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Introduction

Introduction

In 1981, the acquired immunodeficiency syndrome (AIDS) appeared
insidiously and mystified doctors and scientists alike. No one could have
predicted then that it would become, arguably, the worst plague in human
history.

Human immunodeficiency virus (HIV) is the etiological agent of AIDS; was
estimated that 40 million of people living with HIV infection at the end of
2007.1 The antiretroviral drugs or an eventual preventive HIV vaccine are the
two strategies of combating AIDS/HIV infection.2 More than twenty
antiretroviral drugs approved by Food and Drugs Administration (FDA) are
available falling in six classes: nucleoside and nucleotide reverse transcriptase
inhibitors (NRTIs and NtRTIs), non-nucleoside reverse transcriptase inhibitors
(NNRTIs), protease inhibitors (Pls), fusion inhibitors (Fls), integrase inhibitors
(lls) and CCR5 antagonists.3 Three (recommended) or four antiretroviral drugs4
are combined in the highly active antiretroviral therapy (HAART) that, since its
introduction in 1996, proved to be effective in reducing morbidity and mortality
of HIV-infected people.® However, HAART is unable to eradicate the viral
infection; the needed long-term or permanent treatments favour the
emergence of drug resistance, toxicity, and unwanted side effects.® The
development of drugs for HIV infection began soon after the virus was
discovered 25 years ago. Since then, progress has been substantial, but
numerous uncertainties persist about the best way to manage this disease.
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Before 1970s HIV probably transfered to humans in Africa (around 1936

1981 AIDS was detected among gay men and then in injecting drug usersfinus.

1982 The name AIDS (Acquire Immuno Deficiency Syndrome) was created and i
reported in several European country.

Experts became more confident that the cause of AIDS is infectious.
Three thousands AIDS cases was reported in USA.

The etiological agent of AIDS was identified at Pasteur Institute of Parls (HTLV-
Ill) and then in America (LAV). It was successively called HIV :
(Human Immunodeficiency Virus).

FDA approved first enzyme linked immunosorbant assay (ELIS ) test i(it to
screenfor antibodies to HIV.

AZT is the first NRTI drug approved for treating AIDS.

Around 8 million people were living with HIV worldwide, according to estimates
made later.

AZT was shown to be no benefit to those in the early stages of HIV infection.
The Joint United Nation Programme on AIDS (UNAIDS) was established.

The FDA approved Saquinavir (Pl) for the treatment of AIDS.

Nevirapine is the first NNRTI approved for treating AIDS. The Highly Active
Antiretroviral Therapy (HAART) was introduced for the treatment of AIDS.

AIDS death begin to decline in developed countries, due to the new drugs.

Enfuvurtide (FI) was approved by FDA for AIDS treatment. The flrst AIDS
vaccine candidate to undergo a major trial was found to be ineffective.

Maraviroc (CCR5S co-receptor antagonist) and Raltegravir.(ll) was approved
by FDA for the treatment of AIDS.

2008 A patient was recovered by HIV infection after morrow transplantfrom HIV-1
remissive donor.

Figure 1. History of AIDS/HIV.
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HIV Structure and Life Cycle

Structure. There are two types of HIV: HIV-1 and HIV-2. Worldwide, the
predominant virus is HIV-1, and the relatively uncommon HIV-2 type is
concentrated in West Africa and is rarely found elsewhere.

HIV is a lentivirus, from the family of retroviruses, which characteristically
have an RNA genome contained within a capsid and a lipid envelope. The viral
envelope contains 2 major viral glycoprotein, gp41 and gp120 that mediate
viral entry and syncytium formation. The HIV core is composed of 3 structural
proteins, p24, p16, and p9. The p24 protein forms the capsid that encloses 2
genomic RNA strands and the viral enzymes reverse transcriptase (RT),
protease, ribonuclease, and integrase (IN). The matrix protein (MA), gp16, is
anchored to the internal face of the envelope. P9 is a nucleocapsid protein not
covalently attached to the viral RNA.”

The genome of HIV, similarly to retroviruses in general, contains three
major genes: gag, pol, and env. These genes code for the major structural and
functional components of HIV, including envelope proteins and reverse
transcriptase. Accessory genes carried by HIV include tat, rev, nef, vif, vpr, and
vpu (for HIV-1) or vpx (for HIV-2). The functions of some of these genes are
known. Figure 3 shows an overview of the organization of the (approximately)
9-kilobase genome of the HIV provirus and a summary of the functions of its
nine genes encoding 15 proteins.8

Life cycle. Like other viruses, HIV needs to proliferate inside its target cells;
the HIV life cycle can be separated in different phases. A general overview is
showed in Figure 4.

Entry. Infection begins when a virus encounters a cell with a high-affinity
receptor for the virus. A specific high-affinity binding reaction occurs between
the virus surface envelope glycoprotein (gp120) and the CD4 molecule® found
on a variety of cells of haematopoietic origin. These cells include T
lymphocytes, monocyte/macrophages, Langerhans cells, follicular dendritic
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Figure 3. Organization of the HIV proviral genome and summary of gene product function.
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cells, thymocyte precursors, and B cells.10 CD4 binds to gp120 with extremely
high affinity and serves as the major receptor for HIV-1 infection. Entry occurs
by fusion of virus and cell membranes mediated by gp41 in a pH independent
manner.11 Expression of CD4 wasn’t the only requisite for HIV infection of a cell.
Recently was observed that HIV also needs a chemokine receptor adjacent to
the CD4 receptor before it can enter the target cells and two types of
chemokine receptors are used by HIV: CCR5 and, at later stages of infection,
the CXCR4 receptors.

Reverse transcription and integration. This phase consist in the
biosynthesis of the double-stranded DNA molecules from the single-stranded
RNA, and takes place inside the cell cytoplasm with the aid of the enzyme viral
RT (see Figure 5 for mechanism). The proviral DNA associated with MA, RT, and
IN is translocated from the cytoplasm to the nucleus.12 Although proviral DNA
exists in both circular and linear forms, the linear DNA is the precursor for
integration.13 Cleavage of target DNA sequence within the host chromosome is
then followed by legation of the 3' end of the proviral DNA to the 5' end of the
chromosomal DNA by the viral IN.14 Cellular repair enzymes finally complete
the integration reaction. The activation of T cells, at least one round of cellular
DNA synthesis, has been shown to be required for proviral DNA integration into
the host chromosome.12¢

Transcription. Transcription from the integrated proviral DNA requires
cellular RNA polymerase Il and transcription initiation factors, many of which
are absent in non-activated, resting T cells. As a consequence, little or no virus
production is detected in infected but non-cycling T cells obtained from
patients. In addition to a defect in the cellular environment, the site of proviral
DNA integration may also contribute to latency.15

HIV-1 mRNAs produced in infected cells are capped with m7GyppG at the 5'
end and polyadenylated at the 3' end. Three types of HIV-1 mRNAs are
produced as a result of differential splicing events.1¢ Early viral mRNAs present
in the cytoplasm of infected cells are completely spliced 1.7-2 kilobase (kb)
MRNA species encoding regulatory proteins. These include three coding for tat,
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Figure 4. Replication cycle of HIV with current and possible targets for antiviral intervention.
Proteins that are targets for approved drugs are coloured green: gp160, reverse transcriptase,
HIV protease and chemokine (c-c motif) receptor 5 (CCR5). Integrase (yellow) is a target in
advanced clinical development. Proteins that are more speculative drug targets are coloured
red: chemokine (C-X-C motif) receptor 4 (CXCR4), RNase H, tat, rev, nef and vif.
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Figure 5. Mechanism of HIV-1 RT.17 Kinetic studies of the enzymatic reaction indicate that the
DNA polymerization takes place in an ordered mechanism. The reaction is initiated by the
binding of the primer, in most cases the tRNALs, to the free RT, which is followed by the
template binding to the binary complex. Then NTP binds subsequently to the complex. The
RNase H activity catalyzes the degradation of the template RNA in the RNA/DNA hybrid during
the reverse transcription. Both endo- and exonuclease activities have been found with HIV RT.
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six coding for rev, one coding for tat-env-rev (tev), and three coding for nef
MRNA species. The late viral mMRNAs consist of 4-5 kb singly spliced and 9.3 kb
unspliced mRNA species. The singly spliced mRNAs include 1 vif, 1 vpr, 1 tat (a
truncated form), and 3 vpu/env mRNA species. The unspliced RNAs serve as
MRNA for Pr5582€ and Prl160gaere! synthesis and as genomic RNA packaged
within the virus particles.

Virion assembly and release. The viral mRNA utilizes almost all the cell
resources to translate its genetic information into large glycoprotein and
polyproteins. These products then disintegrate into smaller building blocks of
the viral membrane, enzymes, and nucleocapsid through the action of viral
protease.

For the creation of new virions, the full length 9.3 kb genomic RNA must
leave the nucleus, transit the cytoplasm, and be associated with the budding
virions without being involved in protein synthesis. Viral genomic RNAs contain
a Y signal located within the 5' untranslated region and the gag reading
frame.18 In addition, a 1.1 kb RNA sequence encompassing the Rev responsive
element (RRE) has been shown to be required for efficient packaging of HIV-1
genomic RNAs.1® DLS, through guanine and/or purine quartets, allows
dimerization of viral genomic RNAs and permits them to exist in an overall
parallel orientation.2° The NC domain of Pr558& and Pr160gaspol 21 gllows
genomic RNA incorporation within the virus particles via specific zinc finger
motifs.35f

The assembly of the viral building blocks produces new viral particles that
shed off the cell surface to infect other target cells. There are now two major
models for HIV-1 budding, process necessary used by the virus to exit from
infected cells. One is the lipid raft budding model. Lipid rafts are regions on the
plasma membrane that are enriched in sphingolipids as well as cholesterol and
GPl-linked proteins. Gag and Gag/Pol precursor proteins have been shown that
disruption of these membrane domains can reduce virus production. Taken
together these data suggest that HIV-1 may be preferentially budding from
these regions.22 The other model for HIV-1 budding is the Trojan exosome



HIV-Structure and Life Cycle

hypothesis.2® This model suggests that HIV-1 hijacks the pre-existing pathway
for exosomal exchange for its propagation and masquerades as an exosome.
This model is largely based on the evidence that HIV-1 assembles in the
multivesicular bodies or MVBs and buds into this compartment in primary
macrophages. Multivesicular bodies?24 are membrane bound organelles that
serve as endocytic intermediates. The MVB then moves closer to the plasma
membrane where the membranes fuse releasing its contents as an exosome.
There are data showing that virus produced in the macrophage does not
incorporate raft-associated cellular proteins but does contain exosomal
markers found in macrophage derived exosomes. Both of these models have
strong evidence supporting them. Perhaps both of them are plausible models
that may not be mutually exclusive. It also appears that release of HIV-1 from
infected cells can be directional with virus being released to sites of cell-cell
contact to facilitate infection of target cells.25 Evidence for such a mechanism
come from the long standing knowledge that infected cells can much more
efficiently infect target cells compared to cell-free virus found in culture media.
Evidence for directed release was recently presented with the identification of
preferential accumulation of HIV-1 Gag and Env at sites of cell-cell contact.26
This site of controlled virus release has been called the infectious synapse.
Formation of these synapses has been shown to be actin-dependent and
contain many cellular projections that depend on cytoskeletal rearrangement
for their formation.2” HIV-1 has been seen budding from leading pseudopods,
which are actin-dependent.22 The presence of cytoskeletal proteins inside
mature virions suggests that the cellular cytoskeleton plays an important role
in viral egress.45 Clearly, HIV-1 has evolved to usurp several cellular pathways to
increase the efficiency of the spread of virus between cells.

10
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AIDS Treatment

Three years after the discovery of HIV in 1984, GlaxoSmithKline’s Retrovir
(zidovudine) became the first drug to be approved for the treatment of this
disease. It belongs to the class of nucleoside reverse transcriptase inhibitors
(NRTIs), which have been at the forefront of antiretroviral therapy ever since.
However, even in combination with each other, NRTIs could only produce
transient viral suppression and the necessity to administer high doses led to
high levels of toxicity and resistance. With the introduction of HIV protease
inhibitors (Pls) in 1995, it was found that major and prolonged reductions in
viral burden could be achieved by the combination of a Pl with two NRTIs
known as highly active antiretroviral therapy (HAART). Similar results were later
obtained by adding a member of a third class of drugs known as non-
nucleoside reverse transcriptase inhibitors (NNRTIs) to two NRTIs. NNRTI based
HAART regimens have quickly become the preferred choice for initial
antiretroviral therapy, whereas drugs from the newest classes, such as entry
and integrase inhibitors, form useful adjuncts.

Today, 25 drugs are approved by FDA for the AIDS treatment and they fall
into six classes based on the specific target:

1. Nucleoside (and Nucleotide) Reverse Transcriptase Inhibitors (NRTIs
and NtRTIs): abacavir, didanosine, emtricitabine, lamivudine,
stavudine, tenofovir, zalcitabine, and zidovudine (Figure 6);

2. Non Nucleoside Reverse Transcriptase Inhibitors (NNRTIs):
delavirdine, efavirenz, nevirapine, and etravirine (Figure 7);

3. Protease inhibitors (Pl): amprenavir, atazanavir, danuravir,
fosamprenavir, indinavir, lopinavir, nelfinavir, ritonavir, saquinavir,
and tipranavir (Figure 8);

11
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4. Fusion inhibitor (FI): enfuvurtide (Figure 9);
5. Integrase inhibitor (I1): raltegravir (Figure 10);
6. CCR5 antagonist: maraviroc (Figure 10).

Reverse transcriptase inhibitors. Due to the essential role of the HIV RT in
the viral replication, the inhibition of RT is regarded as one of the most
attractive targets in the anti-HIV chemotherapy. Based on the structure and the
mechanism, HIV RT inhibitors can be classified as two groups, NRTIs and
NNRTIs. The NRTIs are competitive inhibitors to deoxynucleotide triphosphate
(dNTP) and need to be transformed through a phosphorylation process to their
corresponding nucleoside triphosphates or nucleotide diphosphates which then
are incorporated into the growing viral DNA chain and subsequently to
terminate the DNA elongation. They are normally active against both HIV-1 and
HIV-2. The NNRTIs, on the other hand, are almost inactive on HIV-2, need no
metabolic activation and they bind to the enzyme independently from dNTP
and template/primer with a non-competitive kinetics to dNTP and are
uncompetitive to template/primer. Different aspects on the inhibition of HIV-1
RT with NNRTIs are discussed below.

Protease inhibitors. Protease inhibitors have been developed as anti-HIV
drugs. The processing of large HIV precursor proteins, such as p55 and p40
encoded by the gag and gag-pol genes of HIV, into structural proteins p17, p24,
and p7 of the viral core is performed via proteolytic cleavage by a viral encoded
aspartic protease and is necessary for maturation of immature viral particles
into infectious virions. These drugs are synthetic analogues of the HIV protein
and block the action of HIV-protease to interfere with viral replication.2®
Protease inhibitors may also function by decreasing CD4* lymphocyte
apoptosis through decreased CD4 interleukin-1B-converting enzyme (ICE, or
caspase 1) expression.30

12
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Fusion inhibitors. This compound class blocks fusion of HIV with the target
cell surface. Enfuvirtide is a synthetic peptide that corresponds to 36 amino
acids within the C-terminal heptad repeat region (HR2) of HIV-1 gp41 subunit of
the viral envelope (Env) protein, and prevents conformational changes required
for membrane fusion to target cells. The drug is delivered by subcutaneous
injection.31

Integrase. The integrase inhibitor raltegravir appears to be as potent as any

previously developed antiretroviral drug in terms of its short term 5 and 24
week anti-HIV effects.32 It is expected to become a mainstay of second line
therapy, if not an eventual candidate for first line use. The advantage of this
drug target is that integrase is an essential and highly conserved enzyme.
However, one disadvantage is that moderate level to high level resistance to
this and other integrase inhibitors can follow after only one or two amino acid
mutations.33 A second integrase inhibitor, elvitegravir, is also in advanced
clinical development. In September 2007, an independent FDA advisory
committee voted for accelerated approval of raltegravir.
CCR5. The CCR5 antagonist maraviroc has excellent short term anti-HIV
activity, and is associated with substantial efficacy after 24 weeks of treatment
when combined with antiretroviral nucleosides in treatment experienced
patients.34 The attraction of this chemokine co-receptor target is that virtually
all individuals are initially infected with the CCR5 trophic virus, and maraviroc is
the first approved oral drug in the broad category of entry inhibitors. One
drawback, however, is that maraviroc has little or no activity against viruses
that use the chemokine (CXC motif) receptor 4 (CXCR4) as a co-receptor, or
have dual/mixed tropism. Patients will need to be screened for virus co-
receptor use with a commercial tropism assay before receiving this drug. A
second CCR5 antagonist, vicriviroc, has efficacy in Phase Il trials in treatment
experienced patients, and is entering Phase lll trials.

Highly active antiretroviral therapy. In the 1996 was introduced the HAART
for the treatment of HIV infection. The rate of formation and accumulation of
mutations was so great that monotherapy and dual-therapy were doomed to

15
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fail because of the rapid emergence of drug resistance. On the other hand, the
math also predicted that it was highly improbable (<10-8 per day) for HIV-1 to
mutate in 23 positions, simultaneously, in a single genome. This realization led
clinical investigators to pursue the use of three or more drugs in combination,
starting in early 1995. In 1996, it was clear that such combination
antiretroviral therapy resulted in durable control of HIV-1 replication. Viremia
was reduced to below the level of detection for more than a year, and
significant immunological and clinical recovery was observed. Thus, 1996
marked a turning point in the AIDS pandemic. AlDS-associated mortality has
since dropped by 80%-90% in the US and Europe and, conservatively, more
than 3 million person-years of life have been saved. Over the past decade,
HAART has gradually evolved from drug regimens with more than 20 pills daily
(stavudine, lamivudine and indinavir combination) in 1996, to 3 pills daily (that
is, zidovudine/lamivudine (Combivir) twice daily and efavirenz (EFV) once daily)
in 2003, to 2 pills daily (that is, emtricitabine ((-)-FTC)/tenofovir disoproxil
fumarate (Truvada) and EFV) in 2004, and finally one pill daily in 2006 (Atripla,
which contains tenofovir disoproxil fumarate (TDF) (300 mg) plus emtricitabine
(200 mg) and EFV (600 mg)).35 Atripla (Bristol-Myers Squibb/Gilead) is the first
anti-HIV pill (to be taken once daily) that contains three active ingredients
belonging to three different classes of HIV inhibitors (coformulation of efavirenz
(FI), tenofovir (NRTIs) and emtricitabine (NtRTIs)). The approval of Atripla in July
2006, signalled the start of a hew era in antiretroviral therapy. Co-formulations
greatly simplify treatment, and put HIV infection in the same class as
hypercholesterolaemia, hypertension or gastroesophageal reflux disease, all
chronic conditions that can be controlled with a single pill taken once daily.

In Tables 1-4 were reported the side effects and other properties of anti-HIV
approved drugs.

20



AIDS Treatment

Multi-class combination products

Brand name (drugs) Side Effects Drug Interactions Reccomandations Approval date

Atripla 12 July 2006
(Efavirenz, emtricitabime and
tenofovir disoproxil fumavate)

Bristol-Mayer Squibb and

Gilead Sciences

Nucleoside Reverse Transcriptase Inhibitors (NRTISs)

Brand name (drugs)

Side Effects

Drug Interactions

Reccomandations Approval date

Retrovir (Zidovudina,
azidothymidine)
GlaxoSmithKline
Dose: 300-600 mg/day.
Approved for pedriatic
use.

Videx (didanosine,
dideoxyinosine) Bristol-
Mayer Squibb

Dose: 400 mg/day
Approved for pedriatic
use.

Videx EC (enteric
coated didanosine and
dideoxyinosine)

Nausea, vomiting,
anemia, low white
blood-cell counts,
bone-marrow
damage, headaches,
rash, itching,
weakness, loss of
appetite, muscle loss.

Stomach pain,
diarrhea, pancreatitis,
hepatitis, seizures,
headaches;
neuropathy with high
doses.

Serious: d4T, toxic bone-
marrow drugs (e.g.
ganciclovir, chemotherapies,
antineoplastics).

Possible: Methadone,
Dilantin, fluconazole
(Diflucan), Depakene,
ongoing use of Tylenol,
dapsone, pentamidine,
probenecid, fencytosine,
alpha-interferon, Biaxin,
rifabutin, rifampin, ribavirin.

Serious: pentamidine,
ethambutol.

Possible: antineoplastics,
alcohol, ganciclovir,
ciprofloxacin, cimetidine
(Tagamet). Coated pill causes
poor absorption of Crixivan,
Nizoral (ketoconazole),
dapsone, tetracycline (all
should be taken two hours
apart from ddl.)

AZT with food if you 19 Mar 1987
have stomach irritation.
Take vitamin E,
erythropoieitin alpha
(EPO), or G-CSF to
prevent possible blood-
cell damage; B vitamins
and manganese.
Warning: A structural
flaw in AZT may lead
to HIV resistance.

Videx:

09 Oct 1991
Videx EC:
31 Oct 2000

Avoid alcohol, which
increases risk of
pancreatitis. Take on
empty stomach at least
30 minutes before meal.

Table 1. Proprieties of Atripla and NRTIs.
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Continued NRTslI...

Hivid (Zalcitabine,
dideoxycytidine)
Hoffmann-La Roche
Dose: three 0.77 mg/day.
Approved for pedriatic
use.

Zerit (Stavudine)
Bristol-Mayer Squibb
Dose: two 40 mg/day.
Liquid solution for
pedriatic use.

Epivir (lamivudine)
GlaxoSmithKline.
Dose: 300 mg/day (or
two 150 mg/day).
Liquid solution for
pedriatic use.

Combivir (Lamivudine
150mg and Zidovudine
300mg)
GlaxoSmithKline.

Skin rashes, canker
sores, inflammation
of mouth, nausea,
neuropathy, upset
stomach, pancreatitis,
liver damage.

Neuropathy,
pancreatitis,
insomnia,
hyperactivity;
elevated liver
enzymes and anemia
at high doses.

Headache, nausea,
fatigue, low white-
bloodcell count, rare
hair loss, neuropathy.

See 3TC and AZT.

causing drugs
(chloramphenicol, Antabuse,
dapsone, isoniazid).
Possible: Radiation therapy,
amphotericin B,
pyrimethamine, sulfadiazine,
intravenous TMP/SMX
(Bactrim), ganciclovir,
acyclovir, foscarnet,
probenecid.

Serious: AZT.
Possible:Ganciclovir,
pentamidine, other drugs that
cause neuropathy.

Serious: ddC.
Possible: Bactrim may
increase 3TC levels.

3TC/AZT combo can cause
severe anemia.

Serious: pentamidine, ddl,
3TC. Avoid other neuropathy-

Watch for neuropathy

and pancreatitis. Avoid

taking with food if
possible.

Watch for neuropathy
and pancreatitis. Take
with or without food.

Watch for anemia and
neutropenia. Monitor
triglycerides for
pancreatitis, especially
in children. Take with
or without food.

Watch for anemia.

19 Jun 1992

24 Jun 1994

17 Nov 1995

27 Sep 1997

Table 1. Proprieties of NRTIs (...continued).
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Continued NRTIs...

Ziagen (Abacavir sul
fate) GlaxoSmithKline.
Dose: two 300 mg/day.
Under study for pedriatic
use.

Trizivir (abacavir,
Zidovudine, lamivudine)
GlaxoSmithKline

Viread (tenofovir
disoproxil fumarate)
Gilead

Emtriva (Emtricitabine)
Gilead Sciences

Epzicom (abacavir and
lamivudine)
GlaxoSmithKline

Truvada (Tenofovir
disoproxil fumarate, and
emtricitabine) Gilead
Sciences, Inc.

Headache, fatigue; Alcohol increases blood level
rare allergy (fever, of Ziagen.

rash, nausea,

dizziness, vomiting);

abdominal pain, Gl

and liver problems.

Warning: Stop drug

immediately and

don't try again if

any sign of allergy.

Expanded access for 17 Dec 1998
patients failing standard

regimens.

Compassionate use:

adults with HIV

dementia and pediatric

HIV. Crosses blood-

brain barrier.

14 Nov 2000

26 Oct 2001

12 Jul 2003

02 Ago 2004

02 Ago-2004

Table 1. Proprieties of NRTIs (...continued).
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NonNucleoside Reverse Transcriptase Inhibitors (NNRTIs)

Brand name (drugs)
Viramune (Nevirapine)
Boehringer Ingelheim.
Dose: one 200 mg/day
(for 14 days than two
200 mg/day)

Expanded access for
pedriatic use

Rescriptor (Delavirdine)
Pfizer.

Dose: three 400 mg/day.
Under study for pediatric
use.

Sustiva (Efavirenz)
Bristol-Mayer Squibb.
Dose: 600 mg/day.
Approved for pedriatic
use

Intelence (Etravirine)
Tibotec Therapeutics.

Side Effects

Fever, muscle
soreness, elevated
liver function, rash
(possibly indicating
life-threatening
Stevens-Johnson
syndrome in rare
cases).

Rash (possibly
Indicating life
threatening Stevens-
Johnson syndrome in
rare cases).

Light-headedness,
dizziness, body ache,
rash, diarrhea,
nausea, flu-like
symptoms.

Drug Interactions

Possible: rifampin, rifabutin,
oral contraceptives, protease
inhibitors, triazolam and
midazolam. Use with
fluconazole increases risk of
rash.

Serious: terfenadine,
astemizole, alprazolam,
midazolam, cisapride,
rifabutin, rifampin, triazolam,
ergot derivatives,
amphetamines, nifedipine,
anticonvulsants.

Possible: Rescriptor increases
levels of Biaxin, dapsone,
quinidine, warfarin, Crixivan,
Fortovase. Take an hour apart
from ddl and antacids
(Tagamet).

Serious: Fortovase; rifampin
(untildosing is clarified).
Possible: Drug may slightly
increase Novir levels and
decrease levels of Crixivan
and Angenerase. Sustiva can
cause a false positive THC
(marijuana) reading on the
CediaDau urine test.

Reccomandations

If rash develops, call
your doctor; Benadryl
or topical
corticosteroids may
relieve rash symptoms.
Drug crosses the
placenta. Take with or
without food.

Take with or without
food. Take with
cranberry or orange
juice if you have low
stomach acid. If rash
develops, call your
doctor; Benadryl or
topical corticosteroids
may relieve rash
symptoms. One study
shows women may
have higher blood
levels of Rescriptor.

Take before bedtime to
avoid light-headedness;
split dosage between
a.m. and p.m. if
leeplessness is a

problem. Warning: Not

for use in early

pregnancy (caused birth

defects in some
newborn monkeys).
Take with or without
food.

Approval date
21 Jun 2006

4 Apr 1997

17 Sep 1998

18 Gen 2008

Table 2. Proprieties of NNRTIs.
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Protease Inhibitors (Pls)

Brand name (drugs)

Side Effects

Drug Interactions

Reccomandations

Approval date

Invirase (Sequinavir
mesylate) Hoffmann-La
Roche. See Fortovase

Norvir (Ritonavir)
Abbott Laboratories
Dose: six 100 mg twice
day (400 mg doses twice
day with Fortovase).
Currently available in
formula liquid only (400
mg = 1 tps). Liquid
solution for children.

Crixivan (Indinavir)
Merk

Dose: three 800 mg/day
Under study for pedriatic
use

Viracept (Nelfinamvir
mesylate) Agouron
Pharmaceuticals

Dose : three 750 mg/day.
Approved for pedriatic
use: 20-30 mg/Kg

Nausea, vomiting,
weakness, diarrhea,
rash, fatigue,
numbness around
mouth, changed taste
in mouth, elevated
liver enzymes.

Kidney stones,
anemia, rarely
elevates liver
enzymes.

Fatigue, rash, nausea,
stomach cramps,
diarrhea, elevated
liver enzymes.

Table 3. Proprieties of Pls.

Serious: A long list. Read
package insert carefully. Poor
interaction with common
antihistamines and
antidepressants like Prozac.

Serious: grapefruit juice.
Potential: Viramune,
Fortovase (poor interaction in
test tube studies), ergot
derivatives.

Potential: Increases Fortovase
(under study as combo) and
Crixivan in preliminary
studies.

Build up to optimal
dose over a few days.
Take with a full, high
protein meal. Yogurt
may reduce side effects.
See "Norvir Alert" for
tips on taking liquid
formulation.

Take on empty stomach
with water one hour
before or two hours
after eating. Drink at
least six glasses of
water daily to avoid
kidney stones.
Alternative liquids:
juice, skim milk, coffee,
tea. Eat with fat free
snacks.

Take with food. Use
Imodium, Lomotil to
control diarrhea.
Women should consult
with their doctors prior
to use. Monitor glucose
levels to avoid risk of
diabetes.

6 Dec 1995

1 Mar 1996

13 Mar 1996

14 Mar 1997

25



AIDS Treatment

Continued Pls...

Fortovase (Saquinavir,
no longer marketed)
Hoffmann-La Roche
Dose: three 1200 mg/day
(400-800 mg/day with
Norvir)

Invirase: old formula.
Under study for pedriatic
use

Agenerase (amprenavir)
GlaxoSmithKline

Under study for pediatric
use.

Kaletra (Lopinavir and
Ritonavir) Abbott
Laboratoires

Reyataz (Atazanavir
sulphate) Bristol-Mayer
Squibb.

Lexiva (Fosamprenavir
Calcium)
GlaxoSmithKline

Aptivus (Tripanavir)
Boehringer Ingelheim

Prezista (Darunavir)
Tibotec

Diarrhea, gas, nausea,
stomach cramps,
heartburn, fatigue,
numbness, rash;
elevated liver
enzymes.

Nausea, heacache,
neuropathy, rash,
diarrhea, fatigue.

Serious: In early studies,
Sustiva reduces Fortovase.
Possible: phenobarbital,
phenytoin, dexamethasone,
carbamezapine, Norvir,
Viramune.

Possible: Sustiva

Take with food or

within two hours of

eating. Fortovase is

more potent than

nvirase. Invirase not

recommended as first-

line therapy due to poor

absorption and

resistance issues.

