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1-(2,4-Dichlorobenzoyl)-3-(3,4-dichlorophenyljurea.-—To =
stirred solution of 9.5 g (0.05 mole) of 2,4-dichlorobenazmide
in 150 ml of PhMe, dried by azeotroping rhe mixinre, was added
04 g (0.05 mole) of 34-dichlorophenyl isoevanaic, the miximre
then being heated under reflux for 20 hr.  PhMce was distilled
off and the residue was triturated with petrolenm crher thp
30-60°).  The precipitated solid was filtered aff and recrysialk
lized from Me«CO).

Mininmn inhibitory concentrations for S. aurens ATCC 6538
were obtained by the agar streak dilution technique, in the pres-
ciee of soap.t  Three consecntive transfers of 24-hr broth culinres
were made before testing.

Acknowledgment.—The authors are indebted to
A J. Brown, Jr., for the microbiologieal assays.
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A novel synthesis of 3-substituted 3-amino-1,2.4-
oxadiazoles has been developed in our laboratories.'
Since the 5-nitrofuryl-2 group is present in a number of
compounds showing antimicrobial activity, we decided
to prepare a number of substituted 3-amino-1,2,4-
oxadiazoles containing the A>-nitrofuryl-2 group and
evaluate them for antimicrobial activity.

The furyloxadiazoles (I) were nitrated providing the
S-nitrofuryl-2 compounds (IT) which could be cleaved
to the final amino compounds (I11) by warm ethanolic
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/\ul\—l( HNO,
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NHCOCH
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HCl. The microbiological activities of these com-
pounds are listed in Table I. The interesting anti-
microbial spectrum of activity of these compounds
prompted us to prepare the isomeric series of 3-sub-
stituted 5-amino-1,2,4-oxadiazoles. The reaction of the
trichloromethyl compounds (IV) with NHj;, analogous

(1) Details of the synthetic aspects of this work will be the sabject of a
futtre communication.
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to the procedure of oy and Lenaers.? provided the
3-substituted S-amino 1somers (V). Antimicrobial
properties are listed iu Table I.  An examination of the
data in Table I indicates that an ethylenic bridge
cnhances the intringic activity of these nitrofuryl-
oxadiazoles: Vb appears to be the most mteresting in
view of its potent, broad antimicrobial spectinm,
including activity against gram-negative and gram-
positive bacteria ax well as against fungi and protozoa.

Experimental Section

3-Amino-5-{2( 2-furyl)vinyl]-1,2,4-0xadiazole wuas prepared
according to Wielund and Banert from dihyvdroxvgnanidine
livdrobromide and g-2-furanacrylovl chloride.  An analviical
sample, mp 137-138°, was obtained by crvstallizing {ran FaOTLL
Jnal. (CsH:N3O.) € H, N
3-Acetylamino-5-{2-( 2-furyl)vinyl]-1,2,4-oxadiazole. T 1 =11=-
pension of 5.8 g of 3-anino-5-[2-(2-furylyvinyl}-1,2,4-uxadiazole
in 120 ml of dry CHCl; and 3.2 g of pyridine wa= added dropwise
with stirring 3.2 g of AcClL The vield was 5 g (70005, mp 153
185°. Anal. 1CH.N304 C, H, N.
3-Acetylamino-5-{2-(5-nitro-2-furyl)vinyl]-1,2,4-0xadiazole.
To 60 ml of Ac:O) wasndded with stirring at — 15°, 24 ml of HN O,
(d = 1.51). At the =ame 1emperainre 11.2 g of 3-acetylamino-s-
|2-(2-furyD)vinyl]-1.2,4-oxadiazole was added in portions. The
substance first wenn into salution and then fine crystals pro-
cipitated.  When the last of the componnd hax heen added a
rhick slurry had formed. The mixiure was stirred for an addi-
tional 30 min, filterced, mpd waslied (AcOL1): vield 6.0 g (44¢ ),
mp 253° dec. The snbstance was reerysrallized fram AcOll.
Anal. (CmIIqN‘4().) (‘, H. N.
3-Amino-5-{2-(5-nitro-2-furyl)vinyi]-1,2,4-0xadiazole (IIIb).
A solution of 1 g of 3-ucetvlamiim-3-[2-(5-nitro-2-furyl)vinyt-
1,2,4-oxadiazole i1 20 ml of 1007 EAOH-HCI was refluxed, and
then cooled. Bright vellow crystuls were deposited,  Filtration
gave 0.6 g (719.) of 11lb, mp 232° dec.  Anal.  (CHNLO4
C, H, N.
3-Amino-5-( 2-furyl)-1,2,4-0xadiazole could be prepared ac-
cording to Wieland aud Bauer® {rom dihvdroxygnanidine hivdro-
bromide and 2-furoyl-chloride. An analytical sample (mp 163%)
was obtained from EtOH. .inal. (C:H:N305) C, 11, N.
3-Acetylamino-5-(5-nitro-2-furyl)-1,2,4-oxadiazole.—-To a
niixture of 325 ml of Acs(), 130 ml of HNO; (d = 1.51), and 0.7 g
of B20; was added at —20°, 50.7 g of 3-acetylamino-s-(2-furvli-
1,2,4-oxadiazole. Thix material, mp 151° [dnal. 1CHN;Oy
C, H, NJ, was prepared by acetylating 3-amina-5-(2-fnrvD-
1,2 4-oxadiazole with AcCl in pyridine. A =olntion formed npon
stirring for 30 min. It was stirred for an additional 15 min at
—10° and poured onto ice. The clear solution was adjnsred 1o
pH 4 with NaHCO; and kept overnight in the refrigerator,
vielding 44.9 g (81¢7) of product, inp 181-182° dec. After re-
crystallization from dioxaue, the substance melted at 152--183°.
Anal. (CsHeN,O;) C, 11, N.
3-Amino-5-(5-nitro-2-furyl)-1,2,4-0xadiazole (IIla).---A =olu-
tionn of 10 g of 3-acetylamino-3-(3-nitro-2-furyl)-1,2,4-oxadiazole
in 200 ml of 109 EtO11-HCI was refluxed for 3 hr.  After cooling
the crystalline precipitate was filtered, and a second crop was

