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Development of effective pharmaceutical interventions 
in acquired immunodeficiency syndrome (AIDS) is a high 
priority goal. About 10 million individuals worldwide are 
estimated to be infected with human immunodeficiency 
virus (HIV), the causative agent of AIDS, and the number 
of AIDS-related deaths continues to rise each year. 
Antiviral therapies which would halt progression of the 
disease are designed to selectively interfere with the 
replicative life cycle of the virus.1 Transcription of virally-
encoded genomic RNA to cellular DNA is accomplished 
by the enzyme HIV reverse transcriptase (RT), and it has 
been shown that inhibition of this enzyme blocks viral 
replication.2 As of this writing, drugs which are approved 
for the treatment of HIV are the nucleoside analogs 3'-
azido-2',3'-dideoxythymidine (AZT), 2',3'-dideoxyinosine 
(ddl) and 2',3'-dideoxycytidine (ddC). Intracellular phos
phorylation of these compounds leads to triphosphate 
nucleoside analogs which serve as alternate RT substrates 
leading to chain termination.3 Long-term treatment with 
nucleoside analogs is clinically limited by side effects which 
may be due in part to insufficient selectivity between viral 
and normal cellular polymerases. Side effects accompa
nying AZT and ddl therapy include bone marrow sup
pression, peripheral neuropathy, and mitochondrial 
myopathy.4-6 Extended therapy has led to the emergence 
of resistant strains of HIV which are no longer sensitive 
to AZT or ddl due to specific mutations in the RT.7 To 
address the toxicity and resistance problems of nucleoside 
inhibitors, a major goal in the field of medicinal chemistry 
has been the discovery and development of non-nucleoside 
inhibitors. A number of diverse chemical structures have 
been shown to be potent RT-1 inhibitors: imidazoben-
zodiazepinethione (TIBO),8 dipyridodiazepinone, and 
related compounds;9 3-[(arylmethyl)amino]pyridin-2(lff)-
one;10 bis(heteroaryl)piperazine (BHAP);11 and the acyclic 
nucleoside l-[(2-hydroxyethoxy)methyl]-6-(phenylthio)-
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thymine (HEPT) and derivatives.12 The non-nucleoside 
inhibitors have been shown to interact with the RT at a 
nonsubstrate binding site.13 Recent clinical results have 
demonstrated that resistant strains of HIV-1 RT rapidly 
emerge in response to treatment with non-nucleoside RT 
inhibitors and that a number of mutations leading to 
resistance are similar to those observed in cell culture 
experiments.14 Herein we report the discovery and 
antiviral activity of 5-chloro-3-(phenylsulfonyl)indole-2-
carboxamide (1, L-737,126), a novel, highly potent, and 
selective RT inhibitor which also displays significant 
activity against two single mutant HIV-1 RTs of current 
interest. 

Chemistry. Reduction of indole-2-carboxylates 2a and 
2b with LAH followed by reaction with tri-n-butylphos-
phine and diphenyl disulfide led to [(phenylthio)methyl]-
indoles 3a and 3b in 74% yield (Scheme I). Subsequent 
reaction with diphenyl disulfide and sodium hydride in 
DMF15 gave 55% yields of 3-(phenylthio)-2-[(phenylthio)-
methyl] indoles 4a and 4b. Oxidation of 4a,b with 1 equiv 
of monoperoxyphthalic acid magnesium salt (MMPP) 
provided [(phenylsulfinyl)methyl] indoles 5a and 5b. 
Further reaction of 5a with 1 equiv of MMPP led to bis-
sulfoxide 6a as a mixture of diastereomers. 

Reaction of indole-2-carboxylic acids 7a and 7b with 
diphenyl disulfide and sodium hydride in DMF gave 60% 
yields of 3-(phenylthio)indole-2-carboxylic acids 8a and 
8b, which were converted to the methyl esters 9a,b with 
(trimethylsilyl)diazomethane (Scheme II). Conversion of 
5-chloro-3-(phenylthio)indole-2-carboxylic acid to the acid 
chloride by refluxing in chloroform with oxalyl chloride 
and a catalytic amount of DMF was complicated by loss 
of the phenylthio substituent. Although the byproduct 
could be minimized by utilizing short (20 min) reaction 
times, carboxamide 10 was more conveniently prepared 
from 8b with BOP reagent [(benzotriazol-l-yloxy)tris-
(dimethylamino)phosphonium hexafluorophosphate] and 
ammonia in DMF. Compounds 11-13 were also prepared 
in this fashion. Oxidation of 10 with 1 or 2 equiv of mCPBA 
or MMPP provided sulfoxide 14 and sulfone 1, respectively. 

