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ABSTRACT

A series of 1-phenyl-3-(4-phenylthiazo-2-yl) uregivhtives3a-f, 4a-f, and5a-f have been synthesized to meet the
structural requirements essential for anti-inflantorg and antimicrobial properties. Target compoundsre
synthesized according to a new and convenient egfyat The strategy involves the reaction of 2-andino-
phenylthiazolesla-c with ethyl chloroformate to afford ethyl 4-(suhbsti#d)phenylthiazol-2-ylcarbamateZa-c
followed by reaction with the appropriate aminethei in a highly boiling point aprotic solvent oolgent free
condition. Most of the target compounds showed motatibacterial activity that equipotent or highdhnan
ampicillin. Also, they were evaluated for theiniwo anti-inflammatory activities in rats comparedindomethacin.
Four compound$b, 3e, 4e and 5e proved to be the most active anti-inflammatory agj@mthe present study with
superior Gl safety profile and good safety margimpared to indomethaciin abases of molecular modeling; all
synthesized 1,3-disubstituted ureas were subjegotédcking simulation into active sites of humalukle epoxide
hydrolase (sEH).

Key words: 1,3-disubstituted ureas, green synthesis, antirbial activity, anti-inflammatory activity, molead
docking.

INTRODUCTION

Synthesis of heterocyclic compounds as a substitineth,3-disubstituted ureas is an attractive fifdd synthetic
chemists due to their diverse range of pharmaccédgictivities. 1,3-Disubstituted ureas possessnicrbbial [1-
4], antiviral [5-7], anticancer [8,9], hypoglycem[d0], anti-hyperlipidemic[11], anticonvulsantd12], anti-
angiogenics [13], and anti-parkinsonian activit¢][Additionally, several 1,3-disubstituted ureasrsveeported as
much more potent anti-inflammatory. The anti-inflaatory activities of disubstituted ureas were reiogd to be
due to the inhibition to the soluble epoxide hydsal enzyme (sEH) [15-17]. The soluble epoxide Hgdeo(sSEH)
enzyme catalyzes the conversion of epoxy-eicosatiteacids (EETs) and leukotoxin; the important gehous
signaling lipids, to less active dihydroxy-eicogaipic acids (DHETS) [18] and toxic, pro-inflammigtdeukotoxin
diols [19] respectively. The increase of EETs and otlatyfacid epoxides, resulting in anti-inflammataffect
[20]. Further, the importance of 2-aminothiazolel és derivatives is well known. Some antibactedalgs, e.g.,
sulphathiazole [21], even a range of cephalosd@am23] and monobactam antibioti@4] contain in its molecule
2-aminothiazole moiety. In addition, 2-aminothiaglas a unique molecule were reported to haveaamdibal,
antifungal [25-27] and anti-inflammatory activitif8,29]. According with the aforementioned biolcaji activities
of 1,3-disubstituted ureas, and 2-aminothiazolbs, target of the present work was to synthesisouaril,3-
disubstituted ureas containing 2-aminothiazole trese through a convenient synthetic strategy. Haurtstudying
the molecular docking for these compounds with huisiaH, compared with their anti-inflammatory resullso
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to investigate the antimicrobial activities for seecompounds, taking in consideration that the camgs treated
microbial infections and inflammation is a curréneind in treatments.

EXPERIMENTAL SECTION

Chemistry

Melting points were determined on an electrothermalting point apparatus [Stuart Scientific, mo&A\P3,
Staffordshire, UK] and were uncorrected. Pre-coaida gel plates (kieselgel 0.25 mm, 60G F254 rdle
Darmstadt, Germany) were used for TLC monitoring refictions. The developing solvent systems of
CHCI/CH30OH (9.5:0.5 and 8:2 v/v) were used and the spote wetected at 254 nm wavelength using ultraviolet
lamp (Spectroline, model CM-10, Seattle, USA). Ipectra (KBr discs) were recorded on Thermoscientifi
Nicolet-6700 FT-IR spectrometer (Thermo-FischeeS8tific Inc., USA).'H-NMR Spectra of final compound@a-f,
4a-f, and5a-f were scanned on a JEOL JNM-LA series FT-NMR sys¢@0 MHz, JEOL, Tokyo, Japan) at the
Unit of Trace Analyses, Assiut University. Chemisaifts are expressed &value (ppm) relative to TMS as an
internal standard, using DMSQ-ds a solvent, and deuterium oxide was used fod#tection of exchangeable
protons. Mass spectra were performed with JEOL-J0S@t the Unit of Trace Analyses, Assiut Universithe
microanalyses of final compounds were performedidrario elemental analyzer Ill (Vario, Hanau, Genyjaat
the unit of Microanalysis, Cairo University. Yields of final compound8a-f, 4a-f, and5a-f are presented in Table
1. The required chemicals and solvents are of rdaggrade. The starting materials 2-amino-4-(stuist)-
phenylthiazolesla-o), and ethyl 4-(substituted)-phenylthiazol-2-ylcammates Za-c) were synthesized according to
reported procedures [26,30].

General Procedures for Synthesis of Compounds 3a4a-f, and5a-f:

Method A [31]

A mixture of 2-amino-4-(substituted)-phenylthiazi@a-c (0.01 mol), and phenyl- or 4-chlorophenyl isocgtn
(0.011 mol) in toluene (30 ml), was heated undéluxefor 1 hr. The formed precipitate was filteradile hot,
washed three times with hot n-hexane (3 X 20 middand crystallized from suitable solvent.

Method B

A mixture of ethyl 4-(substituted)-phenylthiazolyzarbamatg2a-c) (0.005 mol), and the appropriate amine (0.015
mol) in m-xylene(30 ml), was heated under reflux for 3 hr. The tieacmixture was concentrated near the dryness,
cooled, diluted with n-hexane (30 ml), and boil€Hde formed precipitate was filtered while hot, wedlthree times
with hot n-hexane (20 ml), dried and crystallizeshfi suitable solvent.

