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In the current work, novel series of fluoro substituted pyrazole nucleus clubbed with 1,3,4-oxadiazole

scaffolds (7a-p), were synthesized in good yield (79-89%). The structures of all the compounds were

confirmed on the basis of elemental analysis, IR, "H NMR, and mass spectral data. The newly synthesized

compounds were screened for their preliminary in vitro antibacterial activity against a panel of pathogenic

strains of bacteria and fungi; antituberculosis activity against Mycobacterium tuberculosis H3;Rv and

antimalarial activity against Plasmodium falciparum. Compounds 7e, 70 and 7h were found to possess

promising antibacterial potency. while Compounds 7¢, 7h and 7j demonstrated better potency against M.

tuberculosis Hy;Rv as compared to that of refampicin. While compound 7b, 7h, 7i, 71 and 70 were found

15 to possess excellent activity against P. falciparum strain as compared to quinine ICs5,=0.826puM.

1. Introduction

Malaria is the most lethal human parasitic infection caused by
Plasmodium falciparum and Plasmodium vivax'. A number of
vaccine candidates are being clinically tested, which may become
significant tool for the treatment of malaria in future. However,
the first signs of resistance to artemisinin, the first-line
antimalarial treatment, have appeared in Southeast Asia.”™*. It is
therefore important to develop new antimalarial medications with
novel modes of action®. On the other hand, tuberculosis (TB), a
lung infectious disease mostly caused by Mycobacterium
tuberculosis (MTB), has become worldwide public health
problem and is responsible for death of 2-3 million people
annually ® 7. Moreover, TB repeatedly occurs in HIV/AIDS
patients who have a more reduced response to TB treatment. The
emergence and distribution of multi-drug resistant (MDR-TB)
extensively  drug-resistant (XDR-TB)
Mpycobacterium tuberculosis have become the major challenges
in treatment with modern anti-TB drugs. Modern anti-TB drugs
also suffer from low tolerability or adverse effects.
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Over the past two decades the world population is suffering
cruelly with the life threatening infectious disease caused by
multidrug-resistant pathogenic bacteria (Gram-positive and
Gram-negative bacteria)® °. Microbial infections are the second
most leading death causing diseases after heart attack in the
world, due to their impulsive extend, toxicity and resistance
towards the available antibiotic drugs.
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Owing to such an emergency there is an urgent need for the
45 development of novel drugs with fewer side effects and improved

efficacy to cure malaria, tuberculosis (TB) and microbial
infections. We have designed and synthesized fluoro substituted
pyrazole based 1,3,4-oxadiazole scaffolds. The improvement of
hybrid molecules through the

so pharmacophores in one frame may lead to path way for finding
out a better solution.

combination of diverse

Figure 1. Structures of pyrazofurin and some reported biologically active pyrazole based 1,3,4-oxadiazoles
scaffold A, B, C and synthesized compounds 7a-p.

Pyrazole ring is a ubiquitous core in heterocyclic chemistry and
represents a key motif in medicinal chemistry due to their
ss potential to exhibit an array of bioactivities
antimicrobial'°, anti-inflammatory 1 antipyretic 12 anticancer °°,
anti-viral, antitumor '* 1% | analgesic 16 fungistatic 17 and anti-
hyperglycemic activity'® . 1,3,4-Oxadiazole forms important
class of heterocyclic bioactive compounds which have extensive
eo attracted attention, owing to their remarkable biological and
pharmacological properties such as antibacterial®’, and anti-
tubercular activities > *?, anti-inflammatory”, antifungal %,
antidepressant 2, anti-proliferative®, anti-anxiety”’. Moreover,

such as
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1,3,4-oxadiazole heterocycles are very good bioisosteres of
amides and esters, which contribute substantially to growing
pharmacological potency by participating in hydrogen bonding
interactions with the receptors. Also several biologically active

s pyrazofurin and some reported pyrazole based 1,3,4-oxadiazole
scaffolds (Fig. 1A-C)*" %%,

2. Chemistry
The synthetic protocol for novel series of fluoro substituted
pyrazole bearing 1,3,4-oxadiazole scaffolds was performed as
10 outlined in Scheme 1. The starting material 5-chloro-3-methyl-1-
phenyl-1H-pyrazole-4-carbaldehyde 2 was prepared according to
Vilsmeier—-Haack reaction of 3-methyl-1-phenyl-1H-pyrazol-
5(4H)-one®™.  3-methyl-5-substituted  aryloxy-1-phenyl-1H-
pyrazole-4-carbaldehydes 4a-d were prepared by refluxing
15 compound 2 and fluoro substituted phenols 3a-d in presence of
anhydrous K,CO; as basic catalyst in DMF as solvent. Then these
derivatives 4a-d were treated with 4-substitutedbenzohydrazide
5a-d in the presence of few drops of glacial acetic acid in ethanol.
The mixture was refluxed for 1 h to obtain corresponding
20 hydrazones 6a-p. The obtained hydrazones 6a-p were then
subjected to oxidative cyclization using phenyliododiacetate
(PhI(OAc),) in dichloromethane (MDC) by stirring at room
temperature for 20 min to afford  corresponding 1,3,4-
oxadiazoles 7a-p.

25 OH
CHO
CHO \ AN
/3 A\ | d 1\ [
M=o N ~ci R Mg o
N DMF, POCI, N 3a-d
—t %
© 90° 3 hr DMF, K,CO;4 ©
90° 2 hr
0y 2 4a-d
o N
¥ NH,
EtOH, glacial
2 e acetic acid
o A 80° 1hr
35 \ 4 . R, 5a-d

Z
,\ <R 0 =N

N R lodobenzene = N N

‘N7 O diacetate NN N

MDC R NF (¢}
© stirred RT | ! R
For 20 Min =

40

R = 2-F, 3-F, 3-CF3, 4-F
R/= 4-CHy,4-Br, 4-OCHy, 4-Cl

2.2 Analytical results

45 The structure of the targeted fluoro substituted pyrazole motifs
clubbed with 1,3,4-oxadiazole scaffolds 7a-p were confirmed by
mass spectrometry, 'H NMR, FT-IR and elemental analysis. The
mass spectrum of all the compounds showed molecular ion peak
(M+) corresponding to their respective molecular weights, which

so additionally confirmed the molecular frame work. The aromatic
region resonates in the range of 6.83-7.92 ppm (Ar-H) as
multiplet in '"H NMR spectra of the compounds. In IR spectra,
the absorption bands in the range of 1621-1638 cm’
observed for all the compounds which may be due to —C=N

ss stretching. -C=C- stretching appeared at 1589-1598 cm™. The
absorption around 3051- 3067cm™ is due to aromatic C-H
stretching. IR spectra of the synthesized scaffolds exhibited

was

characteristic absorption bands in the range 1213 -1237cm’ due
to the presence of ether linkage.

« 3. Pharmacology

3.1. In vitro antimicrobial activity
The antimicrobial activity of the newly synthesized fluoro
substituted pyrazole bearing 1,3,4-oxadiazole derivative was
carried out by broth micro dilution method according to National
6s Committee for Clinical Laboratory Standards (NCCLS) 3
Antibacterial activity was screened against three Gram positive
(Bacillus subtilis MTCC 441, Clostridium tetani MTCC 449, and
Streptococcus pneumoniae  MTCC 1936) and three Gram
negative (Salmonella typhi MTCC 98, Escherichia coli MTCC
443, and Vibrio cholerae MTCC 3906) bacteria using ampicillin,
norfloxacin, chloramphenicol and ciprofloxacin as the standard
antibacterial drugs. Antifungal activity was screened against two
fungal species (Aspergillus fumigatus MTCC 3008 and Candida
albicans MTCC 227) where nystatin and griseofulvin were used
75 as the standard antifungal drugs. The strains employed for the
activity were procured from the Institute of Microbial
Technology, Chandigarh ~(MTCC-Micro Type Culture
Collection). Mueller Hinton broth was used as nutrient medium to
grow and dilute the drug suspension for the test. DMSO was used
so as the diluent to get the desired concentration of compounds to
test upon the The
antimicrobial screening data is shown in Table 1.

=

standard bacterial strains. result of

3.2. In vitro antituberculosis activity

A primary in vitro antituberculosis activity of the newly
ss synthesized fluoro substituted pyrazole bearing 1,3,4-oxadiazole

derivatives was conducted at 250 pg/mL against Mycobacterium

tuberculosis H37Rv strain by using Lowenstein-Jensen medium

as described by Rattan®>. The obtained results are presented in

Table 2 in form of % inhibition. Rifampicin and Isoniazid were
90 used as the standard drugs.

3.3. In vitro antimalarial activity
In vitro antimalarial activity of the newly synthesized fluoro
substituted pyrazole bearing 1,3,4-oxadiazole derivatives against
P. falciparum strain was performed using chloroquine and
os quinine as the reference compounds. The consequences of the
antimalarial screening are expressed as the drug concentration
resulting in 50% inhibition (ICs,) of parasite growth and are listed
in Table 3.

10 4.1. Biological section

4.1.1. In vitro antibacterial activity

Evaluation of antibacterial data (Table 1) revealed that, most of

the tested compounds exhibited moderate to excellent

antibacterial activity and good to moderate antifungal activity
10s against all the tested microbial strains.

Among them, the compound 7e (139 uM) and 70 (102 uM) has

exhibited excellent potency against S. pneumoniae as compared

to ciprofloxacin (150 pM), chloramphenicol (154 pM) and

ampicillin (286 uM), while compounds 7f (230 uM), 7i (0.282
1o mM), 7k (254 uM), 71 (223 uM) and 7n (226 uM) displayed

comparable activities to that of ampicillin (286 uM).
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Table 1. In vitro antimicrobial activity (MIC, uM) of compounds 7a-p

Gram positive Gram negative
bacteria bacteria
Compound S.P. CT. B.S. ST V.C EC CA AF

MTCCMTCCMTCC MTCC MTCC MTCC MTCC MTCC

Fungi

1936 449 441 98 3906 443 227 3008
Ta 469 586 134 586 469 469 1173 104
7b 1017 508 203 203 508 203 1017 508
Tc 468 468 234 586 234 146 2344 1172
7d 524 524 209 209 131 209 2098 >2098
Te 139 559 279 139 447 447 >2237 >2237
7t 230 184 115 184 369 461 >1847 159
7g 452 282 452 452 565 452 1130 >2260
7h 293 152 508 508 223 293 >2035 >2035
7i 282 565 452 252 452 226 1130 1130
7j 468 586 586 586 283 234 >2344 172
7k 254 407 407 407 508 508 >2035 135
71 223 279 559 123 447 559 >2237 2237
7m 447 447 447 223 279 1118 2237 >2237
Tn 226 282 226 282 565 265 1130 130
70 102 503 201 503 1006 402 2012 2012
7p 507 507 1015 406 1015 126 1015 >2203
A 286 715 715 286 286 286 n.t*' n.t
B 154 154 154 154 154 154 n.t. n.t
C 150 301 150 75 75 75 n.t. nt
D 31 313 310 31 31 31 n.t. n.t
E nt. nt nt nt nt ot 107 107
F nt. nt nt nt nt nt 1147 283

S.P.: Streptococcus pneumoniae, B.S.: Bacillus subtilis, C.T.: Clostridium
tetani, E.C.: Escherichia coli S.T.. Salmonella typhi, V.C.: Vibrio
cholerae, C.A.: Candida albicans, A.F.: Aspergillus fumigatus, MTCC:
Microbial Type Culture Collection. A: Ampicillin, B: Chloramphenicol,
C: Ciprofloxacin, D: Norfloxacin, E: Nystatin, F: Griseofulvin, * n.t.: not
tested.

