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ABSTRACT

A series of 1-phenyl-3-aryl-5-(4-(4-butanoloxy) pyg-1H-pyrazoles were synthesized from chalconed a
screened for their in vitro antibacterial activit¢halcones i.e.,1-aryl-3-(4-hydroxyphenyl) propf23ones,l on
reaction with phenyl hydrazine in presence of acettid and few drops of hydrochloric acid furnishttb
corresponding 1-phenyl-3-aryl-5-(4-hydroxypheny-fiyrazoles2 which on further reaction with 4-chlorobutanol
yielded the title compound® These compounds were characterized by CHN arglyBe mass andH NMR
spectral data. All the compounds were studied li@irtin vitro antibacterial activity against two @m positive
strains (Bacillus subtilis and Staphylococcus awjeand two Gram negative strains (Escherichia catid
Pseudomonas aeruginosa) and their minimum inhipitamcentration (MIC) were determined.

Keywords: Chalcones, H-pyrazoles, antibacterial activity, minimum inhimiy concentration (MIC).

INTRODUCTION

Multi-drug resistance arises due to the extensixgloitation of chemotherapeutic drugs for the tnemt of
infectious diseases. This creates an alarming tsitudor the health of world population and alsoes the
opportunity to the medicinal chemists for the depehent of novel antimicrobial agents having a déf¢ mode of
action to fight against multi-drug resistance Hgterocyclic compounds continue to create a cerftattention due
to their various biological activities. Amongst tfiee membered heterocles, pyrazoles have beerdftmexhibit
wide application in the field of medicinal and phmaceutical chemistry. In recent years, progresgivebre
concentration has been given to the synthesis odzpje derivatives for the development of new atibrial
agents. Pyrazole derivatives have been reportgaddeess diverse biological activities such as actidial [2, 3],
antifungal [4, 5], herbicidal [6], insecticidal [7anti-inflammatory [8, 9] anticonvulsant [10], atumor [11], anti-
oxidant [12] and so on. Furtherddpyrazoles containing phenoxy alkanol [13-17] sitiain have been reported to
possess antibacterial activity by us as a part wf angoing research program in the field of synthesd
antimicrobial activity of medicinally important kebcyclic compounds [18, 19]. These reports prothpts to
undertake the synthesis of some maregdyrazoles bearing phenoxy butanol moiety. Thelsysized compounds
were characterized on the basis of elemental asalfg 'H NMR and mass spectral data. All the compoundswer
screened for theirin vitro antibacterial activity against two Gram positiveraBts Bacillus subtilis and
Staphylococcus aureusand two Gram negative straingEsgherichia coliand Pseudomonas aerugingsa
respectively.
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MATERIALS AND METHODS

Chemistry.The purity of all the synthesized compounds waglkée by thin layer chromatography on silica gel G
as a stationary phase and different solvent sysssnasmobile phase using iodine vapors as deteatjiagt. Melting
points were determined by the Tempo melting poietednination apparatus in open capillary tubes arel
uncorrected. Infrared spectra were recorded on &fzon8000 FTIR Spectrophotometer in KBr phase.darbtMR
spectra were done on Bruker Avance |l 400 NMR Spew¢ter using tetra-methyl silane as internal stethdMass
spectra of the compounds were carried out on Wakkigomass Q-Tof Micro Mass Spectrometer using
electrospray ionization (ESI) technique. Elemeatalyses were carried out on Perkin Elmer 2400 Gtévnental
Analyser. Chalconesla—g were synthesized by a base-catalyzed Claisen-8ithotindensation reaction of
appropriately substituted acetophenones and 4-kydrdbenzaldehyde [20], and 1-phenyl-3-aryl-5-(4-
hydroxyphenyl)-H-pyrazoles2a—g were prepared from the chalcoris-g following the procedure described in
the literature [21].

General Procedure for the Synthesis of 1-phenyty8%:(4-(4-butanoloxy phenyl)-1H-pyrazoles (3a—tpphenyl-
3-aryl-5-(4-hydroxy phenyl)Hi-pyrazoles (2a—g 0.01 M) and 4-chlorobutanol ((M)1were refluxed in acetone
(50 mL) in the presence of tri-ethylamine (0.01 fd) about four hours. Excess of solvent was remoweder
reduced pressure. The residue thus obtained wasedahoroughly with cold distilled water, dried,dathen re-
crystallized from ethanol. The physical and anajjtdata of the synthesized title compounds arergas follows.

