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ABSTRACT

By the antiviral screening of an in house librarfy myrazoline compounds, 4-(3-(4-
phenoxyphenyl)-5-phenyl-4,5-dihydrddipyrazol-1-yl)benzenesulfonamidBaj was identified as
a promising hit compound for the development ofi-aiellow Fever Virus(YFV) agents.
Structural optimization studies were focused ondéeelopment oba analogues which retain the
potency as YFV inhibitors and show a reduced cyioity. The synthesized 1-3,5-triphenyl-
pyrazolines 4a-j, 5a-j, 6a-j) were evaluated in cell based assays for cytotiyxend antiviral
activity against representative viruses of two lué three genera of the Flaviviridae family, i.e.:
Pestivirus (BVDV) and Flavivirus (YFV). These comymals were also tested against a large panel
of different pathogenic RNA and DNA viruses. Mosttlee new 1-3,5-triphenyl-pyrazolined&(j,
5a-j, 6a-j) exhibited a specific activity against YFV, shogi&Gs, values in the low micromolar
range with almost a 10-fold improvement in poteremympared to the reference inhibitor 6-
azauridine. However, the selectivity indexes of thmsubstituted4a-j) and the phenoxybé-j)
analogues were generally modest due to the proedumgtotoxicity against BHK-21 cells.
Otherwise, the benzyloxy derivativedafj) generally coupled high potency and selectivity. tDe
basis of both anti-YFV activity and selectivity e pyrazoline$a andéb were chosen for time of
addition experiments. The selected pyrazolinesthrdreference inhibitor 6-azauridine displayed

maximal inhibition when added in the pretreatmerduring the infection.
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1. Introduction

Viruses belonging to th&laviviridae family are a major cause of human and veterinary
infectious diseases of global importance. The famansists of four genera: Flavivirus, Pestivirus,
Hepacivirus and Pegivirus. The largest genus Hiasvcomprises more than 50 species of
arthropod-borne viruses that can infect mammaléarts birds, usually transmitted to vertebrate by
ticks or mosquitoes, and causing severe diseasks\an mortality. Yellow fever virus (YFV) is
the type member of the genus Flavivirus and wasgitstthuman pathogenic virus isolated in Ghana
in 1927. West-Nile Virus (WNV), Dengue Virus (DENVJapanese Encephalitis Virus (JEV) and
Tick-Borne Encephalitis Virus (TBEV) are other humamerging or reemerging pathogens
belonging to Flavivirus genus. The flaviviral infens result in symptoms that range from mild
febrile illness to severe hemorrhagic fever or nkagical disease. [1]

The Pestivirus genus comprises three important a@nipathogens causing significant
economic losses to the livestock industry: BovineaMDiarrhea Virus (BVDV), Classical Swine
Fever Virus (CSFV), and Border Disease Virus (BD\Z].BVDV, the type member of this genus,
can infect cattle, swine and wild ruminant causihigical manifestations including severe mucosal
ulceration of mouth, nose and intestine, in additiitm immune system dysfunction with
predisposition to secondary infections, abortiod tamatogenesis.

The Hepacivirugienus includes the hepatitis C virus (HCV), an ingot human pathogen
targeting the liver. HCV initially causes an acirtection, generally asymptomatic, the 55-85% of
infected patients develop chronic hepatitis C iti@cwith high risk of cirrhosis or liver cancer.
The WHO estimates that between 130-150 million [geeporldwide have chronic hepatitis C
infection and that about 700,000 people die eaalh fge the consequence of HCV infection. [3]

Human Pegivirus (HPgV), previously reported as GBsyC (GBV-C) or hepatitis G virus
(HGV), has been recently classified as a membehefspecies Pegivirus C in Pegivirus genus.
[4] Other members of Pegivirus C and members ofiteg A - K can persistently infect a range of
mammalian species. However, their infections arectearly related with the development of any
disease, with the exception of Theiler's diseaskarses infected with Theiler's disease associated
virus, Pegivirus D. [5]

To date, human vaccines are available only for YAFBEV and JEV. However, their
utilization encounters limitations and difficultieand many thousands of Flaviviridae infections
continue to occur each year in the endemic aregsaiticular, YF vaccine is both highly effective
and relatively safe, conferring a life-long protentagainst YF disease. Vaccine associated side
effects are usually mild while severe adverse reastto the liver, kidneys or nervous system are

uncommon (less than 1 case per 100,000 peoplenaed). However, YF vaccine is contro-



indicated for immune-suppressed individuals, peoyptd severe allergies to egg proteins, infants
under 9 months of age and pregnant women. In 18880 and UNICEF recommended that YF
vaccine be involved in routine immunization programcountries at risk in Africa and Americas.
As of 2016, YF vaccine had been introduced in rautnfant immunization programs in 35 of the
42 countries at risk. In these 42 countries, cayeria estimated at 45%. The goal is to achieve a
vaccine coverage > 80% conducting preventive massination campaigns of the populations at
risk. [6, 7]

The global, social and economic impact due to naiipand even mortality associated with
these infections, urgently demands effective thewtip interventions. Success has been recently
achieved with the introduction in therapy of theedt acting antiviral agents (DAAs) for the
treatment of hepatitis C. [3] However, to date medfic drug has been approved to combat
Flavivirus and Pestivirus infections, and patiesrecremains symptomatic.

By the antiviral screening of an in house libraryy myrazoline compounds, 4-(3-(4-
phenoxyphenyl)-5-phenyl-4,5-dihydrd4ipyrazol-1-yl)benzenesulfonamidéa) (Figure 1) was
identified as a potent inhibitor of YFV replicatiggeGCso = 2.1 uM). However, its selectivity index
(S =6.2) was modest due to the considerable ayitity (CCso = 13uM) (data not published).

As a part of our research on Flaviviridae inhitstd8, 9], in an effort to identify low
cytotoxic compounds and to retain or to improve dné-flavivirus activity of the hit compound,
5a, the 4-phenoxy substituent on the phenyl ringhet 8 position of pyrazoline moiety was
removed or replaced by a bulkier benzyloxy substitun the same position. Moreover, either
electron-donor or withdrawing groups were introdue¢ theortho, metaor para position of the 5-

phenyl substituent (Figure 1).
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Figure 1. Structure oba based 1,3,5-triphenylpirazolines designed fordénxeelopment of new

inhibitors of YFV replication.

2. Resaults and discussion
21. Chemistry

The 1,3,5-trisubstituted,5-dihydropyrazolesdé-i, 5a-j, 6a-j) were synthesized according
to Scheme 1. Chalconesa-l, 2a-j and 3a-j were obtained by Claisen-Schmidt condensation
between substituted benzaldehydes and suitablepmiones in basic alcoholic medium. The
subsequent reaction between the appropriate claleoith 4-hydrazinylbenzenesulfonamide
hydrochloridein basic alcoholic medium provided compourtdsi, 5a-j and 6a-j. The reaction
proceeds via hydrazone formation and successiviezagion to pyrazolines. The formation of the
pyrazoline derivatives was confirmed thi NMR spectra by the disappearance of signals for
olefinic protons (between 7.2 — 8.2 ppm) and thes@nce of three double doublets for the two

methylene protons in position 4 (~ 4.0 ppm andXgpm) and for the proton in position 5 (~ 5.6
ppm).



Scheme 1. Synthesis of 4-(3,5-diphenyl-4,5-dihydro-1 H-pyrazol-1-yl)benzenesulfonamides
(4a-j, Sa-j, 6a-j).
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1d,4d: R=H,R! =4-F 2d,5d: R=0Ph,R! =4-F 3d, 6d: R=0Bn, R! =4-F
le,4e: R=H,R!'=2-Cl 2e,5e: R=0Ph, R! =2-Cl 3e, 6e: R =0Bn, R' =2-Cl
1f, 4f: R=H,R!=3-Cl 2f, 5f: R=OPh,R! =3-Cl 3f, 6f: R=0Bn, R! =3-Cl
1g,4g: R=H,R!=4-Cl 2g,5g: R=0Ph,R! =4-Cl 3g, 6g: R=0Bn,R! =4-Cl
1h, 4h: R =H, R! =2-CH, 2h, 5h: R =OPh, R! =2-CH;,4 3h, 6h: R =0OBn, R! =2-CH,4
11,4i: R=H, R! =3-CH,4 21,5i: R=O0Ph,R! =3-CH, 31,6i: R=O0Bn,R'=3-CH,
1j,4j: R=H, R' =4-CH,4 2j,5j: R=O0Ph, R' =4-CH,4 3j,6j: R=O0Bn, R!=4-CH,4

2.2. Antiviral tests

Cytotoxicity and antiviral activity of the new comgnds f4a-j, 5a-j and6a-j) and reference
inhibitors are reported in Tables 1 and 2.



Each compound was initially evaluated in cell bagsshys for its cytotoxicity and antiviral
activity against Yellow Fever Virus (YFV) and Boeiviral Diarrhea Virus (BVDV) representative
members of the Flavivirus genus and the Pestivyeisus, respectively. The derivatives able to
interfere with YFV and/or BVDV replication were al$sested against two other viruses belonging
to the Flavivirus genus of thelaviviridae family (Dengue Virus, DENV-2 and West-Nile Virus,
WNYV). 6-Azauridine, ribavirin and 'ZC-methyl-guanosin (NM108) were employed as refegen
inhibitors of these single-stranded, positive RM8RNA) viruses.

