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Abstract On the basis of our earlier work, fortyone 5-N-
substituted-2N-(substituted benzenesulphonyl)-L(+)gluta-
mines were synthesized and screened for cancer cell inhi-
bitory activity. The best active compounds showed 91%
tumor cell inhibition, whereas other three compounds
showed more than 80% inhibition. Two-dimensional
quantitative structure—activity relationship modeling and
three-dimensional quantitative structure—activity relation-
ship k-nearest neighbor molecular field analysis studies
were done to get an insight into structural requirements
toward further improved anticancer activity. Considering
the fact that these compounds are competitive inhibitors of
glutaminase, a molecular docking study followed by
molecular dynamic simulation analysis were performed.
The work may help to develop new anticancer agents.
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Introduction

Due to the utilization in malignant cells both for an
anaplerotic compound and for its reductive power
(DeBerardinis et al. 2008a, b), glutamine is found to be a
crucial nutrient for the rapidly growing cells (Newsholme
et al. 2003; Turner and McGivan 2003; Martin et al. 1998;
Wasa et al. 1996; Matsuno and Hirai 1989; Bhattacharya
and Maity 2000). Glutamine plays an important role in
tumor cell growth by supplying its amide nitrogen atom.
It is observed in the biosynthesis of other amino acids,
purine, pyrimidine, amino sugar and coenzymes (Zalkin and
Smith 1998) with versatile mechanisms (Massiere and
Badet-Denisot 1998). Glutamine provides multiple con-
tributions by participating in protein, purine, and pyrimidine
metabolisms. Almost one third of the circulating amino
acids and nitrogen are transported by glutamine. It was also
found to be a principal carrier of nitrogen from the skeletal
muscles to the visceral organs (Klimberg and McClellan
1996). The levels of glutamine are undetectable in malig-
nant strains of Earlich Ascite tumor cells (EATC) and ascite
fluids (Marquez et al. 1989). Nevertheless, several reports
revealed that glutamine transporter ASTC2 is overexpressed
in gliomas, colorectal carcinoma, hepatoma, and neurobal-
stoma, and hence, a high glutamine uptake is found in
different cancer cells (Huang et al. 2014; Xie et al. 2014,
Hassanein et al. 2013; Ogura et al. 2011; Dolinska et al.
2003; Wasa et al. 2002; Witte et al. 2002). Moreover,
glutamine is also found to modulate gene expression on
different tissues. It triggers antiapoptotic Bcl-2 protein and
helps to inhibit proapoptotic CD95 which, in turn, pro-
tecting these cells from apoptosis and thus, aids in malig-
nancy (Chang et al. 2002). Furthermore, the higher level of
glutamine catabolism by glutaminase enzyme has been
proved to be a crucial feature of tumors in different origins.
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During the exponential phase of cellular growth in several
neoplasms, phosphate dependent kidney type glutaminase
(KGA) activity was found to be the highest (Lu et al. 2010;
Szeliga and Obara-Michlewska 2009). In rapidly pro-
liferating cells of rat and human hepatomas, EATCs, human
breast cancer cells and in human leukemias, KGA isoform
is found to be highly overexpressed. Not only that, inhibi-
tion of KGA in EATCs activated apoptosis and sensitized
these cells to hydrogen peroxide and methotrexate toxicity.
Thus, inhibition of enzyme glutaminase is a potential target
for anticancer therapy (Szeliga and Obara-Michlewska
2009). Therefore, it may be hypothesized that compounds
which are able to reduce the uptake and utilization of glu-
tamine and also may block or inhibit glutaminase in
malignant cells, may elicit considerable anticancer poten-
cies. In this article, we report some new 5-N-substituted-2-
N-(substituted benzenesulphonyl)-L(+) glutamines as pos-
sible anticancer agents and also to explore theoretically the
effect of these compounds on glutaminase enzyme. The
general structure of 5-N-substituted-2-N-(substituted ben-
zenesulphonyl)-L(+) glutamines is shown in Fig. 1.

This work is done as a part of our composite program of
rational drug design and development (Adhikari et al. 2015;
Kumar et al. 2015; Mondal et al. 2015; Das et al. 2015a, b;
Hazra et al. 2015; Chatterjee et al. 2015; Chakraborty et al.
2015; Halder et al. 2015; Adhikari et al. 2014; Mondal et al.
2014; Chakraborty et al. 2014; Kumar et al. 2014; Chat-
terjee et al. 2014; Das et al. 2014; Adhikari et al. 2013a, b;
Halder et al. 2013a, b; Mondal et al. 2013; Adhikari et al.
2012). The newly synthesized compounds were character-
ized and biologically evaluated by in vivo method con-
sidering the percent tumor cell inhibition (%TCI) as
the biological activity parameter. To understand crucial
structural and physicochemical factors responsible for
the antitumor activities, two-dimensional quantitative
structure—activity —relationship (2D-QSAR) and three-
dimensional quantitative structure—activity relationship
(3D-QSAR) studies were performed. It was assumed that
glutaminase is one of the targets of this series of com-
pounds. Therefore, molecular docking and molecular
dynamic simulation-based theoretical approaches were

Fig. 1 General structure 5-N-substituted-2-N-(substituted benzene-
sulphonyl)-L(+) glutamines
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taken to understand the possible interactions of the best
active compounds with the enzyme. In this attempt, the
X-ray crystallographic structure of human glutaminase was
docked with the best active compound and the ligand
receptor interactions were reported. The stability of the
docked ligand-receptor complex was analyzed by mole-
cular dynamics (MD) simulation.

Materials and methods
Chemistry

The preparations of the title compounds were carried out in
four steps. The work started with the chlorosulphonylation
of benzene derivatives (1-7) to obtain corresponding sub-
stituted benzenesulphonyl chlorides (8-14) (Huntress and
Carten 1940). These benzenesulphonyl chlorides (8-14)
were separately condensed with L(+) glutamic acid to get
2-N-(substituted benzenesulphonyl)-L(+4) glutamic acids
(15-21). In this condensation, the reaction medium was
maintained alkaline by 2N NaOH solution so that the
hydrochloric acid formed during the reaction was removed.
Cyclization of the resulting diacids (15-21) with acetyl
chloride produced 1-N-(substituted benzenesulphonyl)-5-
oxopyrrolidine-2-carboxylic acids (22-28). Aminolysis of
these monoacids (22-28) with different amines resulted in
the corresponding glutamine analogs (29-69). The route of
synthesis is presented in Fig. 2.

Chemical characterization of all these compounds
(29-69) was done by both analytical and spectrometric
methods. Melting points of these compounds (29-69) were
measured and verified by Mel-Temp Electrothermal
apparatus-a capillary melting point apparatus and CTRO-
NICS—a digital melting point apparatus. Structures of these
synthesized final compounds were confirmed by infrared
(IR)-, nuclear magnetic resonance (NMR)-, and mass
spectroscopy as well as by the elemental analysis. All final
compounds as well as L(+4)-glutamic acid showed optical
activity when observed in a polarimeter. IR spectra of these
synthesized compounds (29-69) were recorded on SHI-
MADZU FTIR—8400 S Model by using KBr pellets. 1H
NMR spectra were recorded at 25 °C in the pulsed Fourier
Transformation mode on Bruker DRX 300 MHz NMR
spectrometer. Chemical shifts are recorded in § ppm (parts
per million) in comparison with tetramethylsilane (Me4Si)
as the internal standard for solutions in deuterated dime-
thylsulfoxide (DMSO-d6). Splitting patterns are represented
as s (singlet), d (doublet) and m (multiplet). Positions of
hydrogen described in 1H NMR interpretation are as per
the general structure (Fig. 1) and substitutions at the R4
position are designated as the superscript “"” (double dash).
All these reaction steps were monitored by the analytical
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Fig. 2 General synthetic procedures of 5-N-substituted-2-N-(substituted benzenesulphonyl)-L(+) glutamines (29-69)

thin layer chromatography done on silica gel G plates. The
spots were identified by keeping the thin layer chromto-
graphic plates in iodine chamber.

Pharmacological activity

Biological evaluation of all these synthesized final com-
pounds (29-69) was performed for their anticancer activ-
ities against Erlich ascites carcinoma (EAC) cells in Swiss
Albino mice (Samanta et al. 2004). Female Swiss Albino
mice of 10 weeks old with an average body weight of
18-20 g. were used for in vivo biological evaluation. Two
groups of Swiss Albino mice each containing six healthy
female mice (one test and the other control) were considered
for the biological activity. All mice were kept in ambient
room temp (20-27 °C) with basal metabolic diet and water
ad libitum during these experiments. These final compounds
(29-69) were dissolved separately into sterile phosphate
buffer saline for the biological screening. Intraperitonially,
these compounds (29-69) were administered individually
after 24 h incubation of 2 x 10° EAC cells to each mouse.
The total number of tumor cells was counted under a
microscope with the help of a haemocytometer (Marienfeld,
Germany). The mean of Ascites cells/ml was considered for
evaluation of anticancer activity. The %TCI of these com-
pounds (29-69) was determined individually. Mitomycin C,
Azaserin, and DON in sterile phosphate buffers (pH 7.2)
were utilized as standard drugs which showed 100% inhi-
bitions. Mitomycin C was considered as the universal
standard and azaserin as well as DON were chosen as the
specific standard drugs to compare the activity of the test
compounds.

Molecular modeling studies

The synthesized compounds were subjected to molecular
modeling study by different methods such as 2D QSAR,
k-nearest neighborhood-molecular field analysis (kINN-
MFA) 3D QSAR, molecular docking and MD simulation
analyses.

2D-QSAR study

2D-QSAR was performed on 41 synthesized compounds
(29-69) to understand their structural requirements for the
higher anticancer activity.

Biological activity and descriptors

As far as the 2D-QSAR analysis is concerned, the percen-
tage tumor cell inhibition (%TCI) of these fortyone (41)
synthesized compounds (29—69) was considered. These %
TCI values were subsequently converted into the logarith-
mic scale [Log (%TCI)] and used as the dependent para-
meter. For a reliable and predictive 2D-QSAR modeling,
selection of descriptors is the crucial criteria. As the bio-
logical activity and structural variations of these compounds
(29-69) were comparatively less, keeping it in mind, atom-
based descriptors as well as simple whole molecular
descriptors were given importance for understanding the
structural requirements for potential anticancer activity. The
calculation of the atom-based quantum chemical descriptors
was performed on (Chem 3D Pro version 5.0 and Chem
Draw Ultra version 5.0 are programs of Cambridge Soft
Corporation, USA) Chem 3D Pro package (CambridgeSoft
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Fig. 3 Arbitrary numbering of 5-N-substituted-2-N-(substituted ben-
zenesulphonyl)-L(+)glutamines (29-69)

Corporation, U.S.A.) and (Hyperchem Professional Release
7.0 is a computer program developed by Hypercube Inc.,
Gainesville, Florida) Hyperchem Release 7.0 Pro Package
(Hypercube Inc., Gainesville, Florida). Molecules were
numbered arbitrarily (shown in Fig. 3) keeping the serial
number of atoms same in all molecules for atom-based
descriptor calculations.

The energy minimization of these structures was done
individually using molecular mechanical (MM+) force
fields available in both of these softwares without cut-off for
non-bonded interactions, solvation, and constrains. In Chem
3D Pro. Package software, further minimizations and
charge calculations were performed under MOPAC module
according to semi empirical Austin Model 1 (AM1) method
(Leach 2001) using restricted Hartee-Fock (RHF): closed
shell wave function whereas in Hyperchem software, these
energy minimized structures were optimized geometrically
by semi empirical AM1 method (Leach 2001) using the
Polak-Ribiere algorithm with a RMS gradient of 0.1 kcal/A
mol. Wang-Ford charges of these atoms were calculated
from the energy minimized geometry of these compounds
by Chem 3D Pro package software. Frontier electron den-
sities of these atoms were calculated by Hyperchem Release
7.0 Pro Package software. Simple whole molecular
descriptors such as constitutional, atom-based fragments,
geometrical, empirical descriptors were calculated by
(DRAGON web version 2.1 is a QSAR software developed
by Milano Chemometrics and QSAR Research Group,
Dipartimento di Scienze dell’Ambiente e del Territorio
Universitadegli Studi di Milano—Bicocca) Dragon Soft-
ware (Dragon 2.1 web version, Milano Bicocca). The
Verloop STERIMOL parameters like L, B1 and B5 were
collected from the literature (Krogsgaard—Larsen et al.
2002).

