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Thc synthcsis o f a numbcr or 1,3,4-oxad iazolc dcri vati vcs havc bccn dcscribcd. 2,4-Dichloro-5-lluorobcnzoy l hydra­

zinc I on rcacting with aromatic acids in prescncc of phosphorus oxych loridc afrords 2,5-disubstitutcd- I ,3,4-oxad iazo lcs 2a­

j. Aroy l hydrazinc on rcacting with carbon disulphidc undcr basic condition givcs oxad iazol-2-thi onc 3. Oxad iazo l-2-thioncs 

arc rcgiosclccti vcly aminomcthylatcd to givc N-aminomcthylatcd products 4a-c. Furthcr, 3 undcrgocs reg iosclcctivc alkyla­

ti on on trcating wi th alk yl/aroy l halidcs to give S-a lkyl /aroy l products Sa-c. AJlthc ncwly sy nthcsi zcd compou nd s havc bccn 

scrccncd for thcir anti bac tcrial activ ity. Most of thcm show promi sing anti bactcrial ac ti vit y. Also two out or ninc com­

pounds show ant icanccr activity in thc primary anti ca nccr assay. 

IPC: InLCl.' C 070271/00 II A 61 31104, 35/00 

2,5-Disubstituted I ,3,4-oxadiazole deri vatives possess 

broad spectrum of pharmacologica l acti vities such as 

antibacteri al I , antifungal
2

, antimalaria l
3

, anticonvul­

sant
4

, anti -infl ammatori-
6 

and anticancer
7 

act iviti es. 

5-Substituted- [,3,4-oxad iazole-2-thione and their de-
. . CNS d 8 · 'd IY-IO . n vatlves possess epressant , pesttct a , antl-

tuberculaI'" and tyrosinase inhi bition ' 2 property. Most 

widely used fluorine containing antibacterial agents 

such as norfloxacin and ciprofloxacin are ora ll y ac­

tive, have broad spectrum and favourab le ph arm a­

cokinetic and safety profil es l3. Recent importance of 

fluorine contain ing compounds in general and hetero­

cyc les in particular have initi ated act ive research in 

fluorine containing heterocycles . Such compounds 

have hi gh thermal stability , increased solubility and 

hi gher biological acti vit/
4

.
15

. We therefore are inter­

ested in ex ploring the biologica l ac ti vity of such 

molecules through structural mod ificati ons. 

Several 2,5-d isubsli luled- l ,3,4-oxad iazole deri­

vatives ' 6 are sy nthesized by cycli zati on of aroy lhydra­

zine deri ved from the reacti on of 2,4-dichloro-5-

f1uorobenzoic acid and carboxy lic ac ids (RC02H) 

ac id in presence of phosphorus oxychloride 

(Scheme I ). Aroy l hydrazine on treating with carbon 

disulphide under basic conditions gave [,3,4-oxa-
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diazol-2-thione, whi ch underwent N-aminomethyla­

tion reaction on treating with forma ldehyde and a 

secondary amine. The alky lation of 1,3,4-oxadiazol-2-

thione 3 gave reg ioselec ti vely S-alkylated produd
7 

(Scheme II). All the compounds were charac teri zed 

by analyt ical and spectroscopic methods. 

[n the lR spectrum of compound 2b showed ab­

sorption peak at 3075 cnfl ass igned to aromatic C-H 

stretch. Another peak at 2842 cm·
1 

was due to the 

presence of OCH3 group . The peaks fo r C=N was ob­

served at 1650116 16 cm·
l
. The peaks at 145 I and 

1267 cm·
1 

were ass igned to C-O-C and C-O stretch 

respectively. The med ium absorpti on at 111 8, 

923/894 was due to the presence of C-F and C-C1 

bonds. The IH NMR spectrum of compound 2b 

showed a doublet at 0 8 (1= 8.7 Hz) ass igned to aro­

matic protons. A sharp si nglet was observed at 0 7.4 

was assigned to aro mat ic proton of 2,4-d ichl oro-5-

f1u orophenyl moiety. Two distinct doublets at 0 7.05 

and 7.03 (1= 8.7 and 8.5) integrating fo r four protons 

were assigned to protons of 4-methoxyphenyl moiety. 

