Mareh 1967

Derivarives or Pusipic Acin 205
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Treatment of fusidic acid with an equimolar amount of ozoue prodiced the 24-aldehyde 2a and a small amonnt
of the 17-ketone 10. The structure of the aldehyde 2a was proved by transformation into a nitrile 7. The al-
dehvde function of 2a was reduced to an alcohol 8 and was also converted into a methyl group, compound 9.
The antibacterial activities of these products and of some derivatives were determined.

Fusidic acid (1a) is an antibiotic with a unique steroid
structure,! which is highly active against several gram-
positive bacteria® and used clinically mainly for the
treatment of staphylococeal infections.®  Fusidie acid
is produced by the fungus Fusidium coccineum! and by
several cephalosporiae.t We recently  demonstrated
that ramyein, an antibiotic isvlated from the fermenta-
tion broth of Mwucor ramannianus, 1s identical with
fusidic aeid.?

Discovery of the high antibacterial activity of fusidic
acid has stimulated interest in antibiotics with a re-
lated structure such as helvolic acid and cephalo-
sporint 1.5 The observation that 24,25-dihydrofusidic
acid has nearly the same activity as the parent com-
pound” suggested the desirability of a study of other
derivatives with a modified side chain.

Chemistry.—Treatment of fusidic acid with an
equimolar amount of ozone produced mainly the 24-
aldehyde 2a together with some of the 17-ketone 10
(Scheme I). Evidence of the presence of an aldehyde
group in 2a was obtained by the preparation of a thio-
semicarbazone and a guanylhydrazone and in the fol-
lowing manner. The aldehyde acid 2a was transformed
into the methyl ester 2b, which was also prepaved by
ozonization of the methyl ester of fusidic acid. The
reaction of 2b with hydroxylamine yielded a mixture of
isomeric oximes (3), which upon treatment with acetic
anhydride gave the fully acetylated nitrile 7. The
structure of 7 is based on the elemental analysis and
the presence of a band at 2215 em~! in the infrared
spectrum.  The same nitrile could also be obtained by
ozonization of the methyl ester of 3,11-diacetylfusidic
acid (4b), and by transformation of the aldehyde 5b into
the nitrile 7 via the oxime 6. The preparation of 3,11-
diacetylnitrile 7 from 2 also proves that both hydroxyl
groups are present in the aldehyde 2. The isolation of
2 and 10 indicates that, contrary to previous observa-
tions,® fusidie acid can be ozonized without oxidation
of the free hydroxyl groups.

The preparation of 3,11-diacetylfusidic acid (4a) by
acctylation of fusidic acid with acetic anhydride-pyri-
dine is alzo of some interest because of the report that
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the antibiotic resists complete acetylation under these
conditions.” The structure of 4a was proved by trans-
formation of the acid into the known tetrahydro deriva-
tive, which has been prepared by acetylation of tetra-
hydrofugidic acid in the presence of an acid catalyst.®

The aldehyde group of 2a was reduced to an alcohol
group (8) with sodium borohydride and was also trans-
formed into a methyl group 9 by reduction of the tosyl-
hydrazone, according to a recently described method.?

Treatment of fusidic acid with an equimolar amount
ot m~chloroperbenzoic acid gave the monoepoxide. The
epoxide is assumed to be on C-24,2) in analogy with the
sequence of the hydrogenation® and the ozonization.
This assumption was affirmed by the fact that dihydro-
fusidic acid reacted much more slowly with n-chloro-
perbenzoic acid than fusidic acid.

Antibacterial Activity.—All substances were ex-
amined for their in vitro activity against gram-positive
and grani-negative bacteria. Only 2a and 9 showed
significant activity, with a minimum inhibitory concen-
tration against Staphylococcus aureus of, respectively, »
and 0.3 pg/ml, compared with 0.05 pg/ml for fusidic
acid.  All other compounds were inactive at a concen-~
tration of 10 ug/ml.  Certain derivatives of 2a revealed
some tuberculostatic activity, with a minimum inhibi-
tory concentration against 1/ycobacterium tuberculosis
of 0.5 ug/ml for the guanylhydrazoue and 0.3 ug/ml
for the thiosemicarbazone, compared with 0.1 pg/ml
for fusidic acid.

