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Abstract—Existing AIDS therapies are out of reach for most HIV-infected people in developing countries and, where available, they
are limited by their toxicity and their cost. New anti-HIV agents are needed urgently to combat emerging viral resistance and reduce
the side effects associated with currently available drugs. Toward this end, LeapFrog, a de novo drug design program was used to
design novel, potent, and selective inhibitors of HIV-1 integrase. The designed compounds were synthesized and tested for in vitro
inhibition of HIV-1 integrase. Out of the 25 compounds that were designed, and synthesized, four molecules (compounds 23, 26, 43,
and 59) showed moderate to low inhibition of HIV-1 integrase for 3’-processing and 3'-strand transfer activities. Nonetheless, these
compounds possess structural features not seen in known HIV-1 integrase inhibitors and thus can serve as excellent leads for further

optimization of anti-HIV-1 integrase activity.
© 2004 Elsevier Ltd. All rights reserved.

1. Introduction

Nearly 20 years have passed since acquired immuno-
deficiency syndrome (AIDS) was recognized and the
human immunodeficiency virus (HIV) was identified as
the causative agent. Still, there is neither a cure nor a
vaccine for AIDS. This pandemic has continued to
exceed all expectations in the severity and scale of its
impact. An estimated 36 million people worldwide are
currently living with HIV, and some 20 million people
have already died, giving a cumulative total number of
HIV infections of 56 million.! Responding to HIV on
a scale commensurate with the pandemic is a global
imperative. This task has already begun and the
important advances have been made toward suppressing
the virus, bolstering the immune system, and extending
and enhancing the lives of patients through combination
antiretroviral therapy, which involves use of reverse
transcriptase and protease inhibitors.>® But challenges
remain. Treatment does not suppress HIV replication in
all patients, and the emergence of drug resistant virus
hinders subsequent treatment. This has prompted the
search for new drugs and new therapeutic strategies
to control chronic viral replication.*
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HIV-1 integrase (HIV-1 IN) is an attractive target for
antivirals because it is essential for HIV replication and,
unlike protease and reverse transcriptase, there are no
known counterparts in the host cell.®> Furthermore,
integrase uses a single active site to accommodate two
different configurations of DNA substrates, which may
constrain the ability of HIV to develop drug resistance
to integrase inhibitors.5®

Recently, we performed a 3D QSAR on different classes
of compounds using a novel alignment technique based
on molecular electrostatic potentials (MEPs) to handle
the tremendous diversity of this data set.” The results
of comparative molecular field analysis (CoMFA) for
this study are summarized in Table 1.

All molecular modeling techniques and CoMFA studies
were performed on Silicon Graphics INDY R5000
workstation using the SYBYL 6.6 molecular modeling
software from Tripos, Inc., St.Louis, MO.'°

1.1. Molecular conformation and alignment

The compounds were built from fragments in the SY-
BYL database. Full geometry optimization of the con-
structed structures was performed using the standard
Tripos force field!! with a distance-dependent dielectric
function and a 0.001 kcal/mol A energy gradient con-
vergence criterion. Partial atomic charges required
for calculation of the electrostatic interaction were
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Table 1. Summary of CoMFA results using MEP based alignment

Statistic 3'-Processing 3'-Strand transfer
2 0.830 0.746

Spress 0.365 0.411
Components 5 5

r 0.982 0.965

SE 0.118 0.151

F value 312.01 156.68

P(r? =0) 0.000 0.000

i 0.991 0.979

rgmd 0.608 0.660

computed by a semiempirical molecular orbital method
using the MOPAC 6.0 program. The charges were
computed using the PM3 model Hamiltonian (key-
words: 1SCF, RHF, MMOK).!>!? Using the systematic
search protocol, rotatable bonds in compounds were
searched from 0° to 360° in 10° increments. The lowest
energy conformation of each compound obtained using
systematic search, was minimized using Tripos force
field and subsequently used in the analysis. Molecules
were aligned using minima and maxima of MEPs (see
Ref. 9a).

1.2. CoMFA analysis

CoMFA steric and electrostatic fields were separately
calculated at each lattice intersection on a regularly
spaced grid of 2.0 A units in all x, y, and z directions.
The grid pattern, generated automatically by the SY-
BYL/CoMFA routine, extended 4.0 A in all directions
beyond the dimensions of the aligned molecules. The
steric term represents the van der Waals (6-12) inter-
actions, while the Coulombic term represents the elec-
trostatic interactions for which a distance-dependent
dielectric expression & = &R;; with &y = 1.0 was adopted.
An sp’ carbon atom with a van der Waals radius
of 1.52 A and a +1.0 charge was selected as the probe to
calculate the steric and electrostatic fields. Values of the
steric and electrostatic energy were truncated at 30 kcal/
mol. The electrostatic contributions were ignored at
lattice intersection with maximal steric interactions.'# 10

1.3. Partial least squares (PLS) analysis

Partial least squares (PLS) fitting was applied to derive
the 3D QSAR models."” The PLS method has been
applied successfully in numerous QSAR studies aiming
to rationalize those structural features affecting biolog-
ical activity. PLS regression seeks a relationship between
Y and X, where vector Y is the response or dependent
variable and X represents the descriptor data. PLS
analyses were performed following the CoMFA stan-
dard implementation in SYBYL. To check statistical
significance of the models, cross-validations were done
by means of the ‘leave-one-out’ (LOO) procedure using
the enhanced version of PLS, the SAMPLS method.!®
The results from cross-validation analysis were
expressed as the cross-validated 7> value (+2,). The cross-
validated 2 is defined as

ra, =1 —PRESS/> (¥ = Yieun)’,
where PRESS = 5_(Y — Yprea)’

The optimal number of components was determined by
selecting the smallest Spress Value. Spress 1s the root mean
PRedictive Error Sum of Squares. It is an expected
uncertainty in prediction for an individual compound
based on the data available from other compounds in
the set.

Spress = (PRESS/(n — ¢ — 1))'/?,

where n=number of rows and ¢=number of compo-
nents.

Usually the smallest sy value corresponds to the
highest 72, value. The optimal number of components
was subsequently used to derive the final QSAR models.
For all conventional analyses (no cross-validation) the
‘minimum sigma’ standard deviation threshold was set
to 2.0kcal/mol. The 72, spess, 2, and SE values were
computed as defined in SYBYL. SE is the standard error
of estimate. It is a measure of the target property
uncertainty still unexplained after the QSAR has been
derived. In Table 1, P(r*) = 0 means the probability of
obtaining the observed F-ratio value by chance alone, if
the target and the explanatory variables themselves are
truly uncorrelated. When P(r*) = 0 is zero, then results
are not by chance and are significant. To further assess
the robustness and statistical confidence of the derived
models, bootstrapping analysis (1000) runs was per-
formed. A common test to check the consistency of the
models is to scramble the biological data and repeat the
model derivation process, allowing detection of possible
chance correlations. After randomizing our data set, we
observed very low or negative r2, values in the PLS
analyses.

1.4. Predictive r* value

The predictive 7> was based only on molecules not
included in the training set and is defined as:

1. = (SD — PRESS)/SD,

where SD is the sum of the squared deviations between
the biological activity of molecules in the test set and the
mean biological activity of the training set molecules
and PRESS is the sum of the squared deviations
between predicted and actual activity values for every
molecule in the test set.!” Like #2,, the predictive 7* can
assume a negative value reflecting a complete lack of
predictive ability of the training set for the molecules
included in the test set.?’

1.5. CoMFA contour maps

The contour maps for CoMFA steric and electrostatic
fields are shown in Figures 1 and 2 for 3'-processing and
3’-strand transfer activities, respectively. The green and
yellow polyhedra describe regions of space around the
molecules where increases in steric bulk, respectively,
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Figure 1. CoMFA steric and electrostatic fields for 3'-processing
activity.

Figure 2. CoMFA steric and electrostatic fields for 3'-strand transfer
activity.

enhance or diminish the inhibition of integrase. The red
and blue polyhedra describe regions where a high elec-
tron density (i.e., negative charge or polarity) within the
substrate structure enhances or diminishes activity,
respectively. The contour maps of CoMFA thus
obtained were used as pseudoreceptor model input for a
de novo drug design program LeapFrog (LF) to design
some novel inhibitors of HIV-1 integrase. The com-
pounds thus designed were synthesized and tested for in
vitro inhibition of 3’-processing and 3'-strand transfer
activities of HIV-1 integrase.

