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Abstract: Two new series of 1,5-diaryl pyrazolgsa( 5b, 7a, 7b and10) and
1,5-diaryl pyrazoline X2aand 12 b) were prepared as both Cyclooxygenase-2 and
15-lipoxygenase inhibitors. Carrageenan-inducddpeav edema, ulcer index and
anti-COX-1/ COX-2 and 15-LOX inhibition assays wetlso included. Cyclization
of different pyrazoles was discussed using 2D NMRhsas HSQC, HMBC and
NOSEY determinations. Compouiad is more effective with EE3=0.98 and 3.98
MM against COX-2 and 15-lipoxygenase respectiviglgin the references celecoxib
(1.54 pM) and meclofenamate sodium (5.64 uM)
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1. Introduction

Arachidonic acid (AA) is biologically transformedito a variety of inflammatory
mediators through two metabolic pathways, cyclgenase and lipoxygenase.
Cyclooxygenases are responsible for the productbnProstaglandins (PGs),
thromboxanes (TX4 and prostacyclin (PGl while lipoxygenases produce
leukotrienes (LTs) and also catalyse the oxidation of lipoprotein®I(l. HDL) to
atherogenic forms [1,2]. Cyclooxygenase isozymes @assed into a constitutive
COX-1, induced COX-2 and COX-3 that still remainden investigation [3,4]. All
the above-mentioned mediators are highly expressetiny inflammatory diseases,
allergic reaction [5-7] and neo-angiogenesis [8,Bhe traditional non-steroidal anti-
inflammatory drugs (NAISDs) such as aspirin or etlem potent indomethacin exert
their anti-inflammatory effect through rough intibn of both COX-1 and 2.
Reasonably, their action is associated with gadtteeding due inhibition of
constitutive COX-1. Moreover, selective COX-2 [10], inhibitors pronounced as
Coxibs including celecoxid (celebrex™) [12] (Fig.1), rofecoxib (vioxX") or
valdecoxib (bextr8") greatly inhibited the induced COX-2, but thaéiministration
is associated with myocardial thrombotic event tmslis the reason of rofecoxib and
valdecoxib  withdrawal from the pharmaceutical kear Coxibs block the
cyclooxygenase pathway, therefore metabolism of AAunted to LOX pathway
resulted in increasing the incidence of the uofmable cardiovascular thrombotic
event. According to the above findings, the develept of new anti-inflammatory
agent with a dual COX-2\LOX inhibition [13] actiyit will introduce an effective
cardio-safe drug with no ulcerogenic property. Ged& is being a lead, due its high
anti-inflammatory activity with a minimum gastroastinal side effect. It has been
belonged to a vicinal diaryl stelbene like struetwith a pyrazole central ring and a
sulfonamide (SE@NH,) at p- position of one of aryl groups. Also exploring mya
selective COX\LOX inhibitors such as darbufeloiheand CI-987 I{I ) [14-16]
(Fig.1), stated that they all have a thiazole nyi&o the aim of this research was
directed to the synthesis of new celecoxib analsguetwo designd\{ andV). The
first designlV has three criteria that one of its diaryl wadaeed with a thiazolyl
moiety in order to maintain their COX-2\15-LOX ibtiory activities. Additional
modification is adding or removing of € position -3 of pyrazoles to

investigate their essentiality for activity besite keep both COX-2 inhibitory



pharmacophores (S8H, or SQCH;3) as illustrated in Fig.1. Another design of
compoundsV which has three modifications. 1-one of aryl iplaeed with the
thiazole one. 2- keeping sulphonyl groups andrBelectron rich group (OGHwas
inserted as noticed in drabufelolein order to maintain synergistic dual COX-
2\15-LOX inhibitory activities. Herein, two new signs of highly effective drug
hybrid (celecoxib/darbufelone) that might encourabe higher effectiveness of
resulted compounds as anti-inflammatory agents vaitth safety profiles. Also, The
dual inhibition of COX-2 / 15- LOX would decreadeetcardiovascular adverse side
effect. Accordingly and to a continuation of pravsowork [17-20], we synthesized
and evaluate anti-inflammatory activity of the newgeted compounds. Moreover,
in vitro COX-1/ 2 and 15-LOX inhibitory assays were donaahly, the way of
different pyrazole cyclization was discussed amiv@d by 2D NMR. These 2 D
results has been converted the research to bégaeuane, hence, many works of
literature [21] prove their structures using théiced computational studies without

practical findings.
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2. Result and discussion
2.1. Chemistry

The Reaction of 1-(4-methyl-2-phenyl-thiazol-5-gthanone 1) with ethyl
trifloroacetate under mixed Claisen condition tesliin the formation off-diketo
intermediate3 which further cyclized with the use of un-symmethydrazinesta
and/or4b [9,22,23] giving one and sole produé&zor 5b (scheme 1). Many reports
stated about such reaction which constitutes thia symthetic approach for 1,5-di-
substituted pyrazoles considered that either NNIds could start the attack to one
carbonyl but which one of them?. In a way to arssuch question, two possible
forms of 5acould be obtained eitheA or B (Fig.2) and definitely, the reaction is a
region-specific one that one forfis predominantly formed. Many reports tried to
explain their mechanism of formation and using quamnmechanics and computer
programs to estimate which di-hydroxpyrazolidingermediate A or B was
energetically favoured and it is clearly obviousnfr this research findings that the
favoured is intermediat&. Herein, we elucidate the structuresafby the use of 2D
HNMR (HMBC, HSQC, and NOESY) in order to discrirate between two forms
A or B. NOESY spectrum &a (R = CH;) was achieved. Upon studying 3D of two
possible forms oba (A andB), the methyl protons of thiazole Gkhowed two
correlations on space. First, with C2-and C-@rbtons of methansulfonylphenyl
hence, they are close in space in distance = 3.88, 4.01 A and the other with
the pyrazole H in distance = 3.88./&uch interactions could be measured in NOSY
experiment. From NOESY scan (on supplementarg)can identify a diagonal and
a series of associated-off diagonal cross peaksn Ehese cross peaks, two peaks
which are due to positive NOE signals for the ewsned atoms confirming a
vicinal diaryl structuréA as the only formed compound while the other f@ndo

