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Benzimidazolediones. 1,4-Addition Reactions of 4,7-Benzimidazoledione (1)

Louis C. March and Madeleine M. Joullie

Department of Chemistry, University of Pennsylvania

A number of 1,4-addition reactions of 4,7-benzimidazoledione with hydrogen halides, thiols

and amines are described.

Thio-substituted |,4-naphthoquinones are thought to
possess enzyme-inhibiting activity (2) and 2-methylthio-
| 4-naphthoquinone has been shown to possess antifungal
properties (3). Certain 6-amino-5,8-quinolinequinones
have been synthesized for the evaluation of their amebi-
cidal activities (4) and some quinolinequinones containing
halo and amino groups are reported to possess fungistatic
activity (5). It was therefore thought that the addition of
nucleophiles to the 4.7-benzimidazoledione system (0)
might result in the formation of useful antimetabolites.

The reaction of concentrated aqueous hydrochloric acid
with 4,7-benzimidazoledione gave 5-chloro-4.,7-benzimida-
zolediol hydrochloride monohydrate (XXXV). The reac-
tion with 48% aqueous hydrobromic acid was completely
analogous and gave the corresponding bromo derivative
(XXXVI). The reaction with 47% aqueous hydriodic acid
did not result in 1,4-addition to the quinone but instead
resulted in reduction to 4,7-benzimidazolediol hydroiodide.
The 5-halo-4,7-benzimidazolediol hydrohalide monohy-
hydrates were oxidized to the corresponding 5-halo-4,7-
benzimidazolediones (XI, XII) in aqueous ferric chloride
solution.

The reaction of 4,7-benzimidazoledione with an excess
of various thiols resulted in the formation of disubstituted
quinones or hydroquinones exclusively. All reactions were
carried out in methanol or, in one case, methanol-water
solution and in the presence of air. The reactions of
ethanethiol, 1-propanethiol, 1-butanethiol, 1-pentanethiol,
I-hexanethiol, and a-toluenethiol resulted in the isolation
of disubstituted quinones only. However, the reactions
with benzenethiol, p-toluenethiol, and 2-mercaptoethanol
in each case formed air sensitive disubstituted hydro-
quinones which were stable as their hydrochloride salts.
With the exception of 5,6-bis(p-tolylthio)-4,7-benzimida-
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zolediol, the disubstituted hydroquinones were oxidized
to the corresponding disubstituted quinones with silver
oxide in methanol solution.

A sulfur mustard was prepared by the reaction of 5,0-
bis[(2-hydroxyethyl) thio ]-4,7-benzimidazolediol hydro-
chloride (XXXII) in refluxing thionyl chloride. Appar-
ently, in addition to chlorination of the aliphatic hydroxyl
groups, air oxidation occurred to give 5,6-bis[(2-chloro-
ethyl)thio ]-4,7-benzimidazoledione (1X). This compound
showed some degree of antitumor activity against the
Walker carcinosarcoma 256 (7).

The reactions of 5-chloro-4,7-benzimidazoledione (XI)
with excess ethanethiol, a-toluenethiol and 1-propanethiol
were carried out in methanol solution. Ethanethiol and
a-toluenethiol yielded the disubstituted hydroquinone
hydrochlorides as the major products and the disubstituted
quinones as the minor products. In the reaction of 5-
chloro-4,7-benzimidazoledione with l-propanethiol, the
disubstituted quinone was the only product which could
be isolated. The dithio-substituted hydroquinone hydro-
chlorides were oxidized to the corresponding quinones
with silver oxide in methanol solution. The structures of
the various dithio-substituted benzimidazolediones and
benzimidazolediols were established by infrared, ultra-
violet, and, in some cases, n.m.r. spectroscopy.

