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Abstract

As a continuation of our efforts to discover angealep “me-better” drugs of DAPYs, novel
diarylpyridine derivatives were designed, synthegiand evaluated for their anti-HIV activities in
MT-4 cells. The majority of these compounds showigth activity against wild-type HIV-1 strain
(INB) with ECsq values in the range of 0.04-4.4M. Among them, compounéb2 (EGso= 0.04
uM, SI = 3963) was the most potent. This compourehv&d anti-HIV-1g activity superior than
of Nevirapine but still inferior than of Etravirin&elected compounds were also evaluated for the
activity against reverse transcriptase (RT), angtnod the compounds exhibited submicromolar
ICso values indicating they are specific RT inhibitdPseliminary structure-activity relationships
and modeling studies of these new analogues prowadigable avenues for future molecular

optimization.
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1. Introduction

HIV-1 non-nucleoside reverse transcriptase inhibiftNNRTIs) are essential components of
highly active antiretroviral therapy (HARRT) duetteir excellent potency, remarkable selectivity
and relatively low toxicity. Nevertheless, the uoiaable emergence of drug-resistant viruses and
severe side effects associated with the long-telmirastration of the clinical approved NNRTIs
demand unremitting efforts to discover novel NNRdasdidates with different resistance profiles

and improved drug-like properties [1-3].

Among more than 50 different series of NNRTIs tHzve been reported [3-5],
diarylpyrimidine (DAPY) derivatives, as second geattion NNRTIs, have attracted considerable
attention over the past few years due to their rgo&etivity against wild and various mutant
HIV-1 strains. Two DAPY derivatives, Etravirine (T®A25, ETR) and Rilpivirine (TMC278,
RPV), have been approved by FDA for the treatmdntHly infection in 2008 and 2011
respectively Fig. 1). However, newly reported adverse effects of ERR RPV [6] along with the
imperfect pharmacokinetics profiles of the most YAderivatives [7, 8] encouraged researches
on exploring novel NNRTI agents with better drukgliproperties for the treatment of HIV
infections [4]. According to the results obtainedni crystallography [9] and structure-activity
relationship (SAR) [10, 11] studies, this centrgfimidine ring of DAPY derivatives is tolerant
for isosteric replacement. In our previous studies18], replacement of the central pyrimidine
ring using structure-based drug design and biasiasprinciple had led to the discovery of novel
series of potent NNRTIs, such as pyridazine ddrigeat[17] and 2-pyridone derivatives [18],
which are proved to be highly effective in inhibgiHIV-1 replication.

As an extension of these investigations and with dhm to generate novel NNRTIs with
desirable potency and drug-like properties, novatytpyridine derivatives were designed via
replacing the pyrimidine core present in DAPY datives by the bioisosteric pyridine which is
one of the heterocycles with significant and peigiéd bioactivity and pharmacokinetic properties
[19]. In the target structures, the active paraaogmiline moiety was retained, along with various
substituents at the 5-position of the central pgadas the left wing of the structure. Besides, we
incorporated a nitro or amino group at the 2-positon the pyridine ring trying to provide a

stronger H-bonding with the lysine 101 (K101) ot thiral enzyme RT, as either an H-bond



acceptor or donor, than the nitrogen on the orlgdyamidine ring of TMC125 Fig. 1). Herein,

we report the synthesis, anti-HIV evaluation analiprinary SAR of these diarylpyridine

derivatives.
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Figure 1. FDA approved DAPYs as NNRTIs and the design ofehadiarylpyridine derivatives
2. Results and discussion
2.1. Chemistry

The newly designed diarylpyridine derivatives wesathesized straightforwardly [20] as
depicted inScheme 1. Reaction of commercially available 3-amino-5-bomyridine with propyl
chlorocarbonate afforded propyl (5-bromopyridin{ggrbamate X). The regioselective nitration
of 1 [21] in the presence of HN{H,SO, resulted in the formation of propyl
(5-bromo-2-nitropyridin-3-yl)carbamat2 whose hydrolysis, using KOH-EtOH-H20, afforded
5-bromo-2-nitropyridin-3-amine3j. Buchwald-Hartwig reaction o8 with 4-aminobenzonitrile
gave 4-((5-bromo-2-nitropyridin-3-yl)amino)benzaié (4). Then derivatives5al-10 were

obtained from4 by Uliman condensation with different substitujgsenols, whileSb1-2 were



obtained by Buchwald-Hartwig reaction with apprageianilines. Further treatment&zl-9 with

SnChb-2H,0 gave compoundsal-9.
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Scheme 1. Reagents and conditions: i: Propyl chlorocarbondehICQ;; ii: H,SO-HNOg; iii:
KOH, H,O-EtOH; iv: 4-aminobenzonitrile, palladium acetatantphos, C£0; 90 °C; v: ArOH,
Cul, picolinic acid, KPO, 90 °C or ArNH, palladium acetate, Xantphos, ,C&s;, 90 °C; vi:

SnCh- 2H,0, EtOH, reflux.
2.2. Anti-HIV activity evaluation

The newly synthesized diarylpyridine derivativesreveevaluated for anti-HIV activity
against wild-type (wt) HIV-1 strain (llIB), K1I03N+¥81C double mutant HIV-1 strain (RES056)
and HIV-2 strain (ROD) in MT-4 cells using the MTmethod [22-24]. Nevirapine (NVP),
Zidovudine (azidothymidine, AZT), Efavirenz (EFV)é Etravirine were used as reference drugs.
The cytotoxicity of these compounds was determineparallel. The results, expressed asdgC

CGCspand S, are illustrated ifable 1.

Table 1. Activity and cytotoxicity of the title compounds MT-4 cells.
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B ROD RES056 (my
5al CN CHs 4.12 £0.55 >324.4 >324.4 >324.4 >79
5a2 CHs CHs 0.29 £0.024 >333.9 >333.9 >333.9 >1161
5a3 CHs Br 0.0 5+ 0.003 >84.34 >84.34 84.34 +19.36 1678
5a4 H CHs 2.03+0.36 >346.9 >346.9 >346.9 >171
5a5 H OCH; >318.6 >318.6 - >318.6 X1
5a6 Cl CHs 1.41+0.42 >316.6 >316.6 >316.6 >171
5a7 Br CHs 441+1.14 >284.6 >284.6 >284.6 >64
5a8 Cl Cl 0.31 £0.049 >286.9 >286.9 >286.9 >924
5a9 Br Br 0.79+0.19 >219.7 >219.7 >219.7 >277
5a10 F F 1.01+0.16 >323.6 >323.6 >323.6 >320
5b1 H CHs 1.06 £0.20 >6.27 >6.27 6.27 £0.34 6
5b2 CHs CHs 0.04 £0.006 >167.7 >167.7 167.7 +56.32 3963
6al CN CHs 0.07 £0.015 >39.53 =11.45 39.53 £6.97 577
6a2 CHs CHs 0.14 £0.028 >32.09 >32.09 32.09 £4.05 227
6a3 CHs Br 0.07 £0.02 >263.6 >263.6 >263.6 >3803
6a4 H CHs 0.60+0.28 >378.3 >378.3 >378.3 >628
6a5 H OCHs 35.73+6.83 >344.9 >344.9 >344.9 >10
6a6 Cl CHs 0.37+0.14 >35.06 >35.06 35.06 +13.26 95
6a7 Br CHs 0.84 £0.32 >26.68 >26.68 26.68 £ 0.53 32
6a8 Cl Cl 0.26 +0.02 =57.68 >178.6 178.6 + 85.58 680
6a9 Br Br 0.50+0.14 >27.68 >27.68 27.68 £9.05 55




