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ABSTRACT

In our continuing efforts to find novel anti-HIV ©gpounds, we have synthesized sixteen novel
pyrazolo[4,3—c]pyridin—4—one derivatives. All thgnthesized compounds were screened for
anti—HIV activity against HIV—lss9 (R5, subtype C). Compound2a—12cand 12ewere also
tested against HIV-ko7o (X4, subtype D) in TZM-bl cell line. Compourd@cwas found to be
the most active against HIVydse and HIV—-1,c070 With 1Cso value 3.67 uM and 2.79 uM, and
therapeutic indices 185 and 243, respectively. Tda&l compoundl2c inhibited the HIV-
192/BR/018 (R5, subtype B) and drug resistant ieslaNIH-119 (X4/R5, subtype B) and
NARI-DR (R5, subtype C) effectively. The activity the lead compound was further confirmed
by PBMC assays. The molecular docking data shdteicthe most active compouéc binds

in the non-nucleoside binding pocket of HIV-1 reseetranscriptase, which was confirmed by
the ToA assay. Thus the study indicated ttat may be considered as a NNRTI and further

explored as a lead for anti-HIV drug development.

Key words: Pyrazolo[4,3—c]pyridin—4—one, Anti-HIV-1, QED, MET, TZM-bl.
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1 INTRODUCTION

Acquired immunodeficiency syndrome (AIDS) is a testi advanced stage infection by human
immunodeficiency virus (HIV). It is one of the wdid most significant public health challenges,
particularly in low— and middle—income countries.2017, approximately 36.9 million people
(35.1 million adults) were living with HIV and 1.8illion people became newly infected,
globally. Nearly 1 million people died from AIDSla¢ed illness in 2017 [1]. An estimated 21.7
million people were receiving HIV treatment in 20However, globally, only 59% of the 36.9
million people living with HIV were receiving andétroviral therapy (ART). In 2017, 8 out of 10
pregnant women living with HIV received antiretrals (ARVS) to prevent and eliminate
mother—to—child transmission and to keep motheve §2].

There are various antiretroviral drugs availablehi@ market such as entry or fusion inhibitors,
nucleoside or non-nucleoside reverse transcriptaebitors (NRTI/NNRTI), integrase
inhibitors (IN), protease inhibitors (Pl) and mattion inhibitors [3]. The resistance of virus to
the available antiretroviral drugs is the biggdslienge for ART and the discovery of new anti—
HIV agents to overcome this resistance is contlguabuired.

Pyrazole is an important class of heterocyclic eusl Some of the pyrazole and fused—pyrazole
containing drugs were approved for treatment ofouer diseases, including celecoxiy @nd
lonazolac 2), COX-2 selective nonsteroidal anti—inflammatorygs (NSAID) [4,5]; fipronil
(3), an insecticide; dipyroned), a potent analgesic and antipyretic agent [Bdtesiafil G) [7]

used to treat erectile dysfunction (Figure 1).
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Figure 1. FDA approved pyrazole and fused—pyrazole contaidings.

Fused—pyrazoles are reported for various biologieativities including antiviral [8],
antimicrobial [9,10], antiprotozoal [11], anticamnd&2,13] and anti—inflammatorgtc [14—16].
Some fused—pyrazole compounds were also reported afi—HIV activity. The H-
pyrazolo[3,4—b]pyridine-3—yl derivatives were reedr for anti-HIV-1 activity, which were
shown to act through reverse transcriptase inbiifL7,18] (Figure 2). Savaert al reported
novel 3—amino—4,5-dihydro—6—methyl-4—oxo—N-arif—fiyrazolo[4,3—c]pyridine—7—
carboxamide derivatives for anti-HIV activity agstirHIV-1 (llIB) and HIV-2 (ROD) [19]
(Figure 2). Here, we report sixteen new N-subs&tituiH-pyrazolo[4,3—c]pyridine—4—one
derivatives (Figure 3) and their evaluation fori-adtV—1 activity. However, the N-substituted
compounds are not yet known for these activitid® dim of this work was to evaluate the effect

of introducing various N-substitutions on the fuggtazolo-pyridine skeleton.
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82  ClICys (cell culture inhibitory concentration): The contmtion at which the spread of the virus is intedi by

83  >95%:; WT: wild type; FBS: fetal bovine serum; NH&rmal human serum.

84  Figure 2. Synthetic fused—pyrazole derivatives for anti—Hty.

R
e
N
N-N

12a-12p
85 R = H, halogen, trifluoromethyl, alkyl

86  Figure 3. Structure of designed N—substitutdd-pyrazolo[4,3—c]pyridine—4—one scaffold.
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2 RESULTS AND DISCUSSIONS

2.1 Insilico QED and ADMET properties

Drug-likeness assesses the oral bioavailabilita @hemical compound in the early stages of
drug discovery. Lipinski’s rule of 5 along with ethsimilar rules gives qualitative impression of
drug-likeness. But these rules fail during the mization of chemicals based on their drug—
likeness. Bickertort al. addressed this problem and proposed Quantitagtien&tion of Drug—
likeness (QED) for the lead prioritization. Theg@luggested that compound with QED greater
than 0.5 can be considered as a good lead forefudtug development. In this work, sixteen
new compounds were designed for synthesis by madifyie N-substituents and fused pyrazole
ring and rationalized for their drug-like propesti¢throughin silico approach. QED of all
designed compound&Za- 12p) was calculated according to the reported methathle 1) [20].

In order to make comparison, QED value was caledldor two known drugs i.e. nevirapine
(QED = 0.860) and zidovudine (QED= 0.422) [20—-Z2ED value of all synthesized compounds

was greater than 0.5, which indicated that the @amgs possess drug-like properties.

Table 1.QED of pyrazolo[4,3—c]pyridin—4—one derivativé86—12p)

Compound No. QED Compound No QED Compound No QED
12a 0.654 129 0.687 12m 0.655
12b 0.634 12h 0.674 12n 0.672
12c 0.670 12i 0.693 120 0.672
12d 0.670 12j 0.693 12p 0.717
12e 0.700 12k 0.694 Nevirapine 0.860
12f 0.687 12| 0.694 Zidovudine 0.420

All the compounds were further evaluated ifosilico ADMET properties using admetSAR tool
(Table 2) [23]. In order to validate the silico protocol, we also evaluated silico ADMET
properties of two known drugs (nevirapine and zidbime). The results indicated that, all the

tested compounds along with nevirapine and zidowidnay cross blood brain barrier (BBB)

