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A continuing search for new nitrofuran antimicrobial
agents led to the synthesis of 4,5-dihydro-6-(5-nitro-2-
furyl)-3(2H)-pyridazinone (I1Ia). Because of the sig-
nificant biological activity of IIIa, additional synthetic
work in this area was initiated to study the effect
of structure modifications on activity.

Chemistry.—The 4,5-dihydro-3(2H)-pyridazinone
ring system is commonly prepared by condensing a
v-keto acid or ester with hydrazine. A survey of the
literature revealed that 8-(2-furoyl)propionic acid (I)
had been prepared in three steps from 2-acetylfuran
by Knott.? 4,5-Dihydro-6-(2-furyl)-3(2H)-pyridazin-
one (I1a) was prepared from acid I by Knott and from
the ethyl ester of I by Holland and Amstutz.? Thus,
acid I was condensed with the appropriate alkyl
hydrazines to give pyridazinones II (see Scheme I).
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Nitration of II took place readily in mixed acid solu-
tion at low temperatures to give III. The nitro group
was assigned to the 5-position of the furan ring on the
basis of the work of Rinkes,* and on the observance
of asymmetric and symmetric stretching vibrations of
the nitro group at 1515 and 1308 cm™!, respectively,
in the infrared.? Furthermore, the ultraviolet spec-
trum of IIIa (Agmay, 362 mu) was quite similar to the
spectrum of 5-nitro-2-furaldehyde acetylhydrazone
(Amax 363 mu).® Finally, the nitration product III
was extremely sensitive to aqueous alkali. Nitrofuran
derivatives are frequently unstable in the presence of
aqueous alkali, giving dark brown solutions or tars.
The base lability of III became more apparent when
the alkylation of IIla (R = H) with methyl iodide
in methanolic sodium methylate solution was at-
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tempted. Only tar was obtained. Therefore, the
2-alkyl derivatives of III were prepared by condensing
acid I with the appropriately substituted alkyl hy-
drazine and nitrating the product.

Overend and Wiggins® reported the oxidation of 4,5-
dihydro-6-methyl-3(2H)-pyridazinone to 6-methyl-3-
(2H)-pyridazinone using bromine in acetic acid solu-
tion. A similar oxidation of dihydropyridazinone I1I
gave pyridazinone IV. When pyridazinone IVa (R =
H) was treated with an equivalent of sodium hy-
droxide or methoxide in methanol solution, a sodium
salt was formed. This salt was exceptionally stable
in aqueous solution. Treatment of this sodium salt
with methyl iodide in methanol solution gave the N-
methyl derivative IVb (R = CH;). This product was
identical in all respects with the product obtained by
the oxidation of IIIb (R = CH;). On this basis, the
methyl group was assigned to the 2-position of the
pyridazinone ring, The higher alkyl derivatives of
IVa were also prepared by alkylation.

All compounds reported in this paper have been as-
signed the ketonic structure based on the observance
of a strong carbonyl stretching band at 1653-1680
em™! in the infrared.’ The physical and analytical
properties of these compounds are given in Table 1.

Screening Results.—The in vitro and in vivo anti-
bacterial testing data were determined using the
methods described previously.® Anticoceidial screen-
ing in chickens against a strain of Eimeria tenella was
carried out as described by Johnson and O’Connor.*
These data are given in Table I1.

As a class of compounds the pyridazinones IV show
better antibacterial activity than the dithydropyridazin-
ones ITI. All of the compounds demonstrated anti-
coceidial activity against Eimeria fenella at dose levels
comparable to the level of nitrofurazone,!’ a known
coccidiostat. The most active compounds (IIIa and
IVa and b) are those in which R = H or CH;. There-
fore, it can be concluded that substitution of alkyl
groups at the 2-position (R) does not enhance signifi-
cantly the anticoccidial activity. Toxicological studies
on selected compounds are in progress.