2. LeapFrog?!

LeapFrog (LF) is a second-generation de novo drug
discovery program that performs molecular evolution or
electronic screening, by repeatedly making some struc-
tural change and then either keeping or discarding the

results, depending on the evolution. LF can run in three
alternative modes:

OPTIMIZE: suggests improvement to existing leads;
DREAM: proposes new molecules expected to have
good binding;

GUIDE: supports interactive design by performing
and evaluating user modifications.

LF can start from either of two kinds of information:

Cavity: a receptor structure, usually a biopolymer;
CoMFA: a pharmacophoric model, which must be
expressed as CoOMFA model.

New ligand structures are evaluated mainly on their
binding energy relative to their immediate precursor.

Binding energy as calculated in LF has three major
components:

1. steric and electrostatic enthalpies of binding process
calculated using the Tripos force field;

2. cavity desolvation energy; and

3. ligand desolvation energy.

For the purpose of this study, new ligands were gener-
ated by interactive design method in GUIDE mode
using all the three components of binding energy.
CoMFA contour maps were used to generate the
hypothetical cavity for LF calculations.

There are two distinct stages in converting a CoMFA
result into an LF cavity:

(a) a direct point-by-point mapping of the properties of
a CoMFA grid to an intermediate cavity grid of the
same coarse resolution,

(b) an interpolation of the intermediate cavity grid val-
ues to the closely spaced grid values actually used by
LF.

The cavity thus obtained was used to generate the site-
points. The charge of a sitepoint atom is positive, neg-
ative, or lipophilic. Its value is compared with 1.0. If the
atom charge is smaller in magnitude than 1.0 the site-
point is lipophilic; if greater than +1.0, the sitepoint
secks a negative atom; and if less than —1.0, the sitepoint
seeks a positive atom in the approaching fragment.

LF’s central operation is a processing loop. In each pass
through the loop, a type of move is randomly selected.
Depending on the move type, the fragment and proba-
bly particular atom(s) may also be randomly selected for
the move to act upon. LF then tries to carry out the
move. If the move succeeds, any new ligand structure(s)
is evaluated using interaction with the site points. Moves
normally used in LF are NEW, JOIN, COMPLE-
MENT, BRIDGE, CROSSOVER, FUSE, FLY,
TWIST, etc.

Thus, the hypothetical cavity obtained using CoMFA
maps was used along with the NEW move in LF to
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generate the novel ligands, which were then built using
other moves like JOIN, FUSE, COMPLEMENT,
BRIDGE, and OPTIMIZE. The new ligands were
checked for alternative orientations using FLY and were
completely minimized using TWIST move to evaluate
the binding energy for the minimum energy conforma-
tion of the ligand. The process was repeated to generate
the different classes of ligands, which are described
below. The ligands, which showed binding, better
than the reference structure were taken up for syn-
thesis.

3. Chemistry
3.1. Synthesis of isoquinoline sulfonamides

The general route for the synthesis of isoquinoline sul-
fonamides is outlined in Scheme 1. Isoquinoline was
sulfonated using 50% oleum under ice-cold conditions to
get isoquinoline-5-sulfonic acid,”>?* which was chlor-
inated using excess of thionyl chloride to get the sulfonyl
chloride derivative.?>® Finally, the sulfonyl chloride was
treated with appropriate amines to get the correspond-

ing sulfonamides.

3.2. Synthesis of furoyl pyrazolones

The general route for the synthesis of furoyl pyrazolones
is outlined in Scheme 2. Appropriately substituted
amine was diazotized using sodium nitrite and concen-
trated hydrochloric acid at 0-5°C. In case of ortho
substituted amines, diazonium salt was reduced using
stannous chloride and hydrochloric acid to the corre-
sponding hydrazine derivative; whereas for meta and
para substituted amines, sodium sulfite was used for
reduction to the corresponding hydrazine derivative.?’?
Substituted hydrazine thus obtained was reacted with
ethyl acetoacetate to give substituted pyrazolone.?*3
The pyrazolone was finally acylated using furoyl chlo-
ride to get substituted furoyl pyrazolone.

SO,CI
SOCI
N N
1 2
SO,NHR
R—NH,
— > A
N
4-7

Scheme 1.

3.3. Synthesis of N-substituted indole-2,3-dione (isatins)

The general route for the synthesis of N-substituted
isatins is outlined in Scheme 5.

Appropriately substituted toluenes were brominated
using N-bromosuccinimide and carbon tetrachloride in
presence of catalytic amount of benzoyl peroxide.?'-3’
Substituted bromomethyl derivatives were condensed
with potassium salt of isatin (1H-indole-2,3-dione),
which in turn was obtained by reacting isatin with
potassium carbonate, to get corresponding N-substi-
tuted indole-2,3-diones.-?

3.4. Synthesis of 2-phenylmethanesulfonyl-benzothiazoles

The general route for the synthesis of 2-phen-
ylmethanesulfonyl-benzothiazoles is outlined in Scheme
6.

Appropriately substituted toluenes were brominated
using N-bromosuccinimide and carbon tetrachloride
in presence of catalytic amount of benzoyl peroxide.
Substituted bromomethyl derivatives were condensed
with potassium salt of benzothiazole-2-thiol, which in
turn was obtained by reacting benzothiazole-2-thiol with
potassium carbonate, to get the corresponding sulfides
52-55.%0 These sufides were then oxidized using meta-
chloroperbenzoic acid (MCPBA) to the corresponding
sulfones 56-59.

4. Results and discussion

Although several classes of inhibitors of HIV-1 IN are
reported, none has reached the market. This is due to
the fact that most of the reported compounds are
polyhydroxylated derivatives, which are cytotoxic and
nonselective. Thus, new compounds are needed, which
selectively inhibit HIV-1 IN. De Novo drug design
program, LeapFrog, was used to design novel inhibitors
of HIV-1 integrase. The input for Leapfrog was a
pharmacophoric model derived from our CoOMFA study
on the diverse set of HIV-1 IN inhibitors, which were
aligned by a novel method based on molecular electro-
static potentials (MEPs). Novel compounds were
designed using the molecular evolution process of
LeapFrog and their binding energies (BE) were calcu-
lated. The compounds showing improved binding
energies were selected for synthesis. These compounds
were tested for in vitro inhibition of 3'-processing and 3'-
strand transfer activities of HIV-1 IN. The calculated
binding energies and the experimentally determined ICs,
values are shown in Table 12. The plots of LF binding
energies versus ICsy values for the two activities are
shown in Figures 3 and 4, respectively.

Four different series of compounds were synthesized
depending on their binding energy scores:
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(1) Isoquinoline-5-sulfonamides: Compounds 4-7 belong
to this structural class. When trifluoromethyl group was

H
4

present at ortho position to the sulfonamide function 4,
very little activity was observed. In case of triazole
derivative 5, activity completely abolished. Moderate
activity was observed for compound 6, which has chloro
substituent at the meta position and fluoro group at para
position. Similarly, for n-propyl derivative of isoquinol-
ine sulfonamide 7, activity was retained. This shows that
any substituent at position ortho to the sulfonamide
moiety is detrimental to HIV-1 IN inhibitory activity.
The nature of substituent hardly seems to be affecting
the activity as both aryl group with free ortho position
and alkyl group showed almost similar activities.

(i1) Furoyl pyrazolones: Compounds 20-28 belong to this
structural class. In this series, Substitutions were carried
out on both furoic acid as well as pyrazolone part. In
case of pyrazolone part, the structural requirements for
showing inhibition of HIV-1 IN activity are very rigid,
that is, any substitution on phenyl ring or change in the
position of furoyl group results in loss of activity. This is
evident from the inactivity of compounds having 3-nitro
20, 2-fluoro-4-bromo 21, and 3-chloro groups 22 on the
phenyl ring; and change in the position of furoyl group
from ring nitrogen to side chain amino group 28. When
phenyl group in pyrazolone part was unsubstituted 23, it
showed moderate activity for both 3'-processing and 3'-
strand transfer. Replacement of 2-furoyl with furan-2-
ylacryloyl group 26 did not improve the activity much.