The reaction of 4,7-benzimidazoledione with excess
1,2-ethanedithiol in methanol solution resulted in the for-
mation of 4a,6,7,8a-tetrahydro-1H-p-dithiino[ 2,3-f |benz-
imidazole-4,9-dione (X). The infrared spectrum of this
compound exhibited carbonyl frequencies at 1684 and
1674 ecm™'. The nmr spectrum of X was obtained in deu-
terated dimethylsulfoxide solution. A singlet with an inte-
grated area of one was observed at § 8.25 and was due to
the proton at the 2-position. A singlet with an integrated



area of two was observed at § 3.00 and was assigned to the
protons in the 4a- and the 8a-positions. A singlet with an
integrated area of four at § 3.42 was due to the methylene
protons.  The mass spectrum exhibited an ion for the
molecular weight of the compound at m/e 240.

The reaction of 4,7-benzimidazoledione with an excess
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of various primary and secondary amines in methanol
solution in the presence of air resulted in the formation of
5-amino-substituted-4,7-benzimidazolediones (X1I1-XXV).
No substituted or unsubstituted hydroquinones were iso-
lated possibly because these compounds are very air

sensitive. The reactions of 5-chloro-4.7-benzimidazoledione
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TABLE V

Ultraviolet Spectra of Thio-, Amino-, and
Halo-substituted, 4,7-Benzimidazolediones

Compound Amax (CH30H) mu (log ¢)

No.
! 213 (4.25), 245 (sh), 335 (3.90)
1i 213 (4.24), 238(sh), 335(3.87)
[ 213 (4.27), 241 (sh), 336 (3.90)
v 213 (4.26), 239 (sh), 335(3.90)
\ 213 (4.26), 240 (sh), 337(3.89)
Vi 252 (sh),  335(3.86)
Vil 204 (4.55), 240 (sh), 343(3.75)
VIl 212 (4.23), 275 (3.85), 325(3.59)
X 220 (4.23), 333(3.90)
X 211 (4.16), 230 (sh), 272(3.83)
X1 214 (4.25), 272(4.19)
X1l 214 (4.30), 283 (4.16)
Xill 202 (4.34), 251 (4.26), 321 (3.93)
Xiv 211 (3.70), 245 (4.08), 290 (3.80), 321(3.70)
XV 211 (4.10), 245 (4.11), 282(sh), 322(3.79)
XVI 204 (4.35), 243 (sh), 263(4.29), 322(3.93)
XVl 208 (4.24), 240 (sh), 265(4.29), 322(3.87)
XVl 244 (4.33), 282 (sh),  320(3.98)
XIX 207 (4.37), 246 (4.35), 295 (4.10)
XX 212 (4.40), 248 (4.22), 272(4.12), 297 (sh)
XXI1 229 (4.26), 246 (sh), 294(4.08), 316 (sh)
XX 209 (4.16), 238 (4.21), 309 (4.08)
XX 209 (4.06), 248 (4.08), 322(3.92)
XXy 232 (4.06), 323(3.93)
XXV 211 (4.18), 238 (4.24), 310 (4.14)
XXVI 207 (4.25), 255 (4.29), 288 (3.98), 320 (sh)
XXVII 206 (4.35), 255 (4.31), 294 (4.02)
XXV 206 (4.37), 255 (4.30), 293(4.01)
XXIX 251 (4.32), 295 (4.05)

with an excess of aniline, m-toluidine and p-toluidine in
methanol solution and in the presence of air resulted in
the isolation of 5-anilino-6-chloro-, 6-chloro-5-m-toluidino-,
and ()—chlor()-S-p-t()luidin()»4,7—bﬁnzimiduzoledionc, respec-
tively (XXVI-XXVIT).  The reaction of 5-bromo-4.7-
benzimidazoledione with aniline under similar conditions
afforded 5-anilino-6-bromo-4.7-benzimidazoledione (XX1X).

EXPERIMENTAL (8)

The yields, melting points, and analytical data for the com-
pounds prepared are shown in TablesI to V.