NVP 0.25 +0.066 - >15.02 >15.02 >60

EFV 0.005 £ 0.002 - 0.31+0.16 >6.34 >1258
ETR 0.004 + 0.0002 - 0.017 £ 0.002 >4.59 >1128
AZT 0.006 + 0.002 - 0.011 + 0.005 >7.48 >1288

®EGso: concentration of compound required to achieve pdétection of MT-4 cell cultures against HIV-1-inzkd cytotoxicity,

as determined by the MTT method.
PCCsq: concentration required to reduce the viabilityraick-infected cell cultures by 50%, as determimgthe MTT method.
°Sl: selectivity index, the ratio of GEECso.

dX1: stands for= 1 or <1.

The majority of the synthesized compounds showgt Bitivities against wt HIV-1 strain
(INB) with ECsg values in the range of 0.04-4.4M. Totally, 4 compounds were found more
potent than the reference drug NVP (g€ 0.25uM) against wt HIV-1. They ar&a3 (EGs =
0.05uM), 6al (ECso = 0.07uM), 6a3 (EGso = 0.07uM) and the most effectivBb2 with an EGq
value of 0.04uM, which was about 6 times more potent than NVPfoduanately, these
compounds were still less active than other testedrol drugsj.e. EFV (EGo = 0.005uM), ETR
(ECso = 0.004uM) and AZT (EGp = 0.006pM). For example5b2 was about 10 times less active

than ETR.

Most compounds showed low cytotoxicity, and 12 ofuthem had Cg, > 200uM. Taken
the safety profile into consideration, compoud2 and 6a3 with the largest Sl (= 3963 or >

3807, respectively) were the best two compoundsignseries.

The contribution of the 2-pyridine substituent (Nét NG,) to the biological activity was
firstly determined. Except fosa3 and6a3, the compounds of théa sub-series (NHat the 2
position of the pyridine ring) showed better adsithan those oba sub-series (N@group at the
2 position of the pyridine ring). This result sugtgethat the hydrogen bond donor/acceptor
properties of the NEgroup were better than the hydrogen bond acceptgrerties of the N©
However, the NH moiety contributes more than the N® the cytotoxicity because most of the

compounds irfba sub-series are more toxic than their counterpaia sub-series.



Next, we turned the attention to the SAR on thé fiefy, the compounds substituted with
anilines (X = NH) at the 5 position of the pyridiriag (6b1, EG;, = 1.06uM; 5b2, EG;o = 0.04
uM) were more potent than their counterparts witergits (X= O) $a4, EG, = 2.03uM; 5a2,

ECso = 0.29uM). However, compoundsbl, 5b2 were also more cytotoxic th&a4, 5a2.

Within 5a sub-series (X = O), compoutd3 (R; = CH;, R, = Br) is the most active. When
R, = CHs, a clear order of Rsubstituents for anti-HIV-1 activity was observeg comparison:
CHj; (5a2, EG;p = 0.29uM) > Cl (586, EG;p = 1.41uM) > H (5a4, EGso = 2.03uM) > CN (5al,

ECso = 4.12uM) > Br (5a7, EGso = 4.41pM).

In 6a sub-series, the order of; Rubstituents when R= CH; is slightly different: CN §al,
ECso = 0.07uM) > CH;3 (6a2, EGso = 0.14uM) > ClI (686, EG;p = 0.37uM) > H (6a4, EGso = 0.60

uM) > Br (6a7, EGso = 0.84uM).

In both 5a and 6a series, the anti-HIV-1 activity of the compoundaswinfluenced by the
substituents at Rposition as well. When the;Ryroup was fixed, there were some interesting
aspects related with the influence gfdt the activity which might reveal more SAR infaton.
Thus, when R= CHs, compounds in which 2= Br (5a3, EG;p = 0.05uM; 6a3, EG;o = 0.07uM)
showed better activity than those having=RCH; (5a2, EG;o = 0.29uM; 6a2, EGso = 0.14uM);
when R = H, compounds in which R= OCH; (5a3, EG5 > 318.6uM; 6a3, EGsp = 35.73uM)
were significantly less active than those with=RCH; (5a4, EG, = 2.03uM; 6a4, EG;, = 0.60
uM); when R = CI, compounds in which R= Cl (5a8, EGsp = 0.31uM; 6a8, EGo = 0.26uM)
showed better activity than those with R CH; (5a6, EGsp = 1.41uM; 6a6, EGsg = 0.37uM);
when R = Br, compounds in whichR= Br (5a9, EG;p = 0.79uM; 6a9, EG;, = 0.50uM) showed
better activity than those with,R CH; (5a7, EGso = 4.41uM; 6a7, EGso = 0.84uM). In general,
comparing to ChH Br and Cl appeared to be advantageous subssti@nthe activity €.9., 5a3
and 6a8), while the bulky methoxy group at this positied|to a significant loss of antiviral

potency €.g., 5a5).

Finally, all the compounds lack potency againstdbeble mutant strain RES056. In addition,
none of the compounds showed inhibition of HIV-20[®), which suggested these derivatives

was specific for HIV-1.



2.3. HIV-1 RT inhibition assay

Eleven selected compounds were tested in enzymatays against wt HIV-1 RT using
poly(rA)-oligo(dT),e as template/primer in order to confirm the bindiagget [25-27]. Nevirapine
NVP and EFV were used as reference drufmble 2). Except for6ab, all the compounds
exhibited good inhibitory activity against wt HIVRT with 1Gso values in the range of 0.05-0.91
uM, which was greater than that of NVP {4& 2.32uM), comparable to that of EFV (ig= 0.04
uM), but still 4 times lower than ETR (k= 0.01uM). Among them, compoun€@a3 exhibited
the highest enzymatic inhibition activity, which svabout 45 times higher than that of NVP. The
results suggest that these diarylpyridine deriestibind to HIV-1 RT and belong to the HIV-1
NNRTIs class. Basically, it reflected some SAR fdum cell-based assay, like the Nékrivatives
are better than the corresponding XdQunterpart. The difference between SAR in the asgays

may due to the membrane permeability of the comgsun

Table 2. Activity of the title compounds against wt HIV-1 Rblymerization.

