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ABSTRACT

Cyclooxygenase (COX), a key enzyme playing cruolal in prostaglandin biosynthesis in Rheumatoithatis
(RA) inflammation. For targeting COX-2 isoform,sttherefore interesting to design new moleculdfstds with
reduced side effects at gastric and renal leveBAR can modify the molecular structures for achigthe desired
molecule with the proposed property, without experital measurement. In the current study, we exgend
published work that had been investiged thie 3, 5-diphenyl-2thioxo imidazolidin-4-onederivatives as
cyclooxygenase inhibitors. In this report, QSAR asgression analysis were used to predicate théooyggenase
inhibition activity of these derivatives. Moreovbe cyclooxygenase inhibition activity for thesdeauoles that was
obtained experimentally is compared with the calted ones. The cyclooxygenase inhibition activitgame of
newly postulated 3, 5-diphenyl-2thioxo imidazolidiones derivatives showed a pronounced cyclooxygenase
inhibition activity. QSAR and regression equatiavere useful in predicating the biologic activity tbe old and
postulated molecules with good validity.
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INTRODUCTION

Rheumatoid arthritis (RA) is a systemic inflammatdisease with polyarticular synovitis leading torhation of
rheumatoid pannus and subsequent erosion of atiadrtilage and bone. Prostaglandins (PGs)--a pgrafu
arachidonic acid metabolites found at elevatedl$eire synovial fluid and synovial membrane are édered to
play a pivotal role in development of vasodilatatifluid extravasations and pain in synovial tissudoreover,
there is increasing evidence that PGs (especiatigtaglandin E2) are mediators involved in compidgractions
leading to development of erosions of articulartizage and juxta-articular bone [1-2]. There areiradant data
implicating PGEZ2 in the inflammatory features of Ratients [3-4]. Cyclooxygenase (COX), a key engytaying
crucial role in prostaglandin biosynthesis, existsat least 2 isoforms: constitutively expressedXcD and,
inducible by many mediators of inflammation, COX@0X-2 is also relevant to PGE2 biosynthesis imréit

joints; this isoenzyme is overexpressed in the giymo of RA patients, and selective COX-2 inhibit@mmeliorate
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RA synovitis [1, 5-6]. Besides lipoxygenases andxggenases, type-1 and type-2 cyclooxygenases (C@Ke
COX-2) are considered as the starting point ofrtietabolism of arachidonic acid, the precursor okfaglandins
(PGs) and thromboxane (TX). Contrary to COX-1, \khis constitutively expressed in many organs assugs,
COX-2 expression is induced in several cell type4Q]. Initially, the design of selective COX-2 iblors began
with the aim to develop anti-inflammatory drugs @IBs) with reduced side effects at gastric and rdewels.
More recently, COX-2 over expression has been dstremed in several types of diseases [11-14]. Feom
structural point of view, selective COX-2 inhibisoare divided into five classes [15-16]. Especjaliginal diaryl
carbocycles or heterocycles (coxibs). Some coxish sas etoricoxib have a six-membered ring as akentr
heterocycle (pyranone, pyridine and pyridazinod&}19]. Recently, rofecoxib was voluntarily witlemn from the
market because of an increased risk of cardiovasadverse events with a probability linked to dose and the
duration of treatment [20-21]. For targeting COXsdform, it is therefore interesting to design newlecule
scaffolds different from 1, 2-diaryl heterocycligpe derivatives such as rofecoxib. The developn@nhew
cyclooxygenase inhibitors depend mainly up on mdkacstructures and its relation to biological wities [22].
QSAR is a mathematical relationship between a biol activity of a molecular system and its geaieand
chemical characteristics. QSAR is used to find tast relationship between biological activity amslecular
properties, so that these rules can be used toateathe activity of new compounds. The purposdeskloping a
QSAR model is to reduce the cost of the targetgh@sg by modifying the molecular structures for iaging the
desired molecule with the proposed property, withexperimental measurement [23]. Subsequently, deal i
QSAR model should be capable of accurately predjcthe desired property of a newly synthesized or a
hypothetical molecule [24]. In the current study applied the QSAR and regression analysis forigied the
anti- inflammatory activity and prominent cyclooxgmase inhibitor activity of 3, 5-diphenyl-2thioxmidazolidin-
4-ones derivatives.