Expanded access for 15 Apr 1999

patients who have taken

at least one other

protease inhibitor. Can

be taken with or

without food.
15 Sep 2000
20 Jun 2003
20 Oct 2003
22 Jun 2005
23 Jun 2006

Table 3. Proprieties of Pls (...continued).
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Fusion Inhibitor (FI)

Brand name (drugs) Side Effects Drug Interactions Reccomandations Approval date
Fluzeon (Enfuvurtide) 13 Mar 2003
Hoffmann-La Roche &

Trimeris

HIV Integrase Strand Transfer Inhibitor

Brand name (drugs) Side Effects Drug Interactions Reccomandations Approval date
Isentress (Raltegravir) 12 Oct 2007
Merk & Co, Inc.

Entry Inhibitors — CCR5 co-receptor antagonist

Brand name (drugs) Side Effects Drug Interactions Reccomandations Approval date
Selzenty (Maraviroc) 06 Ago 2007
Pfizer

Table 4. Proprieties of Fl, I, and CCR5 antagonist.
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Reverse Transcriptase Structure

HIV reverse transcriptase is a multi-functional enzyme which has the
enzymatic activities of RNA-dependent DNA polymerase, DNA-dependent DNA
polymerase and RNase H. All of the three functions are essential to complete
the reverse transcription (for mechanism see Figure 5). The polymerase activity
of the HIV RT shares similar feature as most DNA polymerases, however, with a
higher affinity to RNA as a template.

HIV-1 RT is a heterodimer, consisting of a p66 subunit with 560 amino
acids and a p51 subunit with 440 amino acids. The overall structure of HIV-RT
resembles a right hand as shown in Figure 11 here the subdomains of p66 are
designated as finger, palm and thumb regions. Besides, there are other
subdomains as RNase H and connection. The conserved residues Aspl85,
Asp186 and Asp110 form the polymerase active site in the palm domain.3¢
Although the p51 subunit shares the same sequence as the N-terminal of the
p66 subunit, the p51 subunit adapts a spatial arrangement totally different
from the p66 subunit and the p55 subunit has no catalytic function as the
corresponding Asp residues are buried in the structure. It is believed that p51
plays a role in maintaining the overall structure of the RT. The p66 finger and
thumb domains are rather flexible and the nucleic acid template and primer
are bound in this cleft passing between the fingers and in front of the thumb
domain. When dNTP is bound to the complex, the fingers bend towards the
palm forming a catalytic pocket.37

The NNRTI binding pocket (NNBP) exists only when an inhibitor is bound to
the enzyme.38 Upon binding of an NNRTI to RT, the side chains of Tyri81 and
Tyrd88, originally pointing to the hydrophobic centre of the pocket, are now
pointing towards the direction of the catalytic site. This conformation change
creates the NNBP and this pocket can accommodate a space of about 620-
720 A3 which is approximately more than twice of the volume occupied by
most of the present NNRTIs. The formation of the new pocket brings about the
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A RNaseH
Connection

Figure 11. The structure of the HIV-1 RT catalytic complex. (A) A
view of the RT catalytic complex with the polymerase active site
on the left and the RNase H domain on the right. The domains of
p66 are in colour: fingers (red), palm (yellow), thumb (orange),
connection (cyan), and RNase H (blue); p51 is in gray. In the two
chains, the domains have very different relative orientations. The
DNA template strand (light green) contains 25 nucleotides, and
the primer strand (dark green), 21 nucleotides. The dNTP is in
gold. (B) Interactions between RT and its substrates. Assigned
hydrogen bonds are solid red lines; other interactions are dashed
black lines. Main-chain contacts are abbreviated “mc”. Asterisks
indicate the position of the disulfide cross-link. The numbering
scheme for the template:primer is shown along the sugar
phosphate sugar phosphate backbone. The base pair containing
the 39-primer terminus is labelled n. Bases in the 5’-template
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extension are numbered n+1 to n+3, where n+1 is the templating nucleotide. (Template bases n+4
and n+5 are not ordered in this crystal structure.) Base pairs in the duplex are numbered from n to n-
20, and there is a single-base overhang at n-21 at the 39 end of the template strand. Single-letter
abbreviations for the amino acid residues are as follows: A, Ala; C, Cys; D, Asp; E, Glu; F, Phe; G, Gly;
H, His; |, lle; K, Lys; L, Leu; M, Met; N, Asn; P, Pro; Q, GIn; R, Arg; S, Ser; T, Thr; V, Val; W, Trp; and Y,

Tyr.
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Reverse Transcriptase Structure

dislocation of [-sheets where the catalytic Asp residues sit, leading to a
position shift of around 2 A for the catalytic residues.3? The mouth for entering
the pocket is flanked by Pro225 and Pro236 which are located on flexible
chains. The flexibility is crucial for permitting the entrance of the NNRTI and
subsequently closing the mouth after the entrance of the NNRTI. The residues
in the NNRTI binding pocket contribute at a varied degree to the affinity
between the inhibitor and the enzyme. Some interactions are crucial and play
an important role in a majority of the NNRTIs. The aromatic residues in RT, like,
Tyrd81, Tyrd88 and Trp229, provide very important hydrophobic n-interactions
with m-electron containing components of the inhibitors. The inhibitors are also
possible to increase their affinity to the enzyme through van der Waals
interactions with various positions in RT. Interactions with Lys101, Lys103 and
Glu1138 represent the possibility of catching electrostatic interactions. Many
NNRTIs form H-bonds with the enzyme through the side chain as well as
backbone amides. Loss of some key interactions will significantly reduce the
potency of the inhibitor. For example, Tyrd81 plays an important role in
interacting with many NNRTIs and the fact that HIV-2 RT has a isoleucine in the
181 position partly explains the reason that many NNRTIs are inactive to HIV-2,
although HIV-2 RT shares an similar overall folding as HIV-1 RT.40 Three
mechanism hypotheses for the inhibition of HIV-1 RT by NNRTIs have been
suggested and none of them should be regarded as mutually exclusive. In fact,
the nature of a particular inhibitor may dictate which mechanism is dominant.
The first mechanism suggests a disposition of the catalytic Asp residues. It has
been shown by Kinetic studies that a NNRTI present in RT has a relatively small
effect on the dNTP binding with an overall affinity reduction of around 10 fold.
Meanwhile the affinity of the primer/template duplex to the enzyme is
increased. Hence, the major effect of the inhibition is believed from the
blocking of the chemical step, which was confirmed by the analysis of the pre-
steady state burst of the DNA polymerization. The structural studies of the
NNRTI bound enzyme clearly showed the disposition of the catalytic residue,
which can partly explain the blockage or low efficiency of the nucleotide
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transfer reaction. The second mechanism suggests a hindrance of the
cooperative motion of the thumb/finger subdomains. The binding of the NNRTI
can also cause a long range distortion of the RT structure. It was found that the
p66 thumb subdomain is rotated by 40° relative to the finger domains
compared to their relation in the NNRTI unbound enzyme. Associated with the
hinge movement of the thumb, p66 connection and RNase H subdomains are
also distorted from the normal position in unbound enzyme. A dynamic study of
RT suggested that the NNRTI binding not suppress the mobility of the finger,
thumb and palm subdomains, but it will interfere with the global hinge-bending
movement that controls the cooperative motion of the subdomains.4! The last
mechanism suggestion is rather speculative, addressing the effect the NNRTI
binding has on the interaction between the two subunits p66 and p51. The
change of the dissociation free energy of the RT heterodimer has been
observed when binding with a NNRTI, which may has an impact on the
modulating of the enzymatic function, since the heterodimeric structure is
essential for the RT activity.42
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Reverse Transcriptase Inhibitors

The inhibition of HIV-1 RT is regarded as one of the most attractive targets
in the chemotherapy against HIV/AIDS due to its essential role in the viral
replication and NNRTIs have been proven to be important components in
HIV/AIDS combination therapy, because at their efficacy is associate a low
toxicity. Today four NNRTIs have been licensed for clinical use, namely
nevirapine, efavirenz, delavirdine and etravirine and many structural classes
are being explored.

Nevirapine. Nevirapine (Viramune®) was developed and launched by
Boehringer Ingelheim for the treatment of HIV infection.43 As the first NNRTI to
be introduced into HIV treatment, it dramatically changed the strategy of HIV
therapy. Nevirapine has since been widely used in the combination therapy for
HIV/AIDS in various treatment regimens. It is a relatively potent inhibitor of wild
type HIV-1 and has low inhibitory effect on cellular polymerases and is non
cytotoxic up to a very high concentration (CCso = 321000 nM). Nevirapine
shows a strong synergistic effect in combination with NRTIs, hence being
widely used in the combination therapy with anti-HIV nucleoside analogues. For
examples, in the plague assays the ICso value for AZT is 10 nM, and for
nevirapine 32 nM. In the combination experiment, 50% inhibition was achieved
with 0.3 nM AZT and 10nM nevirapine giving a combination index of 0.24,
which indicates a strong synergistic effect.44

Nevirapine SAR has been extensively studied and are summarized Figure
12. Nevirapine adopts a butterfly-like conformation which is commonly seen
with many NNRTIs. The molecule is fold such that the angle of the two pyridine
rings is about 120°. Due to the electron delocalization, the amide bond moiety
in the 7-membered ring adopts an almost planar conformation. The cyclopropyl
substituent points up and away from the tricyclic system. One of the pyridine
keeps a strong m-stacking with Y181, Y188 and W229, while the other has
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interactions with K101, K103, V106, V179, Y318, and even possibly with the
main chain atoms of H235 and P236.

Nevirapine is a relatively safe drug; the very low genetic barrier seen with
nevirapine has had a great impact on the clinical use of nevirapine and is a
driving force in the search of new NNRTIs. It was noticed very early that the rate
of resistance development was very fast upon monotherapy with nevirapine.45
The resistance development is still an debated issue as nevirapine is used in
Africa for the prevention of HIV from mothers to infants and in a recent
publication these aspects have been discussed and it was concluded that
resistance after single-dose nevirapine occurs more readily than previously
thought. 46

Delavirdine. Delavirdine (Rescriptor®) was originally developed by Upjohn
and launched by Pharmacia&Upjohn for the combination therapy against HIV
infection.4” The compound is now marketed by Pfizer. Delavirdine has a good
activity against HIV-RT with an extremely low cytotoxicity (Selectivity Index (SI)
> 10000). However, the substance loses substantially its potency against
resistant strains with single mutations such Y181C, K103N, which are
commonly seen with NNRTI treatment, as well as P236L which is specific for
delavirdine. SAR of delavirdine has been thoroughly studied (Figure 13).48

Delavirdine occupies the same NNRTI binding pocket as other NNRTIs
however with a very different binding mode as delavirdine is bulkier than the
other NNRTI with a volume of about 380 A3 opposed to 230- 290 A3 for the
others.

The compound has also an overall shape which differs dramatically from
other NNRTIs. The complex between delavirdine and RT is stabilized in a unique
way; when bond, delavirdine extends beyond the usual pocket and projects into
the solvent.4? The delavirdine binding pocket is connected to the solvent
through a channel between well-ordered 3-sheets and a highly mobile flap, and
the entry of delavirdine is by means of this channel. Delavirdine also interacts
with regions of NNBP inaccessible to other NNRTIs. Besides, the carbonyl
oxygen in the central spacer is H-bonded to the main chain of K103.
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Figure 12. Nevirapine SAR studies.

X: CH < N; CH derivatives are quickly
metabolized than Nevirapine
(N11 dealkylation)

Het: heterocycles in this position give
good potency

R = position 2 limited effect on the activity
position 3 is unfavorited

R, = methyl group give a good potency
R, = Increasing sustituent size
will reduce the activity

Y =S < 0; S derivatives have less
metabolic stability
R, = Substituent in position 7, 8, 9 affect
the potency negatively
R, = Et, Pr, cyPr = good activity
H, hydrophilic or electron-withdrawing
groups diminuishpotency
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Delavirdine treatment can develop resistance quite rapidly and the
compound loses substantially the efficacy against mutant strains of HIV virus.
With relatively high and inconvenient dose regimens involving 400 mg/3 times
a day, relatively low potency and an unfavourable resistance profile, the
compound is not as widely clinically used as the other two launched NNRTIs.

Efavirenz. Efavirenz (Sustiva®) was developed by DuPont and later by BMS
for the treatment of HIV infection in combination with other anti-HIV agents.50
The product was first approved by FDA in 1998 for use in the triple
combinations as an alternative to protease inhibitors. Due to the high potency
against wild type and some mutant strains, the compound is regarded as the
leading prescribed NNRTI as a safe and efficacious component of early HAART
regimens. Efavirenz is a highly potent inhibitor of HIV RT and is not cytotoxic
and has a CCso of about 80 uM (SI = 80000). Despite with certain loss, it
maintains good activities against many single mutants commonly occurred in
HIV therapy such as the L100l, K1041E, V106A, V179D and Y181C. However, it
loses potency against double or triple mutants (for example K101D+K103N,
L1001+K101D, K103N+Y181C and L100I+K103N). Efavirenz was found as the
result of the optimization work as show in Figure 14.7°

Similar to most NNRTIs, efavirenz binds to RT through strong hydrophobic
interactions.51 The cyclopropylpropynyl group points to a sub-pocket
surrounded by aromatic side chains of Y181, Y188, W229 and F227, where the
left pyridine ring of nevirapine binds. The benzoxazinone ring is situated
between the side chains of L100 and V106 in a sandwich shape. The edge of
the benzoxazinone has contact with the residues Y318 and V179. A prominent
non hydrophobic contact is the H-bonding formed between the NH in
benzoxazinone and the main chain carbonyl oxygen of K1041. The interaction of
efavirenz with the mutant RT has been a subject of great interest and the
structural information shed some light to the understanding of the mechanism
of the efavirenz resistance. K103N is one of the major mutations efavirenz and
other NNRTIs encounter. The structure of efavirenz with K1IO3N mutant clearly
shows that the mutation causes a significant conformational change within the
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binding pocket. The bigger asparagine side chain pushes efavirenz deeper into
the pocket, which in turn forces the side chain of Y181 flip to opposite direction
and its OH is displaced for more than 8 A. This affects the position of E1138
and K1041. The displacement of efavirenz itself is about 0.5 A for the carbonyl
oxygen and 0.7 A for the cyclopropyl group, which is sufficient to alter some
contacts between efavirenz and the enzyme. However, efavirenz loses the
activity against single mutants much less than nevirapine in general. A
hypothesis is forwarded from the structural study to explain the phenomenon.
The overall size of efavirenz in relation to its binding size may determine its
ability to adapt a mutation. A smaller inhibitor can reposition itself within the
pocket whereas nevirapine’s bulky ring system remains relatively rigid and no
such repositioning is possible.52

Etravirine.53 Etravirine (Intelence, Tibotec) is a potent second-generation
NNRTIs with broad in vitro activity against HIV-1.

Etravirine binds to the reverse transcriptase enzyme via a horseshoe-
shaped configuration with 2 "wings" capable of rotating to optimize binding.
This structure allows for multiple binding conformations and may explain
etravirine's potent activity against NNRTIs-resistant strains. The 50% effective
concentration for etravirine against wild type HIV-1 is in the nanomolar range
(1.4-4.8 nM), which is similar to that of efavirenz (1.0-3.4 nM). The majority of
etravirine trials have focused on patients with NNRTI-resistant HIV-1 infections;
however, etravirine has also been evaluated as a treatment for patients with
wild type HIV-1 infections. In a parallel screening study involving wild-type and
NNRTI-resistant HIV-1 strains, etravirine was demonstrated to inhibit 98% of all
samples and 97% of NNRTI resistant strains with an ECso <100 nM. The
investigators concluded that etravirine has a high genetic barrier to resistance
with excellent activity against NNRTI-resistant viral strains, making this agent a
potential alternative treatment in patients who have developed resistance to
either NNRTIs. Based on the results of clinical trials, multiple mutations in the
reverse transcriptase enzyme are required for the virus to become resistant to
etravirine.
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Indolyl Aryl Sulfones

In the 1993, Merck Research Laboratories reported the synthesis and the
activity of 5-chloro-3-(benzenesulfonyl)indole-2-carboxyamide (1 (L-737,126)
Figure 16), a novel potent and selective RT inhibitor.®® Taking into account our
know-how in the pyrrole containing chemotherapeutic agents, we desighed
pyrryl aryl sulfones (PAS) (2-5, Figure 16).5¢ By intramolecular cyclization of
PASs were obtained pyrrolo[1,2-b][1,2,5]benzothiadiazepines (PBTDs) (6-8,
Figure 16),57 a novel class of NNRTIs structurally related to nevirapine. Both
classes have as common feature the parachloroniline moiety.

The lack of SAR investigations on anti-HIV-1 indolyl aryl sulfones (IASs)

motivated our laboratory to address further research towards discovery of novel
indole sulfones related to the potent Merck derivative 1. First we used SARs
taken from the already described PAS family in order to plan the synthesis of
novel IASs: (i) by replacing the phenyl ring of 1 with the para-chloroanilino
pharmacophore; (ii) by shifting the benzenesulfonyl moiety of 1 from position 3
to position 1 of the indole ring; (iii) by modifying the carboxyamide side-chain
and changing its position from C2 to C3.58 In general 1-benzenesulfonylindoles
were totally devoid of anti-HIV-1 activity. Indoles 9-12 characterized by the
presence of carboxyethyl or carboxyamide groups at position 3 of indole, were
totally inactive. 3-benzenesulfonyl indoles carrying a carbethoxy group at
positon 2 of indole proved weakly active (data not shown). Substitution of the
ester group of the last compounds with a carboxyamide function led to a very
significant increase of both potency and selectivity (13-16).
Introduction of methyl groups in the phenyl ring of benzenesulfonyl moiety led
to derivatives as potent as 1 (see compounds 17-19), but much less cytotoxic
with consequent increasing of selectivity; on the contrary, 2,4- and 3,5-dimethyl
derivatives 20 and 21, although endowed with high potency, were more
cytotoxic than the related mono-methyl derivatives.

When tested against a panel of HIV-1 strains carrying clinically relevant
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9X=H; Y=0C,H; >32
10X=H; Y=NH,  >32
11X =Cl; Y=0C,Hy > 42
12 X = Cl; Y = NH, 66

Amino-PASs
2R=CH,4
3R=C,Hy

4 R=n-C4H,
5 R =iso-C5H,

13X=S; Y=H
14X =50, Y=H
15X=S;  Y=cCl
16 X=S0,; Y=Cl

17 R=2-CH,
18 R = 3-CH,
19 R = 4-CH,
20 R = 2,4-(CHj),
21 R = 3,5CH,),

NH,,

EC;,*
0.001
0.001
0.003
0.004
0.004

CCyp*
>100
>100
>100
37
15

*All values are reported as 1M concentration

Figure 16. Structure and anti-HIV activity (ECso) of compounds 1-21. For compounds 17-21 are
reported also cytotoxic concentration (CCso). All values are reported as UM concentration.
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NNRTI resistance mutations, monomethyl derivatives 17-19 were inhibitory to
the Y181C mutant at submicromolar concentrations (Table 5). However, these
compounds were less effective against the K103N-Y181C double mutant and
the EFVR (K103R-V179D-P225H) triple mutant highly resistant to efavirenz. In
fact, the meta derivative (18) showed high inhibitory activity against Y181C
mutant, appreciable activity against EFVR, and moderately inhibited the double
mutant K103N-Y181C, whereas the para (19) and ortho (17) analogues were
clearly less active against these mutants. A high inhibitory activity against
Y181C, K103N-Y181C and EFVR mutants was exhibited by the 3,5-Me2z
derivative 21, which proved 10-fold more potent than 1 against the two HIV-1
strains carrying mutations at 103 position of the RT gene. When compared to
efavirenz, 21 turned out to be a 4-fold less efficient inhibitor of the double
mutant K103-Y181C, but a 22-fold better inhibitor of the triple mutant K103R-
V179D-P225H. A determinant structural requirement for a potent activity
against mutant strains was the 3,5-Me2 substitution on the phenyl ring. In fact,
compound 21 turned out as active as 1 and efavirenz against WT HIV-1 RT and
Y181C mutant, about 10- and 20- fold more potent against EFVR than 1 and
efavirenz, and about 10-fold more potent than 1 and only 4-times less potent
than efavirenz against the double mutant K103N-Y181C.

Subsequently we studied the importance of substituent at 5 position of
indole nucleus. Replacement of 5-chloro with 5-bromo in the 3,5-
dimethylbenzenesulfonyl series did not alter potency and selectivity. We also
synthesized novel IAS derivatives with a nitro group at position 5 of the indole
ring. 5-nitro-IASs were highly active against wild-type HIV-1 at nanomolar
concentrations with low cytotoxicity. When tested against resistant mutants, all
nitroderivatives showed antiviral activities at submicromolar concentrations
against both Y181C and EFVR mutant strains. Continuing our efforts to develop
IASs with improved activity against the viral mutants, we planned the synthesis
of new derivatives 22-33 bearing two halogen atoms at the indole ring.
Cytotoxicity (TCso) and antiretroviral activity (EDso) of these compounds were
evaluated against the HIV-1 WT (Figure 17) and NNRTI-resistant strains Y181C
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and K103N-Y181C. IASs 1 and 21, NVP, and EFV were used as reference
compounds. The compounds obtained by the introduction of a second halogen
atom at indole nucleus (dihalo-IASs) were generally highly active against the
HIV-1 WT and not cytotoxic up to 20000 nM. The EDso ranged from 0.5 nM (32
in MT-4 cells) to 100 nM (22 in C8166 cells), and selectivity indexes (TCso/EDso
ratio) (SI) ranged from >40000 (32 in MT-4 cells) to >200 (22 in C8166 cells).
As a rule, derivatives bearing two halogen atoms at positions 4 and 5 of the
indole and the 3-(3,5-dimethylphenyl)sulfonyl moiety were more potent than
the corresponding 5,6- or 5,7-dihalo-IAS counterparts in both cell lines. The 4,5-
difluoro-IAS (26) and 5-chloro-4-fluoro-IAS (32) (EDsp) 1 and 0.5 nM,
respectively, in MT-4 cells) were the most potent and selective HIV-1 WT
inhibitors within the series.

The 4,5-dihaloindole was an optimal substitution pattern for the antiviral
activity of IASs. The antiviral potency was particularly correlated to the
presence of the fluorine atom at position 4.

Against the Y181C mutant strain, derivatives 1ASs 22 and 33 were as
active as the reference compounds 1 and 21. The most potent derivative 32
(EDso) 4 nM) was as active as EFV in inhibiting the Y181C mutant strain (Table
6). Compounds 26 (EDso = 1200 nM) and 32 (EDso = 300 nM) effectively
inhibited the K103N-Y181C double-mutant strain, which is highly resistant to
NVP. Against this strain, 32 was as active as EFV and >667-fold more active
than NVP. The most potent derivatives 26 and 32 were evaluated in
lymphocytes against HIV-1 WT (llIB) and primary isolates HIV-112 and HIV-AB1
obtained from two HIV-1-Ab seropositive individuals who had experienced
therapeutic failure after treatment with HAART regimens (Table 7). The 112
strain was selected after treatment with NRTIs and NNRTIs and carried
mutations at K103N-V108I-M184V positions that showed >99% resistance to
NVP and EFV. The AB1 strain was selected after treatment with NRTIs, NNRTIs,
and at least one Pl and carried L100I-V108I] mutations that were >90% and
>85% resistant to NVP and EFV, respectively. Compounds 26 and 32 inhibited
the 112 and the AB1 strains in lymphocytes and the multiplication of the
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Table 5. Activity of compounds 1, 17-21 against clinically relevant HIV-1 mutant strains.

ECs0® (LM) EFVR
Compd Wt-lls Y181C K103N-Y181C ECoo° (LM)

17 0.001 0.16 10 2.6

18 0.001 0.006 7 0.26
19 0.003 0.02 > 100 93
20 0.004 0.15 10 5.3

21 0.004 0.03 0.65 0.08
1 0.001 0.02 8 0.9
EFV 0.004 0.025 0.15 1.8

aData represent mean values for three separate experiments. PCompound concentration (uM)
required to achieve 50% protection of MT-4 cells from the indicated strain HIV-1 induced
cytopathogenicity as determined by the MTT method. cCompound concentration (LM) required
to reduce the amount of p24 by 90% in C8166 cells infected with an efavirenz resistant strain
carrying mutations K103R, V179D and P225H. 9EFV, efavirenz.

ED50 (nM) Tcso (nM)
Cmpd MT-4  C8166  MT-4

22 R=H R, = 5,6-Cl, 80 100  >20000

3 23 R=35'Me, R,=5,6-Cl, 10 15 >20000

= 24 R=35"Me, R,=5,7-Cl, 21 12 >20000
N 25 R=H R, = 4.5F, 8 10 >20000
< 26 R-3'5'Me, R, =45, 1 3 20000

2 27 R=H =5, 16 20  >20000

s {3 0 28R=35Me, R,=56F, 20 30  >20000
R N 29 R=3'5"Me, R,;=57F, 7 25 >20000
L A~N  wn. 30 R=H R, = 4Cl.5F 8 9 >20000
. H ? 3LR-35Me, R=6C0SF 50 50 18000
32 R=35'"Me, R, =5Cl4- 0.5 08  >20000

33 R=H  ° R =4Cl6F 12 10  >20000

1 R=H R, = 5Cl 2 3 20000

21 R=3'5"Me, R,=5Cl 6 10 12000

Figure 17. Structure of dihalo IASs.
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llIBBa-L strain in macrophages at nanomolar concentrations. Derivatives 26
and 32 were tested against RT WT and RTs containing the K103N, Y181l, and
L100I single amino acid mutations responsible for resistance to NNRTIs (Table
8). Against RT WT, 26 and 32 were more potent than NVP (235 and 133 times,
respectively) and EFV (47 and 27 times, respectively). Compound 32 proved to
be an exceptionally potent inhibitor of the RTs carrying the K103N, Y181l, and
L199]1 mutations (K103N, 1167 and >3333 times more potent than NVP and
EVF, respectively; Y181l, >690 and 14 times more potent than NVP and EVF,
respectively; L100I, 4500 times more potent than NVP). The recombinant HIV-1
RT carrying the Y181l mutation was absolutely comparable to the Y181C
substitution in terms of drug resistance, as we previously characterized in our
laboratory from an enzymological point of view.
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Table 6. Antiviral Activity of IASs 22-33 and Reference Compounds
1, 24, NVP, and EFV against the HIV-1 WT (llIB) and the Y181C and
the K103N-Y181C Resistant Strains in MT-4 Cells.?

EDso” (nM)

Compd wt-lls Y181C K103N-Y181C
22 80 1700 > 20000
23 10 1000 > 20000
24 21 4200 > 20000
25 8 600 18000
26 1 50 1200
27 16 8200 > 20000
28 20 400 > 20000
29 7 1500 > 20000
30 8 2200 > 20000
31 50 700 12000
32 0.5 4 300
33 12 50 > 20000

1 2 30 10000
21 6 50 800
NVP 50 14000 > 20000
EFV 3 10 200

aData are mean values of two experiments performed in triplicate.
bCompound concentration (nM) required to achieve 50% protection of MT-4
cells from HIV-1 WT (llIB), Y181C, and K103N-Y181C resistant strains
cytopathogenicity as monitored by MTT method.

46



Indolyl Aryl Sulfones

Table 7. Activities of Derivatives 26 and 32 and Reference Compounds 1, 21, NVP, and EFV
against the HIV-1 WT (llIB) and the Primary Isolates HIV-112 and HIV-AB1 in Lymphocytes.2

EDso? (nM) Si¢
Compd TCs0 (NM) B 112 AB1 B 112 AB1

26 >20000 20 130 84 >1000 >154 >238
32 >20000 8 10 12 >2500 >2000 >1667

1 >20000 160 2300 2500 >125 >9 >8
21 18000 200 300 220 90 60 82
NVP >20000 90 >20000 >20000 >222
EFV >20000 7 >20000 >20000 >2857

aData are mean values of two experiments performed in triplicate. °Compound concentration (nM) required
to reduce the amount of p24 by 50% in the indicated strain. HIV-p24 antigen production in control HIV-1
infected lymphocytes was 118 900 and 247 200 pg/mL in HIV-112 and HIV-AB1 infected lymphocytes,
respectively. cSelectivity index: TCso/ EDso ratio.

Table 8. Activities of Derivatives 26 and 32 and Reference Compounds 1 and 21 against the HIV-1
WT (llIBBa-L) in Macrophages? and against the WT and Mutant Enzymes Carrying Single Amino
Acid Substitutions.t

IDso® (NM)

Compd EDso¢ (nM) Sid Wt K103N Y181l L100I
26 23 >870 17 1000 2050 90
32 10 >2000 3 6 29 2

1 2000 >10 400 7000 >20000 9000
21 115 174 80 >20000 400  ndf

aData are mean values of two experiments performed in triplicate. PData represent mean values of at least
three separate experiments. cCompound concentration (nM) required to reduce the amount of p24 by 50%
in the indicated strain. HIV-p24 antigen production in control HIV-1 infected lymphocytes was 118 900 and
247 200 pg/mL in HIV-112 and HIV-AB1 infected lymphocytes, respectively. dSelectivity index: TCso/ EDso
ratio.e.Compound dose (Ki, nM) required to inhibit by 50% the RT activity of the indicated strain. f nd, no
data.
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Aim of the Work

The obtained results from IASs 9-33 are enough to make some study of
structure-analysis relationship. By the analysis of results of compounds 9-12 is
obvious that the carboxyamide derivatives are more potent than correspondent
esters. Comparing the activity of compounds 14 and 16 with 13 and 15,
respectively, it is evident as the sulfonyl derivatives are more active than
corresponding sulfur against wild-type HIV-1. The introduction of two methyl
groups at position 3 and 5 of phenyl ring gave compounds with more
cytotoxicity, but they retained the antiviral-activity against clinically relevant
HIV-1 mutant strains as Y181C single mutant and Y181C-K103N double
mutant strains, and in particularly against EFVR mutant highly resistant at the
treatment with nevirapine and efavirenz. The substitution of chorine atom at 5
position of indole nucleus with bromine or nitro groups gave compound with a
good activity associated with a low cytotoxicity; moreover the nitroderivatives
are active at submicromolar concentration against HIV-1 mutant strains. The
introduction of second halogen at indole nucleus gave compounds with
inhibitory activity of HIV-1 wild-type reproduction at nanomolar and
submicromolar concentrations. Particularly, the introduction of a fluorine atom
at position 4 of indole nucleus of 21 (4-fluoro, 5-chloro substitution) gave
compound 32 that was active against HIV-1 wild-type at subnanomolar
concentration, and active against HIV-1 mutant strains at nanomolar
concentration and it was more potent than reference compounds in cellular
and enzymatic assays.

