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Graphical Abstract:

A series of novel indolylarylsulfones (IASs) bearing N-substituted piperidine at
indole-2-carboxamide were identified as potent HIV NNRTIs by structure-guided
scaffold morphing and fragment rearrangement.
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Abstract: To further explore the chemical space around éhrance channel of
HIV-1 reverse transcriptase (RT), a series of naweéblylarylsulfones (IASs) bearing
N-substituted piperidine at indole-2-carboxamide evédentified as potent HIV
NNRTIs by structure-guided scaffold morphing analginent rearrangement. All the
IASs exhibited moderate to excellent potency agamd-type HIV-1 with EGo
values ranging from 0.6gM to 0.006uM. 8 (ECso= 6 nM) and18 (ECso= 9 nM)
were identified as the most potent compounds, whiete more active than NVP and
DLV, and reached the same order of EFV and ETViheemore, most compounds
maintained high activity agaist various single HiViutants (L100I, K103N, E138K,
Y181C) as well as one double mutant (F227L/V106AhwEG;, values in
low-micromolar to double-digit nanomolar conceritat ranges. Especially
displayed outstanding potency against L100I=C17 nM with a 2.8-fold resistance
ratio) and18 was relatively more potent to E138K mutant (€ 43 nM with a
4.7-fold resistance ratio). Preliminary SARs andlenolar modelig studies were

also discussed in detail, which may provide valeabs$ights for further optimization.
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1. Introduction

Highly active antiretroviral therapy (HAART) in geral has significantly
changed the progression and outcome of the infectwath HIV-1 [1-5].
Non-nucleoside reverse transcriptase inhibitors RYN) have received a lot of
attentions, and have been shown to be a standardar®ent of HAART, because of
their favorable potency and low cytotoxicity. So, fave NNRTIs have been approved
for AIDS treatment, and about 50 classes of stralliu diverse NNRTIs are
being widely investigated [6-12]. Over the past fgears, considerable efforts have
been devoted to the structural modification of ylyrimidines (DAPYs), a family of
NNRTIs with remarkable anti-HIV-1 activity, leading the approval of Etravirine
(ETV) and Rilpivirine (RPV) Figure 1) as new generation of anti-HIV drugs
(approved by US FDA in 2008, 2011, respectivelythvgignificantly improved drug
resistance profiles, compared with the first getiemaNNRTIs [13, 14]. However,
hyper sensitivity reactions or other adverse effebbve been reported with
second-generation NNRTIs [15]. Also, although drigsistance is delayed, it
continues to emerge in patients receiving secomegéion NNRTIs regimens [16,
17]. Therefore, there is a substantial need foritlemtification of new inhibitors,
especially in additional NNRTIs families, that deyp a broad spectrum of activity

against clinically relevant HIV-1 mutant straingddower adverse effects [18, 19].

Figurel

Figure 1. The structures of representative DAPYs (EtraeiriRilpivirine and5h) and IASs
(L-737,126 and’e), and the newly designédisubstituted piperidine-IASga the combination of

structure-guided scaffold morphing and fragmentregggyement approaches.

Figure2



Figure 2. Schematic diagram of the binding modes of IAS3 RAPY's with NNIBP: (a) HIV RT
in complex with inhibitor7e (pink) (PDB code: 2RF2); (b) HIV RT in complex Wwitnhibitor 5h
(dark blue) (PDB code: 3M8Q). These figures wereegated using PyMOL_(www.pymol.org).
Residues important for binding are shown as stitkgdrogen bonds are indicated by yellow

dashes.

Indolylarylsulfones (IASs), a potent class of NNRTeveloped from the Merck
prototype compound L-737,12€igure 1), have endowed with inhibitory activities
against wild-type (WT) and drug-resistant HIV-1rianomolar range [20-26]. Based
on the crystallography and molecular modeling stigkemplified by7e, Figure 2), it
suggested that the side chain at 2-position ofitidele nucleus located into the
entrance channel (the protein/solvent interfacevdeh the p66 and p51 RT subunits)
of NNRTI binding pocket (NNIBP), mainly formed byel100, Glu138 and Vall179.
Additionaly, the groups at this position could blupotential hydrogen bonds with
around amino acids such as Glul38 [27]. In recesdrs, to further improve
anti-HIV-1 activity and optimize physicochemicabperties and pharmacokinetics of
IASs, most work on the modification of IASs was dsed on introducing different
substituents (natural and unnatural amino acidgliccyand nitrogen containing
substituents) into the 2-carboxamide nitrogen k¥inth advantage of the solvent
exposed region, affording derivatives endowed \atttivities against WT HIV-1 and
NNRTI-resistant mutants superior to that of theepal-737,126 [21-29]. These
promising results motivated us to put more efforts-depth exploration of untapped
chemical space around the entrance channel thrahgimical modifications at
2-position of indole Eigure 1).

The “Pro236 hairpin loop” is another protein/solvemterface in NNIBP that
provide broad space that are potentially availablaccommodate novel NNRTIs [8].
A systematic exploration of the chemical space radoilne “Pro236 hairpin loop” led
to discovery of novel piperidine-linked aminopyrdirie derivatives with broad
activity against WT as well as drug-resistant mutairuses [30,31]. X-ray

crystallographic analysis of early leads showed atew molecule linking the



piperidine nitrogen with the backbone NH of Lysl@3emplified by5h, Figure 2).
Guided by crystallography and studies in silico, itentify new DAPYs by
establishing novel binding interactions with thislvent-accessible region and to
further expand the chemical scope of the core sygfem in DAPYs families, we
made considerable efforts on chemically modificatiaising the privileged
N-substituted piperidine group, which has given anber of highly active NNRTIs
with excellent anti-HIV-1 activity and significagtimproved water solubility, which
is an urgent issue of existing DAPY drugs [32-44].

In continuation of our research project, inspiredthe analyses of this two
categories of NNRTIs and based on the concept ofethsites inhibitor” [45,46], we
planned the structure-based design, synthesis ®f m&Ss characterized by
structurally diverseN-substituted piperidine groups at the 2-carboxantidexplore
the detail of the conformational and space-fillimgquirements for optimum
occupation of the entrance chanrigilglre 1). Meanwhile, the preferred combination
of the 5-halogen-indole core, 3-arylsulfonyl anda&boxamide group of original
IASs were preserved. Therefore, the present stuily highlight the synthesis,
biological evaluation of novel IAS derivatives, atig preliminary structure-activity
relationships (SARs) and molecular modeling reswilisalso be discussed in detalil.
2. Results and Discussion
2.1 Chemistry

To achieve the target compounds30, the straightforward synthetic route
adopted is depicted inScheme 1. Briefly, the commercial available ethyl
5-chloro/bromo-1H-indole-2-carboxylatéa(or 1b) was converted to intermediaa
and 2b by reacting with commercial 3,5-dimethylbenzendthin the presence of
1-chloromethyl-4-fluoro-1,4-diazoniabicyclo[2.2.2}anebis(tetrafluoroborate)
(Selettflou™) [47]. Then treatment of intermediate2a or 2b with
m-chloroperoxybenzoic acid and lithium hydroxide entgi gave intermediatda or
4b, which underwent acylation reaction with1l-Boc-#a{aomethyl)-piperidine or
1-Boc-4-amino-piperidine to generate intermedid@i@&sbb and 5¢ [21-23]. The Boc

group of5a, 5b and5c was removed in the presence of trifluoroacetic §€igA) at



room temperature to afford intermedia6es 6b and6c in good yield [48]. Finally, the
target compound¥-30 was obtained by alkylating at the N atom of pigiee
under two different reaction conditions [49]. Allhet synthesized compounds
(displayed inTable 1) were confirmed by their spectral data (ESI-MS,NMR and

¢ NMR). Spectral data are in accordance with tiseiragd structures.

Scheme 1.

Scheme 1. Reagents and conditions: (i) 3,5-dimethylbenzdakttSelettflour™, MeCN; (ii)
M-chloroperoxybenzoic acid, GCBl,, 0°C; (ii) LiOH, H,O, THF, 50°C; (iv)
1-Boc-4-(aminomethyl)-piperidine or 1-Boc-4-aminpgiidine, HATU, EDCHCI, EtN, DMF; (V)
CRCOOH, CHCIy; (vi) K,COs, DMF, substituted benzyl; (vii) substituted-alddey AcOH,
NaBH;CN, THF/MeCN.

2.2 Anti-HIV activity evaluation

The newly prepared IAS derivatives were evaluatedHeir activity against WT
HIV-1 strain (l1IB) and HIV-2 strain (ROD) in MT-4ell cultures using MTT method,
respectively. What's more, these compounds were atsayed against frequently
encountered single (L100l, K103N, Y181C, Y188L, BK} or (F227L/V106A,
K103N/Y181C (RES056)) double mutant HIV-1 strains the sake of defining the
resistance profiles. The FDA-approved drugs neumagNVP), delavirdine (DLV),
efavirenz (EFV) and Etravirine (ETV) were choserreference drugs. The biological
results are represented assiE@alues (anti-HIV activity), C& values (cytotoxicity)
and Sl values (selectivity index, given by the s@EGCs, ratio). All the data were
illustrated inTable 1.

The biological testing results clearly indicatedtthll the novel 1ASs exhibited
moderate to excellent potency against WT HIV-1 vH@Gs, values in the range of
0.006-0.62uM and Sl values ranging from 93 to 9391. Totall§, compounds were
much better than those of NVP and reach the saraéhigher level of DLV. Thereinto,
compounds8 (ECsp = 6 nM, SI = 1005) and8 (EGsp = 9 nM, SI = 1467) were the
most active derivatives, which were about 20 andirb®s more active than NVP, 4

and 3 times more active than DLV, respectively, esmched the same order of EFV



and ETV. None of the newly synthesized compoundsewactive at subtoxic
concentration against HIV-2 (ROD), thus the dethdate were not listed.