Method C

A mixture of ethyl 4-(substituted) phenylthiazolyzarbamat&2a-c (0.005 mol), and the appropriate amine (0.015
mol) was heated at 120-1%Dfor 3 hr. The reaction mixture was cooled, boigith 5 ml ethanol and poured in
dilute hydrochloric acid 50 ml. The formed precipé was filtered, washed with water, dried andtatlzed from
suitable solvent.

Characterization for Compounds 3a-f 4a-f, and5a-f:

1-phenyl-3-(4-phenylthiazol-2-yl)urea (3a)[31] Cryst. solvent, ethanol; m.p. 218-9 °C (Lit. [32P9 °C); IR
(KBr) v cmi: 3388, 3191, 3108, 1714, 15984-NMR (DMSO-dq): & (ppm) 7.02-7.89 (m, 11H,8s, CHs, C5-H
thiazole); 8.92 (br. s, 1H,); 10.70 (br. s, 1H, f#H); EI-MS m/z: 295.73M", 0.9%), 202.49 (59.4%), 176.43
(100%).

1-(4-chlorophenyl)-3-(4-phenylthiazol-2-yl)urea (3b)Cryst. solvent, DMF/EO; m.p. 246-7 °C; IR (KBrp cmi*:
3386, 3189, 3106, 1710, 1596{-NMR (DMSO-dy): & (ppm) 7.29-7.89 (m, 10H,8s, CsH,, C5-H thiazole); 9.05
(br. s, 1H, NH); 10.78 (br. s, 1H, fH). EI-MS m/z: 331.81 (M+2, 0.9%), 329.75 (M 2.4%), 183.95 (100%),
175.87 (86.8%); Anal. Calcd. (%) for81,,CIN;OS: C, 58.27; H, 3.67; N, 12.74. Found: C, 58.63;3H9, N,
12.73.

1-(4-fluorophenyl)-3-(4-phenylthiazol-2-yl)urea (3c).Cryst. solvent, ethanol; m.p. 231-2 °C; IR (KBr)cm™:
3286, 3204, 3145, 1692, 1654, 154H-NMR (DMSO-<dy): & (ppm) 7.13-7.88 (m, 10H, s, CeHs C5-H
thiazole); 8.93 (br. s, 1H,'N); 10.70 (br. s, 1H, RH); EI-MS m/z: 313.57M", 3.2%), 202.47 (28.2%), 176.44
(100%); Anal. Calcd. (%) for gH1,FN;OS: C, 61.33; H, 3.86; N, 13.41. Found: C, 61.583H8, N, 13.39.

1-(4-phenylthiazol-2-yl)-3p-tolylurea (3d). Cryst. solvent, ethanol; m.p. 225-6 °C; IR (KBrgm': 3389, 3189,

1712, 1597*H-NMR (DMSO-ds): 5 (ppm) 2.25 (s, 3H, CY; 7.04-7.88 (m, 10H, &ls, CsHa, C5-H thiazole); 8.81
(br. s, 1H, NH); 10.65 (br. s, 1H, N); EI-MS m/z: 309.71M*, 0.7%), 202.47 (47.4%), 176.47 (57.3%), 134.30
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(69.4%), 133.31(100%); Anal. Calcd. (%) for815N;0S: C, 66.00; H, 4.89; N, 13.58. Found: C, 66.034189,
N, 13.28.

1-phenethyl-3-(4-phenylthiazol-2-yl)urea (3e)Cryst. solvent, ethanol/water; m.p. 164-5 °C; IRB(Kv cm:
3379, 3187, 3117, 1666, 1558-NMR (DMSO-dy): & (ppm) 2.77 (t, 2H, ChCeHs , = 7.2);3.38 (t, 2H, NCH);
6.54 (br. s, 1H, RH); 7.19-7.84 (m, 10H, s, CH,, C5-H thiazole); 10.26 (br. s, 1HM); EI-MS m/z: 323.73
(M™, 0.8%), 202.44 (23.0%), 176.38 (100%); Anal. Caléd) for GgH;,N;0S: C, 66.85; H, 5.30; N, 12.99. Found:
C, 67.00; H, 5.48, N, 13.05.

1-cyclohexyl-3-(4-phenylthiazol-2-yl)urea (3f)Cryst. solvent, hexane/dioxane; m.p. 152-3 °C;KBrj v cmi*:
3405, 3344, 3169, 1686, 1518-NMR (DMSO-d): 5 (ppm) 1.19-1.82 (m, 11H, cyclohexyl-HB.48 (d, 1H, NH,
J=6.8); 7.29-7.85 (m, 6H, s, C5-H thiazole); 10.33 (br. s, 1H,°M); EI-MS m/z: 224.47 (NM-CgHs, 0.8%),
202.55 (13.8%), 176.37 (100%); Anal. Calcd. (%)@¢HoN30S: C, 63.76; H, 6.35; N, 13.94. Found: C, 63.69; H
6.48, N, 13.92.

1-[4-(4-chlorophenyl)thiazol-2-yl]-3-phenylurea (4a. Cryst. solvent, ethanol; m.p. 250-2 °C; IR (KBr)cm® :
3389, 3184, 3103, 1709, 1598{-NMR (DMSO-dg): & (ppm) 7.02-7.91 (m, 10H,8,, CsHs, C5-H thiazole); 8.93
(br.'s, 1H, NH); 10.70 (br. s, 1H, N); EI-MS m/z: 238.33 (VK2 - GHsN, 50.9%), 236.27 (N CeHsN, 51.4%),
212.37 (48.4%), 210.31 (100%); Anal. Calcd. (%) ®@sH.,CIN3OS: C, 58.27; H, 3.67; N, 12.74. Found: C, 58.42;
H, 3.60, N, 12.87.

