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ABSTRACT

The synthesis of some 3,5-disubstituted 1,2,4-oxadiazoles starting from
arylnitrilesis described. Arylnitriles are converted to arylamidoximes and
then condensed with aromeatic acid chloridesto form 1,2,4-oxadiazoles. Struc-
tures of the products were characterized by analytical data and spectral
studies. All compounds of the series were screened for their anti-bacterial
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and anti-fungal activity. Most of the tested compounds showed moderate
antifungal and antibacterial activity comparable with that of the standard

drug. © 2010 Trade Sciencelnc. - INDIA

INTRODUCTION

Duetotheincreasing number of novel drug targets
therapid construction and modification of biologicaly
active heterocyclic compoundsisbecoming moreand
more important in drug development!. 1,2,4-
Oxadiazolesarean important classof biologically ac-
tive compoundsg3. Among nitrogen—oxygen containing
heterocycles, the 1,2,4-oxadiazol e nucleusis of par-
ticular interest for organic and medicina chemists, be-
causeitispresent in varioushbiologically active com-
poundsand naturd products*?. They havefor instance
been identified asanti-inflammatory agents®, antitumor
agents, 5-HT ¥, histamine H, and H, receptor an-
tagonists® aswell asmonoamine oxidase™and 3 |1-
tryptaseinhibitors®. Inaddition, 1,2,4-oxadiazolesare
widdly used ashydrolysis-res sting amidebioi sostersin
thedevelopment of peptidomimeticg®. Many of them
a so have been found to possessanadgesics'?, anti-in-
flammatory™, antimicrobia ™Y, antiviral*?, insecti-

cidal*®, anticonvulsant™ and pronounced -
adrenoreceptor blocking activity combined with mod-
erate o-adrenoreceptor blocking properties®,
1,2,4-Oxadiazolesare commonly prepared by re-
actionsof amidoximeswith reactive carboxylicacid de-
rivatives'®7l, Other methods to generate 1,2,4-
oxadiazolesinclude 1,3-dipolar cycloadditions of ni-
trile oxides to nitriles'® and the oxidation of 4,5-
dihydro-1,2,4-oxadiazoles'”. 3,5-Diamino-1,2,4-
oxadiazoles are accessible starting from N_-
arylakylamino-N_-cyano-O-phenylisoureas and hy-
droxylaming®. Improved synthesisof oxadiazolesun-
der microwaveirradiation conditions was al so stud-
ied*®, Themost common routeto 1,2,4-oxadiazolesis
coupling amidoximeswith 1) activated carboxylic acid
derivativessuch asacid chlorides, fluorides, anhydrides
or activeesters; 2) carboxylic acid inthe presencein
the presenceof coupling reagentsincuding dicyd ohexyl
carbodiimide (DCC), 1-[ 3-(dimethylamino)propyl]-3-
ethylcarbodiimide (EDC), 2-diehylaminoisopropyl-
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Scheme1: Synthesisof 3,5-disubstituted 1,2,4-oxadiazoles

chloride DIC/HOB, big(oxo-3-oxazolidinyl)phosphinic
chloride (BOP-Cl), 2-(1H-benzo- triazol-1-yl)-1,1,3,3-
tetramethyluroniumtetrafluoroborate (TBTU), 1,1-
carbonyldiimidazole(CDI). 3) acyl hadidesinthe pres-
enceof paladium catalysts or with adehydefollowed
by oxidation. Recently, emphasishasbeengivento syn-
thesize oxadiazoleshaving novel functiona groupsat-
tached tothe either to C-3 or C-5 of thisring system.

Inview of the above observationsand in continua-
tion of our research work of synthesizing heterocyclic
compounds of biological interest, the synthesis of
oxadiazoles having 3,5-disubstitution starting from
arylnitrileswereamed at investigating antibacterid and
antifungd properties.

RESULTSAND DISCUSSION

This paper describes the synthesis of some
oxadiazoles(3a-p) having 3,5-disubgtitutions. Thesyn-
thetic routefollowed for obtaining thetitle compounds
isoutlined in Scheme 1. Amidoximes (2a-h) were ob-
tained by thereactionsof arylnitrileswith hydroxylamine
hydrochloridein a coholic akaline medium. Conden-
sation of (2a-h) with appropriate aromatic acid chlo-
ridesin pyridinefinally furnished the 3,5-substituted
1,2, 4-oxadiazoles(3a-p) ingoodyields. Thearyinitriles
(1a-h) were prepared from a dehydes by conventional
method*¥.

