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The Synthesis of 1-(2-Dialkylaminoethyl)-5 (and 6)-methoxy-

2-methyl (and H)-benzimidazoles (1)
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The syntheses of twenty 1-(2-dialkylaminoethyl)-5 (and 6)-methoxy-2-methyl (and H)-
benzimidazoles in which the dialkylamino groups are dimethylamino, diethylamino,
pyrrolidino, piperidino and morpholino, are presented. These compounds failed to show

any significant biological activity.

During the past few years several aza-analogs of
physiologically active indole compounds have been
reported (2). Two noteworthy indole derivatives
similar in structure to the naturally occurring vaso-
constrictor serotonin are the toad poison and pressor
agent bufotenine, and the hallucinogen psilocine.
The benzimidazole derivatives described herein
represent aza-analogs of these biologically active
indole compounds.

By modifications of the synthetic methods de-
scribed by Simonov (3) and by King, et al. (4), it
was possible to prepare all of the 5 (and 6)-methoxy-
benzimidazole derivatives from 4-methoxy-2-nitro-
aniline (I). These reactions are summarized in
Figure I. In order to prepare the 6-methoxybenz-
imidazoles from I it was necessary to protect the
amino group of I by acylation with formic acid or
acetic anhydride to give Ila and IIb, respectively.
Then reduction of the nitro group by chemical or
catalytic methods gave the mono-acylated diamines
IIla and IIlb, respectively. Alkylation with several
N-B-chloroethyldialkylamines at 110° took place on
the primary amino groups of Illa and IIlb, re-
spectively, to give the intermediates shown by
general formula IV. Usually intermediates IV were
not isolated. After completing the alkylation step,
the solvents were removed by distillation and the
residue was heated at about 135° to effect cyclization
to benzimidazoles V and VI. To establish the
structure of IV as a general intermediate in this
series, diamine IIIb was alkylated with N-B-chloro-
ethylpiperidine to give a 51% yield of 2-acetamido-
5-methoxy-N-(2-piperidinoethyl)aniline (IV, R = CHjg,
R' = piperidino) which showed the correct analysis.
A sample was then heated under reflux in xylene
solution to give benzimidazole VId.

The 5-methoxybenzimidazoles were prepared as
follows. The amino group of I was tosylated (5)
to give sulfonamide VII in 87% yield. Alkylation
of the sodium salt of VII in benzene with several
N-B-chloroethyldialkylamines gave intermediates VIII
in yields of 86-98%. Removal of the tosyl group
from VIII by means of cold concentrated sulfuric

acid gave the monoalkylated derivatives of I (IX)
in yields of 87-95%. The physical and analytical
data for intermediates VIII and IX are summarized
in Table I. The nitro group of compounds IX was
then hydrogenated over Raney nickel in glacial acetic
acid solution to give the diamines X. After removal
of the catalyst, the reduction mixture was heated at
120-125° to give the 2 -methylbenzimidazoles XII.
Since acetic acid proved to be a much better solvent
than formic acid for the reduction of compounds IX,
partial isolation of diamines X was necessary prior
to cyclization of X in formic acid to give the 2H-
benzimidazoles XI.

All but one (XIIa) of the benzimidazoles prepared
were isolated by distillation under reduced pressure.
These yellow viscous oils, which crystallized in
some cases after long standing, were characterized
as dipicrates or dimethiodides. All compounds were
converted to dihydrochlorides for biological evalu-
ation.

An examination of the infrared absorption spectra
of the benzimidazole free bases in carbon tetra-
chloride solution revealed two characteristic bands
of medium to strong intensity in the ranges of 1501-
1529 and 1634-1652 cm~!. These bands were at-
tributed to the C=N absorption of the benzimidazole
ring. Similar bands were observed in the spectra
of the model compounds, 1-methyl- and 1,2-dimethyl-
benzimidazole, and were reported by Hunger, et al.,
(8) to be in the spectrum of 1-(2-diethylaminoethyl)~-
2-benzylbenzimidazole. A single broad band was
observed at 287-290 my in the ultraviolet absorption
spectra of the benzimidazole dihydrochlorides in 0.01
N hydrochloric acid solution. A similar single broad
band at 228 my was observed in the spectrum of
the model compound, 5 (or 6)-methoxybenzimidazole
hydrochloride (7). The physical and analytical data
for all benzimidazoles are summarized in Table II.