Compound 7h (152 pM) illustrated superior potency against C.
tetani as compared to all the standard drugs. Compound 7a (134
uM) and 7f (115 pM) exhibited greater activity against C. tetani
as compared to all the standard drugs. Majority of the compounds
displayed excellent activity towards gram positive bacteria i.e B.
subtilis and C. tetani as compared to ampicillin as well as
norfloxacin.

In case of gram negative bacteria against S. typhi, Compounds 7e
(139 uM) and 71 (123 pM) demonstrated excellent potency as
contrast to that of chloramphenicol (154 pM) as well as
ampicillin (286 uM), while compounds 7b (203 uM), 7d (209
uM), 7f (184 uM), 7i (252 mM), 7m (223 pM) and 7n (282 uM)
exhibited comparable potency to that of ampicillin (286 uM).

Against V. cholerae, compound 7d (131 uM) showed brilliant
activity as compared to chloramphenicol (154 uM) as well as
ampicillin (286 uM), while compound 7¢ (234 uM), 7h (223
uM), 7j (283 mM) and 7m (279 mM) demonstrate less potency to
that of chloramphenicol (154 pM) but they showed comparable
potency to hat of ampicillin (286 pM).

The compounds 7¢ (146 uM) and 7p (126 pM) illustrated highest
activity in inhibiting gram negative bacteria E. coli as compared
to chloramphenicol (154 uM) as well as ampicillin (286 uM),
while compounds 7b (203 uM), 7d (209 uM), 7i (226 uM), 7j
(234 uM) and 7¢ (265 uM) illustrated good potency to that of
ampicillin (286 uM).

4.1.2. In vitro antifungal activity
Evaluation of antifungal activity revealed that (Table 1), all the
compounds shown moderate activity against C. albicans as
40 compared to standard drugs nystatin as well as griseofulvin.
Against C. albicans, Compounds 7b (1017 uM), 7g (1130 uM),
7i (1130 uM), n (1130 uM) and 7p (1015 uM) illustrated good
potency as compared to that of griseofulvin (1147 uM) but they
were found to be less active as compared to nystatin (107 uM).
45 Compound 7a (104 uM) showed comparable potency against A.
fumigatus as that of nystatin (107 pM) but superior than
griseofulvin (283 uM). Compounds 7f (159 uM), 7j (172 uM),
7k (135 uM) and 7n (130 pM) also exhibited better activity
against A. fumigatus as contrast to that of griseofulvin (283 pM).
50
4.1.1.2. In vitro Antituberculosis activity
Antituberculosis screening of all the synthesized fluoro
substituted pyrazole nucleus clubbed with 1,3.4-oxadiazole
scaffolds were conducted at 250 pg/mL concentrations against M.
ss tuberculosis Hy;Rv strain.
Compounds 7¢, 7f, 7h, 7j, Tn and 70 demonstrated excellent
activity i.e. 95%, 91%, 94%, 93%, 88% and 87% at 250 pg/mL
respectively against M. tuberculosis Hi;;Rv (Table 2) as
compared to that of refampicin 98%. The remaining compounds
60 disclosed poor inhibition against M. tuberculosis growth. From
the above results, it can be concluded that compounds 7¢, 7h and
7j may become new member of antituberculosis agents in this
series.

Table 2. In vitro antituberculosis activity (% inhibition) of pyrazole based

65 1,3,4-oxadiazole derivative against M. tuberculosis HszRv (at
concentration 250 pg/mL).
Comp % Inhibition Comp. % Inhibition
Ta 54 7j 93
7b 23 7k 85
Tc 95 71 65
7d 62 7m 35
Te 88 n 88
7t 91 70 87
7g 20 7p 65
7h 94 Rifampicin 98
7i 32 Isoniazid 99

4.1.3. In vitro Antimalarial activity

All the synthesized fluoro substituted pyrazole nucleus clubbed
1,3,4-oxadiazole scaffolds were evaluated for their
antimalarial activity against chloroquine and quinine sensitive
strain of P. falciparum. All experiments were performed in
duplicate and a mean value of ICs, is mentioned in Table 3.

70 with

Table 3. In vitro antimalarial activity of pyrazole based 1,3,4-oxadiazole
75 scaffolds.

Compound ICsp (UM) Compound ICs (UM)
7a 2.956 7j 2.884
7b 0.709 7k 2.361
Tc 4.385 71 0.797
7d 2.329 7m 2.081
Te 2.304 Tn 2.712
7f 1.570 70 0.610
7g 2.825 Tp 2.396
7h 0.506 Chloroquine 0.062
7i 0.536 Quinine 0.826

This journal is © The Royal Society of Chemistry [year]
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As shown in Table 3, compounds 7b, 7h, 7i, 71 and 70 were
found to have ICs in the range of 0.506 pM to 0.797 uM against
P. falciparum strain. These compounds displayed promising
activity against P. falciparum strain as compared to quinine 1Csq
= 0.826 uM. Remaining other compounds were found to be less
active against chloroquine sensitive strain of P. falciparum.

5. Conclusion

Novel fluoro substituted pyrazole bearing 1,3,4-oxadiazole
derivatives (7a-p) were synthesized in good yields via four step
protocol from accessible 3-methyl-1-phenyl-1-H-pyrazol-5-(4H)-
one using on the final step phenyliododiacetate (PhI(OAc),) in
dichloromethane at room temperature. They were evaluated for
their in vitro antimicrobial, antituberculosis and antimalarial
studies. Among the series, compounds 7e, 70 and 7h were found
to be promising against two gram positive bacteria i.e S.
pneumoniae and C. tetani. Compounds 7e and 71 displayed
superior potency against gram negative bacteria i.e S. typhi. The
antifungal activity revealed that, all the compounds showed
moderate activity against C. albicans. Compounds 7¢, 7h and 7j
demonstrated better potency against M. tuberculosis H3;Rv strain.
Compounds 7b, 7h, 7i, 71 and 70 were found to possess excellent
activity against P. falciparum strain as compared to quinine
1C5=0.826pM. Compound 7h was identified as the most
biologically which exhibited admirable
antimicrobial, and antimalarial activity as

active member
antituberculosis,

compared to standard drugs.

6. Experimental section

All the reagents and solvents used were of commercial grade and
employed without any further purification. The progress of the
reactions as well as the purity of the compounds were checked by
thin-layer chromatography on aluminium plates coated with silica
gel 60 Fpsy, 0.25 mm thickness (Merck), and the developed
chromatograms were visualized under UV light and iodine
vapors. Melting points were determined in open capillaries using
using pThermoCall0 melting point apparatus (Analab Scientific
Pvt. Ltd, India) and are uncorrected. IR spectra were recorded on
Shimadzu FTIR 8401
bromide pellets in the range 4000-400 cm™ and frequencies of
only characteristic peaks are expressed in cm” Mass Spectra
were recorded on Shimadzu LCMS 2010 spectrometer.'H NMR
spectra were recorded on Bruker Avance 400F (MHz)
spectrometer (Bruker Scientific Corporation Ltd., Switzerland)
using CDCl; as solvent and tetramethylsilane (TMS) as internal
standard. Elemental analyses were performed on Perkin-Elmer
2400 series-II elemental analyzer (Perkin- Elmer, USA). All
compounds were found within £0.4% of their theoretical values.

spectrophotometer using potassium

6.1 General procedure for the synthesis of 3-methyl-5-
substituted aryloxy-1-phenyl-1H-pyrazole-4-carbaldehyde
(4a-d)

5-chloro-3-methyl-1-phenyl-1H-pyrazole-4-carbaldehyde 2 (1
mmol), substituted phenols 3a-d (1 mmol) and anhydrous
potassium carbonate (2 mmol) in dimethylformamide (10 mL)
were charged in a 100 mL round bottom flask equipped with a
mechanical stirrer and a condenser. The reaction mixture was
heated at 90°C for 2 h. The progress of the reaction was
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monitored by TLC. After the completion of reaction as confirmed
by TLC, the reaction mixture was poured in to 100 mL ice-water
and filtered, washed thoroughly with water, dried and
recrystallized from hot ethanol to obtain a white solid.

6.1.1 5-(2-fluorophenoxy)-3-methyl-1-phenyl-1H-pyrazole-4-
carbaldehyde (4a).

Yield 85 %, m.p. 225-227 °C; IR (KBr, vy, em'): 1215 (C-0—
C); 1720 (-C=O0 str.), 3053 (Ar, -CH str.); '"H NMR (400 MHz,

s CDCl3) 8 2.56 (s, 3H, pyrazole-CHj3), 6.99 — 7.11 (m, 2H, Ar-H),

7.12-720 (m, 2H, Ar-H), 7.34-7.37 (m, 1H, Ar-H), 7.36-7.45 (m,
2H, Ar-H), 7.47-7.69 (m, 2H, Ar-H), 9.61(s, 1H, -CHO); *C
APT (400 MHz, CDCL) & 14.5, 108.5, 117.6, 118.3, 1234,
125.8, 128.1, 128.9, 136.8, 144.2, 150.8, 151.0, 152.2, 1534,
182.6; ESI-MS (m/z): 2972 (M"); Anal. % Calculated for
CsH35FN,O,: C, 68.91; H, 4.42; N, 9.45; Found: C, 68.69; H,
4.20;N,9.22.

6.1.2 5-(3-fluorophenoxy)-3-methyl-1-phenyl-1H-pyrazole-4-
carbaldehyde (4b).

