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1. Introduction

Like as energy and environmental crisis, cancedeasme one of the most important things which pebping on earth have to
face today [1]. Although great efforts from worldwidssearchers have been devoted in this field, thehamésm and treatment method
of cancer remain very limited. Chemotherapy haaldished a new era of molecularly targeted therdgeuhe efficacy of existing
drugs for the treatment of cancers is rather lich{, and it is necessary to develop potent affieicéfe novel therapeutic agents to
overcome limitations of current therapy includihg development of drug resistance.

For their fruitful applications in pharmaceuticaidaagrochemical fields, heterocyclic compounds hlwit a reputation in
bioactive molecules [3]. The majority of anticandeungs currently used in clinical are derived frbaterocyclic compounds [4-6]. As
an important branch of heterocycles, pyrazole Haen widely involved in the development of varioisabtive molecules such as
antibacterial, anti-inflammatory, antifungal, am@l, and antimicrobial agents [7-16]. Apart fromathpyrazole-containing compounds
also show great potentials to be used as anticagmsits. As shown in Fig. 1, pyrazole-containing coumglsa andb synthesized by
Ganga et al [17] exhibit good growth inhibitory atttes against MIAPaCa-2, MCF-7 and HeLa human caneérlines. Effective
anti-proliferative activities against human lungicer cell lines A549 has been observed by Sun[@éBafor compound:. Hassan and
the coworkers [19] had reported the wonderful biwéis to colorectal cancer HCT116 and prostatenadarcinoma PC-3 human
cancer cell lines of compoundsande. Ding et al [20] also reported a significant effe€compound to promote cell apoptosis with
an I1G, value of 15.22iM.

Among various pyrazole derivatives, pyrazole oxim@mpounds have shown broad spectrum of antitumotbaatérial,
insecticidal, antimicrobial, and antifungal actie#t and attracted increasing attention [21-32].iRstance, Park et al [33] reported an
excellent pyrazole oxime lead compoun(Fig. 1) delivering potential antitumor activitiagainst XF498 and HCT15, with 4Qvalues
of 0.02 and 0.0ig/mL, respectively. Stronger anti-colonic carcinoattivities superior to 5-FU and cisplatin have dsen found in
our previously studies with pyrazole oxime derivasivbearing a 1,2,3-thiadiazole moiety [34]. Regerlomha [35] indicated that
increasing the number of pyrazole rings in the mudke structure can be in favor of their bioactasti On the basis of above-mentioned
cases, incorporating substituted pyrazole groups mytazole oximes to form novel bis-pyrazole derixes would facilitate its further
enhancement of anticancer activity. We herein refher design and syntheses of a series of novglyazole derivativeslQa—nand
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10A-N), as well as the investigation on thervitro andin vivo antitumor activities, selectivity, and apoptotiechanism in human
carcinoma cell lines.
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Fig. 1. Chemical structures of pyrazole derivatieegas antitumor agents and new designed compoliids-nand10A-N.

2. Results and discussions

2.1.Chemistry
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Scheme 1General procedure for the synthesis of compol®dsn and10A-N. Reagents and conditiong) EtONa, EtOH, 071,12 h, 72-80%; (ii)
hydrazine hydrate, HOAc, EtOH, rt, 12 h, or 80% raygihe hydrate, concentrated hydrochloric acid, HEt@5 (1, 5-8 h, 65-70%; (iii) MgSQ,
NaCOs;, CHClIy, reflux, 24 h, 68-75%; (pO:Cl,, CICH,CH.CI, reflux, 4 h, 75-83%; (v) LiAl&, THF, 01, 1 h, 63-69%; (viBOChL, CH,Cl,, 01,
20 min, rt, 1 h, 55-62%; (vigubstituted phenols, NaOH, EtOH, reflux, 2-3 h, DBJ2051, 10-18 h, 56-71%; (viilhydroxylamine hydrochloride,
KOH, MeOH, reflux, 6-17 h, 59-68%; (ixpmpound$a-6¢ K,CO;, CsCO;, MeCN, reflux, 12-18 h, 75-86%.

The synthetic route for the target compoud@s-n and 10A-N was summarized in Scheme 1. Claisen condensatidiffefent
substituted ketones with diethyl oxalate afforddd/ke?,4-dioxo substituted butanoatks-c, which were further reacted with hydrazine
to obtain ethyl 3-phenylf-pyrazole-5-carboxylate®a-c [36]. Compoundfa-c were treated with dimethyl sulfate to afford ethyl 1
methyl-3-ethyl(or aryl)-H-pyrazole-5-carboxylate3a-c Then the reaction of compounga-c with sulfuryl chloride gave compounds
4a-c conveniently, which were transformed into intermési&a-c by the addition of LIAIH. The reaction of compounds-c with
thionyl chloride produced the key intermediasc Meanwhile, the condensation of 1-methyl-3-methylheoo-1H-pyrazole-4-
carbaldehyder [37] with various substituted phenols under basiadition to form 1-methyl-3-methyl-5-aryloxyHtpyrazole-4-
carbaldehyde. Intermediate8 was reacted with hydroxylamine hydrochloride undesidaondition to provide 1-methyl-3-methyl-5-
aryloxy-1H-pyrazole-4-carbaldehyde oxin®e[38]. Finally, compoun® and the key intermediaté&were mixed in acetonitrile and
heated to reflux for 12-18 h using potassium caat®rms alkali and cesium carbonate as catalystaawaties of novel bis-pyrazole
derivativeslOa-nand10A-N were obtained in good yields.

2.2.MTT assay otompound40a-n and10A-N

All the synthesized compound®a-nand10A-N were preliminarily screened for their cancer cetivgih inhibitory activity against
human hepatocellular carcinoma cells (SMMC-772Inq$TT assay, and 5-Fluorouracil (5-FU) and adriamyADM) were used
as the positive compounds. As shown in Fig. 2, ADMisicantly inhibited the proliferation of the cell was observed that most
compounds strongly inhibited cell growth of thesaaea cell lines at 2aM, superior to 5-FU. Interestingly, compount3A-N with
an aryl group showed greater inhibition of cancéisdean compound&0a-nwith an ethyl group at the'Rositions, especiallyi,0A,
10B, 10E-J, and10L-N comparable to ADM with the inhibition by 80%.
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Fig. 2. Inhibition of cell proliferation (%) of target cqgounds against SMMC-7721 cell lines after incubafir 72 h at a concentration of 25
uM. Data are expressed as mear&D of each compound from three separate measutemen

These active compound$A, 10B, 10E-J, and 10L-N were further assayed for their antiproliferativéivdty against three cancer
cell lines including hepatocellular carcinoma cé88/MC-7721), human colonic carcinoma cells (HCT1H8)d human gastric cancer
cells (SGC-7901) by MTT assay. §lvalues of the tested compounds against three tgelblines above were listed in Table 1. All
tested compounds displayed antiproliferative potendhe low micromolar range in all three cells, @hhiwere much better than those
of 5-FU. Especially, compound9E-G, 10L, and 10M exhibited significant antiproliferative effects withe IG, values of 0.76-5.84
uM, which were comparable to or better than ADMs(€ 2.31-4.12uM). Notably, 10M exhibited the most potent inhibitory activity
with 1Cs, values of 0.76-2.0ftM against all tested cancer cells, which were nearby to three-fold better than ADM and seventeen-
to fifty-fold more potent than 5-FU (kg= 29.5-37.8.M).

Table 1.ICs, values of compoundEA, 10B, 10E-J, and10L-N against three human cancer cell Ifhes
In vitro antiproliferative activity (1G", uM)

SMMC-7721 SGC7901 HCT116

10A 6.64 £0.72 7.08 £ 0.65 8.02 £ 0.67

Compd.
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10B 7.97 £0.91 8.11 +£0.76 6.03 £ 0.55
10E 5.23+0.48 4,62 +0.52 2.91+£0.37
10F 2.05+0.33 2.84 +0.36 1.18 £+0.23
10G 5.21 £0.65 2.97+0.41 2.31+0.26
10H 3.23+0.29 4,43 £0.52 7.25+0.66
10l 6.82£0.77 7.51+£0.90 4.67 +£0.49
10J 7.13+£0.68 5.96 + 0.49 5.91 £0.65
10L 5.84 £ 0.65 3.73+0.38 2.85+0.33
10M 0.76 £0.11 2.01+0.31 1.26 £0.25
10N 8.67 £ 0.56 3.22+0.44 3.02+0.29
5-Fluorouracil  37.8 + 4.62 34.4+4.15 29.5+3.76
ADM 2.67+£0.25 4,12 +£0.38 2.31+0.30

2 The inhibitory effects of individual compounds tbre proliferation of cancer cell lines were detered by the MTT assay. The data are expressed ascthe
+ SD of three independent experiments data.