Experimental Section

Melting points were determined on a Biichi-Tottoll melting
polut apparatis and are micorrected.  Specifie rotations, unless
otherwise 1oted, were measured in CHCl; (¢ 1) and at 20-25°.
Infrared =pectra were recorded with a Beckman spectrophotom-
eter model IR 4. Microanalysex were performed by A. Bern-
hardt, Milheim, Germauy. Thin layer chromatograms were
rim on plates coated with 0.25-mm layers of silica gel G (Merck.
for thin layer chromatography). The spots were developed by
spraying with a saturated solution of $bCl, in CHCl;. Column
chromatographic separations were made with use of silica gel
(Merck, for chromatography, less than 0.08 mm) packed in
tolnene when ehlition was performed with the toluene-acetie
acid-water solvent system and in benzeuie [or 1he benzene—ethyl
acetate mixtures. The elnatex were collected in 1t)-ml fractions.
The ecomrse of the eohimn was checked by thin layer chroma-
tography.

For determination of the in viiro activity against Staphylococcus
awrews 6538 P the agar dilution method was used: different
concentratinns of the substanees were incorporated in the me-
dinm containing nntrient agar (Difeo B 1) and 0.5¢; dextrose,
avd an inocuhnn of a 24-hv growth, containing approximately
FOF microorganisins/mil, was streaked on the sarface. Inhibition
was noted after 20 hr at 47° by visnal inzpection.  For A/,
tubercidosis HupRv, Dubos medinm (Difco B 291) was used;

(9) L. Caglioti and I'. Grassells, Chem. Ind. (London), 153 (1964).
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1 G-day-old culture was taken as inncutanr. The inhibition was mp I82-IR6%0 [ v =17 infrarved absorption (CHCL

observed after 4 days.

Partial Ozonization of Fusidic Acid. Method A.—Ozonized
oxyvgen containing 2 mmoles of ozone was passed through a
solution of 1034 mg (2 mmoles) of fusidie acid in 30 ml of dry
CH,Cl; containing 1).324 ml of dry pyridine, which was cooled to
—75° in an acetone-Dry Ice bath. After addition of 660 mg
of zine dust and 1.32 ml of acetic acid, the solittion was warmed
to 2D°, wherenpon the white precipitate, which was formed dur-
g ozonization, dissolved. The reaction mixture was stirred
for 2 hr, filtered from the precipitate, and washed with water.
Removal of the solvent and drying of the residne yielded 980
mg of crude aldehvde 2a, which could not be obtained n crystal-
line form.

Method B.—A solution of 776 mg (1.5 mmoles) of fusidic acid
in 7.5 ml of methanol and 7.5 ml of ethyl acetate was cooled to
—75° in an acetone-Dry Ice bath. Ozonized oxygen contain-
ing 1.5 mmoles of ozone was passed through the solution. To
the cold solution was added 130 mg of 5¢;, Pd-CaCQ,, and the
nzonide was hydrogenated nnder atmospheric pressure. In 15
rin 45 ml of hydrogen was taken up and absorption then ceased.
The catalyst was removed by filtration and the solvent was
evaporated nunder rediiced pressure. The residual oil was dis-
solved by shaking with 20 ml of ether containing 2 m! of CH,Cl.
and 5 ml of water. The water layer was discarded and the ethe-
real solution was washed with water. vaporation of the svlvent
and drying of the rexidiie gave 650 mg of ernde material.  Thix
was dissolved in the upper phase of the snlvent svatem 1ohiene-
acetic acid-water (5:5:1) and the sohion was applied v a
column of 35 g of =ifiea gel.  Elntion with the same solvent sy=-
tent yielded 10 as the first product. The dried residne (80 mg:
was recrystallized from heptane-ether and gave 50 mg ol 10:

1763 1C=0)), 1750 fester C==1)), and 1255 cm ~! tacetate).

Anal. Caled for CoyHyOs: G, 7037 H, 0.24; CHLCO, 10.906.
Foumd: C, 7D.55; H, 9.21. CH;CO, 10.71.

The fractions eontaining 2a, obtained on huther cluiion, were
evaporated. The residue was taken up in methylene chloride.
Some insohible material was removed by filtration, and the sol-
vent was evaporated.  The residue was dried to vield 420 mg ot
alilorphous 2a: infrared absorption (KBr) at 1741 (broad) ol
12680 em ™! (acetate). A satisfactory elemental analysiz conbl
ot be obtalned.  Thin layer chromatography with the npper
phase of the solvent system tohiene-acetic acid-water (5:5: 14
showed that the products obtained by these different methods
were identical.  The identity of these componnds was alsy provel
by their conversion into the methyl ester oximes followed by
dehydration with acetic aunhydride to vield the same acctylatel
nitrite, as shown by thin layer chromagography and mixtine
melting point (see below).

