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Abstract.

The present work aims to synthesize novel diclafetexivatives containing L-alanine moiety. The éyasized ¢
ompounds docked into the active site to discovédated inhibitors of cyclooxygenases (COX-1 and)CE).
The calculations in-silico were predicted that, toenpound with lowest energy of docked poses wasdnted
with residues of active site, perhaps could be nakiem possible selective inhibitors against (CE>nd phy
siologically active. The binding score of compouwmnpared with reference drug, and show extensiezacti
ons with the targets, which may consider it a fliaelective inhibitor against (COX-2).
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1. Introduction.

Non-steroidal anti-inflammatory drugs (NSAIDs) amiely employed in musculoskeletal disease, as
well as their anti-inflammatory properties [1]. té&f widely evaluation, NSAIDs is efficacy in diffant clinical
setting, and act as COX inhibitor (COX-1 and COX##pugh inhibiting the production of prostaglarl{iPGs)
[2-4]. Diclofenac is a one from famous availablenmbers of these drug’s class under current clinisalge [5],
and suffer from a common toxicity of gastrointeastirdrawback, due to inhibition non-selectively of
cyclooxygenase enzyme [6-8], also, its display-amtirobial [9-11], ulcerogenic, analgesic, antilmimatory,
lipid peroxidation [12,13], antitumor [14] and ibftor formation of transthyretin amyloid fibrilrpperties [15].
Also, the alaninyl derivatives especially contagiamide and thioamide moieties possess diversedioall
activities, such as anti-inflammatory, anti-tumadaantimicrobial activity [16-18]. Furthermore, stituted 4-
quinazolinone have antimicrobial[19], antifolategntitumor[20], antimalarial[21], CNS depressant,
anticonvulsants [22], anti-inflammatory [23] andalgesic activities[24]. Hence, the present stuaiyns to
synthesis new series of alanyldiclofenac derivatiaeting as new potent anti-inflammatory agenthauit
ulcerogenic effects, followed by molecular modelingdentify the structural features of thesew series.
The molecular docking was preformed, to predictadberect binding geometry for each ligand at tbiva site,
which may be support that postulation, its actiempounds may be act as a new NASIDs.

2. Results and discussion.
2.1. Chemistry.
The starting compound of 2-(4-(N-(4-bromophenyfigoyl)-phenyl)acetyl chlorid8@ was carried out
according steps depicted in (Scheme 1).

Scheme 1:regent and conditions; i- HO/ dil-Hcl., ii-SOCly,
iii-L-Ala/fussion, iv-L-Ala/THF/TEA.

Compound 4 was prepared with two strategy to afford (L)-2-(2-(2=ichlorophenylamino)
phenyl)acetamido)propanoic acid).( The first strategy: by coupling o8 with L-alnine in THF/TEA/H20
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media to gived4, another strategy; through fus2dvith amino acid to afford the desired compoundThe IR
spectrum of compound indicated that presence of a OH and NH fmcts broad band (3204 cm -1),
and its the IHNMR spectrum showed a singledtdtl2.00 ppm) due to OH protons of carboxylic. Idento
establish enantiomeric purity of isolated compoutheé, specific rotation values were determinedhich
remained unchanged after repeated crystabizafor several times. Also, enantiomeric sscdee) and
diastereoisomeric excess (de) values were detednthese values based on the stereo configuratiamino
acid of amide part of productd, which obtained through nucleophilic addition fiée amino acids
on diclofenac. Also, from TLC analysis, thetioal purity of the resulting compounds wgseater than
97%. Thus, as expected, stereo chemical configuratio-carbon atom of the acid was practically unaffected
and this synthetic transformation from chitehmino acid could be applied to a wide range of poumds
without undergoing any significant loss of opticadtivity.

2.2. Biological activity:
2.2.1. anti-inflammatory activity
The screening of the anti-inflammatory activity imosfor the synthesized compounds were preformesing

the functional model of Carrageenan-induced sat pdema assay[27], this test is a nonspecifianmfhation
but is highly sensitive to NSAIDs. Indomethacirdabiclofenac is one of the most potent NSAIDs, avab
used as a reference drug, the percentage redwdtiested compounds for edema in comparison wihctmtrol
was calculated (Table 1). The percentage edemetied for the tested compounds compared with trerol
and reference drugs groups, showed significantevedimged (54.19%) for compoudd (Table 1). The tested
compound showed, nearly reduction percentage ohad®mmpared with reference drugs (Table 1).

