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Abstract. Viral infectivity factor (Vif) is protective agast APOBEC3G (A3G)-mediated viral
cDNA hypermutations, and development of moleculést tinhibit Vif mediated A3G
degradation is a novel strategy for blocking HI\feblication. Through optimizations of the
central ring ofN-(2-methoxyphenyl)-2-((4-nitrophenyl)thio)benzamid@@N-18), we found a
potent compound2c with EG;, value of 1.54uM, enhancing the antiviral activity more than
150-fold compared witliRN-18 in nonpermissive H9 celld2c protected A3G from degradation
by inhibiting Vif function. Besidesl2c suppressed different HIV-1 clinical strains (HI¥wb1s,
HIV-11c.1 and HIV-3yan) and drug-resistant strains (NRTI, NNRTI, PI, &yl with relatively
high activities. Amidation ofl2c with glycine gave a prodrud3a, improving the water
solubility about 2,600-fold compared witt2c. Moreover,13a inhibited the virus replication
efficiently with an EGp value of 0.228.M. These results suggested that the prodi@ayis a

promising candidate agent for the treatment of AIDS

Keywords. Vif antagonists, Vif mediated A3G degradationppermissive, antiviral activity.

1. Introduction

A major cellular host defense factor, APOBEC3G (A3@&hich is an APOBEC3 family
member, is reported to protect host cells fromoretal damage and severely weaken infectivity
of human immunodeficiency virus type | (HIV-1) immpermissive cells (e.g., H9, CEM) [1, 2].
Antiviral effects of A3G include deaminase-depertdend -independent mechanisms. In the
absence of viral infectivity factor (Vif), approxately seven copies of A3G are incorporated into
budding virions by binding to the viral genomic (RNA or Gag [3, 4]. To initiate reverse
transcription, A3G is released from RNA-induced tmuér by RNase H and induces

deamination of C-to-U on the first minus-strandaVvicDNA [5, 6], which subsequently



inactivates viral proteins and produces noninfeiwirions [7-10]. Also, A3G can inhibit
numerous HIV-1 replication stepg a deaminase-independent mechanism. A3G inhibRAtR
2® primer annealing, strand transfer, and nascent HODNA elongation [11, 12]. However, Vif
recruits an E3 ubiquitin ligase complex composedlohgin B (ELOB) and C (ELOC), cullin 5
(CUL5), Rbx2 and CBR- and mediates A3G degradation [13-19]. Thus, inioibiof Vif may

be an effective approach for preventing A3G frongrddation and implementing antiviral

activity [20].

RN-18 (N-(2-methoxyphenyl)-6-((4-nitrophenyl)sulfonyl)bema@e, 1, Fig. 1), a novel Vif
antagonists discovered by Rana’s group [21], offeae innovative approach to treating HIV.
The derivatives ofl reduce viral infectivity by enhancing A3G-depentd&fif degradation,
increasing A3G incorporation into virions, and emtiag cytidine deamination of the viral
genome [21-23]. Recent researches showed thatcespnt of amide functionality df with a
1,2,3-trizole improved the potency [24], indicatitige potential ofL optimizations. Although
structure-activity relationship df on two branched chains (ring A and C, Fig. 1) besn well
studied [23], the role of the central ring is remanclear. Therefore, this study describes the

design, synthesis and biological evaluation ofrageaof novel derivatives on this moietylof

2. Results and discussion

2.1. Chemistry
2.1.1. Optimizing strategies on the central ring of 1 (Strategy I, 11, and 111)

The central ring B ofiL was optimized with two strategies: replacementhef benzene ring
with a heteroaromatic ring (Strategy I, Fig. 1) amtloduction of substituents to ring B (Strategy

Il, Fig. 1). Firstly, replacement of ring B withheeterocyclic thiophene(and3) decreased E&



5-fold compared to the reported Vif inhibitdk) (n nonpermissive H9 cells (reduced HIV-1 p24
antigen production by 50%, Table 1). It should lmed that the different Bg values ofl
reported by Rarfa®* and this study might derive from the differenttirey systems. When
replaced with a pyridinedf [23], EGo value decreased to 14K1. Then, addition of halogens or
electron withdrawing groups to C5, such as a chéoatom %), fluorine @), or a trifluoromethyl
(7), nitro group 8), were investigated. Antiviral activities 6f 7, and8 were similar tdl, but the
activity of 5 was improved to 18.8M. Interestingly, introduction of a chlorine atom®5 of the
pyrimidine ring of4 got a similar result, and the activity 8f was 3-fold greater thad,
indicating the existence of a potential halogendo@x-bond) [25]. The heteroatom serving as
the X-bond acceptor was speculated to be a carlmtygen of the peptide backbone, the most
common X-bond acceptors in protein-inhibitor comple [26]. The decreased activity 8f
confirmed that a hydrogen bond (H-bond) acceptohss carbonyl should be used instead of an
H-bond donor (hydroxyl, amide or thiol group); atvese, the nitro group @ would form an H-
bond with the target, conferring a greater activitge activity of thiophene2(and3) was 3-fold
greater than that of pyridined)( which could be explained by an intermoleculalS G*

interaction with the carbonyl oxygen atom [27].
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Fig. 1. Optimization strategies df(l and II),11 (Il), 12 (1V), and12c (V).

Table 1. Antiviral activities of compound 1 derivativesin H9 cells.

Compound CCs ECs TI®
1 N.A.° 263 N.A.
2 472 62.2 7.59
3 518 51.2 10.1
4 525 147 3.57
5 483 18.3 26.4
6 502 249 2.02
7 N.A. 223 N.A.
8 N.A. 235 N.A.
9 480 54.7 8.78
10 N.A. 235 N.A.
11 506 6.63 76.3
11a 302 240 1.26
11b 182 233 0.781
11c 171 457 0.374
12 387 1.87 207
12a 202 94.6 2.14
12b 335 10.5 31.9
12c 462 1.54 300
12d 200 278 0.719

12e 439 226 1.94



12f 38.2 45.4 0.841

129 211 214 0.986
12h 265 43.6 6.08
12i 154 216 0.713
12j 35.5 41.8 0.849
12k N.A. 221 N.A.
12| 30.6 8.24 3.71
12m N.A. 242 N.A.
12n N.A. 187 N.A.
120 N.A. 176 N.A.
12p 364 30.6 11.9
12q N.A. 172 N.A.
13a 196 0.248 790
13b 216 1.46 148

2T|: therapeutic index, Tl = G/EGCso. °NA: a CG values could not be obtained at the tested

concentration range.

To verify our hypothesis, an amino group with twebbhd donors, was introduced to A3
of the central ring, and we noted an increasediac(iECso 6.63uM), which might be ascribed
to the H-bond interaction between the amino graugh the nearby carbonyl group of the target.
To understand the role of the amino group with eespo antiviral activity, the amino group of
11 was mono Ila)/dimethylated 11b), acetylated X1c) or translocated to the C6 position,
respectively (Strategy lll, Fig. 111a, 11b and11c showed reduced activities, perhaps due to
partial or total loss of the H-bond and increasedics hindrance (Table 1). However, when the
amino group was transferred from C5 to Q&) activity obviously increased to 1.§.
Subsequently, the sulfide bridge I was replacedby an oxygeni2a), a sulfoxide {2b) or a
sulphone 12c) (Strategy IV, Fig. 1). Results revealed that atypes and the sulfur oxidation
states could influence the activity. When sulfti®)(was replaced by oxygerida), activity
decreased ~50-fold; when sulfur was oxidized toosudfe (12b), activity decreased to 10.6M;
while activity increased to 1.5V when sulfoxide was oxidized to sulphori2q).

2.1.2. Lowest conformation analysis of 12, 12a, 12b and 12c



To analyse the structure-activity relationship (SAR 12 and its analogueslZa, 12b, and
12c), the conformation of each compound was then studi was widely accepted that drugs
bound to an enzyme in a particular conformation ciwhwas probably the lowest energy
conformation or one close in energy to it [28-30hus, the lowest energy conformation was
usually used in quantitative structure activityateinship (QSAR) and docking researches [31-
33]. The global minimum conformations of structdg 12a, 12b, and12c were studied through
a conformational search method by using Discovéugi software (3.1) [34] with a systematic
search method, which were then fully optimized gabFT at the B3LYP/6-31G(d) level, as
implemented in the Gaussian 03 program package [@bJof them displayed no imaginary
frequencies. Results showed that the lowest cordbom of four compoundsl®, 12a, 12b and
12¢) all tended to form two intramolecular H-bondse @#imino group with the amide carbonyl
group and the heteroatom of A-B ring bridge with ttydrogen of amide bond, conferring them
structural rigidity (Fig. 2). Through superpositiaf their common aniline group, the lowest
conformation ofl2a was unique (Supplementary Fig. S1), which wasrpnéted from the
smaller radius of oxygen compared to sulfur. Reiggrdhe torsion of ring B to C, with the
torsion angle of the four compounds decreasing, abevities declined (Table 1 and 2),
indicating that the direction in which ring B extEd contributed to the activity. Compounds
with better activities12 and12c) had similar angles between ring B and A, and adhe angle
of 12c might be ideal in the active conformation (104d&grees). Deviation df2a to the ideal
angle was larger than that d2b by 10.40 degrees, which explained the obviouslgroved
antiviral effect of12b. Thus, forl2 and12c, the active conformations might be related torthei

lowest conformations.



Fig. 2. The lowest conformations and intramolecular H-toraf 12, 12a, 12b and 12c,

respectively.

Table 2. Thelowest conformational parameters of 12, 12a, 12b, and 12c, respectively.

Compound B-Ctorsion Deviation® A-Bangle Deviation®

12c 53.82 0 104.97 0

12 46.23 7.59 104.67 0.30
12b 44.48 9.34 100.37 4.60
12a 27.85 25.97 119.97 15.00

®Deviation means the difference torsion betw&2mand12, 12b, 12a, respectively;
®Deviation means the difference angle betwi2mand12, 12b, 12a, respectively.

2.1.3. Optimizing strategies of 12 (Strategy 1V, V, and VI)

Next, the amino group df2c was monomethylatedl?2d), and dimethylated1@e), and the
activity declined for each (Strategy IV, Fig. Ipdicating that the two hydrogens of the amino
group were important to antiviral activity as iretbase of derivativekla, b. One hydrogen was
used to confer rigiditwia an intramolecular H-bond with the carbonyl oxygand the other
might interact with Vif. Thus, to study additionateraction sites in the vicinity, one hydrogen
atom of the amino group was substituted. First,naethyl (2f, 12g), xethyl (2h, 12i) or
acetamide X2j) groups were used to explore the possible neighdpdd-bond. Whereas the

antiviral activity of each modified compound waslueed (Table 1). Next, bromoethyl2k),



piperazine 12l), morpholine {2m), benzenesulfonamide 1Zn, 120) and p-
methylbenzenesulfonamid&?p, 12q) were used to explore a possible X-bond and hywbg
interaction, and again activity decreased for athpounds, indicating a narrow cavity in which
the amino group was located. Interestingly, whentthio hydrogens of the amino group were
replaced by piperazindpl retained activity (8.24M), perhaps due to rigidity of the piperazine
group that translocated the structure outward teuen H-bond interaction between polar
hydrogen on the piperazine group with the carbaxylgen. In contrast, with an amino group
replaced by morpholing2m exhibited a reduced potency, confirming the presesf a carbonyl

group in the amino group interaction region.