Against these mutant strains, except for Y188L mitanost compounds
maintained high activity against various single ami$ with EGo values in
low-micromolar to two-digit nanomolar concentraticenges. Notably3 displayed
outstanding potency against L100l @G 17 nM with a 2.8-fold resistance ratio,
namely, EGomutant straidfE Csow strainyratio) and K103N (E€; = 84 nM with a 14-fold
resistance ratio) mutant strains, which were moti¥athan the reference drugs NVP,
DLV and EFV. More interestingly, compared wi compound18 bearing a
1,2,4-triazol-3(4H)-one tail displayed differentudr resistance profile, which is
relatively more potent against E138K mutant §£€43 nM with a 4.7-fold resistance
ratio) and L100I mutant HIV-1 strain (€= 49 nM with a 5.4-fold resistance ratio),
but weak potency against the K103N mutant strai@s{E 0.18uM with a 20-fold
resistance ratio). Regarding the Y188L mutant, rtfeest sensitive single mutant for
IASs, 18 was also found to be the most active ones(EC0.84uM). Besides, fifteen
compounds can inhibit F227L/V106A double mutantlicggon at low-micromolar
concentratiorwhile only compoun@®0 demonstrated remarkable inhibitory activty to
K103N/Y181C double mutant (RES056) with &@alue of 4.4uM.

Based on the analysis of above anti-HIV resultsliminary SARs of these IASs
could be delineated as followBigure 3):

Firstly, we focused on modifications at the ternhigg@ups (R) substituted in the
N atom of the piperidine ring. The SAR suggests$ the nature of the R substituents
have dramatically effects on antiviral activity aga WT and mutiple HIV-1 mutant
strains. Generally, polar groups substituted beegealkanes or a set of commonly
used small heterocycles, with ability to form hygea bond, seem to be more
favorable at this region, exemplified by8 (hydroxymethyl) and 18
(1,2,4-triazol-3(4H)-one) as the most two potenhpounds. In contrast, some other
modifications at this regiomay lead to a deleterious effect on anti-HIV poteand
drug resistance profiles, such as halogene at hes8 (4-Cl, EGoqig) = 0.13uM),

11 (3-Cl, EGogusy) = 0.30uM), 23 (4-CFs, EGsoqigy = 0.17uM), 28 (3-F, EGoqug) =



0.18uM), cyano-derivative@9 (ECsoqigy = 0.14pM), and nitro analogu25 (ECsoqiis)
= 0.62uM). Moreover, lower cytotoxicities were usually obhs=t in compounds with
halo substituents, exemplified lg (3-Cl, CGoqugy = 103.0uM), 10 (4-Cl, CGoqui)
= 67.3uM) and28 (3-F, CGoqig) = 61.3uM).

More specifically, for the phenyl-substituted ssriamide or sulfamide appeared
to be the most favorable groups, closely followad dubstituted phenyls in the
sequence 3-COMe > 4-C| > 3-Cl (in14 sub-series); 4-GF 4-NG;, (in 15-25
sub-series); 3-F = 3-CN (i26-30 sub-series). Moreover, the replacement of the
substituted phenyls by a set of aromatic heteresycésulted in comparable level of
anti-HIV (WT and mutants) activities, indicatingstturally diverse heterocycles, as
hydrogen bond donors or receptors, can also betteommodate the chemical
environment in this region of RT and have a favl@abteractions with surrounding
residues. This SAR conclusion is consistent withamsign hypothesis.

Interestingly, no substantial difference in anaviractivity against WT and
mutant strains can be observed between pyridin-8rg pyridin-4-yl counterparts
(12/13, 16/17). By contrast, it is noteworthy that thiophenet2(21) was always
preferred over thiophene-3-yRZ) against WT and all the tested mutant strains,
especially for L100I, Y181C and F227L/V106A.

Then we focused on substituent effects at 5-pasif} substitutions) of indole
ring. The results demonstrated that the inhibi@ctivities (EGo values) against WT
HIV-1 seemed only marginally affected by the suhbgtins (Br or Cl) at the position
5 of the indole nucleus, through the pairwise camspa of the EG, values, namely,
9 (X = Br, EGouigy = 14 nM) and19 (X = Cl, EGoui) = 13 nM); 12 (X = Br,
ECsoqisy = 19 nM) andl6 (X = Cl, EGoqigy = 12 nM);13 (X = Br, EGoquis) = 17 nM)
and17 (X = Cl, EGoqis) = 16 nM);14 (X = Br, EGoqigy = 12 nM) and20 (X = Cl,
ECsomigy = 11 nM). Similarly, in general, the influence thre activity against mutant
strains was also negligible.

Lastly, for purpose of exploring the influence tE#xibility on anti-HIV activity,
piperidine (n = 0) and methylenylpiperidine (n =gtpups were primarily introduced

to indole-2-carboxamide. Piperidine appears to berefepred over



methylenylpiperidine counterpart against WT as waslimutiple mutant HIV-1 strains
[e.9.20 (n = 0, EGoaie) = 11 nM) and27 (n =1, EGouis) = 24 nM);8 (n = 0, EGo (us)
=6 nM) and26 (n = 1, EGoqug) = 32 nM)].

Figure 3.

Figure 3. A illustrative figure of the SARs.

Tablel. Activity against HIV-1 strains, cytotoxicity andlsetivity indexin MT-4 cells.

Table1

%ECso. concentration of compound required to achieve F@%iection of MT-4 cell cultures against
HIV-1-induced cytotoxicity, as determined by the Minethod.

®CCsy: concentration required to reduce the viability mmbck-infected cell cultures by 50%, as
determined by the MTT method.

“Sl: selectivity index, the ratio of GEECs,.

Table 1 (Continued). Activity against HIV-1 strains, cytotoxicity and Isetivity index in MT-4

cells.

Table 1. (Continued)

2.3 HIV-1 RT inhibition assay

To further confirm that the title compounds targdV-1 RT, the representative
compounds18 and 30 were selected to be evaluated in recombinant HIR1
inhibitory assays, which use hybrid hybrid poly {&)go (dT)s (9Az0 nm/mL),
lyophilizate as template primer (RT kit, Roche). slsown inTable 2, 18 and 30
exhibited moderate inhibition of enzymatic activityth an 1G, value of 7.0uM and
10.1 uM respectively, which is slightly lower than thefeeence drugs NVP (l§ =
2.8 uM) and ETV (IGo = 1.1 uM). The results further indicated that the newly
synthesized IAS derivatives, represented®and30, do indeed act as typical HIV-1
NNRTIs.

It is noteworthy that the high and low order of #reyme-inhibitory potencies in

this study was inconsistent with that of their @inéil activities to some extent§, 30



& NVP). These differences usually ascribed to teatggbpecific variation in the
relationship between polymerase processivity an®-RII-RNA binding affinity,
which have been observed in other NNRTI familie8] [Besides, compared with
NVP, these piperidine-substituted IASs have mudtiplydrogen bond donor and
acceptor sites, there is a high probability of fation of cocrystals or salts. Therefore,
the differences between the two assay systems eaaitbbuted at least in part to
differences in the physiochemical properties (esfigahe intrinsic solubility).

Table 2. Inhibitory activity of compounds, 30, NVP and ETV against HIV-1 RT.

Table 2.

8 Cso: inhibitory concentration of test compound reqdiréo inhibit biotin deoxyuridine

triphosphate (biotin-dUTP) incorporation into HIVAVT) RT by 50%.

2.4. Molecular modeling analysis
With the aim to shed light on the preferred bindmgde in the NNIBP and

rationalize SARs results of novel IASs, moleculaodaling of the most potent
compounds8 and 18 were performed by using software Surflex-Dock medu
Sybyl-X 1.1 [51] and the docking results were shdwyrPyMOL 1.5.

The theoretical binding mode of compour@and18 to the NNIBP is shown in
Figure 4. The similar binding mode as previously reporta®d can be observed and
notable features can be summarized as followsTHg 3,5-dimethylphenyl moiety
fitted into an aromatic-rich binding subpocket femnby side chains of Tyrl81,
Tyrl88 and Trp229, exhibiting crucial hydrophohiteractions. (ii) Double hydrogen
bonds were formed between the indole NH and theborst oxygen of
Lys101, remarkablely improving the stability of Rikibitor complex. (iii) The
chlorine or bromine atom at the position 5 of iredalas very closed to Val106 and
probably established halogen bond interactions.

From analysis of the results, the piperidine moiebuld well occupy the
entrance channel of NNIBP and the substituent ofthié triazolone moiety of
compoundl8) located toward the protein/solvent interfaéeg(re 4c). Specifically,

extra H-bond interaction was built between theogién atom of the triazolone and



Glul38, which is important in the binding of thisnepound Eigure 4b).

Overall, the molecular modeling analysis confirmedr the initial design
assumption that introducing Md-substituted piperidine at indole-2-carboxamide of
IASs could not only make terminal substituent ofvneompounds to extend more
closer to the protein/solvent interface of HIV-1, Rt also built potential interactions
with surrounding residues (especially Glu138). Ehpeeliminary conclusions will be

taken into account for the next round rationalctrcal optimization.

Figure4.

Figure 4. Predicted binding modes of novel I1ASs in the stboic site of HIV-1 WT RT (PDB
code: 2rf2): (a) Ribbon model of ti&binding; (b) Ribbon model of th#8 binding (c) Surface
presentation o8 located toward a solvent exposure region. Hydrdgamds are indicated with

dashed lines in red, and hydrogen atoms are oniitedarity.

3. Conclusion
In summary, to explore the uncharted chemical spaoeind the entrance

channel in RT, a series of novel IASs bearihgsubstituted piperidine at
indole-2-carboxamide were identified as potent HNMRTIs by the structure-based
scaffold morphing and fragment rearrangement aghem All the novel IASs
exhibited moderate to excellent potency againsttiW-1 in MT-4 cells. Especially,
compounds8 and18 were identified as the most promising leads with@@lue of 6
nM and 9 nM, respectively, which were more activant NVP and DLV, and reached
the same order of EFV and ETV. Furthermore, moshpmunds maintained high
activity against various single mutants as welFa27L/V106A double mutant with
ECso values in low-micromolar to double-digit nanomolaoncentration range.
Preliminary SARs based on anti-HIV-1 activities wealso discussed in detail and
molecular modelig studies were carried out to investigate the intéyas between
IASs and HIV-1 RT. Taking full advantage of thesaluable information, further
efforts to improve drug resistance profile of thé&8 derivatives is underway in our

laboratory and will be reported in due course.



