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Abstract

The re-emergence of tuberculosis (TB) as a global health problem over the past few decades, accompanied by the rise of drug-resistant strains
of Mycobacterium tuberculosis, emphasizes the need for discovery of new therapeutic drugs against this disease. The emerging serious problem
both in terms of TB control and clinical management prompted us to synthesize a novel series of heterocyclic o/m/p substituted diphenyl ether
derivatives and determine their activity against H37Rv strain of Mycobacterium. All 10 compounds inhibited the growth of the H37Rv strain of
mycobacterium at concentrations as low as 1 pg/mL. This level of activity was found comparable to the reference drugs rifampicin and isoniazid
at the same concentration. Molecular modeling of the binding of the diphenyl ether derivatives on enoyl-ACP reductase, the molecular target site
of triclosan, indicated that these compounds fit within the binding domain occupied by triclosan. Hence the diphenyl ether derivatives tested in
this study were docked to ENR and the binding of the diphenyl ether derivatives was also estimated using a variety of scoring functions that have
been compiled into the single consensus score. As the scores ranged from 47.27% to 65.81%, these bioactive compounds appear to have a novel
mechanism of action against M. tuberculosis, and their structural features should be studied further for their potential use as new antitubercular
drugs.
© 2008 Elsevier Masson SAS. All rights reserved.
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1. Introduction

Tuberculosis (TB) is a chronic infectious disease caused by
mycobacteria of the ‘“tuberculosis complex”, including
primarily Mycobacterium tuberculosis, but also Mycobacte-
rium bovis and Mycobacterium africanum [1,2]. In the last
decade, TB has re-emerged as one of the leading causes of
death worldwide (nearly 3 million deaths annually) [3]. The
estimated 8.8 million new cases every year correspond to
52,000 deaths per week or more than 7,000 each day [4,5].
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These numbers however, are only a partial depiction of the
global TB threat. More than 80% of TB patients are in the
economically productive age of 15—49 years, which results
in tremendous economic and social problems.

It was estimated that nearly 1 billion more people will be
infected with TB in the next 20 years. About 15% of that
group (150 million) will exhibit symptoms of the disease,
and about 3.6% (36 million) will die from TB if new disease
prevention and treatment measures are not developed [6]. In
2005, the TB incidence rate was stable or in decline in all
six WHO regions, and had reached a peak worldwide.
However, the total number of new TB cases is still rising
slowly, because the case-load continues to grow in the African,
Eastern Mediterranean and South-East Asia regions [6]. The
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dramatic increase in TB cases observed in the recent years is
a result of two major factors. First is the increased susceptibil-
ity of people infected with Acquired Immunodeficiency
Syndrome (AIDS) to TB, which augments the risk of develop-
ing the disease 100-fold [7]. Second is the increase in resistant
strains of the disease [8] with some showing cross-resistance
to as many as nine drugs [7].

Although one possible long term solution to the problem is
a better vaccine, in the short term, the major reliance will be
on chemotherapy [9] requiring the development of novel,
effective and non-toxic antitubercular agents [9—11]. The
identification of novel target sites will also be needed to
circumvent the problems associated with the increasing occur-
rence of multi-drug resistant strains. To do this, biochemical
pathways specific to the mycobacteria and related organisms’
disease cycle must be better understood. Many unique meta-
bolic processes occur during the biosynthesis of mycobacterial
cell wall components [12]. One of these attractive targets for
the rational design of new antitubercular agents are the
mycolic acids, the major components of the cell wall of M.
tuberculosis [13].

Mycolic acids are high molecular weight C74—C90 a-alkyl,
B-hydroxy fatty acids covalently linked to arabino-galactan
[13—15]. They represent the major lipid components of the
mycobacterial cell walls and are unique to mycobacteria and
related species [16]. Enzymes that comprise the fatty acid
synthetase (FAS) complex responsible for fatty acid biosynthe-
sis are considered ideal targets for designing new antibacterial
agents. Enoyl-ACP reductase (ENR) is a key regulatory enzyme
in fatty acid elongation, and it catalyses the NADH-dependent
stereospecific reduction of a,B-unsaturated fatty acids bound to
the acyl carrier protein [17—19]. Two studies have shown that
5-chloro-pyrazinamide (5-CI1-PZA) [20,21] and pyrazinamide
(PZA) [21] inhibit M. tuberculosis FAS 1, indicating that FAS
I is also a good drug target.