2.1.4. Binding mode analysis

Since the complicated activity of Vif, the crystdtucture of Vif complex was not resolved
until recently [36], and the binding site @fwas still unclear. Thus, to better understand the
SARs, a binding mode of the most potent inhibitee with Vif (PDB ID 4N9F) was studied by
using Autodock (4.2) [37]. We noted five major himgl pockets on the surface of Vif
(Supplementary Fig. S2, Table S1), and pocket 1thwsargest one but with no biological role.
Pocket 2 was smaller than the former and it ha@faite physiological function, interacting
with ELOC and CULS5 [36, 38, 39]. Although pockets43and 5 also bound A3G and CBF-
[17, 36, 40, 41], they were too small to accomadate Therefore, we focused on pocket 2 and
after 100 repeated dockings on pocket 2 wiflt, three major binding modes were found
(Supplementary Fig. S3 and S4). Basing on the SAR @erivatives, we speculated that mode
1, with the lowest binding energy (-7.31 Kcal/mdhe highest occurrance rate (44%) and the

most (five) intermolecular H-bonds, was the posstibhding mode of2c (Table S2). Moreover,



its active conformation adopted the lowest confdioma bearing two intramolecular H-bonds
(Fig. 3a). The ring C was buried in the hydrophatawity formed by Phell5, Tyr148, llel55,
and Prol157 and the oxygen of trenethoxyl group formed an H-bond with Cys133. Thereo
group of central ring B formed H-bonds with Tyr14@d GIn136, and Tyr148 formed another H-
bond with the carbonyl group @2c. With the intramolecular H-bond between the anand the
amide carbonyl group, a pseudo-four-membered ringcteire formed, reinforcing the ligand
interaction. Another carbonyl group was noted os13P near the C-5 position of ring B (3.43
A), which was not observed in the other two bindingdes, indicating an origin of the X-bond
with Cl and the C-S$* interaction with thiophene. The nitro group afigiA was near the main
chain polar hydrogen of Alal53 and tended to formHabond. Although the sulphone linker
was a little far from Lys156 (distance between bale and amino group on Lys156 = 3.91 A),
due to the flexibility of the side chain of Lysgetii-bond could be easily form&th an induced-

fit process.

Fig. 3. Binding pose analysis df, 12a and12c. (a) The possible binding pose I¥fc with Vif.

(b) Binding mode difference df2a (gray carbon) and2c (green carbon) with Vif. (c) The

binding mode comparison @f(gray carbon) and2c (green carbon).
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Through docking ofl2a to pocket 2, a similar active conformation withc was observed,
with B and C rings well superimposed (Fig. 3b). Doi¢he larger angle between ring A and B of
12a, the whole ring A ofl2a moved downward, rendering the nitro group totkdse the H-bond
interaction with Alal53. Besides, shorter C-O bamdl smaller radius of oxygen increased the
distance of ether oxygen to Lys156 (distance betvetker oxygen and amino group on Lys156

=5.02 A), thus decreasing the possibility of H-ddormation.

As for 1, this molecule adopted a similar active confororatvith 12c, with ring C buried into
the hydrophobic cavity mentioned above and an Hlbeas formed between the oxygenoef
methoxyl group and Cys133 (Fig. 3c). Differentlythwut the amino group, the H-bond between
1 and Tyr1l48 or GIn136 was not observed. Besideshowt the restriction of amino
intramolecular H-bond, torsion occurred on the ardnd, making carbonyl oxygen atom far
away from Tyrl48 and thereby losing another H-banith Tyr148. Apart from that, A and B
rings moved outward, and the distance betweenithee and Alal53 increased, which impaired
the H-bond. When the sulfide bridge was replace@éthgr oxygen, due to the smaller radius of
oxygen and shorter C-O bond, the whole ring A moweehard and the distance of the nitro and
Alal53 was decreased, which might partially restthe H-bond interaction. That is in
agreement with the slightly improved activity ofygen ether analogue df in the reported

researches (Supplementary Fig. S5) [22, 23].

2.1.5. Synthetic routes of representative compounds

Processes for the preparation of compounds in ghisly were similar, and six typical
compoundsZ, 11a, 12, 12b, 12c, and13a) were described in Scheme 1. Synthetic procedure o
other analogues was described in Experimental@echitermediatl was obtained through

thiolation between 3-bromothiophene-2-carboxylicdand 4-nitrobenzenethiol using base and

11



copper nanopowder, which was then converted toctireesponding acyl chloride and was
further reacted with 2-methoxyaniline to aff@qScheme 1a). For molecul2, in the presence
of condensing agents, the intermedid®® was obtained by the amidation reaction between 2-
amino-6-bromobenzoic acid ana-anisidine. Subsequentlyl2l was mixed with 4-
nitrothiophenol in the presence of copper nanopovaael base to generai@. Afterwards,12
was oxidized by hydrogen peroxide dissolving inmaebl or acetic acid to give sulfoxid@b

or sulfonel2c, respectively (Scheme 1b). As for optimizationstted amino group of ring B,
substituents were introduced under base conditikmr. example,11a was obtained in the
presence of potassium carbonate and iodometharteerftec 1c). While for the synthesis of
glycine prodrugl3a, 12c was reacted with boc-glycine under the conditidncandensation
agents to afford the intermediate, which was themegatedlL3a through deprotection (Scheme

1d).

12
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Scheme 1. Synthetic of representative compoundReagents and conditions: (a) 4-
Nitrothiophenol, copper nanopowder, O3, DMF, 55 °C, 8 h. (b) SOglcat. DMF, 80 °C, 2 h.
(c) 2-Methoxyaniline, EN, benzene, 80 °C, 2 h. (d) 2-Methoxyaniline, EDTHF, RT, 2 h. (e)
4-Nitrothiophenol, KCOs;, copper nanopowder, DMF, 65 °C, 8 h. (f) 35%k CH;OH, 66 °C,
40min. (g) 35% HO,, acetic acid (HAc), 55 °C, 3 h. (h) lodomethaneCR&s;, DMF, 50 °C, 10

h. (i) Gly-Boc, DCC, HOBt, DCM, RT. (j) TFA/DCM (8), RT, 2 h.
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2.2. Biological activity

2.2.1. 12c¢ protects APOBEC3G from Vif-mediated degradation.

Since Vif was reported to mediate the degradatibrA8G [42], a fluorescent primary
screening assay was used to mead2eeffects on Vif-mediated A3G degradation. Results
showed that the EYFP fluorescencelaé-treated cells were greater than those in DMSQdka
cells (Fig. 4a). Also, compared wifl) 12c protected A3G better at the same concentratiosh, an
12c protection of A3G against Vif-mediated degradatwas dose-dependent (Fig. 4a and 4b).
To verify that 12c inhibited Vif-A3G interaction, TREX-hvif-15 cellsvere transfected with
pcDNA3.1-APOBEC3G-HA and total cellular proteinsre@xtracted 48 hours post-transfection
for Vif and HA tag analysis. Results showed thatGA@ecreased in the presence of Vif and this
was reversed with the addition &iZc, and A3G increased with increasing concentratafri2c
(Fig. 4c). In nonpermissive PBMCs infected withnaal strain HIV-%c.;, Vif-mediated
degradation of A3G was inhibited W2c and Vif expression was decreased with increasing
concentration ofi2c, also, p24 expression was blocked (Fig. 4d). Adise results proved that

12c¢ had the ability of inhibiting Vif-mediated A3G deglation.

14
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Fig. 4. Effects of 12c on the expression of A3G, Vif, and p24. TREX-hi§-cells were

transfected with EYFP-N1-hA3G, and Vif was indudsdl ng/mL Dox. The cells were treated

with or without12c (a) orl (b), respectively. The EYFP fluorescence was datexd by flow

cytometry and no Vif expression was set to 100%. gcDNA3.1-APOBEC3G-HA was

transfected into TREX-hvif-15 and Vif expressionsnaduced by 0.1ig/mL Dox. (d) PBMCs

were infected with HIV-1c; in the presence or absencel@t. The total cellular protein was

extracted, and the expression of A3G, Vif, HA tag@4 andp-actin (internal control) were

determined by western blot.
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2.2.2. 12c inhibits HIV-1 replication in different cell lines with relatively low cytotoxicity

The antiviral activity ofl2c was measured in H9 cells and PHA-stimulated PBM{scells
were infected with NL4-3 and PBMCs were infectethvalinical strains HIV-kwo1s, HIV-11c.1,
HIV-1wan, and HIV-Xe163 the former three of which are prevalent in Chi#a, 44]. Result
showed thafl2c effectively inhibited replication of different vaditype HIV-1 strains in different
cell lines (Table 3). E§gvalues ofl2c against lab-adaptive strains ranged from 0.528-AN.
Moreover,12c had low cytotoxicity against H9 cells and PBMCsthwCCsp values higher than

462 M.

Table 3. Anti-HIV-1 activitiesof 12cin cdll cultures®

Célls Virus Subtype CCso(uM)° ECso (uM)°

H9 NL4-3 B > 462 1.40+0.13

PBMC HIV-1«mo1s B/C® > 468 17.8 £+6.30
HIV-1sg162 B 17.8 +4.20
HIV-11c4 CRFO1-AE 0.522 +0.11
HIV-1wan CRFO1-AE 295+1.14

2All data represent means + standard deviation lioeet separate experimenf€Cso, 50%

cytotoxic concentratiofECso, 50% effective concentratiof8/C, B/C recombinant.

2.3 Solubility optimizations of 12c

The aqueous and organic solvent solubilities, fpanticoefficient (log p), and plasma protein
binding of12c were measured. Data showed that aqueous soludilitc was poor but organic
solubility was high (Supplementary Table S3, S4] &b).12c was readily bound to plasma
protein (Fig. 5a), which might lead to potentidibyv activity after absorbed mvo. In order to
improve the aqueous solubility &Pc, water-soluble glycine and phenylalanine prodroig$2c
were then synthesised3a and 13b, respectively, Strategy VII, Fig. 1) [45-50]. Theater

solubility was increased significantly, and theusolity of 13a and13b were improved to 1730
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and 120pug/mL, respectively (Supplementary Table S3). Mosrp\u3a and 13b showed
obviously enhanced activity in H9 cells (0.248 dnd6 uM, respectively, Table 1), probably
because of the increased aqueous solubility. Pratealyses showed thiBa reduced Vif level
and improved A3G expression in a dose-dependennenalike 12c (Fig. 5b). Considering
potent antiviral activity, low-cost and synthetifi@ency, the glycine prodrud3a was chosen

as a candidate prodrug tic.

The forced degradation studies X#a were then studied using different pH buffer sao$
and human liver microsomes (HLM)3a was stable at pH 4 and 7 (Fig. 5c¢), and about 60%
13a remained 180 h after exposure to pH 4 buffer. Haredegradation df3a accelerated with
increasing pH, and > 90% df3a was hydrolyzed at pH 9 in 15 h. Then, HLM metatli
studies were used to examih®a enzymatic degradation. Data showed ttizd was degraded
within 15 min (10 min, 76.3%; 15 min, 99.9%) to {herentl2c (Fig. 5d, Supplementary Fig. S6

and S7). After 20 min, the prodrwas undetectable.
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Fig. 5. Degradation researches and effects on the expres$iA3G, Vif, and p24 ofi3a. (a)
Plasma protein binding rate @Pc at different concentrations (5, 20 and 82mL). (b) 293T
cells were co-transfected with pcDNA3.1-APOBEC3G-kAd pNL4-3 in the presence or
absence o13a. The total cellular protein was extracted, andekgression of A3G, Vif, HA tag,
p24 andB-actin (internal control) were determined by westklot. (c) Degradation research of
13a at pH 4, pH 7, and pH 9. (d) Degradation reseafct8a in human liver microsome (HLM)
in 0.1 M phosphate buffer (pH 7.4) containingi@6NADPH generating system at 37 °C for O,

5, 10, 15, 20, 40 min, respectively.