Table 1: Anti-inflammatory effect of synthesized compdsion carrageenan- induced paw edema in rats
afterl, 2,3 and 4h of test drug administration.

Compounds Volume of paw edema (in ml)*
% Inhibition **
1h 2h 3h 4 h
Control 71.6949.941 105.2+10.98 119.3#12.04 125.1+11.12 _
Indomethacin 12.76+2.795a 16.73+2.886 a 28.28+3.789 a 40.67+4.801 q 67.49
Diclofenac 12.55+1.35a 19.16+1.23a 27.77+2.123 a 43.56+5.306 a 65.17
4 18.36+1.21  25.27+2.156 a 45.75#6.04 a 52.32+3.35a 54.19

* Values are expressed as mean +S.E.M (n = @)amlyzed by ANOVA. Dose= 20 mg/kg.
** Percentage Inhibition of paw edema from contgobup
a) Statistically significant at the correspondinmé (p < 0.05).

2.2.2. Analgesic activity

The analgesic activity of tested compounds wasuatedl by using tail-flick test in mice [28], withet
same dose as used for anti-inflammatory activibg gercent protection of the drugs was calculatéichble 2.
The compound under investigation, showed analgegivity in 45.78%., and showed analgesic potereyrly
the analgesic effect of diclofenac sodium (Table 2

Table 2: Analgesic activity using tail-flick test and Ulcegastric of rats for tested compounds.

Compounds Analgesic activity* Ulcerogenic index
% protection
Base line 30 Min 60 Min 90 Min *x Ulcer Ulcer
severity Number
Control 3.640+0.445 3.750+0.256  4.320+0.489 5.340+0.356 _ 0.0 0.0
Indomethacin | 4.700+0.452 7.960+0.823  10.28+0.873a 13.68+0.471a 22.4 11.8 0
60.96 +1.652 .985
Diclofenac 5.000+0.512 6.240+0.623  7.580+0.725 10.26+1.121 47.95 0.0 0.0
4 4.250+0.432 6.125+0.513  7.680+0.712 9.850+0.735 45.78 0.0 0.0

* Values are expressed as mean +£S.E.M (n =n@) @nalyzed by ANOVA. Dose= 20 mg/kg.
** Percentage protection tail flick tail fromontrol group
a) Statistically significant at the correspondinmé (p < 0.05).
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2.2.3. Acute ulcerogenesis

The compounds were screened for gastric irritadictivity. The ulcerogenic effect of Indomethacirdan
newly synthesized compounds were studied at 20kggn rats. The data in table 2, the tested comgsun
exhibited significant reduction in ulcerogenicctigity compared with the indomethacin (standdrdg),
which showed high severity index of 450.316, this data confirmed that, these compowstsved
negligible ulcerogenic effect, and may be considexg safer drugs for treating inflammation condgion

2.2.4. Determination of acute toxicity (LD50)

The LD50 for diclofenac sodium and isolated new pound4 was screened, all rats were alive during
the 24 h of observation when treated with up to B@Q kg for different compounds, and did not showisible
signs of acute toxicity, furthermore, Therapeutitdex was calculated: as following ( LD50 \ ED5The
LD50 of isolated new compounrtlwas 820 mg\kg with therapeutic index 41.5, LD&tnhpared with value 530
mg\kg for diclofenac sodium was (therapeutic irde6). So, the new isolated compou#dhave higher
therapeutic index compared with diclofenac sodiang may be appear to be relatively less toxic a-GOX
agents.