Thiosemicarbazone and Guanylhydrazone of 2a.-—Chonimprninsl
2a was converted to the thiosemicarbazone by refluxing cqin-
molar amounts of the al:tehyde and thigsemicarbazide inv aqnenus
ethanol for 20 inin.  After <ilution with water the solid precipi-
late was filtered olf, washed with water, and recryv=iallized frim
aqueous methanol.  The purifiad  substance  decomposed  ae
172°, [a]p — 14° (absnlinte ethanol).

Anal. Caled for CoullpNOe3: C, 61.75;
Found: C, 61.66: H, R.14; N, 7.4,

The gaanylhydrazone of 2a was prepared by refbuxing eqii-
Hnlar amonnts of 2a and wninegnani iive biearbobate in ethainl
for 30 min.  After enoling, the reaction mixture was poareid
ntn ether and the resuliing precipitate was filtered off and sdried.
Treatment with active charcoal and reerystallization fran

H, 8.04; N, 7.40.
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aqueous ethanol afforded the pure gnanylhydrazone, which de-
composed at 204 °.

Anal. Calcd fOl” CzuH45N405'0.5H20: C, 6267,
N, 10.08. Found: C, 62.90; H, 8.42; N, 9.88.

Synthesis of the Aldehyde Ester 2b. Method A.—A solution
of 2,12 g (4 mmoles) of fusidie acid methyl ester and 0.324 ml
of dry pyridine in 50 ml of dry CH,Cl, was cooled to —75° in an
acetone-Dry Ice bath, and ozonized oxygen containing 4 mmoles
of ozone was passed through the solution. After cleavage of the
ozonide with 1.32 g of zinc dust and 2.64 ml of acetic acid, the
reaction mixture was worked up as described for the preparation
of 2a, yielding 1.9 g of the crude aldehyde. This was purified
by adsorption from benzene on 100 g of silica gel and elution
with benzene—ethyl acetate (1:1). The fractions containing
pure 2b were combined and evaporated. The residie was dis-
solved in CH,Cl,, filtered, evaporated, and dried to yield 1.2 g
of 2b as amorphous material, which could not be crystallized.

Anal. Caled for CyHuO7: C, 69.02; H, 8.79. Found: C,
68.57; H, 9.18.

Method B.—One gram of 2a dissolved in CH,Cl; was esterified
with ethereal diazomethane. After removal of the solvent the
residue was purified by adsorption chromatography on 50 g of
silica gel, as described in method A, ylelding 400 mg of amor-
phous 2b. The identity of the products obtained by methods
A and B was proved by thin layer chromatography with benzene—
ethyl acetate (1:3) and by the fact that the acetylated nitriles
obtained by dehydration of their oximes were identical (mixture
melting point and thin layer chromatography; see below).

3,11-Diacetylfusidic Acid (4a).—A solution of 10 g of fusidie
acid in a mixture of 20 ml of dry pyridine and 20 ml of acetic
anhydride was heated in an oil bath at 100-105° for 16 hr. The
reaction mixture was cooled and was poured slowly with stirring
into 250 m! of ice water. Stirring was continued for 30 min.
The dark viscous oil was taken up in ether, and the ethereal
solution was filtered, washed with dilute HCl and water, and
dried (Na,S0O4). Ether was evaporated and the residue (10 g)
was purified by adsorption chromatography of its solution in
toluene on 150 g of silica gel. The column was eluted with
the upper phase of the solvent system toluene-acetic acid-
water (5:1:1). The fractions containing relatively pure acid
were combined and evaporated under reduced pressure. The
residiie was dried and recrystallized from heptane—ether to yield
7.4 g of 4a, mp 170-171°, [a]D —21°.

Anal. Caled for CyuHyOs: C, 69.96; H, 8.72.
69.90; H, 8.89.

3,11-Diacetylfusidic Acid Methy! Ester (4b).—To a solution of
0.5 g of 3,11-diacetylfusidic acid in ether was added an ethereal
solution of diazomethane until the yellow color persisted. Re-
moval of the solvent and recrystallization of the oily residue
from ethanol-water yielded 0.4 g of 4b, mp 138-139°, [«]Dp —27°.

Anal. Caled for CyuH:Os: C, 70.32; H, 8.85. Found: C,
69.96: H, 8.81.

Synthesis of the Aldehyde Acid 5a.—Compound 5a was pre-
pared by the same ozonization procedures as described for the
synthesis of 2a from fusidie acid.