3. Conclusions

In summary, through the optimizations on the cérdrang of 1, a new HIV-1 Vif antagonist
12c was found. The SAR af2c derivatives revealed that two hydrogens of thenangroup
were crucial to improve the antiviral activity, Wibne hydrogen forming an H-bond with Vif,
and the other hydrogen conferring rigidija an intramolecular H-bond with the carbonyl
oxygen. In nonpermissive H9 cell&c showed improved activity about 150-fold comparethw
1. 12c protected the expression of A3G more effectivédgntl at the same concentration.
Meanwhile, 12c significantly inhibited Vif-mediated degradatiof A3G, and Vif expression
was decreased with the concentration increasingvedisas p24 expression. Further biological
activity assays showed a promising inhibitory efffgfcl2c against various wild-type strains with
low cytotoxicities. To improve the water solubiligmino acids (glycine and phenylalanine) was
conjugated withl2c and the glycine prodru§3a enhanced the aqueous solubility more than
2,600 times. In addition, the antiviral activity a was increased obviously compared wiific
(0.228 uM). The efficient antiviral effect and good solutyil make 13a a potential drug for

treating AIDS.
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4. Experimental
4.1. General information

Proton magnetic resonancél(NMR) spectra was recorded on a Bruker (Avancd0D MHz)
spectrometer. Chemical shifts were reported insppdr million (ppm,é scale) relative to
tetramethylsilane § 0.00). Data are represented as follows: chemikdt, snultiplicity (s =
singlet, d = doublet, t = triplet, g = quartet, nmslltiple resonances, br = broad, app = apparent),
integration, and coupling constani) (in Hertz. Splitting patterns that could not besiba
interpreted are designated as multiplet (m) or dr@i@). Carbon nuclear magnetic resonance
(**C NMR) spectra was recorded on a Bruker (Avanc&0l MHz) (100 MHz) spectrometer.
High resolution Mass Spectroscopy (HRMS) was perémt on an ESI-QTOF mass
spectrometer (Micromass, UK) equipped with an oitangeable ESI Z-spray source. All final
compounds were purified to > 95% purity as deteedihy HPLC (Dionex Ultimate 3000, USA)
analysis using the following methods. Purity aniglyd final compounds was performed through
a Gg Acclaim 120 (particle size =jom, pore size = 12 nm, dimensions = 250 x 4.6 mrynon.
The injection volume was 1@ and the flow rate was 1.0 mL/min. Each analyastdd for 20
minutes. The percentage of each solvent and retetitnes (RupLc) and purity data (%) are

displayed in the analytical data of the respeatim@pounds in Experimental Section.
4.2. General procedure for the synthesig-&8.
4.2.1. 3-((4-nitrophenyl)thio)thiophene-2-carboxylic acid (21)

3-bromothiophene-2-carboxylic acid (2070 mg, 10 fym&-nitrobenzenethiol (1860 mg, 12

mmol), copper nanopowder (320 mg, 5 mmol) and ardugipotassium carbonate (2760 mg, 20
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mmol) was dissolved in DMF (50 mL), and the mixtuvas stirred at 55 °C for 8 hours the
reaction was monitored using TLC. The reaction orxtwas cooled to room temperature,
filtered and washed with DMF (2 x 5 mL). The filieavas acidified using 5N HCI leading to the
precipitation of crude product. The crude residwes wiluted with ethyl acetate (150 mL) and
washed with water (2 x 50 mL). The organic layeswaed over anhydrous h&O,, filtered,
and concentrated. The oily residue was appliedlicasgel column chromatography (1:4 viv
ethyl acetate/petroleum ether) to afford a yellalids(2166 mg, 77%)'*H NMR (400 MHz,
DMSO-dg) 6 = 6.79 (d,J = 7.2Hz, 1H), 7.65 (dJ = 10Hz, 2H), 7.90 (dJ = 7.2Hz, 1H), 8.24 (d,

J= 8.8Hz, 2H), 13.42 (s, 1H).
4.2.2. N-(2-methoxyphenyl)-3-((4-nitrophenyl )thio)thiophene-2-carboxamide (2)

A solution of 3-((4-nitrophenyl)thio)thiophene-2¢banyl chloride (prepared by stirring af
(281 mg, 1 mmol) in SOEI(15 mL) at 78 °C for 2 h followed by concentratiohthe mixture
under reduced pressure) in anhydrous THF (25 mls) adgled slowly to a stirred mixture of 2-
methoxyaniline (98.4 mg, 0.8 mmol) and®{0.416 mL, 3 mmol) dissolved in 10 mL THF at
0 °C. The reaction mixture was stirred for 2 hoatrsoom temperature and concentrated under
reduced pressure. The oily residue was diluted etilyl acetate (50 mL) and washed with water
(2 x 20 mL), dried over anhydrous 2, filtered, and concentrated under reduced pressure
The residue was applied to silica gel column chitography (1.6 v/v ethyl acetate/petroleum
ether) to afford a white solid (300.6 mg, 77.8%). pn 138.4-138.9 °C*H NMR (400 MHz,
CDCl;) 6 = 3.75 (s, 3H), 6.86 (dl = 8.0Hz, 1H), 6.98 (tJ = 8.0Hz, 1H), 7.07 (m, 1H), 7.16 (d,

J = 5.2Hz, 1H), 7.26 (dJ = 8.8Hz, 2H), 7.67 (dJ = 4.8Hz, 1H), 8.14 (dJ = 8.4Hz, 2H), 8.45

(dd,J = 8.0,1.6Hz, 1H), 10.11 (s, 1H); HRMS (ESI) calcd @gH1sN,0.S, [M+H] *: 387.0473,
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found: 387.0476; RypLc = 11.077 min, Purity > 99%, MeOH;B = 75:25, 30 °C. The same

procedure was also followed for the syntheses; 4f5, 6, 7, 8, 9 and10.
4.2.3. N-(2-methoxyphenyl)-4-((4-nitrophenyl )thi o)thiophene-3-carboxamide (3)

Yellow solid; 63.7% yield; m. p. 137.0-137.9 *8;NMR (400 MHz, CDC}) ¢ = 3.80 (s, 3H),
6.85 (d,J = 8.0Hz, 1H), 6.95 (t) = 8.0Hz, 1H), 7.05 (m, 1H), 7.18 (d= 6.8Hz, 2H), 7.75 (dJ
= 3.6Hz, 1H), 8.08 (dJ = 6.8Hz, 2H), 8.41 (ddJ = 8.0,1.2Hz, 1H), 8.44 (d] = 3.6Hz, 1H),
9.68 (s, 1H); HRMS (ESI) calcd for;§H15N20,S, [M+H]™: 387.0473, found: 387.04795Re.c

=15.677 min, Purity > 99%, MeOH:B = 75:25, 30 °C.
4.2.4. N-(2-methoxyphenyl)-2-((4-nitrophenyl )thio)nicotinamide (4)

White solid; 67% yield; m. p. 132.9-133.2 &t NMR (400 MHz, CDC}) = 3.91 (s, 3H),
6.94 (d,J = 8.0Hz, 1H), 7.04 (t) = 7.6Hz, 1H), 7.14 (m, 1H), 7.27 (d= 12.0Hz, 2H), 7.66 (d,
J = 8.4Hz, 1H), 7.98 (dJ = 7.6Hz, 1H), 8.20 (dJ = 8.8Hz, 2H), 8.49 (brs, 3H); HRMS (ESI)
calcd for GgH16N3O4S [M+H]": 382.0862, found: 382.0864:Re.c = 6.587 min, Purity > 99%,

MeOH:H,O = 75:25, 30 °C.
4.2.5. 5-chloro-N-(2-methoxyphenyl)-2-((4-nitrophenyl)thio)benzamide (5)

Yellow solid; 72% vield; m. p. 117.4-118.4 °4 NMR (400 MHz, CDC}) § = 3.80 (s, 3H),
6.87 (d,J = 8.0Hz, 1H), 6.67 (tJ = 8.0Hz, 1H), 7.08 (m, 1H), 7.29 (d= 8.4Hz, 2H), 7.49 (m,
2H), 7.77 (s, 1H), 8.07 (dl = 8.8Hz, 2H), 8.36 (s, 1H), 8.38 (s, 1H); HRMS (E8#)cd for
CooH16CIN2O,S, [M+H]™: 415.0519, found: 415.0520;1Reic = 14.180 min, Purity > 99%,

MeOH:H,O = 75:25, 30 °C.
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4.2.6. 5-fluor o-N-(2-methoxyphenyl)-2-((4-nitr ophenyl )thio)benzamide (6)

Yellow solid; 69.3% yield; m. p. 110.0-111.2 °&§ NMR (400 MHz, CDC}) 6 = 3.77 (s,
3H), 6.86 (dJ = 8.0Hz, 1H), 6.97 (t) = 7.6Hz, 1H), 7.08 (m, 1H), 7.25 (m, 3H), 7.55 (dd
8.8,2.8Hz, 1H), 7.62 (m, 1H), 8.06 @= 8.8Hz, 2H), 8.37 (dJ = 7.2Hz, 1H), 8.45 (s, 1H);
HRMS (ESI) calcd for gH16FN.O4S [M+H]": 399.0815, found: 399.0818;1Rsic = 10.170

min, Purity > 99%, MeOH:kD = 75:25, 30 °C.
4.2.7. N-(2-methoxyphenyl)-2-((4-nitrophenyl )thi 0)-5-(trifluor omethyl )benzamide (7)

Yellow solid; 77.9% vyield; m. p. 99.9-101.7 & NMR (400 MHz, CDCJ) ¢ = 3.85 (s, 3H),
6.90 (d,J = 8.1Hz, 1H), 6.99 (tJ = 7.6Hz, 1H), 7.11 (td) = 8.0, 1.5, 1H), 7.44 (d, = 8.8, 2H),
7.52 (d,J = 8.3Hz, 1H), 7.67 (dd) = 8.3, 1.5, 1H), 7.97 (s, 1H), 8.14 Jt= 5.7, 2H), 8.39 (dJ
= 6.2, 2H); HRMS (ESI) calcd for GH16F3N20,S [M+H]": 449.0783, found: 449.0782;Re.c

= 14.587 min, Purity > 98%, MeOH:B = 75:25, 30 °C.
4.2.8. N-(2-methoxyphenyl)-5-nitro-2-((4-nitrophenyl)thio)benzamide (8)

Yellow solid; 52% vyield;"H NMR (400 MHz, DMSOd): J = 3.938 (S, 3H), 6.76 (d, J=8.4
Hz, 1H), 7.06 (t, J=8 Hz, 1H), 7.18 (t, J=7.6 H&)17.70 (m, 2H), 8.15 (d, J=8.8 Hz, 2H), 8.23
(m, 3H), 8.39 (m, 2H); HRMS (ESI) calcd for,¢8:sNsNaQsS [M+Na]": 448.0579, found:

448.0584; RuypLc = 12.427 min, Purity > 99%, MeOH:B = 75:25, 30 °C.
4.2.9. N-(2-chloro-5-((4-nitrophenyl)thio)pyrimidin-4-yl)-2-methoxybenzamide (9)

White solid; 59.2% vyield; m. p. 84.9-87.2 °t&{ NMR (400 MHz, CDC}) J = 4.00 (s, 3H),

7.05 (m, 3H), 7.56 (1) = 7.6Hz, 1H), 7.71 (t) = 7.6Hz, 2H), 7.86 (d] = 8.8Hz, 1H), 8.28 (dJ
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=8.24, 2H); HRMS (ESI) calcd for gH14CINOsS [M+H]": 417.0424, found: 417.04265ReLc

=12.073 min, Purity > 98%, MeOH: B = 75:25, 30 °C.
4.2.10. N-(2-aminophenyl)-2-nitro-6-((4-nitrophenyl)thio)benzamide (10)

White solid; 68.5% yield; m. p. 200.7-201.6 €& NMR (400 MHz, CDCJ) § = 3.57 (brs,
2H), 6.83 (d,J = 8.0Hz, 2H), 7.14 (t) = 7.2Hz, 1H), 7.22 (d] = 8.0Hz, 2H), 7.40 (d] = 8.0Hz,
2H), 7.68 (tJ = 7.6Hz, 1H), 7.85 (d] = 8.0Hz, 1H), 7.09 (d] = 8.0Hz, 2H), 8.31 (d] = 8.0Hz,
1H); HRMS (ESI) calcd for GH1sN4OsS [M+H]": 411.0763, found: 411.076Ry ppic = 4.287

min, Purity > 99%, MeOH:kD = 75:25, 30 °C.
4.2.11. 5-amino-N-(2-methoxyphenyl )-2-((4-nitrophenyl )thio)benzamide (11)

Yellow solid; 84% yield; m. p. 141.0-142.3 °& NMR (400 MHz, CDC}) § = 3.71 (s, 3H),
4.20 (brs, 2H), 6.82 (m, 2H), 6.95 Jt= 7.6Hz, 1H), 7.04 (t) = 8.0Hz, 1H), 7.14 (m, 3H), 7.42
(d,J = 8.0Hz, 1H), 8.03 (d) = 9.2Hz, 2H), 8.40 (d) = 8.0Hz, 1H), 8.45 (brs, 1H); HRMS (ESI)
calcd for GoH1gN304S [M+H]": 396.1018, found: 396.1021;5Re.c = 7.207 min, Purity > 99%,

MeOH:H,O = 75:25, 30 °C.
4.2.12. N-(2-methoxyphenyl)-5-(methylamino)-2-((4-nitrophenyl)thio)benzamide (11a)

11 (395 mg, 1 mmol) was dissolved in DMF (40 mL) drehted with anhydrous potassium
carbonate (276 mg, 2 mmol) at room temperaturethiiomixture was added iodomethane (56
uL, 0.9 mmol)via a micro syringe. After being stirred for 10 hout$@ °C, the reaction mixture
was poured into ice-cold water (200 mL) to get erpdoduct. The crude solid was filtered and
washed several times with water and purified hgaigel column chromatography (1:6 v/v ethyl

acetate/petroleum ether) to provide a yellow s@lid6.3 mg, 43% yield). m. p. 150.4-151.6 °C;
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'H NMR (400 MHz, CDCJ) 6 = 2.93 (s, 3H), 3.69 (s, 3H), 4.24 (brs, 1H), 7(@2) = 8.4Hz,
1H), 6.82 (d,J = 8.0Hz, 1H), 6.94 (t) = 6.4Hz, 1H), 7.03 (m, 2H), 7.13 (d,= 8.8Hz, 2H),
7.43 (d,J = 8.4Hz, 1H), 8.02 (dJ = 8.8Hz, 2H), 8.41 (d) = 8.0Hz, 1H), 8.45 (brs, 1H); HRMS
(ESI) calcd for GiHaoN304S [M+H]*: 410.1175, found: 410.1179;5Reic = 11.117 min, Purity >
99%, MeOH:HO = 75:25, 30 °C. The same procedure was alsowellofor the syntheses of

12d, 12f, 12h, 12j and12k.
4.2.13. 5-(dimethylamino)-N-(2-methoxyphenyl )-2-((4-nitrophenyl )thio)benzamide (11b)

11 (395 mg, 1 mmol) was dissolved in DMF (40 mL) drehted with anhydrous potassium
carbonate (552 mg, 4 mmol) at room temperaturehi®omixture was added iodomethane (156
uL, 2.5 mmol)via a micro syringe. After being stirred for 10 hout$@ °C, the reaction mixture
was poured into ice-cold water (200 mL) to get erpdoduct. The crude solid was filtered and
washed several times with water and purified hgaigel column chromatography (1:8 v/v ethyl
acetate/petroleum ether) to provide a yellow s(8180.8 mg, 78.1% yield}H NMR (400 MHz,
CDCl;) 6 = 3.09 (s, 6H), 3.69 (s, 3H), 6.83 (m, 2H), 6.8% € 6.8Hz, 1H), 7.04 (tJ = 7.6Hz,
1H), 7.13 (m, 3H), 7.47 (d,= 8.4Hz, 1H), 8.03 (d) = 9.2Hz, 2H), 8.43 (dd] = 8.0,1.2Hz, 1H),
8.48 (brs, 1H); HRMS (ESI) calcd for2:N30,4S [M+H]™: 424.1331, found:424.13365Rpic
= 6.953 min, Purity > 98%, MeOH3Z = 75:25, 30 °C. The same procedure was alsowello

for the syntheses dPe.
4.2.14. 5-acetamido-N-(2-methoxyphenyl )-2-((4-nitrophenyl)thio)benzamide (11c)

11 (395 mg, 1 mmol) was dissolved in DCM (30 mL) abm temperature. To this mixture
was added acetic anhydride (122 mg, 1.2 mmol)pWald by the addition of DMAP (61 mg, 0.5

mmol). After being stirred for 5 hours at room tesrgiure, the reaction mixture was
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concentrated under reduced pressure. The cruddueesvas diluted ethyl acetate (60 mL),
washed with water (2 x 15 mL), dried over anhydrblasSO;, filtered, and concentrated under
reduced pressure. The residue was purified byasgel column chromatography (1:6 v/v ethyl
acetate/petroleum ether) to provide a yellow s@li?gl0 mg, 96% yield). m. p. 191.4-193.2 °C;
'H NMR (400 MHz, CDCY) § = 2.18 (s, 3H), 3.73 (s, 3H), 6.85 (b= 8.4Hz, 1H), 6.95 (1) =
7.6Hz, 1H), 7.07 (tJ = 8.0Hz, 1H), 7.19 (dJ = 8.8Hz, 2H), 7.56 (dJ = 8.8Hz, 1H), 7.83 (d\J

= 1.6Hz, 1H), 7.94 (dJ = 8.0Hz, 1H), 7.98 (brs, 1H), 8.04 (d,= 9.2Hz, 2H), 8.35 (dJ =
7.6Hz, 1H), 8.51 (brs, 1H); HRMS (ESI) calcd fop8,0N30sS [M+H]": 438.1124, found:

438.1127; RupLc = 7.240 min, Purity > 99%, MeOH:D = 75:25, 30 °C.
4.2.15. Synthesis of 2-amino-6-bromo-N-(2-methoxyphenyl)benzamide (121)

2-methoxyaniline (369 mg, 3 mmol) and EDCI (230 nig2 mmol) were mixed in
tetrahydrofuran (30 mL) with a magnetic stirrer 5omin at room temperature (RT), and to this
mixture was slowly added a solution of 2-amino-6fbobenzoic acid (215 mg, 1 mmol) in
tetrahydrofuran (20 mL). After stirred for 2 howasRT, the reaction mixture was concentrated
under reduced pressure and then was diluted witterw(@0 mL). The aqueous layer was
extracted with ethyl acetate (3 x 15 mL) and thenlsimed organic layers were dried over
anhydrous sodium sulfate, filtered, and concerdraide oily residue was applied to silica gel
column chromatography (1:5 v/v ethyl acetate/petrol ether) to affordl2l as a white
amorphous solig243 mg, 76% yield). m. p. 124.1-125.3 %&; NMR (400 MHz, DMSOsg) 6
=3.80 (s, 3H), 5.33 (s, 2H), 6.72 (d, J = 8Hz,,164Y8 (d, J = 8Hz, 1H), 6.99 (m, 2H), 7.07 (d, J
= 8.4Hz, 1H), 7.18 (t, J = 7.6Hz, 1H), 7.85 (t, 3.2Hz, 1H), 9.43 (s, 1H}’C NMR (100 MHz,

DMSO-ds) 6 = 55.8, 111.5, 114.3, 119.2, 119.6, 120.3, 12883,9, 125.8, 126.6, 130.7, 147.2,
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151.2, 165.1; HRMS (ES|) calcd fOIj_ﬂH]ABerOz [M+H]+: 321.0239, found: 321-024R;T,HPLC

= 6.187 min, Purity > 98%. MeOH3@ = 70:30, 30 °C.
4.2.16. Synthesis of 2-amino-N-(2-methoxyphenyl)-6-((4-nitrophenyl)thio)benzamide (12)

121 (320 mg, 1 mmol), 4-nitrothiophenol (310 mg, 2 nypoopper nanopowder (32 mg, 0.5
mmol) and anhydrous potassium carbonate (414 nmym®l) were mixed in DMF (40 mL) at
RT. Then the reaction flask was heated in an dih laé 65 °C. After 8 hours, the heating bath
was removed and the reaction flask was alloweatd to RT. The reaction mixture was filtered
and the liquid layer was diluted with water (40 mextracted with ethyl acetate (3 x 20 mL),
washed with water (6 x 15 mL), dried over anhydrblasSO;, filtered, and concentrated under
reduced pressure. The residue was purified byasgel column chromatography (1:3 v/v ethyl
acetate/petroleum ether) to provide the prod2cas a yellow amorphous solid (296.3 mg, 75%
yield); m. p. 135.0-136.0 °GH NMR (400 MHz, CDCY) § = 3.69 (s, 3H), 4.54 (br, 2H), 6.84
(d, J = 8Hz, 2H), 6.95 (m, 2H), 7.06 (t, J = 8Hi)17.22 (m, 3H), 8.03 (d, J = 7.6Hz, 2H), 8.23
(s, 1H), 8.32 (d, J = 7.6Hz, 1HYC NMR (100 MHz, DMSOdq) § = 55.6, 111.3, 117.0, 120.2,
122.9, 123.3, 123.9, 125.4, 126.6, 126.9, 130.4,74146.9, 148.5, 150.7, 165.1; HRMS (ESI)
calcd for GoH1gN304S [M+H]™: 396.1018, found: 396.10205Re.c = 12.583 min, Purity > 99%,
MeOH:H,O = 60:40, 30 °C. The same procedure was alsowelliofor the syntheses &fl and

12a.
4.2.17. 2-amino-N-(2-methoxyphenyl )-6-(4-nitrophenoxy)benzamide (12a)

Yellow solid; 38% yield; m. p. 136.3-137.9 °& NMR (400 MHz, CDC}) § = 3.77 (s, 3H),
5.88 (brs, 2H), 6.28 (d,= 8Hz, 1H), 6.60 (dJ = 8Hz, 1H), 6.90 (m, 2H), 7.67 @,= 8Hz, 1H),

7.00 (d,J = 8Hz, 2H), 7.18 (tJ = 8Hz, 1H), 8.21 (dJ = 8.8Hz, 2H), 8.42 (d] = 8Hz, 1H), 9.49

26



(s, 1H); HRMS (ESI) calcd for £H1/NsNaQs [M+Na]™: 402.1066, found: 402.1052;Rs.c =

9.533 min, Purity > 98%, MeOH4® = 75:25, 30 °C.
4.2.18. 2-amino-N-(2-methoxyphenyl)-6-((4-nitrophenyl)sulfinyl)benzamide (12b)

12 (395 mg, 1 mmol) was dissolved in gbH (30 mL) with a magnetic stirrer at RT, and 35%
H,0, (0.258 mL, 3 mmol) was added slowly to this sa@ntiThis reaction mixture was heated in
an oil bath at 66 °C and monitored using TLC. Téaction was quenched with Mp@t RT.