(iii) Indole-2,3-diones: Compounds 4349 belong to this
structural class. In this series, the effect of different
substitutions on nitrogen of indole-2,3-dione was eval-
uated. The activity could directly be correlated with the
electron withdrawing power of the substituent on the
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Figure 3. Plot of calculated BE versus experimentally determined
1Csy values for 3'-processing activity.
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Figure 4. Plot of calculated BE versus experimentally determined
ICs values for 3'-strand transfer activity.

N-benzyl group. Highest activity in this series was
obtained when nitro group was present at para position
43. Activity somewhat decreased when the position of
nitro group was changed from para to ortho 46 or when
chloro group was present instead of nitro 47. Reduced
activity was also observed when nitro group was
replaced with bromo 44, or when quinolin-8-yl methyl
group was substituted on the nitrogen of indole-2,3-di-
one 45. Biphenyl cyano derivative 48 did not show any
activity but when cyano group was hydrolyzed to car-
boxylic acid, some activity was observed 49. This may
be due to the involvement of COOH group in some
hydrogen-bonding interaction with the enzyme, which
cyano group cannot form.

(iv)  2-Phenylmethanesulfonyl-benzothiazoles:  Com-
pounds 52-55 are the 2-phenylmethylthio-benzothiaz-
oles, and 56-59 are their corresponding sulfones. Most
of these compounds did not show any activity, with the
notable exception of compound 59. This shows that in
this series, an electron withdrawing group such as cyano
is required at the ortho position of the biphenyl ring.
But, alone cyano group is not enough as the corre-
sponding sulfide 55 is inactive. The conversion of sulfide
to sulfone 59 afforded some activity consistent with the

fact that most of the active inhibitors of integrase
possess hydrogen bond acceptors.

5. Conclusions

Novel HIV-1 integrase inhibitors belonging to four
different structural classes—isoquinoline sulfonamides,
furoyl pyrazolones, indole-2,3-diones, and 2-phenyl-
methanesulfonyl-benzothiazoles were designed by a de
novo drug design approach using LeapFrog program.
The designed compounds were synthesized, and their
in vitro activites were evaluated. Some compounds
showed moderate inhibition of HIV-1 integrase. It was
an attempt to show how a de novo method like Leap-
Frog predicts the activities of compounds prior to their
synthesis. Since the designed compounds contain novel
structural characteristics not seen in known integrase
inhibitors, they can act as lead compounds for future
drug design. Further modifications of these compounds can
help to realize potent activity for these series of compounds.

6. Experimental

All melting points were recorded on a Oswal capillary
melting point apparatus and are uncorrected. The
structures of compounds were confirmed by IR, 'H
NMR, and mass spectroscopy. IR spectra were recorded
on a Buck Scientific M-500 spectrometer using KBr
pellets. '"H NMR spectra were recorded on a Bruker
AMX-500MHz FT-NMR with tetramethylsilane
(TMS) as the internal standard. Mass spectra were
recorded on Shimadzu QP-5050 MS instrument. HPLC
were recorded using JASCO PU 980 pump and UV 975
detector. All materials were purchased from commercial
sources unless otherwise specified.

6.1. Synthesis of isoquinoline-5-sulfonic acid (2)

Isoquinoline (26g, 0.201 mol) was added to 11mL
concentrated sulfuric acid with ice cooling in a 100 mL
round bottom flask. With ice bath cooling and swirling
55mL of 50% fuming sulfuric acid was added and the
clear solution was allowed to stand, with occasional
swirling, at room temperature for 48h. It was then
poured onto crushed ice and kept in refrigerator over-
night. The long white needles of sulfonic acid were fil-
tered and pressed dry of mother liquor with a rubber
dam. The filter cake was slurried with 25 mL of water on
the steam bath, cooled well in an ice bath, filtered,
washed with ice water, and dried in oven at 70 °C for 4h
to get isoquinoline-5-sulfonic acid. Yield: 30 g (72.4%).

6.2. Synthesis of isoquinoline-5-sulfonyl chloride hydro-
chloride (3)

A mixture of isoquinoline-5-sulfonic acid, 2 (4g,
0.019 mol), thionyl chloride (25mL), and dimethylfor-
mamide (0.1 mL) was refluxed for 2h, and the excess
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thionyl chloride was distilled off in vacuo. The residue
was suspended in dichloromethane, filtered, and washed
with two portions of dichloromethane. The residue was
collected and dried under vacuum to remove the solvent,
yielding crude crystalline isoquinoline-5-sulfonyl chlo-
ride hydrochloride. As this compound is not stable, it
was used for subsequent syntheses without further
purification. Yield: 5.1 g (92.4%).

6.3. General procedure for the synthesis of compounds 4-7

To an ice cooled suspension of isoquinoline-5-sulfonyl
chloride hydrochloride (5g, 0.018mol) in 20mL
dichloromethane, a mixture of substituted amine
(0.018 mol) and pyridine (2.84 g, 0.036 mol) dissolved in
50mL of dichloromethane was added in a dropwise
manner with stirring over a period of 15min. The
reaction mixture was stirred for 1 h at 0-5°C, and then
at room temperature for 3-5 h. It was then washed twice
with brine and dried over anhydrous sodium sulfate.
The dried extract was evaporated to get the crude
substituted isoquinoline-5-sulfonamide. The crude
product was chromatographed on silica gel. The struc-
tures of compounds 4-7 are given in Table 2.

6.3.1. 5-(N-(2-Trifluoromethyl)phenyl)isoquinoline sulfon-
amide (4). The title compound was synthesized accord-
ing to the general procedure using 5g (0.018 mol) of
compound 3 and 2.89 g (0.018 mol) of 2-trifluoromethyl
aniline. The reaction mixture was stirred at room tem-
perature for 4h. The product (6.19 g) was obtained as
white amorphous powder. IR (cm™'): 2985.9, 2742.7,
1315, 1265.4, 1156, 1047.7; '"H NMR (CDCl;+DMSO-
dg) 0 ppm: 7.18-8.62 (m, 10H), 9.32 (s, 1H); MS (m/z):

352 (M), 333 (M—19), 192, 176, 160, 128 (100); HPLC
purity (%): 99.49.

6.3.2. 5-(|1,2,4]Triazole-1-sulfonyl)isoquinoline (5). The
title compound was prepared using general procedure
from 5g (0.018mol) of compound 3 and 1.242g
(0.018 mol) of 1H-[1,2,4]triazole. The reaction mixture
was stirred at room temperature for 5h. The product
(4.51 g) was obtained as white crystalline powder. IR
(cm™"): 3128.4, 1370.4, 1322.6, 1170; 'H NMR
(CDCl3+DMSO-dg) 6 ppm: 7.82 (t, 1H), 7.97 (s, 1H),
8.37 (d, 1H), 8.58 (d, 1H), 8.77 (t, 2H), 8.89 (s, 1H), 9.39
(s, 1H); MS (m/z): 260 (M™"), 196 (M—-64), 192, 128
(100), 40; HPLC purity (%): 97.06.

6.3.3. 5-(/V-(3-Chloro-4-fluoro)phenyl)isoquinoline sulfon-
amide (6). The title compound was synthesized following
general procedure by using 5 g (0.018 mol) of compound
3 and 2.61 g (0.018 mol) of 3-chloro-4-fluoro aniline. The
reaction mixture was stirred for 3.5h. The product
(6.02 g) was obtained as white needle shaped crystals. IR
(cm™1): 2998.2, 2730.6, 1350.5, 1320.1, 1161.9, 1131.5,
772.9, 700, 651.3; '"H NMR (CDCl;+DMSO-ds) 6 ppm:
6.75-8.73 (m, 9H), 9.38 (s, 1H); MS (m/z): 336 (M™),
192, 128, 40 (100); HPLC purity (%): 97.60.