Division into training and test sets

Proper splitting of dataset into a test set and a training set is
an essential criterion for unbiased predictive model devel-
opment. In the current 2D-QSAR approach, two splitting
methods, the Y-based ranking method (Hemmateenejad
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2004) and k-means cluster analysis (Tropsha 2003; Snede-
cor and Cochran 1967) techniques were used for this pur-
pose. In the Y-based ranking method, molecules were first
ranked from the higher to the lower values of the observed
biological activity. Then molecules in the 4th, 8th, 12th, and
so on rows were collected and treated as the test set. The k-
means cluster analysis separated and arranged different
objects into groups according to their Euclidian distances in
multidimensional space depending on the biological activity
as well as those descriptors. From these clusters, the test set
compounds were selected randomly.

Multiple regression analysis and variable selection

Multiple stepwise regression analysis was used for the
selection of descriptors (Adhikari et al. 2015; Mondal et al.
2015; Mondal et al. 2014; Adhikari et al. 2014, 2013a, b;
Mondal et al. 2013; Adhikari et al. 2012) by utilizing F
value as the stepping criteria (F = 3.0 for inclusion, F' = 2.9
for exclusion). Intercorrelated independent parameters
(correlation coefficient > 0.50) were not considered and
discarded during model development through stepwise
regression analysis. Regression equations were evaluated by
correlation coefficient (R), adjusted R? (R2a), variance ratio
(F) at specified degrees of freedom (df), probability factor
related to F ratio (p), standard error of estimate (SEE).
Significant level of regression coefficient and intercepts of
all equations were determined by using f-statistics and p-
values of the corresponding parameters.

Validation of the QSAR models

As far as the validation of the developed model was con-
cerned, leave-one-out (LOQO) cross-validation method
(Tetko et al. 2001) was used to validate models. Regarding
the internal predictability parameters of the developed
model, those were justified by predicted residual sum of
squares (PRESS), cross-validated R*> (R’cy), standard
deviation error of prediction (SDEP) and standard error of
PRESS (Spress) Whereas the external predictabilities of
these models were judged by Rzpred values (Golbraikh and
Tropsha 2002). The Ry and the R%p,q value are calculated
according to the following equations:

2
2 E(YObs(Training) - YPred(Training))
Rey =1— 5 (1)
Z (YObs(Training) - Ymean)
2
Y s(Test) — Y] red(Trainin
R123red 11— Z( Obs(Test) Pred (T g)) (2)

Z (YObs(Test) - Ymean ) g

In the Eq. (1), the Y., is the mean activity of the
training set while the Y, Obs(training) and the Ypred(training) are
the experimental and predicted activity values of the
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training set compounds respectively. A high R’cy value
(R*cy > 0.50) indicates a good internal predictive ability of
amodel. In eq. (2) Ypred(esty and Yops(rest) are the predicted
and the observed activity values of the test set compounds
respectively and the Y., is the mean activity of the
training set. The recommended value of Rzpred should be
greater than 0.50 for successful predictability (Golbraikh
and Tropsha 2002). The root mean square (rmz) value (Roy
and Roy 2008) were also taken into consideration as an
external predictability parameter. The recommended ry,>
value should be more than 0.50. The r,,,” is calculated as per
the following equation:

Fm? = 1% % {1 — (r2 - rg)l/z} (3)

In the Eq. (3), 7 is the correlation coefficient between the
observed and the predicted activity whereas r,’ is the cor-
relation coefficient between the observed and the predicted
activity passing through the origin. Applicability domain of
a model is determined by the extent of extrapolation that
considers the leverage values of compounds both in the test
set and the training set in the developed model. Prediction is
considered unreliable for compounds of leverage value
greater than 3p/n where p is the number of model variables
plus one and # is the number of the objects used to calculate
the model (Tropsha et al. 2003). As stepwise regression
procedure is susceptible to chance correlation, randomiza-
tion test is performed where values of observed variance are
scrambled randomly and repeatedly to generate the 2D-
QSAR models. Resulting scores are compared with that
of original 2D-QSAR models (generated from non-
randomized activity values). If the original 2D-QSAR
models are statistically significant, their regression coeffi-
cient (R) should be significantly greater than that of per-
muted data (Deswal and Roy 2006). In the current study, for
95% confidence interval, 19 trials were made (Nargotra
et al. 2009) and average scrambled values were named as
R*scr. The best equation was selected by good internal
predictability (justified by Q%) and external predictability
(justified by Rzp,ed and rmz) for the test set-training set
combinations. An average 07 value of 0.60 and R*peq and
re> value of 0.50 were set as the selection criteria. The
recommended ratio of the number of predictor parameters to
number of data point of 1:5 was maintained in this work
(Walker et al. 2003; Eriksson et al. 2003).

KNN-MFA 3D-OSAR study

The kKNN-MFA is a popular 3D-QSAR technique and it was
utilized for current 3D-QSAR molecular modeling study.
The kNN-MFA 3D-QSAR analysis was done by using
VLife QSAR Plus 1.0 (VLife Sciences and Technologies,
India).

Alignment of molecules

The 3D structures of these compounds were drawn using
the “draw molecule” function in VLife QSAR Plus 1.0
(VLife Science and Technologies, Pune, India). The
MMFF9%4 force field and Gasteiger-Marsili charges fol-
lowed by AM1 (Leach 2001) Hamiltonian method were
used for the energy minimization of individual molecules as
well as for the entire series with the convergence criterion of
0.001 kcal/mol A. The location of each atom is vital for
kNN-MFA study as the descriptor calculation is based on
the 3D-space grid. Therefore, the mode to find out the
conformation of each molecule and the method to align
molecules together are two sensitive conditions to make a
reasonable model. The lowest energy of the most active
molecule of the dataset (compound 59) was selected as the
reference molecule to fit the training set and the test set
compounds by using the align molecules function available
with the software. The resulting aligned molecules were
imported for building kKNN-MFA 3D-QSAR models.

Dataset and sphere exclusion principle

Since a dataset of 41 compounds is a small dataset for kNN-
MFA 3D-QSAR study, earlier reported 53 compounds
(Samanta et al. 2004) are included in the dataset along
with this 41 compounds to get a meaningful 3D-QSAR
study. Selection of the training and the test set for kNN-
MFA 3D-QSAR model was done by considering the fact
that the test set compounds should express diversity in
structures and a range of biological activities similar to the
training set. The whole dataset was divided into the training
set and the test set using sphere exclusion algorithm. This
algorithm allows constructing the training sets covering all
descriptor space areas occupied by representative points
based on dissimilarity value. By setting dissimilarity value
of 6.5, total 16 compounds were isolated from the dataset
and treated as the test set. The remaining 78 compounds
were used as the training set on which the model was
developed.

Descriptor generation

To develop the kKNN-MFA descriptor fields, a 3D cubic
lattice with grid spacing of 2 A in x, y, and z dimensions
were formed to encompass these aligned molecules. The
kNN-MFA descriptors were calculated to generate steric
energies and electrostatic fields with default cut off energy
of 10 and 30kcal/mol respectively with an sp3 carbon
probe atom having a Van der waals radius of 1.52 Aanda
charge of +1.0. Gasteiger-Marsili charge was set for
steric, electrostatic and hydrophobic energy calculations.
The generated kKNN-MFA steric and electrostatic fields were
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scaled by the standard method in the software VLife
QSAR Plus 1.0 (VLife Sciences and Technologies, Pune,
India).

Evaluation of models

The statistical analysis of kNN field was done by the
distance-based weighted average and the predictive value of
the model was evaluated by standard LOO cross validation
method (Tetko et al. 2001). The cross-validated correlation
coefficient served as a measure of the quality of the model.
The predictive * calculation was based on molecules in the
test set and was used to estimate validated 7> by leave-one-
out method (qz), cross-validated standard error (qz_se),
predicted #* for external test set (pred_r) and standard error
for predicted 1 (pred_r’se).

Molecular docking study

As these compounds are analogs of glutamine, it is assumed
that this series of compounds may probably act through the
competitive inhibition of glutaminase enzyme. Based on the
assumption, the best active compound (compound 59) was
docked against the human kidney type glutaminase enzyme
(KGA). Molecular docking study was performed in GOLD
molecular docking tools (Astex Technology, Chembridge,
UK, 2011; Jones et al. 1995).

Protein structure

The X-ray crystallographic structure of human phosphate
dependent kidney type glutaminase (KGA) was docked
with the best active compound (compound 59). The PDB
structure of human glutaminase in complex with L-glutamic
acid (PDB ID 3CZD) was downloaded from the Research
Collaborator for Structural Bioinformatics web site (www.
rscb.org). The X-ray crystal structure had the resolution of
2.40 A. Glutaminase forms a homodimer and each mono-
mer is bifurcated fold with the active site between the two
domains. The first domain is comprised of five stranded
anti-parallel f-sheet surrounded by a-helices and loops
(residues 222-281 and 424-531). The second domain is
completely o-helical (residues 282-423). In the inter-
domain cleft, L-glutamic acid was added to the protein
during crystallization. It made hydrogen bonds with
GIn285, Ser286, Asn335, Glu381, Asn388, Tyrdl4,
Tyrd66, and Val484. The inhibition of human kidney type
glutaminase (KGA) by glutamic acid was reported earlier
(www.rscb.org.; www.thesgc.org/structures/structure_
description/3CZD/).

It was also reported (www.thesgc.org/structures/
structure_description/3CZ) that although Lys289 and
Ser286 are present in close proximity, Ser286 makes
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hydrogen bonding with the carboxyl group of the bound
glutamic acid. Glutamic acid forms hydrophobic interac-
tions with Val484, Ser 286, and Tyr249.

Docking procedure

GOLD v5.0.1 (Astex Technology, Chembridge, UK, 2011)
was used to predict the binding of flexible molecules
to the protein binding site. Generic algorithm incorporated
into GOLD v5.0.1 software was used for the ligand-protein
docking that allows full ligand and partial protein flexibility
(Jones et al. 1997). As far as the docking is concerned,
the ligand binding site was defined as a 8 A radius
from bound ligand and used as an input for GOLD calcu-
lations. Default GOLD fitness functions and default evo-
lutionary parameters such as population size = 100;
selection pressure = 1.1, operations = 1,00,000, island = 2,
niche size = 2, migration = 10, mutation = 95, crossover =
95 were used during docking calculations. Ten docking runs
were performed per structure unless three of the 10 poses
were within 1.5 A RMSD of each other. For understanding
the interaction ability of these compounds, Goldscore was
considered. The more the GOLD fitness score, the better is
the binding ability of the ligand.

MD simulation

As far as the MD simulation was concerned, based on the
docking interactions, it was performed on the apo, glutamic
acid bound and compound-59 bound complexes of gluta-
minase (KGA). The GROMACS 4.0.4 program (Hess et al.
2008; Van Der Spoel et al. 2005) with GROMOS96 43al
force field at constant temperature and pressure ensemble
was used for performing all these simulation analyses. In
the MD simulations, all these protein atoms were sur-
rounded by a cubic water box pf SPC3 water molecules that
extended 10 A away from the protein and periodic boundary
conditions were applied in all directions. These systems
were neutralized with Na™ and C1~ counter ions replacing
the solvent molecules. Energy minimization was performed
using the steepest descent algorithm for 10000 steps. A 100
ps position restrained MD simulation was performed for
every system followed by 500 ps production of MD simu-
lations with a time step of 2 fs a constant pressure (1 atm)
and temperature (300 K). The electrostatic interaction was
calculated by the Particle-Mesh Ewald (PME) method. All
bonds were constrained using LINCS algorithm. The
GROMACS topology for the ligands was obtained from
PRODRG web server. The stability of the protein com-
plexes in the MD simulation was also monitored using the
root mean square deviation (RMSD) calculation with
respect to their initial structure. The RMSD of glutaminase-
glutamic acid substrate complex showed the lowest value
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compared to all other systems. The complex of glutaminase
and the best active compound (compound 59) showed
considerably lower RMSD value which indicates the
stability of this complex. All complexes in these simulations
except the apoform of the enzyme converged at around
2.0A.