Yield 78 %, m.p. 210-212 °C; IR (KBr, vy, cm™): 1218 (C-O—
C); 1715 (-C=0 str.); 3051 (Ar, -CH str.); 'H NMR (400 MHz,
CDCly) & 2.58(s, 3H, pyrazole-CHj3), 675-6.87 (m, 3H, Ar-H),
7.25-7.33 (m, 2H, Ar-H), 7.37-7.45 (m, 2H, Ar-H), 7.61-7.63
(m, 2H, Ar-H), 9.70 (s, 1H, -CHO); *C APT (400 MHz, CDCl5)
6 14.3,104.4, 109.1, 117.7, 122.8, 128.2, 129.3, 131.1, 136.7,
150.9, 151.3, 157.7, 162.2, 164.6, 182.7; ESI-MS (m/z): 297.3
(M*); Anal. % Calculated for C;7H,3sFN,O,: C, 68.91; H, 4.42; N,
9.45; Found: C, 68.69; H, 4.21; N, 9.22.

6.1.3 3-methyl-1-phenyl-5-(3-(trifluoromethyl)phenoxy)-1H-
pyrazole-4-carbaldehyde (4c).

Yield 81 %, m.p. 226-228 °C; IR (KBTI, Vyay, cm™): 1219 (C-O-
C); 1719 (-C=0 str.); 3056 (Ar, -CH str.); '"H NMR (400 MHz,
CDCly) 6 2.59 (s, 3H, pyrazole-CH;), 7.03-7.06 (m, 4H, Ar—H),
7.29-7.39(m, 1H, Ar-H), 7.42-7.46 (m, 2H, Ar-H), 7.63-7.65 (m,
2H, Ar-H), 9.66 (s, 1H, -CHO); *C APT (400 MHz, CDCl;) &
14.4, 101.9, 116.9, 116.9, 118.5, 124.8, 128.7, 129.2, 137.8,
151.9, 152.3, 152.9, 158.2, 160.5, 182.9; ESI-MS (m/z): 347.2
(M"); Anal. % Calculated for C;gH;3F;N,0,: C, 62.42; H, 3.78;
N, 8.09; Found: C, 62.19; H, 3.54; N, 7.87.

6.1.4 5-(4-fluorophenoxy)-3-methyl-1-phenyl-1H-pyrazole-4-
carbaldehyde (4d).

Yield 82 %, m.p. 245-247 °C; IR (KBr, Vi, cm™): 1218 (C-O—
C); 1717 (-C=0 str.); 3055 (Ar, -CH str.); 'H NMR (400 MHz,
CDCly) 6 2.57 (s, 3H, pyrazole-CH3), 7.00-7.05 (m, 4H, Ar-H),
7.28-7.37 (m, 1H, Ar-H), 7.42-7.46 (m, 2H, Ar-H), 7.63-7.65
(m, 2H, Ar-H), 9.65 (s, 1H, -CHO); *C APT (400 MHz, CDCl5)
S 14.4, 101.8, 116.7, 116.9, 117.5, 122.8, 128.1, 129.2, 136.8,
150.9, 152.3, 152.8, 158.0, 160.4, 182.8; ESI-MS (m/z): 297.1
(M*); Anal. % Calculated for C;7H;3sFN,O,: C, 68.91; H, 4.42; N,
9.45; Found: C, 68.66; H, 4.21; N, 9.74.

6.2 Synthesis of (E)-N'-((5-(substituted-fluorophenoxy)-3-
methyl-1-phenyl-1H-pyrazol-4-yl)methylene)-4-
substitutedbenzohydrazide (6a-p).

A mixture of 3-methyl-5-substituted aryloxy-1-phenyl-1H-
pyrazole-4-carbaldehydes 4a-d (10 mmol), 4-
substitutedbenzohydrazide Sa-d (10 mmol) and catalytic amount
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of glacial acetic acid in ethanol (50 mL) was refluxed for 1 h.
After the completion of reaction, the reaction mixture was stirred
magnetically for further 10 min. After cooling the separated solid
mass was collected by filtration, washed well with ethanol (10
mL) dried, and crystallized from hot ethanol (10 mL) to affording
compounds (6a-p).

6.2.1 (E)-N'-((5-(2-fluorophenoxy)-3-methyl-1-phenyl-1H-
pyrazol-4-yl)methylene)-4-methylbenzohydrazide (6a).

Yield 77 %, m.p. 166—168 °C; IR (KBr, Vyay, cm™): 3441 (-NH
str.); 1722 (C=0); 1630 (C=N); 1230 (C-0O-C); 3028 (Ar, -CH
str.);'TH NMR (400 MHz, CDCl5) & 2.35 (s, 3H, Ar-CHj), 2.61 (s,
3H, pyrazole-CHj), 7.04(m, 1H, Ar-H), 7.19-7.22 (m, 3H, Ar—
H), 7.27-7.31 (m, 2H, Ar-H), 7.34 (m, 3H, Ar-H), 7.36-7.41 (m,
2H, Ar-H), 7.56-7.70 (m, 2H, Ar-H); 8.15 (s, 1H, =CH-), 9.40 (s,
IH, -NH); *C APT (400 MHz, CDCl;) & 14.8, 21.4, 104.5,
112.5, 118.7, 120.5, 121.9, 122.4, 124.8, 126.8, 126.9, 127.7,
129.6, 130.6, 132.5, 137.4, 139.6, 143.6, 149.9, 154.5, 156.6,
164.6; ESI-MS (m/z): 429.2 (M"); Anal. % Calculated for
C,sH,FN,O,: C, 70.08; H, 4.94; N, 13.08; Found: C, 69.87; H,
4.69; N, 12.87.

6.2.2 (E)-4-bromo-N'-((5-(3-fluorophenoxy)-3-methyl-1-
phenyl-1H-pyrazol-4-yl)methylene)benzohydrazide (6b).
Yield 80 %, m.p. 208-210 °C; IR (KBr, Vi, cm™): 3446 (-NH
str.); 1720 (C=0); 1629 (C=N); 685 (C-Br); 1232 (C-O-C); 3026
(Ar, -CH str.); '"H NMR (400 MHz, CDCl;) & 2.62 (s, 3H,
pyrazole-CH3), 6.65 (m, 2H, Ar-H), 6.72-6.77 (m, 1H, Ar-H),
7.21-7.25 (m, 1H, Ar-H), 7.29-7.32 (m, 1H, Ar-H), 7.38-7.42
(m, 4H, Ar-H), 7.57 (m, 2H, Ar-H), 7.74-7.80 (m, 2H, Ar-H),
8.10 (s, 1H, =CH-), 9.35 (s, 1H, -NH); '"*C APT (400 MHz,
CDCly) 6 14.8, 103.6, 103.8, 110.8, 110.9, 111.5, 118.9, 122.6,
127.5, 128.7, 129.4, 130.8, 130.9, 137.4, 143.8, 149.6, 154.5,
156.4, 162.3, 164.7; ESI-MS (m/z): 494.3 (M"); Anal. %
Calculated for CyH;sBrFN,O,: C, 58.43; H, 3.68; N, 11.36;
Found: C, 58.19; H, 3.43; N, 11.13

6.2.3 (E)-N'-((5-(3-fluorophenoxy)-3-methyl-1-phenyl-1H-
pyrazol-4-yl)methylene)-4-methylbenzohydrazide (6c).

Yield 75 %, m.p. 172—174 °C; IR (KBr, Vyay, cm’): 3447 (-NH
str.); 1715 (C=0); 16276 (C=N); 1235 (C-O-C); 3025 (Ar, -CH
str.);'TH NMR (400 MHz, CDCl3) & 2.41 (s, 3H, Ar-CHj), 2.64 (s,
3H, pyrazole-CHj), 6.69 (m, 2H, Ar-H), 6.75-6.79 (m, 1H, Ar-
H), 7.18-7.23 (m, 3H, Ar-H), 7.37-7.41 (m, 2H, Ar-H), 7.58-7.60
(m, 2H, Ar-H), 7.70 (m, 2H, Ar-H), 8.11(s, 1H, =CH-), 9.17 (s,
1H, -NH); "*C APT (400 MHz, CDCl) § 15.1, 21.5, 103.7, 103.9,
110.8, 111.1, 122.2, 126.8, 127.4, 129.2, 129.8, 130.5, 130.9,
137.2, 142.8, 143.5, 149.4, 154.5, 156.9, 162.2, 164.6; ESI-MS
(m/z): 429.3 (M"); Anal. % Calculated for C,sH,FN,O,: C,
70.08; H, 4.94; N, 13.08; Found: C, 69.86; H, 4.71; N, 12.86.

6.2.4 (E)-4-methyl-N'-((3-methyl-1-phenyl-5-(3-
(trifluoromethyl)phenoxy)-1H-pyrazol-4-
ylmethylene)benzohydrazide (6d).

Yield 79 %, m.p. 177-179 °C; IR (KBr, Vyay, cm™): 3413 (-NH
str.); 1721 (C=0); 1627 (C=N); 1232 (C-O-C); 3029 (Ar, -CH
str.);'TH NMR (400 MHz, CDCl3) & 2.39 (s, 3H, Ar-CHj), 2.62 (s,
3H, pyrazole-CH3), 7.06 (m, 1H, Ar-H), 7.18-7.20 (m, 3H, Ar—
H), 7.26-7.30 (m, 2H, Ar-H), 7.33 (m, 3H, Ar-H), 7.36-7.40 (m,

2H, Ar-H), 7.56-7.69 (m, 2H, Ar-H); 8.16 (s, 1H, =CH-), 9.41 (s,
1H, -NH); 3C APT (400 MHz, CDCL3) 6 14.9, 21.4, 104.4, 112.9,
s 118.5, 120.5, 121.9, 122.3, 124.7, 126.8, 126.9, 127.6, 129.5,
130.6, 132.6, 137.1, 139.6, 143.5, 149.8, 154.5, 156.6, 164.6;
ESI-MS  (m/z): 4792 (M%); Anal. % Calculated for
Cy6H, F3N4O,: C, 65.27; H, 4.42; N, 11.71; Found: C, 65.05; H,
4.21; N, 11.48.
65
6.2.5 (E)-4-chloro-N'-((5-(4-fluorophenoxy)-3-methyl-1-
phenyl-1H-pyrazol-4-yl)methylene)benzohydrazide (6e).
Yield 81 %, m.p. 212-214 °C; IR (KBr, vy, cm’') 3435 (-NH
str.); 1713 (C=0); 1630 (C=N); 750 (C-Cl); 1231 (C-O-C); 3030
(Ar, -CH str.);'H NMR (400 MHz, CDCl;) & 2.62 (s, 3H,
pyrazole-CHj3), 6.84-6.97 (m, 4H, Ar-H), 7.28-7.31 (m, 1H, Ar-
H), 7.37-7.41 (m, 4H, Ar-H), 7.59 (m, 2H, Ar—H), 7.75-7.82 (m,
2H, Ar-H), 8.10 (s, 1H, =CH-), 9.27 (s, 1H, -NH);"*C APT (400
MHz, CDCl;) 6 14.8, 116.4, 116.7, 116.9, 122.2, 124.8, 124.9,
126.9, 129.2, 129.8, 130.5, 130.7, 130.9, 137.2, 143.5, 149.8,
150.9, 157.6, 158.2, 160.1; ESI-MS (m/z): 449.4 (M*); Anal. %
Calculated for C,4H;gCIFN4O,: C, 64.22; H, 4.04; N, 12.48;
Found: 63.99; H, 3.82; N, 12.24.