No. 1Cso (uM)*
5a3 0.28 +0.01
5b2 0.65 +0.19
6al 0.17 £ 0.05
6a2 0.09 £0.03
6a3 0.05+£0.02
6ad 0.91+0.54
6ab 145.90 + 93.15
6a6 0310
6a7 0.26 £ 0.05

6a8 0.16 +0.004




6a9 0.17£0.01

NVP 2.32+£0.59
EFV 0.04 £0.01
ETR 0.01+0.00

#Cso: Inhibitory concentration of tested compounds fegfli to inhibit biotin deoxyuridine triphosphate idtin-dUTP)

incorporation into the HIV-1 RT by 50%. The dataravebtained from Rega institute for medical regealit) Leuven, Belgium.

® The data were obtained from the same laboratoBraf Erik De Clercq [28].

2.4. Molecular modeling analysis




Figure 2. (a) Predicted binding mode of compousti? (orange) in the allosteric site of HIV-1 wt RT (Bzode: 3MEC) in
comparison with the original ligand of this cryssalucture ETR (yellow); (b) Predicted binding masfecompoundsa3 (pink)
in the allosteric site of HIV-1 wt RT (PDB code: B@) with the comparison with the original ligandtbfs crystal structure

ETR (yellow). The docking results are shown by PyiM@bonding interactions are indicated by dasheddi

To better understand the structure-affinityatiehship for this series of derivatives, the best
compound in cell-based HIV-1 infection as&n? and the most potent one in HIV-1 RT inhibition
assay6a3 was docked into the NNRTIs binding pocket (NNIB®)B code: 3MEC) using the
Surflex-Dock of SYBYL-X 2.0. Default parameters weused as described in the Sybyl-2.0
manual unless otherwise specified, and the resasdtdisplayed by PyMOL. The proposed binding

modes of these compounds to the NNIBP are showigir?.

The results indicated a similar binding modereen5b2, 6a3 and the original ligand ETR
with NNIBP in reverse transcriptase: 1) The letvstituted aniline obb2 or phenoxy ring 06a3

all fitted in the hydrophobic cavity surrounded B95, Y181, Y188, F227 and W229, especially



having an-n stacking with residue Y188 of RT. Furthermore,ithperfect adaption of the relative
bulky OCH; of 5a5 and6a5 as Rinto the space limited pocket displaced by the ringenay be
the reason why OCHed to a decrease in the potency. 2) The rightahoaniline was located in
another pocket and interacted with residues V1@34l. P236 and Y318. 3) The NH connecting
the right aniline and the central ring has a stidrgond with the key residue K101 of RT. Further
analysis showed the differences of the polar ioteras between the central rings5h2 and6a3
and K101 of RT. The O atom of the nitro groubb® formed a H-bond with the Nibn the main
chain of K101 and it also had a polar interactigthwhe C=0 of K101. With respect 6a3, the
NH, can also form a H-bond with K101. Since these twaugs are out of the pyridine ring, they
are closer to K101 than the N atom of pyrimidineEdfR, which may lead to enhanced polar
interactions with the binding pocket. However, ébéhd between E138 and ETR was missing

from 5b2 or 6a3 causing the observed decreased in potency.
4. Conclusion

In summary, a series of novel diarylpyridine dedliives as novel NNRTIs have been
synthesized and evaluated for their bioactivitigaiast HIV-1 (11IB strain and K103N+Y181C
double-mutated strains) and HIV-2 (ROD) in MT-4lgehs well as against HIV-1 RT activity.
These compounds have been designed by a stru@seettbioisosterism strategy. Screening
results indicated that some compounds showed extelactivity against wt HIV-1 at
submicromolar concentrations ranging from 40 nM4té1l uM. Taking full advantage of the
valuable information from SARs analysis, furthetimjzation of this series of compounds are

ongoing in our lab and will be reported in due caur

5. Experimental section
5.1. Chemistry

All melting points were determined on a micromgtipoint apparatus and are uncorrected.
'H-NMR and™C-NMR spectra were recorded on a Bruker AV-400 speteter using DMSQ@k
as solvent and tetramethylsilane (TMS) as intesteahdard. Chemical shifts are reported in parts
per million @), and signals are expressed as s (singlet), doleut (triplet), q (quartet) or m

(multiplet). Mass spectra were taken on a LC Autgdar Device: Standard G1313A instrument.



TLC was performed on Silica Gel GF254 for TLC (Meérand spots were visualized by iodine

vapors or by irradiation with UV light (254 nm).a@sh column chromatography was performed on
column packed with Silica Gel 60 (200-300 mesh)lv&us were reagent grade and, when
necessary, were purified and dried by standard edsthConcentration of the reaction solutions

involved the use of rotary evaporator at reducedsure.
5.1.1. Propyl (5-bromopyridin-3-yl)carbamate (1)

To a mixture of 3-amino-5-bromopyridine (5.0 g, 28nmol) and NaHC® (7.3 g, 86.9
mmol) in THF (20 mL), propyl chlorocarbonate (9.8,/86.9 mmol) was added dropwise at 0 °C.
After stirring for 30 min, THF was removed undedueed pressure. Water (30 mL) was added
and extracted with ethyl acetate (3 x 10 mL). Thenlgined organic phase was dried over
anhydrous Ng50, and filtered. The solvent was removed under rediygressure and the crude
propyl (5-bromopyridin-3-yl)carbamaté)(was obtained and used in the next step withathdu

purification.
5.1.2. Propyl (5-bromo-2-nitropyridin-3-yl)carbamate (2)

To a mixture of concentrated, 0O, (15 mL) and propyl (5-bromopyridin-3-yl)carbaméte,
fuming HNG; (5 mL) was added dropwise at 0 °C. After stirratg0 °C for 15 min, the mixture
was stirred at rt overnight. The mixture was pourgd iced water, basified with KOH to pH > 8
and extracted with ethyl acetate 310 mL). The combined organic phase was dried over
anhydrous NzB50,, filtered and concentrated in vacuum. The resias purified by silica gel
column chromatography using ethyl acetate-petroletiner. Pure fractions were collected and
concentrated, giving the desired compo@rast a yellow solid. Total yield of the above twepst:
80.8%, mp: 74-76°C*H NMR (400 MHz, DMSOd6, ppm)d: 10.11 (s, 1H), 8.48-8.46 (m, 2H),
4.08 (t, 2H,J = 6.7 Hz, OCH), 1.64 (sext, 2HJ = 7.3 Hz, CH), 0.93 (t, 3H,J = 7.4 Hz, CH).
¥C-NMR (100 MHz, DMSOd6, ppm)Jd: 153.76, 148.01, 143.82, 136.15, 129.79, 124.95%