Results and discussion
Chemistry

Substituted benzenesulphonyl chlorides (8-14) were pre-
pared from the corresponding substituted benzenes (1-7)
through chlorosulphonylation (Huntress and Carten 1940).
To obtain 2-N-(substituted benzenesulphonyl)-L(+) glu-
tamic acids (15-21), these sulphonyl chlorides (8—14) were
condensed separately with L(+4) glutamic acid. During the
condensation process, alkaline medium (2N NaOH) was
maintained that helped to remove hydrochloric acid
formed. The resulting diacids (15-21) were subjected to
cyclization reaction with acetyl chloride to get 1-N-(sub-
stituted benzenesulphonyl)-5-oxopyrrolidine-2-carboxylic
acids (21-28). Aminolysis of these monoacids (21-28)
separately with various amines produced the corresponding
glutamine analogs (29-69) (Fig. 1).

The route of synthesis of these glutamines (29—69) was
presented schematically in Fig. 2. The structures and phy-
sical data of the intermediate compounds are shown in
Table 1.

The structures and physical data of the final compounds
(29-69) are shown in Table 2.

All title compounds (29-69) were obtained as crystalline
solids with appreciable yields except two (compounds 35
and 36). Spectral and elemental analysis data of all the final
compounds (29-69) are shown below:

Compound 29

Yield 44.74%, M. P. 174176 °C, MS (FAB):M+H" peak
at m/z 407. IR (KBr, cm™'): 3103 (N-H str. of CONH),
2925 (ali C-H str.), 1755(C=0 str.), 1697, 1450 (ali C-H
def)), 1481, 1367 (NO, str.), 1340(S=0 str. of SO,NH,
asymmetric), 1176 (S=O str. of SO,NH, symmetric), 1087,
1024, 958, 756 (Ar—-C-H def.). 'H NMR (300 MHz,
CDCI3): § 12.65 (s, 1H, COOH), 6 8.23-7.9 (m, 4H,
nitrobenzyl protons), 7.87 (dd, J=13.3, 2H, H-2', H-6),
7.72 (d, 1H, H-4"), § 7.42(dd, 2H, J=5.7, H-3', H-5"), §
3.78 (m, 1H, H-2), 6 2.19 (m, 2H, H-4), § 2.11-1.99
(m, 2H, HA-3, HB-3). Anal. (C, H, N) calcd: 50.12, 4.17,
10.32; found: 50.31, 4.67, 10.39

Table 1 Physical data of the intermediate compounds (8-28)

Cpd® R1 R2 R3 Mp(°C) % Yield Molecular
formula
8 H H H Liquid b CHsSO,Cl1
9 H OCH; H 40-42 71.32 C,H,S0;Cl
10 OCH; H OCH; 105-108 91.56 CgHoSO,Cl
11 CH; CHj; H Liquid  79.57 CgHoSO,Cl
12 H i-C4Hy H Liquid  81.26 C,0H13S0,Cl
13 H F H Liquid  80.44 CgH4SO,CIF
14 CH; H CH; Liquid 97.56 CgHoSO,Cl
15 H H H 125-127 84.56 C11H306NS
16 H OCH; H 75-78 37.75 Cy,H;50,NS
17 OCH; H OCH; 87-89 50.52 Cy3H;70gNS
18 CH; CH; H 135-141 49.92 C13H;706NS
19 H i-C4Hy H 132-134 85.53 Cy5sH,O6NS
20 H F H 125-127 78.93 C;1H,06NSF
21 CH; H CH; 102-104 82.46 Cy3H1706NS
22 H H H 145-147 56.66 Cy1H11NOsS
23 H OCH; H 95-97 81.53 C2H13NO6S
24 OCH; H OCH; 124-126 82.26 Cy3H;s5 NO,S
25 CH; CH; H 173-175 85.55 Cy3H;s NOsS
26 H i-C4Hy H 112-114 86.12 Cy5sHoNOsS
27 H F H 78-80 72.13 Cy1H,oFNOsS
28 CH; H CH; 82-84 90.25 Cy3H;5NOsS

4 Compound number;

" Directly purchased from Spectrochem, Mumbai

Compound 30

Yield 81.48%, M. P. 178-180 °C, MS (FAB):M+H" peak
at m/z 372. IR (KBr, cm™'): 3467, 3110 (N-H str. of
CONH), 2977 (Ar C-H str.), 2839 (ali C-H str.), 1701
(C=0 str.), 1552, 1444 (ali C-H def.), 1307 (S=O str. of
SO,NH,asymmetric), 1255 (asymmetric C—O-C str), 1151
(S=O0 str. of SO,NH, symmetric), 1099 (symmetric C-O-C
str),991,829,804 (Ar—C-H def.). 'H NMR (300 MHz,
CDCI3): 6 12.51 (s, 1H, COOH), 6 7.69 (d, 1H, H-3', H-5"),
67.67 (m, 1H, CONH-5), 6 7.58 (s, 1H, SO,NH), 6§ 7.47 (d,
2H, H-2', H-6'), § 3.93 (m, 1H, H-2), 1.47-1.26 (m, 9H,
three CHj; of t-But), 2.23 (m, 2H, H-4), 2.07-1.92 (m, 2H,
HA-3, HB-3). Anal. (C, H, N) calcd: 51.61, 6.45, 7.53;
found: 51.75, 6.58, 7.42

Compound 31

Yield 86.09%, M. P. 90-92 °C, MS (FAB):M+H" peak at
m/z 437. IR (KBr, cm_l): 3533, 3110 (N-H str. of CONH),
2975 (Ar C-H str.), 2839 (ali C-H str.), 1733 (C=O0 str.),
1531, 1461 (ali C—H def.), 1350 (S=O str. of SO,NH,
asymmetric), 1269 (asymmetric C-O-C str), 1161 (S=O str.
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Table 2 Structures and the physicochemical data of 5-N-substituted-2-N-(substituted benzenesulphonyl)-L(+4) glutamines (29-69)

Cpd* R, R, R; R, Mp(°C) % Yield %TCI® Log(%TCD)’
29 H H H CeH4NO, 174-176 4474 5.00 0.699
30 H OCH; H +-C4Hy 178-180 81.48 57.57 1.760
31 H OCH; H CgH4NO, 90-92 86.09 46.81 1.670
32 H OCHj; H C,H,CgHs 131-133 89.13 21.58 1.334
33 OCH; H OCH, H 145-147 57.14 39.83 1.600
34 OCH; H OCH, CH, 122-124 44.75 47.48 1.676
35 OCH; H OCH; C,Hs 73-75 16.11 53.60 1.729
36 OCH; H OCH, n-C3H; 65-67 14.83 67.23 1.827
37 OCH; H OCH; n-C4Ho 111-113 53.80 66.96 1.826
38 OCH; H OCH; -C4Hy 171-173 87.42 74.11 1.870
39 OCH; H OCH;,4 n-CeHy3 52-54 67.21 51.84 1.715
40 OCH; H OCH; c-CeHi, 148-150 56.68 61.13 1.786
41 OCH; H OCH; CH,CgHs 162-164 73.46 51.41 1711
42 OCH;4 H OCH;,4 C,H,4CeHs 160-162 92.67 31.30 1.495
43 CH; CH; H H 150-152 75.63 85.26 1.931
44 CH; CH; H CH; 137-139 47.26 53.90 1.840
45 CH,4 CH, H C,H; 130132 62.13 80.38 1.905
46 CH; CH; H n-C3H; 137-139 54.26 38.82 1.589
47 CH; CH; H i-CsH, 148-150 64.14 61.64 1.790
48 CH, CH, H i-C4Hy 150-152 89.64 62.37 1.795
49 CH; CH; H n-CsHy; 143-145 78.35 63.56 1.803
50 CH; CH; H n-CH,3 152-154 69.53 56.85 1.755
51 CH,4 CH, H CgHs 200-203 84.81 79.26 1.899
52 CH; CH; H CeH4NO, 173-175 72.40 56.60 1.753
53 CH; CH; H C,H,CgHs 147-149 86.65 56.51 1.752
54 H i-C4Ho H H 141-143 89.05 75.76 1.879
55 H i-C,Ho H CH; 173-175 96.99 28.19 1.450
56 H i-C4Hy H i-CsH, 155-157 76.27 65.04 1.813
57 H i-C4Ho H n-C4Ho 173-175 77.55 79.58 1.847
58 H i-C,Ho H i-C4Hy 173-175 77.55 88.38 1.946
59 H i-C4Hy H n-CsHy; 165-167 78.74 90.92 1.959
60 H i-C4Ho H c-CeHy, 179-181 74.69 28.50 1.455
61 H i-C,Ho H CeHs 202-204 91.12 62.87 1.798
62 H i-C4Ho H CH,CgHs 102-104 98.18 63.17 1.800
63 H F H CH, 133-135 48.34 67.46 1.829
64 H F H 1-C4Hy 193-195 52.86 37.96 1.579
65 H F H CeH,NO, 166-168 79.52 16.46 1216
66 H F H C,H,4CeHs 119-121 83.59 68.20 1.834
67 CH; H CH; t-C4Ho 171-173 94.61 79.75 1.902
68 CH; H CH; CeH4NO, 99-101 48.36 63.26 1.801
69 CH; H CH, C,H,4CeHs 130-132 89.43 39.46 1.596
Mito” - - - - - - 100.00 -
Aza® - - - - - - 100.00 -
DN¢ - - - - - - 100.00 -

4 Compound number;

b Mitomycin,

¢ Azaserine;

4 DON;

¢ %Tumor cell inhibition;

T Logarithm of tumor cell inhibition

of SO,NH, symmetric), 1089 (symmetric C-O-C str), 960, 6"), 67.45 (s, 1H, SO,NH), 6 3.87 (s, 3H, OCH3), 6 3.78 (m,
842, 742 (Ar—C—H def.). '"H NMR (300 MHz, CDCI3): & 1H, H-2), § 2.30 (m, 2H, H-4), § 1.99-1.92 (m, 2H, HA-3,
12.56 (s, 1H, COOH), 6 7.83-7.66 (m, SH, phenyl protons), HB-3). Anal. (C, H, N) calcd: 49.43, 4.35, 9.61; found:
67.11(dd, 2H, J=7.2, H-3', H-5"), § 7.08 (d, 2H, H-2', H- 49.76, 4.16, 9.84
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Compound 32

Yield 89.13%, M. P. 131-133 °C, MS (FAB):M+H™" peak
at m/z 420. IR (KBr, cm'): 3396, 3259 (N-H str. of
CONH), 3028 (ArC—H str.), 2837 (ali C—H str.), 1712(C=0
str.), 1542, 1454 (ali C—H def.), 1301 (S=O0O str. of SO,NH,
asymmetric), 1257 (asymmetric C-O-C str), 1159 (S=0
str. of SO,NH, symmetric), 1091 (symmetric C—O—C str),
975, 831, 746 (Ar—C-H def.). "H NMR (300 MHz, CDCI3):
6 12.58 (s, 1H, COOH), 7.11 (d, 2H, H-3’, H-5"), 7.08 (dd,
J=12.8, 2H, H-2', H-6"), § 7.45 (s, 1H, SO,NH), 5 3.87 (s,
3H, OCHs), 6 3.69 (m, 1H, H-2), 2.30 (m, 2H, H-4), §
1.99-1.92 (m, 2H, HA-3, HB-3). Anal. (C, H, N) calcd:
57.14, 5.71, 6.67; found: 57.43, 5.68, 6.73

Compound 33

MS (FAB):M+H™ peak at m/z 334. IR (KBr, cm'): 3465,
3334 (N-H str. of CONH,), 3083 (ArC-H str.), 2840 (ali
C-H str.), 1716 (C=0 str.), 1579, 1456 (ali C—H def.), 1307
(S=0 str. of SO,NH, asymmetric), 1278 (asymmetric
C-0-C str), 1164 (S=O0 str. of SO,NH, symmetric), 1043
(symmetric C—O—C str), 945, 790, 740 (Ar—C-H def.). 'H
NMR (300 MHz, CDCI13): § 12.62 (s, 1H, COOH), 6 7.64
(d, 1H, J = 6.8, H-3"), 6§ 7.27 (d, 1H, H-4"), 5 7.05 (s, 1H, H-
6"), 5 6.75 (m, 2H, CONH,), 6 3.82 (s, 3H, 5' OCH5), 6 3.74
(s, 3H, 2" OCHs), 6 3.68 (m, 1H, H-2), § 2.14 (m, 2H, H-4),
6 1.85-1.65(m, 2H, H-3). Anal. (C, H, N) calcd: 43.11, 5.39,
8.38; found: 43.24, 5.41, 8.54