Results. Screening of the Merck sample collection 
identified 2-[(phenylsulfinyl)methyl]-3-(phenylthio)in-
dole 5a as a potent inhibitor of HIV-1 RT (IC50 63 nM). 
Further studies demonstrated that 5a was highly selective 
for HIV-1 RT vs human DNA polymerases-a, -fi, -7, and 
-S, HIV-2 RT, and RNase H, among others. As has been 
observed with other non-nucleoside RT inhibitors,8-12 the 
inhibition potency of 5a depended upon the identity of 
the template-primer substrate, indicating that it may be 
binding to the intact enzyme/template-primer complex. 
In MT-4 human T-lymphoid cells infected with HTLVmb, 
5a at a concentration of 400 nM inhibited 95% of viral 
spread (CIC95) as determined by p24 antigen assay. In 
rhesus monkeys, 5a exhibited an iv plasma half-life of 105 
min, but oral bioavailability was lacking. Anticipating 
that oxidation of the sulfide to a sulfoxide would be a 
primary metabolic route, the bis-sulfoxide 6a was prepared 
and found to be 3 orders of magnitude less potent than 
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0 (a) LiAlH4, THF, 0 °C, 1 h, 97%; (b) 3 equiv of ra-Bu3P, 3 equiv 
of PhSSPh, THF, 20 °C, 3 h, 74 %; (c) 1.1 equiv of PhSSPh, 1.5 equiv 
of NaH, DMF, 20 °C, 6 h, 55%; (d) 1 equiv of MMPP, CH3OH, 0 
°C,0.5h, 46%. 
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" (a) NaH, PhSSPh, DMF, 50 °C, 24 h, 60 %; (b) TMSCHN2,20 % 
CH3OH-benzene, 20 °C, 100%; (c) BOP reagent, NH3, DMF, 73%; 
(d) 1 equiv of MMPP, CHCI3/CH3OH, 50%; (e) 2.5 equiv of mCPBA, 
CHCI3/CH3OH, 20 °C, 6 h, 84%. 

5a. An effort was thus initiated to further explore the 
novel structural class represented by (phenylthio)indole 
5a. 

In addition to obtaining orally active compounds, a 
concomitant goal was to better enzyme inhibition potency 
to less than 10 nM. We were aware of a number of highly 
active, non-nucleoside RT inhibitors which incorporate 
p-chloroaniline as a structural element. For example, 8-C1-
TIBO (R86183) is 7-fold more potent than 8-H-TIBO 
(R82150).8d The 5-chloroindole 5b was therefore synthe-