23 F. Eloy and R. lenaers, Hele. Chim. Actu, 49, 1430 (1966).

(3) Thetrans nature of the viny! group in ¥b is shown by the nmr specrceura
Yy DMSO0-de), the coupling of the vinyl protons (r 2.67, 2.91) being 16.5 11z,

) H, Wieland and H. Baaer, Chem. Ber., 40, 1680 (1907).
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Min inhib conen,® ug/ml
No. Mp, C S. at S s. Ps. a. P. v E. c. C. a. T. m. F. b. M. ¢
I11a 200-202 0.69 0.69 >50 18.7 4.2 >50 12.5 1.2
IIIb 232 dec 0.24 0.5 25.0 15.6 1.1 15.6 9.4 25.0 1.0
Va 231-233 9.4 0.12 37.5 >50 0.24 >50 >50 >50 2.3
Vb 290 dec 0.15 0.05 7.8 9.4 0.05 12.5 6.3 12.5 6.3
@ The minimum inhibitory concentrations of each compound were determined by the twofold tube dilution assay using antibiotic
assay broth (BBL). ?8. a. = Staphylococcus aureus, S. s. = Salmonella scholtmuelleri, Ps. a. = Pseudomonas aeruginosa, P. v. =
Proteus vulgaris, E. ¢. = Escherichia coli, C. a. = Candida albicans, T. m. = Trichophylon mentagrophyles, F. b. = Fusarium bulbil-

genum, M. t. = Mycobacterium tuberculosis.

obtained by concentrating the filtrate. Crystallization from
EtOH gave pure IIla, mp 200-202° in a yield of 7.2 g (88%).
Anal. (CeHN,O,) C, H, N.

5-Amino-3-[2-(5-nitro-2-furyl)vinyl]-1,2,4-0xadiazole (Vb).—A
solution of 3.2 g of 3-[2-(5-nitro-2-furyl)vinyl]-5-trichloromethyl-
1,2,4-oxadiazole in 35-40 ml of liquid N'H; was prepared by adding
small portions of the solid with continuous stirring. A dark
solution and later a thick crystalline slurry resulted. The NH;
was permitted to evaporate and the residue crystallized from
dioxane; yield 2 g (909%,), mp 290° dec. Anal. (CsHeN,Oy)
C, H, N.

3.(5-Nitro-2-furyl)-5-trichloromethyl-1,2 4-0xadiazole was pre-
pared by treating 1 mole of 5-nitro-2-furanamidoxime?® in dioxane
with 2 moles of trichloroacetyl chloride in the presence of 2 moles
of pyridine, evaporation of the solvent, treating the residue with
H,0, and filtering the crystals, yield 909, mp 106-108° (;-PrOH).
4nal. (C/H.Cl:NsO,) C, H, N.

