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Abstract: A series of indazolyl-substituted piperidin-4-yl-suopyrimidines (IPAPYs) were
designed from two potent HIV-1 NNRTIs piperidin-#aminopyrimidine3c and diaryl ethed as
the lead compounds by molecular hybridization sgrat The target moleculeSa-q were
synthesized and evaluated for their anti-HIV at#gi and cytotoxicities in MT-4 cellda-q
displayed moderate to excellent activities agawikt-type (WT) HIV-1 with EG values ranging
from 1.5 to 0.0064:M. Among them5q was regarded as the most excellent compound &gains
WT HIV-1 (EG5o = 6.4 nM, SI = 2500). And also, it displayed patantivities against K103N
(ECso = 0.077uM), Y181C (EGo = 0.11uM), E138K (EGp = 0.057uM), and moderate activity
against double mutants RES056 (€ 8.7 uM). Moreover, the structure-activity relationships
(SARs) were summarized, and the molecular dockiag performed to investigate the binding
mode of IPAPYs and HIV-1 reverse transcriptase.
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1. Introduction

Reverse transcriptase (RT) plays a vital role i ghocess of the human immunodeficiency
virus type 1 (HIV-1) replication [1,2]. Nonnucledsi reverse transcriptase inhibitors (NNRTIs),
known as one of the indispensable components ¢iyhictive antiretroviral therapy (HAART)
for specifically inhibiting HIV-1, have received e@ attention due to their potent antiviral activity
high specificity and low cytotoxicity [3-5]. In thpast decades, many series of NNRTIs have
sprung up to fight against HIV-1/AIDS [6], such adenzophenones [7,8],
dihydroalkoxybenzyl-oxopyrimidines (DABOs) [9,10iaryl ethers [11,12], diaryltriazines
(DATAS) [13,14], and diarylpyrimidines (DAPYs) [1B] and so on. Among them,
diarylpyrimidines (DAPYSs, Fig. 1), represented yA=approved drugs etravirine (TMC125, Fig.
1) and rilpivirine (TMC278, Fig. 1have been recognized as one of the most succetzsaks of
NNRTIs developed so far due to their excellent pogeagainst wild-type (WT) HIV-1 ands
mutant strains. In recent years, a great deal oP¥g\and their analogues emerged as HIV-1
NNRTIs [17-21].

In earlier years, the 4-cyanophenylamino struc{wimg 1) was regarded as the essential
pharmacophore of classical DAPYs (Fig. 1). Howewer2010, Tang & Kertesz group [22,23]
combined the structure of DAPYs and the benzophesonto  design
piperidin-4-yl-aminopyrimidine8a-c (Fig. 1), which showed potent activities against WIV-1
(7-34 nM) as well as HIV-1 mutants. It demonstrateat phenyl- or benzyl-substituted piperidine
was also an excellent pharmacophore which coulthcepthe 4-cyanophenylamino (wing 1) of
classical DAPYs. More importantly, it is well-knowhat the pharmacokinetic profiles of most
DAPYs are not satisfactory due to low water soltpilwhile piperidine-linked aminopyrimidine
derivatives could improve the water solubility abtbavailability [24,25]. Based on these,
medicinal chemists have discovered dozens of newssef piperidin-4-yl-aminopyrimidines as
HIV-1 NNRTIs [15,25,26].
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Fig. 1 Structures of classical DAPYs and theilagaes
Herein, the structures of piperidin-4-yl-aminopyidine 3c [22] and diaryl ethed [27] as
two potent HIV-1 NNRTIs, were hybridized to designnovel series of indazolyl-substituted
piperidin-4-yl-aminopyrimidinesy, IPAPYs, Fig. 2), which were synthesized and eai@d for
their anti-HIV activities as well as their cytotoities. Their structure-activity relationships were

summarized, and the molecular docking was perfonméavestigate their binding mode.



TN
SO,Me <«
i AY
| NH
CN j \> W
) . P Rt ) [
G | - \r

Molecular hybridization
(0] N.__NH O._N._NH
@ )} >0
= Cl _N

Piperidin-4-yl-aminopyrimidine Diaryl ether Indazolyl-substituted piperidin-
3c 4 4-yl-aminopyrimidines (IPAPYs)
5

Fig. 2 Design of target moleculBdy molecular hybridization

2. Results and discussion

2.1 Chemistry

The synthetic route of the target compourigisq is shown in Scheme 1. The key
intermediate 1-Boc-3-bromomethylindazddewas synthesized fromHtindazole-3-carboxylic
acid 6 as a starting material via three-step reactiomdudting reduction, NH protection and
bromination, successively. Meanwhile, the key imediates 13a-q were prepared from
2,4-dichloropyrimidinelO by two nucleophilic reactions followed by remowdlthe protecting
group Boc. Thenlda-q were obtained by a nucleophilic substitution rieexciof 9 and 13a-q
using KCOsas base in the presence of 18-crown-6 in THF. Kirthle intermediate$4a-qwere
subjected to deprotection of amino group to gettireesponding target compourisisqg.
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Compd R Compd R Compd R
5a 2-Cl 5g 2-Ck 5m 4-CN
5b 3-Cl 5h 3-ChK 5n 2,6-diMe
5c 4-Cl 5i 4-ChR; 50 3-CI-5-CN
5d 2-Br 5j 3-CH; 5p 3,5-diMe-4-Cl
5e 3-Br 5k 4-CH;g 5q 2,6-diMe-4-CN
5f 4-Br 5l 3-CN

Scheme 1 Reagents and conditions: (a) LIAIHTHF; (b) BogO, dimethylaminopyridine,
triethylamine, THF; (c) PBr DMF; (d) substituted phendi,N-diisopropylethylamine, DMSO; (e)
4-amino-1-Boc-piperidindy,N-diisopropylethylamine, NMP; (f) GEOOH, DCM, rt; (g) KCO;,



18-crown-6, THF; (h) CF£OOH, DCM, rt.

2.2 Biological activity

The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetdium bromide (MTT) method [28,29]
was used to evaluate 17 new IPAP%a-() along with five FDA-approved drugs: zidovudine,
lamivudine, nevirapine, etravirine, efavirenz aemence drugs. The compounds were assayed for
their anti-HIV activities in MT-4 cells against WHIIV-1 (strain 11IB), common HIV-1 mutants
[K103N, Y181C, E138K, K103N+Y181C (RES056)], as Mad HIV-2 (strain ROD). The results
were summarized in Table 1, which were expressetiGas (50% cytotoxic concentration), E&
(50% HIV-1 replication inhibitory concentration) agell as Sl (selectivity index given by the
CGsy/ECs (111B) ratio) values.