1-(4-chlorophenyl)-3-[4-(4-chlorophenyl)thiazol-2-yljuea (4b). Cryst. solvent, DMF/KD; m.p. 252-4 °C; IR
(KBr) v cmi*: 3388, 3184, 3105, 1709, 1526-NMR (DMSO-dy): 7.31-7.91 (m, 9H, @4, CsHa, C5-H thiazole):
9.07 (br. s, 1H, RH); 10.78 (br. s, 1H, fH); EI-MS m/z: 238.51 (MH2 - GHeCIN, 28.0%), 236.52 (MCsHeCIN,
89.7%), 212.41(33.5%), 210.25 (100%); Anal. Caléd) for CgH1,CI,N;0S: C, 52.76; H, 3.04; N, 11.54. Found:
C,52.61; H, 2.85, N, 11.82.

1-[4-(4-chlorophenyl)thiazol-2-yl]-3{4-fluoro-phenyl)urea (4c).Cryst. solvent, ethanol; m.p. 266-7 °C; IR (KBr)
© cm': 3383, 3190, 3105, 1712, 159H-NMR (DMSO-dy): & (ppm) 7.14-7.77 (m, 9H, &, CH,, C5-H
thiazole); 8.95 (br. s, 1H,3); 10.70 (br. s, 1H, N); Anal. Calcd. (%) for GH1,CIFN;OS: C, 55.25; H, 3.19; N,
12.08. Found: C, 55.51; H, 3.19, N, 12.34.

1-[4-(4-chlorophenyl)thiazol-2-yl]-3p-tolylurea (4d). Cryst. solvent, ethanol; m.p. 271-2 °C; IR (KBr) cm™:
3304, 3100, 1640, 15684-NMR (DMSO-dg): & (ppm) 2.25 (s, 3H, CHt 7.11-7.91 (m, 9H, ., CH, and C5-H
thiazole); 8.80 (br. s, 1H, M); 10.61 (br. s, 1H, M); EI-MS m/z: 343.18 (M, 1.6%), 237.87 (37.9%), 235.87
(100%); Anal. Calcd. (%) for GH1,CIN;OS: C, 59.39; H, 4.10; N, 12.22. Found: C, 59.444H4, N, 12.17.

1-[4-(4-chlorophenyl)thiazol-2-yl]-3-phenethylurea (4e).Cryst. solvent, Ethyl acetate/Hexane; m.p. 175-6IRC
(KBr) (cm™): 3300, 3260, 3100, 1686, 1558-NMR (DMSO-ds): & (ppm) 2.77 (t, 2H, ChCeHs, J= 7.2); 3.36-
3.41 (m, 2H, NCH); 6.53 (br. s, 1H, RH); 7.19-7.88 (m, 10H, s, CsHs, C5-H thiazole); 10.19 (br. s, 1HMN);
EI-MS m/z: 238.41 (VK2 - GHy:N, 21.1%), 236.42 (M- CgH11N, 93.7%), 212.35 (45.7%), 210.26 (100%); Anal.
Calcd. (%) for GgH16CIN3OS: C, 60.41; H, 4.51; N, 11.74. Found: C, 60.7,14182, N, 11.56.

1-[4-(4-chlorophenyl)thiazol-2-yl]-3-cyclohexylurea (4f). Cryst. solvent, Hexane/dioxane; m.p. 165-7 °C; IR
(KBr) v cm*: 3331, 3258, 3104, 1650, 1558-NMR (DMSO-dy): & (ppm) 0.98-1.81 (br. m, 11H, cyclohexyl-H):
6.47 (d, 1H, NH, J= 7.6 ); 7.35-7.92 (m, 5H, &8, C5-H thiazole); 10.36 (br. s, 1H!MN); Anal. Calcd. (%) for
C1H1sCIN;OS: C, 57.22; H, 5.40; N, 12.51. Found: C, 57.10510, N, 12.60.

1-phenyl-3-(4p-tolylthiazol-2-yl)urea (5a). Cryst. solvent, DMF/water; m.p. 259-60 °C; IR (KBrcm™ 3390,
3200, 1700, 1589'H-NMR (DMSO-d): & (ppm) 2.31 (s, 3H, Cit 7.02-7.78 (m, 10H, s, CiHs, C5-H
thiazole); 8.92 (br. s, 1H,'N); 10.67 (br. s, 1H, fH); EI-MS m/z: 309.54M", 4.2%), 216.43 (81.2%), 190.50
(100%); Anal. Calcd. (%) for GH1sN3OS: C, 66.00; H, 4.89; N, 13.58. Found: C, 65.535H9, N, 13.62.

1-(4-chlorophenyl)-3-(4p-tolylthiazol-2-yl)urea (5b). Cryst. solvent, DMF/water; m.p. 276-7 °C; IR (KBr)cm
1. 3380, 3189, 3104, 1711, 159#H-NMR (DMSO-dq): 5 (ppm) 2.31 (s, 3H, CHY; 7.20-7.77 (m, 9H, @4, CeHa,
C5-H thiazole); 9.05 (br. s, 1H,'N); 10.74 (br. s, 1H, RH); EI-MS m/z: 343.62 (M, 3.6%), 216.38 (36.2%),
190.44 (100%); Anal. Calcd. (%) for#114CIN;OS: C, 59.39; H, 4.10; N, 12.22. Found: C, 59.36;4t27, N,
12.02.
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1-(4-fluorophenyl)-3-(4-p-tolylthiazol-2-yl)urea (5c). Cryst. solvent, ethanol; m.p. 273-4 °C; IR (KBr) cm™:
3380, 3189, 3104, 1711, 159#-NMR (DMSO-dy): & (ppm) 2.31 (s, 3H, Cyl; 7.14-7.77 (m, 9H, &, CeHa, C5-
H thiazole); 8.95 (br. s, 1H,'N); 10.71 (br. s, 1H, RH). EI-MS m/z: 327.69 (N 7.28%), 216.46 (21.72%),
190.43 (100%); Anal. Calcd. (%) for#14FN;OS: C, 62.37; H, 4.31; N, 12.84. Found: C, 62.554180, N, 12.60.