Selected benzimidazoles from Table II were tested
at Parke, Davis and Company for general antimicro-
bial and pharmacological activities. The compoundgi
failed to show hypotensive activity. Tests for anti-
bacterial activity iz vifro against both gram-positive
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and gram - negative organisms, schistosomiasis
activity in mice, atherosclerosis activity in rats,
antimalarial activity, anthelmintic activity in mice
against several helminths, and antiviral activity
using the measles plaque test were negative. No
anti-inflammatory, diuretic or hypoglycemic activity
was observed. All compounds were tested by the
Southern Research Institute for antitumor activity
against L-1210, CA-755 and S-180 and were found
to be inactive.
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EXPERIMENTAL

All microanalyses were performed by Micro-Tech Laboratories,
Skokie, Illinois. All melting points were taken in open capillaries
using an oil bath and are uncorrected. The infrared spectra were
obtained on a Perkin-Elmer Model 21 spectrophotometer, and the
ultraviolet spectra were obtained using a Beckman DU spectrophoto-
meter,

4-Methoxy-2-nitroformanilide (Ila).

This compound was prepared in 80% yield by refluxing 4-methoxy-
2-nitroaniline (I, Eastman) in anhydrous formic acid for 24 hours.
Recrystallization from 70% aqueous ethanol (charcoal) gave Ila as
golden yellow platelets melting at 149-150° {lit. (8) m.p. 150-151°).
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4-Methoxy-2-nitroacetanilide (IIb).

This compound was prepared in 67% yield from I and acetic an-
hydride at reflux temperature for a few hours. Recrystallization from
95% ethanol (charcoal) gave IIb as yellow needles melting at 115-116°
it. (9 m.p. 3116.5-117°].

2-Amino-4-methoxyformanilide (OIa).

To a vigorously stirred mixture of 110 g. of 40-mesh iron filings,
15 g. of sodium chloride and 300 ml. of water at 90° was added 36
g. (0.18 mole) of IIa in small portions during 0.5 hour. The mixture
was stirred for an additional 2 hours at 90°, filtered hot by suction,
and the residue washed with 150 ml. of boiling water. The combined
filtrates were chilled and filtered to yield 18.2 g. (60%) of Illa. Two
recrystallizations of a sample from water (charcoal) gave Illa as
colorless needles melting at 139.5-140. 5°.

Anal. Calcd, for CgH N,Op: C, 57.82; H, 6.06; N, 16,86, Found:
C, 57.81; H, 6.20; N, 16.61,

2-Amino-4-methoxyacetanilide (IlIb),

A similar procedure was followed to prepare MIb in 69.5% yield,
m.p. 148-149,5° [lit. (3) m.p. 150-150.5°].

The five dialkylaminoethyl chloride hydrochlorides used in this
project were prepared according to procedures in the literature (10).

2-Acetamido-5-methoxy-N-(B-piperidinoethyl)aniline (IV).

A solution of 20,2 g. (0.11 mole) of N-p-chloroethylpiperidine hydro-
chloride in 50 ml. of 4 N sodium hydroxide solution was extracted
with four 50-ml. portions of ether, The extracts were dried (sodium
sulfate) and the ether was evaporated. To the residue was added 18.0
g. (0.10 mole) of IIIb and 5 ml. of absolute ethanol. The mixture
was refluxed in an oil bath at 110-112° for 40 hours with vigorous
stirring. The cooled mixture was dissolved in 60 ml. of water and
extracted with ether to remove unreacted alkylating agent. The aqueous
layer was added to 150 g. of 50% sodium hydroxide solution and the
product was isolated by extraction with 400 ml. of benzene in several
portions. The extracts were washed with water and dried (sodium
sulfate). Evaporation of the solvent left 14.0 g. (51%) of crude product
melting at 117-118°. Three recrystallizations of a sample from 50%
aqueous ethanol (charcoal) raised the melting point to 125-125,5°,

Anal, Caled. for CygHpgN3Op: C, 65.95; H, 8.65; N, 14.42. Found:
C, 65.78; H, 8.74; N, 14.28.

A solution of 1.4 g. of this compound in 50 ml. of xylene was re-
fluxed for 7 days. The xylene was evaporated in vacwo and the
residue was heated on a steam bath with 15 ml. of methyl iodide
until the excess methyl iodide had evaporated. The solid residue
was recrystallized from absolute ethanol (charcoal) to give colorless
needles decomposing at 247-249°, This compound was shown to be
identical, by melting point and mixture melting point, with the di-
methiodide of benzimidazole (VId) prepared by the following general
method.