On these results, we design new indolyl aryl sulfones to investigate the role
of the carboxyamide function introducing different groups at carboxyamide
function at position 2 of indole ring. Already was reported IASs carrying amino
acids (mono-, di-, tripeptide derivatives) at this carboxyamide function with a
good anti-HIV activity. We planned to prepare different IASs bearing different
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Figure 18. Development of IASs and structure-activity relationship study.
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amino acids unit (Figure 19). They consist in natural and unnatural amino
acids, branched and not including taurinamide and -methyltaurinamide.

Moreover we prepared and evaluated many different amide derivatives
with heterocyclic groups bond at nitrogen amide atom by a different length
linker (Figure 20).

All new synthesized IASs are characterized by the presence of (3,5
dimethylphenyl)sulfonyl groups at position 3 of indole nucleus, while it was
substituted at position 5 with the chlorine and bromine atoms, nitro groups;
moreover was prepared derivatives of 32 characterized by 4-fluoro-5-
chloroindole scaffold.
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S0,
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N
Z N  NHR,
H
34-57
Compd R R1 Compd R R;

B sm i v | f
36 5-NO2 f; \)L 48 5-NO2

NH, NH,
37 4-F,5-Cl 49 4-F,5-Cl
38 5-CI 0 50 5-CI
39 5-Br 51 5-Br
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Figure 19. New Amino acid IASs derivatives.
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Compd R Linker-R;
90 5-Cl
SO, 01 5-Br /@
o S\ O 92 5-NO2 ;f\/\o
L Yant R1 93 4-F-5Cl
5893
Compd R Linker-R1 Compd R Linker-R,
58 5-Cl 74 5-Cl
59 5-Br O 75 5-Br O
60 5-NO2 /N 76 5-NO2 "{\/N
61 4-F,5Cl 77 4-F,5-Cl
62 5-Cl 78 5-Cl
63 5-Br 79 5-Br /j
64 5-NO: AN g0 sNo, A\
65 4-F,5Cl 81 4-F,5-Cl
66 5-Cl 82 5-Cl
67 5-Br (\o 83 5-Br ﬁ 0
68 5NO. SN 84 5NO- zk/\/NJ
69 4-F,5Cl 85 4-F,5Cl
70 5-Cl 86 5-Cl
71 5-Br 87 5-Br /\/@
72 5-NO2 /- 88 5-NO2 \
73 4-F,5Cl 89 4-F,5-Cl

Figure 20. New Mannich/Amides IASs derivatives.
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A general pathway for preparation of described compounds is showed in
Scheme 1. The 3-arylsulfonyl derivatives (b) were prepared from the
appropriate indoles (a), and then, the ester function was converted in amide to
give the final desired compounds.

For the preparation of amino acid derivatives, ester (b) hydrolysis gave the
correspondent acids that were reacted with appropriate ester amino acid using
BOP as coupling agents. The menaced esters (e) were converted in the desired
compounds (g) by treatment with ammonium hydroxide. Other amide
derivatives (d) may be prepared by reaction between correspondent acids and
amine or by direct microwave assisted reaction between ester and amine.
Finally, the derivatives f were prepared by Mannich reaction between amide 3,
formaldehyde and appropriate amine.

The ethyl 5-chloro-1H-indole-2-carboxylate and ethyl 5-nitro-1H-indole-2-
carboxylate were commercially available, while ethyl 5-bromo-1H-indole-2-
carboxylate and ethyl 5-chloro-4-fluoro-1H-indole-2-carboxylare  were
synthesized.

Fore the preparation of ethyl 5-bromo-1H-indole-2-carboxylate was used the
Fischer indole synthesis strategy (Scheme 2). Reaction between commercially
available 4-bromophenyl hydrazine hydrochloride (94) and ethyl pyruvate in
ethanol at reflux temperature gave hydrazone 95 that was converted in the
desired indole (96) by the treatment with hot polyphosphoric acid. This
synthetic pathway is very simple, and the both reactions have a good yield. The
same procedure was used for the preparation of indole 105.

For this purpose was prepared hydrazono 103 using two different pathways
(Scheme 3). The former strategy consist in the protection of 3-fluroaniline (97)
as pivalamide (98) that was chlorinated with N-chlorosuccinimide (NCS) (99)
and then deprotected to give aniline 100 that was converted in hydrazono 103
using Jaap-Kinglemann reaction. This procedure consist in the initial conversion
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Scheme 1. General pathways for IASs synthesis.
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Scheme 2. Synthesis of ethyl 5-bromo-1H-indole-2-carboxylate.
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Reagents and Reaction Conditions: a) CHsCOOH, EtOH, reflux, 2 h; b) Polyphosphoric acid, 110
°C,1h.
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of the aniline in the correspondent diazonium salt, that was coupled with ethyl
2-methylacetoacetate and successive hydrolysis of addition product to give the
desired hydrazono 103.

Alternatively, the reaction between 3-fluorophenylhyrazine hydrochloride
101 and ethyl pyruvate gave hydrazono 102 that was chlorinated with N-
chlorosuccinimide to give 103.The chlorination reactions from 98 to 99 and
from 102 to 103 were performed in different conditions. Compound 99 was
obtained by the treatment of 98 with N-chlorosuccinimide in N,N-
dimethylformamide at 80°C for 30 min.; the same conditions for preparation
of 103 from 102 gave a mixture of chlorination products. It was performed in
the same solvent but at room temperature for overnight to give the desired
product with a yield of 60%.

The treatment of 103 with hot polyphosphoric acid gave two indole
isomers: ethyl 5-chloro-6-fluoro-1H-indole-2-carboxylate (104) and ethyl 5-
chloro-4-fluoro-1H-indole-2-carboxylate (105) that could be separated by
repeated chromatography columns. Moreover, indole 104 is the major isomer
and the best yield for preparation of indole 105 using this pathways is minor
than 5%.

Due the low yield and the difficult to separate both isomers, and the its
importance because of high anti-HIV potency of 36, it was necessary to
investigate for a more convenient synthesis of this indole.

Different possible pathways were planned, and our aim was to obtain it as
single isomer. In a first attempt we converted aniline 106 in amide 107 by the
treatment with ethyl oxalyl chloride in the presence of triethylamine.
Chlorination of 107 was performed as already describe for the preparation of
99 to obtain 108. Both attempt used to convert 108 in the indole 105 was
unsuccessfully. For this purpose 105 was initially treated with n-, t-butyl lithium
and lithium di-i-propylamide, and then it was converted in the correspondent
chloro imminium derivative 109 that was treated with sodium ethoxide.

In a second attempt, aniline 106 was protected as N-pivalamide (110) and
then chlorinated with N-chlorosuccinimide to give N-(4-chloro-3-fluoro-2-
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Scheme 3. Synthesis of indole 102 using Fischer indole synthesis strategy.

F
W l *ﬁ El *ﬁ M ]
97
0 d
OEt
_NH, - HCI e
N
101 102 103
cl b
0
Cl 0
- m—/{ + j@\/\;_/(
N OEt
F H N Okt
104 105

Reagents and Reaction Conditions: a) Pivaloyl chloride, EtsN, THF, rt, 1h; b) NCS, DMF, 80 °C,
30 min.; ¢) 6N HCI, dioxane, riflux, overnight, 98%; d) (i) NaNO2, HCI, H20-EtOH, O °C, 10 min,;
(ii) Ethyl 2-methylacetoacetate, CH3COOK (until pH ~ 5), H20-EtOH, O °C, 4 h; (iii) EtOH, rt,
overnight; e) CHsCOOH, EtOH, reflux, 2 h;; f) NCS, DMF, rt, overnight, 63 %; g) Polyphosphoric
acid, 110 °C, 1 h, YIELD.
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methylphenyl)pivalamide (111). The elongation of methyl group with
diethyloxalate in the presence of n-butyl lithium from 111 and 112 was

unsuccessful, so we performed acid deprotection of 112 to afforded 4-
chloro-3-fluoro-2-methylaniline (113) which was oxidized to the corresponding
nitro derivative 114 with 3-chloroperoxybenzoic acid (m-CPBA); for a good
reaction yield it was necessary to use 5 equivalent of m-CPBA; the same
reaction was performed with hydrogen peroxide with a low yield. Reaction of
114 with diethyl oxalate in the presence of sodium ethoxide gave ethyl 3-(3-
chloro-2-fluoro-6-nitrophenyl)-2-oxopropanoate (115), that for reduction nitro
group with iron powder by heating at 60 °C in acetic acid and subsequent
intramolecular cyclization of the intermediate amino derivative provided the
indole ester 105 as single isomer (Scheme 5). The latter six-step procedure
provided 105 in 37% overall yield starting from the commercially available
aniline 106 (the overall yield with the older procedure showed in scheme 3 was
only 5%). In addition, it is faster because it avoids tedious repeated
chromatographies needed for the separation of the isomers.

The reaction between ethyl indole-2-carboxylate 96, 105, 117 and 118 with
N-(3,5-dimethylphenylthio)succinimide (116) in the presence of the
borontrifluoride diethyl etherate gave the correspondent ethyl 3+3,5-
dimethylphenyl)thio-indole-2-carboxylate 119-122 (Scheme 6); the reaction
was performed in dichloromethane, and it was stirred at room temperature for
two hours and at reflux temperature for the same time.

In the case of ethyl 5-nitro-1H-indole-2-carboxylate the yield of reaction was
only about 53%, with recovery of starting material. To improve the yield, the
reaction was performed to varying reaction time, the reactant and reagent ratio
and increasing the reaction temperature using chloroform or 1-bromo-3-
chloropropane as solvent and performed the reaction using microwaves
irradiation. The many attempts were unsuccessfully to improve significantly the
yield of reaction, probably due to the degradation of 116 in more drastic
conditions.
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Scheme 4. First synthetic attempt to prepare 105 as single isomers.
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Reagents and Reaction Conditions: a) Ethyl oxalyl chloride, EtsN, THF, O °C, 1h; b) N-
Chlorosuccinimide, DMF, 80 °C, 45 min.; ¢) n-BuLi (or t-BuLi), THF, from -78 °C to rt.; d) n-BulLi,
i-Pr2NH, THF, -78 °C, than 108, from -78 °C to rt; ) SOCl2, reflux, 2h; f) EtONa, EtOH, from rt to
reflux, overnight.
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Scheme 5. Synthesis of indole 102 as single isomer.
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Reagents and Reaction Conditions: a) Pivaloyl chloride, EtsN, THF, from 0°C to rt, 2h; b) N-
Chlorosuccinimide, DMF, 80 °C, 45 min.; ¢) n-BulLi, diethyl oxalate, THF, from -78 °C to rt,
overnight; d) (from 112) 6N HCI, dioxane, reflux, overnight; ) m-CPBA, toluene, 80 °C, 3 h; f)
EtONa, EtOH, diethyl oxalate, rt, overnight; g) Fe, CH3COOH, 60 °C, overnight.
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The sulfonyl derivatives 123-126 were obtained by the oxidation of 119-
122 using two equivalent of m-CPBA in chloroform at O °C. Finally, the esters
hydrolysis was performed with three equivalent of lithium hydroxide
monohydrate in a mixture of tetrahydrofuran and water at room temperature
with a variable time of reaction from 1 to 3 days. The hydrolysis was also
performed with the same solvent and base, but using reflux temperature for 5
hours with the same reaction yield.

Thiosuccinimide 116 was obtained from the reaction between 3,5-
dimethylthiophenol and N-chlorosuccinimmide in dichloromethane at 0°C as
already reported.5® In this reaction is necessary to monitor accurately the
temperature otherwise could give N-(4-chloro-3,5-
dimethylphenyl)thiosuccinimide as by-product.

Coupling reaction between acids 127-130 with the appropriate ethyl or
methyl amino acids ester hydrochloride gave the correspondent ethyl or methyl
amino acids IASs (131-146) that was converted in the desired compounds 34-
49 by treatment with ammonium hydroxide (Scheme 7). This reaction was
performed in oil bath at the temperature of 60 °C, with a variable time of
reaction and, in many cases, low yield with branch amino acids. The same
reaction was performed using microwave reactor with a better reaction yield. In
the last case the reaction conditions were accurately monitored otherwise
could give the correspondent 2-indolecarboxyamide as by product.

Sulphonamides 50-57 were obtained by reaction of 127-130 with 2-
aminoethanesulfonamide hydrochloride® or 2-aminopropanesulfonamide
hydrochloride in the presence of BOP reagent as coupling agent and
triethylamine (Scheme 7).

2-Aminopropanesulfonamide hydrochloride (152) was synthesized by
reaction of mesylate 14761 with potassium thioacetate in DMF to afford 148,
which was oxidized with hydrogen peroxide to give the sulfonic acid 149
(Scheme 8). Treatment of 149 with phosgene gave the corresponding sulfonyl
chloride 150 which was transformed into sulfonamide 151 with gaseous
ammonia and then deprotected by hydrogenation to provide 160.
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Scheme 6. Synthetic pathways for preparation of acid 127-130.

Q 0
AN
| A\
+ CI—N R _
s’ N OEt
H

SH 5 S
116 96, 105, 117, 118
b : Z c : Z d : Z
—_— S —_— _— 302
0
Z N N N e N OH
H H
119-122 123-126 127-130

117,119,123,127: R = 5-Cl
96,120,124,128: R = 5-Br

118,121,125,129: R = 5-NO,,

105,122,126,130: R = 5-Cl.4-F

Reagents and Reaction Conditions: a) Dichloromethane, EtsN, 0°C, 2.5 h; b) BFs- Et20 diethyl
etherate, dichloromethane, 2 h at rt then 2 h at reflux temperature; c) m-CPBA, chloroform,

0°C, 1 h; d) LiOH - H20, tetrahydrofuran, water, rt, overnight.
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Derivatives 58-69 were obtained by Mannich reaction between
carboxyamide 21, 32, 153, 154 and the appropriate amine (pyrrolidine,
piperidine and morpholine) in the presence of formaldheyde (Scheme 9). This
reaction was performed using two different procedures. In the first attempt t-
butanol was used as solvent. The desired product was recovery as precipitate. It
was necessary a week and/or the addition of n-hexane to form the precipitate
and it was difficulty to have a high purity product.

Due the acid instability of Mannich product, they couldn’t purified by silica
gel column chromatography. An improved synthesis for the preparation of
Mannich base was developed. Benzene was used as solvent, and the reaction
was performed using Dean-Stark apparatus. Paraformaldehyde was used
instead of aqueous formaldehyde. In this case it is hecessary to use a very high
purity starting material (21, 32, 153, 154) (purified by silica gel column
chromatography and then by crystallization (only first precipitate)) to obtained
a high purity reaction product. The reaction was monitored by TLC, and it was
complete in 2-3 h. After cooling the immediately formed precipitate was
collected to give a high purity desired product with a good yield.

The Mannich product stability weren’t evaluated in the assay’s conditions,
but they were stable as pure product and in dimethylsulfoxyde at room
temperature for a week.

The amide 21, 32, 153 and 154 were obtained by direct conversion of
esters 123-126, or from the correspondent acid derivatives 127-130. The direct
conversion of the esters was performed using ammonium hydroxide and
ethanol as solvent in the sealed tube at the temperature of 110 °C. The same
reaction was performed using microwave reactor, with reduced time of reaction
and an increased yield (the best yield was about 60%). In both cases the acid
127-130 were formed as reaction by-product. The reaction of acid 127-130
with 1,1’-carbonyl-diimidazole to give the correspondent imidazole amide that
was converted in the desired product by the treatment with ammonium
hydroxide with high yield (more of 90%).
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Scheme 7. Synthetic pathways for preparation of

amino acids IASs derivatives 38-57.

R= S0, — = S0,
H
H H 2
0 0 R,
127-130 50-57
H, CH,

b
R= S0, — p S0,
H H
AN N., Y~ ~OR, Q_g\H/N\X/Y NH,
he N T

N
H o 0 0 0
131-146 3449

131:R=5Cl; X=CHy Y=~ R, =Et 139: R = 5-Cl; X = CH,; Y = CH,; R, = Me
132: R=5Br,X=CH,; Y=-R, =Et 140: R =5-Br; X=CH,; Y = CH,; R; = Me
133: R=5-NO,; X=CH,; Y=~ R, = Et 141: R = 5-NO,; X = CH,; Y = CH,; R; = Me
134: R = 5-Cl,4-F; X=CH,; Y =~ R, = Et 142: R = 5-Cl,4-F; X =CH,; Y = CH,; R, = Me
135: R = 5-Cl; X = CH(CH),; Y =~ R; = Et 143: R = 5-Cl; X = CH(CH),; Y = CHy; R; = Et
136: R = 5-Br; X = CH(CH;),; Y =~ R, = Et 144: R = 5-Br; X = CH(CH;),; Y = CH,; R, = Et
137: R = 5-NO,; X = CH(CH,),; Y =~ R, = Et 145: R = 5-NO,; X = CH(CH,),; Y = CH,; R, = Et
138: R = 5-Cl,4-F; X = CH(CH,),; Y = R, = Et 146: R = 5-Cl,4-F; X = CH(CH;),; Y = CH,; R, = Et

Reagents and Reaction Conditions: a) Appropriate amino acids, BOP, EtsN, rt, overnight; b)

NH4OH, EtOH, 60 °C, 2h.
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Scheme 8. Synthetic pathway for preparation of 152.

0

ChzHN a
\(\OMS — CszNW/\S Jo L,
147 148

ChzHN c ChzHN d
TAS%H LA jﬂsozcl LIS
149 150

CbzHN e CIH=H.N
w/\SO2NH2 — 2 \r\sozNH2
151 152

Reagents and Reaction Conditions: a) Potassium thioacetate, DMF, room temp., overnight; b)
Hydrogen peroxide, acetic acid, room temp., overnight; c) Phosgene, DMF, dichloromethane, 2
h, overnight, nitrogen atmosphere; d) Gaseous NHs, benzene, 60 °C, 2 h; e) Hydrogen,
palladium over carbon, aqueous methanol, 37% HCI, room temp, 3 h.

65



Chemistry

Scheme 9. Synthetic pathway for preparation of derivatives 58-69.

Reaction Reaction
Conversion conditions yield
123 — 21 a 48%
 » [
so. aor b 127 21 c 93%
R/— 2 124 — 153 a 40%
WA 124 — 153 b 60%
N OFt 126 — 32 a 30%
H 0 126 — 32 b 49%
123-126 130 — 32 c 96%

; c dore Z
R = SO, >R = SO, —> R = SO,
~( / { ~( / { ~X / { H (\X
\ OH N\ NH, N\ N._N._]
N N N
H o H H

0 (0]
127-130 21: R=5<Cl 58-69
153: R=5Br X=- CH2, 0
154: R = 5-NO,
32: R=5<Cl,4-F

Reagents and Reaction Conditions: a) NH4OH, ethanol, 110 °C, 2h; b) NH40H, ethanol, 120 °C,
MW, 15 min. c¢) (i) CDI, tetrahydrofuran, rt, 4h; (ii) NH4OH, 30 min.; d) Appropriate amine,
CH20aq, t-butanol, overnight; e) Appropriate amine, p-CH20, benzene, Dean-Stark apparatus, 3
h.
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Scheme 10. Synthetic pathways for the preparation of compounds 70-93.

R\/ SO2
AN OEt
N
H o

123-126
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— o = 0, — o — S0,
NG/ N
N A N on N\ NHR,
N N
H o H o
127-130 70-93

R and R, see Table 19

Reagents and Reaction Conditions: a) LiOH-H20, tetrahydrofuran, water, rt, 2 days; b)

Appropriate amine, BOP, EtsN, N,N-dimethylformamide, rt, overnight; c) Appropriate amine (3
eq.), EtOH, MW, 120 °C, 15 min.
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Also preparation of compounds 70-93 was performed using two different
synthetic pathways. They can be prepared from acids acid 127-130 using BOP
coupling reagent, or by microwave assisted reaction between the esters 123-
126 and the appropriate amine (Scheme 10). The last reaction conditions were
more advantageous:

only one step of reactions (instead of two);
less time of reactions;

more yield of reactions (single and overall);
reaction product was collected with high purity

PODPRE

For the microwave assisted reaction was used ethanol as solvent and it was
optimized using different amine equivalent, temperature and time of reaction.
3 amine equivalents at temperature of 120 °C is the optimal reaction
condition, and generally the starting material was totally converted in the
desired product in about 15 minutes (as monitored by TLC). The least quantity
of ethanol was used (generally 0.5 mL for 300 mg of ester), and the product
was collected as precipitate with a high purity and yield and it don’t request
successive purification.
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Biological Activity

The antiretroviral activity (ECso values) of IAS derivatives 34-57 was
evaluated against the HIV-1 WT in human T-lymphocyte (CEM) cells, using IASs
21 and 32 as reference compounds. The data are mean values of two
experiments performed in triplicate. Antiviral activity is reported as ECso values
(effective concentration (nM) or concentration required to protect CEM cells
against the cythopathicity of HIV by 50%, as monitored by giant cell formation).
All compounds proved to be highly potent against HIV-1 in human T-lymphocyte
(CEM) cells, and showed inhibitory potencies in low/sub-nanomolar range of
concentrations which were comparable with the previously reported lead
compounds 21 and 32.16 Against HIV-1 WT, the inhibitory activity was only
marginally affected by the substituent introduced on the indole nucleus, and
with only one exception (46), 5-chloro-IASs were the most potent inhibitors
(Table 9). Only all compounds bearing 3-alanine units, indipendently from other
substituent, were high active with a concentration less of 2 nM. In Table 9 are
also reported the inhibitory effects of compounds on the proliferation of Murine
Leukemia Cells (L1210) and Human T-Lymphocyte Cells (Molt4/C8, CEM) and
the activity are reported as ICso values at UM concentration. Generally, the 1ASs
inhibited the cell proliferation in the micromolar range, that is at compound
concentrations that are usually 3 to 4 orders of magnitude higher than their
antivirally active concentrations. 5-Nitro-IASs bearing an unbranched aminoacid
unit were often devoid of any significant cytostatic effect at 500 uM (i.e. 36,
44, 52). On the contrary, the bromine atom at position 5 of the indole had the
tendency to rather strengthen the cytotoxicity.

A selection of active compounds 34, 38, 42, 50, and 54 have been
evaluated against mutant HIV-1 strains that harbour the L100l, K103N, Y181C,
Y1841l and Y188L mutations in their RT (Table 10), and Nevirapine (NVP) and
Efavirenz (EFV) were used as reference compounds. The compounds lost
antiviral potency against all the mutant virus strains, but they were more potent
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Table 9. Antiviral activity and cytotoxicity of derivatives 34-57.

Compd HIV-1 (11ls) HIV-2 (ROD) L1210 Molt4C8 CEM
ECso? (NM) ECso? (nM) (ICs0 M) (ICso uM) (ICso uM)

34 19+13 >50000 220+ 2 15+7 92 +13
35 26+20 43000 + 9900 40+5 1740 31+15
36 24+18 >50000¢ >500 >500 2500
37 31+19 >10000 53+3 34+1 31+19
38 1.6+1.3 >10000¢ 12+1 38+13 11+1
39 19+11 >10000¢ 10+ 0 8.7+14 10+ 0
40 3.8+0.98 >10000¢ 96 + 4 44 +13 66 + 17
41 3.7+1.7 >10000 30+10 22+11 21+3
42 1.0+0.6 >10000¥ 26 +2 9+1 16+ 2
43 11+0.21 23000 + 8500 46 + 4 25+ 12 36+1
44 1.6+1.4 >10000¢ >500 >500 2500
45 20+1.0 >10000 42+3 33+0 30+2
46 26 +8.7 30000 + 3500 48+1 36+1 32+1
47 1.5+ 0.57 >10000¢ 16 + 4 16 + 11 18+ 9
48 5.1+0.81 >10000¢ 37+13 41+1 36+11
49 46+22 >10000¢ 42+3 25+0 27+4
50 14+15 >10000¢ 20+7 12+2 14+5
51 1.0+0.14 >10000¢ 17 +2 1140 14+1
52 27+13 >10000¢ 408 + 131 244 +1 200 + 73
53 23+23 >10000¢ 42+3 36+3 31+0
54 23+11 >10000¢ 15+ 0 8.8+0.7 13+3
55 23+59 >10000¢ 11+1 9.3+0.5 12+1
56 4.2 +0.89 210000 20+3 1140 15+1
57 39+24 >10000¢ 18+6 12+1 16+ 1
21 1.1+0.0 >2000¢ > 500 20+2 301+211
32 1.0+0.0 >10000 46 + 27 14 +6 >28 + 18
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than Nevirapine in all valued mutant strain. All tested IASs were more active
than Efavirenz against L100l and K103N RT HIV-1 strains, but lost quite the
antiviral potency against the mutant Y181l RT HIV-1 strain. Against Y181C RT
HIV-1 strain compounds 34, 38, 42 were more active than Efavirenz, and
compounds 50 and 54 are less active. Against Y188L, only 34 and 38 showed
a comparable activity with Efavirenz. These results were in agreement with the
inhibitory effects of the compounds against the corresponding mutant enzyme.
Many new IASs were potent inhibitors of the RT of HIV-1 wild type, and they
were always superior to Nevirapine and often comparable of EFV (Table 11).
Against the RT wild type, the sulphonamides 50 and 54 showed inhibitory
concentrations comparable to the reference compound 21, and 7.5, 1000 and
200 times superior to 32, Nevirapine and Efavirenz, respectively. Seventeen
compounds inhibited in the submicromolar range the mutant K103N RT HIV-1,
which is the major mutation emerging in patients treated with Efavirenz, whose
viral loads rebounds after an initial response to the drug. Against the KL10O3N RT
HIV-1 strain, the most active compounds 34, 38, 42, 50 and 54 were notably
more active than Nevirapine and Efavirenz, albeit less active than the
references 21 and 31. Both 5-chloro and 5-bromo-IASs were potent inhibitors
of the L100I RT mutant, and compound 54 was exceptionally effective against
this mutant. Against the recombinant HIV-1 RT carrying the Y181l mutation,
compounds 39 and 54 as active as 34, and >10 times more potent than
Nevirapine, but about 4 times less potent than Efavirenz. Compound 54,
containing the 2-aminopropane-1-sulfonamide motif, was identified as a potent
inhibitor of RT WT and RTs bearing commonly emerging single amino acid
substitution.

To evaluate the influence of the chiral center at the amino acid unit, the
racemates 38, 39 and 46 were separated by chiral HPLC. Against HIV-1 WT RT,
the enantiomers 38a and 38b, 39a and 39b, and 46a and 46b obtained from
the corresponding racemic mixtures 38, 39 and 46, respectively, showed
negligible differences of activity (Table 12). Against the KLA03N mutation, the
(D)-enantiomers 38b and 39b were about five times more potent than the
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Table 10. Antiviral activity against HIV-1 strain carring L100l, K103N, Y181C, Y181L, and
Y188L mutation of compounds 34, 38, 42, 50, and 54.

ICs0 (NM)

Compd L100I K103N Y181C Y188L Y181L
34 8+7 29 + 18 74 + 18 690 + 440 | >1000
38 9+7 14+6 96 + 34 660 + 480 | >1000
42 7+2 19+9 78 +23 721000 >1000
50 12+1 40 + 32 7 230+190 >1000 >1000
54 20+8 36 +32 ! 390+ 120 >1000 >1000
NVP 60+4  2900+1320 11000 + 4100  >10000 >10000
EFV 22 +14 130 + 180 160 + 180 760 + 630 12 + 14

Data are mean values of two to three independent experiments.
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corresponding (L)-enantiomers 38a and 39a, and the enantiomers 46a and
46b did not show significant difference of activity.

In Table 13 is reported the activity of some compounds 58-73 against wild
type HIV-1; for some of this derivatives is also reported the activity against
Y181C, Y181C-K103N, and EFVR mutant strains. Nevirapine and Efavirenz were
used as reference compounds, and they were tested using the same assay
conditions. Compounds 58-73 are characterized by the presence of a one
carbon atom between the carboxyamide function and the specific amine of
phenyl group. The 5-chloroindole derivatives 58, 62, and 66 were active against
wild type HIV-1 with at nanomolar concentrations as well as 5-bromo
derivatives 71. These four compounds were more potent of both reference
compounds. The introduction of nitro group in the same position led to less
potent activity (60, 64, 68, and 72), but derivative 60 was less cytotoxic.

The presence of the nitrogen atom in the radical seem important for the
activity, in fact derivatives 58, 62, and 66 were more potent than compound 70
bearing phenyl group at carboxyamide function.

Derivatives 58, 62, and 66 were also valued against mutant strains.
Against Y181C RT HIV-1 mutant strains they retain the activity at nanomolar
concentrations, and were more active against reference compounds, as well as
against the EFVR mutant strain. These compounds were active against the
double mutant strain (Y181C-K103N) at submicromolar concentration, and
they were more potent than Nevirapine and less potent than Efavirenz.

In Table 14 is reported the activity of compounds 74-89 bearing a two
carbons atom linker. 5-Chloroindole derivatives 74, 78, and 72 and 5-
nitroindole derivatives 76, 80 were active at nanomolar concentrations and
more active than Nevirapine, but only 74 and 76 were more potent than
Efavirenz, and 82 was equipotent. Compounds 74 and 82 were 2 times less
potent than the corresponding 58 and 66 bearing one carbon linker. The
introduction of bromine atom at position 5 of indole gave compounds with low
activity. Derivative 82 was more cytotoxic of syntesized compound with a CCso
=2 uM.
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Table 11. Enzymatic activity of compounds 34-57 against HIV-1 RT of wild type and mutant strains.

ICs0 (NM)
Compd WT L1001 K103N Yisil
33 26 161 280 1645
35 26 199 782 2211
36 34 206 417 2909
37 25 319 1042 2459
38 20 112 447 2493
39 16 41 555 1810
40 22 209 362 4211
41 62 270 1522 6277
42 27 143 351 5055
43 86 169 420 8566
44 27 204 474 5534
45 34 130 783 7165
46 490 252 1690 4137
47 81 206 321 15830
48 33 191 1088 11920
49 359 390 3387 >40000
50 0.4 25 584 >40000
51 2 13 529 >40000
52 61 388 787 >40000
53 - } } ;
54 0.4 4 233 1944
55 3 125 1328 8550
56 28 364 3277 26220
57 36 267 3 >40000
21 0.3 60 3 140
32 3 2 6 29
NVP 400 9000 7000 >20000
EFV 80 ; >20000 400
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Table 12. Inhibitory Activity of Racemates 38, 39 and 46, and Enantiomers 38a, 38b, 39a, 29b, 46a
and 46b against HIV-1 RT WT and RTs Carrying Single Amino Acid Substitutions.?