Given the strong growth inhibitory activity dfoM in vitro, the selectivity profile was investigated by exaiminits inhibitory
effects on the growth of both cancer cells SMMC-7@a8l normal liver cells LO2. It was found that treatmwith increased dose of
10M had no significant effect on the survival of nomtr LO2 cells while the same treatment induced migjofi SMMC-7721 cell
death (Fig. 3), suggestiridM might possess selective antiproliferative actigig@inst tumor cells.
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Fig. 3. Inhibitory effects ofLOM on the proliferation of SMMC-7721 and LO2 cells.lI€evere incubated with the indicated concentreatioh

10M for 72 h. Cell proliferation was assessed usingNI& assay. Data are means + SD of the inhibiti#s) from three independent
experiments.

The Structure—activity relationship (SAR) studiesdefsigned compounds revealed that tHeaRd R groups have significant
impacts on inhibiting cell growth. As for'Rsubstituent, compounds)A-N with an aryl ring displayed stronger anti-proliféve
activity against tested cancer cells than the spoeding compound&0a-n carrying an ethyl moiety. As forRyroup, compounds
10E-G and 10L-N containing methyl, methoxy, or trifluoromethoxy g indicated more potent activity than the corresiiag
compoundd 0A-D and10H-K containing halogen group.
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Fig. 4. CompoundlOM induces SMMC-7721 cell apoptosis vitro. SMMC-7721 cells were incubated with the indicatedcentrations of
10M, or ADM (3.2 uM) for 72 h, and the cells were stained with FIT@n&xin V/PI, followed by flow cytometry analysisA)( Flow
cytometry analysis. (B) Quantitative analysis of gtptic cells. Data are expressed as means * SBegpércentages of apoptotic cells from
three independent experiment®<+0.01 vs control.

2.3.CompoundlOM induces apoptosis in SMMC-7721 cells

To determine whether the inhibitory effectsidfM on hepatocellular carcinoma cell proliferation accompanied by enhanced
cancer cell apoptosis, SMMC-7721 cells were incubati¢h different concentrations @OM, or ADM for 72 h, and the percentages of
apoptotic cells were determined by FITC-Annexin V/Rlring and flow cytometry. As shown in Fig. 4, theqemtage of annexin V +
apoptotic SMMC-7721 cells gradually increased farse cells exposed to the increasing concentratba®M (29.6% for 0.2uM;
49.2% for 0.8uM; and 63.2% for 3.2M), which demonstrating that the incubation wisiM induced SMMC-7721 cell apoptosis in a
dose-dependent manner. In contrast, incubatiorisrpeed using ADM (3.2iM) only induced apoptosis of 47.5% SMMC-7721 cells.

To further investigate the apoptosis induction16M, we examined the expression of apoptotic proteiag, Bcl-2, and the
cleavage states of caspase-3 and PARP, in resppd&d/ittreatment (Fig. 5). Sub-confluent SMMC-7721 hepellalar carcinoma
cells were treated with or withodOM for 72 h, and then lysed and analyzed by westesh BIActin expression was used as an
internal control. It indicated that treatment witiM dramatically increased pro-apoptotic Bax exprassinthe relative levels, but
reduced the anti-apoptotic Bcl-2 expression in aeddependent manner. Furthermore, compdiOid resulted in more significant
cleavage of both PARP and caspase-3 than the cgntap (Fig. 5). ImportantlylOM treatment also induced more cleavage of PARP
and caspase-3 than the AMD treated group at the sameentration of 3.2M. Taken together, these results confirmed ¢
treatment induced apoptosis in SMMC-7721 cells.
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Fig. 5. (A) The expression of Bax, Bcl-2, cleaved CaspageBPARP, ang-actin was examined by western blot analysis. SMM@1 cells
were incubated with, or withoutOM and ADM at the indicated concentrations for 72nd #he levels of protein expression were detected
using specific antibodies. Data shown are reprasigatimages of each protein for three separateraxents. (B) Quantitative analysis of
Bax, Bcl-2, and cleaved Caspase 3 and PARP. Theveelatiels of each protein compared to confralctin were determined by densimetric
scanning. Data are expressed as means * SD fres $kparate experiment®. ¢ 0.01 vs respective control.
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Fig. 6. Immunoblot analysis of the expression of DNA dgemand DNA-damage response p53 activaitiovitro. (A) SMMC-7721 cells were
treated with vehicle (control), different doses16M, or ADM were homogenized, and their lysates weitgiected to immunoblot analysis
using anti-H2AXS139ph, antiphospho-p53 (serl5)j-pb8, and antj-actin antibodies, respectivelg-Actin was used as the control. (B)
Quantitative analysis. The relative levels of eamnaling event to contrgt-actin were determined by densimetric scanning. d&@ are
expressed as means = SD from three separate exymsinP < 0.01 vs respective control.
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2.4.CompoundlOM induces DNA damage and activates the p53 signaktigiyay
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It is well-known that DNA damage is one of the molec@eents associated with cell apoptosis [39]. Histd2A.X, a variant
form of histone H2A, is required for checkpoint-mregeéd DNA repair following double-stranded DNA breaks [4@.verify whether
the anti-cancer activities of bis-pyrazole derivesi were partly from DNA damage, we examined the DNA dameatent and the
change of the DNA-damage response p53 signaling pgtbawesed by OM in HCC cells. In the present study, we used histéB&X
phosphorylation as DNA damage markers. SMMC-7721 wedlee treated with vehicle drfOM for 72 h, using ADM as positive
controls. H2AXS139ph and p-p53 (serl5) were thenctideusing western blot analysis. As shown in Figiréatment with10M
dose-dependently increased the levels of H2AX phosfatam in SMMC-7721 cells. Importantly, H2AXS139p#vEl in both 0.8 uM
and 3.2 uMLOM treatment groups was significantly higher than th&.8 uM ADM group.

p53 is an important tumor suppressor protein thatspa major role in cellular response to DNA dam&ge.15, a common site for
a variety of kinases such as ATM/ATR/DNA-NK, is acteh during the DNA repair pathway. p53 acts as a nuti@ascription factor
and transactivates multiple genes involved in apgiptprogress [41]. To evaluate the effect of nemmaunds on p53 activation,
SMMC-7721 cells were cultured in the presenc&@¥ for 72 h at 0.2, 0.8, and 3.2 pM concentratioaspectively. Western blotting
results showed a significantly increased p53 phaspditon at Serl5 in response20M treatment in dose-dependent manner (Fig. 6).
These results demonstrated that the activatiorb8fgs downstream signaling molecules in respon8i\t damage induced by new
bis-pyrazole derivatives.

2.5.1n vivo anti-cancer activity ofOM

To evaluate the safety dfOM in vivo, groups of ICR mice were injected intraperitonealith a single dose ofOM or vehicle
control, respectively. The survival of mice was ntoréd up to 14 days after injection. Only one mitat had been treated witldM
at the highest dose (488.3 mg/kg) survived (showTaible 2). In contrast, injection wittOM at the lowest dose (200 mg/kg) did not
cause any death and abnormality in eating, drinkiogly weight, and activity throughout the obsenvaperiod. As a result, the P
value of10M was calculated to be 349.6 mg/kg for this traimafe.

Next, we established a BALB/c nude mice model which imasulated subcutaneously with SMMC-7721 cells taleate then
vivo antitumor activity of LOM. After the establishment of solid tumor, BALB/c nuddce were randomly intraperitoneally
administered withLOM, ADM, and vehicle, respectively. The changes in turnmumes and weights were measured over 19 days.
Compared with the vehicle control, treatment wittM significantly reduced the tumor volume growth ratea dose-dependent
manner (Fig. 7). It was observed that treatment ©@ (30 mg/kg) strongly inhibited the growth of the tuneellsin vivo similar to
ADM at the dose of 15 mg/kg. Importantly, the tumoligh¢s (0.61 + 0.04, 0.38 £ 0.02 g) in the mice tiedlawith 10M at 15 and 30
mg/kg, respectively, were significantly reduced4300% and 65.35% compared to the vehicle-treatedras (1.09 + 0.02 g, p <
0.01). Besides, there was no statistical differéndsdy weight in postinoculation among the fourugse of mice. Together, our data
clearly demonstrated th&a0M could evidently inhibit the growth of tumar vivo.

