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ABSTRACT

Nitrile oxides generated in situ by the oxidativehgdrogenation of aromatic aldoximesa{g) undergo 1,3-dipolar
cycloaddition reaction with 3-(4-methoxyphenyl)dadpnitrile (2) to afford the new cycloadducts 3-aryl-5-(4-
methoxyphenyl)-isoxazole-4-carbonitrilé3a{g) in moderate yield. The new synthesized cycloetdduere tested
for their antifungal and antibacterial activity.
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INTRODUCTION

Isoxazoles and isoxazolines are very useful heyetes in organic and medicinal chemisttyoxazolines also
serves as important building blocks for the syrighe$ various biologically active molecules. Thexazoles are
known to exhibit significant number of biologicg@ications such as hypoglycemic, analgesic, afilisnmatory
and HIV-inhibitory activity [1], also found to extit antibacterial [2], antifungal [3], antioxidaf], potent
selective agonists at human cloned dopamine D4ptere [5], GABA, antagonist [6], COX-2 inhibitory [7],
antinociceptive [8], anticancer [9] activities. Fheerve as prodrug for the anti-arithretic ager@i].[The most
convenient synthesis of isoxazole ring system lesntexecuted in the via 1,3-dipolar cycloadditieactions of
alkenes and alkynes with nitrile oxides [11-14)wHs reported that nitrile oxides preferentiallggado olefinic C-C
double or C-C triple bond than C-N triple bond ofydonitrile to form isoxazolines [15-16].

This paper describes the synthesis of 3-aryl-5-hoxyphenyl)-isoxazole-4-carbonitriles via 1.3algr
cycloaddition reactionandin vitro screening results of their antifungal, antibaetesictivity and their minimum
inhibitory concentrations.
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MATERIALSAND METHODS

The chemicals used were purchased from sigma-hldhiemicals (India) and Merck Chemicals (India) sifectra
were recorded on a Nujol mull on Shimadzu 8300 spewter. ThéH NMR and™*C NMR spectra were recorded
on a Bruker supercon 400 MHz spectrophotometerguS8iDCk as solvent and TMS as an internal standard. The
Chemical shifts are expressedippm. Mass spectra were obtained on Shimadzu LCM®4A spectrophotometer
(chemical ionization) and the important fragmemts given with the relative intensities in the brackElemental
analysis was obtained on a Thermo Finnigan FlasiE¥ CHN analyser. Thin layer chromatography (T@ye
performed on a pre-coated Silica Gel sheets (HF, 284fine) using benzene:ethyl acetate (7:2) el
visualization of the spots was done in iodine vamnd UV light. Chromatographic separations wereiea out on
silica gel (70-230 mesh, Merck) column using hexethgyl acetate (6:1) as eluent.

Chemistry

In a general 1,3-dipolar cycloaddition reaction,maxture of aromatic aldoxime®, 3-(4-methoxyphenyl)
propiolonitrile 1, and chloramine-Tn ethyl alcohol was refluxed on water bath for&its. The progress of the
reaction was monitored by TLC. After the completafrthe reaction and usual work up, the reactiortune gave
one major spot corresponding to the product 3-B#{A-methoxyphenyl)-isoxazole-4-carbonitrildsn TLC, and
two minor spots corresponding to the un-reactedcys®rs. The products were separated by column
chromatography using hexane:ethyl acetate (8:1(sbh)eme-1).

CH=N-OH
HCO
HﬁOOCEC—CN - CAT
EtOH
R1 , 100°C, 3h
1 R,
3a)R1:H,R2:H; b)Rle,R2:CH3,
C) R] = H, R2 = OCH3, d) Rl = OCH3, Rz = OCH3, R1
C)R1=H,R2=F; f)R1=H,R2=Cl
Scheme 1

General procedurefor the cycloaddition: A mixture of oxime2 (5 mmol), 3-(4-methoxyphenyl)propiolonitrite(5
mmol) and chloramine-T trihydrate (5.5 mmol) waflweed on a water bath for 3-4 hours. The progrefsthe
reaction was monitored by TLC. After completiontloé reaction, the salts formed were filtered dfe solvent was
evaporated in vacuum. The residual mass was eattacto ether (1 x 25 mL), washed successively wigter (3 x
20 mL), 5% sodium hydroxide (2 x 10 mL), brine gmo (1 x 15 mL) and dried over anhydrous sodiurplsate.
Evaporation of the solvent afforded crude yelloly substance3, which was purified by column chromatography
using benzene: ethyl acetate (6:1) as eluent.