2.3. Molecular Modeling studies.
2.3.1. Conformational analysis

It is obvious that, a possibility existence of tegnthesized amino acid derivativdsin L and D
stereoisomer forms. In trying to achieve betteiginisinto the molecular structure of the most prehtially
steroisomer forms for its compounds, conformati@mallysis of the target compounds has been pertbusiag
the MMFF94 force-field[29] (calculations in vacudond dipole option for electrostatics, Polake&ie
algorithm, RMS gradient of 0.01 kcal/A mol) implented in MOE [30]. The most stable conformer 4owere
fully geometrical optimized with molecular orbitainction PM3 semi-empiricaHamiltonian molecular orbital
calculation MOPAC 7 package [31]. The computedeunolar parameters, total energy, electronic endrgst
of formation, the highest occupied molecular ofkit)OMQO) energies, the lowest unoccupied molecoldital
(LUMO) energies and the dipole moment for studiethpounds were calculated (Table 3).

The calculated molecular parameters have been tosiwestigate the most stable stereoisomer form
(table 3) and showed the most stable stereocisomer igLthorm, this may be explained by slightly redudess i
calculated energy, and leads to predominance tihistares (L) form over (D) forms. The lowest mmmization
energy for the for new isolated structures exhibifEig .1), The higher HOMO energy values showe th
molecule is a good electron donor, in otherchahe lower HOMO energy values indicate that, emker
ability of the molecules for donating electronUMO energy presents the ability of a molecule feceaiving
electron [32], (Table 3).

Table 3: The Optimized Calculations Energies at PM3 mdégoorbital forl-4.
L

Cpd E Eele HFE IP HOMO LUMO
67011.1 -415646 -70.83 6.79 -6.09  -0.09 7.96

3 | -74214.3 -403091 -2.454 8.75 -8.15 -0.31  3.17

-94548.3 -657542 -90.49 8.61 -8.21 -0.30 4.23
D

1 |-68011.1 -425646 -71.83 6.79 -6.79 -0.09 7.96

3 | -76214.3 -473091 -2.454 8.75 -8.75 -0.41 3.17

4 | -97547.9 -696306 -92.68 8.79 -8.79 -0.48 4.30

E: Total energy (kcal/mol)E-ele:Electronic energy (kcal/mobBiF: Heat of formation (kcal/mol)lP: lonization potential
energy(kcal/mol)HOMO: Highest Occupied Molecular Orbital(eM)lUMO: Lowest Occupied Molecular Orbital(eVik
Dipole momer{Deby)

2.3.2 ADMET factors profiling:

Oral bioavailability considered playing an impottaole for the development of bioactive moleculss a
therapeutic agents. Many potential therapeutic @géail to reach the clinic, because of their ADMET
(absorption, distribution, metabolism, eliminatiamd toxic) Factors. Therefore, a computational ystéat
prediction of ADMET properties of the molecules wasrformed for tested compounds4, by the

71



Chemistry and Materials Research www.iiste.org
ISSN 22243224 (Print) ISSN 2225956 (Online) l'—,i,!
Vol.6 No.2, 2014 IIS E

determination of topological polar surface area3AR, a calculated percent absorption (%ABS) Whias
estimated by Zhao et al. equation [33], and “roddive” formulated by Lipinski[34], which eskdished that,
chemical compound could be an orally active drugpumans, if no more than one violation of the foilag
rule: i) ClogP (partition coefficient between watand octanol) <5, ii) number of hydrogen balahors sites
< 5, iii) number of hydrogen bond acceptors sited.0, iv), molecular weight <500 and molar refiaty
should be between 40-130. In addition, the tptaar surface area (TPSA) is another key propénket to
drug bioavailability, the passively absorbed moleswvith (TPSA>140) have low oral bioavailabilit3q]. All
calculated descriptors were performed using MOEk&ge [30], and their results were disclosed in ([@ah).
Our results revealed that, the CLogP (factor efltpophilicity [36] was less than 5.0 excepand 20-23 the
molecular weight (MW< 500), hydrogen bond acceptmtveen (2-5), hydrogen bond donors between (1-3)
and molar refractivity values ranged (~73-93),ttiéda show these compounds fulfill Lipinski's ruldso, the
percent in ranged between (~ 82-99%).