The mixture was filtered and the residue was wash#d ethyl acetate (3 x 5 mL). The liquid
layer was concentrated under reduced pressurehendily residue was purified by silica gel
column chromatography (1:4 v/v ethyl acetate/petrol ether) to provide a yellow solid; 44.3%
yield; m. p. 192.7-194.2 °GH NMR (400 MHz, CDC)) § = 3.90 (s, 3H), 4.46 (brs, 2H), 6.88
(d,J = 8.0Hz, 1H), 6.96 (d) = 8.0Hz, 1H), 7.04 (t) = 7.6Hz, 1H), 7.17 (t) = 8.0Hz, 1H), 7.41
(t, J = 8.0Hz, 1H), 7.47 (dJ = 7.2Hz, 1H), 7.91 (dJ = 8.8Hz, 2H), 8.21 (dJ = 8.8Hz, 2H),
8.28 (d,J = 7.2Hz, 1H), 8.75 (brs, 1H); HRMS (ESI) calcd fopg81;NsNaGS [M+NaJ'":

434.0787, found: 434.0784;BeLc = 4.913 min, Purity > 96%, MeOH:D = 75:25, 30 °C.
4.2.19. 2-amino-N-(2-methoxyphenyl)-6-((4-nitrophenyl )sulfonyl )benzamide (12c)

12 (395 mg, 1 mmol) was dissolved in acetic acid {80 with a magnetic stirrer at RT, and
H,0, (0.233 mL, 3 mmol) was added to this solution.sTigaction mixture was heated in an oil
bath at 55 °C and the reaction was monitored usli@. The reaction was quenched with MnO
(305 mg, 3.5 mmol) at RT. The mixture was filteraad the residue was washed with ethyl
acetate (3 x 10 mL). The liquid layer was conceattaunder reduced pressure and the oily
residue was purified by silica gel column chromaaphy (1:2 v/v ethyl acetate/petroleum ether)

to provide the product2c as a yellow amorphous solid (162.4 mg, 38% yiehd).p. 217.0—
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218.8 °C;™H NMR (400 MHz, DMSO#dg) 6 = 3.79 (s, 3H), 5.57 (s, 2H), 7.01 Jt= 7.6Hz, 1H),
7.08 (m, 2H), 7.22 () = 7.6Hz, 1H), 7.29 (d] = 7.6Hz, 1H), 7.36 () = 7.6Hz, 1H), 7.76 (dJ

= 7.6Hz, 1H), 8.16 (dJ = 8.8Hz, 2H), 8.36 (d] = 8.8Hz, 2H), 9.71 (s, 1H}*C NMR (100 MHz,
DMSO-dg) 6 = 55.7, 111.5, 116.8, 120.4, 121.0, 124.4, 12128,2, 126.5, 129.2, 130.0, 136.6,
146.7, 147.2, 149.9, 151.9, 164.2; HRMS (ESI) caimd CyoH1gN3O0sS [M+H]*: 428.0916,
found: 428.0920; Rypic = 9.797 min, Purity > 97%, MeOH:0 = 60:40, 30 °C. The same

procedure was also followed for the synthesel2gf 12i, 120, and12p.
4.2.20. N-(2-methoxyphenyl)-2-(methylamino)-6-((4-nitrophenyl)sulfonyl ) benzamide (12d)

White solid; 85.2% yield; m. p. 262.9—-265.7 °6;NMR (400 MHz, CDC}) § = 3.29 (s, 3H),
4.03 (s, 3H), 4.73 (brs, 1H), 6.66 (dds 8.0,0.8Hz, 1H ), 7.04 (td,= 8.0,1.2Hz, 1H), 7.15 (dd,
J=8.0,1.2Hz, 1H), 7.24 (m, 3H), 7.41 (m, 2H), 7.57, @Hl), 7.95 (d,) = 12.0Hz, 2H); HRMS
(ESI) calcd for GiH19N3NaQOsS [M+NaJ: 464.0892, found: 464.0894;1Rs.c = 3.910 min,

Purity > 98%, MeOH:HO = 80:20, 30 °C.
4.2.21. 2-(dimethylamino)-N-(2-methoxyphenyl)-6-((4-nitrophenyl)sulfonyl )benzamide (12€)

Yellow solid; 77.2% vyield; m. p. 118.5-119.2 °&t NMR (400MHz, CDC}) 6 = 2.76 (dJ =
4.8Hz, 3H), 3.28 (s, 3H), 4.08 (s, 3H), 6.61Jd, 8.0Hz, 1H), 7.09 (t) = 7.6Hz, 1H), 7.13 (d)
= 8.0Hz, 1H), 7.21 (dJ = 7.6Hz, 2H), 7.36 (m, 2H), 7.43 = 6.4Hz, 1H), 7.60 (d) = 9.2Hz,
2H), 7.91 (dJ = 8.0Hz, 2H); HRMS (ESI) calcd for£H»:N3NaQsS [M+Na]': 478.1049, found:

478.1047; RupLc = 4.487 min, Purity > 98%, MeOH: = 80:20, 30 °C.

4.2.22. 2-((2-aminoethyl)amino)-N-(2-methoxyphenyl )-6-((4-nitrophenyl )thio)benzamide (12f)
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Yellow solid; 51% yieldH NMR (400 MHz, DMSOdg) J = 2.73 (t,J = 6.8Hz, 1H), 3.01 (t,
J = 6.4Hz, 1H), 3.19 (tJ = 6.8Hz, 1H), 3.32 (brs, 2H), 3.42 (= 6.8Hz, 1H), 3.63 (s, 3H),
6.91 (m, 3H), 6.98 (d] = 8.0Hz, 1H), 7.08 (tJ = 7.6Hz, 1H), 7.22 (d] = 7.6Hz, 1H), 67.43 (m,
2H), 7.93 (m, 1H), 8.02 (d} = 9.2Hz, 2H), 8.75 (br, 1H), 9.40 (br, 1H); HRMS (E8&lcd for
C2oH23N4O4S [M+H]": 439.1440, found: 439.1443;1Reic = 6.953 min, Purity > 98%,

MeOH:H,O = 75:25, 30 °C.

4.2.23. 2-((2-aminoethyl)amino)-N- (2-methoxyphenyl )-6-((4-nitrophenyl)sul fonyl ) benzamide

(129)

Yellow solid; 49% yield; m. p. 119.3-121.0 °& NMR (400 MHz, DMSOd) J = 3.16 (t,J
= 6Hz, 2H), 3.51 (t) = 6.4Hz, 2H), 3.73 (s, 3H), 6.89 (d= 8.0Hz, 1H), 7.00 (m, 3H), 7.14 (t,
J = 8Hz, 1H), 7.62 (t) = 8.0Hz, 1H), 7.77 (dJ = 8.0Hz, 1H), 7.83 (dJ = 8.0Hz, 1H), 8.15 (d,
J = 9.2Hz, 2H), 8.25 (dJ = 7.2Hz, 1H), 8.45 (s, 1H); HRMS (ESI) calcd fop8,3N406S
[M+H] *: 471.1338, found: 471.13381Rp.c = 5.070 min, Purity > 96%, MeOHz9 = 75:25,

30 °C.
4.2.24. 2-((2-hydroxyethyl)amino)-N- (2-methoxyphenyl)-6-((4-nitrophenyl)thio)benzamide (12h)

Yellow solid; 66% yield; m. p. 82.2—-83.6 °H NMR (400 MHz, CDCJ) J = 3.66 (m, 4H),
3.90 (s, 3H), 6.44 (dl = 8.0Hz, 1H), 6.77 (dJ = 6.7Hz, 1H), 7.02 (m, 3H), 7.37 (m, 4H), 7.57
(m, 1H), 7.97 (dJ = 6.8Hz, 2H), 8.19 (s, 1H); HRMS (ESI) calcd fofB,1NsNaGsS [M+NaJ':

462.1100, found: 462.1100;Re.c = 4.677 min, Purity > 98%, MeOH:0 = 70:30, 30 °C.

4.2.25.  2-((2-hydroxyethyl)amino)-N-(2-methoxyphenyl )-6-((4-nitrophenyl)sul fonyl)benzamide

(12i)
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Yellow solid; 43% vyield;'"H NMR (400 MHz, CDC})) J = 3.67 (m, 2H), 3.96 (1] = 8.4Hz,
2H), 4.02 (s, 3H), 4.75 (br, 1H), 6.69 @@= 8.0Hz, 1H), 7.07 (tJ = 8.0Hz, 1H), 7.14 (dJ =
8.0Hz, 1H), 7.24 (m, 3H), 7.43 (m, 2H), 7.57 (d= 8.0Hz, 3H), 7.99 (dJ = 7.6Hz, 2H);
HRMS (ESI) calcd for gH,1NsNaQ;S [M+NaJ: 494.0998, found: 494.099R ypic = 4.017

min, Purity > 96%, MeOH:kD = 75:25, 30 °C.

