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A series of novel dua COX-2/5-LOX inhibitors have been synthesized and
evaluated for their anti-cancer activity as potentia COX-2/5-LOX inhibitors.

Compound A33 was the most active.
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Abstract:

In this paper, 41 hybrid compounds containing diar$-diazole and morpholine
structures acting as dual COX-2/5-LOX inhibitorsvd&abeen designed, synthesized
and biologically evaluated. Most of them showedepbtantiproliferative activities
and COX-2/5-LOX inhibitoryin vitro. Among them, compouné&33 displayed the
most potency against cancer cell linessgl€ 6.43-10.97uM for F10, HelLa, A549
and MCF-7 cells), lower toxicity to non-cancer sethan celecoxibA33: 1Cso =
194.01uM vs. celecoxib ICso= 97.87uM for 293T cells), and excellent inhibitory
activities on COX-2 (I = 0.17uM) and 5-LOX (IGo = 0.68uM). Meanwhile, the
molecular modeling study was performed to positompoundA33 into COX-2 and
5-LOX active sites to determine the probable bigdmodels. Mechanistic studies
demonstrated that compound33 could block cell cycle in G2 phase and
subsequently induced apoptosis of F10 cells. Furtbee, compoundA33 could
significantly inhibit tumor growth in F10-xenograftmouse model, and
pharmacokinetic study of compou®®3 indicated that it showed better stability

vivo. In general, compoundi33 could be a promising candidate for cancer therapy.

Keywords: diaryl-1,5-diazoles, morpholine, cyclooxygenase2-lipoxygenase,

anticancer
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1. Introduction:

Inflammatory response exhibited pleiotropic effeicigshe development of cancer.
On one hand, inflammation contributes to carcineges) tumor growth, invasion,
metastatic spread, and malignant transformationth@rother hand, it also stimulates
immune effector mechanisms that might limit tumoowgh [1]. However, numerous
studies have proved that chronic inflammation isegally detrimental and can
increase the risk of cancer[2-3]. And tumor micrdeonments contain various
inflammatory mediators, such as cytokines, cheneskiand growth factors, which
accelerate extravasations of tumor cells througd #firoma and promote the
development of carcinogenesis by participating amplex signaling processesl[4].
Thus, targeting these factors associated with nmftation in cancer cells can offer
rational treatment strategies for cancer.

The potent inflammation mediators are derivativésa@achidonic acid (AA) a
poly-unsaturated fatty acid produced from membuatmaspholipids. AA metabolism
includes two principal pathways, one is the cyclgwnase (COX) pathway, which
converts AA to prostaglandins (PGs) and thrombosgaif€Xs); the other is
lipoxygenase (LOX) pathway, which produces a calbecof leukotrienes (LTs) and
hydroxyeicosatetranoic acids (HETES)[5-6]. It islM@own that COX exists in two
isoforms COX-1 and COX-2, among which COX-1 is astauctive enzyme found in
most normal tissues as a “house-keeper” one, v@X-2 is an inducible enzyme
found in macrophages, fibroblasts and leukocyted,ia up-regulated in a variety of

tumor types[7-9]. 5-LOX, a human non-heme enzyme, vital member of LOXs and
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responsible for the production of leukotrieng (BrB,) and 5-HETE, which could
enhance cell proliferation, inhibit apoptosis, @mndmote cancer development[10-11].
The over-expression and activities of COX-2 and(®XLin tumor cells are closely
related to cell cycle, blocking apoptosis and stating angiogenesis. Lots of results
indicated that elevated levels of COX-2 and 5-LOXwd result in elevation of
downstream prostaglandin @GE) and LTB, levels respectively[12]. PGEa major
inflammation mediator with meaningful biological nictions, could increase the
motility and metastatic potential of tumor cellspmote tumor angiogenesis, induce
local immunosuppression and suppress apoptosigflL3Meanwhile, COX-2 itself
could promote tumor cells survival by lowing thevdes of unesterified AA, and
COX-2 peroxidase has also been shown to convery mpacarcinogens into ultimate
carcinogens, thereby promoting the deterioration twiors[15-16]. Given the
previous research, COX-2 and 5-LOX with strikingiynilar biological functions are
frequent co-expression. Inhibition of the COX padigwvould switch AA metabolism
to the LOX pathway and vice versa, resulting invated levels of leukotrienes or
prostaglandins, which in turn cause fatal sidect$f@7]. Drugs acting on individual
molecular targets would produce unfavorable agtivtivxicity, and drug resistance,
whereas drugs acting on multiple targets synchrsiyoare less prone to drug
resistance, reduce side effects, and better exery @ctivity, produce better
therapeutic effects[18]. It is believed that compas which could inhibit
COX-2/5-LOX concurrently would shut off the prodiaect of mediators of

inflammation from the AA pathway. Thus dual COX-2/6X inhibitors established a
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worthy rational approach to obtain effective anfiésanti-tumor agents.

Diaryl five-membered heteroatom system is a charstic structure in numerous
selective COX-2 inhibitors displaying higher COXs2lectivity and better safety
profile, such asCelecoxih Rofecoxib, and SC55819-21]. Meanwhile, structure
activity relationship (SAR) studies of COX-2 indied the significance of
aminosulfonyl (S@NH;) pharmacophore for COX-2 selectivity[22-23]. Femmore,
some antioxidant 5-LOX inhibitors such BeenidoneandBW-755C are comprised
of pyrazole that the core pharmacophore which agpear to inhibit the COX
isoforms[24-25]. The pharmacological effects of ptmline derivatives are of great
significance in different biological fields. Emengi evidence demonstrated that
morpholine and its analogs have shown favorabléisffammation, anti-cancer,
anti-oxidant and anti-microbial activities[26], a®ll as reduced gastrointestinal and
cardiovascular side effects[27-28]. For example,cik-2,3-disubstituted morpholine
aprepitant 4 is used to treat nausea and vomiting caused bynatherapy[29].
Moroxydine, a common morpholine-containing drug, is mainlgdigo treat viral
influenza. The introduction of morpholine derivasy is expected to inhibit
COX-2/5-LOX simultaneously, enhance physiologiaahaties and reduce toxic side
effects[30-31].

Over the past few years, we had reported a sefidsarylpyrazole derivatives as
selective COX-2 or dual COX-2/5-LOX inhibitors asdccessfully obtained some
potent anticancer candidates[32-36]. Based on thevea findings, a series of

compounds incorporating diaryl-1,5-diazoles and pholine pharmacophores were
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designed and synthesized to explore more potentsafer dual COX-2/5-LOX
inhibitors for anticancer candidatdsiqure 1). Hereupon, the synthesis, vitro and
in vivo biological evaluation has been reported. Meanwtdiecking studies were
performed to understand the possible models ofrtbst potent compound33 into
both COX-2/5-LOX active sites in order to explamir anti-cancer activities.

HZN\(':SIJ
O//

H
-N 0]
NH

O

Phenidone NH//<NH2 - HCL

HiC
Moroxydine

N7

- /N
linker ~~N [e]
/

HoNOLS / HoNOLS
N-N X N-N ﬁo
R1©—W N\) R \ ! Y- N \)
n

R? o o]
R!=H, F,Cl, Br, CF3;, CH;0, CH;CH,0 R!=H, F, Cl, CF;, CH;0. CH;CH,0
R’=H. F, Cl, CH;0 Y=NH or O
X=0OorS n=2or3

Fig 1. Structure of Celecoxib, Phenidone and Moroxydine @rgeted compounds as dual
COX-2/5-LOX inhibitors
2. Result and discussion
2.1 Chemistry

The synthetic route of starting materidls-4k has been described in the previous
study Scheme )[36]. Catalyzed by excess sodium methoxide, thbstsuted

acetophenone reacted with dimethyl oxalate to fdiverse chalcone2a-2k, then
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2a-2k were reacted with 4-hydrazinylbenzenesulfonamadeltain the intermediate
3a-3k Finally, 3a-3k were hydrolyzed by potassium hydroxide into correspogdin
pyrazolesulfonamide carboxylic acl-4k The solvent used in the above three steps

was methanol.

Scheme 1
H,NO,S H,NO,S

(0] \
R1 i 1]
RO Q_gro/ o R U por
R? o] R2 o)

R2 R2 (0]

1a-1k 2a-2k 3a-3k 4a-4k

% Reagents and conditions: (i) dimethyl oxalate, metth reflux 6 h; (i)

4-hydrazinylbenzenesulfonamide, methanol, reflul; @ii) KOH, methanol, reflux, 2 h.

The synthesis of target compound$-A41 was outlined inScheme 2and 3. The
starting materialgla-4k were activated by EDC-HCI, HOBt and DMAP at I0for
half an hour, followed by esterification condensatireaction with different
morpholine derivatives to form the correspondinggeéd compoundAl-A41l. The
purified compounds were prepared by subsequentneolehromatography and
crystallization. The structures of the target coomqusAl-A41 were shown ifrable
1 and 2. All targeted compounds were first reported andrabterized byH NMR
spectroscopy:C NMR spectroscopy, melting point, ESI-MS and eletakanalysis,
in accordance with their depicted structures.

Scheme 2

4a-4k X=S or0 A1-A22
% Reagents and conditions: (i) EDC-HCI, HOBt, DMARhbromethane, 01, Revitalite, 0.5 h,



145 RT, over night.
146
147  Scheme 3

HoNO,S HoNO2S
Al G N NS
+
RQ—WOH N %{Y\ﬁn
o} o}
Y=NH2, OH
148 R'=H, F, Cl, CF3, CH30. CH;CH,0 n=2o0r3 A23-A41

149 % Reagents and conditions: (i) EDC-HCI, HOBt, DMARhbromethane, 01, Revitalite, 0.5 h,
150 RT, over night.
151  Table 1. Structure of target compoundd-A22

HoNO,LS

152 R? o)
Compds R R? X
Al H F S
A2 H F O
A3 H Cl S
A4 H Cl (@]
A5 Cl H S
A6 Cl H (@]
A7 CHsCH,O H S
A8 CHsCH,O H O
A9 F H S
Al10 F H @]
All CH; H o
Al2 CH; H S
Al3 Br H S
Al4 Br H @]
Al5 H CHsO S
Al6 H CHs0O O
Al7 CH50O H S
Al8 CH50O H O
Al9 CR H S
A20 CR H o
A21 H H S
A22 H H o
153
154

155



156  Table 2. Structure of target compound23-A41

157
H,NO,S
N-N (\O
R’ Y lr\]lJ
158
Compds R* Y n
A23 H NH 3
A24 H @) 3
A25 H NH 2
A26 Cl @) 3
A27 Cl @) 2
A28 Cl NH 2
A29 F O 2
A30 F NH 2
A3l F @) 3
A32 CR @) 2
A33 CR NH 3
A34 CR @) 3
A35 CH:0 NH 2
A36 CH:0 O 3
A37 CH:0 NH 3
A38 CHsCH,O NH 2
A39 CHsCH,O O 3
A40 CHsCH,O NH 3
A4l CHsCH,O O 2

159 Furthermore, the crystal structure A8 (CCDC: 1845660)was determined by
160  X-ray diffraction analysis. The crystal data showeé&igure 2 andTable 3. The data

161 is provided free of charge by The Cambridge Crisgahphic Data Center.
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163 Fig 2. Crystal structure diagram of compoukd.
164  Table 3.Crystal data for compouni3
Compounds A8
CCDC number 1845660
Empirical formula GH24N4O5S
Formula weight 456.51
Crystal system Monoclinic
Space group P 2,/c
a(h) 7.8754(7)
b (A) 16.3675(13)
c(A) 16.9128(14)
B (°) 93.7768(16)
V (A3 2175.3(3)
z 4
D.(g cni®) 1.394
u (mm?) 0.191
F (000) 960.0
a(°) 2.489-27.523
4270/3444

Reflections collected/unique
Ry, WR; [ >20(1)]
R;, WR; [all data]
Goodness-of-fit o

0.0378, 0.0930
0.0501, 0.0982
1.052
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2.2. MTT assay

All synthesized compound&1-A41 were evaluated foin vitro antiproliferative
activity on five cell lines (F10: murine melanonkéla: human cervical cancer, A549:
human lung cancer, MCF-7: human breast cancer,:288Man renal epithelium.) by
using MTT assayCelecoxib and an intermediate productc (Figure 3) served as
positive control. As shown iable 4, most target compounds could effectively
inhibit the proliferation of the four test cancelldines compared witiCelecoxiband
exhibited lower cytotoxic effects according to thafety trial on 293T cell lines
Among them, compound&19 andA33 showed superior growth inhibitory effects to
that of Celecoxib (ICsy: 8.16-10.21uM of A19, 6.43-10.97uM of A33 vs.
11.04-15.68:M of Celecoxibh, and it was worth noting that both compounds have
CF; group substitution in the para-position of phenylg (RY). Meanwhile, the
intermediatedc has an IC50 value ranging from 23.79 to 2684 it was apparent
that the introduction of morpholine derivatives rsigantly enhances the
anti-proliferative  activity. Compounds Al and A3 showed equivalent
anti-proliferative activity tocelecoxily but were much less toxic to non-cancer cell
line than celecoxih which also indicated that the introduction of plooline
derivatives also plays a positive role in redudimg toxicity of normal cell&.g.F10:
10.35uM of Al vs.13.27uM of Celecoxily 293T:176.1%M of Al vs.97.87uM of
Celecoxib. Interestingly, it was found that these hybridngmunds A1, A3, A19,
A33) were linked by the amide linkage. Therefore, d@ncbe assumed that the

hydrophobicity of hybrid compounds also contributes the improvement of

11
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190

191
192
193

antiproliferative activity.