not show these correlations.
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Additionally, another pathway was adapted to geitlaer pyrazoles’a and/or 7h.
Herein, these pyrazoles were prepared by two éiftemethods. The first method, a
green method involved the reactionlofvith ethyl formate affording sodium salt of
3-hydroxy-1-(4-methyl-2-phenylthiazolyl-5-yl)prop€h-1-one ) which in-situ
reacted with respective phenylhydrazine in wateamseco-friendly solvent in the
presence of a catalytic amount of acetic acid. 3&eond method, it operated via
formation of enaminon& which further reacted with phenylhydrazida or 4b in
ethanol to get the pyrazolega or 7b (Scheme 2 Pyrazole7a structure was
elucidated by all spectral data and using NOESY $ogproveba. From the 3D of
both forms of7a (A andB), the formA showed that the protons of thiazole {ifle

in space with C2-and C-6 H protons of methanesylfrenyl in a distance = 3.3,
4.05 and 4.8 Aand with pyrazole H-3 in distance = 3.2, Auch correlations could
be measured in NOSY experiment while the f@ndo not show these correlations

in space. Data of NOESY scan prove that the twdsaage vicinal to each other.
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In a way to prepare compoufidvia another synthetic pathway, a trial was made
through the formation of the hydrazone derivati9bghat reacted with DMFDMA
in toluene that due to high acidic properties of ISk, it reacted first then

cyclization was completed giving the pyrazole dative 10 (Scheme 3).
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Scheme 3 synthesis of hydrazone8a and 9b and pyrazolelQ0; Reagent and
conditions (a) phenylhydrazine derivative H@i and 4b, ethanol, (b) DMFDMA,

toluene 24hr

Adapting Claisen —Schemidt condensation of thetistparacetyl with 4-methoxy
benzaldehyde, chalcorfel was obtained that further cyclized with the substd
hydrazinegtaor 4b in boiling ethanol to the pyrazoliné®a or 12b(scheme 4.
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Scheme 4 Synthesis of chalconell and pyrazolinesl2a and 12b. Reagents and

conditions: (a) 4-methoxybenzaldhyde, KOH, RT, 3-6 Hbp) p-substituted
phenylhydrazine hydrochloride derivatives, EtOHlweand 8-12 h.

2.2. Anti-inflammatory activity



2.2.1. Invitro cyclooxygenase (COX) inhibition assay

The in vitro biological activity assay was operated to inves#agthe ability of
synthesized compounds to inhibit both bovine COXatl COX-2. A colorimetric
enzyme immunoassay (EIA) kit was used to screeristhieyme-specific inhibition
[24]. Such COX assay is a time-saving tool for snreg a vast no of inhibitors. The
potency of testing compounds was determined asctéimeentration causing 50%
enzyme inhibition (IGy). Also, the COX-2 selectivity indexes (S| valuesgre
calculated , is defined as4§(COX-1) / 1Go (COX-2) and compared with that of the
standard drug celecoxib. All compounds were teatatl the data obtained are listed
in Table 1. For the COX-1 inhibition assay, pyias7aand7b inhibit COX-1 in
higher doses (10.30 and 9.8@, respectively) while pyrazolesa and 5b with a
(CFs) moiety inhibit COX-1 at doses (¥¢= 4.80 and 6.30w™ in sequent). Also, Sl,
for 7aand7b (3.46, 4.39) don't differ so much from that®d and5b and this may
postulate that (Cff is not essential for reactivity. When comparea to 9b,
compound 9a inhibit COX-2 with (IGo = 1.11uM) that is more potent thab
(2.23 pM). This previous comparison concluded ®QCH3 is more preferable
than the other COX-2 pharmacophore §88,). Pyrazolinel2ais the most active
in vitro with SI = 5.08 which is higher than celecoxib #slf with SI = 4.93.
pyrazolinel2awith a COX-2 inhibitors pharmacophore (£&i3) which maintain a
higher lipid affinity with the highest partitiocoefficient (4.72) of all synthesized
compounds. The other Most of the compounds shawederate Sl relative to the
standard celecoxib thaa, 9a 9b, 7b showed SI = 4.89, 4.86, 4.39, 4.39
respectively. Pyrazolédb with (SGQNH;) pharmacophorel0 which  formed
unexpectedly without a COX-2 pharmacophores anttchall which also without

COX-2 pharmacophores were the least active commowitt a lower SI ~3.6.

2.2.2.Invitro lipoxygenase (LOX) inhibition assay
Different lipoxygenases such as (5, 8, 12, 15) aom-heme iron-containing
dioxygenase that catalyze the addition of molecalgmgen to fatty acids containing
cis, sis 1,4-pentadiene. The initial product of this reactis 4-hydroxyeis, trans-1,3-
conjugated pentadienyl moiety. 15-LOX enzyme isgieged from other LOXs that
introduce hydroperoxide to lineolate and arachig®rsubstrates. Using the LOX
enzyme assay kit [24] to measure the concentratidrydroxy peroxidase. The data

obtained is listed in Table 1. (Clog P) valueseveralculated using (Chem. Draw
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Ultra 3D, thremodynmicoctanol /Water) in a way to anticipate the lipoxygse
activity as whole most potent compounds showedomable higher liopxygenase
inhibitory activity. Regarding 15-LOX inhibitory #eity, compoundsba , 5b, 12a
were the most active as 15-LOX inhibitor with {4G= 3.98, 5.41 and 4.71uM)
compared that of meclofenamate sodiums{l€ 5.64 uM) and also they nearly
showed a higher partition coefficient (= 4.84, 4atd 4.72) from all synthesized
compounds. From previous results (C-Lpgiould be used as an indicator to
anticipate liopoxygenase inhibitor potentgb, 9a, 7a, 10 and11 showed moderate
inhibitory activity against 15-LOX enzyme in thenge of (IGo= 5.90-7.68uM)
while 9b and7b have the lowest of the partition coefficiemsults (3.37, 3.79) and
were the lowest as lipoxygenase inhibitors withs¢€8.60 , 8.68M for both).

