INVESTIGATIONS IN THE IMIDAZOLE SERIES
LIX.* REACTIONS OF 2-CHLORONAPHTH([1,2-d]IMIDAZOLE
WITH o-HALOKETONES, 3-HALOALCOHOLS, OLEFIN OXIDES,
1,2-DIHALOALKANE S, AND HALOACETIC ACID ESTERS

M. V, Povstyanoi and P, M, Kochergin UDC 547.785.5

2-Chloro-3-acylalkyl(g-hydroxyalkyl-, s-haloalkyl-, carbethoxymethyl-, carboxymethyl)-
naphth[1,2-d]imidazoles were synthesized by the reaction of 2-chloronaphth[1,2-d]imidazole
with o-haloketones, g-haloalcohols, olefin oxides, 1,2-dihaloalkanes, and haloacetic acid
esters. The structures of the indicated compounds were established by conversion to the "
corresponding 3-alkylnaphth[1,2-d]imidazol-2-ones.

In a continuation of our studies [2, 3], we have investigated the reaction of 2-chloronaphth[1,2-d]-
imidazole (I) {4] with a-haloketones, f-haloalcohols, olefin oxides, 1,2-dihaloalkanes, and haloacetic acid
esters. The reaction proceeds readily in alcohol, aqueous alcohol, or aqueous dimethylformamide in the
presence of sodium alkoxides or alkali hydroxides and leads to the formation of the corresponding 3~sub-
stituted compounds I (II, IV-XIV, XVI, XVII, XIX).

A similar course for the reaction, which leads to the predominant formation of 2—chloro—3—alkyl—
naphth[1,2-d]imidazoles, was previously observed in the alkylation of I with alkyl halides and diazomethanes
[4] and also, as we observed, by the reaction of I with halogen iodide in alcoholic sodium ethoxide, as a
result of which XXTI and XXII were obtained. 1,2-Bis(2-chloro-3-naphthimidazolyl)ethane (XV), whose
structure was proved by alternative synthesis from I and XVI, was isolated instead of XVI on heating I with
1,2-dibromoethane in alcohol in the pr:esence of sodium ethoxide.

The purity of the compounds obtained was confirmed by thin-layer-chromatographic data, and their
structures were proved by the IR spectra (by the presence of the absorption bands of CO or OH groups),
by the PMR spectra (XII and XIII), and by a number of conversions to 3-alkyl(hydroxyalkyl)naphth{1,2-d]-
imidazol-2-ones (XXXV-XXXVIII) of known structure or by alternative syntheses, Thus the alkaline hy-
drolysis of XXI, XI, XVI, and XXII gave XXXV [4] and the previously unknown XXXVI-XXXVIII, which
proved to be identical to the corresponding compounds synthesized from 1-amino-2-~alkyl(hydroxyalkyl)-
aminonaphthalenes (XXX-XXXII) and urea via the method in [4]. Heating of XXXVII and XXXVIII with
POCI; yielded 2~chloro-3-(8-chloroethyl)naphth(1,2-d]imidazole (XVI), which was identical to the product
of the reaction of I with 1,2-dichloroethane and XI with SOCl4 or POCl;, Treatment of XI with PBrsyielded
2-chloro-3-(8-bromoethyl)naphth[1,2~d]imidazole (XVII), which was identical to the product of the reaction
of [ with 1,2~-dibromoethane.

The structures of Il and IV-X were proved in the case of 2-chloro-3-acetonylnaphth{1,2-d]imidazole
(I). Simultaneous hydrolysis of the chlorine atom to form XXXVI occurred on cleavage of its hydrazone
(II1) via the Wolff—Kishner reduction. '

*See {1] for communication LVIII,
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The structure of 2-chloro-3-carbethoxymethylnaphth{1,2-d}imidazole (XIX) was established by re-
duction of it with LiAlH, to 2-chloro-3-( g~hydroxyethyl)naphth{1,2-d}imidazole (XI) and also by hydrolysis
to 3-carboxymethylnaphth[l,2-d}imidazol-2-one (XXXIV) and subsequent decarboxylation of XXXIV to 3-
methylnaphth{1,2-d]imidazol ~2-one (XXXV) (Table 1).
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EXPERIMENTAL