The diphenyl ether, triclosan 5-chloro-2-(2,4-dichloro-phe-
noxy) phenol ether, is a broad-spectrum biocide that has been
used for over 30 years mainly as a component of antimicrobial
wash in consumer products such as toothpastes, mouthwashes,
deodarant soaps, lotions, children toys and cutting boards [22].

Until recently, it was thought that triclosan, being a rela-
tively small hydrophobic molecule, was absorbed via diffusion
into the bacterial cell wall and that its antibacterial activity
was the result of a non-specific disruption of the organism’s
cell wall [23,24]. However, the first evidence that this diphenyl
ether inhibits fatty acid biosynthesis came when a genetic
analysis of an Escherichia coli strain resistant to triclosan
linked the resistance to the Fabl gene which encodes for
ENR [25]. Subsequently extensive biochemical and structural
studies have been performed to confirm that triclosan is a spe-
cific inhibitor of E. coli ENR [18,26—28]. Triclosan also
directly inhibits ENR from Staphylococcus aureus [29],
Haemophilus influenzae [30], M. tuberculosis and Mycobacte-
rium smegmatis (encoded by InhA) [31—33] and Plasmodium
falciparum, the malarial parasite [34—36]. The common theme
in the inhibition of ENRs by triclosan is the requirement of the
NAD™ cofactor. The interaction of triclosan with ENR is

stabilized by the m—7t stacking interaction between the hy-
droxyl chloro phenyl ring (ring A in Fig. 1) and the hydroxyl
group of a tyrosine from hydrogen bonding interactions with
the hydroxyl group of triclosan. Ring B of triclosan makes
several hydrophobic contacts with ENR. The ether oxygen
of triclosan may also be critical in the formation of the stable
ENR—triclosan—NAD™ complex, since the replacement of the
group by a sulfur atom abolishes the inhibitory activity [26].

2. Chemistry

Since diphenyl ethers (including triclosan) are well known
for their antitubercular activities [37] and that their mode of
action has been characterized, our work has focused on the
synthesis of antimycobacterial compounds based on the
diphenyl ether skeleton and the synthesized compounds were
tested then for their in vitro antitubercular activity. The syn-
thetic pathways are illustrated in Schemes 1 and 2. Molecular
modeling of their binding to ENR was also performed to study
whether this target was the ideal site to exhibit their mecha-
nism of antitubercular activity.

3. Antitubercular activity and docking studies
3.1. Antitubercular activity

Antitubercular activity of the set of diphenyl ether deriva-
tives was tested using the Lowenstein—Jensen medium (L.J.
medium) method [47]. Briefly, eggs were broken aseptically
to obtain 200 mL of egg solution. The solution was filtered
through a sterile muslin cloth into a sterile conical flask
containing glass beads. Sterilized mineral salt solution (120
mL) (consisting of 4.0 g potassium phosphate (anhydrous), 0.4
g of magnesium sulfate, 1.6 g magnesium citrate, 6.0 g of
asparagine, 20 mL of glycerol, distilled water to fill to 1 L)
and 4 mL of sterilized malachite green solution (2.0%) were
added to the 200 mL of egg solution. The contents were mixed
well to form a uniform medium.

Compounds (10 mg) were dissolved in 10.0 mL of DMSO
and were diluted with DMSO to make 100 pg/mL and 10 pg/
mL stock solutions. A 0.8 mL aliquot of each concentration
was transferred into different McCartney bottles. To this,
7.2 mL of L.J. medium was added and mixed well.

INH and rifampicin (10 mg) were chosen as the standard
drugs for the comparison of antitubercular activity. The drug
was dissolved in DMSO and diluted and tested as described
above. The bottles were incubated at 75—80 °C for 3 days
for solidification and sterilization.

Procedure for inoculation. A sweep from H37Rv strain of
M. tuberculosis culture was discharged with the help of 22

OH Cl

Fig. 1. Structure of triclosan.
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Scheme 1. Synthesis of the oxadiazole thiones, triazoles, and pyrazoline derivatives of diphenyl ethers, where Ar = o-, m-, or p-phenoxy phenyl (a, b, ¢) in case of
oxadiazolethione (5a, 5b, and 5¢) and triazole derivatives (7a, 7b, and 7¢) and Ar = m-phenoxy phenyl (9).