Compound 34

MS (FAB):M+H" peak at m/z 360. IR (KBr, cm™"): 3296,
3112 (N-H str. of CONH), 3002 (ArC-H str.), 2925, 2840
(ali C—H str.), 1714 (C=0 str.), 1531, 1438 (ali C-H def.),
1307 (S=O str. of SO,NH, asymmetric), 1240 (asymmetric
C-O-C str), 1166 (S=O str. of SO,NH, symmetric), 1047
(symmetric C—O—C str),977, 823, 790 (Ar—C—H def.). '"H
NMR (300 MHz, CDCI3): 6 12.61 (s, 1H, COOH), 6 7.62
(d, J=4.6, 1H, H-3), 6 7.31 (d, =24, 1H, H-4'), 6 7.05
(s, 1H, H-6"), 6 6.78 (m, 2H, CONH,), 6 3.87 (s, 3H, 5’
OCHs), 6 3.76 (s, 3H, 2' OCH3), 6 3.68 (m, 1H, H-2), § 2.60
(m, 3H, N-CHs-1"), & 2.16 (m, 2H, H-4), § 1.85-1.65(m,
2H, H-3). Anal. (C, H, N) calcd: 46.67, 5.55, 7.78; found:
46.84, 5.46, 7.78

Compound 35

MS (FAB):M+H" peak at m/z 374. IR (KBr, cm™'): 3361,
3124 (N-H str. of CONH), 2974 (Ar C-H str.), 2925 (ali
C-H str.), 1706 (C=O0 str.), 1550, 1442 (ali C-H def.), 1309
(S=0 str. of SO,NH, asymmetric), 1228 (asymmetric
C-0-C str), 1161 (S=O str. of SO,NH, symmetric), 1041

(symmetric C-O-C str),983, 827(Ar—C-H def.). '"H NMR
(300 MHz, CDCI3): 6 12.67 (s, 1H, COOH), 7.62 (d, J =
4.3, 1H, H-3"), 7.31 (d, J = 1.8, 1H, H-4"), 7.05 (s, 1H, H-
6'), 6.78 (m, 2H, CONH,), 3.87 (s, 3H, 5" OCHj3;), 3.80
(m, 2H, N-CH,-1"),3.76 (s, 3H, 2’ OCHj3), 3.68 (m, 1H,
H-2), 6 2.60 (m, 3H, N-CH;-1"), 2.16 (m, 2H, H-4), 6 1.22
(m, 3H, CH5-2"). Anal. (C, H, N) calcd: 48.13, 5.88, 7.49;
found: 48.24, 5.81, 7.54

Compound 36

MS (FAB):M-+H" peak at m/z 388. IR (KBr, cm™'): 3357,
3286 (N-H str. of CONH), 3097 (Ar C-H str.), 2937
(ali C-H str.), 1706 (C=O0 str.), 1554, 1440(ali C-H def.),
1299 (S=O0 str. of SO,NH, asymmetric), 1226 (asymmetric
C-0-C str), 1159 (S=O str. of SO,NH, symmetric), 1039
(symmetric C-O-C str),983, 825,746 (Ar—-C-H def)). 'H
NMR (300 MHz, CDCI3): 6 12.56 (s, 1H, COOH), 6 7.62 (d,
J=35, 1H, H-3"), 6 7.34 (d, J=1.9, 1H, H-4"), § 6.80 (m,
2H, CONH,), 6 3.88 (s, 3H, 5 OCHs3), 6 3.74 (s, 3H, 2’
OCHy), 6 3.63 (m, 1H, H-2), 6 3.34 (m, 2H, N-CH,-1"), &
2.66 (m, 3H, N-CH3-1"), 6 2.16 (m, 2H, H-4), 6 1.22 (m, 3H,
CH;s-2), & 1.65 (m, 2H, CH»-2"), § 0.97 (m, 3H, CH5-3").
Anal. (C, H, N) calcd: 4948, 6.18, 7.22; found: 49.64,
6.17, 7.24

Compound 37

MS (FAB):M+H™" peak at m/z 402. IR (KBr, cm ™ Y): 3299
(N—H str. of CONH),3083 (Ar C-H str.), 2958 (ali C-H str.),
1720 (C=0 str.), 1546, 1442 (ali C—H def.), 1328 (S=O0 str.
Of SO,NH, asymmetric), 1247 (asymmetric C—O-C str),
1157 (S=O0 str. of SO,NH, symmetric), 1045(symmetric
C-O-C str), 989, 806, 740 (Ar—C-H def.). '"H NMR (300
MHz, CDCI3): 6 12.52 (s, 1H, COOH), 7.62 (d,J =5.6, 1H,
H-3'),7.31 (d, J=2.1, 1H, H-4"), 7.05 (s, 1H, H-6"), 6.78 (m,
2H, CONH,), 3.87 (s, 3H, 5 OCH3), 3.76 (s, 3H, 2" OCHj3),
3.68 (m, 1H, H-2), § 3.29 (m, 2H, N-CH,-1"), 2.16 (m, 2H,
H-4), 6 1.22 (m, 3H, CH;-2"), 1.49-1.33 (m, 4H, CH,-2",
CH,-3"), 0.99-0.93 (m, 3H, CH3-4"). Anal. (C, H, N) calcd:
50.75, 6.47, 6.96; found: 50.87, 6.51, 7.06

Compound 38

MS (FAB)M+H" peak at m/z 402. IR (KBr, cnf]): 3203,
3101 (N-H str. of CONH), 2977 (Ar C-H str.), 2918
(ali C-H str.), 1701 (C=0 str.), 1537, 1498 (ali C-H def.),
1319 (S=O0 str. of SO,NH, asymmetric), 1224 (asymmetric
C-O-C str), 1155 (S=O str. of SO,NH, symmetric), 1037
(symmetric C-O-C str), 990, 829, 804 (Ar—C-H def.). 'H
NMR (300 MHz, CDCI3): 6§ 12.52 (s, 1H, COOH), 7.52-
7.10 (m, 4H, Phenyl protons), 6.78 (m, 2H, CONH,), 3.87
(s, 3H, 5" OCHs), 3.76 (s, 3H, 2’ OCHs), 3.68 (m, 1H, H-2),
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2.16 (m, 2H, H-4), 1.46-1.27 (m, 9H, three methyl groups
of t-But). Anal. (C, H, N) calcd: 50.75, 6.47, 6.96; found:
50.87, 6.45, 7.12

Compound 39

MS (FAB):M+H" peak at m/z 430. IR (KBr, cmfl): 3305,
(N-H str. of CONH), 3082 (Ar C—H str.), 2931 (ali C-H
str.), 1649 (C=O0O str.), 1550, 1442 (ali C-H def.), 1326
(S=0 str. of SO,NH, asymmetric), 1224 (asymmetric
C-0-C str), 1159 (S=O0 str. of SO,NH, symmetric), 1045
(symmetric C-O—C str),929, 806, 700 (Ar—C—H def.). 'H
NMR ((B00MHz, CDCI3): § 12.52 (s, 1H, COOH),
7.52-7.10 (m, 4H, Phenyl protons), 6.78 (m, 2H, CONH,),
3.87 (s, 3H, 5" OCHs), 3.76 (s, 3H, 2' OCH3), 3.68 (m, 1H,
H-2), 6 3.21 (m, 2H, NH-CH,-1"), 2.16 (m, 2H, H-4), 6
1.22 (m, 3H, CH3-2"), 6 0.83-1.63 (m, 13H, CH,-2", CH,-
3", CH,-4", CH,-5", CH,-6",). Anal. (C, H, N) calcd: 53.02,
6.98, 6.51; found: 53.17, 6.99, 7.65

Compound 40

MS (FAB):M+H" peak at m/z 428. IR (KBr, cm™'): 3379,
3286 (N-H str. of CONH), 2991 (Ar C-H str.), 2935 (ali
C-H str.), 1733 (C=O0 str.), 1553, 1463 (ali C—-Hdef.), 1332
(S=O0 str. of SO,NH, asymmetric), 1222 (asymmetric C-O-
C str), 1159 (S=0O str. of SO,NH, symmetric), 1049
(symmetric C—O-C str),977, 796, 744 (Ar—-C-H def.). 'H
NMR (300 MHz, CDCI3): & 12.62 (s, 1H, COOH), 7.64 (d,
J=5.8, 1H, H-3"), 7.27 (d, J = 1.6, 1H, H-4"), 7.05 (s, 1H,
H-6"), 6.75 (m, 2H, CONH,), 3.82 (s, 3H, 5" OCH5), 3.74
(s, 3H, 2" OCH3), 3.68 (m, 1H, H-2), 2.14 (m, 2H, H-4),
1.85-1.65(m, 2H, H-3), 6 1.01-1.90 (m, 22H, Cyclohexyl
protons). Anal. (C, H, N) calcd: 53.27, 6.54, 6.54; found:
53.45, 6.52, 6.69

Compound 41

MS (FAB):M+H" peak at m/z 436. IR (KBr, cm™'): 3316,
3106 (N-H str. of CONH), 3012 (Ar C-H str.), 2876 (ali
C-H str.), 1700 (C=0 str.), 1556, 1440 (ali C—H def.), 1332
(S=0 str. of SO,NH, asymmetric), 1247 (asymmetric
C-O—C str), 1160 (S=O str. of SO,NH, symmetric), 1045
(symmetric C-O—-C str), 977, 798, 748 (Ar—C—H def.). 'H
NMR (300 MHz, CDCI3): § 12.63 (s, 1H, COOH), 7.66 (d,
J=5.8, 1H, H-3"), 7.25 (d, 1H, J =2.4, H-4"), 7.03 (s, 1H,
H-6"), 6.72 (m, 2H, CONH,), 3.80 (s, 3H, 5" OCH5), 3.72
(s, 3H, 2" OCHy), 3.60 (s, 2H, N-CH,-1"), 2.18 (m, 2H,
H-4), 1.86-1.65(m, 2H, H-3). Anal. (C, H, N) calcd: 55.04,
5.50, 6.42; found: 55.16, 5.56, 6.56
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Compound 42

MS (FAB):M+H" peak at m/z 450. IR (KBr, cm™'): 3303
(N-H str. of CONH), 3026 (Ar C-H str.), 2939 (ali C-H
str.), 1542, 1440 (ali C—H def.), 1336 (S=O0 str. of SO,NH,
asymmetric), 1234 (asymmetric C-O-C str), 1153 (S=0
str. of SO,NH, symmetric), 1033 (symmetric C—-O—C str),
817, 746 (Ar—C-H def.). '"H NMR (300 MHz, CDCI3):
6 12.64 (s, 1H, COOH), 7.64 (d, J = 6.2, 1H, H-3"), 7.27 (d,
1H, H-4"), 7.05 (s, 1H, H-6"), 6.75 (m, 2H, CONH,), 3.82
(s, 3H, 5" OCH3), 3.74 (s, 3H, 2’ OCHj3), 3.69 (s, 2H, N-
CH,-1"), 2.77 (m, 2H, CH,-2") 2.14 (m, 2H, H-4), 1.85-
1.65 (m, 2H, H-3). Anal. (C, H, N) calcd: 56.00, 5.78, 6.22;
found: 56.15, 5.87, 6.45

Compound 43

MS (FAB):M+H™ peak at m/z 302. IR (KBr, cm1): 3346,
(N-H str. of CONH), 3056 (Ar C—H str.), 2860 (ali C-H
str.), 1716 (C=0 str.), 1595, 1448 (ali C-H def.), 1344
(S=0 str. of SO,NH, asymmetric), 1149 (S=O str. of
SO,NH, symmetric), 973, 781, 705 (Ar-C-H def.). 'H
NMR (300 MHz, CDCI3): § 12.56 (s, 1H, COOH), 7.28
(d, J=7.2, 1H, H-3"), 7.20 (d, J=2.3, 1H, H-4"), 7.48
(s, 1H, SO,NH), 6.75 (m, 2H, CONH,), 3.66 (m, 1H, H-2),
2.27 (m, 2H, H-4), 2.02-2.07 (m, 2H, H-3),1.70- 0.99 (m,
6H, six methyl protons of xylene). Anal. (C, H, N) calcd:
47.68, 5.96, 9.27; found: 47.77, 5.99, 9.23

