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Abstract

In our previous study, we reported a series of drtiyy-2-phenyl-H-imidazole-5-carboxylic acid derivatives that

presented excellent in vitro xanthine oxidase iitbig potency. As a continuation study, a series of

1-hydroxy-2-phenyl-H-imidazole derivatives containing a pyridine moiéa-g and5a-g) at the 4-position was designed

and synthesized. Evaluation of in vitro xanthinédasge inhibition demonstrated that #xe-g series was more potent than

the 5a-g series. Compoundf was the most promising derivative in the seriethwvdn IG, value of 0.64 pM. A

Lineweaver-Burk plot revealed that compoutfchcted as a mixed-type xanthine oxidase inhibAariso-pentyloxy group

at the 4-position improved the inhibitory potency. Moreangstingly, structure-activity relationship anadysidicated that

the pyridinepara-N atom played a crucial role in the inhibition. Moular modeling provided a reasonable explandton

the structure-activity relationships observed iis thtudy. In addition, a three dimensional quatitiéastructure-activity

relationships model which possessed reasonabletissi(f = 0.885 and= 0.993) was conducted to further understand

the structural basis of these compounds as xanthiigase inhibitors. These compounds, especialppound4f, have

good potential for further investigations.
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1. Introduction

Xanthine oxidase (XO) is a key enzyme in purineabelism that catalyzes the hydroxylation of both

hypoxanthine and xanthine in the last two stepsrafe biosynthesis in humans [1, 2]. In parallghvthe

hydroxylation, reactive oxygen species (ROS) amdpced [3]. Therefore, inhibition of XO not only

effectively reduces the production of uric acid tbe treatment of hyperuricemia and gout, but also

benefits the pathological conditions caused by X@-derived ROS such as oxidative damage,

post-ischemic reperfusion injury, diabetes and cicrbeart failure [4-6]. AllopurinolKig. 1), a prototype

XO inhibitor and a hypoxanthine isomer, has beedtelyiprescribed in the treatment of hyperuricemid a

gout for several decades. However, in some casesreslife-threatening side effects, including fulamt

hepatitis, renal failure, and Stevens—Johnson synely due to the similar backbone with purine haaenb

reported [7]. Under these limitations, there isiammense need for non-purine XO inhibitors to be

developed with potent XO inhibitory activity butfer side effects.

In recent years, a great amount of non-purine Xtbitors have been reported. Febuxostat I8 .(1)

is a novel non-purine XO inhibitor that showed arenpotent and longer-lasting urate-lowering eftaan

allopurinol and was approved in USA in 2009 for theatment of gout. Topiroxostat (also known as

FYX-051, Fig. 1) is another type of XO inhibitor approved in Japar2013. It not only interacts with

amino acid residues of the active pocket but alsm$ a covalent linkage to molybdenum via oxygen in

the hydroxylation reaction process [9]. In additiother XO inhibitors have been reported in therditure

including Y-700 [10], selenazoles [11], 1,2,3-toées [12], 2-(indol-5-yl)thiazoles [13], phenyl214-

triazoles [14], 4-(pyridin-4-yl)-1,2,3-triazolesq], isonicotinamides [16], isocytosines [17-20hxazoles

[21], N-(1,3-diaryl-3-oxo-propyl)amides [22N-acetyl pyrazolines [23], chalcones [24], fraxardedi25],



pyrano[3,2-d]pyrimidines [26], benzaldehydes [27], 2-arylbenzo[b]furans [28] and

2-benzamido-4-methylthiazole-5-carboxylic acids][29

In our previous report, we employed an imidazoldetyp as an isostere, to replace the thiazole of

Febuxostat and designed a series of 1-hydroxy-2yhi¢d-imidazole-5-carboxylic acid derivatives [30].

These compounds displayed excellent in vitro poteespecially, compounds3 (Fig. 1) showed higher

activity than the positive control Febuxostat. Stmwe activity relationship (SAR) analysis and ncolear

modeling studies indicated that the 1-hydroxy cdaltn an extra H-bond with Thr1010 and contribute t

the inhibitory potency [30]. The results inspiresl to further explore novel XO inhibitors based bae t

1-hydroxyimidazole moiety. With compounds3 and Topiroxostat as leading compounds, in thidystu

we retained the 1-hydroxy-2-phenylimidazole fragtneh 1-3 and hybridized the pyridine moiety of

Topiroxostat Fig. 2) to obtain a series of 1-hydroxy-2-phenyl-4-pyhidid-imidazole derivatives4@-g

and5a-g by the molecular hybrid method, hoping that, @ dhvand, the 1-hydroxy-2-phenylimidazole

fragment could maintain its interactions with X@daon the other hand, the pyridine moiety could pip

an interaction mode with XO similar to that of Tiapiostat. In addition, molecular modeling studibsee

dimensional quantitative structure-activity relasbips (3D-QSAR) and steady-state kinetic analysise

also performed to investigate the inhibition bebewviof these compounds.

2. Results and discussion

2.1. Chemistry

The synthesis of 2-(4-alkoxy-3-cyanophenyl)-1-hygrd-(pyridin-4-yl)-1H-imidazoles 4a-f) and



2-(4-alkoxy-3-cyanophenyl)-1-hydroxy-4-(pyridin-334 H-imidazoles $a-f) was performed as outlined
in Scheme | Commercially available 4-hydroxybenzaldehyde wasminated with bromine catalyzed by
iodine in dichloromethane to obtain 3-bromo-4-hygtmenzaldehyde 6], which was alkylated with
benzyl bromide in DMF in the presence of anhydropstassium carbonate to provide
3-bromo-4-benzoxybenzaldehydg).(Compound7 was cyanided with cuprous cyanide followed by the
removal of the benzyl protecting group under hydrogtmosphere catalyzed by Pd/C in THF to yield the
key intermediat®. Compoundd was alkylated with various alkyl chlorides or dlkyomides to obtain
4-alkoxy-3-cyanobenzaldehydekdg-f).

Commercially available 1-(pyridin-4-yl)ethan-1-oaed 1-(pyridin-3-yl)ethan-1-one were treated with
tert-butyl nitrite in a sodium ethoxide solution to pide 2-oxo-2-(pyridin-4-yl)acetaldehyde oxim&L)
and 2-oxo-2-(pyridin-3-yl)acetaldehyde oximé?2), respectively. Cyclization ofll and 12 with
intermediateslOa-f led to 2-(4-alkoxy-3-cyanophenyl)-1-hydroxy-4-(jmyn-4-yl)-1H-imidazoles 4a-f)
and 2-(4-alkoxy-3-cyanophenyl)-1-hydroxy-4-(pyrieBryl)-1H-imidazoles %a-f), respectively. By the
same procedure, compound4 and 12 cyclized with commercially available 3-cyanobenizdlyde
provided 2-(3-cyanophenyl)-1-hydroxy-4-(pyridine/3-1H-imidazole @o) and
2-(3-cyanophenyl)-1-hydroxy-4-(pyridine-3-ylHtimidazole 6g), respectively $cheme 2.