S.W.nichrome wire loop of 3 mm external diameter into
a sterile bijou bottle containing six 3 mm glass beads and
4 mL of sterile distilled water. Each loop of culture delivered
approximately 4 mg of bacilli cells. The bottle was shaken
with the help of a mechanical shaker for 2 min to constitute
the suspension. The suspension was inoculated on the surface
of each L.J. medium containing the test compounds using 27
S.W.G nichrome wire loop of 3 mm external diameter. L.J.
medium containing INH and rifampicin as well as the me-
dium containing DMSO (control) were inoculated with the
test organism for positive and negative controls. Medium
without any test compound/DMSO was also inoculated with
the test organism to check whether the media supports the
growth of the tubercle bacilli or not. The inoculated bottles
were incubated at 37 °C for 6 weeks, at the end of which
readings were taken.

3.2. Computer modeling of ENR and docking
of the diphenyl ether data set

The X-ray crystal coordinates of E. coli ENR—NAD"—
triclosan complex at a resolution of 2.0 A from Qiu et al.
[39] were obtained from the Protein Data Bank (http://www.
rcsb.org) under the accession code 1C14.pdb. Using the
program Sybyl 6.9 (Tripos Inc., St. Louis, MO) on a Silicon
Graphics 02 250 MHz R10000 workstation, mislabeled atom
types from the pdb files were first corrected. Subsequently,
proline @ angles were fixed at 70°, side chain amides were
checked to maximize potential H-bonding, side chains were
checked for close van der Waals contacts, and essential

hydrogens were added. The model was checked for conforma-
tional problems using the module ProTable from Sybyl.
Ramachandran plot [48,49] of the backbone torsion angles
PHI and PSI, local geometry and the location of buried polar
residues/exposed non-polar residues were examined.

The structure was then subjected to an energy refinement
procedure. Gasteiger—Huckel charges [49] were calculated
for the ligand, while Kollman charges [50] were used for the
protein. The model was then subjected to energy minimization
following the gradient termination of the Powell method for
3000 iterations using Kollman united force field with non-
bonding cutoff set at 9.0 and the dielectric constant set at 4.0.

The 3-D structure of triclosan was obtained from its X-ray
crystal coordinate found in 1C14.pdb file. The 3-D structures
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Scheme 2. Synthesis of isoxazoles, where Ar=m-phenoxy phenyl; R=H
(10a), 4-chloro (10b), and 4-methoxy (10c).
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of the diphenyl derivatives tested in this study were derived
from the coordinate of the triclosan backbone.

3.3. Docking experiment

The diphenyl ether derivatives tested in this study were
docked to ENR using FlexX in Sybyl. This software uses an
incremental construction approach to place ligands into a bind-
ing domain of a protein [51]. The first phase of the FlexX
process consists of establishing the base selection where
a part of the ligand is selected as a base fragment based on its
placeability and specificity [52]. This fragment is then placed
into binding domain independently of the rest of the ligand
using the pose clustering pattern recognition technique, which
optimizes the number of favorable interactions that can occur
between the fragment and the protein. Finally, the rest of the
ligand is built into the site using the different placements of
the base fragment as starting points. The FlexX scoring function
uses a modified version of the Bohm function designed for the
de novo design program LUDI that estimates the free binding
energy AG of the protein—ligand complex [40].

The binding of the diphenyl ether derivatives was also
estimated using a variety of scoring functions that have been
compiled into the single consensus score (CScore). The
CScore module available in Sybyl includes the G_Score,
PMF_Score, D_Score, ChemScore, and the FlexX F_Score
scoring functions.

4. Results and discussion

A series of cyclic azole substituted diphenyl ether deriva-
tives were synthesized using o-, m-, or p-phenoxy benzalde-
hydes with different reagents to form the desired heterocyclic
diphenyl ether derivatives. Compounds of type 5 possessed an
oxadiazolethione group; compounds of type 7 consisted of
a triazole ring, compound 9 with pyrazoline and compounds
of type 10 possessed isoxazole ring. Overall, the yields were
in the range of 60—88% and the compounds were easy to
crystallize. Their structures were confirmed by GC—MS,
LC—MS, 'H NMR and IR spectroscopies (given in synthetic
procedure).

