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Graphical abstract

New diarylpyrazolylquinolines with anti-DENV activity were designed and
synthesized. Among them, compound 13c was potent inhibited all four sero-types of
DENV. It can effectively protect mice from DENV infection by reducing disease
symptoms and mortality of DENV-infected mice.
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Abstract

A number of diarylpyrazolylquinoline derivatives mgesynthesized and evaluated for their
anti-dengue virus (DENV) activity. Among them, &dlo-2-(1-(4-fluorophenyl)-3-
(4-methoxyphenyl)-1H-pyrazol-5-yl)quinoline 11c), 2-[1,3-bis(4-methoxyphenyl)-1H-pyrazol-
5-yl]-6-fluoroquinoline (@2c), and 4-[5-(6-fluoroquinolin-2-yl)-3-(4-methoxypihg)-1H-pyrazol-
1-yllbenzenesulfonamidd.8c) exhibited approximately 10-folds more active dDENV-2 activity
(ICso of 1.36, 1.09 and 0.81M, respectively) than that of ribavirin (§¢= 12.61uM). Compound
13c was also potent inhibited other sero-types of DENYeduced DENV replication in both viral
protein and mRNA levels, and no significant cellatgxicity was detected, with greater than 50%
viability of Huh-7-DV-Fluc cells at a concentratiai 200 uM. Furthermore, compounti3c can
effectively protect mice from DENV infection by necing disease symptoms and mortality of
DENV-infected mice. It represents a potential arsivagent to block DENV replicatiom vitro
andin vivo. Structural optimization of the initial lead comyl, 13c, and the detailed molecular

mechanism of action are ongoing.
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1. Introduction

Dengue is a mosquito-borne viral disease that lem®rbe a major public health concern
worldwide in recent years. Annually, 100 millionsea of dengue fever and 500,000 cases of
dengue hemorrhagic fever occur, particularly ipical Asia, Latin America, and the Caribbean [1].
At present, dengue is endemic in 112 countriesratdhe world [2]. However, there is no vaccine
or treatment other than vector control and supp®nnedical care. The development of safe and
effective therapeutics is therefore urgently neq@eg.

The dengue virus (DENV) belongs to the fanthaviviridae and is closely related to the
West Nile virus (WNV), the Yellow Fever virus (YF\Gnd the Hepatitis C virus (HCV) [7].
DENV are transmitted by mosquitos of the spededes aegypti and cause clinical symptoms
ranging from mild fever to Dengue hemorrhagic fe{l2HS) and Dengue shock syndrome (DSS)
[8, 9]. However, there are no specific approvedydror vaccines for the treatment or prevention of
DHS and DSS.

Quinoline and pyrazole are isosteric with purind pgrimidine nuclei respectively, which are
present in a number of fundamental cellular comptsyand bioactive compounds [10-16]. This
heterocycle may represent a kind of privileged subture, which may interact with different
proteins and enzymes. Indeed, a number of impodamngs used in different therapeutic areas
contain the quinoline ring, as well as several okueds of still investigational therapeutic agents
including antitumorals [17-20] and antivirals [28}2Among these known antiviral quinoline and
pyrazole derivatives, compountl (Figure 1) exhibited inhibitory activities against a DENV
serotype 2 (DENV-2) sub-genomic replicogrll line with an 1G, value of 5uM and against a
WNV sub-genomic replicon cell line with an 4Cof 1.9 uM [26]. Compound2 inhibited the
growth of Hepatitis C virus with an égvalue of 7.0uM [27]. Recently, we have synthesized a
number of 2-aroyl-3-arylquinoline derivatives andakeated for their anti-DENV activity [28].

Compounds3 and 4 were found to significantly inhibit the DENV-2 RNAXpression in



Huh-7-DV-Fluc cells with potencies approximatelyuafjto that of ribavirin. Both compounds
were capable of reducing DENV-2 replication in beital protein and mRNA levels. CompouBd
is a triarylpyrazoline derivative which has beescdvered to inhibit flavivirus infection in cell
culture [29]. In continuation of our studies tondiéy potential antiviral agents with a novel type
structures, we describe herein the preparation ybirith pyrazolylquinoline derivatives (target
compoundskigure 1) and evaluation of their anti-DENV activity vitro andin vivo.

<Insert Figurel here >
2. Chemistry
Oxidation of 6-fluoro-2-methylquinoline  6f  with selenium dioxide gave
6-fluoro-2-formylquinoline ) which was then condensed with acetophenone twdaéixclusively
trans conjugated carbonyl product E)-3-(6-fluoroquinolin-2-yl)-1-phenylprop-2-en-1-o1i@a) as
depicted inScheme 1. Accordingly, compound8b and8c were obtained from 4-fluoroactophenone
and 4-methoxyacetophenone respectively with comgpdunnder the same reaction conditions.
Treatment of 8a with phenylhydrazine followed by DDQ oxidation @ava mixture of
2-(2,3-diphenyl-B-pyrazol-5-yl)-6-fluoroquinoline (9a) and 2-(2,5-diphenyl42-
pyrazol-3-yl)-6-fluoroquinoling10a) in 21% and 36% yield respectively as outlinedstheme 2.
The mixture o@a and10a was separated by silica gel column chromatograimyng with solvent
mixtures of CHCI,-MeOH (100:1, 50:1, and 20:1).

Accordingly, a mixture of compoundb and 10b was obtained from compourb with
phenylhydrazine and the mixture of compoufdsind10c was obtained from compou@d under
the same reaction conditions. However, reflux8afwith 4-fluorophenylhydrazine hydrochloride
gave exclusively 6-fluoro-2-[1-(4-fluorophenyl)-3wpnyl-1H-pyrazol-5-yljquinoline {l1a) as a
sole product. Compountilb and 11c was obtained from 4-fluorophenylhydrazine hydrocide
and compoun@b and8c respectively. Reflux aBa with 4-methoxyphenylhydrazine hydrochloride
gave exclusively 6-fluoro-2-[1-(4-methoxyphenylpBenyl-H-pyrazol-5-yljquinoline {2a) as a
sole product. Compouritb and12c was obtained from 4-methoxyphenylhydrazine hydiarithe
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and compoundb and8c respectively under the same reaction conditiortzoAdingly, reflux of
8a with 4-hydrazinobenzenesulfonamide hydrochlorideegexclusively 4-[5-(6-fluoroquinolin-2-
y)-3-phenyl-H-pyrazol-1-yl]benzenesulfonamid&3a) as a sole product. Compouh8b and13c
was obtained from 4-hydrazinobenzenesulfonamiderdeydoride and compoun@®b and 8c
respectively under the same reaction conditions @f interest to note that whédd was reacted
with 4-hydrazinobenzenesulfonamitlgdrochloride the product was identified as 13e and not
the expected regioisom&b as depicted ischeme 3.
<Insert Scheme 1-3 here >

Structure o®Bc and10c were unambiguously determined by X-ray crystabgdpical analysis.
The structure was solved and refined by direct pugthShelx 97 suite of programs [30].
Compound®c (Rs = 0.52, (CHCI; : hexane = 4/1)) andiOc (R = 0.51, (CHCI, : hexane = 4/1))
were obtained by slow evaporation from MeOHACH (30/70) solution. The crystal structure and
crystal packing diagram of compour@tsand10c were shown irFigure 2, respectively, while the
crystallographic data and structure refinement ildetavere given in Table 1. Complete
crystallographic data for the structural analys@veh been deposited with the Cambridge
Crystallographic Data Centre, CCDC 1054761 for coama 9c, and CCDC 1054760 for
compound10c. Copies of this information may be obtained frdeclarge from the Director,
Cambridge Crystallographic Data Centre, 12 UnioradRoCambridge, CB2 1EZ, UK. (fax:

+44-1223-336033, e-mail: deposit@ccdc.cam.ac.wkaowww.ccdc.cam.ac.uk).