Compound 44

MS (FAB):M+H" peak at m/z 328. IR (KBr, cm™'): 3339,
3253 (N-H str. of CONH), 3062 (Ar C-H str.), 2931 (ali
C-H str.), 1714 (C=0 str.), 1537, 1494 (ali C-H def.), 1323
(S=0 str. of SO,NH, asymmetric), 1155 (S=O str. of
SO,NH, symmetric), 972,771, 713 (Ar—-C—-H def.). 'H
NMR (300 MHz, CDCI3): & 12.63 (s, 1H, COOH), 7.28 (d,
J=6.5, 1H, H-3"), 7.24 (d, J=1.4, 1H, H-4"), 7.48 (s, 1H,
SO,NH), 6.72 (m, 2H, CONH,), 3.64 (m, 1H, H-2), § 2.67
(m, 3H, N-CHs-1"), 2.24 (m, 2H, H-4), 2.02-2.06 (m, 2H,
H-3),1.63- 0.97 (m, 6H, six methyl protons of xylene).
Anal. (C, H, N) caled: 51.22, 6.10, 8.54; found: 51.43,
5.97, 8.45

Compound 45

MS (FAB):M+H™ peak at m/z 342. IR (KBr, cm ™ '): 3373,
3251 (N-H str. of CONH), 2974 (Ar C-H str.), 2931
(ali C—H str.), 1718 (C=0 str.), 1564, 1452 (ali C-H def.),
1323 (S=O0 str. of SO,NH, asymmetric), 1157 (S=O str. of
SO,NH, symmetric), 975, 798, 750 (Ar—C-H def.).
'"H NMR (300 MHz, CDCI3): 6 12.63 (s, 1H, COOH), &
7.28 (d, 1H, H-3), 6 7.24 (d, 1H, H-4"), 6 7.48 (s, 1H,
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SO,NH), § 7.23 (m, 1H, CONH), 6 3.64 (m, 1H, H-2), §
2.67 (m, 3H, N-CH3-1"), 2.24 (m, 2H, H-4), 2.02-2.06 (m,
2H, H-3),1.63-0.97 (m, 6H, six methyl protons of xylene).
Anal. (C, H, N) caled: 52.63, 6.43, 8.19; found: 52.95,
6.55, 8.32

Compound 46

MS (FAB):M+H™ peak at m/z 356. IR (KBr, cm ™ Y): 3377,
3251 (N-H str. of CONH), 3060 (Ar C-H str.), 2875 (ali
C-H str.), 1716 (C=0 str.), 1564, 1454 (ali C—H def.), 1323
(S=0 str. of SO,NH, asymmetric), 1155 (S=O str. of
SO,NH, symmetric), 972, 773, 709 (Ar-C-H def)). 'H
NMR (300 MHz, CDCI3): 6 12.66 (s, 1H, COOH), 6 7.28
(d, 1H, H-3"), 6 7.24 (d, J=1.9, 1H, H-4"), 6§ 7.48 (s, 1H,
SO,NH), 6 7.23 (m, 1H, CONH), 6 3.64 (m, 1H, H-2), 6§
2.67 (m, 3H, N-CH5-1"), 2.24 (m, 2H, H-4), § 2.02-2.06
(m, 2H, H-3),6 1.63-0.97 (m, 6H, six methyl protons of
xylene), 6 1.22 (m, 3H, CH3-2"). Anal. (C, H, N) calcd:
53.93, 6.74, 7.86; found: 54.13, 6.77, 7.94

Compound 47

MS (FAB):M+H" peak at m/z 356. IR (KBr, cm™'): 3377,
3272 (N-H str. of CONH), 2972 (Ar C-H str.), 2875 (ali
C-H str.), 1718 (C=0 str.), 1558, 1450 (ali C-H def.), 1340
(S=0 str. of SO,NH, asymmetric), 1157 (S=O str. of
SO,NH, symmetric), 983, 831, 703 (Ar-C—H def.). 'H
NMR (300 MHz, CDCI3): 6 12. 45 (s, 1H, COOH), 7.30 (s,
1H, H-3'), 7.21 (s, 1H, H-4"), 7.43 (s, 1H, SO,NH), 6 3.55
(m, 1H, N-CH-1,"), 2.27 (m, 2H, H-4), 2.02-2.07 (m, 2H,
H-3), 1.63-0.97 (m, 6H, six methyl protons of xylene), §
1.22-1.18 (m, 6H, CH5-2", CH5-3"). Anal. (C, H, N) calcd:
53.93, 6.74, 7.86; found: 54.11, 6.76, 7.55

Compound 48

MS (FAB):M+H™ peak at m/z 370. IR (KBr, cm™1): 3377,
3271 (N-H str. of CONH), 2952 (Ar C-H str.), 2866 (ali
C-H str.), 1718 (C=0 str.), 1571, 1450 (ali C-H def.), 1323
(S=0 str. of SO,NH, asymmetric), 1157 (S=O str. of
SO,NH, symmetric), 983, 767, 727 (Ar—C-H def.). '"H
NMR (300 MHz, CDCI13): & 12.54 (s, 1H, COOH), 7.34 (s,
1H, H-3"), 7.23 (s, 1H, H-4"), 7.41 (s, 1H, SO,NH), 6 2.67
(m, 2H, N-CH,-1"), 2.28 (m, 2H, H-4), 2.00-2.07 (m, 2H,
H-3), 1.65-0.98 (m, 6H, six methyl protons of xylene),
0.92-0.84 (m, 7H, CH-2", CH5-3", CH3-4"). Anal. (C, H,
N) caled: 55.13, 7.03, 7.57; found: 55.42, 7.02, 7.85

Compound 49

MS (FAB):M+H" peak at m/z 384. IR (KBr, cm™'): 3377,
3253 (N=H str. of CONH), 3060 (Ar C-H str.), 2867 (ali

C-H str.), 1716 (C=0 str.), 1564, 1454 (ali C—H def.), 1323
(S=0O str. of SO,NH, asymmetric), 1155 (S=O str. of
SO,NH, symmetric), 973, 771, 711 (Ar—C-H def.). 'H
NMR (300 MHz, CDCI3): 6 12.57 (s, 1H, COOH), 7.34 (s,
1H, H-3"), 7.23 (s, 1H, H-4"), 7.41 (s, 1H, SO,NH), 6 2.67
(m, 2H, N-CH,-1"), 2.28 (m, 2H, H-4), 2.00-2.07 (m, 2H,
H-3), 1.65-0.98 (m, 6H, six methyl protons of xylene),
0.92-0.84 (m, 9H, CH,-2", CH,-3", CH,-4", CH5-5"). Anal.
(C, H, N) calcd: 56.25, 7.29, 7.29; found: 56.39, 7.22, 7.65

Compound 50

MS (FAB):M+H™ peak at m/z 398. IR (KBr, cm '): 3375,
3249 (N-H str. of CONH), 3060 (Ar C—H str.), 2856 (ali
C-H str.), 1716 (C=0 str.), 1562, 1454 (ali C-H def.), 1323
(S=0 str. of SO,NH, asymmetric), 1155 (S=O str. of
SO,NH, symmetric), 975, 773, 713 (Ar—C-H def.). 'H
NMR (300 MHz, CDCI13): § 12.55 (s, 1H, COOH), 7.31 (s,
1H, H-3"), 7.26 (s, 1H, H-4"), 7.43 (s, 1H, SO,NH), & 2.65
(m, 2H, N-CH,-1"), 2.28 (m, 2H, H-4), 1.99-2.03 (m, 2H,
H-3), 1.65-0.98 (m, 6H, six methyl protons of xylene),
1.39-1.31 (m, 8H, CH,-2", CH,-3", CH,-4", CH,-5"), &
0.96-0.90 (m, 3H, CH3-6"). Anal. (C, H, N) calcd: 57.29,
7.53, 7.03; found: 57.43, 7.52, 6.85

Compound 51

MS (FAB):M+H" peak at m/z 390. IR (KBr, cm™"): 3352,
3249 (N-H str. of CONH), 3056 (Ar C—H str.), 2866 (ali
C—H str.), 1726 (C=0 str.),1552, 1444 (ali C-H def.), 1317
(S=0O str. of SO,NH, asymmetric), 1153 (S=O str. of
SO,NH, symmetric), 975, 754, 709 (Ar-C-H def.). 'H
NMR (300 MHz, CDCI3): 6 12.55 (s, 1H, COOH), 7.31 (s,
1H, H-3"), 7.26 (s, 1H, H-4"), 7.43 (s, 1H, SO,NH), 2.28 (m,
2H, H-4), 1.99-2.03 (m, 2H, H-3), 1.65-0.98 (m, 6H, six
methyl protons of xylene), 7.21-6.99 (m, 5H, phenyl pro-
ton). Anal. (C, H, N) calcd: 58.46, 5.64, 7.18; found: 58.63,
5.62, 6.97

Compound 52

MS (FAB):M-+H" peak at m/z 435. IR (KBr, cm ™ Y): 3452
(N-H str. of CONH), 3055 (Ar C—H str.), 2925 (ali C-H
str.), 1733 (C=0 str.), 1602, 1452 (ali C-H def.), 1353
(S=0 str. of SO,NH, asymmetric), 1172 (S=O str. of
SO,NH, symmetric), 956, 798, 707 (Ar—-C—H def.). 'H
NMR (300 MHz, CDCI3): § 12.65 (s, 1H, COOH), 8.23-7.9
(m, 4H, nitrobenzyl protons), 7.31 (s, 1H, H-3"), 7.26
(s, 1H, H-4"), 7.43 (s, 1H, SO,NH), 2.28 (m, 2H, H-4),
1.99-2.03 (m, 2H, H-3), 1.65-0.98 (m, 6H, six methyl
protons of xylene). Anal. (C, H, N) calcd: 52.41, 4.83, 9.65;
found: 52.63, 4.82, 9.67
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Compound 53

MS (FAB):M+H" peak at m/z 418. IR (KBr, cm™"): 3326,
3249 (N-H str. of CONH), 3028 (Ar C—H str.), 2862 (ali
C-H str.), 1589, 1456 (ali C-H def.), 1398 (S=O str. of
SO,NH, asymmetric), 1168 (S=O str. of SO,NH, sym-
metric), 987, 779, 748 (Ar—C-H def.). "H NMR (300 MHz,
CDCI3): 6 12.67 (s, 1H, COOH), 7.31 (s, 1H, H-3"), 7.26 (s,
1H, H-4"), 7.43 (s, 1H, SO,NH), 2.28 (m, 2H, H-4), 1.99-
2.03 (m, 2H, H-3), 1.65-0.98 (m, 6H, six methyl protons of
xylene), 3.69 (s, 2H, N-CH,-1"), 2.77 (m, 2H, CH,-2").
Anal. (C, H, N) caled: 60.29, 6.22, 6.70; found: 60.45,
6.26, 6.67

Compound 54

MS (FAB):M+H" peak at m/z 342. IR (KBr, cm™'): 3431,
3269 (N-H str. of CONH), 2954 Ar C-H str.), 2867 (ali
C-H str.), 1708 (C=0 str.), 1562, 1452 (ali C—H def.), 1344
(S=0O str. of SO,NH, asymmetric), 1163 (S=O str. of
SO,NH, symmetric), 968, 792 (Ar-C-H def.). '"H NMR
(300 MHz, CDCI13): 6 12.67 (s, 1H, COOH), 7.31 (s, 1H, H-
3", 7.26 (s, 1H, H-4"), 7.43 (s, 1H, SO,NH), 2.28 (m, 2H,
H-4), 1.99-2.03 (m, 2H, H-3), 1.65-0.98 (m, 6H, six methyl
protons of xylene), 3.69 (s, 2H, N-CH,-1"), 2.77 (m, 2H,
CH,-2"). Anal. (C, H, N) calcd: 52.63, 6.43, 8.19; found:
52.89, 6.55, 7.97