=
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6.2.6 (E)-4-bromo-N'-((3-methyl-1-phenyl-5-(3-
(trifluoromethyl)phenoxy)-1H-pyrazol-4-
yl)methylene)benzohydrazide (6f).

Yield 72 %, m.p. 190-192 °C; IR (KBr, Vyay, cm™): 3436 (-NH
str.); 1720 (C=0); 1631 (C=N); 684 (C-Br); 1230 (C-O-C); 3024
(Ar, -CH str.);'H NMR (400 MHz, CDCl;) & 2.63 (s, 3H,
pyrazole-CH3), 7.00-7.11 (m, 2H, Ar-H), 7.22 (m, 5H, Ar-H),
7.29-7.33 (m, 4H, Ar-H), 7.37-7.72 (m, 2H, Ar-H), 8.15 (s, 1H,
=CH-), 9.29 (s, 1H, -NH);"*C APT (400 MHz, CDCl3) & 14.9,
118.5, 120.6, 122.4, 122.6, 126.8, 126.9, 129.4, 129.8, 130.2,
130.8, 131.5, 131.9, 132.4, 135.6, 137.2, 143.5, 149.8, 154.6,
155.7, 163.6; ESI-MS (m/z): 544.2 (M*); Anal. % Calculated for
C,sHsBrF;N,O,: C, 55.26; H, 3.34; N, 10.31; Found: C, 55.05;
H, 3.09; N, 10.09.

%
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S

s

6.2.7 (E)-N'-((5-(2-fluorophenoxy)-3-methyl-1-phenyl-1H-
pyrazol-4-yl)methylene)-4-methoxybenzohydrazide (6g).
Yield 79 %, m.p. 210-212 °C; IR (KBr, Vyay cm™): 3443 (-NH
str.); 1718 (C=0); 1625 (C=N); 1235 (C-O-C); 3025 (Ar, -CH
str.); 'H NMR (400 MHz, CDCl3) 6 2.53 (s, 3H, pyrazole-CHj),
3.83 (s, 3H, -OCHs3), 6.85 (m, 6H, Ar-H), 7.25-7.29 (m, 1H, Ar—
H), 7.35-7.39 (m, 2H, Ar-H), 7.59-7.62 (m, 2H, Ar-H), 7.79 (m,
2H, Ar-H), 8.09 (s, 1H, =CH-), 9.71 (s, 1H, -NH); '*C APT (400
MHz, CDCl3) & 15.2, 55.3, 104.2, 113.6, 116.3, 116.7, 116.9,
122.2, 124.5, 125.8, 128.9, 128.9, 129.2, 137.5, 138.8, 143.5,
147.8, 152.7, 157.2, 159.8, 162.3; ESI-MS (m/z): 445.3 (M");
Anal. % Calculated for C,sH, FN,O5: C, 67.56; H, 4.76; N,
12.61; Found: 67.32; H, 4.51; N, 12.38.

©
S

100

105

6.2.8 (E)-4-bromo-N'-((5-(4-fluorophenoxy)-3-methyl-1-
phenyl-1H-pyrazol-4-yl)methylene)benzohydrazide (6h).

Yield 77 %, m.p. 195-197 °C; IR (KBr, Vyay, cm™): 3437 (-NH
str.); 1723 (C=0); 1638 (C=N); 686 (C-Br); 1239 (C-O-C); 3027
(Ar, -CH str.); '"H NMR (400 MHz, CDCly) & 2.61 (s, 3H,
pyrazole-CHj3), 6.85-6.99 (m, 4H, Ar-H), 7.25-7.35 (m, 1H, Ar-
H), 7.38-7.43 (m, 4H, Ar-H), 7.57 (m, 2H, Ar-H), 7.75-7.85 (m,
ns 2H, Ar-H), 8.09 (s, 1H, =CH-), 9.29 (s, 1H, -NH);"*C APT (400

110
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MHz, CDCly) & 14.8, 116.3, 116.7, 116.8, 122.2, 124.7, 124.9,
126.9, 129.5, 129.8, 130.6, 130.7, 130.9, 137.4, 143.4, 149.7,
150.9, 157.6, 158.3, 160.2; ESI-MS (m/z): 494.2 (M*"); Anal. %
Calculated for Cy H;sBrFN,O,: C, 58.43; H, 3.68; N, 11.36;
Found: C, 58.21; H, 3.45; N, 11.12.

6.2.9 (E)-N'-((5-(4-fluorophenoxy)-3-methyl-1-phenyl-1H-
pyrazol-4-yl)methylene)-4-methoxybenzohydrazide (6i).

Yield 76 %, m.p. 189-191 °C; IR (KBr1, vy, cm'h): 3438 (-NH
str.); 1720 (C=0); 1634 (C=N); 1234 (C-O-C); 3022 (Ar, -CH
str.); 'H NMR (400 MHz, CDCl3) § 2.55 (s, 3H, pyrazole-CHj3),
3.82 (s, 3H, -OCHj;), 6.83 (m, 6H, Ar-H), 7.24-7.28 (m, 1H, Ar-
H), 7.35-7.38 (m, 2H, Ar-H), 7.57-7.59 (m, 2H, Ar—H), 7.80 (m,
2H, Ar—H), 8.10(s, 1H, =CH-), 9.73 (s, 1H, -NH); *C APT (400
MHz, CDCl;) 6 15.1, 55.3, 104.2, 113.7, 116.3, 116.6, 116.8,
122.2, 124.3, 125.4, 128.8, 128.9, 129.2, 137.3, 138.3, 143.5,
147.8, 152.8, 157.5, 159.9, 162.3; ESI-MS (m/z): 445.3 (M");
Anal. % Calculated for C,sH, FN4O5: C, 67.56; H, 4.76; N,
12.61; Found: C, 67.35; H, 4.52; N, 12.36.

6.2.10  (E)-N'-((5-(4-fluorophenoxy)-3-methyl-1-phenyl-1H-
pyrazol-4-yl)methylene)-4-methylbenzohydrazide (6j).

Yield 78 %, m.p. 210212 °C; IR (KBr, vy, cm’): 3435 (-NH
str.); 1722 (C=0); 1608 (C=N); 1230 (C-O-C); 3021 (Ar, -CH
str.);'H NMR (400 MHz, CDCl3) 8 2.40 (s, 3H, Ar-CH3), 2.61 (s,
3H, pyrazole-CHj3), 9.60-6.94 (m, 4H, Ar—-H), 7.22-7.29 (m, 2H,
Ar-H), 7.36-7.40 (m, 1H, Ar-H), 7.59-7.60 (m, 2H, Ar-H), 7.70
(m, 2H, Ar-H), 7.79 (m, 2H, Ar-H), 8.09 (s, 1H, =CH-), 9.36 (s,
1H, -NH);"*C APT (400 MHz, CDCl;) § 15.1, 21.5, 116.4, 116.6,
116.8, 122.2, 122.8, 125.4, 126.8, 127.3, 129.1, 129.9, 131.8,

30 137.3, 142.5, 143.9, 145.2, 147.9, 157.5, 158.5, 160.1; ESI-MS

(m/z): 429.3 (M"); Anal. % Calculated for C,sH,,FN,O,: C,
70.08; H, 4.94; N, 13.08; Found: C, 69.85; H, 4.71; N, 12.85.

6.2.11 (E)-4-bromo-N'-((5-(2-fluorophenoxy)-3-methyl-1-
phenyl-1H-pyrazol-4-yl)methylene)benzohydrazide (6Kk).
Yield 74 %, m.p. 180—-182 °C; IR (KB1, vy, cm'h): 3413 (-NH
str.); 1723 (C=0); 1609 (C=N); 685 (C-Br); 1232 (C-O-C); 3024
(Ar, -CH str.); '"H NMR (400 MHz, CDCly) & 2.63 (s, 3H,
pyrazole-CH3), 6.90-6.99 (m, 1H, Ar-H), 7.04 (m, 2H, Ar-H),
7.08-7.14 (m, 1H, Ar-H), 7.29-7.33 (m, 1H, Ar-H), 7.39-7.44
(m, 4H, Ar—-H), 7.64-7.67 (m, 2H, Ar-H), 7.75-7.85 (m, 2H, Ar—
H), 8.10 (s, 1H, =CH-), 9.35 (s, 1H, -NH); '*C APT (400 MHz,
CDCly) 6 14.8, 116.7, 117.5, 117.8, 122.4, 124.6, 127.6, 129.5,
129.7, 130.8, 130.9, 131.5, 137.5, 137.9, 141.7, 143.8, 149.8,
154.4, 159.6, 163.4; ESI-MS (m/z): 494.1 (M"); Anal. %
Calculated for Cy H;sBrFN,O,: C, 58.43; H, 3.68; N, 11.36;
Found: C, 58.22; H, 3.45; N, 11.12.

6.2.12 (E)-4-chloro-N'-((5-(2-fluorophenoxy)-3-methyl-1-
phenyl-1H-pyrazol-4-yl)methylene)benzohydrazide (61).

Yield 75 %, m.p. 198-200 °C; IR (KB1, vy, cm'h): 3435 (-NH
str.); 1711 (C=0); 1599 (C=N); 751 (C-Cl); 1233 (C-0O-C); 3025
(Ar, -CH str.); '"H NMR (400 MHz, CDCl;) & 2.62 (s, 3H,
pyrazole-CHj3), 6.92-6.99 (m, 1H, Ar-H), 7.00 (m, 2H, Ar-H),
7.08-7.12 (m, 1H, Ar-H), 7.26-7.30 (m, 1H, Ar-H), 7.37-7.41
(m, 4H, Ar-H), 7.62-7.64 (m, 2H, Ar-H), 7.75-7.83 (m, 2H, Ar-
H), 8.11 (s, 1H, =CH-), 9.37 (s, 1H, -NH); '*C APT (400 MHz,
CDCly) 6 14.8, 116.6, 117.2, 117.8, 122.2, 124.6, 127.5, 129.2,

S

S

129.3, 130.5, 130.8, 131.5, 137.2, 137.9, 141.5, 143.8, 149.5,
1542, 159.2, 163.8; ESI-MS (m/z): 449.5 (M*); Anal. %

6 Calculated for C,;HgCIFN,O,: C, 64.22; H, 4.04; N, 12.48;

Found: C, 63.98; H, 3.81; N, 12.25.