22.15, 10.56.
5.1.3. 5-Bromo-2-nitropyridin-3-amine (3)

To the reaction mixture of intermedig2g0.55g, 9.8 mmol) in 1.5 mL EtOH, KOH (0.55 g,

9.8 mmol) in 8 mL HO was added. After stirring at 90 °C for 1 h, thiztare was stirred at rt for



another 1 h. Water (20 mL) was added, and the pitatg was collected by filtration and dried
under reduced pressure to give 5-bromo-2-nitropy®damine 8) as a yellow solid. Yield:
94.1%, mp: 183-185 °CH NMR (400 MHz, DMSOd6, ppm)d: 7.84 (d,J = 2.0 Hz, 1H,
pyridine-H), 7.77 (d, 1H,) = 2.0 Hz, pyridine-H), 7.45 (s, 2H, NH *C-NMR (100 MHz,

DMSO-d6, ppm)o: 142.53, 138.93, 136.06, 130.27, 126.43.
5.1.4. 4-((5-Bromo-2-nitropyridin-3-yl)amino)benzonitrile (4)

Palladium acetate (0.1541 g, 0.69 mmol) and Xarggd®977 g, 0.69mmol) were dissolved
in 15 mL dioxane and stirred at ambient temperaird5 min. 4-Aminobenzonitrile (3.3 g, 14.4
mmol), intermediate (3.0 g, 13.8 mmol) and g80; (6.7 g, 20.6 mmol) were added. Then the
reaction flask was evacuated and backfilled withogien for three times, the resulting mixture
was stirred at 100 °C for 12 h. The mixture watdied, and the filtrate was collected and
concentrated. The crude residue was purified ligasgel column chromatography to provide the
title product4 as a yellow solid. Yield: 78.6%, mp: 241-244 *8.NMR (400 MHz, DMSOd6,
ppm)d: 9.43 (s, 1H, NH), 8.27 (d, = 1.9 Hz, pyridine-H), 8.19 (dl = 2.0 Hz, pyridine-H), 7.80
(d, J = 8.7 Hz, Ph-H), 7.41 (d] = 8.7 Hz, Ph-H)!*C-NMR (100 MHz, DMSQd6, ppm)?:
145.33, 144.95, 140.96, 135.15, 134.2%(2), 132.30, 126.21, 120.77 C), 119.54, 105.37.

ESI-MS: n/z 317.2 (M-1), 319.2 (M+1). GH;BrN,O, (317.98).
5.1.5. General procedure for the synthesis of 5a1-10.

To a solution of different substituted phenols 8.rimol), 2-picolinic acid (0.0231 g, 0.19
mmol), Cul (0.0179 g, 0.094mmol) andRO, (0.4 g, 1.9 mmol) in DMSO (2 mL), intermediate
(0.3 g, 0.94 mmol) were added. The reaction flaak evacuated and backfilled with nitrogen for
three times, and the resulting mixture was stigefl0 °C for 24 h. Water (20 mL) was added, the
precipitate was collected by filtration and drieddar reduced pressure. The precipitate was

purified by silica gel column chromatography toypde the title productSal-10.
5.1.5.1. 4-((5-((4-cyanophenyl)amino)-6-nitropyridin-3-yl )oxy)-3,5-dimethyl benzonitrile (5al)

Yellow solid, yield: 40.1%, mp: 238-240 °&4 NMR (400 MHz, DMSOd6, ppm)J: 9.45 (s,

1H, NH), 7.84 (d, 1HJ = 2.5 Hz, pyridine-H), 7.75 (s, 2H, Ph-H), 7.73 281, J = 8.8 Hz, Ph-H),



7.30 (d, 2H,J = 8.7 Hz, Ph-H), 7.01 (d, 1K), = 2.5 Hz, pyridine-H ), 2.15 (s, 6H, 2 CHy).
3C-NMR (100 MHz, DMSOd6, ppm)d: 157.28, 153.43, 144.90, 141.11, 136.67, 134.06C2,
133.87 (2x C), 132.95 (2 C), 129.01, 120.83 (2 C), 119.43, 118.74, 112.85, 109.61, 105.32,

15.96 (2x C). ESI-MS: m/z 386.5 (M+1), 403.6 (M+18), 408.5 (M+23),415Ns03 (385.12).
5.1.5.2. 4-((5-(mesityloxy)-2-nitropyridin-3-yl Jamino)benzonitrile (5a2)

Yellow solid, yield: 51.2%, mp: 191-193 °&4 NMR (400 MHz, DMSOd6, ppm)J: 9.45 (s,
1H, NH), 7.85 (d, 1HJ = 2.4 Hz, pyridine-H), 7.72 (d, 2H,= 8.7 Hz, Ph-H), 7.29 (d, 2H,= 8.7
Hz, Ph-H), 6.98 (s, 2H, Ph-H), 6.89 (d, 1Hs 2.5 Hz, pyridine-H), 2.24 (s, 3H, GK12.06 (s, 6H,
2 x CH). ®C-NMR (100 MHz, DMSOd6, ppm)d: 158.51, 147.57, 144.87, 140.58, 136.78,
135.90, 134.01 (2 C), 130.33 (2x C), 130.10 (2 C), 129.37, 120.89 (2 C), 119.40, 111.95,

105.27, 20.75, 16.03 2C). ESI-MS: m/z375.4 (M+1), 397.5 (M+23). £H1aN,O05(374.14).
5.1.5.3. 4-((5-(2,6-dibromo-4-methyl phenoxy)-2-nitropyridin-3-yl)amino)benzonitrile (5a3)

Yellow solid, yield: 44.3%, mp: 200-203 °&4 NMR (400 MHz, DMSOd6, ppm)J: 9.47 (s,
1H, NH), 7.93 (d, 1HJ = 2.5 Hz, pyridine-H), 7.74 (d, 2H,= 8.7 Hz, Ph-H), 7.68 (s, 2H, Ph-H),
7.28 (d, 2HJ = 8.8 Hz, Ph-H), 7.08 (d, 1H,= 2.5 Hz, pyridine-H), 2.33 (s, 3H, GH™*C-NMR
(100 MHz, DMSOed6, ppm)J: 156.87, 144.90, 144.87, 141.49, 140.59, 136.34,31 (2% C),
134.12 (2x C), 129.32, 120.59 (& C), 119.42, 116.94, 113.46, 105.31, 20.22. &88: m/z

