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ABSTRACT

The nitrile imines generated by the oxidative debgdnation of aldehyde phenylhydrazones with chione-T in
ethyl alcohol undergo 1,3-dipolar cycloaddition wibenzalacetone in situ to afford 1-(3-aryl-1,4+dpyl-4,5-
dihydro-1H-pyrazol-5-yl)ethanones in good yield eT$tructure proofs of the synthesized new cycloatddwere
provided by IR NMR, *C NMR, Mass spectral studies and elemental analygi® new compounds were
evaluated in vitro for their antimicrobial and aakidant activities.
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INTRODUCTION

The five membered heterocycles such as pyrazolek their analogs are interesting class compounds in
pharmaceutical and medicinal chemistry. They weoesitered as useful synthons in organic syntheasis i
constructing biologically active molecules. The ggoles acts as selective inhibitors of tissue-necifip alkaline
phosphatase [1]. They were known to exhibit anétablar [2], antiviral [3], antimicrobial [4], amidant [5],
antitumor and antiangiogenic properties [6].

A series of structurally relatedHipyrazolyl derivatives were tested for their antlammatory activities, COX-1
and COX-2 inhibitory activities, ulcerogenic effecnd acute toxicity [7]. The usual synthesis ofapgle ring
system has been executed in the literature viaip@ar cycloaddition reactions of alkenes and aélg/with nitrile
imines generateih situfrom aldehyde phenylhydrazones [8]. Chloraminedswxtensively used reagent ifioisitu

generation of nitrile imines from aldehyde phendtazones [9].

In search of new antimicrobial and antioxidant agethe present project of synthesizing novel pgiez and study
their biological properties was undertaken. We imereport the synthesis of series of isomeric pytez @, 4);
which involve 1,3-dipoar cycloaddition reaction lbénzalacetonelf and nitrile imines generated situ from
aldehyde phenylhydrazone?®) (sing chloramine-T (CAT) as catalytic dehydrogempagent; and the antimicrobial
and antioxidant activities of the major produ@} (

EXPERIMENTAL SECTION
IR spectra were recorded on Shimadzu 8300 specteonihe’H NMR and**C NMR spectra were recorded on a

Bruker supercon 400 MHz spectrophotometer using IGR6 solvent and TMS as an internal standard. The
Chemical shifts are expressed®ippm. Mass spectra were obtained on Shimadzu LCM®~&Gpectrophotometer
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(chemical ionization) and the relative intensitiéghe important fragments were given in the pdresis. Elemental
analysis was obtained on a Thermo Finnigan FlashlE®2 CHN analyser. Chromatographic separationg wer
carried out on silica gel (70-230 mesh, Merck) auhuusing hexane: ethyl acetate (8:2) as eluent.

In a typical 1,3-dipolar cycloaddition reactiongthitrile imines generated by the catalytic dehgération of
aromatic aldehyde phenylhydrazongswith chloramine-T in ethyl alcohol were trappedsitu with benzalacetone
(1), the reaction yielded an isomeric mixture of 31afyl-1,4-diphenyl-4,5-dihydro-1H-pyrazol-5-yl)ethones )
as major and 1-(1-aryl-3,4-diphenyl-4,5-dihydro-pitazol-5-yl)ethanonegl( as minor products (Scheme-1).

H Chloramine-T CGH5 COCH3 C6H5 COCH3
CeH5—|C_|2=(|_3|—COCH3 + Ar—l(_|)=N—N—Ph C,HsOH /Z\—,{‘L + /Z\—i‘\
2 100°C, 3 hr Ar N~ "Ph Ph™ "N” CAr
1 3 60-74% 4 8-16%

3or4 a) Ar=4-FCcHy; b) Ar=4-CICcHy; ) Ar=4-CH3CgHy; d) Ar=CgHs; e) Ar=4-OCH;CHy;
f) Ar = 3,4-(OCH;),C¢H3;  g) Ar = Furan-2-yl.