1, 3-Diphenyl-5-(4-(4-butanoloxy) phenyl)-1H-pyriz¢Ba): Yield: 76%; m.p.: 81-83C; IR (KBr, cm?): 3340 (O—
H), 3070 (aromatic C-Hdtr), 2916 (C-H), 1465, (C§), 1255 (C—-O-C), 1071 (C-0), 830, 732 & 690 (arden@t
H def); '"HNMR (CDCk): & (ppm) 8.05-7.09 (m, 14H, AY), 7.02 (s, 1H, =6-), 4.08-4.06 (t, 2H, HO—CHCH,~
CH,-CH—0-Ar), 3.69 (s, 1H, C4), 3.53-3.51 (t, 2H, HO-&,-CH,~CH,~CH,—0O-Ar), 1.89-1.87 (quin, 2H, HO-
CHy—CH,~CH »~CH,-0-Ar), 1.57-1.53 (quin, 2H, HO—GHCH,~CH,~CH,~O-Ar); MS, m/z (%): 385 [M+H]
(100%). Anal.: Calcd. for £H.4N,O,: C, 78.10; H, 6.29; N, 7.29. Found: C, 78.16; 222N, 7.21.

1-Phenyl-3-(4-methyl phenyl)-5-(4-(4-butanoloxyepil)-1H-pyrazole (3b)Yield: 69%; m.p.: 87-89C; IR (KBr,
cm™): 3339 (O-H), 3065 (aromatic C-#ir), 2919(C—H), 1465, (Ch)), 1255 (C-O-C), 1070 (C-0O), 832, 730 &
690 (aromatic C—Hilef); '"HNMR (CDCL): & (ppm) 7.67-7.08 (m, 13H, Af), 7.01 (s, 1H, =61-), 4.08-4.06 (12H,
HO-CH~CH,~CH,—CH~0O-Ar), 3.69 (s, 1H, O4), 3.53-3.51 (t, 2H, HO-B,~CH,~CH,~CH,~0-Ar), 2.34 (s,
3H, CHgAr), 1.89-1.87 (quin, 2H, HO-GHCH,~CH ,~CH,~0O-Ar), 1.57-1.53 (quin, 2H, HO—GHCH ,—CH
CH—0O-Ar); MS, m/z (%): 399M+H] " (100%). Anal.: Calcd. for £H,6N,O,: C, 78.36; H, 6.58; N, 7.03. Found:
C,78.30; H, 6.51; N, 7.09.

1-Phenyl-3-(4-methoxy phenyl)-5-(4-(4-butanoloxyemyl)-1H-pyrazole (3c)Yield: 71%; m.p.. 93-95°C; IR
(KBr, cm™): 3343 (O-H), 3065 (aromatic C—H str), 2916 (C—H)65, (CH), 1255 (C-O-C), 1068 (C-0), 832,
735 & 693 (aromatic C—H defJHNMR (CDCL): & (ppm) 7.64-7.07 (m, 13H, Af), 7.02 (s, 1H, =6-), 4.08-4.06
(t, 2H, HO-CH-CH,~CH,~CH,—0-Ar), 3.83 (s, 3H, B3;0-Ar), 3.70 (s, 1H, OH), 3.53-3.51 (t, 2H, HO-B—
CH,~CH,~CH,~0O-Ar), 1.89-1.87 (quin, 2H, HO-GHCH,—~CH,~CH,~O-Ar), 1.57-1.53 (quin, 2H, HO-GH
CH,—CH,~CH,~0-Ar); MS, m/z (%): 415 [M+H] (100%). Anal.: Calcd. for £H,¢N,O3: C, 75.34; H, 6.32; N,
6.76. Found: C, 75.39; H, 6.38; N, 6.71.