HoNO,LS

-N
F3C‘©_§)\WOH

0]

Fig. 3. Structure o#4
Table 4. Antiproliferative activities of target compoundsglecoxih and 4c against different
cancer cell lines, and cytotoxicity towards nonasrcells.

Cell lines (ICso,*"uM + SD)

Compds F10 Hela A549 MCE-7 293T
Al 10.35+0.78 13.23+0.87 14.49+0.59 14.39+1.57 1763168
A2 30.14+0.36  51.27+1.27 25.71+0.16 18.94+0.16 179A7®*
A3 13.94+1.09 14.78+0.57 15.43+0.55 12.54+0.46 19113bA
Ad 14.63+0.84 17.92+1.59 24.57+1.24 15.79+1.31 1135B%
A5 >100 >100 >100 39.79+0.21 231.63%£3.15
A6 >100 >100 >100 >100 >300
A7 32.26+0.48 21.57+0.83 >100 16.51+0.83  168.71+0.59
A8 18.64+0.32 27.15+0.91 41.71+2.17 15.01+1.24 113D=R*
A9 26.40+0.93 29.17+1.23 18.19+0.91 18.19+0.50 1731H%
Al0 20.47+1.51 >100 27.47+0.68 20.01+2.19 205.91+0.81
All 21.37+1.22 >100 22.79+1.13 17.89+1.38 189.67+0.56
Al2 15.49+1.28 13.57+1.33 19.91+0.92 18.13#0.12 1090783
Al3 12.14+0.25 15.95+0.81 17.65+1.28 14.56+0.37 1972&%*
Al4 >100 22.62+1.05 19.97+0.17 17.91+0.69 160.40+0.97
Al5 12.98+0.11  20.3+0.47 15.98+1.33 17.95+1.84 177.330
Al6 29.17+1.42 >100 >100 25.98+0.91 134.09+3.15
Al7 13.17+0.59 24.10+0.17 17.19+0.54 19.71+0.94 210A%
Al8 20.81+1.50 21.57+1.36 19.59+0.76 16.03+1.23 20807A%
Al19 8.16+0.19 9.94+0.25 10.21+1.52 9.25+1.06 135.5191.2
A20 21.79+1.08 27.65+0.55 25.19+1.03 19.98+0.31 198074%
A21 >100 >100 30.79+0.37 18.87+0.62 163.54+0.90
A22 16.17+0.38 >100 26.12+0.35 16.49+0.27 184.48+3.87
A23 21.82+0.54 27.42+0.71 20.47+0.93 18.12+1.27 15Q168
A24 22.68+1.89 22.42+0.85 17.69+0.71 17.19+0.51 95.4480
A25 30.79+1.09 21.79+1.07 >100 39.17+0.95 151.35+1.37
A26 26.79+1.22 21.37+0.43 >100 22.14+2.49 188.71+0.98
A27 21.98+1.95 25.37+0.14 22.98+0.48 25.79+0.48 1210%8%
A28 >100 19.97+1.26 19.48+0.92 22.97+0.79 111.86+1.51
A29 18.13+1.28 >100 >100 19.31+0.85 145.81+1.24

12
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204
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208

209

A30 >100 >100 >100 15.79+1.36  112.25+2.39

A31 >100 >100 >100 >100 >300
A32 21.50+0.81 24.56+0.62 27.79+1.28 16.69+1.05 14073
A33 6.43+0.14 8.08+0.14 10.97+0.57 7.65+0.82 194.0120.6
A34 14.40+069 29.79+0.77 15.17+0.04 14.71+0.88 179.481
A35 19.47+0.93 20.41+0.15 17.59+0.42 15.01+1.27 14307%*
A36 13.71+0.34 26.71+1.27 18.19+0.36 19.79+0.69 169D4D&
A37 12.98+0.03 >100 19.17+0.81 16.31+0.48 199.86+1.46
A38 24.17+1.34 20.81+1.57 16.51+0.53 25.79+0.92 15320B%
A39 >100 >100 >100 15.38+0.67 178.71+0.55
A40 12.88+0.22 19.19+0.98 17.83+0.08 15.01+0.33 13729%
A4l 20.17+1.71 29.78+0.11 21.47+1.12 18.79+0.98 115152%
4c 23.79+0.78 26.51+0.81 22.46+1.21 24.81+1.01 189D57&

Celecoxib  13.27+1.09 15.68+0.89 11.04+1.94 12.57+1.51 97.8480

#|Cs0: Concentration inhibits 50% of cell growth.
®Data are shown as the mean + SD of three indepergpariments (n=3)

2.3.1nvitro COX-2 and 5-LOX inhibitory activities

Both COX-2 and 5-LOX inhibitory activities of targeompounds were evaluated
in vitro, compared withCelecoxib and Zileuton as the corresponding positive
controls. As summarized ifable 5.1 most of the target compounds could effectively
suppress COX-2 and 5-LOX activities withs§Gralues varying from 0.17-7.64M
and 0.68-3.41uM respectively Celecoxih ICs0= 0.25uM; Zileuton, 1C5o= 0.83
UM).

Wherein, hybrid compounds substituted with electwathdrawing groups on the
benzene ring (R R?) exhibited better COX-2 inhibitory activity thahdse substituted
with electron donating groups. For example, whénvRs hydrogen, different 'R
contributed variously to COX-2 inhibitory activisnd showed the order as £H >
Cl>Br>H>CH> CH;O > CHCH,0 (e.g A19, IC50= 0.19uM vs.A7, IC50= 0.97
uM). Consistently, it was found that the presencecafbon chains could slightly

increase the ability of hybrid compounds to inhiB©X-2, comparing compound

13



210  A19 (ICsp= 0.19uM) and compound\33 (ICso= 0.17uM). For the 5-LOX inhibitory
211  activity, the 1Gp values of the two groups of hybrid compounds aairig carbon
212 chains A23-A41) and without carbon chainA1-A22) were 0.68-1.01uM and
213 0.71-3.41uM, respectively. Therefore, the increase in hydodptity might play a
214  positive role in the inhibition of 5-LOX to sometert. In addition, it was noteworthy
215  that the 5-lox inhibitory activity of the hybrid sgpounds linking with ester linkage
216  (e.g.A39 andA41) was slightly better than those linking with amlaikageg.g.A38
217  andA40).

218 Furthermore, based on the results of COX-2 and X-L@hibition and
219  antiproliferative test, compounds3, A19, A33, and A34 were selected to test the
220 selectivity between COX-1 and COX-2. As shownTable 5.2 these compounds

221  inhibited favorable COX-1/COX-2 selectivity.

222 Table 5.1 Invitro COX-2 and 5-LOX inhibitory activities

Compds ICs50% SD M)?
COX-2 5-LOX
Al 0.19+0.09 1.32+0.13
A2 0.23+0.13 2.01+0.15
A3 0.22+0.07 0.87+0.08
A4 0.24%0.02 1.33+0.29
A5 0.23+0.05 2.31+0.34
A6 0.35+0.09 1.79+0.41
A7 0.97+0.18 0.97+0.21
A8 2.99+0.21 0.95+0.22
A9 0.21+0.05 1.27+0.12
Al0 0.23%£0.07 0.89+0.17
All 0.93+0.23 1.24+0.12
Al2 0.89+0.14 1.57+0.31
Al3 1.28+0.12 1.21+0.21
Al4 0.31+0.17 0.98+0.08
Al5 1.95+0.28 1.19+0.23
Al6 2.25+0.21 0.96+0.09
Al7 1.21+0.26 1.01+0.18

14



223
224

A18 2.01+0.25 0.93+0.16
A19 0.19+0.02 0.71+0.13
A20 0.39+0.04 2.59+0.35
A21 0.67+0.15 3.41+0.19
A22 0.69+0.21 1.194+0.17
A23 0.42+0.19 0.93+0.24
A24 0.56+0.27 0.82+0.19
A25 0.64+0.16 0.96+0.19
A26 5.47+0.25 0.85+0.21
A27 0.25+0.09 0.87+0.19
A28 0.31+0.07 0.89+0.11
A29 0.21+0.07 0.84+0.15
A30 0.16+0.02 1.01+0.23
A31 3.57+0.76 0.75+0.08
A32 0.19+0.04 0.81+0.08
A33 0.17+0.07 0.68+0.17
A34 0.21+0.08 0.75+0.12
A35 0.87+0.09 0.91+0.15
A36 1.05+0.14 0.87+0.23
A37 0.71+0.28 0.98+0.06
A38 0.85+0.29 0.86+0.31
A39 7.64+1.16 0.72+0.09
A40 0.91+0.11 0.84+0.23
A4l 1.11+0.15 0.79+0.09
Celecoxib 0.25+0.03 --
Zileuton -- 0.83+0.11

2Vvalues are means of four determinations

225  Table 5.2.In vitro COX-1 and COX-2 inhibitory activities of selectedmpounds

Compds ICs50+ SD M)?
COX-1 COX-2 Selectivity Index(SIy
A3 29.35+0.88 0.21+0.07 139.76
Al19 30.79+1.02 0.19+0.02 162.05
A33 32.06+2.79 0.17+0.07 188.58
A34 28.52+2.23 0.21+0.08 135.80
Celecoxib 24.47+0.35 0.25+0.03 97.88

226  ®The concentration of test compound required tapce 50% inhibition of COX-1/COX-2 is the
227  mean of four determinations.

228 "selectivity index (COX-1 16/COX-2 ICso)

229

230

231
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2.4. Molecular modeling (docking) studies selectityi index

In order to examine the binding mode and inteoactidocking study between
compoundA33 which had balanced COX-2/5-LOX inhibitory actiesi and the
COX-2 (PDB: 3LN1) and 5-LOX (PDB: 3V99) enzymes wgrerformedKigure 4).
The high-resolution structural information aboue t@OX-2 active site had been
reported in detail in the previous research[19]illastrated inFigure 4A, compound
A33 was well inserted into the active pocket of theXc®by three hydrogen bonds
and the docking score up to 56.34. The fluoro aformed a hydrogen bond with
Arg-106 (angle NH...F = 110.33°, distance = 2&f one oxygen atom of the
sulfonamide group formed a hydrogen bond with T¥t-8angle OH...O = 133.36°,
distance = 1.9) and the secondary amine of the amide in linkdfgred hydrogen
bond to the oxygen atom of Ser-339(angle NH...018.93°, distance = 2.1A).
Furthermore,Van der Waals carbon-hydrogen bonds-sigma bonds, and other
weaker interactions also increased the bindingigffof the compound with COX-2.
As illustrated inFigure 4B, the 3D model shows that the bulge of compofBd8 was
inserted into the dent of COX-2 completely.