1-p-tolyl-3-(4-p-tolylthiazol-2-yl)urea (5d). Cryst. solvent, DMF/water; m.p. 244-5 °C; IR (KBr) cm™: 3382,
3191, 3104, 1709, 1596:H-NMR (DMSO-d): & (ppm) 2.25 (s, 3H, CH; 2.31 (s, 3H, Ch); 7.11-7.77 (m, 9H,
CeHa, CsH4, C5-H thiazole); 8.81 (br. s, 1H,'N); 10.62 (br. s, 1H, fH); EI-MS m/z: 216.38 (M- C;HoN, 39.6%),
190.51 (M- CgH,NO, 100%), 133.27 (40.9%); Anal. Calcd. (%) forgffi;N;OS: C, 66.85; H, 5.30; N, 12.99.
Found: C, 66.53; H, 5.26, N, 13.12.

1-phenethyl-3-(4p-tolylthiazol-2-yl)urea (5e). Cryst. solvent, DMF/water; m.p. 173-5 °C; IR (KBr)cm®: 3300,

3273, 3123, 1689, 155%-NMR (DMSO-dg): 5 (ppm) 2.30 (s, 3H, C¥; 2.76 (t, 2H, CHCeHs, J= 6.8); 3.36-3.41
(m, 2H, NCH-); 6.52 (br. s, 1H, M); 7.18-7.72 (m, 10H, s, CsH4, C5-H thiazole); 10.46 (br. s, 1HN). EI-

MS m/z: 337.82 (M, 1.8%), 215.92 (20.3%), 189.84 (95.7%), 83.97(10&nal. Calcd. (%) for gH1oN;OS: C,

67.63; H, 5.68; N, 12.45. Found: C, 67.94; H, 518912.55.

1-cyclohexyl-3-(4p-tolylthiazol-2-yl)urea (5f). Cryst. solvent, hexane/dioxane; m.p. 194-5 °C;KBrj v cm:
3407, 3344, 3172, 1689, 1538)-NMR (DMSO-dy): & (ppm) 1.17-1.81 (br. m, 11H, cyclohexyl-H); 2.39 (H,
CH,); 6.49 (d, 1H, NH, J= 10.8); 7.18-7.75 (m, 5H, 8, C5-H thiazole); 10.31 (br. s, 1H,2N); EI-MS m/z:
315.60 (M, 1.6%), 216.38 (23.1%), 190.52 (100%); Anal. Caléd) for G;H,;N;0S: C, 64.73; H, 6.71; N, 13.32.
Found: C, 65.02; H, 6.99, N, 13.00.

Biological screening:

Antimicrobial activity:

All final 1,3-disubstituted urea derivativeda-f, 4a-f, and 5a-f were tested for their iwvitro antibacterial and
antifungal activities, compared to ampicillin (famtibacterial investigation), and fluconazole (fantifungal
investigation) as reference drugs respectively. Trhestigation was performed, using the standagdr acup
diffusion method32] at a concentration of 100 pmol/ml.

Antibacterial assay.It was done at Microbiology laboratory at Microligly department, Assiut University. Four
pathogenic bacterial species representing botim@asitive staringStaphylococcus aureuStaph saprophyticus
andBacillus specigsand Gram-negative straifcgcherichia coli)were selected. All these bacterial isolates were
isolated, identified at Microbiology department,sAg University. For antibacterial investigatioradberial strains
were individually cultured for 48 h in 100 ml coaldlasks containing 30 ml nutrient agar mediunoaBsay was
done in 10 cm sterile Petri dishes in which 1 mbacterial suspension and 15 ml of nutrient agarenpoured.
Plates were shaken gently to homogenize the iatzuhAfter solidification of the media, 5 mm céadt were cut in
the solidified agar (4 to 6 cavities/plate) usbtgrile cork borer. The test compoun@satf, 4 a-fand5 a-f) and
reference drugs were dissolved in DMSO (100 pnidlthmat served as positive control and were loaitethe
cavities. In addition, other cavities were loaaéth the solvent DMSO and served as a negativérabiThe seeded
plates were incubated at 28+2 °C for 48 h. The diens of inhibition zones (in mm) of triplicate sewvere
measured and the results are cited@able 2.

Antifungal assay. It was done at Mycological Center, Assiut UnivistsFor antifungal assay; three human
pathogenic fungi specie3richophyton rubrumAUMC 1804, Candida albicansAUMC 1299 andScopulariopsis
brevicaulis AUMC 361] were used in the present study. Foifamjal screening; spore suspension in sterile
distilled water was prepared from 7 days old aeltof the test fungi growing on Sabouraud's degttm®th (30 ml)
media in 100 ml conical flasks. The final spora@ntration was nearly 5x46pores /ml. Bioassay was done in 10
cm sterile Petri dishes in which 1 ml of sporepgunsion and 15 ml of nutrient agar were pouredeBlaere shaken
gently to homogenize the inoculate. After solichfion of the media, 5 mm cavities were cut ingbkdified agar (4

to 6 cavities/plate) using sterile cork borer. st compounds3(a-f, 4 a-fand5 a-f) and reference drug were
dissolved in DMSO (100 pmol/ml). DMSO was servedaanegative control. The seeded plates were ited tzd
28+2 °C for 7 days.