503.2 (M+1), 505.2 (M+3). fgH1,BroN,O3 (501.93).
5.1.5.4. 4-((5-(2,6-dimethyl phenoxy)-2-nitropyridin-3-yl)amino)benzonitrile (5a4)

Yellow solid, yield: 47.3%, mp: 190-192 °&4 NMR (400 MHz, DMSOd6, ppm)J: 9.45 (s,
1H, NH), 7.88 (d, 1H) = 2.4 Hz, pyridine-H), 7.71 (d, 2H,= 8.7 Hz, Ph-H), 7.29 (d, 2H,= 8.8
Hz, Ph-H), 7.20-7.12 (m, 3H, Ph-H), 6.87 (d, TH 2.5 Hz, pyridine-H), 2.10 (s, 6H,2CHb).
¥C-NMR (100 MHz, DMSOd6, ppm)d: 158.29, 149.69, 144.78, 140.54, 136.84, 133.99(3,
130.55 (2x C), 129.91 (2 C), 129.37, 126.88, 120.95 ¥XC), 119.40, 111.73, 105.33, 16.10x2

C). ESI-MS: mVz 361.4 (M+1), 383.4 (M+23). H16N4O3 (360.12).
5.1.5.5. 4-((5-(2,6-dimethoxyphenoxy)-2-nitropyridin-3-yl Jamino)benzonitrile (5a5)

Yellow solid, yield: 43.4%, mp: 218-222 °&4 NMR (400 MHz, DMSOd6, ppm)J: 9.42 (s,



1H, NH), 7.92 (d, 1HJ = 2.5 Hz, pyridine-H), 7.75 (d, 2H,= 8.7 Hz, Ph-H), 7.26 (d, 2H,= 8.8
Hz, Ph-H), 7.25 (t, 1H] = 8.5 Hz, Ph-H), 6.93 (d, 1H,= 2.5 Hz, pyridine-H), 6.82 (d, 2H,=
8.5 Hz, Ph-H), 3.78 (s, 6H,2CH,). *C-NMR (100 MHz, DMSQd6, ppm)J: 158.65, 152.58 (2
x C), 144.92, 140.57, 136.34, 134.07XX), 129.72, 127.61, 120.52 ®C), 119.43, 111.95,

105.94 (2x C), 105.16, 56.59 (2 C). ESI-MS: m/z391.5 (M-1). GoH16N405(392.11).
5.1.5.6. 4-((5-(4-chloro-2,6-dimethyl phenoxy)-2-nitropyridin-3-yl)Jamino)benzonitrile (5a6)

Yellow solid, yield: 44.4%, mp: 230-233 °&4 NMR (400 MHz, DMSOd6, ppm)J: 9.45 (s,
1H, NH), 7.86 (d, 1H) = 2.4 Hz, pyridine-H), 7.73 (d, 2H,= 8.7 Hz, Ph-H), 7.30 (d, 2H,= 8.6
Hz, Ph-H), 7.30 (s, 2H, Ph-H), 6.95 (d, 1H= 2.5 Hz, pyridine-H), 2.10 (s, 6H, 2 CH).
%C-NMR (100 MHz, DMSOd6, ppm)d: 157.88, 148.62, 140.90, 140.86, 136.72, 134.08(3,
133.10 (2x C), 130.54, 129.37 (2 C), 129.18, 120.88 (2 C), 119.42, 112.39, 105.30, 16.00¢2

C). ESI-MS: mVz 395.3 (M+1), 397.4 (M+3), 417.5 (M+23)115CIN,O5 (394.08).
5.1.5.7. 4-((5-(4-bromo-2,6-dimethyl phenoxy)-2-nitropyridin-3-yl)amino)benzonitrile (5a7)

Yellow solid, yield: 47.2%, mp: 237-240 °&4 NMR (400 MHz, DMSOd6, ppm)J: 9.45 (s,
1H, NH), 7.86 (d, 1H) = 2.4 Hz, pyridine-H), 7.73 (d, 2H,= 8.7 Hz, Ph-H), 7.43 (s, 2H, Ph-H),
7.30 (d, 2H,J = 8.7 Hz, Ph-H), 6.95 (d, 1H] = 2.4 Hz, pyridine-H), 2.10 (s, 6H, 2 CHy).
¥C-NMR (100 MHz, DMSQd6, ppm)d:157.80, 149.13, 144.90, 140.85, 136.71, 134.02 (3,
133.47 (2 C), 132.20 (x C), 129.18, 120.88 (2 C), 119.42, 118.92, 112.42, 105.31, 15.98 (2

C). ESI-MS: m/z437.4 (M-1). GoH1sBrN4O3(438.03).
5.1.5.8. 4-((2-nitro-5-(2,4,6-trichlorophenoxy)pyridin-3-yl)amino)benzonitrile (5a8)

Yellow solid, yield: 54.9%, mp: 213-216 °&4 NMR (400 MHz, DMSOd6, ppm)J: 9.47 (s,
1H, NH), 7.97 (d, 1H) = 2.5 Hz, pyridine-H), 7.93 (s, 2H, Ph-H), 7.76 281, J = 8.8 Hz, Ph-H),
7.33-7.30 (m, 3HJ’C-NMR (100 MHz, DMSQd6, ppm)d: 156.52, 145.03, 144.50, 141.92,
136.17, 134.11 (% C), 132.35, 130.23 (2 C), 129.40, 128.96, 120.48 C), 119.46, 114.15,

105.23. ESIMS: mVz 433.4 (M-1), 435.3 (M+1), 437.3 (M+3) 1§,CsN,O3 (433.97).
5.1.5.9. 4-((2-nitro-5-(2,4,6-tribromophenoxy)pyridin-3-yl)amino)benzonitrile (5a9)

Yellow solid, yield: 44.9%, mp: 235-240 °&4 NMR (400 MHz, DMSOd6, ppm)J: 9.47 (s,



1H, NH), 8.14 (s, 2H, Ph-H), 7.96 (d, 18%= 2.5 Hz, pyridine-H), 7.75 (d, 2H,= 8.7 Hz, Ph-H),
7.29 (d, 2H,J = 8.8 Hz, Ph-H), 7.23 (d, 1H] = 2.5 Hz, pyridine-H)*C-NMR (100 MHz,
DMSO-d6, ppm)d: 156.37, 147.01, 145.02, 141.81, 136.15, 136.89.1B (2x C), 129.31,
120.88, 120.43 ( C), 119.45, 118.68, 114.16, 105.22. B8S: m/z 565.2 (M-1), 567.2 (M+1),