Compound 55

MS (FAB):M+H" peak at m/z 356. IR (KBr, cm™"): 3375,
3257 (N-H str. of CONH), 3066 (Ar C-H str.), 2869
(ali C—H str.), 1712 (C=0 str.), 1564, 1458 (ali C-H def.),
1325 (S=O0 str. of SO,NH, asymmetric), 1163 (S=O str. of
SO,NH, symmetric), 972, 792, 736 (Ar—C-H def.).
'"H NMR (300 MHz, CDCI3): § 12.60 (s, 1H, COOH), &
7.88 (d, 2H, H-2', H-6'), 6 7.64 (d, 1H, H-3’, H-5'),  7.61
(s, 1H, SO,NH), 6 7.55 (m, 1H, CONH), 6 2.67 (m, 3H,
N-CHs5-1"), 6§ 3.51 (m, 1H, H-2), § 2.48 (m, 2H, H,-4),
6 1.31 (m, 2H, H,-3), 1.37-0.89 (m, 9H, i-But protons).
Anal. (C, H, N) calcd: 53.93, 6.74, 7.86; found: 54.21,
6.75, 7.77

Compound 56

MS (FAB):M+H™" peak at m/z 384. IR (KBr, cmfl): 3377,
3257 (N-H str. of CONH), 2958 (Ar C—H str.), 2867 (ali
C-H str.), 1712 (C=0 str.), 1598 (ali C-H def.), 1330
(S=0 str. of SO,NH, asymmetric), 1161 (S=O str. of
SO,NH, symmetric), 983, 910, 730 (Ar—C-H def.). 'H
NMR ((B00MHz, CDCI3): 6§ 12.62 (s, 1H, COOH),
6 7.88 (dd, J =14.5, 2H, H-2', H-6"), 6 7.64 (dd, J =8.9,
2H, H-3', H-5"), 6 7.61 (s, 1H, SO,NH), 6 7.55 (m, 1H,
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CONH), 6 3.55 (m, 1H, N-CH-1"), 6 2.48 (m, 2H, H,-4), §
1.31 (m, 2H, H,-3), § 1.22-1.18 (m, 6H, CH3-2", CH5-3").
Anal. (C, H, N) caled: 56.25, 7.29, 7.29; found: 56.61,
7.35, 7.07

Compound 57

MS (FAB):M+H" peak at m/z 398. IR (KBr, cm 1): 3369,
3269 (N-H str. of CONH), 2960 (Ar C-H str.), 2867 (ali
C-H str.), 1720 (C=O0 str.), 1558, 1454 (ali C-H def.), 1336
(S=0 str. of SO,NH, asymmetric), 1163 (S=O str. of
SO,NH, symmetric), 981, 756, 730 (Ar—C-H def.). 'H
NMR (300 MHz, CDCI3): 6 12.56 (s, 1H, COOH), 6 7.88
(d, 2H, H-2', H-6"), § 7.64 (d, J=9.5, 1H, H-3', H-5'), 6
7.61 (s, 1H, SO,NH), 6 6.55 (m, 1H, CONH2), 6 3.51 (m,
1H, H-2), 6 2.46 (m, 2H, H,-4), § 1.31 (m, 2H, H,-3), 1.37-
0.89 (m, 9H, i-But protons). Anal. (C, H, N) calcd: 57.28,
7.54, 7.03; found: 57.31, 7.61, 6.91

Compound 58

MS (FAB):M+H" peak at m/z 398. IR (KBr, cm™'): 3375,
3265 (N-H str. of CONH), 2954 (Ar C-H str.), 2867 (ali
C-H str.), 1718 (C=0 str.), 1562, 1461 (ali C-H def.), 1326
(S=0 str. of SO,NH, asymmetric), 1163 (S=O str. of
SO,NH, symmetric), 977, 792, 730 (Ar-C-H def.). 'H
NMR (300 MHz, CDCI3): § 12.56 (s, 1H, COOH), 6 7.88
(d, 2H, H-2', H-6'), 6 7.64 (d, 1H, H-3’, H-5"), 6 7.61 (s, 1H,
SO,NH), 6 6.55 (m, 1H, CONH2), § 3.51 (m, 1H, H-2), §
2.46 (m, 2H, H,-4), 6 1.31 (m, 2H, H,-3), 1.37-0.89 (m, 9H,
i-But protons). Anal. (C, H, N) caled: 57.28, 7.54, 7.03;
found: 57.43, 7.52, 6.97

Compound 59

MS (FAB):M+H" peak at m/z 412. IR (KBr, cmfl): 3373,
3255 (N-H str. of CONH), 2952 (Ar C-H str.), 2867 (ali
C-H str.), 1712 (C=0 str.), 1566, 1463 (ali C-H def.), 1325
(S=0 str. of SO,NH, asymmetric), 1163 (S=O str. of
SO,NH, symmetric), 972, 794, 736 (Ar-C-H def.). 'H
NMR (300 MHz, CDCI3): § 12.64 (s, 1H, COOH), § 7.88
(d, 2H, H-2', H-6'), 6 7.64 (d, 1H, H-3’, H-5"), § 7.61 (s, 1H,
SO,NH), 6 7.55 (m, 1H, CONH-5), 6 3.51 (m, 1H, H-2), §
2.72 (m, 2H, N-CH»-1"), § 2.46 (m, 2H, H,-4), 6 1.31 (m,
2H, H,-3), 1.19-0.89 (m, 14H, CH-2", CH3-3", CHs-4",
CH5-5"). Anal. (C, H, N) calcd: 58.25, 7.77, 6.79; found:
58.41, 7.73, 6.84

Compound 60
MS (FAB):M+H" peak at m/z 424. IR (KBr, cm™'): 3371,

3263 (N-H str. of CONH), 3053 (Ar C-H str.), 2852 (ali
C-H str.), 1720 (C=O str.), 1558, 1450 (ali C—H def.), 1336
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(S=0O str. of SO,NH, asymmetric), 1163 (S=O str. of
SO,NH, symmetric), 977, 794, 732 (Ar-C—H def.). 'H
NMR (300 MHz, CDCI3): § 12.61 (s, 1H, COOH), § 7.88
(dd, T=12.4, 2H, H-2', H-6'), § 7.64 (dd, J = 8.9, 1H, H-3/,
H-5"), 6 7.61 (s, 1H, SO,NH), 6 7.55 (m, 1H, CONH-5),
3.51 (m, 1H, H-2), § 2.72 (m, 2H, N-CH,-1"), § 2.46
(m, 2H, H,-4), § 1.31 (m, 2H, H,-3), 1.01-1.90 (m, 11H,
Cyclohexyl protons). Anal. (C, H, N) caled: 59.43, 7.55,
6.80; found: 59.64, 7.55, 6.57

Compound 61

MS (FAB):M+H" peak at m/z 418. IR (KBr, cm™'): 3355,
3253 (N-H str. of CONH), 3062 (Ar C-H str.), 2867
(ali C—H str.), 1720 (C=0 str.), 1550, 1444 (ali C-H def.),
1319 (S=O str. of SO,NH, asymmetric), 1161 (S=O str. of
SO,NH, symmetric), 973, 794, 752 (Ar—-C—H def.). 'H
NMR (300 MHz, CDCI3): 6 12.60 (s, 1H, COOH), 6 7.88
(d, 2H, H-2', H-6"), 6 7.64 (d, 1H, H-3', H-5'), 6 7.61 (s, 1H,
SO,NH), 6 7.55 (m, 1H, CONH-5), § 3.51 (m, 1H, H-2), §
2.72 (m, 2H, N-CH,-1"), 6 2.46 (m, 2H, H»-4), 6 1.31 (m,
2H, H,-3). Anal. (C, H, N) calcd: 60.29, 6.22, 6.70; found:
60.47, 6.32, 6.49

Compound 62

MS (FAB):M+H" peak at m/z 432. IR (KBr, cm™'): 3330,
3249 (N-H str. of CONH), 3029 (Ar C-H str.), 2850 (ali
C-H str.), 1525, 1458 (ali C-H def.), 1317 (S=0O str. of
SO,NH, asymmetric), 1157 (S=0O str. of SO,NH, sym-
metric), 987,792, 746 (Ar—-C-H def.). "H NMR (300 MHz,
CDCI3): § 12.59 (s, 1H, COOH), 6 7.88 (d, 2H, H-2', H-6"),
6 7.64 (d, 1H, H-3', H-5"), § 7.61 (s, 1H, SO,NH), § 6.55
(m, 1H, CONH2), 3.66 (s, 2H, N-CH,-1"), § 3.51 (m, 1H,
H-2), § 2.46 (m, 2H, H,-4), § 1.31 (m, 2H, H,-3), 1.37-0.89
(m, 9H, i-But protons). Anal. (C, H, N) calcd: 61.11, 6.48,
6.48; found: 61.34, 6.43, 6.49

Compound 63

MS (FAB):M+H™ peak at m/z 308. IR (KBr, cm ') 3454
(N-H str. of CONH), 3068 (Ar C-H str.), 2839 (ali C-H
str.), 1704 (C=0 str.), 1549, 1492 (ali C-H def.), 1326
(S=0O str. of SO,NH, asymmetric), 1159 (S=O str. of
SO,NH, symmetric), 1101 (C-F str), 962, 786, 771
(Ar—=C-H def.). "H NMR (300 MHz, CDCI3): § 12.43(s,
1H, COOH), 7.46-7.13 (m, 4H, phenyl protons), 3.69 (m,
1H, H-2), 3.15 (m, 3H, N-CH3-1"), 6 2.47 (m, 2H, H,-4),
1.68 (m, 2H, H,-3). Anal. (C, H, N) calcd: 46.75, 4.87,
9.09; found: 46.98, 4.66, 9.01

Compound 64

MS (FAB):M+H" peak at m/z 360. IR (KBr, cm™"): 3429,
3105 (N-H str. of CONH), 3068 (Ar C—H str.), 2839 (ali
C-H str.), 1704 (C=0 str.), 1552, 1492 (ali C—H def.), 1336
(S=0 str. of SO,NH, asymmetric), 1151 (S=O str. of
SO,NH, symmetric), 1097 (C-F str.), 989,788, 771
(Ar—C=H def.). '"H NMR (300 MHz, CDCI3): § 12.43(s,
1H, COOH), 7.46-7.13 (m, 4H, phenyl protons), 3.69 (m,
1H, H-2), 3.15 (m, 3H, N-CHs-1"), § 2.47 (m, 2H, H,-4),
1.68 (m, 2H, H,-3), 1.46-1.27 (m, 9H, three methyl groups
of t-But). Anal. (C, H, N) calcd: 50.00, 5.83, 7.78; found:
50.34, 5.76, 7.83

Compound 65

MS (FAB):M+H" peak at m/z 425. IR (KBr, cm 1): 3481,
3178 (N-H str. of CONH), 3068 (Ar C—H str.), 2839 (ali
C-H str.), 1704 (C=0 str.), 1593, 1492 (ali C-H def.), 1342
(S=0O str. of SO,NH, asymmetric), 1180 (S=O str. of
SO,NH, symmetric), 1087 (C-F str.), 962,786, 771
(Ar=C-H def.). "H NMR (300 MHz, CDCI3): & 12.49(s,
1H, COOH), 8.23-7.9 (m, 4H, nitrobenzyl protons), 7.46-
7.13 (m, 4H, phenyl protons), 3.69 (m, 1H, H-2), 3.15 (m,
3H, N-CH3-1"), § 2.47 (m, 2H, H,-4), 1.68 (m, 2H, H,-3),
1.46-1.27 (m, 9H, three methyl groups of t-But). Anal.
(C, H, N) calcd: 48.00, 4.94, 9.88; found: 48.24, 4.87, 9.82

Compound 66

MS (FAB):M+H" peak at m/z 408. IR (KBr, cm™"): 3379,
3257 (N-H str. of CONH), 3066 (Ar C-H str.), 2866 (ali
C—H str.), 1710 (C=0 str.), 1566, 1454 (ali C—H def.), 1338
(S=0 str. of SO,NH, asymmetric), 1159 (S=O str. of
SO,NH, symmetric), 1095 (C-F str.), 973, 746 (Ar—C-H
def.). "H NMR (300 MHz, CDCI3): & 12.49(s, 1H, COOH),
8.23-7.9 (m, 4H, nitrobenzyl protons), 7.46-7.13 (m, 4H,
phenyl protons), 3.69 (m, 1H, H-2), 3.15 (m, 3H, N-CH;-
1"), 6 2.47 (m, 2H, H,-4), 1.68 (m, 2H, H,-3), 1.46-1.27 (m,
9H, three methyl groups of t-But). Anal. (C, H, N) calcd:
55.88, 5.15, 6.86; found: 55.76, 5.33, 6.79