6
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and absorb in human intestine (HIA) (Table 2). Resaiso showed all tested compounds along
with nevirapine are permeable for Caco-2 cells,red&®, zidovudine showed negative result for
Caco-2 cell permeability. The above predicted tefsulknown drugs is also evident from the
fact that zidovudine capsule and solution has bi@dvailability of less than 64% whereas oral
bioavailability of nevirapine tablet was approxielgt91% [24]. CYP450 isozymes are involved
in the metabolism of drugs which in turn helps torete the drug out of the body and reduce the
effect of the drug. These isozymes also play a nraje in drug—drug interaction. All the tested
compounds along with nevirapine were predicted @sstsate for CYP450 3A4, whereas
zidovudine is nonsubstrate for CYP450 3A4. The abmsults are in line with the literature
reports that drug—drug interaction shown by nevir@ps due to the induction of CYP450 3A4
enzyme whereas zidovudine does not cause inhibibbrCYP450 enzymes. Inhibition of
CYP450 isozyme results in drug—drug interactionsiMaf the designed compounds were found
to be non-inhibitor of these enzymes. Compouh2ks, 12fand12g were predicted to inhibit
enzyme CYP450 1A2 and CYP450 2C19. All the testadpounds along with nevirapine and
zidovudine were predicted to be non—inhibitors édozymes CYP450 2C9, CYP450 2D6 and
CYP450 3A4. Thein silico results also showed these compounds are noncgesiimo and

nonmutagenic.



124  Table 2.In silico ADMET properties of designed pyrazolo[4,3—c]pynidi—one derivativeslRa—12p)

12a 12b 12c 12d 12e 12f 12g 12h 12i 12 12k 121 12m 12n 120 12p Nevirapine Zidovudine

BBB + + o+ 4+ o+ 4+ o+ o+ o+ o+ o+ o+ o+ + O+ o+ 4 +
HIA + o+ o+ o+ o+ o+ o+ o+ o+ + o+ + o+ o+ o+ +
Caco-2
. + o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ & + O+ o+ 4 -

permiability
P-GPS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS S
p-GPI NI NI NI I I NI N N N N N N N | | NI NI
Renal organic
cation transport NI NI NI NI NI NI NI NI NINILONILONIONIONCONDONINI NI
CYP450 2C9

NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
substrate
CYP450 2D6

NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS S S N
substrate
CYP450 3A4

S S S S S S S S S S s S s s s s s NS
substrate
CYPA50 1A2 NONLNCNC T NI
inhibitor
CYP450 2C9 NI NI NI N NI N NI NI N N N N N N N N N NI
inhibitor
CYP450 2D6 NI NI NI NI NI NI NI NI N N N N N N N N NI NI
inhibitor
CYPAS02C19 '\ Nt NI 1 1 1 I NI NI NI NI NI N NI NI NI NI NI
inhibitor
CYP450 3A4 NI NI NI NI NI NI NI NI N N N N N N N N NI NI
inhibitor




/'?gﬂ(lizciy NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT NT T T
Carcinogen NC NC NC NC NC NCNC NC NC NC NC NC NC NC NC NC NC NC

125 Blood-Brain Barrier (BBB): don't cross BBB (-); @®BBB (+), Human Intestinal Absorption (HIA): rathsorbed (-); absorbed (+),Caco—2 Permeability: not
126

127

permeable (-); permeable (+), Cytochrom 450 (CYP450= substrate for enzyme; NS = not a sutesfa enzyme, | = enzyme inhibitor; NI = notzgme
inhibitor, NT: nontoxic; T: toxic, NC: noncarcinoge.
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2.2 Chemistry

All the designed compounds, a total of sixteen pyi@4,3—c]pyridin—4—one derivatives were
synthesized using Scheme 1. Compound 6—Methyl-2-4gedihydropyridine—3—carbonitrile
(14) was synthesized using 3—ketobutyraldehyde dinhedbgtal (3) and cyanoacetamide as
starting materials [25]. The nitrile group of conupd 14 was then converted into formyl group
using DIBAL-H to give compound5 [26]. The structures of compoundg and 15 were
confirmed by comparing melting poiritd NMR and**C NMR with the literature values [25,26].
The pyrazolo[4,3—c]pyridin—4—one derivatives weyertkesized from compourib in two steps.

In the first step, compountl5 and substituted phenylhydrazine hydrochlorides vetireed in
ethanol at room temperature to yield intermediatéréwones, which were used in second step
without purification. Only one intermediate hydraeo 6—methyl-3—((2pftolyl) hydrazono)
methyl) pyridin—2(H)—one (68 [22] obtained from the reaction 46 with p—tolylhydazine
hydrochloride was purified by repeated washing eithanol for characterization. Spectral data
of compoundl6a was matched with reported data [22]. In the secsteg, the intermediate
hydrazones were converted in to pyrazolo[4,3—c{bgrid—one derivativeslRa—12p in boiling
nitrobenzene (Scheme 1) [27]. The structures ofth@gized compounds (Figure 4) were

confirmed by spectral dat. IR, mass’H NMR, **C NMR etc. (Supplementary information).

10



145 12a-12p

146  Schemel. (a) Cyanoacetamide, piperidine acetate, 80 °C, 30%; b) HMDS, toluene, 110 °C, 3 h; c) DIBAL-H,
147  toluene, 0 °C, 8 h, (combined yield of steps b an@5%); d) R—-NH-NKHCI, ethanol, rt, 2 h; e) Nitrobenzene,

148 210 °C, 15 min (combined yield of steps d and e:64%%6).

11
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Figure 4. Structures of pyrazolo[4,3—c]pyridin—4—one derivas ((2a—12y).

2.3  Anti—HIV activity

Prior to screening the synthesized pyrazolo[4,3#adp—4—one derivativesl@a—12p for anti—
HIV activity, the compounds were tested for cytatity using MTT cell viability assay and
CGCsp values were determined. The compod2d showed Cgpvalue 679 pM which is closer to
CCsp value of Zidovudind.e. 872 uM. Further all the compounds were screenecrfit—HIV
activity against HIV—igs9 (R5, subtype C). The compounda-12d and 12e were further

tested against both HIVydsg (R5, subtype C) and HIV-g&o7o (X4, subtype D) in TZM-bl cell

12
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line. The compound42d and 12f-12p were not tested against HIViodb7o (X4, subtype D)
because of 16 of these compounds against HIVsdy (R5, subtype C) was less than £C
value. The IG, values and therapeutic indices (TI) were calcdlai@ each of them and
compared with the drug control (Table 3). The coommbl2c was the most active compound
against HIV-1gs9 and HIV-Lc070 among all the tested pyrazolo[4,3—c]pyridin—4—one
derivatives showing 163 values of 3.67 uM and 2.79 uM, respectively, agjainese two strains.
The compoundl2c also showed good therapeutic indices 185 and 24hsigHIV—-1,s9 and
HIV-1yco7o respectively. Subsequently, the active lead cam@d2c was also tested against
HIV-1g28r018(R5, subtype B) and exhibitedd&value7.42+2.3uM. Furthermore, the compound
was also effective against two nevirapine drugstast isolates HIV+li19 (X4/R5, subtype B)
and HIV-yari-or (R5, subtype C) with 165 values 3.24+0.9M and 2.53+0.21M, respectively
(Table 4).