5-Chloro-4,7-benzimidazolediol Hydrochloride Monohydrate
(XXXV),

4,7 Benzimidazoledione (2.94 g., 0.0199 mole) was placed in
295 ml. of concentrated hydrochloric acid. The mixture was
refluxed on a steam bath with vigorous stirring until the solid was

Benzimidazolediones. 1 4-Addition Reactions of 4,7-Benzimidazoledione 255

dissolved. The solution stood overnight and the white solid which
separated was collected by filtration. Compound XXXV was
recrystallized from methanol-diethyl ether using activated carbon.
Compound XXXVI was prepared by the same method using 48%
hydrobromic acid instead of concentrated hydrochloric acid.

5-Chloro-4,7-benzimidazoledione (XI).

5-Chloro-4,7-benzimidazolediol hydrochloride monohydrate
(1.72 g., 0.0072 mole) was dissolved in 10 ml. of water. This solu-
tion was added to a solution of ferric chloride hexahydrate (5.85
g., 0.0216 mole) in 20 ml. of water with stirring. The yellow solid
which formed was collected, washed with diethyl ether and dried.
Analytical samples were recrystallized from acetone. Compound
XII was prepared in an analogous manner.
5,6-Bis( ethyithio)-4,7-benzimidazoledione (1).

This procedure is typical for the preparation of compounds
I-VI. 4,7-Benzimidazoledione (0.75 g., 0.00507 mole) was sus-
pended in 500 ml. of methanol (620 ml. of methanol and 50 ml.
of water were used to prepare compound VI). Ethanethiol (4.0
ml., 0.0542 mole) was added and the mixture was stirred for 19
hours. The solution was concentrated to a small volume on a
steam bath using a rotary evaporator and reduced pressure. The
dark red solid which separated was collected by filtration. Analy-
tical samples were recrystallized from methanol.

Reaction of 5-Chloro-4,7-benzimidazoledione (XI) with &-Toluene-
thiol. The Formation of 5,6-Bis(benzylthio)-4,7-benzimidazolediol
Hydrochloride (XXXIV) and 5,6-Bis(benzylthio)-4,7-benzimida-
soledione (V1).

5-Chloro-4.7-benzimidazoledione (0.75 g., 0.00411 mole) was
dissolved in 250 ml. of methanol. a-Toluenethiol (5.0 ml., 0.0426
mole) was added and the solution was stirred for 35 minutes after
which it stood overnight. The red precipitate which formed was
collected by filtration and recrystallized from methanol. The yield
of VI was 0.054 g. (3.4%). After the dione was removed by filtra-
tion, the filtrate was evaporated to a small volume on a steam bath
using a rotary evaporator and reduced pressure. Excess diethyl
ether was added 1o the cooled solution and the white solid (XXXIV)
which formed was collected by filtration. The reaction of ethane-
thiol with 5-chloro-4,7-benzimidazoledione followed the same
course and the formation of compounds I and XXXIIl was
observed.

5,6-Bis[(2-hydroxyethyl)thio]-4,7-benzimidazoledione (VIII).

4,7-Benzimidazoledione (2.25 g., 0.0152 mole) was suspended
in 500 ml. of methanol. 2-Mercaptoethanol (5.0 ml., 0.0715 mole)
was added and the mixture was stirred for 15.5 hours. The solu-
tion was concentrated to a small volume on a steam bath using a
rotary evaporator and reduced pressure. Excess diethyl ether was
added and the crude white solid which separated was coilected by
filtration. This compound was air sensitive and was assumed to be
5,6-bis[(2-hydroxyethyl)thio]-4,7-benzimidazolediol. ~ The yield
was 3.71 g. (81%). The compound was oxidized without further
purification by placing 1.15 g. (0.00381 mole) in 500 ml. of
methanol. Silver oxide (3.0 g., 0.0129 mole) was added and the
mixture was heated to reflux for ten minutes. The silver oxide was
removed by filtration and the filtrate was concentrated to a small
volume on a steam bath using a rotary evaporator and reduced
pressure. 'The red-purple solid was collected from the cooled
solution by filtration and recrystallized from methanol. A similar
procedure was used in the preparation of VII.