MATERIALS AND METHODS

This work is based on previous investigations of53]iphenyl-2thioxo imidazolidin-4-ones derivative§he
synthesis, properties, and inhibitory potency efsthderivatives were reported earlier [25]. Thekinbiy potency of
2-thioxoimidazolidin-4-ones was studied on isolat&giOX-2 as previously demonstrated on COX-2 anKaO
isoforms in human blood cells[26]. Marie et al [2B¢ntioned that the new synthesized derivatived 6tdiphenyl-
2thioxo imidazolidin-4-ones strongly or completéhhibit recombinant hCOX-2 at 50 IM. Hence we spatad
new derivatives and derived the cyclooxygenasebitibn activity for our speculated ones and comgatiee
calculated activity with the experimental activity their compounds using QSAR and regression aisaly

Quantitative structure activity relationship (QSAR)
The descriptors obtained from hyperchem versiomogjiams at the semi-empirical theoretical methadgugM1
method [27].

Semi-empirical method

The calculation method for commands was placedhencompute menu to semi-empirical quantum mechanics
rather than molecular mechanics or ab-initio quamntaeechanics. These calculations solve the Schrédieguation,
with certain approximations, to describe the etatroperties of atoms and molecules. In semi-dogbimethod,

the calculations can be simplified by calculatiing tvalence electrons only, neglecting the integfaiscertain
interactions using standard, non-optimized, andtede orbital basis functions. Experimental pararseeliminate

the need to calculate certain quantities and teecorfor errors resulting from approximations. Thiethod is
applicable and appropriate for all atoms in théquic table, where the variables are saved in drampeter files.
The choice remains until one chooses the moleenénhanics or Ab-Initio module. If a file is saveftea a semi-
empirical calculation, the HIN file will contain ¢hcalculated atomic charges [28].

AM1

AM1 is a semi-empirical SCF and a developed MNDCthoe for chemical calculations [29]. It is usefalr f
molecules containing elements from long rows 1 2ud the periodic table, but not transition metdlsgether with
PM3, AM1 is generally the most accurate semi-erogirimethod included in Hyperchem., it calculates th
electronic properties, optimized geometries, tetargy, and heat of formation.
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Statistical analysis
Multiregression analysis was used for correlatitnygicochemical descriptors to the biological atyivthrough
QSAR using winks program [30, 31].

RESULTS AND DISCUSSION

Many of imidazolinone derivatives constitute arportant class of therapeutic activities [32-34]c&ly, some
new imidazoli-none derivatives have been reportedteir biological activity [35-36]. Marie et a2%] mentioned
that the new synthesized derivatives of 3, 5-digh2thioxo imidazolidin-4-ones strongly or compligtenhibit
recombinant hCOX-2 at 50 IM. Hence we speculated derivatives and derived the cyclooxygenase itioibi
activity for our speculated ones and compared thleutated activity with the experimental activitgrftheir
compounds using QSAR and regression analysis.viels known that the work of Marie et al [25] waaded on
constructing and preparing the chemical compoundstesting each one individually as cyclooxygeriab@itors,

in which trials and errors method was followed. 8¢xe the preparations of cyclooxiginase inhibitams very
expensive, tedious, time consuming and require thgngrocedures. Accordingly, QSAR equations using
physicochemical parameters can help in this sinatin the current study, QSAR equations have le¢avorated to
predict new 3, 5-diphenyl-2thioxo imidazolidin-4emderivatives with potential cyclooxygenase irfobi activity.

In our work, the data obtained from QSAR are baerdtheir chemical structures of 3, 5-diphenyl-2koio
imidazolidin-4-ones derivatives (Table 1). The pbgshemical properties (descriptors) of the in\geted chemical
compoung are illustrated in table 2. These descriptors idelthe area, volume, hydration energy, logarithm of
partition coefficient, high occupied molecular aahjlow unoccupied molecular orbital, differenctween LUMO,
dipole moment on X directions dmx, net dipole momenadient charge by K Cal/mole angstrom on cardimm

[C (9)], oxygen atom [O (10)], charge on oxygennaf@®(12)], charge on nitrogen atom [N(20)], [O(Qharge on
keto oxygen [O(10)], and charge on nitrogen atorfLp).

The descriptors obtained from hyperchem at semidogletheoretical method [28, 37]. Fruitful destags are
gained using multi-regression statistical calcolasiin winks program [31] feeding with these dg#oris together
with the biological activities previously measuréds noted that, the data obtained from multiresgion calculated
by winks include equations used for calculating bidogical activity (cyclooxygenase inhibition agty) of the
compounds in concern as well as focusing on thet nobgef descriptors affecting the biological adiyvi
Accordingly, two equations had been obtained froaitisnegression statistical calculations. Equat@re and two
are concerned with calculating the ability of th&-8iphenyl-2-thioxoimidazolidin-4-ones derivativés act as
cyclooxygenase inhibitors for COX-2 and COX-1 retpely.