Method A.—O)zonization of 1.2 g (2 mmoles) of 3,11-diacetyl-
fusidic acid followed by cleavage of the ozonide with zinc dust
and acetic acid yielded 1.15 g of crude 5a. Recrystallization
from heptane—ether gave 0.6 g of pure aldehyde: mp 196° dec;
infrared (CHCL;), 1735 (ester C=0), 1718 sh (aldehyde C=0),
1695 sh («,B-unsaturated acid C=0), and 1260 cm ™! (acetate).
A satisfactory analysis could not be obtained.

Method B.—Ozonization of 3,11-diacetylfusidic acid (1.2 g)
followed by reductive work-up with hydrogen in the presence of
5% Pd-CaCO; gave 1050 mg of crude aldehyde. This was
recrystallized from heptane-ether to yield 500 mg of 5a, mp 191°
dec. On thin layer chromatography with the upper phase of the
solvent system toluene-acetic acid—water (5:5:1) both products
coincided. The semicarbazone of 5a was prepared by refluxing
5a with a small excess of semicarbazide hydrochloride and sodinm
acetate i1l aqueous ethanol for 2 hr. The reaction mixture was
cooled, water was added, and the resultiug glassy product crystal-
lized on trituration after addition of ether. After removal of
ether the crystals were filtered off, dried, and recrystallized from
chloroform-acetgne. The purified semicarbazone melted at

H, 8.52;

Found: C,

180° dec.
Anal.  Caled for CyuluN3Ou: C, 62.73: H, 7.81; N, 6.65;
0, 22.79. Found: C, 62.72; H, 7.60; N, 6.61: O, 22.79.

Synthesis of the Aldehyde Ester 5b. Method A.—Partial
ozonization of 1.85 g (3 mmoles) of 3,11-diacetylfusidic acid
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methyl ester according to the procedure described for the svn-
thesis of 2b yielded 1.75 g of erude aldehyde. This material
was dissolved in benzene and was chromatographed on a column
of 85 g of silica gel. Elution with benzene—ethyl acetate (4:1)
yielded 1.2 g of pure material. Recrystallization from heptane-
ether gave 1.0 g of 5b, mp 153-155.5° dee, [a]p —13°.

Anal. Caled for CsHyOp: C, 67.32; H, 8.21; O, 24.46.
Found: C, 67.67: H, 8.23; O, 24.14.

Method B.—To a solution of 1 g of crude 5a in ether was
added an ethereal solution of diazomethane until the vellow
color persisted. After removal of the solvent the residue was
dissolved in benzene and this solution was poured over a column
of 50 g of silica gel. Ehition with benzene—ethyl acetate (9:1)
vielded, after drying, 400 mg of crude ester. Upon recrystalliza-
tion from heptane—ether 300 mg of pure 5b was obtained, mp
151-154° dec, undepressed by admixture with the product
obtained by method A. Thin layer chromatography with
benzene-ethyl acetate (3:2) also proved the ideutity of both
products.

Synthesis of 7. Method A. From 5b.—To a solution of 580
mg (1 mmole) of 5b in 3 ml of ethanol was added a solution of
73 mg of hyvdroxylamine hydrochloride and of 146 mg of sodium
acetate in 1.5 ml of water. The resulting solution was refluxed
on a water bath for 30 min. Ethanol was evaporated and the
residual oily suspension was shaken with ether and water. The
ethereal solution was washed with water and the solvent was
removed. The dried residue (60D0 mg) consisted of a mixture of
both isomeric oximes 6, as revealed by thin layer chromatography
with benzene—ethyl acetate (3:2), which showed the presence of
two products. The analytical sample of this mixture was pre-
pared by adsorption on silica gel and elution with benzele—ethyl
acetate (3:2).

Anal. Caled for CuHuNOgy: C, 65.64; H, 8.18; N, 2.32.
Found: C, 65.98; H, 8.40; N, 2.31.

A solution of 600 mg of the mixture of the isomeric oxinies 6 in
6 ml of acetic anhydride was heated on a water bath for 15 hr.
Most of the solvent was evaporated under rediced pressure and
the viscous residue was shaken with water and a small amount
of ether for 1 hr. More ether was added and the ethereal solution
was washed successively (H.0, 5% NaHCO; H,0). Upon re-
moval of the solvent and recrystallization of the residue from
heptane-ether, 350 mg of 7, mp 165-166°, was obtained: [a]D

—34°: infrared (CHCl;), 2215 (C=NXN), 1733 (ester C=0),
1721 sh (q,8-unsaturated ester C=0), and 1256 cm~! (ace-
tate).