Table 2 The acute toxicity 010M in mice

Number of dead mice

Dose (mg/kg) Number of mice 1h 4h 1d 2d 3d 4d 5-14d

Total death Survival (%) on day 14

488.3 10 O 0 1 1 2 2 3 9 10
390.6 10 O 0 1 1 2 1 1 6 40
312.5 10 0O 0 1 1 0 2 0 4 60
250.0 10 0O 0 1 1 1 O 0 3 70
200.0 10 0O 0 0 O o o 0 0 100
A 1200 4 Control - B 12 1 ‘
{E‘ == ADM 15 mg/kg ‘l @ 1.0 A ]
E 1000 - 10M 15 mg/kg -‘53
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Fig. 7. Inhibitory effects ofLOM on the growth of an implanted SMMC-7721 xenogiraftude mice. BALB/c nude mice were subcutaneously
inoculated with SMMC-7721 cells. After establishmef solid tumor, the mice were randomized andté@avith solvent control, ADM, or
10M at the indicated doses, respectively. The growthumors was measured longitudinally. Data are esged as means (SD of tumor
volumes at each time point for each group of mice 6 per group)).P < 0.01 vs control group.



3. Conclusions

In summary, we designed and synthesized a seriesvefbis-pyrazole compounds and investigated theituamor effectsin vitro
andin vivo. Some compounds displayed potent cell growth itdnipiactivity with 1G, values in low-micromolar range against three
human cancer celi® vitro. The most potent compourddM possessed stronger antiproliferative activity aficer cells than ADM,
and did not affect proliferation of non-tumor LO2lIsein the effective dose against cancer cellsadiition, 10M exhibited a
significant induction of cell apoptosis through ke cleavage of both PARP and caspase-3. Furthermarstudy demonstrated that
the potent activity in the cell growth inhibitionciapoptosis induction effects 8®M may be related to DNA damage and activation of
the p53 signaling pathway. FinaldQM displayed low acute toxicity and significant growthibition of cancer cellin viva

4. Experimental section
4.1.General methods and materials

'"H NMR and™C NMR spectra were obtained on a Bruker AV400 spectrem{Bruker Co., Switzerland) in CDC$olution with
tetramethylsilane as the internal standard. Chdrelut values §) are given in parts per million. The melting pgintere determined
on an X-4 binocular microscope melting point appesgBeijing Tech Instrument Co., Beijing, Chinajdaare uncorrected. High
resolution mass spectra (HRMS) were recorded on $maCMS-IT-TOF. Compoundda-c 2a-G and 7-9 were synthesized
according the methods of literatures [36-38]. Téagents used were of analytical grade, where thedaminy reagents were used after
pretreatment. All anhydrous solvents were dried amdipd by standard techniques.

4.1.1. General procedure for the preparation of coomuts3a-c

To a solution of compound (77 mmol) in dichloromethane (100 mL) was addedwuaccarbonate (107 mmol), the resulting mixture
was heated to 40. To the above solution was added dimethyl sulfaé¥ (mmol). The mixture was refluxed for 24 h, anentlthe
reaction mixture was poured in water and extracteatl dichloromethane. The combined extracts were driedt anhydrous sodium
sulfate and filtered, the crude product was coneésdrand was purified by silica gel column chrorgeaphy (hexane-EtOAc, 20:1
elution) to give compoundia-c

Ethyl 3-ethyl-1-methyl-1H-pyrazole-5-carboxylaf@a). Yellow oil; yield, 75%;'H NMR (400 MHz, CDC)) &: 6.64 (s, 1H,
Pyrazole-H), 4.34 (qJ=7.2 Hz, 2H, OCH), 4.12 (s, 3H, N-Ck), 2.64 (q,J=7.6 Hz, 2H, CH)), 1.37 (t,J=7.2 Hz, 3H, CH), 1.24 (t,
J=7.6 Hz, 3H, CH). °C NMR (100 MHz, CDG)) é: 160.0, 153.1, 132.9, 108.9, 60.9, 39.1, 21.23,143.8.

Ethyl 3-(4-fluorophenyl)-1-methyl-1H-pyrazole-5-caxylate 8b). White solid; yield, 68%; mp: 72-74 °CH NMR (400 MHz,
CDCly) 6: 7.73 (d,J=6.8 Hz, 2H, Ar-H), 7.37 (dJ=8.4 Hz, 2H, Ar-H), 7.09 (s, 1H, Pyrazole-H), 4.38J¢7.2 Hz, 2H, OCH), 4.12 (s,
3H, N-CH), 1.40 (t,J=7.2 Hz, 3H, CH). ®C NMR (100 MHz, CDGC)) 6: 159.7, 148.6, 133.9, 133.8, 131.1, 128.9, 128)7,8, 61.2,
39.7, 14.3.

Ethyl 3-(4-chlorophenyl)-1-methyl-1H-pyrazole-5-caxglate 8c). White solid; yield, 71%; mp: 77-79 °CH NMR (400 MHz,
CDCly) 6: 7.73 (d,J=8.4 Hz, 2H, Ar-H), 7.37 (dJ=8.4 Hz, 2H, Ar-H), 7.10 (s, 1H, Pyrazole-H), 4.39J47.2 Hz, 2H, OCH), 4.23 (s,
3H, N-CH;), 1.41 (t,J=7.2 Hz, 3H, CH). *C NMR (100 MHz, CDCJ) ¢: 159.7, 148.6, 134.0, 133.9, 130.9, 128.9, 1288,8, 61.2,
39.7, 14.3.

4.1.2. General procedure for the preparation of coomuts4a-c

To a solution of compound (40 mmol) in 1,2-dichloroethane (100 mL) was addespwise sulfuryl chloride (44 mmol). The
reaction mixture was refluxed for 4 h. After the gdetion of reaction, the mixture was added water (1, the product was
extracted from water with ethyl acetate. The combiestacts were dried over anhydrous sodium sulfdteted, and evaporated to
produce compoundéa-c

Ethyl 4-chloro-3-ethyl-1-methyl-1H-pyrazole-5-carbtate @a). Yellow oil; yield, 83%;'H NMR (400 MHz, CDCJ) 4: 4.41 (q,
J=7.2 Hz, 2H, CH), 4.09 (s, 3H, N-Ch), 2.66 (q,J=7.6 Hz, 2H, CH), 1.41 (1,J=7.2 Hz, 3H, CH), 1.24 (t,J=7.6 Hz, 3H, CH). °C
NMR (100 MHz, CDC}) §: 159.2, 150.4, 129.1, 113.1, 61.3, 40.6, 19.2,1%2.8.

Ethyl 4-chloro-3-(4-fluorophenyl)-1-methyl-1H-pyraed-carboxylate 4b). White solid; yield, 75%; mp: 83-85 °Gt{ NMR (400
MHz, CDCk) ¢: 7.83 (d,J=8.4 Hz, 2H, Ar-H), 7.41 (dJ=8.8 Hz, 2H, Ar-H), 4.45 (g)=7.2 Hz, 2H, CH), 4.19 (s, 3H, N-CH), 1.44 (t,
J=7.2 Hz, 3H, CH). *C NMR (100 MHz, CDGJ) 6: 159.0, 145.7, 134.4, 130.4, 129.5, 128.9, 12B12,5, 61.6, 41.2, 14.2.

Ethyl 4-chloro-3-(4-fluorophenyl)-1-methyl-1H-pyrded-carboxylate 4c). White solid; yield, 78%; mp: 76-78 °G4 NMR (400
MHz, CDCk) ¢: 7.82 (d,J=8.4 Hz, 2H, Ar-H), 7.41 (d}=8.4 Hz, 2H, Ar-H), 4.45 (gJ=7.2 Hz, 2H, CH), 4.18 (s, 3H, N-Ck), 1.44 (t,
J=7.2 Hz, 3H, CH). ®C NMR (100 MHz, CDG)) §: 159.0, 145.7, 134.4, 130.4, 129.5, 128.7, 11815, 41.2, 14.2.