6.3.4. 5-(N-Propyl)isoquinoline sulfonamide (7). The title
compound was prepared by general procedure using 5g
(0.018 mol) of compound 3 and 1.062g (0.018 mol) of
n-propyl amine. The reaction mixture was stirred at
room temperature at 3h. The product (4.55g) was
obtained as white amorphous powder. IR (cm™!):
3095.4, 2852.2, 1368.8, 1326.3, 1131.5; 'H NMR
(CDCl3+DMSO-dg) 0 ppm: 0.77 (t, 3H), 1.43 (m, 2H),

Table 2. Structures, yield, mp, and mobile phase for TLC and column chromatography of the compounds 4-7 synthesized according to Scheme 1

SO,R

Sr. no. R Yield (%) Mp (°C) Mobile phase and Ry
F F
F Dichl th thanol
ichloromethane-methano
4 %3 182-184 (1:0.05) R, = 0.72
—NH
/Nﬁ Dichloromethane-methanol
5 —N 91.8 185-188 X
\=N (1:0.02) R; = 0.33
Cl
6 — NH £ 94.6 >200 Chloroform-methanol (1:0.1)
Ry = 0.66
7 —NH 96.2 115-120 Chloroform Ry = 0.62
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2.91 (q, 2H), 7.68-8.68 (m, 6H), 9.36 (s, 1H); MS (m/z):
251 (M+1), 250 (M), 221, 192, 176, 128 (100); HPLC
purity (%): 95.31.

6.4. General procedure for the synthesis of compounds
10-13

Method A: In a 250 mL, three-neck flask equipped with
thermometer, stirrer, and dropping funnel were placed
5g of substituted aniline 8 and 10mL of water. The
mixture was stirred and cooled in an ice bath while
20 mL of hydrochloric acid was added as rapidly as the
temperature could be kept below 40°C. The reaction
mixture was cooled rapidly in an ice bath to 0-5 °C while
a solution of sodium nitrite (equivalent mole) in 10 mL
water was added through a dropping funnel slowly with
stirring over a period of 10min to get the substituted
diazonium salt 9. This diazonium salt solution was then
added in a dropwise manner to a solution of sodium
sulfite (Smolequiv) in 100 mL of water in a two-neck
flask equipped with the dropping funnel and reflux
condenser. The reaction mixture was warmed to 60 °C
for 1h, acidified with hydrochloric acid, and heated on
water bath for further 3-5h. The reaction mixture was
cooled to 0°C and the crystals of substituted hydrazine
hydrochloride were filtered. The crystals were dissolved
in water and neutralized with sodium acetate solution to
get the corresponding hydrazine derivatives 10-13.
These hydrazines were used in subsequent syntheses
without further purification.

Method B: The diazonium salt was prepared in a similar
way as described in method A. The diazonium salt
solution was added in a dropwise manner over a period
of 20 min to an ice cooled solution of stannous chloride
dihydrate in 80 mL of hydrochloric acid. The reaction
mixture was stirred at 0-5°C for 3h and then kept in a
refrigerator overnight. The crystals of substituted
hydrazine hydrochloride were filtered and washed twice
with hydrochloric acid (25 mL each time) to remove tin.
The product was dissolved in water, neutralized with
sodium acetate solution as described in method A to get
substituted hydrazines 10-13. These hydrazines were
used in subsequent syntheses without further purifica-
tion.

The structures of compounds synthesized according to
these methods (A or B) are given in Table 3.

6.4.1. 3-Nitro phenyl hydrazine (10). The title compound
was synthesized according to method A using S5g
(0.036 mol) of 3-nitro aniline 8, 2.49¢g (0.036mol) of
sodium nitrite, and 22.81 g (0.181 mol) of sodium sulfite.
The reaction mixture after acidification was heated for
3h on a water bath. The product (4.68 g) was obtained
as yellow amorphous powder.

6.4.2. 4-Bromo-2-fluoro-phenyl hydrazine (11). The title
compound was prepared according to method B by
using 5g (0.026 mol) of 4-bromo-2-fluoro-aniline 8,

Table 3. Structures, yield, mp, and mobile phase for TLC of the
compounds synthesized according to method A or B

NHNH,

R

10-13

Sr.no. R Method Yield Mp Mobile phase

(%) (°C) and R;
10 3-NO, A 84.5 92-95  Chloroform
11 2-F-4-Br B 76.2 75-78  Chloroform

Ry = 0.46

127 3-Cl A 65.8 36-48  Chloroform
13* H

#Phenyl hydrazine was purchased from commercial source.

1.81g (0.026mol) of sodium nitrite, and 11.87g
(0.052 mol) of stannous chloride dihydrate. The reaction
mixture after acidification was heated for 3h on a water
bath. The product (4.10g) was obtained as gray crys-
talline powder.

6.4.3. 3-Chloro phenyl hydrazine (12). The title com-
pound was synthesized by method A using S5g
(0.039mol) of 3-chloro aniline 8, 2.70 g (0.039 mol) of
sodium nitrite, and 24.6 g (0.195 mol) of sodium sulfite.
The reaction mixture after acidification was heated for
5h on a water bath. The product (3.67 g) was obtained
as low melting solid or as brown viscous liquid.

6.5. General procedure for the synthesis of compounds
14-17

To an appropriately substituted phenyl hydrazine
dissolved in 20mL of methanol, ethyl acetoacetate
(equivalent mole) dissolved in 20 mL of methanol was
added and the mixture was refluxed for 3-10 h. Metha-
nol was recovered by rotary vacuum distillation. The
residue was dissolved in chloroform, washed with brine,
dried over anhydrous sodium sulfate, and evaporated to
get crude pyrazolone derivative, which was purified by
column chromatography.

The structures of the compounds synthesized according
to this method are given in Table 4.

6.5.1. 5-Methyl-2-(3-nitro-phenyl)-1,2-dihydro-pyrazol-3-
one (14). The title compound was synthesized according
to the general procedure using 4 g (0.026 mol) of 3-nitro
phenyl hydrazine 10 and 3.38 g (0.026 mol). The reaction
mixture was refluxed for 4h. The product (4.3 g) was
obtained as yellow crystalline powder. IR (cm™'):
3429.8, 3107.5, 1715.3, 1630.2, 1569.5, 1356.7.
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Table 4. Structures, yield, mp, and mobile phase for TLC and column
chromatography of compounds 14-17

H,C
HN
\N o)
R
14 -17
Sr. no. R Yield Mp (°C) Mobile phase
(%) and Ry
14% 3-NO, 75.2 140-142 Chloroform
Ry =0.52
15 2-F-4-Br 82.1 135-138 Chloroform
Ry =0.22
16 3-Cl 64.7 94-98 Chloroform
Ry =0.28
17 H 90.5 126-130 Chloroform
Ry =0.64

6.5.2. 2-(4-Bromo-2-fluoro-phenyl)-5-methyl-1,2-dihydro-
pyrazol-3-one (15). The title compound was prepared
according to the general procedure by using 3.5g
(0.017mol) of 4-bromo-2-fluoro-phenyl hydrazine 11
and 2.21 g (0.017mol) of ethyl acetoacetate. The reac-
tion mixture was refluxed for 6.5 h. The product (3.79 g)
was obtained as white needle shaped crystals. IR (cm™):
3113.7, 2992.1, 1721.4, 1338.4, 1235.1, 1161.9, 1119.4,
1070.7, 669.6.

6.5.3. 2-(3-Chloro-phenyl)-5-methyl-1,2-dihydro-pyrazol-
3-one (16). The title compound was synthesized
according to the general procedure using 3 g (0.021 mol)
of 3-chloro phenyl hydrazine 12 and 2.73 g (0.021 mol)
of ethyl acetoacetate. The reaction mixture was refluxed
for 10h. The product (2.84g) was obtained as white
crystalline powder. IR (cm™'): 3113.7, 2979.9, 1727.4,
1624.1, 1502.5, 815.4, 748.7, 687.

6.5.4. 5-Methyl-2-phenyl-1,2-dihydro-pyrazol-3-one (17).
The title compound was synthesized according to the
general procedure using 4g (0.037mol) of phenyl
hydrazine 13 and 4.81g (0.037mol) of ethyl acetoace-
tate. The reaction mixture was refluxed for 3h. The
product (5.82 g) was obtained as pale yellow amorphous
powder. IR (cm™'): 3332.6, 1721.4, 1605.8, 1460.