4. Experimental Section
4.1. Synthetic procedures and analytical data

Mass spectrometry was performed on an APl 4000etgpadrupole mass
spectrometer (Applied Biosystems/MDS Sciex, Conc@N, Canada)'H-NMR and
3C-NMR spectra were recorded on a Bruker AV-400 speteter (Bruker BioSpin,
Switzerland), using solvents as indicated (DM&P-Chemical shifts were reported
in 6 values (ppm) with tetramethylsilane as the intereérence, and values were
reported in hertz (Hz). Melting points (mp) werdetenined on a micromelting point
apparatus (Tian Jin Analytical Instrument Factddgnkai, Tianjin, China). Flash
column chromatography was performed on columns grhckith silica gel 60
(200-300 mesh) (Qingdao waves silica gel desiccantLtd, Qingdao, China). Thin
layer chromatography was performed on pre-coatedAMGHAI® HSGF254,
0.15-0.2 mm TLC-plates (Yantai Jiangyou Silica Gelvelopment Co., Ltd., Yantai,
Shandong, China).

4.1.1 General procedure for the synthesis of 5-chloro-3-(3,5-dimethylphenyl-
sulfonyl)-1H-indole-2-carboxylic acid (6a)

Ethyl 5-bromo-3-(3,5-dimethylphenylthio)-1H-indokearboxylate?a): To a
solution of ethyl 5-bromo-1H-indole-2-carboxylatéa( 0.10 g, 0.373 mmol) in
MeCN (10 mL) at ambient temperature was successivehdded
3,5-dimethylbenzenethiol (51.6 mg, 0.373 mmol, 50uL) and
1-chloromethyl-4-fluoro-1,4-diazoniabicyclo[2.2.2}ane bis(tetrafluoroborate) (0.10
g, 0.373 mmol) and the resulting mixture was diificr 6 h (monitored by TLC). The
solvent was removed under reduced pressure and \(@lemL) was added and
extracted with CHCl, (3x10 mL). Combined organic phase was washed witiep
dried over anhydrous MgSQfiltered and concentrated. Purification on siligel
(ethyl acetate: petroleum (EA:PE) = 1:8) g@aeas a white solid. Yield: 50%.

Ethyl 5-bromo-3-(3,5-dimethylphenylsulfonyl)-1H-iokk-2-carboxylate 3a):
3-Chloroperoxybenzoic acid (0.128 g, 0.742 mmol)svadded to an ice-cooled
solution of crude intermediatza (0.10 g, 0.247 mmol) in anhydrous &H,. The



reaction mixture was stirred at room temperature3fa, then poured on crushed ice,
and extracted with Ci€l,(3%x10 mL). The organic phase was shaken with stdira
solution of sodium hydrogen carbonate and therebunied over anhydrous Mg%0
filtered and concentrated under reduced pressure. obtained crude product was
recrystallized using EA to give the pure compo@adas a white solid. Yield: 68.8%,
mp: 205-207 °C. ESI-MS: m/z 436.3 (M+1);81sBrNO4S [435.01].

5-Bromo-3-(3,5-dimethylphenylsulfonyl)-1H-indoleearboxylic  acid  4a):
Crude intermediat8a (0.10 g, 0.229 mmol) was dissolved in the THfHixture
(6 mL/6 mL) at room temperature followed by additiaf lithium hydroxide (16.5 mg,
0.687 mmol). The reaction mixture was stirred at’60for 24 hours (monitored by
TLC), then the THF was removed under reduced presdthe residue was diluted
with water and modulated to pH 5-6 by adding diduteydrochloric acid. The
precipitated compounda was filtered by suction filtration and air-dried & white
powder. Yield: 66.5%, mp: 215-217 °C. ESI-MS: m258 (M+18). G/H14BrNO4S
[406.98].

tert-Butyl-4-(5-bromo-3-(3,5-dimethylphenylsulfonyl)- tiddole-2-carboxamido
)piperidine-1-carboxylate5@): The reaction mixture of intermediada (1.0 g, 2.45
mmol), HATU (1.39 g, 3.67 mmol), 4-amino-1-Boc-pijgene (0.735 g, 3.67 mmol)
and N,N-diisopropylethyl-amine (0.949 g, 7.35 mmol, 1.3 )nh 10 mL DMF was
stirred at ambient temperature for 24 h. After reai®f the solvent under reduced
pressure, the residues was redissolved in THF @Dpand washed with saturated
sodium hydroxide aqueous solution. Then organicsphaas dried over anhydrous
MgSQ,, filtered and concentrated. Purification on silged (EA:PE = 1:4) gavéa as
a white solid. Yield: 47.5%.

5-Chloro-3-(3,5-dimethylphenyl-sulfonyl)-1H-indoRcarboxylic acid 6a):
Trifluoroacetic acid (1 mL) was added dropwise undgérring to a solution of
intermediate5a (0.5 g, 0.848 mmol) in C¥l; (2 mL) at room temperature and
stirred for 4 h. To the reaction mixture was adeeter and neutralized with 2 N
NaOH to pH 8, and the organic layer was separatddidged over anhydrous MgQ0

filtered and concentrated under reduced pressuy&éothe produca as white solid.



Yield: 75.4%, mp: 230-231 °C. ESI-MS: m/z 490.4 (M+C2H24BrN3OsS [489.07].

4.1.2 General procedure for the synthesis of 5-chloro-3-(3,5-dimethylphenyl-
sulfonyl)-N-(piperidin-4-yl)-1H-indol e-2-carboxamide (6b)

Using starting material ethyl 5-chloro-1H-indolez@rboxylate and following the
procedure as in the preparationéafto give6b.

Ethyl 5-chloro-3-(3,5-dimethylphenylthio)-1H-indeecarboxylate Zb): Yield:
58.4%, mp: 135-136°C. ESI-MS: m/z 360.4 (M+1), B/{M+18), 382.4 (M+23).
C19H1sCINO,S [359.07].

Ethyl 5-chloro-3-(3,5-dimethylphenylsulfonyl)-1Hdole-2-carboxylate 3p):
Yield: 58.8%, mp: 210-211 °C. ESI-MS: m/z 392.070@+1). CiH;1sCINO,S
[391.06].

5-Chloro-3-(3,5-dimethylphenylsulfonyl)-1H-indole€arboxylic  acid  4b):
Yield: 65.8%, mp: 270 °C, decomposition. ESI-MSzr886.5 (M+1). GH14CINO,S
[363.03].

tert-Butyl-4-(5-chloro-3-(3,5-dimethylphenylsulfoiyi H-indole-2-carboxamido
)piperidine-1-carboxylatebp): Yield: 52.2%, mp: 240-242 °C. ESI-MS: m/z 545.14
(M+1), 563.4 (M+18). GH3,CIN3OsS [545.18].

5-Chloro-3-(3,5-dimethylphenylsulfonyl)-N-(piperidi4-yl)-1H-indole-2-carbox
amide ©b): Yield: 70.1%, mp: 235-236 °C. ESI-MS: m/z 446@3/+1).
C2H24CIN3O3S [445.12].

4.1.3 General procedure for the synthesis of5-chloro-3-(3,5-dimethylphenyi-
sulfonyl)-N-(piperidin-4-ylmethyl)-1H-indol e-2-carboxamide (6c)

Using intermediatedb and 1-Boc-4-aminomethylpiperidineand following the
procedure as in the preparationsbfto give6c.

tert-Butyl-4-((5-chloro-3-(3,5-dimethylphenylsulfonyl)Htindole-2-carboxamid
o)methyl)piperidine-1-carboxylat&d): Yield: 48.2%, mp: 246-248 °C.

5-Chloro-3-(3,5-dimethylphenylsulfonyN-(piperidin-4-ylmethyl)-1H-indole-2-
carboxamide €c): Yield: 76.3%, mp: 239-241 °C. ESI-MS: m/z 460/3(1).
Ca3H26CIN3OsS [459.14].



4.1.4 General procedure for the synthesis of target compounds (7-20, 26-30)

Intermedite6a, 6b or 6¢ (0.65mmol, 1 equiv), BCO;(0.10 g, 0.76 mmol, 1.2
equiv), and different appropriate R (X = ClI, Br) (1.1 equiv) were dissolved in
DMF (10 mL). The reaction mixture was stirred atbéemt temperature for 4 hours
and then evaporated under reduced pressure. V@ftenl() was added and extracted
with EA (3x10 mL). Combined organic phase was wdshéth brine, dried over
anhydrous MgSQ filtered and concentrated. The residue was atibn silica gel
using EA-PE system and pure fractions were coltecteoncentrated and
recrystallized, giving the desired compoungd0, 26-30).
4.1.5.N-(1-(3-Methoxybenzyl ) pi per idin-4-yl)-5-bromo-3-(3,5-dimethyl phenyl -sul fonyl
)-1H-indole-2-carboxamide (7)

White solid, yield: 43.2%. mp: 175-177 °H NMR (400MHz, DMSO-4,
ppm): 13.02 (s, 1H, indole-NH), 8.95 (s, 1H, CONH),8(8, 1H, indole-H), 7.62 (s,
2H, Ph-H), 7.50 ( g, 2H) = 8.00 Hz, indole-H), 7.26 ( t, 2H,= 8.00 Hz, Ph’-H),
6.88 (s, 2H, Ph’-H), 6.83 ( d, 1H,= 8.00 Hz, Ph-H), 3.86 (s, 1H, piperidine-H), 3.73
(s, 3H, OCH), 3.46 (s, 2H, benzyl-CH, 2.79 (s, 2H, piperidine-H), 2.31 (s, 6H,
2xCHg), 2.14 (s, 2H, piperidine-H), 1.93 (s, 2H, pipamgH), 1.59 (s, 2H,
piperidine-H)."*C NMR (100MHz, DMSO-¢, ppm)&: 159.73 (C=0), 158.99, 143.05,
140.74, 139.43 (2xC), 137.73, 135.14, 133.58, 129187.60, 126.34, 124.10 (2xC),
122.36, 121.34, 115.70 (2xC), 114.58, 112.74, B1162.49 (CH), 55.40 (2xCH),
52.07(0-CH), 47.28, 31.65 (2xC}), 21.24 (2xCH). ESI-MS: m/z 610.3 (M+1).
C3oH32BrNzO,S [609.13].