Scheme-1: Reaction pathway for the synthesis of pyrazolines

General procedure for the cycloaddition

A mixture of aldehyde phenylhydrazor® (4.0 mmol), benzalacetong)((4.0 mmol) and chloramine-T trihydrate
(5.0 mmol) in ethanol was refluxed on water bathJFdours. The progress of the reaction was magttday TLC.
After the completion of the reaction, the sodiunodlde formed was filtered off, and the solvent veasporated in
vacuo. The residual mass was extracted into e@fem(L), washed successively with water (2 X 15 nllQ%
sodium hydroxide (2 X 15 mL) and saturated brinutsmn (1 X 10 mL). The organic layer was dried pve
anhydrous sodium sulphate and the solvent was eatgubto dryness. The reaction produced light tawbr oily
mass, which showed two spots corresponding toybleadducts § and4) in TLC. The products were separated by
column chromatography using hexane: ethyl ace8&fewWv) as eluent.

Antibacterial activity

Minimum inhibitory concentrations (MICs) were deteéned by broth dilution technique [10]. The nuttidmoth,
which contain logarithmic serially two-fold dilutesimount of test compound and controls were inoedlatith
approximately 5 x 10c.f.u of actively dividing bacteria cells. The berial cultures were incubated for 24 hrs at
37°C and fungi cultures were incubated for 72 hrs ZPC3 the growth was monitored visually and
spectrophotometrically. The lowest concentratiaquined to arrest the growth of bacteria and fungswegarded as
minimum inhibitory concentration (MIC). The testrapounds were screened for their antibacterial iigtagainst
Gram-negative bacteria spectescherichia coli, Salmonella typhimuriu@ram-positive bacteria speciBscillus
substilis Staphylococus aureusnd antifungal activity againsAspergillus niger, Aspergillus flavus, C. albicans
Fusarium oxysporiumThe antibiotics streptomycin and nystatin wereduas standard drugs against bacteria and
fungi species respectively. The experiments wergethout in triplicate; the results were takenaasiean of three
determinations.

Antioxidant activity

The capacity to scavenge the stable free radi@atiibhenyl-1-picrylhydrazyl (DPPH) was monitoreccaaling to
the Blois method [11] using ascorbic acid as stethdatioxidant. Samples dissolved in methanol (Q:§0nL; 0-5
pg/mL ascorbic acid) in 200 L aliquot was mixedhwdi00 mM tris-HCI buffer (800 uL, pH 7.4) and thadded 1
mL of 500 pM DPPH in ethanol (final concentration2®0 pM). The mixture was shaken vigorously arit tie
stand for 20 min at room temperature in the darke Tbsorbance of the resulting solution was medsure
spectrophotometrically at 517 nm. The experimergsewerformed in triplicates; the results are esged as mean

+ standard deviation (SD).

RESULTS AND DISCUSSION
1-(3-(4-Fluorophenyl)-1,4-diphenyl-4,5-dihydro-1H-pyrazol-5-yl)ethanone, 3a Obtained as a light brown oil in

64% yield. IR (nujol): 1678, 1750 ¢ch'H NMR (CDCL): 2.356 (s, 3H, CH, 4.122 (d, 1HJ= 8.6Hz C,-H),
4.390 (d, 1H,J= 9.8Hz,Cs-H), 6.708 (t, 1H, Ph-H), 7.222-7.561 (m, 9HHg, Ph-H), 7.724 (dd, 2H, Ar-H), 7.812
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(dd, 2H, Ar-H).™*C NMR (CDCE): 26.30 (1C, ChH), 42.22 (1C, 4-C), 66.98 (1C, 5-C), 121.56 (2C:®h122.31
(2C, Ar-C), 124.77 (1C, Ph-C), 127.26 (1C, Ar-C28166 (2C, Ar-C), 129.12 (1C,¢85-C), 129.72 (2C, ¢Hs-C),
130.13 (1C, gHs-C), 131.44 (2C, Ph-C), 135.09 (1C, Ph-C), 13810, (3-C), 141.03 (1C, §is-C), 149.92 (1C,
Ar-C),170.06 (1C, C=0). MS (relative abundance):8&9 (MH', 29), 358 (M, 100), 315 (32), 302 (12), 235 (23),
213 (11), 198 (44), 137 (25). Anal. Cacld. foskoFN,O: C, 77.08, H, 5.34, N, 7.82%; Found: C, 77.02513/,
N, 7.85%.