6.6. General procedure for the synthesis of compounds
20-23

To 1.5g (0.013mol) of furan-2-carboxylic acid 18 dis-
solved in 10mL of chloroform in a two-neck 100 mL
flask equipped with a dropping funnel and reflux con-
denser attached with a calcium chloride guard tube,
1.55g (0.013 mol) thionyl chloride was added and it was
refluxed for 1 h. The mixture was cooled to 0-5°C and

Table 5. Structures, yield, mp, and mobile phase for TLC and column
chromatography of furoyl pyrazolones

H,C
O
o ﬁ/ N o
(0]
R
20-23
Sr. no. R Yield Mp (°C) Mobile phase
(%) and Rp
20 3-NO, 65.8 140-142  Chloroform
Ry =0.45
21 2-F4-Br 724 128-130  Chloroform
Ry =0.48
22 3-Cl 52.6 142-145  Chloroform-metha-
nol (1:0.1) Ry = 0.52
23 H 78.5 154-158  Chloroform-hexane
(1:1) R = 0.78

to it was added a solution of appropriately substituted
pyrazolone 14-17 (0.013mol), and 2g (0.026 mol) py-
ridine in 30 mL chloroform in a dropwise manner over a
period of 15min. The reaction mixture was then stirred
at room temperature for 3—6 h. It was then washed thrice
with brine and dried over anhydrous sodium sulfate.
The dried extract was distilled off in rotary vacuum to
recover the solvent. The crude furoyl pyrazolone 20-23
was further purified by column chromatography.

The structures of compounds synthesized by this meth-
od are given in Table 5.

6.6.1. 1-(Furan-2-carbonyl)-5-methyl-2-(3-nitro-phenyl)-
1,2-dihydro-pyrazol-3-one (20). The title compound was
synthesized according to the general procedure by using
2.84 g (0.013mol) of 5-methyl-2-(3-nitro-phenyl)-1,2-di-
hydro-pyrazol-3-one 14 and 1.5g (0.013mol) furan-2-
carboxylic acid 18. The reaction mixture was stirred at
room temperature for 4h. The product (2.66g) was
obtained as pale yellow amorphous powder. IR (cm™'):
3177.6, 3081.9, 1778.9, 1534; '"H NMR (CDCl;) é ppm:
2.36 (s, 3H), 6.39 (s, 1H), 6.64 (d, 1H), 7.48-8.15 (m,
5H), 8.74 (s, 1H); MS (m/z): 313 (M), 218, 190, 122, 95
(100); HPLC purity (%): 99.58.

6.6.2. 2-(4-Bromo-2-fluoro-phenyl)-1-(furan-2-carbonyl)-
5-methyl-1,2-dihydro-pyrazol-3-one (21). The title com-
pound was synthesized according to the general proce-
dure by using 3.52 g (0.013 mol) of 2-(4-bromo-2-fluoro-
phenyl)-5-methyl-1,2-dihydro-pyrazol-3-one 15 and
1.5g (0.013mol) furan-2-carboxylic acid 18. The reac-
tion mixture was stirred at room temperature for 4.5 h.
The product (3.43 g) was obtained as white amorphous
powder. IR (cm™'): 3144.1, 1747.3, 1557.1, 1514.6,
1472.1, 1393, 1295.9, 1180.2, 1076.9, 760.8; '"H NMR
(CDCl3) 6 ppm: 2.34 (s, 3H), 6.26 (s, 1H), 6.56 (d, 1H),
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7.23-7.44 (m, 4H), 7.66 (s, 1H); MS (m/z): 366 (M+2),
337 (M-28), 269, 173, 95 (100); HPLC purity (%): 99.08.

6.6.3. 2-(3-Chloro-phenyl)-1-(furan-2-carbonyl)-5-methyl-
1,2-dihydro-pyrazol-3-one (22). The title compound was
prepared according to the general procedure by using
2.7g (0.013mol) of 2-(3-chloro-phenyl)-5-methyl-1,2-
dihydro-pyrazol-3-one 16 and 1.5 g (0.013 mol) furan-2-
carboxylic acid 18. The reaction mixture was stirred for
6h at room temperature. The product (2.06g) was
obtained as white crystalline powder. IR (cm™'): 2985.9,
1721.4, 1684.9, 1630.2, 1496.3, 815.4, 742.5, 681; 'H
NMR (CDCl;) 6 ppm: 2.40 (s, 3H), 7.04 (d, 1H), 7.24-
8.16 (m, 5H), 9.04 (d, 2H); MS (m/z): 302 (M*), 267
(M-35), 111, 90, 79, 39 (100); HPLC purity (%): 94.87.

6.6.4. 1-(Furan-2-carbonyl)-5-methyl-2-phenyl-1,2-dihy-
dro-pyrazol-3-one (23). The title compound was synthe-
sized according to the general procedure by using 2.26 g
(0.013 mol) of 5-methyl-2-phenyl-1,2-dihydro-pyrazol-3-
one 17 and 1.5g (0.013 mol) furan-2-carboxylic acid 18.
The reaction mixture was stirred for 3h at room tem-
perature. The product (2.73 g) was obtained as white
amorphous powder. IR (cm™!): 3119.8, 2913, 1747.9,
1754.7, 1599.9, 1539.1, 1502.5; 'H NMR (CDCls) §
ppm: 2.30 (s, 3H), 6.58 (d, 1H), 7.24-7.70 (m, 8H); MS
(m/z): 268 (M™), 173, 95 (100), 77; HPLC purity (%):
99.66.

6.6.5. 1-(3-Furan-2-yl-acryloyl)-5-methyl-2-phenyl-1,2-di-
hydro-pyrazol-3-one (26). The title compound was syn-
thesized as outlined in Scheme 3.

To 1.79g (0.013mol) of 3-furan-2-yl-acrylic acid 24
dissolved in 10 mL of chloroform in a two-neck 100 mL
flask equipped with a dropping funnel and reflux con-
denser attached with a calcium chloride guard tube,
1.55g (0.013 mol) thionyl chloride was added and it was
refluxed for 2h. The mixture was cooled to 0-5°C and
to it was added a solution of 2.26g (0.013mol) of
5-methyl-2-phenyl-1,2-dihydro-pyrazol-3-one 17, and
2g (0.026 mol) pyridine in 30mL chloroform in a
dropwise manner over a period of 20 min. The reaction
mixture was then stirred at room temperature for 2.5h.
It was then washed thrice with brine and dried over
anhydrous sodium sulfate. The dried extract was
distilled off in rotary vacuum to recover the solvent. The
crude product 26 was further purified by column
chromatography. The yield, melting point, and mobile
phase for compound 26 are shown in Table 6. IR (cm™'):
3113.7, 29859, 1721.4, 1684.9, 1630.2; 'H NMR
(CDCl3) 6 ppm: 2.34 (s, 3H), 6.18 (s, 1H), 6.40 (d, 1H),
6.51 (s, 1H), 6.70 (d, 1H), 7.29-7.58 (m, 7H); MS (m/z):
294 (M*), 173, 121 (100), 77; HPLC purity (%): 97.47.

6.6.6. N-(1,5-Dimethyl-3-ox0-2-phenyl-2,3-dihydro-1H-
pyrazol-4-yl)-furan-2-carboxamide (28). The title com-
pound was synthesized as outlined in Scheme 4.

Table 6. The yield, mp, and mobile phase for chromatography of
compound 26

Sr. no. Yield (%) Mp (°C) Mobile phase and Ry
26 76.4 84-86 Chloroform-methanol
(291g) (2:0.1) Ry = 0.86

To 1.5g (0.013mol) of furan-2-carboxylic acid 18 dis-
solved in 10mL of chloroform in a two-neck 100 mL
flask equipped with a dropping funnel and reflux con-
denser attached with a calcium chloride guard tube,
1.55 g (0.013 mol) thionyl chloride was added and it was
refluxed for 1h. The mixture was cooled to 0-5°C and
to it was added a solution of 2.63 g (0.013 mol) 4-amino-
1,5-dimethyl-2-phenyl-1,2-dihydro-pyrazol-3-one 27 and
2g (0.026 mol) pyridine in 30mL chloroform in a
dropwise manner over a period of 15 min. The reaction
mixture was then stirred at room temperature for 2 h. It
was then washed thrice with brine and dried over
anhydrous sodium sulfate. The dried extract was dis-
tilled off in rotary vacuum to recover the solvent. The
crude product 28 was further purified by column chro-
matography. The yield, melting point, and mobile phase
for compound 28 are shown in Table 7. IR (cm™'): 3217,
3137.9, 1654.5, 16439, 1587.5, 1490.4; 'H NMR
(CDCl3) 6 ppm: 2.3 (s, 3H), 3.1 (s, 3H), 6.48 (d, 1H),
7.15-7.47 (m, 7H), 8.20 (s, 1H); MS (m/z): 297 (M™),
187, 95 (100), 77; HPLC purity (%): 99.24.