The X-ray analysis proved unambiguously the rediergistry of the synthesized compounds
and was in good agreement with the results by'theNMR analysis. As shown ifFigure 2,
compounds9c and 10c with the same formula were clearly assigned asNHzphenyl and
N-3-phenyl isomers, respectively. Compour@dsand 10c had a singlet signal appearing @t
7.30, 7.18 ppm in CDglands = 7.29, 7.49 ppm in DMS@s were assigned as pyrazole 5-H,
respectively [Figure 3). The structures of th&l-2 (9a-c) and N-3 (10a-b, 1la-c, and 12a-c)

substituted isomers in Table 2 were assigned aiteptd the methods of X-ray arléi NMR for

5



9c and 10c. Consistent with previous observations, & substituted isomers (e.®a-c) had
chemical shifts at the range of 7.30-7.38 ppm (lofiedds) for the pyrazole 5-H as a singlet signal
in their individual'H-NMR spectra in CDG| while theN-3 substituted isomers (e.d0a-c, 11a-c,
and 12a-c) had chemical shifts at the range of of 7.16-pg& (higher fields) for the pyrazole 5-H
as a singlet signal in CDEIThe compound$3a-c had chemical shifts at the range of of 7.58-7.68
ppm (lower fields) for the pyrazole 5-H as a singlignal in their individuatH-NMR spectra in
DMSO-ds, which was similar to th&l-3 substituted isomerkc with a singlet signal appearing at
O = 7.49 ppm (lower fields) in DMS@s, In conclusion, all the structures of the regioigomin
this series could be definitely assigned by the NMR combined with single-crystal X-ray
diffraction.
<Insert Figure2,3and Table 1,2 here >
3. Biological Results and Discussion
3.1. Anti-DENV-2 and Antiproliferative Activities

The anti-DENV-2 activities and cytotoxicities ofadylpyrazolylquinoline derivatives are
summarized inrable 3. Huh-7-DV-Fluc cells were treated with compoufds 13 or the positive
ribavirin respectively at a concentration of 1 @ @M for three days. Cells were then analyzed
through the firefly luciferase activity. Compounahich exhibited >32% inhibition of DENV-2 at
a concentration of 1uM were considered as active. Results frdimble 3 indicated that
2-(1,3-diphenyl-H-pyrazol-5-yl)-6-fluoroquinoline 9a), which exhibited 15% inhibition of
DENV-2 at a concentration of M, was more active than its fluoro-substituted deypart,9b,
and methoxy-substituted counterp@d Compound9a was also more active than its positional
isomer, 10a. However, 6-fluoro-2-[5-(4-fluorophenyl)-1-pheniH-pyrazol-3-yljquinoline {0b),
which exhibited 25% inhibition of DENV-2 at a comteation of 10uM, was more active than its
positional isomer9b. Introduction of 4-methoxy or 4-aminosulfonyl I3 phenyl ring improved
anti-DENV2 in which compound$2a and13a were more active thaitOa while compoundd.2c

and 13c were more active thahOc. However, compoundOb was exceptionally active against
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DENV-2 and more active than that &i?a and13a. Among these pyrazolylquinoline derivatives,
6-fluoro-2-(1-(4-fluorophenyl)-3-(4-methoxyphenylH-pyrazol-5-yl)quinoline 11c), 2-[1,3-bis
(4-methoxyphenyl)-H-pyrazol-5-yl]-6-fluoroquinoline 12c), and 4-[5-(6-fluoroquinolin-2-yl)-
3-(4-methoxyphenyl)Hi-pyrazol-1-yllbenzenesulfonamidel3c) are three of the most active
which exhibited 55%, 66% and 85% inhibition of DENMeplication in the Huh-7-DV-Fluc cells
at a concentration of 1AM compared to 33% inhibition exhibited by the pwstribavirin. The
anti-DENV?2 activity decreased in an orderl8t (R; = OMe, R = SQNH,; 85% inhibition) >12c
(R1 = OMe, R = OMe; 66% inhibition) >11c (R; = OMe, R = F; 55% inhibition) indicated that
R»>-substitution is the most prefer to be a 4-aminfosyl group. With the same 4-aminosulfonyl
group substituted atFposition, the methoxy group substituted atpRsition is the most favorable
in which the anti-DENV?2 activity decreased in adearof13c (R; = OMe; 85% inhibition) =13b
(R1 = F; 13% inhibition),13a (R; = H; 12% inhibition).

The cell cytotoxicity of was determined by XTT agsa the Huh-7 cells after 3 days
treatment with 20 and 2QM of diarylpyrazolylquinoline derivatives. Compoufiic, 12c and13c
exhibited low cytotoxicity, with greater than 50%ability at a concentration of 2QtM. The 50%
inhibitory concentration of DENV-2 replication (4€}, the 50% cytotoxic concentration for cell
growth (CGg), and the selective index (S| : Csp) of compoundsllc, 12c and 13c were
determined as shown ifable 4. Results indicated that these compounds exHilaipproximately
10-folds more active anti-DENV-2 activity (§¢of 1.36, 1.09 and 0.81M, respectively) than that
of ribavirin (1Gso = 12.61uM). These compounds have atdemonstrated a good selectivity with Sl
value of greater than 147, 183 and 247 respectiwbigh was higher than that of ribavirin (SI =
4.47). Compound3c was also tested for other sero-types of DENV, @sallts shown ifTable 5
indicated that it exhibited potent inhibition of séro-types of DENV.

<Insert Table3-5here>
3.2. Compound 13c reduced DENV-2 replication in DENV-2-infected Huh-7 cells

To confirm the results of dose-dependent decreasdetase activity representing the
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DENV-2 replication in the Huh-7-DV-Fluc cells, weegiormed western blotting and RT-qgPCR
using a specific antibody against DENV-2 NS2B protend specific primers targeting DENV-2
NS5 gene, respectively, in which cellular GAPDH wsasved as a loading control. Both results of
western blotting and RT-qPCR revealed thad consistently reduced DENV-2 replication in the
Huh-7-DV-Fluc cells at the indication concentraBoafter 3 days treatment. Treatment of 0.1%
DMSO were served as a mock control on inhibitio&NV-2 replication Figures 4 and 5).

<Insert Figure4,5 here>
3.3. Compound 13c decreases the mortality of DENV-infected | CR suckling mice.

To investigate whethefl3c exerted protective effects against DENV infection vivo,
6-day-old ICR suckling mice were injected with DENMntracerebrally and with3c (1, 5, 10 and
20 mg/kg) intraperitoneally at 1, 3, and 5 daystyioiection (dpi). Mice injected with heat-inactive
DENV-2 (iDENV) were used as mock controls. Survivedtes and clinical scores of
DENV-infected mice treated with or withodBc were measured daily for 6 days. As shown in
Figure 6A, DENV-infected mice that were not treated wiit developed severe sickness leading
to death within 4—-6 dpi compared with iDENV-infedteontrol mice. In contrasf,3c at various
concentrations shielded the mice from the life-dkeaing effects of the DENV-2 infection when
compared to the nofi3c-treated mice. DENV-infected mice that did not ree€l3c developed
severe paralysis, anorexia, and asthenia and lbstheir body weight compared with
IDENV-treated mice at 6 dpiF{gure 6B and 6C). In contrast, DENV-infected mice trelatath
13c showed slight paralysis, anorexia, and asthemapened with iDENV-infected mice at 6 dpi
(Figure 6B and 6C).