Methoxy protons appeared as sharp singlet , integrat­

ing fo r three protons at 0 3.9. The low resolu tion EI 

mass spectrum of compound 2b showed molecu lar 

ion peak at m/z: 337(4%) confirming its formati on. 

This underwent fragmentation to give peaks at mlz: 

305 ( 10%), 2 [5 (26%), 135 (100%) and 77 (24%) 

respecti vely. The spectroscopic data for some of th e 

compounds are prov ided under Table I. 
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The I H NMR spect rum of compound 3 a broad 

peak observed at () 12.8 was ass igned to NH/SH 

proton. It showed a sharp doubl et at () 7.8 (1=9 Hz) 

due to H-F o rth o coup lin g. A sharp s in g le t was 

also observed a t () 7 .4 due to proton a t pos iti on 3 

o f 2,4-dichl oro-5-f1 uorophenyl moiety. The mass 

spectrum of 3 showed stabl e molecul ar ion peak at 

mlz 264 as the base peak . In the IR spectrum of 

compound 4a aromat ic CH stretch was observed at 

3050 cm"l. The CH2 group of morpholine moiety 

absorbed at 2956/2857 cm"l. The presence of C=N 

and C=S bonds were confirmed by t e presence of 

peaks at 1685 and 157 1 cm"1 respectively. T he 

presence of C-F and C-C1 bonds was also confirmed 

by their characteristic absorpti ons a t l l20/l 0 18/897 

cm"l. The IH NMR spectrum of compound 4a is a lso 
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Table I - Physicochemical data o f 2,5-disubst ituted-1 ,3,4-oxadi azo les 2a-j 

Compd R m.p. Mo l. formul a Yie ld 

°c (%) 

2a C6HS 2 15 CI 4H7Ci 2FN20 80 

2b 4-0Me-C6H4- 2 10-1 2 CISH9Ci2FN20 2 76 

2c 4-C I-C6H4- 228 C14H6C I.1FN20 84 

2d 2,4-CI 2-C6Hr 240 CI 4HsC I4FN20 72 

2e 2,4-CI2-5-F-C6Hr >280 C 14H4Ci4F2N20 75 

2f 4-CI-C6H4OCHr 242-44 Cl sHxC I.1 FN20 2 70 

2g 2,4-C I2-C6H.10CHr 2 12 CI sH7Ci4FN20 2 70 

2h 4- F-3-(OC6Hs)-C6H r 182-86 C20H loCI2F2N20 2 74 

2i 5-(3-CI-4-F-C6H ))-2-furany 1- 116-18 CI HH7Ci .1 F2N20 2 65 

2j 5-(2,4-C I2-C6H.1)-2-furanyl - 155-58 Cl xH7Ci4FN20 2 65 

All the compo unds anal ysed sa ti sfactoril y for their N content. They agree to the theoretical va lues wi thin 

± 0.4%. Solvent of crysta lli zat ion: Ethanol + dioxan mixture. 

IR (cm·
l
) 2b: 3075(Ar-C H str. ), 2842(CH.1 str. ), 1690, 16 16(C=N str. ), 13 1611 2 16(C=O str. ), 111 8 (C-F 

str. ), 894/923(C-CI str. ). IH NMR (8, DMSO-d6) 2b: 4.2(5, 3H, -OCH3), 7.2-7.9(m, 6 H, Ar-H). Mass 2b: 

337/338(M '), 305, 2 15, 187, 170, 135, 107, 77,51. IR (c nfl ) 2c: 3100 (A r-H 5tr. ), 1609(C=N str.), 

1275(C-O 5tr. ), 1189(C-F str. ), 1023/908/839(C-CI str.). I H NMR (8, DMSO-d6) 2c: 8.4(d, 2 H, J= 9.3 

Hz, Ar-H ), 7 .9(d, I H, J II _F nnho=9 Hz), 7.7 (d, J II •F IllCIa =3 Hz), 7.5(d, 2H, J= 9.2 Hz, Ar-H). Mass 2c : 3 19, 