571.2 (M+5) GgHoBrsN,O3 (56582)
5.1.5.10. 4-((2-nitro-5-(2,4,6-trifluorophenoxy)pyridin-3-yl)amino)benzonitrile (5a10)

Yellow solid, yield: 44.0%, mp: 218-221 °&4 NMR (400 MHz, DMSOd6, ppm)J: 9.48 (s,
1H, NH), 8.04 (d, 1HJ = 2.5 Hz, pyridine-H), 7.77 (d, 2H,= 8.7 Hz, Ph-H), 7.56-7.51 (m, 2H,
Ph-H), 7.45 (d, 1HJ = 2.5 Hz, pyridine-H), 7.34 (d, 2H,= 8.7 Hz, Ph-H)**C-NMR (100 MHz,
DMSO-d6, ppm)d: 159.40 (dtJ, = 238.5 Hz,J, = 14.6 Hz), 157.32, 155.33 (ddH,= 248.8 Hz,
J, = 15.9 Hz,J; = 6.3 Hz), 144.98, 141.86, 136.25, 134.1% (@), 128.87, 126.60 (td; & 15.0
Hz, 3 = 5.5 Hz), 120.62 (¥ C), 119.47, 114.15, 105.31, 102.93])(t 27.3 Hz,). ESIMS: m/z

385.3 (M-1). GgHgF3N405 (386.06).
5.1.6. General procedure for the synthesis of 5b1 and 5b2.

Palladium acetate (0.0176 g, 0.079 mmol) and Xargp{0.0453 g, 0.079mmol) were
dissolved in 20 mL dioxane and stirred at ambientderature for 15 min. Intermediat€0.50 g,
1.57 mmol), substituted aniline (1.73 mmol) and@3 (0.77 g, 236 mmol) were added. Then
the reaction flask was evacuated and backfilleti witrogen for three times, the resulting mixture
was stirred at 100 °C for 12 h. The reaction mixtwas filtrated, and the filtrate was collected
and concentrated. The crude residue was purifiesilic gel column chromatography to provide

the title producbbl1-2.
5.1.6.1. 4-((5-((2,6-dimethyl phenyl)amino)-2-nitropyridin-3-yl)amino)benzonitrile (5b1)

Yellow solid, yield: 76.4%, mp: 251-254 °&4 NMR (400 MHz, DMSOd6, ppm)J: 9.44 (s,
1H, NH), 8.87 (s, br, 1H), 7.72 (d, 2Bz 8.1 Hz, Ph-H), 7.53 (s, br, 1H), 7.32 (d, 2H; 6.8 Hz,
Ph-H), 7.18-7.11 (m, 3H, Ph-H), 6.31 (s, br, 1H}L52(s, 6H, 2x CHs). *C-NMR (100 MHz,
DMSO-d6, ppm)d: 149.11, 144.84, 137.89, 136.68, 136.14x(Z), 135.71, 133.94 (¥ C),
129.07 (2x C), 127.66, 121.40 (2 C), 119.46, 105.05, 18.19 KC). ESI-MS: m/z 360.5 (M+1)
382.8 (M+23). GoH1/NsO; (359.14).



5.1.6.2. 4-((5-(mesitylamino)-2-nitropyridin-3-yl)Jamino)benzonitrile (5b2)

Yellow solid, yield: 67.2%, mp: 217-222 °&4 NMR (400 MHz, DMSOd6, ppm)J: 9.42 (s,
1H, NH), 8.78 (s, br, 1H), 7.73 (d, 2Bi= 5.9 Hz), 7.31-7.23 (m, 3H), 6.96 (s, 2H, Ph-HD7(s,
br, 1H), 2.23 (s, 3H, CH), 2.10 (s, 6H, X CHs). *C-NMR (100 MHz, DMSQd6, ppm)s:149.37,
144.95, 137.84, 136.77, 136.68, 135.8% (), 133.96 (2 C), 133.07, 129.65 (2 C), 121.30,
119.47, 104.96, 20.96, 18.10 RC).ESI-MS: m/z 374.5 (M+1), 396.4 (M+23). £H1N50,

(373.15).
5.1.7. General procedure for the synthesis of 6a1-9.

To a solution of derivativeSal-9 (0.45 mmol) in EtOH (5 mL), SngPH,O (2.25 mmol)
was added. The reaction flask was evacuated anfillst with nitrogen for three times, the
reaction mixture was stirred at reflux overnightiteh removal of the solvent under reduced
pressure, water (15 mL) was added. The mixture akslized with KCO; to pH >8 and
extracted with ethyl acetate (3x10 mL). The comthiveganic phase was dried over anhydrous
NaSQ,, filtered and concentrated in vacuum. Recrystilin from ethyl acetate afforded the

title productssal-9.
5.1.7.1. 4-((6-amino-5-((4-cyanophenyl)amino) pyridin-3-yl)oxy)-3,5-dimethyl benzonitrile (6al)

White solid, yield: 70.0%, mp: 238-240 °& NMR (400 MHz, DMSOd6, ppm)s: 8.16 (s,
1H, NH), 7.67 (s, 2H, Ph-H), 7.56 (d, 28 8.7 Hz, Ph-H), 7.40 (d, 1H,= 2.7 Hz, pyridine-H),
6.91 (d, 1HJ = 2.7 Hz, pyridine-H), 6.76 (d, 2H,= 8.8 Hz, Ph-H), 5.56 (s, 2H, N} 2.15 (s,
6H, 2x CH;). *C-NMR (100 MHz, DMSOd6, ppm)d: 155.47, 150.96, 149.33, 145.72, 133.97
(2x C), 133.62 (2 C), 133.19 (2 C), 130.46, 121.61, 120.42, 119.07, 119.03, 11{£82C),

108.27, 99.52, 16.29 (2C). ESI-MS: m/z 356.5 (M+1). GH;/NsO (355.14).
5.1.7.2. 4-((2-amino-5-(mesityloxy)pyridin-3-yl Jamino)benzonitrile (6a2)

Light yellow solid, yield: 64.2%, mp: 210-212 °@&4 NMR (400 MHz, DMSO€6, ppm)s:
8.15 (s, 1H, NH), 7.55 (d, 2H,= 8.8 Hz, Ph-H), 7.42 (d, 1H,= 2.7 Hz, pyridine-H), 6.92 (s, 2H,
Ph-H), 6.78 (d, 1HJ = 2.7 Hz, pyridine-H), 6.74 (d, 2H,= 8.8 Hz, Ph-H), 5.44 (s, 2H, NH