<Insert Figure6 here>
4. Conclusion

We have identified 4-[5-(6-fluoroquinolin-2-yl)-3{methoxyphenyl)-H-pyrazol-1-yl]-

benzenesulfonamideldc) as a potential anti-DENV agent which exhibitega@tent inhibitory

activity against DENV-2 (16 = 0.81uM, Sl > 246.91) and was more active than the pasiti
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ribavirin (ICsp = 12.61uM, Sl = 4.47). It was also potent inhibited othercstypes of DENV.
Furthermore, it can effectively protect mice fronkV infection by reducing disease symptoms
and mortality of DENV-infected mice. It represemtspotential antiviral agent to block DENV
replicationin vitro andin vivo. Further structural optimization of compout®t is ongoing.
5. Experimental
5.1. General
Melting points were determined on an Electrotheri#®100 melting point apparatus and are
uncorrected. IR spectra were measured using a rP&kner System-2000 spectrometer. UV
spectra Xmax in nm) were recorded in spectroscopic grade Me@® a Shimadzu UV-160A
UV-vis spectrophptometer. Nuclear magnetic resoaaftd and*>C) spectra were recorded on a
Varian Gemini 200 spectrometer orarian-Unity-400 spectrometer. Chemical shifts were
expressed in parts per milliod)(with tetramethylsilane (TMS) as an internal stmad Thin-layer
chromatography was performed on silica gel 60 F{Bdes purchased from E. Merck and Co..
Mass spectra were recorded on Bruker APEX Il (EE8dss spectrometer. The elemental analyses
were performed in the Instrument Center of NatioBelence Council at National Cheng-Kung
University and National Taiwan University using Heus CHN-O Rapid EA, and all values are
within £ 0.4% of the theoretical compositions.
5.2. General procedurefor the preparation of quinolinyl chalcones 8a-c

A mixture 6 (0.48 g, 3.0 mmol) and selenium dioxide (0.66.6,®mol) in 1,4-dioxane (50
mL) was heated at 10 for 2 h (TLC monitoring). After cooling, the mixie was treated with
5% NaHCQ aqueous (80 mL), extracted with g, (50 mL X 3), the organic layer was collected,
dried over MgS(@Q and evaporated. The crude product was crystdlliaeh EtOH to giver (0.43 g,
81%) as a white solid. Compou@d0.36 g, 2.0 mmol) and appropriate acetophenor@eriznol)
were stirred at 6C for 15 min. Aqueous solution of KOH (6 equiv) wadded and the mixture was
stirred at room temperature for 12 h (TLC monitg)inAfter the reaction reached completion, the

resulting mixture was added 1M HCI until pH 3 résdland extracted with ethyl acetate (50 mL X
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3). The organic layer was collected, dried over Kg%nd concentrated in vacuo. The crude
product was purified and crystallized with EtOHgige quinolinyl chalcone8a-c.

5.2.1. (E)-3-(6-Fluoroquinolin-2-yl)-1-phenylprop-2-en-1-one (8a). Yield: 50% as a yellow solid.
Mp. 156.7-157.%C. UV Amnaxnm (log:): 327 (4.23), 264 (4.67), 218 (4.69) in MeCGH.NMR (400
MHz, CDCk): 7.45 (dd, 1H,]) = 8.4, 2.8 Hz, Ar-H), 7.51-7.56 (m, 3H, Ar-H), 7-8064 (m, 1H,
Ar-H), 7.68 (d, 1H,J = 8.4 Hz, 3-H), 7.93 (d, 1H] = 15.6 Hz,trans-CH=), 8.10-8.17 (m, 5H,
Ar-H). *C NMR (100 MHz, CDGJ): 110.61 (dJcr = 22.0 Hz), 120.50 (dlcr = 25.8 Hz), 122.20,
127.02, 128.71 (2C), 128.77 (2C), 128.83 J&s= 9.7 Hz), 132.43 (dJcr = 9.1 Hz), 133.12,
136.14 (dJcr = 5.3 Hz), 137.78, 143.18, 145.50, 152.87J,= 3.0 Hz), 160.95 (djcr = 248.7
Hz), 190.58 (C=0). ESIMS [M+H] 278. Anal. calcd for GH1,FNO-0.5 HO: C 75.51, H 4.58, N
4.89; found C 75.50, H 4.38, N 4.65

5.2.2. (E)-1-(4-Fluorophenyl)-3-(6-fluoroquinolin-2-yl)prop-2-en-1-one (8b). Yield: 69% as a
yellow solid.Mp. 194.7-195.2C. UV Anax nm (log): 327 (4.07), 263 (4.65), 218 (4.70) in MeOH.
'H NMR (400 MHz, CDCY): 7.18-7.24 (m, 2H, Ar-H), 7.45 (dd, 1d= 8.4, 2.8 Hz, Ar-H), 7.54
(ddd, 1H,J = 9.2, 8.4, 2.8 Hz, Ar-H), 7.67 (d, 1H,= 8.4 Hz, 3-H), 7.93 (d, 1H] = 15.6 Hz,
trans-CH=) , 8.12-8.18 (m, 5H, Ar-H)**C NMR (100 MHz, CDGJ): 110.66 (dJcr = 21.9 Hz),
115.86 (2C, dJcr = 21.3 Hz), 120.58 (dlcr = 25.7 Hz), 122.37, 126.49, 128.91 Jgs= 9.8 Hz),
131.41 (2C, dJcr = 9.8 Hz), 132.42 (dlcr = 9.1 Hz), 134.12 (dlcr = 2.8 Hz), 136.20 (dlcr =
6.1 Hz), 143.28, 145.49, 152.66 (s = 3.1 Hz), 160.97 (dJcr = 248.6 Hz), 165.82 (dlcr=
253.1 Hz), 188.84 (C=0). ESIMS [M+H]296. Anal. calcd for GH1:F,NO-0.4 H,O: C 71.47, H
3.93, N 4.63; found C 71.57, H 3.96, N 4.65.

5.2.3. (E)-3-(6-Fluoroquinolin-2-yl)-1-(4-methoxyphenyl)pr op-2-en-1-one (8c). Yield: 79% as a
yellow solid.Mp. 157.7-158.8C. UV Amax Nm (log:): 333 (4.43), 264 (4.71), 218 (4.74) in MeOH.
'H NMR (400 MHz, CDCY): 3.91 (s, 3H, OCH), 7.01 (d, 2H,) = 8.8 Hz, Ar-H), 7.44 (dd, 1H] =
8.8, 2.8 Hz, Ar-H), 7.52 (ddd, 1H,= 9.2, 8.4, 2.8 Hz, Ar-H) , 7.67 (d, 18 = 8.4 Hz, 3-H), 7.92
(d, 1H,J = 15.6 Hz,trans-CH=) , 8.12-8.19 (m, 5H, Ar-H)*C NMR (100 MHz, CDCJ): 55.51,
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110.62 (dJcr = 21.9 Hz), 113.92 (2C), 120.43 (@ = 25.7 Hz), 122.29, 126.92, 128.80 Jg; =
9.8 Hz), 130.76, 131.14 (2C), 132.37 Jg; = 9.1 Hz), 136.09 (dJcr = 5.3 Hz), 142.30, 145.48,
153.05 (dJcr = 3.0 Hz), 160.87 (dlcr = 248.7 Hz), 163.70, 188.66 (C=0). ESIMS [M+H308.
Anal. calcd for GgH14FNO,- 0.5 HO: C 72.14, H 4.78, N 4.43; found C 72.15, H 41S4.18.

5.3. General procedure for the preparation of 1,3,5-trisubstituted pyrazole derivatives 9a-10c
via cyclocondensation of quinolinyl chalcones 8a-c and phenylhydrazines.