ICso®(nM)

Compd Chirality WT K103N
38 DL 20 477
38a L 26 1005
38b D 17 253
39 D,L 16 555
39a L 13 1504
39h D 16 324
46 D,L 490 1690
46a L 315 1340
46b D 147 1417

aData represent mean values of at least three separate
experiments. “Compound dose (ICso, nM) required to inhibit
by 50% the RT activity of the indicated strain.
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Table 13. Biological Activity of Derivatives 58-73 (Mannich bases) against HIV-1 wild type. For

some is also reported the activity against some single, double, and EFV® mutant strains.

Compd HIV-1 (llls) Y181C K103N-Y181C EFVR CCso
ECs0° (nM) ECs0® (nM) ECs0® (nM) ECgo® (nM) (nM)
58 1.0 2.0 300 50 5
59 - i - : -
60 21 - - - 104
61 ) . . ; -
62 2.0 7.0 500 40 5
63 - i - : -
64 85 - - - >20
65 - . . ; -
66 2.0 6.0 300 20 7
67 - i - ) -
68 54 - - - >20
69 - . . ; -
70 270 - - - >20
71 3.8 - - - >20
72 79 - - - >20
73 - - . . -
NVP 37 >30000 >30000 >30000 >100
EFV 4 25 150 1800 35
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Against mutant strains all valued compounds were more active than
Nevirapine. Compounds 78 and 86 were less potent than Efavirenz aganist
Y181C single mutant and K103N-Y181C double mutant, and more potent
against EFVR mutant strain.

Finally, compounds 90-93 were active against HIV-1 wild type at
submicromolar concentrations and they were less active than both reference

compounds.

77



Biological Activity

Table 14. Biological Activity of Derivatives 74-89 against HIV-1 wild type. For some is also
reported the activity against some single, double, and EFVR mutant strains.

Compd HIV-1 (llig) Y181C K103N-Y181C EFVR CCso
ECs0° (nM) ECs0® (nM) ECs0? (nM) ECoo® (nM) (nM)
74 3.0 - - - 12
75 63 - - - >20
76 21 - - - >20
77 - - - - -
78 6 60 500 60 44
79 41 - - - >20
80 8.8 - - - >20
81 - - - - -
82 4 - - - 2
83 860 - - - >20
84 19 - - - >20
85 - - - - -
86 20 430 >11000 60 >20
87 36 - - - >20
88 1200 - - - >20
89 - - - - -
NVP 37 >30000 >30000 >30000 >100
EFV 4 25 150 1800 35
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Table 15. Biological Activity of Derivatives 74-77 against HIV-1 wild type. For some is also
reported the activity against some single, double, and EFVR mutant strains.

Compd HIV-1 (llls) Y181C K103N-Y181C EFVR CCso

ECso” (nM) ECs0® (mM) ECs0? (nM) ECoob (nM) (nM)

90 200 - - - >20

91 100 - - - >20
92 160 - - - >20
93 110 - - - 59

NVP 37 >30000 >30000 >30000 >100
EFV 4 25 150 1800 35
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Molecular Modelling Studies

The binding mode of the IASs was extensively studied by means of docking
experiments into the non-nucleoside binding site (NNBS) of the RT. The latest
available 153/RT co-crystal structure (PDB code 2rf2) solved by Merck62 was
used as a new starting point for docking studies, because of the high structural
correlation between the co-crystallized inhibitor 153 (Figure 21) and IASs. In
our previous studies,®3 we used Autodock 3.0%4 software to generate IASs
docking poses. However, Autodock 3.065 software consistently yielded two
different clusters of poses, and the crystallographic conformation was often the
lower scoring pose. To obtain more accurate docking results and also to
validate the generated poses with crystallographic information, we decided to
test the docking softwares PLANTS,%5 FlexX%> and MOE®¢ docking algorithm.

We selected seven PDB structures of inhibitors co-crystallized with either
HIV-1 WT RT or mutated RTs (2rf2,53 1vrt,38 2zd1,67 1fk0,%3 1s1t,%8 20pq,%° and
1jkh70). The best scoring poses predicted by the different algorithms were
compared with the crystallographic conformations obtained from each complex
in terms of the RMSD. Our experiments showed that only PLANTS was able to
correctly dock each molecule with a RMSD <1. The other docking software
always achieves bigger RMSD values than PLANTS on the whole test set (Table
16). Therefore, we decided to use PLANTS to dock the new IAS series.
Interestingly, the best scoring conformation obtained by PLANTS clustering
algorithm was always superimposed to Merck's crystal.

In order to investigate the possible binding mode of the new IASs, we
selected the highly potent compound 42 (ICso = 26 nM; EC50 = 1.0 + 0.6 nM) for
docking studies into the NNBS of the HIV-1 WT RT. From docking, feature
interactions of 42 into the NNBS were: (i) the H-bond between the indole NH
and the carbonyl oxygen of Lys101 (in stick in the Figure 22); (ii) the
interactions of the N-(3-amino-3-oxopropyl)carboxamide moiety with the
residues Lys101 and Glu138B at the bottom of the binding pocket (they
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Table 16. RMSD values for co-crystallized inhibitors by PLANTS, FlexX and MOE.

PDB code RMSD Values
PLANTS 1.0 FlexX 3.0 MOE 2007/09

dvrt 0.23 1.18 1.53
2rf2 0.80 1.59 1.20
2zd1 0.40 2.01 >5

1fk0 0.85 1.28 1.47
1sit 0.26 1.04 4.60
20pq 0.48 0.90 2.10

Figure 21. Structure of Merck compound 153 and superimposed structure with derivative 42.
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K101

Figure 22. Binding conformation of 42 in the NNBS of HIV-1 WT RT.
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seemed to be particularly important for the anti-HIV activity); (iii) the sulfone
group allowed 42 to assume a butterfly-like conformation that is common to
many other NNRTIs; (iv) the chlorine atom at position 5 of the indole occupied
a hydrophobic pocket formed by Val106 and Leu234, and formed steric rather
than electrostatic interaction; (v) the 3,5-dimethylphenyl moiety formed
hydrophobic interactions with an aromatic cleft formed by the side chains of
Tyrd81, Tyri88, Trp229, and Pro95 residues (Figure 21).

Worthy to note, a superimposition of PLANTS docked conformations of 42
and the highly active derivative 3271 (ICso = 3 nM; ECso = 1.0 nM) showed
different hydrophobic interactions of the 3,5-dimethylphenyl group, for which a
stacking interaction with the Tyrd81 aromatic side chain was observed (Figure
23).

The IASs binding mode was extensively studied also in mutated RTs. The
results obtained by docking the IASs analogues with PLANTS in L100l mutated
RT (pdb code: 1sit, 20pq), showed that the mutation of leucine to isoleucine
does not affect the binding mode confirming all the interactions reported for
the WT strain. Furthermore, all compounds show a similar binding mode,
consistent with the low ECso’s (Figure 24).

We have also repeated the docking simulations on the K103N and Y181l
mutated RTs and the results obtained did not show significant differences with
the IASs binding mode observed with the wild-type. However, the lower anti-
viral activity of the IASs against these mutants could be the consequence of the
reduced interaction between 42 and the mutated residues. In particular, for the
Y181l RT HIV-1 strain, the limited anti-HIV efficiency could be caused by the
loss of the favourable protein-ligand =w-n interactions, while in the mutant
K103N RT, the loss of the favourable hydrophobic interaction between the
ligand and the side chain of the lysine 103 might be responsible for the
reduced activity (Figure 25). In both cases the geometry of the H-bonds
between the carbonyl oxygen of the E138 with unsubstituted amidic nitrogen of
42 are worst than the wild type.
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Figure 23. Binding conformation of 42 (white stick) and 32 (orange stick) are reported. Are also
reported, in stick, the residues involved in hydrogen bonding (dot lines) and the Y181. The
superimposition of compounds shows the better alignhment between phenyl ring of 32 and
aromatic side chain of Y181 to give stronger stacking interaction. Some relevant key residues
are also reported.
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K101

Figure 24. Binding conformation of 42 in the NNBS of HIV-1 L100I RT.
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E1388B

Figure 25. Figures show 4.5 A core of RT (figure B pdb code 1fkO, figure A pdb code 1vrt). The
residue 103 is reported in stick for WT (left) as well for the mutated (right) form. All hydrogens
are hidden for clarity. The lipophilic maps analysis for the WT form (left) shows a hydrophobic
interaction between the indole of 42 and the side chain of Lys103. For KL103N RT (right) there
is not any hydrophobic interaction between indole moiety and Asn103.
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Kinetic Studies About IASs-RT Complex and Inhibition
Mechanism (di-halo-1ASs 32, 37, 81 and 93)

NNRTI interaction with HIV-1 reverse transcriptase (RT) is a highly dynamic
process. Upon complexation, the NNBS hydrophobic pocket changes its own
conformation, leading to the inactivation of the enzyme itself. NNBS adopts
different conformations depending on the 3-D features of the inhibitors and the
amino acids side chain flexibility. Moreover, mutations of some amino acids
cause structural variations of the NNBS, which ultimately result in reduced
affinities of most of the inhibitors.72 In particular, the NNRTI resistance
mutations Y188L and Y181l/C reduce n-7 interactions; the G190A mutation
leads to a smaller active site space because of a steric conflict between the
methyl side chain and the inhibitor and the formation of an additional hydrogen
bond; when amino acid 103 is mutated from Lys to Asn it reduces inhibitor
entrance into the NNBS. In addition, HIV-1 RT itself also undergoes a
conformational reorganization upon interaction with its substrates template-
primer (TP) and deoxynucleoside triphosphate (dNTP), so that three structurally
distinct mechanistic forms can be recognized in the reaction pathway catalyzed
by HIV-1 RT: the free enzyme, the binary complex of RT with the template
primer (RT/TP), and the catalytically competent ternary complex of RT with
both nucleic acid and dNTP (RT/TP/dNTP) (Figure 26A). This means that, in
principle, the NNBS might not be identical in these three mechanistic forms.”3
Several kinetic studies have shown that this is indeed the case, so that some
NNRTIs selectively target one or a few of the different enzymatic forms along
the reaction pathway. This observation likely reflects the different spatial
rearrangements not only of the NNBS itself but also of the adjacent nucleotide
binding site. Indeed, it has been shown that a “communication” exists between
the NNBS and the nucleotide binding site, so that some NRTI resistance
mutations can influence NNRTI binding and vice versa. In view of their
extremely potent activities, especially towards NNRTI-resistant mutants, we
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sought to investigate in detail the mechanism of action of some selected IAS
derivatives. IASs are highly flexible molecules, whose mode of interaction, and
hence the mechanism of RT inhibition, can be modulated by the nature of the
different substituents, so that from compounds endowed with a classical fully
non-competitive mechanism, a series of inhibitors showing mixed-non-
competitive and even partially competitive mechanism of action can be
derived. This high flexibility was exploited to synthesise novel IAS derivatives
able to better accommodate into the NNBS of drug resistant mutants.

Kinetic model. The mechanism of action of the examined di-halo-IASs was
found to be either fully non-competitive or partially mixed. A schematic drawing
of the different equilibria is depicted in Figure 26. According to the ordered
mechanism of the polymerization reaction, whereby template-primer (TP) binds
first followed by the addition of dNTP, HIV-1 RT can be present in three different
catalytic forms as reported in Figure 26A: as a free enzyme, in a binary
complex with the TP, and in a ternary complex with TP and dNTP. The resulting
rate equation for such a system is very complex and impractical to use. For
these reasons, the general steady-state kinetic analysis was simplified by
varying one of the substrates (either TP or dNTP) while the other was kept
constant. When the TP substrate was held constant at saturating concentration
and the inhibition at various concentrations of dNTPs was analyzed, at the
steady-state all of the input RT was in the form of the RT/TP binary complex
and only two forms of the enzyme (the binary complex and the ternary complex
with dNTP) could react with the inhibitor, as shown in the left part of Fig. 26.
Similarly, when the dNTP concentrationwas kept constant at saturating levels
and the inhibition at various TP concentrations was analyzed, RT was present
either as a free enzyme or in the ternary complex with TP and dNTP, as shown
in the right part of Fig. 26.

The steady-state rate equation used for the partially mixed inhibition was
the one describing a reaction involving only two mechanistic forms of the
enzyme (according to the simplified pathways in Fig. 26B).
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Figure 26. Simplified kinetic pathway for the reaction catalysed by HIV-1 RT and its interaction
with inhibitors. (A) Schematic representation of the different equilibria in the reaction catalysed
by HIV-1 RT in the absence or in the presence of an inhibitor. TP, template/primer; dNTP,
nucleoside triphosphate; I, inhibitor; Km, Michelis constant relative to the different substrates;
Kkeat, apparent catalytic rate; kosr, dissociation rate; kon, association rate; Ki, equilibrium
dissociation constant of the inhibitor; bin, binary complex of the enzyme with the TP substrate;
ter, ternary complex of the enzyme with the TP and dNTP substrates. (B) Simplified reaction

pathway under the reaction conditions used in this study.
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Di-halo-IAS are mixed-type inhibitors of HIV-1 RT, with higher affinity for the
enzyme-substrate complexe. In order to determine the exact mechanism of
action of these compounds, the RNA dependent DNA polymerase activity of
HIV-1 RT, either wild type or mutated (K103N, L100I and Y181l) was measured
in the absence or in the presence of fixed concentrations of the inhibitors and
variable concentrations of either the nucleic acid (template/primer) and/or
nucleotide substrate, respectively, while the other was maintained at saturating
concentrations. Data were interpolated and the Kn, and Vmax values (Table 17)
were calculated according as described in the Experimental Section.
Interestingly, we found that both the K, and the Vmnax values obtained varying
the nucleic acid substrate concentrations were significantly decreased as the
inhibitor concentration increased (Figure 27A and B). On the other hand, when
the nucleotide substrate concentration was varied, only the Vimax showed a dose
dependent reduction by the tested IAS derivatives (Figure 27C), whereas the Km
did not change (Figure 3D). The equilibrium dissociation constants for the
inhibitors (Ki) from the different enzymatic forms along the reaction pathway
(free enzyme, binary complex with the nucleic acid (template/primer) and
ternary complex with both the nucleic acid (template/primer) and the
nucleotide substrate) were calculated from the variations of the Vi, and Kn
values (see Experimental Section) according to the simplified kinetic pathway
shown in Fig. 26. The corresponding values are listed in Table 16. Thus, the IAS
derivatives behaved as mixed-type inhibitors, showing higher affinity for the
binary RT/TP and ternary RT/TP/dNTP complexes than for the free enzyme
(Kifree > KiPin = Kjter), The true inhibition constant (Ki) was then considered as the
one corresponding to the equilibrium dissociation constant from the ternary
complex (Kiter).

Effect of NNRTI resistance mutations on di-halo-IAS inhibition activity. In
order to elucidate the influence of the Lys103Asn, Leul100lle and Tyri81lle
mutations on the activity of each di-halo-IAS examined, we calculated the ratio
between the inhibitory potencies against the mutated RT forms (Kit¢* mut) and
against the RT wild type (Kiter wt) (Table 16). This ratio (Kiter mut/Kiter wt),
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Table 17. Equilibrium dissociation constants (Ki) values of the IAS compounds, along with
nevirapine and efavirenz, with respect to the different eznymatic forms of HIV-1 RT wild type
and mutants.

Compd WT K103N
Kifree (MM)a Kbin/ter (”-M) Kifree (”M) Kbin/ter (”-M)
37 0.031(+0.003) _ 0.025 (+0.002) 3.5(x0.3) 1.42 (x0.12)
81 0.04 (£0.005) 0.018 (£0.002) 0.7 (£0.04) 0.17 (£0.017)
93 0.07 (£0.008) 0.006 (£0.001) 1.2 (+0.2) 0.36 (£0.036)
32 0.058 (+0.006)  0.003 (+0.0005) 0.07 (+0.01) 0.006 (+0.001)
NVP 0.4 (£0.05) 0.4 (£0.04) 3.3 (20.3) 5 (+0.05)
EFV 0.03 (£0.006) 0.004 (£0.001) 1.5 (+0.2) 0.2 (£0.03)
Compd L100I Y181l
Kifree (},lM)a Kifree (HM)a Kifree (”’M) Kifree (HM)a
37 15 (+0.1) 0.55 (£0.055) 3.6 (20. 3) 2.6 (£0.26)
81 0.1 (£0.01) 0.03 (£0.003) 7.5 (£0.5) 3.7 (£0.37)
93 0.2 (£0.03) 0.03 (£0.003) 15 (+1) 8.4 (£0.84)
32 0.01 (£0.002) 0.002 (+£0.0003) 0.2 (x0.03) 0.029 (£0.003)
NVP 7 (£0.05) 9 (£0.9) 34 (+2) 36 (£2)
EFV 0.15 (+0.01) 0.02 (£0.003) 0.9 (20.1) 0.12 (+0.02)
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Figure 27. IAS are mixed-type inhibitors of HIV-1 RT wild type. All values are the mean of three
independent estimates. Error bars are + S. D. (A) Variation of the apparent affinity (Km) for the
nucleic acid (NA) substrate as a function of the inhibitor concentration. (B) Variation of the
apparent maximal velocity (Vmax) of the reaction as a function of the inhibitor concentration at
variable nucleic acid concentrations. (C) Variation of the apparent maximal velocity (Vmax) of the
reaction as a function of the inhibitor concentration at variable dTTP concentrations. (D)
Variation of the apparent affinity (Km) for the nucleotide (ANTP) substrate as a function of the
inhibitor concentration.
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referred as relative resistance index (RRI), measures the degree at which the
selected mutation reduced the affinity of the enzyme for the inhibitor, the
higher the RRI value, the lower the affinity for the mutant with respect to the
wild type enzyme. RRI comparison for all the inhibitors tested is shown in
Figure 28. It can be seen that the Tyri81lle mutation caused the highest
decrease in the inhibitory potencies for all the compounds tested (Figure 28A),
whereas the mutation Leu100lle only marginally affected the affinity of the
enzyme for the IAS derivatives (Figure 28B). Compound 32 was the least
affected by all the mutations, showing a 9.7-fold decrease in potency against
the Tyri81lle mutant (Figure 28B), and only a 2-fold decrease against the
Lys103Asn mutant (Figure 28C), whereas it was unaffected by the Leu100lle
mutant (RRI=1, Figure 28B). The activity of the other compounds, on the other
hand, was found to be dependent on both the nature of the substituents and
the particular mutation analyzed. For example, compounds 37 and 93, showed
a comparable (=60 fold) loss of potency towards the Lys103Asn mutant (Figure
28C). However, 37 was 5-fold more affected than 93 by the LeulOOlle
mutation (Fig. 28B), whereas 93 showed a 12-fold higher reduction of activity
than 37 against the Tyrdi81lle mutant (Figure 28A). However, when compared
to the clinically used compounds nevirapine (NVP) and efavirenz (EFV), the IAS
derivative 32 showed a significantly improved resistance profile towards all the
tested mutants (Figure 28A-C).

The higher affinity of the IAS derivatives to the complex of RT with its
substrates is driven by a faster association rate. In order to clarify the
molecular mechanisms for observed mixed-type inhibition exhibited by the IAS
inhibitors towards the RT mutants, we evaluated, for the most active
compounds 32 and 81, the corresponding association (kon) and dissociation
(kotr) rates for the three forms of the HIV-1 RT along the reaction pathway,
namely the free enzyme, the binary complex of RT with the nucleic acid
substrate and the ternary complex of RT with both the nucleic acid and the
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Figure 28. 81 and 32 show high levels of activity towards drug resistant mutants and faster
association rates to the binary/ternary complex of HIV-1 RT than to the free enzyme. (A)
Relative resistance indexes of the different compounds towards the mutant Tyri81lle (Y1841l).
(B) Relative resistance indexes of the different compounds towards the mutant Leu100lle
(L100I). C. Relative resistance indexes of the different compounds towards the mutant

Lys103Asn (K103N).
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nucleotide substrates. The calculated values are summarized in Table 18. Fig.
29A shows a comparison of the kon and kofs values of both compounds for the
different enzymatic forms of HIV-1 RT wild type. It can be seen that both
compounds showed significantly higher association rates for the binary and
ternary complex with respect to the free enzyme, whereas kost values were only
slightly different among the different enzymatic forms. These data indicate that
the NNBS of HIV-1 RT is more accessible to the IAS derivatives when the
enzyme is in complex with its template/primer and substrate, thus explaining
the mixed-type mechanism of inhibition observed with these analogs.

32 shows tighter binding to RT carrying NNRTI-resistance mutations than to
the wild type enzyme. Since the equilibrium dissociation constant K; is related
to these velocities by the relationship Ki = kott/kon, a reduced affinity
(corresponding to an increase of the K; value) may be associated to a decrease
in Kon (slower association) or to an increase in ko (faster dissociation). The
association and dissociation rates for the ternary complexes (k' and k') were
used to calculate the relative association index (RAI = k'r wt/k'r mut) and the
relative dissociation index (RDI = ktef; mut/ktefff wt) for the most active
compounds 32 and 81. With RAI or RDI values >1, the inhibitor either shows a
lower association rate to the mutated enzyme than to the wild type or
dissociates more rapidly, the complex formed by the mutant and the inhibitor
being unstable. In the case of RAI or RDI values <1, the opposite reasoning
holds, revealing a selectivity of the inhibitor to the mutant enzymes. The results
are shown in Figure 29. Both the Tyri81lle and the Lys103Asn mutations
significantly decreased the association rates of the compounds to the mutated
enzymes (Figure 29B). The clinically relevant compounds EFV and NVP, also
showed similar reductions in their association rates with the Lys103Asn
mutant. On the other hand, interesting data emerged from RDI value analysis:
32 showed RDI < 1 towards both K103N and Y1841l indicating a significantly
(=10-fold) slower dissociation rate from both the mutant enzymes than from
wild type RT (Figure 29C). As a result, the compound 32 dissociated from the
Lys103Asn mutant 75-fold and 10-fold more slowly than the reference
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Table 18. Kinetic parameters for the interaction of IAS derivatives with HIV-1 RT wild type and
drug resistant mutants.

Com RT [EP®
pd
WT Kifree (LM)P Kon (s uM1) x 102 Kot (s1) x102
81 0.04 (£0.004) 9.8 (£0.8) 0.39 (+0.038)
32 0.058 (+0.001) 14.3 (x0.7) 0.83 (+0.08)
NVPe 0.4 (+0.06) 0.4 (+0.1) 0.16 (+0.01)
EFV 0.03 (£0.008) 1 (+0.1) 0.03 (+0.01)
K103N Kifree (uM) Kon (s uM1) x 102 Kott (s1) x102
81 0.7 (+0.034) 0.4 (+0.07) 0.28 (+0.022)
32 0.07 (£0.001) 7.5 (+0.87) 0.52 (+0.005)
NVP 3.3(+0.2) 0.03 (+0.005) 0.1 (+0.02)
EFV 1.5 (+0.2) 0.2 (+0.03) 0.3 (+0.03)
Y181l Kifree (uM) Kon (s uM1) x 102 Kot (s1) x102
81 7.5 (£0.7) 0.05 (+0.01) 0.37 (£0.037)
32 0.2 (+0.03) 0.1(+0.01) 0.02 (+0.002)

a[E], free enzyme; Values are the means of three independent replicates +S.D. ¢EFV,
efavirenz,; NVP, nevirapine.
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Table 18. Kinetic parameters for the interaction of IAS derivatives with HIV-1 RT wild type and
drug resistant mutants (Continued...).

Compd __RT [E:NAJ?
WT Kibin (LuM) Kon (s uM) x 102 Kott (s1) x102

81 0.018 (£0.002) 13.7 (£0.8) 0.23 (£0.023)
32 0.003 (+0.0005) 79 (£7) 0.24 (+0.024)
NVP 0.5 (+0.1) 0.3 (+0.02) 0.15 (+0.01)
EFV 0.03 (+0.007) 1 (£0.1) 0.03 (+1)

K103N Kibin (M) Kon (s pM2) x 102 Kot (1) x102
81 0.17 (£0.017) 3.2(£0.3) 0.54 (+0.054)
32 0.006 (+0.001) 84 (+8) 0.51 (+0.05)
NVP 3.3 (£0.2) 0.03 (+0.005) 0.1 (+0.02)
EFV 1.6 (0.3) 0.25 (+0.05) 0.4 (+0.05)

Y181l Kibin (uM) Kon (s uM2) x 102 Kott (s1) x102
81 3.7 (£0.37) 0.87 (£0.09) 3.2 (z0. 3)
32 0.029 (+0.003) 0.38 (£0.04) 0.011 (+0.001)

a[E:NA], binary complex with nucleic acid; ®Values are the means of three
independent replicates £S.D. ¢EFV, efavirenz,; NVP, nevirapine.
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Table 18. Kinetic parameters for the interaction of IAS derivatives with HIV-1 RT wild type and

drug resistant mutants (Continued...).

Compd __RT [E:DNA:dTTP]?
WT Kifree (LM)2 Kon (s uM) x 102 Kott (s1) x102
81 0.018 (£0.002) 27.2 (£0.7) 0.45 (£0.045)
32 0.003 (+0.0005) 176 (+17) 0.53 (+0.053)
NVP 0.4 (+0.08) 0.4 (+0.1) 0.16 (+0.01)
EFV 0.004 (+0.001) 4 (£0.2) 0.016 (+0.3)
K103N Kiftee (uM)2 Kon (s pM2) x 102 Kot (1) x102
81 0.17 (20.017) 3.91(£0.39) 0.66 (£0.067)
32 0.006 (+0.001) 9.4 (+0.94) 0.057 (+0.006)
NVP 5 (+0.5) 0.03 (+0.005) 0.1 (+0.02)
EFV 0.2 (+0.01) 0.6 (+0.01) 0.3 (£0.03)
Y181l Kifree (LM)2 Kon (s uM2) x 102 Kott (s1) x102
81 3.7 (£0.37) 0.12 (x0.01) 0.44 (£0.044)
32 0.029 (+0.003) 2.1 (£0.2) 0.061 (+0.006)

a[E:NA:dNTP], ternary complex with nucleic acid and nucleotide. *Values are the
means of three independent replicates +S.D. cEFV, efavirenz,; NVP, nevirapine.
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Fig. 5. Compound 32 dissociates from the drug resistant mutant RT enzymes at a slower rate
than from the wild type enzyme. (A) Comparison of the association (kon) and dissociation (Kofr)
rates of compounds 32 and 81 for the free enzyme, the binary complex and the ternary
complex of HIV-1 RT wild type. (B) Relative association indexes of compounds 32, 81,
nevirapine (NVP) and efavirenz (EFV) for the Lys103Asn (K103N) mutant (white bars) and of
compounds 32, 81 for the Tyri81lle (Y181l) mutant (grey bars) RT. (C) Relative dissociation
indexes of compounds 32, 81, nevirapine (NVP) and efavirenz (EFV) for the Lys103Asn (K103N)
mutant (white bars) and of compounds 32, 81 for the Tyri81lle (Y181Il) mutant (grey bars) RT.
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compounds EFV and NVP, respectively. With 32, the ko« for Lys103Asn was
only 1.5-fold higher than the ko for RT wt, whereas this compound
disassociated from both the mutant Tyr181lle and RT wild type at the same
rate, the corresponding RDI value being =1.

The results of kinetic analysis showed that all these compounds have
higher association rates (kon) to the binary and ternary complexes than to the
free enzyme. One compound, 32, retained high inhibitory activity towards all
the mutants tested, with K; values ranging between 0.003 and 0.03 uM. This
high activity is reflected by the very low resistance indexes, which ranged from
0.7 to 9.7. and it showed a much better activity profile than the reference
compounds NVP and EFV towards all the clinically relevant mutants analysed. It
has already shown that 32 displayed subnanomolar activities against HIV-1
virus wild type or carrying the Tyrd81Cys mutation, and submicromolar activity
against the double Tyr181Cys/Lys103Asn mutant virus. The kinetic analysis
presented here elucidates the molecular basis for the high activity of 32. In
fact, comparison of the association and dissociation rates between RT wild
type and the mutant forms, demonstrated that this compound displayed the
highest association and the slowest dissociation rates to the mutated RT
forms. The data further indicate that IAS compounds are very flexible
molecules, which are able to adapt their conformation in order to achieve an
optimal interaction with the NNBS even in the presence of mutations such as
Lys103Asn and Tyrl81lle, which are invariably associated with high level
resistance to all the clinically used NNRTIs. Our kinetic data suggest that the
affinity of the di-halo-1AS inhibitors to HIV-1 RT is dictated by the nature of the
functional group at position 2 of the indole ring. The reduced binding and/or
faster dissociation relative to the mutated forms, especially Tyri81lle, which
was observed for those inhibitors with bulkier substituents at that position with
respect to 32, might be due to steric clashes which obstruct the entrance of the
inhibitor into the NNBS pocket and/or reduce the stability of the complex
formed.
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Conclusion

All reported compounds proved to be highly potent against HIV-1 replication
in human T-lymphocyte (CEM) cells, and some showed inhibitory potencies in
low nanomolar range which were comparable with the previously reported lead
compounds 21 and 32. For compounds 34-57 carrying natural and unnatural
amino acids the inhibitory activity against HIV-1 WT seemed only marginally
affected by the substituent introduced on the indole nucleus, while it was more
important in derivatives 58-93. In general, none of the IASs proved to be
markedly cytostatic. Against mutant strains all derivatives were always more
potent than Nevirapine and against the L100l and K103N RT HIV-1 strains,
many derivatives were superior to EFV. Thus, these new IASs may be potentially
useful in EFV-based HIV-1 therapies. The (D)-enantiomers 38b and 39b were
about five times more potent than the corresponding (L)-enantiomers 38a and
39a against RT.

Derivatives 58-93 were also showed a high anti-HIV activity. Particularly the
more active compounds were the Mannich derivatives, and the activity
decreased when was used a two or three units linker.

