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ABSTRACT

A series of novel 3-(aminooxalyl-amino)-2-phenylagvibenzoic acid and 3-(carbamoyl-propionylamino)-2-
phenylamino-benzoic acid derivatives and their esponding methyl esters were synthesized underabifim
condensation in the presence of dimethylformamisleaasolvent or in a solid phase. Ullmann condemosati
conditions were optimized for the synthesis thespitoducts best yields were obtained. The antidnfhatory and
analgesic effects of novel 2-phenylamino-benzdit @erivatives was evaluated in vivo employingdhgageenan-
induced rat paw edema method and acetic acid indiwaéhing test in mice. The correlation analysetween anti-
inflammatory and analgesic activities with differegubsets molecular descriptors was carried out id¥
compounds. The regression models derived with @8@Rsis displayed the significant influence of BDlecular
descriptors on the biological activity of the corapds.

Key words: 2-phenylamino-benzoic acid, anti-inflammatory aityiv analgesic activity, molecular descriptors,
QSAR analysis

INTRODUCTION

The diverse strategies development for the diresiedhesis of potential drug candidates are praogidhrough
scaffold hopping towards the hit compounds idemtyand furthein silico techniques application for their rational
design.

Molecules designed on anthranilic acid scaffoldiagy candidates have attracted great interest ihemmomedical
chemistry during recent years. It had been obsethad best known non-steroidal anti-inflammatoryugs
(NSAIDs) are acidic in nature. N-phenylantranilicicaderivatives like mefenamic acid and meclofen@msdad
been used in therapy as potent analgesic andrdiatiimatory agents in the treatment of osteoaishriheumatoid
arthritis and other painful musculosketal illnesged]. Recent literature showed that substitutiah®-position of
anthranilic acid by different aryl or heteroaryl igties markedly modulated the anti-inflammatoryeetf[5, 6]. N-
phenylanthranilic acid hydrazides were also regbttebe effective as analgesic agents and showed amalgesic
activity in comparison to mefenamic acid and dietaic sodium [7].

Anthranilic acid is a good pharmacophore that éxjfrently used in drug discovery programs [8, $].slirrogates
which incorporated the tetrahydro anthranilic astéffold led to compounds with improvéd vitro activity and
superior pharmacokinetics profiles. Furthermoreséh anthranilic acid analogs also exhibited goddcteity

against cytochrome P450 subtypes CYP2C8 and CYR2@9 Among the wide variety of chemical structuies
development of new anticancer drugs a series oélngy(2-pyridin-4-yl)anthranilic acid derivativesene shown to
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possess potenh vitro antiproliferative activity against human tumoilgeexhibiting preventive or inhibitory
activity on account of their action through diffetebiological mechanisms [11, 12]. Th& vivo and

pharmacokinetic data provided convincing evidenicat ta series of N-phenyl anthranilic acid analogsia

potentially generate clinical candidates for Alzhei’s disease therapy [13].

Quantitative structure-activity relationship (QSARnalysis is one of the techniques used to inygati the
correlation between biological activity and molexubr physicochemical properties of a set of mdes|14].
QSAR models derived provide remarkable informatarthe structural features of the drug-like moleswnd give
guidance for the novel drugs design.

The objective of the present work was to syntheaizeries of novel 2-phenylamino-benzoic acid dirres by the
structural modification in "8 position with aminooxalil and carbamoyl moietiesstitution and the corresponding
methyl esters obtaining for further pharmacologsmkeningn vivo as anti-inflammatory and analgesic agents. We
are also reporting the above-mentioned biologiffélces evaluation as the response for further Q@&fRlysis we
thought it being essential to perceive the impartaof the molecular properties, which are criticahccentuating
the activities.

EXPERIMENTAL SECTION

1.1. Materials
All chemicals were of analytical grade and comnadlgiavailable. All reagents and solvents were us@tout
further purification and drying.

1.2. Chemistry

All the melting points were determined in an opapitary and are uncorrected. The IR spectra wecended on
«Specord M-80» spectrophotometer, the solid-stateptes of novel compounds were prepared by dilutiodry
potassium bromide up to the concentration of 1 #6 BRourier transform infrared spectrophotometer sidan
Shimadsu FTIR 8000 seriesH NMR spectra of newly synthesized compounds in IM# solutions were
recorded on a spectrometer Varian Mercury VX-2000(R1Hz) at 298 K. Chemical shifts are reported §ppm)
relative to TMS as internal standard, coupling tanis) are expressed in Hz. The elemental analysis expetal
data on contents of carbon, hydrogen and nitrogene within +0.4 % of the theoretical values.

1.2.1.General procedure for the synthesis of 3-(aminooxgl-amino)-2-phenylamino-benzoic acid (1) and its
aminooxalil- and phenylamino- moieties substitutedierivatives (1V, 2-9)

1.2.1 A 2-Chloro-3-(aminooxalyl-amino)-benzoic acid os éppropriate aminooxalyl moiety alkyl substituted
derivative () (0.01 mol) was dissolved in dimethylformamide (BM(25 mL), phenylamine or its appropriate
phenyl moiety substituted derivative (0.04 mol)tgssium carbonate (0.01 mol), and copper powdér dpwere
then added. The reaction mixture was refluxed fa0& at 145-150C. Water (100 mL) was then added and the
mixture was cooled to 6@°and acidified with HCI to pH=3. The precipitatattiormed was filtered off, washed
with hot water and dried. The obtained compound®wecrystallized from ethanol.

1.2.1 B (Solid-phase synthesisA solid mixture of 2-chloro-3-(aminooxalyl-aminbgnzoic acid or its appropriate
aminooxalyl moiety alkyl substituted derivativé) ((0.01 mol), phenylamine or its appropriate phemgdiety
substituted derivative (0.01 mol), potassium cadberf0.01 mol), and copper oxide (0.0005 mol) weetdd for 2 h

at 180-220 €. The reaction mixture was then cooled and eth&Aol aqueous solution (10 mL), dioxane-water
(2:3) or DMF-water (2:3) was added. The solutionsvimiled with activated carbon for 15 min. The teac
mixture was filtered off, then HCI aqueous solutidnl) was added until pH=3. The precipitate wé#srid off,
water-washed and dried.

1.2.1 C 3-Amino-2-phenylamino-benzoic acid or its appiaf@ phenylamino moiety substituted derivative) (
(0.01 mol) was treated with pyridine (0.78 g, Orfidl) in dry acetone with constant stirring for 3thmand cooling
(0-5°C). Then ethyl chloro(oxo)acetate (1.4 g, 0.01 ma} added by drops bringing the solution tempegatiprto
40° C. After the reaction mixture cooling it was pourgdo water to afford respective 3-ethoxyoxalyl-amin
derivatives. The precipitate that formed was fédtboff, washed with diluted HCI (1:1), dried andcrgstallized
from ethanol agqueous solution.

3-(Ethoxyoxalyl-amino)-2-phenylamino-benzoic acidits appropriate phenylamino moiety substitutedvdgive
() prepared in the previous stage was dissolvedthan®l (20 mL) and ammonia (for compouny (1) or
appropriate alkylamine 25 % aqueous solution (Q.3vas then added. The react ion mixture was hetatetie
boiling point and left standing for 10 h. The ppetite that formed was filtered off, washed withtevaand dried.
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The target compoundd\{ 1-5) are white crystalline powders, well soluble icadols, acetone, DMF, DMSO,
dioxane, alkalis solutions, almost insoluble intavand hexane.

1.2.1.1.3-(Aminooxalyl-amino)-2-phenylamino-benzoic acid (/' 1)

Yield 66% (1A protocol), 79% (1B protocol), 87% (p@otocoal),, mp 230-231° IR (KBr): v 3388 (N-H,Ph-NH-

COCONH,), 3257 (N-H,Ph-NH-COCONH), 1720, 1655 (C=0, COOH), 160PH), 1250 (C-N,Ph-NH-Ph), &

1578 (N-H,Ph-NH-Ph) cmi*. *H NMR, §, ppm: 5.73 (s, 2H, NjJ, 6.71-7.74 (m, 8H, s CsH3), 8.43(s, IHPh-

NH—-COCONH), 9.73 (s, 1HPh-NH-Ph), 10.25 (s, IHCOOH). Calcd. for GH;3N;04 %: C 60.20; H 4.38; N
14.04. Found %: C 60.45; H 4.51; N 13.95.

1.2.1.2. 3-(Methylaminooxalyl-amino)-2-o-tolylaminebenzoic acid(lV 2)

Yield 67% (1A protocol), 78% (1B protocol), 88% (p@otocoal),, mp 219-220° IR (KBr): v 3378 (N-H,Ph-NH-

COCONH,), 3262 (N-H,Ph—-NH-COCONH), 1695, 1658 (C=0, COOH), 1608H), 1242 (C-N,Ph-NH-Ph), &

1583 (N-H,Ph-NH-Ph) cmi®. *H NMR, d, ppm: 1.35 (s, 3H, -NH=CHi 2.32 (s, 3HPh-CH;) 6.96-8.64 (m, 7H,
CesH4 CeH3), 8.91 (s, IHPh-NH-COCONHCH), 9.06 (s, 1IHPh-NH-Ph), 9.55 (s, 1H, NHCH,), 12.20 (bs, 1H,
COOH). Calcd. for GH;7N304 %: C 62.38; H 5.23; N 12.84. Found %: C 62.10;.865N 12.93.