The structuresof the synthesized compoundswere
established onthe basisof spectral and analytical data.
TheC, H, N anayses of these compoundsarein agree-
ment with the cal culated valueswithin thelimits of ex-
perimental error. The characterization dataof the syn-
thesized compoundsare presented in TABLE 1.

Inatypica example, the IR spectrum of compound
(2a) showed NH asymmetric and symmetric stretching
bands of primary amine function at 3313cm™ and
3261cm* respectively. The C = N stretching band ap-
peared at 1634 cm™. The absorption band at 3080 cnr
I wasattributed to the aromatic C-H stretching vibra-

tions. Band at 3361cmisattributed to the—OH group
stretching vibration. Theband dueto C=C group was
seen at 1603cm. Inthe IR spectraof oxadiazoles (3a-
p) the C-H stretching and C = N absorption bands
were observed in the region of 2900-3100cm and
1588-1619cn respectively. InthelR spectrum of (3a),
the bands due to NH,, and OH groups were not de-
tectable, demonstrating the disappearance of these
groups. The C-O stretching bands appeared at
1271cmindicated theformation of thecyclised prod-
uct. The absorption band for C = N stretching vibra-
tion wasobserved at 1571cm'™.

Theexhibited chemicd shiftsobtainedfromH NMR
spectrawere al so supported the proposed structures
of (2a-p) and (3a-p). Inthe*H NM R spectrum of com-
pound (2a), asinglet seenat 6 10.0wasassigned to the
—OH proton and singlet at 8 5.49 ppm to-NH,, pro-
tons. Two protons of pyridine moi ety were resonated
astwo distinct doubledoubletsintheregion 6 8.57-8.6
(J=4.6Hz & 1.7Hz) and § 7.62-7.64 (J= 4.6Hz &
1.7Hz) integrating for two protonseach. The*H NMR
spectrum of 3aal so showed two distinct double dou-
bletsintheregion 6 8.74-8.75 (J=4.5Hz and J=1.4H2)
and 6 7.96-7.98 (J=4.5Hz and J= 1.4Hz) integrating
for two protons each of pyridine moiety. The phenyl
protons resonated asmultipletsintheregion 6 8.13-
8.16 and 6 7.48-7.59integrating for two and three pro-
tonsrespectively. Inthe'H NMR spectrum of com-
pound (3a), thedisgppearance of sgnalsarisngfrom—
NH,and—OH functions of (2a), provided theevidence
for cyclisationtoyield oxadiazolering system.

In the FAB-mass spectra of two selected proto-
types, (2a) and (3a), the existing molecular ions con-
firmed the molecul ar weights of these compounds. In
the case of compound (2a), the protonated molecul ar
ion peak wasobserved at m/z, 138 consistent withits
molecular formulaC.H_N.O. Thefragmentation of pro-
tonated (2a) through theloss of NH_and NOyielding
thetropylium ion was base peak at m/z, 91. The FAB
mass spectrum of 3ashowed protonated molecular ion
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TABLE 1: Characterization data of newly synthesized 3,5-disubstituted 1,2,4-oxadiazoles (3a-p)

Mol. formula

Analysis (%) found (calculated)

Compd. Ar R Mol.wty ™ PLC) C H N
3a  4-pyridyl CeHs (\{123}:39’;:3? 148 (23:32) (g:gé) (12:2)
3b 4-pyridyl 2-CICeHs4 01(3218702':\;])3 © 10112 (gggj) (:23;%) (1821)
% 2-CICH, CoHs 01(42%96‘?,'52; °  we (ggﬁig) é;;‘é) (18231)
3d  2-CICH, 2-CICeHa le?ggflfsN)zo 84 (ggﬁgg) (%g) (g:g?)
3e  4-OHCeH, CeHs Cégg%) * 126128 (Zgigi) (g:ég) éiii%
3f  4-OHCH, 2-CICeHa Cl‘(‘;gzc |6N8§02 118-120 (géigé) (ngg) (18?13)
3g  4-OCHsCeH, CeHs Cféglzz_%) © 8082 (;éﬁgé) (i?g) (ﬂ:gg)
3 4-OCH,CeH 2-CICeH, Cls('gé%?'?'l')?@ 84-86 (ggz% (2:;71) é;?%
3 2NO450CH).CeH,  CoHs Cig'}?'ﬁ'é? 152154 (ggg% (gﬁg% (13;;;
3§ 2NOASOCH)GH, 2CiCH, 9% 1m0z 200 S5 0
3k  4OCHCH(CH):ICeHs  CeHs Cny” BB 0 0O e
3 A4[OCHCH(CH3)ICeHs  2-CICeH, Cls(gig.:ys\al)z % e (gi:gg) (222% (gigg)
3m  235CICsH; CoHs C123HZ7§|53l7\|)20 90-92 (gé:gg) (géé) (222(2))
3n 2,3,5-CIC¢H; 2-CIC¢H, Cl‘(‘s"'gg'g’z\')zo 158-160 (3(75:22) é;;é) (Zﬁ%
30 3-pyridyl CeHs %23;? ’;';i;) 168-170 (Sggg) (jgg) (12;%
3 3pyricyl 2cicHs  CREEY  ww G0l G aosy