Superimposition of PLANTS docked conformations of 42 and the highly
active derivative 32 revealed different hydrophobic interactions of the 3,5-
dimethylphenyl group, for which a staking interaction with Tyr181 aromatic
side chain was observed. In L100l mutated RT the mutation of leucine to
isoleucine does not affect the binding mode confirming all the interactions
reported for the WT strain. The lower anti-viral activity against the mutant
K103N and Y181l RT HIV-1 strains could be the consequence of the reduced
interaction between 42 and the mutated residues; for the Y181l RT HIV-1
strain, the limited anti-HIV efficiency could also be caused by the loss of the
favourable protein-ligand ©-n interactions, while in the K103N mutant, the loss
of the hydrophobic interaction between the ligand and the side chain of the
lysine 103 might be responsible for the reduced activity.
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Conclusion

In kinetic study, IAS 32 showed much slower dissociation rates from both
mutant enzymes with respect to HIV-1 RT wild type and showed a superior
activity profile towards the Lys103Asn, Leu100lle and Tyrdi81lle mutants with
respect to the reference compounds Nevirapine and Efavirenz. The results
obtained by this study, as well as the excellent activity demonstrated by these
inhibitors in blocking the viral replication in infected cells, suggest a possible
use of these compounds for the therapy of HIV. Therefore, further toxicity and
pharmacokinetics studies are warranted.
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Experimental Section

Chemistry. Microwave-assisted reactions were performed on Discover
LabMate (CEM), setting temperature, irradiation power, maximum pressure
(Pmax), PowerMAX (simultaneous cooling while heating), ramp and hold times,
and open and closed vessel modes as indicated. Melting points (mp) were
determined on a Biichi 510 apparatus and are uncorrected. Infrared spectra
(IR) were run on Perkin-Elmer 1310 and SpectrumOne spectrophotometers.
Band position and absorption ranges are given in cma. Proton nuclear
magnetic resonance (*H NMR) spectra were recorded on Bruker AM-200 (200
MHz) and Bruker Avance 400 MHz FT spectrometers in the indicated solvent.
Chemical shifts are expressed in o units (ppm) from tetramethylsilane. Column
chromatographies were packed with alumina (Merck, 70-230 mesh) and silica
gel (Merck, 70-230 mesh). Aluminium oxide TLC cards (Fluka, aluminium oxide
precoated aluminium cards with fluorescent indicator at 254 nm) and silica gel
TLC cards (Fluka, silica gel precoated aluminium cards with fluorescent
indicator at 254 nm) were used for thin layer chromatography (TLC). Developed
plates were visualized with a Spectroline ENF 260C/F UV apparatus. Organic
solutions were dried over anhydrous sodium sulphate. Evaporation of the
solvents was carried out on a Biichi Rotavapor R-210 equipped with a Biichi V-
850 vacuum controller and Buchi V-700 (~ 5 mbar) and V-710 vacuum (~ 2
mbar) pumps. Elemental analyses were found within £0.4% of the theoretical
values.

General Procedure for the Synthesis of Derivatives 34-49. Example. N-(3-
Amino-3-oxopropyl)-5-chloro-3-[(3,5-dimethylphenyl)sulfonyl]-1H-indole-2-
carboxamide (42). 28% Ammonium hydroxide (28 mL) was added to a mixture
of 139 (0.48 g, 0.001 mol) in ethanol (48 mL). Reaction mixture was stirred at
60 °C for 3 h. After cooling, water was added and the mixture was extracted
with ethyl acetate. The organic layer was washed with brine, dried, and
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evaporated to furnish a residue which was purified by silica gel column
chromatography (ethyl acetate as eluent) to give 19, yield 40%, mp >290 °C
(from ethanol). 1H NMR (DMSO-dg): 6 2.30 (s, 6H), 2.42 (t, J = 7.1 Hz, 2H), 3.52
(t, J = 6.4 Hz, 2H), 6.90 (broad s, 1H, disappeared on treatment with D20), 7.24
(s, 1H), 7.32 (dd, J = 8.7 and 1.9 Hz, 1H), 7.41 (broad s, 1H, disappeared on
treatment with D20) 7.51 (d, J = 8.7 Hz, 1H), 7.62 (s, 2H), 7.93 (d, J = 1.7 Hz,
1H), 9.03 (broad s, 1H, disappeared with treatment with D20), 12.92 ppm
(broad s, 1H, disappeared on treatment with D20). IR: v 1637, 3222 cm, Anal.
(C20H20CIN304S (433.91)) CH N CI S.
N-(2-Amino-2-oxoethyl)-5-chloro-3-[(3,5-dimethylphenyl)sulfonyl}- 1H-indole-
2-carboxamide (34). Was synthesized as 42 from 131. Yield 48%, mp 265-267
°C (from ethanol). 1H NMR (DMSO0-ds): 6 2.31 (s, 6H), 4.01 (m, 2H), 7.27 (s, 1H),
7.30-7.41 (m, 2H, on treatment with D20 showed dd, J = 1.8 and 8.8 Hz, 1H),
7.47 (broad s, 1H, disappeared on treatment with D20), 7.57 (d, J = 8.8 Hz, 1H),
7.74 (s, 2H), 8.00 (d, J = 1.8 Hz, 1H), 9.39 (broad t, J = 5.5 Hz, 1H, disappeared
on treatment with D20), 13.06 ppm (broad s, 1H, disappeared on treatment
with D20). IR (Nujol): v 1640, 1680, 3280, 3300, 3400 cm™. Anal.
(C10H18CIN304S (419.88)), C,H, N, CI, S.
N+2-Amino-2-oxoethyl)-5-bromo-3-{(3,5-dimethylphenyl)sulfonyl]-1H-indole-
2-carboxamide (35). Was synthesized as 42 using 132. Yield 57%, mp 274-276
°C (from ethanol). 1H NMR (DMSO-ds): 6 2.32 (s, 6H), 4.01 (s, 2H), 7.27 (s, 1H),
7.33 (broad s, 1H, disappeared on treatment with D20), 7.47-7.49 (m, 2H),
7.52 (d, J = 82 Hz, 1H), 7.73 (s, 2H), 8.17 (s, 1H), 9.39 (broad s, 1H,
disappeared on treatment with D20), 13.08 ppm (s, 1H, disappeared on
treatment with D20). IR: v 1639, 1693, 3243, 3445 cm. Anal. (C10H18BrN304S
(464.33)) CHBrNS.
N-(2-Amino-2-oxoethyl)-3-{(3,5-dimethylphenyl)sulfonyl]-5-nitro-1H-indole-2-
carboxamide (36). Was synthesized as 42 using 133. Yield 42%, mp 259-261
°C (from ethanol). 1H NMR (DMSO-de): 6 2.29 (s, 6H), 4.00 (s, 2H), 7.26 (s, 1H),
7.31 (s, 1H, disappeared on treatment with D20), 7.46 (s, 1H, disappeared on
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treatment with D20), 7.70-7.71 (m, 3H), 8.16 (d, J = 8,3 Hz, 1H), 8.89 (s, 1H),
9.33 (s, 1H, disappeared on treatment with D20), 13,42 ppm (s, 1H,
disappeared on treatment with D20). IR: v 1681, 3291 cm. Anal.
(C19H18N406S (430.43)) C, H, N, S.
N-(2-Amino-2-oxoethyl)-5-chloro-3-{(3,5-dimethylphenyl)sulfonyl}-4-fluoro-
1H-indole-2-carboxamide (37). Was synthesized as 42 using 134. Yield 95%,
mp 255-257 °C (from ethanol). tH NMR (DMSO-de): 6 2.32 (m, 6H), 3.92 (s,
2H), 7.26 (s, 1H), 7.28-7.42 (m, 4H), 7.66 (s, 2H), 9.47 (broad s, 1H,
disappeared on treatment with D20), 13.27 (broad s, 1H, disappeared on
treatment with D20). IR: v 1662, 1703, 3280 cm™. Anal. (C19H17CIFN304S
(437.87)) CHCIFNS.
N-(1-Amino-1-oxopropan-2-yl)-5-chloro-3-[(3,5-dimethylphenyl)sulfonyl]-1H-
indole-2-carboxamide (38). Was synthesized as 42 from 135. Yield 42%, mp
238-240 °C (from ethanol). 1H NMR (DMSO-de): 6 1.40 (d, J = 6.9 Hz, 3H), 2.30
(s, 6H), 4.53 (m, 1H), 7.21-7.41 (m, 3H), 7.56 (m, 2H), 7.70 (s, 2H), 8.05 (m,
1H), 9.36 (d, J = 7.0, 1H, disappeared on treatment with D20, 13.10 ppm (very
broad, 1H, disappeared on treatment with D20). IR (nujol): v 1635, 3190 cm.
Anal. (C20H20CIN304S (433.90)), C, H, N, CI, S.
N-(1-Amino-1-oxopropan-2-yl)-5-bromo-3-[(3,5-dimethylphenyl)sulfonyl}-1H-
indole-2-carboxamide (39). Was synthesized as 42 using 136. Yield 43%, mp
248-251 °C (from ethanol). tH NMR (DMSO-de): 6 1.37 (d, J = 7.1 Hz, 3H), 2.29
(s, 6H), 4.46-4.54 (qn, J = 7.1 Hz, 1H), 7.26 (s, 2H), 7.46 (dd, J = 8.7 and 1.7 Hz,
1H), 7.49-7.52 (m, 2H), 7.68 (s, 2H), 8.15 (d, J = 1.7 Hz, 1H), 9.32 (s, 1H,
disappeared on treatment with D20), 13.05 ppm (s, 1H, disappeared on
treatment with D20). IR: v 1662, 1672, 3254, 3465 cm. Anal. (C20H20BrN304S
(478.36)) CHBrNS.
N«(1-Amino-1-oxopropan-2-yl)-3-[(3,5-dimethylphenyl)sulfonyl]-5-nitro-1H-
indole-2-carboxamide (40). Was synthesized as 42 using 137. Yield 99%, mp
245-250 °C (from ethanol). tH NMR (DMSO-de): 6 1.37 (d, J = 7.0 Hz, 3H), 2.29
(s, 6H), 4.46-4.54 (qn, J = 7.1 Hz, 1H), 7.27 (s, 1H), 7.50 (s, 1H, disappeared on
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treatment with D20), 7.66 (s, 1H, disappeared on treatment with D20), 7.68 (s,
2H), 7.71 (d, J = 9.1 Hz, 1H), 8.17 (dd, J = 9.0 and 2.0 Hz, 1H), 8.90 (d,J=1.9
Hz, 1H), 9.29 (s, 1H, disappeared on treatment with D20), 12.95 ppm (s, 1H,
disappeared on treatment with D20). IR: v 1673, 3275, 3409 cm™. Anal.
(C20H20N406S (444.46)) C, H, N, S.
N-1-Amino-1-oxopropan-2-yl}-5-chloro-3-(3,5-dimethylphenyl)sulfonyl}-4-
fluoro-1H-indole-2-carboxamide (41). Was synthesized as 42 using 138. Yield
79%, mp 249-250 °C (from ethanol). tH NMR (DMSO0-ds): 6 1.39 (d, J = 7.1 Hz,
3H), 2.32 (m, 6H), 4.44 (q, J = 7.2 Hz, 1H), 7.26 (s, 1H), 7.29 (broad s, 1H,
disappeared on treatment with D20), 7.35 (broad s, 1H, disappeared on
treatment with D20), 7.36-7.40 (m, 2H), 7.68 (s, 2H), 9.37 (broad s, 1H,
disappeared on treatment with D20), 13.26 (broad s, 1H, disappeared on
treatment with D20). IR: v 1655, 1698, 3245 cm™. Anal. (C20H19CIFN304S
(451.90)) CHCIFNS.
N-(3-Amino-3-oxopropyl)-5-bromo-3-(3,5-dimethylphenyl)sulfonyl]-1H-
indole-2-carboxamide (43). Was synthesized as 42 using 140. Yield 99%, mp
258-260 °C (from ethanol). 1H NMR (DMSO-de): 6 2.32 (s, 6H), 2.47 (t,J=7.1
Hz, 2H), 3.58 (t, J = 7.1 Hz, 2H), 6.98 (broad s, 1H, disappeared on treatment
with D20), 7.26 (s, 1H), 7.44-7.49 (m, 3H), 7.64 (s, 2H), 8.10 (s, 1H), 9.03 (s,
1H, disappeared on treatment with D20), 13.07 ppm (s, 1H, disappeared on
treatment with D20). IR: v 1635, 1665, 3212, 3273, 3473 cm<. Anal.
(ConzoBrN304S (478.36)) CHBrNS.
N+3-Amino-3-oxopropyl)-3-(3,5-dimethylphenyl)sulfonyl]-5-nitro-1H-indole-
2-carboxamide (44). Was synthesized as 42 using 141. Yield: 99%, mp 260 °C
(from ethanol). 1H NMR (DMSO-ds): 6 2.29 (s, 6H), 2.44 (t, J = 7.1 Hz, 2H), 3.54
(q,J = 6.6 Hz, 2H), 6.69 (broad s, 1H, disappeared on treatment with D20), 7.25
(s, 1H), 7.45 (broad s, 1H, disappeared on treatment with D20), 7.64 (s, 2H),
7.68 (d, J = 9.1 Hz, 1H), 8.16 (dd, J = 9.1 and 2.3 Hz, 1H), 8.84 (d, J = 2.2 Hz,
1H), 9.06 (broad s, 1H, disappeared on treatment with D20), 13.44 ppm (broad
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s, 1H, disappeared on treatment with D20). IR: v 1639, 11656, 3190, 3288,
3436 cm, Anal. (020H20N4065 (444.46)) C,H,N,S.

N+3-amino-3-oxopropyl)-5-chloro-3-[(3,5-dimethylphenyl)sulfonyl]-4-fluoro-
1H-indole-2-carboxamide (45). Was synthesized as 42 using 142. Yield 94%,
mp 240-242 °C (from ethanol). tH NMR (DMSO-de): 6 2.32 (m, 6H), 2.43 (t,J =
7.3 Hz, 2H), 3.49 (t, J = 7.1 Hz, 2H), 6.88 (broad s, 1H, disappeared on
treatment with D20), 7.25 (s, 1H), 7.31-7.39 (m, 3H), 7.65 (s, 2H), 9.05 (broad
s, 1H, disappeared on treatment with D20), 13.13 (broad s, 1H, disappeared on
treatment with D20). IR: v 1649, 1704, 3267, 3496 cm<l. Anal
(C20H19CIFN304S (451.90)) CHCIF N S.

N+4-Amino-4-oxobutan-3-yl)}-5-chloro-3-{(3,5-dimethylphenyl)sulfonyl}-1H-
indole-2-carboxamide (46). Was synthesized as 42 staring from 143. Yield
43%, mp 237-240 °C (from ethanol). tH NMR (DMSO-ds): 6 1.26 (d, J = 6.6 Hz,
3H), 2.32 (s, 6H), 2.44 (dd, J = 15.7 and 7.9 Hz, 1H), 2.67 (dd, J = 15.8 and 5.0
Hz, 1H), 4.33-4.40 (m, 1H), 7.26 (s, 1H), 7.31 (broad s, 1H disappeared on
treatment with D20), 7.34 (d, J = 8.7 Hz, 1H), 7.51 (broad s, 1H, disappeared on
treatment with D20), 7.54 (d, J = 8.6 Hz, 1H), 7.64 (s, 2H), 7.95 (s, 1H), 9.02
(broad s, 1H, disappeared with treatment with D20), 12.72 ppm (broad s, 1H,
disappeared on treatment with D20). IR: v 1647, 1711, 3204, cm™1. Anal.
(C21H22CIN304S (447.94)) CH N CI S.

N+4-Amino-4-oxobutan-3-yl)-5-bromo-3<3,5-dimethylphenylsulfonyl)}-1H-
indole-2-carboxamide (47). Was synthesized as 42 using 144. Yield: 8%, mp
225-228 °C (from ethanol). tH NMR (DMSO-ds): 6 1.22 (d, J = 6.6 Hz, 3H), 2.29-
2.32 (m, 7H), 2.45-2.49 (m, 1H), 4.27-4.32 (m, 1H), 6.90 (broad s, 1H,
disappeared on treatment with D20), 7.26 (s, 1H), 7.41-7.46 (m, 2H), 7.48 (d, J
= 8.7 Hz, 1H), 7.62 (s, 2H), 8.08 (d, J = 1.5 Hz, 1H), 8.9 (broad s, 1H,
disappeared on treatment with D20), 13.00 ppm (s, 1H, disappeared on
treatment with D20). IR: v 1610, 1644, 3299, 3425 cm. Anal. (C21H22BrN304S
(492.39)) CHBrNS.
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N-4-Amino-4-oxobutan-3-yl)}-3-(3,5-dimethylphenyl)sulfonyl]-5-nitro-1H-
indole-2-carboxamide (48). A mixture of 145 (0.30 g, 0.0006 mol) and 28%
ammonium hydroxide (2 mL) was treated with microwave irradiation at 150 W,
while the temperature ramped from 25 °C to 130 °C in about 3 min. The
reaction mixture was maintained at 130 °C for 10 min under stirring (press
max 250 psi). The reaction mixture was neutralized with 1N HCI and extracted
with ethyl acetate. The organic layer was washed with brine, dried and
evaporated. The residue was purified by silica gel column chromatography
(ethyl acetate-ethanol 9:1 as eluent) to give 25. Yield 65%, mp 264-268 °C
(from ethanol). tH NMR (DMSO-ds): 6 1.25 (d, J = 6.6 Hz, 3H), 2.29-234 (m, 8H),
4.32-4.44 (m, 1H), 6.94 (broad s, 1H, disappeared on treatment with D20),
7.29 (s, 1H), 7.47 (broad s, 1H, disappeared on treatment with D20), 7.66 (s,
2H), 7.71 (d, J = 9.1 Hz, 1H), 8.19 (dd, J = 9.0 and 2.0 Hz, 1H), 8.85 (d,J=1.4
Hz, 1H), 9.00 (broad s, 1H, disappeared with treatment with D20), 13.46 ppm
(broad s, 1H, disappeared on treatment with D20). IR: v 1639, 1657, 3232,
3437 cm, Anal. (C21H22N406S (458.49)) CHN S.

N-4-Amino-4-oxobutan-2-yl)}-5-chloro-3{(3,5-dimethylphenyl)sulfonyl]-4-
fluoro-1H-indole-2-carboxamide (49). Was synthesized as 42 from 146. Yield:
22%, mp 217-219 °C (from ethanol). tH NMR (DMSO0-ds): 6 1.19 (d, J = 6.7 Hz,
3H), 2.17-2.20 (m, 1H), 2.31 (s, 6H), 2.44-2.49 (m, 1H), 4.29-4.37 (m, 1H), 6.89
(broad s, 1H, disappeared on treatment with D20), 7.24 (s, 1H), 7.31-7.38 (m,
2H), 7.43 (broad s, 1H, disappeared on treatment with D20), 7.66 (s, 2H), 8.96
(broad s, 1H, disappeared on treatment with D20), 13.22 (broad s, 1H,
disappeared on treatment with D20). IR: v 1625, 1691, 3194 cm. Anal.
(C21H21CIFN304S (465.93)) CHCIF N S.

General Procedure for the Synthesis of Derivatives 50-57, 70-72, 75, 76,
78-80, 82-84, 86-88, 90-92 and 131-146. Example. Methyl 3-[N-[5-chloro-3-
[(3,5-dimethylphenyl)sulfonyl}-1H-indole-2-carboxamido]]propanoate (139). A
mixture of 12773 (0.70 g, 0.0019 mol), methyl B-alanine hydrochloride (0.52 g,
0.0037 mol), triethylamine (0.57 g, 0.79 mL, 0.0056 mol) and BOP (0.80 g,
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0.0019 mol) in DMF (10 mL) was stirred at room temperature overnight. Water
was added and the mixture was extracted with ethyl acetate. The organic layer
was washed with brine, dried, and evaporated to dryness. The residue was
purified by silica gel column chromatography (ethyl acetate as eluent) to give
59, yield 81%, mp 197-200 °C (from ethanol). tH NMR (DMSO-de): 6 2.29 (s,
6H), 2.65 (t, J = 6.7 Hz, 2H), 3.58 (t, J = 6.3 Hz, 2H), 3.61 (s, 3H), 7.24 (s, 1H),
7.31 (dd, J = 8.8 and 1.9 Hz, 1H), 7.51 (d, J = 8.8 Hz, 1H), 7.60 (s, 2H), 7.90 (d,
J = 2.0 Hz, 1H), 9.08 (broad s, 1H, disappeared with treatment with D20), 13.00
ppm (broad s, 1H, disappeared on treatment with D20). IR: v 1738, 3204 cm.
Anal. (C21H21C|N205S (448.92)) CHNCIS.
5-Chloro-3(3,5-dimethylphenyl)sulfonyl]-N-(2-sulfamoylethyl)-1H-indole-2-
carboxamide (50). Was synthesized as 139 using 2-aminoethanesulfonamide
hydrochloride.20 Yield 21%, mp 245-247 °C (from ethanol). 1H NMR (DMSO-ds):
0 2.32 (s, 6H), 3.27-3.35 (m, 2H), 3.72-3.77 (m, 2H), 7.05 (broad s, 2H,
disappeared on treatment with D20), 7.26 (s, 1H), 7.35 (dd, J = 8.8 and 2.1 Hz,
1H), 7.55 (d, J = 8.8 Hz, 1H), 7.67 (s, 2H), 7.92 (d, J = 2.1 Hz, 1H), 9.19 (broad s,
1H, disappeared with treatment with D20), 13.05 ppm (broad s, 1H,
disappeared on treatment with D20). IR: v 1641, 3228 cmi. Anal.
(C19H20CIN305S2 (469.96)) CH N CI S.
5-Bromo-3-[(3,5-dimethylphenyl)sulfonyl]-N{(2-sulfamoylethyl)-1H-indole-2-
carboxamide (51). Was synthesized as 139 using 128 and 2-
aminoethanesulfonamide hydrochloride. Yield 32%, mp 260 °C (from ethanol).
1H NMR (DMSO-ds): 6 2.32 (s, 6H), 3.31 (t, J = 7.5 Hz, 2H), 3.73 (t, J = 6.8 Hz,
2H), 7.06 (broad s, 2H, disappeared on treatment with D20), 7.26 (s, 1H), 7.45
(dd, J = 8.7 and 1.7 Hz, 1H), 7.50 (d, J = 8.7 Hz, 1H), 7.67 (s, 2H), 8.06 (d, J =
1.7 Hz, 1H), 9.19 (broad s, 1H, disappeared with treatment with D20), 13.08
ppm (broad s, 1H, disappeared on treatment with D20). IR: v 1646, 3226 cm.
Anal. (C19HzoBrN30552 (514.41)) CHNBrS.
3H(3,5-Dimethylphenyl)sulfonyl]-5-nitro-N«2-sulfamoylethyl)}-1H-indole-2-
carboxamide (52). Was synthesized as 139 wusing 129 and 2-
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aminoethanesulfonamide hydrochloride. Yield 14%, mp 265-268 °C (from
ethanol). tH NMR (DMSO-de): 6 1.06 (t, J = 7.0 Hz, 2H), 2.32 (s, 6H), 3.72-3.76
(m, 2H), 7.06 (broad s, 2H, disappeared on treatment with D20), 7.28 (s, 1H),
7.68 (s, 2H), 7.73 (d, J = 9.1 Hz, 1H), 8.19 (dd, J = 9.1 and 2.2 Hz, 1H), 8.82 (d,
J =1.8 Hz, 1H), 9.24 (broad s, 1H, disappeared on treatment with D20), 13.48
ppm (broad s, 1H, disappeared on treatment with D20). IR: v 3205, 1637 cm.
Anal. (C19H20N30552 (514.41)) CHNS.
5-Chloro-3{(3,5-dimethylphenyl)sulfonyl]-4-fluoro-N-(2-sulfamoylethyl)-1H-
indole-2-carboxamide (53). Was synthesized as 139 using 130 and 2-
aminoethanesulfonamide hydrochloride. Yield 28%, mp 238-240 °C (from
ethanol). tH NMR (DMSO-de): 6 2.32 (s, 6H), 3.30 (t, J = 7.8 Hz, 2H), 3.69 (t, J =
6.8 Hz, 2H), 7.03 (broad s, 2H, disappeared on treatment with D20), 7.26 (s,
1H), 7.33-7.41 (m, 2H), 7.65 (s, 2H), 9.25 (broad s, 1H, disappeared with
treatment with D20), 13.22 ppm (broad s, 1H, disappeared on treatment with
D20). IR: v 1646, 3242 cm1. Anal. (C19H19CIFN305S> (487.95)) CHN CI F S.
5-Chloro-3{(3,5-dimethylphenyl)sulfonyl]-N-(1-sulfamoylpropan-2-yl)-1H-
indole-2-carboxamide (54). Was synthesized as 139 using 152 Yield 12%, mp
212-214 °C (from ethanol). tH NMR (DMSO-ds): 6 1.42 (d, J = 6.6 Hz, 3H), 2.32
(s, 6H), 3.19 (dd, J = 13.9 and 8.3 Hz, 1H), 3.42 (dd, J = 13.8 and 4.4 Hz, 1H),
4.48-4.51 (m, 1H), 7.02 (broad s, 2H, disappeared on treatment with D20),
7.26 (s, 1H), 7.34 (dd, J = 8.6 and 1.8 Hz, 1H), 7.54 (d, J = 8.8 Hz, 1H), 7.66 (s,
2H), 7.91 (d, J = 1.8 Hz, 1H), 9.09 (broad s, 1H, disappeared with treatment
with D20), 12.98 ppm (broad s, 1H, disappeared on treatment with D20). IR: v
1643, 3255 cm™. Anal. (C20H22CIN305S2 (483.99)) CH N CI S.
5-Bromo-3-[(3,5-dimethylphenyl)sulfonyl]-N{1-sulfamoylpropan-3-yl)-1H-
indole-2-carboxamide (55). Was synthesized as 139 using 128 and 152. Yield
8%, mp 155-159 °C (from ethanol). tH NMR (DMSO-ds): 6 1.41 (d, J = 6.7 Hz,
3H), 2.32 (s, 6H), 3.17-3.23 (m, 1H), 3.38-3.43 (m, 1H), 4.46-4.53 (m, 1H), 7.03
(broad s, 2H, disappeared on treatment with D20), 7.27 (s, 1H), 7.46 (dd, J =
8.7 and 1.8 Hz, 1H), 7.50 (d, J = 8.7 Hz, 1H), 7.66 (s, 2H), 8.06 (d, J = 1.8 Hz,
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1H), 9.11 (broad s, 1H, disappeared with treatment with D20), 13.00 ppm
(broad s, 1H, disappeared on treatment with D20). IR: v 1637, 3257 cm. Anal.
(C20H22BrN305S2 (528.44)) CHN Br S.
3(3,5-Dimethylphenyl)sulfonyl]-5-nitro-N<1-sulfamoylpropan-2-yl)-1H-
indole-2-carboxamide (56). Was synthesized as 139 using 129 and 52. Yield
21%, mp 226-229 °C (from ethanol). tH NMR (DMSO-de): 6 1.42 (d, J = 6.7 Hz,
3H), 2.32 (s, 6H), 3.16-3.22 (m, 1H), 3.37-3.42 (m, 1H), 4.47-4.52 (m, 1H), 7.05
(broad s, 2H, disappeared on treatment with D20), 7.29 (s, 1H), 7.67 (s, 2H),
7.73 (d, J = 9.0 Hz, 1H), 8.19 (dd, J = 9.0 and 2.2 Hz, 1H), 8.81 (d, J = 1.9 Hz,
1H), 9.15 (broad s, 1H, disappeared with treatment with D20), 13.44 ppm
(broad s, 1H, disappeared on treatment with D20). IR: v 1655, 3239 cm, Anal.
(C20H22N40752 (494.54) CHN S.
5-Chloro-3(3,5-dimethylphenyl)sulfonyl]-4-fluoro-N1-sulfamoylpropan-2-
yl}1H-indole-2-carboxamide (57). Was synthesized as 139 using 130 and 152.
Yield 20%, mp 193-197 °C (from ethanol). tH NMR (DMSO-d¢): 6 1.40 (d, J =
6.5 Hz, 3H), 2.31 (s, 6H), 3.13 (dd, J = 13.5 and 9.0 Hz, 1H), 3.45 (dd, J = 13.5
and 3.6 Hz, 1H), 4.43-4.50 (m, 1H), 7.01 (broad s, 2H, disappeared on
treatment with D20), 7.25 (s, 1H), 7.31-7.41 (m, 2H), 7.65 (s, 2H), 9.16 (broad
s, 1H, disappeared with treatment with D20), 13.19 ppm (broad s, 1H,
disappeared on treatment with D20). IR: v 1629, 3293 cm. Anal.
(C20H21CIFN305S2 (501.98)) CHNCI F S.
N-Benzyl-5-chloro-3-(3,5-dimethylphenylsulfonyl)}-1H-indole-2-carboxamide
(70). Was synthesized as 139 using benzylamine. Yield: 43%. Pale yellow solid,
mp 259-262 °C (from ethanol). H NMR (CDCl3): 6 2.26 (s, 6H), 4.80 (d, J = 2.9
Hz, 2H), 7.15 (s, 1H), 7.25-7.27 (m, 2H), 7.35-7.50 (m, 5H), 8.24-8.25 (m, 1H),
10.17 (broad s, 1H, disappeared on treatment with D20), 11.25 ppm (broad s,
1H, disappeared on treatment with D20). IR: v 1638, 3209 cm™. Anal
(C24H21CIN203S (452.95)) CHCIN S.
N-Benzyl-5-bromo-3-(3,5-dimethylphenylsulfonyl)-1H-indole-2-carboxamide
(71). Was synthesized as 139 using 128 and benzyl amine. Yield: 50%. White

111



Experimental Section

solid, mp 266-269 °C (from ethanol). 1H NMR (DMSO-ds): 6 2.26 (s, 6H), 4.58
(d, J = 5.6 Hz, 2H), 7.24 (s, 1H), 7.27 (t, J = 7.7 Hz, 1H), 7.34 (t, J = 7.1 Hz, 2H),
7.43-7.50 (m, 4H), 7.58 (s, 2H), 8.08 (s, 1H), 9.42 (broad s, 1H, disappeared on
treatment with D20), 13.03 ppm (broad s, 1H, disappeared on treatment with
D20). IR: v 1645, 3214 cm. Anal (C24H21BrN203sS (497.40)) CHBr N S.