Substitutions of N—1 phenyl ring with electron vdtawing groups like —F, —CI, —GFand —
OCH; lead to loss of the anti-HIV activity, whereasbstitution with methyl group leads to
increased anti—HIV activity. Further, compouh#c with 3,5—dimethyl substitution possessed
greater anti—HIV activity as compared to the 4—yledimd 3,4—dimethyl substituted compounds.
Similarly, substitutions of N—1 phenyl ring witheetron withdrawing groups like —F, —CI, -CF
and —OCH resulted in increased toxicity and substitutiorthwinethyl ring led to reduced

toxicity.

13
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Table 3. Anti-HIV-1 activity of pyrazolo[4,3—c]pyridin—4—onderivatives {2a—12p)

Sr.  Compound  Cytotoxicity Anti—HIV-1 testing data
No No. CC50(HM) IC5oHIV1 ypsg Tl ICsg Tl
(R5) (u™m) HIV1 s HIV1 ycoro HIV1 ycoro
(R5) (X4) (uM)  (X4)
1 12a 383.18 58.08 6.6 228.79 1.67
2 12b 708.00 120.80 5.86 444,44 NA
3 12c 679.00 3.67 185 2.79 243
4 12d 93.40 126.44 0.74 NT NT
5 12e 552.94 246.78 2.24 >196.08 NA
6 12f 34.06 127.78 1.00 NT NT
7 129 100.35 >170.65 NA NT NT
8 12h 260.25 >193.05 NA NT NT
9 12 93.50 >170.65 NA NT NT
10 12j 93.50 >170.65 NA NT NT
11 12k 79.80 138.28 0.58 NT NT
12 12| 72.57 139.47 0.52 NT NT
13 12m 158.72 >205.76 NA NT NT
14 12n 133.45 >191.57 NA NT NT
15 120 129.54 >191.57 NA NT NT
16 12p 4591 >177.94 NA NT NT
17 Zidovudine 872 0.03 29067 0.027 32296
182 CGsy 50% cytotoxic concentration; ¥ 50% inhibitory concentration; Therapeutic ind@X)( CCsy/ICsq; NA: Not
183 applicable; NT: Not tested
184
185 Table 4. Anti-HIV-1 activity of lead compoun#i2c against various primary isolates of HIV-1
HIV-1 primary isolates
HIV-1 vgso HIV-1 ysorc HIV-1 opprioze | HIV-1 narior HIV-1 nia¢
Co | CCy |ICs ICso IC s ICsq ICxo
mp. | (gM) | (@M) | TI ®M) | TI eM) | TI eM) | TI M) | TI
67¢ 3.67 2.7¢ 7.42 2.5¢2 3.2¢
12c | +223 | +2.3 | 185 +1.8 | 243 +2.3 91 +0.2 268 +0.9 210
Zido
vudi | 872+ | 0.02+ 0.01+ 0.016: 0.0z 0.02+
ne |13.8 [0.01 | 43600]| 0.0 87200| 0.005 | 54500 | 0.01 43600 | 0.01 | 43600
Nev
irapi | 597 | 0.71 0.53 0.30 232.3 140.0
ne |63 |+0.1 | 840 +0.3 | 1126 |+£0.1 |1990 |*13.7 |2.6 +52.6 | 4.3
186 CGsq 50% cytotoxic concentration; §& 50% inhibitory concentration; Therapeutic ind@¥){ CCsy/ICso
187 The data represents Mean * SD of three indeperadsatys.

14



188 The lead compound2c exhibited a Cg of 592 uM and Ig value of 8.65 uM in the
189 confirmatory assays carried out in PBMCs againdf-Hi{gs; (Table 5). Compound&2a and
190 12c were also tested for the inhibition of reverse diptase (RT) enzyme. Compouh#c
191 exhibited an IG, value 30.80+9.6M, while compoundl2a had an IG value of 82.90+5.58
192 uM. Zidovudine and Nevirapine were used as conirothe assay and inhibited the HIV-1 RT
193 with an I1Gp of 0.02 £ 0.0.uM and 13.14+1.88M, respectively.
194
195 Table 5. Anti-HIV—1 activity of 12cin PBMCs

Sr. Compound Average Cytotoxicity Anti—HIV-1 testing data

No No. CC50((|1M) IC50HIV1 vgs1 (R5) (pM) TI HIV1 vgs1 (RS)

1 12c 592+124 8.65+2.09 68

2 Zidovudine 1071425 0.05+0.01 21420

3 Nevirapine 100316 0.19+0.03 5278
196 CGsy 50% cytotoxic concentration; 4 50% inhibitory concentration; Therapeutic ind@X) (= CCsy/ICsp.
197
198 2.3.1: Time-of addition experiment
199 To identify the target of the drug action, the tiofeaddition assay (ToA) was carried out using
200 the lead compound2c along with known anti-retrovirals (ARVs). It wadserved that the
201 inhibition of the lead compouritRc declined after 10 h post infection similar to N{Fgure 5).
202 TIME OF ADDITION( H POST INFECTION)

15
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224
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227

Figure 5. Time-of-addition analysis.

The target of lead compouri@c was compared to known antiretroviral drugs. Foahpound
concentrations were 5-fold higher than theigol@alues. D.S. (0.2;ug/mL), AZT (0.05uM),
NVP (0.94uM), RAL (0.16 uM), RTV (59.39uM) and12c (1.42 uM). Test compounds were
added at different time points (0, 1, 2, 3, 4, 618, 18, and 24 h) at or after infection. The
percent infection (RLU) was determined. Data repmésmeanzSD calculated from three
independent experiments. The results showedltbafollowed an inhibition pattern similar to
AZT upto 3 h which continued up to 10 h like NVPwlas noted that the activity of compound
12c depended on the concentration tested. It blockedviral reverse transcription process at
low concentrations, whereas, at higher concentrgtidt showed inhibition for extended

duration. Thus the ToA assay enabled to discrireibatween NRTI versus NNRTI.