To a solution of quinolinyl chalcone®a, 8b or 8¢ (2 mmol) in EtOH (10 mL) was added
phenylhydrazine (2.1 mmol). The resulting solutwas refluxed until the reaction was completed
as monitored by TLC (ca. 18 h). The solvent waspevated in vacuo, and then added
2,3-dichloro-5,6-dicyanobenzoquinone (DDQ) in ligxdne (10 mL). The reaction mixture was
refluxed for 12 h (TLC monitoring) and then condedted under vacuum. The residue was
extracted with ChCl, (50 mL X 3). The organic layer was collected, driever MgSQ and
concentrated in vacuo. The crude product was jdrily silica gel column chromatography eluting
with solvent mixtures of CKCl,-MeOH (100:1, 50:1, and 20:1) to afford the pyrazol
products9a-10c.

53.1. 2-(2,3-Diphenyl-1H-pyrazol-5-yl)-6-fluoroquinoline (9a) and 2-(2,5-diphenyl-1H-
pyrazol-3-yl)-6-fluoroquinoline (10a). Compound9a was obtained in 21% vyield (0.16 g) as a
yellow solid. Mp. 153.4-154%€. R; = 0.52, (CHCI,: hexane = 3/1). U\knax nm (loge): 331 (4.10),
260 (4.78), 218 (4.78) in MeOHH NMR (400 MHz, CDCJ): 7.33-7.51 (m, 13H, Ar-H),
8.14-8.17 (m, 2H, Ar-H), 8.30 (d, 1H,= 8.8 Hz, 4-H).)*C NMR (100 MHz, CDGCJ): 106.83,
110.68 (dJcr = 21.2 Hz), 119.55 (dlcr = 25.0 Hz), 119.56, 125.41 (2C), 127.75, 128.344¢=
10.6 Hz), 128.39, 128.48 (2C), 128.77 (2C), 12§A®), 130.33, 131.88 (d¢cr = 9.1 Hz), 135.77
(d, Jcr = 5.3 Hz), 140.07, 144.87, 145.20, 151.62, 152181.30 (d,Jcr = 246.3 Hz). ESIMS
[M+H]™: 366. Anal. calcd for &H16FN3-0.1 HO: C 78.50, H 4.45, N 11.44; found C 78.37, H
4.52, N 11.45.

CompoundlOa was obtained in 36% yield (0.15 g) as a pink sdiigh. 114.5-115.2C. R; = 0.42,
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(CH.CI, : hexane = 3/1). U\kmax nm (log:): 258 (4.78), 219 (4.78) in MeOHH NMR (400 MHz,
CDCly): 7.25-7.30 (m, 2H, Ar-H), 7.34-7.51 (m, 10H, A);H.96-8.01 (m, 4H, Ar-H)**C NMR
(100 MHz, CDC}): 106.62, 110.57 (dlcr = 22.0 Hz), 120.26 (dlce = 25.8 Hz), 121.87, 125.54
(2C), 125.88 (2C), 127.68 (der = 9.8 Hz), 127.80, 128.11, 128.65 (2C), 128.93)(433.14 (d,
Jor = 9.1 Hz), 132.82, 135.55 (der = 5.3 Hz), 140.48, 143.56, 144.99, 148.81J,= 3.0 Hz),
152.23, 160.77 (dJce = 247.8 Hz). ESIMS [M+H} 366. Anal. calcd for gHieFN3-0.1 HO: C
78.50, H 4.45, N 11.44; found C 78.22, H 4.54, NB¥1

5.3.2. 6-Fluor o-2-[5-(4-fluor ophenyl)-1-phenyl-1H-pyrazol-3-yl]quinoline (9b) and
6-fluor 0-2-[3-(4-fluor ophenyl)-1-phenyl-1H-pyrazol-5-yl]quinoline (10b) Compound9b was
obtained in 22% yield (0.17 g) as a yellow solip.M78.0-178.%&. R = 0.63, (CHCI, : hexane =
4/1). UV Amaxnm (log:): 330 (4.12), 259 (4.80), 219 (4.81) in MeO#L NMR (400 MHz, CDCJ):
7.01-7.06 (m, 2H, Ar-H), 7.27-7.32 (m, 2H, Ar-H).32 (s, 1H, pyrazolyl-H), 7.35-7.51 (m, 7H,
Ar-H), 8.13-8.17 (m, 2H, Ar-H), 8.29 (d, 1H, = 9.2 Hz, 4-H).**C NMR (100 MHz, CDQ):
106.81, 110.69 (dlcr = 22.0 Hz), 115.65 (2C, der = 21.2 HZ), 119.50, 119.60 (@ = 25.0 Hz),
125.41 (2C), 126.45 (dcr = 2.8 Hz), 127.89, 128.36 (dsr = 9.8 Hz), 129.07 (2C), 130.59 (2C, d,
Jor = 7.6 Hz), 131.86 (dlcr = 9.1 Hz), 135.80 (dlcr = 5.3 Hz), 139.87, 143.84, 145.18, 151.47 (d,
Jor = 3.0 Hz), 152.34, 160.26 (dr = 234.0 Hz), 162.33 (dcr = 234.1 Hz). ESIMS [M+H] 384.
Anal. calcd for Anal. calcd for £4H1sFN3-0.1 HO: C 74.83, H 3.98, N 10.91; found C 74.68, H
4.16, N 10.87.

CompoundlOb was obtained in 35% vyield (0.19 g) as a yellowidsdVp. 68.8-69.8C. R = 0.58,
(CH.Cl, : hexane = 4/1). U\lmax nm (log): 323 (4.07), 260 (4.81), 219 (4.81) in MeOH. NMR
(400 MHz, CDC4): 7.11-7.15 (m, 2H, Ar-H), 7.20 (s, 1H, pyrazoly); 7.34-7.52 (m, 8H, Ar-H),
7.92-8.01 (m, 4H, Ar-H) , 8.00 (d, 2H,= 8.4 Hz, 4-H)."*C NMR (100 MHz, CDG)): 106.38,
110.59 (dJer = 22.0 Hz), 115.59 (2C, der = 21.2 Hz), 120.33 (dler = 25.0 Hz), 121.82, 125.51
(2C), 127.57 (dJcr = 9.8 Hz), 127.70 (2C, dcr = 9.9 Hz), 127.89, 128.98 (2C), 132.13 Jgk =

9.1 Hz), 135.59 (dJcr = 6.0 Hz), 135.82 (dlce = 2.8 Hz), 140.36, 143.69, 144.99, 148.6(¢,=
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2.8 Hz), 151.36, 160.78 (der = 247.8 Hz), 162.82 (dcr = 244.7 Hz). ESIMS [M+H] 384. Anal.
calcd for G4H1sFN3-0.1 HO: C 74.83, H 3.98, N 10.91; found C 74.99, H 4183,0.61.