The minimium inhibitory concentration (MIC ¢). Using Agar cup diffusion method, the test compougidéng
positive results (with zone of inhibition highdran 17 mm) were diluted with DMSO to prepare aeself
descending concentration down to 1.56 umol /mlutBd solutions were added to plates containingecft
bacterial isolates, then zone of inhibition was suead. Plotting square of diameter’(Xagainst Log C, gave a
straight line, then by extrapolation of this sttditjne to cut log C at certain point, this indieatMIC. Results are
cited in Table 2.
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Anti-inflammatory activity

The anti-inflammatory activity of eighteen finaBigdisubstituted urea derivativ8sa-f, 4a-f, and5a-f was evaluated
by the carrageenan-induced paw edema methodivo in rats according to a reported method [16], using
indomethacin as a reference standard. The thickoesst paw edema was measured by digital plethyseter
LE7500 (Panlab S.L., Cornella, Barcelona, SpaiulAalbino male rats weighing 150-200 g were ddddnto
twenty groups of 6 animals each. The animals wedewith commercial feed pellets and were given wate
libitum. Work was conducted in accordance with the intéonally accepted principles for laboratory animaise
and care as found in the European Community Guiegl[33]. Indomethacin and the tested compoudals, 4a-f,
and 5a-f were suspended in 0.5% sodium carboxymethylceluliiNaCMC) saline solution and givenally by
gastric tubes, at a dose level of 28 mmol/kg. Eghtdifferent groups were treated with a suspensidhe tested
compounds, and reference group was treated by ieth@uin, one hour before induction of inflammatidine
control group was given saline solution containth§% NaCMC. After 30 minutes, 0.1 ml of freshly paeed
carrageenan solution (1% in normal saline) wasctaj into the subplantar region of the right hirdvpof each rat
to induce edema. The thickness of rat paw was meadwy digital plethysmometer at different timesivals (three
and five hours) after administration of the teshpkes. The difference between the thicknesses ofpaws (right
and left) was taken as a measure of edégia

The results of the anti-inflammatory activity wenepressed as percentage inhibition of edema thiskimetreated
animals in comparison with the control group acoaydo the following equation:

% Edema inhibition = 100 (1 - Vt /Vc)

Where, Vt = volume of edema in treated group, Vowotume of the edema in the control group. The anti-
inflammatory activities of the tested compoundsgstarrageenan-induced paw edema in rats, at twdefive
hours respectively, are shown in Table 3.

Ulcerogenic effect

Scanning electron microscopy of the stomachs sfwats performed on JEOL JSM-5400 LV Scanning maops
(JEOL, Tokyo, Japan) at the unit of Electron Miamge, Assiut University. The ulcerogenic effect wasermined
for the highly active anti-inflammatory compoundb, 3e, 4e,and 5¢ in albino rats following the previously
reported standard method [34]. Adult albino ratsghimg 150-200 g were divided into six groups afefianimals
each. The animals were fasted 24 hours beforeattognistration. indomethacin (reference standand)tae tested
compounds (30 mg/kglere suspended in saline solution using 0.5% NaGME were administered orally for
three successive days to fasted rats. The contpapganimals were given saline solution using 0&&MC. Six
hours following the dose, the animals were sa@&iby cervical dislocation and the stomach was redpepened
along the greater curvature and washed with salihe.Stomachs were examined with a magnifying (&0s) for
the presence of lesions and erosions.

Ulcer was defined as at least one lesion that wasndn or more in length. All lesions of more thad @m in

length were summed to obtain the ulcer index. Sttimavere kept in 10% w/v formalin solution. Aftet B, the
surface of stomachs was examined using scanniogr@bemicroscope. The results were listed in Tabénd some
representative photo-micrographs for gastric mucdsmntrol healthy and treated rats are shownguare 1.

Ulcer index
The ulcers were examined on the dissected stomathhe ulcer index was calculated by using the tdamUl =
10/X, Where X= total mucosal area / total ulceraezh.

Acute toxicity

The highly active anti-inflammatory compourils, 3e, 4eand5e were further investigated for their median lethal
dose (LB, compared to indomethacin (reference standardinébe mice.Twenty five groups of mice each
consisting of six animals, were used. The compowamisindomethacin were given orally at doses of42),60,
100, and 120 mg/kg. Twenty four hours later, then@stality in each group and for each compound veasnded.
The LDy, values were calculated using the method deschigddtchfield and Wilcoxon [35].

Molecular Modeling

Docking simulation study is performed using MolegulOperating Environment (MG version 10.2010,
Chemical Computing Group Inc., Montreal, Canadae Tbhmputational software operated under “Windows$ XP
installed on an Intel Pentium IV PC with a 1.6 Gptpcessor and 512 MB memory. All the minimizatiansre
performed with MOE until it reached a RMSD gradiefit0.05 Kcal mof A°* with MMFF94X force-field. The
atomic coordinates of the crystal structures of anreEH complex with CIU (1-cyclohexyl-3-(4-iodoply€area)
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was retrieved from Protein Data Bank (entry 1VJAl). synthesized compounds were docked into thenliga
binding pocket manually by superposition with ttegmt molecule (CIU) and minimized on MM geomeffje
docking results appear in a DBV window (dock.mdbhe (S) field that the docking poses is ranked gy t
MM/GBVI binding free energy calculation, which identical to the E_refine score. Also the RMSD fjeldhich is
the RMSD of the docking pose compared to the ceairligand position was noted. The Database browserused
to compare the docking poses to the ligand in thergstallized structure.

RESULTS AND DISCUSSION
Chemistry

The target compounds 1-aryl (or alkyl)-3-[4-(sutagd)phenylthiazo-2-yl] ureda-f, 4a-f, and5a-f were prepared
according to Scheme 1.

