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Abstract: A series of novel N'-substituted thiophen-3-ylsulfonylquinoxalinone derivatives were
designed and synthesized by the variations of 2- and 5-position of thiophene ring. All target
molecules were tested for their anti-HIV-1 replication activities and compounds 1b and 1d were
found to be the most potent inhibitors with an ICsy value at 10® mol/L level. The preliminary
structure-activity relationships were analyzed on the basis of the binding mode of compound 1b
predicted by CDOCKER.
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1. Introduction

Since the human immunodeficiency virus 1 (HIV-1) was first confirmed as the causative agent of
acquired immunodeficiency syndrome (AIDS), the tremendous progress has been achieved in the
search of anti-HIV therapeutics.' The strategy of the highly active anti-retroviral therapy
(HAART)* revolutionized the treatment of AIDS which is now considered as a manageable
chronic disease. Non-nucleoside reverse-transcriptase inhibitors (NNRTIs) such as efavirenz
which is one of the essential components in HAART. To date, in total five NNRTIs have been
approved for the clinical treatment of HIV infection, where nevirapine, efavirenz and delavirdine
are included as the first generation inhibitors and etravirine’ and rilpivirine’ as the second
generation inhibitors. However, upon the pressure of anti-HIV agents, some of the key amino acid
residues such as Tyr181Cys and Lys103Asn can readily mutate in the non-nucleoside inhibitor
binding pocket of the reverse transcriptase. As a result, the therapeutic efficacy of the known
NNRTIs was significantly decreased. Therefore, many efforts have been devoted to develop novel

chemical entities possessing improved potency and resistant profiles.*'*

In our efforts to explore novel chemical entities of NNRTISs, 6-fluoro-N* -(quinoline-8-
sulfonyl)-3,4-dihydroquinoxalin-2(1H)-one A (Figure.1) was identified by screening our in-house
library. The variation of substituents on quinoxaline scaffold resulted in the discovery of
compound 1a with an improved anti-HIV activity (ICsp = 0.2 uM)."” With an aim to further
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improve the inhibitory activity, a series of novel 6-chloro-3-methyl-3,4-dihydroquinoxalin-
2(1H)-ones bearing a 2,5-disubstituted thiophen-3-ylsulfonyl moiety were designed and
synthesized. We herein wish to present the detailed synthesis, antiviral activities and preliminary
structure-activity relationships (SAR) of these quinoxalines.
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Figurel. Chemical structures of leads (A and 1a) and designed quinoxalinone-based NNRTTIs.

2. Chemistry

All tested compounds with variations at 2- and 5-position of thiophene ring were synthesized
according to Scheme 1, and their chemical structures were shown in Table 1. The microwave
irradiation of the mixture of 6-chloro-3-methyl-3,4- dihydroquinoxalin-2(1H)-one and methyl
5-halo-3-(chorosulfonyl)-thiophene-2-carboxylate in pyridine produced compounds 1b-1d in the
moderate yield. The Suzuki coupling of compound 1¢ with various aromatic boronic acids were
conducted under the reaction conditions of Pd(OAc),, Xantphos and triethylamine, and thus
providing the corresponding biaryl compounds le-1h in 25-62% yield. The diversification on
5-position of the thiophene ring was realized by the conversion of methoxycarbonyl group into
various substituents. Hydrolysis of compounds 1a and 1b gave rise to carboxyl substituted
compounds 2a and 2b in 89% and 97% yield, respectively. The formation of esters 3a-3¢ and
amides 3d and 3e were achieved in low to moderate yield by the reaction of compound 2a or 2b
with alcohols, halides or amines, respectively. Compounds 1a and 1b were reduced with LiAlH,
into compounds 4a and 4b, which were further oxidized by PDC into aldehydes 5a and 5b in 42%
and 68% yield. Upon treatment with formic acid, the aldehydes 5a and 5b were condensed
respectively with 2-aminothiazole to deliver the corresponding imines 6a and 6b, which were
reduced with NaHB(OAc); to lead to the formation of compounds 7a and 7b in 94% and 65%
yield. Compound 6¢ was achieved in 50% yield via the van Leusen reaction of compound 5b with
TosMIC reagent in the presence of K,COs.
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Scheme 1. Reagents and conditions: (a) sulfonyl chlorides, pyridine, microwave; (b) Pd(OAc),, Xantphos, Et;N,
ArB(OH),, toluene, 80°C; (c) LiOH/MeOH/H,O/THF, r.t.; (d) iso-propanol, concentrated H,SO,; or
1-bromo-3-methylbut-2-ene/K,COs/acetone; or N,O-dimethylhydroxyamine hydrochloride/EDC/DMAP; or
iso-propylamine/BOP/Et;N; (e) LiAIH,/THF/0C; () PDC/CH,Cly/r.t.; (2 2-aminothiazole,
HCOOH/MeOH/reflux; (h) K,CO;, TosMIC, MeOH; (i) NaHB(OAc);/ CH,Cly/rt.