Similarly, based on the previous study on thestedystructure of human 5-LOX
enzyme[37]. The docking study was continued to @epthe binding of compound
A33 to 5-LOX. As shown irFigure 4C, compoundA33 was well embedded into the
active site of 5-LOX by six hydrogen bond&n Der WaalsCarbon-hydrogen bond,
Alkyl, and other weak interaction. Fluorine atom wifluoromethyl formed an

H-bond with Glu 172 (angle NH...F = 128.18°, distarr 2.808). Two oxygen atoms
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255

256

257

258

259

260

261

262

263

264

265

of sulfonamide formed two H-bonds with Lys 173 (niyH...O = 144.82°, distance
= 2.66A) and Asn 554 (angle NH...O = 153.33°, distance.21 ) respectively.
Moreover, the secondary amine in linkage formedHalpond with Ala 672 (angle
O..NH = 151.98°, distance = 2.08) and the carbonyl in linkage formed two
H-bonds with GIn 363 (angle NH...O = 116.11°, dis& = 2.07A) and His 367
(angle NH...O = 96.82°, distance = 2.8 These interactions play important role in
improving the stability of the complex and increggsthe inhibitory activity of 5-LOX.
The model of 3D Kigure 4D) showed that compound33 was inserted into the
activity pocket of 5-LOX nicely. In general, thedecking studies showed that the
hybrids of morpholine derivatives and pyrazole @odmide which acted as

COX-2/5-LOX dual inhibitors might be promising potegents.
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Fig.4. Binding mode of compouné33 with the COX-2 (PDB code: 3LN1) and 5-LOX (PDB
code: 3V99). A) 2D diagram of the interaction bedtwecompoundA33 and COX-2; B) 3D
models of compound33 binding with the active site, only interactingickses are displayed. The
hydrogen bond (green) is displayed as dotted arr@y2D diagram of the interaction between
compoundA33 and 5-LOX (PDB code: 3v99); D) 3D models of compd#\33 in the 5-LOX
pocket. Green lines represent hydrogen bonds.

2.5. Compound A33 induced tumour cell apoptosis

Previous studies had shown that selective COX-iitans could both inhibit the
cell cycle and induce apoptosis of tumor cells, hsuas Celecoxii38],
Nimesulidg39]. Therefore, according to the antiproliferatiaad COX-2/5-LOX
inhibitory activity, compoundA33 was selected by using Annexin V/PI double
staining assay to detect whether it induced apaptdd=10 cells. As shown iRigure
5, after treatment of F10 cells with compouA83 at different concentrations (O,
3.125, 6.25, 12.5 and 2BV) for 48 hours, the apoptotic rate increased $icpmtly
from 5.81% to 46.91% and the percentage of apaptosils increased in a
dose-dependent manner. Subsequently, z-VAD-fmkoranzonly used inhibitor of
apoptosis, was used to detect the apoptosis-ingueffiect of compound33 on F10
cells. The therapeutic concentrations of compo&33 were the same as above,
except that 1M of z-VAD-fmk was added while adding various contations of
compoundA33. As shown inFigure 6A, after treating 1QuM z-VAD-fmk and
different concentrations of compouA®83, the apoptotic rates were 6.96%, 8.83%,
11.08%, 15.91% and 20.4%, respectively. Compareth the addition of the
compound A33 alone, the addition of z-VAD-fmk significantly irhited the

apoptosis of F10 cells caused by the compodd8 (Figure 6B). Taken together, it
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could be concluded that compouA®3 could induce F10 cells apoptosis in a

dose-dependent manner.

Apoptotic ratio (%)

Annexin V-FITC

Fig. 5. CompoundA33 induces apoptosis in F10 cell for 48h. A): Flowtaryetry analysis of
apoptotic F10 cells; B): Apoptotic ratio, Data afeown as mean + SD of three independent
experiments; *p < 0.01.
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Fig. 6. z-VAD-fmk inhibits apoptosis of F10 cells inducbyg compoundA33. A): F10 cell were
treated with 0, 3.125, 6.25, 12.5, 29 of compoundA33 and z-VAD-fmk (10uM) for 48h, then
apoptotic ratio was analyzed by flow cytometry; B)omparison of apoptotic ratio between
treated with and without z-VAD-fmk. Data are shows mean * SD of three independent
experiments;

2.6. Compound A33 induced cell cycle arrest
Next, for investigation of the cellular mechanisfraati-proliferation of compound
A33, further assessment was carried out to check whaetbmpoundA33 could

induce the cell cycle arrest of F10 cells by floytoenetry. F10 cells were treated with
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different concentrations (0, 3.125, 6.25,12.5,R% of CompoundA33 for 48 hours.
The test results were collected Figure 7. Compared with control group, the
percentage of cells in G2 phase was increased 2@n8 to 33.60% with the dose of
compoundA33, while the percentage of cells in G1 phase wasedsed from 59.73
to 50.93%. These results indicated that compoA®8l could induce cell cycle arrest

in G2 phase with a dose-dependent manner.

. & 8 8 §
Cells in G2(%)

o suom
5ot
1 Control 3125 6.250 125 250
o A Concentration (gM)

Fig. 7. A). Influence of compouné33 on F10 cell cycle for 48 h. B). The percentageeifs in
G2 graph. Data are shown as mean + SD of thre@pémdk=nt experiments; *p < 0.05.

2.7. Compound A33 inhibited the production of PGE2n F10 cells

Studies have shown that AA produces prostaglandinder the catalyzed by
cyclooxygenase, which is associated with tumor msgjon. Thus, we tested the
ability of compoundA33 to inhibit the production of PGHErom AA. After the F10
cells were treated with different doses of lipopalgcharide (LPS), celecoxib and
compoundA33 for 24 hours, the supernatant was collected byritegation to detect
the expression of PGlith a PGER Enzyme Immunoassay kit. As shownFigure 8,
compared with the untreated control group, LP&{ihl) could significantly increase

the secretion of PGHN F10 cells, while that was obviously reduced whesated
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with celecoxib and compouni33. These results indicated that compoé&3 could

reduce the production of PGtarough COX-2/PGEpathway.

1000

800 -

600

PGE, (pg/ml)

200

Control LPS Celecoxib  Compound A33

Fig. 8. The effect of LPS (Lg/ml), Celecoxib (6.2%M), A33 (6.25uM) on PGE secretion in
F10 cells. PGElevels were determined by ELISA assay. Data aosvehas mean + SD of three
independent experiments; g 0.01.

2.8. Anti-tumor activity in a xenograft modelin vivo

Based on the potent anti-proliferative effect arndeient COX-2/5-LOX inhibitory
activity of compoundA33 in vitro, its antitumor activity was further testéd vivo.
F10 cells (5x1f) were injected subcutaneously into the right flafilnude mice to
establish xenograft model. When the tumor masswigisle and the tumor size was
approximately 100 mrh twenty-four tumor-bearing mice were randomly dad into
four groups: vehicle,celecoxib (20 mg/kg), compoundA33 (20 mg/kg) and
compoundA33 (40 mg/kg), administered intraperitoneally oncerguwo days. Mice

tumor volume was recorded every other day and th@ewreatment period lasted for
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two weeks. As shown iRigure 9A, the tumor volume in the vehicle group increased
rapidly, while the treated groups showed a sigaificinhibitory effect on the tumor
volume. Among them, compouB3 (20 mg/kg) treated groups did not significantly
differ from celecoxib (20 mg/kg) treated group,eafi4 days of treatment, the final
tumor volumes for these two groups were 1076.58 @rl35 mm, respectively.
After the last treatment, the tumors were removedi \aeighed Figure 9B and 9D)
Compared with the average tumor weight of the Jehgcoup of 1.24g, other three
treated groups showed a marked decrease, whemjpocmdA33 (40mg/kg) showed
the lightest tumor weight (0.48 + 0.06 g). Meanwhiho obvious change was
observed in the body weight of treated groups ciatiig that the compoural33 was
not toxic for these mice. Conversely, the body Weif the vehicle group increased
slightly in the later stage of the treatment perfpdjure 9C). Taken together, these
data indicated that compourAB3 has excellent anti-tumor activiiy vivo and is
worthy of further study as a promising compound fihie development of

COX-2/5-LOX dual inhibitors for cancer therapy.

22



354
355
356
357
358
359

360

361

362

363

364

365

366

367

2000
—a— Vehicle ]

—s— Compound A33 (20mg/kg)
1500 + —v— Celecoxib (20mg/kg)
~a— Compound A33 (d0mg/kg)

3

1000 -

Tumor volumn/mm

b e
- - —
** %% ww
Tumor weight (g)
=
i

500

[] 2 4 6 8 10 12 14
Treatment time/days 20mg/kg 20mg/kg

Vehicle Celecoxib Compound A33 Compound A33

40mg/kg

Cc
24 °
—a—Vehicle Control 1
~a—Compound A33 (20mg/kg)
—v— Celecoxib (20mg/kg)
221 —a—Compound A33 (40mg/kg)
—1 Celecoxib o ‘ L] ® e o
s 3 (20 mg/ke)
£, — 1> hi:sq
et
i ¥ T 1 Compound A33 . ‘ '
E (20 mg/kg) . . .
18 +
Compeund A33
(40 mg/ke) . . ‘ L L ] L Y
16 —— - — -

Treatment time/days

Fig. 9. CompoundA33 effectively inhibited tumor growth in xenografis vivo.(A) Tumour
volumes, Data were measured every other day by wsivernier caliper and calculated as 0.5 x
length x width (mnt). (B) Weight of the excised tumors from each gro{@) body weights of
mice from each group. (D) Photograph of the exctsetbrs from each group after treatment. **p
<0.01.

2.9. Compound A33 pharmacokinetics in tumor-bearingiude mice

We further studied the metabolic stability of gmundA33 after administration in
mice. After 24 h of intraperitoneal injection, btbeampling in mice eyes, obtained
plasma after centrifugation. The plasma was exdchaiith ethyl acetate. Then treated
sample and compoun&l33 were detected by HPLC. As shown kigure 10A, the
peak time of Compounéd33 was 39.654 min, injected it into mice for 24 hours
CompoundA33 was detected at 39.950 miRigure 10B). The results showed that

compoundA33 was stablén vivo, and the amide linkage was not easily cleaved.

23



368

369
370

371

372

373

374

375

376

377

378

379

380

381

A o

1000 = 254nm

3000

2000

1000

| 2L ==
22 25 £
e

Hei o =

min

B mY

254nm

380

18,

100

290
1

33. 304

32,237

30. 299

0 10 20 30 40 50 60
win

Fig. 10. The image of the test samples by HPLC. (A) CompdA®3. (B) Extracted from plasma
with ethyl acetate.

3. Conclusions

In order to further search for COX-2/5-LOX dual iiitors that increase cancer
treatment while reducing side effects, a seriesasel hybrids of diaryl-1,5-diazoles
and morpholine derivatives was designed as COX-2E-dual inhibitors for cancer
treatment. Most of the hybrid compounds showed miatghibitory activity, among
which the compoun@33 with CF; substituted on the benzene rind)Risplayed the
most potent activity, and its gvalues against F10, HelLa, A549, MCF-7 cells were
6.43, 8.08, 10.97, 7.68M, respectively. At the same time, anti-prolifecatiandin
vitro COX-2/5-LOX inhibition experiments showed that thetroduction of
morpholine derivatives contributed significantly ttee reduction of cytotoxicity and

the increase of antiproliferative activity. Espdlgiathe representative compouA33
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exhibited excellent ability to inhibit 5-LOX witthe 1G5, value of 0.68:M. Further
molecular docking studies revealed several intemastbetween compoura33 and
the active sites of COX-2 and 5-LOX, which might MWeeneficial for its
antiproliferative effects. In mechanistic studieempoundA33 was observed to
induce apoptosis of F10 cells and G2 phase cadstiin a dose-dependent manner.
Furthermore, then vivo anti-tumor activity of compound33 was confirmed on
F10-xenograft mouse model and pharmacokinetic esudad also demonstrated its
satisfying stabilityin viva. In conclusion, compound33 can further be optimized to
find innovative anti-tumor drug candidates as COB-+20X dual inhibitors.
4. Experimental section
4.1. Materials and measurements

All commercial reagents and solvents, purchaseoh fAddaddin (China) and Xiya
Reagent, were used in analytical grade. Meltingngsoof all the compounds were
determined with an X4 MP apparatus (Jingsong C&imanghai, China). Th&H
spectra were both recorded in DM$- and CDC{ using Bruker
(Rhenistetten-Forchheim, Germany) AM 600 MHz andikeér AM 400 MHz, using
TMS as an internal standarti NMR and™*C NMR chemical shifts are reported in
o/ppm and coupling constants in Hz. Thin layer chatography (TLC) plates coated
with Merck silica gel 60 GF254 monitored the chemhie@actions and the purifying of
the products whose spots were visualized under3854him light.In vitro biological
evaluation of the synthesized compounds was coaeduat State Key Laboratory of

Pharmaceutical Biotechnology, Nanjing UniversitgriNng.
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The COX-1 (human) Inhibitor Screening Assay Kittédag No.70117), COX-2
(human) Inhibitor Screening Assay Kit (catalog Ni1¥80), 5-LOX Inhibitor
Screening Assay Kit (catalog N0.520111) and P@Bzyme immunoassay (EIA)
kit-monoclonal (catalog N0.514010) were purchasemnf Cayman Chemical (Ml,
USA). 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenylteizolium (MTT) were purchased
from Beyotime Institute of Biotechnology (Haimenhi@a). Annexin V-FITC cell
apoptosis assay kit (catalog No.BA11100) was puwetidrom BIO-BOX (Nanjing,
China). Caspase Inhibitor Z-VAD-FMK was purchasednf Beyotime (Nanjing,
China).