Equation one %INH COX2=SUM (579.57252+0.1712864*Area-0.330892*Volume- 7. 489685 P-
6.853842*R.l. +12.330752 Polarizaed+0.34909 MW-8®R4Total Energy +0.0476124 Bending Energy-
0.0284105Heat  Formation  +8.1562298 HOMO 1.714134 MDJ11.85709DM+18.275554Dmx-
2.922502Dmy+2.0478183 Drjry

Equation two: %INH COX1= SUM (570.48483+0.4825072Area -0.3453402Volume-1.63140dg IP-
4.018702Rerfactive index -1.456209Polarizability38B88084Molecular Weight-0.3399199 Total Energy
+0.0605661 Bending Energy +0.1356815Heat Formafidi®?4269HOMO-10.91844 LUMO-8.880187DM
+12.790518Dmx-3.365335Dmy+1.53052950mz

The degree of the validity of the two equationsaoted from multi-regression statistical calculaiamas measured
via different tools. One of such is based on caliingd the biological activity and applying our posed equations.
The data obtained are monitored with that obtaiinech the work of Marie et al [25] and tabulatedtable 3 for
comparison purposes. Reading such table, one csily emtice that the great concordance betweenrdisalts
obtained experimentally by Marie et al and thatwekgdted by using our equations. As shown from th&ults
presented in table three, the value of R is cloaanity reflecting more validity of the proposeduations. Through
reading the data in table three especially the & Rsvalues (Table 4), one can touch the highly ipnéy of
calculated values to the experimentally measurelbdical activities. Also, the proposed equatiogmsarted that the
area of 3,5-diphenyl-2-thioxoimidazolidin-4-onegidatives plays a significant role in the biologliactivity of
these compounds which interns displayed the impoetaf QSAR analysis(Table 5).
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Based on the experimental results of Marie eflable 3), each compound of 3, 5-diphenyl-2-thioxdezolidin-4-
ones derivatives 5— 9 and 11-23 was assayed fdbifioim of ovine COX-1 (0COX-1) and human recombiha
COX-2 (hCOX-2). The inhibitory potency of each nmike (50 uM) is expressed as the decrease of PGF2a
obtained by chemical reduction of PGH2 producedCt®Xs using arachidonic acid as substrate (Tabl&&)ept
for the iodo (11) and the aminosulfonyl derivati@$), the introduction of a substituent in paraipion of the
phenyl (6—15) increases the hCOX-2 inhibitory poteri-or the meta-substituted molecules (16—23)n#es trend

is observed, except for the 3-methyl (16), the Bch(19) and the 3-iodo (21) derivatives which aseor less
active on hCOX-2 than their unsubstituted parent/ghin the halo-substituted compounds, the flu@p18) and
bromo (10, 20) derivatives are the most active GOK-2 whatever their position on the phenyl ringefenor para).
The methyl sulfonyl moiety (14, 23) increases thigbitory potency on hCOX-2 particularly when pldda meta-
position (23). Both CF3-substituted compounds @), are among the most active compounds on hCOX#&en
compared to 5, the introduction of a substituermhata position (16—23) reduces the inhibitory poyeon oCOX-1,
except for the fluoro derivative (18) which is als® most active on oCOX-1 in the para series I(8the para
series, the methyl (6) compounds are more activeo@@X-1 than their parent compound (5). As expected
celecoxib, chosen as COX-2 selective inhibitor, wese potent on hCOX- 2 than on oCOX-1. At 50 IMdlecoxib
completely inhibited hCOX-2 and is less potent @OX-1.

In view of the aforementioned discussion and adogrtb the facts obtained from applying Hyperchemogpams,
the descriptors of the newly postulated structuaes examined (Table 6). Taking into account thes énd
applying our equations obtained from Hyperchem, liteogical activity of these compounds is calcethtand
illustrated (table 7). These compounds are spemuiléhking into account that they having 3, 5-diphéna
thioxoimidazolidin-4-ones moiety and the rest adithstructures are completed by active sites comeiging the
best descriptors obtained from our Hyperchem ingasbn. Thus the newly 3, 5-diphenyl-2-thioxoimiddidin-4-
ones derivatives remain to be synthesized and figagésed experimentally for their inhibition actiyitto
cyclooxygenase-2. Finally, our data may be exhibdepotential interest for investigators attemptiodind new
prominent cyclooxygenase-2 inhibitors.

Table (1); 18 derivatives of (+)3,5-diphenyl-2-thiroimidazolidin-4-ones was prepared by awide varigtof substituents placed on the 3-
aryl residue including the aminosulfonyl present inthe structures of celecoxib and valdecoxib and thmethylsulfonyl present in the
position para of the aryl rings of rofecoxib and etricoxib. Each compound was obtained as a racemasince none of them exhibited

optical rotation (c = 5, CHCI3)®!