Moreover, in order to verify the specific inhibitioof our pyrazoline derivatives on
Flaviviridae replication, all the analogues were tested againktrger panel of RNA and DNA
viruses. Among ssRNAviruses, a retrovirus (Human Immunodeficiency ¥itype 1, HIV-1), and
two Picornaviruses (Coxsackie Virus type-5, CVBabd Poliovirus type-1, Sabin strain, Sb-1)
were also included. Among single-stranded, negad®XA (ssRNA) viruses aParamyxoviridae
(Respiratory Syncytial Virus, RSV) andRhabdoviridag(Vesicular Stomatitis Virus, VSV) were
considered. Among double-stranded RNA (dsRNA) wdsjsaReoviridaefamily member (Reo-1)
was selected. Finally, two representatives of DNiis/families were considered: Herpes Simplex
Virus type-1, HSV-1 IKlerpesviridag¢ and Vaccinia Virus, VV Roxviridag. 6-Azauridine,
ribavirin, efavirenz (EFV), pleconaril, acyclovihCG), and mycophenolic acid (M5255) were used
as reference inhibitors.

As far as the antiviral activity reported in Taldlethe majority of the new 1-3,5-triphenyl-
pyrazolines 4a-j, 5a-j, 6a-]) interfered with YFV replication in the low micratar concentrations
(ECsp ranging from 1.8uM to 2.6 pM) providing almost a 10-fold improvement in potgnc
compared to the reference inhibitor 6-azauridin@s(& 20.0uM). However, the unsubstituteda-

j) and the phenoxy5é-j) analogues were generally endowed with significibtoxicity against
BHK-21 cells resulting in compounds with modestestVity indexes. On the contrary, the
benzyloxy derivatives 6@-j) showed lower cytotoxicity and higher selectivitydexes, as a
consequence. In particuléa (R* = H) and the fluoro substituted derivativéls and 6d coupled
high potency and selectivity. In addition, the njoof the benzyloxy derivative$i, 6c, 6e-g, 6i,
6]) inhibited also the BVDV replication, generallyosting higher activity and selectivity than the
reference compound ribavirin (B&= 20.0uM, SI = 3).

All the analogues were inactive against the oty thembers of the Flavivirus genus
(WNV and DENV-2) utilized in the antiviral testsgfle 1).

When tested against HIV-1, Reo-1, Sb-1, VV, HSW$V, and RSV the compounds were
generally devoid of antiviral activity up to theghest concentration tested, although five phenoxy

derivatives $a-€) and three benzyloxy analogués,(6i, 6]) inhibited CVB-5 replication with E&



ranging from 3.5 uM to 13.0 uM (Table 2), whiledicompounds interfered with HIV-1 replication
showing EGp> 10 uM and modest selectivity (Table 2).

2.3. Time of addition studies

1,3,5-Triphenyl-pyrazoline$a and 6b were selected for time of addition experiments
because of their potencies against YFV {E€ 2.2 uyM and 1.8 uM, respectively) and high
selectivity indexes (Sl = 36.4 and 50.0, respebttjvdime of addition experiments were performed
to determine the possible step(s) in YFV replicatigcle that is inhibited by analogués and6b.

For this purpose, the test medium containing apprately 10 times higher than the EgCof
selected compound&a and 6b concentration (2QuM) or 4 times higher than the BgLof 6-
azauridine concentration (M), used as reference inhibitor, were added for vars before the
infection (pre-treatment), during the two hourdgrdéction of BHK-21 cell cultures with YFV and
every two hours post infection (p.i.) from timed®%0 hrs p.i (O to 2, 2to 4, 4t0 6, 6 to 8, 8@
h). 6-Azauridine is a nucleoside analog inhibitdr tbe orotidine-5’-phosphate decarboxylase
(OMP-decarboxylase). This enzyme is essentialerbibsynthesis of the pyrimidine nucleotides, as
it converts the orotidine monophosphate (OMP) idine monophosphate (UMP). [10]

After each incubation period, the monolayers weeshed two times with maintenance
medium and incubated with fresh medium until 10 pwst-infection. Then, after 24—-36 hrs post-
infection the cytopathogenic effect (CPE) was eatdd and the monolayers were collected,
centrifuged and frozen. The viral titre was detemoli by a plaque reduction assay.

Data represented in Figures 2 and 3 indicate tbit pyrazolinea and6b retained their
inhibitory activity when added in the pretreatmeamid during the infection, before losing their
antiviral efficacy. Indeed, the virus titre decremsvhen the compound is added to cells during
pretreatment or during two hours of infection, whihe viral titre is very similar to that of the
untreated control when the compound is added irstisequent phases of the infection. A similar
behavior was observed for the reference inhibabhigher concentrations. The comparison of the
curves obtained for our compounds and for the eefs¥ inhibitor could suggest a similar
mechanism of action. Like 6-arauridine, both pytamss 6a and6b could act by blocking the entry
of the virus into the cell or interfere with somechanism during the early stages of the infection.
However, further investigations are necessaryHeritlentification of the anti-YFV target of these

pyrazoline derivatives.
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Figure 2. Effect of time of addition on anti-YFV activity aferivative6a (blue). For comparison,
the same test was performed using the referencpaamd 6-azauridine (black). In red we observe

the untreated control.
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Figure 3. Effect of time of addition on anti-YFV activity aferivative6b (blue). For comparison,
the same test was performed using the referenceaamd 6-azauridine (black). In red we observe
the untreated control.

3. Conclusion

In conclusion, pursuing our research on antivimmhpounds, in this paper we described the
design and synthesis of new series of 1,3,5-triphé/b-dihydropyrazole derivatives that were
endowed with a noticeable and generally specifit-ARV activity. In particular, analogues
bearing a bulky 4-benzyloxy substituent on the gheing at the 3 position of pyrazoline moiety,
coupled potency in the low micromolar range withwla@ytotoxicity resulting in selective

compounds.

4. Experimental section
4.1. Chemistry

Chemicals were purchased from Sigma-Aldrich or Adsar and used without further
purification. Melting points were determined on #&w& Scientific SMP1 apparatus and are
uncorrected'H NMR and**C NMR spectra were recorded on a Bruker AM-400 spateter in
CDCl; or DMSO-@, and chemical shifts were reported in ppj All compounds were routinely
checked by thin-layer chromatography (TLC). TLC wasformed on silica gel or aluminum oxide

fluorescent coated plates (Fluka, DC-Alufolien Kkgel or aluminum oxide F254).

4.1.1. General procedurefor the synthesis of chalcones (1a-j, 2a-j and 3a-j).

Barium hydroxide octahydrate (10 mmol) was addedatosolution of the suitable
acetophenone (10 mmol) and substituted benzaldef2emmol) in ethanol (150 mL). The
reaction mixture was stirred overnight at 30°Cntheter was added and the mixture was acidified
with 2N HCI, until precipitation was observed. Tpeecipitate was collected by filtration, washed
with water and crystallized. Spectroscopic datacludlconesla-j, 2a-j and 3a-j are identical to
those previously reported. [11-16]

4.1.2. General procedure for the synthesis of 4-(3,5-diphenyl-4,5-dihydro-1H-pyrazol-1-
yl)benzenesulfonamides (4a-j, 5a-j, 6a-j).

A mixture of the appropriate chalconga-j, 2a-j and 3a-j (10 mmol) and 4-
hydrazinylbenzenesulfonamide hydrochlori@® mmol) in dry ethanol (70 mL) and potassium
hydroxide (20 mmol) was refluxed for 24h with stig. After cooling, the mixture was poured into



crushed ice. The precipitate was filtered, washid water and dried. The crude solid was purified
by crystallization from suitable solvent.

4.1.2.1. 4-(3,5-Diphenyl-4,5-dihydro-1H-pyrazol-1-yl)benzenesulfonamide (4a). Yield:
69%, m.p. = 212 — 214 °C from EtOFH NMR (DMSO-d;, 400 MHz):5 (ppm) 7.78 (dJ = 8.5
Hz, 2H), 7.59 (dJ = 8.5 Hz, 2H), 7.48 - 7.30 (m, 5H), 7.29 - 7.20 @h), 7.11 — 7.03 (m, 4H),
5.63 (dd, 1H, CHJ = 12.0, Hz,J= 5.1 Hz), 3.97 (dd, 1H, CHJgem= 17.7 Hz,J = 12.2 Hz), 3.16
(dd, 1H, CH, Jgem= 17.7 Hz,J = 5.1 Hz)."*C NMR (DMSO-¢, 100 MHz):5 (ppm) 150.2, 146.3,
142.0, 133.3, 132.2, 129.9, 129.6, 129.2, 128.7,6,2126.5, 126.1, 112.5, 62.7, 43.4. MS-ESI:
m/z 378 (M + H).

4.1.2.2. 4-(5-(2-Fluor ophenyl)-3-phenyl-4,5-dihydr o-1H-pyr azol-1-yl)benzenesulfonamide
(4b). Yield: 27%, m.p. = 266 262 °C from MeOHH NMR (DMSO-d;, 400 MHz):3 (ppm) 7.79
(dd, 2H,J =7.9 Hz,J = 1.3 Hz); 7.61 (d, 2H] = 9.0), 7.48 - 7.21 (m, 5H), 7.18 — 6.90- (m, 6H),
5.80 (dd, 1HJ = 12.3 Hz,J = 5.1 Hz); 4.00 (dd, 1Hlgem= 17.7,J = 12.3 Hz); 3.24 (dd, 1Hgem=
17.7,J = 5.1 Hz)**C NMR (DMSO-g, 100 MHz):8 (ppm) 160.0 (d,J) = 244 Hz), 150.5, 146.1,
133.6, 132.0, 130.4 (d,= 8 Hz), 129.9, 129.2, 128.2 (@~ 14 Hz), 128.1, 127.7, 126.6, 125.4 (d,
J=4Hz), 116.6 (d) = 20 Hz), 112.3, 57.4, 42.1. MS-ESI: m/z 396€M").