Table 1 In vitro COX-1, COX-2 inhibition, 15-Lox- and C-LogP of fazoles %a,
5b, 7a, 7b and 1§} hydrazones9a, 9b), Chalconell and pyrazoline¢l2a, 12b)

and the reference drug celecoxib for COX and nieokimte sodium for LOX.

Compound no 3COX-1 3COX-2 COXx-1/ 15-Lipoxygenase  ‘C-LogP
IC 50 (UM) IC 50 (UM) Cg.ﬁz Cadkh)

5a 4.80 0.98 4.89 3.98 4.84
5b 6.30 1.71 3.68 5.41 4.72
7a 10.30 2.97 3.46 7.49 3.92
7b 9.80 2.23 4.39 8.68 3.79
9a 5.40 1.11 4.86 6.35 2.98
9b 9.80 2.23 4.39 8.60 3.37
10 8.70 2.41 3.60 7.68 4.07
11 8.60 2.37 3.62 7.40 4.28
12a 5.80 1.14 5.08 4.71 4.72
12b 6.80 1.76 3.86 5.90 4.52

Celebrex 7.60 1.54 4.93 IND -



Aspirin 0.30 2.40 0.13 IND -

Meclofenamate IND IND IND 5.64 -

sodium

@ Thein vitro test compound concentration required to produ@é Bibition
of COX-1 or COX-2. , soya bean 15 LOX assay kite result (IGo, uM) is the
mean of two determinations acquired using an o@@X-1/ COX-2 assay Kits
(Cayman Chemicals Inc., Ann Arbor, MI, USA) and theviation from the mean
is <10% of the mean valu®ln Vitro COX-2 selectivity index (COX-1 16/COX-
2 ICsp). “Clog, p partition coefficient calculated (octan@Vater) °ND = not

determined.
2.2.3.In vivo anti-inflammatory activity [25,26]

The anti-inflammatory (Al) activities exhibited lige synthesized compounds were
determined using a Carrageen-induced rat foot mema model and the percent in
% edema inhibition was determined after 2and 4h thair relative potency of
synthesized compounds to standard celecoxib waerndieted (Table 2). All
synthesized compounds showed Al activity represerde a ratio relative to
celecoxib with the range of 0.88-0.43. The mosivaatompound waSb which is a
trifluoropyrazole with a sulphonamide pharmacophdfiest of prepared pyrazoles
showed good activity in order &b > 5a> 7b > 10 > 7a On contrary tan vitro
assays, Al activity stated that (8MH,;) as a COX-2 pharmacophore was more
effective than (S@CHSs;). The methoxy chalcohl was active with a relative potency
equal to 0.73 higher than the pyrazoline deriesti2a and 12b those showing
lower relative potencies (0.43 and 0.64 respelgfiveyrazolinesl2aand hydrazone
9a were with the lowest Al as they showed the leakttive potencies that conclude

pyrazole is the preferred pharmacophores as theli@ved goodn vivo activities.
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Table 2 In vivo anti-inflammatory activity of the tested compoungsrally

administered) against Carrageenan-induced rat pama.

Increase in paw thickness ’Relative
Compound Dose (mm) EIP % potency
o (mg/ko) 2h 4h 2h 4h 2h  4h
5a 0.29 +0.013* 0.31+0.015* 53.2351.56 0.89 0.79
5b 0.29 +0.031* 0.27 £0.033*53.22 57.81 0.89 0.88
7a 0.33 +0.016*  0.33 +0.017* 46.7748.44 0.78 0.73
7b 0.28 £0.012*  0.29 +0.014* 54.8454.69 0.92 0.83
9a 0.45+0.026* 0.46 £0.028* 27.4228.13 0.46 0.43
9b 0.41+0.032* 0.39 £0.034* 33.8737.09 0.57 0.57
10 0.29 +0.013* 0.31+0.015* 53.2351.56 0.89 0.79
11 50 0.36 +0.022*  0.34 +0.023* 43.7546.88 0.73 0.71
12a 0.45 +0.026* 0.46 £0.028* 27.4828.14 0.47 0.45
12b 0.39 £+0.024*  0.37 £0.025*37.09 42.19 0.62 0.64
Control 0.62 +0.017 0.64 +0.019 0 0 - -
Celecoxib 15 0.25 +0.008* 0.22 +0.01* 59.685.63 1 1

The results are expressed as means = SEM (n =rifiamce levels *p<0.05 as
compared with the respective celecoXiinhibitory activity in a carrageenan-induced
rat paw edema assay. The results are expressé arelative potency at 2 and 4

hours after oral administration of 50 mg/kg the tasnpound.
2.2.4. Invivo ulcerliability activity [27,28]

The ability of compounds to Ulcer formation wasedmined following oral dosing
in rats (50mg/kg) as once daily for three conseeutiays. Most of the tested
compounds showed excellent activity (Table 3) whempared to reference where
2.78, 2.67, 2.65, 2.48

respectively and were safer than reference celeddMd = 2.9) itself. Close t@b

compounds5a, 5b, 9b and 7b showed ulcer index =

which is the safest compound of all synthesizeshmmunds it belong to pyrazole
series with a sulphonamide moiety and it wouldadtrce a good safety profile
drug. While the rest of the compound was closedieapxib. Chalcond.1l which
deviated from any sulphonamide pharmacophoregiseidst safe one that showed the
highest ulcer index (4.08).

11



Table 3 Ulcerogenic liability of the tested compounddduling oral dosing in rats

(50mg/kg) once daily for three consecutive days.