1.2.1.3.3-[(2-Hydroxy-ethylaminooxalyl)-amino]-2-m-tolylamino-benzoic acid (IV 3)

Yield 70% (1A protocol), 73% (1B protocol), 82% (ptbtocol),, mp 205-207 IR (KBr): v 3370 (N-H,Ph-NH-

COCONH,), 3255 (N-H,Ph-NH-COCONH), 1705, 1652 (C=0, COOH), 159pH), 1238 (C-N,Ph-NH-Ph), &

1572 (N-H,Ph-NH-Ph) cmi®. *H NMR, §, ppm: 2.30 (s, 3HPh-CHs), 3.44 (m, 4H, -CH-CH,~OH), 4.80 (s, 1H, -
CH-CH,-OH), 6.87-8.65 (m, 7H, g, GCeHj), 9.08 (s, 1H, Ph-NH-Ph), 9.12 (s, 1H, Ph-NH-

COCONH(CH),0H), 10.21 (s, 1H, -NH(CH,)—OH), 12.08 (bs, 1HCOOH). Calcd. for gH1dN3O5 %: C 60.50;
H 5.36; N 11.76. Found %: C 60.64; H 5.25; N 11.83.

1.2.1.4.3-(Butylaminooxalyl-amino)-2-(3,4-dimethyl-phenylanino)-benzoic acid (I1V 4)

Yield 62% (1A protocol), 68% (1B protocol), 80% (p@otocoal),, mp 220-2222° IR (KBr): v 3370 (N-H,Ph-NH-
COCONH,), 3245 (N-H,Ph-NH-COCONH), 1725, 1644 (C=0, COOH), 160PH), 1235 (C-N,Ph-NH-Ph), &
1568 (N-H,Ph-NH-Ph) cmi*. *H NMR, §, ppm: 1.23 (1] = 8.0 Hz, 3H, -NH-CH-CH,~CH,—CH;), 1.82 (m, 4H, -
NH-CH~CH~CH,—CH), 2.18 (s, 3HPh-3-CH;), 2.25 (s, 3HPh-4-CHs), 3.50 (d,J = 5.6 Hz, 2H, -NH-CH-
CH,—-CH,—CHy), 6.61-7.70 (m, 6H, g3 CsH3), 8.56 (s, 1HPh-NH-COCONHCH), 9.60(s, 1H, Ph-NH-Ph),
10.15 (s, 1H,-NH—(CH,)s—CHs), 10.22 (bs, IHCOOH). Calcd. for gH»sN:04 %: C 65.78; H 6.57; N 10.96.
Found %: C 66.65; H 6.65; N 11.01.

1.2.1.5.2-(4-Chloro-phenylamino)-3-(methylaminooxalyl-aming-benzoic acid (IV 5)

Yield 66% (1A protocol), 77% (1B protocol), 87% (J@otocol),, mp 172-174C IR (KBr): v 810 (C-Cl),2956
(C—H, CH3 asym), 2842 (C-HCH; sym), 3350 (N-HPh-NH-COCONH), 3238 (N-H,Ph—-NH-COCONBH),
1700, 1642 (C=0, COOH), 15981lf), 1232 (C-N,Ph-NH-Ph), 1572 (N-H,Ph-NH-Ph) cm*. *H NMR, 6, ppm:
2.79 (s, 3H, -NH=CF), 6.76-7.74 (m, 7H, §3 CsH,), 8.57 (s, IHPh-NH-COCONHCH), 9.02(s, 1H,Ph-NH-
Ph), 9.73 (bs, IHCOOH), 10.23 (s, 1HINH—CHz). Calcd. for GgH14CIN;O4 %: C 55.26; H 4.06; N 12.08. Found
%: C 55.19; H 4.14; N 12.14.

1.2.2. General procedure for the synthesis of 3-(carbamoypropionylamino)-2-phenylamino-benzoic acid
carbamoyl- and phenylamino- moieties substituted dévatives (IX 6-8)

2.2.2 A An appropriate 2-chloro-3-(3-carbamoyl-propiomglao)-benzoic acid carbamoyl- moiety alkyl or
hydroxylalkyl substituted derivativeV] (0.01 mol) was dissolved in dimethylformamide (BM(25 mL),
phenylamine appropriate phenyl moiety substitutedvdtive (0.04 mol), potassium carbonate (0.01)mahd
copper powder (0.1 g) were then added. The reaatiature was refluxed for 8-10 h at 145-150 WWater (100
mL) was then added and the mixture was cooled t806a8nd acidified with HCI to pH=3. The precipitateath
formed was filtered off, washed with hot water ashided. The obtained compounds were recrystallizednf
ethanol.

1.2.2 B (Solid-phase synthesis)A solid mixture of the appropriate 2-chloro-3€8rbamoyl-propionylamino)-
benzoic acid carbamoyl- moiety alkyl or hydroxyhlksubstituted derivative\{) (0.01 mol), phenylamine
appropriate phenyl moiety substituted derivativeD{0mol), potassium carbonate (0.01 mol), and copp@le
(0.0005 mol) was heated for 2 h at 180-2€0 Phe reaction mixture was then cooled and eth&fAd¥ aqueous
solution (10 mL), dioxane-water (2:3) or DMF-wat&:3) was added. The solution was boiled with at&d
carbon for 15 min. The reaction mixture was filtbidf, then HCI aqueous solution (1:1) was addetil pi=3.
The precipitate was filtered off, water-washed dridd.
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1.2.2 C The appropriate 3-Amino-2-phenylamino-benzoicdaeippropriate phenylamino moiety substituted
derivative ¥1) (0.01 mol) was dissolved in glacial acetic aci® L) and the obtained solution was then treated
with dihydro-furan-2,5-dione (1.0 g, 0.01 mol), dlhous sodium acetate (0.5 g) and acetic anhydtid¥ g, 0.01
mol). The reaction mixture was refluxed for 1 hafiford respective 3-(2,5-dioxo-pyrrolidin-1-yl)-Zhpnylamino-
benzoic acid derivatives/(l ). The reaction mixture was then cooled and dilutétth water. The precipitate that
formed was filtered off, washed with water and drie

3-(2,5-Dioxo-pyrrolidin-1-yl)-2-phenylamino-benzomcid derivatives\(l1') (0.01 mol) prepared in the previous
stage were dissolved in methanol (20 mL) and apjatg methylamine or hydroxoethylamine 25 % aqueous
solution (0.5 g, 0.01 mol) was then added. Theti@acenixture was heated up to the complete reastdissolving
and left standing for 1.5 h at rt. The reaction tni& was then diluted with water and acidified wHiC| 1:1
solution. The precipitate that formed was filtereff, washed with water and dried. The precipitatasw
recrystallized from aqueous dioxane solution.

1.2.2 D 3-Amino-2-phenylamino-benzoic acid appropriatempfamino moiety substituted derivativelj (0.01

mol) was dissolved in dry acetone (10 mL), trietimgine (1.4 mL, 0.01 mol) was then added. The obthsolution

was then treated with 3-chlorocarbonyl-propionicanethyl ester (1.4 mL, 0.01 mol) in the preseatpyridine at

cooling and constant stirring. The reaction mixtwas heated to homogenization and left standin@ for Acetone
was then partially distilled off, the residue walsitgd with water to afford respective 3-(4-oxo-faEmoylamino)-2-

phenylamino-benzoic acid derivativegll| ). The precipitate that formed was filtered off,shad with water and
dried. The precipitate was recrystallized from raethl.

3-(4-Oxo-pentanoylamino)-2-phenylamino-benzoic atadvatives Y111 ) (0.01 mol) prepared in the previous stage
were dissolved in methanol (20 mL) and appropmagthylamine or hydroxoethylamine 25 % aqueous smiy0.5

g, 0.01 mol) was then added. The reaction mixtuas Wweated up to the complete reactants dissolvingleft
standing for 12 h at rt. The reaction mixture waent diluted with water and acidified with HCI 1:a&lgion for
pH=3-4. The precipitate that formed was filteref] efashed with water and dried.

The target compounddX 6-8) are white crystalline powders, well soluble iroxtine, DMF, DMSO, acetone,
alkalis solutions, alcohols at heating, almost luiste in water and hexane.

1.2.2.1.3-[3-(2-Hydroxy-ethylcarbamoyl)-propionylamino]-2-o-tolylamino-benzoic acid (IX1)

Yield 67% (2A protocol), 82% (2B protocol), 78% (2@otocol), 75% (2D protocol), mp 195-196.9R (KBr): v
3374 (N-H,Ph-NH-COCONH), 3248 (N-H,Ph-NH-COCONH), 1715, 1648 (C=0, COOH), 159P¥), 1232
(C-N, Ph-NH-Ph), 2955 (C—H,CH3; asym), 2842 (C-HCH3 sym); 6 1568 (N-H,Ph-NH-Ph), 1405 (C-H, CH)
cm®. 'H NMR, 6, ppm: 2.25 (s, 3HPh-CH,), 2.51 (d,J = 4.0 Hz, 2H, CO=CH-CH,-), 2.77 (d,J = 4.0 Hz, 2H,
CO-CH~CH,-), 3.41 (m , 2H, -NH-CH-CH,-OH), 3.59 (m , 2HNh-CH,-CH,—OH), 4.80 (s, 1H, OH), 6.52 (s,
1H, -NH-(CH,).-OH), 6.68-8.44 (m, 7H, &3 C¢Hy), 8.51 (s, IHPh-NH-CO), 8.94 (s, 1HPh-NH-Ph), 12.20
(bs, 1H,COOH). Calcd. for GH23N30s %: C 62.33; H 6.02; N 10.90. Found %: C 62.26;.HD6N 10.98.

1.2.2.2.3-(3-Methylcarbamoyl-propionylamino)-2-p-tolylamino-benzoic acid (1X2)

Yield 65% (2A protocol), 80% (2B protocol), 76% (3Totocol), 71% (2D protocol), mp 162-164.9R (KBr): v
3370 (N-H,Ph-NH-COCONH), 3240 (N-H,Ph-NH-COCQNH}, 1720, 1648 (C=0, COOH), 159PK), 1245
(C-N, Ph-NH-Ph), 2952 (C—H,CH3 asym), 2840 (C-HCH3 sym); d 1574 (N-H,Ph-NH-Ph), 1403 (C-H, CH)
cm™. 'H NMR, 6, ppm: 2.30 (s , 3HPh-CH,), 2.52 (d,J = 4.0 Hz, 2H, CO—CH-CH,-), 2.74 (t,J = 7.0 Hz, 3H, -
NH-CHs), 2.79 (d,J = 4.0 Hz, 2H, CO-CH-CH,-), 6.89 (s, 1H, -NHCH;), 6.85-8.48 (m, 7H, &3 C¢H,4), 8.50
(s, 1H,Ph-NH-CO), 8.94 (s, 1HPh-NH-Ph), 12.29 (bs, 1HCOOH). Calcd. for GH,;N3O,; %: C 64.21; H 5.96;
N 11.82. Found %: C 64.28; H 5.89; N 11.78.