N

>—s

N
|
H
Compound No. Ar
5 Phenyl
6 4-CHs-phenyl
7 4-GH5-phenyl
8 4-F-phenyl
9 4-Cl-phenyl
11 4-I-phenyl
12 4-CF3-phenyl
13 4-NO-phenyl
14 4-CH;SCp-pheny
15 4-NH,SC,-pheny
16 3-CH-phenyl
17 3-CHO-phenyl
18 3-F--phenyl
19 3-Cl--phenyl
20 3-Br-pheny
21 3-1-pheny
22 3-3Chk-phenyl
23 3-CHSO;-phenyl
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Table (2) Calculated descriptors by HyperChem forhhe 3, 5-diphenyl-2-thioxoimidazolidin-4-ones deriviives presented in table on&’3

o

N

>—s

N

I

A

AREA | VOLUME | LOG P R.1 Polarizi MW /| TotalE] Bendirg Flgfni;tgn HOMO | LUMO | DM | DMx | Dmy | DMz

5 407 812 1.1 88.7 31.6 2704  -102)2 -3558 86 -818 -7.3 2.9 1.64| -0.64 -2.3
6 571 910 -5.7 93.6 335 28% -108 -3677| 242 77 8-3 9.6 5.8 -1.5 -7.5
7 560 917 -6.9 98 35 298 -114.6 -4069 125 -82 -2143.8 24 | -041] -2.99
8 580 821 0.5 89 315 288 -118.3 -3568| 42 -89 -2.34.7 24 -1.3 -3.8
9 528.7 855 0.88 934 33.6 3048 -113(7 -3542 79 8 -8 -24 3.5 19| -0.83 -2.8
11 | 618.7 976 1.62 101 37 396 -11277 -3537 80 91 21 -] 36 2 -0.8 -2.9
12 577 927 -4.1 94.5 33.2 33 -154 -3424 395 46 29 -| 3.8 1.6 30.3 23.1
13 | 542.% 87¢ -7.8 93.4 33.t 31t -12¢ -3687 136.¢ -8.7 -1.4 7.7 1.2 -3.4 -6.8
14 668 1073 -6.4 102 34.6 348[4 -13¢ -3967 137 <77 -45 104| 6.5 -1 8.3
15| 690.6 1088 -4.96 107 34.] 34p -137 -3864 125 1-9 -22 6.1 4.4 -1.4 -3.9
16 579 922 -6.2 93.6| 33.5 284 -119 -3885 99 95 5-2 51 15 -3.1 -3.7
17 613 960 -5.9 95.1] 34.1 30 -117 -3450 57 -9.03 24 - 4 13 -1.9 -3.5
18 483 776 0.98 87.1 30.8 286 -113 -3541] 79 -89 3-7 33 1.6 | -0.95 -2.7
19 52¢ 85¢ 0.8¢ 93 33.t 304.¢ -154 -3807 13 -9 -2.2 4.5 | 1.1& | 25 -3.€
20 53¢ 87:¢ 1.1t 96.2 34.2 35C -11& -345¢ 162 -4.5 -1.2 117 ] 7.1 -1.7 -9.2
21 542 890 1.6 101 36.4 39¢ -112[7 -351(Q 107 -89 23 -] 45| 1.13] -25 -3.6
22 570 914 -4.6 94 .4 33.2 33 -154 -3806 14 -4 -21245 | 1.13| -25 -3.6
23 681 1086 -0.5 102.8 34.9 348 -13¢ -38771 228§ -45 -1.2 31.3] 26.6] 10.8 -12.4

9C: charge on carbon atom &0: charge on oxygen atom180; charge on oxygen atom 1*£0: charge on oxygen atom 12N: charge on

nitrogen atom 20; LUMO: low unoccupied moleculabitel; HOMO: high occupied molecular orbital; H.HExydration energy; Log P: Log of
calculated octanol-water partition coefficient; M\Wiolecular weight; dmx (dipole x): dipole momenkKidirection.

Table (3) The biological activity (percentage inhiliion of COX-1 and COX2) for 18 derivatives of 3,5diphenyl-2-thioxoimidazolidin-4-
ones as determined theoretically (by equations; 1,2nd experimentally as reported earlief?’

O.

