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ABSTRACT

Non-steroidal anti-inflammatory drugs (NSAID’s) azensidered one of the most commonly prescribedsdali
over. The most recent and powerful NSAID's are @DMhibitors; which are clinically effective anti
inflammatory agents with less gastrointestinal aadal toxicity, yet they had serious side effeitts myocardial
infarction. Therefore, there is still a need to diep better therapeutically effective and toleraBl@X-II inhibitors.
In this study, screening of various 2,3-disubstitiatt(3H)-quinazolinones, using the Molsoft ICM 3a5docking
software; against the COX-Il enzyme is reportedides molecular structures of ligands were docked acored
to identify structurally similar ligands to celedbXreference ligand) in binding interaction to CaMbinding site.
The results show that 2,3-disubstituted-4(3H)-qaotmones moiety with cyclohexyl at C-2, and arglaty at N-3
binds directly or indirectly to the ring system lwihigh binding affinity. The docked ligand has otaions
completely different from that of the referencegdcelecoxib.
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INTRODUCTION

The search for new, effective and safe drugs isasingly a sophisticated process. Two pronounhadacteristics
marked the modern age of the drug discovery processnpetitiveness” and “high cost”. Driven by timégh
exclusive marketing profit, competition between mphaceutical companies is much more intensive thaar e
before. Also, it is a competition by innovation &]highlighted by the title of an article in a r@®d management
journal: “Innovate or die’ is the first rule of i@rnational industrial competition” [2]. Recentt&tcs shows that it
would take 10-15 years, 200-350 million U.S. ddlty discover a new drug and this cost has beemiggaat a rate
of 20% per year [3]. To help alleviate this problesfforts have been directed to reduce the costtiamel span
needed for the discovery stage of a new drug. iBnabpect, more and more computer approaches arebeing
developed to reduce the cost and cycle time farodisring a new drug. Molecular docking represemis of the
growing applications in drug discovery, where malac modeling technigues are used to predict hoyw an
macromolecules (typically a protein) interact witther molecules (may be other proteins, nucleidsaor small
drug-like molecules)[4].Current COX-Il inhibitorsay increase the risk of serious, even fatal stonaachintestinal
adverse reactions, such as ulcers, bleeding, arfidrgigon of the stomach or intestines but to @éeextent than
other nonselective NSAIDs that block both COX-1 a@@@X-Il. These events can occur at any time during
treatment and without warning symptoms. 3H-Quiniazétone moiety is found in many biologically aainatural
products[5-7], such as the alkaloid L-Vasicinatj8], Chrysogine2 [5]. For anti-inflammatory agents with less
gastrointestinal and renal toxicity, there is namvincing evidence that highly selective COX-Il iimtors alter the
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balance in the COX pathway. However,there is atileed for novel, selective, and potent COX-II litiors with an

improved profile, compared to current COX-Il inhdds based on structural templates modificatiorekent years
3H-quinazolin-4-one and their derivatives have drgneat attention in the field of synthetic mediciohEmistry as
they were reported to possess significant pharrgadl activity [9-12].It is, also, found in manyDRA approved
drugs such as the sedative hypnotic methaquaBnthe diuretic and antihypertensive quinethazdnand

thethiazide-like diureticmetolazosd13] (Fig. 1).

OH '
1- L-Vasicinone 2- Chrysogine OH 3- Methaqualone
0
H,NO,S _Ry
)N\
Cl N Rq
H

4- Quinethazone; R1= Ethyl, R2=H
5- Metolazon; R1= Methyl, R2= o-tolyl
Fig. 1: FDA approved quinazoline drugs

Several other quinazoline derivatives exhibit atitude of interesting pharmacological activitiegluding anti-
convulsant[14], anti-diabetic[15] and analgesidarxs [16]. Recently, it has been reported that sEvguinazoline
derivatives possess powerful anti-inflammatory\aitéis with COX-I1 inhibition selectivity [17-19]Based on these
findings, it seemsrational to virtually screen aaliftibrary of new 2-pyridyl (3H)-quinazolin-4-onderivatives for
their COX-Il selectivity as potential anti-inflammoay agents using Molsoft-Pro (ICM 3.05a) dockimdteare.

MATERIALSAND METHODS

Molecular modeling studies
All docking studies were performed using ‘Inter@alordinate Mechanics (Molsoft ICM 3.5-0a).

Preparation of small molecules

A set of 3H-quinazolin-4-one derivatives designed ihibit cyclooxygenase 1l was compiled by us gsin
ChemDraw. Structures were constructed using Chenul8® 12.0 software, [Molecular Modeling and Areiby
Cambridge Soft Corporation, USA (2010)]. Tested poonds were then energetically minimized by usifgimAC
(semi-empirical quantum mechanics), Jobtype with it€rations and minimum RMS gradient of 0.01, aaded as
MDL MolFile (* .mol). All docking studies were caed out using Molsoft ICM 3.5-0a software. ICM daulk is
probably the most accurate predictive tool of higdgeometry today [20,21] and generation of ligand enzyme
structures.The crystal structure of target protgiclooxygenase (3LN1) is a COX-ll complexed withecexib was
retrieved from the Protein Data Bank (http://wwwsbrorg/pdb/welcome.do). All bound waters ligandsi an
cofactors were removed from the protein. Dockirguhts of all tested compounds are shown in (Taple 1
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Table 1: Docking results of 6-halo substituted quinazoline derivatives against COX-I1 crystal structure