2.4 Molecular docking
Blind docking calculations were carried out to fitite potential binding sites df2c in the

reverse transcriptase enzyme. The results shove¢d2bbinds within 48 pockets of the reverse
transcriptase (Figure 6). The highest energy duéte0.5 kcal/mol) ofl2c occupies the
allosteric binding site of non-nucleoside reversascriptase inhibitors. Further, docking studies
of all the synthesized compound24—12p were performed within the non-nucleoside binding
pocket (NNBP) to study the binding modes. The bigdinode analysis showed that the phenyl
ring of 12a 12b 12d-12land12n-12p(Figure 7a) and pyridinone ring of compourids and
12m (Figure 7b) occupies the aromatic-rich region &fBYP. Interestingly12f and12c showed
maximum binding affinities of -10.9 and -10.5 koatl, respectively (Table 6). The binding

affinity of 12cis translated into the anti-HIV activity contrany12f. The analysis of the protein-

16
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229
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236

237

238

239

240

241

ligand interaction showed that the pyridinone mpiet 12c occupies a hydrophobic aromatic-
rich pocket formed mainly by the side chains of IB&, Tyr188, Phe227, and Trp229. The
hydrophobic contacts were found between the pysitenring of12c and residue Y181 and
Y188 (Figure 8b). These hydrophobic interactionsenatbsent irl2f (Figure 8a). Furthermore,
the phenyl ring ofLl2f occupies the hydrophobic pocket formed by the sitgns of Tyrl81,
Leul00. The hydrogen bonding 12 increases the binding affinity but in effect, éduces the
hydrophobic interactions with residue Y181 and Y {B@gure 8a). Compount?m also interacts
with the residue Y181 and Y188 but its binding raffi (-9.5 kcal/mol) is low. No other
compound showed interaction with both of the ressdie Y181 and Y188. The NNBP does not
exist in the absence of an inhibitor; rather, bigdof these inhibitors causes the side chains of
Y181 and Y188 to flip from a ‘down’ to an ‘up’ onétion which generates this NNBP [28].
Therefore, the interaction of inhibitors with thesesidues is considered important for the
activity. These results support the hypotheses tath@euimportance of hydrophobic contacts for

NNBP.

17



o
[ Unclustered poses
102 L
>
(O]
c
5
g 101 L
[
100 L
0
-11 -10 -9 -8 -7 -6 -5

Binding energy (kcal/mol)
242
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245
246  Figure 7. Binding mode of compounda-12p a) Compound12a, 12b, 120-12| and12n-12p b) Compoundl.2¢c

247  and12f.
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248

249

250 Figure 8. Binding modes ol 2f (8a) and12c (8b) showing various interactions with reversasiptase enzyme
251 (Atoms of protein involved in hydrophobic interamis are shown as grey ball and atoms of proteinlved in
252  hydrogen bond are shown as black ball. Residudveddn pi-stacking is shown as grey stick).

253  Table 6.Binding affinities and interactions of compountiga—12p

254
Binding Affinity . . Hydrogen . .
Compound (kcal/mol) Hydrophobic interaction Bond pi-Stacking Halogen Bond
P95, L100, K103, V106
12a -9.8 Y181, L234 Y318 H235, Y318 |W229 -
12b 9.6 L100, K103, V106, Y181y,535 v318| w229 -
Y318
P95, L100, V106, V179,
12c -10.5 Y181, Y188, F227, W229-- — —
L234
P95, L100, K103, V106
12d -10.3 Y181, 1234 Y318 H235, Y318 |W229 —
12e 9.7 1100, K103, V108, Y181y35, v318 | w229 -
Y318
L100, K103, V106, Y181,
12f -10.9 1234, Y318 H235, Y318 |W229 —
12¢g -10.4 V106, V179, Y181, F227 |Y318 w229 -
12h -9.7 L100, K103, V106, L234, H235, Y318W229 -
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255

256

257

258

259

260

261

262

263

264

265

266

Y318

L100, K103,

V106, L234

12i 101 Lo H235, Y318 | W229 -
12] 9.6 e vaig 100 Yi%%poge, vais - V179
12k 9.3 Eoor Lo LT YL W229 -
12l 101 oa vaig 0% Y4%%mags, vais w229 -
12m 9.5 Foor Lo oh V1%8ki01 W229 -
12n 103 L100, K103, V106, Y318 | H235, Y318|W229 -
120 10 o9a yarg 0% Y18hmogs, vais w2 -
12p 10 oo yang 108 Y18hmiags, vaig w22 -

3 CONCLUSIONS

Sixteen new pyrazolo[4,3—c]pyridin—4—one derivativevere synthesized. All synthesized

compounds were predicted to be drug-like as indicdty QED value greater than 0.5. Also,

synthesized compounds were predicted to have fale®@DMET parameters. Compouri@c

was found to be the most active against Hhsd and HIV—1,6070 With ICs value 3.67 uM and

2.79 uM, and therapeutic indices of 185 and 24sheetively. The compound could also inhibit

nevirapine drug resistant viruses and has beenrshouwnhibit reverse transcriptase assay. The

molecular docking study showed that the most acomapoundl2c binds in the non-nucleoside

binding pocket of HIV-1 reverse transcriptase, \whicas confirmed by ToA assay. The study

indicated thatl2c may be considered as a NNRTI can be further egglas a lead for anti—

HIV-1 drug development.
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289

4 EXPERIMENTAL

4.1 General

All chemicals were purchased from Sigma—Aldrich, desabad, India, or Alfa Aeser,
Hyderabad, India, and used without further purtfma for the synthesis of pyrazolo[4,3—
c]pyridin—4—one derivatives. Solvents used for flyathesis were of LR (laboratory reagent)
grade and used without further purification. Preéedailica gel aluminum sheets (TLC Silica gel
60 Fs4 0.25 mm thickenss, Merck, Germany) were used &2 and visualized under UV light
and derivatized using Dragendorff reagent. Compsundre purified using Silica gel (#230-
400, Merck, Germany) column chromatography. Pwftgynthesized compounds was checked
using high—performance liquid chromatography (HPE8imadzu Corporation, Kyoto, Japan).
All the newly synthesized pyrazolo[4,3—c]pyridin-ofe derivatives were characterized by using
by '"H NMR, °C NMR, mass spectrometer and High—Resolution MasitBa (HRMS).*H
NMR and**C NMR spectra were recorded on 400 and 100 MHZ K&riFT-NMR Avance |,
USA) spectrometer, respectively, using tetrametlayle as an internal standard. The chemical
shifts are reported ia units. Melting points were recorded on capillargltimg point apparatus
(Buchi). Infra—red (IR) spectra were recorded bingsPerkin Elmer—Spectrum Il instrument.
Mass spectra were recorded on Thermo LTQ-XL masstspneter (Thermo, USA). HRMS
were recorded on max!$ ESI-Q-TOF (Bruker, Germany).