1-(3-(4-Chlorophenyl)-1,4-diphenyl-4,5-dihydro-1H-pyrazol-5-yl)ethanone, 3b: Obtained as a light brown oil in
78% yield. IR (nujol): 1688, 1744 ¢m*H NMR (CDCk): 2.372 (s, 3H, CH, 4.260 (d, 1HJ= 8.0Hz, C,-H),
4.373 (d, 1HJ= 7.6Hz,Cs-H), 6.604 (t, 1H, Ph-H), 7.203-7.559 (m, 9HHg, Ph-H), 7.703 (dd, 2H, Ar-H), 7.808
(dd, 2H, Ar-H). MS (relative abundance) m/z: 376HM'Cl, 33), 374 (MH, *Cl, 28), 373 (M, **Cl, 100), 331
(08), 269 (06), 235 (08). Anal. Cacld. fops,4CIN,O: C, 73.69, H, 5.11, N, 7.47%; Found: C, 73.715H4, N,
7.56%.

1-(1,4-Diphenyl-3-(4-methylphenyl)-4,5-dihydro-1H-pyrazol-5-yl )ethanone, 3c Obtained as a light brown oil in
80% yield. IR (nujol): 1680, 1740 ¢m'H NMR (CDCk): 2.125 (s, 3H, CH), 2.325 (s, 3H, CH), 4.222 (d, 1HJ=
9.2Hz,C;-H), 4.430 (d, 1H,)= 8.1Hz,Cs-H), 6.728 (t, 1H, Ph-H), 7.236-7.568 (m, 9HHg, Ph-H), 7.719 (dd, 2H,
Ar-H), 7.892 (dd, 2H, Ar-H)*C NMR (CDCE): 21.80 (1C,_Ch), 26.54 (1C, Ch), 43.02 (1C, 4-C), 67.08 (1C, 5-
C), 121.42 (2C, Ph-C), 122.55 (2C, Ar-C), 124.2C,(Ph-C), 127.30 (1C, Ar-C), 128.28 (2C, Ar-C), B (1C,
CeHs-C), 129.88 (2C, ¢Hs-C), 130.24 (1C, gHs-C), 131.10 (2C, Ph-C), 135.02 (1C, Ph-C), 137.78,(3-C),
141.32 (1C, gHs-C), 149.82 (1C, Ar-C), 170.01 (1C, C=0). Anal. @ador C4H,,N,O: C, 81.33, H, 6.26, N,
7.90%; Found: C, 81.31, H, 6.20, N, 7.80%.

1-(1,3,4-Triphenyl-4,5-dihydro-1H-pyrazol-5-yl )ethanone, 3d: Obtained as a light brown oil in 72% yield. IR
(nujol): 1695, 1735 cth 'H NMR (CDCL): 2.225 (s, 3H, Ch), 4.214 (d, 1H,)= 8.0Hz,C,-H), 4.446 (d, 1H,)=
6.8Hz,Cs-H), 6.733 (t, 1H, Ph-H), 7.216-7.571 (m, 14HHg, Ph-H). MS (relative abundance) m/z: 341 (Mg6),
340 (M, 100), 297 (14), 235 (30), 195 (22), 180 (14), {39). Anal. Cacld. for gH,N,O: C, 81.15, H, 5.92, N,
8.23%; Found: C, 81.07, H, 5.90, N, 8.18%.