5.33.  6-Fluoro-2-[5-(4-methoxyphenyl)-1-phenyl-1H-pyrazol-3-yl]quinoline  (9¢) and
6-fluor o-2-[3-(4-methoxyphenyl)-1-phenyl-1H-pyr azol-5-yl]quinoline (10c). Compound9c was
obtained in 23% vyield (0.18 g) as a white solid..NIp5.3-176.8C. R = 0.52, (CHCI, : hexane =
4/1). UV hnaxnm (log) : 331 (4.12), 261 (4.81), 219 (4.81) in MeOH. NMR (400 MHz, CDCJ):
3.82 (s, 3H, OCh), 6.86 (d, 2HJ = 8.8 Hz, ArH), 7.25 (d, 2HJ = 8.8 Hz, Ar-H), 7.30 (s, 1H,
pyrazolyl-H), 7.32-7.51 (m, 7H, Ar-H), 8.13-8.17 (&H, Ar-H), 8.29 (d, 1HJ = 8.4 Hz, 4-H)*C
NMR (100 MHz, CDCJ): 55.25, 106.28, 110.67 (der = 22.0 Hz), 113.93 (2C), 119.52 (=
25.7 Hz), 119.57, 122.73, 125.41 (2C), 127.66,328d,Jce = 9.1 Hz), 128.96 (2C), 130.07 (2C),
131.86 (dJce = 9.1 Hz), 135.73 (dlcr = 5.3 Hz), 140.18, 144.73, 145.19, 151.71)(#= 2.3 Hz),
152.19, 159.63, 160.28 (dgr = 246.2 Hz). ESIMS [M+H] 396. Anal. calcd for gH;gFNsO: C
75.93, H 4.59, N 10.63; found C 75.63, H 4.61, NB&0

CompoundlOc was obtained in 40% yield (0.32 g) as a whitedsdlip. 142.8-143.%. R = 0.51,
(CH.Cl : hexane = 4/1). U\lmax nm (log) : 260 (4.81), 219 (4.82) in MeOHH NMR (400 MHz,
CDCl): 3.86 (s, 3H, OCh), 6.98 (d, 2H,) = 8.8 Hz, Ar-H), 7.18 (s, 1H, pyrazolyl-H), 7.27, (tH,

J = 9.2 Hz, Ar-H), 7.33-7.51 (m, 7H, Ar-H), 7.89 (8H, J = 8.8 Hz, Ar-H) , 7.98-8.01 (m, 2H,
ArH). *C NMR (100 MHz, CDGJ): 55.31, 106.22, 110.57 (der = 21.9 Hz), 114.06 (2C), 120.24
(d, Jcr = 25.7 Hz), 121.90, 125.51 (2C), 125.59, 127.16)(A27.61, 127.70, 128.92 (2C), 132.13
(d, Jce = 9.1 Hz), 135.51 (dlcr = 5.3 Hz), 140.49, 143.46, 144.99, 148.90)(¢ = 3.1 Hz), 152.08,
159.67, 160.74 (dlcr = 247.8 Hz). ESIMS [M+H] 396. Anal. calcd for gH1sFNsO: C 75.93, H
4.59, N 10.63; found C 75.95, H 4.61, N 10.83.

5.4. General procedure for the preparation of 1,3,5-trisubstituted pyrazole derivatives
11a-13c via cyclocondensation of quinolinyl chalcones 8a-c and 4-substituted
phenylhydrazines.

To a solution of quinolinyl chalcone®a, 8b or 8c (2 mmol) in EtOH (10 mL) was added
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4-substituted phenylhydrazine hydrochloride (2.1af)mThe resulting solution was refluxed until
the reaction was completed as monitored by TLCLg&&). The solvent was evaporated in vacuo,
and purified by flash chromatography on silica geding CHCIl,/ MeOH(20:1) as eluant and
recrystallized with EtOH to afford the pyrazole guats (1a-13c).

5.4.1. 6-Fluoro-2-[1-(4-fluorophenyl)-3-phenyl-1H-pyrazol-5-yl]quinoline (11a). Yield 54% as
a yellow solid. Mp. 151.2-152°8. UV Anax N (log:) : 323 (4.17), 246 (4.59) 222 (4.52) in MeOH.
'H NMR (400 MHz, CDCJ): 7.05-7.10 (m, 2H, Ar-H), 7.23 (s, 1H, pyrazoly}; 7.35-7.51 (m, 8H,
Ar-H), 7.92-7.96 (m, 3H, Ar-H), 8.04 (d, 1H,= 8.4 Hz, 4-H).”*C NMR (100 MHz, CDGJ):
106.45, 110.60 (dlce = 22.0 Hz), 115.73 (2C, der = 22.7 Hz), 120.39 (dlcr = 25.8 Hz), 121.66,
125.88 (2C), 127.47 (dcr = 8.3 Hz), 127.69 (dlcr = 9.9 Hz), 128.21, 128.70 (2C), 132.12 (2C, d,
Jer = 9.1 Hz), 132.69, 135.76, 136.87, 143.56, 144198.48, 152.26, 160.83 (dsr = 247.9 Hz),
161.92 (d Jcr = 245.7 Hz). ESIMS [M+H] 384. Anal. calcd for gHisF2N3: C 75.19, H 3.94, N
10.96; found C 75.30, H 3.63, N 10.87.

5.4.2. 2-[1,3-Bis(4-fluorophenyl)-1H-pyrazol-5-yl]-6-fluoroquinoline (11b). Yield 57% as a
yellow solid. Mp. 188.2-189%€. UV Anax nm (log) : 326 (4.08), 262 (4.61) 220 (4.51) in MeOH.
H NMR (400 MHz, CDCJ): 7.06-7.16 (m, 4H, ArH), 7.18 (s, 1H, pyrazoly};H.35 (d, 1HJ =
8.8 Hz, ArH), 7.40-7.52 (m, 4H, ArH), 7.90-7.96 (8H, Ar-H), 8.04 (d, 1HJ = 8.8 Hz, 4-H)**C
NMR (100 MHz, CDC}): 106.23, 110.61 (dlcr = 21.9 Hz), 115.64 (2C, der = 21.3 Hz), 115.78
(2C, d,Jcr = 22.7 Hz), 120.45 (dcr = 25.7 Hz), 121.61, 127.39 (2C, 4 = 9.1 Hz), 127.55 (2C,
d, Jcr = 8.4 Hz), 127.69 (d)cr = 10.6 Hz), 128.87 (dlcr = 3.1 Hz), 132.08 (dJcr = 9.1 Hz),
135.83 (dJcr= 5.3 Hz), 136.67 (dlce = 3.0 Hz), 143.65, 144.88, 148.29 Jg; = 3.1 Hz), 151.35,
160.82 (d,Jcr = 247.8 Hz), 161.91 (dicr = 246.3 Hz), 162.84 (dcr = 245.6 Hz). ESIMS [M+H]
402. Anal. calcd for @&H14F3N3: C 71.82, H 3.52, N 10.47; found C 71.98, H 312110.40.

5.4.3. 6-Fluoro-2-(1-(4-fluorophenyl)-3-(4-methoxyphenyl)-1H-pyrazol-5-yl)quinoline (11c).
Yield 59% as a yellow solid. Mp. 180.4-18%06 UV Amax Nm (log) : 326 (4.17), 262 (4.62), 221
(4.51) in MeOH.!H NMR (400 MHz, CDC}): 3.86 (s, 3H, OCH), 6.96-7.10 (m, 4H, Ar-H), 7.16
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(s, 1H, pyrazolyl-H), 7.35 (d, 1H, = 8.8 Hz, Ar-H), 7.39-7.51 (m, 4H, Ar-H), 7.86-7.8%, 2H,
Ar-H), 7.94 (dd, 1HJ = 9.2, 5.2 Hz, Ar-H), 8.03 (d, 1H), = 8.4 Hz, 4-H).X*C NMR (100 MHz,
CDCly): 55.31, 106.05, 110.59 (dcr = 21.2 Hz), 114.07 (2C), 115.72 (2C, X = 22.7 Hz),
120.36 (dJcr = 25.9 Hz), 121.68, 125.39, 127.13 (2C), 127.39, @ Jcr = 9.1 Hz), 127.65 (dlcr

= 9.9 Hz), 132.08 (dJcr = 9.1 Hz), 135.74 (dJcr = 5.3 Hz), 136.80 (dJcr = 3.1 Hz), 143.44,
144.88, 148.51 (dlce = 3.0 Hz), 152.07, 159.71, 160.77 Jgi = 247.8 Hz), 161.82 (dcr = 246.3
Hz). ESIMS [M+HT: 414. Anal. calcd for gH17FN30: C 72.63, H 4.14, N 10.16; found C 72.86,
H 4.23, N 9.94.