Comp.no Average severity Average no of ulcers % Ulcer
incidence/10 index
5a 0.18 =+ 0.004*** 0.6 +0.013*** 2 2.78
5b 0.17 +0.003*** 0.5 + 0.012*** 2 2.67
7a 0 .85+ 0.035*** 0.5+ 0.011*** 3 4.35
7b 0.28 £ 0.015*** 0.2 £ 0.00%* 2 2.48
9a 0.57 +0.013** 0.3 £ 0.004*** 3 3.87
9b 0.25% 0.008*** 0.4 £ 0.006*** 2 2.65
10 0.73 +£0.017 *** 0.2 = 0.004*** 2 2.93
11 0.68 *0.02*** 0.4 £ 0.008** 3 4.08
12a 0.53 £0.013** 0.3+ 0.008* 3 3.83
12b 0.39+0.004*** 0.4 = 0.003*** 3 3.79
Celecoxib 0.5 = 0.013 0.4 +0.006 2 2.9
DMSO 0 0 0 0

Values represent means + SEM for ten animalsdoh group.

Significance levels **p<0.01, ***p<0.001as companeidh the respective celecoxib.

3. Conclusion

In this study, several thiazolo-celecoxib analdsg 6b, 7a, 7b9a, 9 10, 12a, 120

were designed and prepared as dual cyclooxygemaksipoxygenase inhibitors. All

designed compounds are good inhibitors for suclyraag specially pyrazoling2a

((COX-1/COX-2) SI =5.08 and Kg=4.7QuM against Lipoxygenase) which is more
selective than celecoxib and meclofenamate sodieferances. Carrageenan-
induced rat paw edema assay results showed thargigiba is with the highest

relative potency in comparison with celecoxib. ldbility showed a promising safety

profile to most of the synthesized compounds.

4. Experimental protocols
4.1. Chemistry
All melting points were determined on a Griffin @pgtus and were uncorrected. IR

spectra were recorded on (Schimadzu IR 435) usiBg d#iscs and values were
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represented in cth 'HNMR and *C were carried out on a spectrophotometer
(Bruker 400 MHz) at the faculty of pharmacy, Beoef Univeristy, Beni-suef,
Egypt. In DMSOds; or CDCE and DO using TMS as an internal standard, chemical
shifts were recorded in ppm @rscale,J (coupling constant) were estimated in hertz.
The electron impact (El) mass spectra were recootieHewlett 5988 spectrometer
(Palo Alto, CA). Microanalysis was performed for 8, N at Micro-analytical
center, Cairo university, Cairo, Egypt and was 4%90.of theoretical values. Thin
layer chromatography (TLC) silica gel plates wenep®yed using a UV lamp to
monitor the time of reaction and check the puotyroducts. Reagent and solvent
used were of Aldrich (Milwaukee, WI) and used withofurther purification.

Compound® [18] and11 [29] were prepared as previously reported proasiur

4.1.1. Synthesis of (2)-1,1,1-Trifluoro-4-hydroxy-4-(4-methyl-2-phenylthiazol-5-
yl)but-3-en-2-one (3)

A mixture of 1-(4-methyl-2-phenyl-thiazol-5-yl)-ethone {) (2.17 g, 0.01mol) and
sodium methoxide (0.23 g / 5 mL methanol) in etl{@&b mL) was stirred at room
temperature for about 2 h. Ethyl trifloroacetatesvealded (1.42 g, 0.01 mol) was
added and the reaction mixture was stirred at reonperature for 5 h. The resulting
mixture was evaporated, then suspended in watemanttalized with acetic acid
using PH meter to PH= 5.5 and, then extracted eiller. The ether extract was
evaporated, then dried, and crystallized from e#ltgtate —methanol.

Yellow powder; Yield: 59%; mp: 260-282; IR (KBr, cm'): 3423 (OH, broad
band), 3060 (C-H aromatic), 2961 (C-H aliphati®§84 (C=0), 1623 (C=N)H
NMR(DMSO-tg); 6 2.66 (s, 3H, CHl of thiazole), 5.68 (s, 1H, CHCO-G)- 7.46-
4.52 (m, 3H, phenyl H-3, H-5, and H-4), 7.99 (t,,2iHenyl H-2 and H-8 = 2.4, 6.4
Hz,), OH (not appeared);

3%C NMR (DEPTQ); 18.17 (Cktf thiazole), 90.82 ¢H-COCF;), 115.12, 118.02,
120.92, 123.83 [q] (GF;, 126.99 (C3 and C5-phenyl); 129.67 (C2 and Ceénghge
130.99 (C4-phenyl); 133.21 (C-1 of phenyl); 136(0&-of thiazole); 153.28 (C-4 of
thiazole); 165.24 (C-2 of thiazole); 169.13, 169.469.70, 169.98 [q] GFC=0);
179.25 (HO-C=CH) ; MSntyz,%): 313 [(M)", 1.3%)], 43 [100%] ; Anal. Calcd. for
Ci14H10F3NOSS: C, 53.67; H, 3.22; N, 4.47, Found: C, 53.213H7; N, 4.59 %.

4.1.2. General method for pyrazoles 5a and 5b:
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A solution of3 (3.13 g, 0.01mol) and the corresponding phenyréwide derivative
(0.01 moal) in ethanol (30 mL) was refluxed for 1®-A., (monitored by TLC). The
solid separated on hot was filtered, dried, theystaflized from ethyl acetate-
methanol

5-(Trifluoromethyl)-3-(4-methyl-2-phenylthiazol -5-yl)-1-(4-methyl-sulfonyl) phenyl)-
1H-pyrazole (5a)