1-(3-(4-Methoxyphenyl)-1,4-diphenyl-4,5-dihydro-1H-pyrazol-5-yl )ethanone, 3e Obtained as light brown oil in
68% yield. IR (nujol): 1690, 1742 ¢ln H NMR (CDClk): 2.205 (s, 3H, CJ, 3.900 (s, 3H, OCH), 4.208 (d, 1H,
J= 8.0Hz,C,-H), 4.442 (d, 1H,)= 7.8Hz,Cs-H), 6.732 (t, 1H, Ph-H), 7.240-7.663 (m, 9HHg, Ph-H), 7.701 (dd,
2H, Ar-H), 7.992 (dd, 2H, Ar-H)**C NMR (CDCL): 26.26 (1C, Ch), 42.32 (1C, 4-C), 55.64 (1C, OGH66.14
(1C, 5-C), 121.18 (2C, Ph-C), 122.54 (2C, Ar-C}4B5 (1C, Ph-C), 127.17 (1C, Ar-C), 128.32 (2C,@)-129.30
(1C, GHs-C), 129.84 (2C, gHs-C), 130.10 (1C, gHs-C), 131.36 (2C, Ph-C), 134.98 (1C, Ph-C), 137143, (3-C),
140.94 (1C, gHs-C), 149.33 (1C, Ar-C), 169.86 (1C, C=0). MS (ralatabundance) m/z: 371 (MH18), 370 (M,
100), 327 (28), 314 (10), 265 (08), 235 (24), 2P%)(210 (16), 149 (32). Anal. Cacld. fos,8,,N,0,: C, 77.81, H,
5.99, N, 7.56%; Found: C, 77.74, H, 5.93, N, 7.50%.

1-(3-(3,4-Dimethoxyphenyl)-1,4-diphenyl-4,5-dihydro-1H-pyrazol-5-yl )ethanone, 3f: Obtained as a light brown oil
in 75% yield. IR (nujol): 1688, 1755 ¢m'H NMR (CDCk): 2.250 (s, 3H, Ch), 3.896 (s, 6H, OCH), 4.382 (d,
1H, J= 8.1Hz, C,-H), 4.769 (d, 1HJ= 8.8Hz,Cs-H), 6.721 (t, 1H, Ph-H), 6.911 (d, 1H, Ar-H), 7®Z.600 (m,
11H, GHs, Ph-H).**C NMR (CDCk): 26.28 (1C, Ch), 42.48 (1C, 4-C), 55.60 (2C, OGH66.29 (1C, 5-C),
121.02 (2C, Ph-C), 123.76 (1C, Ar-C), 124.50 (1&0), 125.15 (1C, Ph-C), 127.67 (1C, Ar-C), 128(%€, Ar-

C), 129.22 (1C, gHs-C), 129.44 (2C, §Hs-C), 130.02 (2C, gHs-C), 131.57 (2C, Ph-C), 134.75 (1C, Ph-C), 136.30
(1C, 3-C), 139.77 (1C, ¢Els-C), 149.23 (2C, Ar-C), 169.22 (1C, C=0). MS (relatabundance) m/z: 401 (MH
17), 357 (17), 346 (M-56, 100), 331 (58), 255 (1B)0 (14), 235 (24), 179 (12). Anal. Cacld. fostd.N,0s: C,
74.98, H, 6.04, N, 7.00%; Found: C, 75.12, H, 5M,17.06%.

1-(3-(Furan-2-yl)-1,4-diphenyl-4,5-dihydr o-1H-pyrazol-5-yl)ethanone, 3g. Obtained as a light brown oil in 76%
yield. IR (nujol): 1684, 1745 cth *H NMR (CDCk): 2.212 (s, 3H, CkJ, 4.211 (d, 1H,)= 8.3Hz,C,-H), 4.439 (d,
1H, J= 9.9Hz,Cs-H), 6.532 (d, 1H, Ar-H), 6.712 (t, 1H, Ph-H), 6128(d, 1H, Ar-H), 7.258-7.610 (m, 10H4lds,
Ph-H). Anal. Cacld. for §H1gN,O,: C, 76.34, H, 5.49, N, 8.48%; Found: C, 76.265132, N, 8.45%.