5.4.4. 6-Fluoro-2-[1-(4-methoxyphenyl)-3-phenyl-1H-pyrazol-5-yl]quinoline (12a). Yield: 58%
as a brown solid. Mp. 203.6-204G UV Amax M (log) : 258 (4.72), 215 (4.81) in MeOHH
NMR (400 MHz, CDCY): 3.83 (s, 3H, OCh), 6.88-6.91 (m, 2H, Ar-H), 7.25 (s, 1H, pyrazol);
7.26-7.27 (m, 1H, Ar-H), 7.33-7.53 (m, 7H, Ar-H)9%-8.05 (m, 4H, Ar-H)**C NMR (100 MHz,
CDCly): 55.52, 106.17, 110.55 (dgr = 21.9 Hz), 114.11 (2C), 120.24 @ = 25.0 Hz), 121.80,
125.84 (2C), 126.95 (2C), 127.63 (¢ = 9.9 Hz), 128.01, 128.63 (2C), 132.12 Jg&: = 9.1 Hz),
132.89, 133.67, 135.51 (dr = 5.3 Hz), 143.56, 144.98, 148.83 Jd = 3.0 Hz), 151.91, 159.15,
160.73 (d Jcr = 247.8 Hz). ESIMS [M+H]. 396. Anal. calcd for §H1gFN;O-0.1 H,O: C 75.59, H
4.62, N 10.58; found: C 75.49, H 4.47, N 10.54.

5.4.5. 6-Fluoro-2-[3-(4-fluorophenyl)-1-(4-methoxyphenyl)-1H-pyrazol-5-yl]quinoline (12b).
Yield: 59% as a brown solid. Mp. 167.5-16%3 UV Amax NM (log) : 259 (4.84), 219 (4.84) in
MeOH. 'H NMR (400 MHz, CDC}): 3.83 (s, 3H, OCBH), 6.88-6.92 (m, 2H, Ar-H), 7.10-7.15 (m,
2H, Ar-H), 7.19 (s, 1H, pyrazolyl-H), 7.24 (d, 18i= 8.8 Hz, Ar-H), 7.33-7.36 (m, 2H, Ar-H), 7.40
(dd, 1H,J = 8.8, 2.8 Hz, Ar-H), 7.47-7.52 (m, 1H, Ar-H) , 8:9.94 (m, 2H, Ar-H) , 7.98 (d, 1H,

= 8.8 Hz, 4-H) , 8.03 (dd, 1H,= 9.2, 5.6 Hz, Ar-H)*C NMR (100 MHz, CDGJ): 55.53, 105.91
(d, Jcr = 22.0 Hz), 114.15 (2C), 114.19, 115.55 Jgs = 22.0 Hz), 120.28 (dJcr = 25.7 Hz),
121.74, 126.91 (2C), 127.52 (2C, X = 8.4 Hz), 127.65 (dlcr = 9.9 Hz), 129.13 (dJcr = 3.0

Hz), 132.13 (dJcr = 9.1 Hz), 133.55, 135.53 (dsr = 5.3 Hz), 143.72, 144.99, 148.71 Jdr = 3.0
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Hz), 151.03, 159.20, 160.75 (@ = 247.8 Hz), 162.76 (dice = 245.5 Hz). ESIMS [M+H] 414.
Anal. calcd for GsH17F:N30-0.2 HO: C 72.00, H 4.21, N 10.08; found C 71.90, H 4183.79.
5.4.6. 2-[1,3-Bis(4-methoxyphenyl)-1H-pyrazol-5-yl]-6-fluoroquinoline (12c). Yield: 62% as a
brown solid. Mp.63.5-63.9C. UV Amaxnm (log) : 261 (4.85), 218 (4.86) in MeOHH NMR (400
MHz, CDCL): 3.83 (s, 3H, OC}), 3.86 (s, 3H, OC}J, 6.88-6.90 (m, 2H, Ar-H), 6.96-6.99 (m, 2H,
Ar-H), 7.17 (s, 1H, pyrazolyl-H), 7.25 (d, 1d,= 8.8 Hz, Ar-H), 7.334-7.37 (m, 2H, Ar-H), 7.40
(dd, 1H,J = 8.8, 2.8 Hz, Ar-H), 7.47-7.52 (m, 1H, Ar-H), 7-880 (m, 2H, Ar-H), 7.98 (d, 1H},=
8.8 Hz, 4-H) , 8.03 (dd, 1H] = 8.8, 5.2 Hz, Ar-H)*C NMR (100 MHz, CDGJ): 55.30, 55.53,
105.71, 110.54 (djce = 22.0 Hz), 114.04 (2C), 114.11 (2C), 120.19%g; = 25.0 Hz), 121.82,
125.71, 126.94 (2C), 127.12 (2C), 127.58 Je& = 9.8 Hz), 132.15 (dJcr = 9.1 Hz), 133.75,
135.45 (dJcr = 5.3 Hz), 143.53, 145.03, 148.96, 151.78, 1591H9.60, 160.72 (dJcr = 247.9
Hz). ESIMS [M+H]": 426. Anal. calcd for gH,0FNsO»: C 73.40, H 4.74, N 9.88; found C 73.29,
H 4.95, N 9.84.

5.4.7. 4-[5-(6-Fluor oquinolin-2-yl)-3-phenyl-1H-pyrazol-1-yl]benzenesulfonamide (13a). Yield:
55% as a brown solid. Mp. 244.5~2883UV Anaxnm (log) : 260 (4.86), 219 (4.86) in MeOHH
NMR (400 MHz, DMSOsg): 7.39-7.44 (m, 1H, Ar-H), 7.49-7.52 (m, 4H, Ar-H}.68 (s, 1H,
pyrazolyl-H), 7.61-7.75 (m, 4H, Ar-H), 7.82-7.89 (AH, Ar-H), 7.99-8.01 (m, 2H, Ar-H), 8.46 (d,
1H, J = 8.4 Hz, 4-H).**C NMR (100 MHz, DMSOdg): 107.58, 111.11 (dlcr = 22.0 Hz), 120.37
(d, Jcr = 25.8 Hz), 121.94, 125.53 (2C), 125.70 (2C), 2262C), 127.67 (dlcr = 9.8 Hz), 128.45,
128.88 (2C), 131.62 (dicr = 9.1 Hz), 132.12, 136.74 (der = 5.3 Hz), 142.90 , 142.95, 143.29,
144.02, 147.97 (dlcr = 2.3 Hz), 151.65, 160.24 (der = 244.8 Hz). ESIMS [M+H] 445. Anal.
calcd for G4H17FN4O,S: C 64.85, H 3.86, N 12.60; found C 64.60, H 3194,2.45.

54.8.  4-[3-(4-Fluorophenyl)-5-(6-fluoroquinolin-2-yl)-1H-pyr azol-1-yl]|benzenesulfonamide
(13b). Yield: 48%as a green solid. Mp. 236.5-23%C7 UV Amax NM (log:): 332 (4.10), 260 (4.61),
224 (4.52) in MeOH'H NMR (400 MHz, DMSOd): 7.32-7.37 (m, 2H, Ar-H), 7.49 (s, 2H, NH
7.67 (s, 1H, pyrazolyl-H), 7.60-7.75 (m, 4H, Ar-H),82-7.88 (m, 4H, Ar-H), 8.02-8.05 (m, 2H,
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Ar-H), 8.46 (d, 1H,J = 8.8 Hz, 4-H).**C NMR (100 MHz, DMSOdg): 107.50, 111.10 (dJcr =
22.0 Hz), 115.79 (2C, dicr = 21.3 Hz), 120.38 (dlcr = 25.8 Hz), 121.90, 125.68 (2C), 126.27
(2C), 127.59 (2C, dcr = 8.3 Hz), 127.67 (dlcr = 9.1 Hz), 128.70 (dlcr = 3.0 Hz), 131.61 (dlcr

= 9.8 Hz), 136.74 (dJcr = 5.3 Hz), 142.87, 142.93, 143.37, 144.01, 14719D,76, 160.04 (dlcr

= 244.8 Hz), 162.25 (dicr = 244.0 Hz). ESIMS [M+H]. 463. Anal. calcd for &H16F-N40,S- 0.5
H,O: C 61.14, H 3.63, N 11.88; found C 61.43, H 3M@,1.76.