1.2.2.3.3-[3-(2-Hydroxy-ethylcarbamoyl)-propionylamino]-2-p-tolylamino-benzoic acid (1X3)

Yield 63% (2A protocol), 78% (2B protocol), 70% (2@otocol), 73% (2D protocol), mp 187-189.9R (KBr): v
3355 (N-H,Ph-NH-COCONH), 1710, 1658 (C=0, COOH), 160Rk), 1230 (C-N,Ph-NH-Ph), 2944 (C-HCH;
asym), 2836 (C—HCH3 sym); 6 1578 (N-H,Ph-NH-Ph), 1402 (C-H, CH) cmi*. 'H NMR, ¢, ppm: 2.30 (s , 3H,
Ph-CHs), 2.50 (d,J = 4.0 Hz, 2H, CO-CH-CH,-), 2.77 (d,J = 4.0 Hz, 2H, CO-CHCH,-), 3.39 (m, 2H, -NH-
CH-CH,-OH), 3.59 (m , 2HPh-CH,—CH,—-OH), 4.80 (s, 1H, OH), 6.51 (s, 1H, -NtCH,).-OH), 6.86-8.46 (m,
7H, GH3 CsHy), 8.51 (s, 1HPh-NH-CO), 9.06 (s, 1HPh-NH-Ph), 12.21 (bs, IHCOOH). Calcd. for GgH,3N3z0s
%: C 62.33; H 6.02; N 10.90. Found %: C 62.38; 865N 10.86.
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1.2.3.General procedure for the synthesis of 3-(aminooxglamino)- and 3-(carbamoyl-propionylamino)-2-
phenylamino-benzoic acids methyl esters and their nainooxalil, carbamoyl and phenylamino moieties
substituted derivatives(X 1-8)

A mixture of 3-(aminooxalyl-amino)-2-phenylaminosz®ic acid or its approptiate aminooxalil and phamino
moieties substituted derivatives (0.01 mol) witmaentrated sulfuric acid (0.75 mL) in anhydrous hmebl (30
mL) was heated for 5 h at hot water bath. Theti@a mixture was then cooled and poured into waiére
precipitate that formed was filtered off, washedhwiater and dried. The obtained compounds wengstlized
from aqueous methanol solution or dioxane.

In the same way 3-(carbamoyl-propionylamino)-2-ph@mino-benzoic acids carbamoyl and phenylaminoeties
substituted derivatives methyl esters were obtained

1.2.3.1.3-(Aminooxalyl-amino)-2-phenylamino-benzoic acid migyl ester (X 1)
Yield 84 %, mp 145-148C IR (KBr): v 3350 (N-H,Ph-NH-COCONH), 3242 (N-H,Ph-NH-COCQONH), 1680
(C=0, Ph-NH-CG-CO-), 1700 (C=0Ph-CO-OCH), 1292 (C=0, -NH-CO-C9), 1155 (C-OPh-CO-OH>),
1600 (C-Ph), 61572 (N-H,Ph-NH-Ph), § 1415 (C-H, CH) cnmi*. *H NMR, d, ppm: 3.60 (s, 3H, COOGM 5.72
(s, 2H, NH), 6.54-7.75 (m, 8H, g5, CsH3), 7.95 (s, IHPh-NH-COCONH), 9.47 (bs, 1HPh-NH-Ph). Calcd.
for CieH15N304 %: C 61.34; H 4.83; N 13.41. Found %: C 61.45;.874N 13.26.

1.2.3.2.3-(Butylaminooxalyl-amino)-2-(3,4-dimethyl-phenylanino)-benzoic acid methyl este(X 2)

Yield 75, mp 152-154C. IR (KBr): v 3334 (N-H,Ph-NH-COCONH), 3218 (N-H,Ph-NH-COCQONH), 1670
(C=0, Ph-NH-CO-CO-), 1705 (C=0OPh-CO-OCH;), 1280 (C=0, -NH-CO-C9Q), 1158 (C-O,Ph-CO-OCHj3),
2970 (C—H,CH3 asym), 2862 (C—HCH5; sym), 1599 (CRh), § 1578 (N-H,Ph-NH-Ph), 1416 (CH) cm®. H
NMR, é, ppm: 1.25 (tJ = 8.0 Hz, 3H, -NH-CH-CH,~CH,—CH;), 1.80 (m, 4H, -NH-CH-CH,~CH,—CH;), 2.12
(s, 3H,Ph-3-CHy), 2.27 (s, 3H,Ph-4-CH;), 3.49 (d,J = 5.6 Hz, 2H, -NH-CH-CH,~CH,-CH;), 3.61 (s, 3H,
COOCHy), 6.40 ¢, J =7,5 1H, CO-NH), 6.55-7.74 (m, 6H, g3 CgHs3), 8.05 (s, IHPh-NH-COCONH), 9.45
(bs, 1H,Ph-NH-Ph). Calcd. for G,H7;N30, %: C 66.48; H 6.85; N 10.57. Found %: C 66.34;.8B6N 10.68.

1.2.3.3.2-(4-Ethoxy-phenylamino)-3-(methylaminooxalyl-amind-benzoic acid methyl estefX 3)

Yield 84 %, mp 122-125C2 IR (KBr): v 3330 (N-H,Ph-NH-COCONH), 3215 (N-H,Ph-NH-COCQONH), 1665
(C=0, Ph-NH-CG-CO-), 1692 (C=0Ph-CO-0OCH), 1275 (C=0, -NH-CO-C9), 1154 (C-OPh-CO-OH5),
2984 (C—H,CH; asym), 2870 (C—H(H; sym), 1594 (CPRh), 51568 (N-H,Ph-NH-Ph), 1404 (C-H, CH) cm™.
'H NMR, 6, ppm: 1.33 (t) = 8.0 Hz, 3H, Ph-OCH,CH;), 2.79 (s, 3H, -NH=C}},), 2.80 (S, 2HPh-OCH,—CH),

3.49 (d,J = 5.6 Hz, 2H, -NH-CH-CH,~CH,—CH;), 3.67 (s, 3H, COQC}), 6.42 (t,J =7,5, 1H, -CO=NH), 6.60-
7.72 (m, 7H, @Hs CsHy), 8.07 (s, IHPh-NH-COCONH), 9.44 (bs, 1IHPh-NH-Ph). Calcd. for GoH,;N30s %: C
61.45; H5.70; N 11.31. Found %: C 61.61; H 5.5%,1\47.

1.2.3.4.2-(2-Chloro-phenylamino)-3-(methylaminooxalyl-aming-benzoic acid methyl este(X 4)

Yield 84 %, mp 158-161C. IR (KBr): v 3350 (N-H,Ph-NH-COCONRH), 3228 (N-H,Ph-NH-COCQONH), 1672
(C=0, Ph-NH-CG-CO-), 1695 (C=0Ph-CO-OCH), 1280 (C=0, -NH-CO-C9), 1158 (C-OPh-CO-OH,),

2982 (C—H,CH3 asym), 2876 (C—HCH3; sym), 1598 (CRh), 790 (C-Cl),0 1578 (N-H,Ph-NH-Ph), 51414 (C-
H, CHy) cmi*. *H NMR, §, ppm: 2.80 (s, 3H, -NH=G}{ 3.61 (s, 3H, COOCH, 6.54 (t,J =7.5 Hz, 1H, CO-NH},

6.57-7.70 (m, 7H, gHs CgsH,), 8.06 (s, 1H,Ph-NH-COCONH), 10.40 (bs, 1H,Ph-NH-Ph). Calcd. for
C1H16CIN3O, %: C 56.44; H 4.46; N 11.61. Found %: C 56.37;.564N 11.55.

1.2.3.5.3-(3-Methylcarbamoyl-propionylamino)-2-o-tolylamino-benzoic acid methyl ester (X6)

Yield 84 %, mp 175-177C IR (KBr): v 3340 (N-H,Ph-NH-COCONH), 3212 (N-H,Ph-NH-COCQONH), 1692
(C=0, Ph-NH-CG-CO-), 1708 (C=0Ph-CO-OCH;), 1288 (C=0, -NH-CO-C9), 1150 (C-OPh-CO-OH5),
2976 (C—H,CH; asym), 2880 (C—H(H; sym), 1605 (CPh), 1580 (N-H,Ph-NH-Ph), 1408 (C-H, CH) cm™.
'H NMR, ¢, ppm: 2.07 (s, 3HPh-2-CH;), 2.62 (s, 3H, -NH=C}}, 2.72 (t,J = 4.0 Hz, 2H, CO-CHH-CH,-), 2.84 (t,
J = 4.0 Hz, 2H, CO-CHCH,-), 3.62 (s, 3H, COOCH, 3.99 (t, J=6.0 Hz, 1H,Ph-NH-CO(CH,),— CONH),

6.56-7.72 (m, 7H, gHs CsHy), 7.15 (t,J=7.0 Hz, 1H, CO-NH);, 9.33 (bs, 1IHPh-NH-Ph). Calcd. for GoH,3N30,4
%: C 65.03; H 6.28; N 11.37. Found %: C 65.22; H36N 11.48.