N

Ra

R4

N,

>—
\H

No Compound % INH COX1 % INH COX2
) Exper Calcul Exper Calcul

5 Phenyl 67 67.78 63 63.06
6 4-CHs-phenyl 75 74.32 89 88.92
7 4-GH5-phenyl 8 11.1 81 80.87
8 4-F-phenyl 91 91.87 88 88.2
9 4-Cl-phenyl 57 50.16 70 715
11 4-1-pheny 40 42.6( 60 60.05¢
12 4-CF3-phenyl 67 66.70 98 97.99
13 4-NO-phenyl 12 15.94 68 68.40
14 4-CHSO,-phenyl 61 61.8 74 74.05
15 4-NHSO,-phenyl 41 41.98 42 42.025
16 3-CH-phenyl 33 26.1 60 59.9
17 3-CHzO-pheny 48 50.8 85 84.4:
18 3-F--phenyl 72 75.36 88 87.26
19 3-Cl--phenyl 20 24.0 59 58.5
20 3-Br-phenyl 48 47.0 93 92.99
21 3-I-phenyl 31 29.45 48 47.6
22 3-3Chk-phenyl 44 38.6 85 85.36
23 3-CH;SCy-pheny 38 37.9¢ 90 89.91
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Table (4): Regression analysis reflecting the vality of the proposed two equations

F-VALUE | P-VALUE R
Equation 1 at 10.0 pg COX-1 5.7 <0.15 0.802
Equation 2 at 10.0 ug COX-2 159.6 < 0.06 0.997

Where F, P and R are respectively the degree efifsen, the degree of significance and regressiofficizat

Table (5): The most important physicochemical desgutors affecting the % inh of COX-1 & COX-2 indicated by p- value and t-value
according to Hyperchem &Winks Program#71

95% CONFIDENCE USING INTERVEL AT 10UG DRUG
COX -1 COX -2
AREA AREA
t-value p-value t-value p-value
<8.2 <0.00: 16.5 <0.00:

Table (6): Calculated physicochemical descriptorsf newly speculated chemical compounds (10; strugt) of 3,5-diphenyl-2-
thioxoimidazolidin-4-ones

Ra
Ra
© N
>:S
N
N\
H
post AREA \ LOG P R.l Polariz  MW| Total E B. E. H HOMO | LUMO | DM | DMx | Dmy
-Rs -Re
1 - pyridyl 960 1554 -1.36 |  127. 43.6 42 -180 @84 389 -8.3 -151 2.8] -1.2§
2 - phenyl 960 1554 -1.36] 1278 43.4 425 177 -50p2232.8 -7.97 -1.08 74  -4.2
3 - F 706 1150 -0.62| 100.8  33.74 364 -164 -3807  .416p -8.12 -1.14 95| 54
4 F F 716 1161 -1.22|  100.9 33.65 3834  -1814 -3817117.7 -8.3 -118 | 115 -6.0
5 - Cl 730 1187.5 -024| 1054  35.7 38D -16! -3779 98.4 -8.12 -1.137] 95|  -5.3(
6 NH, 730 1182.21] -1.74| 1042 35.1 36l  -154B89  -39p1 4.20 -7.59 -1.06 75| -3.64
7 NHCH, 760 1240 -1.33 | 109.0 37.04 375/5 -160[6 -4232  @0B. -7.58 -1.05 73| -35
8 CHNHCH;, 782 1285 -0.97 114 389| 3895 -1668  -4500.7 215.7-7.5 -1.04 73| -35
9 CHNHCH,CHs 814 1336 -0.62 119 40.7] 4035 -172 -4780.5  210.96-7.5 -1.05 77| -3.73
10 CHCH,NHCH,CH; | 838 1381 -0.28 | 123.8 425] 4175 -177.J5 -506p.9 5.60 -7.5 -1.04 74| -3.3§
C: charge on carbon atom %0: charge on oxygen atom180; charge on oxygen atom 10: charge on oxygen atom 18N: charge on

nitrogen atom 20; LUMO: low unoccupied moleculabitel; HOMO: high occupied molecular orbital; H.HExydration energy; Log P: Log of
calculated octanol-water partition coefficient; MWtolecular weight; dmx (dipole x): dipole momenKidirection; B.E.:bonding energy; V:
volume; H.F. : heat of formation.

Table (7): The calculated biological activity by tte predictable two equations which are concerned witthe descriptors of the speculated

chemical compounds in table6.
Rs

R4
o N

N,

>: S
\H
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Postulated| -R -Ry %INH COX1cal | %INH COX2cal
1 pyridyl -84 -128
2 phenyl -70 -56
3 - F 11¢ 141
4 F | F 146 186
5 - Cl 110 131
6 NH, 92 117
7 NHCH; 55 84
8 CHNHCH; 22 60
9 CH3;NHCH,CHs -11 34
10 CHCH,NHCH,CHs; -49 4
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