The physical and analytical data of the two isomarinor products 4a and 4c were given below.
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1-(1-(4-Fluorophenyl)-3,4-diphenyl-4,5-dihydro-1H-pyrazol-5-yl)ethanone, 4a Obtained as a light brown oil in
64% yield. IR (nujol): 1678, 1750 ¢cm*H NMR (CDCL): 2.356 (s, 3H, Ck), 4.122 (d, 1HJ= 8.6Hz C,-H),
4.390 (d, 1HJ= 9.8Hz,Cs-H), 6.708 (t, 1H, Ph-H), 7.222-7.561 (m, 9HHG, Ph-H), 7.724 (dd, 2H, Ar-H), 7.812
(dd, 2H, Ar-H).™*C NMR (CDCE): 26.30 (1C, CH), 42.22 (1C, 4-C), 66.98 (1C, 5-C), 121.56 (2C;:®h122.31
(2C, Ar-C), 124.77 (1C, Ph-C), 127.26 (1C, Ar-C28166 (2C, Ar-C), 129.12 (1C,c85-C), 129.72 (2C, ¢Hs-C),
130.13 (1C, eHs-C), 131.44 (2C, Ph-C), 135.09 (1C, Ph-C), 13810, (3-C), 141.03 (1C, &Els-C), 149.92 (1C,
Ar-C),170.06 (1C, C=0). MS (relative abundance):r859 (MH', 29), 358 (M, 100), 315 (32), 302 (12), 235 (23),
213 (11), 198 (44), 137 (25). Anal. Cacld. faskoFN,O: C, 77.08, H, 5.34, N, 7.82%; Found: C, 77.02513/,
N, 7.85%.

1-(3,4-Diphenyl-1-(4-methylphenyl)-4,5-dihydro-1H-pyrazol -5-yl )ethanone, 4c: Obtained as a light brown oil in
80% yield. IR (nujol): 1680, 1740 ch'H NMR (CDCk): 2.125 (s, 3H, Ch), 2.325 (s, 3H, CH), 4.222 (d, 1H)=
9.2Hz,C,-H), 4.430 (d, 1HJ= 8.1Hz,Cs-H), 6.728 (t, 1H, Ph-H), 7.236-7.568 (m, 9HHs, Ph-H), 7.719 (dd, 2H,
Ar-H), 7.892 (dd, 2H, Ar-H)**C NMR (CDCE): 21.80 (1C, CH), 26.54 (1C, Ch), 43.02 (1C, 4-C), 67.08 (1C, 5-
C), 121.42 (2C, Ph-C), 122.55 (2C, Ar-C), 124.2C,(Ph-C), 127.30 (1C, Ar-C), 128.28 (2C, Ar-C), ZI9(1C,
CsHs-C), 129.88 (2C, ¢Hs-C), 130.24 (1C, ¢Hs-C), 131.10 (2C, Ph-C), 135.02 (1C, Ph-C), 137.78,(3-C),
141.32 (1C, ¢Hs-C), 149.82 (1C, Ar-C), 170.01 (1C, C=0). Anal. @ador C,H,,N,O: C, 81.33, H, 6.26, N,
7.90%; Found: C, 81.31, H, 6.20, N, 7.80%.

The structures of the cycloadducts were providedfhyH NMR, **C NMR, MS studies and elemental analysis.
For instance, in IR spectra, the cycloadd®etsygave the absorptions bands in the region 1735-t#55for C=N
(str) group of newly formed five membered ring,t@sg absorption bands in the region 1678-1695 ¢on C=0
(str). In'H NMR spectra, the cycloadducshowed the peaks due to aromatic and substitueons at the
expected region. The consistent pattern signalstadu®-H and G-H appeared as doublet in the regiwd.122-
4.382 ppm., and 4.373-4.769 ppm. The coupling constaityalues obtained were in range 6.8-BI# indicating
that both G- and G- protons areisin the products.

In *3C NMR, all products gave the signals due to aramatid substituent carbons at the expected regiba. T
consistent pattern signals observed for the cadiom of the newly formed five membered rings. Thgnals
appeared in the regiot, 42.22-43.02 ppmg, 66.14-67.08 ppm, and, 136.30-138.00 ppm. for &&arbon, G-
carbon, and gcarbon respectively supported the formation oflagdducts. The cycloadduct3a-g gave
significantly stable molecular ion peaks with aatisle abundance ranging up to 40% and base peg@idlt).
Further, all showed satisfactorily CHN analysishaat deviation of £0.02% from the theoretically cééted values.
All these observations strongly favor the formatidrthe cycloadducts.