1.2.3.6.3-[3-(2-Hydroxy-ethylcarbamoyl)-propionylamino]-2-o-tolylamino-benzoic acid methyl ester(X 6)
Yield 82 %, mp 154-155C IR (KBr): v 3338 (N-H,Ph-NH-COCONH), 3210 (N-H,Ph-NH-COCQONH), 1685
(C=0, Ph-NH-CG-CO-), 1712 (C=0Ph-CO-OCH), 1290 (C=0, -NH-CO-C9), 1152 (C-OPh-CO-OH,),
2974 (C—H,CH; asym), 2875 (C—HH; sym), 1603 (CPh), 51582 (N-H,Ph-NH-Ph), 1405 (C-H, CH) cmi’.
'H NMR, d, ppm: 2.07 (s, 3HPh-2-CHy), 2.72 (t,J = 4.0 Hz, 2H, CO—CH-CH,-), 2.82 (t,J = 4.0 Hz, 2H, CO-
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CH,CH,-), 3.61 (s, 3H, COOCH 3.98 (t, J=6 1H, Ph-NH-CO(CH);CONH,), 6.65 (s, 1H, C-OH), 6.55-
7.51 (m, 7H, @3 CeHa), 7.10 (t,J=7, 1H, CO-NH), 9.30 (bs, 1HPh-NH-Ph). Calcd. for G;H,sN30s %: C
63.15; H 6.31; N 10.52. Found %: C 63.25; H 6.12,0\65.

1.2.3.7.2-(3,4-Dimethyl-phenylamino)-3-(3-methylcarbamoyl-popionylamino)-benoic acid methyl ester(X 7)

Yield 88 %, mp 125-128C. IR (KBr): v 3340 (N-H,Ph-NH-COCONH), 3218 (N-H,Ph-NH-COCQONH), 1670
(C=0, Ph-NH-CG-CO-), 1715 (C=0Ph-CO-OCH), 1280 (C=0, -NH-CO-C9), 1154 (C-OPh-CO-OH,),
2982 (C—H,CH; asym), 2884 (C—H;H; sym), 1608 (CPh), 51580 (N-H,Ph-NH-Ph), 51412 (C-H, CH) cni’.
'H NMR, §, ppm: 2.19 (s, 3HPh-3-CHj), 2.24 (s, 3HPh-4-CHy), 2.63 (s, 3H, —-NH=C}, 2.72 (t,J = 4.0 Hz, 2H,
CO-CH-CH,-), 2.84 (t,J = 4.0 Hz, 2H, CO-CH-CH,-), 3.61 (s, 3H, COOCH), 3.95 (t, J=6.0 Hz, 1H,Ph-NH-
CO(CH,), —CONH,), 6.88-7.74 (m, 6H, ;3 CeH3), 7.17 (t,J=7.2 Hz, 1H, CO-NHy; 9.39 (bs, 1HPh-NH-Ph).

Calcd. for GH2sN30, %: C 65.78; H 6.57; N 10.96. Found %: C 65.89;.4B6N 10.85.

1.2.3.8.2-(4-Chloro-phenylamino)-3-(3-methylcarbamoyl-proponylamino)-benzoic acid methyl este(X 8)
Yield 88 %, mp 167-169C IR (KBr): v 3352 (N-H,Ph-NH-COCONH), 3225 (N-H,Ph-NH-COCQNH), 1655
(C=0, Ph-NH-CG-CO-), 1690 (C=0Ph-CO-OCH), 1270 (C=0, -NH-CO-C9), 1140 (C-OPh-CO-OH,),
2970 (C—H,CH; asym), 2884 (C—H(H; sym), 1602 (CRh), 1572 (N-H,Ph-NH-Ph), 1414 (C-H, CH) cm™.
'H NMR, ¢, ppm: 2.61 (s, 3H, -NH=G}{ 2.70 (t,J = 4.0 Hz, 2H, CO=CH-CH,-), 2.86 (t,J = 4.0 Hz, 2H, CO-
CH-CH,-), 3.60 (s, 3H, COOCH), 3.98 (t, J=6.0 Hz, 1H,Ph-NH-CO(CH,),~CONH,), 6.61-7.75 (m, 7H, £Hj,
CgHy), 7.20 (t,J=7.2 Hz, 1H, CO-NH}y, 9.46 (bs, 1HPh-NH-Ph). Calcd. for GgH2CINsO4 %: C 58.54; H 5.17; N
10.78. Found %: C 58.43; H 5.28; N 10.87.

1.3. Pharmacology assays

1.3.1. Anti-inflammatory activity

Anti-inflammatory activity was evaluated using @geenan induced rat paw edema method in rats Qi&pred
(male/female) white rats weighing 180-220 g weredufor the edema test. Animals were divided intogldups
comprising five rats per group. One group was lespthe control and remaining 16 groups (test ghowese used
to determine the anti-inflammatory activity elidtby the 16 drug candidates, respectively. Rat® Wept in the
animal house under standard conditions of light gamdperature on the general diet prior to the erpmmt. The
standard drug, Diclofenac (8 mg/kg body weight) &mel test drugs (20 mg/kg body weight) were suseérd
CMC and administrated through intraperitoneal ro@#lC was injected to the control group. 30 misutger, 0.1
ml of 2 % carrageenan solution in saline was iggdh the sub-plantar region of the right hind paweach rat.
After 4h of the carrageenan injection, the volurh@aw edema (in mL) was measured using water péatioyneter
and paw edema decreasing was compared betweemlcgrup and drug-tested groups. National Pharntaedu
University, Kharkiv, ethics committee, constituteglthe Ministry of Health of Ukraine, approved teperimental
protocols for anti-excudative and analgesic adgisitevaluation.The inflammatory reaction inhibition was
expressed as percent of paw volume reduction amdstcalculated using the following formula:

% Inhibition = Yeonto ~ Y [100%,

control

whereVqono IS the increase in paw volume in control groupraais;
V is the increase in paw volume in animals injeetét the test substances.

1.3.2. Analgesic activity

Analgesic activity was tested by the acetic acdliged writhing method [16]. The mice were dividethil7 groups
of ten animals each. A 0.6 % aqueous acetic adidiso (intraperitoneal injection, 0.1 mL) was us&sia writhing
induced agent. Mice were kept individually in tlesttcage before acetic acid injection and habitufde 30 min.
Screening of analgesic activity was performed aiffer administration of test drugs at a dose ofmafkg body
weight and the reference drug, Analgin, at a dos& mg/kg. All the compounds were injected as CMC
suspensions (1 %) with Tween-80 emulsifier. Oneugravas kept as control and received 1 % CMC. A#@r
minutes of drugs administration, 0.1 mL of 0.6 %tacacid solution was given to mice inrtaperitdheeeverity

of the writhing response was recorded for 20 miaraddministration of acetic acid solution. Thelgasic activity
was expressed in terms of % protection.

1.4. QSAR methods

The QSAR studies workflow included a few stagessthi 2D structures of all molecules were drawn with
ISISDraw tools and converted t@3tructures. Molecular modeling studies were pemntat using the HyperChem
7.5 software [17]. We pre-optimized the moleculmuctures with the Molecular Mechanics Force FightiV+)
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procedure, and refined the resulting geometriesnbgns of the semi-empirical Method AM1 from the dtallar
Orbitals Theory using the Polak-Ribiere algorithni @ gradient norm limit of 0.01 kcal-“A The minimized B
geometries of all compounds were then converterd $f File format with Open Babel version 2.3.2 wafie [18]
and were used as the input for moleculBrdescriptors calculation. On the next stage >160&cular descriptors
were generated with DRAGON E-version software @), for the whole structures set.

Stepwise variables selection procedure for théssitally significant QSAR models development adtiple linear
regression equations was performed with BuildQSARware [21] application. Multiply regression ansiky was
carried out and statistical quality of the equadieras justified by correlation coefficieRt standard deviatiog and
F-ratio test.

The predictive ability of the deriver models wasaalestimated with leave-one-out (LOO) cross-vaiichat
technique. The predicted residual sums of squaaesiard deviation (@esg, standard deviation error in prediction
(Soep) and cross-validation coefficie@? were used for the predictive ability validationtbé QSAR-models.

RESULTS AND DISCUSSION

2.1. Chemistry

The synthetic reactions leading to 3-(aminooxakyita)-2-phenylamino-benzoic acitM( 1) and its aminooxalil-
and phenylamino- moieties substituted derivatiu¥s @-5) as they are outlined in Scheme 1 belong to Uliman
condensation in the presence of dimethylformamd®if) as a solvent (1A protocol) or in a solid phd48
protocol). Ullmann condensation conditions wereirnjgted for the synthesis thus the products bedtlyievere
obtained with 0.01 mol of 2-chloro-3-(aminooxalyh@o)-benzoic acid or its appropriate aminooxalgliety alkyl
substituted derivative ), 0.04 mol of phenylamine or its appropriate pHangiety substituted derivative, 0.01 mol
of potassium carbonate, 0.1 g of copper, 145-T5@&&action mixture refluxing and a reaction time3ef0 h. For the
solid-phase condensation 2-chloro-3-(aminooxalylreibenzoic acid or its appropriate derivative wesated
with phenylamine or its appropriate phenyl moietpsituted derivative as 0.01: 0.01 by moles a®@@ mol of
copper oxide instead of copper was used. In thée ¢he reaction time was reduced up to 2 h neveghdhe
mixture heating at 180-22€%as ensured.

A

COOH R COOH IV1.R=H;R =H
H2N X 1
1A. CHNT /E}R V2. R = 2-CHy; R = CH,
1B. al K,COs, CuO NH Z IV 3. R = 3-CH; R -(CHZ)ZOH
NHCOCONHR IV 4. R = 3:-CH, 4-CHy; R' = n-C,H,
i NHCOCONHR 1v,1-5 5 R=4ciR!=Ch,

NHCOCOOGH, I

Scheme 1. Synthesis of 3-(aminooxalyl-amino)-2-pigamino-benzoic acid (V 1) and its aminooxalil- and phenylamino- moieties
substituted derivatives(IV 2-5)

For 3-(aminooxalyl-amino)-2-phenylamino-benzoicdaand its aminooxalil- and phenylamino- moietiebstituted
derivatives preparation we developed also the radtére cross synthesis two-stages procedure (ScHeni€
protocol) which began with 3-amino-2-phenylaminagybeic acid or its appropriate phenylamino moietpstituted
derivative (1) acylation by treating it with ethyl chloro(oxo}tate in concentrated acetic acid medium in the
presence of pyridine to afford respective 3-ethaajg-amino estersl ). On the second stage the esters were
involved into the reaction with appropriate alkylam25 % aqueous solution in ethanol medium.