The HPLC purity of all the synthesized compounds weer 97%. The structures were elucidated by
MS, IR,™H NMR, and™C NMR spectra. All spectral data were in accordamitle the assumed structures.
In ESI-MS analysis, the target compounds showedM+2H]" ion peaks. The IR spectra of the target
compounds displayed cyano stretching vibratior2228-2230 cit and hydroxyl stretching vibrations at
3425-3429 cil. In 'H NMR spectra, the 1-hydroxy group of imidazole wserved as a broad singlet at

approximately 12.79 ppm in seriéa-gand 13.13 ppm in seriéa-g respectively.



2.2. Biological activity

The in vitro bovine XO inhibitory activity of compods 4a—g and 5a—g was measured

spectrophotometrically by determining uric acid gurction at 295 nm. Topiroxostat was included as a

reference compound. The testing results are showalle 1

As shown inTable 1, half of the synthesized compounds were effecivd possessed micromolar
level potency. Although the effects were much lowean that of the positive control Topiroxostat and
compoundsl-3, some interesting SAR information was obtainedyéneral, thela-g series seemed to be
more potent than th&a-g series overall. The majority of the compoundshie4a-g series were effective
with 1Csg values ranging from 0.64 to 15.42 uM. Meanwhilampound4f, which linked ariso-pentyl for
R: group, displayed the highest activity with arnsd®alue of 0.64 uM, and was 10-fold more effective
than its counterparbf (ICso = 6.73 pM). Additionally, a dose-dependent inhdbit of XO by 4f was
exhibited Fig. 3). Moreover, the ether tail at theé-position played a crucial role in the potency; its
removal was accompanied by vanished poteagy, @a, 4c, 4e and4f versusig; 5b, 5d and5f versushg).
Furthermore, it can be found that frata to 4c, 4e and4f, the inhibitory effects were enhanced 3.2-fold,
3.5-fold and 24-fold, respectively, which suggestedt as the size of the ether tail at thgdkition

increased, the potency of tha-g series was gradually enhanced (exdépand4d).

In contrast, th&a-gseries was less potent. Only three compoubldssd and5f) were effective in this

series, which suggested that the pyridiaea-N of 4a-gwas much welcome than the pyridimeta-N of

5a-g This result was also supported by the isonicatida series in our previous studies [16]. In additi

compoundsf, bearing ariso-pentyloxy at the 4position, exhibited relatively high potency with #Cs,

value of 6.73 pM, which indicated that employmehéiso-pentyl as R group improved the potency of

both series4a-gand5a-g



2.3. Molecular modeling

To foresee the possible interactions of the syitbdscompounds with XO and to rationalize the SARs

observed in this study, molecular modeling simalagiof Topiroxostagf and5f in the binding pocket of

XO were performed. The simulations were carried witlh Autodock 4 software package by a similar

protocol to that reported in our previous study][3the crystal structure of bovine XO in complexiwi

Febuxostat (PDB code: 1N5X) was adopted in dockaigulations.

As shown inFig. 4, the 1-hydroxy-2-phenylH-imidazole moiety ofif and5f was located at a similar

position in the XO active pocket and presentedt @fssimilar interactions to compourd{30] such as the

cyano group forming an H-bond with Asn768, the Mt®m of imidazole accepting an H-bond from

Glu802 and the ether tail being surrounded by sopaphilic amino acid residue.g., Leu648 and

Lys771. In particularly, the 1-hydroxy group formad extra hydrogen bond with Thr1010 as expected.

Moreover, the pyridine moiety d@ff and5f could overlap with that of Topiroxostat in theiaetpocket [9].

However, an obvious difference between the dochioglels of4f and5f was that the pyridinpara-N of

4f formed an H-bond with Glu1261, just as Topiroxbdid; in contrastimeta-N of 5f was absent from this

interaction. This difference is consistent withithevels of inhibition potency.

2.4 3D-QSAR analysis

To further understand the structural basis of thesmpounds for XO inhibitory activity, we

subsequently performed 3D-QSAR study using Topa@wvIFA method. The active compoundls, éa,

4c, 4e 4f, 5b, 5d and5f) were used in 3D-QSAR model building. In ordeathieve a rational result, we



combined other published Topiroxostat-like compautal perform this 3D-QSAR model, including 8 of
1,2,3-triazole derivatives (compounds3-20 synthesized in our previous studies [15] and I5 o
1,2,4-triazole derivatives (compoun@4-35 reported by Sato Et al [14]. Therefore, The Topomer
CoMFA study was carried out using a total of 30 pommds Table 2), which randomly divided into
training set and test set (marked with asteriskahble 2) in the ratio of 5:1. Statistical parameters & th
Topomer CoMFA model showed a reasonable crossatatidcorrelation coefficientaf 0.885, indicating

a good internal prediction ability of the model.eThopomer CoMFA model also exhibited a conventional
correlation coefficient’rof 0.993 using 5 partial least-squares (PLS) corapts. The test set was used to
evaluate the predictive ability of our developeddelo The experimental and predicted values as agell
their residuals from the training and test set makes are listed ifable 2 The correlation between the
predicted and experimental values of all compowvals plotted as shown kig. 5.

The results were analyzed and visualized usingsthedard deviation coefficient (StDev*Coeff)
mapping option contoured by steric and electrastagintributions [31]. The representative steric and
electrostatic contour maps of compoutdierived from the Topomer CoMFA model are showRim 6.

In Fig. 6A, one big green contour was found around the é#ileof compoundif, indicating that a steric
substituent would be favored for, Rroup. This result could explain the gradually @amded potency of
compound#4a, 4c, 4e and4f. In Fig. 6A and6B, a small green contour and a blue contour near the
1-position of imidazole were observed, respectiveliyich indicated that an electropositive smalriste
bulky group would be helpful for activity in thisesm. Furthermore, a few red contours-ig. 6B near the
3-position of imidazole suggested that an elecgatiee group at this position would be welcome;
however, this position can't tolerate a bulky grageording to several yellow contoursHigy. 6A. In Fig.

6C, a yellow contour was observed near the pyrigara-N of 4f, meaning that substituent at this position



would be disfavored for potency. Fig. 6D, one blue contour was observed at thaa-position of

pyridine, indicating that the presence of positiveharged group at this position may benefit the XO

inhibitory potency.