6.2.13 (E)-4-chloro-N'-((5-(3-fluorophenoxy)-3-methyl-1-
phenyl-1H-pyrazol-4-yl)methylene)benzohydrazide (6m).

s Yield 73 %, m.p. 192—-194 °C; IR (KBr, vyax. cm'h): 3412 (-NH

str.); 1722 (C=0); 1605 (C=N); 752 (C-Cl); 1236 (C-O-C); 3029
(Ar, -CH str.); '"H NMR (400 MHz, CDCly) & 2.63 (s, 3H,
pyrazole-CHj3), 6.68 (m, 2H, Ar-H), 6.75-6.79 (m, 1H, Ar-H),
7.20-7.24 (m, 1H, Ar-H), 7.28-7.31 (m, 1H, Ar-H), 7.37-7.41
(m, 4H, Ar-H), 7.58 (m, 2H, Ar-H), 7.75-7.81 (m, 2H, Ar-H),
8.11 (s, 1H, =CH-), 9.39 (s, 1H, -NH); '*C APT (400 MHz,
CDCl;) 6 14.9, 103.6, 103.9, 110.8, 110.9, 111.0, 118.9, 122.5,
127.5, 128.7, 129.2, 130.8, 130.9, 137.2, 143.8, 149.5, 154.5,
156.2, 162.4, 164.8; ESI-MS (m/z): 449.3 (M"); Anal. %
Calculated for C,4H;gCIFN,O,: C, 64.22; H, 4.04; N, 12.48;
Found: C, 63.99; H, 3.81; N, 12.24.

6.2.14  (E)-N'-((5-(3-fluorophenoxy)-3-methyl-1-phenyl-1H-
pyrazol-4-yl)methylene)-4-methoxybenzohydrazide (6n).

Yield 73 %, m.p. 192—194 °C; IR (KBr, vy, cm’): 3431 (-NH
str.); 1720 (C=0); 1633 (C=N); 1239 (C-O-C); 3028 (Ar, -CH
str.); 'H NMR (400 MHz, CDCl;) & 2.61 (s, 3H, pyrazole-CHj),
3.86 (s, 3H, -OCH3;), 6.65-6.73 (m, 2H, Ar-H), 6.75-6.77 (m, 1H,
Ar-H), 6.89-6.91 (m, 2H, Ar-H), 7.17-7.26 (m, 1H, Ar-H), 7.30-

s 7.36 (m, 1H, Ar-H), 7.40 (m, 2H, Ar-H), 7.57-7.59 (m, 2H, Ar—

H), 7.79- (m, 2H, Ar-H), 8.09 (s, 1H, =CH-), 9.34 (s, 1H, -NH);
3C APT (400 MHz, CDCl3) & 15.8, 55.3, 103.7, 103.9, 110.7,
1109, 122.2, 127.4, 129.2, 130.8, 130.9, 132.2, 135.7, 137.2,
143.4, 149.8, 150.2, 154.9, 158.2, 162.1, 164.6; ESI-MS (m/z):
445.3 (M"); Anal. % Calculated for C,sH, FN,O;: C, 67.56; H,
4.76; N, 12.61; Found: C, 67.33; H, 4.53; N, 12.38.

6.2.15 (E)-4-chloro-N'-((3-methyl-1-phenyl-5-(3-
(trifluoromethyl)phenoxy)-1H-pyrazol-4-
yl)methylene)benzohydrazide (60).

Yield 70 %, m.p. 158-160 °C; IR (KBr1, vy, cm'h): 3445 (-NH
str.); 1728 (C=0); 1621 (C=N); 750 (C-Cl); 1235 (C-O-C); 3022
(Ar, -CH str.); '"H NMR (400 MHz, CDCLy) & 2.59 (s, 3H,
pyrazole-CH3), 6.91-6.98 (m, 1H, Ar-H), 7.10-7.18 (m, 1H, Ar-
H), 7.20-7.25 (m, 3H, Ar-H), 7.30-7.34 (m, 2H, Ar-H), 7.36-7.38
(m, 2H, Ar-H), 7.55 (m, 2H, Ar-H), 7.76 (m, 3H, Ar-H +=CH-),
9.88 (s, 1H, -NH); "*C APT (400 MHz, CDCl3) & 14.8, 104.1,
112.8, 116.4, 118.5, 120.6, 121.8, 122.3, 124.6, 125.4, 126.5,
126.8, 128.9, 132.6, 137.1, 144.2, 150.1, 154.4, 155.8, 163.4,

s 164.1; ESI-MS (m/z): 499.3 (M*); Anal. % Calculated for

C,sH,5CIF3N,O,: C, 60.19; H, 3.64; N, 11.23; Found: C, 59.96;
H, 3.40; N, 10.99.

6.2.16 (E)-4-methoxy-N'-((3-methyl-1-phenyl-5-(3-
(trifluoromethyl)phenoxy)-1H-pyrazol-4-
yl)methylene)benzohydrazide (6p).

Yield 68 %, m.p. 172-174 °C; IR (KBT1, vy, cm'h): 3433 (-NH
str.); 1726 (C=0); 1632 (C=N); 1231 (C-O-C); 3025 (Ar, -CH
str.); 'H NMR (400 MHz, CDCl3) 6 2.80 (s, 3H, pyrazole-CHy),
3.86 (s, 3H, -OCHj3), 6.89-6.91 (m, 2H, Ar—H), 7.04-7.06 (m, 1H,

us Ar-H), 7.12-7.14 (m, 1H, Ar-H), 7.19 (m, 1H, Ar-H), 7.26-7.32
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(m, 3H, Ar—H), 7.35-7.40 (m, , 3H, Ar-H), 7.57-7.88 (m, 2H, Ar—
H), 8.12 (s, 1H, =CH-), 9.20 (s, 1H, -NH); *C APT (400 MHz,
CDCLy) § 14.9, 55.3, 104.3, 112.9, 118.5, 119.1, 120.5, 122.3,
125.2, 126.3, 127.6, 128.5, 130.6, 132.6, 135.2, 137.1, 143.5,
149.4, 154.5, 156.6, 163.4, 164.2; ESI-MS (m/z): 495.2 (M*);
Anal. % Calculated for C,sH,FsN,O5: C, 63.16; H, 4.28; N,
11.33; Found: C, 62.93; H, 4.05; N, 11.10.

6.3 Synthesis of 2-(5-(substituted-fluorophenoxy)-3-methyl-1-
phenyl-1H-pyrazol-4-yl)-5-(p-substituted)-1,3,4-oxadiazole
(7a-p)

A mixture of compound 6a-p (10 mmol) was dissolved in DCM
(20 ml) and stirred. To this solution, PhI(OAc), (10 mmol) was
added and the mixture was stirred for 15-20 min at room
temperature. After the completion of the reaction as monitored by
TLC (ethyl acetate: hexane: 3:7), the solvent was evaporated and
the residue was washed with diethyl ether, filtered (5 mL), dried
and then crystallized from acetone to affording target compounds
(7a-p).

6.3.1 2-(5-(2-fluorophenoxy)-3-methyl-1-phenyl-1H-pyrazol-
4-yl)-5-(p-tolyl)-1,3,4-oxadiazole (7a)

Yield 79 %, m.p. 176—178 °C; IR (KB, Vyay, cm™): 1215 (C-O-
C); 1622 and 1594 (C=N and C=C); 3054 (Ar, -CH str.); 'H
NMR (400 MHz, CDCly) 8 2.41 (s, 3H, Ar-CHj3;), 2.74 (s, 3H,
pyrazole-CHj3), 6.83 - 6.94 (m, 3H, Ar—H), 6.96-6.99 (m, 1H, Ar-
H), 7.00-7.02 (m, 2H, Ar-H), 7.12 (m, 1H, Ar-H), 7.15-7.48 (m,
2H, Ar-H), 7.70 -7.92 (m, 4H, Ar-H); *C APT (400 MHz,
CDCly) 6 14.9, 21.5, 95.0, 1164, 117.0, 117.2, 120.9, 122.6,
124.5, 124.6, 126.6, 127.9, 129.3, 129.6, 137.1, 141.9, 144.1,
144.2, 146.9, 149.3, 150.6, 150.7, 153.1, 158.0, 163.7; ESI-MS
(m/z): 427.1 (M"); Anal. % Calculated for C,sH;oFN,O,: C,
70.41; H, 4.49; N, 13.14; Found: C, 70.17; H, 4.26; N, 12.93.

6.3.2 2-(4-bromophenyl)-5-(5-(3-fluorophenoxy)-3-methyl-
1-phenyl-1H-pyrazol-4-yl)-1,3,4-oxadiazole (7b)

Yield 81 %, m.p. 154-156°C; IR (KB, Vg, cm™): 1215 (C-O-
C); 1621 and 1592 (C=N and C=C); 3051 (Ar, -CH str.); 'H
NMR (400 MHz, CDCl3) 6 2.75 (s, 3H, pyrazole-CHj3), 6.80 -
6.82 (m, 3H, Ar-H), 7.28 (m, 1H, Ar—H), 7.36-7.38 (m, 1H, Ar—
H), 7.43-7.7.47 (m, 2H, Ar-H), 7.57-7.65 (m, 4H, Ar-H), 7.67 -
7.68 (m, 2H, Ar-H); °C APT (400 MHz, CDCl;) § 14.9, 95.3,
103.6, 103.8, 110.8, 110.9, 111.1, 122.5, 122.6, 126.1, 127.9,
128.0, 129.3, 130.9, 131.0, 132.3, 137.1, 149.3, 150.1, 152.6,
158.5, 162.3, 162.7, 164.7; ESI-MS (m/z): 492.2 (M*); Anal. %
Calculated for C,4H;(BrFN,O,: C, 58.67; H, 3.28; N, 11.40;
Found: C, 58.44; H, 3.03; N, 11.14.