4.2 Synthesis of 6—methyl-2—oxo0-1,2—dihydropyridine—3adbonitrile (14)

The compoundl4 was synthesized using a method reported by Wadtbral. [25]. 3—
Ketobutyraldehyde dimethyl acetald (38 mmol, 5.0 g, 5 mL) and cyanoacetamide (41.8
mmol, 3.52 g) were mixed in 250 mL round bottomskigRBF). The piperidinium acetate

solution (25% v/v, 15 mL) was added with stirrimgdissolve the mixture. The resulted reaction
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299
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306

307

308

309

310

311

312

mixture was transferred at 80 °C and stirred camtirsly for 24 h. The reaction mixture was
cooled to room temperature and filtered to collbet precipitate, which was washed with cold
water three times and dried under vacuum to givéewmtompoundl4 (3.7 g, 73 % yield)
(Scheme 1).

4.3 Synthesis of 6—methyl-2—ox0—1,2—dihydropyridine—3adbaldehyde (15)

Compoundl15 was synthesized using the method described by Stesves al. [26]. In brief,
compoundl4 (14.9 mmol, 2 g) and hexamethyldisilazane (14.9 inda g, 3.1 mL) were
mixed in 100 mL round bottom flask (RBF) under ogfen. To above mixture, dry toluene (10
mL) was added and mixture was stirred at 120 °C2fdr to give clear solution. The reaction
mixture was cooled to room temperature followedréyoval of the solvent under vacuum to
obtain yellowish oil. Dry toluene (30 mL) was addedthe oily residue under nitrogen with
continuous stirring at 0 °C. Di-isobutylaluminiurgdride (DIBAL-H) (25% w/w in toluene) (14
mL) was added dropwise for 1 h to above solutidre fleaction mixture was stirred at 0 °C for 8
h. After completion, the reaction solution was #fanred in to 250 mL RBF and acidified with
3N HCI (50 mL) to give yellow precipitate. The réao mixture was extracted with the
dichloromethane (DCM) three times. Combined DCMraott was treated with activated
charcoal and concentrated under vacuum aftertfdtrao give yellowish compoundl4 (1.7 g,

82 % yield) (Scheme 1).

4.4 Synthesis of pyrazolo[4,3—c]pyridin—4—one derivaties (12a—12q)

The pyrazolo[4,3—c]pyridin—4—one derivatives wesmtbesized by using compourtb as
starting material in two steps. In first step, tdoenpoundl5 (1 mmol, 137 mg) was dissolved in
ethanol (20 mL) and substituted phenylhydrazinerbgiloride (1.1 equivalent) was added. The

reaction mixture was stirred at room temperatune Xoh. The completion of reaction was
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313 monitored by TLC. The resulted reaction mixture \aiswed to cool to room temperature. The
314 solvent was evaporated under vacuum; ethanol (5was) added and sonicated for 30 seconds
315 to produce suspension. The resulted suspensioreskeet in refrigerator for 1 h to settle down
316 the suspended particles. The suspended particlssfiliered out and used for second step
317 without further purification. In second step, tlesulted solid was poured in boiling nitrobenzene
318 at 210 °C and stirred at same temperature for Tutes [27]. The completion of reaction was
319 monitored by TLC. After the completion, the reantimixture was allowed to cool to room
320 temperature followed by silica gel column chromadpdpy to isolate pure pyrazolo[4,3—
321 c]pyridin—4—one derivativeslRa—12p)

322 6-Methyl-1—@p—tolyl)-1H—pyrazolo[4,3—c]pyridin—4(5H)—one(12a): Light brown solid; Yield
323 51%; mp = 263-265 °C; FTIR (CHgIv cni'3418,2923, 2851, 1673, 1463, 137A NMR
324 (CDCls, 400 MHz):6 11.46 (s, 1H), 8.31 (s, 1H), 7.49 @z 7.0 Hz, 2H), 7.33 (d] = 6.9 Hz,
325 2H), 6.36 (s, 1H), 2.44 (s, 6H°C NMR (CDCE, 100 MHz):§ 161.0, 144.7, 142.5, 137.9,
326 137.5, 136.7, 130.1 (2C), 123.3 (2C), 112.5, 9221, 19.6; HRMS (ESIm/z cacld for
327  CiH1aN30 [M+Na]™: 262.0956, found: 262.0944.

328 6—Methyl-1-phenyl-H—pyrazolo[4,3—c]pyridin—4(5H)—one (12b): Tint white solid; Yield
329 58%; mp = 236-240 °C; FTIR (CHgIv cnit 3443,2922, 2851, 1651, 1458, 1377, 748;
330 NMR (CDCL, 400 MHz):6 11.30 (s, 1H), 8.33 (s, 1H), 7.62 (dbk 8.6, 1.1 Hz, 2H), 7.57-7.53
331 (m, 2H), 7.43 (tJ = 7.4 Hz, 1H), 6.41 (s, 1H), 2.44 (s, 3HC NMR (CDC}, 100MHz): 5
332 161.0, 148.4, 144.7, 142.7, 139.1, 137.7, 129.6),(427.9, 123.4 (2C), 112.7, 92.3, 19.7;
333 HRMS (ESI)m/zcacld for GsH11NzO [M+Na]™: 248.0800, found: 248.0792.

334 1-(3,5-Dimethylphenyl)-6—methyl-H—pyrazolo[4,3—c]pyridin—4(%H)—one (129: White

335 solid; Yield 64%; mp = 286-289 °C; FTIR (CH{Eb cni’ 3432,2917, 1633, 1459, 1259, 749;
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336 'H NMR (CDCh, 400 MHz):6 11.46 (s, 1H), 8.31 (s, 1H), 7.22 (s, 2H), 7.061¢3), 6.38 (s,
337 1H), 2.45 (s, 3H), 2.41 (s, 6H}C NMR (CDCE, 100 MHz):§ 161.1, 144.7, 142.5, 139.5,
338 139.0, 137.4, 129.5 (2C), 121.2 (2C), 112.5, 9243 (2C), 19.7; HRMS (ESk/zcacld for
339  CysH1sNzO [M+Na]': 276.1113, found: 276.1104.

340 1-(3,4-Dimethylphenyl)-6—methyl-H—pyrazolo[4,3—c]pyridin—4(5H)—one (12d): Brown
341 solid; Yield 50%:; mp = 248-250 °C; FTIR (CH{Lb cnmi* 3433,2923, 1638, 1459, 10164
342 NMR (CDCh, 400 MHz):6 11.36 (s, 1H), 8.30 (s, 1H), 7.39 (= 1.9 Hz, 1H), 7.31 (dd] =
343 8.1, 2.0 Hz, 1H), 7.29 (s, 1H), 6.36 (s, 1H), 2(d33H), 2.36 (s, 3H), 2.34 (s, 3HJC NMR
344 (CDCl;, 100 MHz):161.0, 144.7, 142.4, 138.2, 137.4, 13635.6, 130.4, 124.7, 120.7, 112.5,
345 92.3, 19.9, 19.7, 19.5; HRMS (ESH)/z cacld for GsHisNsO [M+Na]: 276.1113, found:
346 276.1105.