As shown in Table 1, compoun8ia-q displayed moderate to excellent activities agaid$t
HIV-1 with ECso values ranging from 1.5 to 0.006. Among them, the two most potent
compoundsbn and 5q displayed extremely potent WT HIV-1 inhibitory adties with EGq
values of 8.6 nM and 6.4 nM, respectively, whiclhpsssed the corresponding activities of the
FDA-approved zidovudine, lamivudine and nevirapine.

The 17 target molecules are chemically and bioklyiadiverse. Among the compoun8ia-f,
the two moleculesa (ECso= 0.037uM) and5d (ECsp= 0.031uM) with an ortho substituent were
obviously superior t®db-c and5e-f (ECso= 0.21-0.28:M) with a meta- or para-substituent in WT
inhibitory activities. The replacement of the hangatoms oba-f with a trifluoromethyl $g-i)
led to a dramatic decrease of activities. For camps5a-i bearing a halogen atom or £khe
substituent priority is as follows, -Br-Cl > -Ck.

For compounds$j-k bearing an electron-donating methyl group, tha{paethyl bk, EGso =
0.14 uM) seemed to be more favorable than meta-metijylHG, = 0.39uM). For compounds
5l-m bearing an electron-withdrawing cyano group, tagCN bm, EGso = 0.078uM) showed
an overwhelming priority for anti-HIV-1 11IB actity compared with meta-CNol, EG, = 1.5
uM). Not surprisingly, the compourtely, featuring a 2,6-diMe-4-CN-Ph left wing which wise
same as the left wing of etravirine (Fig. 1), digeld the most potent activities against WT HIV-1
(ECso = 6.4 nM). While 4-CN obqg was removed, the corresponding compobinélso exhibited
excellent activity against WT HIV-1 (Eg= 8.6 nM). The two compound® (ECso= 2.3uM) and
5p (ECso= 0.37uM) with 3- and 5-substituents were inferior to tind compound$n (ECsp=
0.086uM) and5q (ECsp= 0.064uM) with a 2,6-dimethyl.

All target molecules have also been evaluated Heir tactivities against the RT mutants
(K103N, Y181C, E138K, RES056). Most of compouldsq showed moderate activities against
single mutants K103N, Y181C and E138K, and weralyekevoid of activities against double
mutants RES056 as well as HIV-2 (ROD). The mostebawt compoundq displayed potent
activities against K103N (Bg = 0.077uM), Y181C (EGp = 0.11uM), E138K (EG, = 0.057
uM), and moderate activity against RES056 {5&€8.7uM).



Table 1 Anti-HIV activities and cytotoxicities dba—qin MT-4 cells?

Compd ECso” (uM) ROD"  CGCs' of
llg  K103N Y181C EI138K RES056 (uM)  (uM)
5a 0.037  >54 1.6 0.80  >54 >5.4 5.4 146
5b 0.28 9.8 9.0 4.7 >26 >26 26 93
5c 0.23 4.0 5.6 2.3 >30 >30 30 130
5d 0.031 1.9 1.0 048  >5.3 >5.3 5.3 171
5e 0.25 4.9 6.1 3.5 >22 >22 22 88
5f 0.21 5.7 7.5 2.0 >24 >24 24 114
59 0.30 8.3 6.8 4.4 >15 >15 15 50
5h 0.55 8.9 9.7 7.0 >22 >22 22 40
5i 0.47 10 >29 4.8 >29 >29 29 62
5 0.39 9.6  >11 4.0 >32 >32 32 82
5k 0.14 3.8 4.3 0.77 >32 >32 32 229
5| 15 >32 >32 >32 >32 >32 32 21
5m 0.078 2.6 3.13 1.4 >31 >31 31 397
5n 0.0086 022  0.40 0084  >18 >18 18 2093
50 2.3 >27 >27 >27 >27 >27 27 12
5p 0.37 8.2 8.7 4.7 >15 >15 15 41
5q 0.0064 0077 011  0.057 8.7 >16 16 2500
Zidovudine  0.018  0.019 0012 0019 0028 0021  >7.5>417
Lamivudine  3.10 2.0 2.4 2.9 5.0 NA >87 >28
Nevirapine  0.15 5.6 10 0.16 >15 >15 >15  >100
Etraviine ~ 0.0032 0.0032 0.014 0.0067  0.034 NA >4.6>1438
Efavirenz ~ 0.0026 ~ 0.076  0.0050 0.0044  0.24 NA >6.3 2428

&Data represent the mean of at least three indepersperiments.

® Compound concentration required to protect MT-4scadjainst HIV-1-induced cytopathogenicity by 50%.
“Compound concentration required to protect MT-4scafjainst HIV-2-induced cytopathogenicity by 50%.
dCompound concentration that decreases the uninfettedi cell viability by 50%.

¢ Selectivity index: CG/ECs, (11IB) ratio.

2.3 Molecular modeling analysis

To investigate the binding mode of our newly sysibhed compounds, the molecular docking
studies of the two representative compoubdsand 5q were performed by using the SYBYL
Surflex-Dock program and crystal structure of WTVHI RT/3c (PDB code: 3NBP) [30]. As
illustrated in Fig. 3, compounds] (Fig. 3a) andn (Fig. 3b) displayed similar binding mode as
3cin NNIBS, adopting similar “U” shape binding modex stacking interaction formed between
the left wing of compoundsn (or 5g) and the aromatic amino acid residues Tyr181, 8§rdnd

Trp229. And a key hydrogen bond formed betweerhfftzogen of NH liner and the carbonyl of



Lys101. Moreover, the piperidinyl-linked indazoleoiety extended to the protein-solvent
interface, and another hydrogen-bonding interactias found to form between the NH of the
indazole and the main chain of Lys103. For anotherlustrated in Fig. 3, the binding mode of
the left wing of5n and5q showed almost perfect coincidence. And the 2,6ettiyl-4-cyano
fragment of5q could build extensive interactions with sub pockemposed by hydrophobic
amino acid residue Trp229, Thr181 and Phe227.

~ /

{ “E‘yjdéfg /

4
TX

Fig. 3. a) Binding mode obq (gray) and overlap witl3c (cyan) in NNIBS; b) Binding mode of
5n (gray) and overlap witBBc (cyan) in NNIBS.