4.1.3. General procedure for the preparation of coomuts5a-c

To a cold solution of compourt(40 mmol) in THF (100 mL) was added LiAJKBO mmol) in portions. After addition, the reaction
mixture was stirred at room temperature for 1 h. Afempletion of the reaction, the mixture was coddgdce-water bath as added
water slowly. Then the mixture was filtered, the &itr was extracted with ethyl acetate. The combindécha@s were dried over
anhydrous sodium sulfate, filtered and evaporaieafford compoundSa-c

(4-Chloro-3-ethyl-1-methyl-1H-pyrazol-5-yl)methansé). White solid; yield, 69%; mp: 125-127 °@&4 NMR (400 MHz, CDC)) -

4.62 (s, 2H, Ch), 3.83 (s, 3H, N-ChJ, 2.59 (qJ=7.6 Hz, 2H, CH), 1.21 (J=7.6 Hz, 3H, Ch). °C NMR (100 MHz, CDG)) 5: 149.5,
137.7, 107.4, 53.0, 37.1, 19.4, 13.0.
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[4-Chloro-3-(4-fluorophenyl)-1-methyl-1H-pyrazol-Bmethanol 6b). White solid; yield, 63%; mp: 112-114 °¢&4 NMR (400
MHz, CDCL) 6: 7.82 (d,J=8.8 Hz, 2H, Ar-H), 7.39 (dJ=8.4 Hz, 2H, Ar-H), 4.72 (s, 2H, G} 3.96 (s, 3H, N-Ck). **C NMR (100
MHz, CDCk) ¢: 144.7, 139.0, 134.0, 130.1, 129.0, 128.7, 12B18,5, 107.1, 53.2, 37.7.

[4-Chloro-3-(4-chlorophenyl)-1-methyl-1H-pyrazol-§ethanol 6c). White oil; yield, 65%;"H NMR (400 MHz, CDCJ) &: 7.81
(d, J=8.8 Hz, 2H, Ar-H), 7.39 (d)=8.8 Hz, 2H, Ar-H), 4.71 (s, 2H, GY 3.95 (s, 3H, N-Ck). °C NMR (100 MHz, CDG)) 5: 144.7,
139.0, 134.0, 130.1, 128.7, 128.4, 107.0, 53.2.37.

4.1.4. General procedure for the preparation of coomuts6a-c

To a cold solution of compourtsl (35 mmol) in dichloromethane (100 mL) was addedpaise thionyl chloride (70 mmol). The
resulting mixture was stirred at room temperaturedioother 1 h. The mixture was cooled by ice-wateh laad water was slowly
added thereto. The product was extracted with ettatiaée. The combined extracts were dried over avlgdsodium sulfate, filtered
and evaporated to obtain compouBdsc

4-Chloro-5-(chloromethyl)-3-ethyl-1-methyl-1H-pyragdba). White solid; yield, 62%; mp: 67-69 °G4 NMR (400 MHz, CDC}))
5: 4.58 (s, 2H, Ch), 3.87 (s, 3H, N-Ch), 2.63 (q,J=7.6 Hz, 2H, CH), 1.24 (1,J=7.6 Hz, 3H, CH). **C NMR (100 MHz, CDGC)) é:
149.7,134.5, 108.6, 37.2, 32.6, 19.4, 12.8.

4-Chloro-5-(chloromethyl)-3-(4-fluorophenyl)-1-mettiyHi-pyrazole €b). White solid; yield, 58%; mp: 56-58 °G NMR (400 MHz,
CDCl) d: 7.83 (d,J=8.4 Hz, 2H, Ar-H), 7.39 (dJ=8.8 Hz, 2H, Ar-H), 4.65 (s, 2H, G} 3.97 (s, 3H, N-CH. *C NMR (100 MHz,
CDCly) §: 164.0, 145.0, 136.0, 134.2, 129.9, 129.0, 128153,6, 108.1, 37.7, 32.5.

4-Chloro-5-(chloromethyl)-3-(4-chlorophenyl)-1-metfiyi-pyrazole éc). White oil; yield, 55%;'H NMR (400 MHz, CDCJ) ¢:
7.83 (d,J=8.4 Hz, 2H, Ar-H), 7.39 (dJ=8.4 Hz, 2H, Ar-H), 4.65 (s, 2H, GH 3.97 (s, 3H, N-Ch). **C NMR (100 MHz, CDG)) ¢:
145.0, 136.0, 134.2, 129.9, 128.7, 128.3, 108.7,, 32.5.

4.1.5. General procedure for the preparation of téwget compound$0a-n and10A-N

To a solution of compoun@ (12 mmol) and compound@ (10 mmol) in acetonitrile (40 mL) was added potasscarbonate (20
mmol) and cesium carbonate (5 mmol). The resultegagtion mixture was refluxed for 12-18 h. On coniptebf the reaction, the
mixture was filtered and the solution was evapor&egive the crude product, which was recrystallizedh a mixture of ethyl acetate
and petroleum ether to afford the title compoub@a-nand10A-N.

5-(4-Fluorophenoxy)-1-methyl-3-methyl-1H-pyrazoleadbaldehyde-O-[(4-chloro-3-ethyl-1-methyl-1H-pyrazoeid)methyljoxime
(10a). White solid; yield, 79%; mp: 72-74 °¢H NMR (400 MHz, CDC)) o: 7.74 (s, 1H, CH=N), 7.00 (§,= 8.6 Hz, 2H, Ar-H), 6.86-
6.83 (m, 2H, Ar-H), 4.97 (s, 2H, GH 3.78 (s, 3H, N-Ck), 3.59 (s, 3H, N-ChH), 2.61 (g, J = 7.6 Hz, 2H, CH), 2.35 (s, 3H, Ch), 1.22
(t, J = 7.6Hz, 3H, CH). *C NMR (100 MHz, CDGCJ) §: 158.8, 152.6, 149.4, 147.9, 147.1, 141.3, 13K18,7, 116.6, 116.5, 109.1,
99.7, 63.8, 37.3, 34.3, 19.4, 14.8, 13.0. HRMS (B8 calcd for GH,,CIFNsO,, 406.1446; found, 406.1441 [M + H]

5-(2-Fluorophenoxy)-1-methyl-3-methyl-1H-pyrazoleadbaldehyde-O-[(4-chloro-3-ethyl-1-methyl-1H-pyrazoeid)methyljoxime
(10b). White solid; yield, 78%; mp: 58-60 °G&4 NMR (400 MHz, CDCJ)) 8: 7.75 (s, 1H, CH=N), 7.19 (m, 1H, Ar-H), 7.06 (m, 2H,
Ar-H), 6.76 (m , 1H, Ar-H). 4.95 (s, 2H, GH 3.77 (s, 3H, N-CH), 3.64 (s, 3H, N-Ch), 2.60 (g,J = 7.6 Hz, 2H, CH), 2.34 (s, 3H,
CH,), 1.22 (t,J = 7.6 Hz, 3H, Ch). °C NMR (100 MHz, CDG)) d: 151.9, 149.4, 147.5, 147.0, 141.1, 135.2, 12424.6, 124.5,
117.3, 117.1, 116.6, 109.1, 99.6, 63.3, 37.4, 3184, 14.6, 13.0. HRMS (ESI) m/z calcd fogol,,CIFNsO,, 406.1446; found,
406.1443 [M + H].

5-(4-Chlorophenoxy)-1-methyl-3-methyl-1H-pyrazoleadbaldehyde-O-[(4-chloro-3-ethyl-1-methyl-1H-pyraZeid)methylloxime
(10c). White solid; yield, 80%; mp: 74-75 °& NMR (400 MHz, CDCJ) 6: 7.75 (s, 1H, CH=N), 7.28 (d,= 9.2 Hz, 2H, Ar-H), 6.83
(d, J = 8.8 Hz, 2H, Ar-H), 4.95 (s, 2H, GH 3.77 (s, 3H, N-Ch), 3.64 (s, 3H, N-Ck), 2.60 (gq,d = 7.6 Hz, 2H, CH), 2.34 (s, 3H,
CH,), 1.22 (t,J = 7.6 Hz, 3H, CH). ®C NMR (100 MHz, CDCJ) : 155.1, 149.4, 147.4, 147.1, 141.2, 135.2, 13028.9, 116.6,
109.1, 99.9, 63.4, 37.4, 34.3, 19.4, 14.7, 13.0. ISRESI) m/z calcd for GH,,Cl,N:O,, 422.1151; found, 422.1141 [M + H]

5-(3-Chlorophenoxy)-1-methyl-3-methyl-1H-pyrazoleadbaldehyde-O-[(4-chloro-3-ethyl-1-methyl-1H-pyraZeid)methylloxime
(10d). White solid; yield, 78%; mp: 77-78 °Ct1 NMR (400 MHz, CDCJ) 6: 7.76 (s, 1H, CH=N), 7.25 (§,= 8.0 Hz, 1H, Ar-H), 7.10
(d,J =8.0 Hz, 1H, Ar-H), 6.90 ( s, 1H, Ar-H), 6.79-6.76 (i, Ar-H), 4.97 (s, 2H, C}), 3.78 ('s, 3H, N-Ck}, 3.58 (s, 3H, N-Ch),
2.60 (q,J = 7.6 Hz, 2H, CH), 2.36 (s, 3H, Ck), 1.22 (t,J = 7.6 Hz, 3H, CH). ®C NMR (100 MHz, CDGC)) §: 157.1, 149.4, 147.1,
147.0, 141.2, 135.52, 135.2, 130.8, 124.1, 11518,5] 109.1, 100.0, 63.4, 37.4, 34.3, 19.4, 143710.1HRMS (ESI) m/z calcd for
C1H2,CILN:O,, 422.1151; found, 422.1141 [M + H)]