2.5. Seady-state kinetic analysis

To further investigate the action mode of compouag with XO, enzyme kinetics studies of the
representative compourtf were carried outHig. 7). Lineweaver-Burk plot analysis indicated tht
acted as a mixed-type inhibitor on XO. This behawi@s distinct from Topiroxostat, but similar to
hydroxy-topiroxostat, a metabolite of Topiroxostath micromolar potency [32]. The different inhiioin

type may contribute to the decreased potenef obmpared with Topiroxostat.

3. Conclusions

In summary, we designed, synthesized and identifieda series of

1-hydroxy-2-phenyl-4-pyridyl-#i-imidazole derivatives as novel XO inhibitors. Angothem, compound

4f was found to be the most promising derivative he teries with an Kg value of 0.64 pM. The

Lineweaver-Burk plot revealed that compoudid acted as a mixed-type XO inhibitor. SAR analysis

indicated that the pyridinpara-N atom played a crucial role in the inhibition dagniso-pentyloxy group

at the 4-position improved the inhibitory potency. Moleautaodeling provided a reasonable explanation

for the SARs observed in this study and 3D-QSARIlyasis explored the structural basis of these

compounds. As a result, 1-hydroxy-2-phenyl-4-(pyrd-yl)-1H-imidazoles, especially compound,

have good potential for further investigations.



4. Experimental protocols

4.1. Chemistry

Unless otherwise indicated, reagents and solveats wurchased from commercial sources and used
without further purification. All reactions were mitored by TLC using silica gel aluminum cards (0.2
mm thickness) with fluorescent indicator 254 nme Tolumn chromatography was performed using silica
gel (200-300 mesh) from Qingdao Ocean Chemicals\gd¥o, Shandong, China). The purity was
determined by HPLC (Agilent 1260) by &¢§250*4.6 mm, 5 pm) column with 0.02 M ammonium
dihydrogen phosphate/acetonitrile (50: 50) as thbilm phase .The UV detection wavelength was 254 nm
Melting points were recorded on a YRT-3 melting apus and were uncorrectéd. NMR spectra were
recorded on a Bruker 300 MHz spectrometer, a Brdik¥r MHz spectrometer or a Bruker 600 MHz
spectrometer antfC NMR spectra were recorded on a Bruker 600 MHztspmeter. Chemical shifts
were expressed in parts per million using tetragisilane as an internal reference and CDGH

DMSO-d; as the solvent. ESI-MS data were gathered usiriggdant 1100 instrument.

4.1.1. Synthesis of 3-bromo-4-hydroxybenzal dehyde (6)

A mixture of 4-hydroxybenzaldehyde (100.0 g, 0.838)rand iodine (5.2 g, 21 mmol) in
dichloromethane (500 mL) was stirred atl-tor 15 min, then a solution of bromine (138.0 @g680mol) in
dichloromethane (300 mL) was slowly added dropwaseaintain the reactive temperature below 0
After the completion of the addition, the mixturasweacted at room temperature for 24 h, thenedilut

10



with 0.9% sodium bisulfite (1000 mL) and stirred 89 min. The formed precipitate was collected by
filtration, washed with water (100 mL) and driedgiwe 3-bromo-4-hydroxybenzaldehyde (133.0 g, yield
81.1%) as an off-white solid, which was used diyeictthe next step. MS (ESiWz 198.9, 200.9 [M-H]

'H NMR (600 MHz, DMSOs) 6 11.50 (s, 1H, OH), 9.77 (s, 1H, CHO), 8.02J4; 2.0 Hz, 1H, Ar-H),

7.75 (ddJ = 2.0 & 8.4 Hz, 1H, Ar-H), 7.10 (d, = 8.4 Hz, 1H, Ar-H).

4.1.2. Synthesis of 4-benzoxy-3-bromobenzaldehyde (7)

A mixture of 3-bromo-4-hydroxybenzaldehyde (133.@ &7 mol), benzyl bromide (125.1 g, 0.73
mol), anhydrous potassium carbonate (183.5 g,h@®and potassium iodide (2.2 g, 0.013 mol) in
DMF (700 mL) was reacted at 80for 8 h under nitrogen atmosphere. After that,itiseluble solid was
filtered out and the filtrate was concentratedetmove near 2/3 of the solvent. The residue wasedilu
with ethyl acetate, washed with water and brinesddover anhydrous N80, and evaporated in vacuum
to afford 4-benzoxy-3-bromobenzaldehyde (174.4e§dy00.5%) as a slight yellow solid, which was
directly used in the next step. MS (E8: 291.0, 293.0 [M+H]. '"H NMR (600 MHz, DMSOds) J 9.85
(s, 1H, CHO), 8.12 (d] = 1.9 Hz, 1H, Ar-H), 7.92 (dd = 1.9 & 8.5 Hz, 1H, Ar-H), 7.49 (d,= 7.5 Hz,

2H, Ar-H), 7.45 — 7.39 (m, 3H, Ar-H), 7.36 (= 7.3 Hz, 1H, Ar-H), 5.35 (s, 2H, GH

4.1.3. Synthesis of 4-benzoxy-3-cyanobenzaldehyde (8)

A mixture of 4-benzoxy-3-bromobenzaldehyde (93.0.82 mol) and cuprous cyanide (37.2 g, 0.45
mol) in DMF (600 mL) was refluxed under nitrogemasphere for 6 h. The completed reaction was
determined by TLC. The mixture was cooled to roemgerature. Then, dichloromethane (500 mL) and
ammonia (300 mL) were added. The oil layer wasectdld, successively washed with water and brine,

11



dried over anhydrous N8O, and evaporated in vacuum to provide a crude ptaakia slight yellow
solid, which was treated with methgrt-butyl ether to yield 4-benzoxy-3-cyanobenzaldehgsl@n
off-white solid (56.9 g, yield 75%). MS (ES#¥z 238.1 [M+H]". *H NMR (600 MHz, DMSOds) & 9.89
(s, 1H, CHO), 8.32 (d] = 1.9 Hz, 1H, Ar-H), 8.18 (ddl = 1.9 & 8.8 Hz, 1H, Ar-H), 7.55 (d, = 8.8 Hz,
1H, Ar-H), 7.50 (dJ = 7.4 Hz, 2H, Ar-H), 7.44 (1] = 7.5 Hz, 2H, Ar-H), 7.38 (1] = 7.3 Hz, 1H, Ar-H),

5.41 (s, 2H, Ch).