4.2.26. 2-((2-amino-2-oxoethyl)amino)-N-(2-methoxyphenyl)-6-( (4-nitrophenyl)thio)benzamide

(12))

White solid; m. p. 204.4—205.4 °C; 86.1% vyiels NMR (400 MHz, DMSOdg) 6 = 3.78 (s,
3H), 5.34 (brs, 2H), 5.85 (s, 2H), 6.46 (m, 2HF®B(t,J = 7.2Hz, 2H), 6.76 (1) = 7.2Hz, 2H),
6.99 (d,J = 8.0Hz, 2H), 7.16 (m, 3H), 7.43 (d= 7.2Hz, 1H), 7.55 (s, 1H); HRMS (ESI) calcd
for CooH21N4OsS [M+H]™: 453.1233, found: 453.1234;1Rpic = 3.697 min, Purity > 97%,

MeOH:H,O = 75:25, 30 °C.
4.2.27. 2-((2-bromoethyl )amino)-N-(2-methoxyphenyl)-6-((4-nitrophenyl )thio)benzamide (12k)

Yellow solid; 59.5% yield; m. p. 111.3-113.0 °& NMR (400 MHz, CDC}) § = 3.3 (m,
2H), 3.57 (tJ = 6Hz, 2H), 3.81 (s, 3H), 4.14 (brs, 1H), 6.47J¢; 8Hz, 1H), 6.58 (dJ = 6.4Hz,
1H), 7.00 (m, 3H), 7.22 (m, 1H), 7.37 (m, 3H), 76 1H), 8.03 (m, 1H), 8.23 (s, 1H); HRMS
(ESI) calcd for GyH21BrNsO4S [M+H]™: 502.0436, found: 502.0438;tRrc = 5.560 min,

Purity > 97%, MeOH:HO = 80:20, 30 °C.
4.2.28. N-(2-methoxyphenyl)-2-((4-nitr ophenyl )thi 0)-6-(piperazin-1-yl)benzamide (12I)

12 (395 mg, 1 mmol) was dissolved in DMF (40 mL) abm temperature. To this mixture

was added bis(2-bromoethyl)amine (231 mg, 1 mnfollpwed by the addition of NaOH (0.08
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g, 2 mmol). After being stirred for 2 hours at rotemperature, the reaction mixture was poured
into ice-cold water (200 mL) to get crude produthe crude solid was filtered and washed
several times with water and purified by silica gelumn chromatography (1:3 v/v ethyl
acetate/petroleum ether) to provide a yellow s(880.9 mg, 82% vyield). m. p. 297.3-299.6 °C;
'H NMR (400 MHz, DMSOds) § = 3.36 (m, 5H), 3.56 (m, 3H), 3.82 (s, 3H), 6.46)= 8.0Hz,
1H), 6.58 (m, 1H), 6.99 (m, 2H), 7.22 (m, 1H), 7(&7, 3H), 7.57 (m, 1H), 8.04 (m, 2H), 8.25 (s,
1H); HRMS (ESI) calcd for &H2sN404S [M+H]": 465.1597, found: 465.15905Re c = 5.553
min, Purity > 97%, MeOH:kD = 80:20, 30 °C. The same procedure was alsowellofor the

syntheses af2m.
4.2.29. Synthesis of N-(2-methoxyphenyl)-2-mor pholino-6-((4-nitrophenyl )thio)benzamide (12m)

Yellow solid; 67% vyield; m. p. 292.0-292.9 °& NMR (400 MHz, CDC}) 6 = 2.95 (m, 1H),
3.16 (m, 4H), 3.56 (t) = 12.4Hz, 1H), 3.71 (m, 4H), 3.85 (m, 1H), 6.80 (8))16.97 (d,J =
8.4Hz, 1H), 7.08 (dJ = 9.2Hz, 2H), 7.34(t) = 6.8Hz, 1H), 7.43 (m, 3H), 7.55 (d,= 6.4Hz,
1H), 8.18 (d,J = 8.8Hz, 2H); HRMS (ESI) calcd for £H24N30sS [M+H]": 466.1437, found:

466.1440; RuypLc = 6.247 min, Purity > 99%, MeOH:9 = 75:25, 30 °C.
4.2.30. N-(2-methoxyphenyl)-2-((4-nitrophenyl)thi 0)-6-(phenyl sulfonamido)benzamide (12n)

12 (395 mg, 1 mmol) was dissolved in azabenzene (4) ah room temperature. To this
mixture was added benzenesulfonyl chloride (0.211.9 mmol). After being stirred for 10
hours at room temperature, the reaction mixture ezaentrated under reduced pressure. The
crude residue was diluted ethyl acetate (50 mLshed with water (3 x 20 mL), dried over
anhydrous Nz50O,, filtered, and concentrated under reduced pres3ine residue was purified

by silica gel column chromatography (1:4 v/v ethgktate/petroleum ether) to provide a white
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solid (358.9 mg, 67% yield). m. p. 153.1-155.7 38 :NMR (400 MHz, CDC}) § = 3.65 (s, 3H),
6.74 (d,J = 8.0Hz, 1H), 6.85 (t) = 7.6Hz, 1H), 6.91 (dJ = 8.0Hz, 1H), 7.02 (t) = 7.6Hz, 1H),
7.28 (m, 1H), 7.37 () = 8.0Hz, 1H), 7.47 (t) = 7.6Hz, 3H), 7.64 (m, 3H), 8.01 (m, 5H), 8.93
(s, 1H); HRMS (ESI) calcd for £H,:1NsNaGsS, [M+Na]™: 558.0769, found: 558.0772:1ReLc

= 13.533 min, Purity > 97%, MeOH:B = 80:20, 30 °C. The same procedure was alsovwellio

for the syntheses dPp.
4.2.31. N-(2-methoxyphenyl)-2-((4-nitrophenyl)sulfonyl )-6-(phenyl sulfonamido)benzamide (120)

White solid; 62% vield; m. p. 179.6-181.5 &t NMR (400 MHz, CDC}) 6 = 3.69 (s, 3H),
6.77 (d,J = 7.2Hz, 1H), 6.95 (m, 2H), 7.09 @{,= 8.0Hz, 1H), 7.44 (t) = 8.0Hz, 2H), 7.49 ()
= 7.2Hz, 1H), 7.61 (t) = 7.2Hz, 2H), 7.95 (d) = 7.2Hz, 3H), 8.10 (dJ = 9.2Hz, 1H), 8.27 (d,
J = 7.2Hz, 2H), 8.32 (dJ = 7.2Hz, 2H), 9.18 (s, 1H); HRMS (ESI) calcd fosgB,1NsNaG:S,
[M+Na]*: 590.0668, found: 590.0677Re.c = 9.433 min, Purity > 99%, MeOH:9 = 80:20,

30 °C.

4.2.32. N-(2-methoxyphenyl)-2-(4-methyl phenyl sulfonamido)-6-((4-nitrophenyl)thio)benzamide

(12p)

White solid; m. p. 220.6—223.8 °C; 83.8% yiell; NMR (400 MHz, CDC}) 6 = 2.17 (s, 3H),
3.69 (s, 3H), 6.8 (d] = 8Hz, 1H), 6.95 (dJ = 8.8Hz, 3H), 7.09 (m, 3H), 7.38 (d~ 8.0Hz, 1H),
7.47 (t,J = 8.0Hz, 1H), 7.54 (d) = 8.0Hz, 2H), 7.81 (dJ = 8.0Hz, 1H), 7.95 (s, 1H), 8.01 (@,
= 8.8Hz, 2H), 8.16 (dJ = 8.0Hz, 1H), 8.42 (s, 1H); HRMS (ESI) calcd fop/8,3N3NaGsS,
[M+Na]*: 572.0926, found: 572.0921:Re.c = 7.887 min, Purity > 96%, MeOH:9 = 80:20,

30 °C.
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4.2.33. N-(2-methoxyphenyl)-2-(4-methyl phenyl sulfonamido)-6-((4-

nitrophenyl)sulfonyl)benzamide (12q)

White solid; 55% yield*H NMR (400 MHz, CDC}) 6 = 2.05 (s, 3H), 3.64 (s, 3H), 6.77 (t,
= 8.0Hz, 1H), 6.95 (m, 2H), 7.09 (&= 7.2Hz, 1H), 7.19 (d) = 8.0Hz, 1H), 7.42 (t) = 7.2Hz,
2H), 7.61 (tJ = 7.2Hz, 1H), 7.81 (d] = 7.6Hz, 1H), 7.95 (d] = 7.6Hz, 2H), 8.10 (d] = 8.0Hz,
1H), 8.26 (d,J = 8.4Hz, 2H), 8.33 (dJ = 8.4Hz, 2H), 9.18 (s, 1H); HRMS (ESI) calcd for
CoHaaNsNaQsS, [M+Na]™: 604.0824, found: 604.082Rrupc = 9.417 min, Purity > 99%,

MeOH:H,O = 80:20, 30 °C.

4.3.51. 2-(2-aminoacetamido)-N-(2-methoxyphenyl)-6-((4-

nitrophenyl)sulfonyl)benzamideHydrochloride (13a)

Boc-Gly (350 mg, 2 mmol), DCC (384 mg, 2 mmol) ah@Bt (270 mg, 2 mmol) were mixed
in dichloromethane (30 mL) with a magnetic stirfer 5 min at RT, and to this mixture was
slowly added a solution df2c (427 mg, 1 mmol) in dichloromethane (30 mL). Afstirred for
12H at RT, the reaction mixture was filtered anel liquid layer was washed with water (3 x 15
mL), dried over anhydrous sodium sulfate, concéatiander reduced pressure. The oily residue
was dissolved in DCM (20 mL) at RT, and into thisxtre was added trifluoroacetic acid (7
mL) with a magnetic stirrer for 2H at RT. Then tmexture was filtered and the residue was
washed sequentially with ethanol (2 x 10 mL) archidiromethane (15x 5 mL) to affodda as
a pale yellow amorphous sol{@24 mg, 43% yield). m. p. 226.5-229.0 °6; NMR (400 MHz,
DMSO-dg) 6 = 3.73 (s, 2H), 3.82 (s, 3H), 7.02Jt 6.8Hz, 1H), 7.09 (d] = 7.6Hz, 1H), 7.19 (t,
J=7.2Hz, 1H), 7.77 () = 6.8Hz, 1H), 8.01 (t) = 7.6Hz, 2H), 8.08 (d] = 7.6Hz, 1H), 8.23 (d,

J = 8.4Hz, 2H), 8.39 (m, 4H), 9.89 (s, 1H), 10.06 @H); *C NMR (100 MHz, DMSOdg) 6 =
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55.8, 111.5, 120.2, 123.5, 124.5, 125.5, 126.7,22129.4, 130.1, 131.7, 131.8, 135.0, 137.0,
146.5, 150.2, 150.8, 162.3, 166.0; HRMS (ESI) cdimd Cy;H»1N4O,S [M+H]": 485.1131,
found: 485.1132; RypLc = 10.700 min, Purity > 98%, MeOH;B = 60:40, 30 °C. The same

procedure was also followed for the synthesek3bf

4.3.52. 2-(2-amino-3-phenyl propanamido)-N-(2-methoxyphenyl )-6-((4-

nitrophenyl)sulfonyl)benzamide (13b)

Yellow solid; 43% vyield; m. p. 286.2—288.5 °t& NMR (400 MHz, DMSOdg) 6 = 2.88 (m,
1H), 3.14 (d,J = 16.0Hz, 1H), 3.44 (dJ = 8.0Hz, 1H), 3.69 (s, 3H), 4.34 (brs, 2H), 6.99 (m,
2H), 7.12 (tJ = 8.0Hz, 1H), 7.23 (d] = 8.0Hz, 4H), 7.77 (t) = 8.0Hz, 1H), 7.94 (dJ = 4.0Hz,
1H), 8.10 (d,J = 8.0Hz, 1H), 8.31 (m, 7H), 9.88 (s, 1H): HRMS (E8#)cd for GeH2/N40;S
[M+H] *: 575.1600, found: 575.16015Re.c = 7.130 min, Purity > 96%, MeOHz9 = 75:25,

30 °C.
4.3. Computational chemistry
4.3.1 Lowest conformation searching

By using generate conformation protocol with systemsearch method of Discovery Studio
3.1, conformations of2, 12a, 12b, and12c were obtained. Then, the lowest conformation was

subjected t@b initio optimization at B3LYP/6-311G (d, p) level by Gaasg)3.
4.3.2. Molecular Docking