6.3.3 2-(5-(3-fluorophenoxy)-3-methyl-1-phenyl-1H-
pyrazol-4-yl)-5-(p-tolyl)-1,3,4-oxadiazole (7¢)

Yield 80 %, m.p. 181-183 °C; IR (KBr, vy, cm™): 1213 (C-0-
C); 1622 and 1589 (C=N and C=C); 3051 (Ar, -CH str.); 'H
NMR (400 MHz, CDCl3) 6 2.41 (s, 3H, Ar-CH3), 2.76 (s, 3H,
pyrazole-CHj3), 6.79-6.84 (m, 3H, Ar-H), 7.23-7.29 (m, 3H, Ar-
H), 7.34-7.38 (m, 1H, Ar-H), 7.43-7.64 (m, 2H, Ar-H), 7.66 -
7.68 (m, 4H, Ar-H); '*C APT (400 MHz, CDCl;) § 14.9, 21.5,
95.6, 103.7, 110.8, 11.09, 111.0, 120.1, 122.6, 126.6, 127.9,
129.3, 129.6, 130.8, 130.9, 137.0, 142.0, 146.4, 149.3, 157.6,
157.7, 158.0, 162.3, 163.2, 164.7; ESI-MS (m/z): 427.4 (M");

Anal. % Calculated for C,sH;oFN,O,: C, 70.41; H, 4.49; N,
s 13.14; Found: C, 70.18; H, 4.25; N, 12.87.

6.3.4  2-(3-methyl-1-phenyl-5-(3-(trifluoromethyl)phenoxy)-
1H-pyrazol-4-yl)-5-(p-tolyl)-1,3,4-oxadiazole (7d)
Yield 82 %, m.p. 172-174 °C; IR (KBr, vy, cm™): 1216 (C-0—
6s C); 1617 and 1598 (C=N and C=C); 3052 (Ar, -CH str.); 'H
NMR (400 MHz, CDCl3) 6 2.41 (s, 3H, Ar-CHj3), 2.76 (s, 3H,
pyrazole-CH3), 7.10 -7.12 (m, 1H, Ar-H), 7.21 -7.23 (m, 2H, Ar-
H), 7.35 -7.40 (m, 3H, Ar-H), 7.43 -7.48 (m, 3H, Ar-H), 7.57 -
7.59 (m, 2H, Ar-H), 7.65 -7.67 (m, 2H, Ar-H); >C APT (400
70 MHz, CDCl3) 6 14.9, 21.5, 954, 113.2, 113.3, 117.9, 120.6,
120.6, 120.7, 122.7, 126.5, 127.1, 128.1, 129.4, 129.6, 130.7,
132.8, 135.2, 137.1, 142.1, 145.7, 149.4, 156.7, 157.9, 163.6;
ESI-MS (m/z): 4774 (M"); Anal. % Calculated for
C,6HoF3N,0,: C, 65.54; H, 4.02; N, 11.76; Found: C, 65.30; H,
75 3.81; N, 11.54.

6.3.5 2-(4-chlorophenyl)-5-(5-(4-fluorophenoxy)-3-methyl-1-
phenyl-1H-pyrazol-4-yl)-1,3,4-oxadiazole (7e)
Yield 81%, m.p. 168-170 °C; IR (KBTI, Vs, cm’): 1218 (C-O-
s0 C); 1625 and 1595 (C=N and C=C); 3053 (Ar, -CH str.); 'H
NMR (400 MHz, CDCly) 6 2.73 (s, 3H, pyrazole-CHj3), 6.99-7.00
(m, 4H, Ar-H), 7.34-7.37 (m, 1H, Ar-H), 7.41-7.46 (m, 4H, Ar—
H), 7.66-7.71 (m, 4H, Ar-H); *C APT (400 MHz, CDCL3) & 14.9,
95.1, 116.4, 116.5, 116.6, 116.7, 121.7, 122.1, 122.6, 125.7,
ss 127.6, 128.0, 129.3, 137.0, 137.7, 147.3, 149.3, 152.5, 152.6,
157.6, 158.5, 160.0, 161.4, 162.5; ESI-MS (m/z): 447.7 (M");
Anal. % Calculated for C,,H(CIFN,O,: C, 64.51; H, 3.61; N,
12.54; Found: C, 64.29; H, 3.38; N, 12.28.

%0 6.3.6 2-(4-bromophenyl)-5-(3-methyl-1-phenyl-5-(3-
(trifluoromethyl)phenoxy)-1H-pyrazol-4-yl)-1,3,4-oxadiazole
(76)

Yield 86 %, m.p. 158-160 °C; IR (KBr, vy, cm™'): 1225 (C-0—
C); 1625 and 1590 (C=N and C=C); 3057 (Ar, -CH str.); 'H
os NMR (400 MHz, CDCly) 6 2.76 (s, 3H, pyrazole-CHj3), 7.10-7.12
(d, 1H, Ar-H), 7.33 (m, 2H, Ar-H), 7.38-7.53 (m, 4H, Ar-H),
7.58-7.61 (m, 4H, Ar-H), 7.65-7.67 (d, 2H, Ar-H); '*C APT (400
MHz, CDCl;) 6 15.0, 113.2, 113.2, 117.9, 120.1, 120.7, 122.4,
122.7, 126.2, 127.2, 128.2, 129.4, 130.8, 135.4, 142.3, 149.5,

0 150.3, 152.6, 153.4, 154.8, 155.2, 156.7, 156.9, 163.7; ESI-MS
(m/z): 542.2 (M*); Anal. % Calculated for C,sH,cBrFsN,O,: C,
55.47; H, 2.98; N, 10.35; Found: C, 55.24; H, 2.77; N, 10.09.

6.3.7 2-(5-(2-fluorophenoxy)-3-methyl-1-phenyl-1H-pyrazol-
105 4-yl)-5-(4-methoxyphenyl)-1,3,4-oxadiazole (7g)
Yield 80%, m.p. 172-174 °C; IR (KBr, vy, cm'): 1229 (C-O-
C); 1621 and 1598 (C=N and C=C); 3056 (Ar, -CH str.); 'H
NMR (400 MHz, CDCl3) & 2.73 (s, 3H, pyrazole-CHj3), 3.87 (s,
3H, -OCH;), 6.82-6.84 (m, 1H, Ar-H), 6.85-7.04 (m, 4H, Ar—H),
1o 7.15-7.20 (m, 1H, Ar—-H), 7.33-7.44 (m, 1H, Ar-H), 7.46-7.75
(m, 2H, Ar—H), 7.76 -7.78 (m, 4H, Ar-H); °C APT (400 MHz,
CDCly) o 14.9, 554, 95.1, 114.3, 116.2, 1164, 117.2, 122.6,
124.5, 124.6, 124.6, 124.7, 127.9, 128.4, 129.3, 137.1, 144.1,
144.2, 146.8, 149.2, 150.6, 153.1, 157.8, 162.1, 163.5; ESI-MS
s (m/z): 443.4 (MY); Anal. % Calculated for C,sH;oFN,Os3: C,
67.87; H, 4.33; N, 12.66; Found: C, 67.64; H, 4.11; N, 12.39.
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6.3.8 2-(4-bromophenyl)-5-(5-(4-fluorophenoxy)-3-methyl-
1-phenyl-1H-pyrazol-4-yl)-1,3,4-oxadiazole (7h)

Yield 80%, m.p. 177-179 °C; IR (KBr, vy, cm’™'): 1237 (C-O—
C); 1636 and 1594 (C=N and C=C); 3053 (Ar, -CH str.); 'H
NMR (400 MHz, CDCly) 6 2.75 (s, 3H, pyrazole-CHj3), 6.80 -
6.88 (m, 3H, Ar-H), 7.29 (m, 1H, Ar-H), 7.36-7.40 (m, 1H, Ar—
H), 7.48-7.50 (m, 2H, Ar-H), 7.57-7.67 (m, 4H, Ar-H), 7.68-7.69
(m, 2H, Ar-H); "*C APT (400 MHz, CDCI3) 5 14.9, 95.4, 103.6,
103.8, 110.7, 110.9, 111.5, 122.4, 122.6, 126.3, 127.9, 128.0,
129.5, 1309, 131.3, 132.2, 137.4, 149.5, 150.4, 152.8, 158.7,
162.5, 162.7, 164.7; ESI-MS (m/z): 492.3 (M%); Anal. %
Calculated for Cy H;(BrFN,O,: C, 58.67; H, 3.28; N, 11.40;
Found: C, 58.39; H, 3.07; N, 11.15.

56.3.9 2-(5-(4-fluorophenoxy)-3-methyl-1-phenyl-1H-pyrazol-
4-yl)-5-(4-methoxyphenyl)-1,3,4-oxadiazole (7i)

Yield 85%, m.p. 157-159 °C; IR (KBTI, Vyay, cm™): 1227 (C-O-
C); 1623 and 1593 (C=N and C=C); 3058 (Ar, -CH str.); 'H
NMR (400 MHz, CDCl3) 6 6 2.73 (s, 3H, pyrazole-CH3), 3.87 (s,
3H, -OCHj3;), 6.81-6.89 (m, 1H, Ar—H), 6.87-7.08 (m, 4H, Ar-H),
7.19-7.25 (m, 1H, Ar-H), 7.33-7.48 (m, 1H, Ar-H), 7.46-7.79
(m, 2H, Ar-H), 7.79 -7.81 (m, 4H, Ar-H); *C APT (400 MHz,
CDCI13) 6 14.9, 55.3, 95.1, 114.2, 1164, 116.8, 117.3, 122.5,
124.6, 124.7, 124.8, 124.9, 127.0, 128.4, 129.5, 137.4, 144.3,
s 144.2, 146.7, 149.3, 150.7, 153.3, 157.8, 162.3, 163.5; ESI-MS
(m/z): 443.4 (M"); Anal. % Calculated for C,sH,FN,O5: C,
67.87; H, 4.33; N, 12.66; Found: C, 67.63; H, 4.07; N, 12.44.

6.3.10 2-(5-(4-fluorophenoxy)-3-methyl-1-phenyl-1H-
pyrazol-4-yl)-5-(p-tolyl)-1,3,4-oxadiazole (7j)

Yield 86 %, m.p. 178-180 °C; IR (KBTI, Vyay, cm’): 1229 (C-O-
C); 1625 and 1595 (C=N and C=C); 3054 (Ar, -CH str.); 'H
NMR (400 MHz, CDCl3) & 2.42 (s, 3H, Ar-CH3), 2.74 (s, 3H,
pyrazole-CHj3), 6.99-7.04 (m, 4H, Ar-H), 7.24-7.26 (m, 2H, Ar-
35 H), 7.33-7.37 (m, 1H, Ar-H), 7.43-7.47 (m, 2H, Ar-H), 7.65-7.68
(m, 4H, Ar-H); °C APT (400 MHz, CDCl5) & 14.9, 21.5, 95.3,
1164, 1164, 116.6, 116.7, 120.9, 122.6, 123.4, 126.5, 127.9,
128.2, 129.3, 129.6, 137.1, 142.0, 147.2, 149.2, 150.3, 152.6,
157.6, 158.1, 160.0, 163.6; ESI-MS (m/z): 425.4 (M*); Anal. %
Calculated for C,sH;oFN4O,: C, 70.41; H, 4.49; N, 13.14; Found:
C,70.18; H, 4.26; N, 12.88.