3. Conclusion

In summary, as a continuing effort to develop ndVNIRTIs, a series of structurally diverse
analogues of indazolyl-substituted piperidin-4-giiaopyrimidines (IPAPYs) were designed and
synthesized. The results of biological activitindicated that all target compounds showed good
to excellent activities against WT HIV-1 strain. Ang them,5q was regarded as the most
excellent compound against WT HIV-1 (G 6.4 nM, S| = 2500). And also, it displayed paten
activities against K103N (Eg= 0.077uM), Y181C (EGp = 0.11uM), E138K (EGy = 0.057
uM), and moderate activity against RES056 {E€ 8.7 uM). The preliminary structure-activity
relationships were summarized, and the moleculakidg was performed to investigate the
binding mode of representative inhibitors and HIRT, which laid a foundation for the further

development of new DAPY analogues as NNRTIs.

4. Experimental

4.1. Chemistry

Melting points were measured on a SGW X-4B micrpgcaomelting-point apparatus.
Nuclear magnetic resonance (NMR) spectra on tw@aaNaspectrometers (400, 600, 800 MHz for
'H NMR; 200 MHz for*C NMR) were recorded in DMSOsdr CDCk. Chemical shifts were
reported ind (ppm) units relative to the internal standard tegthylsilane. For most of target



molecules, high resolution mass spectra (HRMS) whined on an Agilent Q-TOF6300
instrument, andhe deviation between the calculated values andguned values of HRMS is
less than 5%0And for others, mass spectra was obtained on argVaddeiattro Micromass
instrument using electrospray ionization (ESI) téghes. All chemicals and solvents were of
reagent grade and purified and dried by standarthods before use. All the reactions were
monitored by thin layer chromatography (TLC) on-poated silica gel G plates at 254 nm under

a UV lamp. Column chromatography separations wertopned on silica gel (200-300 mesh).

4.1.1 Synthesis of 3-hydroxymethylindazofg (

LiAIH 4(1.176 g, 31.0 mmol) was added in portions to atsmi of IH-indazole-3-carboxylic
acid (2.506 g, 15.5 mmol) in anhydrous THF (70 ratP~51. The resulting solution was stirred
for 4 h at room temperature and then the reactias quenched by the addition of 2 mL water,
HCI (1 M) at ice bath. Then, celite was added, #aedresulting mixture was stirred for 5 min. The
mixture was filtered, and the filtrate was concetad to remove most of solvent. The residue was
extracted with ethyl acetate. The combined orgémjers were washed with water, dried over
anhydrous sodium sulfate, and concentrated undenwva to get 3-hydroxymethylindazolé) @s
a light brown solid (1.65 g) in a yield of 72%4 NMR (DMSO-ds, 400 MHz)5 12.79 (s, 1H,
IndNH), 7.85-7.83 (d, 1H, Ad), 7.49-7.47 (d, 1H, Af), 7.35-7.31 (t, 1H, Ad), 7.11-7.07 (t, 1H,
ArH), 5.24-5.21 (t, 1H, €), 4.80-4.78 (d, 2H, -B,-).

4.1.2 Synthesis of 1-Boc-3-hydroxymethylindazd (

Triethylamine (1.5 mL, 11.0 mmol), DMAP (0.182 g5Immol), and Bo® (1.610 g, 7.4
mmol) were successively added to the solution ofgmund7 (1.09 g, 7 mmoljn dry THF (70
ml), and the mixture was stirred at room tempegafor 2 h. The solvent was removed under
reduced pressure. Then the residue was dissolvéithitoromethane (80 mL). The solution was
washed with water (2 x 50 mL), dried over anhydreadium sulfate and then concentrated in
vacuum. The crude product was purified by colummowtatography using gradient elution
(EA/PE = 8:1 to 4:1) to givé (0.9 g, 49.3%)"H NMR (DMSO-ds, 400 MHz)s 8.08-8.06 (d, 1H,
ArH), 7.97-7.95 (d, 1H, Ad), 7.60-7.56 (t, 1H, Ad), 7.38-7.34 (t, 1H, A4), 5.56 (s, 1H, @),
4.82-4.81 (d, 2H, -B,-), 1.63 (s, 9H, -COOC(E53)3-).

4.1.3 Synthesis of 1-Boc-3-bromomethylindaz@e (

Compound8 (0.9 g, 3.6 mmol) was dissolved in anhydrous D@5 (L). PBg (0.69 mL,
7.3 mmol) was added slowly and the mixture wasestifor 1 h at room temperature. 1 M sodium
hydroxide solution (50 mL) was added, and the metwuas extracted with ethyl acetate (70 mL).
The organic layer was washed withGH(2 x 50 mL), dried over anhydrous sodium sulfabel
concentrated under reduced pressure. The crudegira@s purified by column chromatography
(EA:PE = 1:20) to affor® (0.7 g, 62.1%) as a white solitH NMR (DMSO-ds, 400 MHz)é
8.10-8.08 (d, 1H, Ad), 7.97-7.95 (d, 1H, Ad), 7.66-7.62 (t, 1H, Ad), 7.46-7.43 (t, 1H, A4), 5.05
(s, 2H, -GH,-), 1.65(s, 9H, -COOC(B3)s-).



4.1.4 Synthesis of intermediatéka-q

A reaction mixture of 2-chlorophenol (1.726 g, 13wmol) and sodium hydroxide in
N,N-dimethylformamide (30 ml) was stirred at ice b&th 5 min. Then 2,4-dichloropyrimidine
(2.005 g, 13.5 mmol) was added to the solution@mdinued to stir for 2 h at room temperature
(monitored by TLC). After completion of the reactjdche mixture was poured slowly to the ice
brine (100 ml) under vigorous stirring, the pre@pes was gathered by filtration, washed with ice
water (3 x 10 ml) and dried to get 2-chloro-4-(2ecbphenoxy)pyrimidinella as a white solid
(2.787 g, yield 75.4%), which was used directlyhia next step without further purification.

The compound&lb-q were prepared using the same method.

4.1.5 Synthesis of intermediaté2a-q

A mixture of 2-chloro-4-(2-chlorophenoxy)pyrimidindla (2.502 g, 10.4 mmol),
4-amino-1-Boc-piperidine (2.500 g, 12.5 mmol) andEA (3.4 mL, 20.6 mmol) in
N-methylpyrrolidone (40 mL) was slowly heated at TO@or 4h under argon. The reaction
mixture was cooled to room temperature and poumnemwater and extracted with ethyl acetate
(100 ml). Then organic layer was washed with b{iBe< 80 ml), dried over anhydrous sodium
sulfate and concentrated under reduced pressugetterude product, which was purified by
column chromatography using gradient elution (EA#E:1 to 3:1, v/v, containing 1% TEA) to
obtain12a

The compound&2b-qwere prepared using the same method.