4.2. General procedure for the synthesis of compods 2a-2k

Sodium methoxide (60 mmol) was added slowly toiraest solution of anhydrous
methanol (35 mL) at 0J, solution of dimethyl oxalate (40 mmol) and théstituted
acetophenone (20 mmol) in anhydrous methanol (3pws then gradually added to
the mixture with constant stirring, the reactiorxtare was then heated at reflux for 6
h. After cooling to room temperature, it was pouirgd water (200 mL) and acidified
with the hydrochloric acid solution (1 mol/L) to PH 3, then a solid product was
immediately formed which was filtered, washed widlstilled water. The crude
products were purified by recrystallization withhaol, ethyl acetate and petroleum
ether Vewn Vewas Vee= 1. 1. 0.5) washed by ice-water for three timegite pure
intermediate product®a-2k.

4.3. General procedure for the synthesis of compods 3a-3k

A mixture of 2a-2k (10 mmol) and 4-hydrazinylbenzenesulfonamide (X0af) in
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anhydrous methanol (40 mL) was heated at reflux6fdr. After cooling to room
temperature and pouring it into the water, the iprete was filtered and washed with
ethanol, the solid compoun8a-3k were crystallized from ethyl acetate.
4.4. General procedure for the synthesis of compouds 4a-4k

Potassium hydroxide (KOH) (20 mmol) was succesgiaelded to a solution of
compounds3a-3k (4 mmol) in anhydrous methanol, added a few dafpsater and
the mixture was stirred at 70 for 2 hours. After cooling, the mixture solutiorasv
poured into water and acidified with the hydrochdacid solution (1 mol/L) to PH=3,
extracted three times with ethyl acetate (3x100 ang discarded the aqueous layer.
The combined organic extracts were dried with9@ after vacuum evaporation to
obtain a solid producta-4k.
4.5. General procedure for the synthesis of compods A1-A41

To a solution o#a-4k (Immol) in CHCI, (20 mL), 1-(3-Dimethylaminopropyl)-
3-ethylcarbodiimide hydrochloride (EDC-HCI) (1.2 miiyp 1-Hydroxybenzotriazole
(HOBLt) (1.2 mmol) and 4-(dimethylamino)pyridine (B¥®) (0.5 mmol) were added
in sequence at 0 °C. After half an hour of activatimorpholine and substituted
morpholine (1.2 mmol) was added and stirred ovéitnag room temperature. The
reaction mixture was washed with the hydrochlog aolution (1 mol/L, 10 mL),
saturated N O; solution (10ml), distilled water (10 mL) three & The combined
organic extracts were dried with )0, The crude product was purified by column
chromatographyMacoe{Vee = 1/1) to give compoundsl-A41l.

4-(5-(3-Fluorophenyl)-3-(thiomorpholine-4-carbonyl}1H-pyrazol-1-yl)benzenesu

27



448

449

450

451

452

453

454

455

456

457

458

459

460

461

462

463

464

465

466

467

468

469

470

471

472

473

474

Ifonamide (A1)

White solid, yield 64.1%, m.p. 207.6-208Ck *H NMR (400 MHz, DMSOds)
7.87 (d,J = 8.6 Hz, 2H, ArH), 7.55 — 7.46 (m, 6H, ArH), 7.83 J = 8.6 Hz, 2H,
-SONH,), 7.01 (s, 1H, =CH), 4.13 (d,= 5.6 Hz, 2H, -Ch), 3.92 (t,J = 4.9 Hz, 2H,
-CHy), 2.70 (t,J = 4.2 Hz, 4H, -CH). MS(ESI): 447.52 [M + H]. Anal. Calcd for
Ca0H19FN4O3S,: C, 53.80; H, 4.25; N, 12.55%; Found: C, 54.014124; N, 12.49.

4-(5-(3-Fluorophenyl)-3-(morpholine-4-carbonyl)-H-pyrazol-1-yl)benzenesulfon

amide(A2)

White solid, yield 71.6%, m.p. 177.2-177 *H. NMR (600 MHz, DMSO¢) -
7.89 — 7.85 (m, 2H, ArH), 7.53 (d,= 8.7 Hz, 2H, ArH), 7.51 — 7.47 (m, 4H, ArH),
7.33 (d,J = 8.6 Hz, 2H, -SGNH,), 7.03 (s, 1H, =CH), 3.97 (§,= 4.8 Hz, 2H, -CHj),
3.67 (s, 4H, -Ch), 3.63 (t,J = 4.8 Hz, 2H, -Ch). *C NMR (151 MHz, DMSOdg) &
161.75, 148.04, 143.95, 142.94, 141.78, 134.34,0631129.38, 128.28, 127.32,
127.30, 126.18, 126.16, 111.05, 67.00, 66.63, 448B4. MS(ESI): 431.45 [M +
H]*. Anal. Calcd for GoH1sFN4O4S: C, 53.81; H, 4.45; N, 13.02%; Found: C, 53.59;
H, 4.43; N, 13.07.

4-(5-(3-Chlorophenyl)-3-(thiomorpholine-4-carbonyl}1H-pyrazol-1-yl)benzenesu

Ifonamide(A3)

White solid, yield 17%, m.p. 22.1-224°8@ *H NMR (600 MHz, DMSOds)
7.88 (d,J = 6.9 Hz, 2H, ArH), 7.62 (d] = 6.6 Hz, 2H, ArH), 7.54 (d] = 8.4 Hz, 2H,
ArH), 7.51 (s, 2H, -S&NH,), 7.34 (d,J = 8.6 Hz, 1H, ArH), 7.22 (d] = 6.9 Hz, 1H,
ArH), 7.06 (s, 1H, =CH), 4.12 (f] = 5.0 Hz, 2H, -Ch)), 3.92 (t,J = 5.0 Hz, 2H,
-CHy), 2.70 (g,J = 5.2 Hz, 4H, -CH). MS(ESI): 463.97 [M + H]. Anal. Calcd for
Co0H1oCIN4OsS,: C, 51.89; H, 4.14; N, 12.10%; Found: C, 51.694H5; N, 12.05.

4-(5-(3-Chlorophenyl)-3-(morpholine-4-carbonyl)-H-pyrazol-1-yl)benzenesulfon

amide(A4)

Light yellow solid, yield 87.2%, m.p. 201.0-2015 *H NMR (DMSO-ds, 600
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MHz); &: 7.87(d,J= 8.7 Hz, 2H, ArH), 7.63(d) =1.02 Hz, 2H, ArH), 7.54(d] =1.92
Hz, 2H, ArH), 7.51(s, 2H, -SDIH,), 7.34(t,J =8.04 Hz, 1H, ArH), 7.21(d) =7.26
Hz, 1H, ArH), 7.07(s, 1H, =CH), 3.96(t] =4.26 Hz, 2H, -Cht), 3.67(s, 4H,
-CH,-),3.63(t,J =4.26 Hz, 2H, -Ck). MS(ESI): 447.91 [M + H] Anal. Calcd for
CaoH16CINLO4S: C, 53.75; H, 4.29; N, 12.54%; Found: C, 53.544127; N, 12.53.

4-(5-(4-Chlorophenyl)-3-(thiomorpholine-4-carbonyl}1H-pyrazol-1-yl)benzenesu

Ifonamide(A5)

Light yellow solid, vyield 27.8%, m.p. 209.6-21110. *H NMR (600 MHz,
DMSO-dg) §: 7.87 (d,J = 8.7 Hz, 2H, ArH), 7.54 (d] = 8.6 Hz, 2H, ArH), 7.50 (s,
2H, -SQNH,), 7.45 (m, 1H, ArH), 7.24 (m, 2H, ArH), 7.09 @z= 7.8 Hz, 1H, ArH),
7.05 (s, 1H, =CH), 4.13 (d = 6.1 Hz, 2H, -Ch)), 3.93 (d,J = 6.0 Hz, 2H, -Ch)),
2.70 (d,J = 5.1 Hz, 4H, -Ch). *C NMR (151 MHz, DMSOdg) 6 163.19, 162.05,
148.14, 143.97, 142.81, 141.76, 131.54, 131.42,3631127.26, 126.13, 125.49,
116.49, 116.29, 116.14, 111.06, 49.82, 44.99, 4@B104, 27.17. MS(ESI): 463.97
[M + H]". Anal. Calcd for GgH1oCIN4OsS,: C, 51.89; H, 4.14; N, 12.10%; Found: C,
51.68; H, 4.15; N, 12.11.

4-(5-(4-Chlorophenyl)-3-(morpholine-4-carbonyl)- H-pyrazol-1-yl)benzenesulfon

amide(A6)

White solid, yield 62%, m.p. 179.3-179.6 'H NMR (400 MHz, DMSO#d) J:
7.87 (d,J = 8.5 Hz, 2H, ArH), 7.55 — 7.47 (m, 6H, ArH), 7.88, J = 8.4 Hz, 2H,
-SONH,), 7.02 (s, 1H, =CH), 3.98 (d,= 4.7 Hz, 2H, -CH), 3.65 (dJ = 17.6 Hz, 6H,
-CHy). ¥C NMR (151 MHz, DMSOdg) 6 161.74, 147.99, 144.03, 142.50, 141.72,
131.85, 131.76, 131.66, 131.26, 128.29, 127.30,2P27126.25, 126.18, 122.45,
111.29, 66.99, 66.63, 47.68, 42.83, 40.56, 40.4834 40.06, 39.62. MS(ESI):
447.91 [M + HI. Anal. Calcd for GoH1oCIN4O4S: C, 53.75; H, 4.29; N, 12.54%;
Found: C, 53.54; H, 4.27; N, 12.49.

4-(5-(4-Ethoxyphenyl)-3-(thiomorpholine-4-carbonyl}1H-pyrazol-1-yl)benzenes

ulfonamide(A7)
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White solid, yield 58%, m.p. 229.8-230.6 ‘*H NMR (600 MHz, DMSO#k) &:
7.85 (d, J = 8.6 Hz, 2H, ArH), 7.52 — 7.48 (m, #H), 7.21 (d, J = 8.7 Hz, 2H, ArH),
6.95 (d, J = 8.8 Hz, 2H, -S0H,), 6.88 (s, 1H, =CH), 4.13 (t, J = 5.0 Hz, 2H, -§H
4.04 (q, J = 7.0 Hz, 2H,-OGBHz), 3.91 (t, J = 5.1 Hz, 2H, -G} 2.69 (g, J = 5.2 Hz,
4H, -CHp), 1.32 (t, J = 6.9 Hz, 3H,-OGBHs). MS(ESI): 473.58 [M + H] Anal.
Calcd for GoH24N404S,: C, 55.92; H, 5.12; N, 11.86%; Found: C, 55.705H.3; N,
11.83.