5-(2-Chlorophenoxy)-1-methyl-3-methyl-1H-pyrazoleadbaldehyde-O-[(4-chloro-3-ethyl-1-methyl-1H-pyrafeid)methylloxime
(10e). White solid; yield, 79%; mp: 73-75 °&4 NMR(400 MHz, CDCY) 6: 7.74 (s, 1H, CH=N), 7.45 (m, 1H, Ar-H), 7.16 (m, 1H, Ar-
H), 7.07 (m, 1H, Ar-H), 6.68 (m, 1H, Ar-H), 4.95 (s, 2H, §H3.77 (s, 3H, N-Ch), 3.62 (s, 3H, N-Ch), 2.60 (q,J = 7.6 Hz, 2H,
CH,), 2.35 (s, 3H, CH), 1.22 (t,J = 7.6 Hz, 3H, CH). *C NMR (100 MHz, CDGJ) 6: 152.1, 149.4, 147.3, 147.1, 141.1, 135.1, 131.0,
128.1, 124.7, 122.7, 115.5, 109.0, 99.9, 63.4,,3448, 19.4, 14.7, 13.0. HRMS (ESI) m/z calcd fesH5,Cl.NsO,, 422.1151; found,
422.1149 [M + HI.

5-(4-Bromophenoxy)-1-methyl-3-methyl-1H-pyrazole-4eaktehyde-O-[(4-chloro-3-ethyl-1-methyl-1H-pyrazolddmethyl]oxime
(10f).White solid; yield, 77%; mp: 79-81 °GH NMR (400 MHz, CDCJ) 6: 7.75 (s, 1H, CH=N), 7.42 (d,= 8.8 Hz, 2H, Ar-H), 6.78
(d,J =9.2 Hz, 2H, Ar-H), 4.96 (s, 2H, GH 3.78 (s, 3H, N-Ch), 3.59 (s, 3H, N-CH), 2.61 (g,J = 7.6 Hz, 2H, CH), 2.35 (s, 3H,
CH,), 1.22 (t,J = 7.6 Hz, 3H, Ch). °C NMR (100 MHz, CDG)) d: 155.7, 149.4, 147.3, 147.1, 141.2, 135.2, 13219,0, 116.3,
109.1, 99.9, 63.3, 37.4, 34.3, 19.4, 14.7, 13.0. ISRESI) m/z calcd for GH,,BrCINsO,, 466.0645; found, 466.0635 [M + H]



5-(4-lodophenoxy)-1-methyl-3-methyl-1H-pyrazole-4beddehyde-O-[(4-chloro-3-ethyl-1-methyl-1H-pyrazojynethyl]oxime
(10g). White solid; yield, 78%; mp: 127-129 °4 NMR (400 MHz, CDCJ) ¢: 7.74 (s, 1H, CH=N), 7.61 (d,= 8.8 Hz, 2H, Ar-H),
6.66 (d,J = 8.8 Hz, 2H, Ar-H), 4.96 (s, 2H, GH 3.78 (s, 3H, N-Ck), 3.58 (s, 3H, N-Ck), 2.61 (qJ = 7.6 Hz, 2H, CH), 2.34 (s, 3H,
CH,), 1.22 (t,J = 7.6 Hz, 3H, CH). *°C NMR (100 MHz, CDGCJ) 6: 156.5, 149.4, 147.2, 147.1, 141.2, 138.9, 13B12,5, 109.1, 99.9,
86.6, 63.4, 37.4, 34.3, 19.4, 14.7, 13.0. HRMS (B8 calcd for GHICIFNsO,, 514.0507; found, 514.0497 [M + H]

5-(4-Methylphenoxy)-1-methyl-3-methyl-1H-pyrazoleadbaldehyde-O-[(4-chloro-3-ethyl-1-methyl-1H-pyrazoeid)methyljoxime
(10h). White solid; yield, 77%; mp: 52-53 °G4 NMR (400 MHz, CDCJ) d: 7.75 (s, 1H, CH=N), 7.10 (d,= 8.4 Hz, 2H, Ar-H), 6.77
(d,J = 8.4 Hz, 2H, Ar-H), 4.96 (s, 2H, GH 3.78 (s, 3H, N-Ch), 3.58 (s, 3H, N-Ck), 2.60 (gq,d = 7.6 Hz, 2H, CH), 2.35 (s, 3H,
CH,), 2.31 (s, 3H, CH), 1.22 (t,J = 7.6 Hz, 3H, CH). "*C NMR (100 MHz, CDCJ) J: 154.6, 149.4, 148.3, 146.9, 141.6, 135.3, 133.3,
130.4, 115.1, 109.0, 99.8, 63.3, 37.4, 34.2, 21064, 15.0, 13.0. HRMS (ESI) m/z calcd fogd,sCINsO,, 402.1697; found, 402.1693
M+ H]™

5-(3-Methylphenoxy)-1-methyl-3-methyl-1H-pyrazoleadbaldehyde-O-[(4-chloro-3-ethyl-1-methyl-1H-pyrazoeid)methyljoxime
(10i). Yellow solid; yield, 79%; mp: 75-76 °CH NMR(400 MHz, CDC}) d: 7.76 ( s, 1H, CH=N), 7.18 (J,= 7.8 Hz, 1H, Ar-H ),
6.91 (dJ = 7.2 Hz, 1H, Ar-H), 6.67 (dl = 8.4 Hz, 2H, Ar-H), 4.98 (s, 2H, GH 3.78 (s, 3H, N-CH), 3.58 (s, 3H, N-CH), 2.61 (q,J =
7.6 Hz, 2H, CH), 2.37 (s, 3H, CH), 2.32 (s, 3H, CH), 1.22 (t,J = 7.6 Hz, 3H, CH). *C NMR (100 MHz, CDCJ) 6: 156.7, 149.4,
148.1, 146.9, 141.6, 140.4, 135.3, 129.7, 124.85X] 112.2, 109.0, 99.9, 63.3, 37.4, 34.3, 2194,115.0, 13.0. HRMS (ESI) m/z
calcd for GH,sCINsO,, 402.1697; found, 402.1693 [M + H]

5-(2-Methylphenoxy)-1-methyl-3-methyl-1H-pyrazoleadbaldehyde-O-[(4-chloro-3-ethyl-1-methyl-1H-pyraZoeid)methyljoxime
(20j). White solid; yield, 78%; mp: 92-94 °d4 NMR (400 MHz, CDC)) 6: 7.69 (s, 1H, CH=N), 7.21 (d,= 7.2 Hz, 1H, Ar-H), 7.10-
6.99 (m, 2H, Ar-H), 6.52 (d] = 8.0 Hz, 1H, Ar-H), 4.96 (s, 2H, GH 3.76 (s, 3H, N-Ch), 3.58 (s, 3H, N-Ck), 2.60 (g,J = 7.6 Hz,
2H, CH), 2.38 (s, 3H, CH), 2.36 (s, 3H, CH), 1.22 (t,J = 7.6 Hz, 3H, CH). *C NMR (100 MHz, CDCJ) 5: 154.9, 149.4, 148.4,
146.9, 141.6, 135.2, 131.6, 127.3, 126.5, 123.3,4,109.0, 99.6, 63.3, 37.4, 34.1, 19.4, 16.09,143.0. HRMS (ESI) m/z calcd for
Cy0H2:CINs0,, 402.1697; found, 402.1695 [M + H]

5-(4-Methoxyphenoxy)-1-methyl-3-methyl-1H-pyrazotaraldehyde-O-[(4-chloro-3-ethyl-1-methyl-1H-pyraeyl)methyl]
oxime (@Ok). White solid; yield, 76%; mp: 56-58 °G1 NMR (400 MHz, CDCJ) ¢: 7.73 (s, 1H, CH=N), 6.82 (s, 4H, Ar-H), 4.98 (s,
2H, CH), 3.79 (s, 3H, OC}}, 3.78 (s, 3H, N-Ch), 3.59 (s, 3H, N-Ck), 2.61 (g, = 7.6 Hz, 2H, CH), 2.35 (s, 3H, CH, 1.22 (t,J =
7.4 Hz, 3H, CH). ®C NMR (100 MHz, CDCJ) ¢: 155.8, 150.6, 149.4, 148.7, 146.9, 141.6, 13B618,3, 114.9, 109.1, 99.5, 63.3, 55.7,
37.4,34.2,19.4, 15.0, 13.0. HRMS (ESI) m/z catmdG,iH,sCINsOs, 418.1646; found, 418.1642 [M + H]