12a white solid, yield 37.6%;H NMR (CDCk, 600 MHz)4 8.14-8.13 (d, 1H, R¥s),
7.45-7.17 (m, 4H, RH), 6.15-6.14 (d, 1H, RYs), 5.11 (brs, 1H, N), 3.96-3.45 (m, 3H, Ph), 2.71
(s, 2H, Pipd), 1.87 (s, 2H, Pid), 1.44 (s, 9H, 365), 1.28-1.25 (m, 2H, PH).

12b: white solid, yield 37.3%"H NMR (CDCk, 400 MHz)6 8.13 (s, 1H, Pyls), 7.34-6.89 (m,
4H, PH), 6.12-6.10 (d, 1H, Ry¥s), 5.30 (brs, 1H, N), 3.97 (s, 2H, Pid), 2.81 (s, 2H, Pid),
1.92-1.90 (m, 2H, PHd), 1.44 (s, 9H, C(83)3), 1.35-1.30 (m, 3H, Pk).

12c white solid, yield 44.2%'H NMR (CDCk, 400 MHz)s 8.11 (s, 1H, Pyl), 7.36-7.06 (m,
4H, PH), 6.10-6.09 (d, 1H, BYs), 5.65-4.85 (brd, 1H, N), 3.98 (s, 2H, Pid), 2.83 (s, 2H, Pid),
1.91 (s, 2H, Pid), 1.44 (s, 9H, C(83)3), 1.36-1.30 (m, 3H, Pk).

12d: white solid, yield 45.1%;'H NMR (CDCk, 400 MHz)5 8.10-8.09 (d, 1H, R¥s),
7.60-7.08 (m, 4H, RH), 6.13-6.12 (d, 1H, RYs), 5.41 (brs, 1H, N), 3.93 (s, 2H, Pid), 2.69 (s,
2H, PiH), 1.84 (s, 2H, Pid), 1.42 (s, 9H, C(65)), 1.26-1.23 (m, 3H, Php).

12e white solid, yield 33.0%'H NMR (CDCk, 400 MHz)d (ppm): 8.15-8.14 (d, 1H, Pi),
7.38-7.08 (m, 4H, AH), 6.15-6.14 (d, 1H, Rys), 5.35 (brs, 1H, N), 4.04-3.75 (m, 3H, Ph), 2.84
(s, 2H, Pipd), 1.96-1.93 (m, 2H, Pig), 1.47 (s, 9H, C(H3)s), 1.38-1.30 (m, 2H, Phy).

12f. white solid, yield 33.9%:H NMR (CDCk, 400 MHz)s 8.11-8.10 (d, 1H, Rys),
7.50-7.48 (d, 2H, R), 7.02-7.00 (d, 2H, RH), 6.09-6.08 (d, 1H, RYs), 5.53-4.92 (brd, 1H, N),
3.98-3.75 (m, 3H, Pid), 2.82 (s, 2H, Pid), 1.91 (s, 2H, Pid), 1.44 (s, 9H, C(83)3), 1.34-1.29 (m,
2H, PiH).



12g white solid, yield 44%'H NMR (CDCk, 400 MHz)d 8.17-8.16 (d, 1H, RYs), 7.73-7.28
(m, 4H, PI), 6.24-6.23 (d, 1H, R¥s), 5.26 (brs, 1H, N), 3.97 (s, 2H, Pid), 2.77 (s, 2H, Pid),
1.88 (s, 2H, Pid), 1.47 (s, 9H, C(83)3), 1.31-1.29 (m, 3H, Ph).

12h: white solid, yield 36.3%;H NMR (CDCk, 400 MHz)¢6 8.13-8.12 (d, 1H, Rye),
7.53-7.30 (m, 4H, R#), 6.16-6.15 (d, 1H, RYs), 5.50 (brs, 1H, N), 3.95 (s, 2H, Pid), 2.73 (s,
2H, PiH), 1.86 (s, 2H, Pid), 1.43 (s, 9H, C(83)3), 1.32-1.24 (m, 3H, Php).

12i: white solid, yield 27.6%:H NMR (CDCk, 400 MHz)6 8.13 (s, 1H, Pylg), 7.65-7.22 (m,
4H, PH), 6.15-6.13 (d, 1H, BYs), 5.62-4.86 (brd, 1H, N), 3.95 (s, 3H, Pid), 2.78 (s, 2H, Pid),
1.88 (s, 2H, Pifl), 1.42 (s, 9H, C(83)s), 1.30-1.27 (m, 2H, Pip).

12j: yellow oil, yield 44.8%;'H NMR (CDCk, 400 MHz)§ 7.99-7.98 (d, 1H, R¥y),
7.18-6.82 (d, 4H, R), 5.94-5.92 (d, 1H, Rys), 3.91-3.69 (m, 3H, Ph), 2.71 (s, 2H, Pid), 2.26
(s, 3H, G13), 1.86-1.83 (d, 2H, Ph), 1.37 (s, 9H, C(63)3), 1.27-1.20 (m, 2H, Ph).

12k: white solid, yield 39.2%;H NMR (CDCk, 400 MHz)d 8.07-8.06 (d, 1H, RYe),

7.18-6.98 (m, 4H, A), 6.01-5.99 (d, 1H, RY¥s), 5.39 (brs, 1H, N), 3.98-3.82 (m, 3H, PH),
2.82 (s, 2H, Pid), 2.35 (s, 3H, €3), 1.94-1.92 (d, 2H, Pig), 1.44 (s, 9H, C(85)3), 1.32-1.29 (m,
2H, PiH).

12I: white solid, yield 30.6%;*H NMR (CDCk, 400 MHz)4é 8.09-8.08 (d, 1H, Rye),
7.46-7.33 (m, 4H, RH), 6.12-6.10 (d, 1H, RYs), 5.08 (brs, 1H, N), 3.93 (s, 2H, Pid), 2.71 (s,
2H, PiH), 1.82 (s, 2H, Pid), 1.39 (s, 9H, C(83)3), 1.26-1.22 (m, 3H, Ph).