2-Chloro~3-acylalkylnaphth{1,2-d}imidazoles (II, IV-X), A 0.05-mole sample of [ and 0,06 mole of
a-haloketone were added successively to a sclution of 0.05 mole of sodium ethoxide in 50-100 ml of ab-
solute ethanol. (Both chloroacetone and bromoacetone were used to obtain Il in all of the other cases, the
corresponding bromo ketones were used.) The mixture was refluxed for 3-5 h (until a neutral or slightly
acidic medium formed) and cooled. The precipitate was removed by filtration and washed with aqueous
alcohol. The mother liquor were evaporated in vacuo to a small volume to isolate an additional amount of
substance. Compounds V-IX were also obtained by heating I with bromo ketone in 50% ethanol or 70-80%
aqueous dimethylformamide in the presence of an equivalent amount of NaOH or KOH, ‘

2-Chloro-3-acetonylnaphth{1,2-d]imidazole Hydrazone (III). A total of 0.1 mole of 85% hydrazine
hydrate was added to a solution of 0.01 mole of II in 10 ml of ethanol, and the mixture was allowed to stand
at 20-25° for 48 h, The precipitate was removed by filtration and washed with aqueous ethanol.

2-Chloro-3~(8-hydroxyalkyl)naphth[1,2-d] imidazoles (XI-XIV). A) A 0.05-mole sample of | and 0.06
mole of ethylenechloro(bromo)hydrin, styrene chlorohydrin, or p-nitrostyrene chlorohydrin were added
successively to a solution of 0.05-mole of sodium ethoxide in 80-100 ml of absolute ethanol. Themixturewas
refluxed for 8-12 h (until a weakly acidic medium formed) and was worked up as described in the prepa-
ration of II. The yield of XI, XIII, and XIV were 85-92, 80, and 84%, respectively. ‘

B) A total of 0.02-0.03 g of NaOH or KOH and 0.02 mole of styrene oxide, p-nitrostyrene oxide, or
0.03 mole of propylene oxide were added to a solution of 0.01 mole of I in 30~-40 ml of ethanol. The mixture
was refluxed for 3-5 h and cooled. The precipitate of XIII or XIV was removed by filtration and washed
with water. Compound XII was isolated by evaporation of the solvent in vacuo to a small volume. The
yields of XII, XIII, and XIV and XIV were 68, 62, and 71%, respectively. Compound XI was similarly ob~
tained in 89% yield with the difference that the reaction of I with ethylene oxide (0.8 mole) was carried out
in 15 ml of 1 N NaOH at 20-25° for 5 h.

C) A suspension of 0.005 mole of XIX in 100 ml of absolute ether was added gradually to a solution
of 0.02 mole of LiAlH, in 200 ml of absolute ether. The mixture was refluxed for 20 h and allowed to stand
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at room temperature for 48 h. The excess LiAlH; was decomposed with moist ether —ethyl acetate (1: 2)
and filtered. The residue that remained after removal of the solvent by distillation was crystallized from
aqueous ethanol to give 22% of XII, ’

The addition of samples of XI, XIII, and XIV to the corresponding compounds obtained by method A
did not depress their melting points.