4-(5-(4-Ethoxyphenyl)-3-(morpholine-4-carbonyl)-H-pyrazol-1-yl)benzenesulfo

namide(A8)

White solid, yield 29%, m.p. 203.9-20414'H NMR (600 MHz, DMSO#€) &:
7.86 (d,J = 8.6 Hz, 2H, ArH), 7.51 (d] = 8.6 Hz, 2H, ArH), 7.49 (s, 2H, -SBH,),
7.21 (d,J = 8.7 Hz, 2H, ArH), 6.95 (d] = 8.8 Hz, 2H, ArH), 6.90 (s, 1H, =CH), 4.04
(d, J = 7.1, 3.6 Hz, 2H,-OC}), 3.98 (t,J = 4.8 Hz, 2H, -Ch)), 3.67 (s, 4H, -Ch),
3.63 (t,J = 4.8 Hz, 2H, -Ch)), 1.32 (t,J = 7.0 Hz, 3H, -ChH). MS(ESI): 457.52 [M +
H]*. Anal. Calcd for G,H24N4OsS: C, 57.88; H, 5.30; N, 12.27%; Found: C, 57.82; H
5.28; N, 12.23.

4-(5-(4-Fluorophenyl)-3-(thiomorpholine-4-carbonyl}1H-pyrazol-1-yl)benzenesu

Ifonamide(A9)

White solid, yield 27.8%, m.p. 115.4-116.7 *H NMR (600 MHz, DMSOd) &
7.86 (d,J = 8.7 Hz, 2H, ArH), 7.51 (d] = 8.7 Hz, 2H, ArH), 7.49 (s, 2H, -SBH,),
7.37 (m, 2H, ArH), 7.28 (tJ =8.8 Hz, 2H, ArH), 6.98 (s, 1H, =CH), 4.14 (s, 2H,
-CH,), 3.92 (s, 2H, -Ch), 2.70 (d,J = 4.9 Hz, 4H, -CH). 3C NMR (151 MHz,
DMSO-dg) 0 162.12, 148.10, 143.18, 141.84, 131.64, 131.58,262 126.04, 116.45,
116.31, 110.69, 49.81, 44.98, 40.52, 28.05, 2MS(ESI): 447.52 [M + HJ. Anal.
Calcd for GoH19FN4OsS,: C, 53.80; H, 4.29; N, 12.55%; Found: C, 53.604130; N,
12.56.

4-(5-(4-Fluorophenyl)-3-(morpholine-4-carbonyl)- H-pyrazol-1-yl)benzenesulfon

amide(A10)
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White solid, yield 17.1%, m.p. 241.3-242.6 *H NMR (600 MHz, DMSO#dg) J:
7.86 (d,J = 8.6 Hz, 2H, ArH), 7.51 (d] = 8.6 Hz, 2H, ArH), 7.49 (s, 2H, -SBH,),
7.37 (m, 2H, ArH), 7.28 (t) = 8.8 Hz, 2H, ArH), 6.99 (s, 1H, =CH), 3.98 {t= 4.8
Hz, 2H, -CH), 3.67 (s, 4H, -Ch), 3.63 (t,J = 4.8 Hz, 2H, -Ch). MS(ESI): 431.45
[M + H]". Anal. Calcd for GoH1gFN4O,S: C, 55.81; H, 4.45; N, 13.02%; Found: C,
55.59; H, 4.43; N, 13.05.

4-(3-(Morpholine-4-carbonyl)-5-(p-tolyl)-1H-pyrazol-1-yl)benzenesulfonamide (A

11)

White solid, yield 68.8%, m.p. 206.3-206.6 *H NMR (600 MHz, DMSO#) &:
7.85 (d,J = 8.6 Hz, 2H, ArH), 7.51 (d] = 8.7 Hz, 2H, ArH), 7.49 (s, 2H, -SRH,),
7.22 (d,J = 8.0 Hz, 2H, ArH), 7.19 (d] = 8.2 Hz, 2H, ArH), 6.94 (s, 1H, =CH), 3.98
(t, J = 4.8 Hz, 2H, -Ch), 3.67 (s, 4H, -Ch), 3.63 (t,J = 4.8 Hz, 2H, -Ch), 2.32 (s,
3H, -CH). 3C NMR (151 MHz, DMSO#d) 5 161.89, 147.96, 144.19, 143.78, 142.08,
139.12, 129.88, 129.08, 127.21, 126.50, 126.12,481657.00, 66.64, 47.68, 42.83,
40.49, 21.27. MS(ESI): 427.49 [M + HJAnal. Calcd for GiHp:N40,S: C, 59.14; H,
5.20; N, 13.14%; Found: C, 59.21; H, 5.21; N, 13.15

4-(3-(Thiomorpholine-4-carbonyl)-5-(p-tolyl)-1H-pyrazol-1-yl)benzenesulfonami

de(A12)

White solid, yield 66.6%, m.p. 185.5-186.2 *H NMR (600 MHz, DMSO#dg) J:
7.85 (d,J = 8.7 Hz, 2H, ArH), 7.51 (d] = 8.7 Hz, 2H, ArH), 7.49 (s, 2H, -SRH,),
7.22 (d,J = 8.0 Hz, 2H, ArH), 7.19 (d] = 8.2 Hz, 2H, ArH), 6.92 (s, 1H, =CH), 4.14
(d, J = 7.4 Hz, 2H, -CH), 3.91 (d,J = 6.0 Hz, 2H, -Ch)), 2.69 (d,J = 5.5 Hz, 4H,
-CH,).2.32 (s,3H, -Ch). *C NMR (151 MHz, DMSQdg) § 162.19, 148.12, 143.74,
142.07, 129.89, 129.08, 127.21, 126.52, 126.02,311(19.81, 44.98, 40.52, 28.04,
27.17, 21.28. MS(ESI): 443.55 [M + HJAnal. Calcd for GiH2:N405S,: C, 56.99; H,
5.01; N, 12.66%; Found: C, 56.76; H, 5.02; N, 12.61

4-(5-(4-Bromophenyl)-3-(thiomorpholine-4-carbonyl)4H-pyrazol-1-yl)benzenesu

Ifonamide(A13)
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White solid, yield 63.5%, m.p. 184.1-185.2'H NMR (400 MHz, DMSOk) &
7.87 (d,J = 8.6 Hz, 2H, ArH), 7.63 (dJ = 8.5 Hz, 2H, ArH), 7.55 — 7.48 (m, 4H,
ArH), 7.26 (d,J = 8.5 Hz, 2H, -SENH,), 7.01 (s, 1H, =CH), 4.13 (s, 2H, -G}13.91
(d,J = 6.0 Hz, 2H, -CH), 2.69 (d,J = 5.6 Hz, 4H, -CH). MS(ESI): 508.42 [M + H].
Anal. Calcd for GoH19BrN4OsS,: C, 47.34; H, 3.77; N, 11.04%; Found: C, 47.51; H,
3.75; N, 11.07.

4-(5-(4-Bromophenyl)-3-(morpholine-4-carbonyl)-H-pyrazol-1-yl)benzenesulfon

amide(Al14)

White solid, yield 19%, m.p. 151.6-153.2 'H NMR (600 MHz, DMSO#d) J:
7.87 (d,J = 8.6 Hz, 2H, ArH), 7.63 (d] = 8.5 Hz, 2H, ArH), 7.53 (d] = 8.6 Hz, 2H,
ArH), 7.49 (s, 2H, -S@NH,), 7.26 (d,J = 8.5 Hz, 2H, ArH), 7.03 (s, 1H, =CH), 3.97
(t, 3= 4.9 Hz, 2H, -Ch), 3.67 (s, 4H, -Ch), 3.63 (t,J = 4.8 Hz, 2H, -Ch). MS(ESI):
492.36 [M + HI. Anal. Calcd for GoH1oBrN4O4S: C, 48.89; H, 3.90; N, 11.40%;
Found: C, 48.71; H, 3.91; N, 11.43.

4-(5-(3-Methoxyphenyl)-3-(thiomorpholine-4-carbony)-1H-pyrazol-1-yl)benzene

sulfonamide(A15)

Light yellow solid, yield 51.6%, m.p. 196.8-1973. 'H NMR (600 MHz,
DMSO-dg) d: 7.86 (d,J = 8.5 Hz, 2H, ArH), 7.53 (d] = 8.5 Hz, 2H, ArH), 7.50 (s,
2H, -SQNH,), 7.31 (t,J = 8.0 Hz, 1H, ArH ), 6.99 (m, 2H, ArH), 6.89 ($1,1=CH),
6.81 (d,J = 1.9 Hz, 1H, ArH), 4.14 (s, 2H, -GH 3.92 (m, 2H, -Ch), 3.70 (s, 3H,
-CH30), 2.70 (qJ = 5.2 Hz, 4H, -Ck). MS(ESI): 459.55 [M + H]. Anal. Calcd for
C21H2N404S: C, 55.01; H, 4.84; N, 12.22%; Found: C, 54.794t84; N, 12.17.

4-(5-(3-Methoxyphenyl)-3-(morpholine-4-carbonyl)-H-pyrazol-1-yl)benzenesulf

onamide(A16)

Light yellow solid, yield 21%, m.p. 241.3-245.8. 'H NMR (400 MHz,
DMSO-dg) &: 7.87 (d,J = 8.3 Hz, 2H, ArH), 7.53 (d] = 8.4 Hz, 2H, ArH), 7.50 (s,
2H, -SQNH,), 7.31 (t,J = 7.9 Hz, 1H, ArH), 6.99 (m, 2H, ArH),6.89 (s, 1ArH)
6.83 — 6.79 (M, 1H, =CH), 3.98 (t= 5.2 Hz, 2H, -Ch), 3.69 (s, 3H, -CkD), 3.67 (s,
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587  4H,-CHp), 3.63(t,J = 6.96 Hz, 2H, -ChH). **C NMR (151 MHz, DMSQOdg) § 162.07,
588  148.14, 143.98, 142.52, 141.72, 132.31, 131.80,6731131.26, 128.30, 127.27,
589  126.12, 122.45, 111.09, 49.82, 44.99, 40.51, 2@03,8. MS(ESI): 443.49 [M + H]
590 Anal. Calcd for GiH2N4OsS: C, 57.00; H, 5.01; N, 12.66%; Found: C, 56.77; H
501  5.02; N, 12.61.

592  4-(5-(4-Methoxyphenyl)-3-(thiomorpholine-4-carbony)-1H-pyrazol-1-yl)benzene

593  sulfonamide(A17)

594 White solid, yield 59.1%, m.p. 222.5-223 *H NMR (400 MHz, DMSOds) 6
595  7.86 (d,J = 8.3 Hz, 2H, ArH), 7.54 — 7.46 (m, 4H, ArH), 7.28,J = 8.3 Hz, 2H,
596  ArH), 6.98 (d,J = 8.4 Hz, 2H, -SeNH,), 6.89 (s, 1H, =CH), 4.14 (d,= 5.5 Hz, 2H,
597 -CHp), 3.91 (d,J = 6.0 Hz, 2H, -Ch), 3.78 (s, 3H, -OCH3), 2.69 (d,= 6.3 Hz, 4H,
598  -CHp). MS(ESI): 459.55 [M + H]. Anal. Calcd for GiH2:N40,S;: C, 55.01; H, 4.84;
599 N, 12.22%; Found: C, 54.79; H, 4.83; N, 12.18.

600  5-(5-(4-Methoxyphenyl)-3-(morpholine-4-carbonyl)-H-pyrazol-1-yl) benzene

601  sulfonamide(A18)

602 White solid, yield 19%, m.p. 203.5-204.0 *H NMR (600 MHz, DMSO#); J:

603  7.86(d,J= 12.6 Hz, 2H, ArH), 7.51(d] =12.6 Hz, 2H, ArH), 7.49(s, 2H, -SNH,),

604 7.23(d,J =12.78 Hz, 2H, ArH), 6.97(d] =12.84 Hz, 2H, ArH), 6.90(s, 1H, =CH),
605  3.98(t, 2H,J =8.4, -CH-), 3.77(s, 3H, -ChD-),3.65 (d,J = 16.6 Hz, 6H, -Ch).**C

606 NMR (151 MHz, DMSOds) ¢ 161.91, 160.15, 147.93, 144.03, 143.72, 142.14,
607 130.61, 127.21, 126.06, 121.58, 114.76, 110.2680167%66.64, 60.24, 55.72, 47.69,
608 42.82, 40.51, 14.56. MS(ESI): 443.49 [M +"HRAnal. Calcd for GiH,oN4OsS: C,

609 57.00; H, 5.01; N, 12.66%; Found: C, 56.77; H, 50312.67.