The compounds listed in Table 1 were evaluated for antitu-
bercular activity. All 10 diphenyl ether derivatives were highly
active against the H37Rv strain M. tuberculosis (Table 2). The
compounds inhibited the growth of the human pathogen at
concentrations as low as 1 pg/mL. A concentration of 1 pg/
mL corresponds to 3.7 uM for the compounds in 5, 2.9 uyM
for compounds in 7, and 2.4, 3.2, 2.9 and 2.9 uM for com-
pounds 9, 10a, 10b, and 10c, respectively. Such level of
antitubercular activity is comparable to other standard drugs
such as isoniazid and rifampicin, which have MICs at 0.01—
1.25 and 0.06—0.25 pg/mL, respectively [38]. The diphenyl
ether triclosan has an MIC of 5 ng/mL (17.4 uM) for M. tuber-
culosis [32].

To understand the basis of the mechanism of antitubercu-
lar activity of the diphenyl ether derivatives synthesized for
this study, molecular modeling and docking studies were

performed. The crystal structure of E. coli ENR—NAD"'—
triclosan complex (1C14.pdb) at a resolution of 2.0A [39]
was optimized and minimized as shown in Fig. 2A with tri-
closan in ball and stick form and the amino acid residue of
NAD™" below. It showed that triclosan bound non-covalently
in the location adjacent to the nicotinamide portion of
NAD™ and formed a parallel stack with nicotinamide ring
of the cofactor with an interplanar distance of 3.4 A. Analysis
of the Ramachandran plot shows a normal distribution of
points without any amino acid residues classified as outliers.
PHI angles were restricted to negative values, and PSI values
were clustered in two distinct regions. Several glycine resi-
dues had PHI angle values outside the recommended range,
but this amino acid is not subjected to the same steric
constraints as other residues due to their lack of a side chain.
Analysis of the local geometry of the structure, which mea-
sures deviations from acceptable bond lengths and bond
angles, indicated a robust model with all amino acids within
the core region, except 22 residues within the allowable
region. No amino acid had bond lengths or angles exceeding
the acceptable range.

The binding domain identified to accommodate triclosan is
large enough to hold the diphenyl ether derivatives synthesized
in this study, although these molecules occupy a larger volume
than triclosan (Table 3). In particular, the rings with ortho sub-
stitutions are larger. The meta and para substituted structures
are also more voluminous than triclosan but could still fit
within the binding domain of E. coli ENR as observed from
the docking results. The potential binding of these structures
was determined by a virtual docking procedure using the pro-
gram FlexX [40,41] in combination with CScore commonly
used for virtual high-throughput screening projects [42,43]
(Table 2). The diphenyl ether with triazole thione at meta
position, compound 7b, had the highest docking score of
65.81% while the substituted pyrazoline ring at meta position,
compound 9, of diphenyl ether showed the least docking score
of 47.27% indicating that larger molecular volume might
result in low docking score.

The diphenyl ethers used in this study occupy a larger
molecular volume than triclosan (Table 3), therefore, their
cyclic azole substitutions tend to extend beyond the binding
domain when positions in order to retain the critical interac-
tions with NAD™. Fig. 2A shows the position of triclosan
(ball and stick) relative to NAD™, Fig. 2B shows the overlay
of highest scoring 3-triazole thione diphenyl ether derivative
(ball and stick), Fig. 2C, the overlay of least scoring pyrazo-
line derivative of diphenyl ether (ball and stick) and Fig. 2D
the overlap of all 10 derivatives of diphenyl ether 5a, Sb, Sc
in wire, 7a, 7b, 7c¢ in stick, 9 in yellow highlighted and 10a,
10b, and 10c in ball and stick form within the binding
domain of triclosan diphenyl ether derivative. Changing the
spatial orientation of the derivatives to fit more correctly in
the pocket precludes or disrupts the t—m stacking interaction
that is critical for sustaining the inhibitory activity of
diphenyl ethers [27,44]. The stabilization of the ENR-—
diphenyl ether—NAD™ complex obtained via the ether oxy-
gen is not possible.
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Structures of the compounds synthesized and some of their physical properties
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Code

Structure

Mw

Yield (%)

M.p (C)

Elemental analysis

Calculated (found)