4.1.2.3. 4-(5-(3-fluor ophenyl)-3-phenyl-4,5-dihydr o-1H-pyr azol-1-yl)benzenesulfonamide (4c).
Yield: 20%, m.p. = 158 160 °C from GHs. *H NMR (DMSO-d;, 400 MHz):3 (ppm) 7.78 (d, 2H,
J =6.8 Hz); 7.61 (d, 2H) = 8.8 Hz); 7.50-7.34 (m, 5H), 7.14-7.03 (m, 6H), 5(6d, 1H,J=12.0
Hz,J = 4.95 Hz), 3.97 (dd, 1Hlgem= 17.7 Hz,J = 12.2 Hz), 3.21 (ddlyem= 17.7 Hz,J = 5.0 Hz,
1H). **C NMR (DMSO-d, 100 MHz):8 (ppm) 163.9 (dJ = 244 Hz), 150.3, 146.2, 144.9, (= 7
Hz), 133.6, 132.0, 131.8 (d,= 8 Hz), 129.9, 129.2, 127.7, 126.6, 122.1, 118, = 21 Hz),
113.2 (d,J =22 Hz), 112.5, 62.3, 43.RIS-ESI: m/z 396 (M + H).

4.1.2.4. 4-(5-(4-Fluor ophenyl)-3-phenyl-4,5-dihydr o-1H-pyr azol-1-yl)benzenesulfonamide
(4d). Yield: 77%, m.p. = 213 218 °C from MeOHH NMR (DMSO-d;, 400 MHz):3 (ppm) 7.78
(d, 2H,J = 8.4 Hz); 7.59 (dJ = 8.9 Hz, 2H), 7.47-7.38 (m, 3H); 7.32-7.26 (m, 2AL6 (t,J= 8.9
Hz, 2H); 7.10-7.05 (m, 4H); 5.65 (dd= 12.0 Hz, 5.07 Hz, 1H), 3.96 (ddlen= 17.8 Hz,J= 12.1
Hz, 1H); 3.17 (ddJgem= 17.8,J= 5.1 Hz, 1H)*C NMR (DMSO-d, 100 MHz):5 (ppm) 161.9 (d,



J = 242 Hz), 150.1, 146.3, 138.2 @= 3 Hz), 133.5, 132.1, 129.9, 129.2, 128.3)d; 8 Hz),
127.6, 126.5, 116.4 (d,= 21 Hz), 112.5, 62.1, 43.3. MS-ESI: m/z 396 (M.

4.1.2.5. 4-(5-(2-chlorophenyl)-3-phenyl-4,5-dihydr o-1H-pyrazol-1-yl)benzenesulfonamide (4e€).
Yield: 22%, m.p. = 228 231 °C from MeOHH NMR (DMSO-d, 400 MHz):3 (ppm) 7.78 (dd)
=8.0 Hz,J = 1.6 Hz, 2H); 7.62 (d] = 8.9 Hz, 2H); 7.13-7.03 (m, 5H); 7.03-6.97 (m,)6b191 (dd,
J=122HzJ= 5.1 Hz, 1H) 4.16-3.88 (ddgem= 17.8 Hz,J = 12.2 Hz, 1H); 3.24-2.98 (ddgem=
17.8 Hz,J = 5.1 Hz, 1H).*C NMR (DMSO-d¢, 100 MHz):5 (ppm) 150.4, 146.0, 138.3, 133.6,
132.2, 131.9, 131.7, 130.7, 130.04, 129.9, 1223,9, 128.8, 128.4, 112.2, 60.43, 42.1. MS-ESI:
m/z 412 (M + H).

4.1.2.6. 4-(5-(3-chlorophenyl)-3-phenyl-4,5-dihydro-1H-pyrazol-1-yl)benzenesulfonamide (4f).
Yield: 32%, m.p. = 126- 123 °C from GHe. *H NMR (DMSO-d;, 400 MHz):5 (ppm) 7.78 (d,) =
8.0 Hz, 2H), 7.61 (d] = 8.9 Hz, 2H); 7.48-7.30 (m, 6H); 7.18 (s 7.5 Hz, 1H); 7.11-7.05 (m, 4H);
5.66 (dd,J = 12.2 HzJ = 5.1 Hz, 1H); 3.96 (ddlgem= 17.8 Hz,J = 12.2 Hz, 1H), 3.20 (ddlgem=
17.8 Hz,J = 5.1 Hz, 1H)}*C NMR (DMSO-g, 100 MHz):5 (ppm) 150.3, 146.2, 144.5, 134.1, 133.6,
132.0, 131.6, 130.0, 129.2, 128.2, 127.7, 126.6,112124.8, 112.5, 62.2, 43 RIS-ESI: m/z 412
(M + H".

4.1.2.7. 4-(5-(4-chlor ophenyl)-3-phenyl-4,5-dihydr o-1H-pyrazol-1-yl)benzenesulfonamide (4g).
Yield: 37%, m.p. = 203 205 °C from GHes. *H NMR (DMSO-a;, 400 MHz):3 (ppm) 7.79 (dJ =
6.7 Hz, 2H); 7.61 (dJ = 8.8 Hz, 2H); 7.49-7.39 (m, 5H); 7.28 @= 8.4 Hz,2H); 7.11-7.02 (m,
4H); 5.68 (ddJ = 12.0 Hz,J = 5.0 Hz, 1H); 3.98 (ddlyem= 17.7 Hz,J = 12.1 Hz, 1H); 3.21 (dd,
Jgem= 17.7 Hz,J = 5.0 Hz, 1H).*C NMR (DMSO-d¢, 100 MHz):8 (ppm) 150.2, 146.2, 141.0,
133.7, 132.6, 132.1, 129.9, 129.6, 129.2, 128.2,7020126.5, 112.5, 62.1, 43 RIS-ESI: m/z 412
(M + H.

4.1.2.8. 4-(3-Phenyl-5-(o-tolyl)-4,5-dihydr o-1H-pyrazol-1-yl)benzenesulfonamide (4h). Yield:
23%, m.p. = 204 206 °C from GHs. '"H NMR (DMSO-d;, 400 MHz):3 (ppm) 7.79 (dJ = 7.0 Hz,
2H); 7.60 (d,J = 8.9 Hz, 2H); 7.49-7.35 (m, 4H); 7.22 Jt= 7.6 Hz, 1H); 7.12-7.01 (m, 6H); 5.58
(dd,J=12.1 Hz,J = 5.3 Hz, 1H); 3.97 (ddlyem= 17.7 Hz,J = 12.2 Hz, 1H); 3.17 (ddlgem= 17.7
Hz, J = 5.3 Hz, 1H); 2.26 (s, 3H}3*C NMR (DMSO-g@, 100 MHz):& (ppm) 150.1, 146.4, 142.2,



138.8, 133.5, 132.2, 129.7, 129.5, 129.2, 128.8,612126.6, 126.5, 123.2, 112.4, 62.9, 43.5, 21.6.
MS-ESI: m/z 392 (M + H).

4.1.2.9. 4-(3-Phenyl-5-(m-tolyl)-4,5-dihydro-1H-pyrazol-1-yl)benzenesulfonamide (4i). Yield:
27%, m.p. = 200- 203 °C from GHes. 'H NMR (DMSO-d;, 400 MHz):5 (ppm) 7.78 (dJ = 7.2 Hz,
2H); 7.60 (d, J= 8.9 Hz, 2H); 7.49 — 7.25 (m, 6H); 7.15 — 7.0Q GH); 5.59 (ddJ=12.1 HzJ=

5.3 Hz, 1H); 3.95 (dd)yem= 17.7 Hz,J = 12.2 Hz, 1H); 3.20 (ddlyem= 17.5 Hz,J = 5.3 Hz, 1H);
2.24 (s, 3H).*C NMR (DMSO-@, 100 MHz):8 (ppm) 150.1, 146.4, 140.6, 141.2, 133.5, 132.3,
129.8, 129.7, 129.2, 127.6, 126.5, 125.4, 123.2,8,1212.5, 63.0, 43.4, 21.1. MS-ESI: m/z 392 (M
+ HY).