5.4.9. 4-[5-(6-Fluoroquinolin-2-yl)-3-(4-methoxyphenyl)-1H-pyrazol-1-yl]benzenesulfonamide
(13c). Yield 53% as a yellow solid. Mp. 233.1-284 UV Amaxnm (log) : 262(4.89), 219 (4.89) in
MeOH.*H NMR (400 MHz, DMSO#): 3.37 (s, 3H, OCH), 7.05-7.07 (m, 2H, Ar-H), 7.49 (s, 2H,
NH,), 7.58 (s, 1H, pyrazolyl-H), 7.59-7.76 (m, 5H, Bj; 7.82-7.93 (m, 6H, Ar-H), 8.46 (d, 1H,

= 8.8Hz, 4-H).**C NMR (100 MHz, DMSOde): 55.20, 107.21, 111.11 (der = 22.0 Hz), 114.27
(2C), 120.36 (dJcr = 25.7 Hz), 121.95, 124.70, 125.58 (2C), 126.23)(226.92 (2C), 127.66 (d,
Jor = 11.3 Hz), 131.63 (dlcr = 9.9 Hz), 136.71 (dlcr = 5.3 Hz), 142.73, 143.00, 143.18, 144.05,
148.09 (dJcr = 3.0 Hz), 151.59, 159.52, 160.04 {di = 244.8 Hz). ESIMS [M+H} 475. Anal.
calcd for GsH1gFN4O3S- 0.5 H,O: C 62.10, H 4.17, N 11.59; found C 61.72, H 3183,1.51.

5.5. Cytotoxicity and antiviral activity assays

5.5.1. Compounds

Compounds were dissolved in DMSO at 10 mM and thiered in culture medium.

5.5.2. Cellsand virus

Human hepatoma Huh-7 cells were purchased fromeBaurces Collection and Research Center,
Taiwan. Huh-7-DV-Fluc cells and C6/36 cells wereddy provided by Dr Huey Nan Wu, Institute
of Molecular Biology, Academia Sinica, Taipei, Tamy ROC. The DENV-2 strain 16681 was
isolated from a patient with dengue hemorrhage rfgi@HF) from Thailand [31], and was
amplified in C6/36 mosquito cells.

5.5.3. Cytotoxicity assays

For cytotoxicity tests, run in parallel with antiai assays, plates at an initial density of (5 £ 10
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cells/well), in maintenance medium, with or witha@est compounds at two concentrations (20 and
200 uM) or 0.1% DMSO as control. Cell viability was deténed after 3 days at 37T in a
humidified CQ (5%) atmosphere by the (2,3-bis [2-methyloxy-4eai-sulfophenyl]-B-
tetrazolium-5-carboxanilide) (XTT) method [32].

5.5.4. Analysis of luciferase activity

Huh-7-DV-Fluc cells were seeded in 24-well platésaadensity of 2x 10 cells per well, and
treated with the diarylpyrazolylquinoline compouratgwo concentrations (1 and M) or 0.1%
DMSO as control. After 3 days of incubation, theiflerase activity assay was performed using the
Bright-Glo Luciferase assay system (Promega) aaegitd the manufacturer’s instructions.

5.5.5. Immunaoblot analysis

The standard procedure was followed to perform evadblotting as described previously [33]. The
membranes were incubated overnight with rabbit @dohal antibodies against NS2B {000,
Genetex, Irvine, CA, USA) and GAPDH (110000, Genetex, Irvine, CA, USA) serving as loading
control.

5.5.6. Quantification of DENV RNA

Total cellular RNA was extracted after 3 days commts treatment through Total RNA Miniprep
Purification Kit (GMbiolab, Taiwan) according toghmanufacturer’s instructions. The expression
of DENV NS5 mRNA level was determine through quigcdiion real-time RT-PCR (RT-PCR)
with specific primers corresponding to the DENV NgHe: Forward primer, 5-AAG GTG AGA
AGC AAT GCA GC-3 reverse primer, 5-CCA CTC AGG GAG TTC TCT CT-3. Tdopy number

of NS5 in each sample was normalized to cellulardogenous reference gene
glyceraldehydes-3-phosphate dehydrogenase (gagettmward primer: 5-GTC TTC ACC ACC
ATG GAG AA-3 and Reverse primer: 5-ATG GCA TGG AGITG GTC AT-3. The CT value of
each sample was determined by the ABI Step One Rew PCR-System (ABI Warrington, UK).
5.5.7. DENV infection assay

Huh-7 cells were seeded at the density of 4 Xcklls/well in the 24 well culture plate for 16-20
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hours and then infected with DENV-2 (16681 strainan MOI of 0.1 for 2 hours at 3. Cells

were washed with PBS once and then re-filled wikhEM-2% FBS medium containing various
indicating concentration df3c.

5.5.8. Anti-DENV activity assay in vivo

Six-days-old ICR suckling mice were randomly diddmto 3 groups (n = 5/group): Group 1:
intracerebrally injected 2.5x1pfu 60°C heat-inactive DENV (iDENV). Group 2: interebrally
injected 2.5x1®0pfu DENV + intraperitoneally injected saline (DENWproup 3; intracerebrally
injected 2.5x1®0pfu DENV virus+ intraperitoneally injected 1, 5, 46d 20 mg/kd.3c. Mice were
given saline, 1, 5, 10 and 20 mg/k8c by intraperitoneal injection at 1, 3, 5 days po$tction
(D.P.1). The survival rate, body weight and cliisaore were measured every day after DENV
injection. lllness symptom were scored ad followpOno symptom; 1 for slight losing weight and
ruffled hair; 2 for slowing of activity; 3 for asthia; 4 for paralysis and mortally ill; 5 for death
[34].

5.5.9. Statistical analysis

The results were expressed as meanstS.D. Diffegseimcanean values between groups were
analyzed by a one-way analysis of variance (ANOWAY Student's t-test. For the septic shock
assay, we used the log-rank test. Statistical fsogmce was assessed as p<0.05 [*p<0.05;
**p<0.01].
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Figure captions:

Figure 1. The structure of quinoline and pyrazole derivatives

Figure 2. ORTEP diagram of 6-fluoro-2-[3-(4-methoxyphenyiphienyl-H-pyrazol-5-yl]
quinoline @c) (A) and 6-fluoro-2-[5-(4-methoxyphenyl)-1-pheniH-pyrazol-3-yl]quinoline {0c)
(B).

Figure 3. The chemical shift differences for pyrazole 5-Hefgioisomers9c (N, substituted) and
10c (N3 substituted) in both CDghnd in DMSO¢.

Figure 4. Inhibition of DENV-2 RNA expression in DENV-infeed Huh-7 cells byl3c.
DENV-infected Huh-7 cells were treated with 0.5215 and 5uM of 13c for 3 days. Total RNA
was extracted and quantified DENV2 RNA levels by-§ACR. DENV2 RNA expression was
normalized by cellular GAPDH mRNA. Treatment wittl® DMSO served as a mock control.
The results are expressed as the means + staneldadiohs (SD) of triplicate experiments.