12m: white solid, yield 21.5%'H NMR (CDCk, 400 MHz)d 8.17-8.15 (d, 1H, Rye),
7.70-7.24 (m, 4H, RH), 6.19-6.17 (d, 1H, BYs), 5.46-4.94 (brd, 1H, N), 3.97-3.79 (m, 3H, Php),
2.81 (s, 2H, Pid), 1.89 (s, 2H, Pid), 1.44 (s, 9H, C(83)3), 1.35-1.26 (m, 2H, PHp).

12n: white solid, yield 35.9%'H NMR (CDCk, 400 MHz)s 8.08-8.07 (d, 1H, Rye), 7.06 (s,
3H, PHH), 5.99-5.98 (d, 1H, Rys), 5.45-4.98 (brd, 1H, N), 3.97-3.68 (m, 3H, PH), 2.79 (s, 2H,
PipH), 2.11 (s, 6H, 2653), 1.89 (s, 2H, Pid), 1.44 (s, 9H, C(83)s), 1.32-1.25 (m, 2H, Pig).

12a white oil, yield 23.9%H NMR (CDClk, 400 MHz)5 8.17-8.16 (d, 1H, RY,), 7.49-7.38
(s, 3H, PH), 6.20-6.18 (d, 1H, Rys), 5.70-4.86 (brd, 1H, N), 3.99 (s, 3H, Pid), 2.78 (s, 2H,
PipH), 1.89 (s, 2H, Pid), 1.43 (s, 9H, C(83)s), 1.35-1.31 (m, 2H, Pip).

12p: white oil, yield 46.2%;:'H NMR (CDCk, 400 MHz)6 7.97(s, 1H, PMe), 6.77 (s, 2H,
PhH), 5.92-5.91 (d, 1H, Ry¥s), 5.17(brs, 1H, M), 3.91-3.62 (s, 3H, Pkb), 2.68 (s, 2H, Pid), 2.55
(s, 6H, 2C¢3), 1.83-1.81 (s, 2H, Pi), 1.35 (s, 9H, C(83)3), 1.23-1.20 (m, 2H, PH).

12q: white solid, yield 63.7%'H NMR (CDCk, 400 MHz)o 7.96 (s, 1H, Pyle), 7.26 (s, 2H,
PhH), 6.01-6.00 (d, 1H, R¥s), 3.80 (s, 2H, Pid), 2.60 (s, 2H, Pid), 2.01 (s, 6H, 283), 1.91-1.89
(d, 1H, NH), 1.66(s, 2H, Pid), 1.31 (s, 9H, C(H3)3), 1.15-1.09 (m, 3H, Php).

4.1.6 Synthesis of intermediaté3a-q
Trifluoroacetic acid (2.8 mL, 37.7 mmoL) was added solution ofl2a(1.52 g, 3.4 mmolL)
in dichloromethane (30 mL) in ice bath for 0.5ler the ice bath was removed. The mixture was

stirred for 3 h. After completion of the reactidhe reaction mixture was alkalized with saturated



sodium bicarbonate solution until no gas bubbletie Taqueous layer was extracted with
dichloromethane (1 x 50 ml) and washed with we&ex 60 ml). The organic layer was dried over
anhydrous sodium sulfate, filtered, and concerdrataler reduced pressure to obtha (1.101

g, yield 96.2%). The crude product was used diydotl the next step.

The intermediate$3b-q were prepared using the same method.

4.1.7 Synthesis of intermediatk4a-q

Compoundl13a (0.707 g, 2.3 mmol)9 (0.789 g, 2.5 mmol) and 18-Crown-6 (0.061 g, 0.23
mmol) were dissolved in tetrahydrofuran (18 mL) the presence of anhydrous potassium
carbonate, the mixture was stirred at room tempegdbr 4 h. After completion of the reaction,
water (80 ml) and ethyl acetate (80 mL) was addedexktraction. The organic layer was washed
with brine (2 x 80 ml), then dried over anhydrowsliam sulfate to obtain the corresponding
crude product, which was purified by column chroogaaphy using gradient elution (EA/PE =
3:1to 1:1, viv, containing 1% TEA) to affoldla(0.47g, yield 38.1%) as white grease.

The intermediate$4b-q were prepared using the same method.

4.1.8 Synthesis of intermediates-q
Trifluoroacetic acid (1.2 mL, 16.1 mmol) was addeé solution ofl4a (0.418 g, 0.8 mmol)

in dichloromethane (10 mL) in ice bath and stirffed0.5 h. Then the ice bath was removed, and
the mixture was stirred for another 3 h (monitolsd TLC). Then, the reaction solution was
alkalized with saturated sodium bicarbonate satutiotil no gas bubble. The aqueous phase was
extracted with dichloromethane (60 ml) and washét water (2 x 50 ml). The organic phase
was dried over anhydrous sodium sulfate, filteset] concentrated under reduced pressure. The
crude product was purified by stirring and rinsingvith a mixed solvent
(n-hexane/dichloromethane, 6:1, v/v) to obtaa

The compoundSb-q were prepared using the same method.

5a n-hexane/dichloromethane (6:1, v/v), white solicelgi52.9%, mp 182.9-187.3 H
NMR (400 MHz, DMSO+dg) ¢ 12.80 (s, 1H, IndN), 8.16 (s, 1H, Pg), 7.84-7.07 (m, 8H, At),
6.19-6.18 (d, 1H, Rys), 3.79-3.70 (m, 3H, -B,- and Pipd), 2.84-2.79 (m, 2H, Ph), 2.07-1.34
(m, 6H, PiM); °C NMR (200 MHz, DMSOd): § 168.55, 161.63, 160.27, 159.84, 148.25,
140.87, 130.32, 128.55, 126.99, 126.47, 125.86,5424122.15, 120.60, 119.72, 110.03, 95.82,
54.41, 52.09, 48.33, 31.04; HRMS (ESI+) calcd fesHz:CINeO: 435.1622. Found: 435.1698
(M+H)*.