293, 157 . Mass 2f: 372 (M+), 245, 19 1, 163, 141 , 128, 111,99,75 , 51. IH NMR (8, DMSO-d6) 2g: 5.5(s, 

2H, -OCH2), 7.3-7.9(m. 5H, Ar-H). IR (cm-
I
) 2i : 3099(Ar-H str. ), 1690(C=N 5tr. ), 1487(C-N-N 5t r. ), 

I 27711 247(C-O str. ), 11 06(C-F str.), 961/894(C-F str. ). IH NMR (8, DMSO-rl6) 2i: 7.9(d, IH , JII-Furth,,= 

9 Hz, Ar-H), 7.6(s, I H, Ar- H), 7 .5-6.9(m. 5H , Ar- & fu ryl H). Mass 2i : 426/427(M+), 240, 22 1, 191, 

167, 158, 132, 105,93,56. 

Table II - Phys icochemi ca l data o f 2/3. 5-substituted- 1 ,3,4-oxad iazo les (4a-c and Sa-c) 

Compd NRR'/R m.p. Mo l. formu la Yi eld 

°C (%) 

4a Mo rpho lino 146-48 CI3 H I2C I2FN)0 2S 70 

4b Methy lpiperazino 138-39 CI4 HIsC I2FN40S 65 

4c Piperidino 135 CI4H I4Ci 2FN30S 60 

Sa CH.1 155 Cy l-l sC I2FN2OS 90 

Sb C4H9 128-30 C I2H IICi 2FN20S 85 

Sc C6HsCO 170 CI sl-l7Ci2FN20 2S 85 

IR (cm·
l
) 4a : 3050(Ar-C H str. ), 2956/2857( -NCH2C Hr O- str. ), 1685 and 1571 (·C=N and-C=S str .), 

11 201101 8/897 (-C-F and -C-ci str.). 11-1 NMR (8, DMSO-d6) 4a: 7.9(d, 11-1 . Ar-H, JII .Fenh" =9.2Hz), 7.7(s, IH , 

ArH), 7.6(d, I H, J II •F Ille la =6.4Hz Mass 4a : 363, 264, 19 1, 163, 100. IR (cnfl) Sc: 3030 (Ar-CH str. ), 1690 (C=O 

str. ), 1590 (-C= N str. ), 11 20110 18/897 (-C-F and -C-ci str. ). 11-1 NMR (8, DMSO-d(,) Sc: 7.2-7.9 (m, 71-1 , Ar-I-I ). 

Mass Sc: 368, 19 1, 163, 137, 105,77. 

Biological studies 
Antibacter ial activity 

1767 

in consistent with its structure. In the IR spectrum of 

compound Sa peaks at 3025 and 2985 cm-
I 

was due to 

the presence of aromatic and aliphatic C-H bonds. Its 

IH NMR spectrum showed a doublet at 0 7 .6 

(1=9 Hz) due H-F ortho coup ling. A sharp singlet was 

also observed at 0 7 .3 due to proton at position 3 of 

2,4-dichloro-5-f1uorophenyl mo iety . The protons o f 

CH3 group resonated as sharp s inglet integrating for 

three protons at 0 4. 1. T he spectral data for some of 

the compounds are given under Table II. 

T he new ly sy nthes ized compounds were eva luated 

for in vitro antibacteria l activ ity against Escherichia 

coli , Staphyllococcus aureus (Smith) and Klebsiella 

pneu11/oniae (Friedl ander) bac terial strains by se ri al 

di lu tion method
lH

• Nitrofurazone was used as 

standard drug for comparison . The results indi ca te 

that among tested compounds 2d , 2e, 2f, 3 , 4a, 4b , 

and 5c are act ive comparable with that of standard 
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nitrofurazone (cf Table III). The co mpound s 2e and 

2f are hi g hl y ac ti ve aga inst all the tes ted bac te ri a l 

s trains at co ncentrati o ns co mparab le with that of 

standard drug. The ac ti vity may be due to the 

presence of 2,4-d ichl o ro-5 -f1uoropheny l and 4-

chloroary loxy methy l group. Among Mannich bases 

4a whi ch contains morpho lin omethy l unit is the 

most ac tive o ne. The ac tivity o f 5a-c are less th an o r 

equal to that of its prec urso r 3. 