6.7. General procedure for the synthesis of compounds
35-40

Appropriately substituted toluene 29-34 was dissolved
in 50mL of dry carbon tetrachloride. To this solution
was added an equivalent mole of N-bromosuccinimide
(NBS) and 0.05g (0.0002 mol) of benzoyl peroxide and
the mixture was refluxed for 4-12h. After cooling, the
succinimide was removed by filtration and the filtrate
was concentrated under vacuum. The crude bromo-
methyl derivatives were used in subsequent syntheses
without further purification. The structures of the
compounds synthesized according to this method are
given in Table 8.

6.7.1. 4-Nitro-benzylbromide (35). The title compound
was synthesized according to the general procedure
using 3g (0.021 mol) of 4-nitro-toluene 29, 3.73g
(0.021 mol) of NBS, and 0.05g (0.0002 mol) of benzo-
ylperoxide. The reaction mixture was refluxed for 4h.
The product (3.57g) was obtained as lachrymatory
yellow needles.

Table 7. The yield, mp, and mobile phase for chromatography of
compound 28

Sr. no. Yield (%)
28 78.12

Mp (°C)
136-138

Mobile phase and Ry

Chloroform-methanol
(1:0.1) Ry = 0.57
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Table 8. Structures, yield, mp, and mobile phase for TLC and of compounds 35-40

R-CH,Br
35-40
Sr. no. R Yield (%) Mp (°C) Mobile phase and Ry
35 4©7N02 75.7 94-96 Chloroform R; = 0.82
36% OBr 70.2 64-66 Hexane Ry = 0.78
37 — 73.6 80-84 Chloroform R; = 0.84
N
\_/
382 @ 40.3 42-44 Chloroform R; = 0.9
O,N
39 @ 53.7 Yellow oil Chloroform R; = 0.91

407 78.5

Chloroform R; = 0.79

6.7.2. 4-Bromo-benzylbromide (36). The title compound
was synthesized according to the general procedure
using 3g (0.017mol) of 4-bromo-toluene 30, 3.02g
(0.017mol) of NBS, and 0.05g (0.0002mol) of ben-
zoylperoxide. The reaction mixture was refluxed for 4 h.
The product (3.07g) was obtained as lachrymatory
brown needles.

6.7.3. 8-Bromomethyl-quinoline (37). The title compound
was synthesized according to the general procedure
using 3 g (0.02mol) of 8-methyl-quinoline 31, 3.55gm
(0.02mol) of NBS, and 0.05g (0.0002 mol) of benzoyl-
peroxide. The reaction mixture was refluxed for 6 h. The
product (3.42g) was obtained as lachrymatory pale
brown crystals.

6.7.4. 2-Nitro-benzylbromide (38). The title compound
was synthesized according to the general procedure
using 3g (0.021mol) of 2-nitro-toluene 32, 3.73g
(0.021 mol) of NBS, and 0.05g (0.0002mol) of ben-
zoylperoxide. The reaction mixture was refluxed for
12 h. The product (1.90 g) was obtained as lachrymatory
orange oil that crystallized upon keeping in refrigerator
for 2 h.

6.7.5. 2-Chloro-benzylbromide (39). The title compound
was synthesized according to the general procedure

using 3 g of 2-chloro-toluene 33, 4.21g (0.023 mol) of
NBS, and 0.05g (0.0002 mol) of benzoylperoxide. The
reaction mixture was refluxed for 10h. The product
(2.61 g) was obtained as lachrymatory yellow oil that
crystallized upon keeping in refrigerator for 2 h.

6.7.6. 4'-Bromomethyl-biphenyl-2-carbonitrile (40). The
title compound was synthesized according to the general
procedure using 3 g (0.015 mol) of 4-methyl-biphenyl-2-
carbonitrile 34, 2.66g (0.015mol) of NBS, and 0.05g
(0.0002mol) of benzoylperoxide. The reaction mixture
was refluxed for 4h. The product (3.31 g) was obtained
as white amorphous powder.

6.8. General procedure for the synthesis of compounds
4349

To 1g (0.006 mol) of 1H-indole-2,3-dione (isatin) 41
dissolved in 30mL acetonitrile was added 1.65g
(0.012mol) of potassium carbonate and O0.1g
(0.0006 mol) potassium iodide and the mixture was
stirred at room temperature for 30 min. To this mixture
was then added 0.006 mol of appropriately substituted
bromomethyl derivative 35-40 dissolved in 20mL ace-
tonitrile, in a dropwise manner over a period of 15 min
and the mixture was stirred at room temperature for 2—
4h. The product was purified by column chromatogra-
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phy. The structures of compounds synthesized by this
method are given in Table 9.

6.8.1. 1-(4-Nitro-benzyl)indole-2,3-dione (43). The title
compound was synthesized according to the general
procedure using 1g (0.006 mol) of 1H-indole-2,3-dione
and 1.29 g (0.006 mol) of 4-nitro-benzylbromide 35. The
reaction mixture was stirred at room temperature for
2h. The product (1.6g) was obtained as orange red
amorphous powder. IR (cm™'): 2979.9, 2876.6, 1733.6,
1697, 1557.1, 1514.6, 1368.8, 1308; '"H NMR (CDCl;) &
ppm: 5.1 (s, 2H), 6.72 (d, 1H), 7.15 (t, 1H), 7.53 (t, 3H),
7.67 (d, 1H), 8.23 (d, 2H); MS (m/z): 282 (M), 146, 90
(100), 78; HPLC purity (%): 99.92.

6.8.2. 1-(4-Bromo-benzyl)indole-2,3-dione (44). The title
compound was synthesized according to the general
procedure using 1g (0.006 mol) of 1H-indole-2,3-dione

and 1.5 g (0.006 mol) of 4-bromo-benzylbromide 36. The
reaction mixture was stirred at room temperature for
2h. The product (1.69g) was obtained as orange red
crystalline powder. IR (cm™'): 3052.9, 1727.4, 1599.9,
1465.9, 754.6; '"H NMR (CDCls) é ppm: 4.9 (s, 2H), 6.75
(d, 1H), 7.1 (t, 1H), 7.22 (d, 2H), 7.5 (m, 3H), 7.65 (d,
1H); MS (m/z): 316 (M"), 315 (M-1), 236 (M—80), 169,
146 (100), 90; HPLC purity (%): 99.33.

6.8.3. 1-(Quinolin-8-ylmethyl)indole-2,3-dione (45). The
title compound was synthesized according to the general
procedure using 1g (0.006 mol) of 1H-indole-2,3-dione
and 1.33 g (0.006 mol) of 8-bromomethyl-quinoline 37.
The reaction mixture was stirred at room temperature
for 3.5h. The product (1.50 g) was obtained as dark red
crystals. IR (cm™'): 3046.7, 1733.6, 1612, 1472.1; 'H
NMR (CDCls) 6 ppm: 5.7 (s, 2H), 7.0-7.8 (m, 8H), 8.2
(d, 1H), 9.0 (d, 1H); MS (m/z): 288 (M™), 155 (100), 142,
129, 90; HPLC purity (%): 94.87.