5h: n-hexane/dichloromethane (10:1, v/v), white soligld/ 57.6%, mp 154.3-156.8 H
NMR (400 MHz, DMSOdg) 6 12.78 (s, 1H, IndN), 8.15 (s, 1H, Piyle), 7.84-7.01 (m, 8H, At),
6.14 (s, 1H, Pys), 3.78-3.69 (m, 3H, -B,- and Pipl), 2.82 (s, 2H, Pid), 2.04-1.42 (m, 6H, Php);
%C NMR (200 MHz, DMSOdg): 6 168.90, 161.60, 160.35, 159.88, 153.22, 142.28,884 133.53,
130.67, 125.84, 125.34 , 122.15, 120.62, 119.68,041 110.01, 96.32, 54.55, 52.24, 48.02, 31.28;
MS (ESI+) calcd for GH,5CINGO: 435.16. Found: 435.99 (M+H)

5c: n-hexane/dichloromethane (8:1, v/v), white solidelgi51.9%, mp 194.3-1964 'H



NMR (400 MHz, DMSOds) ¢ 12.80 (s, 1H, IndN), 8.14 (s, 1H, Pil), 7.84-7.05 (m, 8H, At),
6.15-6.10 (d, 1H, Rys), 3.77-3.67 (M, 3H, -B,- and Pij), 2.81 (s, 2H, Pid), 2.03-1.40 (m, 6H,
PipH); ¥C NMR (200 MHz, DMSQdg) 6 169.04, 161.67, 159.79, 151.17, 142.34, 140.89,5829
129.25, 125.82, 123.81, 122.12, 120.60, 119.66,011®6.25, 54.62, 52.42, 48.02, 31.40; HRMS
(ESI+) calcd for GsH,3CINgO: 435.1622. Found: 435.1715 (M+H)

5d: n-hexane/dichloromethane (6:1, v/v), white solicel¢i76.4%, mp 163.5-166.7 'H
NMR (400 MHz, DMSO€g) 6 12.81 (s, 1H, IndN), 8.16 (s, 1H, Plg), 7.84-7.06 (m, 8H, At),
6.17-6.16 (d, 1H, Rys), 3.79-3.69 (m, 3H, -B,- and Pi), 2.84-2.80 (m, 2H, PHb), 2.08-1.34 (m,
6H, PifH); *C NMR (200 MHz, DMSOdg): § 168.54, 161.63, 160.23, 149.49, 142.09, 140.87,
133.31,129.13, 127.29, 125.85, 124.55, 122.15592019.71, 115.98, 110.03, 95.94, 54.41, 52.40,
47.92, 31.07; HRMS (ESI+) calcd for,4E1,3BrNgO: 479.1117, 481.1096. Found: 479.1192,
481.1171 (M+H).

5e n-hexane/dichloromethane (8:1, v/v), white solicelgi 76.4%, mp 152.1-155.5 H
NMR (400 MHz, DMSOe€g) 6 12.85 (s, 1H, IndN), 8.15 (s, 1H, Plg), 7.85-7.07 (m, 8H, At),
6.15 (s, 1H, Pys), 3.85-3.70 (m, 3H, -B,- and Pipp), 2.88 (s, 2H, Pid), 2.12-1.44 (m, 6H, Ph);
¥C NMR (200 MHz, DMSOdg): ¢ 168.84, 161.41, 160.33, 159.85, 153.00, 140.88,383
128.22, 125.88, 124.95, 122.19, 121.74, 121.23,5620119.78, 110.06, 96.39, 54.19, 52.21,
48.04, 31.05; HRMS (ESI+) calcd for,gE,3BrNgO: 479.1117, 481.1096. Found: 479.1168,
481.1151 (M+H).

5f: n-hexane/dichloromethane (6:1, v/v), light yellowidgoyield 35.3%, mp 194.3-196.8
'H NMR (400 MHz, DMSO¢g) 6 12.80 (s, 1H, IndN), 8.14 (s, 1H, Pils), 7.84-7.06 (m, 8H, Ad),
6.15-6.10 (d, 1H, Rys), 3.77-3.67(m, 3H, -B,- and Pip), 2.82 (s, 2H, Pid), 2.03-1.40 (m, 6H,
PipH); ¥C NMR (200 MHz, DMSOdg): 0 168.96, 161.38, 159.80, 151.66, 142.30, 140.83483
125.83, 124.25, 122.11, 120.59, 119.67, 117.35011®@6.27, 54.59, 52.39, 47.99, 31.37; HRMS
(ESI+) calcd for GsH,qBrNgO: 479.1117, 481.1096. Found: 479.1211, 481.1196H)V

5g n-hexane/dichloromethane (8:1, v/v), white soliceldi46.4%, mp 193.5-195.8 H
NMR (400 MHz, DMSO€g) 6 12.79 (s, 1H, IndN), 8.17 (s, 1H, Pl), 7.83-7.06 (m, 8H, At),
6.21-6.20 (d, 1H, Bys), 3.77-3.69 (M, 2H, -B,- and Pip), 2.83-2.77 (m, 2H, PH), 2.05-1.35 (m,
6H, PifH); *C NMR (200 MHz, DMSOdg): § 169.06, 161.38, 160.37, 149.87, 142.20, 140.88,
133.46, 126.85, 125.84, 125.70, 124.80, 123.86,512222.14, 120.61, 119.67, 110.01, 96.17,
54.51, 52.41, 48.03, 31.33; HRMS (ESI+) calcd fesHz3FsNgO: 469.1885. Found: 469.1943
(M+H)*.

5h: n-hexane/dichloromethane (6:1, v/v), white solicelgi 37.3%, mp 158.5-161.7 H
NMR (400 MHz, DMSOe€g) 6 12.78 (s, 1H, IndN), 8.17 (s, 1H, Plg), 7.82-7.06 (m, 8H, At),
6.20-6.19 (d, 1H, Rys), 3.76 (s, 3H, -Bl,- and Pip), 2.78 (s, 2H, Pid), 2.08-1.38 (m, 6H, Pl);
3¢ NMR (200 MHz, DMSQOdg): 6 168.73, 161.41, 160.12, 152.57, 142.11, 140.8259830.25.99,
125.66, 124.29, 122.93, 122.05, 121.65, 120.43521918.98, 109.88, 96.28, 54.43, 52.12, 48.03,
31.17; HRMS (ESI+) calcd for £H.3FsNgO: 469.1885. Found: 469.1887 (M+H)

5i: n-hexane/dichloromethane (6:1, v/v), white solidelgi 65.5%, mp 169.2-173.:6 'H