Antimicrobial activity: Antimicrobial activity of the synthesized compoun(ga-f) was done by paper disc
diffusion method [17-19]. The synthesized compoumase tested againgEscherichia coli, Bacillus substilis
Staphylococcus auretlmacterial strains; the antibiotic streptomycin waed as standard drug against bacteria. The
compounds were tested agaistpergillus niger, Candida albicans, Fusarium oxyspm fungi species; the
antibiotic Nystatin was used as standard drug ag&imgi. The screening tests were performed plitate and the
results were taken as a mean of three determirsatidmimum inhibitory concentrations (MICs) weretelenined

by broth dilution technique.

Experimental

5-(4-Methoxyphenyl)-3-phenyl-isoxazol e-4-carbonitrile 3a: Obtained as a light yellow oil in 56% vyield. IR (jal):
1670 cm' C=N (str), 2235 cim CN (str).'"H NMR (CDCL): 5 3.82 (s, 3H, OC}H), 6.91-6.93 (dd, 2H, Ar-H), 7.22-
7.22 (dd, 2H, Ar-H), 7.56-7.78 (m, 5H, Ar-HC NMR (CDCE): & 55.9 (1C, OEl5), 100.1 (1C, 4- 114.0 (2C,
Ar-C), 116.5 (1C, ®), 127.2 (2C, Ar-@Q, 128.4 (2C, Ar-@, 128.8 (2C, Ar-@, 131.0 (1C, Ar-¢;, 133.1 (1C, Ar-Q,
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133.7 (1C, Ar-Q, 156.8 (1C, 5-%; 159.3 (1C, Ar-G, 164.5 (1C, 3-C MS (relative abundance) m/z: 277 (MH
100), 250 (18), 218 (26), 172 (28), 155 (32). A@dcld. for G;H1,N,0,, C, 73.90, H, 4.38, N, 10.14%; Found: C,
73.80, H, 4.21, N, 10.02%.

5-(4-Methoxyphenyl)-3-(4-Methylphenyl)-isoxazole-4-carbonitrile 3b: Obtained as a light yellow oil in 56% yield.
IR (Nujol): 1670 crit C=N (str), 2235 ci CN (str).*H NMR (CDCk): & 2.45 (s, 3H, Ch), 3.80 (s, 3H, OCH),
6.91-6.94 (dd, 2H, Ar-H), 7.10-7.12 (dd, 2H, Ar-H)22-7.24 (dd, 2H, Ar-H), 7.64-7.67 (dd, 2H, Ar-#iC NMR
(CDCl): 8 21.2 (1C,_Ei3), 55.4 (1C, Q€El3), 99.9 (1C, 4-¢;, 114.2-114.4 (2C, Ar-L 116.7 (1C, @), 124.1 (1C,
Ar-C), 127.2-127.4 (2C, Ar-}; 130.0 (1C, Ar-@, 131.4 (1C, Ar-Q, 132.9 (1C, Ar-¢;, 133.3 (1C, Ar-¢, 136.6 (1C,
Ar-C), 140.2 (1C, Ar-¢, 156.3 (1C, 5-; 159.5 (1C, Ar-Q, 164.4 (1C, 3-& MS (relative abundance) m/z: 291
(MH*, 100), 260 (20), 236 (24), 172 (28), 155 (38). IAi@acld. for GgH14N,O,, C, 74.47, H, 4.86, N, 9.65%;
Found: C, 74.34, H, 4.81, N, 9.56%.