6.3.11 2-(4-bromophenyl)-5-(5-(2-fluorophenoxy)-
3-methyl-1-phenyl-1H-pyrazol-4-yl)-1,3,4-oxadiazole (7k)
Yield 86 %, m.p. 184-186 °C; IR (KBr, vy, cm’): 1227 (C-O—
C); 1638 and 1595 (C=N and C=C); 3060 (Ar, -CH str.); 'H
NMR (400 MHz, CDCl3) & 2.74 (s, 3H, pyrazole-CHj3), 6.82-6.84
(m, 1H, Ar-H), 6.82-6.84 (m, 1H, Ar-H), 6.86-6.99 (m, 2H, Ar—
H), 7.00-7.04 (m, 1H, Ar-H), 7.16-7.21 (m, 1H, Ar-H), 7.34-7.56
(m, 2H, Ar-H), 7.59-7.73 (m, 4H, Ar-H); *C APT (400 MHz,
CDCly) 6 14.9, 116.3, 117.0, 117.2, 122.6, 122.6, 124.6, 127.7,
124.8, 125.6, 126.1, 128.0, 129.3, 132.2, 135.7, 137.0, 144.1,
145.7, 149.3, 150.5, 153.0, 154.8, 158.5, 162.8; ESI-MS (m/z):
492.3 (M"*); Anal. % Calculated for C,,H,;BrFN,O,: C, 58.67; H,
3.28; N, 11.40; Found: C, 58.41; H, 3.07; N, 11.13.

6.3.12 2-(4-chlorophenyl)-5-(5-(2-fluorophenoxy)-
3-methyl-1-phenyl-1H-pyrazol-4-yl)-1,3,4-oxadiazole (71)

Yield 79 %, m.p. 190-192 °C; IR (KBTI, Vyay, cm’): 1226 (C-O-
0 C); 1638 and 1598 (C=N and C=C); 3061 (Ar, -CH str.); 'H

s 6.3.14

3

@

NMR (400 MHz, CDCl3) & 2.74 (s, 3H, pyrazole-CHj), 6.82-6.84
(m, 1H, Ar-H), 6.86-6.93 (m, 1H, Ar—H), 6.95-7.01 (m, 1H, Ar—
H), 7.02-7.04 (m, 2H, Ar-H), 7.16-7.34 (m, 4H, Ar-H), 7.36-7.74
(m, 4H, Ar-H); '*C APT (400 MHz, CDCl;) 5 14.9, 94.8, 116.4,

s 117.0, 117.2, 122.1, 122.6, 124.6, 124.7, 124.7, 127.8, 128.0,

129.3, 137.0, 137.7, 144.1, 144.2, 147.0, 149.3, 150.6, 153.0,
154.9, 158.4, 162.7; ESI-MS (m/z): 447.7 (M"); Anal. %
Calculated for C,4H;cCIFN,O,: C, 64.51; H, 3.61; N, 12.54;
Found: C, 64.28; H, 3.36; N, 12.27.

6.3.13 2-(4-chlorophenyl)-5-(5-(3-fluorophenoxy)-3-
methyl-1-phenyl-1H-pyrazol-4-yl)-1,3,4-oxadiazole (7m)

Yield 87 %, m.p. 177-179 °C; IR (KBr, vy, cm™): 1227 (C-O—
C); 1622 and 1597 (C=N and C=C); 3056 (Ar, -CH str.); 'H
NMR (400 MHz, CDCl;) 6 2.75 (s, 3H, pyrazole-CHj3), 6.80-6.83
(m, 3H, Ar—H), 7.24-7.30 (m, 1H, Ar-H), 7.34-7.36 (m, 1H, Ar—
H), 7.38-7.65 (m, 4H, Ar-H), 7.65-7.68 (m, 4H, Ar-H); '°C APT
(400 MHz, CDCl;) ¢ 14.9, 95.3, 103.6, 103.9, 110.8, 110.9,
111.1, 133.6, 127.8, 128.0, 129.3, 129.3, 130.9, 131.0, 137.0,
137.7, 14.02, 149.3, 157.7, 157.6, 158.4, 162.3, 162.6, 164.7;
ESI-MS  (m/z): 447.8 (M%); Anal. % Calculated for
CHcCIFN,O,: C, 64.51; H, 3.61; N, 12.54; Found: C, 64.26; H,
3.37; N, 12.28.

2-(5-(3-fluorophenoxy)-3-methyl-1-phenyl-
1H-pyrazol-4-yl)-5-(4-methoxyphenyl)-1,3,4-oxadiazole (7n)
Yield 82 %, m.p. 169-171 °C; IR (KBTI, Vyay, cm™): 1231 (C-0O-
C); 1631and 1593 (C=N and C=C); 3061 (Ar, -CH str.); '"H NMR
(400 MHz, CDCl5) 6 2.57 (s, 3H, pyrazole-CHj3), 3.69 (s, 3H, -
OCH;), 6.62-6.65 (m, 3H, Ar—H), 6.75-6.77 (m, 2H, Ar—H), 7.05-
7.11 (m, 1H, Ar-H), 7.16-7.19 (m, 1H, Ar-H), 7.25-7.29 (m, 2H,
Ar-H), 7.48 -7.53 (m, 4H, Ar—H); *C APT (400 MHz, CDCl;) &
10.2, 50.6, , 99.2, 106.1, 106.2, 111.4, 117.8, 123.2, 126.6, 124.5,
126.1, 126.2, 132.3, 141.6, 144.5, 145.8, 152.8, 152.9, 153.0,
155.4, 157.4, 158.6, 160.2, 162.4, 163.7; ESI-MS (m/z): 443.4
(M"); Anal. % Calculated for C,sH;oFN,O;: C, 67.87; H, 4.33; N,
12.66; Found: C, 67.66; H, 4.07; N, 12.38.

6.3.15  2-(4-chlorophenyl)-5-(3-methyl-1-phenyl-5-(3-
(trifluoromethyl)phenoxy)-1H-pyrazol-4-yl)-1,3,4-oxadiazole
(70

Yield 88 %, m.p. 194-196 °C; IR (KBTI, Vyay, cm’): 1234 (C-O-
C); 1634 and 1594 (C=N and C=C); 3062 (Ar, -CH str.); 'H
NMR (400 MHz, CDCls) 6 2.77 (s, 3H, pyrazole-CHj3), 7.10-7.12
(d, 1H, Ar-H), 7.33 (s, 3H, Ar-H), 7.36-7.38 (m, 3H, Ar-H),
7.42-7.54 (m, 2H, Ar-H), 7.61-7.67 (m, 4H, Ar-H); °C APT
(400 MHz, CDCl;) 6 15.0, 113.2, 113.2, 117.9, 120.1, 120.7,
122.4, 122.7, 126.2, 127.1, 128.2, 129.3, 130.8, 135.5, 142.4,
149.7, 150.2, 152.8, 153.6, 154.7, 155.3, 156.8, 156.9, 163.8;
ESI-MS  (m/z): 497.8 (M"); Anal. % Calculated for
CysH;4CIF3N4O,: C, 60.43; H, 3.25; N, 11.28; Found: C, 60.15;
H, 3.04; N, 11.05.

6.3.16 2-(4-methoxyphenyl)-5-(3-methyl-1-phenyl-5-(3-
(trifluoromethyl)phenoxy)-1H-pyrazol-4-yl)-1,3,4-oxadiazole
(7p)

Yield 84 %, m.p. 188-190 °C; IR (KBTI, Vyay, cm™): 1237 (C-O-
C); 1637 and 1595 (C=N and C=C); 3067 (Ar, -CH str.); 'H
NMR (400 MHz, CDCl3) § 2.76 (s, 3H, pyrazole-CH3), 3.86 (s,

120 3H, -OCH3;), 6.90-6.93 (d, 2H, Ar-H), 7.10-7.12(d, 1H, Ar-H),
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7.36-7.40 (m, 2H, Ar-H), 7.44-7.47 (m, 4H, Ar-H), 7.62-7.67
(m, 4H, Ar-H); °C APT (400 MHz, CDCl;) & 14.9, 55.4, 95.4,
113.3, 113.3, 114.3, 116.0, 117.9, 130.6, 120.6, 122.7, 128.0,
128.2, 129.4, 130.7, 132.4, 132.8, 137.0, 146.1, 1494, 156.7,
157.7, 160.4, 162.2, 163.4; ESI-MS (m/z): 493.3 (M*); Anal. %
Calculated for C,H;oF3N,O5: C, 63.41; H, 3.89; N, 11.38;
Found: C, 63.18; H, 3.61; N, 11.14.

7. Biological evaluation

7.1. In vitro antimicrobial assay

The antimicrobial activity of fluoro substituted pyrazole
containing 1,3,4-oxadiazole scaffolds was carried out by broth
micro dilution method. DMSO was used as the diluent to get the
desired concentration of compounds to test upon standard
bacterial strains. Mueller-Hinton broth was used as nutrient
medium to grow and dilute the compound suspension for the test
bacteria. Sabouraud Dextrose broth was used for fungal nutrition.
Inoculum size for test strain was adjusted to 10° CFU mL™"' by
comparing the turbidity. Serial dilutions were prepared in primary
and secondary screening. Each synthesized compound and the
standard drugs were diluted obtaining 2000 pg/mL concentration
as the stock solution. The compounds which were found to be
active in their primary screening (i.e. 500, 250 and 200 pg/mL
concentrations) were further screened in their second set of
dilution at 100, 50, 25 and 12.5 pg/mL concentrations against all
microorganisms. 10 pL suspensions were further inoculated on
appropriate media and growth was noted after 24 and 48 h. The
control tube containing no antibiotic was instantaneously
subcultured (before inoculation) by evenly spreading a loopful
over an area of plate of medium suitable for the growth of the test
organism. The tubes were then put overnight for incubation at
37°C. The highest dilution preventing appearance of turbidity
after spot subculture was considered as minimal inhibitory
concentration (MIC, mM) and was listed in Table 1. All the tubes
showing no visible growth (same as the control tube) were
subcultured and incubated overnight at 37°C. The amount of
growth from the control tube before incubation was compared. In
this study ampicillin, norfloxacin, chloramphenicol and
ciprofloxacin were used as the standard antibacterial drugs.
Nystatin and Griseofulvin were used as the standard antifungal
drugs. The results are summarized in Table 1.

