 1476.6, 1295.0.

4.1.824. Synthesis of 2-{4-[(2, 6-dichlorobenzyl)  oxy]-3-(1H-tetrazol-1-yl)  phenyl}-6-oxo-1,
6-dihydropyrimidine-5-carboxylic acid (8x)

A white solid, yield: 71.5%. Mp: degraded at 17C4ESI-HRMS calcd. for H1,CILbNgO4 [M - H]
457.0224, found: 457.028%4 NMR (400 MHz, DMSO-g) 5 9.57 (s, 1H), 8.74 (s, 1H), 8.57 @z 2.3 Hz,
1H), 8.52 (dd,J = 8.9, 2.4 Hz, 1H), 7.89 (d,= 8.9 Hz, 1H), 7.60 — 7.51 (m, 2H), 7.46 (dd 9.1, 6.9 Hz, 1H),
5.52 (s, 2H) °C NMR (100 MHz, DMSO-¢) & 165.01 , 159.36 , 154.83 , 145.00 , 145.00 , B44186.40 ,
132.68 , 132.55 , 130.62 , 129.36 , 127.10 , 125M23.65 , 115.49 , 112.12 , 67.36 . IR (KBr, §r8405.1,

3066.1, 2922.6, 1720.8, 1479.1, 1291.1.
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4.1.8.25. Synthesis of
2-{4-[ (2,4-dichlorobenzyl)oxy] -3-(1H-tetrazol - 1-yl ) phenyl }-6-oxo-1,6-di hydropyrimidine-5-carboxylic acid (8y)

A white solid, yield: 75.8%. Mp: degraded at 22€4E€ESI-HRMS calcd. for gH1,ClLNgO4 [M - H]
457.0224, found: 457.023}4 NMR (400 MHz, DMSO-¢)  9.78 (s, 1H), 8.74 (s, 1H), 8.58 (= 2.3 Hz,
1H), 8.47 (dd,) = 8.8, 2.3 Hz, 1H), 7.73 (d,= 9.0 Hz, 1H), 7.70 (d] = 1.9 Hz, 1H), 7.55 — 7.45 (m, 2H), 5.43
(s, 2H) .**C NMR (100 MHz, DMSO-g) § 165.06 , 159.46 , 154.66 , 145.21 , 145.21 , 145183.26 , 133.04 ,
132.59 , 130.83 , 130.53 , 130.03 , 127.92 , 127125.16 , 123.57 , 115.28 , 112.03 , 69.12 .KRr(cm™)

3149.8, 3086.9, 1718.1, 1461.3, 1283.9.

4.1.9. Synthesis of 2-[ 4-hydroxy-3-(1H-tetrazol - 1-yl) phenyl] -6-oxo-1,6-dihydropyrimidine-5-carboxylic acid (82)

A mixture of compoundl (500 mg, 1.28 mmol) and 10% Pd/C (50 mg) in DMF wtged at room
temperature for 6 h under hydrogen atmospherer &feecompletion of the reaction, the Pd/C wasr@d out
and the filtrate was evaporated to obtain 2-[4-byglf3-(1H-tetrazol-1-yl) phenyl]-6-oxo-1,
6-dihydropyrimidine-5-carboxylic aci8z, a brown solid (281 mg, 73.1%), mp>250°C. ESI-HRM#&d. for
C1H/NgO, [M - H]™ 299.0534, found: 299.05784 NMR (600 MHz, DMSOeg) 5 13.80 (s, 1H), 12.14 (s, 1H),
9.87 (s, 1H), 8.69 (s, 1H), 8.56 (s, 1H), 8.30)(¢,8.8 Hz, 1H), 7.32 (d] = 8.8 Hz, 1H) **C NMR (150 MHz,
DMSO-dg) 5 165.16 , 159.67 , 154.94 , 145.02 , 145.00 , B14832.09 , 126.62 , 123.02 , 122.21 , 117.89 ,

111.36. IR (KBr, crit) 3561.9, 3126.7, 1727.2, 1480.2, 1316.6.

4.2. Assay for thein vitro XOR inhibitory activity

The XO inhibitory potency with xanthine as the dvdite was assayed spectrophotometrically by measuri
uric acid formation at 295 nm at 25°C accordingthie procedure reported by Matsumeatoal. [12] with
modification. XO (Sigma, X4875) was suspended ibuffer (0.1 M sodium pyrophosphate and 0.3 mM
Na&EDTA buffer, pH 8.3). Xanthine (J&K) was dissolvadd diluted with the buffer to obtain the substrate
solution (500 uM). The tested compounds were ihitidissolved in DMSO to yield a 10000 uM solution,
which was then further diluted with buffer to olotahe required concentrations. The buffer (67 [elogyme

solution (75 U/L, 40 pL) and sample (53 pL) or Masolution (the buffer) were added to 96-well pate
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(COSTAR 3599) and incubated at 25 °C for 15 mired,ithe mixture was added with substrate (40 plthéo
plates to a total volume of 200 L, which was fartacanned to measure the absorbance change inbehedia
295 nm and at 30 s intervals for 2 min. Febuxcatatk allopurinol were used as positive controls.tAd tests
were performed in triplicate. Compounds presentitigbitory effects over 50% at a concentration 6f 1M
were further tested at a wide range of concentratio calculate their Kg values using SPSS 20.0 software
(SPSS Inc, Chicago, IL, USA). Enzyme kinetic assagse performed in the same way as the XO assay but
with varying concentrations of the substrate at, 800, 600 and 70QM (final concentrations of the substrate

were 80, 100, 120 and 14/, respectively).