Sa

5b

Sc

Ta

7b

Tc

10a

10b

10c

S

ool
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sty

|
N-NH

o-N
SRORE
N
O'/\
©/O O N O Cl
N
O/\
©/ O = O OCH,

270.31

270.31

270.31

345.42

345.42

345.42

419.47

313.35

347.79

343.38

87

85

70

88

86

78

65

65

70

60

122

154

190

270

268

188

130

78

82

100

C-62.21% (62.19%)
H-3.73% (3.53%)
N-10.36% (10.25%)

C-62.21% (62.19%)
H-3.73% (3.63%)
N-10.36% (10.35%)

C-62.21% (62.19%)
H-3.73% (3.53%)
N-10.36% (10.25%)

C-69.54% (69.55%)
H-4.38% (4.36%)
N-12.17% (12.16%)

C-69.54% (69.55%)
H-4.38% (4.36%)
N-12.17% (12.16%)

C-69.54% (69.55%)
H-4.38% (4.36%)
N-12.17% (12.16%)

C-77.31% (77.11%)
H-5.05% (5.00%)
N-10.02% (10.00%)

C-80.49% (80.39%)
H-4.82% (4.83%)
N-4.47% (4.45%)

C-72.52% (72.49%)
H-4.06% (4.03%)
N-4.03% (4.05%)

C-80.75% (80.69%)
H-4.52% (4.53%)
N-4.48% (4.45%)




Table 2

S.G. Kini et al. | European Journal of Medicinal Chemistry 44 (2009) 492—500 497

Biological activity of the diphenyl ether derivatives against H37Rv strain of M.
tuberculosis and their docking scores

Code M. tuberculosis Docking
inhibition® (%) score”
5a 100 54.16
5b 100 59.18
5¢ 100 54.39
7a 100 52.77
7b 100 65.81
7c 100 63.79
9 100 47.27
10a 100 58.56
10b 100 54.75
10¢ 100 52.77
Triclosan 100 98.96

# At 1 pg/mL concentration, which corresponds to 2.4—3.7 uM.

® Based on CScore values.

5. Experimental section

5.1. General

Reagents. All reagents were purchased from Sigma Chem-
icals (Bangalore, India) and were used without further

purification.

TLC analysis. Carried out on aluminum foil precoated with
silica gel 60 F254 (Sigma—Aldrich Company, Bangalore
dealer).

Equipments. Melting points were determined on Toshniwal
apparatus (Toshniwal Company, Bangalore, India) and are
uncorrected. IR spectra were taken on Shimadzu FTIR
8300 spectrometer. 'H NMR spectra were recorded on
a Brucker AMX-400 NMR spectrometer and were refer-
enced to TMS and all chemical shifts are reported as
0 (ppm) values. Compounds were also analyzed by GC—
MS (QP 5010, Shimadzu Corporation, Japan), LC—MS,
FAB-MS (Joel SX-102, CDRI, Mumbai, India) and
EI-MS (Autospec-5, IICT, Hyderabad, India).

5.2. Synthesis of oxadiazolethione

Phenoxy benzaldehyde (o/mi/p) 1 (0.01 mol) was oxidized to
phenoxy benzoic acid 2 (Scheme 1) using alkaline KMnO,
solution as per the procedure given in Vogel’s Text Book of
Practical Organic Chemistry [45]. (o/m/p) Phenoxy benzoic
acid (0.01 mol) was converted to the respective ester 3 (o/m/
p) using methanol, concentrated H,SO,, and (o/m/p) phenoxy
benzoic acid ester (0.01 mol) to hydrazide 4 (o/m/p) using hy-
drazine hydrate as per the procedure given in Ref. [46].