O
Ro
N/
)\
N R4
Cpd. R R X Docking score No. of Hydrogen Amino acid residues forming hydrogen
No. ! 2 (K cal/mol) bonds bondsin A°
R499 hh1l - m M o2 :2.56
Ligand QL78 081 m M 6 2.00
oel--m 2.
(Cx?tlgco -102.24 6 L3380 m Mh5:252
L338 0--m Mh6:2.26
S339 o--m Mh5:2.10
1. Me phenyl Cl -58.27 0o | -
2. Me phenyl Br -58.18 [
3. Me phenyl | -64.17 1 T192 hgl-mMnl:2.22
4. Me 4-Pyridyl Cl -60.47 1 S516 h¢-m M ol :2.6
5. Me 4-Pyridyl Br -62.42 [
6. Me 4-Pyridyl | -61.01 0 | -
7. Me 2-Furyl Cl -64.95 1 T192 hgl-m M nl:2.16
8. Me 2-Furyl Br -62.52 [
9. Me 2-Furyl | -62.27 1 T192 hgl-mMnl:2.26
10 Me 2-Theinyl Cl -57.1¢ [
11 Me 2-Theinyl Br -65.6¢ 1 T192 hgl-mMnl:2.2:
12. Me 2-Theinyl | -62.94 1 Y371 hh--mMn3:2.41
13. Me 4H-pyran-2-yl | CI -64.91 1 T192 hgl-m M n1:2.30
14. Me 4H-pyran-2-yl | Br -59.53 [
15. Me 4H-pyran-2-yl | | -63.87 [
16 Et pheny Cl -65.2¢ [
17 Et pheny Br -64.57 1 S516 h¢--m Mol : 2.6!
18. Et phenyl | -69.57 [
19. Et 4-Pyridyl Cl -64.76 1 Y341 hh-m Mol:2.64
20. Et 4-Pyridyl Br -69.89 [
21. Et 4-Pyridyl | -61.70 [
22 Et 2-Furyl Cl -69.3% 1 S516 he--m M o1 :2.6:
23 Et 2-Furyl Br -61.97 1 S516 hc--m Mol :2.7:
24. Et 2-Furyl | -66.98 [
25. Et 2-Theinyl Cl -68.04 [
26. Et 2-Theinyl Br -69.33 [
27. Et 2-Theinyl | -68.33 [
28 Et 4H-pyrar-2-yl | CI -64.31 1 S516 he--m Mol 2.5
29 Et 4H-pyrar-2-yl | Br -69.2¢ [
30. Et 4H-pyran-2-yl | | -70.25 1 Q447 he22 -m M ol :2.72
31. n-Pr phenyl Cl -63.50 1 Y341 hh-m Mol :2.64
32. n-Pr phenyl Br -72.81 [
33. n-Pr phenyl | -64.49 [
34. n-Pr 4-Pyridyl Cl -66.96 1 S516 hg-m Mn3:1.78
35. n-Pr 4-Pyridyl Br -66.53 1 S516 hg--m M n3:1.58
36. n-Pr 4-Pyridyl | -68.28 [
37. n-Pr 2-Furyl Cl -70.33 [
38. n-Pr 2-Furyl Br -59.68 [
39. n-Pr 2-Furyl | -70.25 1 Q447 he22 - m M 01:2.72
40. n-Pr 2-Theinyl Cl -68.13 [
41. n-Pr 2-Theinyl Br -70.20 [
42. n-Pr 2-Theinyl | -61.48 1 Y341 hh--mMol: 277
43. n-Pr 4H-pyran-2-yl | CI -62.67 [
44. n-Pr 4H-pyran-2-yl | Br -68.09 [
45. n-Pr 4H-pyran-2-yl | | -71.43 1 R29 hhll -m M n3: 2.07
46. t-bu phenyl Cl -60.10 [
47. t-bu phenyl Br -59.61 [
48. t-bu phenyl | -70.28 [
49. t-bu 4-Pyridyl Cl -64.83 [
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50. t-bu 4-Pyridyl Br -68.20 0o | -

51. t-bu 4-Pyridyl | -71.30 R

52. t-bu 2-Furyl Cl -68.89 [

53 t-bu 2-Furyl Br -68.1¢ 0 | e

54. t-bu 2-Furyl | -66.13 I

55. t-bu 2-Theinyl Cl -66.06 1 Q447 he22 m M 02: 2.58
56. t-bu 2-Theinyl Br -68.89 1 R29 hh1l-mMn3:2.11
57. t-bu 2-Theinyl | -60.96 0o | -

58. t-bu 4H-pyran-2-yl | CI -59.51 0o | -

59 t-bu 4H-pyrar-2-yl | Br -66.5] 1 Y341 hh-m Mol : 2.2
60. t-bu 4H-pyran-2-yl | | -68.10 0 | -