3. Biological Results and Discussion

The anti-HIV-1 activities of all synthesized compounds were evaluated by using a cell-based
HIV-1 replication pharmacological model which was set up by HIV-1(pNL4-3) core packed with
vesicular stomatitis virus glycoprotein as mentioned before."” The level of HIV-1 replication was
presented by a reporter gene expression (i.e. luciferase activity) in infected cells. The results were
expressed as ICs, values and summarized in Table 1. Nevirapine (NVP) was used as a reference

molecule.
Table 1 The chemical structures and anti-HIV-1 replication activities of all tested compounds®.
l{l
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Compound R, R, ICsp (LM)°
la H COOCH; 0.2
1b Cl COOCH; 0.07
lc Br COOCH; 0.13
1d I COOCH; 0.075
le phenyl COOCH; 9.05
1f m-methoxyphenyl COOCH; 9.68
g 2-thienyl COOCH; 6.53
1h 2-furyl COOCH; 1.97
2a H COOH NA®
2b Cl COOH NA
3a H COOCH(CHj;), 1.09
3b H COOCH,CH=C(CHs;), 0.77
3c Cl COOCH(CHj;), 5.55
3d H CONCH;(OCH3;) NA
3e H CONHCH(CH;), NA
4a H CH,OH NA
4b Cl CH,OH NA
Sa H CHO NA
5b Cl CHO NA
6a H ZN NA
6b Cl ~N v N NA
v

6¢ Cl )IN\> 4.44
o)

Ta H \/H \(/N NA
W

7b Cl \/H \(/N NA
W

* Nevirapine was used as a control; ICs, for nevirapine was 39 nM.
® Compound dose (M) required to inhibit the HIV replication activity by 50 %.
°NA: no activity

Our initial investigation was performed on the modification of the substituents on 5-position of the
thiophene ring. As shown in Table 1, when a halogen was introduced onto 5-position (compounds
1b-1d), an increased anti-HIV-1 replication activity was observed in comparison with lead
compound 1a (ICsq = 0.2 pM). Compound 1b with a chloro substituent showed the most potent
inhibitory activity with 1Cso value of 0.07 uM., which was comparable to the inhibitory activity of
compound 1d with iodo substitution (ICsy = 0.075 uM). The replacement of a chloro group with a
aromatic substituent (e.g., compounds le-1h) led to reduction in anti-HIV-1 activity with ICsg
values ranging from 1.97 pM to 9.68 uM. Therefore, it was suggested that the introduction of a
bulky aromatic motif onto the thiophene ring was not favorable to the activity, probably due to the
resulted steric hinderance. These results were consistent with the SARs on the known NNRTIs. It
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has been demonstrated that chloro, cyano or methyl groups were the privileged fragments on the
aromatic ring, which was located in the subpocket consisting of Tyr181, Tyr188 and Trp229.8’12

The effect of modification of 2-substituent on the thiophene ring was then explored while
5-substitution was maintained as a hydrogen or chloro group. The conversion of hydrophobic
methoxylcarbonyl fragment into hydrophilic carboxylic (compounds 2a and 2b), hydroxymethyl
(compounds 4a and 4b) or aldehyde groups (compound 5a and 5b) resulted in a complete loss of
anti-HIV-1 replication activity, respectively. In comparison with compounds la and 1b,
compounds 3a-3c¢ with a larger iso-propyl or 3-methyl-2-butenyl substituent linked to the
thiophene ring via ester bond showed moderate activities (ICsq, 0.77-5.55 uM). Surprisingly,
compounds 3d and 3e, where the hydrophobic alkyl group was linked to the thiophene ring via an
amide bond, did not exhibit anti-HIV-1 activity at all. Compounds 6a-6b and 7a-7b, containing a
thiazole fragment on 2-substituent, had no inhibitory activity on HIV-1 replication too. As an
isostere of methyl ester, an oxazole was brought into 2-position of the thiophene ring and the
resulted compound 6¢ possessed moderate activity with an ICs, value of 4.44 uM. Taken together,
it was suggested that substitution at 2-position of the thiophene ring with a hydrophobic
substituent was beneficial to the inhibitory activity, while the large size of this bulky group was

not allowed.