HIV-1 Vif was chosen as the target receptor, ared3b structure of the receptor was gained

from Protein Data Bank (PDB ID 4N9F). The ligarid {2a, 12c) prepared for docking was
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described in our previous work [51]. Docking stdigeere performed with the AutoDock (4.2)
suite of programs. Binding sites were defined fraoeptor cavities by using “define and edit
binding site” method of Discovery Studio 3.1, ahd binding site (X = 72.881, Y =69.580, Z
=-181.951) was selected for docking studies. The fibity map was a cube with 60 A x 60 A
x 60 A grid points separated by 0.375 A. The doglparameters were identical to our previous

work [51].
4.4. Bioactivity evaluation methods
4.4.1 Célls, virus and plasmids

T cell lines were maintained in RPMI medium 1640bEd) containing 10% fetal bovine
serum (FBS, Gibco), 100 units/mL penicillin and 1@f@its/mL streptomycin. 293T and TREX-
hvif-15 cell lines were maintained with Dulbeccaoi®dified Eagle medium (DMEM, Gibco)
containing 10% FBS. Peripheral Blood MononucleatsG&®BMCs) (Ethical Approval Number:
SWYX-2012020) were isolated from healthy donorsripeeral blood [52]. PBMCs were
stimulated by Sug/mL phytohemagglutinin (PHA, Sigma) for 72 h andtared in RPMI-1640
containing 10% FBS and 0.05 unit/mL IL-2. HI\{gl, and pNL4-3p41 36G) vasa, nazTWEre
propagated in H9 cells\Vif HIV-1 produced by transfecting plasmid pMVif to 293T and
NL4-3 produced by transfecting plasmid pNL4-3 waspagated in H9 cells, respectively.
Clinical isolated strains, HIVo1s, HIV-11c.1, and HIV-3yan Were isolated from local AIDS
patients (Ethical Approval Number: SWYX-2006011§gropagated by co-culture with healthy

PBMCs. All virus stocks were stored in small alitpiat —70 °C.

4.4.2. Cytotoxicity assays
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The cytotoxicity of the compounds on H9 and PBMGsevdetermined by MTT colorimetric
assay described previously [53]. 4 x* Ills/well H9 or 5 x 10cells/well PBMCs were co-
incubated with serial diluted compounds in 96-vpddite at 37 °C, 5% COATfter incubating for
three days (PBMCs and H9 for seven days), thevadiility was determined by using MTT, and

the 50% cytotoxicity concentration (G§fwas calculated [54].
4.4.3 Antiviral assays

The antiviral activities of the compounds were deieed by the HIV-1 p24 assay. H9 cells
were infected with NL4-3 at a multiplicity of infean (MOI) of 0.03 for 2 h, then washed three
times to remove free virus and resuspended with REBMO0. Serial diluted compounds and 4 x
10* cells/well infected cells were added into 96-vell culture plates and incubated for 7 days.
The p24 level of the culture supernatant was medsbly in-house ELISA assay [55]. The
antiviral activities in clinical isolated strainseve determined in PBMCs. PHA-stimulated
PBMCs were infected with HIV<kisa HIV-1kmois, HIV-11c.1 or HIV-1wan for 2 h and then
free viruses were washed away. 5 X ddlis/well infected PBMCs and serial diluted compds
were added into 96-well plate and incubated at@,75% CQ for 7 days. The p24 level was
determined by in-house ELISA assay [55]. The 50%ective concentrations (k&g were

calculated.
4.4.4. Fluorescence-based primary screening assays

The expression of Vif in TREX-hvif-15 cell line wasgulated by a Tet-On system. 2 X 10
cells/well TREX-hvif-15 cells were plated in 24-Wwekll culture plate and incubated overnight.
EYFP-N1-hA3G was transfected into TREX-hvif-15 whbe cell confluence was about 80% by

using Lipofectamine 2000. 6 hours later, the sug@mt was removed and cells were washed
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with DMEM. Compounds with different concentratiorere added into the wells and @d/mL
doxycycline (Dox, Clontech, USA) was added to inelMif expression [56] and Vif inhibitok
was used as a control. Cells were harvested bysitryfreatment 48 h post-transfection.
Enhanced yellow fluorescent protein (EYFP) posittedls were analysed with BD Influx flow

cytometer.
4.4.5. Western blot assays

Cells were collected, lysed with cell lysis buffer western (Beyotime, China), and the total
protein was collected. The information of the amtiles was as follow: anti-APOBEC3GP
antibody (sc-130689, Santa Cruz Biotechnology, Wd8A); anti-HIV-1 Vif antibody [319]
(ab66643, Abcam, UK); anti-HA antibody [HA-7] (H386Sigma Aldrich, USA); antB-actin
antibody (cw0096a, CWBIO, China); anti-p24 antibadgds homemade [55]. The target proteins
were separated by SDS polyacrylamide gel electngsi® and transferred to polyvinylidene
difluoride (PVDF) membranes. The PVDF membranes \pioteins were incubated overnight
with primary antibodies at 4 °C. Membranes werebptbwith horseradish peroxidase (HRP)-
conjugated secondary antibodies at room temper&burgé-2 h. The membranes were washed
thoroughly, stained with Chemiluminescent HRP Swabst(Millipore, USA), and exposed to X-

ray film.
4.4.6. Theinfection assay and transfection assay for protein analyse

Proteins in 293T cells, TREX-hvif-15 cells and PBM@ere analysed using western blot
mentioned above. 2 x 1@ells/well 293T were plated in 24-well cell cuktuplate and incubated
overnight. The cells were co-transfected with pcCANBWAPOBEC3G-HA and pNL4-3 using

Lipofectamine 2000 when the cell confluence wasual®®%. The supernatant was removed,
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and cells were washed with DMEM once 6 h post-feni®n. Then the fresh DMEM (with
10% FBS) was added into the wells. Compounds wiflkerdnt concentrations were added into
the wells and incubated for 48 h, and the HA tad, p24 andp-actin (internal control) was

analysed.

In TREX-hvif-15 cells, 2 x 10 cells/well were plated in 24-well cell culture f@aand
incubated overnight. The pcDNA3.1-APOBEC3G-HA waansfected using Lipofectamine
2000 when the cell confluence was about 80%. Agtérpost-transfection, the supernatant was
removed and cells were washed once with DMEM. Ttherfresh DMEM (with 10% FBS) was
added to the wells. Compounds with different cotregion were added into the wells and 0.1
ug/mL doxycycline (Clontech, USA) was used to indiekeexpression. The HA tag, Vif angh

actin was measured.

In PBMCs, 5 x 1B cells/well PHA-stimulated PBMC were infected wiHV-11c.1 or AVif
NL4-3 (MOI = 0.5). 4 h post-infection, cells wereashed twice with PBS, resuspended with
fresh RPMI (with or without serial diluted compowdnd incubated. After 7 days incubating,
cells were collected, lysed, and total cell protsas collected. The expression of A3G, Vif, p24,

andp-actin in the cell was determined with western bisgay.
4.5. Solubility studies
4.5.1. Partition coefficient determination of 12c

In order to achieve a saturation state, high puartglytical grade n-octanol 1 L was shaken
with ultra-pure water 500 mL for 24 h on a mechahshaker at 120 rpm and 37 °C, then

separated to obtain aqueous phase (water pre4smtusdéth n-octanol) and octanol phase (n-
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octanol pre-saturated with water). The partitioefGoient (Log P ofl2c was determined by the

shake flask method.

The shake flask method is considered a gold stdnfiarLog P determination. An excess
amount ofl2c was added to octanol phase followed by sonicabatissolve the drug. Solution
was centrifuged for 3 min at 12,000 rpm and theesugtant was collected for further study. The
effects of different shaking time were investigatédstly. Experiment was carried out in
triplicate through the volume ratio of 1:1 (octadagueous phase, v/v) and three different
shaking time of 2, 4 and 7 h, respectively. In orgeobtain uniform dispersion of two phases,
all samples were kept in 10 mL test tubes and shhlyea Water-bathing Constant Temperature
Vibrator (SH2-A, Shanghai) at 120 rpm and 37 °Cefhthe test samples in each phase were

separated for 5 min at 12,000 rpm and quantitayedRLC.

The effects of different volume ratios of octanqliaous phase were also studied through ratio
of 1:1, 1:4 and 1:9, respectively. The experimeas warried out according to the method above,

and the partition coefficients were calculated iy following equation:

Log P = Lg Co/Cw)

whereC, is the concentration of drug in the octanol phas&C,, is the concentration of drug in

the aqueous phase.

4.5.2. Solubility determination of 12¢

The solubility of12c was measured by equilibrium method (shake-flaskrtgue). In this
experiment, an excess amountl@t was added to series of solvent, including watesthanol,

ethanol, acetonitrile, ethyl acetate and acetoespactively. The resulting suspensions were
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shaken for 24-72 h at controlled temperature (25 48d undissolved material was separated by
filtration with a 0.22um dialysis membrane. The compound dissolved instigernatant was
diluted accordingly and measured using HPLC (floater 1 mL/min; mobile phase:

methanol/water, 70/30, v/v;;gcolumn: 250 x 4.6 mm, pm; UV wavelength: 251 nm).

4.5.3. Degradation studies of 13a

The buffer solution at different pH were preparedarding to manufacturer’s protocols (i.e., the
different pH powers were dissolved in 900 mL dezewl water at room temperature, stirred and
then added deionized water to make the total volmae 1 L).13a was added to different buffer
solutions (pH 4, pH 7 and pH 9) to make the fimahaentration 10Q0M. Samples were shaken
by a Water-bathing Constant Temperature Vibratét28, Shanghai) at 100 rpm and 37 °C.
Samples were withdraw and analyzed by HPLC sysiziongx Ultimate 3000, USA, flow rate:
0.5 mL/min; mobile phase: acetonitrile/water witli% triethylamine, 70/30, v/v; 4 column:
4.6 x250 mm, um; UV wavelength: 248 nm; sample injection voluri®:uL, Acclaim 120,
USA) at the appropriate time interval (pH 4 and pHD, 4, 8, 24, 32, 48, 72, 96, 120, 144 and

168 h; pH 9:0,0.5, 1, 2, 3, 4, 5, 6, 8, 10, ¥®afhd 15 h).