4.1.4. Synthesis of 5-formyl-2-hydroxybenzonitrile (9)

A mixture of 4-benzoxy-3-cyanobenzaldehyde (10.arg) 10% Pd/C (0.50 g) in THF (40 mL) was
stirred at room temperature for 4 h under hydragferosphere. After the completion of the reactiba, t
Pd/C was filtered out and the filtrate was evapatao give a slight yellow solid (5.0 g, yield 80%)
NMR (600 MHz, DMSO#€g) § 11.51 (s, 1H, OH), 9.77 (s, 1H, CHO), 8.041d; 1.8 Hz, 1H, Ar-H), 7.75

(dd,J = 1.8 & 8.4 Hz, 1H, Ar-H), 7.11 (d, = 8.4 Hz, 1H, Ar-H).

4.1.5. 5-Formyl-2-methoxybenzonitrile (10a).

Into a mixture of 5-formyl-2-hydroxybenzonitrile.(8g, 0.04 mol) and anhydrous potassium carbonate
(11.0 g, 0.08 mol) in DMF (20 mL), dimethyl sulfa{e.6 g, 0.044 mol) in DMF (20 mL) was slowly
added dropwise at'Q The resulting mixture was stirred at room tempgeafor 5 h, then poured into
water (40 mL) and stirred for 15 min. the resultswid was filtered, washed with water and driedjiie
3-cyano-4-methoxybenzonitrile (7.0 g, 79.4%) ashitavsolid. mp 70.5-72.3 °CH NMR (300 MHz,
CDCl;) 6 9.88 (s, 1H, CHO), 8.10 (d, 1= 2.0 Hz, Ar-H), 8.06 (dd, 1H} = 2.1 & 8.8 Hz, Ar-H), 7.10 (d,
1H,J =8.7 Hz, Ar-H), 3.85 (s, 3H, OG}

12



4.1.6. General procedure for the synthesis of 2-alkoxy-5-formylbenzonitriles 10b-10f

A mixture of 5-formyl-2-hydroxybenzonitrile (0.04at), alkyl chloride or alkyl bromide (0.05 mol)
and anhydrous potassium carbonate (0.08 mol) in PMANL) was reacted at 80for 6 h under nitrogen
atmosphere. After that, 2/3 of the solvent was nesddby evaporation in vacuum. Then, water (40 mL)
and ethyl acetate (40 mL) were added. The orgayierlwas collected, washed with brine, dried over

anhydrous Nz£50, to yield the corresponding 2-alkoxy-5-formylbenzdtgs 10b-10f

4.1.6.1. 2-(Allyloxy)-5-formylbenzonitrile (10b)
A slight yellow oil, yield 90.4%'H NMR (600 MHz, DMSGdg) 6 9.88 (s, 1H), 8.29 (d} = 2.0 Hz, 1H),
8.15 (ddJ = 8.8& 2.1 Hz, 1H), 7.44 (d] = 8.8 Hz, 1H), 6.07 (m, 1H), 5.48 (d#iz 17.3& 1.6 Hz, 1H), 5.35

(dd,J = 10.6& 1.4 Hz, 1H), 4.96 — 4.79 (m, 2H).

4.1.6.2. 5-Formyl-2-isopropoxybenzonitrile (10c)
A slight yellow solid, yield 82.4%. Mp 51.5-52.6 °t&1 NMR (300 MHz, CDCJ) § 9.88 (s, 1H, CHO),
8.09 (d, 1HJ = 2.0 Hz, Ar-H), 8.05 (dd, 1Hl = 2.1 & 8.7 Hz, Ar-H), 7.10 (d, 1H,= 8.8 Hz, Ar-H), 4.80

(m, 1H, OCH), 1.46 (d, 6Hl = 6.1 Hz, 2CH).

4.1.6.3. 5-Formyl-2-isobutoxybenzonitrile (10d)

A yellow oil, yield 93.2%H NMR (300 MHz, CDC}) § 9.89 (s, 1H, CHO), 8.10 (d, 1= 2.0 Hz,
Ar-H), 8.06 (dd, 1HJ = 2.1 & 8.7 Hz, Ar-H), 7.09 (d, 1H,= 8.7 Hz, Ar-H), 3.95 (t, 2H] = 6.5 Hz,
OCH,), 2.22 (m, 1H, CH), 1.01 (d, 6K,= 6.8, 2CH).

13



4.1.6.4. 2-(sec-Butoxy)-5-formylbenzonitrile (10€)
A yellow oil, yield 90.5%H NMR (300 MHz, CDC}) ¢ 9.88 (s, 1H, CHO), 8.09 (d, 18~ 1.8 Hz,
Ar-H), 8.04 (dd, 1HJ = 1.8 & 8.8 Hz, Ar-H), 7.09 (d, 1H,= 8.8 Hz, Ar-H), 4.56 (m, 1H, OCH), 1.79 (m,

2H, CHy), 1.41 (d, 3H,) = 6.1 Hz, CH), 1.01 (t, 3H,J = 7.4, CH).

4.1.6.5. 5-Formyl-2-isopentyl oxybenzonitrile (10f)
A yellow solid, yield 87.8%., mp 47.1-48.5°%61 NMR (300 MHz, CDG}) § 9.90 (s, 1H, CHO), 8.09
(s, 1H, Ar-H), 8.06 (d, 1H] = 8.8 Hz, Ar-H), 7.11 (d, 1H] = 8.8 Hz, Ar-H), 4.21 (t, 2H] = 6.5 Hz,

OCH), 1.91 (m, 1H, CH), 1.80 (m, 2H, GH1.00 (d, 6H,) = 6.6, 2CH).

4.1.7. Synthesis of 2-oxo-2-(pyridin-4-yl)acetal dehyde oxime (11)

Into a sodium ethoxide solution prepared by disaglthe metal sodium (4.0 g, 0.18 mol) in
anhydrous ethanol (100 mL), 4-acetylpyridine (2§.@.17 mol) was added. The solution was stirre®at
for 15 min, and thetert-butyl nitrite (21.9 g, 0.22 mol) was added dromviShe reactive solution was
stirred at 0-101 for 24 h then frozen in the fridge for 24 h. Trengrated precipitate was collected by

filtration to provide a red solid (4.1 g, yield 82%). MS (ESI)m/z 149.1 [M-H].

4.1.8. Synthesis of 2-oxo-2-(pyridin-3-yl)acetal dehyde oxime (12)

2-Ox0-2-(pyridin-3-yl)acetaldehyde oxime was systhed by a procedure similar to that for the
preparation of 2-oxo-2-(pyridin-4-yl)acetaldehydenoe with 3-acetylpyridine instead of 4-acetylpymniel.
A slight red solid (yield 78.0%). MS (EStyz 149.1 [M-H]J.