4.1.2.10. 4-(3-Phenyl-5-(p-tolyl)-4,5-dihydro-1H-pyrazol-1-yl)benzenesulfonamide (4j). Yield:
27%, m.p. = 219- 223 °C from GHes. 'H NMR (DMSO-d;, 400 MHz):5 (ppm) 7.79 (dJ = 7.2 Hz,
2H); 7.59 (dJ = 8.8 Hz, 2H); 7.48-7.38 (m, 3H); 7.17-7.11 (m,)4A11-7.01 (m, 4H); 5.60 (dd,
=11.9 HzJ = 4.9 Hz, 1H); 3.95 (ddlgem= 17.7 HzJ = 12.2 Hz, 1H); 3.16 (ddgem= 17.7,J=4.9
Hz, 1H); 2.24 (s, 3H):*C NMR (DMSO-@, 100 MHz):8 (ppm) 150.1, 146.3, 139.1, 137.3, 133.5,
132.3,130.1, 129.8, 129.2, 127.6, 126.5, 126.2,5.562.6, 43.4, 21.1. MS-ESI: m/z 392 (M HH

4.1.2.11. 4-(3-(4-phenoxyphenyl)-5-phenyl-4,5-dihydro-1H-pyrazol-1-yl)benzenesulfonamide

(53). Yield: 36%, m.p. = 175 178 °C from EtOHH NMR (DMSO-d;, 400 MHz):5 (ppm) 7.79
(d,J = 8.8 Hz, 2H); 7.58 (dJ = 8.9 Hz, 2H); 7.45-7.38 (m, 2H); 7.34 {t= 7.1 Hz, 2H); 7.28

7.22 (m, 3H); 7.18 (tJ = 7.4 Hz, 1H); 7.08-7.01 (m, 8H); 5.61 (dts 12.0 Hz,J = 5.1 Hz, 1H);
3.95 (dd,Jgem= 17.7 Hz,J = 12.0 Hz; 1H); 3.14 (ddlgem= 17.7 Hz,J = 5.0 Hz, 1H).”*C NMR

(DMSO-¢;, 100 MHz): 8 (ppm) 158.2, 156.5, 149.7, 146.4, 142.0, 133.2).7,3129.6, 128.5,
128.1, 127.6, 127.3, 126.2, 124.5, 119.5, 118.9,4,562.8, 43.5.. MS-ESI: m/z 470 (M +H

41212 4-(5-(2-fluor ophenyl)-3-(4-phenoxyphenyl)-4,5-dihydr o-1H-pyrazol-1-
yl)benzenesulfonamide (5b). Yield: 25%, m.p. = 208 212 °C from GHs. ‘H NMR (DMSO-d;,
400 MH2z):d (ppm) 7.80 (d,) = 8.8 Hz, 2H); 7.60 (d) = 9.0 Hz, 2H); 7.45 7.39 (m, 2H); 7.37 -
7.30 (m, 1H); 7.29-7.22 (m, 1H); 7.21-7.16 (m, 1M)15-7.10 (m, 2H); 7.09-7.02 (m, 8H); 5.78
(dd,J = 12.3 Hz,J = 5.1 Hz, 1H), 3.98 (ddlgem= 17.6 Hz,J = 12.2 Hz, 1H), 3.22 (ddlyem= 17.6
Hz,J= 5.0 Hz, 1H,)}*C NMR (DMSO-d, 100 MHz):5 (ppm) 160.0 (dJ = 244 Hz), 158.3, 156.4,



150.0, 146.2, 133.4, 130.7, 130.4 Jd5 8 Hz), 128.5, 128.1 (d = 3 Hz), 128.2 (dJ = 20 Hz),
127.7,127.2, 125.4 (d,= 4 Hz), 124.5, 119.5, 118.9, 116.6 Jd&; 21 Hz), 112.2, 57.4, 42.81S-
ESI: m/z 488 (M + H).

41.2.13. 4-(5-(3-fluor ophenyl)-3-(4-phenoxyphenyl)-4,5-dihydr o-1H-pyrazol-1-

yl)benzenesulfonamide (5¢). Yield: 54%, m.p. = 186 182 °C from MeOH'H NMR (DMSO-d;,

400 MHz):6 (ppm) 7.79 (dJ = 8.8 Hz, 2H); 7.60 (d] = 8.9 Hz, 2H); 7.45 - 7.35 (m, 3H); 7.18t,
= 7.6 Hz, 1H); 7.11-7.02 (m, 11H); 5.65 (dds 12.0 Hz,J = 4.9 Hz, 1H), 3.95 (ddlyem= 17.7 Hz,
12.1 Hz, 1H), 3.18 (ddlgem= 17.7 Hz,J = 5.0 Hz, 1H).”*C NMR (DMSO-@, 100 MHz):5 (ppm)

162.9 (d,J = 244 Hz), 158.3, 156.4, 149.8, 146.3, 144.9)(d,6 Hz), 133.4, 131.8 (d = 8 Hz),

130.7, 128.5, 127.7, 127.2, 124.5, 122.2, 119.8,99.1115.0 (dJ = 21 Hz), 113.2 (dJ = 22 Hz),
112.4, 62.2, 43.3. MS-ESI: m/z 488 (M ¥)H

4.1.2.14. 4-(5-(4-fluor ophenyl)-3-(4-phenoxyphenyl)-4,5-dihydr o-1H-pyrazol-1-
yl)benzenesulfonamide (5d). Yield: 56%, m.p. = 184 187 °C from MeOH'H NMR (DMSO-d;,
400 MHz):d (ppm) 7.79 (dJ = 8.8, 2H); 7.59 (d) = 9.0, 2H); 7.45-7.39 (m, 2H); 7.31 - 7.25 (m,
2H); 7.21-7.13 (m, 3H); 7.08-7.02 (m, 8H); 5.63 (dd; 12.0 Hz,J = 4.9 Hz, 1H), 3.94 (ddlgem=
17.7 Hz,J = 12.0 Hz, 1H), 3.15 (ddlyem= 17.7 Hz,J = 5.0 Hz, 1H)."*C NMR (DMSO-d, 100
MHz): 6 (ppm) 161.9 (dJ = 243 Hz), 158.3, 156.4, 149.7, 146.3, 138.2)«d,3 Hz), 133.3, 130.7,
128.5, 128.3 (dJ = 8 Hz), 127.6, 127.2, 124.5, 119.5, 118.9, 116, 4= 21 Hz), 112.4, 62.1,
43.5. MS-ESI: m/z 488 (M + H.

41.2.15. 4-(5-(2-chlor ophenyl)-3-(4-phenoxyphenyl)-4,5-dihydr o-1H-pyr azol-1-
yl)benzenesulfonamide (5¢). Yield: 27% m.p. = 13+ 135 °C from MeOHH NMR (DMSO-d6,
400 MHz):3 (ppm) 7.79 (dJ) = 8.7 Hz, 2H); 7.61 (d] = 8.9 Hz, 2H); 7.56 (d] = 7.6 Hz, 1H); 7.42
(t, J=7.9 Hz, 2H); 7.32 (dtJ = 8.0 Hz,J = 1.6 Hz, 1H); 7.25 (t) = 7.3 Hz, 1H); 7.16 () = 7.4
Hz, 1H); 7.11- 6.93 (m, 9H); 5.80 (dd] = 12.1 Hz,J = 5.1 Hz, 1H), 4.04 (ddlgem= 17.7 Hz,J =
12.2 Hz, 1H), 3.13 (ddlgem= 17.7 Hz, 5.1 Hz, 1HY’C NMR (DMSO-d¢, 100 MHz):8 (ppm) 158.4,
156.4, 150.0, 146.1, 138.3, 133.5, 131.7, 130.0,013.28.6, 128.4, 127.8, 127.1, 124.5, 119.6,9118.
112.1, 60.4, 42.MS-ESI: m/z 504 (M + H).



4.1.2.16. 4-(5-(3-chlor ophenyl)-3-(4-phenoxyphenyl)-4,5-dihydr o-1H-pyr azol-1-
yl)benzenesulfonamide (5f). Yield: 60%, m.p. = 218 220 °C from MeOH!H NMR (DMSO-d;,
400 MHz):5 (ppm) 7.79 (dJ = 8.7 Hz, 2H); 7.60 (d] = 8.9 Hz, 2H); 7.45-7.29 (m, 5H); 7.19 (t,
J=7.1Hz, 2H); 7.10 - 7.04 (m, 8H); 5.65 (dds 12.0 Hz,J= 4.9 Hz, 1H), 3.95 (ddlyem= 17.8
Hz,J = 12.0 Hz, 1H), 3.19 (ddlgem= 17.8,J = 4.9 Hz, 1H)."*C NMR (DMSO-@, 100 MHz):5
(ppm) 158.3, 156.4, 149.8, 146.2, 144.5, 134.1,8,3831.6, 130.7, 128.6, 128.2, 127.7, 127.2,
126.1, 124.8, 124.5, 119.5, 118.9, 112.4, 62.13.48S-ESI: m/z 504 (M + B.

4.1.2.17. 4-(5-(4-chlor ophenyl)-3-(4-phenoxyphenyl)-4,5-dihydr o-1H-pyr azol-1-
yl)benzenesulfonamide (5g). Yield: 60%, m.p. = 105 107 °C from EtOH*H NMR (CDCk, 400
MHz): & (ppm) 7.60-7.58 (m, 4H); 7.33 - 7.20 (m, 4H); #7184 (m, 3H); 7.00-6.90 (m, 6H); 5.24
(dd,J=12.1 Hz,J = 5.8 Hz, 1H); 4.28 - 3.90 (bs, 2H); 3.79 (dgkm= 17.3 Hz,J = 12.2 Hz, 1H);
3.06 (dd Jgem= 17.4 Hz,J = 5.8 Hz, 1H).*C NMR (CDCk, 100 MHz):5 (ppm) 158.8, 156.4, 149.0,
147.0, 139.7, 133.8, 130.6, 129.9, 129.6, 128.0,81227.1, 126.6, 124.0, 119.4, 118.6, 112.5,,62.9
43.6. MS-ESI: m/z 504 (M + H.