5-(2-Methoxyphenoxy)-1-methyl-3-methyl-1H-pyrazotarbaldehyde-O-[(4-chloro-3-ethyl-1-methyl-1H-pyraBeyl)methyl]
oxime (0l). White solid; yield, 78%; mp: 85-87 °&i NMR (400 MHz, CDCJ) §: 7.71 (s, 1H, CH=N), 7.11-7.07 (m, 1H, Ar-H), 6.98
(d,J=7.2 Hz, 1H, Ar-H), 6.86-6.82 (m, 1H, Ar-H), 6.68 (t= 8.0 Hz, 1H, Ar-H), 4.96 (s, 2H, GH 3.90 (s, 3H, OC}}, 3.78 (s, 3H,
N-CHs), 3.61 (s, 3H, N-Ch), 2.60 (q,J = 7.6 Hz, 2H, CH), 2.34 (s, 3H, Ch), 1.22 (t,J = 7.6 Hz, 3H, CH). **C NMR (100 MHz,
CDCly) 6: 149.3, 139.0, 146.7, 145.5, 141.5, 135.3, 12429.0, 116.0, 112.7, 108.9, 99.3, 63.3, 56.0, 33442, 19.4, 14.9, 13.0.
HRMS (ESI) m/z calcd for GH,:CINsO;, 418.1646; found, 418.1641 [M + H]

5-(4-Trifluoromethoxyphenoxy)-1-methyl-3-methyl-1Hgagle-4-carbaldehyde-O-[(4-chloro-3-ethyl-1-methyl-fpitazol-5-
yl)methylJoxime 10m). Yellow solid; yield, 75%; mp: 49-51 °CH NMR(400 MHz, CDC}) &: 7.76 (s, 1H, CH=N), 7.18 (d,= 8.8
Hz, 2H, Ar-H), 6.90 (dJ = 9.2 Hz, 2H, Ar-H), 4.95 (s, 2H, GH 3.78 (s, 3H, N-Ch), 3.60 (s, 3H, N-Ck), 2.60 (q,J = 7.6 Hz, 2H,
CH,), 2.35 (s, 3H, CH), 1.22 (t,J = 7.6 Hz, 3H, CH). "°C NMR (100 MHz, CDCJ) §: 154.9, 149.4, 147.3, 147.1, 144.8, 141.2, 135.2,
122.9, 120.4, 116.3, 109.1, 99.9, 63.3, 37.3, 341984, 14.7, 13.0. HRMS (ESI) m/z calcd fosld,,CIF;NsO;, 472.1363; found,
472.1356 [M + H].

5-(2-Trifluoromethoxyphenoxy)-1-methyl-3-methyl-1Hgzgle-4-carbaldehyde-O-[(4-chloro-3-ethyl-1-methyl-fpijtazol-5-
y)methyl] oxime 10n). Yellow solid; yield, 78%; mp: 127-129 °GH NMR(400 MHz, CDCY)) 6: 7.73 (s, 1H, CH=N), 7.36 (m, 1H,
Ar-H), 7.20 (m, 1H, Ar-H). 7.13 (m, 1H, Ar-H ). 6.71 (m, 1K-H), 4.94 (s, 2H, CH), 3.77 (s, 3H, N-Ch}, 3.60 (s, 3H, N-Ck), 2.60
(q,J = 7.6 Hz, 2H, CH), 2.35 (s, 3H, Ck), 1.22 (t,J = 7.6 Hz, 3H, CH). °C NMR (100 MHz, CDG)) 6: 149.4, 148.7, 147.1, 146.6,
141.0, 137.5, 135.1, 128.3, 124.2, 123.9, 120.56,5.1109.1, 100.0, 99.9, 63.3, 37.4, 34.2, 19.47,143.0. HRMS (ESI) m/z calcd for
CaoH2:CIFsNs0;, 472.1363; found, 472.1364 [M + H]

5-(4-Fluorophenoxy)-1-methyl-3-methyl-1H-pyrazoleadbaldehyde-O-{[4-chloro-3-(4-fluorophenyl)-1-mettiyh-pyrazol-5-
yllmethylJoxime {0A). White solid; yield, 85%; mp: 133-134 °@&4 NMR (400 MHz, CDC)) §: 7.85 (m, 2H, Ar-H), 7.77 (s, 1H,
CH=N), 7.10 (m, 2H, Ar-H), 7.00 (m, 2H, Ar-H), 6.84 (m, 2&t;H), 5.04 (s, 2H, CH), 3.88 (s, 3H, CH, 3.59 (s, 3H, CH), 2.36 (s,
3H, CH;). *C NMR (100 MHz, CDCJ) 6: 162.6, 158.8, 152.6, 152.5, 148.0, 147.1, 14540,.6, 136.7, 128.9, 127.9, 116.6, 116.5,
116.4, 115.4, 108.4, 99.7, 63.3, 37.8, 34.3, 4EBMS (ESI) m/z calcd for GH,,CIF,NsO,, 472.1352; found, 472.1348 [M + H]

5-(4-Chlorophenoxy)-1-methyl-3-methyl-1H-pyrazoleadbaldehyde-O-{[4-chloro-3-(4-fluorophenyl)-1-methyH-pyrazol-5-
yllmethylJoxime {0B). White solid; yield, 85%; mp: 155-157 °&i NMR (400 MHz, CDC)) §: 7.85 (m, 2H, Ar-H), 7.77 (s, 1H,
CH=N), 7.26 (m, 2H, Ar-H), 7.10 (8 =8.8 Hz, 2H, Ar-H), 6.82 (m, 2H, Ar-H), 5.04 (s, 2H, §H3.88 (s, 3H, Ck}, 3.58 (s, 3H, Ch},
2.35 (s, 3H, Ch). *C NMR (100 MHz, CDGJ) ¢: 162.6, 155.1, 147.5, 145.0, 141.4, 136.6, 130289, 116.6, 115.5, 108.4, 99.9,
63.3, 37.8, 34.3, 14.7. HRMS (ESI) m/z calcd fegG,CI,FNsO,, 488.1056; found, 488.1043 [M + H]

5-(4-Bromophenoxy)-1-methyl-3-methyl-1H-pyrazole-beaatehyde-O-{[4-chloro-3-(4-fluorophenyl)-1-methyl-tirazol-5-
yllmethyl}oxime {0C). White solid; yield, 83%; mp: 167-168 °G NMR (400 MHz, CDC)) §: 7.85 (m, 2H, Ar-H), 7.77 (s, 1H,
CH=N), 7.41 (dJ = 8.6 Hz, 2H, Ar-H), 7.11 (m, 2H, Ar-H), 6.78 (@= 8.6 Hz, 2H, Ar-H), 5.04 (s, 2H, GH 3.88 (s, 3H, Ck), 3.58
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(s, 3H, CH), 2.35 (s, 3H, CH. ®C NMR (100 MHz, CDCJ) &: 162.6, 155.7, 147.3, 147.1, 145.0, 141.4, 13638,9, 128.9, 127.9,
127.8, 117.0, 116.3, 115.4, 108.4, 99.9, 63.3,,33483, 14.7. HRMS (ESI) m/z calcd for,88,.BrCIFN;O,, 532.0551; found,
532.0538 [M + H].

