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Cincinnati. Mr. J. H. Lady, of this laboratory,
performed the infrared analysis; Dr. D. O’Reilly,
of Gulf Research Laboratories, performed the
NMR analysis; Mr. E. Pantier, of this laboratory,
performed some of the runs and distillations,
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In connection with other work on benzimidazoles,
2-acetylethylbenzimidazoles appeared to be of
interest as potential antimetabolites and as starting
materials for the preparation of other benzimidazole
derivatives. The present paper describes the syn-
theses of two 2-acetylethylbenzimidazoles by the
following route:
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Six 4-substituted levulinanilides (I) were pre-
pared by the acylation of 4-substituted anilines
with ~y-acetyoxy-y-valerolactone (Table I). Lukes
and Prelog? prepared levulinanilide and 4-methyl-
levulinanilide by this method.

The oximes of the levulinanilide derivatives
(Table 11) were prepared by the usual method using
hydroxylamine hydrochloride and 2N sodium hy-
droxide solution.

The levulinanilide derivatives, reported in Table
I, were nitrated with a sulfuric acid-nitric acid
mixture, at —10 to —20° (Table III). The oximes
of the nitro compounds were prepared also (Table
V).

For the determination of the position of the
nitro group, the nitrolevulinanilide derivatives were
hydrolyzed with dilute hydrochloric acid to the
corresponding nitroaniline derivatives. 4-Nitro-

(1) Assistant Professor of Keio University (Tokyo,
Japan). Postdoctoral Research Associate in the Department
of Chemistry, University of Pennsylvania (1957-58).

(2) R. Lukes and V. Prelog, Collection Czechoslov, Chem.
Communs., 1, 282 (1929).
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-butyl aleohol,

¢ Recrystallized from 959 ethanol. ® Reerystallized from methanol. ¢ Recrystallized from water. ¢ Reerystallized from ethyl acetate—cther. ¢ Reerystallized from 1
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aniline was obtained from nitrolevulinanilide.
4-Amino-2-nitrotoluene was obtained from nitro
4-methyllevulinanilide. From the hydrolysis of the
other nitrolevulinanilides (R=Cl, Br, COOH,
COOC.H;), 4-chloro-2-nitroaniline, 4-bromo-2-ni-
troaniline, 4-amino-3-nitrobenzoic acid, and ethyl
4-amino-3-nitrobenzoate, respectively, were ob-
tained. 4-Acetamido-2-nitrolevulinanilide was hy-
drolyzed with barium hydroxide solution by the
method of Biillow and Mann?® to obtain 4-amino-3-
nitroacetanilide.

Four of the compounds, in which the nitro groups
were located in the 2 position, were reduced with
iron powder and dilute hydrochlorie acid in ethanol
to form the corresponding amino derivatives.

Only two of the four amino compounds could be
converted to benzimidazoles by Phillips procedure.*
The amino compounds and 2-acetylethylbenzimi-
dazoles are listed in Table V.

EXPERIMENTAL

General method for preparation of 4-substituied levulinanil-
ides. The 4-substituted aniline (0.1 mole) was mixed with
0.1 mole of ~-acetoxy-vy-valerolactone? and 20-50 ml. of
50% aqueous ethanol, The mixture was allowed to stand
for 3 to 4 days at room temperature with occasional shaking.
The crystals, which separated, were removed and washed
with 509, aqueous ethanol. The product was then recrys-
tallized from a suitable solvent.

General method for preparation of nitro 4-substituted levulin-
anilides. The 4-substituted levulinanilide (0.04 mole) was
added gradually to 50 ml. of concentrated sulfuric acid with
cooling (—10 to —20°) and vigorous stirring. Then a mix-
ture of 10 ml. of concentrated sulfuric acid and 3.2 ml. of
concentrated nitric acid and & small amount of urea was
added dropwise, with cooling and stirring. After 30 min.,
the mixture was poured onto cracked ice, at which point a
yellow precipitate formed. After washing with cold water and
drying, the product was recrystallized from a suitable
solvent.

General method for preparation of amino 4-substituted levu-
linanilides. The nitro compound (0.04 mole), 12 g. of reduced
iron powder, and 4.5 ml. of 2N hydrochloric acid was added
to 40 ml. of ethanol and the mixture heated for 8 hr. on a
steam bath. The reaction mixture was neutralized with 2N
sodium hydroxide solution. The hot solution was filtered
and the filtrate evaporated under reduced pressure. The crude
product, so obtained, was recrystallized from a suitable
solvent.

General method for preparation of 2-acetylethylbenzimida-
20les. One g. of the 2-aminolevulinanilide derivative was dis-
solved in 10 ml. of 4N hydrochloric acid and the solution was
refluxed for 2 hr. The solution was neutralized with ammo-
nium hydroxide. A gummy precipitate was formed. The
mixture was allowed to remain in the refrigerator (2-3 hr.)
until the gummy product became solid. The crude product
was then recrystallized from hot water with the aid of de-
colorizing carbon. The products are soluble in 1N hydro-
chlorie acid and in 2N sodium hydroxide solution.

General method for determining the position of the nitro group.
One g. of the 4-substituted nitrolevulinanilide was dissolved
in 5 ml. of 959, ethyl alcohol and 5 ml. of 2N hydrochloric
acid. The solution was refluxed for 1 hr. and cooled to yield
crystals of the corresponding nitroaniline. The products

(3) C. Biillow and E. Mann, Ber., 30, 980 (1897).
(4) M. A. Phillips, J. Chem. Soc., 2393 (1928).
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were purified by recrystallization from hot water. They were
identified by melting point and mixed melting point deter-
minations.
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The condensation of citraconic anhydride with
anisole, p-cresyl methyl ether, diphenyl, and
fluorene has been studied. Powdered anhydrous
aluminum chloride (2 equiv.) was added portion-
wise to the mixture of eitraconic anhydride (1
equiv.) and the aromatic compound (1 equiv.) in
s-tetrachloroethane or nitrobenzene as solvent.
In each case, the reaction product was a mixture of
two isomeric acids: R—CO—CH=CMe—COOH
(type A) and R—CO—CMe=CH—COOH (type
B). The structure of both acids is established by
one of the following methods: (i) Reduction of the
obtained B-aroylacrylic acids (A or B) with hy-
drogen in palladium chloride solution and activated
charcoal to the corresponding gB-aroylpropionic
acids.! These have been found to be identical
with authentic specimens prepared by the action
of methylsuccinic anhydride on the corresponding
aromatic compound.?—* (2) The synthesis of 3-
aroylacrylic acids (A or B) by bromination of the
corresponding S-aroylpropionic esters followed by
dehydrobromination and hydrolysis.® This is il-
lustrated in the following scheme:

R—H + Me—C——CO
H—C

R—CO0—CH=CMe—COOH R—CO—CMe=CH—COOH

R—CO—CH,—CHMe—COOH
R—CO—CHMe—CH—COOH

Acids of type A were predominant and less soluble
(¢f. ref. 4), those of type B were more soluble and
hence comparatively difficult to purify.
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