1-Phenyl-3-(4-chloro phenyl)-5-(4-(4-butanoloxy)eplgl)-1H-pyrazole (3d)Yield: 77%; m.p.: 83-85C; IR (KBr,
cm™): 3336 (O-H), 3061 (aromatic C—4ir), 2916 (C—H), 1465, (Chl, 1255 (C-O-C), 1066 (C-0O), 832, 730 &
690 (aromatic C—Hilef); ‘HNMR (CDCL): & (ppm) 8.01-7.07 (m, 13H, A), 7.01 (s, 1H, =61-), 4.08-4.06 (t, 2H,
HO-CH,~CH,~CH,~CH~0O-Ar), 3.70 (s, 1H, O4), 3.53-3.51 (t, 2H, HO-8,-CH,~CH,~CH,-0O-Ar), 1.89-1.87
(quin, 2H, HO-CH-CH,~CH ,—~CH,—0-Ar), 1.57-1.53 (quin, 2H, HO—GHCH ,~CH,—~CH,~0O-Ar); MS, m/z (%):
419 [M+H]" (100%), 421 [M+2+H] (35%).Anal.; Calcd. for §H,sCIN,O,: C, 71.68; H, 5.53; 8.46; N, 6.69.
Found: C, 71.61; H, 5.58; N, 6.62.

1-Phenyl-3-(4-bromo phenyl)-5-(4-(4-butanoloxy) pyie-1H-pyrazole(3e)Yield: 76%; m.p.: 95-97C; IR (KBr,
cm™): 3337 (O-H), 3066 (aromatic C-#ir), 2919 (C-H), 1465, (Chl, 1256 (C-O-C), 1072 (C-0), 832, 732 &
695 (aromatic C—Hilef); 'HNMR (CDCL): & (ppm) 7.79-7.08 (m, 13H, Af), 7.01 (s, 1H, =@-), 4.08-4.06 (t, 2H,
HO-CH~CH,~CH,—CH~0O-Ar), 3.68 (s, 1H, C4), 3.53-3.51 (t, 2H, HO-8,~CH,~CH,~CH,~0O-Ar), 1.89-1.87
(quin, 2H, HO—CH-CH,—CH ~CH,~0O-Ar), 1.57-1.53 (quin, 2H, HO—GHCH ,—CH,~CH,—~O-Ar); MS, m/z (%):
463 [M+H]" (100%), 465 [M+2+H] (98%). Anal.: Calcd. for §H»3BrN,O.: C, 64.80; H, 5.00; N, 6.05. Found: C,
64.87; H, 5.06; N, 6.10.
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1-Phenyl-3-(4-fluoro phenyl)-5-(4-(4-butanoloxy)eplyl)-1H-pyrazole (3f)¥Yield: 74%; m.p.: 91-92C; IR (KBr,
cm™): 3340 (O-H), 3073 (aromatic C—4ir), 2917 (C-H), 1465, (Chl, 1255 (C-O-C), 1070 (C-O), 830, 730 &
692 (aromatic C—Hilef); ‘HNMR (CDCL): & (ppm) 8.15-7.08 (m, 13H, At), 7.02 (s, 1H, =61-), 4.08-4.06 (t, 2H,
HO-CH~CH,~CH,—CH»0-Ar), 3.69 (s, 1H, CH), 3.53-3.51 (t, 2H, HO-8,-CH,~CH,~CH,~0O-Ar), 1.89-1.87
(quin, 2H, HO—CH-CH,—CH »~CH,~0O-Ar), 1.57-1.53 (quin, 2H, HO—GHCH,~CH,~CH,~0O-Ar); MS, m/z (%):
403 [M+H]" (100%). Anal.: Calcd. for £H,3FN,O,: C, 74.61; H, 5.76; N, 6.96. Found: C, 74.67; H15N, 6.90.
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Scheme 1: Synthesis of 1-Phenyl-3-aryl-5-(4-(4-butanoloxy)phenyl-1H -pyrazoles

1-Phenyl-3-(4-nitrophenyl)-5-(4-(4-butanoloxy) phdrilH-pyrazole (3g):Yield: 72%; m.p.: 87-88C; IR (KBr,
cm™): 3342 (O-H), 3065 (aromatic C-#ir), 2918 (C-H), 1465, (Chl, 1255 (C-O-C), 1070 (C-0O), 832, 735 &
690 (aromatic C—Hilef); 'HNMR (CDCL): & (ppm) 8.35-7.08 (m, 13H, Af), 7.01 (s, 1H, =@-), 4.08-4.06 (t, 2H,
HO-CH~CH,~CH,—CH~0O-Ar), 3.70 (s, 1H, C4), 3.53-3.51 (t, 2H, HO8,-CH,~CH,~CH,~0O-Ar), 1.89-1.87
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(quin, 2H, HO—CH-CH,~CH~CH~0-Ar), 1.57-1.53 (quin, 2H, HO—GHCH~CH,CH,~O-Ar); MS, m/z (%):
430 [M+H]* (100%). Anal.: Calcd. for £HNzO0,: C, 69.92; H, 5.40; N, 9.78. Found: C, 69.98; H;75 N, 9.72.