347 1—-(3—Methoxyphenyl)-6—methyl-H—pyrazolo[4,3—c]pyridin—4(5H)—one (128: Brown solid;
348  Yield 52%; mp = 184-189 °C; FTIR (CHgl crmi'3433,2923, 1638, 1466, 101'H NMR
349 (CDCl, 400 MHz):5 10.99 (s, 1H), 8.31 (s, 1H), 7.44 (m, 1H), 7.2087m, 2H), 6.97 (m, 1H),
350 6.43 (s, 1H), 3.89 (s, 3H), 2.43 (s, 3H)c NMR (CDCk, 100 MHz):6 160.6, 144.7, 142.6,
351 140.2, 137.7, 130.2, 115.4, 113.7, 109.2, 106.3,51(®2.4, 55.6, 19.7; HRMS (ESt)/zcacld
352 for Ci4H13N30, [M+Na]": 278.0905, found: 278.0895.

353 6-Methyl-1—(3—(trifluoromethyl)phenyl)-1H—pyrazolo[4,3—c]pyridin—4(5H)—one (12f):
354  Light brown solid; Yield 50%; mp = 233-235 °C; FT(RHCk) v cmi*3390,2921, 2850, 1671,
355 1465, 1275, 1120, 7584 NMR (CDCh, 400 MHz):6 11.52 (s, 1H), 8.36 (s, 1H), 7.93 (s, 1H),
356 7.84 (m, 1H), 6.69 (m, 2H), 6.40 (s, 1H), 2.4838l); °C NMR (CDCk, 100 MHz):5 160.9,
357 144.7,143.5, 139.7, 138.4, 132.1, 130.3, 126.2,81224.4, 120.2, 114.1, 91.8, 19.8; MS (ESI)

358 m/z294 [M + 1], 316 [M+Na] for Ci4H10F3N30.
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359 6-Methyl-1—(4—(trifluoromethyl)phenyl)-1H—pyrazolo[4,3—c]pyridin—4(5H)—one (129:
360 Brown solid; Yield 46%; mp = 262-264 °C; FTIR (CHCbL cm™ 3435, 2920, 2851, 1669,
361 1330, 1108, 1062H NMR (CDCk, 400 MHz):5 10.97 (s, 1H), 8.35 (s, 1H), 7.83—7.78 (m, 4H),
362 6.44 (s, 1H), 2.45 (s, 3H}*C NMR (CDCk, 100 MHz)s 160.6, 144.8, 143.3, 142.0, 138.5,
363 129.5,126.9 (2C), 123.1 (2C), 122.4, 113.2, 9198; MS (ESIM/z294 [M+H], 316 [M+Na]
364  for Ci4H10F3N30.

365 1-(4—Chlorophenyl)-6—methyl-H—pyrazolo[4,3—c]pyridin—4(5H)—one (12h): Light brown
366 solid; Yield 52%; mp = 247-249 °C; FTIR (CHEb cnmi'3433, 2955, 2922, 2852, 1663, 1461,
367 1377, 1262, 751*H NMR (CDCk, 400 MHz):5 10.88 (s, 1H), 8.31 (s, 1H), 7.58—7.50 (m, 4H),
368 6.36 (s, 1H), 2.42 (s, 3H}*C NMR (CDCk, 100 MHz): 156.3, 144.7, 142.8, 138.0, 137.7,
369 134.7,133.6, 129.8 (2C), 124.5 (2C), 114.9, 9207; HRMS (ESI)m/zcacld for GsH1CIN3O
370 [M+Na]™: 282.0410, found: 282.0404.

371 1—(3,4-Dichlorophenyl)-6—methyl-#HH—pyrazolo[4,3—c]pyridin—4(3H)-one  (12i):  Light
372  brown solid; Yield 50%; mp = 273-275 °C; FTIR (CHQ} cmi*3435, 2919, 2850, 1634, 1487,
373  750;'H NMR (DMSO-d, 400 MHz):5 11.35 (s, 1H), 8.27 (s, 1H), 7.93 @= 2.2 Hz, 1H),
374 7.83 (d,J = 8.7 Hz, 1H), 7.69 (dd] = 8.7, 2.3 Hz, 1H), 6.55 (s, 1H), 2.26 (s, 3¢ NMR
375 (DMSO-g;, 100 MHz):6 159.1, 144.9, 139.0, 138.6, 132.6, 132.0, 135, 123.3, 113.2,
376 91.2,79.5, 19.4; MS (ESt)/z294 [M+H]', 296 [M+2+HT, 298 [M+4+HT, 316 [M+Na], 318
377 [M+2+Na]’, 320 [M+4+Na] for Cy3HgCIN3O.

378 1-(3,5-Dichlorophenyl)-6—methyl-HH—pyrazolo[4,3—c]pyridin—4(5H)-one  (12j):  Light
379 brown solid; Yield 55%; mp = 242-244 °C; FTIR (CHWQ) cmi 3435, 2920, 2850, 1671, 1460,
380 766;'H NMR (DMSO-@, 400 MHz):5 11.38 (s, 1H), 8.28 (s, 1H), 7.74 (s, 2H), 7.721(),

381 6.56 (s, 1H), 2.28 (s, 3H)’C NMR (DMSO-d, 100 MHz):6 159.0, 145.1, 145.0, 141.2, 138.8,
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135.4 (2C), 127.6, 121.9 (2C), 113.3, 91.2, 19.8; (@S1)m/z294 [M+H]", 296 [M+2+H], 298
[M+4+H]", 316 [M+Na], 318 [M+2+Na], 320 [M+4+Na] for Cy3HoCl2N3O.
1-(4-Bromophenyl)-6—methyl-H—pyrazolo[4,3—c]pyridin—4(58H)—one (12k): Brown solid;
Yield 48%; mp = 270-271 °C; FTIR (CHgIlv cni'3401,2917, 1669, 1494, 1349, 566t
NMR (CDCk, 400 MHz):5 10.63 (s, 1H), 8.31 (s, 1H), 7.67 (dts 6.8, 1.9 Hz, 2H), 7.51 (dd,
J=6.9, 1.8 Hz, 2H), 6.35 (s, 1H), 2.41 (s, 3thc NMR (CDCE, 100 MHz):6 160.4, 152.0,
144.6, 142.7, 138.2, 138.1, 132.7 (2C), 124.8 (221.4, 92.0, 19.8; MS (ESin/z 326
[M+Na]*, 328 [M+2+Na] for Ci3H;0BrNsO.
1-(3—-Bromophenyl)-6—methyl-H—pyrazolo[4,3—c]pyridin—4(5H)—one (12l): Brown solid;
Yield 42%; mp = 278-281 °C; FTIR (CH{h cnm3419,2921, 1633, 756H NMR (CDCk,
400 MHz):6 10.28 (s, 1H), 8.31 (s, 1H), 7.81 (br s, 1H), 7&85 (m, 2H), 7.41 (t) = 8.0 Hz,
1H), 6.38 (s, 1H), 2.42 (s, 3H}*C NMR (CDCEk, 100 MHz): 160.3, 146.4, 144.7, 142.8,
140.2, 138.2, 130.9, 130.8, 126.4, 123.1, 121.8,919.8; MS (ESIMm/z 326 [M+NaJ, 328
[M+2+Na]" for Cy3H10BrNzO.
1—(3—Fluorophenyl)-6—methyl-H—pyrazolo[4,3—c]pyridin—4(5H)—one (12m): White; Yield
51%; mp = 230-232 °C; FTIR (CH cmit3429,2921, 1660, 1465, 7884 NMR (CDCl,
400 MHz):6 10.75 (s, 1H), 8.32 (s, 1H), 7.54—7.48 (m, 1H)47d, J = 8.2 Hz, 1H), 7.39 (dd]

