July 1969

with the product obtained from method A by comparison of uv
and ir spectra.

2-Carboxy-3-hydroxy-3H-pyrido[3,2,1-k{]phenothiazinium
Bisulfate (X).—A solution of 2.4 g (7.4 mmoles) of VI in 50 ml
of concentrated H;S0, was heated on water bath for 20 hr. The
mixture was ponred onto ice water and a yellow precipitate was
formed. A crnde yield of 2.9 g (99.8%,) of brown solid was ob-
obtained and recrystallized from -BnOH and distilled H,0.
The first crop was recrystaliized from a mixture of +BnOH
and deionized distilled H,0O to which a few drops of concentrated
H.80,had been added. Brown crystals were obtained, mp 300°.
Anal. (CmHuNO7Sz) C, H, N, S.
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In continuation of our search for antibacterial com-
pounds, a number of 1-acyl-3-(3,4-dichlorophenyl)ureas
(I) were prepared. 1-Acylureas have been reported,’

RCONHCONH—Q—@

Ci
I

but not as bacteriostats. A recent communication?
from this laboratory described the synthesis and bac-
teriostatic properties of a similar series of compounds,
the 1-alkyl-3-(3,4-dichlorophenyl)ureas (II). The ac-
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Synthesis of the desired materials involved treating
3,4-dichlorophenyl isocyanate with aliphatic amides,
halogenated benzamides, and nicotinamide under an-
hydrous conditions. Relevant data, including mini-
mum inhibitory concentrations (MIC’s) in soap for
Staphylococcus aureus ATCC 6538 are shown in Table I.

In the aliphatic series maximum activity (1-5 ug/ml)
was observed when R was Pr, Bu, or 9-decenyl. In
the series derived from benzamides, MIC’s of 0.1-0.5
ug/ml were observed when R was 2,4-dichlorophenyl,
and 1-5 ug/ml when R was 3,4-dichlorophenyl. In-
terestingly, in the carbanilide series, a structurally re-
lated group of compounds, maximum activity is ob-
served with the 3,4-dichloro isomer and not the 2,4
derivative.?

Experimental Section

Since one of the reactants is 3,4-dichlorophenyl isocyanate,
which readily forms 3,3’,4,4’-tetrachlorocarbanilide in the pres-
ence of water, the reaction must be carried out under extremely
anhydrous conditions. The first few members of the series were
prepared by first heating the amide in C¢Hs for 2 hr and azeotrop-
ing moistnre through a Dean-Stark trap, then adding 1 equiv of
3,4-dichlorophenyl isocyanate in dry o-dichlorobenzene. The
mixture was heated to 130-140° and C¢Hs was collected. Fi-
nally, the reaction was continued under reflux for 10 hr. At the
end of this period, most of the solvent was distilled off and the
residue was cooled and triturated with CsHe, causing a crude
product to precipitate. The solid was filtered off and air dried.
In most cases it was found to be a mixture of 3,3,4,4’-tetrachloro-

TaBLe I
1-AcYL-3-(3,4-DICHLOROPHENYL)UREAS

3,4-CL,CsH;NHCONHCOR

Yield,

No. R Mp, °C® T
1 C:H; 173 78
2 n-C;H+ 155-156 38
3 n-CsH, 159 97
4 n-CsHyy 130-131 86
b n-CiHis 128-129 82
6 n-CsHyz 114-115 78
7 n-Ci1Hg, 105-106 70
8 9-Decenyl 100 69
9 n-Cy;Hor 99-100 52
10 3-Pyridyl 272-273 94
11 0-Cl1CqH, 208 70
12 p-ClCsH, 273 87
13 2,4-Cl,CeH; 222 65
14 3,4-Cl.CsH; 235-236 96

@ All melting points were taken on a Fischer-Johns meiting point apparatus and are uncorrected.