2.23 (s, 3H, Ch), 2.06 (s, 6H, % CHs). **C-NMR (100 MHz, DMSQOd6, ppm)s: 150.40, 149.49,



149.15, 146.65, 134.49, 133.96XZ), 130.61, 130.55, 130.08 &C), 121.38, 120.44, 118.68,

114.68 (2x C), 99.34, 20.79, 16.37 ¢C). ESI-MS: m/z 345.4 (M+1). GH,oN,O (344.16).
5.1.7.3. 4-((2-amino-5-(2,6-dibromo-4-methyl phenoxy) pyridin-3-yl Jamino)benzonitrile (6a3)

White solid, yield: 66.5%, mp: 229-230 °& NMR (400 MHz, DMSOd6, ppm)d: 8.17 (s,
1H, NH), 7.61 (s, 2H, Ph-H), 7.56 (d, 2Bz 8.7 Hz, Ph-H), 7.46 (d, 1H,= 2.7 Hz, pyridine-H),
6.86 (d, 1H,J = 2.7 Hz, pyridine-H), 6.77 (d, 2H,= 8.8 Hz, Ph-H), 5.58 (s, 2H, NH 2.31 (s,
6H, 2x CHy). **C-NMR (100 MHz, DMSOd6, ppm)d: 151.08, 149.37, 146.65, 145.43, 139.20,
134.10 (2x C), 133.99 (2x C), 130.92, 121.25, 120.41, 119.09, 117.77, 114276 C), 99.51,

20.16. ESI-MS: mz 475.1 (M+1). GgH14BrN,O (471.95).
5.1.7.4. 4-((2-amino-5-(2,6-dimethyl phenoxy)pyridin-3-yl)amino)benzonitrile (6a4)

White solid, yield: 65.5%, mp: 224-226 °& NMR (400 MHz, DMSOd6, ppm)s: 8.15 (s,
1H, NH), 7.55 (d, 2H,) = 8.6 Hz, Ph-H), 7.42 (d, 1H,= 2.6 Hz, pyridine-H), 7.14-7.04 (m, 3H),
6.80 (d, 1HJ = 2.5 Hz, pyridine-H), 6.74 (d, 2H,= 8.7 Hz, Ph-H), 5.46 (s, 2H, NH 2.11 (s,
6H, 2x CH;). *C-NMR (100 MHz, DMSOd6, ppm)d: 151.38, 150.42, 149.41, 146.48, 1333.96
(2 x C), 131.05, 130.46, 129.61 ®C), 125.64, 121.44, 120.43, 118.58, 114.7% @), 99.39,

16.45 (2x C). ESI-MS: m/z 331.5 (M+1). GgH1aN4O (330.15).
5.1.7.5. 4-((2-amino-5-(2,6-dimethoxyphenoxy) pyridin-3-yl Jamino) benzonitrile (6a5)

White solid, yield: 68.9%, mp: 205-207 °& NMR (400 MHz, DMSOd6, ppm)s: 8.13 (s,
1H, NH), 7.56 (d, 2HJ = 8.7 Hz, Ph-H), 7.51 (d, 1H,= 2.7 Hz, pyridine-H), 7.15 (t, 1H,= 8.4
Hz, Ph-H), 6.79 (d, 1H] = 2.7 Hz, pyridine-H), 6.80-6.73 (m, 4H), 5.421s, 2H, NH), 3.74 (s,
6H, 2x CH;). *C-NMR (100 MHz, DMSOd6, ppm)d: 153.46, 150.24, 149.54, 147.29, 133.96
(2x C), 132.27, 131.12, 126.12, 120.87, 120.46, 11900.52 (2x C), 106.02 (2x C), 99.26,

56.43 (2x C). ESI-MS: m/z 363.4 (M+1). GoH1gN405(362.14).
5.1.7.6. 4-((2-amino-5-(4-chloro-2,6-dimethyl phenoxy) pyridin-3-yl Jamino)benzonitrile (6a6)

Light yellow solid, yield: 76.4%, mp: 227-231 °&4 NMR (400 MHz, DMSOd6, ppm)s:
8.16 (s, 1H, NH), 7.56 (d, 2H,= 8.6 Hz, Ph-H), 7.42 (d, 1H,= 2.4 Hz, pyridine-H), 7.23 (s, 2H,

Ph-H), 6.86 (d, 1HJ = 2.4 Hz, pyridine-H), 6.76 (d, 2H,= 8.6 Hz, Ph-H), 5.50 (s, 2H, NH



2.11 (s, 6H, 2 CHy). ®C-NMR (100 MHz, DMSQd6, ppm)d:150.66, 150.33, 149.38, 146.14,
133.96 (2x C), 133.49 (X C), 130.36, 129.22, 129.06 C), 121.52, 120.43, 118.74, 114.77 (2

x C), 99.45, 16.31 (& C). ESI-MS: mVz 365.4 (M+1), 367.3 (M+3). H,,CIN,O (364.11).
5.1.7.7. 4-((2-amino-5-(4-bromo-2,6-dimethyl phenoxy) pyridin-3-yl Jamino)benzonitrile (6a7)

Light yellow solid, yield: 64.4%, mp: 222-225 °&4 NMR (400 MHz, DMSOd6, ppm)s:
8.16 (s, 1H, NH), 7.56 (d, 2H,= 8.7 Hz, Ph-H), 7.41 (d, 1H,= 2.7 Hz, pyridine-H), 7.36 (s, 2H,
Ph-H), 6.85 (d, 1HJ = 2.7 Hz, pyridine-H), 6.75 (d, 2H,= 8.8 Hz, Ph-H), 5.50 (s, 2H, NH
2.10 (s, 6H, % CHs). ®*C-NMR (100 MHz, DMSOd6, ppm)d: 150.85, 150.68, 149.39, 146.07,
133.96 (2x C), 133.92 (2 C), 131.99 (% C), 130.40, 121.52, 120.43, 118.78, 117.55, 11@78

x C), 99.45, 16.23 (2 C). ESI-MS: m/z 409.5 (M+1). GoH17BrN4O (408.06).
5.1.7.8. 4-((2-amino-5-(2,4,6-trichlorophenoxy)pyridin-3-yl )amino)benzonitril e(6a8)