14



4.1.9. General procedure for the synthesis of
2-(4-alkoxy-3-cyanobenzyl)- 1-hydroxy-4-(pyridin-4-yl)-1H-imidazoles 4a-4g and
2-(4-alkoxy-3-cyanobenzyl)-1-hydroxy-4-(pyridin-3-yl)-1H-imidazol es 5a-5g

A mixture of 4-alkoxy-3-cyanobenzaldehyde (0.019)rand ammonium acetate (0.15 mol) in
methanol (30 mL) was added 2-oxo-2-(pyridin-4-ytdehyde oxime (0.018 mol) or
2-ox0-2-(pyridin-3-yl)acetaldehyde oxime (0.018 jrfor the synthesis ofa-4gand5a-5g respectively.

The mixture was refluxed for 24 h under nitrogan@phere. The solvent was evaporated in vacuum and

the residue was treated with ethyl acetate (50 anidywater (50 mL). The oil layer was separated and

washed with brine, dried over anhydrous8l@,and evaporated in vacuum to obtain a crude product,
which was purified by column chromatography (petwoh ether: ethyl acetate = 1:1) to obtain the

correspondinga-4gand5a-5g.

4.1.9.1. 2-(3-Cyano-4-methoxybenzyl)-1-hydroxy-4-(pyridin-4-yl)-1H-imidazol e (4a)

A yellow solid (0.9 g, yield 21.4%). HPLC 98.2%. \2p6.01-208.6(1. MS (ESI)m/z 277.1
[M-OH+2H]"; 'H NMR (400 MHz, DMSO#dg) § 12.91 (s, 1H, NOH), 8.53 (s, 2H, Py-H), 8.27 (i, 2
Ar-H), 8.07 (s, 1H, Imidazole-H),7.79 (s, 2H, Py:H)40 (s, 1H, Ar-H), 3.97 (s, 3H, GH™C NMR (150
MHz, DMSOg) 6 160.73, 149.84, 144.86, 141.43, 138.58, 131.68,802 123.53, 118.79, 117.53,

116.09, 112.92, 100.71, 56.60; IR (KBr, 9n8426.6, 2921.9, 2851.5, 2224.5, 1608.4.

4.1.9.2. 2-(4-Allyl-3-cyanobenzyl)-1-hydroxy-4-(pyridin-4-yl)-1H-imidazol e (4b)
A yellow solid, yield 26.7%. HPLC 98.2%. Mp 216.6218.611. MS (ESI)mVz 303.1 [M-OH+2HT;
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'H NMR (400 MHz, DMSO6g) 6 12.92 (s, 1H, NOH), 8.54 (d, 2H= 4.0 Hz, Py -H), 8.29 (m, 2H, Ar-H),
8.08 (s, 1H, Imidazole-H), 7.79 (d, 2Bz 4.0 Hz, Py-H), 7.41 (d, 1H,= 8.0 Hz, Ar-H), 6.10 (m, 1H,
—CH=CHp), 5.51 (M, 1H-CH=CH,), 5.46 (m, 1H-CH=CH), 4.48 (d, 2H,) = 4.0 Hz, OCH); *°C NMR
(150 MHz, DMSO#g) 6 159.71, 149.99, 145.47, 141.16, 137.52, 133.6B,583 131.89, 130.27, 123.97,

118.36, 116.26, 115.02, 113.96, 101.17, 69.47KIB,(cm') 3426.7, 3078.9, 2920.0, 2230.5, 1607.1.

4.1.9.3. 2-(3-Cyano-4-isopropoxybenzyl)-1-hydroxy-4-(pyridin-4-yl)-1H-imidazol e (4c)

A yellow solid, yield 19.4%. HPLC 98.6%. Mp 202.8205.2(1. MS (ESI)m/z 305.1 [M-OH+2H]; *
H NMR (400 MHz, DMSOsg) ¢ 13.09 (s, 1H, NOH), 8.56 (d, 2B~ 5.1 Hz, Py-H), 8.27 (m, 2H, Ar-H),
8.09 (s, 1H, Imidazole-H),7.84 (d, 2BiF 5.3 Hz, Py-H), 7.43 (d, 1H,= 8.8 Hz, Ar-H), 4.89 (m, 1H, CH),
1.37 (d, 6H,J = 6.0 Hz, 2CH); **C NMR (150 MHz, DMSOdg) § 159.22, 149.85, 144.91, 141.44, 138.56,
131.56, 130.02, 123.26, 118.78, 117.51, 116.21781401.71, 71.73, 21.61; IR (KBr, &)r3429.1,

3046.4, 2923.7, 2224.3, 1607.1.

4.1.9.4. 2-(3-Cyano-4-isobutoxybenzyl)-1-hydroxy-4-(pyridin-4-yl)-1H-imidazol e (4d)

A yellow solid, yield 24.6%. HPLC 97.6%. Mp 243.6244.711. MS (ESI)mV/z 319.2 [M-OH+2HT;
'H NMR (400 MHz,DMSO#€) 6 12.89 (s, 1H, NOH), 8.54 (d, 2H= 4.0 Hz, Py-H), 8.27 (m, 2H, Ar-H),
8.06 (s, 1H, Imidazole-H), 7.79 (d, 28i= 4.0 Hz, Py-H), 7.39 (d, 1H,= 8.0 Hz, Ar-H), 3.98 (d, 2H,
CH,), 2.12 (m, 1H, CH), 1.03 (d, 6H,= 8.0 Hz, 2CH)); *C NMR (150 MHz, DMSQds) 6 160.22,
149.88, 144.94, 141.40, 138.56, 131.65, 129.83402318.76, 117.52, 115.97, 113.69, 100.95, 74.89,

27.62, 18.75; IR (KBr, cif) 3425.4, 2956.3, 2852.6, 2227.9, 1607.2.
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4.1.9.5. 2-(4-(sec-Butoxy) 3-cyanobenzyl)-1-hydroxy-4-(pyridin-4-yl)-1H-imidazole (4€)

A yellow solid, yield 21.4%. HPLC 98.2%. Mp 184.7191.001. MS (ESI)mVz 319.1 [M-OH+2HT;
'H NMR (400 MHz, DMSOd) 6 12.90 (s, 1H, NOH), 8.54 (d, 28 = 4.0 Hz, Py-H), 8.26 (m, 2H, Ar-H),
8.07 (s, 1H, Imidazole-H), 7.79 (d, 2B8i= 4.0 Hz, Py-H), 7.43 (d, 1H,= 8.0 Hz, Ar-H), 4.69 (m, 1H,
CH), 1.73 (m, 2H, Ch), 1.32 (d, 3H,) = 8.0 Hz, CH), 0.98 (t, 3H,J = 8.0 Hz, CH); *C NMR (150 MHz,
DMSO-dg) 6 159.54, 149.84, 145.02, 141.46, 138.56, 131.60.,043 128.64, 123.24, 118.73, 116.16,

114.71, 101.71, 76.39, 28.40, 18.82, 9.20; IR (KB¥") 3426.7, 3094.7, 2924.0, 2227.5, 1605.9.