Table4: Pharmacokinetic parameters important for good lmvailability of compounds$,3 and4

CPD_ HBD HBA LogP V Vol TPSA  %ABS LogS nmr AE g S % o o

1 1 2 420: 0 15C 291 9930 -491¢ 73.1¢ 6.70E 3.35;. 029¢ -3.4436( 3.44: 1.76¢
3 1 2 5131 1 1322F 291  99.30 -566] 75.4¢ 8.3: 4.16¢ 023¢ -45814: 4581 2517
4 3 5 3.82 0 154620 78.4: 8228t -5. 79.3. 8.31: 4.15¢ 0.24C -4.45¢  4.45¢ 2.38¢

TPSA: Polar surface area(A°2), %ABS: Absorption percentagevol: Volume (A3),HBA: Number of hydrogen bond
acceptor,HBD: Number of hydrogen bond dono¥,: Number of violation from Lipinski’s rule of fivd.pg P: Calculated
lipophilicity., Log S: Solubility parameternnr: Molar Refractivity AE: Energy Gap&V), y: Hardnes¢eV), S: Softnes(eV),

¥ : Electronegativity (eV)g: chemical potentialeV), o:Electrophilicity (eV).

The HOMO and LUMO of a molecule play important sla intermolecular interactions[37], through
the interaction between the HOMO of the drugth the LUMO of the receptor and vice versaeTh
interactions stabilized inversely with energy gapween the interacting orbitals. Increasing HOM@rgy and
decreasing LUMO energy in the drug molecule leadrtbancement stabilizing interactions, and henioelirg
with the receptor. Furthermore, the global and ll@teemical reactivity descriptors for molecules &ebeen
defined (table 4), like softness (measures stgbiit molecules and chemical reactivity [38]), haeds
(reciprocal of softness), chemical potential, elmwtgativity (strength atom for attracting electdo itself),
electrophilicity index (measuring lowering energyedo maximal flowing electron between donor anckator)
[38-43]. The results showed, the higher potencypmmd4 have, higher electrophilicty, higher hardness,dow
energy gap, lower softness, lower electronegataitgt lower dipolemoment (Table 3), which may belaxed
the highest anti-inflammatory affinity of its compuws (Table 4).

2.3.3. Docking studies:

In brief, two isoforms of COX protein are known: @, is responsible for the physiological
production of prostaglandins, which is expressecthast tissues; and COX-2, is responsible for tlee@sing
production of prostaglandins during process of mffeation, which is induced by endotoxins, cytokisesl
mitogens in inflammatory cells [44]. Recently, framalysis of X-ray cocrystal of arachidonic acidhv@OX-2
showed that, carboxylate coordinated with Tyr-38b&er-530[45], as well as the action of NSAIDsptlgh
interaction carboxylate group with Tyr-385 and S86, which stabilize the negative charge of theatetdral
intermediate [46], and demonstrated that, Tyr-38& Ser-530 have a structural and functional eviddoc the
importance of them in the chelating of the ligad&3$] Molecular docking of the synthesized compauimdo
the active site of COX was performed, in order nolerstanding obtained biological data on a strattioasis,
through rationalized ligand—protein interaction &abr. All calculations for docking experiment foemed
with MOE 2008.10 [30]. The tested compounds wewmdweated in silico (docking), using X-ray crystaiusttures
of COX-1 (ID: 3N8Y)[46] and COX-2 (ID: 1PXX) [45]amplexes with Diclofenac as inhibitor. The tested
compounds docked into active sites of both enzy@®X-1 and COX-2. The active site of the enzyme was
defined to include residues within a 10.0 A radimsany of the inhibitor atoms. MOE scoring functiohthe
most stable docking model for tested compoundsiegppb evaluate the binding affinities betweenitit@ébitors
complexes with (COX) active sit&able (5).
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Table5: Docking energy scores (kcal/mol) derived from RhWOE for new isolated ligands:
COX-1
Cpd. | dG Int. H.B. Eele Evdw
1 -9.37872 1.94646 -15.2523 -9.37872 -22.4701
4 -8.4911 1.378388 -19.46 -10.4911 -26.1386
COX-2
1 -08.8173 -22.018 -14.9099 -7.95803 -15.1421
4 -123.166 -26.6146 -20.3448 -8.14974 -20.5073

d.G.: free binding energy of the ligand from a given comfer, Int .: affinity binding energy of hydrogen bond interaction
with receptor H.B.: Hydrogen bonding energy between protein and ligadbele: the electrostatic interaction with the
receptor Evdw: van der Waals energies between the ligand andebeptor.