Antica ncer ac ti vity 

Nine of the new ly sy nthes ized compounds have 

been screened for the ir an ti cancer activ ity unde r drug 

discovery programme of NCI ' 9
.
2o

. These compounds 

have been eva lu ated o n 3 ce ll line o ne dose primary 

anti cancer assay. The 3-cell lines used in present 

in ves tigation are NCI-H 460 (Lung), MCF 7 (Breast) 

and SF 268 (CNS). In thi s current protoco l, each ce ll 

line is pre- incubated on microtiter plate, the tes t 

agen ts are then added at a s i ng le concentration and the 

culture incubated for forty e ight ho urs. End po int 

determinati ons are made with <lI amar blue. Results for 

each test agent are reported as the percent growth of 

the treated cell s when compared to the untreated 

contro l ce ll s. The compounds whi ch red uce the 

growth of anyone of the lines to 32% or less 

(nega ti ve numbers indi cate the ce ll kill ) are 

cons idered as act ive. The compounds 2i and 4b are 

emerged as acti ve in thi s primary anti cancer assay. 

Compo und 2i and 4b is acti ve aga inst breast cancer 

MCF-7 with growth inhibiti o n of 24 and 20 

percentages respec ti ve ly. Results of these studi es are 

g iven in Table IV . These two co mpo unds are passed 

on for ex tens ive eva lu ati o n in the full panel of 60 

ce ll lines over a f i ve- log dose range. 

Experimental Section 

General. M elting points were determined in open 

capi ll ary tubes and are uncorrected. IR spectra were 

recorded in KBr pellets o n a Perkin-Elmer 157 IR 

spectrometer. I H MR spectra were recorded in 

CDCI.1/DMSO-d6 on EM 390 300 MHz NMR spec­

tro meter. Mass spectra were recoded in MASPEC low 

resolution in strument operating at 70 eV. The purity 

of the compounds were checked by TLC on silica ge l 

pl ates using petro leum ether:ethy l acetate (3: 1) so l­

vent system and iodine was used as visualizing agent. 

Synthesis of 2,4-dichloro-5-fluorobenzoic acid. 

2,4-D ich loro-5-f1 uorobenzoic acid was prepared from 

2,4-d ichloro-5-fluoroacetopheno ne by ha lofonn 

reac ti on. To 2,4-di chl oro-5-fluo roacetophenone (0.1 

mole) in ethano l was added sodium hydroxide 

Table III - Antibacterial ac ti vity data of the compounds 

(2a-j, 4a-c and Sa-c) 

Compd Minimum Inhi b it or~ Conco::n tration (~g/mL) 

£. coli S.ollrells Klebsiella SfiS. 

2a 20 20 30 

2b 20 20 30 

2c 20 20 50 

2d 10 10 20 

2e 10 10 10 

2f < 10 < 10 10 

2g < 10 < 10 25 

2h 10 20 30 

2i 10 20 20 

2j 10 20 30 

3 10 10 20 

4a < 10 < 10 10 

4b 10 10 25 

4c 10 10 25 

Sa 20 10 25 

Sb 20 25 30 

Sc 10 10 20 

Nitrofurazone 6 12.5 12.5 

(Sta ndard) 

Table IV - Anticancer activity data o f 1,3,4-ox adiazole 

deriva tives ( 2b- l , 3 and 4b). 

Compd G rowth percent age 

(LUNG) (B reas t ) (CNS) Activity 

NCI-H 460 MCF-7 SF268 

2b 98 67 102 Inactive 

2c 120 71 84 Inactive 

2e 107 11 6 103 Inac ti ve 

2f 69 41 110 Inac ti ve 

2g 55 51 77 Inact ive 

2h 11 3 114 108 Inact ive 

2i 38 24 83 Ac ti ve 

3 8 1 56 110 Inactive 

4b 46 20 96 Active 

Samples are tested at 1.00 x I O'()'!molar conccntr;:; tio ns. 