Table I. Inhibition of HIV-1 RT in Vitro and in Cell Culture 

S-(0) n 

XXi~: 
compd 

1 
5a 
5b 
6a 
9a 
9b 
10 
11 
12 
13 
14 
15d 

16c 

17/ 
18* 

X 

CI 
H 
CI 
H 
H 
CI 
CI 
H 
H 
CI 
CI 

n 

2 
0 
0 
1 
0 
0 
0 
0 
0 
0 
1 

z 
CONH2 
CH2S(0)Ph 
CH2S(0)Ph 
CH2S(0)Ph 
C02CH3 
C02CH3 
CONH2 
CON(CH3)2 
CONHCH3 
CONHCH3 
CONH2 

ICso (nM)° 

3 
63 

112 
72800 
2500 

156 
14 

87600 
746 
22 
23 
36 

311 
101 

1320 

CIC95 (nM)6'* 

3 
400 
800 

>3000 
>3000 

1500 
200 

>3000 
800 
200 
200 
50 

400 
400 

3000 

" The HIV-1 RT assay using rC-dG as template-primer was carried 
out in a reaction mixture (50 iiL) containing 55 mM Tris-HCl (pH 
8.2), 30 mM KC1, 30 mM MgCl2,1 mM dithiothreitol (DTT), 1 mg/ 
mL bovine serum albumin (BSA), 20 Mg/mL rC-dG(i2-i8) (Pharmacia), 
50 nU EGTA, 8 nM [3H]dGTP, 0.01 % (v:v) Triton X-100, and 0.25 
units of recombinant HIV-1 RT (NY5 isolate). The remainder of 
the procedure was performed as previously described.10* The 
concentration that produced 50% inhibition (IC50) is stated as the 
mean of at least three determinations. b Cell culture inhibitor 
concentrations (CIC95) are defined as those which inhibited by >95 % 
the spread of HIV-1 infection in suseptible cell culture.c The CIC95 
was determined in MT-4 cells. MT-4 human T-lymphoid cells were 
maintained in RPMI1640 medium containing 10% heat-inactivated 
bovine serum albumin. Cells were infected en masse at low 
multiplicity (0.01) with use of HIV-1 strain Illb and were incubated 
for 24 h. At this time, cells were washed and distributed into 96-well 
microtiter dishes. Serial 2-fold dilutions of inhibitor were added to 
the wells and the cultures were maintained for 3 additional days. 
Virus spread was assessed by HIV-1 p24 core antigen ELISA. Control 
cultures in the absence of inhibitor were fully infected at 4 days.d 15: 
3- [ [ (4,7-dichlorobenzoxazol-2-yl)methyl] amino] -5-ethyl-6-methylpyr-
idin-2(LH)-one (L-697,661).e 16: (+)-(5S)-4,5,6,7-tetrahydro-9-chlo-
ro-5-methyl-6-(3-methyl-2-butenyl)imidazo[4,5,l-;'fe][l,4]benzo-
diazepine-2(lH)-thione (R82913).' 17: ll-cyclopropyl-5,ll-dihydro-
4-methyl-6H-dipyrido[3,2-6:2',3'-e][l,4]diazepin-6-one(BI-RG-587). 
*18: l-[3-(l-ethylamino)-2-pyridinyl]-4-[(5-methoxy-lff-indol-2-yl) 
carbonyl]piperazine (U-87201E). 

sized, but to our disappointment 5b was 2-fold less potent 
than 5a (Table I). Of significance, however, was the 
observation that in related studies, 9b was 16-fold more 
potent than 9a. Preparation of amides based on ester 9b 
provided additional increases in potency as exemplified 
by the primary amide 10. In the MT-4 cell assay, amide 
10 inhibited viral spread with a CIC95 value of 200 nM. 
From oral studies in rhesus monkeys and metabolism 
studies with rat liver microsomes, two active metabolites 
of 10 were identified as sulfoxide 14 and sulfone l.16 

Independent synthesis confirmed the structure and ac
tivity of the metabolites. The sulfone 1 was determined 
to be 5-fold more potent than 10 in the enzyme inhibition 
assay, while racemic sulfoxide 14 was nearly equipotent 
with 10. Sulfone 1 was extremely potent in inhibiting 
viral spread in MT-4 cells (CIC95 3 nM). In rhesus 
monkeys, 1 was 45 % orally bioavailable with peak plasma 
levels of 2.0 fiM 2 h after a 10 mg/kg dose as a suspension 
in methocel (HPLC determination).17 

Sulfone 1 specifically inhibits HIV-1 RT. ICso's greater 
than 300 /JM were observed for the following enzymes: 
recombinant human DNA polymerase a, HeLa cell DNA 
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Table II. Inhibition of Single Mutant HIV-1 RTs 

compd 

1 
5a 
10 
14 
15 
16 
17 
18 
V 
AZT-TPC 

IC50 (nM) K103N" 