Yellow powder; Yield: 45%; mp: 190-19Z; IR (KBr, cni®): 3013 (C-H aromatic),
2932 (C-H aliphatic), 1656 (C=N), 1389, 1130 (8GH NMR (CDCk); 5 2.26 (s,
3H, CHg), 3.09 (s, 3H, SE&CHs), 6.89 (s, 1H, pyrazole H-4), 7.46-7.48 (m, 3H,
phenyl H-3, H4, H-5), 7.65 (d, 2H), = 8.4 Hz, methanesulfonyl phenyl H-2, H-6),
7.90-7.92 (m, 2H, phenyl H-2, H-6), 8.00 (d, 2H; 8.4 Hz, methanesulfonyl phenyl
H-5, H-3); °C NMR (DEPTQ); 16.18 (thiazole G} 44.49 (methansulfonyl G
109.25( C-4 pyrazole), (116.71,119.38, 122.06,14q7 (CFs), 117.04 (C-1 of
methansulfonyl phenyl), 125,09 (C3,C5 of phenyl2659 (C2, C6 of phenyl),
128.83 (C-2, C-6 methanesulfonyl phenyl), 129.153(C-5 methanesulfonyl
phenyl), 130.97 (C-5 of phenyl), 132.58 (C-1 of pyi§ 135.50 (C-4 of
methanesulfonylphenyl phenyl), 140.35 (C-3 of pgiay 142.88(C-5 of
thiazole),(143.90,144.28,144.67, 145.06) [q] (C-b pyrazole), 153.94 (C-4 of
thiazole), 169.34 (C-2 of thiazole). (HMBC, HSQCdaNOESY in supplementary
materials, MS1fVz, %): 463 [(M)", 100 %], 465 [(M)" +2, 12.44 %)]. Anal.Calcd.for
CoiHi16F3N30.S; @ C, 54.42; H, 3.48; N, 9.07; Found: C, 54.173t83; N, 9.05%.

5-(Trifluoromethyl)-3-(4-methyl-2-phenylthiazol -5-yl )-1-(4-sulfamoyl -phenyl)-1H-
pyrazole (5b).

Yellow powder; Yield: 60%; mp: 300-30°C; IR (KBr, cm'): 3381 (NH, broad
band),3030 (C-H aromatic), 2926 (C-H aliphatich6& (C=N), 1376, 1163 (SD1H
NMR (DMSO); 6 2.22 (s, 3H, Ch), 7.44 (s, 1H, pyrazole H-4), 7.44-7.51 (m, 3H,
phenyl H-3, H4, H-5), 7.53 (s, 2H, NHID,O, exchangeable),7.66 (d, 2H, J = 8.4 Hz,
methanesulfonylphenyl H-2, H-6), 7.87-7.89 (m, PHenyl H-2, H-6), 7.91 (d, 2H, J
= 8.4 Hz, methanesulfonylphenyl H-5, H-3JC NMR (DEPTQ); 16. 49 ( thiazole
CHs) , 109.28( C-4 pyrazole), (117.34,120.01,122.68,3@) [q] (Ck), 117.51 (C-
lof sulfamoyl phenyl), 126.15 (C-3, C-5 of phenyll26.55 (C-2, C-6 of phenyl),
127.46 (C-2, C-6 of sulfamoyl phenyl), 129.88 (C&35 of sulfamoyl phenyl),
131.57 (C4- of phenyl ), 132.30 (C-1 of phenyl)5E3(C-4 of sulfamoyl ), 140.90
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(C-3 of pyrazole), 143.9, 144.28, 144.67, 145.06({%+5 of pyrazole), 144.48 (C-5
of thiazole), 154.17 (C-4-of thiazole), 168.62 (PR thiazole), MS 1tVz,%): 464
[(M)™, 97.86 %], 466 [M+2,12.25%], 105.08 [100%]. Anal. Calcd. for
CooH1sF3N4O.S,: C, 51.72; H, 3.26; N, 12.06 Found: C, 52.013k3; N, 11.99%.)

4.1.3 .General procedure for preparation of pyrazoles 7a and 7b.

Method A: A mixture ofl (2.17 g, 0.01lmol) and sodium methoxide (0.54 g,
0.01mol) in ether 20mL and ethyl formate (0.74 ¢)1@nol) was stirred at room
temperature for 3hr., the salt formed was filteredtied and further reacted with
hydrazinegta or 4b ( 0.01mol) in water (30mL) and acetic acid (1.Dd@)2mol) and
heated for 1hr and a solid formed, filtered andstalized form ethanol / ethylacetate
mixture (1:1).

Method B: a solution of enamino®e(2.72, 0.01mol) and substituted hydrazines (
0.01mol) in ethanol was heated for 12hr., the feaanixture was evaporated, dried
and crystallized.

5-(4-Methyl-2-phenylthiazol -5-yl)-1-(4-(methyl sulfonyl ) phenyl )-1H-pyrazole Ta:
Yellow cubes ; Yield: 44%; mp: 177-178; IR (KBr, cm): 3058 (C-H aromatic),
2932 (C-H aliphatic), 1656 (C=N), 1360, 1199 (8t NMR (CDCk); & 2.25 (s,
3H, CHg), 3.08 (s, 3H, SeCHg), 6.65 (d, 1HJ = 2.0 Hz, pyrazole H-4), 7.45-7.49
(m, 3H, phenyl H-3, H4, H-5), 7.62 (d, 2Bl= 8.8 Hz, methanesulfonylphenyl H-2,
H-6), 7.85 (d, 1H,J = 2.0 Hz, pyrazole H-5), 7.92-7.95 (m, 2H, pheHy2, H-6),
7.96 (d, 2H,J = 8.8 Hz, methanesulfonylphenyl H-5, H-3fC NMR (DEPTQ) ;
16.17 (thiazole Ck), 44.54 (methansulfonyl Gj1112.01 ( C-4 pyrazole), 118.91 (C-
lof methansulfonylphenyl), 124.37 (C3,C5 phenyl26.62 (C2, C6 of phenyl),
128.67 (C-2, C-6 methanesulfonylphenyl), 128.79 3(CEC-5 methanesulfonyl
phenyl), 130.88(C-5 of phenyl), 132.51(C-1 of phHgnyl139.12 (C-4 of
methanesulfonyl phenyl ), 140.27(C-3 of pyrazole)l.65(C-5 of pyrazole), 143.78
(C-5 of thiazole), 152.73 (C-4 of thiazole), 16§C4 of thiazole). ( NOESY in
supplementary materials); MS (m/z,%): 395 [(M)100%], 397[M+2,18.73%)];
Anal.Calcd.for GoH17N30,S; : C, 60.74; H, 4.33; N, 10.62; Found: C, 60.50;
4.30; N, 10.25%.