4.1.6. 5-Bromo-3-(3,5-dimethyl phenyl sulfonyl )-N-(1-(2-hydroxyethyl)pi peridin-4-yl)
-1H-indole-2-car boxamide (8)
White solid, yield: 40.1%. mp: 220-222 °& NMR (400MHz, DMSO-d, ppm)
d: 13.20-12.59 (b, 1H, indole-NH), 8.95 (d, 1H= 8.00 Hz, CONH), 8.08 (s, 1H,
Indole-H), 7.63 (s, 2H, Ph-H), 7.50 (q, 2H= 8.00 Hz, Indole-H), 7.26 (s, 1H, Ph-H),
4.44(s, 1H, OH), 3.86 (s, 1H, piperidine-H), 3.3¢ @H, CH), 2.91 (s, 2H,
piperidine-H), 2.45 (s, 2H, G 2.31 (s, 6H, 2xCkJ, 2.22 (s, 2H, piperidine-H),



1.91 (s, 2H, piperidine-H), 1.60 (s, 2H, piperidide *C NMR (100MHz, DMSO-¢,
ppm)&: 159.08 (C=0), 143.10, 139.41(2xC), 137.89, 13518B.66, 127.53, 126.34,
124.11 (2xC), 122.33, 115.73, 115.65, 111.49, 6qGH,), 58.98 (CH), 52.54
(2xCHp), 47.13, 31.47 (2xCh, 21.25 (2xChH). HRMS: m/z 536.1040 (M+3).
CoaH2BrN30,S [533.1].

4.1.7. N-(1-(4-Sulfonami do-benzyl) pi peridin-4-yl)-5-bromo-3-(3,5-dimethyl phenyl -
sulfonyl)-1H-indole-2-car boxamide (9)

White solid, yield: 42.1%. mp: 170-171 °& NMR (40 OMHz, DMSO-¢, ppm)
8:13.01 (s, 1H, indole-NH), 8.97 (s, 1H, CONH), 88, 1H, indole-H), 7.80 ( d, 2H,
J =8.00 Hz, Ph’-H), 7.62 (s, 2H, Ph-H), 7.51-7.44, @H, indole-H, Ph™-H), 7.32 (s,
2H, SONH), 7.27 (s, 1H, Ph-H), 3.87 (s, 1H, piperidine-Blj6 (s, 2H, benzyl-C}),
2.81 (d, 2HJ = 12.00 Hz, piperidine-H), 2.31 (s, 6H, 2xgH2.20 (t, 2H,J = 12.00
Hz, piperidine-H), 1.93 (d, 2H), = 8.00 Hz, piperidine-H), 1.63 (g, 2Bl= 12.00 Hz,
piperidine-H)."*C NMR (100MHz, DMSO-¢, ppm)&: 158.99 (C=0), 143.39, 143.20,
143.03, 139.44 (2xC), 137.70, 135.16, 133.54, 1?Q@4C), 127.63, 126.30, 126.11
(2xC), 124.10 (2xC), 122.36, 115.71, 115.69, 11168588 (CH), 52.10 (2xCH),
47.23 (CH), 31.65 (2xCH, 21.25 (2xCH). ESI-MS: m/z 659.4 (M+1).
CooH3:1BrN4OsS, [658.09].
4.1.8.N-(1-(4-Chlorobenzyl) piperidin-4-yl)-5-bromo-3-(3,5-di methyl phenyl sulfonyl )-1
H-indole-2-carboxamide (10)

White solid, yield: 46.2%. mp: 229-230 °& NMR (400MHz, DMSO-d, ppm)

8: 13.07-12.94 (br, 1H, indole-NH), 8.97 (d, 1H= 8.00 Hz, CONH), 8.09 (s, 1H,
indole-H), 7.62 (s, 2H, Ph-H), 7.50 (q, 28= 8.00 Hz, indole-H), 7.30 (d, 2H,=
8.00 Hz, Ph-H), 7.35 (d, 2H] = 8.00 Hz, Ph™-H), 7.26 (s, 1H, Ph-H), 3.86 (s, 1H
piperidine-H), 3.48 (s, 2H, benzyl-GH 2.80 (d, 2H,J = 12.00 Hz, piperidine-H),
2.31 (s, 6H, 2xCh), 2.17 (t, 2HJ = 12.00 Hz, piperidine-H), 1.93 (d, 2Bi= 12.00
Hz, piperidine-H), 1.61 (g, 2H] = 12.00 Hz, piperidine-H)**C NMR (100MHz,
DMSO-c;, ppm) &: 158.99 (C=0), 143.02, 139.43 (2xC), 138.12, 1B7135.15,
133.54, 131.84, 130.93 (2xC), 128.62 (2xC), 127168.29, 124.10 (2xC), 122.35,
115.71, 115.68, 111.55, 61.60 (§H51.99 (2xCH), 47.24 (CH), 31.64 (2xChi



21.24 (2xCH). HRMS: m/z 615.1481 (M+1). H29BrCIN3OsS [613.08].
4.1.9.N-(1-(3-Cyanobenzyl)pi peridin-4-yl)-5-bromo-3-(3,5-di methyl phenyl sul fonyl)-
1H-indole-2-carboxamide (11)

White solid, yield: 42.3%. mp: 223-236 °tH NMR (400MHz, DMSO-d, ppm)

d: 13.03 (s, 1H, indole-NH), 8.97 (d, 1Bi= 8.00 Hz, CONH), 8.09 (s, 1H, indole-H),
7.76 (d, 2H,J = 12.00 Hz, Ph’-H), 7.69 ( d, 1H,= 8.00 Hz, Ph’-H), 7.63 (s, 2H,
Ph-H), 7.58 (t, 1HJ = 8.00 Hz, Ph’-H), 7.50 (q, 2H, = 8.00 Hz, indole-H), 7.26 (s,
1H, Ph-H), 3.87 (s, 1H, piperidine-H), 3.56 (s, Av¢nzyl-CH), 2.81 (d, 2HJ =
12.00 Hz, piperidine-H), 2.31 (s, 6H, 2xgH2.21 (t, 2HJ = 12.00 Hz, piperidine-H),
1.94 (d, 2H,J = 12.00 Hz, piperidine-H), 1.63 (g, 2H,= 12.00 Hz, piperidine-H).
3C NMR (100MHz, DMSO-g, ppm)&: 158.98 (C=0), 143.01, 139.43 (2xC), 137.67,
135.16, 134.05, 133.58, 133.52, 132.48, 131.28952927.64, 126.29, 124.11 (2xC),
122.36, 119.38, 115.72, 115.67, 111.69, 111.5B6(ICH,), 51.95 (2xCH), 47.18
(CH), 31.61 (2xCH), 21.24 (2xCH). ESI-MS: m/z 605.4 (M+1). £H29BrN,O3S
[604.11].

4.1.10.5-Bromo-3-(3,5-dimethyl phenyl sulfonyl)-N-(1-(pyridin-3-ylmethyl ) pi peridin-4-
yl)-1H-indole-2-carboxamide (12)

White solid, yield: 47.8%. mp: 220-221 °¢H NMR (400MHz, DMSO-g,
ppm): 13.02 (s, 1H, indole-NH), 8.97 (d, 1H,= 8.00 Hz, CONH), 8.51 (s, 1H,
pyridine-H), 8.48 (d, 1H) = 4.00 Hz, pyridine-H), 8.09 (s, 1H, indole-H)48.(d, 1H,

J = 8.00 Hz, pyridine-H), 7.63 (s, 2H, Ph-H), 7.50 2H,J = 8.00 Hz, indole-H),
7.38 (dd, 1HJ; = 8.00 Hz,J,= 4.00 Hz, pyridine-H), 7.26 (s, 1H, Ph-H), 3.86XHl,
piperidine-H), 3.52 (s, 2H, benzyl-GH 2.81 (d, 2H,J = 12.00 Hz, piperidine-H),
2.31 (s, 6H, 2xCh), 2.19 (t, 2HJ = 12.00 Hz, piperidine-H), 1.93 (d, 2Bi= 12.00
Hz, piperidine-H), 1.61 (q, 2H) = 12.00 Hz, piperidine-H)*C NMR (100MHz,
DMSO-d;, ppm)d: 159.01 (C=0), 150.43, 148.74, 143.02, 139.42 [2X437.73,
136.90, 135.14, 134.38, 133.54, 127.61, 126.28,112#@xC), 123.90, 122.35, 115.70,
115.68, 111.55, 59.67 (GH 51.97 (2xCH)), 47.22 (CH), 31.62 (2xCHi 21.24
(2xCHg). ESI-MS: m/z 581.1 (M+1). £H2BrN,OsS [580.11].

4.1.11.5-Bromo-3-(3,5-di methyl phenyl sulfonyl )-N-(1-(pyridin-4-ylmethyl ) pi peridin-4-



yl)-1H-indole-2-carboxamide (13)

White solid, yield: 46.6%. mp: 243-244 8. NMR (400MHz, DMSO-¢,
ppm): 13.03 (s, 1H, Indole-NH), 8.98 (d, 18i= 8.00 Hz, CONH), 8.53(d, 2H,=
4.00 Hz, pyridine-H), 8.09 (s, 1H, Indole-H), 7.83 2H, Ph-H), 7.50 (g, 2H,= 8.00
Hz, Indole-H), 7.35 (d, 2H] = 8.00 Hz, pyridine-H), 7.27 (s, 1H, Ph-H), 3.83 1H,
piperidine-H), 3.53 (s, 2H, benzyl-GH 2.81 (d, 2H,J = 12.00 Hz, piperidine-H),
2.31 (s, 6H, 2xCh), 2.21 (t, 2HJ = 8.00 Hz, piperidine-H), 1.94 (d, 28~ 8.00 Hz,
piperidine-H), 1.61 (q, 2HJ = 8.00 Hz, piperidine-H).*C NMR (100MHz,
DMSO-d;, ppm) é: 159.01 (C=0), 150.02 (2xC), 148.27, 143.01, 1392xC),
137.70, 135.16, 133.52, 127.64, 126.27, 124.11 J4%22.35, 115.72, 115.67, 111.57,
61.15 (CH), 52.13 (2xCH), 47.14 (CH), 31.60 (2xCHi 21.14 (2xCH). ESI-MS:
m/z 581.3 (M+1). GgH2oBrN4O3S [580.11].
4.1.12.N-(1-(4-Carbamoyl benzyl) pi peridin-4-yl)-5-bromo-3-(3,5-dimethyl phenyl -
sulfonyl)-1H-indol e-2-car boxamide (14)