Table 9. Structures, yield, mp, and mobile phase for TLC and column chromatography of compounds 43-49

LA

N

R
43-49
Sr. no. R Yield (%) Mp (°C) Mobile phase and Ry
43% 4®7N02 83.6 190-192 Chloroform Ry = 0.48
44 OBr 79.2 178-180 Chloroform Ry = 0.8
45 — 77.3 130-135 Chloroform R; = 0.36
N
N\ /
46 @ 72.8 185-187 Chloroform Ry = 0.66
O,N
47 4@ 70.4 158-160 Chloroform R; = 0.82
Cl
48 87.4 200-202 Chloroform R; = 0.66
NC
HOOC
49% 67.9 195-197 Chloroform-methanol (1:0.1) Ry = 0.63

2
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6.8.4. 1-(2-Nitro-benzyl)indole-2,3-dione (46). The title
compound was synthesized according to the general
procedure using 1g (0.006 mol) of 1H-indole-2,3-dione
and 1.29 g (0.006 mol) of 2-nitro-benzylbromide 38. The
reaction mixture was stirred at room temperature for
4h. The product (1.39g) was obtained as orange red
crystalline powder. IR (ecm~!): 3077.1, 1733.6, 1612,
1520.8, 1453.8, 1344.3; '"H NMR (CDCl;) é ppm: 5.4 (s,
2H), 6.7 (d, 1H), 7.16-7.71 (m, 6H), 8.2 (d, 1H); MS
(m/z): 282 (M™), 236 (M—46), 146 (100), 135, 90; HPLC
purity (%): 99.15.

6.8.5. 1-(2-Chloro-benzyl)indole-2,3-dione (47). The title
compound was synthesized according to the general
procedure using 1g (0.006 mol) of 1H-indole-2,3-dione
and 1.23g (0.006 mol) of 2-chloro-benzylbromide 39.
The reaction mixture was stirred at room temperature
for 4h. The product (1.29 g) was obtained as orange
crystalline powder. IR (cm™'): 3046.7, 1745.7, 1612,
1472.1,760.8; "H NMR (CDCls) 6 ppm: 5.1 (s, 2H), 6.77
(d, 1H), 7.1-7.67 (m, 7H); MS (m/z): 271 (M"), 236
(M-35, 100), 146, 125, 90; HPLC purity (%): 99.33.

6.8.6. 4'-(2,3-Dioxo0-2,3-dihydro-indol-1-ylmethyl)-biphen-
yl-2-carbonitrile (48). The title compound was synthe-
sized according to the general procedure using 1g
(0.006 mol) of 1H-indole-2,3-dione and 1.63g
(0.006 mol) of 4'-bromomethyl-biphenyl-2-carbonitrile
40. The reaction mixture was stirred at room tempera-
ture for 2h. The product (2 g) was obtained as orange
amorphous powder. IR (cm™"): 3052.9, 2225.9, 1745.7,
1612, 1472.1; '"H NMR (CDCl;) 6 ppm: 5.0 (s, 2H), 6.84
(d, 1H), 7.1-7.67 (m, 10H), 7.77 (d, 1H); MS (m/z): 338
(M*), 192, 177, 146 (100), 90, 77; HPLC purity (%): 99.25.

6.8.7. 4-(2,3-Dioxo0-2,3-dihydro-indol-1-ylmethyl)-biphen-
yl-2-carboxylic acid (49). To a mixture of 0.5g
(0.0014mol) of 4'-(2,3-dioxo-2,3-dihydro-indol-1-yl-
methyl)-biphenyl-2-carbonitrile 48 and 25 mL water was
added 0.24 g (0.004 mol) of potassium hydroxide and the
mixture was heated at 100-110 °C for 5h. After cooling
in an ice bath, it was acidified with dilute hydrochloric
acid (10%) to get the crude product 49. The product
(0.358 g) was purified by column chromatography. IR
(cm™1): 3375.1, 3162.3, 2919.1, 1739.5, 1642.4, 1599.9,
1465.9; '"H NMR (CDCl;+DMSO-ds) 6 ppm: 5.0 (s,
2H), 6.84 (d, 1H), 7.1-7.66 (m, 10H), 7.73 (d, 1H); MS
(m/z): 356 (M"), 339 M-17), 311 (M-45), 210, 146
(100), 90, 77, HPLC purity (%): 98.92.

6.9. General procedure for the synthesis of compounds
52-55

To 1 g (0.0059 mol) of benzothiazole-2-thiol dissolved in
30mL acetonitrile was added 1.52g (0.011 mol) of
potassium carbonate and 0.1 g potassium iodide and the
mixture was stirred at room temperature for 15min. To
this mixture was then 0.0059mol of appropriately
substituted bromomethyl derivative 35-37, 40 dissolved
in 20mL acetonitrile, in a dropwise manner over a
period of 20min and the mixture was stirred at room
temperature for 1-2h. The product was purified by
column chromatography. The structures of compounds
synthesized by this method are given in Table 10.

6.9.1. 2-(4-Nitro-benzylthio)-benzothiazole (52). The title
compound was prepared according to the general pro-
cedure using 1g (0.0059 mol) of benzothiazole-2-thiol
and 1.27g (0.0059 mol) of 4-nitro-benzylbromide 35.

Table 10. Structures, yield, mp, and mobile phase for TLC and column chromatography of compounds 52-55

b
R

52 -55
Sr. no. R Yield (%) Mp (°C) Mobile phase and Ry
5240 4@* NO, 92.4 72-176 Chloroform R; = 0.88
53 —OBr 88.3 74-78 Chloroform R; = 0.9
54 — 83.6 68-70 Chloroform Ry = 0.82
N
N/
NC
55 94.7 120-125 Chloroform R; = 0.85
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The reaction mixture was stirred at room temperature
for 1 h. The product (1.67 g) was obtained as pale yellow
amorphous powder. IR (cm™'): 3065, 1593.7, 1514.6,
1457.5, 1344.3; '"H NMR (CDCl3) § ppm: 4.67 (s, 2H),
7.20-8.23 (m, 8H); MS (m/z): 302 (M*, 100), 256
(M—-46), 223 (M-179), 166, 135, 78; HPLC purity (%):
99.92.

6.9.2. 2-(4-Bromo-benzylthio)-benzothiazole (53). The
title compound was prepared according to the general
procedure using 1g (0.0059 mol) of benzothiazole-2-
thiol and 1.47 g (0.0059 mol) of 4-bromo-benzylbromide
36. The reaction mixture was stirred at room tempera-
ture for 1h. The product (1.77 g) was obtained as pale
yellow crystalline powder. IR (cm™'): 3052.9, 1453.8,
1423.4, 748.7; '"H NMR (CDCl;) § ppm: 4.55 (s, 2H),
7.29-7.45 (m, 6H), 7.75 (d, 1H), 7.90 (d, 1H); MS (m/z):
337 (M+1), 336 (M*), 255 (M-81), 169 (100), 167;
HPLC purity (%): 96.22.

6.9.3. 2-(Quinolin-8-ylmethylthio)-benzothiazole (54).
The title compound was prepared according to the
general procedure using 1 g (0.0059 mol) of benzothiaz-
ole-2-thiol and 1.309 g (0.0059 mol) of 8-bromomethyl-
quinoline 37. The reaction mixture was stirred at room
temperature for 2h. The product (1.53 g) was obtained
as pale yellow amorphous powder. IR (cm™'): 2925.1,
1490.4, 1460; 'H NMR (CDCl3) § ppm: 5.29 (s, 2H),
7.26-8.25 (m, 9H) 9.0 (d, 1H); MS (m/z): 308 (M*), 275
(M-33), 243 (M—-65), 141 (100); HPLC purity (%): 93.27.

6.9.4. 4'-(Benzothiazol-2-ylthiomethyl)-biphenyl-2-carbo-
nitrile (55). The title compound was prepared according

to the general procedure using 1 g (0.0059 mol) of ben-
zothiazole-2-thiol and 1.60 g (0.0059 mol) of 4'-bromo-
methyl-biphenyl-2-carbonitrile 40. The reaction mixture
was stirred at room temperature for 1 h. The product
(2.02 g) was obtained as white amorphous powder. IR
(cm™"): 3028.6, 22259, 1453.8, 1423.4; 'H NMR
(CDCl;) 6 ppm: 4.67 (s, 2H), 7.29-7.92 (m, 12H); MS
(m/z): 358 (M), 325 (M-33), 192 (100), 166; HPLC
purity (%): 99.25.