Anal. Caled for Cy;3HeNOs: C, 67.66; H, 8.00; N, 2.39.

Found: C, 67.41; H, 7.93; N, 2.40.

Method B. From 2b.—By the same procedure, 505 mg (1
mmole) of 2b was converted into a mixture composed of both
isomeric oximes 3, as assumed from the presence of two products
on a thin layer chromatogram developed with benzene-ethyl
acetate (1:3). The yield was 500 mg. The analytical sample
of this mixture was prepared by adsorption on silica gel and
elution with benzene-ethyl acetate (1:1).

Anal. Caled for CysHysNOy: C, 67.02; H, 8.73; N, 2.69.
Found: C, 66.75: H, 8.82; N, 2.51.

A solution of 500 mg of 3 in 5 ml of acetic anhydride was heated
on a water bath for 15 hr. The mixture was processed as for
the dehydration of 6. Recrystallization of the residue gave 300
mg of 7, mp 164-165°; no depression was observed in admixture
with a sample obtained by method A. On thin layer chroma-
tography with benzene—ethyl acetate (3:2), a mixture of both
compounds showed only one spot.

Reduction of 2a to 8.—To an ice-cooled solution of 370 mg of
NaBH, in a mixture of 5 ml of water and 5 ml of methanol was
added dropwise with stirring a solution of 982 mg (2 mmoles)
of 2a in a mixture of 3 ml of methanol and 2 ml of water, neutral-
ized with 5% aqueous NaHCOQ;. The resulting solution was
first stirred for 15 min at 0° and then for 15 min at room tem-
perature. After dilution with 50 ml of water and addition of 50
ml of a mixture of ether—-CH,Cl; (2:1) the mixture was cooled in
ice water and acidified with dilute HCl. The water layver was
discarded and the organic solution was washed with water until
neutral and then evaporated. Recrystallization of the residue
from aqueous methanol yielded 400 mg of 8: mp 156-157.5°
dec; [a]v +5° (absolnte ethanol): infrared (KBr), 1740 (ester
C=0), 1694 (qg,pnsaturated acid C=0), and 1248 c¢m™
(acetate).

Anal. Caled for CsHuO:: C, 68.26: H, 9.00; CHsCO, 8.73.
Found: C, 68.46; H, 8.97; CH;CO, 8.57.
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Conversion of 2a into 9. A solution of 401 mg (1 nunole) of
2a and 186 mg (1 mmole) of p-tosylhydrazide in 5 ml of methanot
was reflixed for 30 min. The solvent was evaporated; after
dryving, 640 mg of crude hydrazone was obtained. A solition »f
659 mg (1 mniole) of this compound in a mixtire »f 5 ml of
methanol and 2 ml of water was neutralized with 377 aqueons
NaltCOs, and the resuliing solution was added with stirring th an
ice-cooled solution of 740 mg of NaBIT, in a mixture of 5 mt of
methanol and 5 ml of water. The reaction mixhure was first
stirred for 15 min at 9° and then for 15 min at room temperatitre,
After dilntion with waier the mixture was acidified with dihuic
HCL The precipitate was filtered off and washed with water
until nentral.  The diied residne (420 mg) was recryvstallized
from aqueons meihanol: 150 mg of pure 9, mp 202-204° dec.
wig obtained; [«]o +7° iabsohite ethanoly: infrared (KBr).
1745 Tester C=01 1701 (@B1un=aturated acid (=0, and 1256
cm T lacetaled,

dnolo Caled Tor Cudlinby: (2, 70550 1L, v.30:
Fond: Co7HI00 HEL 928 CHLCO, 8,94,

Methy! Ester of 9. T a suspension of 750 mg ol 9 iv ether
wis added with stirring an ethereal <ohition of CH.N until (he
vellow color persistett. The resulting solution was evaporated,
and the residie was reervstallized from agnecas methaool,
vielding 620 mg of pure ester: mp 1BUD3-162%0 Taln +1¢:
infrared tCHCL), 1737 (ester C==01, 1723 sh (e.8-unsainrated
ester C==(b, and 1264 ¢ (acelate;.

Arnal, Caled for CunlleOa: C D080 HL 945,
TONO L

3-Acetate of 9.-—A solution of 0.5 of 9 in a mixure of 2.5 ml
of acetic anhyvdride and 2.5 ml of pyridine was kept at room
temperature for 15 hr. The reaction mixture was treated, asx
u~nal, to vield 0.5 g of crude d-acetate,  Afier recryvstatlization
from aqueous methanol the purified meterial (1.45 g) softened at
141° and melied ai 137-138°, [a)p —17°.