4.1.2.18. 4-(3-(4-phenoxyphenyl)-5-(o-tolyl)-4,5-dihydr o-1H-pyr azol-1-yl)benzenesulfonamide
(5h). Yield: 28%, m.p. = 208 204 °C from EtOHH NMR (DMSO-d;, 400 MHz):3 (ppm) 7.80 (d,)

= 8.7 Hz, 2H); 7.60 (dJ = 8.8 Hz, 2H); 7.42 (t) = 7.8 Hz, 2H); 7.28 (d) = 7.3 Hz, 1H); 7.21 -
7.13 (m, 2H); 7.11 -7.01 (m, 7H); 6.98 (H= 8.8 Hz, 2H); 6.84 (dJ = 7.4 Hz, 1H); 5.70 (dd] =
12.0 Hz,J = 5.1 Hz, 1H); 4.00 (ddlgem= 17.4 Hz, 12.2 Hz, 1H); 3.06 (ddyer= 17.6,J = 4.9 Hz,
1H); 2.47 (s, 3H)*C NMR (DMSO-@, 100 MHz):8 (ppm) 158.2, 156.5, 149.8, 146.3, 139.3, 136.2,
135.1, 133.3, 131.6, 130.7, 128.4, 127.9, 1227,4] 126.8, 124.5, 119.5, 118.9, 112.2, 60.5,,42.2
19.5.MS-ESI: m/z 484 (M + H).

4.1.2.19. 4-(3-(4-phenoxyphenyl)-5-(m-tolyl)-4,5-dihydro-1H-pyrazol-1-yl)benzenesulfonamide
(5). Yield: 37%, m.p. = 159- 163 °C from MeOHH NMR (CDCk, 400 MHz):5 (ppm) 7.66 -
7.57 (m, 4H); 7.32 - 7.25 (m, 2H); 7.14Jt= 7.7 Hz, 1H); 7.07 (t) = 7.4 Hz, 1H); 7.03 - 6.91 (m,
9H); 5.21 (ddJ = 12.2 Hz,J= 5.9 Hz, 1H); 4.35 -3.87 (bs, 2H); 3.78 (dghm= 17.3 HzJ = 12.2
Hz, 1H), 3.09 (ddJgem= 17.4 Hz,J = 6.0 Hz, 1H); 2.24 (s, 3H}*C NMR (CDCk, 100 MHz):8
(ppm) 158.6, 156.5, 149.0, 147.4, 141.3, 139.3,2,3029.9, 129.3, 128.8, 128.0, 127.7, 126.9,
126.1, 123.9, 122.7, 119.4, 118.6, 112.4, 63.8,43..5. MS-ESI: m/z 484 (M + M



4.1.2.20. 4-(3-(4-phenoxyphenyl)-5-(p-tolyl)-4,5-dihydr o-1H-pyrazol-1-yl)benzenesulfonamide
(5). Yield: 60%, m.p. = 13% 135 °C from MeOH*H NMR (CDCk, 400 MHz):3 (ppm) 7.70 (d,
J=8.9 Hz, 2H); 7.72 (d] = 8.8 Hz, 2H); 7.39 () = 7.9 Hz, 2H); 7.21 - 7.14 (m, 5H); 7.10 - 7.01
(m, 6H); 5.34 (ddJ = 12.1 Hz,J = 5.8 Hz, 1H); 4.94 - 4.50 (bs, 2H); 3.88 (dghn=17.2 Hz,J =
12.2 Hz, 1H), 3.19 (ddJgem= 17.2 Hz,J = 5.8 Hz, 1H,); 2.34 (s, 3H}3C NMR (CDCk, 100
MHz): & (ppm) 158.6, 156.5, 149.1, 147.4, 138.2, 137.8,1,3129.9, 128.0, 127.7, 127.4, 126.9,
125.6, 123.9, 119.4, 118.6, 112.4, 63.3, 43.8,. M3-ESI: m/z 484 (M + H).

4.1.2.21. 4-(3-(4-(benzyloxy)phenyl)-5-phenyl-4,5-dihydr o-1H-pyrazol-1-yl)benzenesulfonamide
(6a). Yield: 39%, m.p. = 169- 172 °C from GHs. ‘H NMR (DMSO-d;, 400 MHz):3 (ppm) 7.71
(d,J=8.7 Hz, 2H); 7.57 (d] = 8.8 Hz, 2H); 7.48 - 7.29 (m, 7H); 7.28 - 7.20, @n); 7.11 - 7.00
(m, 6H); 5.56 (ddJ = 11.9 Hz,J = 4.8 Hz, 1H); 5.14 (s, 2H); 3.91 (d#jem= 17.6 Hz,J = 12.0 Hz,
1H); 3.11 (ddJgem= 17.6 Hz,J = 4.9 Hz, 1H).*C NMR (DMSO-@, 100 MHz):5 (ppm) 159.8,
150.1, 146.5, 142.1, 137.2, 132.9, 129.6, 128.8,4,2128.2, 128.1, 127.6, 126.2, 124.9, 115.6,
112.2, 69.8, 62.6, 43.61S-ESI: m/z 484 (M + H).

41.2.22. 4-(3-(4-(benzyloxy)phenyl)-5-(2-fluor ophenyl)-4,5-dihydr o-1H-pyr azol - 1-
yl)benzenesulfonamide (6b). Yield: 25%, m.p. = 188 192 °C from MeOH'H NMR (DMSO-d;,
400 MHz):5 (ppm) 7.75 (dJ = 8.71 Hz, 2H); 7.60 (d] = 8.79 Hz, 2H); 7.50-7.21 (m, 8H); 7.17-
6.93 (m, 7H); 5.61 (dd] = 11.90 Hz,J = 4.83 Hz, 1H); 5.15 (s, 2H); 3.89 (di}em= 17.6 Hz,J =
11.98 Hz, 1H); 3.12 (ddlyem = 17.6 Hz,J = 4.89 Hz, 1H)*C NMR (DMSO-@, 100 MHz):§
(ppm) 159.8, 159.7 (d] = 245 Hz), 150.2, 146.5, 137.2, 133.1, 130.3)(d,10 Hz), 128.9, 128.4,
128.3 (d,J = 14 Hz), 128.2, 128.1, 127.9, 127.6, 125.4)(d,4 Hz), 124.4, 116.7 (d = 21 Hz),
115.6, 112.3, 69.8, 61.8, 44MS-ESI: m/z 502 (M + H).

41.2.23. 4-(3-(4-(benzyloxy)phenyl)-5-(3-fluor ophenyl)-4,5-dihydr o-1H-pyr azol - 1-
yl)benzenesulfonamide (6¢). Yield: 60%, m.p. = 176- 173 °C from GHs. *H NMR (DMSO-d;,
400 MHz):8 (ppm) 7.72 (dJ = 8.7 Hz, 2H); 7.59 (d] = 8.8 Hz, 2H); 7.45 (d] = 7.1 Hz, 2H); 7.42
- 7.30 (m, 4H); 7.12 - 7.00 (m, 9H); 5.61 (dk 11.9 Hz,J = 4.9 Hz, 1H); 5.15 (s, 2H); 3.92 (dd,
Jgem= 17.7 Hz,J = 12.1 Hz, 1H); 3.16 (ddlyem= 17.7 Hz,J = 4.8 Hz, 1H):°C NMR (DMSO-d,
100 MHz):$ (ppm) 162.8 (dJ = 243 Hz), 159.8, 150.2, 146.4, 145.0 J& 6 Hz), 137.2, 133.2,



131.8 (d,J = 8 Hz), 128.9, 128.4, 128.2, 128.1, 127.7, 12422, 115.6, 114.9 (d,= 20 Hz),
113.2 (dJ = 22 Hz), 112.3, 69.8, 62.1, 43MS-ESI: m/z 502 (M + H).

4.1.2.24. 4-(3-(4-(benzyloxy)phenyl)-5-(4-fluor ophenyl)-4,5-dihydro-1H-pyr azol - 1-
yl)benzenesulfonamide (6d). Yield: 45%, m.p. = 136 — 140 °C from MeOHH NMR (DMSO-d;,
400 MHz):0 (ppm) 7.72 (dJ = 8.8 Hz, 2H); 7.58 (d] = 9.0 Hz, 2H); 7.45 (d] = 7.0 Hz, 2H); 7.42
-7.24 (m, 5 H); 7.15 (8 = 8.8 Hz, 2H); 7.10 - 7.01 (m, 6H); 5.59 (dds= 12.0 Hz,J = 5.0 Hz,
1H); 5.15 (s, 2H); 3.91 (ddgem= 17.7 Hz,J= 12.0 Hz, 1H); 3.12 (ddlgem= 17.7 Hz,J= 4.9 Hz,
1H). °C NMR (DMSO-g, 100 MHz):8 (ppm) 161.9 (dJ = 242 Hz), 159.8, 150.1, 146.4, 138.3 (d,
J=2Hz), 137.2, 133.0, 128.9, 128.4, 128.3)(¢,8 Hz), 128.2, 128.1, 127.6, 124.9, 116.3](d,
21 Hz), 115.6, 112.3, 69.8, 61.9, 43.5. MS-ESI: 502 (M + H).

4.1.2.25. 4-(3-(4-(benzyloxy)phenyl)-5-(2-chlor ophenyl)-4,5-dihydr o-1H-pyr azol -1-
yl)benzenesulfonamide (6€). Yield: 52%, m.p. = 184 188 °C from GHs. *H NMR (DMSO-d;,
400 MHz): & (ppm) ) 7.71 (dJ = 8.8 Hz, 2H); 7.61 (d) = 8.9 Hz, 2H); 7.55 (d) = 7.9 Hz, 1H);
7.44 (d,J = 6.8 Hz, 2H); 7.41 - 7.28 (m, 5H); 7.24Jt= 7.2 Hz, 1H); 7.09 - 7.04 (m, 4 H); 7.01 -
6.92 (m, 2H); 5.75 (dd] = 12.1 Hz,J = 5.1 Hz, 1H); 5.14 (s, 2H); 4.00 (d#}em= 17.6 Hz,J =
12.1 Hz, 1H); 3.10 (ddlgem= 17.6 Hz,J = 5.1 Hz, 1H).*C NMR (DMSO-g, 100 MHz):5 (ppm)
159.8, 150.3, 146.2, 138.4, 137.2, 133.3, 131.0,713.30.0, 128.9, 128.80, 128.79, 128.4, 128.2,
128.1, 127.8, 124.7, 115.6, 112.0, 69.7, 60.3,.42S-ESI: m/z 518 (M + B).