3,5-Bis(4-methoxyphenyl)-isoxazole-4-carbonitrile 3c: Obtained as a pale oil in 60% vyield. IR (Nujol):556cm"*
C=N (str), 2225 cm CN (str)."H NMR (CDCk):  3.80 (s, 3H, OCH), 3.81 (s, 3H, OCH), 6.92-6.93 (dd, 2H, Ar-
H), 6.99-6.70 (dd, 2H, Ar-H), 7.22-7.23 (dd, 2H,-A}, 7.74-7.75 (dd, 2H, Ar-H)**C NMR (CDC}): 5 55.1 (1C,
OCHs), 55.5 (1C, O@l3), 100.5 (1C, 4-§; 114.0-114.2 (2C, Ar-§ 116.4 (1C,_®©), 124.0 (1C, Ar-G, 127.0-127.2
(2C, Ar-0), 130.1 (1C, Ar-G, 131.3 (1C, Ar-G, 132.8 (1C, Ar-Q; 133.4 (1C, Ar-G, 136.1 (1C, Ar-G, 140.7 (1C,
Ar-C), 157.1 (1C, 5-F; 159.8 (1C, Ar-Q, 164.3 (1C, 3-& MS (relative abundance) m/z: 307 (MH.00), 280 (26),
248 (30), 172 (25), 155 (40). Anal. Cacld. forldi4N,Os, C, 70.58, H, 4.61, N, 9.15%; Found: C, 70.484136,
N, 9.10%.

3-(3,4-Dimethoxyphenyl)-5-(4-methoxyphenyl)-i soxazol e-4-carbonitrile 3d: Obtained as a pale yellow oil in 61%
yield. IR (Nujol): 1672 crit C=N (str), 2238 cmMCN (str).'H NMR (CDCk): & 3.81 (s, 6H, OCH), 3.81 (s, 3H,
OCHy), 6.92-6.93 (dd, 2H, Ar-H), 6.99 (dd, 1H, Ar-H).23-7.24 (dd, 2H, Ar-H), 7.30 (s, 1H, Ar-H), 7.4dd( 1H,
Ar-H). *C NMR (CDCE): & 55.5 (1C, O@ls), 55.8 (2C, OEls), 100.4 (1C, 4-§; 112.3 (1C, Ar-Q, 114.5-114.7
(3C, Ar-Q), 116.8 (1C_@), 121.5 (1C, Ar-@, 127.3-127.5 (3C, Ar- 148.8 (1C, Ar-¢;, 149.5 (1C, Ar-@, 150.3
(1C, Ar-0), 156.6 (1C, 5-§; 159.0 (1C, Ar-@, 164.4 (1C, 3-& MS (relative abundance) m/z: 337 (MH00), 310
(14), 278 (23), 172 (20), 155 (40). Anal. Cacld. @¢H16N,O,, C, 67.85, H, 4.79, N, 8.33%; Found: C, 67.78, H,
4.67, N, 8.24%.

3-(4-Fluorophenyl)-5-(4-methoxyphenyl)-isoxazol e-4-carbonitrile 3e: Obtained as light yellow oil in 62% vyield. IR
(Nuijol): 1654 cn C=N (str), 2228 cm CN (str).'H NMR (CDCL): & 3.84 (s, 3H, OCH), 6.90-6.93 (dd, 2H, Ar-
H), 6.93-6.95 (dd, 2H, Ar-H), 7.38-7.40 (dd, 2H,-Aj, 7.78-7.80 (dd, 2H, Ar-H):*C NMR (CDC}): & 55.7 (1C,
OCHSs), 100.0 (1C, 4-§; 114.1-114.3 (2C, Ar- 115.4-115.7 (2C, Ar; 116.8 (1C, ©l), 128.2-128.4 (2C, Ar-
129.0-129.2 (2C, Ar-§; 130.1 (1C, Ar-G, 130.5 (1C, Ar-Q, 149.8 (1C, Ar-@, 156.8 (1C, 5-§; 161.5 (1C, 3-
161.9 (1C, Ar-Q. MS (relative abundance) m/z: 295 (MHL00), 270 (32), 238 (20), 172 (16), 155 (44). Ana
Cacld. for G/H1,FN,O,, C, 69.38, H, 3.77, N, 9.52%; Found: C, 69.253186, N, 9.47%.