RL_N i N H H
e — =TT T
S S @)
la-c X
3a,b, 4a,b, 5a,b

H
R1\<1\YN\H/OCH2CH3 iii or iv Y R2
s 0 — "L
R“NH,
2a-c 3a-f, 4a-f, 5a-f

X =H, Cl; R!=Ph, 4-Cl.Ph, 4-CHl
R? = Ph, 4-Cl.Ph, 4-F.Ph, 4-GI*h, -CHCH,Ph orcyclo-CgH14

i, phenylisocyanate (or 4-chlorophenylisocyamatene, reflux;
ii, ethyl chloroformate, benzene, triethylamindiwe; iii, m-xylene, reflux;
iv, heat at 130, solvent free

Scheme 1: synthesis of the target compounds

Compounds 2-amino-4-phenylthiazdla-c were prepared according to a reported procefiethrough one pot
reaction; by heating a mixture of 4-(substitutedjaphenones, thiourea, and iodine. This was a fabbel and
simpler method than bromination of acetophenoneBpwed by reaction with thiourea [30]. The chenhica
structures of compoundsa-c were confirmed by matching their physical and gpédata with the reported ones
[25,26,36]. Reaction of 2-amino-4-phenylthiazdla-c with ethyl chloroformate in benzene and in present
triethylamine afforded ethyl 4-(substituted)phettyibzol-2-ylcarbamate®a-c, according to a reported meth@®&0].
'H-NMR spectra of compound®a-c revealed the triplet signals of GEH, at 0.92-1.03 ppm, and the quartet
signal of CHCH,O atd 4.00-4.10 ppm, also the presence of NH broad efiragb 10.26-11.01 ppm. IR spectra of
compound®a-c showed presence of strong bands &167-3154 ci and v 1720-1717 cm which were assigned
for the NH and C=0 groups, respectively. The pratan of the target 1,3-disubstituted urea wasrdéd through
the reaction of 2-amino-4-phenylthiazdla-c with aryl isocyanate in toluene under reflurgthod A [31]. This
reaction is illustrated by reaction of phenyl isacgte or 4-chlorophenyl isocyanate with 2-amindaésylthiazoles
la-cto afford compound8a, b; 4a b and5a, b. This method was favourable due the simplicity high yield (90-
97%), except it consumed more expensive reagerit [Rnother methodnjethod B for preparation of the target
compounds, 1,3-disubstituted ureas is the reaafogthyl 4-(substituted)-phenylthiazol-2-ylcarbapw2a-c with
the appropriate amines, under reflux in an aprdiighly boiling point solvent, e.g. toluene wrxylene, to afford
the target 1-(substituted)-phenyl-3-[4-(substit)tgdenylthiazol-2-yl] ureas8a-¢ 4a-¢ and5a-e in good yields
(65—-73%). Alternatively, the reaction 8&-c with the appropriate amines at 120-130° underesthree condition
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was performed for synthesis of the target ureavdeivies3a-f, 4a-f, and5a-f (method §. The key advantages of the
later method are that, it doesn't involve any hdaas organic solvent, also high yields (75-90%nhp$& workup,
and easily purification of products. The characaion of compound8a-f, 4a-f, and5a-f is based on thefi-
NMR, FT-IR, mass spectroscopy. All elemental asialyof compound8b-f, 4a-f, and5a-f are good agreement
with the desired values.

Table 1: Yields % of compounds 3a-f, 4a-f, and 5a-f

Ne N
RL NY \H/ \RZ
\ S (@]
No R, R? Method, Yield% | No R! R? Method, Yield% | No R} R? Method, Yield%
A, 95 A, 96 A, 90
3a H, Ph B, 70 4a Cl, Ph B, 72 5a CHjs, Ph B, 67
C, 90 C, 90 C, 86
A, 97 cl A, 97 CHj, A, 93
3b H, 4-Cl.Ph B, 73 4b 4—C|’Ph B, 70 5b 4-Cl.Ph B, 68
C, 88 i C, 88 C, 88
B, 70 B, 72 CHs, B, 69
3¢ H, 4-F.Ph C 89 4 Cl, 4-F.Ph C 88 5¢ 4-E.Ph C 85
3 H, B, 68 A Cl, B, 72 5 CHg, B, 66
4-CHz.Ph C, 90 4-CHz.Ph C, 87 4-CHz.Ph C, 84
B, 65 B, 70 CHs, B, 60
3¢ | H, (CH).Ph c 84 4é | ClI, (CHy).Ph c 84 5¢ | crinph ¢ 80
a, b H: a, b CI; ab CH3,
3 | o-Gatha C, 80 4f eyt C, 83 S [ C, 75

aMethod A was not detectetiMethod B gave tiny yields

Table 2:1n vitro antibacterial activity of compounds (3a-f, 4af, 5a-f) and ampicillin exhibited by minimum inhibitory concentration
(MIC) in pmol/m 2

(MIC in pmol/ml)
Compound no Gram-positive Gram-negative
S. aureus | Bacillusspc | S. saprophyticus E. cali
DMSO - - -
Ampicillin (3.125) (6.25) (6.25) (12.5)
3a (37.5) (25) (25) -
4a - p.i” (6.25) (6.25)
5a (6.25) (3.125) (6.25) (6.25)
3b (6.25) (6.25) (3.125) -
4b (6.25) (3.125) (6.25) pCi.
5b (18) (12.5) (25) -
3c (25) (25) (25) (50)
4c (6.25) (6.25) (6.25) (6.25)
5¢ (3.125) (6.25) (3.125) -
3d (12.5) (12.5) (25)
4d - (50) (50)
5d - (25) (25) -
3e - (50) - p.i°
de (25) (12.5) (12.5) (3.75)
5e - (75) - p.if
3f (3.125) (6.25) (3.125) (3.125)
4f (3.125) (6.25) (12.5) (12.5)
5f (3.125) (6.25) 12.5 (3.125)
Antibacterial evaluation was performed at 100 p/mbl ®(p.i.) partial inhibition; MIC > 100umol/ml