4.1.2.26. 4-(3-(4-(benzyloxy)phenyl)-5-(3-chlor ophenyl)-4,5-dihydr o-1H-pyr azol -1-

yl)benzenesulfonamide (6f). Yield: 63%, m.p. = 134 — 136 °C from C6H&1 NMR (DMSO-d;,

400 MHz):d (ppm) 7.71 (dJ = 8.8 Hz, 2H); 7.59 (d) = 8.9 Hz, 2H); 7.45 (d) = 7.1 Hz, 2H);
7.41 -7.28 (m, 6 H); 7.17 (d,= 7.5 Hz, 1H) 7.10 - 7.01 (m, 6H); 5.60 (dds 11.9 Hz,J= 4.9 Hz,
1H); 5.15 (s, 2H); 3.91 (ddgem= 17.7 Hz,J = 12.0 Hz, 1H); 3.16 (ddlgem= 17.7 Hz,J = 4.8 Hz,
1H). *C NMR (DMSO-d¢, 100 MHz): (ppm) 159.8, 150.2, 146.3, 144.6, 137.2, 134.83.2,3
131.6, 129.0, 128.4, 128.3, 128.2, 127.7, 126.4,8.2124.7, 115.6, 112.3, 69.7, 62.0, 43/6-

ESI: m/z 518 (M + H).

41.2.27. 4-(3-(4-(benzyloxy)phenyl)-5-(4-chlor ophenyl)-4,5-dihydr o-1H-pyr azol-1-
yl)benzenesulfonamide (6g). Yield: 40%, m.p. = 98 — 102 °C fromg&s. *H NMR (DMSO-d): &
(ppm) 7.71 (d,) = 8.8 Hz, 2H); 7.57 (d) = 9.0 Hz, 2H); 7.45 (d) = 7.0 Hz, 2H); 7.42 - 7.30 (m,



5H); 7.25 (dJ = 8.6 Hz, 2H); 7.10 - 7.00 (m, 6 H); 5.60 (dd; 12.0 Hz,J=5.0 Hz, 1H); 5.15 (s,
2H); 3.91 (dd Jgem= 17.6 Hz,J = 12.0 Hz, 1H); 3.13 (ddlgem= 17.6 Hz,J = 5.0 Hz, 1H)."°C
NMR (DMSO-d;, 100 MHz): 8 (ppm) 159.8, 150.2, 146.3, 141.1, 137.2, 133.2.6,3129.5,
128.9, 128.4, 128.21, 128.17, 127.6, 124.8, 11B18,3, 69.8, 62.0, 43.4. MS-ESI: m/z 518 (M +
HY.

4.1.2.28. 4-(3-(4-(benzyloxy)phenyl)-5-(o-tolyl)-4,5-dihydr o-1H-pyrazol-1-yl)benzenesulfonamide
(6h). Yield: 33%, m.p. = 230 — 234 °C from GQEN. *H NMR (DMSO-d;, 400 MHz):5 (ppm)
7.71 (d,J = 8.8 Hz, 2H); 7.58 (dJ = 9.0 Hz, 2H); 7.44 (d) = 8.4 Hz, 2H); 7.41 - 7.30 (m, 3H);
7.26 (d,J = 7.5 Hz, 1H); 7.15 () = 7.5 Hz, 1H); 7.09 - 7.02 ( m, 5H); 6.95 (b= 8.8 Hz, 2H):
6.82 (d,J = 6.4 Hz,1H); 5.63 (ddJ = 12.1 Hz,J = 5.3 Hz, 1H) 5.13 (s, 2H); 3.96 (d#jem= 17.5
Hz,J = 12.1 Hz, 1H); 3.00 (ddlgem= 17.5 Hz,J = 5.1 Hz, 1H); 2.44 (s, 3H}’C NMR (DMSO-d,
100 MHz): 6 (ppm) 159.8, 150.0, 146.5, 139.2, 137.3, 133.1,.3,3130.1, 130.0, 129.0, 128.9,
128.2, 127.6, 126.2, 125.1, 115.6, 112.3, 69.%,688.6, 21.1. MS-ESI: m/z 498 (M +H

4.1.2.29. 4-(3-(4-(benzyloxy)phenyl)-5-(m-tolyl)-4,5-dihydr o-1H-pyr azol-1-
yl)benzenesulfonamide (6i). Yield: 29%, m.p. = 131 — 134 °C from EtOHH NMR (DMSO-d;,
400 MHz):& (ppm) 7.71 (dJ = 8.7 Hz, 2H); 7.57 (d] = 9.0 Hz, 2H); 7.47 - 7.29 (m 5H); 7.21 {t,

= 7.7 Hz, 1H); 7.10 - 6.98 (m, 9H); 5.49 (dd= 12.0 Hz,J = 5.3 Hz, 1H); 5.14 (s, 2H); 3.90 (dd,
Jgem= 17.7 Hz,J = 12.0 Hz, 1H); 3.09 (ddlyem= 17.7 Hz,J = 5.2 Hz, 1H); 2.23 (s, 3H}’C NMR
(DMSO-¢;, 100 MHz): 6 (ppm) 159.7, 150.0, 146.6, 142.3, 138.8, 137.2.9,3129.5, 128.9,
128.8, 128.4, 128.3, 128.2, 127.6, 126.6, 124.9,212115.6, 112.2, 69.8, 62.7, 43.6, 21.5. MS-ESI:
m/z 498 (M + H).

4.1.2.30. 4-(3-(4-(benzyloxy)phenyl)-5-(p-tolyl)-4,5-dihydr o-1H-pyrazol-1-
yl)benzenesulfonamide (6j). Yield: 39%, m.p. = 135 — 137 °C from MeOl NMR (DMSO-d,
400 MHz): 8 (ppm) 7.73 (d,) = 8.7 Hz, 2H); 7.58 (d] = 8.8 Hz, 2H); 7.49 - 7.37 (m, 5H); 7.15 -
7.00 (m, 10H); 5.54 (dd] = 11.9 Hz,J = 5.0 Hz, 1H); 5.17 (s, 2H); 3.91 (d#}em= 17.5 Hz,J =
12.0 Hz, 1H); 3.12 (ddlyem = 17.5 Hz,J = 5.0 Hz, 1H); 2.25 (s, 3H}3C NMR (DMSO-@, 100
MHz): 8 (ppm) 159.8, 150.0, 146.5, 139.2, 137.3, 133.1,3,3130.1, 130.0, 129.0, 128.9, 128.2,
127.6,126.2, 125.1, 115.6, 112.3, 69.8, 62.5,,43.8.. MS-ESI: m/z 498 (M + L.

4.2. Biology



4.2.1. Test compounds

Compounds were solubilized in DMSO at a concemmatf 100 mM, and subsequently
subjected to a serial dilutions in the culture medi The final concentrations of test compound,
diluted with ratio 1: 5, are: 100, 20, 4 and QM. The first dilution, with ratio 1:50, diluted the
compounds from 100 mM to a concentration of 2 m&tjucing the percentage of DMSO from
100% to 2%. The second dilution, with ratio 1:28ads the compounds from 2 mM to a
concentration of 10@M and reduces the concentration of DMSO from 2%0.t8%6, a non-toxic
concentration for cells. Next dilutions, performeih ratio 1: 5, result in a further decrease ia th
percentage of DMSO in contact with the cells.

6-Azauridine, 2C-methyl-guanosin (NM108), ribavirin, efavirenzR¥), acyclovir (ACG),
pleconaril and mycophenolic acid (M5255) were emtb as reference inhibitors and were
solubilized in DMSO at a concentration of 100 mMdaubsequently subjected to serial dilutions
in the culture medium. The final concentrationSadzauridine, ribavirin and ACG are: 100, 20, 4
and 0.8uM. The final concentrations of NM108, EFV, plecahand M5255 diluted are: 100, 20,
4, 0.8, 0.16, 0.032, 0.0064 and 0.00LR8