peak at m/z 224 as the most abundant ion. The mo-
lecular ion pesk observed at m/z 223 wasin agreement

withitsmolecular formulaC H,N.O.

Antibacterial activity studies

Thenewly synthesized compoundswere screened
for their antibacteria activity in vitro against Escheri-
chia coli, Saphylococcus aureus, Pseudomonas
aeruginosa and Klebesilla pneumoniae bacterial
drainsby serid dilution method® Serial dilutions of
the drug in Muller-Hinton broth were taken in tubes
andtheir p" wasadjusted to 5.0 using phosphate buffer.
A standardized suspension of thetest bacteriawasin-
oculated and incubated for 16-18 hoursat 37°C. The
minimum inhibitory concentration (M IC) wasnoted by
seeing thelowest concentration of thedrug at which
therewasno visible growth. Solvent control wasa so

kept. Ciprofloxacinwas used asthestandard drug. The
antibacterial activity resultsshowed that thenewly pre-
pared oxadiazoles have moderate activity against the
above mentioned organisms. Theresultsare summa
rizedinTABLE 2.

Antifungal activity studies

The synthesized compoundswere a so screened
for their antifungal activity against Aspergillusflavus,
Aspergillus fumigates, Candida albicans and Peni-
cilliummarneffei by agar diffusion method®?3. The
nutrient broth, which contained logarithmic seridly two
fold diluted amount of test compound and controlswere
inoculated with approximately 1.6-6 x 10* c.f.uml 2.
Thecultureswereincubated for 48h at 35°C and growth
wasmonitored. Thelowest concentration (highest dilu-
tion) required to arrest the growth of funguswasre-
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TABLE 2: Antibacterial activity of compounds(4a-p)

—= Pyl Peper
TABLE 3: Antifungal activity of compounds, (4a-p)

MIC in pg/ml and zone of inhibition (in mm)

MIC in pg/ml and zone of inhibition (in mm)

Compound  “peaydomonas Escherichia Klebesilla Staphylococcus Compound  “Agpergillus Aspergillus  Candida  Penicililum
aeruginosa coli pheumoniae aureus flavus fumigatus  albicans marneffei

3a 25(<10) 25(<10)  25(<10) 25(<10) 3a 25(<10)  25(<10)  25(<10)  25(<10)
3b 25(<10) 25(<10)  25(<10) 25(<10) 3b 6.25(16-20) 25(<10) 6.25(16-20)  25(<10)
3c 25(<10) 25(<10)  25(<10) 25(<10) 3c 25(<10)  25(<10)  25(<10)  25(<10)
3d 25(<10) 25(<10)  25(<10) 25(<10) 3d 25(<10)  25(<10)  25(<10) 25(<10)
3e 125(11-15)  25(<10)  25(<10)  12.5(11-15) 3e 25(<10)  25(<10)  25(<10) 25(<10)
3f 125(11-15)  25(<10)  25(<10)  12.5(11-15) 3f 25(<10)  25(<10)  25(<10) 25(<10)
39 6.25(16-20) 25(<10) 6.25(16-20) 6.25(16-20) 309 6.25(16-20) 6.25(16-20) 6.25(16-20)  25(<10)
3h 25(<10) 25(<10)  25(<10) 25(<10) 3h 25(<10)  25(<10)  25(<10) 25(<10)
3i 25(<10) 25(<10)  25(<10) 25(<10) 3i 25(<10)  25(<10)  25(<10)  25(<10)
3 6.25(16-20) 6.25(16-20) 6.25(16-20) 12.5(11-15) 3 6.25(16-20) 25(<10)  25(<10)  25(<10)
3k 25(<10)  6.25(16-20) 25(<10) 25(<10) 3k 25(<10)  25(<10)  25(<10)  25(<10)
3 25(<10) 25(<10) 6.25(16-20)  25(<10) 3l 25(<10)  25(<10)  25(<10)  25(<10)
3m 6.25(16-20) 6.25(16-20) 25(<10) 25(<10) 3m 25(<10)  25(<10)  25(<10)  6.25(16-20)
3n 25(<10) 25(<10)  25(<10) 25(<10) 3n 25(<10)  25(<10)  25(<10) 25(<10)
30 6.25(16-20)  25(<10)  25(<10)  6.25(16-20) 30 25(<10)  65(16-20) 25(<10)  25(<10)
3p 6.25(16-20)  25(<10)  25(<10)  12.5(11-15) 3p 25(<10)  25(<10)  25(<10)  25(<10)
Standard 6 o505 33)  6.25(30-40) 6.25(2327)  6.25(22-30) Standard 6.25(25-30) 6.25(25-30) 6.25(27-33) 6.25(22-27)