6.10. General procedure for the synthesis of compounds
56-59

To 1 g of sulfide 52-55 dissolved in 25mL of dichloro-
methane and maintained at 0-5 °C was added a solution
of equivalent 3mol of m-chloroperbenzoic acid dis-
solved in 15mL of dichloromethane in a dropwise
manner over a period of 10min and the reaction was
first stirred at 0-5°C for 1h and then at room temper-
ature for 10-15 h. The reaction mixture was washed with
a 25mL saturated solution of sodium bisulfite, 25 mL
saturated solution of sodium carbonate, and then twice
with brine. It was dried over anhydrous sodium sulfate
and solvent was recovered under vacuum. The crude
sulfone 5659 was further purified by column chroma-
tography. The structures of compounds synthesized by
this method are given in Table 11.

6.10.1. 2-(4-Nitro-phenylmethanesulfonyl)-benzothiazole
(56). The title compound was synthesized according
to the general procedure by using 1g (0.0033 mol)
of 2-(4-nitro-benzylthio)-benzothiazole 52 and 1.70g
(0.0099 mol) of MCPBA. The reaction mixture was
stirred at room temperature for 12h. The product

Table 11. Structures, yield, mp, and mobile phase for TLC and column chromatography of compounds 56-59

i
S
C[ T\
(0] R
56 - 59
Sr. no. R Yield (%) Mp (°C) Mobile phase and R¢
56 4@* NO, 65.4 175-178 Chloroform Ry = 0.48
57 OBF 61.8 160-164 Chloroform-hexane (1:1) Ry = 0.53
58 — 53.5 138-140 Chloroform Ry = 0.63
N
\_/
NC
59 62 152-154 Chloroform-hexane (1:1) Ry = 0.3
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Table 12. Calculated LeapFrog binding energies (BE) versus experi-
mentally determined ICs, values

Compd 3'-Processing 3'-Strand transfer
BE (kJ/mol) 1Csy (mM) BE (kJ/mol) ICsy (mM)

4 —-500.2 1 -561.3 1

5 -523.6 >1 —449.2 >1

6 —558.1 0.86£0.12 —587.5 0.85%0.13

7 -595.3 0.863; 0.98 —528.6 0.9; 1

20 —450.8 >1 -515.9 >1

21 -378.5 >1 —453.8 >1

22 —418.8 >1 —548.1 >1

23 —-1354.8 0.45+0.11  -1298.3 0.45+0.06

26 —-1082.4 0.52£0.26 -917.2 0.65%0.08

28 -523.7 >1 —-624.6 >1

43 —-1190.7 0.500 —-1324.6 0.333

44 —438.2 0.900 —886.4 0.600

45 —449.7 1.000 —845.3 0.700

46 -693.2 0.800 -897.3 0.600

47 —689.3 0.800 -900.8 0.600

48 —484.3 >1 —498.2 >1

49 —-510.5 0.900 -918.6 0.600

52 —-534.6 >1 -634.7 >1

53 —445.3 >1 —473.5 >1

54 —-325.6 >1 —467.9 >1

55 —446.9 >1 —414.7 >1

56 -370.3 >1 —473.5 >1

57 —489.2 >1 -353.1 >]

58 -395.7 >1 —461.0 >1

59 -934.8 0.700 -925.4 0.700

(0.722 g) was obtained as pale yellow amorphous pow-
der. IR (cm™!): 2967.7, 1520.8, 1465.9, 1344.3, 1149.8;
'H NMR (CDCl;) é ppm: 4.87 (s, 2H), 7.49 (d, 2H),
7.60-7.70 (m, 2H), 7.97 (d, 1H), 8.15 (d, 2H), 8.25 (d,
IH); MS (m/z): 334 (M), 270 (M-64), 269 (M-65,
100), 167, 136; HPLC purity (%): 94.87.

6.10.2. 2-(4-Bromo-phenylmethanesulfonyl)-benzothiazole
(57). The title compound was synthesized according
to the general procedure by using 1g (0.0029 mol)
of 2-(4-bromo-benzylthio)-benzothiazole 53 and 1.50¢g
(0.0087mol) of MCPBA. The reaction mixture was
stirred at room temperature for 10h. The product
(0.676 g) was obtained as white amorphous powder. IR
(cm™1): 2973.8, 1478.3, 1332.2, 1137.7, 639.2; 'H NMR
(CDCl) 6 ppm: 4.71 (s, 2H), 7.14 (d, 2H), 7.41 (d, 2H),
7.58-7.68 (m, 2H), 7.96 (d, 1H), 8.24 (d, 1H); MS (m/z):
369 (M+1), 368 (M*), 304 (M—-64), 198, 169 (100);
HPLC purity (%): 91.33.

6.10.3.  2-(Quinolin-8-ylmethanesulfonyl)-benzothiazole
(58). The title compound was synthesized according
to the general procedure by using 1g (0.0032mol) of
2-(quinolin-8-ylmethylthio)-benzothiazole 54 and 1.65¢g
(0.0096 mol) of MCPBA. The reaction mixture was
stirred at room temperature for 15h. The product
(0.59 g) was obtained as white amorphous powder. IR
(cm™1): 2919.1, 1460, 1320.1, 1149.8; 'H NMR (CDCls)
0 ppm: 5.59 (s, 2H), 7.19-8.13 (m, 9H), 8.47 (d, 1H); MS
(m/z): 390 (M), 325 (M—-65), 192 (100), 165; HPLC
purity (%): 93.61.

6.10.4.  4'-(Benzothiazole-2-sulfonylmethyl)-biphenyl-2-
carbonitrile (59). The title compound was synthesized
according to the general procedure by using lg
(0.0027 mol) of 4'-(benzothiazol-2-ylthiomethyl)-biphen-
yl-2-carbonitrile 55 and 1.4g (0.0081 mol) of MCPBA.
The reaction mixture was stirred at room temperature
for 10h. The product (0.675g) was obtained as white
amorphous powder. IR (cm™'): 2973.8, 2225.9, 1465.9,
1320.1; '"H NMR (CDCls) 6 ppm: 4.82 (s, 2H), 7.39 (d,
2H), 7.43-7.67 (m, 7H), 7.73 (d, 1H), 7.96 (d, 1H), 8.27
(d, 1H); MS (m/z): 341 (M+1), 276 (M—64, 100), 198,
142; HPLC purity (%): 99.15.

7. Anti-HIV-1 integrase activity testing*'~’

The HIV-1 integrase inhibitory activity of these com-
pounds was evaluated in vitro as follows:

IN Assay. IN was preincubated at a final concentration
of 200nM with the inhibitor in reaction buffer [SO mM
NaCl, 1mM HEPES, pH7.5, 50uM EDTA, 50uM
dithiothreitol, 10% glycerol (w/v), 7.5mM MnCl,,
0.1 mg/mL bovine serum albumin, 10mM 2-mercap-
toethanol, 10% dimethyl sulfoxide, and 25mM 3-(N-
morpholino) propanesulfonic acid (MOPS), pH 7.2] at
30°C for 30 min. Then, 20 nM of the 5-end 32P-labeled
linear oligonucleotide substrate was added, and incu-
bation was continued for an additional 1h. Reactions
were quenched by the addition of 8§ pL of loading dye
(98% deionized formamide, 10mM EDTA, 0.025%
xylene cyanol, 0.025% bromophenol blue). An aliquot
(5 uL) was electrophoresed on a denaturing 20% poly-
acrylamide gel (0.09M Tris-borate, pHS8.3, 2mM
EDTA, 20% acrylamide, 8 M urea). Gels were dried,
exposed in a Molecular Dynamics Phosphorlmager
cassette, and analyzed using a Molecular Dynamics
PhosphorImager (Sunnyvale, CA). Percent inhibition
was calculated using the following equation:

%I =100 x [1 — (D—-C)/(N - C)],

where C, N, and D are the fractions of 21-mer substrate
converted to 19-mer (3’-processing product) or 3'-strand
transfer products for DNA alone, DNA plus IN, and IN
plus drug, respectively. ICsy values were determined by
plotting the drug concentration versus percent inhibition
and determining the concentration that produced 50%
inhibition.
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