Anal. Caled for CyHlysO: HO:0 C, 67000 H, 901,
Co67.24: L 8.08.

24,25-Oxidofusidic Acid.--A solution of 258 g ['5 mnnles) of
Tisidie acid in 125 mb of CHCGL was treated with | equiv of m-
chiloroperbenzoic acid dissolved in 25 ml of CHCL. After

CLHECLY, 9.0,

Froamed: ()

Fowud:

Vol 10

~tanding Tor S0 min at oo remperature, viteacwm ook chin Taver
cliromatography of the reactinn mixunre showed that the reactinm
was eomnpletes After remnval of the solvent nuder redneol pres-
<nre, the vesibne was dissobved in CHoCLy o addesdt v b bepr-
tane.  NMethylene chloride was allowed o) evaporate and bepmae
wax decanted from the residne, which was then extraetad voer
move v aosimilar manner., The resichne was dried aml viebled
2.5 woof proadhiet whieh vvnld ot bhe obtained v o vrvstalline
form.

Upon o sinilar epnxidation nsing dihydrofusidie acid instead
ol Tusidic acid, tration o an aliquot part of the reaction mixone:
showed that the peracid coment was not ver deercased by 107,
after 30 min.

24,25-Oxidofusidic Acid Methy! Ester. Method A.- 'T'he
reaction of fusidie acid niethyl ester with m-chlornperbenzoic
acid was carried out as deseribed for hisddie acid. When re-
detioh was complete the solvent was evaporated under vedneed
pressnre and the resicdiie was taken up in ether. The etherenl
solmion was washed (NalCHy,, RO and evaporated.
Fopd g oof fusidic aeid methyl ester, 145 g oo crade oxido ester
was nbtaived: after chrmnatngraphy on 75 ¢ of sitiva gel elntion
with bevzene-ethyl aectate 1200 vielded Fogod prre pronbina
which failed «o ervaiatlize: lep — 117,

dnalo Caled for CatbyO Co 700200 T .
7005 T 924,

Method B.---Tv o =solution of 510 g of ernde 24,25-0x1do-
fusidic aeid in ether was added an ethereal <olntion of CHLN,
nntit the vellow cobor persisted.  After removal of the <olvent
the resichue 1500 mg) was chromatographed ni 25 g of =ilica gel
mud was ebited with benzene—ethyl acetate (2:35) (o vield 250
mg of pnre 24,25-nxidofnsidie acid methyl ester. The identity
of thix smprand with the compound nlnained by method A wos
checked by thin kaver chromatography  with benzeneethyl
aretiate (200

From
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Anthelmintic Activity of 1,2,4-Oxadiazoles

CoAnnsworren,! WL IS Buring, J. Davesrvowrr, M. I Cavvinper, axp M. Co MeCowss

The Lillg Descarch Labordories, rolicnapolis, Talicia

Recedqerd June 18, 1064

Substituted 1,2,4-oxadinzoles were sereened for anthehnintic activity in mice experimentally infeered with

Nematospiroides dubius.

3-Alkyl- and #-aryl-1,2,4-oxadiazoles withont =ubstituents al the 5 position were

cifective when administered orally at 500 mg/kg or by subentanenas injection at 100 mg/kg, whercax the 5-snb-

stituted 3-alkyl- and d-aryvl-1,2,4-oxadiazoles tested were inactive,
chosen for extended stidlies against nematode infections in experimental animals,

oxadiazoles were prepared.

Recently, 1,2.4-oxadiazoles have received consider-
able attention in the literature.2? Substituted 1,2,4-
oxadiazoles have been reported to exhibit various types
of biological activities, including antispasmodic and
analgetic,® sedative® and nematocidal, fungicidal, and

114 U wlnnn impniries sbionll Le alilressed a1 1he Departinent of Clienm-
ey, Colprady State University, Fori Collins, Cilw,

v2) {a) J. H. Boyer in “Heteroryelic Crmpmmils,” Vol 70 R, C. Llbler-
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J-p-Chlorophenyl-1,2,4-oxadiazole was
5-Spirg-4,5-dihydro-1,2,4-

isecticidal®  We wish to report our finding that 3-
substituted 1,2,4-oxadiazoles are anthelmintics when
tested against Nemalospirordes dubius in mice,
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wherein R, and R; are hydrogen, alkyl, or aryl, indi-
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