(Ciprofloxacin)

(Ciclopiroxolamine)

garded as minimum inhibitory concentrations (MIC).
Diameter of thezone of inhibition wasmeasured. Ac-
tivity of each compound was compared with that of
Ciclopiroxolamine as standard drug. The antifungal
activity results showed that the oxadiazoles synthesized
have moderate against the above mentioned organisms
and theresultsaresummarizedin TABLE 3.

EXPERIMENTAL

Mélting pointswere determined in open capillary
tubes and are uncorrected. IR spectra(cm?) werere-
corded on aPerkin Elmer 577 spectrophotometer in
KBr pellets. 'H NMR spectra were recorded on a
Perkin Elmer (Model RB-12) spectrometer usng TMS
asaninterna standard (chemical shiftsarereportedin
d scale). The FAB mass spectrum was recorded on
JEOL SX 102/DA-6000 Mass spectrometer/Datasys-
tem using Argon/Xenon (6kv,10Ma) asthe FAB gas.
C, H, N analysis was carried out on a Vairo-EL
(Elementa) model. Purity of the compounds was
checkedby TLC onsilicagel G plates.

Preparation of arylnitriles(1la-h)
Some of the arylnitriles were prepared by the

conventiona method reported intheliterature™ start-
ing from appropriate d dehydes. Rest of them werepur-
chased and used after purification by distillation.

General procedurefor thesynthesisof arylamid-
oximes (2a-h)

Toasolution of hydroxylaminehydrochloride4.58g
(0.06 mol) and potassium hydroxide 3.7g (0.06 mol) in
100ml ethanal, arylnitrile (0.06 mol) wasadded dowly
at roomtemperature and thewholemixturewas heated
toreflux for 3-4 h. After the completion of reaction,
about 50ml of solvent wasremoved by distillation. The
flask content was alowed to cool to 0-5°C, the solid
separated wasfiltered and recrystalized from ethanol.

IR (KBr) vem: 3504 (O-H str.), 3387 (N-H str),
3219 (N-H str.), 3079 (C-H str.), 1638 (C =N str.),
1577 (C = C str)), 1275 (C-O str.), 868, 827 (C-Cl
str.). 'H NMR (400 MHz, CDCl,,, TMS) 6 ppm: 9.74
(s, 1H, OH),5.42 (s, 2H, NH,), 7.2 (s, 1H, Ar-CH),
7.53(s, 1H, Ar-CH). FAB mass. m/z =241 (M*+H).

General procedurefor thesynthesisof 3,5-disub-
stituted 1,2,4-oxadiazoles (3a-p)

The solution of arylamidoxines (0.01 mal) in pyri-
dine (10ml) wascooled and to thissolution, acid chlo-
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ride (0.01 mol) was added drop wise under stirring.
Thismixturewasheated dowly toreflux and maintained
for 10-12 h. After the completion of reaction, it was
cooled toroomtemperatureand quenchedintoicecold
water. Theresulting precipitate wasfiltered, washed
with water and recrystallized from methanol or ethyl
acetate.