= 9.5, 2.0 Hz, 1H), 7.16-7.11 (m, 1H), 6.42 (s, 1H%4 (s, 3H)**C NMR (CDCE, 100 MHz):
0160.4, 144.7, 142.9, 140.6, 140.5, 138.2, 130.06,8,1318.7, 118.7, 114.8, 114.6, 113.0, 111.0,
110.8, 92.0, 19.8; MS (ESi)/z265.98 [M+Na] for C1sH10FN3O.
1-(3,4-Difluorophenyl)-6—methyl-H—pyrazolo[4,3—c]pyridin—4(5H)-one (12n): White;
Yield 41%; mp = 288-289 °C; FTIR (CH{l cmi* 3401,2918, 1673, 1469, 778 NMR

(DMSO—d, 400 MHz):6 11.33 (s, 1H), 8.24 (s, 1H), 7.81-7.76 (m, 1H)87&61 (m, 1H),
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7.54-7.52 (m, 1H), 6.52 (s, 1H), 2.25 (s, 3HE NMR (DMSO-¢, 100 MHz):5 159.2, 144.8,
144.7, 138.2, 120.4, 119.0, 118.8, 113.4, 113.2,.911102.1, 91.2, 19.4; MS (ESt)/z 262
[M+H] ™ for Cy3HgF2N3O.
1-(3,5-Difluorophenyl)-6—methyl-H—pyrazolo[4,3—c]pyridin—4(5H)—-one  (120):  Light
brown; Yield 41%; mp = 281-284 °C; FTIR (CHELb cnmi* 3435,2921, 1625, 747H NMR
(DMSO—d;, 400 MHz):6 11.39 (s, 1H), 8.28 (s, 1H), 7.48 (b= 6.2 Hz, 2H), 7.39 (tg = 13.9,
2.3 Hz, 1H), 6.66 (s, 1H), 2.28 (s, 3HJC NMR (DMSO-@, 100 MHz):d 164.4, 164.3, 162.0,
161.8, 159.0, 145.0 (2C), 144.9, 141.4, 138.7 (2C3.4, 107.0, 106.9, 106.7, 103.3, 91.3, 19.4;
MS (ESI)m/z284.06 [M+Na] for C;sHgF2N3O.
1—(4—¢ert—Butyl)phenyl)-6—methyl-IH—pyrazolo[4,3—c]pyridin—-4(8H)—one (12p): Light
brown; Yield 53%; mp = 246-247 °C; FTIR (CHELb cmi* 3435,2923, 1660, 1520, 779
NMR (CDCk, 400 MHz):6 11.48 (s, 1H), 8.31 (s, 1H), 7.56—7.51 (m, 4H)16¢ 1H), 2.43 (s,
3H), 1.38 (s, 9H)*C NMR (CDCk, 100 MHz):s 161.1, 151.1, 144.7, 142.5, 137.5, 136.6,
126.4 (2C), 123.0 (2C), 112.5, 92.4, 34.8, 31.3)(36.6 HRMS (ESIyn/zcacld for G/H1oN3O
[M+Na]": 304.1426, found: 304.1424.

4.5 In silico prediction of QED and ADMET properties

The quantitative estimation of drug likeness (QED)synthesized fused—pyrazole derivatives
were calculated. The molecular descriptors suchmagecular weight (Mr), lipophilicity
(ALOGP), number of hydrogen bond donors (HBDs), hamof hydrogen bond acceptors
(HBAS), polar surface area (PSA), number of aromndtig (nAROM) and number of ratable
bond (ROTBs) were used for QED calculation whichienvealculated using Dragon 5.4 software
[29]. List of 105 toxicophores (notably nitro, cagpated nitrile, azido and thiocyanate) given by

Bickerton et al. was used to identify the number of ALERTs [20]. Afggion, distribution,
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metabolism, excretion (ADME) properties and cargemcity and mutagenicity were predicted
using online admetSAR tool [23].

4.6 Biological studies

The synthesized fused—pyrazole derivatives werduated for their biological activity at
ICMR-National AIDS Research Institute, Pune. Thenpounds were screened for cytotoxicity
and anti—HIV activity using TZM-bl assay [30,31]nd anti-HIV potential of the most active
lead(s) was further assessed on drug resistansedruThe activity of the leads identified in
screening assays was confirmed by assessing the#H#/—1 potential in Peripheral Blood
Mononuclear Cells (PBMCs).

Cells

The TZM-bl cell line (genetically engineered Helalldine), obtained from the National
Institutes of Health (NIH), USA under the AIDS Raseh Reference Reagent Program (NIH
ARRRP) were used to assess the cytotoxicity anetdht—1 activity. These cells are capable of
expressing CD4, CXCR4, and CCR5 receptors thahacessary for HIV infection. Moreover,
they are engineered with Tat—responsive reporteregdike firefly luciferase (Luc) and
Escherichia coli p—galactosidase enzymes downstream of HIV-1 LTR. Tkés were
maintained in Dulbecco’s modified Eagle’s medium MBM; Gibco-Invitrogen, USA)
supplemented with 10% fetal bovine serum (FBS; Mdate Biotech, Australia), penicillin 100
U/mL and streptomycin 100 mg/mL (Gibco—-InvitrogddSA) and 25 mM HEPES buffer
solution (Gibco—-Invitrogen, USA). The cell cultunaas incubated at 37 °C in a humidified 5%
CO, atmosphere and used when 80% confluency was azh[82].