116 
2570 
1460 
2760 
545 
7320 
57900 
33400 

45 
16 

IC50 (nM) YISIC* 

71 
2990 
1040 
1390 

25000 
39500 
11300 
70200 

14 
23 

" Unless otherwise noted, the mutant HIV-1 RT assay using rC-dG 
as template-primer was carried out in a reaction mixture (50 ML) 
containing 55 mM Tris-HCl (pH 8.2), 30 mM KC1, 30 mM MgCl2, 
I mM dithiothreitol (DTT), 1 mg/mL bovine serum albumin (BSA), 
6 Mg/mL rC-dGU2-i8) (Pharmacia), 50 MM EGTA, 16 iM [3H]dGTP, 
0.01% (v:v) Triton X-100, and 0.25 units of recombinant (K103N) 
HIV-1 RT (1 unit equals 5 pmol of [3H]GMP incorporated in 45 min 
at 37 °C). The remainder of the procedure was performed as 
previously described.108 The average of at least three determinations 
is reported. ' The assay conditions are the same as described in a 
above except 8 Mg/mL rC-dGa2-i8), 17 MM [3H]dGTP, and 0.25 units 
of recombinant (Y181C) HIV-1 RT were used. c The average of at 
least three determinations using ribosomal RNA (16S, 23S) annealed 
to 5'-TAA CCT TGC GGC CGT-3'. The wild-type IC50 for 1 under 
these conditions is 1 nM and for AZT-TP is 53 nM. 

polymerases-^, -7, and -5, HIV-2 RT, HIV-1 RNase H, 
Klenow fragment, Moloney murine leukemia virus RT, 
Escherichia coli RNA polymerase, and avian myeloblas
tosis virus RT. In contrast to the BHAP inhibitors 
described by Romero et al.11 (in which one of the aryl 
groups of the bis-heteroarylpiperazine is 2-indolyl), tertiary 
amides of 3-(phenylthio)indole-2-carboxylic acid such as 
II were extremely poor RT inhibitors (Table I). In 
contrast, secondary amide 12 was 2 orders of magnitude 
more potent than 11. Introduction of the 5-chloro 
substituent (13) led to a 30-fold increase in potency, similar 
to the initial observation in the 2-carboxylate series. 

Antiviral therapy with non-nucleoside RT inhibitors 
may be compromised by the appearance of drug-resistant 
strains of HIV. Mutations in the RT which generate 
resistance to pyridinone RT inhibitors (e.g. L-697,661, 
15)ioa-c,e j n ceu cuiture have been identified as lysine 103 
- • asparagine and tyrosine 181 -* cysteine.14 These 
residues appear to affect the binding of diverse non-
nucleoside inhibitors.18 Compared to the wild-type en
zyme, the 103 and 181 mutant enzymes are also less 
sensitive to 9-C1-TIBO (R82913,16),8 nevirapine (BI-RG-
587, 17),9a'b and BHAP (U-87201E, 18)11 (Table II) (see 
also, ref 19). Improved activity against these mutant 
enzymes may be beneficial in terms of suppressing the 
emergence of drug-resistant strains of virus. As with other 
non-nucleoside inhibitors, (phenylsulfonyl)indole 1 is less 
active against these mutant enzymes than against the wild-
type RT. However, in terms of absolute potency, 1 is 5-fold 
more potent than 15 against the 103 mutant and 350-fold 
more active vs the 181 mutant. In this study, a head-to-
head comparison of AZT-TP with 1 revealed that they are 
nearly equipotent against the 103 and 181 mutant enzymes 
(Table II). Current studies are directed at identifying 
more potent analogs of 1 with useful activity against a 
broad spectrum of mutant RTs. 

Summary. A series of highly potent, structurally novel, 
non-nucleoside RT inhibitors has been described. Low 
nanomolar concentrations of 5-chloro-3-(phenylsulfonyl)-
indole-2-carboxamide (1) inhibit the HIV-1 RT enzyme 
in vitro and HTLVnib viral spread in MT-4 human 
T-lymphoid cells. Good oral bioavailability was observed 

in rhesus monkeys upon oral dosing of 1 as a suspension 
in methocel. When compared to other non-nucleoside 
inhibitors (e.g. 15-18), 1 possesses improved inhibitory 
potency with respect to the wild-type RT, as well as the 
K103N and Y181C mutant enzymes. Additional studies 
within this class of inhibitors are in progress. 
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