MIC,
ug/mlP Formula® Recrystn solvent
20 CioH10CLN-O EtOH
1-5 C11H;,Clp N0, PhH
20 C13H16CL N0, PhH
20 C1sH2ClaN2Os EtOH
20 CmszClgNzOg EtOH
20 ClgHzgclzN202 EtOH
3 CisH2CloN, O, EtOH
20 C1sHClN20, EtOH
20 CiH,yCLN;O, d
20 Cl4chlaN202 MeZCO
20 CmH 90]3N202 d
0.1-0.5 CanCthOg RIQ?CO
1-5 CquCthOz MeZCO

® Minimnm inhibitory concentration

against S. aureus ATCC 6538. ¢ All compounds were analyzed for C and H, and the results were within 0.49, of the theoretical valnes
except for 13 where the C variance was 0.59;. ¢ Triturated with Me,CO.

tivity was found to increase with chain length, reaching
a maximum with the n-octyl derivative, then decreas-
ing as the chain was lengthened further. A series of
N-acylureas were prepared to determine whether these
also are antibacterial and, if so, the chain length of R at
which optimum activity occurs.

(1) P.F. Wiley, J. Am. Chem. Soc., 71, 1310 (1949).

(2) T. A. Schenach, J. Brown, Jr., A. J. Wysocki, and F. Yackovich,
J. Med. Chem., 9, 426 (1966).

carbanilide and the desired material. Separation was achieved
by boiling the mixture in C¢Hs, filtering while hot, and cooling the
filtrate, whereupon the acylurea precipitated.

The method of choice, which avoids formation of tetrachloro-
carbanilide, was to run the reaction in dry PhMe for 24 hr accord-
ing to the procedure of Wiley,! Yields were generally in excess of
70% and ranged from 38 to 97¢;. The following preparation is
representative.

(3) D. J. Beaver, D. P. Roman, and P. J. Stoffel, J. Am. Chem. Soc., 79,
1236 (1957).
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1-(2,4-Dichlorobenzoyi)-3-(3,4-dichlorophenyl)urea.-—To =
stirred solution of 9.5 g (0.05 mole) of 2,4-dichlorobenazmide
it 130 ml of PhMe, dried by azeotroping rlie mixinre, was added
9.4 g (0.05 mole) of 34-dichlorophenyl tsocyvimnaice, the mixtnre
then being heated nuder reflux for 20 hr.  PhMe was distilled
off and the residue wax triturated with petrolenm ether hp
30-60°).  The precipitated solid was filtered olf and recrvsral-
lized from Me.CO.

Minimam inhibitory concentrations for S. awrens A'TCC 6558
were obtained by the agar streak dilution technigne, in the pres-
enee of soap.t  Three couseentive transfers of 24-hr broth enlinres
were made before testing.

Acknowledgment.—The authors are indebred to
A T Brown, Jr., for the microbiologieal assays.

i) DR, Noel, R. YL Casely, M. W, Linfield, and T.. A, Hamiman, A ppl.
Hiccobiol., 8,1 (1960).

Nitroheterocveles. 1. Nitrofuryl-Substituted

3-Amino-1,2,4-oxadiazoles and
5=-Amino-1,2,4-0xadiazoles

[TrrManN Brevey
Chemische Fabrik von Heyden A G., Regenshirg, Germany
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A novel synthesis of S-substituted 3-amino-1,2.4-
oxadiazoles has been developed in our laboratories.!
Since the 3-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 ecompounds (IT1) by warm ethanolic

N “H,
\1—( HCOCH,
[l ]\l /"\ Il\' AcO
0" ™CH=CH); O’ )
I
NHCOCH
N——( ) HCH
/[l ll /L ‘l\I FtOH
ON~ 07 CH==CH); O
IT
NH.
N s
I
ON~ 07 “(CH==CH);” 0"
[la,n=0
b,n=1
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 NH;, analogous

(1) Details of the synthetie aspeets of this work will be the subject of a
future communieation.

Vol 12
Q|
Nz N1
J:l ll \N,()
ONT O7 (CH=CH);
v
NH,
[ =
v P
ONT 07 YCH=CHY >
Va,n=1(
b.n=1

to the procedure of Floy and Lenaers.? provided the
3-substituted S-amino isomers (V). Antimierobial
properties are listed in Table I.  An exainination of the
data in Table I indicates that an ethylenic bridge
enhances the intrinsic activity of these nitrofuryl-
oxadiazoles: Vb appears to be the most interesting in
view of its potent, broad antimicrobial spectriim,
including activity against gram-negative and gram-
positive hacteria as well as against fungi and protozo:.