610  4-(3-(Thiomorpholine-4-carbonyl)-5-(4-(trifluoromethyl)phenyl)-1H-pyrazol-1-yl

611 )benzenesulfonamide(A19)

612 Light yellow solid, yield 66.7%, m.p. 197.1-198/8. *H NMR (600 MHz,
613 DMSO-dg) o: 7.88 (d,J = 8.6 Hz, 2H, ArH), 7.80 (d] = 8.2 Hz, 2H, ArH), 7.55 (m,
614  4H, ArH), 7.50 (s, 2H, -SE@H,), 7.11 (s, 1H, =CH), 4.14 (§,= 4.9 Hz, 2H, -Ch),
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3.93 (t,J = 5.0 Hz, 2H, -CH), 2.70 (g,J = 5.2 Hz, 4H, -Ch). *C NMR (151 MHz,
DMSO-dg) 6 161.99, 148.29, 144.04, 142.66, 141.67, 133.46,063(129.68, 129.47,
127.38, 126.22, 126.17, 125.33, 111.47, 49.84,14%0.52, 28.05, 27.17. MS(ESI):
497.52 [M + HJ. Anal. Calcd for GiH1oFsN4OsS,: C, 50.80; H, 3.86; N, 11.28%;
Found: C, 50.71; H, 3.85; N, 11.24.

4-(3-(Morpholine-4-carbonyl)-5-(4-(trifluoromethyl) phenyl)-1H-pyrazol-1-yl)ben

zenesulfonamide(A20)

White solid, yield 21.4%, m.p. 224.8-225.3'H NMR (600 MHz, DMSO#d) o:
7.88 (d,J = 8.7 Hz, 2H, ArH), 7.80 (d] = 8.5 Hz, 2H, ArH), 7.55 (m, 4H, ArH), 7.50
(s, 2H, -SGNH,), 7.13 (s, 1H, =CH), 3.98 (i = 4.6 Hz, 2H, -Ch), 3.68 (s, 4H,
-CH,), 3.63 (d,J = 4.5 Hz, 2H, -CH). *C NMR (151 MHz, DMSOd;) § 161.65,
148.13, 144.08, 142.63, 141.66, 133.44, 130.04,6029129.46, 127.53, 127.37,
126.73, 126.24, 126.20, 126.17, 126.15, 125.32,522311.65, 66.99, 66.63, 47.69,
42.84, 40.51. MS(ESI): 481.46 [M + H]Anal. Calcd for GiH;9FaN4O4S: C, 52.50;
H, 3.99; N, 11.66%; Found: C, 52.29; H, 3.97; N,701

4-(5-Phenyl-3-(thiomorpholine-4-carbonyl)-H-pyrazol-1-yl)benzenesulfonamide

(A21)

White solid, yield 53.5%, m.p. 192.8-193.9 *H NMR (600 MHz, DMSO#l) 6:
7.86 (d,J = 8.6 Hz, 2H, ArH), 7.51 (m, 4H, ArH), 7.42 (m, 3KrH), 7.31 (m, 2H,
-SONH,), 6.97 (s, 1H, =CH), 4.15 (8,= 4.8 Hz, 2H, -Ch), 3.92 (t,J = 5.0 Hz, 2H,
-CH,), 2.70 (m, 4H, -Chl ). MS(ESI): 42953 [M + H]} Anal. Calcd for
CaoH20N40:Sz: C, 56.06; H, 4.70; N, 13.07%; Found: C, 55.844H1; N, 13.11.

4-(3-(Morpholine-4-carbonyl)-5-phenyl-1H-pyrazol-1-yl)benzenesulfonamide (A2

2)
Dark yellow solid, yield 87.1%, m.p. 201.0-2015 'H NMR (600 MHz,
DMSO-dg) d: 7.86 (d,J = 8.6 Hz, 2H, ArH), 7.53 — 7.48 (m, 4H, ArH), 7.43.40 (m,
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3H,ArH), 7.33 — 7.29 (m, 2H,-S8H,), 6.99 (s, 1H, =CH,), 3.99 (i = 4.8 Hz,
2H,-CH,), 3.65 (d,J = 25.2 Hz, 6H,-Ck). MS(ESI): 413.46 [M + H]. Anal. Calcd
for CooH2oN4O4S: C, 58.24; H, 4.89; N, 13.58%; Found: C, 58.434187; N, 13.59.

N-(3-Morpholinopropyl)-5-phenyl-1-(4-sulfamoylphenyl)-1H-pyrazole-3-carboxa

mide(A23)

Dark yellow solid, yield 34.7%, m.p. 101.9-102.8 'H NMR (600 MHz,
DMSO-dg) o: 8.53 (t,J= 5.8 Hz, 1H, -CONH), 7.87 (di= 8.6 Hz, 2H, ArH), 7.57 —
7.48 (m, 4H, ArH), 7.43 — 7.35 (m, 3H, ArH), 7.301(J= 6.7, 2.9 Hz, 2H, -SDIH,),
7.03 (s, 1H, =CH), 3.61 (8= 4.7 Hz, 4H, -CH), 3.34 (g,J= 6.5 Hz, 2H, -CONHCB),
2.47 (m, 6H, -CH2, -CONHCH{CH,CH,), 1.73 (p,J= 6.9 Hz, 2H, -CONHCKCHy).
MS(ESI): 470.56 [M + H]. Anal. Calcd for GH,/NsO,S: C, 58.83; H, 5.80; N,
14.92%; Found: C, 59.01; H, 5.81; N, 14.93.

3-Morpholinopropyl-5-phenyl-1-(4-sulfamoylphenyl)-1H-pyrazole-3-carboxylate

(A24)

Light yellow solid, yield 17.3%, m.p. 94.4-95.. 'H NMR (600 MHz,
Chloroform4) ¢: 7.85 (d,J= 8.3 Hz, 2H, ArH), 7.47 — 7.35 (m, 5H, ArH), 7.&8 2H,
-SONH,), 7.23 — 7.19 (m, 2H, ArH), 7.06 (s, 1H, =CH), 4.8, J= 6.1 Hz, 2H,
-COOCH), 3.93 (s, 4H, -CH2), 2.90 (s, 6H, -GHCOOCHCH,CH,), 2.27 (s, 2H,
-COOCHCHy,). MS(ESI): 471.54 [M + H]. Anal. Calcd for GsH,¢N4OsS: C, 58.71;
H, 5.57; N, 11.91%; Found: C, 58.93; H, 5.55; N9B1

N-(2-morpholinoethyl)-5-phenyl-1-(4-sulfamoylphenyl)1H-pyrazole-3-carboxam

ide(A25)

Light yellow solid, yield 15.7%, m.p. 95.3-96.1. 'H NMR (600 MHz,
Chloroform4) ¢: 7.91 (d,J= 8.3 Hz, 2H, ArH), 7.46 (d)= 8.6 Hz, 2H, ArH), 7.42 —
7.35 (m, 3H, ArH), 7.28 (s, 2H, -$8H,), 7.22 (d,J= 7.1 Hz, 2H, ArH), 7.05 (s, 1H,
=CH), 3.88 (s, 4H, -CbJ, 3.74 (s, 2H, -CONHC}}, 2.83 (d,J= 52.3 Hz, 6H, -Chj
-CONHCH,CH,). MS(ESI): 456.53 [M + H]. Anal. Calcd for GH2sNs04S: C, 58.01;
H, 5.53; N, 15.37%; Found: C, 58.21; H, 5.54; NAPS
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670  3-Morpholinopropyl-5-(4-chlorophenyl)-1-(4-sulfamoylphenyl)-1H-pyrazole-3-ca

671  rboxylate(A26)

672 White solid, vyield 58.9%, m.p. 177.2-177.5. H NMR (600 MHz,
673  Chloroform4) ¢: 7.78 (d,J= 8.6 Hz, 2H, ArH), 7.40 (d]= 8.6 Hz, 2H, ArH), 7.34 (d,
674 J= 8.4 Hz, 2H, ArH), 7.13 (dJ= 8.5 Hz, 2H, ArH), 7.08 (s, 1H, =CH), 6.42 (s, 2H,
675 -SONHy), 4.55 (s, 2H, -COOCH, 3.78 (s, 4H, -Ch, 2.87 (s, 2H,
676 -COOCHCH.CH,), 2.63 (s, 4H, -ChH, 1.69 (s, 2H, -COOC}TH,). MS(ESI):
677 505.99 [M + HI. Anal. Calcd for GHpsCIN4OsS: C, 54.71; H, 4.99; N, 11.09%;
678 Found: C, 54.81; H, 4.98; N, 11.12.

679  2-Morpholinoethyl-5-(4-chlorophenyl)-1-(4-sulfamoyphenyl)-1H-pyrazole-3-car

680  boxylate(A27)

681 Light yellow solid, yield 54.5%, m.p. 105.3-106/1. *"H NMR (600 MHz,
682 DMSO-dg) : 7.92 — 7.85 (m, 2H, ArH), 7.58 — 7.46 (m, 6H, ArM.34 (d,J= 8.5 Hz,
683  2H, -SQNH,), 7.21 (s, 1H, =CH), 4.43 (8= 5.8 Hz, 2H, -COOCH), 3.57 (t,J= 4.7
684 Hz, 4H, -CH), 2.69 (t,J= 5.8 Hz, 2H, -COOCKCH,), 2.49 (s, 4H, -Ch). MS(ESI):
685 491.96 [M + HJ. Anal. Calcd for GH23CIN4OsS: C, 53.82; H, 4.72; N, 11.41%;
686  Found: C, 54.02; H, 4.71; N, 11.44.

687  5-(4-Chlorophenyl)-N-(2-morpholinoethyl)-1-(4-sulfamoylphenyl)-H-pyrazole-3

688 -carboxamide(A28)

689 Light yellow solid, vyield 33.6%, m.p. 106.6-107/3. *"H NMR (600 MHz,
690 DMSO-ds) d: 8.30 (t,J= 5.9 Hz, 1H, -CONH), 7.91 — 7.84 (m, 2H, ArH), .5 7.47
691 (M, 6H, ArH), 7.35 — 7.29 (m, 2H, -SBH,), 7.07 (s, 1H, =CH), 3.58 (§= 4.7 Hz,
692 4H, -CH), 3.41 (g,J= 6.5 Hz, 2H, -CONHCH), 2.43 (d,J= 40.8 Hz, 6H, -Ch]
693 -CONHCH,CH,). MS(ESI): 490.98 [M + H]. Anal. Calcd for GHCINsO.S: C,
694 53.93; H, 4.94; N, 14.29%; Found: C, 53.72; H, 419514.33.

695  2-Morpholinoethyl-5-(4-fluorophenyl)-1-(4-sulfamoylphenyl)-1H-pyrazole-3-car

696  boxylate(A29)

36



697 Light yellow solid, yield 65.3%, m.p. 102.7-103.6 '"H NMR (600 MHz,
698  Chloroform4) 6. 7.83 — 7.77 (m, 2H, ArH), 7.40 — 7.35 (m, 2H, AyH.28 (s, 2H,
699  ArH), 7.20 — 7.14 (m, 2H, -SMIH,), 7.10 — 7.03 (m, 3H, ArH, =CH), 4.61 (& 5.4
700 Hz, 2H, -COOCH), 3.84 (t,J= 4.8 Hz, 4H, -CH), 3.02 (d,J= 5.3 Hz, 2H,
701 -COOCHCHj,), 2.84 — 2.75 (m, 4H, -CHl MS(ESI): 475.51 [M + H]. Anal. Calcd
702 for CpoH23FN4OsS: C, 55.69; H, 4.89; N, 11.81%; Found: C, 55.474187; N, 11.84.