5-(4-lodophenoxy)-1-methyl-3-methyl-1H-pyrazole-4beddehyde-O-{[4-chloro-3-(4-fluorophenyl)-1-methyl-Jfrazol-5-
yllmethyl}oxime {0D). White solid; yield, 84%; mp: 163-165 °¢H NMR (400 MHz, CDCJ) §: 7.85 (q,J = 5,4 Hz, Ar-H), 7.77 (s,
1H, CH=N), 7.60 (dJ = 8.8 Hz, 2H, Ar-H), 7.11 (t) = 8.8 Hz, 2H, Ar-H), 6.66 (d] = 8.8 Hz, 2H, Ar-H), 5.04 (s, 2H, GH 3.88 (s,
3H, CH), 3.58 (s, 3H, CH), 2.35 (s, 3H, CH. *C NMR (100 MHz, CDG)) §: 162.6, 156.5, 147.3, 147.1, 145.0, 141.4, 13838,6,
128.9, 127.9, 127.9, 117.5, 115.4, 108.4, 99.9%,863.3, 37.8, 34.3, 14.7. HRMS (ESI) m/z calcd @H,,ICIFNsO,, 580.0412;
found, 580.0393 [M + H]

5-(4-Methylphenoxy)-1-methyl-3-methyl-1H-pyrazole-bakdehyde-O-{[4-chloro-3-(4-fluorophenyl)-1-methyHdpyrazol-5-
yllmethyloxime {OE). White solid; yield, 86%; mp: 136-138 °&i NMR (400 MHz, CDC)) §: 7.84 (m, 2H, Ar-H), 7.78 (s, 1H,
CH=N), 7.10 (m, 4H, Ar-H), 6.77 (dl= 8.8 Hz, 2H, Ar-H), 5.05 (s, 2H, GH 3.88 (s, 3H, Ck), 3.57 (s, 3H, Ch), 2.37 (s, 3H, Ch),
2.30 (s, 3H, Ch). °*C NMR (100 MHz, CDGJ) ¢: 162.6, 154.6, 148.4, 146.9, 145.0, 141.9, 138633.3, 30.4, 128.9, 115.4, 115.1,
108.4, 99.7, 63.3, 37.8, 34.3, 20.6, 14.9. HRMS YB&z calcd for GH,,CIFNsO,, 468.1603; found, 468.1592 [M + H]

5-(4-Methoxyphenoxy)-1-methyl-3-methyl-1H-pyrazotarsaldehyde-O-{[4-chloro-3-(4-fluorophenyl)-1-metiyi-pyrazol-5-
yllmethylJoxime {OF). White solid; yield, 84%; mp: 127-129 °@&4 NMR (400 MHz, CDC)) §: 7.84 (m, 2H, Ar-H), 7.76 (s, 1H,
CH=N), 7.10 (tJ = 8.8 Hz, 2H, Ar-H), 6.82 (s, 4H, Ar-H), 5.06 (s, 2H, §8.89 (s, 3H, Ck), 3.76 (s, 3H, OCEH), 3.60 (s, 3H, CH},
2.36 (s, 3H, CH. *C NMR (100MHz, CDC)) §: 162.6, 155.8, 150.6, 148.7, 146.9, 145.0, 1413%,8, 128.9, 128.0, 127.9, 116.3,
115.4, 115.0, 108.4, 99.5, 63.2, 55.7, 37.8, 34%63). HRMS (ESI) m/z calcd for,gH,,CIFNsOs, 484.1552; found, 484.1544 [M + H]

5-(4-Trifluoromethoxyphenoxy)-1-methyl-3-methyl-1Haagle-4-carbaldehyde-O-{[4-chloro-3-(4-fluorophengbmethyl-1H-
pyrazol-5-yllmethyl}oximelQG). White solid; yield, 86%; mp: 77-78 °&4 NMR (400 MHz, CDCJ) 6: 7.85 ( m, 2H, Ar-H ), 7.79 (s,
1H, CH=N), 7.17 (dJ = 8.8 Hz, 2H, Ar-H ), 7.10 (1 =8.8 Hz , 2H, Ar-H ), 6.90 ( m, 2H, Ar-H ), 5.03 (s, 2Bk, ), 3.88 ( s, 3H,
CH;), 3.60 ( s, 3H, CHl), 2.36 ( s, 3H, CKl). *C NMR (100 MHz, CDGC)) 6: 162.6, 154.9, 147.4, 147.2, 145.0, 144.9, 14136,6,
128.9, 127.9, 127.8, 122.9, 120.4, 116.3, 115.8.41099.9, 63.3, 37.8, 34.3, 14.7. HRMS (ESI) m/kcdor C4H,,CIF,NsOs,
538.1269; found, 538.1256 [M + H]

5-(4-Fluorophenoxy)-1-methyl-3-methyl-1H-pyrazoleadbaldehyde-O-{[4-chloro-3-(4-chlorophenyl)-1-mettiy-pyrazol-5-
yllmethyl}oxime {OH). White solid; yield, 84%; mp: 126-128 °&4 NMR (400 MHz, CDCJ) 6: 7.83 (d,J = 8.4 Hz, 2H, Ar-H), 7.77
(s, 1H, CH=N), 7.39 (dJ = 8.4 Hz, 2H, Ar-H), 7.01 (m, 2H, Ar-H), 6.85 (m, 2H, Ar;t5.04 (s, 2H, CHk), 3.89 (s, 3H, Ch), 3.59 (s,
3H, CHy), 2.35 (s, 3H, Ch). ®C NMR (100 MHz, CDG)) ¢: 158.8, 152.6, 148.0, 147.1, 144.7, 141.6, 13638.9, 130.3, 128.6,
128.3, 116.7, 116.6, 116.5, 116.5, 108.6, 99.74,627.9, 34.3, 14.8. HRMS (ESI) m/z calcd fosH,Cl,FNsO,, 488.1056; found,
488.1048 [M + HI.

5-(4-Chlorophenoxy)-1-methyl-3-methyl-1H-pyrazoleadbaldehyde-O-{[4-chloro-3-(4-chlorophenyl)-1-metty#-pyrazol-5-
yllmethyl}oxime £01). White solid; yield, 86%; mp: 100-102 °é&i NMR (400 MHz, CDC)) §: 7.83 (d,J = 8.4 Hz, 2H, Ar-H), 7.77
(s, 1H, CH=N), 7.38 (d) = 8.8 Hz, 2H, Ar-H), 7.26 () = 4.4 Hz, 2H, Ar-H), 6.82 (d] = 9.2 Hz, 2H, Ar-H), 5.04 (s, 2H, GH 3.88
(s, 3H, CH), 3.58 (s, 3H, Ch), 2.35 (s, 3H, CH. *C NMR (100 MHz, CDGJ) 6: 155.1, 147.4, 147.1, 144.6, 141.5, 136.8, 133.9,
130.3, 130.0, 128.9, 128.6, 128.3, 116.6, 108.63,988.3, 37.9, 34.3, 14.7. HRMS (ESI) m/z calcd @H,,CI;NsO,, 504.0761;
found, 504.0751 [M + H]

5-(4-Bromophenoxy)-1-methyl-3-methyl-1H-pyrazole-dbeatehyde-O-{[4-chloro-3-(4-chlorophenyl)-1-methyl-byrazol-5-
yllmethyl}oxime 10J). White solid; yield, 85%; mp: 116-118 °&4 NMR (400 MHz, CDCJ) ¢: 7.83 (d,J = 8.4 Hz, 2H, Ar-H ), 7.77
(s, 1H, CH=N), 7.40 (m, 4H, Ar-H ), 6.77 (37 8.4 Hz, 2H, Ar-H ), 5.04 (s, 2H, GH}, 3.88 (s, 3H, Ckl), 3.58 (s, 3H, CH), 2.35
(s, 3H, CH). ®C NMR (100 MHz, CDC)) §: 155.7, 147.3, 147.1, 144.7, 141.4, 136.8, 13%883,0, 130.3, 128.6, 128.3, 117.0, 116.3,
108.6, 99.9, 63.3, 37.9, 34.3, 14.7. HRMS (ESI) caled for GzH,,BrCl,NsO,, 548.0256; found, 548.0242 [M + H]

5-(4-lodophenoxy)-1-methyl-3-methyl-1H-pyrazole-4beddehyde-O-{[4-chloro-3-(4-chlorophenyl)-1-methyl-byrazol-5-
yllmethyl}oxime {0K). White solid; yield, 83%; mp: 134-136 °&i NMR (400MHz, CDC}) ¢: 7.83 (d,J = 8.8 Hz, 2H, Ar-H), 7.77
(s, 1H, CH=N), 7.60 (d) = 8.8 Hz, 2H, Ar-H), 7.39 (d] = 8.8 Hz, 2H, Ar-H), 6.66 (d] = 9.2 Hz, 2H, Ar-H), 5.03 (s, 2H, GH 3.88
(s, 3H, N-CH), 3.58 (s, 3H, N-CH), 2.35 (s, 3H, CH. °C NMR (100 MHz, CDG)) §: 156.5, 147.3, 147.1, 144.7, 141.4, 138.9, 136.8,
133.9, 130.3, 128.6, 128.3, 117.5, 108.6, 99.%,863.3, 37.9, 34.3, 14.7. HRMS (ESI) m/z calcd @H,,ICI,NsO,, 596.0117;
found, 596.0105 [M + H]