The synthetic protocol employed for 3-(carbamoyonylamino)-2-phenylamino-benzoic acid carbamamhd
phenylamino- moieties substituted derivati(&s 1-3) preparation was based on tappropriate 2-chloro-3-(3-
carbamoyl-propionylamino)-benzoic acid carbamoyleiety alkyl or hydroxylalkyl substituted derivatiyeV)
treatment with the respective methylphenylamineDMF medium (2A protocol) or as a solfghase synthetic
protocol 2B in the presence of potash and CuO ysttak it is depicted in Scheme 2.
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IX 2. R =4-CH; R =CH,
2B, al K,COs, Cuo IX 3. R = 4-CH,; R" = (CH,),OH

NHCO(CH,),CONHR'
v

X
COOH /@R COOH ~ IX 1. R = 2-CH; R = (CH,),OH
2A. HA . /@——R
NH &

NHCO(CH,),CONHR'  1X, 1-3

1

H,NR H,NR'

COOH

COOH | N
1R
LR
EL /O NH 7

NHCO(CH,),COOCH, ViII

COOH «  CICO(CH ),CO0CH
—R
NH, Vi

Scheme 2. Synthesis of 3-(carbamoyl-propionylamif®-phenylamino-benzoic acid carbamoyl - and phengimino- moieties substituted
derivatives (IX 1-3)

The direct amidation reaction alemabled a simple and efficient preparation of 3kamoyl-propionylamino)-2-
phenylamino-benzoic acid derivativeX 1-3) from the corresponding 3-(2,5-dioxo-pyrrolidin-1-#-
phenylamino-benzoic acid derivative¥I1l) (2C protocol) or 3-(4-oxo-pentanoylamino)-2-phlamyino-benzoic
acid derivatives\lll ) (2D protocol) by their treatment with the appiiage aliphatic amines (Scheme 2).

Therefore, we proved thaie solid phase synthesis (2B protocol) at the &atpre 0f180-220°C was the most
convenient way to access 3-(carbamoyl-propionylajsiiphenylamino-benzoic acid derivativeX 1-3) as the
temperature increasing led to the target compouiis1-3 and the starting2-chloro-3-(3-carbamoyl-
propionylamino)-benzoic aciderivativesv decarboxylation.

In order to afford 3-(aminooxalyl-amino)- and 3+(eamoyl-propionylamino)-2-phenylamino-benzoic acmsthyl
esters the corresponding acids or their aminoexakirbamoyl- and phenylamino- moieties substitutedvatives
were treated with anhydrous methanol in the preseficoncentrated sulfuric acid (Scheme 3).

-4 pl=
PO o K2R znC
2 CH,COOH .R=3'4-(CH),;R"=n-CH,
R —— X 3.R = 4-OCHg; R* = CH,
o H,SO, X 4.R = 2-CLR! = CH,
H X5.R=2-CH;R'=CH,
NHCOXCONHR! NHCOXCONHR X 6.R = 2-CH; R' = (CH)OH
IV (1X) X 1-4 X = none X7.R=3,4-(CH),; R =CH,
' 1_
X 5-8 X = (-CH,"), X8.R=4-C;R"=CH,

Scheme 3. Synthesis of 3-(aminooxalyl-amino)- ad(carbamoyl-propionylamino)-2-phenylamino-benzoiacids methyl esters and their
aminooxalil-, carbamoyl- and phenylamino- moietiesubstituted derivatives (X 1-8)

The structures of the obtained compounds were oetl by IR andH NMR spectroscopy, elemental analysis and
approvedvia cross synthesis.

The IR spectra of 3-(aminooxalyl-amino)-2-phenylacibenzoic acidl) and its aminooxalil- and phenylamino-
moieties substituted derivativéf/, 2-5) showed the expected bands for the charactemgstaps which were
present in the compounds. The broad band for Olggsiretching vibration centered at ~ 3100-3150" amas
shifted to the low-frequency spectrum region thavpd the intermolecular associates formation. Biwad low-
frequency spectrum region shifted band for N-H lie secondary amine group at 3200-3400" gmoved its
participation in intermolecular hydrogen bindingrfation. All compounds had carboxyl group C=0 stnatg
bands in the range of 1725-1674. The strong alisorptinds at the 1250 to 1234 tmegion came from secondary

amine group bonds with two phenyl rings stretchingeformative vibrations for N-H were shown as aalve
absorption band in the range of 1583-1568'cm
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The IR spectra of 2-phenylamino-benzoic acids metlsyers showed the bands for N-H in the secondarine
group at 3360-3210 chwhile all esters provided carbonyl C=0 stretcHiagds in the range of 1680-1655 tfor
carboxyl group and in the range of 1715-1690"dor the ester group. Deformative vibrations forthyéene and
secondary amine groups were shown as absorptiotisbianthe ranges of 1415-1405 trand 1580-1570 cih
res?ectively. The bands for Gigroup stretching asymmetric and symmetric vibraiovere present at 2988-2862
cm,

In the *H-NMR spectral data for 3-(aminooxalyl-amino)-2-pamino-benzoic acid and its aminooxalil- and
phenylamino- moieties substituted derivatives patitons were seen according to the expected chesthidaand
integral values. The aromatic protons of both phengs appeared as multiplet peaks within the eany6.61-8.65
ppm. The singlet signals derived from secondarynangroup in diphenylamine moiety appeared arou@#-9.06
and 9.60-9.73 ppm. Th&#H-NMR spectra of all compounds showed two secondaryne groups protons in
aminooxalyl-amino or alkylaminooxalyl-amino moiesignals as singlets in thd 8.43-9.12 ppm and 5.73
(compoundl) or around 10.15-10.23 ppm, respectively. The @aylic group proton resonated as broad singlet at
9.73-12.25 ppm. Methyl group protons in tolyl fragmh of compound$v 2 andIV 3 were observed around 2.30-
2.32 ppm while protons of two methyl groups in dinyt phenyl fragment of compour® 3 appeared at 2.18 and
2.25 ppm. The protons signals derived with ethylesmed hydroxyl fragments structures in hydroxy-
ethylaminooxalyl moiety of compounld/ 3 appeared as a multiplet at 3.44 ppm and as aesiagl4.80 ppm,
respectively. ThéH-NMR spectrum of compounty/ 4 displayed signals due to butyl substituent in amialyl-
amino moiety as a triplet at 1.23 ppm, multipleL&2 ppm, and dublet at 3.50 ppm.

The 'H NMR spectra of 3-(aminooxalyl-amino)-2-phenylamimenzoic acids methyl esters showed the protons
signals of secondary amine groups attached to pmingyof benzoic acid as singlets at 7.95-8.07 ppthesters
spectra contained characteristic aromatic multipighals used to identify two phenyl rings in #héroad area of
6.54-7.75 ppm. The estéunctional groupCOOCH; signal was recorded as a singlet at fherea of about 3.60
ppm. The protons signals as triplets at about fpi were used to locate secondary amine group ofcaxalyl
moiety. The amine group attached to both aromatgsrwas responsible for a broad singlet at 9.4#.pp

2.2. Pharmacological screening evaluations

2.2.1. Anti-inflammatory activity in vivo evaluation

Carrageenan-induced paw edema is the most widelg asimal model of acute inflammatidn. vivo studies of
novel 3-(aminooxalyl-amino)- and 3-(carbamoyl-papilamino)-2-phenylamino-benzoic acids, their aroixatil-,

carbamoyl- and phenylamino- moieties substitutai/dives and respective methyl esters were caoigdor anti-
inflammatory activity employing the carrageenantiogd rat paw edema method. Marked paw edema wedsged
in rats with sub-planter injection of 0.1 mL 2 %rre@eenan. The test compounds were dissolved in @RiC
injected intraperitoneally in the dose of 20 mghady weight 30 minutes prior to carrageenan injgctiThe
NSAID drug Diclofenac in its effective therapeutiose (8 mg/kg) was tested in parallel as an agtreiterences.
Anti-inflammatory activity was defined by measurittte paw edema volume 4 h after the carrageenantioi.
Results of paw edema decreasing were expressdn asean + standard deviation and compared statigtiwith

the control group using Student’s t-test. A levelpg0.05 was adopted as the test of significance (Tapld he
percentage protection against inflammation wasutated as % inhibition by comparison between CMj@dted
control group and drugs-tested groups.

Evaluation indicated that 3 compoundig 8, 1X 3, X 7) showed rather significant decrease in edemainttibition
rate for them was observed at the level of 31.53%. as compared to control group. A series of tawlyn
synthesized compounds possessed low anti-inflamgnadctivity in the range of 9.8-29.5 % protectioo t
inflammation. The anti-inflammatory evaluation te&ir compound$v 4 andX 2 gave the results as 0 % inhibition
indicating the compounds showed no any anti-excug affect.