4.2.2. Celsand Viruses

Cell lines were purchased from American Type CeltGollection (ATCC). The absence of
mycoplasma contamination was checked periodicaliyhe Hoechst staining method. Cell lines
supporting the multiplication of RNA and DNA virusevere the following: CD4human T-cells
containing an integrated HTLV-1 genome (MT-4); Madarby Bovine Kidney (MDBK) [ATCC
CCL22 (NBL-1) Bos Tauruy Baby Hamster Kidney (BHK-21) [ATCC CCL10 (C-13)
Mesocricetus auratgsand Monkey kidney (Vero 76) [ATCCCRL 1587ercopithecus Aethiops
Viruses were purchased from American Type CultuoieCtion (ATCC), with the exception of
Yellow Fever Virus (YFV), Dengue virus type 2 (DENY, West Nile virus (WNV) and Human
Immunodeficiency Virus type-1 (HIV-1). Viruses regentative of positive-sense single stranded
RNAs (ssRNA) were: (i) Retroviridae the lllz laboratory strain of HIV-1, obtained from the
supernatant of the persistently infected H@/idells (NIH 1983); (ii)Flaviviridae: yellow fever
virus (YFV) [strain 17-D vaccine (Stamaril Pastel@d7B01)], Dengue virus type 2 (DENV-2)
[clinical isolate], West Nile virus (WNV) [clinicabkolate] and bovine viral diarrhoea virus (BVDV)
[strain NADL (ATCC VR-534)]; (iii) Picornaviridae human enterovirus B [coxsackie type B5
(CV-Bb5), strain Faulkner, (ATCC VR-185)], and humanterovirus C [poliovirus type-1 (Sb-1),
Sabin strain Chat (ATCC VR-1562)]. Viruses repréggwe of negative-sense, single-stranded
RNAs (ssRNA) were: (iv) Paramyxoviridae human respiratory syncytial virus (RSV) [strai2 A
(ATCC VR-1540)]; (v)Rhabdoviridaevesicular stomatitis virus (VSV) [lab strain ladia (ATCC



VR 158)]. The virus representative of double-stethdRNAs (dsRNA)Reoviridaewas reovirus
type-1 (Reo-1) [simian virus 12, strain 3651 (AT@R- 214)]. DNA virus representatives were:
(vi) Poxviridae vaccinia virus (VV) [strain Elstree (Lister Vaoel) (ATCC VR-1549)]; and (vii)
Herpesviridae human herpesvirus 1 (HSV-1) [strain KOS (ATCC VIR93)].

4.2.3. Cytotoxicity Assays

Cytotoxicity assays were run in parallel with amay assays. Exponentially growing MT-4
cells were seeded at an initial density of Txa@lls/mL in 96-well plates in RPMI-1640 medium,
supplemented with 10% foetal bovine serum (FBSY @fAits/mL penicillin G and 100 mg/mL
streptomycin. Cell cultures were then incubate@7afC in a humidified, 5% CfQatmosphere, in
the absence or presence of serial dilutions ofc@sipounds. Cell viability was determined after 96
h at 37 °C by the 3-(4,5-dimethylthiazol-2-yl)-2jfphenyl-tetrazolium bromide (MTT) method.
[17] MDBK and BHK cells were seeded in 96-well glsitat an initial density of 6xi@nd 1x16
cells/mL, respectively, in Minimum Essential Mediwath Earle’s salts (MEM-E), L glutamine, 1
mM sodium pyruvate and 25 mg/L kanamycin, suppldeemvith 10% horse serum (MDBK) or
10% foetal bovine serum (FBS) (BHK). Cell culturesre then incubated at 37 °C in a humidified,
5% CQ atmosphere in the absence or presence of sdu#ibds of test compounds. Cell viability
was determined after 72 hrs at 37 °C by the MTThoet Vero76 cells were seeded in 96-well
plates at an initial density of 5x1@ells/mL, in Dulbecco’s Modified Eagle Medium (DEWI)
with L-glutamine and 25 mg/L kanamycin, supplemdnteth 10% FBS. Cell cultures were then
incubated at 37 °C in a humidified, 5% g€@tmosphere in the absence or presence of serial
dilutions of test compounds. Cell viability was elebined after 48-96 h at 37 °C by the MTT
method. [17]

4.2.4. Antiviral assays

Antiviral activity against HIV-1 was based on inhibn of virus-induced cytopathogenicity
in MT-4 cells acutely infected with a multiplicityf infection (m.o.i.) of 0.01. Briefly, 50 pL of
RPMI containing 1x1H MT-4 cells were added to each well of flat bottamicrotitre trays,
containing 50 pL of RPMI without or with serial diilons of test compounds. Then, 20 uL of a
HIV-1 suspension containing 100 CGHPwvere added. After 4-day of incubation at 37 °C| cel
viability was determined by the MTT method. [15]tAral activity against YFV, DENV-2, WNV
and Reo-1 was based on inhibition of virus-inducgtbpathogenicity in BHK-21 cells acutely

infected with a m.o.i. of 0.01. Activity of compods activity against BVDV was based on



inhibition of virus-induced cytopathogenicity in NBK cells acutely infected with a m.o.i. of 0.01.
Briefly, BHK and MDBK cells were seeded in 96-wellates at a density of 5xi@nd 3x16
cells/well, respectively, and were allowed to faconfluent monolayers by incubating overnight in
growth medium at 37 °C in a humidified €(®%) atmosphere. Cell monolayers were then infecte
with 50 pL of a proper virus dilution in maintenanmedium [MEM-Earl with L-glutamine, 1 mM
sodium pyruvate and 0.025 g/L kanamycin, suppleetemtith 0.5% inactivated FBS] to give an
m.o.i of 0.01. After 2 hrs, 50 pL of maintenancedmen, without or with serial dilutions of test
compounds, were added. After a 3-/4-day incubaditoB7 °C, cell viability was determined by the
MTT method. [17]

Antiviral activity against CV-B5, Sb-1, VV, HSV-IYSV and RSV was determined by
plaque reduction assays in infected cell monolayBosthis end, Vero 76-cells were seeded in 24-
well plates at a density of 2x1@ells/well and were allowed to form confluent mtayers by
incubating overnight in growth medium [Dulbecco’sodified Eagle Medium (D-MEM) with L-
glutamine and 4500 mg/L D-glucose and 0.025 g/Lakaycin, supplemented with 10% FBS] at 37
°C in a humidified CQ (5%) atmosphere. Then, monolayers were infecte@ fo with 250 uL of
proper virus dilutions to give 50 to 100 PFU/wélbllowing removal of unadsorbed virus, 500 pL
of maintenance medium [D-MEM with L-glutamine ans0® mg/L Dglucose, supplemented with
1% inactivated FBS] containing 0.75% methylecelelowithout or with serial dilutions of test
compounds, were added. Cultures were incubated aC3¥or 2 (Sb-1 and VSV), 3 (CVB-5, VV
and HSV-1) or 5 days (RSV) and then fixed with P&®taining 50% ethanol and 0.8% crystal
violet, washed and air-dried. Plaques were themteal

4.2.5. Time of addition assay

A time-of-addition experiment was carried out wiBBHK-21 cells. The confluent
monolayers of BHK-21 cells, seed in 96-well tissudture plates were inoculated at room
temperature with 50000 PFU of YFV, correspondingtoultiplicity of infection of 1 PFU/cell.
After adsorption for 60 min, the monolayers wereshed two times with maintenance medium in
the presence of FBS inactivated and incubated thghsame medium at 5% g@nd 37 °C. The
test medium containing 10 x B£compound6a and 6b concentration or 4 x Efg6-azauridine
concentration was added before the infection (mrattnent), during the two hours of infection of
BHK-21 cell cultures with YFV and every two hourssp infection (p.i.) from time O to 10 hrs p.i
(Oto2,2to4,41t06, 6108, 8to 10).

After each incubation period, the monolayers weeshed two times with maintenance
medium and incubated with fresh medium until 10 pwst-infection. Then, after 24—36 hrs post-



infection the CPE was evaluated and the monolayers collected, centrifuged and frozen at -80
°C. The viral titre was determined by a plaque otidn assay.

4.2.6. Linear regression analysis

The extent of cell growth/viability and viral muydtication, at each drug concentration
tested, were expressed as percentage of untreateidols. Concentrations resulting in 50%

inhibition (CGso or EGy) were determined by linear regression analysis.
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Table 1. Cytotoxicity and antiviral activity of 4-(3,5-diphgl-4,5-dihydro-H-pyrazol-1-yl)
benzenesulfonamidesd-j, 5a-j, 6a-) against sSRNA(YFV, DENV-2, WNV, BVDV) viruses.

R
—_R!
\ Pt
L\
5a-j: R=H
6a-j: R = OPh
7a-j: R=0Bn
SO,NH,
°S| hs|
BHK-21 YRV cc DENV-2 WNV MDBK BVDV cc
COmpdS R Rl aCCso hECso <l dECso eECso fCCso gECso <
| oew | BR[| e |y | PR
ECSOYFV EC50 BVDV
4a H H 15 >15 - - - 16 >16 -
4b H 2-F 21 >21 - - - 19 >19 -
4c H 3-F 15 >15 - - - 20 >20 -
4d H 4-F 13+2 2.6x0.4 5.0 >13 >13 18 >18 -
4e H 2-Cl 1442 2.4+0.4 5.8 >14 >14 9 >9 -
Af H 3-Cl 9+1 2.510.1 3.6 >9 >9 2 >2 -
49 H 4-Cl 32 >32 - 3 - 11 >11 -
4h H 2-CH; 14+0.001 2.2+0.2 6.4 >14 >14 18 >18 -
4i H 3-CH; 25 >25 - - - 23 >23 -
4j H 4-CH; 8+1 2.2+0.2 3.6 >8 >8 32 >32 -
5a OPh H 13+1 2.1+0.1 6.2 >13 >13 5 >5 -
5b OPh 2-F 3443 1.9+0.1 17.9 >34 >34 36 >36 -
5¢ OPh 3-F 10+2 1.8+£0.2 5.6 >10 >10 12 >12 -
5d OPh 4-F 9+0.5 1.8+£0.2 5.0 >9 >9 6 >6 -
5e OPh 2-Cl 9+1 1.8+0.2 5.0 >9 >9 5 >5 -
5f OPh 3-Cl 10+0.3 2.2+0.2 4.5 >10 >10 6 >6 -
50 OPh 4-Cl 8+0.8 1.9+0.1 4.2 >8 >8 19 >19 -
5h OPh 2-CH; 8+1 2.2+0.2 3.6 >8 >8 16 >16 -
5i OPh 3-CH; 9+1 1.8+0.1 5.0 >9 >9 6 >6 -
5j OPh 4-CHs 9+0.8 1.8+0.1 5.0 >9 >9 21 >21 -
6a OBn H 804 2.2+0.2 36.4 >80 >80 72 >72 -
6b OBn 2-F 9015 1.8+0.2 50.0 >90 >90 >100 52.0+8 >1.9
6¢C OBn 3-F 11+1 2.0+0.05 55 >11 >11 15+2 10.0+1 1.5
6d OBn 4-F 6018 1.9+0.1 31.6 >60 >60 >100 >100 -
6e OBn 2-Cl 12+0.5 1.9+0.1 6.3 >12 >12 525 7.5+2 6.9
6f OBn 3-Cl 45+3 2.0£0.05 22.5 >45 >45 4015 5.5+0.5 7.3
69 OBn 4-Cl 15+1 1.940.1 7.9 >15 >15 16+1 4.5+1.5 3.6
6h OBn 2-CH; 22+3 1.8+0.2 12.2 >22 >22 >100 >100 -
6i OBn 3-CH; 9+0.3 1.8+£0.2 5.0 >9 >9 5615 12.5+4 4.5
6] OBn 4-CH; 36+4 1.8+0.2 20.0 >36 >36 80+7 2.510.5 32
Ref. Compds.
6-Azauridine >100 20.0+5 >5
NM 108 4816 1.7+£0.2 0.8+0.1
Ribavirin 62.0+1 20.0+2 3