5-(4-Methylphenoxy)-1-methyl-3-methyl-1H-pyrazolea#baldehyde-O-{[4-chloro-3-(4-chlorophenyl)-1-mettiy-pyrazol-5-
yllmethyl}oxime {OL). White solid; yield, 84%; mp: 111-112 °&4 NMR (400 MHz, CDC}) 6: 7.82 (d,J = 8.8 Hz, 2H, Ar-H), 7.77
(s, 1H, CH=N), 7.38 (d) = 8.4 Hz, 2H, Ar-H), 7.09 (d] = 8.8 Hz, 2H, Ar-H), 6.76 (d] = 8.4 Hz, 2H, Ar-H), 5.05 (s, 2H, GH 3.88
(s, 3H, CH), 3.57 (s, 3H, CH), 2.36 (s, 3H, CH), 2.30 (s, 3H, CH. °C NMR (100 MHz, CDCJ) 5: 154.6, 148.4, 146.9, 144.6, 141.9,
136.9, 133.8, 133.3, 130.4, 130.3, 128.6, 128.3.111108.6, 99.7, 63.2, 37.9, 34.2, 20.6, 14.9. HR¥ESI) m/z calcd for
C,4H,4Cl,N:O,, 484.1307; found, 484.1306 [M + H)]

5-(4-Methoxyphenoxy)-1-methyl-3-methyl-1H-pyrazotedaldehyde-O-{[4-chloro-3-(4-chlorophenyl)-1-metiii-pyrazol-5-
yllmethyl}oxime {0M). White solid; yield, 83%; mp: 109-111 °&4 NMR (400 MHz, CDC)) 6: 7.82 (d,J = 8.4 Hz, 2H, Ar-H), 7.76
(s, 1H, CH=N), 7.38 (d) = 8.8 Hz, 2H, Ar-H), 6.82 (s, 4H, Ar-H), 5.05 (s, 2H, §$H8.89 (s, 3H, CH), 3.76 (s, 3H, OC}J, 3.58 (s,
3H, CHy), 2.35 (s, 3H, Ch). ®C NMR (100 MHz, CDG)) ¢: 155.8, 150.6, 148.7, 146.9, 144.6, 141.9, 13638.8, 130.3, 128.6,
128.4, 116.3, 115.0, 108.6, 99.5, 63.2, 55.7, 34X, 14.9. HRMS (ESI) m/z calcd fop#,4,Cl,Ns05, 500.1256; found, 500.1247 [M
+HJ".



5-(4-Trifluoromethoxyphenoxy)-1-methyl-3-methyl-1Hazgie-4-carbaldehyde-O-{[4-chloro-3-(4-chloropherybmethyl-1H-
pyrazol-5-ylimethyl}oxime10ON). White solid; yield, 85%: mp: 85-86 °CH NMR (400 MHz, CDCJ) 6: 7.83 (d,J = 8.8Hz, 2H, Ar-
H), 7.78 (s, 1H, CH=N), 7.38 (d,= 8.4 Hz, 2H, Ar-H), 7.17 (d] = 8.8 Hz, 2H, Ar-H), 6.90 (d] = 9.2 Hz, 2H, Ar-H), 5.03 (s, 2H,
CH,), 3.88 (s, 3H, CH), 3.60 (s, 3H, Ch), 2.36 (s, 3H, CH. ®C NMR (100 MHz, CDCJ) J: 154.8, 147.4, 147.1, 144.7, 141.4, 136.7,
133.9, 130.3, 128.6, 128.3, 122.9, 116.3, 108.,988.3, 37.8, 34.8, 14.7. HRMS (ESI) m/z calcd @gH,;Cl,F;N505, 554.0974;
found, 554.0962 [M + H]

4.2. Cell culture and reagents

Human hepatocellular carcinoma cells (SMMC-7721)man gastric cancer cells (SGC7901), human colonecasedls (HCT116)
and human liver normal cells (LO2) were maintaine®@MEM supplemented with 10% fetal bovine serum (lrgen), 100 units/ml
of penicillin, and 0.1 pg/ml of streptomycin in arhid atmosphere incubator with 5% €& 37 °C. All cell lines were originally from
the Shanghai Institute of Cell Biology (Shanghaijr@). Cells were routinely subcultured twice weeBh4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT), monoclonatiaactin antibody, and goat peroxidase-conjugat&itrabbit IgG antibody, and
goat peroxidase-conjugated anti-mouse IgG antibeghe purchased from Sigma-Aldrich (St. Louis, MO). E¥&nnexin V and Pl are
from (BioVision). Antibodies such as Bax, Bcl-2, p-H2ANeaved-PARP, cleaved-caspase 3, and p-p53 (Sd5jan Cell Signaling
Technology (Danvers, MA).

4.3. MTT assay
Anti-proliferative activities of synthesized compaisnwere evaluateih vitro against three human cancer cell lines (SMMC-7721,
SGC7901, and HCT116) and human normal cell (LO2).fBri@00 uL of different cells were plated in a 96-well flattlmn tissue

culture plate at a density of 4€ells/mL, respectively, in DMEM medium and 10% fétavine serum and allowed to adhere overnight
at 37 °C in 5% C@ The cells were incubated in triplicate with, or witih, different concentrations of each test compadiamd/’2 h.
During the last 4 h incubation, 3@ of tetrazolium dye (MTT) solution (5 mg/mL) wasdetl to each well. The resulting MTT-
formazan crystals were dissolved in 3H0DMSO, and absorbance was measured spectrophotoafigtat 570 nm using an ELISA
plate reader. The inhibition induced by each teshmound at the indicated concentrations was expieasea percentage. The
concentration required for 50% inhibition ¢ffwas calculated using the software (GraphPadPrismioreds03).

4.4. Flow cytometry assay of cell apoptosis

SMMC-7721 cells were cultured overnight and incubatetriplicate with different concentrations ®8®M, ADM, or vehicle for 72
h. The cells were harvested and stained with APC-Amnéxand 7-AAD at room temperature for 15 min. The petage of apoptotic
cells was determined by flow cytometry (Calibur, BD,A)@nalysis. The APC signal detector (FL4) (Ex = 683 Em = 660 nm) and
7-AAD staining signal detector (FL3) (Ex = 488 nm; EB47 nm) were used to detect the cells with the flgteroeter. Ten thousand
cells were counted for three independent experimdiits data were analyzed using WinList 3D (versiondrid the histogram was
plotted using Excel 2010.

4.5. Western blot analysis

SMMC-7721 cells with or without ADM, 0tOM treatment at indicated time and doses were wash&dRBS and lysed on ice for
30 minutes in PBS containing 1% Nonidet P-40, 0.9%isn deoxycholate, 0.1% SDS, 10 mg/ml PMSF, andh®0leupeptin. The
protein concentrations were determined using a Bid-protein assay kit (Bio-Rad Laboratories Inc.,ddis, CA, USA). Up to 50 pg
of total protein were separated onto an SDS-PAGE amdferred to polyvinylidenedifluoride membranestefAblocking with 5% fat
free milk for 2 h, membranes were incubated ovetrégll °C with a primary antibody in TBS-T and threacted with a peroxidase-
conjugated secondary antibody for 1 h. Immuno reagiroteins were detected with the ECL Western BigtDetection System.

4.6. Maximum tolerated dose determination

All in vivo studies were approved by the Nantong University Ahitae and Use Committee. The maximum tolerated (d3®)
of compoundlOM in female ICR mice were determined by intraperitdrigjection of a single dose &DM (488.3, 390.6, 312.5, 250,
and 200 mg/kg) or vehicle control (n = 10 per gioupspectively. The MTD was set below the dose thated severe loss of body
weight (>20% of original weight), or death of onenaore animals of a dose group. MTD was defined asititeest dose that could be
given resulting in no drug-related moribund statdemath, while temporary body weight loss was witld#e2

4.7. In vivo tumor growth inhibition

Female BALB/c nude mice at the age of 5 to 6-weekveére inoculated subcutaneously witf SMMC-7721 cells. When tumor
volumes reached 50-100 minthe mice were randomly administered wihM, ADM, and vehicle, respectively. The body weight of
all animals was monitored throughout the study amichals were euthanized if they incurred 20 % weigkslbetween observations.
Two axes (mm) of a tumor (L, longest axis; W, shsirtexis) were measured with a Vernier caliper. Tunmume (mni) was
calculated using a formula of “tumor volume = % YU%". Progression of tumors was monitored every 3 dgyso 19 days post
treatment. At the end of the experiment, the miceevgacrificed, and their tumors were dissected oditvagighed.
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