To investigate the binding mode of  the synthesized ~ N'-substituted
thiophen-3-ylsulfonylquinoxalinones, molecular modeling was performed using CDOCKER
docking program (Accelrys Discovery Studio 2.5.5).'® The coordinates of the RT-efavirenz
complex (pdb code: 1FK9)l7 were employed. The binding poses of the most potent compound 1b
and the reference molecule efavirenz were shown in Figure 2. The position and orientation of
compound 1b were quite close to those of efavirenz. The quinoxalinone ring was located in a
hydrophobic pocket formed by residues Leul00, Val106, Pro236 and Tyr318. The key hydrogen
bonding interactions were observed between the amide moiety of quinoxalinone and the carbonyl
oxygen and backbone nitrogen of Lys101, which were also frequently observed in some other
typical NNRTIs bound to RT.*'*"!
affinity. The methyl substituent of compound 1b adopted a similar orientation to that of

They were believed to be the crucial contributors to the binding

trifluoromethyl group of efavirenz and projected into a small hydrophobic site constructed by the
residues Vall06, Vall79 and Glyl90. As expected, the 5-chloro-2-methoxylcarbonyl-3-
sulfonylthiophene fragment was situated in a large hydrophobic subpocket consisting of Pro95,
Tyr181, Tyr188 and Trp229, which was occupied by the cyclopropyl-propynyl of efavirenz in the
complex. On the basis of the binding features of compound 1b, several SAR results about this
series of quinoxalinones could be elucidated further. The placement of a bulky aromatic group on
5-position of the thiophene ring led to a reduced activity probably due to its steric interaction with
the residue Leu234. A significant increase in activity was observed when a hydrogen (compound
1a) was displaced by a chloro substituent (compound 1b) on 5-position of the thiophene ring.
Presumably because the electron-withdrawing chloro substitution made a positive contribution to
the m-m stacking interactions between the thiophene ring and the aromatic side chains of Tyr181,
Tyr188 and Trp229. Therefore, the small electron-withdrawing substituents on 5-position of the
thiophene ring would be favorable for enhancing the binding affinity. As illustrated in Figure 2,
the 2-substituted methoxylcarbonyl group on the thiophene ring was surrounded by the
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hydrophobic side chains of Leul00 and Glul38. In consistent with the above SAR investigation,
the replacement of the methoxylcarbonyl substituent with a hydrophilic group led to a loss of
activity.

Figure 2. CDOCKER-modeled binding mode of compound 1b (carbon atoms colored purple) in

comparison with the crystal structure (1FK9 in PDB)'” of efavirenz (carbon atoms colored orange).

H-bonding interactions are presented with light blue line. Molecular image was generated with
UCSF Chimera."®

The key amino acid mutations Y181C and K103N at the binding site of RT were commonly
observed and rendered the virus resistant to many known NNRTIs. Therefore, seven title
compounds (la-1d, 1h, 3a-3b) were selected and tested for their inhibitory effect on the
HIVgrkiosn and HIVgpryigic replication. Unfortunately, none of the compounds displayed
effective inhibition against the two resistant strains (data shown in supporting information). It was
suggested that the residues K103 and Y181 at the binding site played a key role in the interactions
between the quinoxalinone derivatives and RT as well.

4. Conclusions

In summary, a range of novel quinoxalinones bearing 2,5-disubstituted-3-sulfonylthiophene motif
were synthesized and their anti-HIV-1 activities were evaluated. Compounds 1b and 1d, which
contained 5-chloro-2-methoxycarbonyl and 5-iodo-2-methoxycarbonyl thiophene fragment, were
identified as the most potent NNRTIs with the ICs, values at 10® mol/L level. According to the
molecular docking of the titled compounds, the SAR results were analyzed, and that will facilitate
further development of novel potent quioxaline-based NNRTTs.
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