N-Benzyl-3+3,5-dimethylphenylsulfonyl)-5-nitro-1H-indole-2-carboxamide
(72). Was synthesized as 139 from 129 using benzyl amine. Yield: 55%. White
solid, mp 246-248 °C (from ethanol). tH NMR (DMSO0-ds): 5 2.26 (s, 6H), 4.59
(d, J = 5.7 Hs, 2H), 7.25 (s, 1H), 7.29 (t, J = 7.2 Hz, 1H), 7.37 (t, J = 7.5 Hz, 2H),
7.45 (d, J = 7.3 Hz, 2H), 7.61 (s, 2H), 7.70 (d, J = 9.1 Hz, 1H), 8.17 (dd, J = 9.0
and 2.3 Hz, 1H), 9.47 (broad s, 1H, disappeared on treatment with D20), 13.50
ppm (broad s, 1H, disappeared on treatment with D20). IR: v 1637, 3190,
3281 cm . Anal (C24H21N305S (463.51)) CHN S.

5-Bromo-3-(3,5-dimethylphenylsulfonyl)-N-(2-(pyrrolidin-1-yl)ethyl)-1H-
indole-2-carboxamide (75). Was synthesized as 139 using 128 and 2-
(pyrrolidin-1-yl)ethanamine. Yield: 70%. White solid, mp 207-210 °C (from
ethanol). 1H NMR (DMSO-ds): 6 1.67-1.71 (m, 4H), 2.30 (s, 6H), 2.52-2.56 (m,
4H), 2.66 (t, J = 6.8 Hz, 2H), 3.47 (q, J = 6.9 Hz, 2H), 7.25 (s, 1H), 7.38-7.48 (m,
2H), 7.61 (s, 2H), 8.1 (s, 1H), 9.00 (broad s, 1H, disappeared on treatment with
D20), 13.05 ppm (broad s, 1H, disappeared on treatment with D20). IR: v 1648,
3204 cm. Anal (C23H26BrN303S (504.44)) CHBr N S.

3-(3,5-Dimethylphenylsulfonyl)-5-nitro-N-(2-(pyrrolidin-1-yl)ethyl)-1H-indole-
2-carboxamide (76). Was synthesized as 139 using 129 and 2-(pyrrolidin-1-
yl)ethanamine. Yield: 46%. White solid, mp 216-218 °C (from ethanol). 1H
NMR (DMSO-ds): 6 1.74-1.78 (m, 4H), 2.28 (s, 6H), 2.81-2.85 (m, 4H), 2.90 (t, J
= 6.3 Hz, 2H), 3.50 (q, J = 6.2 Hz, 2H), 7.20 (s, 1H), 7.57-7.62 (m, 3H), 8.02 (dd,
J = 9.0 and 2.1 Hz, 1H), 8.84-8.89 (m, 2H), 13.46 ppm (broad s,1H,
disappeared on treatment with D20). IR: v 1643, 3181 cm1. Anal (C23H26N40sS
(470.54)) CHNS.
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N-2-(1H-pyrrol-1-yl)ethyl)}-5-chloro-3(3,5-dimethylphenylsulfonyl)-1H-indole-
2-carboxamide (78). Was synthesized as 139 using 2-(1H-pyrrol-1-
yl)ethanamine. Yield: 38%. White solid, mp 200-203 °C (from ethanol). 1H
NMR (DMSO-ds): 6 2.31 (s, 6H), 3.66 (q, J = 6.1 Hz, 2H), 4.14 (t, J = 6.2 Hz, 2H),
6.01 (t, J = 2.1 Hz, 2H), 6.87 (t, J = 2.1 Hz, 2H), 7.26 (s, 1H), 7.34 (dd, J = 8.8
and 2.0 Hz, 1H), 7.54 (d, J = 8.8 Hz, 1H), 7.65 (s, 2H), 7.91 (d, J = 1.9 Hz, 1H),
9.18 (broad s, 1H, disappeared on treatment with D20), 13.08 ppm (broad s,
1H, disappeared on treatment with D20). IR: v 1638, 3215cm™. Anal
(C23H22CIN303S (455.96)) CHCIN S.

N-(2-(1H-Pyrrol-1-yl)ethyl)-5-bromo-3+3,5-dimethylphenylsulfonyl)-1H-indole-
2-carboxamide (79). Was synthesized as 139 using 128 and 2-(1H-pyrrol-1-
yl)ethanamine. Yield: 29%. White solid, mp 213-216 °C (from ethanol). 1H
NMR (DMSO-de): 6 2.30 (s, 6H), 3.65 (q, J = 5.2 Hz, 2H), 4.12 (t, J = 6.4 Hz, 2H),
5.99 (s, 2H), 6.84 (s, 2H), 7.25 (s, 1H), 7.43-7.49 (m, 2H), 7.16 (s, 2H), 8.04 (s,
1H), 9.14 (broad s, 1H, disappeared on treatment with D20), 13.00 ppm (broad
s, 1H, disappeared on treatment with D20). IR: v 1655, 3195 cm™. Anal
(C23H22BrN303S (500.41)) CHBr N S.

N-A2«(1H-Pyrrol-1-yl)ethyl)-3-(3,5-dimethylphenylsulfonyl)}-5-nitro-1H-indole-2-
carboxamide (80). Was synthesized as 139 using 129 and 2-(1H-pyrrol-1-
yl)ethanamine. Yield: 76%. Pale yellow solid, mp 234-237 °C (from ethanol). 1H
NMR (DMSO-ds): 6 2.30 (s, 6H), 3.65 (q, J = 5.95 Hz, 2H), 4.12 (t, J = 6.1 Hz,
2H), 7.27 (s, 1H), 7.65 (s, 2H), 7.69 (d, J = 9.1 Hz, 1H), 8.16 (dd, J = 9.2 and 1.7
Hz, 1H), 8.80 (d, J = 1.9 Hz, 1H), 9.18 (broad s,1H, disappeared on treatment
with D20), 13.44 ppm (broad s,1H, disappeared on treatment with D20). IR:
v 1648, 3228 cm. Anal (C23H22N405S (466.51)) CH N S.

5-Chloro-3+3,5-dimethylphenylsulfonyl)-N{2-morpholinoethyl)-1H-indole-2-
carboxamide (82). Was synthesized as 139 using 2-morpholin-4-ylethanamine.
Yield: 25%. White solid, mp 208-210 °C (from ethanol). tH NMR (DMSO-de): &
2.31 (s, 6H), 2.48-2.53 (m, 4H), 3.50-3.59 (m, 8H), 7.28 (s, 1H), 7.34 (d, J = 9.0
Hz, 1H), 7.54 (d, J = 8.12 Hz, 1H), 7.63 (s, 2H), 7.97 (s, 1H), 9.09 (broad s, 1H,
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disappeared on treatment with D20), 13.04 ppm (broad s, 1H, disappeared on
treatment with D20). IR: v 1646, 3213 cm. Anal (C23H26CIN304S (475.99)) CH
CINS.
5-Bromo-3-(3,5-dimethylphenylsulfonyl)-N-(2-morpholinoethyl)}-1H-indole-2-
carboxamide (83). Was synthesized as 139 using 128 and 2-morpholin-4-yl-
ethanamine. Yield: 53%. White solid, mp 218-223 °C (from ethanol). IH NMR
(DMSO0-ds): 6 2.30 (s, 6H), 2.43-2.47 (m, 4H), 2.53 (t, J = 6.4 Hz, 2H), 3.49 (q, J
= 6.0 Hz, 2H), 3.56-3.59 (m, 4H), 7.26 (s, 1H), 7.43-7.49 (m, 2H), 7.60 (s, 2H),
8.10 (s, 1H), 9.06 (broad s, 1H, disappeared on treatment with D20), 13.01
ppm (broad s, 1H, disappeared on treatment with D20). IR: v 1640, 3196 cm™,
Anal (C23H26BrN304S (520.44)) CHBr N S.
3+3,5-Dimethylphenylsulfonyl)-N-(2-morpholinoethyl)-5-nitro-1H-indole-2-
carboxamide (84). Was synthesized as 139 using 129 2-morpholin-4-yl-
ethanamine. Yield: 63%. Pale yellow solid, mp 243-246 °C (from ethanol). 1H
NMR (DMSO-de): 6 2.30 (s, 6H), 2.46-2.49 (m, 4H), 2.55 (t, J = 6.4 Hz, 2H), 3.50
(q,J = 6.0 Hz, 2H), 3.58-3.60 (m, 4H), 7.27 (s, 1H), 7.63 (s, 2H), 7.69 (d, J = 9.1
Hz, 1H), 8.17 (dd, J = 8.9 and 1.8 Hz, 1H), 8.86 (d, J = 2.1 Hz, 1H), 9.05 (broad
s, 1H, disappeared on treatment with D20), 13.46 ppm (broad s, 1H,
disappeared on treatment with D20). IR: v 1648, 3163 cm1. Anal (C23H26N406S
(486.54)) CHN S.
5-Chloro-3<3,5-dimethylphenylsulfonyl)-N-phenethyl-1H-indole-2-
carboxamide (86). Was synthesized as 139 using 2-phenylethanamine. Yield:
60%. White solid, mp 227-228 °C (from ethanol). 1H NMR (DMSO-ds): 6 2.32 (s,
6H), 2.91 (t, J = 7.4 Hz, 2H), 3.58-3.63 (m, 2H), 7.23-7.37 (m, 7H), 7.47 (d, J =
7.1 Hz, 1H), 7.52 (s, 2H), 7.94 (d, J = 2.0 Hz, 1H), 9.10 (broad s, 1H,
disappeared on treatment with D20), 13.05 ppm (broad s, 1H, disappeared on
treatment with D20). IR: v 1643, 3195, 3287 cm™. Anal (C2s5H23CIN20sS
(466.98)) CHCINS.
5-Bromo-3-(3,5-dimethylphenylsulfonyl)-N-phenethyl-1H-indole-2-
carboxamide (87). Was synthesized as 139 using 128 and 2-
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phenylethanamine. Yield: 30%. White solid, mp 231-236 °C (from ethanol). 1H
NMR (DMSO-ds): 6 2.29 (s, 6H), 2.90 (t, J = 7.4 Hz, 2H), 3.58 (q, J = 6.7 Hz, 2H),
7.22-7.31 (m, 6H), 7.43-7.49 (m, 2H), 7.59 (s, 2H), 8.07 (s, 1H), 9.08 (broad s,
1H, disappeared on treatment with D20), 13.00 ppm (broad s, 1H, disappeared
on treatment with D20). IR: v 1640, 3191, 3290 cm3. Anal (C2sH23BrN203S
(511.43)) CHBrNS.

3+3,5-Dimethylphenylsulfonyl)-5-nitro-N-phenethyl-1H-indole-2-
carboxamide (88). Was synthesized as 139 wusing 129 and 2-
phenylethanamine. Yield: 74%. White solid, mp 261-262 °C (from ethanol). 1H
NMR (DMSO-ds): 6 2.29 (s, 6H), 2.89 (t, J = 7.4 Hz, 2H), 3.56 (q, J = 6.7 Hz, 2H),
7.20-7.24 (m, 3H), 7.28-7.31 (m, 4H), 7.63-7.67 (m, 3H), 8.11 (dd, J = 8.9 and
1.9 Hz, 1H), 8.85 (d, J = 1.9 Hz, 1H), 8.98 (broad s, 1H, disappeared on
treatment with D20), 13.47 ppm (broad s, 1H, disappeared on treatment with
D20). IR: v 1641, 3176, 3284 cm. Anal (C25H23N305S (477.53)) CH N S.

5-Chloro-3+3,5-dimethylphenylsulfonyl)-N<2-phenoxyethyl)}-1H-indole-2-
carboxamide (90). Was synthesized as 139 using 2-phenoxyethanamine. Yield:
83%. White solid, mp 227-228 °C (from ethanol). tH NMR (CDCls): 6 2.17 (2,
6H), 3.97 (q, J = 6.3 Hz, 2H), 4.23 (t, J = 5.2 Hz, 2H), 6.95-7.00 (m, 3H), 7.09 (s,
1H), 7.26-7.34 (m, 3H), 7.39 (d, J = 8.8 Hz, 1H), 7.51 (s, 2H), 8.28 (d, J = 1.8 Hz,
1H), 10.05 (broad s, 1H, disappeared with D20), 10.31 ppm (broad s, 1H,
disappeared with D20). IR: v 1650, 3209 cm. Anal (C25H23CIN204S (482.98)) C
HCINS.

5-Bromo-3-(3,5-dimethylphenylsulfonyl)-N-(2-phenoxyethyl)-1H-indole-2-
carboxamide (91). Was synthesized as 139 wusing 128 and 2-
phenoxyethanamine. Yield: 52%. White solid, mp 214-219 °C (from ethanol).
1H NMR (DMSO-ds): 6 2.18 (s, 6H), 4.62 (q, J = 6.2 Hz, 2H), 4.07 (t, J = 6.4 Hz,
2H), 6.88-6.97 (m, 3H), 7.04-7.08 (m, 2H), 7.26-7.37 (m, 3H), 7.55 (s, 2H), 8.09
(s, 1H), 8.50 (broad s, 1H, disappeared on treatment with D20), 13.05 ppm
(broad s, 1H, disappeared on treatment with D20). IR: v 1644, 3206 cm™. Anal
(C25H23BrN204S (527.43)) CHBr N S.
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3-(3,5-Dimethylphenylsulfonyl)-5-nitro-N-(2-phenoxyethyl)}1H-indole-2-
carboxamide (92). Was synthesized as 139 wusing 129 and 2-
phenoxyethanamine. Yield: 93%. White solid, mp 278-280 °C (from ethanol).
1H NMR (DMSO-d6): 6 2.23 (s, 6H), 3.77 (q, J = 5.4 Hz, 2H), 4.18 (t, J = 5.2 Hz,
2H), 6.93-7.00 (m, 3H), 7.24 (s, 1H), 7.30 (t, J = 7.3 Hz, 2H), 7.62 (s, 2H), 7.70
(d, J = 9.1 Hz, 1H), 8.18 (dd, J = 8.8 and 1.8 Hz, 1H), 8.88 (d, J = 2.2 Hz, 1H),
9.33 (broad s, 1H, disappeared on treatment with D20), 13.48 ppm (broad s,
1H, disappeared on treatment with D20). IR: v 1642, 3188, 3279 cm. Anal
(C25H23N306S (493.53)) CHN S.

Ethyl 2-[N-[5-chloro-3-(3,5-dimethylphenyl)sulfonyl]-1H-indole-2-
carboxamido]lacetate (131). Was synthesized as 139 using ethyl glycine
hydrochloride. Yield 80%, mp 209-211 °C (from ethanol). tH NMR (DMSO-ds): 6
1.25(t,J = 7.1 Hz, 3H), 2.31 (s, 6H), 4.12-4.30 (m, 4H), 7.27 (s, 1H), 7.37 (dd, J
= 1.7 and 8.8 Hz, 1H), 7.57 (d, J = 8.8 Hz, 1H), 7.72 (s, 2H), 8.03 (d, J = 1.7 Hz,
1H), 9.49 (t, J = 5.6 Hz, 1H, disappeared on treatment with D20), 13.13 ppm
(broad, 1H, disappeared on treatment with D20). IR (Nujol): v 1635, 1740,
3200 cm . Anal. (C21H21CIN20OsS (448.92)), C, H, N, CI, S.

Ethyl 2-[N{5-bromo-3-[(3,5-dimethylphenyl)sulfonyl]-1H-indole-2-
carboxamido]]acetate (132). Was synthesized as 139 using 128 and ethyl
glycine hydrochloride. Yield 48%, mp 199-201 °C (from ethanol). tH NMR
(DMSO-d6): 6 1.25 (t, J = 7.1 Hz, 3H), 2.31 (s, 6H), 4.17-4.26 (m, 4H), 7.27 (s,
1H), 7.47-7.53 (m, 2H), 7.70 (s, 2H), 8.18 (d, J = 1.7 Hz, 1H), 9.48 (broad s, 1H,
disappeared on treatment with D20), 13.13 (broad s, 1H, disappeared on
treatment with D20). IR: v 1639, 1732, 3213 cm™. Anal. (C21H21BrN20sS
(493.37)) CHBrNS.

Ethyl 2-[3-[(3,5-dimethylphenyl)sulfonyl]-5-nitro-1H-indole-2-
carboxamido]acetate (133). Was synthesized as 139 using 129 and ethyl
glycine hydrochloride. Yield 48%, mp 224-226 °C (from ethanol). tH NMR
(DMSO-dg): 6 1.24 (t, J = 7.1 Hz, 3H), 2.29 (s, 6H), 4.21-4.23 (m, 4H), 7.27 (s,
1H), 7.69-7.70 (m, 3H), 8.18 (dd, J = 9.1 and 2.3 Hz, 1H), 8.91 (d, J = 2.2 Hz,
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1H), 9.43 (broad s, 1H, disappeared on treatment with D20), 13.88 ppm (broad
s, 1H, disappeared on treatment with D20). IR (Nujol): v 1647, 1749, 3215 cm-
1 Anal. (C21H21N307S (459.47)) C, H, N, S.

Ethyl 2-[5-chloro-3-[(3,5-dimethylphenyl)sulfonyl]-4-fluoro-1H-indole-2-
carboxamido)acetate (134). Was synthesized as 139 using 130 and ethyl
glycine hydrochloride. Yield 86%, mp 221-223 °C (from ethanol). tH NMR
(DMSO0-dg): 6 1.23 (t, J = 7.1 Hz, 3H), 2.30 (m, 6H), 4.12-4.20 (m, 4H), 7.24 (s,
1H), 7.33-7.40 (m, 2H), 7.62 (s, 2H), 9.51 (broad s, 1H, disappeared on
treatment with D20), 13.24 (broad s, 1H, disappeared on treatment with D20).
IR: v 1638, 1745, 3212 cm. Anal. (C21H20CIFN20sS (466.91)) CHCIF N S.

Ethyl 2-[N-[5-chloro-3-(3,5-dimethylphenyl)sulfonyl]-1H-indole-2-
carboxamido]]propanoate (135). Was synthesized as 139 using ethyl alanine
hydrocloride. Yield 86%, mp 200-203 °C (from ethanol). 1H NMR (DMSO-ds): o
1.23 (t,J= 7.5 Hz, 3H), 1.47 (d, J = 7.2 Hz, 3H), 2.30 (s, 6H), 4.18 (q, J = 7.5 Hz,
2H), 4.60 (m, 1H), 7.25 (s, 1H), 7.36 (dd, J = 1.8 and 8.8 Hz, 1H), 7.56 (d, J =
8.8 Hz, 1H) 7.67 (s, 2H), 8.01 (d, J = 1.8 Hz, 9.49 (d, J = 6.6 Hz, 1H, disappeared
on treatment with D20), 13.15 ppm (broad s, 1H, disappeared on treatment
with D20). IR (nujol): v 1635, 1735, 3270 cm. Anal. (C22H23CIN20sS (462.94)),
C,H,N,Cl,S.

Ethyl 2-[N-[5-bromo-3-[(3,5-dimethylphenyl)sulfonyl]-1H-indole-2-
carboxamido]]propanoate (136). Was synthesized as 139 using 128 and ethyl
alanine hydrochloride. Yield 85%, mp 211-214 °C (from ethanol). tH NMR
(DMSO0-d6): 6 1.47 (d, J = 7.2 Hz, 3H), 2.32 (s, 6H), 3.73 (s, 3H), 4.63 (q,J=7.1
Hz, 1H), 7.27 (s, 1H), 7.48 (dd, J = 8.8 and 1.8 Hz, 1H), 7.52 (d, J = 8.7 Hz, 1H),
7.67 (s, 2H), 8.16 (d, J = 2.9 Hz, 1H), 9.49 (broad s, 1H, disappeared on
treatment with D20), 13.11 (broad s, 1H, disappeared on treatment with D20).
IR: v 1644, 1752, 3216 cm. Anal. (C21H21BrN20sS (493.37)) CHBr N S.

Ethyl 2-[3-[(3,5-dimethylphenyl)sulfonyl]-5-nitro-1H-indole-2-
carboxamido)propanoate (137). Was synthesized as 139 using 129 and ethyl
alanine hydrochloride. Yield 99%, mp 232-235 °C (from ethanol). 1H NMR
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(DMSO0-ds): 6 1.23 (t, J = 7.1 Hz, 3H), 1.45 (d, J = 7.2 Hz, 3H), 2.29 (s, 6H), 4.18
(q,J = 7.1 Hz, 2H), 4.56-4.60 (m, 1H), 7.27 (s, 1H), 7.66 (s, 2H), 7.70 (d, J = 9.1
Hz, 1H), 8.18 (dd, J = 9.1 and 2.3 Hz, 1H), 8.88 (s, 1H), 9.45 (broad s, 1H,
disappeared on treatment with D20), 13.82 ppm (broad s, 1H, disappeared on
treatment with D20). IR (Nujol): v 1651, 1741, 3194 cm™. Anal. (C22H23N307S
(473.50)) C, H, N, S.

Ethyl 2-[5-chloro-3-[(3,5-dimethylphenyl)sulfonyl]-4-fluoro-1H-indole-2-
carboxamido)propanoate (138). Was synthesized as 139 using 130 and ethyl
alanine hydrochloride. Yield 90%, mp 198-200 °C (from ethanol). 1H NMR
(DMSO0-ds): 6 1.25 (t,J = 7.1 Hz, 3H), 1.45 (d, J = 7.2 Hz, 3H), 2.33 (m, 6H), 4.18
(q,J =7.0 Hz, 2H), 4.56 (q, J = 7.3 Hz, 1H), 7.26 (s, 1H), 7.35-7.43 (m, 2H), 7.68
(s, 2H), 9.51 (broad s, 1H, disappeared on treatment with D20), 13.31 (broad s,
1H, disappeared on treatment with D20). IR: v 1643, 1731, 3222 cm. Anal.
(C22H22CIFN20sS (480.94)) CHCIF N S.

Methyl 3-{N{5-bromo-3-(3,5-dimethylphenyl)sulfonyl]-1H-indole-2-
carboxamido]]propanoate (140). Synthesized as 139 using 128 and methyl -
alanine hydrochloride. Yield 95%, mp 208-211 °C (from ethanol). tH NMR
(DMSO-ds): 6 2.31 (s, 6H), 2.68 (t, J = 6.7 Hz, 2H), 3.58-3.63 (m, 5H), 7.25 (s,
1H), 7.44-7.50 (m, 2H), 7.62 (s, 2H), 8.08 (s, 1H), 9.12 (broad s, 1H,
disappeared on treatment with D20), 13.03 (broad s, 1H, disappeared on
treatment with D20). IR: v 1644, 1736, 3291 cmi. Anal. (C21H21BrN20sS
(493.37)) CHBrNS.

Methyl 3{3-[(3,5-dimethylphenyl)sulfonyl]-5-nitro-1H-indole-2-
carboxamido)propanoate (141). Was synthesized as 139 using 129 methyl -
alanine hydrochloride. Yield 99%, mp 224-226 °C (from ethanol). tH NMR
(DMSO-ds): 6 2.30 (s, 6H), 2.66 (t, J = 6.6 Hz, 2H), 3.56-4.62 (m, 5H), 7.26 (s,
1H), 7.62 (s, 2H), 7.68 (d, J = 9.0 Hz, 1H), 8.16 (dd, J = 9.0 and 2.12 Hz, 1H),
8.81 (d, J = 2.0 Hz, 1H), 9.11 (broad s, 1H, disappeared on treatment with D20),
14.57 ppm (broad s, 1H, disappeared on treatment with D20). IR: v 1656,
1732, 3223, 3322 cm. Anal. ((C21H21N307S (459.47)) C, H, N, S.
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Methyl 3-[5-chloro-3-(3,5-dimethylphenyl)sulfonyl}-4-fluoro-1H-indole-2-
carboxamido)propanoate (142). Was synthesized as 139 using 130 and methyl
B-alanine hydrochloride. Yield 73%, mp 205-268 °C (from ethanol). tH NMR
(DMSO0-ds): 6 2.34 (s, 6H), 2.68 (d, J = 6.6 Hz, 2H), 3.57-3.63 (m, 5H), 7.27 (s,
1H), 7.33-7.41 (m, 2H), 7.66 (s, 2H), 9.18 (broad s, 1H, disappeared on
treatment with D20), 13.24 (broad s, 1H, disappeared on treatment with D20).
IR: v 1639, 1734, 3221 cm. Anal. (C21H20CIFN20sS (466.91)) CHCIF N S.

Ethyl 3-{N-[5-chloro-3-[(3,5-dimethylphenyl)sulfonyl]-1H-indole-2-
carboxamido]butanoate (143). Was synthesized as 139 using ethyl 3-
aminobutanoate. Yield 86%, mp 179-181 °C (from ethanol). tH NMR (DMSO-
de): 6 1.19 (t, J = 7.1 Hz, 3H), 1.28 (d, J = 6.7 Hz, 3H), 2.32 (s, 6H), 2.54 (dd, J =
15.7 and 7.4 Hz, 1H), 2.67 (dd, J = 15.6 and 6.0 Hz, 1H), 4.10 (q, J = 7.1 Hz,
2H) 4.36-4.42 (m, 1H), 7.27 (s, 1H), 7.35 (dd, J = 8.8 and 2.0 Hz, 1H), 7.54 (d, J
= 8.7 Hz, 1H), 7.64 (s, 2H), 7.94 (d, J = 1.4 Hz, 1H), 9.03 (broad s, 1H,
disappeared with treatment with D20), 13.00 ppm (broad s, 1H, disappeared
on treatment with D20). IR: v 1643, 1732, 3212, 3285 cm. Anal.
(C23H25CIN20sS (476.97)) CH N CI S.

Ethyl 3-{N{5-bromo-3-[(3,5-dimethylphenyl)sulfonyl]-1H-indole-2-
carboxamido]]butanoate (144). Synthesized as 139 using 128 and ethyl 3-
aminobutanoate. Yield 99%, mp 181-185 °C (from ethanol). tH NMR (DMSO-
de): 6 1.19 (t, J = 7.1 Hz, 3H), 1.28 (d, J = 6.6 Hz, 3H), 2.30 (s, 6H), 2.49-2.53
(m, 1H), 2.69-2.74 (m, 1H), 4.01 (q, J = 7.1 Hz, 2H), 4.36-4.41 (m, 1H), 7.28 (s,
1H), 7.46 (dd, J = 8.8 and 1.8 Hz, 1H), 7.49 (d, J = 8.7 Hz, 1H), 7.64 (s, 2H),
8.09 (d, J = 1.7 Hz, 1H), 9.02 (broad s, 1H, disappeared on treatment with D20),
13.02 ppm (s, 1H, disappeared on treatment with D20). IR: v 1643, 1730,
3193 cm. Anal. (C23H25BrN20sS (521.42)) CH Br N S.

Ethyl 3{3{(3,5-dimethylphenyl)sulfonyl}-5-nitro-1H-indole-2-
carboxamido)butanoate (145). Was synthesized as 139 using 129 and ethyl 3-
aminobutanoate. Yield 82%, mp 278-279 °C (from ethanol). tH NMR (DMSO-
de): 6 1.20 (t, J = 7.5 Hz, 3H), 1.29 (d, J = 6.6 Hz, 3H), 2.32 (s, 6H), 2.53-2.57
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(m, 1H), 2.68-2.76 (m, 1H), 4.12 (q, J = 7.1 Hz, 2H), 4.36-4.41 (m, 1H), 7.29 (s,
1H), 7.65 (s, 2H), 7.72 (d, J = 9.1 Hz, 1H), 8.18 (dd, J = 8.3 and 2.3 Hz, 1H),
8.85 (d, J = 2.5 Hz, 1H), 9.05 (broad s, 1H, disappeared on treatment with D20),
13.46 ppm (s, 1H, disappeared on treatment with D20). IR: v 1644, 1721,
3178 cm. Anal. (023H25N307S (487.53)). C,H,N,S.

Ethyl 3-[5-chloro-3-(3,5-dimethylphenyl)sulfonyl}-4-fluoro-1H-indole-2-
carboxamido)butanoate (146). Was synthesized as 139 using 130 and ethyl 3-
aminobutanoate. Yield 88%, mp 172-174 °C (from ethanol). tH NMR (DMSO-
de): 0 1.19 (t, J = 7.1 Hz, 3H), 1.24 (d, J = 6.6 Hz, 3H), 2.31 (s, 6H), 2.41-2.47
(m, 1H), 2.71-2.77 (m, 1H), 4.09 (q, J = 7.1 Hz, 2H), 4.31-4.39 (m, 1H), 7.25 (s,
1H), 7.31-7.39 (m, 2H), 7.64 (s, 2H), 9.05 (broad s, 1H, disappeared on
treatment with D20), 13.16 ppm (s, 1H, disappeared on treatment with D20).
IR: v 1643, 1731, 3218 cm. Anal. (C23H24CIFN20sS (494.96)) CHCIF N S.

General procedure for Preparation of Derivatives 73,74,77,81,85,89 and
93. Example: N-Benzyl-5-chloro-3-3,5-dimethylphenylsulfonyl)-4-fluoro-1H-
indole-2-carboxamide (73). A mixture of 126 (0.100 g, 0.00024 mol) and
benzyl amine (0.078 g, 0.2 mL, 0.000729 mol) in ethanol (0.15 mL) was
placed in microwave cavity. Microwave irradiation of 150W was used, the
temperature being ramped from 25 °C to 150 °C. Once this reached, taking
about 3 min, the reaction mixture was hold at this temperature for 15 min,
while stirring (press max: 250 psi). After cooling the precipitate was collected
and recrystallized in ethanol to give 73. Yield: 75%. White solid, mp 229-231
°C (from ethanol). tH NMR (DMSO-dg): 6 2.30 (s, 6H), 4.56 (d, J = 5.7 Hz, 2H),
7.25 (s, 1H), 7.28 (t, J = 7.2 Hz, 1H), 7.32-7.39 (m, 4H),7.48 (d, J = 7.1 Hz, 2H),
7.67 (s, 2H), 9.50 (broad s, 1H, disappeared on treatment with D20), 13.29
ppm (broad s, 1H, disappeared on treatment with D20). IR: v 1638, 3220 cm.
Anal. (C24H20CIFN203S (470.94)) CHCIF N S.

5-Chloro-3+3,5-dimethylphenylsulfonyl)-N{2-pyrrolidin-1-yl)ethyl)-1H-indole-
2-carboxamide (74). Was synthesized as 73 using 123 and 2-(pyrrolidin-1-
yl)ethanamine. Yield: 82%. White solid, mp 200-203 °C (from ethanol). 1H
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NMR (DMSO-ds): 6 2.29 (s, 6H), 2.66 (t, J = 6.6 Hz, 2H), 3.40 (q, J = 6.1 Hz, 2H),
7.25 (s, 1H), 7.31 (dd, J = 8.8 and 1.9 Hz, 1H), 7.51 (d, J = 8.7 Hz,1H), 7.61 (s,
2H), 7.94 (d, J = 1.7 Hz, 1H), 9.00 (broad s, 1H, disappeared on treatment with
D20), 13.02 ppm (broad s, 1H, disappeared on treatment with D20). IR: v 1648,
3204 cm . Anal (C23H26CIN303S (459.99)) CHCIN S.