The results of the pharmacological tests were aedlywith respect of the compounds structure. Am8ng
(aminooxalyl-amino)- and 3-(carbamoyl-propionylanji2-phenylamino-benzoic acids and their aminodxali
carbamoyl- and phenylamino- moieties substitutetiveves the nature and length of the alkyl substit R was
found to be essential for their anti-inflammatoffeets. Thus 2-hydroxy-ethyl substituent presemcarminooxalyl
and carbamoyl moieties of compoundl 3 and IX 3 was resulted into their anti-inflammatory activity
enhancement. While the same substituent presenaarbbamoyl moiety of compoun 6 (3-[3-(2-Hydroxy-
ethylcarbamoyl)-propionylamino]-2-o-tolylamino-benaz acid methyl ester)caused its activity significant
decreasing. The long chain substituents at the spos#tions of 3-(aminooxalyl-amino)- and 3-(carbamoyl-
propionylamino)-2-phenylamino-benzoic acids weruled into their anti-inflammatory activity decsézg up to 0
% like it was observed for compountig 4 and X 2 containingn-butyl substituents in their aminooxalyl- and
carbamoyl- moieties.
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Table 1. Anti-inflammatory and analgesic effects 08-(aminooxalyl-amino)-2-phenylamino-benzoic acidrad 3-(carbamoyl-
propionylamino)-2-phenylamino-benzoic acid, their aminooxalil-, carbamoyl- and phenylamino- moietie substituted derivatives and
respective methyl esters

Anti-inflammatory activity Analgesic activity
Compound ID | Paw edema volume % Inhibition of No ng\tl(\;r;ttr;zztlrgjr?t min % Inhibition
(mL) = SEM paw edema (Mean: SEM)
after4 h after4 h after 20 min after 20 min
Control 2.200+ 0.050 - 36+3.0 -
V1 1.810+ 0.035 17.7 29+ 2.5 19.4
IV 2 1.550+ 0.030 29.5 21+ 1.5 41.7
IV 3 1.330+ 0.025 39.5 18+ 1.0 50.0
IV 4 2.200+ 0.050 0.0 36+ 25 0.0
IV 5 1.588+ 0.030 27.8 25+ 2.0 30.6
IX1 1.868+ 0.035 15.1 27+2.0 25.4
IX 2 1.819+ 0.035 17.3 36+ 25 0.0
IX3 1.463+ 0.025 33.5 22+ 15 38.9
X1 1.973+0.035 10.3 27+ 25 25.0
X2 2.20+ 0.050 0.0 33+ 3.0 8.3
X3 1.800+ 0.035 18.2 26+ 25 27.8
X4 1.859+ 0.040 15.5 23+ 2.0 36.1
X5 1.863+ 0.035 15.3 28+ 2.5 22.2
X 6 1.984+ 0.040 9.8 26+ 2.0 27.8
X7 1.509+ 0.025 31.4 22+ 1.5 38.9
X8 1.927+ 0.040 12.4 29+ 2.5 19.4
Diclofenac 1.375t 0.020 37.5 - -
Analgin - - 17+25 52.8

"SEM denotes standard error of mean

2.2.2. Analgesic activity in vivo evaluation

The analgesic activity of the synthesized compouwnals studied by using acetic acid induced writhigsg in mice.
The analgesic effect was evaluated after intrapeg#l administration of test drugs or referencgAnalgin in the
case of standard group) at a dose of 20 mg/kg badght (55 mg/kg for Analgin) and expressed as #iqation of
writhing (Table 1).

Analgesic activity evaluation indicated that twargmunds IV 2 andIV 3) showed significant analgesic effect, the
severity of writhing response for them was recordedt1.7 % and 50.0 %, respectively. Four compounadsely
IV 5,1X 3, X 4 andX 7 possessed the analgesic effect in the range 6309 %. For the series of the newly
synthesized compounds their writhing inducing dffe@s insignificant (8.3-27.8 %). The writhing resge
evaluation tests for compountl$ 4 andIX 2 gave the results as 0 % indicating the compouhdsved no any
analgesic effect.

2.3. QSAR studies

The objectives of the present work were the QSARIiss of 2-phenylaminobenzoic acids derivatives tair
methyl esters as novel anti-inflammatory and arsdgagents. We are reporting the percentage proteagainst
inflammation and the writhing severity of syntheslzcompounds as the response for further QSAR sisalye
thought it being essential to perceive the impartaof the molecular properties, which are criticahccentuating
the biological activity.

HyperChem 7.5 [17] software was used for the mdégcmodeling and energy optimization. The molecula
mechanics MM+ and semi-empirical algorithm with Hiomian Austin Model 1 (AM1) force field at 0.01NRS
gradients were used to optimize the molecules.rdelaaumber of theoretical molecular descriptordlaloke in E-
DRAGON software package [20] were calculated toingethe structural property of the molecules neetted
perform QSAR analysis.

3D molecular descriptors had been shown to be veejulén QSAR problems in order to perform a rationa
analysis of different pharmacological activitie2]2 DRAGON E-version software allowed 6 subsets3Df
molecular descriptors calculating including: Randiolecular profiles, Geometrical descriptors, RD#satiptors,
3D-MoRSE, WHIM and GETAWAY descriptors.

Multiple linear regression (MLR) analysis implemeditinto BuildQSAR software application [21] was dise

perform the QSAR studies. The statistical processihthe QSAR models obtaining was carried out Bing
systematic search algorithm within each descripsoisset firstly [23]. The most significant desaoist from each
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set were then included into singlB 8escriptors set followed by the systematic seprobedure in order to confirm
that the selected descriptors were the most optiimaldescribing the biological properties. The istatal
significance of the models was determined by examithe correlation coefficients, the standard dgons, the
number of variables, F-test ratio and the residaalalysis. The rule of thumb was applied to setechber of
descriptors in the models: the number of compounsisd for the model generation)(and the number of
parameters under consideratid) (should undergo the ratidd/ > 5.

The significant models selected were further undeegvalidation study by internal leave-one-out (DQOsDoss-
validation method [24, 25]. In the LOO approactgrepredicted compound is deleted from mh@mpounds and its
activity is computed. The square of LOO cross-wlizh coefficientQ® can be considered as a criterion of both
predictive ability and robustness of the model a&dl as its stability. For a reliable model, the aopiof cross-
validation coefficienQ? should be> 0.5 [26].

The best QSAR models obtained with lescriptors for anti-inflammatory activity are giv below with the
statistical parameters of the regressions:

Anti-inflam. % = - 43.1077 (+ 12.8104) RDF145m + 8476
(+ 4.2622) RDF030p - 5.4994 (Eq. 1.1)
(+ 2.1802) RDF055p + 38.8314

(n=16;R = 0.910:s = 5.255;F = 19.385p = 0.0001.Q° = 0.745:Spress= 6.416:Soep = 5.739)

Anti-inflam. % = + 1.5879 (+ 0.7923) RDFO70u - 31222
(+9.3093) RDF145m - 4.7014 (Eq. 1.2)
(+ 1.9356) RDFO55v + 29.8435 (+ 14.2924)

(n = 16;R = 0.910;s = 5.269;F = 19.253p = 0.0001,Q° = 0.757:Spress= 6.261;Spep = 5.600)

Anti-inflam. % = - 31.8534 (+ 9.4600) RDF145m - 45
(+ 1.9454) RDFO55v + 1.6787 (Eq. 1.3)
(+ 0.8564) RDF070e + 27.4866 (+ 15.0025)

(n=16;R = 0.907;s = 5.341;F = 18.636p = 0.0001,Q° = 0.753;Spress= 6.315;Spep = 5.649)

wheren is the number of compounds included in the moBels the correlation coefficiens is the standard
deviation of the regressioR, is the Fisher ratiqp is significance of the variables in the mod@d,is the correlation
coefficient of cross-validatiorSpressis the predicted residual sums of squares standiarition, andSyep is the

standard deviation error in prediction.

The best models for anti-inflammatory activity wetgtained using RDF descriptors explaining mora tha % of
activity variance. The variables in these models exlated to the polarizabilities, van der Waaldunees,
electronegativities and atomic masses (Table 2).

Table 2. Symbols of the descriptors used in the mets 1.1-1.3 and their definitions

Symbol Definition

RDF145m| Radial Distribution Function 14.5 / weightsy atomic masses

RDF030p | Radial Distribution Function 3.0 / weight®datomic polarizabilities

RDFO055p | Radial Distribution Function 5.5 / weight®datomic polarizabilities

RDF055v | Radial Distribution Function 5.5 / weightadatomic van der Waals volumes

RDF070u | Radial Distribution Function 7.0 / unweigght

RDF070e | Radial Distribution Function 7.0 / weighbgdatomic Sanderson electronegativity
The values of selected RDF descriptors used fomibeels 1.1-1.3 obtaining are given in Table 3.

Analysis of the residuals and standard deviatidngesiduals for equations 1.1-1.3 (Table 4) alloweddentify
compoundX 3 as a significant outlier for models 1.2 and 1.3.
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Table 3. Values of selected RDF descriptors calcué for 3-(aminooxalyl-amino)- and 3-(carbamoyl-pr@ionylamino)-2-phenylamino-
benzoic acids derivatives and their methyl esters

Compounds | RDF145m| RDF030p| RDFO055p RDFO055 RDF070u DR070e
V1 0 2.15 6.111 5.938 12.475 12.91¢
V2 0 2.261 6.855 6.656 20.773 20.712
V3 0 3.113 4.884 4.659 18.514 18.41
V4 1.286 4.972 5.087 4.797 21.579 21.35p
IV 5 0 2.252 6.068 5.908 11.826 12.41
IX1 0.018 4.497 10.496 9.782 18.874 18.698
IX2 0 4.365 9.304 8.805 21.247 21.014
IX3 0.01 4.569 9.361 8.855 21.626 21.31
X1 0 2.149 7.501 7.318 14.248 14.637
X2 0.968 5.313 7.671 7.422 22.071 22.35¢4
X3 0 2.379 8.091 7.988 18.888 19.37
X4 0 2.935 8.91 8.639 14.251 14.863
X5 0 4.283 11.878 11.094 22.548 21.978
X6 0.044 4.488 11.935 11.144 22.915 22.256
X7 0 5.634 10.651 10.127 31.261 30.745
X8 0 3.609 10.407 9.949 19.706 19.671

Table 4. Observed and predicted anti-inflammatory ativities, residuals and standard deviations of réduals for the compounds
according to the equations 1.1 — 1.3