(3b): IR(KBr) vem?: 3161(= C-H str.), 1603(C=N
gtr.). *H NMR (400 MHz, CDCI,,, TMS) & ppm: 8.04-
8.06 (dd, 2H, J=5.94 Hz and 1.9 Hz, pyridine moi-
ety), 8.81-8.83 (dd, 2H, J=5.94 Hz and 1.9 Hz, py-
ridine moiety), 8.14-8.18 (dd, 1H, J = 10.1Hz and
2.1Hz,ArH), 7.52-7.58 (m, 1H,ArH), 7.43-7.50 (m,
1H, ArH), 7.59-7.63 (m, 1H, ArH). FAB mass. m/z
(%) =257 (M*+1,100%).

(3d): IR (KBr) v cnrt: 3422((= C-H str.), 1596 (C =
N str.), 891-781(C-Cl str.), 1475(C-O str.). *HNMR
(400 MHz, CDCI,,, TMS) 6 ppm: 7.5-7.62 (m, 3H,
Ar-H), 8.15-8.18(dd, 1H, J=7.8 Hzand 1.7 Hz, Ar-
H), 7.50-7.62 (m, 3H, Ar-H), 8.15-8.18 (dd, 1H, J=
7.8 Hz and 1.7 Hz, Ar-H). FAB mass: m/z (%) =
291(100%), 292 (M*+H).

(3e): IR(KBr) vemt: 3240 (=C-H tr.), 1610(C=N
str.), 1210 (C-O str.). *H NMR (400 MHz, CDCl,,
TMS) 6 ppm: 7.10(s, 1H, OH), 7.80-8.88 (dd, 2H, J
=6.2Hzand2.1Hz,Ar-H), 8.0-8.1(dd, 2H, J=6.2Hz
and 2.1Hz, Ar-H), 8.40-8.84 (m, 5H, Ar-H).

(3h): IR (KBr) v enmrt: 3250 (C-H str.), 1615 (C=N
str.), 1243 (C-O dtr.). *H NMR(400 MHz, CDCl,,
TMS) 6 ppm: 3.82 (s, 3H, OCH,), 7.80-7.86 (dd,
2H, J=6.5Hz and 2.3Hz, Ar-H), 8.01-8.1 (dd, 2H, J
=6.5Hz and 2.3Hz, Ar-H), 8.15 (dd, 1H, J=7.7Hz
and 1.7Hz, Ar-H), 8.16-8.61 (m, 3H, Ar-H). FAB
mass. m/z (%) = 287, 292(M*+H,100%).

(3)): IR(KBr) vem®: 3105 (= C-H str.), 1581(C=N
str.), 1290 (C-O str.). *H NMR (400 MHz, CDCl,,
TMS) 8 ppm: 3.8 (s, 3H, OCH,,), 3.92 (s, 3H, OCH,),
7.6 (s, 1H,Ar-H), 7.65 (s,1H, Ar-H), 8.1(dd, 1H, J=
7.7Hz and 1.7Hz, Ar-H), 8.1-8.4 (m, 3H, Ar-CH).
FAB mass: m/z (%) = 362 (M*+H, 60%), 345, 331,
318, 306, 286, 154.

(3m): IR (KBr) v ecm®: 3005 (= C-H str.), 1571 (C =
N str.), 1271 (C-Ostr.). 'H NMR (400 MHz, CDCI.,
TMS) 6 ppm): 7.55(s,1H, Ar-H), 7.59 (s,1H, Ar-H),
7.62-7.67(m, 2H, Ar-H), 7.95-7.96 (m,1H, Ar-H),
8.20-8.23 (m, 2H, Ar-H). FAB mass: m/z (%) = 325

@Wu'c CHEMISTRY co—

(M*, 20%), 327 (M*+2, 30%), 154 (100%), 136, 120.
(30): IR (KBr) vcm™: 3250 (Ar-H &tr.), 1615 (C=N
str.), 1243 (C-O str.). *H NMR (400 MHz, CDCl,,
TMS) 6 ppm: 7.62 (d, 1H, J= 2.4 Hz, pyridine moi-
ety), 7.8-8.4 (m, 5H, Ar-H); 8.5-8.6 (m, 2H, Py-H),
8.85-8.91 (m, 1H, Py-H). FAB mass: m/z (%) = 223
(M*, 100%), 224 (M*+H, 30%).

CONCLUSION

A new seriesof 3,5-disubstituted 1,2,4-oxadiazoles
were synthesizedwith aview to evauatetheir biologi-
cal activity. The screening datashowed that the newly
prepared compoundsexhibited promising antibacteria
and antifungal activities.
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