Biological screening

Antimicrobial activity

Investigation was performed, using the standaat agp diffusion method3p] at a concentration of 100 pumol/ml.
By comparing the antibacterial activity of the tirgcompounds in Table 2, it was found that, mostthef
compounds in the three seri@g-f, 4a-f, and5a-f, exhibited considerable significant antibactedetivity against
tested gram positive strairStaph aureusStaph saprophyticusndBacillus speciesnd negative straif coli. Also,

it was obvious that presence of cyclohexyl ureaetyoas well as halogens (Cl, F) on phenyl urea tn@ahanced
activity markedly against all tested gram positivel gram negative strains, in most cases equak tmore potent
than reference. Compoun8$ and 5f that bearing cyclohexyl urea group aahaving fluorophenyl urea moiety
exhibited equipotent antibacterial activity witfexence against pathogerfitaph aureusind Bacillus speciesln
addition to these derivatives, compouils 4¢ and5c having chlorine or fluorine on phenyl urea moieghibited

178



Olal. A. Salemet al J. Chem. Pharm. Res., 2014, 6(10):172-183

the same potency compared with ampicillin (MIC 2% umol/ml) againsBacillus specieslt is noteworthy to
mention that compoundtb (R*, RZ = 4-CI-Ph) anda (R*, R = 4-CH;,Ph, Ph) (MIC = 3.125 pmol/ml) showed two
folds higher activity than ampicillin againBacillus speciesRegarding correlation of the antimicrobial actvif
the 1,3disubstituted urea derivatives with various substits, it was found that steric factor plays aificant role;

as increasing bulkiness of Ry introducing phenethyl- (compounge, 4eand5e) or tolyl groups (compoundzd,
4d, and 5d) decreased or abolished antibacterial activityirejgathogenicStaph aureusand Bacillus species
markedly. In addition, inhibitory activity againStaph. Saprophyticugtrain was significant in case of compounds
3b, 3dand5c (MIC = 3.125 pmol/ml), as they surpassed ampitilMIC = 6.25 pumol/ml) by two folds, while,
compoundsda, 4b, 4¢ and 5a exhibited equal antibacterial activity with refece. Concerning gram negative
bacteria, represented Bycoli strain, it can be inferred that 1,3-disubstituteela derivatives in our study, showed a
promising antibacterial activity that surpassed w@ithip in case of compoundsSf, 4¢ and5f (by 4 folds);4a, 4d
and 5a (by 2 folds) while4f was equipotent with reference. Remaining test eamgs showed partial or no
inhibition at a concentration of 100 umol/ml. Om thther hand, none of the tested compodad§ 4a-f, and5a-f;
had notable fungal growth inhibitory activity agstimny of the tested pathogenic fungal straing, @ncentration
of 100 pmol/ml.

Table 3:In vivo Anti-inflammatory activity of compounds (3a-f, 4af, 5a-f), and indomethacin and scoring function dabase of the tested

ligands

% Inhibition of Edema + SE® | dG (sEH)

Compound no Kcal/mole

P 3hr 5hr (S values)

Negative
CO%trol 0.00 0.00
indomethacin | 48.88+1.68| 76.55+2.19 -

3a 42.07+2.60 | 65.26 +2.72 -27.30
4a 40.21+2 .02 | 60.68 +2.28 -23.76
5a 41.30+1.98 | 63.31 +1.69 -24.88
3b 4358 +1.43 | 66.43+2.48 -28.80
4b 42.67+2.72 | 64.61+2.60 -27.00
5b 43.03+1.88 | 65.20 +2.5¢ -26.94
3c 4221+ 234 | 65.67 +2.7% -27.42
4c 40.05+2.19 | 64.60+1.93 -24.95
5¢c 40.52+2.37 | 64.88+2.48 -25.05
3d 4236+ 177 | 64.68+2.67 -27.83
4d 41.19+253 | 62.73+2.5% -25.97
5d 4155+ 353 | 63.35+2.58 -25.68
3e 46.24+ 1.92 | 76.00+ 1.73 -29.68
4e 4850+ 2.84 | 78.09 +1.27 -30.94
5e 48.93+197 | 78.28+2.32 -30.73
3f 43.20+2.47 | 65.90 + 3.08 -28.20
4f 41.08+2.27 | 61.91+2.03 -25.53
5f 40.84+2.12 | 62.46 +2.39 -25.05

2 All values are expresses mean +SE, n =6 animals per each grdignificant difference at p <0.01 vs. control (emay ANOVA)
¢ Significant difference at p < 0.05 vs. control ¢geway ANOVA)

Table 4: Ulcerogenic effects of compounds (3b, 3%, 5e) and indomethacin

Compound no. (ngjé(;ir ing%,b
Control 0.54 £ 0.05
indomethacin 7.2 £0.33
3b 3.1+0.2F
3e 2.16+0.1T
de 25+0.2F
5e 2.56 +0.15

'All values are expresseds mean +SE
P h =5 animals per each group
¢p <0.001 vs control (one-way ANOVA)

Anti-inflammatory activity

Generally, it has been observed from the obtairesllts in Table 3, all the tested compounds showed
considerable anti-inflammatory activity, and thetidties for these compounds were varied correlatedits
substituent of the 1,3-disubstituted ureas. In cdgkephenylthiazo-2-yl moiety, the anti-inflammataactivity was
more or less affected by substitution of phenygribut in general the activities were slightly ieased with the
order of 4-phenylthiazo-2-yl > 4-methylphenylthiazeyl > 4-chlorophenylthiazo-2-yl for these derivas. In the
case of substituted-phenyl (or alkyl) urea, thdvéts more pronounced increased in phenethyl tiesethan

179



Olal. A. Salemet al J. Chem. Pharm. Res., 2014, 6(10):172-183

substitutedshenyl or cyclohexyl moieties, and the activity @fclohexyl ureas were more or less affectec
substituted phenyl. Compounds that have phenethyieties 3e, 4e and 5e exhibit nearly the same anti-
inflammatory properties (46.24 48.93% and 76.00 78.28% inhibition of edema at three and five hc
respectively) as that of the used reference stanid@iomethacin (48.88 and 76.55 % inhibition of redeat three
and five hours respectively).