61. Cyclohexyl phenyl Cl -75.00 [

62. Cyclohexyl phenyl Br -81.07 0o | e

63. Cyclohexyl phenyl | -76.05 0 | -

64. Cyclohexyl 4-Pyridyl Cl -77.31 [

65. Cyclohexyl 4-Pyridyl Br -76.33 [

66. Cyclohexyl 4-Pyridyl | -78.67 I

67. Cyclohexyl 2-Furyl Cl -80.44 0 |-

68. Cyclohexyl 2-Furyl Br -71.68 [

69. Cyclohexyl 2-Furyl | -74.12 0 | -

70. Cyclohexyl 2-Theinyl Cl -79.52 [

71. Cyclohexyl 2-Theinyl Br -80.60 [

72. Cyclohexyl 2-Theinyl | -68.00 [

73. Cyclohexyl 4H-pyran-2-yl | CI -75.95 [

74. Cyclohexyl 4H-pyran-2-yl | Br -63.72 [

75. Cyclohexyl 4H-pyran-2-yl | | -79.13 0o | -

RESULTSAND DISCUSSION

The aim of the flexible docking calculations is petidn of correct binding geometry for each bindEne scoring
functions and hydrogen bonds formedwith the surdaugnamino acids of the receptor COX-Il are usegredict
tested compounds binding modes. Celecoxib was asedference drug for binding mode towards COXuiding
site. In the aspect a set of 75compounds of 23adiftuted-4(3H)-quinazolinone derivatives of thengral
structure (Fig.2) was chosen for docking study mgfatrystal structure of COX-ll PDB id (3LN1). Ceteib, the
reference drug, showed binding energy of -102.24lMwl forming six hydrogen bonds with COX-II amimagid
residues. On the other hand, docking results oftesited compounds towards COX-Il crystal structteeeal
moderate to high affinity ranging from -58.53 td. @87 Kcal/ mol.

O H-bond acceptor atom

4-pyridyl, furyl and pyranyl

I, Cl and Br X substituents

/
N R4

Cyclohexyl
X=Cl, Br; R1=CH3, Ethyl, I sopropyl, t-Bu and cyclohexyl
R2= phenyl, 4-pyridyl, thiophyl, furyl and pyranyl
Fig. 2: General structure of tested compounds

The tested compounds were divided into three ngtjoups according to their halogen substituent isitfn 6 of
the quinazoline ring where group 1 are compoundstna 6-chloro substituted, and group 2 are 6- lbrom
substituted quinazoline ring compounds, and growgre36-iodo substituted quinazoline compounds(TahleAll
tested compounds in all group A, B and C showedaraid to high affinity towards COX-Il with zero one
hydrogen bond at the receptor’s binding site. Theepaf the highest binding derivativa® 24, 46, 49,72 and 75

to the binding site of COX-Il are shown below ( By
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Fig. 2: Binding mode of the Compounds celecoxib,23, 24, 46, 49, 72 and 75 in gr eeninto binding site of COX-I1
The type of halogen substituent at position 6 &f guinazoline ring did not affect the binding enees chloro,

bromo andiodo substituents showed similar bindingrgy values to the COX-II receptor. The binding@rggy of
tested compounds increased substantially whenlityegroup at position 2 of the quinazoline ring sveyclohexyl
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ring compared to methyl, ethyl, isopropyl and t-Bhe type of aryl substituents at position 3 of gagnazoline ring
showed little or no effect on the binding energyueaHydrogen bonding between the tested ligandsGoX-I|
appears only in case of the presence of hydrogegpéar atom on the substituent like in case of delyi; furyl and
pyranyl substituents (Fig. 2).The ligands that sbdWwydrogen bonding with amino acid residues of dDXave in
many cases bind to the amino acid Ser-516 whiclcabes that this particular amino acid plays andrtgmt role in
binding the quinazoline derivatives with hydrogesteptor atom to theCOX-II binding site. The highkstding
energy ligands were those containing cyclohexylsttients in position 2 of the quinazoline ring iflea1).Since
most of the tested compounds showed moderate kodffopity towards COX-II receptor compared to tieéerence
drug celecoxib, it is obvious that the tested quitiae derivatives bind to COX-II in completely ftifent pattern.
The lack of hydrogen bonding formation groups irstmaf the tested compounds appears to be the megson for
the moderate binding energies to the COX-Il bindsitg, which suggests that adding substituents ttfrogen
bonding formation ability might increase the birgl@energies and, therefore, might increase the giicdb activity
of 2,3-disubstituted-4(3H)-quinazolinone as pow@rdnti-inflammatory agents.

CONCLUSION

By combining the results from this preliminary sgudith the literature data of anti-inflammatory iy of 2,3-
disubstituted quinazolin-4-one derivatives, we canclude that these compounds are considered pEiteiniig
candidates for its expected anti-inflammatory attivihe presence of cyclo aliphatic substituentpdsition 2 of
the quinazoline ring is important to enhance the-iaflammatory activity.Also, the presence of polgroups or
hydrogen bonding acceptor on the aryl substituenpesitions 3 of the quinazoline ring is importéamtenhance the
binding affinity of ligands to the binding site GOX-II.
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