5-Chloro-3+3,5-dimethylphenylsulfonyl)»4-fluoro-N<(2-(pyrrolidin-1-yl)ethyl)-
1H-indole-2-carboxamide (77). Was synthesized as 73 using 2-(pyrrolidin-1-
yl)ethanamine. Yield: 59%. White solid, mp 194-195 °C (from ethanol).1H NMR
(DMSO-d6g): 6 1.69-1.71 (m, 4H), 2.32 (s, 6H), 2.55-2.58 (m, 4H), 2.68 (t, /= 7.0
Hz, 2H), 3.43 (q, J = 6.5 Hz, 2H), 7.24 (s, 1H), 7.29-7.32 (m, 2H), 7.67 (s, 2H),
8.92 (broad s, 1H, disappeared on treatment with D20), 13.21 ppm (broad s,
1H, disappeared on treatment with D20). IR: v 1655, 3344 cm™. Anal
(C23H25CIFN303S (477.98)) CHCIF N S.

N-(2-(1H-Pyrrol-1-yl)ethyl)-5-chloro-3(3,5-dimethylphenylsulfonyl)-4-fluoro-
1H-indole-2-carboxamide (81). Was synthesized as 73 using 2-(1H-pyrrol-1-
yl)ethanamine. Yield: 88%. White solid, mp 234-236 °C (from ethanol). 1H
NMR (DMSO-de): 6 2.31 (s, 6H), 3.59 (q, J = 5.9 Hz, 2H), 4.10 (t, J = 6.2 Hz, 2H),
5.98-5.99 (m, 2H), 6.86-6.87 (m, 2H), 7.26 (s, 1H), 7.31-7.39 (m, 2H), 7.66 (s,
2H), 9.25 (broad s, 1H, disappeared on treatment with D20), 13.21 ppm (broad
s, 1H, disappeared on treatment with D20). IR: v 1643, 3261 cm™. Anal
(C23H21CIFN303S (473.95)) CHCIF N S.

5-Chloro-3+3,5-dimethylphenylsulfonyl)-4-fluoro-N{2-morpholinoethyl)-1H-
indole-2-carboxamide (85). Was synthesized as 73 using 2-morpholin-4-yl-
ethanamine. Yield: 93%. White solid, mp 216-217 °C (from ethanol). 1H NMR
(CDCl3): 6 2.37 (s, 6H), 2.54-2.56 (m, 4H), 2.68 (t, J = 6.1 Hz, 2H), 3.69-3.71 (m,
6H), 7.20 (s, 1H), 7.22 (s, J = 8.8 Hz, 1H), 7.33 (dd, J = 8.8 and 6.4 Hz, 1H), 7.59
(s, 2H), 10.14 (broad s, 1H, disappeared on treatment with D20), 10.38 ppm
(broad s, 1H, disappeared on treatment with D20). IR: v 1646, 3181, 3266 cm"
1, Anal (C23H25CIFN304S (493.98)) CHCIF N S.
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5-Chloro-33,5-dimethylphenylsulfonyl}4-fluoro-N-phenethyl-1H-indole-2-
carboxamide (89). Was synthesized as 73 using 130 and 2-phenylethanamine.
Yield: 88%. White solid, mp 184-185 °C (from ethanol). tH NMR (DMSO-ds):
2.32 (s, 6H), 2.90 (t, J = 7.5 Hz, 2H), 3.54 (q, J = 5.5 Hz, 2H), 7.22-7.42 (m, 8H),
7.66 (s, 2H), 9.16 (broad s, 1H, disappeared on treatment with D20), 13.24
ppm (broad s, 1H, disappeared on treatment with D20). IR: v 1649, 3197 cm™.
Anal (C25H22C|FN203S (484.97)) CHCIFNS.

5-Chloro-3<3,5-dimethylphenylsulfonyl)-4-fluoro-N{2-phenoxyethyl)-1H-
indole-2-carboxamide (93). Was synthesized as 73 using 2-(1H-pyrrol-1-
yl)ethanamine. Yield: 76%. White solid, mp 198-201 °C (from ethanol). tH NMR
(DMSO-d6): 6 2.29 (s, 6H), 3.71 (q, J = 5.2 Hz, 2H), 5.15 (t, J = 5.1 Hz, 2H), 6.93-
6.98 (m, 3H), 7.34-7.37 (m, 5H), 7.65 (s, 2H), 9.33 (broad s, 1H, disappeared
on treatment with D20), 13.22 ppm (broad s, 1H, disappeared on treatment
with D20). IR: v 1643, 3204 cm1. Anal (C2sH22CIFN204S (500.97)) CHCIF N S.

General Procedure for preparation of derivatives 58-69. Example (Mannich
reaction in t-butanol): 5-Chloro-3«3,5-dimethylphenylsulfonyl)-N«(pyrrolidin-1-
yimethyl)-1H-indole-2-carboxamide (58). A mixture of 21 (0.43 g, 0.00119 mol)
in t-butanol (20 mL) was heated at 100 °C until dissolution and pyrrolidine
(0.093 g, 1 mL, 1.31 mol) and 37% formaldehyde (39.3 mg, 0.1 mL, 1.31 mol)
were added. Reaction mixture was stirred at same temperature for 4 h, and
pyrrolidine (0.093 g, 1 mL, 1.31 mol) and 37% formaldehyde (39.3 mg, 0.1 mL,
1.31 mol) were added and it was stirred for additional 3 h. Reaction mixture
was filtered, and n-hexane was added. The precipitate was collected to give 58.
Yield: 13%. White solid, 193-196 °C. 1H NMR (DMSO-ds): 0 1.66-1.69 (m, 4H),
2.30 (s, 6H), 2.63-.66 (m, 4H), 4.32 (d, J = 5.7 Hz, 2H), 7.25 (s, 1H), 7.32 (dd, J
= 6.6 and 2.1 Hz, 1H), 7.52 (d, J = 8.7 Hz, 1H), 7.61 (d, 2H), 7.91 (d, J = 2.2 Hz,
1H), 9.22 (broad s, 1H, disappeared on treatment with D20), 13.01 ppm (very
broad s, 1H, disappeared on treatment with D20). IR: v 1678, 3120 cm™. Anal
(C22H24CIN303S (445.96)) CHCIN S.
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3-(3,5-Dimethylphenylsulfonyl)-5-nitro-N-(pyrrolidin-1-yimethyl)}1H-indole-2-
carboxamide (60). Was synthesized as 58 using 154. Yield: 27%. Pale yellow
solid, 256-259 °C. 1H NMR (DMSO-dg): 6 1.71-1.75 (m, 4H), 2.29 (s, 6H), 2.73-
2.78 (m, 4H), 4.37 (d, J = 6.2 Hz, 2H), 7.24 (s, 1H), 7.62 (s, 2H), 7.67 (d, J = 9.0
Hz, 1H), 8.11 (dd, J = 9.0 and 2.2 Hz, 1H), 8.84 (d, J = 2.3 Hz, 1H), 9.27 (broad
s, 1H, disappeared on treatment with D20), 13.46 ppm (broad s, 1H,
disappeared on treatment with D20). IR: v 1642, 3175, 3231 cm3. Anal
(C22H24N40s5S (456.51)) CHN S.
5-Chloro-3+3,5-dimethylphenylsulfonyl)-N{piperidin-1-yimethyl)-1H-indole-
2-carboxamide (62). Was synthesized as 58 using piperidine. Yield: 50%. White
solid, 172-174 °C. tH NMR (DMSO-ds): 6 1.35-1.37 (m, 2H), 1.50-1.51 (m, 4H),
2.31 (s, 6H), 2.54-2.57 (m, 4H), 4.21 (d, J = 5.9 Hz, 2H), 7.26 (s, 1H), 7.34 (dd, J
= 8.8 and 1.9 Hz, 1H), 7.62 (s, 2H), 7.93 (d, J = 2.0 Hz, 1H), 9.19 (broad s, 1H,
disappeared on treatment with D20), 13.47 ppm (very broad s, 1H, disappeared
on treatment with D20). IR: v 1634, 3189 cm. Anal (C23H26CIN303S (459.99))
CHCINS.
3+3,5-Dimethylphenylsulfonyl)-5-nitro-N-(piperidin-1-yimethyl)}-1H-indole-2-
carboxamide (64). Was synthesized as 58 using 154 and piperidine. Yield: 41%.
White solid, 188-191 °C. 1H NMR (DMSO-ds): 6 1.37 (s, 2H), 1.48-151 (m, 4H),
2.30 (s, 6H), 2.56-2.60 (m, 4H), 4.22 (d, J = 6.0 Hz, 2H), 7.26 (s, 1H), 7.63 (s,
2H), 7.69 (d, J = 9.1 Hz, 1H), 8.15 (dd, J = 9.2 and 2.1 Hz, 1H), 8.83 (d, J = 2.2
Hz, 1H), 9.19 (broad s, 1H, disappeared on treatment with D20), 13.42 ppm
(broad s, 1H, disappeared on treatment with D20). IR: v 1638, 3161, 3280 cm-
1, Anal (C23H26N405S (470.54)) CHNS.
5-Chloro-3<3,5-dimethylphenylsulfonyl)-N{morpholinomethyl)-1H-indole-2-
carboxamide (66). Was synthesized as 58 using morpholine. Yield: 57%. White
solid, 209-211 °C. 1H NMR (DMSO-ds): 6 2.31 (s, 6H), 2.61 (t, J = 4.6 Hz, 4H),
3.60 (t, J = 4.4 Hz, 4H), 4.22 (d, J = 6.1 Hz, 2H), 7.26 (s, 1H), 7.34 (dd, J = 8.8
and 2.0 Hz, 1H), 7.54 (d, J = 8.7 Hz, 1H), 7.65 (s, 2H), 7.92 (d, J = 2.1 Hz, 1H),
9.25 (broad s, 1H, disappeared on treatment with D20), 13.03 ppm (broad s,
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1H, disappeared on treatment with D20). IR: v 1650, 3201 cm™. Anal
(C22H24CIN304S (461.96)) CH CIN S.
3-<(3,5-Dimethylphenylsulfonyl)-N-(morpholinomethyl)-5-nitro-1H-indole-2-

carboxamide (68). Was synthesized as 58 using 154 and morpholine. Yield:
41%. Yellow solid, 183-185 °C. 1H NMR (DMSO-ds): 6 2.30 (s, 6H), 2.58-2.62
(m, 4H), 3.57-3.62 (m, 4H), 4.21 (d, J = 6.0 Hz, 2H), 7.27 (s, 1H), 7.65 (s, 2H),
7.70 (d, J = 9.0 Hz, 1H), 8.17 (dd, J = 9.1 and 2.3 Hz, 1H), 8.82 (d, J = 2.7 Hz,
1H), 9.26 (broad s, 1H, disappeared on treatment with D20), 13.48 ppm (broad
s, 1H, disappeared on treatment with D20). IR: v 1642, 3180, 3213 cm. Anal
(C22H24N406S (472.51)) CHN S.

Example (Mannich reaction in benzene): 5-Bromo-3-(3,5-
dimethylphenylsulfonyl}-N-{pyrrolidin-1-ylmethyl)-1H-indole-2-carboxamide (59).
A mixture of 153 (0.1 g, 0.00024 mol), paraformaldehyde (0.072 g, 0.00024
mol) and pyrrolidine (0.017 g, 0.02 mL, 0.00024 mol) in benzene (15 mL) was
refluxed using Dean-Stark apparatus for 3h.. After cooling the precipitate was
collected and washed with benzene to give 59. Yield: 60%. White solid, mp
183-186 °C. *H NMR (DMSO-de): 6 1.66-1.70 (m, 4H), 2.29 (s, 6H), 2.63-2.67
(m, 4H), 4.32 (d, J = 4.2 Hz, 2H), 7.26 (s, 1H), 7.41-7.49 (m, 2H), 7.71 (s, 2H),
8.07 (d, J = 1.1 Hz, 1H), 9.21 (broad s, 1H, disappeared on treatment with D20),
13.01 ppm (broad s, 1H, disappeared on treatment with D20). IR: v 1646,
3217 cm. Anal (C22H24BrN303S (490.41)) CHBr N S.

5-Chloro-3+3,5-dimethylphenylsulfonyl)-4-fluoro-N{pyrrolidin-1-ylmethyl)-
1H-indole-2-carboxamide (61). Was synthesized as 59 using 32. Yield: 58%.
White solid, mp 119-124 °C 1H NMR (DMSO-d¢): 6 1.57-1.61 (m, 4H), 2.31 (s,
6H), 2.64-2.68 (m, 4H), 4.29 (d, J = 5.2 Hz, 2H), 7.24 (s, 1H), 7.27-7.40 (m, 2H),
7.64 (s, 2H), 9.23 (broad s, 1H, disappeared on treatment with D20), 13.01
ppm (broad s, 1H, disappeared on treatment with D20). IR: v 1671, 3319 cm,
Anal (C22H23CIFN303S (463.95)) CHCIF N S.

5-Bromo-3-(3,5-dimethylphenylsulfonyl)-N-(piperidin-1-yimethyl)-1H-indole-
2-carboxamide (63). Was synthesized as 59 using piperidine. Yield: 46%. White
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solid, mp 177-180 °C. tH NMR (DMSO-de): 6 1.34-1.37 (m, 2H), 1.48-1.52 (m,
4H), 2.31 (s, 6H), 2.54-2.58 (m, 4H), 4.20 (d, J = 5.9 Hz, 2H), 7.27 (s, 1H), 7.43-
7.50 (m, 2H), 7.61 (s, 2H), 8.06 (s, 1H), 9.18 (broad s, 1H, disappeared on
treatment with D20), 12.95 ppm (broad s, 1H, disappeared on treatment with
D20). IR: v 1649, 3194, 3274 cm. Anal (C23H26BrN303S (504.44)) CH Br N S.

5-Chloro-3+3,5-dimethylphenylsulfonyl)}4-fluoro-N{piperidin-1-yimethyl)-1H-
indole-2-carboxamide (65). Was synthesized as 59 using 32 and piperidine.
Yield: 69%. White solid, mp 175-177 °C. 1H NMR (DMSO-dg): 6 1.35-1.38 (m,
2H), 1.46-1.51 (m, 4H), 2.32 (s, 6H), 2.63-2.66 (m, 4H), 4.15 (d, J = 5.9 Hz, 2H),
7.26 (s, 1H), 7.36-7.43 (m, 2H), 7.63 (s, 2H), 9.24 (broad s, 1H, disappeared on
treatment with D20), 13.01 ppm (broad s, 1H, disappeared on treatment with
D20). IR: v 1682, 3353 cm. Anal (C23H25CIFN303S (477.98)) CHCIF N S.

5-Bromo-3-(3,5-dimethylphenylsulfonyl)-N-(morpholinomethyl)-1H-indole-2-
carboxamide (67). Was synthesized as 59 using morpholine. Yield: 24%. White
solid, mp 267-271 °C. 1H NMR (DMSO-ds): 6 2.30 (s, 6H), 2.56-2.58 (m, 4H),
3.57-3.61 (m, 4H), 4.21 (d, J = 5.8 Hz, 2H), 7.25 (s, 1H), 7.43-7.49 (m, 2H),
7.63 (s, 2H), 8.05 (s, 1H), 9.24 (broad s, 1H, disappeared on treatment with
D20), 13.02 ppm (broad s, 1H, disappeared on treatment with D20). IR: v 1654,
3210 cm. Anal (C22H24BrN304S (506.41)) CHBr N S.

5-Chloro-3+3,5-dimethylphenylsulfonyl)}4-fluoro-N{morpholinomethyl)-1H-
indole-2-carboxamide (69). Was synthesized as 59 using 32 and morpholine.
Yield: 69%. White solid, mp 197-199 °C. 1H NMR (DMSO-de): 6 2.32 (s, 6H),
2.62-2.64 (m, 4H), 3.58-3.61 (m, 4H), 4.17 (d, J = 6.0 Hz, 2H), 7.26 (s, 1H),
7.32-7.38 (m, 2H), 7.66 (s, 2H), 9.31 (broad s, 1H, disappeared on treatment
with D20), 13.18 ppm (broad s, 1H, disappeared on treatment with D20). IR: v
1649, 3238 cm. Anal (C22H23CIFN304S (479.95)) CHCIF N S.

Ethyl 3-[(3,5-dimethylphenyl)thio]-5-nitro-1H-indole-2-carboxylate (121).
Boron trifluoride diethyletherate (0.14 g, 0.12 mL, 0.001 mol) was added to a
mixture of ethyl 5-nitro-1H-indole-2-carboxylate (0.72 g, 0.0031 mol) and 1-
(3,5-dimethylphenylthio)pyrrolidine-2,5-dione (116) (0.77 g, 0.0033 mol) in
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anhydrous dichloromethane (20 mL) while cooling over an ice-bath. After 2 h at
room temperature, boron trifluoride diethyletherate (0.28 g, 0.24 mL, 0.002
mol) was added and reaction was refluxed for 2 h. After cooling,
dichloromethane was added and the organic layer was washed with brine,
dried, and evaporated. The residue was purified by silica gel column
chromatography (dichloromethane-petroleum ether 1:1 as eluent) to give 121,
yield 53%, mp 212-213 °C (from ethanol). tH NMR (DMSO-ds): 6 1.29 (t,J=7.1
Hz, 3H), 2.16 (s, 6H), 4.36 (q, J = 7.1 Hz, 2H), 6.82 (s, 3H), 7.69 (d, J = 9.0 Hz,
1H), 8.17 (dd, J = 9.0 and 2.1 Hz, 1H), 8.25 (d, J = 2.1 Hz, 1H), 12.99 ppm
(broad s, 1H, disappeared on treatment with D20). IR (Nujol): v 1660, 3270 cm"
1 Anal. (C19H18N204S (370.42)) C,H,N,S.

Methyl 5-chloro-3-[(3,5-dimethylphenyl)thio]-1H-indole-2-carboxylate (119).
Was synthesized as 121 using methyl 5-chloro-1H-indole-2-carboxylate. Yield
77%, mp 174-175 °C (from cyclohexane). tH NMR (CDCl3): 6 2.19 (s, 6H), 3.95
(s, 3H), 6.73-6.82 (m, 3H), 7.28-7.41 (m, 2H), 7.58 (m, 1H), 9.30 ppm (broad s,
1H, disappeared on treatment with D20). IR (Nujol): v 1675, 3280 cm™. Anal.
(C18H16CINO2S (345.84)) C, H, N, S, CI.

Ethyl 5-bromo-3-[(3,5-dimethylphenyl)thio]-1H-indole-2-carboxylate (120).
Was synthesized as 121 using ethyl 5-bromo-1H-indole-2-carboxylate. Yield
93%, mp 162-165 °C (from ethanol). tH NMR (DMSO-ds): 6 1.25 (t, J = 7.1 Hz,
3H), 2.14 (s, 6H), 4.29 (q, J = 7.1 Hz, 2H), 6.72 (m, 2H), 6.76 (m, 1H), 7.43 (dd,
J = 1.8 and 8.8 Hz, 1H), 7.51 and 7.53 (two d, J = 1.8 and 8.8 Hz, overlapped
signals, 2H), 12.65 ppm (broad s, 1H, disappeared on treatment with D20). IR
(Nujol): 6 1670, 3270 cm-1. Anal. (C19H1sBrNO2S (404.32)) C, H, N, S, Br.

Ethyl 5-chloro-3-[(3,5-dimethylphenyl)thio]-4-fluoro-1H-indole-2-carboxylate
(122). Was prepared as 121 using 105. Yield 51%, mp 149-151 °C (from
ethanol). tH NMR (DMSO-de): 6 1.19 (t, J = 7.1 Hz, 3H), 2.07 (s, 6H), 4.26 (q, J =
7.1 Hz, 2H), 6.40-7.35 ppm (m, 5H), 13.45 (broad s, 1H, disappeared on
treatment with D20). IR (nujol): v 1700, 3400 cm™. Anal. (C19H17CIFNO2S
(377.86)) CHCIFNS.
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Ethyl 3-[(3,5-dimethylphenyl)sulfonyl]-5-nitro-1H-indole-2-carboxylate (125).
3-Chloroperoxybenzoic acid (0.69 g, 0.004 mol) was added to an ice-cooled
solution of 121 (0.50 g, 0.00135 mol) in chloroform (22 mL). Reaction mixture
was stirred at room temperature for 2 h. Water was added and the mixture was
extracted with ethyl acetate. The organic layer was washed with brine, dried,
evaporated. The residue was purified by alumina chromatography (ethyl
acetate as eluent) to give 125, yield 53%, mp 255-256 °C (from ethanol). 1H
NMR (DMSO-ds): 6 1.34 (t, J = 7.1 Hz, 3H), 2.37 (s, 6H), 4.43 (q, J = 7.1 Hz, 2H),
7.34 (s, 1H), 7.72 (s, 2H), 7.83 (d, J = 9.2 Hz, 1H), 8.29 (dd, J = 9.2 and 1.9 Hz,
1H), 9.21 (d, J = 1.9 Hz, 1H), 13.72 ppm (broad s, 1H, disappeared on
treatment with D20, 1H). IR (Nujol): v 1680, 3375 cm. Anal. (C19H18N206S
(402.42))C,H, N, S.

Ethyl 5-chloro-3-[(3,5-dimethylphenyl)sulfonyl]-1H-indole-2-carboxylate
(123). Was synthesized as 125 using 119. Yield 74%, mp 234-236 °C (from
toluene/cyclohexane). tH NMR (DMSO-de): 6 2.33 (s, 6H), 3.88 (s, 3H), 7.28 (m,
1H), 7.43 (dd, J = 2.0 and 8.6 Hz, 1H), 7.55-7.67 (m, 3H), 8.24 (d, J = 2.0 Hz,
1H), 13.33 ppm (broad s, 1H, disappeared on treatment with D20). IR (nujol): v
1740, 3200 cm. Anal. (C1sH16CINO4S (377.84)) C, H, N, S, CI.

Ethyl 5-bromo-3-[(3,5-dimethylphenyl)sulfonyl]-1H-indole-2-carboxylate
(124). Was synthesized as 125 using 120. Yield 77%, mp >300 °C (from
aqueous ethanol). tH NMR (DMSO-ds): 6 1.28 (t, J = 7.1 Hz, 3H), 2.32 (s, 6H),
4.35 (q, J = 7.1 Hz, 2H), 7.28 (m, 1H), 7.55 (d, J = 1.2 Hz, 2H), 7.60 (m, 2H),
8.38 ppm (t, J = 1.2 Hz, 1H). IR (Nujol): v 1690, 3260 cm. Anal. (C19H1sBrNO4S
(436.32))C,H, N, S, Br.

Ethyl 5-chloro-3-[(3,5-dimethylphenyl)sulfonyl]-4-fluoro-1H-indole-2-
carboxylate (126). Was prepared as 125 using 122. Yield 59%, mp 224-226 °C
(from ethanol). 1H NMR (DMSO-ds): 6 1.34 (t, J = 7.1 Hz, 3H), 2.28 (s, 6H), 4.40
(q, J = 7.1 Hz, 2H), 7.24 (s, 1H), 7.32 (d, J = 8.8 Hz, 1H), 7.37 (dd, J = 6.0 and
8.8 Hz, 1H), 7.62 ppm (s, 2H), 13.66 (broad s, 1H, disappeared on treatment

127



Experimental Section

with D20). IR (nujol): v 1700, 3400 cm. Anal. (C10H17CIFNO4S (409.86)) C H CI
FNS.
5-Chloro-3{(3,5-dimethylphenyl)sulfonyl}-1H-indole-2-carboxylic acid (127).
Was prepared as previously reported.”4
5-Bromo-3-[(3,5-dimethylphenyl)sulfonyl]-1H-indole-2-carboxylic acid (128).
Lithium hydroxide monohydrate (1.79 g, 0.0428 mol) was added to a mixture
of 12459 (6.07 g, 0.0139 mol) in tetrahydrofuran (16 mL) and water (16 mL).
After stirring at room temperature for 5 h, lithium hydroxide monohydrate (1.79
g, 0.0428 mol) was added and the reaction was maintained at room
temperature for 3 days. Water and 1N HCI were added (pH ~ 2) and the mixture
was extracted with ethyl acetate. The organic layer was washed with brine,
dried, filtered and evaporated. The crude product was crystallized from ethanol
to give 128, yield 96%, mp 280-284 °C (from ethanol). IH NMR (DMSO-ds): o
. 2.30 (s, 6H), 7.21 (s, 1H), 7.46-7.53 (m, 2H), 7.70 (s, 2H), 8.37 (s, 1H), 13.06
(broad s, 1H, disappeared on treatment with D20), 14.02 (broad s, 1H,
disappeared on treatment with D20). IR: v 1708, 3169, 3386 cm. Anal.
(C17H14BrNO4S (408.27)) CHBr N S.
3(3,5-Dimethylphenyl)sulfonyl]-5-nitro-1H-indole-2-carboxylic acid (129).
Was synthesized as 128 using 125. Yield 83%, mp 266-275 °C (from ethanol).
1H NMR (DMSO-de): 6 2.27 (s, 6H), 7.22 (s, 1H), 7.64 (s, 2H), 7.69 (d, J = 9.0 Hz,
1H), 8.18 (dd, J = 9.0 and 2.2 Hz, 1H), 9.11 (d, J = 2.17 Hz, 1H), 13.9 (broad s,
1H, disappeared on treatment with D20), 14.15 ppm (broad s, 1H, disappeared
on treatment with D20). IR (Nujol): 61608, 1730, 3191 cml. Anal.
(C17H14N206S (402.43)) C, H, N, S.
5-Chloro-3-{(3,5-dimethylphenyl)sulfonyl]-4-fluoro-1H-indole-2-carboxylic
acid (130). Was synthesized as 128 starting from 126. Yield 99%, mp 255-257
°C (from ethanol). tH NMR (DMSO0-ds): 6 2.35 (s, 6H), 7.30 (s, 1H), 7.37-7.46
(m, 2H), 7.72 (s, 2H), 13.41 (broad s, 1H, disappeared on treatment with D20),
13.90 ppm (broad s, 1H, disappeared on treatment with D20). IR (Nujol): 6
1668, 3236 cm. Anal. (C17H13CIFNO4S (381.81)) C, H, N, S.
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Ethyl 2«(2-(4-bromophenyl)hydrazono)propanoate (95). A mixture of 4-
bromophenylhydrazine hydrochloride (94) (5.7 g, 0.0255 mol), ethyl pyruvate
(2 g 1.91 mL, 0.017 mol) and sodium acetate (2.79 g, 0.034 mol) in 96°
ethanol (40 mL) was placed into the microwave cavity (open vessel mode).
Microwave irradiation of 250W was used, the temperature being ramped from
25 °C to 100 °C. Once this reached, taking about 2 min, the reaction mixture
was hold at this temperature for 5 min, while stirring and cooling. The reaction
mixture was cooled at O °C and filtered to give 57, yield 90%, mp 142-144 °C
(from ethanol). 1H NMR (CDCls): 6 1.39 (t, J = 7.2 Hz, 3H), 2.12 (s, 3H), 4.33 (q, J
= 7.1 Hz, 2H), 7.10 (d, J = 6.7 Hz, 2H), 7.40 (d, J = 6.9 Hz, 2H), 7.64 ppm (broad
s, disappeared on treatment with D20, 1H). IR: v 1576, 1675, 3290 cm. Anal.
(C11H13BrN202 (285.14)) C H Br N.

Ethyl 5-bromo-1H-indole-2-carboxylate (96). 95 (35.15 g, 0.123 mol) was
added by portions to preheated at 110 °C polyphosphoric acid (350 g). The
mixture was stirred at the same temperature for 30 min and then quenched on
ice-water. The solid was filtered, washed with water, dried and recrystallized
from ethanol to give 58 as brown solid (32.95 g, 60%), mp 160-161 °C. iH
NMR (CDCl3): 6 1.43 (t, J = 7.1 Hz, 3H), 4.43 (q, J = 7.1 Hz, 2H), 7.15-7.16 (m,
1H), 7.31 (d, J = 8.1 Hz, 1H), 7.41 (dd, J = 7.0 Hz, 1H), 7.84 (m, 1H), 9.98 ppm
(broad s, disappeared on treatment with D20, 1H). IR: v 1690, 3311 cm. Anal.
(C11H10BrNO> (268.11)) C H Br N.

N~«(3-Fluoro-2-methylphenyl)pivalamide (110).- Pivaloyl chloride (1.59 g,
1.62 mL, 0.0132 mol) was added dropwise at O °C to a solution of 3-fluoro-2-
methylaniline (103) (1.50 g, 0.012 mol), triethylamine (1.33 g, 1.84 mlL,
0.0132 mol) in anhydrous tetrahydrofuran (20 mL). The reaction mixture was
stirred at room temperature for 1 h. The solvent was evaporated at reduced
pressure to give a residue which was treated with water (30 mL) and extracted
with ethyl acetate. The organic layer was washed with brine, dried, filtered and
evaporated to dryness. The crude solid residue was crystallized from
cyclohexane to give 110 as a white solid (1.93 g, 77%), mp 99-101 °C (from
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cyclohexane). TH NMR (CDClI3): 6 1.35 (s, 9H), 2.16 (d, J = 1.8 Hz, 3H), 6.86 (t, J
= 8.8 Hz, 1H), 7.16 (q, J = 7.6 Hz, 1H), 7.26 (broad s, 1H, disappeared on
treatment with D20), 7.64 ppm (d, J = 8.2 Hz, 1H). IR: v 1648, 3294 cm. Anal.
(C12H16FNO (209.26)) CH F N.

N-«(4-Chloro-3-fluoro-2-methylphenyl)pivalamide (112). A solution of 110
(1.77 g, 0.0084 mol) in anhydrous DMF (10 mL) was added dropwise and
under an argon stream to a solution of N-chlorosuccinimide (NCS) (1.12 g,
0.0084 mol) in the same solvent (10 mL). The reaction mixture was heated at
80 °C in the argon atmosphere for 30 min. After cooling, water was added and
the mixture was extracted with ethyl acetate. The organic layer was washed
with brine, dried, filtered and evaporated at reduced pressure. The crude solid
residue was crystallized from cyclohexane to give 112 as a white solid (1.83 g,
89%), mp 114-116 °C (from cyclohexane). 1H NMR (CDCl3):  1.34 (s, 9H), 2.18
(d, J=2.1 Hz, 3H), 7.19-7.24 (m, 2H, t, J = 8.5 Hz, 1H after treatment with D20),
7.59 ppm (dd, J = 88 and 1,6 Hz, 1H). IR: v 1649, 3319 cm?. Anal.
(C12H15CIFNO (243.71)) CH CI F N.