Antibacterial Activity.All the title compounds were screened for thairvitro antibacterial activity against two
Gram positive strains, that iBacillus subtilisqMTCC 121) andStaphylococcus aureyMTCC 96) and two Gram
negative strains, that i§scherichia coli(MTCC 40) andPseudomonas aeruginog®ITCC 2453), respectively.
Ciprofloxacin was used as the standard drug fomptlesent study. Serial two-fold dilution techniquas used for
the study of antibacterial activity [22]. A stoatdgtion (10 pg/mL) of all the title compounds andrslard drug was
prepared in dimethyl sulfoxide. Sterilized doubleesgth nutrient broth (DSNB) was used as a grangidia. The
stock solution was serially diluted by DSNB asegiticto give concentrations of 5.0-0.01 pg/mL iataeries of
sterilized culture tubes. All the tubes were inatedl by bacterial strain. The inoculum’s size wgsraximately 16
colony forming units (CFU/mL). The inoculated tubesre incubated for 24 h at 37(2z0. After 24 h, the
inoculated culture tubes were macroscopically eraahifor turbidity. The culture tube showing turbyd{lower
concentration) and the culture tube showing noiditsb (higher concentration) gave the minimum iritoby
concentration (MIC) for the compound. The MIC fdrettitle compounds and the standard drug, that is,
ciprofloxacin are presented in Table 1.

RESULTS AND DISCUSSION

Chemistry . The syntheses of 1-phenyl-3-aryl-5-(4-(4-butang)phenyl) H-pyrazoles were achieved following the
steps outlined in the scheme 1. Chalcdreesl-aryl-3-(4-hydroxyphenyl) prop-2-en-1-onésyere prepared by the
reaction of 4-hydroxy benzaldehyde with substitudedtophenones following the Claisen-Schmidt reactihe
chalconesl then on refluxing with phenyl hydrazine in the g@ace of acetic acid and few drops of hydrochloric
acid furnished 1-phenyl-3-aryl-5-(4-hydroxyphenyh-pyrazoles2. 4-Chlorobutanol reacted within the presence
of triethyl amine to give the3. All the compounds were obtained in good vyield.e§dn compounds were
characterized on the basis of elemental and spectadyses. IR spectra of each compound showeda fior O—H
stretching vibrations for intermolecular hydrogesmbling near 3340 cthwhile the C—O stretching vibrations for
primary alcohols were observed in the range of 1DJ&6 cm'. C—-O—C stretching vibrations for aryl alkyl ether
were appeared at 1255 @mThe C-H stretching vibrations for methylene guwyere appeared in the range of
2916-2919 crt whereas bending vibrations for methylene scissorirere observed constantly at 1465 tm
Aromatic C—H stretching vibrations were observedhie range of 3073-3061 chwhereas aromatic C—H bending
vibrations were appeared below 900 tnin case ofH NMR, the chemical shift value for the B-group was
observed in the range of 3.70-3.&8pm) and appeared as singlet (s). Aromatic potppeared as multiplet (m)
in the range of 8.35-7.0¥ (ppm). The methine proton of the pyrazole nuclabisorbed at 7.02-7.GL(ppm) and
appeared as singlet (s). The methylene protongeaaijao the O-H group [HO+G—CH,~CH,—CH,—O-Ar] were
appeared as triplet (t) in the range of 3.53-3.%fpm) whereas the methylene protons adjacentetd@thAr group
[HO-CH,~CH,~CH,—CH,—O-Ar] were observed at 4.08-4.@6(ppm) and appeared as triplet (t). The central
methylene protons which are nearer to the O—H gepgeared as quintet (quin) at 1.57-185ppm) and those are
nearer to O—Ar group appeared at 1.89-1d38(ppm) respectively. Aromatic methyl and methoxptpns were
observed at 2.38 (ppm) and 3.83 (ppm) respectively as singlet (s). All the titiengpounds showed [M+H]of
100% intensity as the molecular ion peak. Compocmntaining chlorine showed isotopic peak at [M+2%i]
about 35% intensity to that of parent ion peak whsrbromo derivative showed isotopic peak at [M+2-+df
about equal intensity. The results of elementalysea were found in good agreement with the caledlgalues.