Figure 5. Inhibition of DENV-2 protein expression in DENVfetted Huh-7 cells byl3c.
DENV-infected Huh-7 cells were treated with 0.5,215 and 5uM of 13c for 3 days. Total cell
lysate was collected for performing western blgttio analyze DENV protein synthesis. Levels of
GAPDH were used as equal loading control.

Figure 6. 13c shows therapeutic efficacy in DENV-infected ICRclding mice. Six-day-old ICR
suckling mice were injected with 2.5 x°1pfu DENV-2 intracerebrally and with 1, 5, 10 an@l 2
mg/kg of 13c intraperitoneally at 1, 3 and 5 dpi. (A) Survivate, (B) clinical score, and (C) body
weight of the mice were measured every day afterDENV injection. Illness symptoms were
scored as follow: 0, no symptom; 1, slight weigigdd and ruffled hair; 2, slow activity; 3, asthenia

and anorexia; 4, paralysis and fatal illness; andeath.
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Table 1. The crystallographic data and structure refinendetdils of9c and10c.

Identification code 9c 10c
Empirical formula CosH18FN3O CosH1gFN3O
Formula weight 395.42 395.42
Temperature 100(2) K 100(2) K
Wavelength 0.71073 A 0.71073 A
Crystal system, space group Triclinic, P -1 Monoclinic, P 1 21/c 1

Unit cell dimensions

Volume
Z, Calculated density
Absorption coefficient
F(000)
Crystal size
Theta range for data

collection

Limiting indices

Reflections collected/unique
Completeness to
Absorption correction
Max. and min. transmission
Refinement method
Data/restraints/parameters

Goodness-of-fit on F2

a = 6.262(3) A= 68.380(11)°

c=13.502(6) A y=83.998(12)°

935.0(8) A3
2, 1.405 Mg/md
0.094 mml

412

0.20 x 0.05 x 0.05 dm
1.62 to 26.51°

-4<=h<=7, -14<=k<=14,
-16<=I<=16
13276/3808 [R(int).62A58]
0 =26.51, 98.3 %
Semi-empirical from equivaten
0.9486 and 0.8995
Full-matrix least-squares én F
3808/0/272

1.006

25

a =12.8551(14) Aa= 90°

b=11.961(5)A PB=87.617(13)° b =14.1552(15) Ap= 98.879(2)°

¢ =10.8351(13) Ay =90°
1948.0(4) B
4,1.348 Mg/
0.091 mml
824

0.30 x 0.30 x 0.08 méh
1.60 to 26.41°

-16<=h<=15, -15<=k<=17,

-13<=I<=13

16028/3984 [R(int) = 0.0338]

0 =26.41,99.6 %

Semi-empirical from equivalents

0.24160.8609

Full-matrix least-squares o F

3984212

1.019



Final R indices [I >& ()] R1 =0.0370, wR2 = 0.0865 R1 = 0.0358, wR2.6834
R indices (all data) R1 =0.0536, wR2 = 0.0952 RAL0G495, wR2 = 0.0904

Largest diff. peak and hole 0.215 and -0.2803.A 0.222 and -0.228 e:R
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Table 2. Comparative studies on the chemical shifts’fdr™NMR signals of the pyrrazoyl part of

diarylpyrazolylquinoline derivatives.

9a-c R,

Pyrazole-5H chemical shift (ppm)

Compounds R; R>
N-2-Aryl N-3-Aryl

%a H - 7.38 -

9b F - 7.34 -

9 OMe  -- 7.3G (7.29¥ -
10a H H - 7.25
10b F H - 7.20"
10c OMe H - 7.18 (7.49%
1l1a H F -- 7.23
11b F F - 7.1¢
11c OMe F - 7.16
12a H OMe - 7.25'
12b F OMe - 7.19
12¢ OMe OMe - 717
13a H  SONH; - 7.68
13b F SONH; - 7.67
13c OMe SO,NH; - 7.58

3CDCl: "DMSO-dg
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Table 3. Anti-DENV-2 activities and cytotoxicities of diagyyrazolylquinoline derivatives.

DENV-2 Huh-7 cell
compounds | % Inhibitionat1 % Inhibition at 10| % viability at 20 % viability at 200
UM UM UM UM

%9a 521+ 3.1 1531+ 2.3 124,10+ 7.48 115.31% 11.43
9% 358+ 1.7 6.14+ 2.1 88.26 £ 9.46 89.721f 1.71
9c 414+ 2.3 7.15+ 1.9 95.56 £ 5.07 93.68+ 5.75
10a 3.02+ 1.8 513f 14 125.54* 6.35 98.29+* 7.59
10b 11.23+ 2.8 25.39f 34 88.13* 1.84 87.49% 7.61
10c 531+ 1.6 8.09% 2.3 103.99+ 3.75 98.90+ 9.26
11a 436+ 1.7 831% 15 97.82* 3.68 91.56+ 3.85
11b 891+ 1.3 22.35% 1.7 95.32f 2.61 86.51% 451
11c 4142+ 2.4 55.32+ 1.8 98.75+ 2.87 95.37 3.64
12a 781+ 25 20.68 £ 3.7 115.73% 3.28 97.35+% 8.21
12b 6.12+ 2.1 15.83+f 3.2 89.08 £ 8.16 52.55* 1.89
12¢ 46.87+ 5.3 65.71f 4.1 95.81+* 4.82 98.40* 16.44
13a 452+ 2.7 11.81+ 1.9 89.22* 4.03 83.64+ 2.68
13b 571+ 1.7 12.75+% 3.8 91.12% 2.04 4297t 2.47
13c 58.96 = 2.8 85.34f 6.7 83.71% 252 89.53% 241
ribavirin 10.14+ 1.98 32.53% 2.3 71.37% 1.31 26.78* 1.59
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Table 4. Anti-DENV-2 activities [IGo (uM)] ®of the compounds tested.

Compounds (=5 CGs I
11c 1.36 £ 0.13 > 200 > 147.06
12¢ 1.09 £ 0.15 > 200 > 183.49
13c 0.81 + 0.07 > 200 > 246.91

ribavirin 12.61+f 1.17 56.31+ 2.32 4.47

& The 1Gyg is the concentration of the compound resulting 50% inhibition in virus production.

P The CGy is the concentration of the compound causing a §@th inhibition of uninfected
Huh-7 cells.

°Sl: selectivity index. SI = C£&/ICsp.
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Table 5. Anti-DENV-1-4 activity of 13c.

ICs0 (uM)*®

DENV-1 DENV-2 DENV-3 DENV-4

1.21% 0.16 0.81% 0.07 0.73+ 0.14 1.56% 0.09

& The 1Gyg is the concentration of the compound resulting 50% inhibition in virus production.
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Figure6.
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Scheme 1: Reagents and condictions: (i) SeO,, 90°C, 2h (81%); (ii) 4-substituted acetophenone
50%KOH, 0°C, 20 min.
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Scheme 2: Reagents and condictions: (i) phenylhydrazine, reflux, 6hr; (ii) DDQ, reflux, 6h; (iii) 4-
substituted phenylhydrazine hydrochloride, reflux, 24h.
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Scheme 3: Reagents and condictions: (i) 4-hydrazinobenzenesulfonamide hydrochloride, reflux,
24h (61%).
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Highlights

® Diarylpyrazolylquinoline compounds were synthesized.

® 13c was potent inhibited all four sero-types of DENV.

® 13c reduced DENYV replication in both viral protein and mRNA levels, and no
significant cell cytotoxicity was detected.

® 13c represents a potential antiviral agent to block DENV replication in vitro and in
ViVo.