White solid, yield: 48.1%. mp: 175-176 &1 NMR (400MHz, DMSO-g, ppm)
d: 13.02 (s, 1H, indole-NH), 8.97 (d, 18i= 8.00 Hz, CONH), 8.09 (s, 1H, indole-H),
7.94 (s, 1H, NH), 7.86 (d, 2H,) = 8.00 Hz, Ph’-H), 7.63 (s, 2H, Ph-H), 7.50 (q,, 2H
= 8.00 Hz, indole-H), 7.40 (d, 2H,= 8.00 Hz, Ph’-H), 7.33 (s, 1H, Nl 7.27 (s, 1H,
Ph-H), 3.86 (s, 1H, piperidine-H), 3.54 (s, 2H, bdfCH,), 2.81 (d, 2H,) = 12.00 Hz,
piperidine-H), 2.31 (s, 6H, 2xGj 2.18 (t, 2H,J = 8.00 Hz, piperidine-H), 1.93 (d,
2H, J = 8.00 Hz, piperidine-H), 1.62 (q, 2H,= 8.00 Hz, piperidine-H)**C NMR
(100MHz, DMSO-g, ppm)?d: 168.23 (C=0), 158.99 (C=0), 143.02, 142.50, 139.4
(2xC), 137.71, 135.15, 133.53, 133.46, 128.86 (24€Y.93 (2xC), 127.62, 126.29,
124.11 (2xC), 122.36, 115.71, 115.68, 111.55, 6Q23,), 52.09 (2xCH), 47.25
(CH), 31.65 (2xCH), 21.24 (2xCH). HRMS: m/z 625.1344 (M+3). 4H3:BrN,0O,S
[622.12].
4.1.13.N-(1-(4-(Methyl sulfonyl)benzyl) piperidin-4-yl)-5-chloro-3-(3,5-dimethyl phenyl
sulfonyl)-1H-indol e-2-car boxamide (15)

White solid, yield: 55.1%. mp: 179-180 °G4 NMR (400MHz, DMSO-4,
ppm): 13.01 (s, 1H, indole-NH), 8.98 (d, 1H,= 8.00 Hz, CONH), 7.94 (s, 1H,



indole-H), 7.91(d, 2HJ = 8.00 Hz, Ph’-H), 7.63 (s, 2H, Ph-H), 7.61(d, 2ZHs 8.00
Hz, Ph’-H), 7.55 (d, 1HJ = 8.00 Hz, indole-H), 7.56 (d, 1H,= 8.00 Hz, indole-H),
7.26 (s, 1H, Ph-H), 3.87 (s, 1H, piperidine-H),13(8, 2H, benzyl-Ch), 3.21 (s, 2H,
SO,CHs), 2.81 (d, 2H,J = 8.00 Hz, piperidine-H), 2.31 (s, 6H, 2xgH2.22 (t, 2HJ
= 12.00 Hz, piperidine-H), 1.94 (d, 2H,= 8.00 Hz, piperidine-H), 1.61 (q, 2H,=
12.00 Hz, piperidine-H)*C NMR (100MHz, DMSO-¢ ppm) &: 159.03(C=0),
145.49, 143.04, 139.86, 139.44 (2xC), 137.87, 185183.29, 129.76 (2xC), 127.68,
127.43 (2xC), 125.71, 125.10, 124.12 (2xC), 119134.33, 111.72, 61.80 (G}
52.11 (2xCH), 47.19 (CH), 44.08 (C¥), 31.65 (2xCH), 21.25 (2xCH). ESI-MS:
m/z 614.3.4 (M+1). gH3,CIN30sS,[613.15].

4.1.14.5-Chloro-3-(3,5-dimethyl phenyl sulfonyl)-N-(1-(pyridin-3-ylmethyl )pi peridin-4-
yl)-1H-indole-2-carboxamide (16)

White solid, yield: 50.0%. mp: 224-225 °¢H4 NMR (400MHz, DMSO-g,
ppmy: 13.01 (s, 1H, Indole-NH), 8.97 (d, 1H,= 8.00 Hz, CONH), 8.51 (s, 1H,
pyridine-H), 8.48 (d, 1HJ) = 4.00 Hz, pyridine-H), 7.95 (s, 1H, indole-H)73.(d, 1H,
J = 8.00 Hz, pyridine-H), 7.63 (s, 2H, Ph-H), 7.58,(1H,J = 8.00 Hz, pyridine-H),
7.38 (g, 2H,J = 8.00 Hz, indole-H), 7.26 (s, 1H, Ph-H), 3.86 IBl, piperidine-H),
3.53 (s, 2H, benzyl-Chl, 2.81 (d, 2H,J = 8.00 Hz, piperidine-H), 2.31 (s, 6H,
2xCHg), 2.19 (t, 2H,J = 8.00 Hz, piperidine-H), 1.93 (d, 2H} = 8.00 Hz,
piperidine-H), 1.62 (q, 2HJ = 12.00 Hz, piperidine-H)**C NMR (100MHz,
DMSO-d;, ppm) é: 159.02 (C=0), 150.43, 148.74, 143.04, 139.42 [2X37.87,
136.90, 135.14, 134.39, 133.29, 127.68, 125.71,02324.12 (2xC), 123.89, 119.35,
115.33, 111.73, 59.67 (GH 51.97 (2xCH), 47.22 (CH), 31.62 (2xChH 21.24
(2xCHg). ESI-MS: m/z 537.4 (M+1) . £8H29CIN4O5S [536.16].
4.1.15.5-Chloro-3-(3,5-dimethyl phenyl sulfonyl)-N-(1-(pyridin-4-ylmethyl ) pi peridin-4-
yl)-1H-indole-2-carboxamide (17)

White solid, yield: 50.5%. mp: 240-241 °¢4 NMR (400MHz, DMSO-d,
ppm): 13.02 (s, 1H, indole-NH), 8.98 (d, 1Bi= 8.00 Hz, CONH), 8.52 (d, 2H,=
4.00 Hz, pyridine-H) 7.95 (s, 1H, indole-H), 7.63 2H, Ph-H), 7.55 (d, 1H,= 8.00
Hz, indole-H), 7.35 (d, 3H) = 8.00 Hz, indole-H, pyridine-H ), 7.26 (s, 1H,-Ah



3.87 (s, 1H, piperidine-H), 3.53 (s, 2H, benzylLH2.81 (d, 2H,J = 12.00 Hz,
piperidine-H), 2.31 (s, 6H, 2xG}j 2.22 (t, 2HJ = 12.00 Hz, piperidine-H), 1.93 (d,
2H, J = 12.00 Hz, piperidine-H), 1.62 (q, 28l= 12.00 Hz, piperidine-H¥C NMR
(100MHz, DMSO-d, ppm)d: 159.03 (C=0), 150.02 (2xC), 148.26, 143.03, 139.4
(2xC), 137.85, 135.15, 133.28, 127.69, 125.71,1125124.12 (2xC), 124.09 (2xC),
119.55, 115.33, 111.74, 61.16 (§§H52.13 (2xCH), 47.15 (CH), 31.62 (2xCHi
21.24 (2xCH). ESI-MS: m/z 537.6 (M+1) . £H29CIN4O3S [536.16].
4.1.16.5-Chloro-3-(3,5-dimethyl phenyl sul fonyl)-N-(1-((4-methyl-5-ox0-4,5-dihydro-1
H-1,2,4-triazol-3-yl)methyl)pi peridin-4-yl)-1H-indol e-2-car boxamide (18)

White solid, yield: 53.1%. mp: 274-275 °& NMR (400MHz, DMSO-d, ppm)
8: 13.02 (s, 1H, indole-NH), 11.52 (s, 1H, triazdled, 8.95 (d, 1H,J = 8.00 Hz,
CONH), 7.94 (s, 1H, indole-H), 7.63 (s, 2H, Ph-H)55 (d, 1H,J = 8.00 Hz,
indole-H), 7.36 (d, 1HJ = 8.00 Hz, indole-H), 7.26 (s, 1H, Ph-H), 3.85 1#i,
piperidine-H), 3.41 (s, 2H, benzyl-GH 3.17 (s, 3H, Ch), 2.81 (d, 2H,J = 12.00 Hz,
piperidine-H), 2.31 (s, 6H, 2xG} 2.24 (t, 2H,J = 12.00 Hz, piperidine-H), 1.93 (d,
2H, J = 12.00 Hz, piperidine-H), 1.62 (q, 2Bi= 12.00 Hz, piperidine-H)*C NMR
(100MHz, DMSO-d, ppm)d: 159.04 (C=0), 155.89 (C=0), 145.35, 143.03, 139.4
(2xC), 137.84, 135.15, 133.28, 127.68, 125.70,d25124.12 (2xC), 119.35, 115.32,
111.73, 53.41 (Ch), 51.79 (CH), 49.07 (CH), 47.05 (CH), 31.52 (2xCH\| 27.28
(CH3), 21.23 (2xCH). HRMS: m/z  557.1745 (M+1). £H26CINgO4S [556.17].
4.1.17. N-(1-(4-Sulfonamido-benzyl ) pi peridin-4-yl)-5-chl oro-3-(3,5-dimethyl phenyl -
sulfonyl)-1H-indol e-2-car boxamide (19)

White solid, yield: 52.1%. mp: 215-217 & NMR (400MHz, DMSO-¢, ppm)
d: 13.01 (s, 1H, Indole-NH), 8.97 (d, 1Bi= 8.00 Hz, CONH), 7.94 (s, 1H, indole-H),
7.81(d, 2H,J = 8.00 Hz, Ph’-H), 7.63 (s, 2H, Ph-H), 7.55-7.50, (3H, indole-H,
SONH,), 7.36-7.32 (m, 3H, Ph-H, S8IH,), 7.26(s, 1H, Ph-H), 3.87 (s, 1H,
piperidine-H), 3.57 (s, 2H, benzyl-GH 2.81 (d, 2H,J = 12.00 Hz, piperidine-H),
2.31 (s, 6H, 2xCh), 2.20 (t, 2HJ = 12.00 Hz, piperidine-H), 1.94 (d, 2Bi= 12.00
Hz, piperidine-H), 1.63 (q, 2H) = 12.00 Hz, piperidine-H)**C NMR (100MHz,
DMSO-d;, ppm) é: 159.01 (C=0), 143.20, 143.03, 139.44 (2xC), 1871835.15,



133.29, 129.41 (2xC), 127.69, 126.11 (2xC), 125125K.10, 124.11 (2xC), 119.35,
115.34, 111.72, 61.87 (GH 52.10 (2xCH)), 47.22 (CH), 31.65 (2xCHi 21.24
(2xCHg). ESI-MS: m/z 615.3 (M+1). £H31CIN4OsS,[614.14].
4.1.18.N-(1-(4-Carbamoyl benzyl)pi peridin-4-yl)-5-chl oro-3-(3,5-dimethyl phenyl -
sulfonyl)-1H-indol e-2-car boxamide (20)