5-(4-Methyl-2-phenylthiazol -5-yl)-1-(4-(sulfamoyl ) phenyl )-1H-pyrazol e 7b:
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Yellow cubes; Yield: 60%; mp: 202-20€; IR (KBr, cm): 3431,3307 (NH| ),
3184 (C-H aromatic), 3030 (C-H aliphatic), 1594=Kg, 1376, 1148 (S§); H
NMR (CDCB); 6 2.26 (s, 3H, Ch), 5.02 (s, 2H, Nk (D,O, exchangeable), 6.65 (d,
1H,J = 1.6 Hz, pyrazole H-4), 7.45-752 (m, 3H, pheny8BHH4, H-5), 7.53 (d, 2H, J
= 8.4 Hz, sulfamoylphenylH-2, H-6), 7.85 (d, 1H,= 1.6 Hz, pyrazole H-5), 7.92-
7.97 (m, 4H, phenyl H-2, H-6 and sulfamoyl pheHy5, H-3);*°C NMR (DEPTQ) ;
15.88 (thiazole Cpj, 111.80 ( C-4 pyrazole), 119.08 (C-lof sulfam@yienyl),
124.26 (C3, C5 phenyl), 126.67 (C2, C6 of phenyl7.76 (C-2, C-6
sulfamoylphenyl), 129.16 (C-3, C-5 sulfamoyl phgnyl30.95 (C-5 of phenyl),
132.33(C-1 of phenyl), 133.01 (C-4 of sulfamoyl pyig, 140.05 (C-3 of pyrazole),
140.91 (C-5 of pyrazole), 142.75 (C-5 of thiazolE2.50 (C-4 of thiazole),168.72
(C-2 of thiazole). MS (m/z,%): 396 [(M)+., 100%]98 [M"+2,13.53%]. Anal.
Calcd. For GgH16N4O,S,: C, 57.56; H, 4.07; N, 14.13; Found: C, 57.504t03; N,
14.05%.

4.1.4. General procedure for synthesis of 9a and 9b

A solution ofl (2.17 g, 0.01mol) and the corresponding phenyrézide derivative
(0.01 mol) in ethanol (30 mL) containing a catalyamount of acetic acid and heated
under reflux for 3 h., (monitored by TLC). The sbBeparated on hot was filtered,
dried,then crystallized from ethanol \ dimethyformde mixture (5:1).
(E)-1-(1-(4-methyl -2-phenyl thiazol -5-yl ) ethylidene)-2-(4-methyl sulfonyl ) phenyl )
hydrazine (9a)

Yellow Needles; Yield: 80%; mp: 204-266; IR (KBr, cni’): 3597 (NH hydrazono),
3164, 3082 (C-H aromatic), 2938 (C-H aliphatich93 (C=N), 1381, 1137 (S{

'H NMR (DMSO-<); & 2.40 (s, 3H, Ch), 2.66 (s, 3H, CEC=N) 3.16 (s, 3H,
SO,CHs), 7.34 (d, 2H,J = 8.4 Hz , H-2, H-6 of methanesulfonylphenyl %442
(m, 3H, phenyl H-3, H-4, H-5), 7.75 (d, 2H,= 8.4 Hz, methanesulfonylphenyl H-
3, H-5), 7.92-7.93 (m, 2H, phenyl H-2, H-6), 1084 1H, NH (DO exchangeable);
% NMR (DEPTQ); 17.10 (CH thiazole), 18.82 (CHC=N), 49.06 (CH
methanesulfonyl) 112.78 (C-2, C-6 methanesulforsipt), 126,34 (C3, C5 of
methansulfonylphenyl), 129.20 (C3, C5 of pheny29¥1 (C2, C6- of phenyl),
130.47 (C-5 of phenyl) ,130.70 (C-1 of methanesuiphenyl), 133.34 (C=NH-),
133.37 (C-1 of phenyl), 149.82 (C-4 of methanesuliphenyl ), 149.88 (C-5 of
thiazole), 150.15 (C-4 of thiazole), 163.57(C-2Hitizole). MS (m/z,%): 385 [(M)
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100%)], 387[M+2, 14.28 %] Anal.Calcd. for gH1oN30,S,: C, 59.20; H, 4.97; N,
10.90, Found: C, 59.01; H, 4.63; N, 10.85%.
(E)-1-(1-(4-Methyl-2-phenylthiazol -5-yl)ethyli dene)- 2- (4-sul famoyl -phenyl)

hydrazine (9b).

Yellow powder; Yield: 84%; mp: 275-27°C; IR (KBr, cm'): 3382, 3300 (NH,
NHy), 3184 (C-H aromatic), 2936 (C-H aliphatic), 252€=N), 1342, 1156 (S
'H-NMR (DMSO-dg); 5 2.38 (s, 3H, Ch), 2.66 (s, 3H, CEC=N), 7.11(s, 2H, Nb
7.28 (d, 2HJ = 8.4 Hz, H-2, H-6 of sulfamoylphenyl), 7.50 ( 3henyl H-3, H-4,
H-5), 7.67 (d, 2H,J = 8.4 Hz, sulfamoylphenyl H-3, H-5), 7.94 (m, 2bhenyl H-2,
H-6), 9.90 (s, 1H, NH (BD exchangeable)*C NMR (DEPTQ); 16.98 (CH
thiazole), 18.75 (CKHC=N), 112.78 (C-2, C-6 sulfamoylphenyl), 126,38B(C5 of
sulfamoyl phenyl), 129.20 (C3, C5 of phenyl), 1ZB(C-2, C-6 of phenyl), 130.66
(C-4 of phenyl), 133.35 (C-1of sulfamoylphenyl),3134 (C=NH-), 134.43 (C-1 of
phenyl), 138.95 (C-4 of sulfamoyl phenyl), 148.455 of thiazole), 149.86 (C-4 of
thiazole), 163.40 (C-2 of thiazole); 386 [(M) 100%]. Anal. Calcd. for
Ci1gH18N4O:S; : C, 55.94; H, 4.69; N, 14.50; Found: C, 56.01; 634N, 14.25%.