1,2-Bis(2-chloronaphth{1,2-d]imidazol-3-yl)ethane (XV). A) A 0.02-mole sample of [ and 0.02 mole
of 1,2-dibromoethane were added successively to a solution of 0.02 mole of sodium ethoxide in 30 ml of ab-
solute ethanol. The mixture was refluxed for 3 h, and the precipitate was removed by filtration and washed
with water and methanol to give 25% of XV,

B) A solution of 0.001 mole of I, 0.001 mole of XVI, and 1 ml of 1 N NaOH in 10 m! of ethanol was
refluxed for 5 h and cooled. The precipitate was removed by filtration and washed with water to give 30%
of XV. This product did not depress the melting point of a sample of XV obtained by method A,

2~Chloro~3-{B-hal oalkyl)naphth[1,2-d]imidazoles (XVI-XVII). A) A 0,02-mole sample of I and 0.04
mole of 1,2-dichloroethane or 1,2-dibromoethane were added successively to a mixture of 0.02 mole of
NaOH, 10 ml of water, and 20 ml of dimethylformamide. The solution was refluxed for 2-3 h (until a
weakly acidic medium formed), cooled, and poured into 2 N NaOH. The precipitate was removed by fil-
tration and washed with water to give 35 and 40% of XVI and XVII, respectively.

B) A mixture of 0.01 mole of XI or XIII in 25-30 ml of SOCl, was refluxed for 3 h and cooled. The
excess SOCl, was removed by vacuum distillation, and the residue was decomposed with water. The mix-~
ture was neutralized with NH; or Na,CO3;, and the precipitate was removed by filtration to give 75 and 60%
of XVI and XVIII, respectively. Compound XVI was also obtained in 63% yield by heating 0.01 mole of XI
with 50 ml of POCI; for 5 h.

C) A 0.02-mole sample of PBr; was added gradually in the course of 5 h to a solution of 0.01 mole
of XI in 30 ml of absolute dimethylformamide, and the mixture was allowed to stand for 8 h at room tem-
perature. It was then decomposed with cold water and neutralized with Na,CO;. The precipitate was
removed by filtration and washed with water to give 53% of XVII. This product did not depress the melting
point of that obtained by method A.

D) A 0.01-mole sample of XXXVII or XXXVIII and two to three drops of concentrated HC]1 were added
successively to 15-25 ml of POCl;. The mixture was heated at 160° for 5~6 h and cooled. The excess
POCI1; was decomposed with water, and the mixture was neutralized with NH3 or Na,CO3;, The precipitate
was removed by filtration and washed with water to give 50-55% of XVI, This product did not depress the
melting point of XVI obtained by methods A and B.

2-Chloro-3-carbethoxymethylnaphth[1,2-d]jimidazole (XIX), A 0.1~-mole sample of I and 0.12 mole
of ethyl chloroacetate or bromoacetate were added successively to a solution of 0.1 mole of sodium ethoxide
in 100 ml of absolute ethanol. The mixture was refluxed for 5-6 h and cooled. The precipitate was re-
moved by filtration and washed with aqueous ethanol. The mother liquors were evaporated in vacuo to a
small volume to isolate an additional quantity of XIX,

2-Chloro-3-carboxymethylnaphth{1,2-d]imidazole (XX). A mixture of 0.01 mole of XIX and 0.01
mole of KOH in 20 ml of 80% ethanol was refluxed for 30 min, cooled, and poured into water. The mixture
was neutralized with HC] until it gave a neutral reaction, and the precipitate was removed by filtration and
washed with water.

2-Chloro-3-alkylnaphth({1,2-djimidazoles (XXI-XXIII). A) A 0.01-mole sample of I and 0.15 mole of
alkyl iodide were added successively to a solution of 0.1 mole of sodium ethoxide in 10-20 ml of absolute
ethanol. The mixture was refluxed for 10-12 h, the solvent was removed by distillation, and 50 ml of ether
was added. The precipitate of XXI or XXII was filtered and washed with water.

B) A mixture of 0.01 mole of XVI and 0.01 mole of KOH in 25 ml of absolute ethanol was refluxed for
5 h and poured into water. The precipitate of XXIII was removed by filtration and washed with water.