White solid, yield: 56.6%. mp: 153-155 °& NMR (400MHz, DMSO-¢, ppm)
d: 13.01 (s, 1H, indole-NH), 8.97 (d, 1Bi= 8.00 Hz, CONH), 7.94 (s, 2H, indole-H),
7.86 (d, 2H,J = 8.00 Hz, Ph-H), 7.63 (s, 2H, Ph-H), 7.55-7.88 {H, indole-H),
7.40-7.32 (m, 4H, Ph’-H, CON} 7.26 (s, 1H, Ph-H), 3.87 (s, 1H, piperidine-H),
3.54 (s, 2H, benzyl-Cy), 2.81 (d, 2H,J = 12.00 Hz, piperidine-H), 2.31 (s, 6H,
2xCHg), 2.18 (t, 2H,J = 12.00 Hz, piperidine-H), 1.94 (d, 2H, = 12.00 Hz,
piperidine-H), 1.63 (q, 2HJ = 12.00 Hz, piperidine-H)*C NMR (100MHz,
DMSO-d;, ppm) é: 168.25 (C=0), 159.01 (C=0), 143.03, 139.43 (2xL37.87,
135.15, 133.46, 133.28, 128.87, 127.93 (4xC), B 7185.70, 125.10, 124.12 (2xC),
119.35, 115.33, 111.72, 60.22 (§H52.09 (2xCH), 47.25 (CH), 31.64 (2xCHi
21.24 (2xCH). HRMS: m/z 579.1874 (M+1). 4H31CIN4O4S [578.18].
4.1.19. General procedure for the synthesis of target compounds (21-25)

A solution of intermediatéb (0.10 g, 0.178 mmol, 1 equiv) in THF/MeOH (1/2,
30 mL) was treated with glacial acetic acid underisg to adjust the pH value of 4-5.
Then the aromatic aldehydes (RCHO) (0.535 mmol,q@iw was added and the
mixture was stirred for 40 minutes followed by auboi of sodium cyanoborohydride
(0.056 g, 0.89 mmol, 5 equiv). After additional i,&the solvent was evaporated under
reduced pressure and the residues were dissovibdansmall amount Cl, and
chromatographed on silica gel using EA-PE systeune FPractions were collected,
concentrated and recrystallized, giving the destmdpound£1-25.
4.1.20.5-Chloro-3-(3,5-dimethyl phenyl sulfonyl )-N-(1-(thiophen-3-ylmethyl)-
piperidin-4-yl)-1H-indole-2-carboxamide (21)

White solid, yield: 70.2%. mp: 230-231 °¢H NMR (400MHz, DMSO-g,
ppm): 12.92 (s, 1H, indole-NH), 8.99 (d, 1H,= 8.00 Hz, CONH), 7.94 (s, 1H,



indole-H), 7.63-7.54 (m, 4H, thiophene-H,Ph-H),4d 1H,J = 8.00 Hz, indole-H),
7.24(d, 1HJ = 8.00 Hz, indole-H), 7.15-7.13 (m, 2H, thiophd#hdh-H), 4.21 (s, 2H,
thiophene-CH), 3.99 (s, 1H, piperidine-H), 3.34 (s, 2H, pipareH), 3.00 (s, 2H,
piperidine-H), 2.20 (s, 6H, 2xGH 2.04 (s, 2H, piperidine-H), 1.64 (s, 2H,
piperidine-H). ESI-MS: m/z 542.4 (M+1).,@,sCIN3O3S; [541.13].
4.1.21.5-Chloro-3-(3,5-dimethyl phenyl sulfonyl)-N-(1-(thiophen-3-ylmethyl)
piperidin-4-yl)-1H-indole-2-carboxamide (22)

White solid, yield: 69.6%. mp: 225-256 °C. ESI-M&/z 542.4 (M+1).
Co7H26CIN3OsS; [541.13].
4.1.22.N-(1-(4-(Trifluoromethyl)benzyl ) piperidin-4-yl)-5-chloro-3-(3,5-dimethyl phen-
ylsulfonyl)-1H-indole-2-carboxamide (23)

White solid, yield: 69.8%. mp: 209-210 °& NMR (400MHz, DMSO-d, ppm)
d: 13.00 (s, 1H, indole-NH), 8.97 (d, 1Bi= 8.00 Hz, CONH), 7.95 (s, 1H, indole-H),
7.70(d, 2H,J = 8.00 Hz, Ph*-H), 7.63(s, 2H, Ph-H), 7.56-7.53@H, J = 8.00 Hz,
indole-H, Ph’-H), 7.35(d, 1HJ = 8.00 Hz, indole-H), 7.26(s, 1H, Ph-H), 3.881Hl,
piperidine-H), 3.59 (s, 2H, benzyl-GH 2.81 (d, 2H,J = 12.00 Hz, piperidine-H),
2.31 (s, 6H, 2xCh), 2.21 (t, 2HJ = 12.00 Hz, piperidine-H), 1.94 (d, 2Bi= 12.00
Hz, piperidine-H), 1.64 (g, 2H] = 12.00 Hz, piperidine-H)**C NMR (100MHz,
DMSO-d;, ppm) é: 159.02 (C=0), 144.21, 143.05, 139.43 (2xC), 1B871835.14,
133.31, 129.71 (2xC), 128.18, 127.87, 127.68, 126185.73, 125.47, 125.08, 124.11
(2xC), 119.35, 115.34, 111.72, 61.83 (H52.08 (2xCH), 47.21 (CH), 31.66
(2xCH,), 21.23 (2xCH). ESI-MS: m/z 604.4 (M+1). £5H2oCIF3N303S [603.16].
4.1.23.5-Chloro-3-(3,5-dimethyl phenyl sulfonyl )-N-(1- (furan-3-ylmethyl) pi peridin-4-
yl)-1H-indole-2-carboxamide (24)

White solid, yield: 68.8%. mp: 223-224 & NMR (400MHz, DMSO-¢, ppm)
0: 12.91 (s, 1H, indole-NH), 8.98 (d, 1Bi= 8.00 Hz, CONH), 7.79 (s, 1H, indole-H),
7.72 (s, 1H, furan-H), 7.53 (s, 2H, Ph-H), 7.441(d, J = 8.00 Hz, indole-H), 7.24 (d,
1H, J = 8.00 Hz, indole-H), 7.14 (s, 1H, Ph-H), 6.57 X8, furan-H), 6.46 (s, 1H,
furan-H), 4.24 (s, 2H, thiophene-G} 3.98 (s, 1H, piperidine-H), 3.31 (s, 2H,
piperidine-H), 2.98 (s, 2H, piperidine-H), 2.20 (6H, 2xCH), 2.00 (s, 2H,



piperidine-H), 1.65 (s, 2H, piperidine-H). HRMS: 2n/526.1573 (M+1).
Co7H24CIN3O,S [525.15].

4.1.24.N-(1-(4-Nitrobenzyl)pi peridin-4-yl)-5-chloro-3-(3,5-dimethyl phenyl sul fonyl )-
1H-indole-2-carboxamide (25)

White solid, yield: 65.6%. mp: 258-259 °C, deconifios. 'H NMR (400MHz,
DMSO-c;, ppm)é: 13.01 (s, 1H, indole-NH), 8.97 (d, 1Bi= 8.00 Hz, CONH), 8.21
(d, 2H,J = 8.00 Hz, Ph’-H), 7.94 (s, 1H, indole-H), 7.637.(m, 4H, Ph-H, Ph’-H),
7.55 (d, 1HJ = 8.00 Hz, indole-H), 7.35 (d, 1H,= 8.00 Hz, indole-H), 7.26 (s, 1H,
Ph-H), 3.88 (s, 1H, piperidine-H), 3.63 (s, 2H, bdfCH,), 2.81 (d, 2HJ = 8.00 Hz,
piperidine-H), 2.31 (s, 6H, 2xG})] 2.23 (t, 2H,J = 8.00 Hz, piperidine-H), 1.95 (d,
2H, J = 12.00 Hz, piperidine-H), 1.64 (g, 28,= 8.00 Hz, piperidine-H)**C NMR
(100MHz, DMSO-d, ppm)d: 159.01(C=0), 147.59, 147.01, 143.03, 139.43 (2xC)
137.84, 135.15, 133.29, 130.02 (2xC), 127.68, 125125.10, 124.11 (2xC), 123.85
(2xC), 119.35, 115.53, 111.72, 61.55 (EH52.08 (2xCH), 47.14 (CH), 31.65
(2xCHy), 21.24(2xCH). ESI-MS: m/z 581.4 (M+1). £H24CIN4OsS [580.15].
4.1.25.5-Chloro-3-(3,5-dimethyl phenyl sulfonyl)-N-((1-(2-hydroxyethyl)pi peridin-4-yl)
methyl)-1H-indole-2-carboxamide (26)

White solid, yield: 50.0%. mp: 255-256 °tH NMR (400MHz, DMSO-d, ppm)
d: 13.02 (s, 1H, indole-NH), 9.08 (d, 18i= 4.00 Hz, CONH), 7.88 (s, 1H, indole-H),
7.65 (s, 2H, Ph-H), 7.55 (s, 1H,= 8.00 Hz, indole-H), 7.35 (s, 1H,= 8.00 Hz,
indole-H), 7.27 (s, 1H, Ph-H), 5.28 ('s, 1H, OHBB(s, 2H, CH), 3.50 (s, 2H, Ch),
3.40 (s, 2H, CH), 3.11 (s, 2H, Ch), 2.31 (s, 6H, 2xCh}, 2.29 (s, 2H, Ch), 1.98 (s,
2H, CHp), 1.86 (s, 1H, CH), 1.53 (s, 2H, QH HRMS: m/z 504.1772 (M+1).
C25H30CIN3O4S [503.16].
4.1.26.N-((1-(4-Carbamoyl benzyl)pi peridin-4-yl ) methyl)-5-chl oro-3-(3,5-dimethyl -
phenylsulfonyl)-1H-indol e-2-car boxamide (27)

White solid, yield: 52.3%. mp: 259-260 °t NMR (400MHz, DMSO-d, ppm)
d: 12.93 (s, 1H, indole-NH), 8.98 (d, 1H,= 8.00 Hz, CONH), 7.92-7.90 (m, 2H,
indole-H, NH), 7.83 (d, 2H,) = 8.00 Hz, Ph*-H), 7.61 (s, 2H, Ph-H), 7.54 (d,, TH
8.00 Hz, indole-H), 7.37-7.52 (m, 5H, indole-H, NHPh-H, Ph’-H ), 3.50 (s, 2H,



benzyl-CH), 3.32-3.24 (m, 2H, CONH-CH 2.83 (d, 2H,J = 12.00 Hz,
piperidine-H), 2.30 (s, 6H, 2xG})] 1.98 (t, 2H,J = 8.00 Hz, piperidine-H), 1.76 (d,
2H, J = 8.00 Hz, piperidine-H), 1.57 (s, 1H, piperidiHg-1.62 (g, 2HJ = 8.00 Hz,
piperidine-H).">C-NMR (100MHz, DMSO-¢, ppm)&: 168.26 (C=0), 159.86 (C=0),
143.07, 142.49, 139.40 (2xC), 137.95, 135.12, 183133.34, 128.89 (2xC), 127.86
(2xC), 127.64, 125.77, 125.05, 124.09 (2xC), 11913%.36, 111.53, 62.38 (GH
53.40 (2xCH), 45.40 (CH), 36.07 (CH), 30.09 (2xCH), 21.24 (2xCH). ESI-MS:
m/z 593.5 (M+1). GH33CIN4O,4S [592.19].