General Method for Preparing 6-Methoxybenzimidazoles (V) and (VI).

A solution of 0.24 mole of Ila or IIb in 250 ml. of warm dioxane
was hydrogenated in a Parr apparatus over Raney nickel catalyst at
an initial hydrogen pressure of 50-55 p.s.i. and at 25°. Meanwhile,
5.5 g. (0.24 g. atom) of metallic sodium was dissolved in 150 ml.
of absolute ethanol. To this solution was added 0.24 mole of an N-
B-chloroethyldialkylamine hydrochloride. The sodium chloride which
formed was removed by suction filtration and washed with 20 ml. of
ethanol. The ethanolic filtrate of the alkylating agent was added to
the dioxane suspension of IIla or IIlb. The resulting mixture was
concentrated by distillation to a volume of about 250 ml. This
mixture was then refluxed with stirring in an oil bath at 105-110°
for 10 hours. While the temperature of the oil bath was being raised
to 135-140°, all but about 50 ml. of the solvent was removed by
distillation. Refluxing with stirring was then continued at 135-140°
for 8 hours. The hot reaction mixture was dissolved partially in
250 ml. of warm water and then cooled. After removal of the Raney
nickel catalyst by filtration, the filtrate was extracted with two 100-
ml. portions of ether to remove unreacted alkylating agent. The
aqueous solution was then made distinctly alkaline with 10 N potassium
hydroxide solution and extracted with 450 ml. of benzene in several
portions. The extracts were dried (sodium sulfate) and the benzene
evaporated iz vacwo. Distillation of the residue under reduced pres-
sure gave the benzimidazoles as yellow viscous oils.

A cold solution of 0.1 mole of each benzimidazole in 700 ml. of
anhydrous ether was saturated with dry hydrogen chloride. The salt
was filtered rapidly by suction and was immediately dissolved in about
500 ml. of boiling absolute ethanol or absolute 2-propanol. Dilution
of the alcoholic solution with anhydrous ether until turbid, followed™
by chilling, gave the dihydrochloride as short needles.
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The dipicrates of benzimidazoles (V) were prepared in hot absolute
cthanol and were recrystallized from glacial acetic acid or 70% aqueous
acetone,

The dimethiodides of benzimidazoles (VIb-e) were prepared as de-
scribed previously.

3-Nitro-4-p-toluenesulfonamidoanisole (VII).

This compound, m.p. 100-103°, was prepared in 87.5% yield from
I [lit. (5) m.p. 102-103°).

General Procedure for Preparing 3-Nitro-4-p-toluenesulfon(B-dialkyl-
aminoethyl)amidoanisoles (VIII).

To a solution of 100 g. (0.31 mole) of VII in 2 1. of warm dry
benzene was added 7.2 g. (0.31 g. atom) of freshly prepared sodium
sand. The mixture was refluxed with stirring for 2 hours to com-
plete salt formation. Meanwhile, 0.4 mole of N-B-chloroethyldialkyl-
amine hydrochloride was dissolved in 300 ml. of 10% aqueous sodium
hydroxide solution. The free base of the alkylating agent was extracted
with benzene and the extracts dried (sodium sulfate). After adding
the amine solution to the above benzene salt suspension, the mixture
was refluxed with stirring for 48 hours. The chilled mixture was
filtered to remove sodium chloride, and the filtrate evaporated in
vacuo on a steam bath. To the residue was added 400 ml. of 2 N
sodium hydroxide solution. Extraction of this solution with ether
until the extracts were colorless followed by drying (sodium sulfate)
of the extracts, and evaporation of the ether gave the crude product.
Recrystallization from aqueous ethanol (charcoal) gave compounds VIII
as yellow needles.

The dipicrates were prepared in hot absolute ethanol and recrystal-
lized from aqueous ethanol (charcoal).

General Procedure for Preparing 4-g-Dialkylaminoethylamino-3-nitro-
anigoles (IX).