Com- Obser-ved Model 1.1 Model 1.2 Model 1.3

po-unds activity, % Predic-ted Resi- St. dev. Predic-ted Resi- St. dev. Predic-ted Resi- St. dev.
activity, % dual of resid. activity, % dual of resid. activity, % dual of resid.
V1 17.7 24.032 -6.332 -1.205 21.735 -4.035 -0.766 1.6 -3.991 -0.747
IV 2 29.5 20.911 8.589 1.634 31.536 -2.036 -0.386 31.45% -1.955 -0.366
IV 3 39.5 39.204 0.296 0.056 37.337 2.163 0.41 36.844 6552. 0.497
IV 4 0 -1.087 1.087 0.207 0.632 -0.63p -0.12 0.174 9.17 -0.032
IV5 27.8 25.161 2.639 0.502 20.846 6.954 1.37 20.984 8156. 1.276
IX1 15.1 19.672 -4.572 -0.87 13.251 1.849 0.350 13.027 2.073 0.388
IX 2 17.3 25.848 -8.548 -1.627 22.185 -4.885 -0.927 .0 -4.718 -0.883
IX 3 33.5 26.888 6.612 1.258 22.233 11.267 2.138 21.965 11.535 2.16
X1 10.3 16.379 -6.079 -1.157 18.062 -7.762 -1.473 9B.1 -7.894 -1.478
X2 0 1.393 -1.393 -0.265 -0.809 0.809 0.159 -0.167 60.1 0.031
X3 18.2 15.146 3.054 0.581 22.28 -4.08 -0.774 23.038 4.838 -0.906
X 4 15.5 15.506 -0.006 -0.001 11.857 3.643 0.691 12.46| 3.04 0.569
X5 15.3 10.976 4.324 0.823 13.489 1.8111 0.34¢4 13.03% .2652 0.424
X 6 9.8 10.559 -0.759 -0.144 12.437 -2.637 -0.5 11.877 -2.077 -0.389
X7 31.4 29.541 1.859 0.354 31.87 -0.4Y -0.089 32.234 0.835 -0.156
X8 12.4 13.169 -0.769 -0.146 14.359 -1.959 -0.372 691.4 -2.069 -0.387

Among the large amount ofD8 molecular descriptors Radial Distribution Functidescriptors (RDF) have
demonstrated their potential as useful tools fodetiog different physicochemical and biological jpedies [27-
29]. These descriptors are based on the distarisgdtion in the geometrical representation ahalecule and
constitute a radial distribution function code [2Eprmally, the radial distribution function of @ssembly ofN
atoms can be interpreted as the probability digtiglm of finding an atom in a spherical volume afliusR. The
general code of the radial distribution functiomépresented by:

N-1 N _ o2
RDFR, A=Y S AAe - i)

i=1 j>i

wheref is the scaling factor and is the number of atomg=e{u, m, v, e, p}, whereA is the characteristic atomic
property of the atom$ and | (unweighted, atomic masses, van der Waals voluralegtronegativities and
polarizabilities). The exponential term containg tistanceRij between the atoms andj and the smoothing
parameteB, which defines the probability distribution of thedividual distances. RDF is calculated for a nemb
of discrete points as IR < 155 with the defined interval of 5. RDF descrigtare independent of the number of
atoms, they are unique regarding the three-dimaakiarrangement of the atoms, and they are invadagainst
translation and rotation of the entire moleculesiBes information about interatomic distances ia #ntire
molecule, RDF descriptors provide further valuabfermation about bond distances, ring types, plara non-
planar systems and atom types.
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The negative contributions to the anti-inflammatantivity were made with RDF descriptors weightgdatomic

masses, polarizabilities and van der Waals volurhasthe most significant behavior was that thesscdptors
corresponded to the radii of 14.5 A and 5.5 A His sense, according to our models, spherical mtdevolumes
with these dimensions could have certain restmstito the addition of bulky substituents. This liptetation

suggested that 3-(aminooxalyl-amino)- and 3-(caddspropionylamino)-2-phenylamino-benzoic acidsidatives

were unable to accommodate large substituents iy @hains as well as atoms with the large van dealgV
volumes or polarizabilities like Chlorine at 3-(amoxalyl-amino)- or 3-(carbamoyl-propionylamino)eigties and
2-phenylamino ring at the same time, for example.

On the other hand, the variables RDF030p, RDFOTAURDF070e had positive influence in the anti-imftaatory
activity of the synthesized compounds. These datscs were unweighted, weighted with atomic pokilities
and electronegativities and suggested that 2-phemgb-benzoic acids derivatives might accommod#dena or
atom groups in different positions such as Oxygeah ghenyl ring that possessed certain dimensiawtictions,
because very bulky substituents were not be taerat

The best QSAR models obtained with 8lescriptors for analgesic activity are given belwith the statistical
parameters of the regressions:

Analgesic, % = - 4.6441 (+ 1.5945) RDF110p
- 1743.5312 (+ 67BAPGle (Eq. 2.1)
+312.1270 (+ 107.839

(n=16;R = 0.890;s= 6.981; F = 24.815) < 0.0001Q° = 0.727 Spress= 8.000;Soep = 7.447)

Analgesic, % = - 5.1595 (+ 1.8488) RDF110v
-1753.1821 (+ 696.6p01e (Eq. 2.2)
+313.6951 (+ 111.2488)

(n=16;R=0.882;5= 7.206;F = 22.885p = 0.0001.Q° = 0.712;Soress= 8.21;Soep = 7.649)

Analgesic, % = - 35.1316 (+ 10.5409) RDF145m - 3a7B
(+ 18.0870) Mor08\285.0314 (Eq. 2.3)
(+ 550.8458) Gle RA715 (+ 87.2599)

(n=16;R = 0.920:s = 6.266;F = 21.908p < 0.0001.Q° = 0.762;Spress= 7.781:Soep = 6.959)

Analgesic, % = - 18.7341 (+ 10.6403) RDF145m + 14829
(+ 88.1409) Mor281457.3133 (Eq. 2.4)
(£ 615.9861) Gle #2605 (+ 94.3489)
(n=16;R=0.909;s = 6.664;F = 18.910p = 0.0001.Q° = 0.733;Sress= 8.237;Spep = 7.367)

Analgesic, % = - 19.4439 (+ 10.7888) RDF145m + 19013
(+ 73.3287) Mor28p 541.6644 (EqQ. 2.5)
(+ 645.5612) Gle + Z5RL2 (+ 99.1499)

(n=16;R=0.903:s= 6.835;F = 17.773p = 0.0001,Q% = 0.723:Spress= 8.394:Spep = 7.508).

The derived two- and three-variables models fotgasac activity were obtained usin@p3lescriptors of RDF, 3D-
MoRSE and WHIM subsets explaining more than 88 %aiivity variance. The variables in these modetsew
related to the atomic masses, polarizabilities,demWaals volumes and electronegativities (Tahle 5

Table 5. Symbols of the descriptors used in the mets 2.1-2.5 and their definitions

Symbol Definition

RDF145m | Radial Distribution Function 14.5 / weightsy atomic masses

RDF110p | Radial Distribution Function 11.0 / weight®y atomic polarizabilities
RDF110v | Radial Distribution Function 11.0 / weigthby atomic van der Waals volumes
Gle 1st component directional WHIM index / weighbgdatomic Sanderson electronegativity
Mor08v 3D-MoRSE - signal 08 / weighted by atomia der Waals volumes
Mor28v 3D-MoRSE - signal 28 / weighted by atomia der Waals volumes
Mor28p 3D-MoRSE - signal 28 / weighted by atomitapaabilities

The values of selected RDF, 3D-MoRSE and WHIM dpsars used for the models 2.1-2.5 obtaining avemgin
Table 6.
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Table 6. Values of selected3 descriptors calculated for 3-(aminooxalyl-amino)and 3-(carbamoyl-propionylamino)-2-phenylamino-
benzoic acids derivatives and their methyl esters

Compounds | RDF110p| RDF110v] Gle| Mor08y Mor28y Mor28¢
V1 0 0 0.163| -0.701 0.143 0.152
IV 2 0.081 0.085 0.157 -0.781 0.178 0.164
V3 1.556 1.577 0.154 -1.002 0.208 0.206
V4 7.749 7.015 0.15 -0.997 0.101 0.08¢
IV 5 0.488 0.536 0.16 -0.528] 0.109 0.101
IX1 2.503 231 0.15 -0.562 0.084 0.062
IX 2 2.276 1.943 0.173 -0.352 0.098 0.084
IX3 3.115 2.875 0.15 -0.455 0.087 0.072
X1 1.03 0.935 0.16 -0.59 0.136] 0.128
X2 10.319 9.269 0.147 -0.606 -0.018 -0.06
X3 3.416 2.955 0.157 -0.429 0.094 0.062
X4 1.549 1511 0.157 -0.513 0.073 0.045
X5 2.909 2.541 0.16 -0.363 0.096 0.062
X6 3.701 3.423 0.157 -0.505 0.084 0.048
X7 3.5682 3.161 0.149 -0.308 0.099 0.06y
X8 3.896 3.408 0.153 -0.24 0.07§ 0.044

Analysis of the residuals and standard deviatidnsesiduals for two-variable equations 2.2 (Tabjealowed to
identify compoundV 3 as the significant outlier while compoutd 1 was identified as an outlier for three-
variable model 2.3 (Table 8).