4.1.9.6. 2-(3-Cyano-4-isopentyl oxybenzyl)-1-hydroxy-4-(pyridin-4-yl)-1H-imidazol e (4f)

A yellow solid, yield 19.4%. HPLC 98.3%. Mp 148.6152.001. MS (ESI)mVz 333.1 [M-OH+2HT;
'H NMR (400 MHz, DMSOds) 6 12.92 (s, 1H, NOH), 8.53 (s, 2H, Py-H), 8.27 (4, &r-H), 8.07 (s, 1H,
Imidazole-H), 7.79 (s, 2H, Py-H), 7.41 (d, 1Hs 8.0 Hz, Ar-H), 4.21 (m, 2H, Chi 1.82 (m, 1H, CH),
1.68 (m, 2H, CH), 0.96 (d, 6H,) = 8.0 Hz, 2CH); **C NMR (150 MHz, DMSQOdg) § 160.13, 149.83,
144.91, 141.45, 138.57, 131.57, 129.86, 123.38,/81817.48, 116.04, 113.58, 100.92, 67.60, 37.02,

24.61, 22.36; IR (KBr, cif) 3425.4, 2956.3, 2923.1, 2227.9, 1607.2.

4.1.9.7. 2-(3-Cyanobenzyl)-1-hydroxy-4-(pyridin-4-yl)-1H-imidazole (49)

A slight yellow solid, yield 15.4%, HPLC 97.2%. Mp08.61. -209.8[1. MS (ESI)m/z 246.9
[M-OH+2H]"; 'H NMR (400 MHz,DMSO¢) 6 13.13 (s,1H, NOH), 8.55 (d, 2H = 4.4 Hz, Py-H), 8.39
(s, 1H, Ar-H), 8.34 (d, 1H) = 7.9 Hz Ar-H), 8.16 (s, 1H, Imidazole-H), 7.87 {dH,J = 7.6 Hz, Ar-H),
7.82 (d, 2HJ = 5.1 Hz, Py-H), 7.73 (t, 1H,= 7.8 Hz, Ar-H);"*C NMR (150 MHz, DMSOdg) 6 149.93,
144.75, 141.28, 139.04, 131.76, 131.24, 130.20,5829.28.32, 118.85, 118.53, 118.23, 112.02; IRr(KB
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cm’’) 3429.2, 3073.9, 3041.8, 2231.5, 1605.0.

4.1.9.8. 2-(3-Cyano-4-methoxybenzyl)-1-hydroxy-4-(pyridin-3-yl)-1H-imidazole (5a)

A yellow solid, yield 15.4%. HPLC 97.2%. Mp 199.9204.271. MS (ESI)mV/z 277.1 [M-OH+2HT;
'H NMR (400 MHz, DMSOd) 6 12.94 (s, 1H, NOH), 9.06 (s, 1H, Py-H), 8.42 (d, 1 = 3.1 Hz, Py -H),
8.31 (m, 2H, Ar-H), 8.19 (m, 1H, Py-H), 7.88(s, 1hhidazole-H), 7.40 (m, 2H, Ar-H & Py-H), 3.97 (s,
3H, CHy); *C NMR (150 MHz, DMSQds) 6 160.62, 147.30, 145.84, 144.73, 137.54, 131.61,363
130.09, 129.79, 123.70, 123.66, 116.12, 114.53901200.68, 56.58; IR (KBr, cf) 3420.4, 3104.4,

2922.9, 2227.9, 1602.2.

4.1.9.9. 2-(4-Allyloxy-3-cyanobenzyl)-1-hydroxy-4-(pyridin-3-yl)-1H-imidazole (5b)

A yellow solid, yield 19.4%. HPLC 97.8%. Mp 212.8215.271. MS (ESI)mVz 303.1 [M-OH+2HT;
'H NMR (400 MHz, DMSOds) 6 12.81 (s, 1H, NOH), 9.06 (d, 1= 2.2 Hz, Py-H), 8.43 (dd, 1H,=
1.7 Hz & 4.8 Hz, Py-H), 8.29 (d, 1d,= 2.2 Hz, Ar-H), 8.25 (dd, 1H = 2.3 Hz & 8.8 Hz, Ar-H), 8.19 (m,
1H, Py-H), 7.88 (s, 1H, Imidazole-H), 7.40 (m, ZH & Py-H), 6.09 (m, 1H, CH=CH), 5.51 (dd, 1H)
=1.7 Hz &17.2 Hz, -CH=C}), 5.36 (dd, 1HJ = 1.6 Hz & 14.1 Hz, -CH=C}), 4.80 (d, 2H,) = 5.2 Hz,
OCHy); **C NMR (150 MHz, DMSOdg) § 159.50, 147.30, 145.84, 144.71, 137.30, 132.49.453 131.35,
129.82, 129.61, 123.81, 123.66, 118.21, 116.07.511413.92, 101.04, 69.33; IR (KBr, ¢jr3428.5,

3082.0, 2964.0, 2227.4, 1601.3.

4.1.9.10. 2-(3-Cyano-4-isopropoxybenzyl)-1-hydroxy-4-(pyridin-3-yl)- 1H-imidazol e (5¢)
A yellow solid, yield 12.4%. HPLC 98.5%. Mp 202.8205.2(1. MS (ESI)mVz 305.0 [M-OH+2HT;
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'H NMR (400 MHz, DMSQds) 6 12.80 (s, 1H, NOH), 9.07 (s, 1H, Py-H),8.43 (d, di 3.8 Hz, Py-H),
8.27 (m, 2H, Ar-H), 8.19 (d, 1H,= 7.7 Hz, Py-H), 7.92 (s, 1H, Imidazole-H), 7.41 2 Hz,J = 8.0 Hz,
Ar-H), 7.43 (m, 2H, Ar-H & Py-H), 4.80 (m, 1H, CH),36 (d, 6H,) = 6.0 Hz, 2CH)); *C NMR (150
MHz, DMSOdg) 6 159.12, 147.28, 145.82, 144.80, 137.27, 131.52,3B3 129.94, 129.72, 123.68,
123.42, 117.42, 116.26, 114.71, 101.71, 71.72, 2186 (KBr, cm') 3425.9, 3098.4, 2922.3, 2227.9,

1617.4.