4.1.5. Synthesis 5-(4-Methyl-2-phenylthiazol-5-yl)-1-(4-(N,N-dimethyl formamidine-
sulfam oyl) phenyl) - 1H-pyrazole (10).

A solution of9b (0.38 g, 0.001mol) and DMFDMA (0.03 mol) in tolween(30 mL)
was heated under reflux for 24 h., (monitored byCJ.LThe reaction mixture is
evaporated solid separated , dried then separgtguieparative T.L.C a30 as Off
white powder ; Yield: 39 %; mp: 175-17€; IR (KBr, cmi'): 2990 (C-H aromatic),
2933 (C-H aliphatic), 1590 (C=N), 1344, 1133 ¢(3CH NMR (DMSO-d); & 2.15
(s, 3H, thiazole C#), 2.90 (s, 3H, =N-Ch), 3.1(s, 3H, =NCHh), 6.84(d, 1H,J = 2.0
Hz, pyrazole H-4), 7.49-7.53 (m, 5H, phenyl H-3, ,HA5 and H2, H-6 of
sulfomylphenyl H-2, H-6), 7.82 (d, 2HJ = 8.8 Hz, sulfamoylphenyl H-5, H-3),
7.87-7.90 (m, 2H, phenyl H-2, H-6), 7.93 (d, 1Hs 2.0 Hz, pyrazole H-5), 8.21 (s,
1H, olfenic H);*C NMR (DEPTQ); 16.24 (thiazole G} 35.59 (=NCH), 40.48
(=NCHs ), 111.95( C-4 pyrazole), 118.91 (C-1 of sulfaifpbgnyl), 124.99 (C3, C5
phenyl), 126.51 (C2, C6 of phenyl), 127.65 (C-26 Gulfamoylphenyl), 129.82 (C-3,
C-5 sulfamoylphenyl), 131.25 (C-5 of phenyl), 134G-1 of phenyl), 139.12 (C-4 of
ulfamoylphenyl), 141.81(C-3 of pyrazole), 141.8&f pyrazole), 142.48(C-5 of
thiazole), 152.98(C-4 of thiazole), 160.37 (olfedtl), 168.74 (C-2 of thiazole). (
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HMBC, HSQC in supplementary materials), MS (m/z; %97 [(M) ", 1.76%], 71
[100%]. Anal.Calcd.for gH>1NsO,S, @ C, 58.52; H, 4.69; N, 15.51; Found: C,
58.77; H, 4.99; N, 15.75%.

4.1.6. General procedure of pyrazolines 12a and 12b
(9-4,5-Dihydro-5-(4-Methoxyphenyl)- 3-(4-methyl -2-phenyl thiazol -5-yl)-1-(4-
(methylsulfonyl)phenyl)-1H-pyrazole (12a)

A solution of chalconell (0.01 mol) and the corresponding phenyl hydrazine
derivative (0.01 mol) in absolute ethanol (30 mLpswrefluxed for 8-12 h.,
(monitored by TLC). The solid separated on hot fileered, dried, then crystallized
from ethanol/ethyl acetate mixture (1:1).

Yellow powder; Yield: 60 %; mp: 230-232; IR (KBrm): 3013 (C-H aromatic),
2932 (C-H aliphatic), 1591 (C=N), 1324, 1164 (8¢H NMR (DMSO-dg); & 2.51
(s, 3H, thiazole CkJ, 3.08 (s, 3H, OCH), 3.20 (dd, 1H, | Jap= 17.2 Hz,Jp= 5.2
Hz), 3.72(s, 3H, SE&CH;), 4.10 (dd, 1H, g Jap=17.2 Hz, Jp,= 12 Hz), 5.62(dd, 1H,
Hyx, Jox= 12 Hz,Jox = 5.2 Hz), 6.92 (d, 2H] = 8.8 Hz methoxyphenyl H3, H5), 7.07
(d, 2H, methoxyphenyl H2, H6 ), 7.21 (d, 2HJ = 8.8 Hz, H-2, H-6 of
sulfamoylphenyl), 7.50-7.51 ( m, 3H, phenyl H-34HH-5), 7.52 (d, 2HJ) = 8.8 Hz,
sulfamoylphenyl H-3, H-5), 7.67-7.69 (m, 2H, pheny-2, H-6),). °C
NMR(DEPTQ); 17.84 (Chl thiazole), 44.54 (OCk), 49.06 (CH of pyrazoline),
55.45 (SQCHjs), 62.65 (CH of pyrazoline), 112.77 (C-2, C-6 metyghenyl),
115.02 (C3, C5 of methoxy phenyl), 125.26 (C1 oétmoxyphenyl), 126.61 (C3, C5
of phenyl), 127.56 (C-3, C-5 of methanesulfonyl)29D03 (C-2, C-6 of
methanesulfonylphenyl), 129.81 (C-2, C-6 of phgny81.15(C-5 of phenyl), 132.98
(C-1 of methanesulfanylphenyl), 133.41(C-1 of phgh45.2 (C-4 of
methanesulfonyl phenyl and C3 of pyrazoline), 187(C4-of methoxyphenyl),
153.15 (C-5 of thiazole), 159.24 (C-4 of thiazol@h5.46 (C-2 of thiazole). MS
(m/z,%): 503 [(M), 100%], Anal.Calcd.for &H,5N3:0sS, : C, 64.39; H, 5.00; N,
8.34, Found: C, 64.77; H, 5.30; N, 8.75%.

(9)-4,5-Dihydro-5-(4-methoxyphenyl)-3-(4-methyl -2-phenyl thiazol -5-y1)- 1- (4-
(sulfamoyl)phenyl)-1H-pyrazole (12b).