Figure 1: Representative micrographs for gastric mucosa of tadthy and treated rats
A: Control Healthy stomach B: Indomethacin 30 mg/kg C:Compound (3b) 30 mg/kg
D: Compound (3e) 30 mg/kg E: Compound (4e) 30 mg/kg F:Compound (5e) 30 mg/kg

Trp
524

Figure 2: Docked complexes of compound 3b into human seH

Ulcerogenic effect

Results of ulcerogenic effect revealed that compeu3e, 4eand5€) showed superior Gl safety profile, since tl
gave 70, 65, and 64 % protection respectively, @ to indomethacin, in the population of the tastals a
oral doses 30 mg/kg. On the other hand, comp@b in the same concentration dose gave 57otection when
compared to indomethacin Table 4. Scanning eleatrimnoscopy of the control stomach of rat revealedmally,
as the stomach lining is protected by a layer ofusu(Figure 1). The stomachs of rats treated wittoinethacir
showed marked gns of ulceration as abrasion and sloughing ofetithelium (cracked clay appearance) whic
obviously reduced in compourgh. On the other hand, significant reduction in ttestgc mucosal injury an
valuable protection of submucosal cells of ratomach treated with compoun8g 4e and5ewas observed. In this
case, the stomach lining covered by a layer of mumnd photomicrographs revealed normal appeardrite oat
stomach compared to control group (Figurt
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Acute toxicity (LDsp)

LDs, investigation results indicated that compouBtls 3e, 4eand 5e were less toxic and well tolerated by the
experimental animals compared to indomethacinsgldd 3b, 100 mg/kg:3e, 4, and5e 120 mg/kg; while L3, of
indomethacin, 40 mg/kg).

Molecular Modeling Study

In order to rationalize the obtained anti-inflamargitresults and to help in understanding the p@tkmteractions
between the ligand and enzyme active site, thehsgited disubstituted ureas have been manuallyedoicito the
active site of sEH. According to literature, thénpary pharmacophore for SEH inihibitor is the ugeaup bearing a
bulky and/or hydrophobic substituent such as cyetgh alkyl or aryl groups [15,17,37,38]. For thige used the
published X-ray crystal structure of human sEH clexgd with a urea-based ligand 1-cyclohexyl-3-(4-
iodophenyl)urea, CIU (PDB accession number (){39] Molecular docking simulation of the prepare@-1
disubstituted urea into SEH active site revealegbisé molecular interactions considered to be reside for the
observed affinity. The interaction between sEH #rel prepared 1,3-disubstituted urea, as showngar&i2 and
Figure 3, was observed in three categories. (i) Urea carbonyl group accepts hydrogen bonds frenphenolic
Tyrd65 and Tyr381. (ii) Carboxylate Asp333 acceptdydrogen bond from the urea NH groups. (iii) The
disubstituted moieties including 4-phenylthiazoi2-¢substituted) phenyl, phenethyl, and cyclohexglopt a
different conformation with respect to the ureaugroThis reflects the large size of the hydrophgduicket that can
accommodate large substrate substituents and afitferonformations of such substituents in this aegdf the
active site. These moieties bind in the hydrophabiannel, making van der Waals’ forces with Trp33d,498,
Met337, Val497, Trp524 and GIn382.

(Pne)
\an/

(et
\des/

Figure 3: Docked complexes of compound 3e into humasEH

On studying the two plausible binding modes 3w, as illustrated in Figure 2, it was found that,auarbonyl
group that binds with phenolic hydrogen from Tyr46% Tyr381; and carboxylate of Asp333 that binith wrea

NH group resulted in steric clashes between theamybgroups of the inhibitor and the residuesheaf binding site,
such as Trp334, Leu498, Met337, Val497, Trp524 @iB82. These results might explain the slightlgréase in
docking with compounds having an ethyl linker sugh (Figure 3) suggesting that these compounds, and
presumably, other compounds in the safee and 5e series could orient themselves to avoid an unfbler
interactions with the residues at the active site.

From the docking data, it was noticed that, thé-iaflammatory activities for all the synthesize@4disubstitruted
urea, matched with the docking data, since the IBesa(Table 3) in case of 3-[4-(substituted)phdngito-2-
yllurea, increased in the order: Ph > 4-¢€Ph > 4-Cl Ph. But in the case of 1-substitutednghephenethyl, or
cyclohexyl urea, the S values were slightly inceshi case of, phenethyl moieties than in substkyhenyl or
cyclohexyl moieties.

CONCLUSION

As a part of our ongoing studies in developing riesivatives as dual antimicrobial/anti-inflammat@agents we
have described the synthesis 1,3-disubstituted deeaatives. The reactions of ethyl 4-(substitipdenylthiazol-
2-ylcarbamates with the appropriate amines in antapsolvent or a solvent free condition, providesovel and
convenient entry into the synthesis of the targahmounds. The advantage of the later environmgnkedhign
procedure is the high yields, short reaction tiema easy workup of the reaction. CompouBls3f, 4a, 4b, 4c, 4e,

5a, 5¢, and5f exhibited superior antibacterial activity compatedeference, ampicillin. The evaluation of aligiat
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compounds for theiin vivo anti-inflammatory activities in rats gave signéitt results comparable to indomethacin.
The gastric ulcerogenic effect of most potent amftammatory active compoundstf, 3e, 4e,and 56), were
examined on gastric mucosa of albino rats and sheyved superior Gl safety profile compared withoiméthacin.
LDg, of 3b, 3e, 4eand 5e were determined in mice; they were less toxic aedl tolerated orally up to 100-120
mg/kg. To understand the mode of binding interagtion silico, all target urea derivatives that Imavianti-
inflammatory activity were docked into inhibitomioiing cavity of human soluble epoxide hydrolaseHsEeceptor.
The results signify that the molecular docking aph is reliable and produces a good correlatitwéden docking
score function and anti-inflammatory activity. lenclusion, the synthesized 1,3-disubstituted uredvatives
represent promising dual antibacterial /anti-inflaatory leads.
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