Antibacterial Activity. All the synthesized title compounds were screermadtteir in vitro antibacterial activity
against and two Gram positive bacterial strainat th, Bacillus subtilis(MTCC 121) andStaphylococcus aureus
(MTCC 96) and two Gram negative bacterial straithst is, Escherichia coli(MTCC 40) andPseudomonas
aeruginosa(MTCC 2453), respectively, and their minimum intoby concentration (MIC) was determined. A
perusal of the Table 1 shows that all the title poonds were found to be active against all thedrgdtstrains used
in this study. However, they showed more activigaiast the Gram negative than the Gram positivaebat
strains. Out of the two Gram negative bacteriaiss,E. coli(MTCC 40) was found to be more susceptible tRan
aeruginosa(MTCC 2453) against all the title compounds. Thaimum inhibitory concentration (MIC) of the title
compounds3a—g was found to be 0.75-0.65 pg/mL, 0.80-0.70 pg/m6p-00.50 pg/mL, and 0.65-0.55 pg/mL
againstB. subtilis(MTCC 121),S. aureus(MTCC 96), E. coli (MTCC 40) andP. aeruginosa(MTCC 2453)
respectively. The MICs of the title compounds camtey electron withdrawing groups like fluoro, chdg bromo, or
nitro were found somewhat less than the compouadtiming electron releasing groups like methyl amethoxy.
Compound3g which contains nitro group was found to be mositvacamongst the title compounds. The reference
standard ciprofloxacin inhibited Gram negative baatnamleyE. coliandP. aeruginosat a MIC of 0.01 pg/mL
and 0.25 pg/mL, respectively, whereas against Quasitive bacteria namleys. aureusand B. subtilis MIC was
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found to be 0.15 pg/mL and 0.12 pg/mL, respectivEhe results of the MIC for the standard drugrafipxacin,
against the bacterial strains used were found wwithen the range as reported in the literature-253.

TABLE 1: In-vitro antibacterial activity of 1-phenyl-3-aryl-5-(4-(4butanoloxy) phenyl)-1H-pyrazoles

Minimum inhibitory concentration pg/mL

Compound B. subtilis (MTCC 121)  S. aureus(MTCC 96) E. coli (MTCC 40)  P. aeruginosa (MTCC 2453)
3a 0.75 0.80 0.60 0.65
3b 0.75 0.80 0.60 0.65
3c 0.80 0.85 0.65 0.70
3d 0.70 0.75 0.55 0.60
3e 0.70 0.75 0.55 0.60
3f 0.70 0.75 0.55 0.60
39 0.65 0.70 0.50 0.55
Ciprofloxacin (standard drug) 0.12 0.15 0.01 0.25

CONCLUSION

Present study describes the synthesis of a sefiglsphenyl-3-aryl-5-(4-(4-butanoloxy) phenylHipyrazoles
starting from the chalcones. The compounds wereactexrized by modern analytical techniques suclCldsl
analyses, IR, Mass and proton NMR spectra. Alltitte compounds were screened for thaiwitro antibacterial
activity againstBacillus subtilis Staphylococcus aureu&Gram positive) andescherichia coli Pseudomonas
aeruginosa(Gram negative) and their minimum inhibitory concation (MIC) were determined. The results of
antibacterial activity showed that compounds caoiigj electron withdrawing groups e.g., chloro, bogifiuoro or
nitro were found to be more active than the compsurontaining electron releasing groups such asyhand
methoxy. These results suggest that some more aampausing different aromatic or heteroaromatielydles,
ketones, and haloalkanols should be synthesized saneened for their antibacterial activity to explahe
possibility of 1-phenyl-3-aryl-5-(4-(alkanoloxy) phyl) 1H-pyrazoles as a novel series of antibacterials.
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