Viruses
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For the assessment of anti-HIV1 activity, primasglates of HIV-1li.e. HIV-1ygs9 (CCR5
tropic, Subtype C from India) and HIVgdozo (CXCR4 tropic, Subtype D from Uganda) were
used. The activity of the lead compound obtainetha primary screening was tested against
HIV-1 92/BR/018 (Brazilian isolate, deposited thgbuUNAIDS network “HIV-1 isolation and
characterization”), NIH-119 virus (NVP resistantlate, catalog number- 1392) [33] procured
through NIH ARRRP and a HIV-1drug resistant primasglate (NARI-DR) primary isolate
isolated at ICMR-NARI, Pune. The viruses were grawthe PHA-P (Sigma—Aldrich, USA, 5
pa/ml) activated PBMCs derived from healthy donargl maintained in complete growth
mediumi.e. RPMI 1640 supplemented with 5U/mL IL2 and 10% FB$&e viral growth was
guantified by detection of HIV-1 p24 antigen (Adeed Bioscience Laboratories, Inc., USA).
The cell-free culture supernatants of viruses wetkected by centrifugation, filtered and stored
in aliquots at —70°C. The virus stocks were titaite TZM—bl cells and TCIg, (50% Tissue

culture infective dose) of each virus stock wagdrined [34].
Cytotoxicity assay

In brief, the cultured TZM-bl (0cells/well) cells were seeded in microplates feermight
incubation at 37°C in a humidified 5% g@mosphere. Followed by serial two-fold dilutiafs
the compounds and drug control (AZT) were preparediadded onto the cells. After incubation
of 48 h at the same conditions, the cell viabilitgs determined using MTT (3—(4,5-dimethyl
thiazole—2-yl)-2,5—diphenyl tetrazolium bromideijg{®a Aldrich, Inc., USA). The results were
expressed as Gg(The concentration at which 50% cells are viabb)ch was calculated by

non-linear regression curve fitting.

Cell associated HIV-1 assay
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To determine the anti-HIV1 activity, microplates reepre—seeded with TZM-bl cells (10
cells/well) and next day were used for cell asdediassay. Cells were first infected with pre—
titrated virus stocks of HIV—ksg or HIV=1yco70and incubated for 2h. Serial two fold dilutions
of sub—toxic concentrations of the compound/drugtrad (AZT) were prepared added onto the
infected cells, and plate was incubated for 48 lre Tintreated TZM-bl cells infected with the
respective viruses as well as non-infected cellsewecluded as controls. After 48 h, the
Britelite plus reagent (Perkin Elmer, USA), a suiigt to detect luciferase gene product, was
added and the Relative Luminescence Units (RLUeweeasured using Luminometer (Victor
3, Perkin Elmer, USA). The percent inhibition wadcalated and the results were expressed as
ICso value (concentration inhibiting 50% of the virusding LUC software (version 04.4).
Therapeutic indices (Tl= G@ICsg) were calculated and compared with drug contrdie T
compound that exhibited highest Tl was testedastla three independent assays. Furthermore,
the active lead compound was tested against SulBypemary isolate 92/BR/018 and drug
resistant isolates; NIH-119 virus and NARI-DR. N¥Rd AZT were used as controls in these
assays.

Confirmatory assays in PBMCs

The cytotoxicity and anti—-HIV-1 activity of the ik@ompoundl2cwas also assessed in PBMCs
which are the primary targets of HIV-1. In brieBMCs (0.2 x 16 cells/ well) activated with
PHA—-p (fug/mL) and IL-2 (5U/mL) were added to serial twoefotlilution of the lead
compoundl2c and incubated at 37°C in 5% CO2 atmosphere foays.dThe viability of the
cells was measured by MTT assay andgC@lue was calculated accordingly. Subsequently,
sub—toxic concentrations were used in determiniveg dnti-HIV-1 activity against R5 tropic

HIV-1ygs; as described earlier [30].
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Time-of-addition (ToA) experiment

The ToA assay was performed as described previg8Sly TZM-bl cells (10 cells/well) were
seeded in 96-well plates. After overnight incubatiecells were infected with HIV-1NLg
(400TCIDsp mL) in complete DMEM supplemented with 25 mg/mL AlE=dextran (Sigma-
Aldrich, USA). Known anti-retrovirals, Dextran saté (DS), AZT, NVP, Raltegravir (RAL),
Ritonavir (RTV) and lead compouritlc were used at concentrations five-folds of theigIC
values. The prepared dilutions were added at eifitetime points (0, 1, 2, 3, 4, 6, 8, 10, 18 and
24 h) post infection. Luciferase activity was measduafter 48 h post infection. The experiments
were carried out in triplicate and the mean+SD veadeulated.

HIV-1 Reverse transcriptase inhibition assay

The potential of the lead compound to block the Hl\feverse transcriptase was also assessed
in enzymatic assay using the HIV-1 reverse Traptase assay kit (Roche) according the
manufacturer’s instructions. Another compouri®g) which had shown less activity in the
TZM-bl assay was also included in the assays. Bridie compound dilutions were incubated
with the HIV-1 RT and template nucleotide mix fdr. Bubsequently, this was transferred to the
streptavidin coated micro well plates and furthesubated for 1h to allow the binding of the
biotin, DIG labeled template primer complex to steeptavidin plate. Sufficient washing was
performed to remove any unbound template. The HRB/me conjugate was added and
incubated for 1h. The absorbance was measuredscah@Q(reference at 490 nm) after addition
of substrate. The I§g values were calculated using non-linear regressiowes generated based
on the percentage inhibition (calculated by compawiith the controls containing no inhibitors)
of the drug tested at three different concentratiofhree independent assays were used to

determine mean g values. AZT and NVP were used as controls in #says.
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4.7 Molecular Docking

The crystal structure of HIV-1 reverse transcriptass obtained from the Brookhaven Protein
Data Bank(http://www.rcsb.org/) (entry code 3m8p) for molloudocking study. All water
molecules and co-crystallized ligand were removeidie docking calculations. The 3D atomic
coordinates of the ligands were created from mdéearonnectivity via distance geometry and
confomer ensembles using a multi-objective genatgorithm incorporated in command line
tool Balloon [36]. The protein structure was preghmusing AutoDockTools [37]. The blind
docking calculations were performed using Blind Kiog Web Server (http://bio-
hpc.ucam.edu/aquiles/). The docking studies oth@lcompounds in the NNBP were performed
using Qvina-W [38]. A 25x25x25 A size grid centexmu coordinates x=49.347, y=63.892 and
z=17.144 were used for docking calculations. Thagdn-ligand interactions were studied using
Protein-Ligand Interaction Profiler (PLLIP) [39] éresults were viewed using PyMl0]

molecular viewer.
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Highlights

Novel Pyrazolo[4,3—c]pyridin—4—one derivatives desid and synthesized
* QED andinsilico ADMET properties predicted

» Evaluated for anti-HIV-1 activity

» Lead compound was further confirmed by PBMC assay

* The compound was shown to act through inhibitioreokrse transcriptase