703  5-(4-Fluorophenyl)-N-(2-morpholinoethyl)-1-(4-sulfamoylphenyl)- H-pyrazole-3-

704  carboxamide(A30)

705 Light yellow solid, yield 60.5%, m.p. 99.7-100/1. *H NMR (600 MHz,
706  Chloroform+) o6: 7.95 — 7.90 (m, 2H, ArH), 7.51 (s, 1H, ArH), 7.457.41 (m, 2H,
707 ArH), 7.28 (s, 1H, ArH), 7.23 — 7.18 (m, 2H, ArH).07 (t,J= 8.5 Hz, 2H, -SGNH,),

708  7.03 (s, 1H, =CH), 3.77 (8= 4.7 Hz, 4H, -CH)), 3.64 (q,J= 5.9 Hz, 2H, -CONHCb),
709 2.71 (t,J= 6.2 Hz, 2H, -CONHCHKCH,), 2.62 (s, 4H, -Ch). MS(ESI): 474.52 [M +
710  H]". Anal. Calcd for GH,4FNsO,4S: C, 55.80; H, 5.11; N, 14.79%; Found: C, 55.58;
711 H, 5.13; N, 14.82.

712 3-Morpholinopropyl-5-(4-fluorophenyl)-1-(4-sulfamoylphenyl)-1H-pyrazole-3-ca

713 rboxylate1(A31)

714 Light yellow solid, yield 39.8%, m.p. 110.2-11113. *H NMR (600 MHz,
715  Chloroform4) o: 7.89 (d,J= 8.7 Hz, 2H, ArH), 7.49 — 7.42 (m, 2H, ArH), 7.&8 2H,
716  -SO:NH,), 7.24 — 7.18 (m, 2H, ArH), 7.08 (= 8.6 Hz, 2H, ArH), 7.02 (s, 1H, =CH),
717 4.47 (t,J= 6.5 Hz,2H, -COOCH), 3.75 (t,J= 4.7 Hz, 4H, -CH)), 2.60 — 2.50 (m, 6H,
718  -CH,, -COOCOHCH,CH,), 2.08 — 2.01 (m, 2H, -COOGRBH,). MS(ESI): 489.53
719  [M + H]". Anal. Calcd for GsH2sFN4OsS: C, 56.55; H, 5.16; N, 11.47%; Found: C,
720 56.76; H, 5.14; N, 11.51.

721 2-Morpholinoethyl-1-(4-sulfamoylphenyl)-5-(4-(trifl uoromethyl)phenyl)-1H-pyra
722 zole-3-carboxylate(A32)

723 White solid, vyield 21.1%, m.p. 178.3-178.8. H NMR (600 MHz,
724  Chloroform4d) 0. 7.81 — 7.73 (m, 2H, -ArH), 7.63 (d= 8.2 Hz, 2H, -ArH), 7.42 —
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7.36 (M, 2H, -ArH), 7.33 (dJ= 8.1 Hz, 2H, -ArH), 7.15 (s, 1H, =CH), 6.72 (s, ,2H
-SO:NH,), 4.53 (s, 2H, -COOC}), 3.76 (s, 4H, -Ch), 2.85 (s, 2H, -COOCHTH,),
2.61 (s, 4H, -Ch). MS(ESI): 525.52 [M + H] Anal. Calcd for GaH,3FsN4OsS: C,
52.67; H, 4.42; N, 10.68%; Found: C, 52.86; H, 44,110.64.

N-(3-Morpholinopropyl)-1-(4-sulfamoylphenyl)-5-(4-(trifluoromethyl)phenyl)-1

H-pyrazole-3-carboxamide(A33)

White solid, yield 51.6%, m.p. 203.6-204.8 *H NMR (600 MHz, DMSO#d) J:
8.64 (t,J= 6.0 Hz, 1H, -CONH), 7.93 — 7.87 (m, 2H, ArH), 9.@tl, J= 8.1 Hz, 2H,
ArH), 7.60 — 7.49 (m, 6H, ArH, -SOIH.), 7.20 (s, 1H, =CH), 3.83 (s, 4H, -GH
3.34 (s, 2H, -CONHC}J, 3.01 (m, 5H, -CH2, -CONHCH,CH,), 2.73 (s, 1H,
-CONHCH,CH,CHjy), 1.94 (d,J= 9.7 Hz, 2H, -CONHCHKCH,). MS(ESI): 538.56 [M
+ H]". Anal. Calcd for G4H26FsNsO4S: C, 53.62; H, 4.88; N, 13.03%; Found: C,
53.82; H, 4.86; N, 13.07.

3-Morpholinopropyl-1-(4-sulfamoylphenyl)-5-(4-(trif luoromethyl)phenyl)-1H-py

razole-3-carboxylate(A34)

White solid, yield 54.2%, m.p. 181.4-182.3'H NMR (600 MHz, DMSO¢) &:
7.90 (d,J= 8.7 Hz, 2H, ArH), 7.80 (dJ= 8.3 Hz, 2H, ArH), 7.59 — 7.52 (m, 6H,ArH,
-SONHy), 7.32 (s, 1H, =CH), 4.36 (8= 6.6 Hz, 2H, -COOCH), 3.57 (t,J= 4.6 Hz,
4H, -CHb), 2.41 (t,J= 7.1 Hz, 2H, -COOCKCH,CHy), 2.37 (s, 4H, -Ch), 1.88 (p,J=
6.8 Hz,2H, -COOCKCH,). MS(ESI): 539.54 [M + H] Anal. Calcd for
CadH2sFaN4OsS: C, 53.53; H, 4.68; N, 10.40%; Found: C, 53.734187; N, 10.44.

5-(4-Methoxyphenyl)-N-(2-morpholinoethyl)-1-(4-sulfamoylphenyl)-H-pyrazole

-3-carboxamide(A35)

White solid,yield 22.1%, m.p. 120.3-120.9 *H NMR (600 MHz, DMSO&) &:
8.23 (t,J= 5.9 Hz, 1H, -CONH), 7.89 — 7.85 (m, 2H, ArH), Z.&, J= 8.6 Hz, 2H,
ArH), 7.50 (s, 2H, ArH), 7.23 (dl= 8.7 Hz, 2H, -SENH,), 6.99 — 6.91 (m, 3H, ArH,
=CH), 3.77 (s, 3H, -OCH), 3.57 (t,J= 4.6 Hz, 4H, -CH)), 3.40 (q,J= 6.5 Hz, 2H,
-CONHCH), 2.47 (t,J= 6.8 Hz, 2H, -CONHCECH,), 2.42 (s, 4H, -Ch). *C NMR

38



753

754

755

756

757

758

759

760

761

762

763

764

765

766

767

768

769

770

771

772

773

774

775

776

777

778

779

780

(151 MHz, DMSOedk) ¢ 161.29, 160.14, 144.91, 143.86, 130.60, 127.15,2026
121.72, 114.76, 108.22, 66.68, 57.82, 55.72, 53l05H2, 36.19. MS(ESI): 486.56 [M
+ H]". Anal. Calcd for GsH27NsOsS: C, 56.89; H, 5.61; N, 14.42%; Found: C, 56.67;
H, 5.59; N, 14.37.

3-Morpholinopropyl-5-(4-methoxyphenyl)-1-(4-sulfamglphenyl)-1H-pyrazole-3-

carboxylate(A36)

White solid, vyield 12.1%, m.p. 167.4-168.7. 'H NMR (600 MHz,
Chloroformd) o: 7.86 (d,J= 8.3 Hz, 2H, ArH), 7.46 (dJ= 8.3 Hz, 2H, ArH), 7.28 (s,
2H, -SQNH,), 7.13 (d,J= 8.7 Hz, 2H, ArH), 7.00 (s, 1H, =CH), 6.89 (& 8.7 Hz,
2H, ArH), 4.49 (tJ= 6.3 Hz, 2H, -COOCHj), 3.87 (s, 3H, -Ch), 3.84 (s, 3H, -OC}},
3.81 (s, 1H, -CH), 2.79 (s, 6H, -ChH -COOCHCH,), 2.19 (d,J= 5.0 Hz, 2H,
-COOCHCH,). MS(ESI): 501.57 [M + H]. Anal. Calcd for GsH2sN406S: C, 57.59;
H, 5.64; N, 11.19%; Found: C, 57.81; H, 5.65; N.211

5-(4-Methoxyphenyl)-N-(3-morpholinopropyl)-1-(4-sulfamoylphenyl)-1H-pyrazol

e-3-carboxamide(A37)

Light yellow solid, vyield 27.2%, m.p. 168.8-169/4. '"H NMR (600 MHz,
Chloroformd) ¢: 7.89 — 7.83 (m, 2H, ArH), 7.46 (& 8.6 Hz, 2H, ArH), 7.28 (s, 2H,
-SO:NH,), 7.13 (d,J= 8.7 Hz, 2H, ArH), 6.98 (s, 1H, =CH), 6.88 (& 8.7 Hz, 2H,
ArH), 4.47 (t,J= 6.5 Hz, 2H, -CONHCH), 3.84 (s, 3H, -OC}), 3.76 (t,J= 4.7 Hz,
4H, -CH,), 2.63 (dd,J= 18.5, 11.1 Hz, 6H, -CH{ -CONHCHCH,CH,), 2.06 (s, 2H,
-CONHCH,CH,). MS(ESI): 500.59 [M + H]. Anal. Calcd for G4H29N50sS: C, 57.70;
H, 5.85; N, 14.02%; Found: C, 57.47; H, 5.83; N.0#4

5-(4-Ethoxyphenyl)N-(2-morpholinoethyl)-1-(4-sulfamoylphenyl)- H-pyrazole-3

-carboxamide(A38)

White solid, yield 30%, m.p. 93.5-94/1. *H NMR (600 MHz, DMSOdg) :
8.25 (t,J= 6.0 Hz, 1H, -CONH), 7.87 (di= 8.6 Hz, 2H, ArH), 7.57 — 7.47 (m, 4H,
ArH,), 7.21 (d,J= 8.7 Hz, 2H, -SGNH,), 6.99 — 6.91 (m, 3H, ArH, =CH), 4.04 (@
7.0 Hz, 2H, -CHCHs), 3.58 (t,J= 4.6 Hz, 4H, -CH), 3.40 (q,J= 6.5 Hz, 2H,
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-CONHCH,), 2.45 (s, 6H, -Ch -CONHCHCH,), 1.32 (t,J= 7.0 Hz, 3H, -CHCHs).

¥C NMR (151 MHz, DMSOds) 6 148.15, 144.95, 143.85, 142.18, 130.59, 127.43,
127.14, 126.18, 124.80, 119.52, 115.14, 110.19,18)86.56, 63.67, 57.75, 53.64,
40.52, 36.08, 15.06. MS(ESI): 500.59 [M +*"HRAnal. Calcd for G4H20Ns0sS: C,
57.70; H, 5.85; N, 14.02%; Found: C, 57.91; H, 518714.04.

3-Morpholinopropyl-5-(4-ethoxyphenyl)-1-(4-sulfamoyphenyl)-1H-pyrazole-3-ca

rboxylate(A39)

Yellow solid, yield 65.3%, m.p. 193.1-194.0 *H NMR (600 MHz, DMSO#d)
7.88 (d,J= 8.6 Hz, 2H, ArH), 7.54 — 7.50 (m, 4H, ArH), 7.2d, J= 8.8 Hz, 2H,
-SO:NH,), 7.08 (s, 1H, =CH), 6.95 (d= 8.8 Hz, 2H, ArH), 4.34 (t)= 6.6 Hz, 2H,
-COOCH), 4.04 (q,J= 7.0 Hz, 2H, -CHCHs), 3.57 (t,J= 4.7 Hz, 4H, -CH),2.41 (t,
J= 7.1 Hz, 2H, -COOCKCH,CH,), 2.36 (s, 4H, -Ch), 1.87 (p,J= 6.8 Hz, 2H,
-COOCHCH,), 1.32 (t,J= 7.0 Hz, 3H, -CHCHs). MS(ESI): 515.60 [M + H]. Anal.
Calcd for GsH3zoN4OsS: C, 58.35; H, 5.88; N, 10.89%; Found: C, 58.575H86; N,
10.92.