4.1.27.N-((1-(3-Fluorobenzyl ) piperidin-4-yl )methyl )-5-chl oro-3-(3,5-dimethyl phenyl
-sulfonyl)-1H-indole-2-carboxamide (28)

White solid, yield: 46.5%. mp: 193-194 °& NMR (400MHz, DMSO-¢, ppm)
6:13.00 (s, 1H, indole-NH), 8.97 (d, 1B~ 8.00 Hz, CONH), 7.92 (d, 1H,= 12.00
Hz, indole-H), 7.61 (s, 2H, Ph-H), 7.54 (d, 1Hs 8.00 Hz, indole-H), 7.37-7.31 (m,
2H, indole-H, Ph’-H), 7.26 (s, 1H, Ph-H), 7.14-7.0#4, 3H, Ph’-H), 3.47 (s, 2H,
benzyl-CH), 3.27 (t, 2H,J = 8.00 Hz, CONH-Ch), 2.82 (d, 2H,J = 12.00 Hz,
piperidine-H), 2.30 (s, 6H, 2xGH 1.97 (t, 2HJ = 12.00 Hz, piperidine-H), 1.94 (d,
2H,J = 2.00 Hz, piperidine-H), 1.57 (s, 1H, piperidiHg-1.30 (q, 2HJ = 12.00 Hz,
piperidine-H).**C-NMR (100MHz, DMSO-¢, ppm)&: 161.26 (C-F), 159.86 (C=0),
143.10, 139.38 (2xC), 137.98, 135.09, 133.40, 1B0E30.42, 127.61, 125.81,
125.10, 124.10 (2xC), 119.33, 115.63, 115.39, #14113.93, 111.53, 62.05 (GH
53.40 (2xCH), 45.37 (CH), 36.06 (CH), 30.08 (2xCH), 21.23 (2xCH). ESI-MS:
m/z 568.5 (M+1). GoH3;CIFN3;O3S [567.18].
4.1.28.N-((1-(3-Cyanobenzyl)pi peridin-4-yl ) methyl )-5-chl oro-3-(3,5-dimethyl phenyl
-sulfonyl)-1H-indole-2-carboxamide (29)

White solid, yield: 52.6%. mp: 213-214 & NMR (400MHz, DMSO-¢, ppm)
6:13.00 (s, 1H, indole-NH), 8.96 (d, 1Bi= 8.00 Hz, CONH), 7.92 (s, 1H, indole-H),
7.80 (d, 1HJ = 4.00 Hz, Ph’-H), 7.68 (t, 1H,= 8.00 Hz, Ph’-H), 7.61 (s, 2H, Ph-H),
7.57-7.30 (m, 4H, indole-H, Ph’-H), 7.24 (s, 1H,-R)) 3.63 (s, 2H, benzyl-CHj
3.26 (t, 2H,J = 8.00 Hz, CONH-CH), 2.82 (d, 2H, = 12.00 Hz, piperidine-H), 2.30
(s, 6H, 2xCH), 2.06 (t, 2H,J = 12.00 Hz, piperidine-H), 1.76 (d, 28B= 12.00 Hz,



piperidine-H), 1.59 (s, 1H, piperidine-H), 1.29 @H, J = 12.00 Hz, piperidine-H).
%C-NMR (100MHz, DMSO-¢, ppm)&: 159.86 (C=0), 143.10, 142.95, 139.35 (2xC),
138.11, 138.06, 135.06, 133.50, 133.41, 130.51,3B28127.56, 125.86, 124.95,
124.12 (2xC), 119.32, 118.19, 115.43, 112.51, 111168.56 (CH), 53.36 (2xCH),
45.33 (CH), 35.97 (C), 30.06 (2xCH)), 21.24 (2xCH)). ESI-MS: m/z 575.5(M+1).
Ca1H31CIN4OsS [574.18].

4.1.29.Ethyl 3-(4-((5-chloro-3-(3,5-dimethyl phenyl sulfonyl)- 1H-indol e-2-car boxamido
)methyl)piperidin-1-yl)propanoate (30)

White solid, yield: 45.6%. mp: 194-195 &8l NMR (400MHz, DMSO-g, ppm)
$:13.01 (s, 1H, indole-NH), 8.96 (s, 1H,CONH), 782 1H,indole-H), 7.61 (s, 2H,
Ph-H), 7.80 (d, 1HJ = 8.00 Hz, indole-H), 7.34 (d, 1H,= 8.00 Hz, indole-H), 7.26
(s, 1H, Ph-H), 4.07 (g, 2H, = 4.00 Hz, O-CH), 3.25 (t, 2H,J = 4.00 Hz, CO-Ch),
2.82 (d, 2H, = 12.00 Hz, piperidine-H), 2.57 (d, 2Bi= 8.00 Hz, CH), 2.46 (d, 2H,
J=8.00 Hz, CH), 2.31 (s, 6H, 2xC}J, 1.98 (t, 2HJ = 12.00 Hz, piperidine-H), 1.75
(d, 2H,J = 12.00 Hz, piperidine-H), 1.56 (s, 1H, piperidid® 1.25-1.15 (m, 5H,
piperidine-H, CH). **C-NMR (100MHz, DMSO-¢, ppm)&: 172.46 (C=0), 159.85
(C=0), 143.06, 139.41 (2xC), 137.94, 135.12, 13312%.63, 125.75, 125.05, 124.10
(2xC), 119.32, 115.35, 111.51, 60.19 (;H53.92 (2xCH), 53.20, 45.38 (CH), 36.02
(CH,), 32.37, 30.03 (2xCH, 21.24 (2xCH), 14.59. ESI-MS: m/z 560.4(M+1).
CogH34CIN30sS [559.19].

4.2. Invitro anti-HIV assay

Evaluation of the antiviral activity and cytotoxiciof the compounds in MT-4
cells was performed using the MTT assay as prelyiodsscribed [33,52]. Stock
solutions (10xfinal concentration) of test compaamgre added in 25 pL volumes to
two series of triplicate wells so as to allow sitankeous evaluation of their effects on
mock- and HIV-infected cells at the beginning otkeaxperiment. Serial five-fold
dilutions of test compounds were made directlylat-bottomed 96wells microtiter
trays using a Biomek 3000 robot (Beckman instrusieRuller-ton, CA). Untreated

control HIV- and mock-infected cell samples werelued for each sample.



HIV-1(11IB), single and double RT mutant strains1@0l, K103N, Y181C,
Y188L, E138K, F227L/V106A, RES056) or HIV-2 (ROD%J] stock (50uL) at
100-300 CCID50 (cell culture infectious dose) oitue medium was added to either
the infected or mock-infected wells of the micretitray. Mock-infected cells were
used to evaluate the effect of test compounds arfeated cells in order to assess the
cytotoxicity of the test compound. Exponentiallyowing MT-4 cells were
cen-trifuged for 5 minutes at 1000 rpm and the sugtant was discarded. The MT-4
cells were resuspended at 6Xtells/mL, and 50-uL volumes were transferred ® th
microtiter tray wells. Five days after infectionhet viability of mock- and
HIV-infected cells was examined spectrophotomellsiday the MTT assay. The 50%
cytotoxic concentration (Cfg) was defined as the concentration of the test comg
that reduced the absorbance (OD540) of the modkéted control sample by 50%.
The concentration achieving 50% protection fromdi®pathic effect of the virus in
infected cells was defined as the 50% effectiveceatration (EGp).

4.3. HIV-1RT inhibition assay

A reverse transcriptase (RT) assay kit produceRdighe was selected for the RT
inhibition assay. All the reagents for performihg RT reaction came with the kit and
the ELSIA procedures for RT inhibition assay wagried out following the
description in the kit protocol [54,55]. Brieflyhe reaction mixture containing
template/primer complex, viral nucleotides (ANTBaeHl RT in the incubation buffer
with or without inhibitors was incubated for 1howats37 °C. After that, the reaction
mixture was transferred to a streptavidine-coatéctatiter plate and incubated for
another lhours at 37 °C to make sure retranscnigtioDNA chain that consisted
biotin-labeled dNTPs bound to streptavidine. Themaoved un-bound dNTPs using
washing buffer and added anti-DIG-POD working dolut After incubation for
lhours at 37 °C, the DIG-labeled dNTPs incorporatedDNA were bound to the
anti-DIG-POD antibody. The unbound anti-DIG-PODs reveeemoved and the
peroxidesubstrate (ABST) solution was added to MiEPs. A colored reaction

proceed during cleavage of the substrate catalpgyeBOD. The absorbance of the



sample was determined at OD 405 nm using a mieropitate ELISA reader. The
percentage inhibitory activity of RT inhibitors waslculated byformula as given
below:
%Inhibition = [OD value with RT but without inhilats - OD value with RT and
inhibitors]/[OD value with RT and inhibitors - ODalue without RT and inhibitors]
The 1G values corresponded to the concentrations ofrtHehitors required to
inhibit biotin-dUTP incorporation by 50%.