4-Chloro-3-fluoro-2-methylaniline (113).- A solution of 112 (1.37 g, 0.0056
mol) in dioxane (20 mL) and 6N HCI (10 mL) was heated at 100 °C overnight.
After cooling, a saturated aqueous solution of potassium carbonate was added
to reach pH ~ 9 (CO2 evolution!) and the mixture was extracted with ethyl
acetate. The organic layer was washed with brine, dried, filtered and evaporate
at reduced pressure. The crude residue was purified by silica gel column
chromatography (dichloromethane as eluent) to give 113 as a yellow oil (0.88
g, 99%), 1H NMR (CDCl3): 6 2.10 (d, J = 2.0 Hz, 3H), 3.70 (broad s, 2H,
disappeared on treatment with D20), 6.41 (dd, J = 8.6 and 1.5 Hz, 1H), 7.01
ppm (t, J = 8.3 Hz, 1H). IR: v 3394, 3476 cm. Anal. (C7H7CIFN (159.59)) C H CI
F N.

1-Chloro-2-fluoro-3-methyl-4-nitrobenzene (114). A mixture of 113 (0.61 g,
0.0038 mol), 3-chloroperoxybenzoic acid (70% wt, 4.68 g, 0.019 mol) in
toluene (15 mL) was refluxed for 3 h. After cooling, dichloromethane was
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added; the mixture was filtered and the solid was washed with the same
solvent. The organic layer was washed with a saturated solution of sodium
hydrogen carbonate, with brine and dried. After concentration to a small
volume under reduced pressure, the crude oily residue was purified by silica gel
column chromatography (dichloromethane as eluent) to give 114 as a colorless
0il (0.60 g, 83%). 1H NMR (CDClI3): 6 2.54 (d, J = 2.5 Hz, 3H), 7.40 (t, J = 8.0 Hz,
1H), 7.75 ppm (dd, J = 8.9 and 1.5 Hz, 1H). Anal. (C7HsCIFNO2 (189.57)) C H CI
F N.

Ethyl 3«(3-Chloro-2-fluoro-6-nitrophenyl)-2-oxopropanoate (115). A solution
of 114 (3.43 g, 0.018 mol) in anhydrous ethanol (5 mL) was added to a
solution of sodium ethoxide (obtained for the dissolution of sodium (0.62 g,
0.027 ga) in the same solvent (35 mL). Diethyl oxalate (20 mL) was added, and
the reaction mixture was stirred at room temperature overnight. The excess of
diethyl oxalate was distilled off. A saturated solution of ammonium chloride
was added and the mixture was extracted with ethyl acetate (20 mL). The
organic layer was washed with brine, dried, filtered and evaporated at reduced
pressure. The residue was purified by silica gel column chromatography (ethyl
acetate:n-hexane 3:7 as eluent) to give 115 as an yellow oil (3.47 g, 67%). 1H
NMR (CDCls): 6 1.43 (t, J = 7.2 Hz, 3H), 4.43 (q,J = 7.1 Hz, 2H), 4.64 (d, J=1.4
Hz, 2H), 7.57 (dd, J = 8.1 and 7.3 Hz, 1H), 7.98 ppm (dd, J = 9.0 and 1.7 Hz,
1H). IR: v 1730 cm. Anal. (C11HoCIFNOs (289.64)) CH CI F N.

Ethyl 5-Chloro-4-fluoro-1H-indole-2-carboxylate (105). Iron powder (0.41 g,
0.0074 ga) was added to a solution of 115 (0.40 g, 0.0014 mol) in acetic acid
(8 mL) at 60 °C, and the reaction mixture was heated at same temperature
overnight. After cooling, the solvent was evaporated to dryness at reduced
pressure. Water was added and the mixture was extracted with ethyl acetate.
The organic layer was washed with a saturated solution of sodium hydrogen
carbonate and with brine, dried, filtered and evaporated at reduced pressure.
The crude solid residue was purified by silica gel column chromatography (ethyl
acetate:n-hexane 3:7 as eluent) to give 105 as a white solid (0.33 g, 100%), mp
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191-193 °C (from ethanol). Lit.7> 186-190 °C. tH NMR and IR spectra were
identical to those of the sample we previously described.’4

Cbz-Ala-y-[CH2SAc] (148). Potassium thioacetate (3.03 g, 26.5 mmol) was
added in one portion to a solution of mesylate 14776 (1.51 g, 5.26 mmol) in
DMF (26 mL) and stirring was maintained at room temperature overnight. The
mixture was diluted with water (50 mL) and extracted with ethyl acetate. The
pooled organic phases were washed with water, 5% sodium hydrogen sulphate
and brine. After removal of the solvent, the crude product was triturated with n-
hexane to give 69 as a pale yellow solid (yield 60%). 1H NMR: 6 1.20 (d, J = 6.6
Hz, 3H), 2.40 (s, 3H), 3.02 (d, J = 6.2 Hz, 2H), 3.99-4.05 (m, 1H), 5.05 (s, 2H),
6.99 ppm (broad s, 1H, disappeared on treatment with D20), 7.39-7.41 (m, 5H).
IR: v 1715, 3435 cm. Anal (C13H17NO3S (267.34)) CHN S.

Cbz-Ala-y-[CH2S02]-Cl (150). A solution of 148 (0.82 g, 3.06 mmol) in
acetic acid (5 mL) was treated with a solution hydrogen peroxide [30% w/w in
water (3 mL)] and acetic acid (7 mL). After stirring overnight at room
temperature, the excess of peroxide was destroyed by addition of 10% Pd/C
(0.050 g). The mixture was filtered on celite, concentrated and coevaporated
with toluene. To the crude sulfonic acid 149 was suspended in anhydrous
dichloromethane (20 mL), and a solution of phosgene in toluene (20% m/m,
2.5 mL) and dry DMF (0.4 ml) was added under nitrogen atmosphere. After 1 h
was added an additional 1 mL of phosgene solution and the mixture was
stirred for 2 h under the same conditions. After removal of the solvent, the
crude product was purified by silica gel flash chromatography (chloroform-
methanol 97:3) to give 150 as a white solid (yield 70%). tH NMR: 6 1.50 (d, J =
6.7 Hz, 3H), 3.86-3.89 (m, 1H), 4.15-4.18 (m, 1H), 4.33-4.37 (m, 1H), 5.12 (s,
2H), 7.01 (broad s, 1H, disappeared on treatment with D20), 7.34-7.37 ppm (m,
5H). IR: v 1719, 3439 cm. Anal (C11H14CINO4S (291.75)) CHCIN S.

Cbz-Ala-y-[CH2S02]-NH2 (151). Gaseous ammonia was bubbled for 30 min
through an ice-cooled solution of 150 (0.52 g, 1.8 mmol) in benzene (15 mL).
The mixture was heated at 60 °C for 2 h. After cooling, the precipitate was
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collected, washed with benzene and dried to afford 152 as a white solid (yield
73%). tH NMR: 6 1.24 (d, J = 6.6 Hz, 3H), 3.13-3.18 (m, 2H), 4.04-4.09 (m, 1H),
5.08 (s, 2H), 6.95 (broad s, 2H, disappeared on treatment with D20), 7.34-7.39
ppm (m, 5H). IR: v 1728, 3452 cm. Anal (C11H16N204S (272.32)) CH N S.

HCIAla-y-[CH2S02]-NH2 (152). The sulfonilamide hydrochloride 152 was
obtained by treating 151 with hydrogen in methanol/water/37% HCI (10:10:1,
20 mL) in the presence of 10% Pd/C for 3 h at room temperature. The solution
was filtered on celite and the solvent removed under reduced pressure. The
crude salt was triturated with diethyl ether and used without further purification
in the next coupling step. Anal. (C3H11CIN202S (174.65)) CH CIN S.

Molecular Modeling. All molecular modelling studies were performed on a
MacPro dual 2.66 GHz Xeon running Ubuntu 8. The RTS structures were
downloaded from the PDB data bank (http://www.rcsb.org/). Hydrogen atoms
were added to the protein, using Molecular Operating Environment (MOE)
2007.09,57 and minimized keeping all the heavy atoms fixed until a RMSD
gradient of 0.05 kcal molt A1 was reached. Ligand structures were built with
MOE and minimized using the MMFF94x forcefield until a RMSD gradient of
0.05 kcal molt A1 was reached. The docking simulations were performed
using FlexX77 with the MOE interface using default settings and getting 20
poses for compound, with SurfleX7® with the Sybyl8.07° interface also in this
case using default settings and getting 10 poses for compound and PLANTSS80
with the Zodiac8? interface. In the Zodiac GUI for PLANTS we setted the binding
lattice as a sphere of 12A binding site radius from the centre of 2zd153 co-
crystallized inhibitor. Also in this case we used all default settings. The Y181l
mutation was obtained by mutating the specific residue in the 1jkhé7 crystal
using the rotamer explorer tool in MOE and using the lowest energy
conformation obtained. The calculation of the RMSDs values between the co-
crystallized and docked conformation were calculated by MOE SVL script.82 The
images in the manuscript were created with Zodiac’® and PyMOL.83

Cell Based Antiviral Assay Procedures
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Antiviral activity assays. The compounds were evaluated against the
following viruses: human immunodeficiency virus type 1 strain IlIB and human
immunodeficiency virus type 2 strain ROD. Viral cytopathicity was recorded as
soon as it reached completion in the control virus-infected cell cultures that
were not treated with the test compounds. Antiviral activity was expressed as
the ECso or concentration required to reduce virus-induced cytopathogenicity by
50%.

Inhibition of HIV-induced cytopathicity in CEM cells. The methodology for
the anti-HIV assays had been described previously.84 Briefly, human CEM cell
cultures (~3 x 105 cells/ml1) were infected with ~ 1200 CCIDso HIV-1(llIB) or HIV-
2 (ROD) per ml and seeded in 200 pl-well microtiter plates, containing
appropriate dilutions of the test compounds. After 4 days of incubation at
37°C, syncytia cell formation was examined microscopically in the CEM cell
cultures.

Cytotoxicity assays. The cytostatic concentration was calculated as the
CCso, or the compound concentration required to reduce cell proliferation by
50% relative to the number of cells in the untreated controls. CCso values were
estimated from graphic plots of the number of cells (percentage of control) as
a function of the concentration of the test compounds. Alternatively,
cytotoxicity of the test compounds was expressed as the minimum cytotoxic
concentration (MCC) or the compound concentration that caused a
microscopically detectable alteration of cell morphology.

Enzymatic Assay Procedures

Chemicals. [3H]dTTP (40 Ci/mmol) was from Amersham and unlabelled
dNTP's from Boehringer. Whatman was the supplier of the GF/C filters. All
other reagents were of analytical grade and purchased from Merck or Fluka.

Nucleic acid substrates. The homopolymer poly(rA) (Pharmacia) was mixed
at weight ratios in nucleotides of 10:1, to the oligomer oligo(dT)i2-1s
(Pharmacia) in 20 mM Tris-HCI (pH 8.0), containing 20 mM KCI and 1 mM
EDTA, heated at 65 °C for 5 min and then slowly cooled at room temperature.
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Expression and purification of recombinant HIV-A RT forms. The
coexpression vectors pUC12N/p66(His)/p51with the wild-type or the mutant
forms of HIV-1 RT p66 were kindly provided by Dr. S. H. Hughes (NCI-Frederick
Cancer Research and Development Center). Proteins were expressed in E.coli
and purified as described.85

HIV-1 RT RNA-dependent DNA polymerase activity assay. RNA-dependent
DNA polymerase activity was assayed as follows: a final volume of 25 ul
contained reaction buffer (50 mM Tris-HCI pH 7.5, 1 mM DTT, 0.2 mg/ml BSA,
4% glycerol), 10 mM MgCl2, 0.5 pg of poly(rA)/oligo(dT)10:1 (0.3 uM 3'-OH ends),
10 pM [BH]-ATTP (1Ci/mmol) and 2-4 nM RT. Reactions were incubated at
37°C for the indicated time. 20 ul-Aliquots were then spotted on glass fiber
filters GF/C which were immediately immersed in 5% ice-cold TCA. Filters were
washed twice in 5% ice-cold TCA and once in ethanol for 5 min, dried and acid-
precipitable radioactivity was quantitated by scintillation counting.

Inhibition assays. Reactions were performed under the conditions
described for the HIV-1 RT RNA-dependent DNA polymerase activity assay.
Incorporation of radioactive dTTP into poly(rA)/oligo(dT) at different substrate
(nucleic acid or dTTP) concentrations was monitored in the presence of
increasing fixed amounts of inhibitor. Data were then plotted according to
Lineweaver-Burke and Dixon. For K; determination, an interval of inhibitor
concentrations between 0.2 Ki and 5 K; was used.

Kinetic Procedures.

Chemicals. All the reagents were of analytical grade and purchased from
Sigma-Aldrich (St. Louis, MO), Merck Sharp & Dohme (Readington, NJ), ICN
(Research Products Division, Costa Mesa, CA), or AppliChem GmbH (Darmstadt,
Germany). Radioactive 2'-deoxythymidine 5'-triphosphate [3H]dTTP (40
Ci/mmol) was purchased from Amersham Bio-Sciences (GE Healthcare,
Buckinghamshire, GB), while unlabeled dNTPs were from Boehringer Ingelheim
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GmbH (Ingelheim, Germany). GF/C filters were provided byWhatman Int. Ltd.
(Maidstone, England).

Template/primer. The homopolymer poly(rA) and the oligomer
oligo(dT)12-18 (Pharmacia & Upjohn Inc. Pfizer, Peapack, NJ) were mixed
atweight ratios in nucleotides of 10:1 with 25mMTris-HCI (pH 8.0) containing
22 mM KCI, heated at 70 °C for 5min and then slowly cooled at room
temperature.

Steady-state kinetic assays. Steady state kinetic assays were also
performed to evaluate the activity of HIV-1 RT in the presence of fixed
concentrations (IDsp), of selected inhibitors and variable concentrations of
either poly(rA)/oligo(dT) or [3H]TTP, while the other was maintained at
saturating doses. [3H]TTP concentrations varied between 0.2 and 20 uM, while
poly(rA)/oligo(dT) doses ranged from 10 to 200 nM. These experiments led to
the determination of Vmax, Km and kcat parameters from Michaelis Menten
curves, as mentioned in the “calculation of kinetic parameters” section. The
true inhibitor dissociation constant (Ki) values were derived as described.

Kinetics of inhibitor binding. Kinetics of inhibitor binding experimentswere
as described previously. Briefly, HIV-1 RT (20-40 nM) was incubated for 2 min
at 37 °C in a final volume of 4 pul in the presence of TDB buffer, with 10 mM
MgCl> alone or with 100 nM 3'-OH ends (for the formation of the RT/TP
complex), or in the same mixture complemented with 10 uM unlabeled dTTP
(for the formation of the RT/TP/dNTP complex). The inhibitor to be tested was
then added to a final volume of 5 ul at a concentration at which [El]/[Eo] =
[1-1/(1 + [I]/Ki)] > 0.9. Then, 145 pul of a mix containing TDB buffer, 10mM
MgCl2, and 10 uM [3H]dTTP (5 Ci/mmol) was added at different time points.
After an additional 10 min of incubation at 37 °C, 50-ul aliquots were spotted
on GF/C filters, and acid-precipitable radioactivity was measured as described
for the HIV-1 RT RNA-dependent DNA polymerase activity assay. The vi/vo ratio,
representing the normalized difference between the amount of dTTP
incorporated at the zero time point and at different time points, was then
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plotted against time. The kapp values, the association rate (kon) and the
dissociation rate (ko) values were calculated as described in the Kinetic
parameter calculation section.

Data analysis and statistics. Data obtained were analyzed by non-linear
regression analysis using GraphPad Software (San Diego, CA, USA).

Kinetic parameter calculation. All valueswere calculated by non-least-
squarescomputer fitting of the experimental data to the appropriate rate
equations. Steady-state inhibitor binding was analysed according to the
equation for mixed type inhibition:

y :{[Vmax M+ 1K) @+ /Ki')}

L+ (K, /S)] @+1/K")

1)

According to Figure26B, when TP was saturating, left part, Ki' = Kifree, whereas
at saturating dNTP (right part), Ki' = Kibin, In all cases, K;" = Kiter. According to
the mixed-type mechanism of Equation (1) it follows that, if Ki' = Ki”, then both
Km and Vmax values will decrease at increasing inhibitor concentrations. When
Ki' = Ki”, then Equation (1) can be simplified to the one describing a fully non-
competitive mechanism. The equilibrium dissociation constants (Ki' and Ki")
were calculated under the conditions shown in Figure 26B, right panel, from
the variations of the Km and Vmax values as a function of the inhibitor
concentrations according to the equations:

, !
I PRI TP Y

(2)

K" ! 3)
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where K, and V, are the apparent Kn and Vmax values, respectively, at each
given inhibitor concentration.

The true inhibition constant K; (which according to the kinetic model was
assumed as KPin = Kjter ) was calculated under the conditions shown in Figure
268B, left panel.

The apparent catalytic rates were calculated from the relationship:
Vo = Keat[E]o

The apparent binding rate (kapp) values were determined by fitting the
experimental data to the single-exponential equation:

Vv
—t=e"app' (4)

0
where t is time. If [E]o is the input enzyme concentration, [E]: is the enzyme
available for the reaction at time t, and [E:l]; is the enzyme bound to the
inhibitor at time t, it follows that

[E]: = [E]o - [E:1]:

Since vo = Kcat[Elo and vi = Kcat[E]i, then vi/vo = 1 - [E:l]i/[E]o. Thus, the vi/vo
value is proportional to the fraction of enzyme bound to the inhibitor.

The true association (kon) and dissociation (kofr) rates were calculated from
the equations:

Kapp = Kon([I] + Ki) (3

Kott = KonKi (6)
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Table 19. Elemental Analyses of Derivatives 34-93.

Compd_

Calculated

Found

34

35
36

37

38

39
40

41

42
43
44

45

46
47
48

49
50
51
52
53

54
55
56

57

C, 54.35; H, 4.32; Cl, 8.44; N, 10.01; O, 15.24;

S, 7.64

C, 49.15; H, 3.91; Br, 17.21; N, 9.05; S, 6.91

C, 53.02; H, 4.22; N, 13.02; S, 7.45

C, 52.12; H, 3.91; Cl, 8.10; F, 4.34; N, 9.60;

S, 7.32

C, 55.36; H, 4.65; Cl, 8.17; N, 9.68; 0, 14.75; S

7.39

C, 50.22; H, 4.21; Br, 16.70; N, 8.78; S, 6.7C

C, 54.05; H, 4.54; N, 12.61; S, 7.21

C, 53.16; H, 4.24; CI, 7.85; F, 4.20; N, 9.30; S,

7.10

C, 55.36; H, 4.65; Cl, 8.17; N, 9.68; S, 7.39
C,50.22; H, 4.21; Br, 16.70; N, 8.78; S, 6.70
C,54.05; H,4.54; N, 12.61; S, 7.21

C, 53.16; H, 4.24; Cl, 7.85; F, 4.20; N, 9.30; S,

7.10

C,56.31; H, 4.95; Cl, 7.91; N, 9.38; S, 7.16
C,51.22; H, 4.50; Br, 16.23; N, 8.53; S, 6.51
C,55.01; H, 4.84; N, 12.22; S, 6.99

C,54.13; H, 4.54; Cl, 7.61; F, 4.08; N, 9.02; S,

6.88
C, 48.56; H, 4.29; Cl, 7.54; N, 8.94; S, 13.65
C, 44.36; H, 3.92; Br, 15.53; N, 8.17; S, 12.47

C, 47.49; H, 4.20; N, 11.66; S, 13.35

C,46.77; H, 3.92; Cl, 7.27; F, 3.89; N, 8.61; S,

13.14

C, 49.63; H, 4.58; CI, 7.33; N, 8.68; S, 13.25
C, 45.46; H, 4.20; Br, 15.12; N, 7.95; S, 12.14
C,4857; H,4.48; N, 11.33; S, 12.97

C,47.85; H, 4.22; Cl, 7.06; F, 3.78; N, 8.37; S,

12.78

C, 54.16; H, 4.28; Cl, 8.40; N, 9.95; 0,
15.16; S, 7.60

C, 48.97; H, 3.90; Br, 17.18; N, 8.99; S, 6.86
C,52.87;H,4.20; N, 12.97; S, 7.41

C, 51.98; H, 3.89; Cl, 8.08; F, 4.31; N, 9.57;
S,7.29

C, 55.27; H, 4.63; Cl, 8.13; N, 9.64; O,
14.68; S, 7.34

C, 50.03; H, 4.19; Br, 16.66; N, 8.75; S, 6.67
C,53.79; H, 4.53; N, 12.57; S, 7.17
C,52.89; H, 4.23; Cl, 7.81; F, 4.18; N, 9.27;
S, 7.05

C,55.11; H, 4.63; Cl, 8.15; N, 9.63; S, 7.32
C,50.01; H, 4.19; Br, 16.61; N, 8.71; S, 6.66
C,53.77; H,4.52; N, 12.57; S, 7.18
C,52.88; H, 4.22; Cl, 7.81; F, 4.18; N, 9.27;
S, 7.09

C,56.02; H,4.94; Cl, 7.89; N, 9.31; S, 7.14
C,50.98; H, 4.48; Br, 16.17; N, 8.51; S, 6.49
C,54.78; H, 4.82; N, 12.20; S, 6.97
C,52.89; H, 4.53; Cl, 7.58; F, 4.05; N, 8.99;
S, 6.85

C, 48.29; H, 4.27; Cl, 7.51; N, 8.89; S, 13.58
C,44.12; H, 3.91; Br, 15.42; N, 8.09; S,
12.39

C,47.32; H,4.18; N, 11.61; S, 13.29

C, 46.56; H, 3.90; Cl, 7.23; F, 3.85; N, 8.58;
S, 13.10

C, 49.45; H, 455; Cl, 7.27; N, 8.62; S, 13.19
C,45.24; H,4.19; Br, 15.07; N, 7.91; S, 12.1
C,48.29; H, 4.45; N, 11.28; S, 12.85
C,47.62;H,4.19;Cl, 7.01; F, 3.74; N, 8.31;
S,12.71
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Table 19. Elemental Analyses of Derivatives 34-93. (Continued...)

Compd_

Calculated

Found

58

59

60

61

62

63

64

65

66

67

68

69
70
71
72
73

74

75

C, 59.25; H, 5.42; Cl, 7.95; N, 9.42; 0, 10.76;

S, 7.19

C, 53.88; H, 4.93; Br, 16.29; N, 8.57; 0, 9.79;

S, 6.54

C,57.88; H, 5.30; N, 12.27; 0, 17.562; S, 7.02

C, 56.95; H, 5.00; Cl, 7.64; F, 4.09; N, 9.06; O,

10.35; S, 6.91

C, 60.05; H, 5.70; Cl, 7.71; N, 9.14; 0, 10.43;

S, 6.97

C, 54.76; H, 5.20; Br, 15.84; N, 8.33; 0, 9.52;

S, 6.36

C,58.71;H,5.57; N, 11.91; 0, 17.00; S, 6.81

C,57.79; H, 5.27; Cl, 7.42; F, 3.97; N, 8.79; O,

10.04; S, 6.71

C,57.20; H, 5.24; Cl, 7.67; N, 9.10; 0, 13.85;

S, 6.94

C,52.18; H, 4.78; Br, 15.78; N, 8.30; O, 12.64;

S, 6.33

C, 63.64; H, 4.67; Cl, 7.83; N, 6.18; O, 10.60; S,

7.08

C, 57.95; H, 4.26; Br, 16.06; N, 5.63; O, 9.65; S,

6.45
C, 62.19; H, 4.57; N, 9.07; O, 17.26; S, 6.92

C,61.21; H, 4.28; Cl, 7.53; F, 4.03; N, 5.95; O,

10.19; S, 6.81
C,55.92; H,5.12; N, 11.86; O, 20.32; S, 6.79

C, 55.05; H, 4.83; CI, 7.39; F, 3.96; N, 8.76; O,

13.33; S, 6.68

C, 60.05; H, 5.70; Cl, 7.71; N, 9.14; O, 10.43; S,

6.97

C, 54.76; H, 5.20; Br, 15.84; N, 8.33; O, 9.52; S,

6.36

C, 59.27; H, 5.38; Cl, 7.90; N, 9.35; O,
10.69; S, 7.12

C, 53.66; H, 4.90; Br, 16.21; N, 8.50; O,
9.72; S, 6.52

C,57.59; H, 5.27; N, 12.19; 0, 17.43; S,
6.99

C, 56.76; H, 4.97; Cl, 7.59; F, 4.03; N,
9.00; 0, 10.29; S, 6.86

C, 59.88; H, 5.67; Cl, 7.67; N, 9.11; O,
10.38; S, 6.94

C, 54.59; H, 5.18; Br, 15.79; N, 8.29; O,
9.44;S,6.31

C,58.44; H, 5.53; N, 11.84; 0, 16.91; S,
6.84

C,57.66; H,5.22; Cl, 7.37; F, 3.94; N, 8.72;
0, 9.99; S, 6.68

C, 56.97; H, 5.22; CI, 7.62; N, 9.04; O,
13.78; S, 6.88

C,51.89; H, 4.75; Br, 15.69; N, 8.24; O,
12.57; S, 6.29

C,63.48; H, 4.63; Cl, 7.78; N, 6.13; O,
10.55; S, 7.02

C,57.78; H, 4.23; Br, 16.02; N, 5.60; O,
9.61; S, 6.40

C,61.89; H, 4.54; N, 9.03; O, 17.19; S, 6.89
C,69.98; H, 4.26; Cl, 7.49; F, 4.01; N, 5.91;
0, 10.11; S, 6.78

C, 55.66; H, 5.07; N, 11.77; O, 20.21; S, 6.69
C,54.76; H, 4.80; Cl, 7.36; F, 3.94; N, 8.72;
0, 13.27; S, 6.63

C, 59.68; H, 5.68; Cl, 7.67; N, 9.12; O,
10.35; S, 6.92

C, 54.58; H, 5.18; Br, 15.80; N, 8.29; O,
9.48:; S, 6.31
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Table 19. Elemental Analyses of Derivatives 34-93. (Continued...)

Compd Calculated Found

76 C,58.71;H,557; N, 11.91; O, 17.00; S, 6.81 C,58.67; H,5.54; N, 11.84; O, 17.05; S, 6.77

77 C,57.79; H,5.27; Cl, 7.42; F, 3.97; N, 8.79; O, C,57.59; H,5.24; Cl, 7.38; F, 3.94; N, 8.72;
10.04; S, 6.71 0, 9.98; S, 6.66

78 C,60.59; H, 4.86; Cl, 7.78; N, 9.22; 0, 10.53; S, C, 60.36; H, 4.81; Cl, 7.72; N, 9.15; O,
7.03 10.47; S, 7.00

79 C, 55.20; H, 4.43; Br, 15.97; N, 8.40; O, 9.59; S, C,55.01; H, 4.42; Br, 15.92; N, 8.33; O,
6.41 9.50; S, 6.37

80 C,59.22;: H, 4.75; N, 12.01; 0, 17.15; S, 6.87 2,8548.98; H, 4.73; N, 11.96; 0, 17.08; S,

81 C,58.29; H, 4.47; Cl, 7.48; F, 4.01; N, 8.87; 0, C,58.02; H, 4.44; Cl, 7.42; F, 3.99; N, 8.83;
10.13;S, 6.77 0, 10.07; S, 6.73

82 C, 58.04; H, 5.51; Cl, 7.45; N, 8.83; 0, 13.45; C,57.89;H, 5.48;Cl, 7.42; N, 8.78; O,
S, 6.74 13.38; S, 6.69

83 C, 53.08; H, 5.04; Br, 15.35; N, 8.07; O, 12.30; C, 52.97; H, 5.02; Br, 15.27; N, 8.02; O,
S, 6.16 12.25; S, 6.14

84 C, 56.78; H, 5.39; N, 11.52; 0, 19.73; S, 6.59 C, 56.59; H, 5.35; N, 11.47; 0, 19.60; S,

6.51

85 C,55.92; H,5.10; Cl, 7.18; F, 3.85; N, 851; O, C,55.77; H, 5.08; Cl, 7.15; F, 3.84; N, 8.48;
12.96; S, 6.49 0, 12.88; S, 6.46

86 C, 64.30; H, 4.96; ClI, 7.59; N, 6.00; O, 10.28; S, C, 64.18; H, 4.94; Cl, 7.53; N, 5.89; O,
6.87 10.20; S, 6.83

87 C,58.71; H, 4.53; Br, 15.62; N, 5.48; 0, 9.39; S, C, 58.58; H, 4.51; Br, 15.57; N, 5.45; O,
6.27 9.33; S, 6.24

88 (C,62.88;H,4.85;N,8.80;0,16.75; S, 6.71 C, 62.65; H, 4.83; N, 8.75; O, 16.68; S, 6.69

89 C,61.91;H,457;Cl, 7.31; F, 3.92; N, 5.78; 0, C,61.91;H,4.57;Cl, 7.31; F, 3.92; N, 5.78;
9.90; S, 6.61 0, 9.90; S, 6.59

90 C,62.17; H, 4.80; Cl, 7.34; N, 5.80; O, 13.25; S, C,61.88; H, 4.78; Cl, 7.31; N, 5.77; O,
6.64 13.19; S, 6.62

91 C, 56.93; H, 4.40; Br, 15.15; N, 5.31; O, 12.13; C, 56.72; H, 4.42; Br, 15.11; N, 5.28; O,
S, 6.08 12.05; S, 6.05

92 (C,60.84;H,4.70; N, 8.51; 0, 19.45; S, 6.50 C,60.57; H, 4.68; N, 8.47; O, 19.39; S, 6.48

93 C,59.94; H, 4.43; Cl, 7.08; F, 3.79; N, 5.59; O, C, 59.65; H, 4.42; Cl, 7.02; F, 3.78; N, 5.55;

12.77; S, 6.40

0, 12.69; S, 6.37
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