The complexes were energy-minimized with an MMFF&4ce field [29] until the gradient
convergence 0.05 kcal/mol reached. The most activepounds docked successfully into the COX-1 activ

site.

Fig. 2. The compoun(l) Docked into the active site of COX-2. using MOBlto

.the binding energies obtained from modeled of di#elacl and4 into active site of COX-2 are (~ 98.8
and -123.16) , respectively, (Fig. 1 and 2 , td¥)le reference druglf and compound! stabilized in binding
pocket by adjusting two phenyl ring in perpendiculath each other. In addition, the compourd} and (4)
were arranged with binding pocket by perpendicaldjusting of chlorophenyl ring of ligandsand 4 with
phenyl ring of Tyr-385

Fig. 2. The compoun@!) Docked into the active site of COX-2. using MOBlto
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The results obtained clearly reveals that, thmino acid residues close to the reference
molecules diclofenac are mostly the same as thbserved in the currently isolated synthesized @amgs
complexes with protein (Fig. 1 and 2). Comparechuiite original inhibitorl, the higher binding energies and
binding process interaction observed foindCOX-2, and the lower binding energies of isolated complsun
COX-1, this results indicate that, this compodnalt as selective inhibitor against COX-2 and adbersing most
suitable more suitable COX-2 inhibitor than dicloéa, this could probably due to the presence hydroic
amino acid residue in prepared ligand.

2. Conclusion.

A series of Diclofenac derivatives containing Lrafee moiety 4) synthesized. The comparative docking
experiment was carried out on isolated synthesimadpound(4) compared with reference moleculeswhich
indicate that, this compound was stabilized in bireding pocket of COX with a similar binding modé o
diclofenac, and have higher binding score, and slowuitable selective inhibitors against COX-2. The
compounds subjected to ADMET profile, which themadty reveled that, this compounds should pregeatd
passive oral absorption. The ulcerogenic studiegsesed for isolated compoury and showed negligible
ulcerogenic effect with higher safety and betterdpeutic index than diclofenac, molecular docksigdies
supported with ulcerogenic effect, and understapdire various interactions for ligands and actitessof
enzyme help to design novel potent selective COMhibitors.

4, EXPERMINTAL:
4.1. Instrumentation and materials:

Melting points taken on a Griffin melting point aptus and are uncorrected. Thin layer chromatbgrap
(Rf) for analytical purposes was carried out oitaigel and developed. Benzidine, ninhydrin, andrbyamate
tests used for detection reactions. The IR specfrathe compounds recorded on a Perkin—Elmer
spectrophotometer model 1430 as potassium bromédletp and frequencies reported in cm-1. The NMR
spectra were observed on a Varian Genini-300 MHztspmeter and chemical shif®) @re in ppm. The mass
spectra recorded on a mass spectrometer HP modeQMISO00EX (Shimadzu) at 70 eV. Elemental analyses
(C, H, N) were carried out at the Microanalyticarfre of Cairo University, Giza, Egypt.

4.2. Synthesis:

4.2.1. 2-[(2,6-Dichlorophenyl)amino]phenyl acetyl chloride (3) .
Prepared by reported method and directly usedeiméxt step (40, 41).
4.2.2. General proceduresfor synthesis L-aminoacid derivatives (4).

Path 1:

A mixture of (0.01 mol) L-alanine with (0.01 molj 8-(2-(2,6-dichlorophenyl-amino)phenyl)acetic agd
was fused at 280°C in an oil bath for 15 min., finged mass was dissolved in ethanol and pouredl anid
water, the solid obtained was recrystallized frahagol to give compound

Path 2:

The mixture of (0.01 mol) L-alanine with 2-[(2,6eHlorophenyl)amino]phenyl acetyl chlorid8) were
dissolved in mixture of water (25 ml) and THF (Ihrtriethylamine (2ml) was added, followed Iportion-
wise addition of acid chloride8{0.01 mmol) during 30 min, temperature o€ treaction mixture was kept
at 10°C during the addition. Stirring continued 8 h at 10°C. THF was removed by concentnatad the
reaction mixture under reduced pressure; W&@ml) was added and acidified with 1 N HCL to pbl The
crude products filtered and re-crystallized fromagiol. The product waschromatographically homogeneous
by iodine and benzidine developmerrown crystal : yields=81%; Rf= 0.35 (CHCI3/EtOHZ}3/ mp: 149-51
°C; =+49.1° (EtOH); IR (KBr cm-1y; 3204 broad band (OH,NH), 3095 (CHarom.), 2854 &{CH
1730(C0O),1612 and 1567(CONH) cm1; 1H NMR (300 MBBCI3) 8= 12.00 (s, 1H-OH), 7.72 — 7.05 (m, 7H-
Ar-H), 7. 01 (s, H-NH-Dic.), 6.83(s, H-NH-Ala), 38, 2H, CH2-Dic.), 0.06-0.03 (m, 4H-Ali-H); AnaCalcd.
for C;7H16CIoN,O5 (366): C (55.51%), H (4.32%), N (7.56%)0uRd: C (55.60); H (4.39); N, (7.33).
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4.3. Molecular Modeling Study:
4.3.1. Generation of Ligand and Enzyme Structures.

4.3.1.1. Selection of COX structures.

Docking study was carried out for the target commatzuinto (COX-1 (ID: 3N8Y) and COX-2 (ID: 1PXX)
using MVD,4.0 and MOE,10. The crystal structuretioé COX) complexes with X), which a selective
inhibitor of COX-2 in co-crystallized form in thective site of the receptor. From X-ray crystal stume studies
of the COX enzyme, the mouse enzyme expected teehesimilar to the human [19], and used as model f
human COX enzyme.

4.3.2. Preparation of Small Molecule:

Molecular modeling of the target compounds builingsMOE, and minimized their energy with PM3
through MOPAC. Our compounds introduced into t@®X) binding site accordance the published crystal
structures of1) bound to kinase.

4.3.3. Stepwise Docking Method:
4.3.3.1. MOE Stepwise

The crystal structure of the (COX) with a Diclofenél) as inhibitor molecule, was used for the
receptor molecule, Water and inhibitor moleculesrewveemoved, and hydrogen atoms were added. The
parameters and charges assigned with MMFF94x fitelck  After alpha-site spheres were generatédguihe
SITE FINDER module of MOE. The optimized 3D stwres of molecules were subjected to generate
different poses of ligands using triangular chat placement method, which generating posealifging
ligand triplets of atoms on triplets of alpha s@®erepresenting in the receptor site points, aaentiplet of
alpha sphere centers is used to determine the ¢harseg each iteration. The pose generated rescased)
London dG scoring function. The poses generatea wefined with MMFF94x forcefield, also, the solwait
effects were treated. The Born solvation model @Bused to calculate the final energy, and thealfin
assigned poses assigned a score based on theérgy & kJ/mol

4.4. Pharmacology.
4.4.1. Determination of acute toxicity

The acute toxicity and lethality (LD50) for thewésolated compound estimated in albino mice (25—
30 g). In a preliminary test, animals in groupgtoke, received one of 300, 500, 600 or 700 mg\ftr the
tested compounds and diclofenac. Animals obseree@4 h for signs of toxicity and number of deathke
LD50 calculated as the percentage mortality ihagoup was determined 24 h after administratioh[44

4.4.2. Acute ulcerogenesis.

The studies carried out on healthy Albino rats atose 20 mg\ kg. The animals were divided into
different groups of six each, group | served astrobrand received vehicle only, groups Il receivedre
indomethacin 20 mg\kg, the other groups were aditeired test compounds in dose molecularly equivaten
20 mg\ kg of indomethacin. Before 24 h administratof the tested compounds, Food not water rema¥ed;
rats fed normal diet for 17 h and then sacrificéérathe drug treatment. The stomach removed arehegh
along the greater curvature, washed with distildeder and cleaned gently by dipping in saline. Tihecosal
damage examined by means of a magnifying glass.eBoh stomach, the mucosal damage was assessed
according to the following scoring system[45].
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