White solid, yield: 65.4%, mp: 245-250 °& NMR (400 MHz, DMSOd6, ppm)d: 8.19 (s,
1H, NH), 7.83 (s, 2H, Ph-H), 7.57 (d, 2Biz 8.7 Hz, Ph-H), 7.51 (d, 1H,= 2.8 Hz, pyridine-H),
7.02 (d, 1H, = 2.7 Hz, pyridine-H), .6.78 (d, 2H,= 8.8 Hz, Ph-H), 5.65 (s, 2H, NH*C-NMR
(100 MHz, DMSO€6, ppm)d: 151.52, 149.36, 146.51, 145.35, 133.98(€), 130.94, 130.80,
129.96, 129.95, 121.37, 120.42, 119.41, 114.78 @, 99.54. ESIMS: m/z 405.4 (M+1) 407.4

(M+3) 409.4 (M+5). GgH11CIsN4O (404.00).
5.1.7.9. 4-((2-amino-5-(2,4,6-tribromophenoxy)pyridin-3-yl Jamino)benzonitrile (6a9)

Light yellow solid, yield: 71.3%, mp: 255-258 °@&4 NMR (400 MHz, DMSO€6, ppm)s:
8.18 (s, 1H, NH), 8.06 (s, 2H, Ph-H), 7.56 (d, 2H; 8.7 Hz, Ph-H), 7.47 (d, 1H), = 2.6 Hz,
pyridine-H), 6.94 (d, 1H) = 2.6 Hz, pyridine-H), .6.78 (d, 2H,= 8.7 Hz, Ph-H), 5.62 (s, 2H,
NH,). *C-NMR (100 MHz, DMSQd6, ppm)d: 151.30, 149.36, 148.82, 145.06, 135.9% @),
133.99 (2x C), 130.87, 121.34, 120.42, 119.404£), 119.30, 114.79 (2 C), 99.52. ESIMS:

m/z539.2 (M+1) 541.2 (M+3) 543.1 (M+5).,81,,BrsN,O (535.85).
5.2. Biological activity

5.2.1. Invitro anti-HIV assay



The methodology of the anti-HIV assay has beeniposly described [12, 22, 23]. Stock
solutions (10« final concentration) of test compounds were adde2b ul volumes to two series
of triplicate wells to allow simultaneous evaluatiof their effects on mock- and HIV-infected
cells at the beginning of each experiment. Sewafféld dilutions of test compounds were made
directly in flat-bottomed 96-well microtiter trayssing a Biomek 3000 robot (Beckman
instruments, Fullerton, CA). Untreated control HIdnd mock-infected cell samples were

included for each sample.

HIV-1 [29] (IIB, RES056) or HIV-2 [30] (ROD) stocK50 uL) at 100-300 CCIRy, (cell
culture infectious dose) or culture medium was dddeeither the infected or mock-infected wells
of the microtiter tray. Mock-infected cells wereedsto evaluate the effect of test compound on
uninfected cells in order to assess the cytotoxiitthe tested compound. Exponentially growing
MT-4 cells were centrifuged for 5 min at 220 g d@ine supernatant was discarded. The MT-4 cells
were resuspended axB0 cells/mL, and 5QiL volumes were transferred to the microtiter tray
wells. Five days after infection, the viability ofock- and HIV-infected cells was examined

spectrophotometrically by the MTT assay.

The MTT assay is based on the reduction of yellowolored
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazatiu bromide (MTT) (Acros Organics, Geel,
Belgium) by mitochondrial dehydrogenase of metatadily active cells to a blue-purple formazan
that can be measured spectrophotometrically. TherBhnces were read in a computer-controlled
photometer (Infinite M1000, Tecan, Mechelen, Belgjuat two wavelengths (540 and 690 nm).
All data were calculated using the median OD (@btatensity) value of three wells. The 50%
cytotoxic concentration (Gf) was defined as the concentration of the test coumg that reduced
the absorbance (OD540) of the mock-infected consathples by 50%. The 50% effective
concentration (Ef) was defined as the compound concentration redjufe inhibiting

virus-induced syncytium formation by 50%.
5.2.2. HIV-1 RT inhibition assay

Recombinant wild type p66/p51 HIV-1 RT was expresaed purified as described. The RT

assay is performed with the EnzCheck Reverse Trptsse Assay kit (Molecular Probes,



Invitrogen), as described by the manufacturer. &bsay is based on the dsDNA quantitation
reagent PicoGreen. This reagent shows a pronounceshse in fluorescence signal upon binding
to dsDNA or RNA-DNA heteroduplexes. Single-strandaatcleic acids generate only minor
fluorescence signal enhancement when a sufficidrigin dye:base pair ratio is applied. This

condition is met in the assay.

A poly(rA) template of approximately 350 bases lommd an oligo(dT) primer, are
annealed in a molar ratio of 1:1.2 (60 min. at rommperature). 52 ng of the RNA/DNA is
brought into each well of a 96-well plate in a voki of 20 puL polymerization buffer (60 mM
Tris-HCI, 60 mM KCI, 8 mM MgCJ, 13 mM DTT, 100 uM dTTP, pH 8.1). 5 pl of RT enam
solution, diluted to a suitable concentration irzyene dilution buffer (50 mM Tris-HCI, 20%
glycerol, 2 mM DTT, pH = 7.6), is added. The reaiti are incubated at 25°C for 40 minutes and
then stopped by the addition of EDTA (15 mM). Hetkiplexes are then detected by addition of
PicoGreen. Signals are read using an excitatiorelgagth of 490 nm and emission detection at
523 nm using a spectrofluorometer (Safire2, Tecm}est the activity of compounds against RT,
1 pl of compound in DMSO is added to each well befihe addition of RT enzyme solution.
Control wells without compound contain the same amaf DMSO. Results are expressed as
relative fluorescence i.e. the fluorescence sigh#ie reaction mix with compound divided by the

signal of the same reaction mix without compound.

5.3. Molecular modeling

Structures of5b2 and 6a3 was drawn, optimized and docked into the published
three-dimensional crystal structures of wt RT (ctaxes with ETR, PDB code: 3MEC, retrieved
from the Protein Data Bank) by means of surflex-dugknodule of Sybyl-2.0. Top scoring poses
were shown by PyMOL version 1.7.0 (http://www.pyroad/), in overlap with the bound ligand
(ETR) in the binding site of RT. The secondary e of RT is shown in cartoons, and only the
key residues for interactions with the inhibitorsres shown in sticks and labeled. The potential
hydrogenbonds were presented by dashed lines. Mieialed method is described previously

[13].

Note
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Highlights

1. Twenty-one 3,5-diaryl-pyridine derivatives were designed, synthesized and
evaluated for their anti-HIV activities.

2. 5b2 (EC5=0.04 uM, Sl = 3963) was the most potent inhibitor.

3. The 2-NH, pyridine derivatives showed better anti-HIV-1 activity than the

corresponding 2-NO;, counterparts.