Data represent mean values for three independesthdeations. Variation among duplicate samples less than 15%.

#Compound concentration required to reduce the hitiatif mock-infected BHK (Hamster normal kidneybfoblast) monolayers by 50%, as
determined by the MTT methoBCompound concentration required to reduce the hiialiif mock-infected BHK cells from the YFV-indude
cytopathogenicity, as determined by the MTT metliBdlectivity index (SlI) was the ratio betweensg@gainst BHK-21 and Egagainst YFV.
dCompound concentration required to achieve 50%eptinin of BHK cells from DENV-2 induced cytopathoigty, as determined by the MTT
method."Compound concentration required to achieve 50%eptian of BHK cells from WNV induced cytopathogetyjcas determined by the
MTT method.'Compound concentration required to reduce the hialif mock-infected MDBK (Bovine normal kidney)etls by 50%, as
determined by the MTT methodCompound concentration required to achieve 50%eptioin of MDBK cells from the BVDV-induced
cytopathogenicity, as determined by the MTT mettielectivity index (SI) was the ratio betweensg&ainst MDBK and Eg against BVDV.
The sign ‘>’ indicates that the Bgs higher than the Ggfor the corresponding host cell line or beyondhtghest tested concentration.



Table 2. Cytotoxicity and antiviral activity of 4-(3,5-digmyl-4,5-dihydro-H-pyrazol-1-
yl)benzenesulfonamidedd-j, 5a-j, 6a-) against sSRNA(HIV-1, CVB-5, Sb-1), sSRNAVSYV,
RSV), dsRNA (Reo-1) and DNA (VV, HSV-1) viruses.

9SI
| MT-4 [ HIV- BglK' Reo-1 | Vero76| CVB-5 CCs | 01 ‘ W | HSV-L | VsV ‘ RSV
Compds| R R 3CCso | "ECso °CCop 9ECs | °CCso ECso Vero76/ hECes
M) | (1M) (M) M) | (uM) (1M) ECso (M)
CVB-5
4a H H 42 >42 15 >15 22 > 22 - >22 >22 >22 >22 >22
4b H 2-F 42 >42 21 >21 28 > 28 - >28 >28 >28 >28 >28
ac | Ho| 3F | agm (BP0 a5 | os15 | 2 > 24 - >4 | 24 | >24 | >24| >4
4d H 4-F 45 >45 12 >12 23 >23 - >23 >23 >23 >23 >23
4e H 2-Cl 44 >44 13 >13 26 > 26 - >26 >26 >26 >26 >26
af H 3-Cl | 41+0.1 10.310 8 >8 21 >21 - >21 >21 >21 >21 >21
49 H 4-Cl 36 >36 32 >32 21 >21 - >21 >21 >21 >21 >21
4h H | 2-CH; 43 >43 14 >14 24 >24 - >24 >24 >24 >24 >24
4 H | 3-CH; 37 >37 25 >25 25 >25 - >25 >25 >25 >25 >25
4 H | 4-CHs 40 >40 7 >7 20 > 20 - >20 >20 >20 >20 >20
5a OPh| H 42+2 | 13.0+1 11 >11 |85+5B5 3.540.5 24.3 >85 >85 >85 >85 >35
5b OPh| 2-F 36 >36 32 >32 96+1 7.0+1 13.7 >96 >96 >96 >96 >96
5c OPh| 3-F 25 >25 11 >11 28+4 4.2+0.2 6.7 >28 >28 >28 >28 >28
5d OPh| 4-F 33 >33 8 >8 2542 6.0+1 4.2 >25 >25 >25 >25 >25
5e OPh| 2-Cl 40 >40 8 >8 29+3 10.5+0.5 2.8 >29 >29 >29 >29 >29
5f OPh| 3-CI 8 >8 9 >9 88 > 88 - >88 >88 >88 >88 >88
59 OPh| 4-CI 9 >9 7 >7 88 > 88 - >88 >88 >88 >88 >88
5h OPh| 2-CH; | 36+4 [13.0+0.6 7 >7 90/14 > 90 - >90 >90 >90 >90 >14
5i OPh | 3-CHs 35 >35 8 >8 81/14 >81 - >81 >81 >81 >81 >14
5j OPh | 4-CH; 7.2 >7.2 8 >8 86/20 > 86 - >86 >86 >86 >86 >20
6a OBn H >100 >100 84 >84 > 100 > 100 - >100 >100 >100 | >100| >100
6b OBn| 2-F 39 >39 92 >92 > 100 > 100 - >100 | >100 >100 | >100| >100
6¢C OBn| 3-F 65 >65 9 >9 904525 8.5+2.5 10.6 >90 >90 >90 >90 >25
6d OBn| 4-F >100 | >100 69 >69 90 >90 - >90 >90 >90 >90 >90
6e OBn| 2-Cl 26 >26 12 >12 92 > 92 - >92 >92 >92 >92 >92
6f OBn | 3-Cl 36+4 | 11.0+1 47 >47 85 > 85 - >85 >85 >85 >85 >85
69 OBn| 4-Cl 70 >70 16 >16 82 > 82 - >82 >82 >82 >82 >82
6h OBn| 2-CH; | >100 >100 20 >20 100 > 100 - >100 >100 >100 | >100| >100
6i OBn | 3-CHs 44 >44 8 >8 100+0.1 8.0+2 12.5 >100 >100 >100 | >100| >100
6j OBn | 4-CH; 35 >35 32 >32 |10040.2 13+4.5 7.7 >100 | >100 >100 | >100| >100
Ref. Compds.
+
EFV a0x2 | HO02
Ribavirin >100 40.015
6-Azauridine >100 | 18.0%2| 16x2 1.2+0.2
ACG >100 1.840.5
Pleconaril 8313 0.005+0.002 16000 2.7+0(6
M5255 9+1 1.540.2

Data represent mean values for three independesrhdeations. Variation among duplicate samples less than 15%.

4Compound concentration required to reduce the liialoif mock-infected MT-4 (cd4+ Human T-cells cairting an integrated HTL V-1 genome)
cells by 50%, as determined by the MTT methiZbmpound concentration required to achieve 50%eption of MT-4 cells from the HIV-1
induced cytioathigenicity, as determined by the Mfiethod.“Compound concentration required to reduce the hattf mock-infected BHK
(hamster normal kidney fibroblast) monolayers b@é&s determined by the MTT methd@ompound concentration required to achieve 50%
protection of BHK cells from the Reo (Reovirus Ijduced cytopathogenicity, as determined by the Mii@thod.“Compound concentration
required to reduce the viability of mock-infecte@ERO76 (monkey normal kidney) monolayers by 50%. fie values of cytotoxicity reported in
some cases for the cytotoxicity of Vero 76 celeirare due to the fact that for the RSV the comppaamains in contact with the cells for 5 days
(data reported in red) instead of 2 days for S SV and 3 days for CVB-5, VV and HSV-1 (datacepd in black), therefore the cytotoxicity is
higher.'Compound concentration required to reduce the plamumber of CVB-5 (Coxsackievirus B5) by 50% in &6 monolayers’Selectivity
index (SI) was the ratio between g@gainst Vero 76 cells (data reported in black) B against CVB-5."Compound concentration required to
reduce the plaque number of Sb-1 (Poliovirus 1), ¥accina virus), HSV-1 (Herpesvirus 1), VSV (Vesdar Stomatitis Virus) and RSV
(Respiratory Syncytial Virus) by 50% in Vero76 mémers.

The sign *>" indicates that the BgIs higher than the Ggfor the corresponding host cell line or beyondhighest tested concentration.



A seriesof 1,3,5-triphenyl-4,5-dihydropyrazol e derivatives were designed and synthesized as
Y FV inhibitors

All compounds were tested against alarge panel of RNA and DNA viruses

Most of the analogues exhibited a potent and specific activity against Y FV

The benzyloxy derivatives (6a-j) generally coupled potency in the low micromolar range and
high selectivity.