Fig. 2. Binding domain of E. coli ENR showing (A) the position of triclosan (ball and stick) relative to NAD™, (B) the overlay of highest scoring 3-triazole thione
diphenyl ether derivative (ball and stick), (C) the overlay of least scoring pyrazoline derivative of diphenyl ether (ball and stick) and (D) the overlap of all 10
derivatives of diphenyl ether Sa, Sb, Sc in wire, 7a, 7b, 7c¢ in stick, 9 in yellow highlights and 10a, 10b, and 10c in ball and stick form within the binding domain
of triclosan (for interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article).
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Table 3

Molecular properties of the diphenyl ethers used in this study

Code Mw Volume, A3 Dipole, Debye  E, kcal/mol 1P, eV egomos €V erumos €V EPmin, eV EPpa, €V LPhin LPhoax
Sa 270.31  258.95 7.18 12.088 8.589 —8.793 —0.384 —26.253 28.637 0.106  0.178
5b 27031  262.38 6.16 12.353 8.706 —8.925 —0.387 —25.278 32.249 0.109  0.182
5c 270.31  262.37 3.08 12.369 8.697 —8.902 —0.369 —25.746 30.978 0.111  0.181
7a 34542 32197 4.17 26.430 8.150 —8.240 —0.308 —27.539 24.782 0.114  0.170
7b 34542  326.84 3.43 26.866 8.254 —8.357 —0.354 —26.529 28.016 0.116  0.172
Tc 34542 326.61 3.16 26.871 8.251 —8.352 —0.355 —26.906 26.570 0.117  0.172
9 419.47  409.08 3.00 12.785 9.053 —9.429 —0.059 —40.750 29.375 0.067  0.126
10a 31335  317.63 2.35 13.453 9.253 —9.462 —0.136 —29.532 16.845 0.113  0.154
10b 347.79 33491 2.93 13.029 9.309 —9.702 —0.399 —28.267 18.111 0.123  0.198
10c 343.38  352.81 3.22 15.156 9.276 —9.597 —0.275 —32.607 20.167 0.094  0.148
Triclosan  289.54  246.43 1.99 2.662 9.700 —9.251 —0.201 —22.831 32.121 0.167  0.263

Note: volume = connolly solvent accessible surface volume; E,y, = total energy; IP = ionization energy; egomo = energy of highest occupied molecular orbital;
eLumo = energy of lowest unoccupied molecular orbital; EP,,,,x and EP,;, = maximum and minimum electrostatic potentials; LP,,x and LP,;;;, = maximum and

minimum lipophilicities.

A mixture of equimolar quantities (0.01 mol) of (o/m/p)
phenoxy benzoic acid hydrazide, CS, and KOH were taken
in absolute ethanol in a round bottom flask. The solution
was refluxed until the evolution of H,S had nearly stopped
(about 18 h). The solvent was removed under reduced pres-
sure. The residue was dissolved in water and the solution
was acidified with dilute HCI (10%). The resulting product §
was collected, washed with water, dried and recrytallized
from aqueous ethanol (80%). The purity of the compound
was ascertained by a single spot on the TLC plate. The phys-
ical and molecular data are given in Tables 1 and 3. The
solvent system for TLC was chloroform:methanol (8:2 v/v).

5.3. Synthesis of triazole thione

Equimolar quantities (0.01 mol) of acid hydrazide and
phenyl isothiocyanate were dissolved in absolute ethanol in
a round bottom flask (Scheme 1). The solution was refluxed
for 3 h on a water bath. The solution was concentrated under
reduced pressure and the solid separated was collected and
recrystallized from appropriate solvent to get the isothiocya-
nate derivative 6. This was further used to prepare triazole
whereby it was suspended in 4% NaOH and refluxed for 1 h
(Scheme 1). The resulting solution was filtered and the filtrate
was cooled, acidified carefully with diluted acetic acid to pH
5.5. The precipitate formed was filtered, washed with water,
and the product 7 was crystallized from ethanol. The purity
of the compounds was established by single spot on the
TLC plate. The physical and molecular data are given in
Tables 1 and 3. The solvent system used consisted of chloro-
form:ethyl acetate (1:1 v/v).

5.4. Synthesis of isoxazole derivatives

Preparation of chalcone. m-Phenoxy benzaldehyde 1
(0.01 mol) in ethanol (95%, 15.0 mL) was added to the
mixture of acetophenone (0.01 mol), ethanol (95%, 20.0 mL)
and NaOH (40%, 8.0 mL) and stirred for 24 h (Scheme 2).
The content was poured into crushed ice. The product was iso-
lated by acidification and crystallization from ethanol (95%).