The results of MICs) of the synthesized compowBalg against different bacterium were tabulated ingébl

Table 1: MIC's of the synthesized compounds 3a-g a@st bacteria species

Compound Minimum inhibitory concentration (MIC's) pg/mL*
S. aureu S. pyogene S typhimuriun E. coli

g 50 10C 10C 5C
3b 100 200 50 25
3c 50 50 100 200

3d 50 10C ox *x
3e 25 50 200 100
3f 25 25 100 100

3g 50 100 ** *x
streptomycin 25 50 50 25

* Values are expressed as mean of the three detations (n=3).
** No inhibition even at a higher concentration 230 pg/mL.

The synthesized compounds exerted a wide range witro antibacterial activity against the tested orgasism
However, the compoundg failed to inhibit the growth again&. typhimuriumand E.coli organisms tested and
compound3d failed to show the inhibition again&. Typhimuriumand E. coli organisms even at a higher
concentration of 200 pg/mL. The compouBfdhaving two electron donating methoxy substitueydged activity
particularly againsS. aureusand S. Pyogenesvith reference to the standard. The compoBhdhaving chloro
substitution exhibited good activity agaiigttyphimuriunandE. coli species with reference to the standard.
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The results of MICs) of the synthesized compouBalg against different fungi species were tabulategie-2.

Table 2: MIC'’s of the synthesized compounds 3a-g a@st fungi species

Compound Minimum inhibitory concentration (MIC's) jug/mL*
A. niger A. flavus C. albicans F. oxysporium

3a 50 100 100 50
3k 25 50 25 25
3c 50 50 100 200
3d 50 100 100 50
3e 25 50 50 50
3f 100 200 200 100
Sg *% *k *k *%

nystatin 25 50 50 25

* Values are expressed as mean of the three detations (n=3).
** No inhibition even at a higher concentration200 pg/mL.

The synthesized compounds showed promisimg/itro antifungal activity against the tested organisimbe
compound3b having chloro ande having methoxy substitution in the aromatic ringred remarkable activity
against all the tested organicsm. The compoB&iSc, 3d and 3f showed moderate to good inhibition. But the
compound3g failed to inhibit the growth all the tested orgams.

The results of antioxidant activity of the syntlzesi compounds against different bacterium werelasdd in table-
3.

Table-3: DPPH Radical Scavenging activity of the aopounds 3a-g relative to the standard ascorbic ati
Samples % Radical Scavenging activity
Concentration (ug/ml
10 [ 20 | 30 [ 40 | 50
3a 14.46 +0.82 20.30 +0.89 28.81+1.01 37.52080 40.73 £1.00
3b 13.12+0.78 16.36 £ 0.92 24.42 +0.83 27.23180 31.92+1.00
3c 9.22 +0.85 11.96 +0.89 22.61 +0.68 28.96980. 32.67+0.71
3d 22.76 £ 0.94 24.23 +0.88 36.90 £ 0.74 48.66980 59.17 +0.82
3e 13.16 £ 0.80 18.22 +1.00 29.90 +£0.94 32.61950 36.18 +0.80
3f 18.32 +0.86 2522 +0.76 30.26 £1.00 32.22900 37.96 +0.88
3g 11.12 +0.88 14.36 + 0.98 19.80 +0.81 24.75180 26.80 +1.00
Control at Concentration 0 pg/mL 0.00 +0.00
*Values are expressed as meisstandard deviation (n=3)

The compound$8a-g showed promising free radical scavenging ability bf lesser activity compared with the
standard antioxidant. No much significant variasidn the free radical scavenging ability were obsédrat the
initial concentrations of (10-20 pg/mL). Howevet, the higher concentrations (30-50 pg/mL) all shdvae
promising activity. Among the series of synthesizednpounds3d showed radical scavenging ability up to 60%,
where as3a, 3b, 3c, 3e and 3f showed radical scavenging ability up to 36-40%hwitference to the standard
antioxidant. The compourigty showed poorer antioxidant activity.

CONCLUSION

The divergence in the biological activity of syrdfmd new compounds by a simple 1,3-dipolar cyaldamh
reactions validates the significance of this stuldye study revealed that the most of the compotested showed
moderate to good antimicrobial and antioxidantvététis. However, the effect of compounds on thet loedl and
their mode of action remain to be studied.
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