2-Alkyl (hydroxyalkyl)aminonaphthalenes (XXIV-XXVI), Substance XXIV was obtained in the same
way as 2-ethylaminonaphthalene [6] by heating 8-naphthylamine with propyl iodide in ethanol. At the end
of the process, 2 N H,50, was added to the reaction mass, and the precipitate of S-naphthylamine sulfate
was removed by filtration. The mother liquor was neutralized with NH; and extracted with chloroform.
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Compound XXV was synthesized from S-naphthol and monoethanolamine as described for the synthesis
of other B-alkylaminonaphthalenes [6]. Compound XX VI was obtained under the conditions used to syn-
thesize XXV with the difference that the reaction was carried out at 160-170° for 8 h. Base XXVI is an
oily yellow liquid. The hydrohalides of bases XXIV-XXV were obtained by the usual method.

1-Phenylazo-~2-alkylaminonaphthalenes (XXVIII-XXIX), These were obtained like 1-phenyl~2-amino-
naphthylenes [7] by azo coupling of XXIV-XXVI with benzenediazonium chloride.

1-Amino-2-alkylaminonaphthalenes and Dihydrochlorides (XXX-XXXIl), These were obtained like
1,2-naphthalenediamine [7] by the reduction of XXV-XXIX with zinc in dilute acetic acid,

3-Alkyl-(acylmethyl,carboxymethyl)naphth[1,2-d]imidazol-2-ones XXXIII-XXXVIIL. A) A solution
of 0.01 mole of XIX in 50 ml of concentrated HC1 was refluxed for 30 min and cooled. The precipitate of
XXXIV was removed by filtration and washed with water and acetone.

B) A 0.05-mole sample of XXXIV was decarboxylated at 270-280° in a stream of CO, for 30 min,
The melt was cooled and washed with water and alcohol to give 41% of XXXV,

C) A mixture of 0.01 mole of III, 20 ml of ethanol, and 20 ml of 20% NaOH was heated at 180° for 10
h (in an autoclave), cooled, and poured into water. The mixture was acidified to pH 8 with HCI and extracted
with chloroform to give 23% of XXXVI,

D) A Mixture of 0.01 mole of 2-chloro-3-alkylnaphth[l,2-d]imidazole (XI, XXI, XXII) and 0.04 mole
of KOH was heated at 150-165° for 20-30 min and cooled. The melt was dissolved in water, and the solution
was filtered and neutralized with HCl. The precipitate was removed by filtration and washed with water
to give 60, 70, and 57% yields of XXXV-XXXVII, respectively. Compound XXXIII was similarly obtained
with the difference that a mixture of 0.005 mole of V, 30 ml of ethanol, and 30 ml of 25% NaOH was refluxed
for 2 h.

E) A mixture of 0.02 mole of XXX-XXXII and 0.04 mole of urea was heated at 150-170° for 30 min.
The melt was cooled and washed with water and methanol. The yields of XXXV-XXXVII were 62, 68, and
70%, respectively. Samples of these products did not depress the melting points of the corresponding sam-
ples obtained by methods B-D.

Compounds TI-XXXVIlIwere colorless, pale-yellow (IIT, XIV-XXVI, XXXUM-XXXVII, bright-red
(XX VII-XXIX), or light-brown (dihydrochlorides of XXX-XXXII), crystalline substances. The compounds
were purified for analysis by crystallization from agueous ethanol (II, IV, VI, XII, XIII, XVI-XVIII, XXI-
XXIII, XXXV-XXXVIII), benzene (IIf), ethanol (V, VII, XI, XIX, XX, XXVII-XXIX), aqueous dioxane (VIII, IX,
XIV), aqueous dimethylformamide (XV), or water (XXIV-XXVI, XXX-XXXI). The IR spectra of mineral
oil suspensions of the compounds were recorded with a UR-10 spectrometer. The PMR spectra of CDCl4
X11) or dimethylformamide (XIIf) solutions were recorded with a J NM-4H-100 spectrometer with tetra-
methylsilane as the internal standard. The compounds were chromatographed on plates with a fixed layer
of silica gel in a petroleum ether—diethyl ether—acetic acid system (14:6: 1). The spots were developed
in UV light by means of the Dragendorf reagent or by iodine vapors, as described in [9].
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