Anhydrous sodium acetate (0.01 mol) dissolved in a mini-
mum amount of hot acetic acid was added to the solution of
hydroxylamine hydrochloride (0.01 mol) in ethanol (15.0
mL). This solution was added to a solution of chalcone (0.01
mol) in ethanol (20.0 mL). The mixture was refluxed on an
oil-bath for 8 h, concentrated and neutralized with NaOH
solution (0.1%). The product 10 was crystallized from ethanol
(95%). The physical and molecular data are given in Tables 1
and 3.

5.5. Synthesis of pyrazoline derivatives

m/p Phenoxy benzaldehyde (0.01 mol) was dissolved in
15mL of ethanol. 2-Methylpyridyl ketone dissolved in
15 mL of ethanol was added (Scheme 1). This mixture was
kept on a magnetic stirrer and slowly a stream of NaOH solu-
tion (40%, 10 mL) was added and stirred overnight. The
mixture was then acidified to pH 5.0 to obtain the chalcone.
The precipitate was filtered, dried and crystallized from
ethanol. This chalcone 8 was used to prepare different pyrazo-
lines. The hydrazide of the benzoic acid was synthesized by
the usual method.

The above-prepared chalcone (0.01 mol) was dissolved in
ethanol (15 mL). The hydrazide of the benzoic acid (0.01
mol) was dissolved in ethanol (20 mL) and added. To this mix-
ture few drops of glacial acetic acid was added and the mixture
was refluxed for 12 h. The solvent was then removed under
reduced pressure and the product was poured into ice-cold
water. The precipitate of pyrazoline (9) was obtained which
was filtered and dried. The product was crystallized from eth-
anol. The physical and molecular data are given in Tables 1
and 3. The solvent system for TLC was benzene:ethylacetate
(1:2 v/v).

5.6. Spectral data
5.6.1. 5-(3-Phenoxyphenyl)-1,3 4-oxadiazole-2(3H )-thione

FTIR spectral data. KBr pellet: C=N (1583.4), C=S
(1180.4), C—0O stretch (1693.4), C—O—C (oxadiazole)
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(1336.6), C—0O—C (diphenyl ether) (1232.4), Ar stretch
(688.5), N—H (3456.2).

'H NMR (DMSO). 6 83 (s, 1H, NH of oxadiazole),
0 6.9—7.9 (m, 9H,Ar).

Mass calculated for C;4H;,N,0,S 270.0, found 270.0.

5.6.2. 5-(2-Phenoxyphenyl)-4-phenyl-2 4-dihydro-
3H-1,2 4-triazole-3-thione

FTIR spectral data. KBr pellet: C=N (1577.7), C=S
(1157.2), C—N stretch (1612.4), C—N—C (1394.4), C—
O—C (diphenyl ether) (1242.1), Ar stretch (692.4), N—H
(3436.9).

'H NMR (DMSO). ¢ 3.2 (s, 1H, triazole), 6 6.7—7.7 (m,
14H, Ar).

Mass calculated for C,gH;5N30S 345.1 and molecular ion
(m + 1) peak from LC—MS was obtained at 346.14.

5.6.3. 3-(4-Methoxyphenyl)-5-(3-phenoxyphenyl)isoxazole

FTIR spectral data. KBr pellet: C=N (1579.6), C=C (iso-
xazole) (1515.9), C—O stretch (1614.3.6), CH; (1461.9),
C—0O—C (diphenyl ether) (1245.9), Ar stretch (692.4).

'H NMR (DMSO). 6 2.3 (s, 1H, CH), 6 6.9—8.0 (m, 13H,
Ar), 0 3.8 (s, 1H,CH3).

Mass calculated for C,,H;7;NO5 is 343.37 and molecular
ion peak was obtained at 343 indicating that the compound
is formed.

5.64. 2-[5-(3-Phenoxyphenyl)-4,5-dihydro-1
(benzoyl)-pyrazol-3-yl] pyridine

FTIR spectral data. KBr pellet: C=N (1442.7), C=0
(1685.7), C—0O—C (diphenyl ether) (1242.1), Ar stretch
(694.3, 3055).

'H NMR (DMSO). 6 6.9—8.5 (m, 17H), 6 3.2 and 4.0 (d,
CH,), 6 4.2 and 5.0 (d, CH).

Mass calculated for C,7H,> N3Ojz is 435.23 and molecular
ion (m+ 1) peak was obtained at m/z 436.23. The other
fragment peaks were obtained at m/z 316.2, 269.2, 121.1.
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