4.1.9.11. 2-(3-Cyano-4-isobutoxybenzyl)-1-hydroxy-4-(pyridin-3-yl)-1H-imidazol e (5d).

A yellow solid, yield 20.1%. HPLC 97.3%. Mp 191.6195.871. MS (ESI)mVz 319.1 [M-OH+2HT;
'H NMR (400 MHz, DMSOds) 6 12.80 (s, 1H, NOH), 9.06 (s, 1H, Py-H), 8.42 (d, 1= 4.7 Hz, Py-H),
8.27 (m, 2H, Ar-H), 8.19 (d, 1H,= 8.0 Hz, Py-H), 7.90 (s, 1H, Imidazole-H), 7.42, @H, Ar-H & Py-H),
3.98 (d, 2H,J = 6.4 Hz, CH), 2.10 (m, 1H, CH), 1.03 (d, 6H,= 6.6 Hz, 2CH); **C NMR (150 MHz,
DMSO-ds) 6 160.09, 147.30, 145.85, 144.70, 138.13, 131.55,3B3 130.09, 129.70, 123.65, 123.58,
116.01, 115.43, 113.64, 100.92, 74.87, 27.62, 18F4KBr, cmi*) 3427.1, 2960.7, 2921.7, 2229.4,

1621.0.

4.1.9.12. 2-(4-(sec-Butoxy)-3-cyanobenzyl)- 1-hydroxy-4-(pyridin-3-yl)-1H-imidazol e (5€)

A yellow solid, yield 16.7%. HPLC 98.4%. Mp 195.£197.971. MS (ESI)mVz 319.1 [M-OH+2HT;
'H NMR (400 MHz, DMSOds) 6 12.80 (s, 1H, NOH), 9.06 (s, 1H, Py-H), 8.42 (4,Ry -H), 8.27 (m, 2H,
Ar-H), 8.19 (d, 1HJ = 8.0 Hz, P y-H), 7.91 (s, 1H, Imidazole-H), 7(3® 2H, Ar-H & Py-H), 4.69 (m,
1H, CH), 1.74 (m, 2H, C}), 1.32 (d, 3H,) = 6.0 Hz, CH), 0.97 (t, 3H, = 6.0 Hz, CH); **C NMR (150
MHz, DMSOdg) 6 159.47, 147.05, 145.63, 144.85, 136.54, 131.76,723 130.22, 129.62, 123.79,
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123.34, 117.28, 116.23, 114.66, 101.70, 76.40428.2.86, 9.23; IR (KBr, ci) 3425.3, 2963.2, 2922.2,

2227.1, 1620.0.

4.1.9.13. 2-(3-Cyano-4-isopentyl oxybenzyl)- 1-hydroxy-4-(pyridin-3-yl)-1H-imidazol e (5f)

A yellow solid, yield 12.1%. HPLC 97.9%. Mp 197.8203.971. MS (ESI)mVz 333.1 [M-OH+2HT;
'H NMR (400 MHz, DMSOds) 6 12.80 (s, 1H, NOH), 9.07 (s, 1H, Py-H), 8.42 (4, Py-H), 8.26 (m,
2H, Ar-H), 8.19 (d, 1HJ = 7.9 Hz, Py-H), 7.89 (s, 1H, Imidazole-H), 7.39, @H, Ar-H & Py-H), 4.19 (t,
2H,J = 6.5 Hz, CH), 1.83 (m, 1H, CH), 1.67 (q, 2H,= 6.5 Hz, CH), 0.95 (d, 6H,) = 6.6 Hz, 2CH); **C
NMR (150 MHz, DMSO€) 6 160.02, 147.24, 145.79, 144.77, 137.42, 131.58,373 129.76, 129.58,
123.66, 123.53, 117.07, 116.07, 113.58, 100.96:8687.03, 24.61, 22.37; IR (KBr, €n3425.5, 2956.4,

2922.0, 2228.4, 1620.7.

4.1.9.14. 2-(3-Cyanobenzyl)- 1-hydroxy-4-(pyridin-3-yl)-1H-imidazole (59)

A yellow solid, yield 21.3%. HPLC 97.1%. Mp 222.2226.971. MS (ESI)mVz 246.9 [M-OH+2HT;
'H NMR (400 MHz, DMSOds) 6 13.04 (s, 1H, NOH), 9.09 (s, 1H, Py-H), 8.44 (d, I 4.7 Hz, Py-H),
8.38 (s, 1H, Ar-H), 8.33 (d, 1H,= 8.0 Hz, Py-H), 8.21 (d, 1H,= 8.0 Hz, Ar-H), 8.01 (s, 1H,
Imidazole-H), 7.86 (m, 1H, Py -H), 7.73 (t, 1H, HJ; 7.43 (m, 1H, Py -H)**C NMR (150 MHz,
DMSO-ds) 6 147.48, 145.91, 144.52, 131.59, 131.47, 131.38,203 129.43, 128.19, 127.25, 123.70,

118.55, 116.36, 114.52, 111.98; IR (KBr, §n3428.8, 2923.4, 2853.7, 2226.6, 1632.6.

4.2. Assay of in vitro XO inhibitory activity
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Bovine XO inhibitory potency in vitro was assayeguestrophotometrically by measuring uric acid
formation at 295 nm at 25°C. The testing method ased on the procedure reported by Matsureicib
[32] with modification. The assay mixture contaired M sodium pyrophosphate buffer (pH 8.3), 0.3 mM
NaEDTA, 64 uM xanthine, 15 U/L XO (Sigma, X4875), atied test compound. The XO inhibition by
various compounds was measured by the reductigdheotiric acid concentration. The enzyme needed
pre-incubation for 15 min with the test compoundd ¢he reaction was started by addition of xanthine
Topiroxostat was used as a positive control. A tiests were performed in triplicate. Compounds
presenting inhibitory effects over 50% at the carticgion of 10 pg/mL were further tested at a wigiege

of concentrations to calculate theirs§@alue by using SPSS 20.0 software.

4.3. Molecular modeling

AutoDock 4 [33] was used to perform docking caltioles. The crystal structure of bovine XO in
complex with Febuxostat (PDB code: 1N5X) [8] wasp@ied in docking simulations. An 80 x 80 x 80 A
grid box with a grid spacing of 0.375 A was genediaio define the binding pocket. Affinity grid fits
were generated using the auxiliary program Auto@ritligand structures were built and minimized with
Accelrys Discovery Studio 3.0 software packagexiBle torsions in the ligands were assigned, and al
dihedral angles were allowed to freely rotate.