3-(4-Chlorophenyl)-5-(4-methoxyphenyl)-isoxazol e-4-carbonitrile 3f: Obtained as a pale yellow oil in 54% yield.
IR (Nujol): 1650 cnt C=N (str), 2220 cm CN (str)."H NMR (CDCL): & 3.84 (s, 3H, OCH), 6.91-6.92 (dd, 2H,
Ar-H), 6.93-6.94 (dd, 2H, Ar-H), 7.38-7.40 (dd, 2Mr-H), 7.78-7.79 (dd, 2H, Ar-H)**C NMR (CDCE): 3 55.6
(1C, OHs), 100.5 (1C, 4-; 114.4-114.6 (2C, Ar-{; 115.7-115.9 (2C, Ar-{; 116.8 (1C,_ @), 128.3-128.5 (2C,
Ar-C), 129.0-129.2 (2C, Ar-}; 130.5 (1C, Ar-@, 130.8 (1C, Ar-@Q, 150.2 (1C, Ar-Q, 156.4 (1C, 5-¢ 161.7 (1C,
3-0), 162.2 (1C, Ar-@. Anal. Cacld. for ¢H;,CIN,O,, C, 65.71, H, 3.57, N, 9.02%; Found: C, 65.693H38, N,
8.93%.

RESULTSAND DISCUSSION

The structures of the cycloadducts were providedRhyH NMR, **C NMR, MS studies and elemental analysis.
For instance, in IR spectra, the cycloadd&gave the absorptions bands in the region 1655-t67bfor C=N
(str) group which is a clear indication of the fation of cycloadducts, a strong and sharp absarftands in the
region 2230-2240 cthfor CN (str) which supports the fact that thel&ipond of CN group is unaffected during the
cycloaddition reaction.
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In *H NMR spectra, all cycloadducBshowed the peaks due to aromatic and substituetons at the expected
region. In3C NMR, all products gave the signals due to arcenaiid substituent carbons at the expected region.
The signals due to newly formed-€arbon appeared in the regidn99.9-100.5 ppm, while, arbon showed the
signals in the regioB, 156.3-157.1 ppm ands&arbon showed the signals in the regigri61.0-164.6 ppm. The
signals due to CN group carbon appear in the reqidil6.2-117.0 ppm; which shows that the CN tripleadds
unaffected during cycloaddition. All cycloaddustsowed significantly stable molecular ion peakshvétrelative
abundance ranging from 10-45% and base peak af’\Mhdrther, they gave satisfactorily CHN analysishva
deviation of +0.10% from the theoretical values! Klese observations strongly favor the formatidnthe
cycloadducts.

The results of the antibacterial evaluation of sathesized compounds revealed that all these conasoexhibit
remarkable activity again&.coli and S. aureus; moderate activity agaicillus substiligFig-1]. The results of
MIC’s determination show that some of these compsuran be used as control measures at lower coatiens
[Fig-2].

Fig-1: Zone of Inhibition (diameter) at 50 pg/mL
concentrations of the compounds 3a-f tested against
bacterial strains. [*Std = Streptomycin]

Fig-2: MIC’s in ug/mL of the compounds 3af measured
against bacterial strains. [*Std = Streptomycin].
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The results of the antifungal activity evaluatiohtle synthesized compounds show that; the compouvete
highly active agains@. nigerandC. albicans moderately active againBtisarium oxysporiurfFig-3]. The results

of MIC’'s determination show that some of these coumms can be used as control measures at lower
concentrations [Fig-4]. The presence of halogerstiwients in the aromatic ring enhanced the agtivit the
compounds against all the bacterial and fungalrosgas tested.

Fig-3: Zone of Inhibition (diameter) at a 50 pg/mL Fig-4: MIC’s in pg/mL of the compounds 3a-f against fungal
concentrations of the compounds 3a-f tested against fungal stains. [*Std = Nystatin].
strains [*Std = Nystatin].
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The divergence in their biological activity of thew compounds validates the significance of thisl\st The study
revealed that the most of the compounds tested esthamoderate to good antimicrobial. However, theafiof
compounds on the host cell and their mode of actomain to be studied.
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