Experimental Section

3-Amino-5-[2-(2-furyl)vinyl]-1,2,4-0xadiazole wuas prepared
according to Wieland and Banert from dihydroxvgnanidine
hydrobromide and g-2-furanacryviovl chiloride.  An analytieat
sample, mp 137-138°, was obtained by crvstallizing {rom 101 OT.
cnal. (CgH:Ng()g) C, I{, .\'
3-Acetylamino-5-(2-(2-furyl )vinyl]-1,2,4-0oxadiazole. --T'0 x sis-
pension of 5.8 g of 3-amino-5-[2-(2-furvl)vinyll-1,2,4-oxadiazole
in 120 ml of dry CHCI; and 3.2 g of pyridine was added dropwise
with stirring 3.2 g of AcCL. The vield was 5 g (700,35, mp 153
185°. Anal. (Cy,yH N0y C, H, N,
3-Acetylamino-5-{2-(5-nitro-2-furyl)vinyi]-1,2,4-oxadiazole.-
To 60 mt of Aco(d was added with stirring at —15°, 24 mt of HN Oy
(d = 1.51). At the same temperainre 11.2 g of 3-acetylamino-i-
|2-(2-furylvingl]-1,2,4-oxadiazole was added in portions. The
stibstance first wem into solntion and then fine crystals pre-
cipitated.  When the last of the componnd hax been added a
thick =iurry had formed. The mixinre was stirred for an addi-
tional 30 min, filtered, and washed (AcOH): vield 6.0 g (4490,
mp 253° dec. The snbstance was reerysiallized from AcO1L
dnal. (CeHgNLOL) C, I, N
3-Amino-5-{2-(5-nitro-2-furyi)vinyli| -1,2,4-oxadiazole (IIlb).
A solution of 1 g of 3-acetylamino-5-[2-(5-nitro-2-furyi)vinyt-
1,2, 4-oxadiazole i 20 ml of 1007 FtOH-HCI was refluxed, and
then cooled. Bright vellow crystals were deposited.  TFiltrnion
gave 0.6 g (71¢7) of 11Ih, mp 232° dec.  Anal. (CHLN,ON
C, H, N.
3-Amino-5-( 2-furyl)-1,2,4-0xadiazole conld he prepared ne-
cording to Wieland and Banert from dihydroxygnanidine hydro-
bromide and 2-furoyl-chloride. An analytieal sample (mp 163°)
was obtained from EtOH. .tnal. (CsH:N3;O;) C, H, N.
3-Acetylamino-5-(5-nitro-2-furyl)-1,2,4-oxadiazole.--To 1
mixture of 325 ml of Ac.O, 130 ml of HNO; (d = 1.51), and 0.7 ¢
of B:0; was added at, —20°, 50.7 g of 3-acetylamino-s-(2-furvi-
1,2 4-oxadiazole. This material, mp 151° {Anal. (CsH.NIWO;;
¢, H, NJ, was prepared by acetylating 3-amino-3-(2-fnrvii-
1,2,4-0oxadiazole with AcCl in pyridine. A solntion 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 to
pH 4 with NaHCO; and kept overnight in the refrigeravor,
vielding 44.9 g (81¢7) of prodnet, mp 181-182° dec. After re-
crystallization from dioxane, the substance melted at 1%2--183°,
Anal. (CsI{sN40:,) (\/, }I, N.
3-Amino-5-(5-nitro-2-furyl)-1,2,4-oxadiazole (Illa).-—-A =olu-
tion of 10 g of 3-acetvlamino-3-(5-nitro-2-furyl)-1,2,4-oxadiazole
in 200 ml of 109, EtOH--HCI1 was refluxed for 3 hr. After cooling
the crystailine precipitate was filtered, and a second crop wuas

25y F. Llloy ami R. lnaers, Helv, Chim. Actu, 49, 1430 (1966).

(35 Thetrans natare of the vinyl group in ¥bhis shown by the nimy sjrecrrwny
iIDMSO0-ds), the ceupling of the viny! protons (r 2,67, 2.91) being 16.5 Mz,

4y H, Wieland and H. Baver, Chem. Ber., 40, 1680 (1907).