4.4. Molecular simulation experiment

The molecules8 and 18 for docking was optimized for 2000-generations lunti
the maximum derivative of energy became 0.005 koal*A), using the Tripos force
field. Charges were computed and added accordir@assieiger-Huckel parameters.
The published three dimensional crystal structofd®T complexes (PDB code: 2rf2)
were retrieved from the Protein Data Bank and wsesd for the docking experiment
by means of surflex-docking module of Sybyl-X 1The protein was prepared by
using the Biopolymer application accompanying Sybyhe bound ligand was
extracted from the complexes, water molecules wemoved, hydrogen atoms were
added, side chain amides and side chains bumps fixeck and charges and atom
types were assigned according to AMBER 99. After photomol was generated, the
optimized8 and18 were surflex-docked into the binding pocket of NN&Wwith the
relevant parameters set as defaults. Top-scorise p@s shown by the software of
PyMOL version 1.5 (www.pymol.org.). The secondamuacture of RT is shown in
cartoons, and only the key residues for interastmith the inhibitor were shown in

sticks and labeled. The potential hydrogen bonde weesented by dashed lines.
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Table 1.Activity against HIV-1 strains, cytotoxicity andlseetivity indexin MT-4 cells.

X R
SO, N
H 7-14: X=Br,n=0;
VN ’ 15-25: X = Cl, n = 0;
N 26-30: X=Cl,n=1

com R ECso (uM)? CCso

pd B L100I K103N Y181C Y188L E138K F227L/V106A RES®6 (uM)h

7 3-COMe-Ph 0.041+0.005 0.36+0.10 2.1+0.15 25.7+0.7 81.3% 2.2+0.02 3.6+0.8 >81.3 81.3+31.6

8 -CH,OH 0.006+0.002 0.017+0.008 0.084+0.015 0.13+0.011 >6.3 0.14+0.01 0.22+0.15 >6.3 6.3+5.8

9 4-SONH-Ph 0.014+0.008 0.048+0.015 0.33+0.12 0.45%0.12 9>5, 0.12+0.00 0.74+0.29 >5.9 5.9+2.3

10 4-CI-Ph 0.13+0.06 0.55+0.05 3.6+0.6 17.3+5.4 >67.3 3.2%0.3 3.6+1.8 >67.3 67.3£15.7

11 3-CI-Ph 0.30£0.15 3.5+0.3 10.2+2.2 15.1+1.3 >103.0 3.9+0.2 20.2+7.6 >103.0 103.0+15.1

12 pyridin-3-yl 0.019+0.009 0.076+0.050  0.22+0.034 (036.05 >6.6 0.17%0.02 0.40+0.17 >6.6 6.6+3.0

13 pyridin-4-yl 0.017+0.005 0.034+0.010 0.28+0.02 @6.07 >4.6 0.10+0.01 0.21 >9.8 9.8+3.5

14 4-CONH-Ph 0.012+0.005 0.026+0.002 0.13+0.10 0.29+0.11 >3.2 0.10£0.02 0.30+0.05 >5.2 8.815.4

15 4-SQMe-Ph 0.020+0.01  0.086+0.002 0.44+0.03 0.55+0.02 0+B1 0.14+0.01 0.41+0.08 >6.4 14.648.1
16 pyridin-3-yl 0.012+0.008 0.034+0.004 0.22+0.06 606 4.8+0.8 0.14+0.10 0.39+0.19 >5.9 6.9+5.2

17 pyridin-4-yl 0.016+0.010  0.048%0.009 0.24+0.04 0.73 5.1+0.2 0.10+0.00 0.43+0.17 >20.8 20.8+3.0

4-methyl-2H-1,2,4-triazol
18 0.009+0.004  0.049+0.007 0.18+0.02 0.20£0.05 0.82#0. 0.043+0.8 0.27+0.09 >14.0 14.0+4.8
-3(4H)-one 3-yl

19 4-SONH-Ph 0.013+0.007 0.083+0.065 0.29+0.05 0.44+0.02 B4 0.18+0.02 0.44+0.16 >5.4 7.75.7

20 4-CONH,-Ph 0.011+0.008  0.029+0.005 0.12+0.01 0.29£0.09 TUE 0.086+0.00 0.17+0.09 4.4+15 6.2+2.1

21 thiophene-2-yl 0.022+0.013  0.031+0.006 0.23+0.04 87£0.15 >90.6 0.65+0.07 0.35+0.06 >90.6 90.6+21.0
22 thiophene-3-yl 0.031+0.015 0.13+0.08 0.73+0.04 Ue >49.6 0.81+0.07 1.9+0.8 >49.6 49.6+18.7
23 4-CR-Ph 0.17+0.05 1.1+0.05 5.1+0.7 >16.0 >16.0 4.3+0.8 7.4+0.7 >16.0 16.0+3.9
24 furan-3-yl 0.018+0.010  0.032+0.004 0.21+0.00 0.6150 >162.6 0.13+0.03 0.1940.01 >162.6 162.6+44.5
25 4-NOx-Ph 0.62+0.43 >19.1 >31.9 >57.3 >57.3 >38.2 >57.3 >57.3 57.3+49.1
26 -CH,OH 0.032+0.020 0.11+0.03 0.32+0.10 0.56+0.02 >6.7 .30£0.12 0.62 >6.7 6.7+5.6
27 4-CONH,-Ph 0.024+0.008 0.11+0.01 0.49+0.10 0.69+0.08 >3.4 0.1140.02 0.76+0.08 >3.4 3.4+0.5
28 3-F-Ph 0.18+0.16 0.49+0.14 1.5+0.07 4.6+0.3 >61.3 .33£0.16 4.2+0.3 >61.3 61.3+23.4
29 3-CN-Ph 0.14+0.09 0.96+0.31 3.1+0.05 3.4+0.4 >20.7 0.13+0.00 3.3+0.05 >34.8 >34.8
30 CH,COOEt 0.027+0.012 0.2940.21 0.55+0.41 0.75+0.16 B 0.20£0.05 1.7£1.6 >19.2 19.2+2.9
NVP 0.12+0.07 0.71+0.45 3.6x2.4 3.8+2.6 4425 0.1630 3.5%2.7 2.2+0.8 >15.0
DLV 0.024+0.024 3.5+3.0 2.5+1.8 1.9+1.4 0.55+0.39 00706 2.6%3.0 >37.0 >43.8
EFV 0.003+0.002 0.057+0.044 0.098+0.057 0.005+0.002092%0.06 0.005+0.001 0.076+0.06 0.11+0.06 >6.3
ETV 0.003+0.000 0.009+0.006 0.003+0.007 0.014+0.00601%%0.06 0.011+0.007 0.015+0.006 0.034+0.0 2.2+0.0

®ECs: concentration of compound required to achieve Ffittection of MT-4 cell cultures against

HIV-1-induced cytotoxicity, as determined by the Minethod.

®CCsy: concentration required to reduce the viability mbck-infected cell cultures by 50%, as



determined by the MTT method.
°Sl: selectivity index, the ratio of GEECsp.

Table 1 (Continued). Activity against HIV-1 strains, cytotoxicity andIsetivity index in MT-4

cells.
S|
Compd.
1B L100I K103N Y181C Y188L E138K F227L/V106A RES®6
7 2004 221 40 3 <1 37 23 <1
8 1005 368 74 48 <1 46 28 <1
9 411 123 18 13 <1 49 8 <1
10 513 121 19 4 <1 21 19 <1
11 346 29 10 7 <1 26 5 <1
12 338 88 30 11 <1 37 17 <1
13 568 282 36 17 <2 96 47 <1
14 728 348 66 30 <3 86 29 <2
15 746 169 34 27 104 104 35 <2
16 589 209 30 13 49 49 18 <1
17 1276 436 84 29 213 213 48 <1
18 1476 289 76 73 17 320 54 <1
19 592 94 26 17 2 43 18 <1
20 576 208 50 21 1 72 37 1
21 3951 2951 382 104 <1 140 263 <1
22 1610 372 67 5 <1 61 25 <1
23 93 14 3 <1 <1 4 2 <1
24 9391 4958 792 265 <1 1267 834 <1
25 93 <3 <2 <1 <1 <2 <1 <1
26 205 59 21 12 <1 22 11 <1
27 147 31 7 5 <1 31 4 <1
28 338 123 42 13 <1 181 14 <1
29 >257 >36 >11 >10 <2 >263 >10 X
30 740 67 34 26 4 98 11 <1
NVP >127 >21 >4 >4 >3 >05 >4 >7
DLV 1879 13 18 23 81 634 17 X
EFV >2372 >110 >64 >1282 >68 >1356 >82 >55
ETV 1163 503 1361 327 299 429 282 131

Table 2 Inhibitory activity of compound&8, 30, NVP and ETV against HIV-1 RT.

Compd. 18 30 NVP ETV

IC 50 (UM)? 7.0 10.1 2.8 1.1

%Cso: inhibitory concentration of test compound reqdiréo inhibit biotin deoxyuridine

triphosphate (biotin-dUTP) incorporation into HIVAWT) RT by 50%.
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Figure 1. The structures of representative DAPYs (EtragiriRilpivirine and 5h) and IASs
(L-737,126, 7€), and the newly designed N-subsiitytiperidine-IASs via the combination of
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Figure 2. Schematic diagram of the binding modes of IAS$ RAPYs with NNIBP: (a) HIV RT
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(dark blue) (PDB code: 3M8Q). These figures wasegated using PyMOL_(www.pymol.org).
Residues important for binding are shown as stitkgdrogen bonds are indicated by yellow

dashes.
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Figure 3. A illustrative figure of the SARs



Figure 4. Predicted binding modes of novel IASs in the sioic site of HIV-1 WT RT (PDB
code: 2rf2): (a) Ribbon model of tl&ebinding; (b) Ribbon model of th#8 binding (c) Surface
presentation oi8 located toward a solvent exposure region. Hydrdgemds are indicated with

dashed lines in red, and hydrogen atoms are onfdtedarity.



Highlight:

Novel 1A Ss bearing N-substituted piperidine at indole-2-carboxamide were designed
New IASs have ECs values ranging from 0.62 uM to 0.006 uM against WT HIV-1
Compounds 8 (ECsp = 6 nM) and 18 (ECsp = 9 nM) were the most active derivatives
Compounds 8 and 18 also displayed outstanding potency against some HIV-1 mutants
SARs and molecular modeling studies were discussed in detail