NMR (400 MHz, DMSO#€) 6 13.65 (s, 1H, IndN), 10.58-10.45 (d, 1H, -N-); 8.24-8.23 (d, 1H,
PyHg), 8.02-7.19 (m, 8H, Af), 6.34-6.33 (d, 1H, RYs), 4.65(s, 2H, -El,-), 4.06-3.90 (m, 1H,
PipH), 3.53 (s, 2H, Pid ), 3.24-2.94 (m, 2H, Pip), 2.00-1.72 (m, 4H, Pl); *C NMR (200 MHz,
DMSO-dg): ¢ 168.76, 160.93, 159.53, 158.15, 155.30, 140.73,4P34126.84, 126.37, 122.55,
122.42, 120.87, 119.94, 115.62, 110.46, 97.14,66460.75, 47.19, 28.27; HRMS (ESI+) calcd for
Ca4H29F3N6O: 469.1885. Found: 469.1984 (M+H)

5j: n-hexane/dichloromethane (6:1, v/v), white solidelgi62.7%, mp 135.8-139.:4 'H
NMR (400 MHz, DMSOdg) 6 12.81 (s, 1H, IndM), 8.11 (s, 1H, Piyle), 7.85-6.92 (m, 8H, At),
6.04 (s, 1H, PMs), 3.82-3.69(m, 3H, -B,- and Pip), 2.84 (s, 2H, Pid), 2.28 (s, 3H, -B3-),
2.07-1.43 (m, 6H, Plg); *C NMR (200 MHz, DMSQde): 6 169.26, 161.62, 159.62, 152.30,
141.90, 140.82, 139.08, 129.09, 125.70, 125.65,112222.05, 120.44, 119.59, 118.48, 109.91,
96.02, 54.27, 52.10, 47.85, 31.15, 20.67; HRMS {E8hlcd for G4H,eN¢O: 415.2168. Found:
415.2267 (M+H).

5k: n-hexane/dichloromethane (10:1, v/v), white soliild/ 77.6%, mp 141.1-145.8 'H
NMR (400 MHz, DMSOsg) ¢ 13.12 (s, 1H, IndN), 8.12-8.11 (d, 1H, R¥e), 7.91-7.01 (m, 8H,
ArH), 6.06 (s, 1H, Pyts), 4.11(s, 2H, -El,-), 3.06 (s, 2H, Pid), 2.29 (s, 3H, -B5-); 1.82-1.24 (m,
7H, PiH); *C NMR (200 MHz, DMSQdy): 6 169.54, 161.52, 160.04, 159.57, 150.10, 140.83,
134.35, 130.05, 129.86, 126.09, 122.35, 120.41,182010.23, 96.40, 54.93, 51.67, 47.29, 30.18,
20.38; HRMS (ESI+) calcd for GH2eNgO: 415.2168. Found: 415.2264 (M+H)

5I: n-hexane/dichloromethane (8:1, v/v), white solicelgi 64.4%, mp 170.9-173.2 H
NMR (400 MHz, DMSO#): § 12.78 (s, 1H, IndN), 8.17 (s, 1H, Plg), 7.84-7.07 (m, 8H, At),
6.20-6.19 (d, 1H, Rys), 3.79-3.68 (m, 3H, -B,- and Pipi), 2.82 (s, 2H, Pid), 2.05-1.40 (m, 6H,
PipH); **C NMR (200 MHz, DMSOde): 6 168.67, 161.47, 160.48, 152.41, 142.19, 140.880¥31
129.20, 127.39, 125.84, 122.13, 120.61, 119.69081812.39, 110.02, 96.36, 54.53, 52.36, 47.98,
28.53; HRMS (ESI+) calcd for GH»3N;O: 426.1964. Found: 426.2049 (M+H)

5m: n-hexane/dichloromethane (6:1, v/v), white solidelgi54%, mp 202.2-205.1; H
NMR (400 MHz, DMSO+dg) 6 12.78 (s, 1H, IndN), 8.19 (s, 1H, Pig), 7.91-7.06 (m, 8H, Ad),
6.21 (s, 1H, PMs), 3.79-3.71 (m, 3H, -B,- and Pip), 2.83 (s, 2H, Pid), 2.06-1.39 (m, 6H, Phb);

%C NMR (200 MHz, DMSOdg): 6 168.49, 161.35, 160.23, 156.17, 142.22, 140.88163425.85,
122.98, 122.12, 120.58, 119.70, 118.52, 110.03,740P6.57, 54.58, 52.31, 48.02, 31.33; HRMS
(ESI+) calcd for GH,3N;O: 426.1964. Found: 426.2028 (M+H)

5n: n-hexane/dichloromethane (6:1, v/v), white soliklgi52.3%, mp 163.5-167.4 H
NMR (400 MHz, DMSO#): § 12.80 (s, 1H, IndN), 8.11 (s, 1H, Pl), 7.83-7.05 (m, 7H, At),
6.03 (s, 1H, PMs), 3.76-3.67 (m, 3H, -B,- and Pip), 2.81-2.75 (m, 2H, Ph), 2.02 (s, 7H, -Bl5-
and Pipd), 1.75-1.33 (m, 5H, Pig); °C NMR (200 MHz, DMSOdg): 6 168.49, 161.73, 159.86,
149.29, 142.31, 140.88, 130.23, 128.64, 125.82,32522.12, 120.62, 119.64, 109.99, 94.48,
54.59 52.43, 48.06, 31.40, 16.07; MS (ESI+) catedbsH,gNgO: 429.23. Found: 429.74 (M+H)

50. n-hexane/dichloromethane (6:1, v/v), white solicel¢i53.8%, mp 167.1-169.8 H
NMR (400 MHz, DMSO€): 6 12.78 (s, 1H, IndN), 8.19 (s, 1H, Pis), 7.90-7.06 (m, 7H, Ad),



6.24-6.23 (d, 1H, Rys), 3.78-3.70 (m, 2H, -B,- and Pipd), 2.82 (m, 2H, Pifd), 2.04-1.41 (m, 6H,
PipH); **C NMR (200 MHz, DMSOd,): 6 168.46, 161.36, 160.15, 153.06, 142.14, 140.87.2134
128.54,127.98, 125.81, 125.05, 122.15, 120.60681916.91, 113.27, 110.02, 96.32, 54.51, 52.40,
48.07, 31.22; HRMS (ESI+) calcd fopE,,CIN;O: 460.1574. Found: 460.1660 (M+H)

5p: n-hexane/dichloromethane (6:1, v/v), white solidklgi62.3%, mp 198.3-200.5 H
NMR (400 MHz, DMSO€): 6 12.80 (s, 1H, IndN), 8.12 (s, 1H, Pis), 7.83-7.03 (m, 6H, Ad),
6.11-6.07 (d, 1H, Rys), 3.77-3.67 (m, 2H, -B,- and Pipl), 2.82 (s, 2H, Pid), 2.30 (s, 6H, 285),
2.02-1.40 (m, 6H, Pig); °C NMR (200 MHz, DMSOd,): 6 169.07, 161.50, 159.64, 150.31,
142.31, 140.85, 137.06, 129.96, 125.81, 122.14,9621120.56, 119.66, 110.00, 96.13, 54.54,
52.46, 48.02, 31.39, 20.23; HRMS (ESI+) calcd feeH3,CINO: 463.1935. Found: 463.2015
(M+H)*.