Experimental Section

All melting points were determined on a hot stage (Mel-Temp)
melting apparatus and are uncorrected.
4,5-Dihydro-6-(2-furyl)-3(2H)-pyridazinone (Ila).—A mix-
ture of 48.0 g (0.28 mole) of g~(2-furoyl)propionic acid? and 17.0
g (0.29 mole) of 859, hydrazine hydrate was heated on a steam
bath for 75 min. The mixture was poured slowly with stirring
into cold aqueous Na,COj; solution. The solids were filtered and
recrystallized from water (charcoal) to give the product as
colorless needles. Other derivatives of II were prepared from
the appropriate alkylhydrazine.
4,5-Dihydro«6-(5-nitro-2-furyl)-3(2H )-pyridazinone (IIla)—
To 400 ml of concentrated H,SO; chilled to 5° was added in small
portions with stirring 51.5 g (0.31 mole) of IIa. The resulting
solution was chilled to 0° by means of an ice-salt bath. The
temperature was kept below 5° while a solution of 50 ml of con-
centrated HNO; (sp gr 1.42) in 100 ml of concentrated H,S0, was
added dropwiseduring0.5hr. Stirringin the cold was continued for
15 min after which time the mixture was poured slowly with vig-~
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+ Lit.2 mp 145°. ? By oxidation. < By atkylation.
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OF 2-ALKYL~0-(3-NITRO-2-FURYL)-3(2H )-PYRIDAZINONE AND

4,5-D11YDRO DERIVATIVES
Lffective

dose,
Vs (mice, ekt /MIC (ug/my % in feed
Stuphglocorcus Salmodiells Fimerin
No. IFEds typhosi tenella
I1a /6 100,/ 0.0055
b >200/25 >200/6 0. 0055
¢ 100/12.5 S100/6.2  0.0055
d >200/12.5 — /50 0.011
IVa 146/3 112/1.5 0.0055
b 525 S7/15 0. 0055
¢ 57/12 066/4 0.011
d TU/12 6:3/6 (0,011
Nitrolurazone” S0/12.5 100,73 00055
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orous stirring into 3 L. of eracked ice and water. 'The crude product
was collected by filiration and washed thoronghly with water.
Recrystallization from glacial acetic acid (charcoal) gave the
prodiiet as short vellow needles. Other derivatives of IIT were
prepared similarly.

6-(5-Nitro-2.furyl)-3(2H )-pyridazinone (IVa).—-A mixture of
41.8 g (0.2 mole) of IIla in 200 ml of glacial acetic acid wax
heated to 90°. Bromine (2 ml) was added with stirring. When
HDBr evolution began, the remaining bromine (total of 32 g, 0.2
mole) was added at such a rate 1s to maintain a temperatire of
00-95°.  When the addition was completed, the mixture was
heated at 100° for 30 miu. The mixture was cooled, diluted with
water, and filtered, and the residue was washed thoroughly with
water. The vield of crude product melting at 293-295° was
39.0 g (9460).  Four recrystallizations from dimethylformamide
(charcoal) gave pale vellow crystals. IVb was prepared simi-
larly.

2.Ethyl«6-(5-nitro-2-furyl)-3(2H )-pyridazinone (IVe).—-A

mixtire of 50.0 g (0.24 mole) of IVa and 13.0 g (0.24 mole) of
sodium methoxide in 1000 ml of methanol was refluxed with
stirring for 3 hr.  Ethyl iodide (30 ml) was added and refluxing
was contimied overnight. The solvents were evaporated under
diminished pressure on a steam bath and the residue was shaken
with 500 ml of cold 5% NaOH solution. The crude product was
filtered, washed thoroughly with water, and recrystallized from
aqueods ethanol (charcoal). The produet separated as pale
vellow needles. TVD and IVd were prepared from the appropriute
alkyl bodide.
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Because of their effectiveness against staphylococci
and other gram-positive bacteria, substituted ureas
have been extensively studied for their bacteriostatic
activity. In a compreliensive investigation of such
compounds, Beaver, el al.,! screened dozens of phenyl-
ureas, thioureag, and anilides against Staphyloccus
aureys strain DA No. 209, Two l-alkyl-3-(3,4-
dichlorophenyl)ureas were included, the 1-ethyl and
the 1-t-octyl derivatives. The mintmum concentra-
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tions of these compounds uble to inhibit the test
organism were found to bhe 100 pg/ml.  On the other
hand, two halogenated earbanilides, 3,37,4-trichloro-
carbanilide (I) and 3,4,4’-trichlorocarbanilide (II) were
found to give complete inhibition at 0.033 ug/ml.
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