Yellow powder; Yield: 74%; MP: 273-27%; IR (KBr, cm): 3335, 3318 (NH),
3118 (C-H aromatic), 2952 (C-H aliphatic), 15@2=N), 1369, 1159 (S§);
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1H-NMR (DMSO4g); 6 2.64 (s, 3H, Ch), 3.18 (dd, 1H, H Jap = 18 Hz,J5= 5.2
Hz), 3.71 (s, 3H, OC§), 4.10 (dd, 1H, KHJsp = 18 Hz,Jn= 12.8), 5.62 (dd, 1H, H
Jox= 12.8 Hz,Jox = 5.2 Hz) 6.91 (d, 2H) = 8.8 Hz methoxyphenyl H3, H5), 7.02-
7.05 (m, 4H,methoxyphenyl H2, H6 and NHD,O exchangeable), 7.20 (d, 28z
8.8 Hz, H-2, H-6 of sulfamoylphenyl), 7.51-7.52n( 3H, phenyl H-3, H-4, H-5),
7.61 (d, 2H, J = 8.8 Hz, sulfamoylphenyl H-3, H-5), 7.95-7.97 (24, phenyl H-2,
H-6). *C NMR (DEPTQ); 17.80 (CH thiazole), 45.44 (CHof pyrazoline), 55.53
(OCHg), 62.73 (CH of pyrazoline), 112.63 (C-2, C-6 metyyjuhenyl), 114.95 (C3,
C5 of methoxy phenyl), 125.1 (C1 of methoxyphen$B6.57 (C3, C5 of phenyl),
127.59 (C-3, C-5 of sufamoylphenyl), 133.01 (C-26 ©f sulfamoylphenyl), 133.01
(C-2, C-6 of phenyl), 132.98 (C-1lof sulfamoylphgny33.76 (C-5 of phenyl),
133.88 (C-1 of phenyl), 145.2 (C-4 of sulfamoyl pie, 144.34 (C4-of
methoxyphenyl), 145.86 (C1 of sulfamoyl phenyl &®lof pyrazoline), 152.80 (C-5
of thiazole), 159.27 (C-4 of thiazole), 165.24 (®Rthiazole). MS (m/z,%)504
[(M)™, 59.05%], 121.11 [100%)]. Anal. Calcd. fopeH,4N4OsS; : C, 61.88,; H, 4.79;
N, 11.10., Found: C, 61.64; H, 4.43; N, 11.24%.

4.2. Biological activity

4.2.1. In vitro cyclooxygenase (COX) inhibition assay

The ability of the test compounds listed in Tabl® Inhibit ovine COX-1 and COX-
2 (ICso value, uM) was determined using an enzyme immune assak) (Eit
(Cayman Chemical, Ann Arbor, MI, USA) according #o previously reported

methods.
4.2.2. Invitro 15-lipoxygenase (LOX) inhibition assay

The ability of the test compounds listed in Tabléolinhibit soya bean 15-LOX
(ICsp value,uM) and 15-LOX was determined using an enzyme imnassay (EIA)
kit (catalogue no 760709, Cayman Chemical, Ann Arbtl, USA). Stock solutions
were freshly prepared before use and buffer saluiged (0.1 M Tris HCI, PH, 7.4).
10 pl of different compound were prepared in digsdlat the least amount of DMSO
and diluted with the stock solution to be in cortcations of (0.001, 01, 1, 5, 10 uM)
in a final volume of 210ul. And Kg of test compounds were determined according
to a manufacturer's instructions as reported mathod

4.2.3.In vivo anti-inflammatory activity
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Animals Adult male wister albino rats (100 — 150 g) wersedi in the
pharmacological studies. The animals (five per Lagge maintained under standard
laboratory conditions (light period of 12 h/day atenperature 27 £ 2° C), with
access to food and water. The experimental proesdwere carried out in strict
compliance with the Institutional Animal Ethics Comttee regulations. All
experiments were performed in the morning, accordinthe guidelines for the care
of laboratory animals. Carragenan-induced paw edeéesa Anti-inflammatory
activity of ten compounds, was evaluated by emplgyarragenan induced rat paw
edema model according to a previously reported ogkethfter oral administration of
a dose 50mg\kg of test compounds. % Inhibitiondarea thickness was determined
after 2h and 4h. % Relative potency after 2h andvdk calculated in relation to
standard celecoxib.

4.2.4. Ulcerogenic liability

Ulcerogenic liability of 15 compounds, which showsdvivo anti-inflammatory
activity, was evaluated according to the reportedidard method. Rats were fasted
for 18 hours before drug administration and clasdiinto separate groups (5 rats per
group). All treatments were administergd the oral route. The first group received
10% DMSO aqueous solution (v/v) and kept as conth@ second group received
celecoxib in Elg (30.9 umol / kg), while the other groups received the ddst
compounds dissolved in DMSO in EfDIreatment was continued once daily for 3
successive days in all groups. One hour after #st tlose, the animals were
sacrificed under general anesthesia and the stomashremoved, opened along the
greater curvature and rinsed with saline. The gastucosa was examined with a
magnifying lens (10 xs) for the presence of lesionthe form of haemorrhages or
linear breaks and erosions. The ulcer index wasutaed and the degree of
ulcerogenic effect was expressed in terms of: i¢g@age incidence of ulcer divided
by 10, ii) average number of ulcers per stomach, imnaverage severity of ulcers.
The ulcer index is the value that resulted fromshm of the above three values.
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New thiazol o-cel ecoxib analogues were designed and synthesi zed.
Thiazolo-celecoxib drug hybrid showed higher COX-2 / 15-LOX inhibition
properties.

Designed compounds were evaluated as anti-inflammatory activity using
Carrageenan-induced rat paw edemaand proved activity.

Ulcer liability index of compounds was determined and they showed higher
safety profiles.

Most of the compounds were effective as anti-inflammatory and more
selective towards COX-2 /15-LOX.