5g: column chromatography on silica gel (ethyl a@tatwhite solid, yield 42%, mp
160.7-164.5); 'H NMR (400 MHz, DMSOde): 6 12.80 (s, 1H, IndN), 8.17 (s, 1H, Piyle),
7.83-7.03 (m, 6H, A1), 6.20 (s, 1H, Pis), 3.76-3.65 (m, 3H,-B,- and Pip), 2.81-2.74 (m, 2H,
PipH), 2.06 (s, 6H, -Bl3-), 1.98-1.29 (m, 6H, PH); *C NMR (200 MHz, DMSOd,): § 167.79,
161.51, 160.04, 153.23, 142.32, 140.88, 132.66,183225.82, 122.09, 120.58, 119.66, 118.62, 110.01
108.13, 95.22, 54.58, 52.42, 48.07, 31.36, I5RMS (ESI+) calcd for gH,/N;O: 454.2277.
Found: 454.2341 (M+H)

4.2. Anti-HIV activity and cytotoxicity assay in MA cells

The anti-HIV activities and cytotoxicities of tharget molecules were evaluated against
wild-type (WT) HIV-1 strain [lIB, common single mants K103N, Y181C, E138K, double
mutant (K103N+Y181C) (RES056) and HIV-2 strain (RO MT-4 cell cultures using the
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazatiu bromide (MTT) method [28,29]. Briefly,
stock solutions (10 x final concentration) of tesinpounds were added in b volumes to two
series of triplicate wells so as to allow simulane evaluation of their effects on mock- and
HIV-infected cells at the beginning of each expenitn Serial 5-fold dilutions of test compounds
were made directly in flat-bottomed 96-well micteti trays using a Biomek 3000 robot
(Beckman instruments, Fullerton, CA). UntreatedtmdnHIV- and mock-infected cell samples
were included for each sample. Virus stock (@0 at 100-300 CCIk (50% cell culture
infectious dose) or culture medium was added teeeithe virus-infected or mock-infected wells
of the microtiter tray. Mock-infected cells wereedsto evaluate the effect of test compounds on
uninfected cells in order to assess the cytotoxiaftthe test compounds. Exponentially growing
MT-4 cells were centrifuged for 5 min at 1000 r@22@ g) and the supernatant was discarded. The
MT-4 cells were resuspended at 6 > t@lls/mL and 5Q:L volumes were transferred to the
microtiter tray wells. Five days after infectiohgtviability of mock- and HIV-infected cells was
examined spectrophotometrically by the MTT assay.

The MTT assay is based on the reduction of yell@ored 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT) (Acros Orgesli by mitochondrial dehydrogenase



activity in metabolically active cells to a bluerple formazan that can be measured
spectrophotometrically. The absorbances were rea@ni eight-channel computer-controlled
photometer (Infinite M1000, Tecan), at two waveldsg(540 and 690 nm). All data were
calculated using the median absorbance value etthrlls. The 50% cytotoxic concentration
(CCs5p) was defined as the concentration of the test caumg that reduced the absorbance ££D

of the mock-infected control sample by 50%. Thecemtration achieving 50% protection against

the cytopathic effect of the virus in infected sellas defined as the 50% effective concentration

(EGs0).

4.3. Molecular docking

Molecular docking was performed with the Tripos ewllar modeling packages Sybyl-X 1.2.
All the molecules for docking were built using sfard bond lengths and angles from Sybyl-X
1.2/base Builder and were then optimized usingTitigos force field for 2000 generations two
times or more, until the minimized conformers df tigand were the same. The flexible docking
method, called Surflex-Dock, docks the ligand awttoally into the ligand binding site of the
receptor by using a protocol-based approach arehapirically-derived scoring function [31-33].
The protocol is a computational representation gfutative ligand that binds to the intended
binding site and is a unique and essential elemiktite docking algorithm. The scoring function
in Surflex-Dock, which contains hydrophobic, polapulsive, entropic, and solvation terms, was
trained to estimate the dissociation constan) @«pressed in —log (). Prior to docking, the
protein was prepared by removing water molecules,lipand3c, and other unnecessary small
molecules from the crystal structure of tBe-HIV-1 RT complex (PDB code: 3NBP) [30];
simultaneously, polar hydrogen atoms were addeith@oprotein. Surflex-Dock default settings
were used for other parameters, such as the nuohiséarting conformations per molecule (set to
0), the size to expand search grid (set to 8 AQ, mlaximum number of rotatable bonds per
molecule (set to 100), and the maximum number a&epagper ligand (set to 20). During the
docking procedure, all of the single bonds in residide-chains inside the defined RT binding
pocket were regarded as rotatable or flexible, thedligand was allowed to rotate at all single
bonds and move flexibly within the tentative birglippocket. The atomic charges were
recalculated using the Kollman all-atom approach tfee protein and the Gasteiger—Hiickel
approach for the ligand. The binding interactioergy was calculated to include van der Waals,
electrostatic, and torsional energy terms definedthie Tripos force field. The structure
optimization was performed for 20,000 generatiorsingi a genetic algorithm, and the
20-best-scoring ligand—protein complexes were f@plurther analyses. The —log (& values of
the 20-best-scoring complexes, which represented bihding affinities of ligand with RT,
encompassed a wide scope of functional classeés-{D8). Therefore, only the highest-scoring
3D structural model of the ligand-bound RT was emo® define the binding interaction [34-37].
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Highlights
1. A series of indazolyl-substituted piperidin-4-yl-aminopyrimidines (IPAPYs) as HIV-1
NNRTIs were designed and synthes zed.

2. The target molecules displayed moderate to excellent activities against wild-type (WT)
HIV-1 with ECs, values ranging from 1.5 to 0.0064 uM.

3. 5q displayed the most excellent activities against WT HIV-1 (ECs, = 6.4 nM, S| = 2500).
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