Table 7. Observed and predicted analgesic activitie residuals and standard deviations of residual®f the compounds according to the
models 2.1 and 2.2

Observed _ Mode 2.1 Moddl 2.2
Compounds activity, % aF::I;iev(:iitl;t%Z Residual | St. dev. of resid.| Predicted activity, %| Bsidual | St. dev. of resid.
V1 19.4 27.931 -8.531 -1.222 27.926 -8.52p -1.183
V2 41.7 38.016 3.684 0.528 38.007 3.693 0.512
V3 50 36.397 13.603 1.949 35.568 14.432 2.003
IV 4 0 0.662 -0.662 -0.095 0.498 -0.49§ -0.069
V5 30.6 30.896 -0.296 -0.042 30.42 0.18 0.025
IX1 25.4 38.973 -13.573 -1.944 38.799 -13.399 -1.859
IX2 0 -0.074 0.074 0.011 0.37 -0.37 -0.051
IX3 38.9 36.131 2.769 0.397 35.884 3.016 0.419
X1 25 28.379 -3.379 -0.484 28.362 -3.362 -0.467
X2 8.3 7.906 0.394 0.056 8.154 0.146 0.02
X3 27.8 31.246 -3.446 -0.494 31.965 -4.16p -0.578
X4 36.1 31.199 4.901 0.702 30.649 5.451 0.756
X5 22.2 19.652 2.548 0.365 20.076 2.124 0.295
X6 27.8 21.205 6.595 0.945 20.784 7.016 0.974
X7 38.9 35.706 3.194 0.458 36.162 2.738 0.38
X8 19.4 27.273 -7.873 -1.128 27.875 -8.47p -1.176
Table 8. Observed and predicted analgesic activityesiduals and standard deviations of residuals fothe compounds according to the
models 2.3-2.5
Modd 2.3 Modd 2.4 Mode 2.5
Observed . St. dev. . St. dev. . St. dev.
Compounds activity, % aiifv?gtiz Residual of aiifv?gtiz Residual of aF::rt(iev?tI;tiz Residual of
’ resid. ’ resid. ' resid.
V1 19.4 27.021 -7.621 -1.216 24.494 -5.094 -0.764 6.4 -7.061 -1.033
V2 41.7 37.46 4.24 0.677 38.448 3.257 0.488 37.00f 944.6| 0.687
IV 3 50 48.853 1.147 0.183 47.286 2.714 0.4Q7 46.528 773.4 0.509
V4 0 -1.637 1.637 0.261 1.437 -1.437 -0.216 1.047 4.0, -0.153
IV 5 30.6 24.975 5.625 0.898 23.805 6.79% 1.0p 25.018 5875. 0.817
IX1 25.4 38.353 -12.953 -2.067 34.32 -8.97 -1.339 35.28| -9.881 -1.446
X2 0 2.267 -2.267 -0.362 3.223 -3.223 -0.484 3.227 22B. -0.472
IX3 38.9 34.985 3.915 0.625 34.916 3.984 0.598 36.616  .2842 0.334
X1 25 27.09 -2.09 -0.334 27.824 -2.824 -0.424 28.196 3.196 -0.468
X2 8.3 10.334 -2.034 -0.325 6.456 1.844 0.277 6.991 309. 0.192
X3 27.8 31.879 -4.079 -0.651 33.231 -5.43L -0.815 ®5 -4.788 -0.7
X4 36.1 28.319 7.781 1.242 22.819 13.281 1.993 22.97p 13.125 1.92
X5 22.2 19.348 2.852 0.455 21.87 0.33 0.049 20.41% 851.7] 0.261
X6 27.8 26.5 1.3 0.207 23.632 4.168 0.626 22.474 5.3P6 0.779
X7 38.9 31.607 7.293 1.164 38.347 0.55 0.083 37.748 1571 0.169
X8 19.4 24.148 -4.748 -0.758 29.392 -9.99p -1.499 48.9 -9.544 -1.396
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The negative contributions to the analgesic agtiviere made with RDF descriptors correspondindnéoraidius of
10.0 A, weighted by atomic polarizabilities and \@er Waals volumes (models 2.1 and 2.2) and RDErijsr,

corresponding to the radius of 14.5 A, weightecgtnmic masses (model 2.3-2.5). According to thévddrmodels,
spherical molecular volumes with these dimensionsld have certain restrictions to the addition afikly

substituents, for example long chains as well amatwith the large van der Waals volumes or pdddiizies at 3-
(aminooxalyl-amino)- or 3-(carbamoyl-propionylamjnmoieties in the same manner as it was concldadiednti-

inflammatory activity.

WHIM descriptors (Weighted Holistic Invariant Molder descriptors) are geometrical descriptors based
statistical indices calculated on the projectiohthe atoms along principal axes [22]. WHIM destip are built in
such a way to capture relevant molecul@ i8formation regarding molecular size, shape, sytmynand atom
distribution with respect to invariant referencanfies. They are divided into two main classes: timeal WHIM
descriptors and global WHIM descriptors.

Within the WHIM approach, a molecule is seen amiufiguration of points (the atoms) in the three-eimsional
space defined by the Cartesian axes (X, y, z).btaiw a unique reference frame, principal axediefrholecule are
calculated. Projections of the atoms along eacthefprincipal axes are then performed and thepet&on and
distribution around the geometric center are evatliarhus the WHIM approach can be viewed as argbration
of searching for the principal axes with respedhtdefined atomic property (the weighting scheme)

The axial symmetry of the atoms in the moleculetliy new internal coordinate axes (axes of the timegr
components) can be calculated by the equation:

-1
ym:{1_|:n_;mogzn_;\+na|1%|]092%):|} 1m:1-2131

where ng is the number of symmetrical atoms along the jpailc components axisp, is the number of
unsymmetrical atomsf — the number of atoms in the molecule.

Then the index of overall symmetry of the moledslealculated as follows:

G=(n0, )"

Overall symmetry index values are directing to thé atoms in the molecule are symmetrically sgdatlong each
axis and 0 if the atoms have low symmetry with eespo at least one of the principle component axes

All derived models for analgesic activity compris& component directional WHIM index weighted by atomi
Sanderson electronegativity (G1e) which made athegeontribution into the activity. This fact caube related to
the importance in the lack of symmetry keeping viit atoms possessing high electronegativity, Gkggen or
Chlorine, along the®iprinciple component axe.

3D-MoRSE descriptors were also incorporated int@ekvariable models 2.3-2.5 for analgesic activfythe
synthesized compounds.

3D-MoRSE (D Molecule Representation of Structures based oati6le diffraction) descriptors are based on the
idea of obtaining information from théd3atomic coordinates by use of the transform usesldéntronic diffraction
studies for preparing theoretical scattering curf2®. A generalized scattering function, callea tmolecular
transform, can be used as the functional basiddaring, from a known molecular structure, thedfie analytical
relationship of both X-ray and electron diffractidrhe general molecular transform is:

G(s) = ZA: f. [exp@rz 0 [3),

i=1

wheres represents the s scattering in various directipna collection ofA atoms located at points f; is a form
factor taking into account the direction dependewfcecattering from a spherical body of finite siZée scattering
value,s, measures the scattering anglesas:4risin(@2)/A, where@ is the scattering angle ards the wavelength
of the electron beam.
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The equation fo6(s) is usually used in the modified form. On subsititg the form factor by the atomic propevty
considering the molecule to be rigid and settirgittstrumental constant equal to unity, the follogvexpression is
obtained:

» i1

Mar(s,w) = 1(s,w) =2 ¥ ww, sin(ar,) f(ar,),

im2 el

where(s,w) is the scattered electron intensity,is an atomic property, chosen as the atomic numbere the
interatomic distances between tieandjth atoms, and\ is the number of atoms. For atomic weightimgvarious
physicochemical properties such as atomic massapatomic charge, or atomic polarizability arenswlered.

To obtain uniform length descriptors, the intensitstribution/(s) is made discrete, its value being calculated as a
sequence of evenly distributed values, e.g. 324ovaues in the range of 1-31'AClearly, the more values are
chosen, the finer becomes the resolution in theesgmtation of the molecule.

The MORSE descriptors have been shown to have gwmodeling power for different biological and
physicochemical properties and can be used evethdaimulation of infrared spectra.

The derived model 2.3 contained MorO8v descripteigited by atomic van der Waals volume, this végidtad a
negative influence on the biological activity ofettompounds. In relation to this, the highest \&loé the

descriptor corresponded to analgesic activity desing. Finally, two more 3D-MoRSE descriptors waiso

incorporated into 2.4 and 2.5 QSAR models, namebr28v and Mor28p (signal 28 descriptors), weighisd
atomic van der Waals volumes and polarizabilitidsth these descriptors had a positive influenceanalgesic
activity (i.e. an increase of their values increhaetivity). Thus, the increase in activity occarmghen the electron
beam scattering with the group of atoms would bantp@n account of atoms with high van der Waalkiaees and
polarizabilities.

CONCLUSION

Novel 3-(aminooxalyl-amino)-2-phenylamino-benzoicida and 3-(carbamoyl-propionylamino)-2-phenylamino-
benzoic acid derivatives and their correspondinthgieesters possessing anti-inflammatory and asadgectivities
were synthesized under Ullmann condensation. Aufiisnmatory and analgesic effecis vivo evaluations
indicated that 3 compoundb/(3, IX 3, X 7) showed rather significant decrease in edemainthibition rate for
them was observed at the level of 31.4-39.5 % awpaoed to control group, while two compouniig2 and1V 3)
showed significant analgesic effect, the severitwidthing response for them was recorded as 41an%50.0 %,
respectively. The pharmacology screening allowesghtiflying IV 3 as a lead compound for further structural
optimization to improve both biological activities.

QSAR studies for the synthesized compounds werenpeed incorporating B descriptors into respective models
as their computation involved integration of theevant molecular B information regarding molecular size, shape,
symmetry, atoms and distances distribution in thengetrical representation of the molecules. Therjmetation of
the QSAR models derived with multiply linear regries technique revealed that the spherical molesrdaumes
with the dimensions of 10.0 A and 14.5 A could haeeain restrictions in the sense of bulky substits addition
into the molecules for anti-inflammatory and analgeactions enhancing. Moreover, the increase mgasic
activity was observed in the case of insufficigmmetry keeping with the atoms possessing highreleegativity,
like Oxygen or Chlorine, along thé' principle component axe, and also when the eladigam scattering with the
group of atoms would be mainly on account of ataevith high van der Waals volumes and polarizabditi had
been demonstrated statistically that achieved nsodelld be used for identifying novel anti-inflamory and
analgesic agents based on the same congeneris.s€aking into consideration the QSAR studies tesuhe
importance given to[3 molecular descriptors in modulating the biologiaetivity profiles, was well reflected.
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