5-(4-Ethoxyphenyl)N-(3-morpholinopropyl)-1-(4-sulfamoylphenyl)-1H-pyrazole

-3-carboxamide(A40)

White solid, yield 17.1%, m.p. 104-104.5 *H NMR (600 MHz, DMSOds) o
8.49 (t,J= 5.8 Hz, 1H, -CONH), 7.87 (di= 8.6 Hz, 2H, ArH), 7.57 — 7.48 (m, 4H,
ArH), 7.21 (d,J= 8.7 Hz, 2H, -S@NH,), 6.97 — 6.91 (m, 3H, ArH, =CH), 4.04 @
7.0 Hz, 2H, -CHCHs), 3.57 (t,J= 4.6 Hz, 4H, -CH), 3.33 (q,J= 7.9, 6.5 Hz, 2H,
-CONHCHy), 2.35 (t,J= 6.4 Hz, 6H, -CH, -CONH,CH,CH,CH,), 1.69 (pJ= 6.9 Hz,
2H, -CONHCHCH,), 1.32 (t,J= 7.0 Hz, 3H, -CHCHs). *C NMR (151 MHz,
DMSO-ds) § 161.23, 159.41, 148.30, 144.90, 143.82, 142.18,5173 127.09, 126.12,
121.58, 115.12, 108.18, 66.61, 63.66, 56.93, 533363, 38.03, 26.19, 15.05.
MS(ESI): 514.61 [M + H]. Anal. Calcd for GsHaNsOsS: C, 58.46; H, 6.08; N,
13.64%; Found: C, 58.31; H, 6.10; N, 13.68.

2-morpholinoethyl5-(4-ethoxyphenyl)-1-(4-sulfamoylpenyl)-1H-pyrazole-3-carb
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oxylate(A41)

White solid, vyield 37.8%, m.p. 190.0-190.3. H NMR (600 MHz,
Chloroformd) ¢: 7.65 (m, 2H, ArH), 7.31 (m, 2H, ArH), 7.19 (s, 1HCH), 7.00(m,
2H, -SQNH, ), 6.95 (s, 1H, ArH), 6.77 (m, 3H, ArH), 4.48 @&, -COOCH), 3.96
(9, 3= 7.0 Hz, 2H, -CHCHj), 3.73 (m, 4H, -CH), 2.84 (s, 2H, -Ch), 2.61 (s, 4H,
-CHy), 1.35 (t,J= 7.0 Hz, 3H, -CHCH,). *C NMR (151 MHz, DMSOdg)  161.84,
159.53, 145.10, 144.15, 142.02, 130.71, 127.48,2R27126.27, 124.82, 121.15,
119.53, 115.14, 110.22, 110.18, 66.58, 63.69, 6256197, 53.85, 40.52, 15.05.
MS(ESI): 501.57 [M + H]. Anal. Calcd for GqH»gN4O6S: C, 57.59; H, 5.64; N,
11.19%; Found: C, 57.81; H, 5.66; N, 11.22.

4.6. Cell culture

Murine melanoma cell line F10, human lungs cekk W849, human cervix cell line
HelLa, human breast cancer cell line MCF-7 and huikdney epithelial cell line
293T were cultivated in Dulbecco’s modified Eagleiedium (DMEM) containing
10% fetal bovine serum (FBS, BI), 100 U/mL penigithnd 10Qug/mL streptomycin,
and incubated at 37 in a humidified atmosphere containing 5% O
4.7.Statistical Analysis

The statistical data were analyzed by using GraphPeinP?.0 software. All tests
were performed in triplicates. Data were preseraedneans istandard deviation.
One-way single factorial analysis of variance (ANQWas performed to determine
statistical significance of the data. The differenavere considered significant for
values * <0.05, ** <0.01.
4.8. Cell proliferation assay

The anti-proliferative activities of the synthesizeompounds against the F10,
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A549, HelLa, MCF-7, and 293T cell lines were evadaby a modified standard
(MTT) -based colorimetric assay. Test cell linegavplated on 96-well plates at the
density of 1x16/ well and incubated for 12 h at 37 °C in DMEM cdempented with
10% fetal bovine serum. All the test compounds Whiere dissolved in DMSO were
then treated to the cells auM, 0.1 M, 1 uM, 10 M and 100uM, incubated for 48
h at 37 °C under an atmosphere of 5%, &ter that, added MTT (5 mg/mL in PBS)
to each well and incubated for 4 h. Added 1/AODMSO to each well and shook it
with a shaker. The absorbance (OD 570 nm) wasaaaah ELISA reader (ELx800,
BioTek, USA) with reference of 630 nm. §Cvalues of compounds were calculated
by comparison with DMSO-treated control wells. Tehreplicate wells were used for
each drug concentration. Each assay was carrieithi@ad times.
4.9.1nvitro COX and 5-LOX inhibition assay

The ability of the synthesized compounds to inhiBiDX-1 and COX-2 was
determined by COX-1/COX-2 ELISA Kit. Based on thetaettion principle, PGHlis
produced by the catalysis of cyclooxygenase byhédaaic acid, PGl was derived
from PGH, reduced by stannous oxide and detected by enzymmeimoassay at a
wavelength of 450nm. In general, added (40 of various concentrations of test
compounds to the supplied reaction buffer (2600.1 M Tris-HCI pH 8.0 containing
5 mM EDTA and 2 mM phenol) with COX-1 or COX-2 (1) enzyme in the
presence of heme (3f1), then added 1 of AA (100 M) solution to the reaction
and incubated for 10 min at 37  under an atmospbieE8o CQ Subsequently, 50

uL of 1M HCI was added to stop the reaction, followey one-tenth the volume of
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saturated stannous chloride (50 mg/mL). The reacticxture was incubated at room
temperature for 5 minutes. The plate was washednmve any unbound reagent and
Ellman’'s reagent containing the acetylcholineseeggstrate was then added to the
well. According to the yellow intensity produced the reaction staining, the enzyme
immunoassay was used to determine the wavelengthabf well at 450 nm.

The inhibitory potency of test compounds on 5-LOXaswdetermined by the
production of LTB f which was stimulated by the calcium ionophore AZ3,
Sprague Dawley rats were injected intraperitoneafiyn 20 mL/kg of 0.2% (w/v)
glycogen solution to obtain Leukocytes from theahithal cavity. The cell fluid was
collected with the Hanks solution and plated ithet density of 2.0xT0cells per well
in a 24-well. After incubation for 10 min at 37 L-cysteine (11 mM), indomethacin
(2 mg/L), DMSO, Celecoxib and test compounds wetded successively to each
well and incubated for another 30 minutes. Aftattlhe calcium ionophore A23187
(5 mmol) was added to initiate LEBroduction and incubated for 30 minutes. After
clarification by centrifugation, the supernatantswalated into 96-well plates and
incubated overnight at 4/. Added chromogen and it remained for 90 minutése T
5-LOX activity was evaluated using an ELISA kit. %0Inhibition of the test
compounds concentration (IC50M) based on concentration inhibition response
curves.

4.10. Molecular modeling (docking) study
Structures of the ligands and proteins were bothimzed and prepared through

the graphical user interface DS-CDOCKER protocdie Three-dimensional X-ray
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structure of COX-2 (PDB code: 3LN1) and 5-LOX (Pb&de: 3V99) were obtained

from the RCSB Protein Data Bank (http://www.rcsh/pdb/home/home.do),

implemented by Discovery Studio (version 3.5). Reetball bound water and ligand
from the protein and added the polar hydrogen. tAtithe same time as the protein is
being prepared, a given active site is defined bma@dng pocket. Molecular docking
was to dock the prepared ligand to the binding ppbok COX-2 and 5-LOX based on
the binding mode. Each compound will retain 10 ppd® classified according to
CDOCKER_INTERACTION_ENERGY. Selected the best pofe¢hese ligands to
interact with amino acid residues in the active.sinalyzed the type of interaction
between the docking protein and the ligands.
4.11. Analysis of cellular apoptosis

F10 cells were plated in 6-well plates at the dgrsii 1.0x16 cells and incubated
for 24 h at 3701, then test compounds were added in a certain otrat®n and
negative control which was treated with medium wacuded. After 48 hours of
incubation, collected trypsin-digested cells, waktveice with PBS and centrifuged at
2000 rpm to collect cells. 500 of the buffer was added to suspend cells, thetedd
5uL Annexin V-FITC and §HL PI in dark conditions. Fully mixed, reacted fos 1
minutes at room temperature in dark, and then aedlyhe cell apoptosis with the
FACSCalibur flow cytometer (Becton Dickinson, Sasd, CA, USA).
4.12. Analysis of cell cycle arrest

F10 cells were plated, treated with test compouwards$ incubated for 48 hours as

described above. Collected trypsin-digested celsewvashed twice with PBS and
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centrifuged at 2000 rpm to collect cells. 1 mL P&®taining 70% cold ethanol was
added to fix cells at 47 (overnight). It was centrifuged at 5000 rpm ane th
supernatant was discarded. After the addition & A0 of RNase A, incubation at
37 [J for 30 minutes and addition of 4QQ PI. Cell DNA content was measured
using FACSCalibur flow cytometer (Becton Dickins@an Jose, CA, USA).
4.13. The detection of PGEproduction

F10 cells were seeded in 6-well platex (2 cells/well) and incubated at 37 for
12 h, then replaced the culture medium with fregldionm containing Lg /ml LPS to
inducePGE, expression. Subsequently, the celie treated with celecoxib (6.2M)
or compoundA33 (6.25uM) for 24h. The supernatant was collected by cirgation
at 14,000 g for 10 minutes at 4°C, and then the productioP@f, was measured
using the PGE enzyme immunoassay kit (catalog N0.514010, Cay@hemical)
according to the manufacturer's instructions.
4.14 In vivo antitumor assay

6-8 week-old nude mice were purchased from the MAdanal Research Center
of Nanjing University (Nanjing, China) which wered in a specific pathogen-free
environment. F10 cell§5x1¢) in 10Q:.L DMEM were injected subcutaneously into
the right flank of the nude mouse (18-229) to d&hlihe xenograft model. When the
tumor mass was visible and the tumor size was dd®0mni. The tumor-bearing
nude mice were randomly divided into four groupsni6e/group), the vehicle-treated
group, the compound33 (20 mg/kg)-treated group, the compouA®d3 (40

mg/kg)-treated group, and th@elecoxib (20 mg/kg)-treated group. Treated the
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vehicle-treated group with polyethylene glycol (tning 1% DMSO). The method
of administration was given by intraperitoneal atjen, every two days, for 14 days.
After the start of dosing, mice were weighed evigrg days and tumor volume was
measured with a Vernier caliper at the same tinfeerAhe drug treatment, all mice
were executed and the Animal welfare and experiaigmmbcedures were carried out
in strict compliance with the “Guide for the CareldJse of Laboratory Animals” and
the related ethical regulations of Nanjing Univigtsi
4.15. Test compound pharmacokinetics in tumor-beang nude mice

The test compound was administered to tumor-beannge mice by the
intraperitoneal administration at a dose of 40 mgg/kfter 24 h and 48 h of
administration, blood samples were taken from teballs. Blood samples (0.2 mL)
were withdrawn to the heparinized Vacutainer tuted centrifuged at 800 g and
4°C immediately for 4 minutes. A volume of 100 of plasma was obtained. The
target compound and its raw material in the previstiep were selected and dissolved
in ethyl acetate to serve as a control group, atdame time, ethyl acetate was
selected to extract the drug from plasma. HPLC opughhave been used for the
analysis of testing samples. The analyses of dregmolism in mice were performed
using a C-18 reverse phase column (Water Symmetiy8 G xM, 150mm X
4.6mm). The mobile phase consists of 0.8% triethyt@/acetic acid \v) in a
mixture of 20% acetonitrile and 80% water, and thmebile phase flow rate was 1
mL/min. The detection was performed using a fluoeese detector (Shimazu

Scientific Instruments Inc., Columbia, MO) with axcitation wavelength of 254 nm.
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1. 41 novel diaryl-1,5-diazoles derivatives bearing morpholine have been

synthesized.
2. Their biological activities were evaluated against cancer.
3. Compound A33 showed the most potent COX-2/5-LOX inhibition.

4. Compound A33 sufficiently inhibited tumor growth of F10-Xenograft model.