7.2. In vitro antituberculosis assay

All fluoro substituted pyrazole containing 1,3,4-oxadiazole
derivatives were screened for their antitubercular activity against
Mpycobacterium tuberculosis Hy;Rv performed by Lowensteine-
Jensen method with minor modification where 250 pg/mL
dilution of each compound was added to Lowensteine-Jensen
medium and then media was uncontaminated by inspissation
method. A culture of Mycobacterium tuberculosis H3;Rv grown
on Lowensteine-Jensen medium was harvested in 0.85% saline in
bijou bottle. The stock solutions of title compounds (100 pg/mL)
were prepared in DMSO. These tubes were then incubated at
37°C for 24 h followed by streaking of Mycobacterium
tuberculosis H37Rv (5x10* bacilli per tube). The growth of
bacilli was observed after 2 weeks, 3 weeks and finally after 4
weeks of incubation. The tubes having the compounds were
compared with control tubes where medium alone was incubated
with Mycobacterium tuberculosis Hs;Rv. The concentration at

which complete inhibition of colonies occurred was taken as
active concentration of the tested compound. The standard strain

60 Mycobacterium tuberculosis H3;Rv was also tested with the
known drugs rifampicin and isoniazid for comparison. The results
are summarized in Table 2.

7.3. In vitro antimalarial assay
es In vitro antimalarial activity of the fluoro substituted pyrazole
based 1,3.,4-oxadiazole derivatives was screened against P.
falciparum strain. P. falciparum strain was acquired from Shree
R. B Shah Mahavir Super-speciality hospital, Surat, Gujarat,
India and was used in in vitro tests. P. falciparum strain was
70 cultivated by a modified method described by Trager and Jensen
3 Compounds were dissolved in DMSO. The final concentration
of DMSO used was not toxic and did not interfere with the assay.
The antiparasitic effect of the compounds was measured by
growth inhibition percentage as described by Carvalho and Krettli
75 >, For experimental purpose, the cultures were synchronized with
5% D-sorbitol when the parasites were in the ring stage *. The
parasite suspension, consisting of predominately the ring stage,
was adjusted to a 1-2 % parasitaemia and 2.5 % haematocrit in
hypoxanthine-free RPMI-1640 culture medium with 10% human
so plasma and was exposed to 7 concentrations of each compound
for a single cycle of parasitic growth for 48 h at 37°C. A positive
control with reference to antimalarial drugs in standard
concentrations was used for each experiment. The stock solutions
were additionally diluted in whole medium (RPMI 1640 plus
85 10% human serum) to each of the used concentrations. The
concentration that inhibited 50% of parasite growth (ICs, value)
was determined by interpolation method using Microcal Origin
software. The standard drugs chloroquine and quinine were used
as the reference antimalarial drugs, blood smears were read blind
90 and each duplicate experiment was repeated thrice. The results
are summarized in Table 3.

Acknowledgements

The authors are thankful to Head, Department of Chemistry,
Sardar Patel University for providing necessary research facilities

os and constant encouragement. SCK and VBP gratefully
acknowledge the University Grants Commission, New Delhi,
India for meritorious fellowships awards 2013-2015.

Notes

“Department of Chemistry, Sardar Patel University, Vallabh
wo Vidyanagar- 388 120, Gujarat, India.

bShree A. N. Patel P. G. Institute, Anand, 388120, Gujarat, India

E-mail: dipanalka@yahoo.com; krdsharadl126 @ gmail.com.

The spectral data of synthesized compound are shown in
10s supplementary data.
Reference

1. World Malaria Report
Organization.

2014. 2014, Geneva: World Health

This journal is © The Royal Society of Chemistry [year]

Journal Name, [year], [vol], 00—00 | 9



RSC Advances

2. A. Dondorp, F. Nosten, P. Yi, D. Das, A. Phyo, J. Tarning, K. Lwin, 55 21. M. J. Ahsan, J. G. Samy, H. Khalilullah, M. S. Nomani, P. Saraswat,
F. Ariey, W. Hanpithakpong and S. Lee, N Engl J Med, 2009, R. Gaur and A. Singh, Bioorganic & Medicinal Chemistry
361, 455-467. Letters, 2011, 21, 7246-7250.
3. A. P. Phyo, S. Nkhoma, K. Stepniewska, E. A. Ashley, S. Nair, R. 22. R. A. Rane, S. D. Gutte and N. U. Sahu, Bioorganic & Medicinal
5 McGready, C. ler Moo, S. Al-Saai, A. M. Dondorp and K. M. Chemistry Letters, 2012, 22, 6429-6432.
Lwin, The Lancet, 2012, 379, 1960-1966. 60 23. E. Palaska, G. Sahin, P. Kelicen, N. T. Durlu and G. Altinok, 1/
4. J. Straimer, N. F. Gnidig, B. Witkowski, C. Amaratunga, V. Duru, A. Farmaco, 2002, 57, 101-107.
P. Ramadani, M. Dacheux, N. Khim, L. Zhang and S. Lam, 24. F. Liu, X.-Q. Luo, B.-A. Song, P. S. Bhadury, S. Yang, L.-H. Jin, W.
Science, 2015, 347, 428-431. Xue and D.-Y. Hu, Bioorganic & medicinal chemistry, 2008,
10 5. J. N. Burrows, E. Burlot, B. Campo, S. Cherbuin, S. Jeanneret, D. 16, 3632-3640.
Leroy, T. Spangenberg, D. Waterson, T. N. Wells and P. 6 25. Y. Ergiin, O. F. Orhan, U. G. Ozer and G. Gisi, European journal of
Willis, Parasitology, 2014, 141, 128-139. pharmacology, 2010, 630, 74-78.
6. , Global Alliance for TB Drug Development, 26. L. Jin, J. Chen, B. Song, Z. Chen, S. Yang, Q. Li, D. Hu and R. Xu,
http://www.tballiance.org/home/ home.php. Bioorganic & Medicinal Chemistry Letters, 2006, 16, 5036-
157, World Health Organisation, Tuberculosis: 5040.
http://www.who.int/mediacentre/factsheets/fs104/en/index.htm 70 27. M. Harfenist, D. J. Heuser, C. T. Joyner, J. F. Batchelor and H. L.
1 (accessed June, White, Journal of medicinal chemistry, 1996, 39, 1857-1863.
2013). 28. P. Puthiyapurayil, B. Poojary, C. Chikkanna and S. K. Buridipad,
8. H. Okusu, D. Ma and H. Nikaido, Journal of Bacteriology, 1996, European Journal of Medicinal Chemistry, 2012, 53, 203-210.
20 178, 306-308. 29. P. Horrocks, M. R. Pickard, H. H. Parekh, S. P. Patel and R. B.
9. R. E. Isturiz, International journal of antimicrobial agents, 2010, 36, 75 Pathak, Organic & Biomolecular Chemistry, 2013, 11, 4891-
S19-S22. 4898.
10. A. M. Isloor, B. Kalluraya and P. Shetty, European Journal of 30. O. Meth-Cohn and B. Narine, Tetrahedron Letters, 1978, 19, 2045-
Medicinal Chemistry, 2009, 44, 3784-3787. 20438.
25 11. G. Szabé, J. Fischer, A. Kis-Varga and K. Gyires, Journal of 31. NCCLS (National Committee for Clinical Laboratory Standards),
medicinal chemistry, 2007, 51, 142-147. 80 Performance Standards for Antimicrobial Susceptibility
12. A. Sener, R. Kasimogullari, M. K. Sener, I. Bildirici and Y. Testing: Twelfth Informational Supplement (2002), ISBN 1-
Akcamur, Journal of heterocyclic chemistry, 2002, 39, 869- 56238-454-6 M100-S12 (M7).
876. 32. A. Rattan, Antimicrobials in Laboratory Medicine. Churchill B. I,
30 13. 1. V. Magedov, M. Manpadi, S. Van slambrouck, W. F. Steelant, E. Livingstone, New Delhi,, 2000, 85-108.
Rozhkova, N. M. Przheval'skii, S. Rogelj and A. Kornienko, 35 33. W. Trager and J. Jensen, Science, 1976, 193, 673-675.
Journal of medicinal chemistry, 2007, 50, 5183-5192. 34. L.H. Carvalho and A.U. Krettli, Mem. Inst. Oswaldo.Cruz. 86 (Suppl.
14. S. Manfredini, R. Bazzanini, P. G. Baraldi, M. Guarneri, D. Simoni, 1) 181-184.
M. E. Marongiu, A. Pani, P. La Colla and E. Tramontano, 35. C. Lambros and J.P. van der Berg, Parasitol. , (1979), 65 418-420.
35 Journal of medicinal chemistry, 1992, 35, 917-924.
15. H.-J. Park, K. Lee, S.-J. Park, B. Ahn, J.-C. Lee, H. Cho and K.-I. %
Lee, Bioorganic & Medicinal Chemistry Letters, 2005, 15,
3307-3312.
16. G. Menozzi, L. Mosti, P. Fossa, F. Mattioli and M. Ghia, Journal of
40 Heterocyclic Chemistry, 1997, 34, 963-968.
17. R. Sridhar, P. T. Perumal, S. Etti, G. Shanmugam, M. N. ”
Ponnuswamy, V. R. Prabavathy and N. Mathivanan,
Bioorganic & Medicinal Chemistry Letters, 2004, 14, 6035-
6040.
45 18. K. L. Kees, J. J. Fitzgerald, K. E. Steiner, J. F. Mattes, B. Mihan, T. 100
Tosi, D. Mondoro and M. L. McCaleb, Journal of Medicinal
Chemistry, 1996, 39, 3920-3928.
19. G. R. Bebernitz, G. Argentieri, B. Battle, C. Brennan, B. Balkan, B.
F. Burkey, M. Eckhardt, J. Gao, P. Kapa, R. J. Strohschein, H.
50 F. Schuster, M. Wilson and D. D. Xu, Journal of Medicinal
Chemistry, 2001, 44, 2601-2611.
20. W.-M. Xu, F.-F. Han, M. He, D.-Y. Hu, J. He, S. Yang and B.-A.
Song, Journal of agricultural and food chemistry, 2012, 60,
1036-1041.
110
10 | Journal Name, [year], [vol], 00-00 This journal is © The Royal Society of Chemistry [year]

Page 10 of 11



Page 11 of 11 RSC Advances

Effect of fluorine
in diverse activity
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