5,0-Bis(2-hydroxyethyl)thio-4,7-benzimidazolediol Hydrochloride
(XXXII).
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A similar procedure was used in the preparation of XXX and
XXXI. The white air sensitive compound which was assumed to be
5,6-bis(2-hydroxyethyl)thio-4,7-benzimidazolediol (3.71 g., 0.0123
mole) was dissolved in 200 ml. of methanol. Concentrated aqueous
hydrochloric acid (10 ml.) was added and after treatment with
activated carbon, the solution was concentrated on a steam bath
using a rotary evaporator and reduced pressure until a light colored
solid separated. Excess diethyl ether was added to the cooled solu-
tion and the solid was collected by filtration. This compound was
recrystallized from methanol-diethyl ether,

5,6-Bis[(2-chloroethyl)thio]-4,7-benzimidazoledione (IX).

5,6-Bis[(2-hydroxyethyl)thio]-4.7-benzimidazolediol hydro-
chloride (1.50 g., 0.00444 mole) was placed in 75 ml. of thionyl
chloride. The mixture was refluxed for 30 minutes and turned red.
The solution stood for one day and the dark purple-red solid which
formed was collected by filtration. The crude 5,6-bis[(2-chloro-
ethyl)thio] -4,7-benzimidazoledione was recrystallized from acetone
to give an orange-red compound.

4a,6,7 8a-Tetrahydro-1H-p- dithiino[2,3-f]benzimidazole-4,9-dione
(X).

4,7-Benzimidazoledione (1.50 g., 0.0101 mole) was suspended
in 500 ml. of methanol. 1,2-Ethanedithiol (4.0 ml., 0.0476 mole)
was added and the mixture was stirred for 15 minutes and allowed
to stand overnight. Colorless crystals formed along with an amor-
phous grey solid. The mixed solids were refluxed in 200 ml. of
methanol until the crystalline solid was dissolved. The grey solid
was removed by filtration and was not identified. The filtrate was
concentrated to approximately 15 ml. on a steam bath using a
rotary evaporator and reduced pressure. The pink solution was
cooled and the white crystals which formed were collected by fil-
tration.  After removal of the above solids from the reaction
mixture, addition of diethyl ether to the filtrate yielded additional
product which was recrystallized from methanol. The compound
turned pink in methanol solution which may indicate tautomeriza-
tion to the hydroquinone followed by air oxidation to the quinone.

5-Anilino-4,7-benzimidazoledione (XIII).

A similar procedure was used for the preparation of compounds
(XIV-XXV). 4,7.Benzimidazoledione (1.66 g., 0.112 mole) was
suspended in 750 ml. of methanol and 5.0 ml. (0.0549 mole) of
aniline was added. The mixture was refluxed for 45 minutes. The
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hot purple-red solution was filtered to remove any solid impurities
and concentrated to approximately 50 ml. on a steam bath using a
rotary evaporator and reduced pressure. The crystalline brown-red
solid which formed in the cooled solution was collected by filtra-
tion and recrystallized from methanol.

5-Anilino-6-4,7-benzimidazoledione (XXVI).

5-Chloro-4,7-benzimidazoledione (0.85 g., 0.00466 mole) was
dissolved in 300 ml. of methanol. Aniline (1.0 ml., 0.011 mole)
was added and the solution was stirred for 4 hours at room temper-
ature. After standing overnight, the purple solid which separated
was collected by filtration and the filtrate was concentrated to a
small volume on a steam bath using a rotary evaporator and reduced
pressure, The additional product which formed was collected and
the combined solids were recrystallized from methanol. A similar
procedure was used to prepare compounds XXVII-XXIX.
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