4.3. Molecular modeling

Molecular docking studies were performed using GEI[2016, Schrodinger Suite) [60]. The crystal
structure of xanthine dehydrogenase (XDH) with feimtiat (1IN5X.pdb) was retrieved from the RCSB Rrnote
Data Bank. All bound water was eliminated from pinetein, and all hydrogen atoms were added to tbins.
The protein was prepared, optimized and minimizgdPtotein Preparation Wizard using an OPLS-2006efor
field (2016, Schrodinger Suite). The ligands weudtlwithin Maestro BUILD (2016, Schrodinger Suitahd
prepared by the LIGPREP module (2016, Schrodingée)s The tautomeric forms of ligands, which irdzu
the keto and enol forms of ligands, were generatedphysiological pH (7.8 2.0 pH) [61]. The active site for

docking was defined as a grid box of dimensions25x25 A®[61] around the centroid of the ligand,

assuming that the ligands to be docked were ofza similar to the cocrystallized ligand. The dogkin
methodology has been validated by extracting tlgstallographic bound febuxostat and redocking thviihe
Glide module using extra precision (XP) to the lgdita site of 1IN5X. This validation provided a rootean
square deviation (rmsd) of 0.046 A between the ddokersus the experimental conformation [61]. Déffe:
docking poses of ligands were generated and arthfgzanterpretation of the final results. Accelsscovery

Studio Visualizer 2017 [62] and Pymol [63] were disar graphic display.

4.4, Seady-state kinetic analysis

The representative compouBd was further investigated for the type of inhilitiand an enzyme kinetics
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study was carried out. The Lineweaver—Burk plot estblished from which we could calculate the Wmax
of the slope of the inhibitor and the valuecofa constant that defines the degree to which itdritbinding

affects the affinity of the enzyme for the substyat

4.5, Acute oral toxicity study

Healthy Kunming mice of both sexes (18-22 g; Numiwdr Approval of Ethics Committee:
SYPU-IACUC-2019-6-26-106) were purchased from timén#al Center of Shenyang Pharmaceutical University
(Shenyang, China). Animal maintenance and treatmesit the protocols approved by the Ethics Review
Committee for Animal Experimentation of Shenyanagifiaceutical University. The mice had free access t
food and water and were maintained on a 12-h lignk/ cycle in a temperature- and humidity-contiieom
for one week.

After fasting for 12 h with free access to wateiopto the experiment, two groups of animals each
consisting of 6 mice were employed for acute ooaldity study for the compoun8u. The first group was
treated with the 0.5% CMC-Na and served as thecleehbntrol. The remaining group was treated widlingle
higher dose (2000 mg/kg) of the test compo8adwhich was dissolved in 0.5% CMC-Na solution. &k
treatments were intragastrically administered imatety after 12 h of fasting. The animals were obse

continuously for any signs and symptoms of toxiéity24 h after treatment.

4.6. In vivo hypouricemic effect assay

Male Sprague-Dawley rats (6 weeks old, n=8; Numbsr Approval of Ethics Committee:
SYPU-IACUC-2019-1-11-203) were purchased from tmendal Center of Shenyang Pharmaceutical University
(Shenyang, China). Animal maintenance and treatmestt the protocols approved by the Ethics Review
Committee for Animal Experimentation of Shenyangueceutical University. The rats had free acoe$sod
and water and were maintained on a 12-h light/dgidte in a temperature- and humidity-controlledmofor
one week.

After fasting for 12 h with free access to watdopto the experiment, rats were randomly dividetd ifive
groups and intragastrically administered febuxo&@ahg/kg), allopurinol (10 mg/kg) and the test gamnd8u

(5 mg/kg), which was dissolved in 0.5% CMC-Na soluf19], whereas the other two groups were treaiitil
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0.5% CMC-Na. Febuxostat and allopurinol were usetha positive control drugs. Then, rats excepsehia
the blank group were injected intraperitoneally hwipotassium oxonate (300 mg/kg) 1 h after drug
administration to increase the serum urate le\1sgp]. Blood samples were collected from the vasorbital
vein bleeding at 2, 3, 4, 6 and 8 h after drug adtration. The collected blood samples were altb¥eeclot at
room temperature for 2 h, followed by centrifugiag3000 g at 4°C for 10 min. Serum urate levelsewer
determined with a uric acid assay kit (Nanjing dfeeng Bioengineering Institute, China) in accora@anith the
manufacturer’s instructions.

The statistical analysis was performed using Stteletest to determine the level of significance. Deata

presented as the mean$.Ds. The figures were obtained with the GraphR@dtatistical system.
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Highlights

* Analysis of the high-resolution structure of XQttwfebuxostat identified the existance of a

subpocket formed by the residues Leu648, Asn768/1Y, Leul014 and Pro1076.

*2-[4-alkoxy-3-(LH-tetrazol-1-yl)phenyl]-6-0x0-1,6-dihydropyrimidire-carboxylic acid

derivatives were synthesized.

» The inhibitory potency of these compounds agax@3iin vitro was evaluated and compoudul

showed a promising XO inhibitory potency with and@alue of 0.028§M.

* The structure—activity relationships of the swsited compounds were summarized.

* Molecular modeling studies, steady-state kinefi@mlysis, acute oral toxicity study and a

hyperuricemia rat model were performed.