Compound 67

MS (FAB):M+H" peak at m/z 370. IR (KBr, cmfl): 3413,
3141 (N-H str. of CONH), 2977 (Ar C-H str.), 2837 (ali
C-H str.), 1718 (C=0 str.), 1562, 1454 (ali C—H def.), 1321
(S=0 str. of SO,NH, asymmetric), 1153 (S=O str. of
SO,NH, symmetric), 985, 783 (Ar—-C-H def)). '"H NMR
(300 MHz, CDCI3): § 12.56 (s, 1H, COOH), 7.28 (d, 1H,
H-3), 7.20 (d, J=2.1, 1H, H-4"), 7.48 (s, 1H, SO,NH),
6.75 (m, 2H, CONH,), 3.66 (m, 1H, H-2), 2.27 (m, 2H, H-
4), 2.02-2.07 (m, 2H, H-3), 1.47- 1.26 (m, 6H, six methyl
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protons of xylene). Anal. (C, H, N) calcd: 55.13, 7.03, 7.57;
found: 55.54, 7.34, 7.81

Compound 68

MS (FAB):M-+H" peak at m/z 435. IR (KBr, cm ™ Y): 3463
(N-H str. of CONH), 2975 (Ar C-H str.), 2862 (ali C-H
str.), 1720 (C=0 str.), 1562, 1460 (ali C-H def.), 1348
(S=0O str. of SO,NH, asymmetric), 1164 (S=O str. of
SO,NH, symmetric), 958, 796, 744 (Ar-C—H def.). 'H
NMR (300 MHz, CDCI13): § 12.65 (s, 1H, COOH), 8.23-7.9
(m, 4H, nitrobenzyl protons), 7.31 (s, 1H, H-3"), 7.26 (s,
1H, H-4"), 7.43 (s, 1H, SO,NH), 2.28 (m, 2H, H-4), 1.99-
2.03 (m, 2H, H-3), 1.65- 0.98 (m, 6H, six methyl protons of
xylene). Anal. (C, H, N) calcd: 52.41, 4.83, 9.65; found:
52.63, 4.57, 9.82

Compound 69

MS (FAB):M+H™ peak at m/z 418. IR (KBr, cm 1) 3326,
3249 (N-H str. of CONH), 3029 (Ar C-H str.), 2862 (ali
C-H str.), 1720 (C=0 str.), 1583, 1454 (ali C-H def.), 1396
(S=0 str. of SO,NH, asymmetric), 1147 (S=O str. of
SO,NH, symmetric), 989,748 (Ar—C-H def.). '"H NMR
(300 MHz, CDCI13): 6 12.66 (s, 1H, COOH), 7.31 (s, 1H, H-
3", 7.26 (s, 1H, H-4"), 7.43 (s, 1H, SO,NH), 2.28 (m, 2H,
H-4), 1.99-2.03 (m, 2H, H-3), 1.65-0.98 (m, 6H, six methyl
protons of xylene), 3.69 (s, 2H, N-CH,-1"), 2.77 (m, 2H,
CH,-2"). Anal. (C, H, N) calcd: 60.29, 6.22, 6.70; found:
60.44, 6.43, 6.59

Anticancer activity

All title compounds (29-69) were biologically evaluated for
their antitumor activities against EAC cells in Swiss Albino
mice. The %TCI of these compounds against the control
was determined individually. Mitomycin C was chosen as
the universal standard and azaserin and DON were used as
the specific standard drugs to compare the activity of the
test compounds and these standard drugs showed 100%
inhibition. The %TCI of all title compounds (29-69) and
their logarithmic values (log %TCI) are shown in Table 2.

Molecular modeling study

The 2D-QSAR, kNN-MFA 3D-QSAR and molecular
docking studies as well as MD simulation analysis results
are as follows:

2D-QSAR study

Total 347 atom-based and whole molecular descriptors were
calculated for the 2D-QSAR study. Intercorrelated
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descriptors were taken into consideration. Highly correlated
descriptors (correlation coefficient > 0.60) were grouped
together and descriptor with the highest correlation with
biological activity was selected from the group. From the
remaining 234 descriptors, equations were developed by
stepwise forward (F=3.0 for inclusion) and stepwise
backward (F = 2.9 for exclusion) multiple linear regression
analysis using F' value as the stepping criteria. The corre-
lation matrix among the selected descriptors used to develop
QSAR model was shown in the supplementary materials
(Table S1). Calculated values of important descriptors used
in QSAR models are shown in the Supplementary materials
(Table S2).

Before dividing the dataset into the training and the test
sets, regression analysis was performed with the total
dataset. Three compounds were found as outliers (Cpd. 55,
61, and 66) as these compounds showed standard residuals
more than two units for most of the developed models. At
first, the dataset was divided into the test set and the training
set by the Y-based ranking method. Molecules were first
arranged from the highest to the lowest values based on
their biological activities and then molecules in the 4th, 8th,
12th, and so on rows were collected. This way eight com-
pounds (32, 34, 36, 45, 46, 53, 54, and 68) were selected for
the test set compounds (test set I) whereas the rest 30 was
treated as the training set molecules (training set I). Step-
wise regression on the training set generated different
equations but the number of descriptors was restricted up to
five following recommended ratio of 1: 5 for the number of
predictor parameters to number of data point (Topliss and
Edwards 1979; Eriksson et al. 2003). The best equation was
selected on the basis of statistical qualities and predictability
as well as overall fitting. It is shown below:

Log(%TCI) = 2.247(+0.362) — 0.045(+0.015)nCaH

++0.00006( £ 0.000)f(N)5 — 1.069( +0.214)g11

+2.149( £0.621)g13 + +0.300( +0.113)BIR,
(4)

n=130; R=0.865; R =0.750; R’y =0.698; F (5, 24)=
14.375; p <0.00000; SEE = 0.137; R, = 0.515; PRESS
=0.874; SSY =1.803; SDEP =0.174; Sprgss = 0.196;
R%*scr —0.193; 0’ = 8; R%preq — 0.689; > = 0.535

Where n and n' are number of compounds in the training
and the test sets respectively. The Eq. (4) explains 69.80%
and predicts 51.51% of variances of the biological activity.
The external predictability of the model is justified by R*pyeq
and r,> values which are 0.689 and 0.535, respectively.
Three atom based descriptors gl1, gl3 and fiN)5 were
found to be important. The g11 and ¢g13 are Wang-Ford
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charges of atom numbers 11 and 13 respectively (Fig. 3).
The negative coefficient of g11 shows that the lower value
of the charge (the negative charge) at the atom number 11
may increase the biological activity. The positive coefficient
associated with g13 suggests that with the increase in the
value of Wang-Ford charge at the atom number 13, the
value of the biological activity may be improved, i.e., the
negative charge of the atom should be decreased for the
increased anticancer activity. As these two atoms are pre-
sent in the aliphatic chain and are attached to the electro-
negative atoms/groups like the nitrogen, the carbonyl, etc, it
may be concluded that the aliphatic part of the glutamine
moiety of these compounds are important for the binding
interactions. The f{N)5 is the frontier electron density of the
atom number 5 present in the aromatic ring of the general
structure (Fig. 3). The positive coefficient of f{lN)5 indicates
that the increased nucleophilic attack at the atom number 5
may be favorable for the antitumor activity. Two whole
molecular descriptors—nCaH (number of unsubstituted
aromatic rings) and B/IRI (Verloop strerimol parameter for
R1 substitution) were also found to be important. The
negative coefficient associated with nCaH suggests that the
unsubstituted aromatic rings may not be favorable for
anticancer activity, i.e., substitutions at the aromatic rings
may play important roles for the better binding in the
receptor site. The positive coefficient of B/IR1 suggests that
the higher value of this parameter may be conducive to the
biological activity.

As only one test set-training set combination may pro-
duce biased model, the dataset was also divided by k-means
cluster analysis (k-MCA) technique. Cluster analysis was
allowed to split the dataset into four clusters (10, 3, 12 and
13 compounds in those four clusters) and 7 compounds (35,
48, 49, 53, 59, 64, and 67) were selected randomly from
each cluster to form the test set (test set II). As the number
of compounds in the training set raised to 31, six descriptors
were allowed to generate models from the training set
(training set II). The best found equation is:

Log(%TCI)= 2.194( +0.327)—0.044( +0.013)nCaH
+0.0002( £ 0.000)f (E)8
+0.00007( +0.000)f(N)5 — 1.002( +0.185)q11
+2.287(+0.529)¢13 + 0.323( £0.105)BIR,

(5)

n=31; R=0.900; R>=0.810; Ry*>=0.762; F (6, 24) =
16.998; p < 0.00001; SEE =0.123; R°cy _0.527; PRESS
=0.903; SSY=1.911; SDEP=0.158; Sprpss="0.179;
R%*scr —0.179; 0’ =7; R%preq~ 0.693; rm> = 0.638.

Table 3 Pharmacological activities of  5-N-substituted-2-N-
(substituted benzenesulphonyl)-L(+) glutamines (70-122)
Cpd* RI' R2' R3' R4’ RS’ %TCI

, 3

~SO,NH .

COOH CON <

1 5 R4
70 CH; H n-C4Ho 80.74
71 H NO, n-C4Hy 89.36
72 H CH; n-C3H, 83.098
73 H NO, H H CH; 21.74
74 H NO, H H C,H; 31.34
75 H NO, H H n-C3H; 10.47
76 H NO, H H i-C3H; 41.38
77 H NO, H H CeHs 32.75
78 H NO, H H n-C4Hy 45.45
79 H NO, H H n-Ce¢Hy3 48.86
80 Cl H H CH; i-C3H; 31.69
81 Cl H H CH; n-C4Ho 61.97
82 Cl H H CH; i-C4Hq 40.00
83 Cl H H CH; C¢HsCH, 56.42
84 H H Br H n-C4Ho 41.76
85 H H Br H n-CgH3 48.71
86 H H Br H n-C3Hy 20.88
87 H H Br H i-C4Hg 30.76
88 H H Br H Cg¢Hs 39.56
89 H H H H i-C4Hy 12.68
90 H H CH; H i-C3H, 19.13
91 H H CH; H i-C4Hy 20.8
92 CH; H H NO, H 19.35
93 CH; H H NO, CH; 46.77
94 CH; H H NO, C,Hs 66.19
95 CH; H H NO, n-C3H, 45.00
96 CH; H H NO, i-C3H; 42.20
97 CH; H H NO, i-C4Hy 76.29
98 CH; H H NO, CgHyy 71.80
99 CH; H H NO, Cg¢Hs 33.30
100 CH; H H NO, C¢HsCH, 70.15
101 CH; H H NO, n-CsHyy 78.89
102 CH; H H NO, n-CeHj3 67.38
103 H NO, CH; H H 40.32
104 H NO, CH; H CH; 56.06
105 H NO, CH; H C,H; 31.29
106 H NO, CH; H n-C3H; 32.28
107 H NO, CH; H n-CsHy; 61.80
108 H NO, CHj; H n-CgH3 65.14
109 H NO, CH; H i-C3H, 57.97
110 H NO, CH; H i-C4Hq 62.85
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The Eq. (5) explains 76.20% and predicts 52.70% of
variances of the dependent parameter. The equation has
sufficient predictability as justified by R’peq and rp>
values of 0.693 and 0.638 respectively. However, the best
found equation for this test set-training set combination
fails to give new descriptor other than f{E)8. This is an
atom based descriptor that stands for the frontier electron
density for electrophilic attack at the atom number 8 which
according to the general structure is one of the two oxy-
gens of the sulphonyl group. Oxygen, having two lone
pairs of electrons is very much susceptible to electrophilic
attack. From the equation, it may be hypothesized that the
electrophilic attack on this atom should be increased for
the higher activity of these molecules. All regression
coefficients used in current 2D-QSAR study are significant
at more than 95% confidence interval as shown by p- and #-
values. The p-and #-values of regression equations were
shown in the supplementary materials (Table S3). The
observed, calculated, residual, predicted residual and pre-
dicted values of these two models (Eq. 4 and Eq. 5) are
shown in the supplementary materials (Table S4 and Table
S5, respectively).