5-Amino-3-(5-nitro-2-furyl)-1,2,4-oxadiazole (Va).—3-(5-

Nitro-2-furyl)-5-trichloromethyl-1,2,4-oxadiazole (10 g) was
added portionwise with stirring to 100 ml of liquid NH;. A dark
solution was formed from which erystals separated. The NH; was
allowed to evaporate, and the residue was treated with dilute
HC], yielding 6.3 g (95%) of product; recrystallization from
Me;CO provided pure material, mp 231-233°. Anal. (CsH:N4O,)
C, H, N.
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The interest in preparing diaminodiphenyl sulfone
derivatives was initiated in our laboratories from the
work done on the nucleophilic displacement of activated
fluorine in aromatic compounds.® The facile replace-
ment of fluorine in 4,4’-difluorodiphenyl sulfone with
one or two primary or secondary amines provided a
versatile route for the preparation of many substituted

(1) H. Bader, A. R. Hansen, and F. J. McCarty. J. Org. Chem., 82, 2319
(1966).

derivatives which were not easily available by the
methods previously used.?—5

Different amines showed different activity in replac-
ing the fluorine atom. The replacement of the second
fluorine atom was usually more difficult than the first.
The dihydrazino derivative 6 served as a starting ma-
terial for several compounds.

We had considerable difficulty in preparing 4-amino-
4’-formamidodipheny]l sulfone. When  prepared
through the formylation of 4-amino-4’-nitrodiphenyl
sulfone followed by catalytic reduction of the nitro to
the amino group, the formyl group proved to be so
labile that it was removed under the usual experimental
conditions of purification. The same difficulty has
been experienced by Heymann and Heidelberger.*
An alternative route was tried to formylate diamino-
diphenyl sulfone monohydrochloride in formic acid,
because a monoprotonated diaminodiphenyl sulfone
molecule left only one nucleophilic amino group to be
formylated. In this way a product was obtained
which was found to be 989 pure 4-amino-4’-formamido-
diphenyl sulfone monohydrochloride as shown by its
elemental analysis and acid-base titration. Its purity
could not be enhanced by erystallization for fear of
deformylation.

Compound 9 was prepared by refluxing 4,4’-dihy-
drazinodiphenyl sulfone with formic acid while 22 was
the acetylation product of 15.

Experimental Section

Symmetrically Substituted Diaminodiphenyl Sulfones from
4,4’-Difluorodiphenyl Sulfone (1-8).—In general 4,4’-difluoro-
diphenyl sulfone was heated with an excess (3 M or more) of the
amine in DMSO at a temperature varying from 100 to 140° for a
period of 3-10 hr. In some cases (1-3, 5, 9) a 2-3 M proportion
of Et;N was used as an acceptor for the liberated HF. After the
heating period, the mixture was cooled to room temperature and
diluted with H,O whereby the product generally separated as a
precipitate which could be removed by filtration or extracted
with a solvent when it happened to be gummy, such as in 7.

4,4’-Di(1,2.dihydro-1-keto-2-phthalazinyl )diphenyl Sulfone
(10).—A mixture of 2-carboxybenzaldehyde (1.8 g, 0.012 mol),
4,4'-dihydrazinodiphenyl sulfone dihydrochloride (2.1 g, 0.006
mol), 250 ml of EtOH, and 150 ml of H,O was refluxed for 15 min
when a precipitate was formed. FEtOH was allowed to boil off
and the mixture was filtered to give 2.6 g of the produect.
4-Fluoro-4’-substituted Aminodiphenyl Sulfones (11-14). —
In preparing these compounds one molar proportion of 4,4’-
difluorodiphenyl sulfone and the amine were heated together in
DMSO in the presence of Et;N. The reaction mixture was cooled
to room temperature and diluted with H.O whereby the produect
usually separated as a solid or as a gummy material, which was
crystallized from an appropriate solvent. The hydrochlorides of

(2) E. Fromm and J. Whittmann, Chem. Ber.. 41, 2269 (1908).

(3) H. Heymann and L. F. Fieser, J. Amer. Chem. Soc., 67T, 1979 (1945).

(4) H. Heymann and C. Heidelberger, tbid.. 67, 1986 (1945).

(5) W. H. Hartung. "Medicinal Chemistry ‘ Vol. V, John Wiley and
Song, Inc., New York, N. Y. 1967, p 353.