The Lamarckian genetic algorithm was used to deternthe appropriate binding positions,
orientations, and conformations of ligands [33]l dther parameters were maintained as defaultati e
group, the lowest binding energy configuration vttie highest percentage frequency was selectdukas t
group representative.
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4.4. 3D-QSARanalysis

In this study, 30 of Topiroxostat-like compoundsevased to conduct 3D-QSAR model with Topomer
CoMFA method, including 7 of imidazole derivativegnthesized in this work, 8 of 1,2,3-triazole
derivatives reported in our previous studies [1f&] 45 of 1,2,4-triazole derivatives reported byoShEt
al [14]. The structures of compounds and their bimlalgdata in the form of plé are listed inTable 2
The 3D structures were prepared using Sybyl X-THe Gasteiger-Hickel charge was applied to each
molecule and energy minimization was performedgiiire Tripos force field [34, 35]. The 30 compounds
were divided into the training set (25 compounds) the test set (5 compounds) in the ratio of BHe
training set was used to build the 3D-QSAR modedl #he test set was used to test the predictiotiseof
model [36]. Each molecule in training set was ddddnto two sets of fragments shown as S1 and S2
groups Fig. 6). A carbon sp probe was applied for calculating steric and etstatic parameters. PLS

regression was used to generate the Topomer CoMigkin
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1. Legends for Fig. 1, Fig. 2, Fig. 3, Fig. 4, Fig, ¥ig. 6, Fig. 7, Scheme 1 and Scheme 2.
Fig. 1 Chemical structures of Allopurinol, Febuxostat, ifopostat and compounds3.
Fig. 2 Design of compound$éa-g and5a-g.

Fig. 3 The inhibition of XO by compoundff. Values are means + SD, n = 3.

Fig. 4 Binding modes of Topiroxosta\j, 4f (B) and5f (C) within the XO binding pocket.

Fig. 5 Contour maps of Topomer CoMFAAY Steric contour map depicted around SB) €lectrostatic contour map

depicted around S1€| steric contour map depicted around $2); €lectrostatic contour map depicted around S2.

Fig. 6 The correlation chart of experimental versus ptedi plGo values for the training set and test set compaunds

Fig. 7 Lineweaver-Burk plot analysis of XO inhibition bgrapound4f.

Scheme 1Reagents and conditions: (i).Bh, CH,Cl,, 5 °C, 24 h; (ii) BnBr, KI, KCO;, DMF, N,, 80 °C, 8 h; (iii) CuCN,

DMF, 150 °C, 8 h; (iv) B Pd/C, THF, 25 °C, 5 h; (v) RCI or RBr, KI,&0;, N,, DMF, 80 °C, 8 h; (vi) t-BUONO,

C,HsONa, EtOH, 0~10C, 24 h; (vii) NHOAc, CHOH, reflux, 24 h.

Scheme ZReagents and conditions: NBAc, CH;OH, reflux, 24 h.
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2. Graphics for Fig. 1, Fig. 2, Fig. 3, Fig. 4, Fig.,%ig.6, Fig. 7, Scheme 1 and Scheme 2
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Fig. 3
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Fig 5
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Fig. 7
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Scheme 1
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3. Table

Table.1In vitro XO inhibitory potency of designed compoush-gand5a-g

Name R ICsc (UM) 2 Name R ICs0 (UM)
4a Methyl 15.42+0.42 5a Methyl n.a’

4b Allyl n.a. 5b Allyl 9.62+0.53
4c iso-Propyl 4.75-0.19 5c iso-Propyl n.a.

4ad iso-Butyl n.a. 5d iso-Butyl 10.28+0.64
de sec-Butyl 4.35+0.23 5e sec-Butyl n.a.

Af iso-Pentyl 0.64-0.04 5f iso-Pentyl 6.73-0.42
4qg — n.a. 59 — n.a.
Topiroxostat — 0.0048+0.0009

#Values are meansSD of three independent experiments.

® h.a.: not active (<50% inhibition at 10 pg/mL).
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Table 2 Structures, experimental pJ&and predicted plé values of the compounds used in the Topomer ComBAel.

N=N — HN’N HN’N\ —

1 SS N

R

R,O R/O R{0 :

CN compounds 13-20 compound 21 R, compounds 22-35

Experimental Predicted Contribution of  Contribution of
compound R R, Rs Residual
pICso pICso S1 S2

4a Methyl / / 481 4.99 -0.18 0.64 -0.33
4c iso-Propyl / / 5.32 5.39 -0.07 0.64 0.07
4e* sec-Butyl / / 5.36 5.75 -0.39 0.64 0.43
4f iso-Pentyl / / 6.19 6.07 0.12 0.64 0.75
5b Allyl / / 5.02 4.66 0.36 -0.33 0.31
5d* iso-Butyl / / 4.99 4.62 0.37 -0.33 0.27
5f iso-Pentyl / / 5.17 5.10 0.07 -0.33 0.75
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13

14

15

16*

17

18

19

20

21

22

23

24

25

26

n-Butyl

n-Pentyl

iso-Propyl

sec-Butyl

iso-Pentyl

Cyclopentyl

Benzyl

para-Methoxybenzyl

iso-Butyl

iso-Butyl

iso-Butyl

iso-Butyl

iso-Butyl

NO,

NO,

NO,

CN

COOEt

CN

Methyl

Chloro

Methyl

Methyl

Methyl

4.68

4.79

4.60

4.74

5.09

5.17

4.35

4.63

5.23

8.00

8.00

7.77

7.70

7.37

4.82

4.83

4.49

4.89

5.17

531

4.35

4.43

5.19

8.02

7.95

7.81

7.91

7.44

-0.14

-0.04

0.11

-0.15

-0.08

-0.14

0.20

0.04

-0.02

0.05

-0.04

-0.21

-0.07

0.64

0.64

0.64

0.64

0.64

0.64

0.64

0.64

-0.33

2.50

2.42

2.50

2.50

2.50

-0.49

-0.49

-0.82

-0.43

-0.14

-0.01

-0.97

-0.88

0.84

0.84

0.85

0.64

0.74

0.27
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CN

CN

Methyl

Methyl

Methyl
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Methyl

Methyl
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Methyl

6.96

7.40

7.19

7.62

7.62

7.51

7.59
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7.22

7.25

7.67

7.68
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0.16

* Test set compounds.
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4. Graphical abstract
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Highlights

« 1-Hydroxy-2-phenyl-4-pyridyl-#H-imidazole derivatives were synthesized.

» Compoundif showed a promising XO inhibitory potency with and@lue of 0.64.M.
* The structure—activity relationships of the sysited compounds were summarized.
* Molecular modeling and Steady-state kinetic asialywere performed.

» 3D-QSAR model was conducted.