Growth percentages less than 32 are consiclerecl ::IS act ive. 

so luti on until pH was 10. Then ch lorine gas was 

passed for several ho urs (care must be taken to 

maintain pH at 10), until so luti on smells strong ly of 

chl orine. Then any resinous solid if any was removed. 

The c lear soluti on so obtained was neutra li zed with 

hydrochloric acid to get pure 2,4-dichloro-5 -f1u oro­

benzoic ac id, y ie ld 90%, m.p. 144-46°C. 

Synthesis of 4-fluoro-3-phenoxybenzoic acid. To 

4-f1uoro-3-phenoxybenzaldehyde ( I eq), hydrogen 

perox ide (3 eq) and catalytic amount of acetic acid was 
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added. The mixture was refluxed on at 60-80°C for 

2 hr. The solid product separated was filtered, washed 

with cold water and recrystallized from methanol. The 

yield of the product is nearly quantitative. 

Preparation of ethyl 2,4-dichloro-S-fluorobenzo­

ate. It has been prepared accord ing to the general 

method of esterification. The compound after usual 

work-up was obtained as pale yellow oil. It has been 

judged to be pure by Thin Layer Chromatography 

(TLC) . 

Preparation of 2,4-dichloro-S-fluorobenzoyl hy­

drazine 1. Ethyl 2,4-dichloro-5-fluorobenzoate (0. 1 

mole), hydrazine hydrate (0. 15 mole) and 20 mL of 

ethanol were reflu xed on a water bath for 4 hr. The 

excess of solvent was distilled off. The compound 

was recrystalli zed from ethanol, yie ld 100%, m.p: 

I 58-62°C. 

Synthesis of 2-(2,4-dichIoro-S-fluorophenyl)-1,3,4-

oxadiazol-S-thione 3. 2,4-Dichloro-5-fluorobenzoic 

acid hydrazide (0. 1 mole), carbon disulphide (0.2 

mole) and potassium hydrox ide solution (30%, 5 mL) 

were refluxed on a water bath for 2 hr. The reaction 

mixture was cooled, ac idified and the separated prod­

uct was purified by recrystallization from ethanol , 

yield 85%, m.p. 158°C. 

Preparation of 2,S-disubstituted-l,3,4-oxadia­

zole 2a-j . A mixture of aroy l hydrazine (l mmole) , 

substituted benzoic/aryl furo ic ac id (l mmole) and 

phosphorus oxychl oride (2.5 mmole) were refluxed at 

100- 10°C for 6 hr. Acetonitrile/toluene was used as 

solvent. The excess of solvent was distilled off and 

recrystallized from suitab le so lvent to give oxadia­

zoles in 65-75% yield (Table I ). 

Synthesis of 3-(methylamino substituted)-S-(2,4-

dichloro-S-fluorophenyl)-1,3,4-oxadiazol-2-thione 

4a-c. 5-Substituted-1 ,3,4-oxadiazol-2-thione (1 mmole), 

fb.:maldehyde (2 mmole) and a secondary amine (1.5 

mmole) were taken in ethanol-dioxan mixture and 

stirred at room temperature for 6hr (retl uxed if 

necessary). The excess of solvent was removed under 

reduced pressure. The residue was poured into ice 

cold water and the separated products were crystal­

li zed from dioxan. The physicochemical data of the 

products synthesized are given in Table II . 

Synthesis of 2-thioalkyVaroyl-S-(2,4-dichloro-S­

fluorophenyl)-1 ,3,4-oxadiazole Sa-c. 5-Substituted-

1,3,4-oxadiazol-2-thione (I mmole), alkyl/aroy l 

chloride ( I mmolc) and potassium carbonate (5 mmole) 

in dry ethanol were re tluxed for 10 hr. The 

completion of reaction was checked by thin layer 

chromatography. The excess of solvent was di sti lled 

off and the product was crystallized from suitable 

solvent. The physicochemical data for the synthesized 

compounds are given in Table II. Their characteristic 

spectral data are also given inTable II. 
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