3D-QSAR kNN-MFA study

The 2D-QSAR model may not be able to show all
necessary features for the higher activity. Therefore, a 3D-
QSAR study is an essential tool for the prediction of
necessary features of these molecules of interest. With a
hope to get a realistic 3D-QSAR model, 41 compounds of
the current dataset (Table 2) and 53 compounds of earlier
published dataset (compound 70-122) (Samanta et al.
2004) (shown in Table 3) were combined to a set of 94
compounds and these were subjected to KNN-MFA
modeling. As the structure of bioactive conformer is
unknown, the lowest energy conformation of the opti-
mized structure of the best active compound (compound
59) was used for alignment of all molecules. The template
structure is shown in Fig. 4.

After alignment of these molecules, steric, electrostatic,
and hydrophobic charges were calculated. The %TCI
activities were directly used as the dependent parameter.
The dataset was divided into the training set and the test set
by sphere exclusion principle using dissimilarity value 6.5.
The test set comprised of 16 molecules (compounds 36, 37,
44, 54, 57, 63, 68, 70, 76, 78, 81, 84, 94, 106, 115, and
116). The kNN-MFA forward-backward regression (F =
3.0 to enter, F=2.9 to remove) provided the best model
that is shown below:

kNN method:

Training set size =78, Test set size = 16

Selected Descriptors:

H_1533, S_1222, S_539, S_1471
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Table 3 continued

Cpd?* R1’ R2' R3’ R4’ RS’ %TCI
111 H NO, CHj; H CeHyy 38.75
112 H NO, CH; H CHsCH, 2822
113 H NO, CHj; H CeHs 47.88
114 H H C,H;5 H CH; 34.65
115 H H CHs H C,H;s 41.20
116 H H CHs H n-CsH, 2473
117 H H CHs H n-C4H, 50.68
118 H H CHs H n-CsHy, 34.06
119 H H CHs H n-CeHs 70.47
120 H H CHs H i-CsH, 54.07
121 H H CHs H CHsCH, 6523
122 H H CHs H CeHs 52.36
4 Compound Number
(0]

H ///":

HN
o

S

n/
/ o

(0] H

Fig. 4 Template structure for the alignment of structures in KNN-MFA
analysis

Statistics:

kNN =3

Degree of freedom =73

q2 =0.4923, (q2 =0.529, Deleted compounds =105,

121)

q*_se = 14.6641

Preds? = 0.1001 (Predr2 =0.697, Deleted compounds =

36, 97)

pred_r*se = 17.4348

Descriptor Range:

H_1533 0.2574 0.2695

S_1222 -0.0210 -0.0145

S_539 -0.0139 -0.0075

S_1471 -0.0031 -0.0024

The kKNN-MFA 3D-QSAR model showed the contribu-
tion of descriptors H_1533, S_1222, S_539 and S_1471,
i.e., hydrophobic interaction field at the lattice point 1533
and the steric interaction fields at lattice points 1222, 539
and 1471 respectively. The model shows ¢* value of 0.492
and Predr? = 0.100; Deletion of two compounds (105, 121)
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from the training set raised the value of ¢* up to 0.529.
Deletion of another two compounds (36, 97) from the test
set yielded predr® 0.697. A comparison between the
observed and the predicted values in the model showed that
the most of the lower active molecules showed the higher
values of the deleted residuals. The dataset was directly
divided into the higher active (%TCI> 0.50) and lower
active (%TCI < 0.50). Compounds were deleted when a
higher active compounds was predicted as a lower active
compound and vice versa as well as the deleted residual was
more than 25 unit. The aligned structures of these molecules
as well as descriptors are shown in Fig. 5.

The kKNN-MFA 3D-QSAR study showed importance of
hydrophobic and steric requirements of these glutamine
analogs on the three dimensional space. It is observed that
two steric interaction fields were located near to the sub-
stituted phenyl ring (Fig. 3) and another steric interaction
field was located near the R4 position (Fig. 3). The negative
value of all steric interactions at the lattice point 1222,
1471, and 539, respectively (Fig. 3) suggested that the
decrease of steric interactions at these positions may be
conducive to the higher anticancer activity of these gluta-
mine analogs. Another hydrophobic interaction field was
found to be important at the R4 position (Fig. 3). The
positive value of the hydrophobic interaction at lattice point
1533 suggested that the hydrophobic interaction at this
position may be beneficial for the higher anticancer activity.
Therefore, it may be assumed that the lesser bulky sub-
stitution with the higher hydrophobicity at the
R4 substitution (Fig. 3) may be conducive to the higher
anticancer activity of these glutamine analogs.

Fig. 5 Graphical representation
of the kKNN-MFA forward
backward regression model

Molecular docking study

Molecular docking study (Jones et al. 1997) was performed
with GOLD software (Astex Technology, Chembridge, UK,
2001). First of all, the original ligand, L-gluatmic acid was
docked to the binding site of the same in 3CZD protein to
understand how well the docking experiment was per-
formed. At first, the docking was performed setting all
amino acids in the binding site rigid. The ligand glutamic
acid showed only two hydrogen bonding interactions which
did not match with the reported binding interactions of
L-glutamic acid at the binding site. Therefore, amino acids
in the binding site were rendered flexible and docking was
performed again. This time L-glutamic acid showed Gold-
score fitness 42.88. The interactions are shown in Fig. 6.
In the docked conformation, the ligand formed hydrogen
bonds with GIn285, Ser286, Asn335, Glu381, Asn388 and
Tyr249 and forms short contacts with GIn285, Ser286,
Asn335, Glu381, Asn388, Tyr414, and Tyr466. No addi-
tional interactions were found. Although the binding site
and interactions of L-glutamic acid were reported (Jones
et al. 1995; Venkatachalam et al. 2003) the same for L-
glutamine was not found in the literature. After validating
the original ligand, L-glutamine was also docked in the
same binding site keeping all parameters same. The best
pose showed Goldscore fitness of 40.85. The lower fitness
value was due to the less number of hydrogen bond with the
binding site amino acids. It showed that hydrogen bond
interactions with Glu381, Tyr 249, Tyr414 and Tyr 466 and
short interactions with GIn285, Ser286, Asn335, Glu381,
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Fig. 6 Best docking pose as
well as interactions of
L-glutamic acid

Fig. 7 Best docking pose as
well as interactions of
L-glutamine

Asn388, Tyr414, and Tyr466. The binding interactions are
given in Fig. 7.

The best active compound (compound 59) was docked
similarly. The best pose had Goldscore fitness of 65.82,
which was much higher than that of two natural ligands of
glutaminase. The best docked conformation is shown in
Fig. 8.
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The compound 59 was found to form hydrogen bonds
with Tyrd66, Val 484, Ser286, Tyr414, Asn388, and
Glu281. The better Goldscore fitness was due to the higher
hydrogen bonding interactions with other amino acids like
GIn285, Ser286, Asn335, Glu381, Asn388, Tyr4l4,
Tyrd66, and Val484. The lipophilic parts of the compounds
like the phenyl ring and its aliphatic substitution like the
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Fig. 8 Best docking pose as
well as interactions of Cpd. 59

isobutyl group were found to form short contacts with
amino acid residues of the active site. Hence, it may be
concluded that the best active compound may interact with
the binding site of L-glutamic acid because of much
structural similarity with the ligand and important moieties
like the phenyl ring and the sulphonyl group render the
better stability in the binding site of the protein.

MD simulation

The geometries of the compound 59 was fully optimized
using the density functional theory method with the help of
Becke’s three parameter hybrid density functional, B3LYP/
6-31G (d, p) using GAUSSIAN3 program (Frisch et al.
2003). This structure was subsequently docked at the glu-
tamic acid binding pocket of 3UNW. The best docked pose
showed Goldscore 64.57 which was much higher than that
of L-glutamic acid (40.94). The best docked pose (Fig. 8)
was found to form hydrogen bond interactions with Tyr249,
Ser286, Glu 381, Asn335, and Tyrd66. Almost all polar
residues showed hydrogen bond acceptor or donor char-
acteristics. The sulfonyl group binds with Tyr466 whereas
the adjacent amido group interacts with Asn335. The car-
boxylic group was found to form hydrogen bond interaction
with Ser 286 and Lys289. The amido group attached to the
n-pentyl residue formed hydrogen bond interaction with
Tyr249 and Asn388.

0.30

0.25

0.20

0.15

RMSD (nM)

0.10

0.05

1 — Apoenzyme
0.00 2 — Enzyme+Compound
3 —— Enzyme + Glutamic acid (substrate)

-0.05

1 51 101 151 201 251 301 351 401 451 501
Time (ps)

Fig. 9 RMSD plot to investigate the stability of the system

Based on these docking interactions, MD simulations
were done on the apo, glutamic acid bound and the com-
pound 59 bound complexes of glutaminase (KGA). These
simulations were performed using the GROMACS 4.0.4
program with GROMOS96 43al force field at constant
temperature and pressure ensemble. In the MD simulations,
all protein atoms were entrapped by a cubic water box of
SPC3 water molecules that extended 10 A from the protein
and periodic boundary conditions were utilized in all
directions. These systems were balanced with Na™and C1~
counter ions replacing the solvent molecules. The energy
minimization was performed using the steepest descent
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Fig. 10 Structural requirements
of glutamine derivatives for
better anticancer activity

favorable

Substitution of
the aromatic ring
favors activity

algorithm for 10000 steps. A 100 ps position restrained MD
simulations was performed for every system. It was fol-
lowed by 500 ps production of MD simulations with a time
step of 2 fs constant pressure (1 atm) and temperature (300
K). The electrostatic interactions were calculated by the
PME method. All bonds were constrained using LINCS
algorithm. The GROMACS topologies for ligands were
obtained from PRODRG web server.

The stability of the protein complexes in the MD simu-
lation was also monitored using RMSD calculation with
respect to their initial structure. The RMSD vs. time plot is
shown in Fig. 9.

The RMSD of glutaminase-L-glutamic acid substrate
complex has shown the lowest value compared to all other
systems. However, the complex of glutaminase and the best
active compound (compound 59) has shown RMSD value
higher than 2.0 A initially but after 60ps it maintained
consistently below 2.0 A.

Conclusion

The study carried out here give some important information
about the required structural features and possible interac-
tions of 5-N-substituted-2-N-(substituted benzenesulpho-
nyl)-L(4) glutamines. The highest antitumor activity was
found for the compound 59. Although there are consider-
able biological activity variations among these synthesized
compounds, lack of structural variations may limit finding
of necessary information from a single molecular modeling
approach. Therefore, a multiple ligand-based designing
methodology by 2D-QSAR and 3D-QSAR analyses as well
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H-bond interaction with Ser286
with Val484

Steric effect

H-bond interaction

H-bond interaction with AS£13 88

Decreasing charge
favors activity

H-bond interaction
with Glu381

H-bond interaction
with Tyr414

Nuclecophilic
attack favorable

Increasing charge
favors activity

as molecular docking studies and MD simulation were
adopted here separately. The 2D-QSAR study reveals the
importance of the sulphonyl group, substitutions of the
phenyl ring and charges of the alkyl part of glutamine
moiety. The 3D-QSAR study by kNN-MFA mainly focused
in the steric and hydrophobic interactions that are close to
the substituted phenyl residue and aliphatic/aromatic groups
attached to the amido moiety of glutamine residue. The
docking study performed with the human kidney type glu-
taminase (KGA) enzyme depicts that the best active com-
pound 59 may bind to the L-glutamic acid binding site of
the protein. Apart from hydrogen bonding interactions
formed by electronegative elements like the oxygen and the
nitrogen atoms, close contacts formed by steric Van der
waals interaction render the better stability in the binding
site. The molecular docking study followed by molecular
dynamic simulation showed that these compounds may be
acting as glutaminase inhibitors through L-glutamic acid
binding site of glutaminase enzyme. Atoms and substituents
important for the better anticancer activity obtained in
molecular modeling studies of these glutamine analogs are
presented schematically on the best active compound
(compound 59) in Fig. 10. The current study may help in
further tailoring of this series of compounds for obtaining
compounds with the better anticancer activity.
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