4.5.4. Plasma protein binding of 12c

Arterial blood samples were taken from Sprague-@gwats (male and female, respectively)
and separate to obtain male and female plasmagatesgly. Arterial blood was collected by
heparin-treated syringes and centrifuged at 6080 fgy 5 min at room temperature to separate
plasma. Stock solution d2c (800 ug/mL) and appropriate PBS (pH 7.4) solutions weneegh
and vortexed for several minutes. Then, the sample centrifuged at 13000 rpm for 3 min

and the supernatants were collected and dilutelifferent concentrations. The fresh rat plasma
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(400 uL) was added to supernatants above (f0Pand incubated at 37 °C for 2 h. The final
concentrations ofl2c were 30, 20 and ug/mL, respectively. Furthermore, drug-plasma
solutions were transferred to ultracentrifuge tulf@® KD, Merck Millipore Corporation,
Billerica, MA) and centrifuged with a refrigeratedntrifuge apparatus (20@) 4 °C, 15 min).
The filtrates were collected for HPLC analysis \{florate: 1 mL/min; mobile phase:
methanol/water, 70/30, v/v; & column: 4.6 x250 mm column, Acclaim 120, USA; UV
wavelength: 251 nm) and the plasma protein bindetg was calculated by the following

equation:

r (%) = (D—Dy)/Dy x 100 %

wherer is the plasma protein binding rate,i®the total drug concentration in the plasma@nd

is defined as the free drug concentration of sasple

45.5. HLM metabolism studies of 13a

The prodrugl3a (1.5 mg/mL) 1.5uL was incubated with human liver microsome (HLM,
purchased from Wuhan PrimeTox Bio-medical Technpld&p., LTD, China) in 0.1 M
phosphate buffer (pH 7.4) containing 366 NADPH generating system at 37 °C for 0, 5, 1Q, 15
20, 40 min, respectively. The total incubation vo&s was 150uL. The incubation was
terminated by the addition of 4. methanol followed with vortex for 3 min. Samplegre
centrifuged for 10 min at 12000 rpm. Supernatargseveollected, evaporated to dryness under
nitrogen, and the residues were dissolved in théile@hase prior to analysis using high-
performance liquid chromatography (HPLC) and higinfgrmance liquid chromatography-mass
spectrometer (HPLC-MS). HPLC was performed as ¥adloflow rate, 1 mL/min; mobile phase,

methanol/water = 60/40, v/v;1& column, 4.6 x250 mm column, Acclaim 120, USA; UV
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wavelength, 251 nm. The LC-MS system consistedioga performance liquid chromatography
system (Dionex Ultimate 3000, USA) and an electragponization mass spectrometer (Bruker
amaZon SL, Germany). Samples were introduced viaaawsampler and reversed-phase
chromatography was carried out with g €olumn (5um, 4.6 x250 mm, Acclaim 120, Dionex).

Mobile phase A: methanol, phase B: water. Chromragyy was performed at 0.3 mL/min and
starting at 60% A. The eluent from HPLC system w@snected directly to the ESI interface of
the ion trap mass spectrometer. The mass speceomets operated in positive mode for
analysis and the mass range of 70-8B@8was scanned. The desolvation gas was nitrogertsand

temperature was kept at 250 °C. The data was medeby Compass Data Analysis 4.0

software.

Ethics statement: The methods were performed iordaace with all relevant guidelines and
regulations. The study and all the animal experis\evere approved by the Animal Care and
Use Committee of Sichuan University (Chengdu, SachuChina). Informed consent was
obtained from all subjects before participation tire study. All experimental procedures
involving cells, virus and plasmids were approvedtle internal review board of Kunming

Institute of Zoology, Chinese Academy of Scien@gpfoval ID: SWYX-2012020).
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® A more potent Vif antagonist 12c was obtained through the optimizations of

RN-18.
® 12c protected APOBEC3G from degradation by inhibiting Vif function.

® The glycine prodrug 13a showed an obviously improved drug-like property than

12c.
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Figure S1.Superposition 012, 12a(yellow), 12b, and12cby the common aniline group.



Figure S2 Binding site analysis on the surface of Vif.
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Figure S3 Docking result ofl2cwith Vif.



Figure S4. Binding pose analysis of mode 2 (a) and mode 3 (@).Ring B was buried into the

hydrophobic cavity formed by Phell5, Try148, llel&sd Prol57. The amino group formed two
H-bonds with 1le155 and one H-bond with Alal52. Rihg A was buried into the hydrophobic cavity
formed by Phell5, Try148, lle155 and Prol57. IttwamH-bonds with Vif, one was the nitro group with
Cys133, the other was the amino group with Leu149.
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Table S1. Binding site analysis of Vif.

Binding Site X Y Volume Color  Function

1 70.99 -87.49 -180.10 57.50 Red Unclear

2 72.88 —-69.58 -181.95 43.25 Blue Interacting with EL&hd CUL5
3 67.09 -100.83 -181.88 27.13 Yellow Interacting wiBGA

4 55.44 -97.50 -187.19 14.50 Green Interacting with A3G

5 72.84 -100.88 -188.21 13.75 Cyan Interacting with GBF




Table S2. Docking result analysis of 12c with Vif.

Mode Occurrence rate Lowest energy H-bond number
1 44 -7.31 5
2 11 -6.45 3
3 28 -5.17 2

10



Table S3.Aqueous and organic solvents solubility of 12¢ anits derivatives.

Experimentally determined solubility (ng/mL)?®

Compound
Water Methanol Ethanol Acetonitrile  Ethyl acetate Acetone
0.66
12c 0.12 814 + 59 284 + 15 9090 + 77 4380 + 40 22400 + 49
13a 1730 +25 - - - - -
13b 1205 - - - - -

3n=3, values are described as mean +°Shot test.
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Table S4.Experimental partition coefficient of 12c at different time.

Shaking time  Partition coefficient (Log P) Mean + ®

2.45

2h 2.38 241 £0.04
2.39
2.42

4h 2.39 2.40+0.01
2.39
241

7h 2.40 2.40+0.01
2.39

12



Table S5. Experimental partition coefficient of 12c with different volume ratios of n-octanol to

water.

Phase ratio  Partition coefficient (Log P) Mean + SD

2.40

1:1 2.40 2.40+0.01
241
2.51

1:4 2.55 2.53+£0.02
2.53
2.52

1:9 2.52 2.55+0.05
2.60

13



2.'H and **C NMR spectra of compounds

'H NMR spectra oP

CS8E—

LOTOT—

=SB

FI9E

LTI

{1738 B

-E9°0

WwIE0 I

Lers

o0

Fooz |

Ls60

LTol

0.0

4.0 3.5 30 2.5 20 15 Lo

4.5

5.0

1 (ppm)

e 9.5 20 8.5 50

10.5

'"H NMR spectra o8

6L

-

HETD
HET

QTED
LFE!

GOE G,
FTOL
LTOL
FEOL

r
na_.y\L‘

TR L—
69089—

E0FE—

nw‘«.ﬁ%
IeFe

LLF 6—

—

o5t

£O0T
60T
¥

oo

J:..ﬂ.— |

o650

FF1

T |

060

0.5

0.0

2.0 L5 Lo

2.5

35

40

45

30
fl {ppm)

14



'H NMR spectra of}

LG E— "

169
156'9
LI0L
950°2
mmo.h,_
SITLy
m,:..L

oom.h\

6F9°L— -

996°L—

16F'8— ——

6.0

fl (ppm)

'"H NMR spectra o6

[T

_von.,.

0.0

0.5

1.0

I

2.0

2.5

3.5

4.0

4.5

50

6.0

80

fl (ppm)

15



'H NMR spectra 06

S

oryre,
6999

969
S9691
PR,
950~

650 L
L0y
967 L §

19T ~"

LEGL—

-_cﬂ_hu.\‘

..._mo.m.,/.
CLOE.

GECR.
mh»aﬁw

1€Fe.

3.5 30 25 20 L5 10 0.5 00

4.0

60 5.5 5.0

65

'H NMR spectra o¥

55

4.5

169 €

[T

—9«@._

1169
669
1oL
9RU L
060 L
Q0T £
orr L
OTT L
T L

A
STV Ly
osvid

-

18re—

968 an\w

L16T

00

1o

1.5

20

30

35

4.0

4.5

50

55

60

65

A0

&5

1 (ppm)

16



'H NMR spectra o8

J

34

6.2 5.8 5.4 5.0 4.6 4.2
f1 {ppm)

6.6

7.0

56 8.2 78

9.0

'"H NMR spectra of

L6GE

.\
POy
woac/

6ESL—
S69 L

re—

9T ﬁM
LTS

M

6%

T-shT

611
00T
G660

6671

0.0

0.5

1.0

1.5

2.0

25

3.0

35

4.0

4.5

50

55

6.0

6.5

80

5.5

f1 (ppm)

17



'H NMR spectra ofL.0

—0

0

MOz

ZT

NO,

10

STLE

L)
RO
0869
6669
ST0L
FLO LA
£607L

I

RPES

__L._Q._
fomr
o

et

Lot
06T
6L T
680
foga

1.5 10 0.5 0.0

20

w

4.5 4.0 3.5 30
f1 (ppm)

50

n

6.0

6.5

30

8.5

9.0

'H NMR spectra ofl1

60L€

) o

HaN
108,
S
éf
11

F6TH—

26T

o0t
u“\

wﬂwm..:

e

T80

TLoT

Frzr

55 50 45 4.0 35 30 25 20 1.5 Lo 0.5 0.0

60

fl (ppmj

18



'H NMR spectra oflla

QUET— -

HTF—

909
Tis
HILS
£EL
S 9.

£769.
FE
Nﬁm..@g_%

w—ahg\__
6754
Np.-.__ﬂV.

TOFe—
_N—x.wg‘ﬂ

Hmv.wt_

b -

5
iPoz
11a

Fiee

=9UE

Tx.._..

ra
_E:
LT
ooz
|

60

FTil

Tﬂ.

00

0.5

10

3.0 7.0 6.5 a0 5.5 50 4.5 4.0 3.5 3.0 2.5 2.0
'H NMR spectra ofl1b

&5

f1 {ppm)

SROC

11b

Tege—

199,
1699,
ore o
499
1£69]
0£69,
6969
0T L
6E0L)
950 L—
6ITL

WL

T L
SI09.

9t -aw

9 R—

ocF im
PiFE

M / L60

=

FOT

oo

LT

= o060

LT

= Fost

1.5 1.0 0.5 00

20

30

35

40

4.5

5.0

5.5

60

6.5

7.5

50

8.5

1 (ppm)

19



ACCEPTED MANUSCRIPT

'H NMR spectra ofl1lc

|ri—

TELE

!

FiwY
SEH9
]
156
126"
TSoL
1L0L
1617 L

TOT L

I

Loge

oo

30 7.5 70 6.5 (11 55 5.0 40 35 30 25 2.0 15 1.0 0.5 00
f1 (ppm

a5

20



'H NMR and™C NMR spectra o1.2|

FOFE

NHz O

N

Br

12|

LCES—

TEF 6—

FLOE

eeT

oot

w\\_:._
N.mo.ﬂ
E-TOT

Jc:._

00T

FO80 |

-0.5

0.0

0.5

1.5 1.0

20

55 5.0 4.5 40

60

9.5 20 8.5 8.0

10,0

fl (ppm)

NHz

T

Br

12|

T9065—

LTS T
£STPIT—
90T 611—
1T ETT—

LT OET—

05T LPT—
LITTIST—

LETSOT—

50 40 30 20 10

(]

160 150 140 130 120 110 100 Q0

170

fl (ppm}

21



'H NMR and™C NMR spectra 012

5

O

MH2

ZIL

NO,
12

} (.

J |

_ Foot

- 190

£9'0
4

F590
heeo

.:r»..u.:

.w_.».c.c

F0E°0
WI..:

0.0

L5 1.0

2.0

2.5

6.5 6.0 5.5 50 4.5 E11) 35
fl (ppm)

70

8.0

LFEEc— -

-

0
H
S
%2
12

NHz

FLTITT—

QEEOTT—
QLT ETT =

A

0E69TT
LO£0ET—

ket
SO69F 1
S0ERH T
segosT/

STTSOT—

20 10

30

50

110 100 20
fl {ppm)

120

130

160 150

170

22



'H NMR spectra ofl2a
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'H NMR spectra of.2d
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'H NMR spectra ofl.2f
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'H NMR spectra of.2h
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'H NMR spectra ofl2p
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