To 250 ml. of 90% aqueous sulfuric acid chilled to 0-5° was added
in small portions, as it dissolved, 0.26 mole of the respective inter-
mediate VIII, The mixture was allowed to stand overnight at 0-5°
and then was heated on a steam bath for 30 minutes to complete the
hydrolysis. The mixture was poured over 500 g. of ice and the re-
sulting solution made basic by the cautious addition of cold concentrated
aqueous ammonia. The product was obtained by extracting the solution
with ether in several portions until the extracts were colorless. The
extracts were dried (sodium sulfate) and the ether evaporated to give
the product as a bright red oil which crystallized in some cases. The
solid products were recrystallized from aqueous ethanol (charcoal).

The picrates were formed in hot absolute ethanol and were recrystal-
lized from galcial acetic acid (charcoal).

General Procedure for Preparing 1-(8-Dialkylaminoethyl)-5-methoxy-
2-methylbenzimidazoles (XII).

A solution of 0.15 mole of the respective intermediate IX in 200
ml, of glacial acetic acid was hydrogenated over Raney nickel at 25°
and at an initial hydrogen pressure of 50 p.s.i. After removal of
the catalyst by filtration, the green filtrate was refluxed with stirring
in an oil bath at 125-130° for 17 hours. The cooled mixture was
diluted with 100 ml. of water, made distinctly alkaline with 4 N sodium
hydroxide solution, and extracted with 900 ml. of benzene in several
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portions. After drying the extracts (sodium hydroxide), the benzene
was evaporated in vacuo on a steam bath. Products Xllb-e were
distilled under reduced pressure. Product Xlla, a solid, was mixed
intimately with charcoal and subjected to an extraction with hexane
in a Soxhlet apparatus. Evaporation of the hexane gave XIla as pale
yellow needles.

General Procedure for Preparing 1-(8-Dialkylaminoethyl)-5-methoxy-
benzimidazoles (XI).

The respective intermediates (IX) (0.15 mole) were hydrogenated
as described in the preceding preparation. The catalyst was removed
by filtration. The chilled filtrate was diluted with 250 ml. of water,
made alkaline with concentrated aqueous ammonia, and extracted with
400 ml. of ether in several portions, The extracts were dried briefly
(Drierite), and the ether evaporated leaving a red syrupy residue (X)
which was taken up in 150 ml. of 90% formic acid. The resulting
solution was refluxed with stirring in an oil bath at 120-125° for 11
hours. The products (XI) were isolated as described in the previous
preparation.

The dipicrates and dihydrochlorides of compounds XI and XII were
prepared as described under compounds V and VL

Acknowledgment.

The authors are indebted to A. C. Bartlet, L. T. Blouin, G. M.
Chen, C. R. Ensor, M. W. Fisher, D. A. McGinty, F. Miller, G.
Rodney, P. E. Thompson and C. V. Winder at Parke, Davis and
Company and to F. D. Schabel at the Southern Research Institute for
testing the compounds.

REFERENCES

(1) This paper was abstracted from the doctoral thesis submitted
to Michigan State University in 1960 by H.A.B. (Parke, Davis and
Company Fellow, 1958-1959). Present address: The Norwich
Pharmacal Company, Norwhich, N. Y.

(2) For a recent summary of the literature see: R. Foster and
P. Hanson, Rec. Trav. Chim., 82, 583 (1963).

(3) A. M. Simonov, J. Gen. Chem. (U.S.S.R.), 10, 1588 (1940),

(4) F. E. King, R. J. S. Beer, and S. G. Waley, J. Chem. Soc.,
92 (1946).

(5) H. J. Barber, F. W. Major, and W. R. Wragg, ?bid., 613
(1946).

(6) A. Hunger, J. Kebrle, A. Rossi, and K. Hoffmann, Helv.
Chem, Acta, 43, 801 (1960).

(7) E. Ochiai and M. Katada, J. Pharm. Soc. Japan, 60, 543
(1940).

(8) L L. Knunyants and Z. V. Benevelenskaya, J. Gen. Chem.
(U.S.8.R.), 7, 2471 (1937).

(9 P. E. Fanta and D. S. Tarbell, '"Organic Synthesis,' Coll.
Vol. III, 661 (1955).

(10) C. H. Tilford, R. S. Shelton, and M. G. Van Campen, Jr,,
J. Am. Chem. Soc., 70, 4001 (1948); G. A. C. Gough and H. King,
J. Chem. Soc., 2437 (1928).

Received April 2, 1966 East Lansing, Michigan 13815



