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Synthesis of 1H-Naphth[2,3-d | imidazole-4,9-diones by Acid Catalyzed
Cyclization of 2-Acylamino-3-amino-1,4-naphthoquinones (1)

F. 1. Carrolland J. T. Blackwell

Chemistry and Life Sciences Laboratory, Research Triangle Institute

The conversion of 2-acylamino-3-amino-1,4-naphthoquinones (II) to the corresponding 2-
substituted [H-naphth[2,3-d Jimidazole-4,9-diones (1) under both alkaline and acid catalyzed
conditions has been effected and the results compared. Treatment of 3<(4'-chlorobutanonyl-
amino)-3-amino-1,4-naphthoquinone (lle) with aqueous ethanolic sodium hydroxide solution
gives 1 2-butanonaphth[2,3-d Jimidazole-4,9-dione (V); whereas, treatment of lle with refluxing
formic acid gave 2-(4'-chlorobutyl)-1H-naphth[2,3-d Jimidazole-4,9-dione. Treatment of 2-substi-
tuted 1H-naphth[2,3-d Jimidazole-4,5-diones in DMF with alkyl halides in the presence of potas-
sium carbonate affords the expected 1,2-disubstituted naphth[2,3-d Jimidazole-4,9-diones (V).
The spectral properties of I, 11, V and VI as well as those of some 2-acylamino-3-chloro-1,4-

naphthoquinones 1V are discussed.

LH-Naphth[2,3-d Jimidazole-4,5-diones (1) are of inter-
est as bacteriostatic agents (2). Previously, these com-
pounds have been prepared by the alkaline catalyzed
cyclization of the corresponding 2-acylamino-3-amino-1,4-
naphthoquinone (1) (2-4). In this report we describe an
acid catalyzed cyclization of II to | and compare the
results to the alkaline catalyzed reaction.

Treatment of 2-amino-3-chloro-1,4-naphthoquinone (I1I)
with an acid chloride in refluxing xylene or with an acid
anhydride containing catalytic amounts of sulfuric acid at
room temperature gave the 2-acylamino-3-chloro-1,3-naph-
thoquinones (IV) (Chart 1). The compounds prepared
along with their spectral and analytical data are listed in
Table [. The infrared spectral date of these compounds
indicate that IVa-f exist in the form IVA. The infrared
spectrum (potassium bromide) of the aroyl example IVg
showed the absence of N-H and amide I absorption and
showed absorption at 1712 cm~! attributable to C=NCOR.
This would indicate that this compound has the tauto-
meric form IVB. The fact that the UV spectrum of 1Vg
does not show an absorption at 336 my present in the
other examples and is almost colorless, whereas the deriva-
tives IVa-f are bright yellow in color, is consistent with
this assignment. When a warm dioxane or nitrobenzene
solution of IV was treated with dry ammonia the cor-
responding 2-acylamino-3-amino-1,4-naphthoquinones (1I)
listed in Table 1l were obtained (5).

2-Substituted 1H-naphth[2,3-d ]imidazole-4,9-diones (1)
have generally been prepared by refluxing the corres-
ponding 2-acylamino-3-amino-1,4-naphthoquinones (II) in
ethanol containing 2N sodium hydroxide (2-4). However,
it is reported that the cyclization of 11 to I does not take
place under acidic conditions (2,4,6). If Il was reduced to

the hydroquinone, the cyclization could be effected in
refluxing acetic acid and I could be obtained by the oxida-
tion of the hydroquinone form of the imidazole (2). We
have found that the substituted 1H-naphth[2,3-d Jimida-

zole-4,9-diones (1) are conveniently synthesized by treating
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the corresponding 2-acylamino-3-amino-1,4-naphthoqui-
none (II) with refluxing formic acid without prior reduction
of II. This procedure offers an attractive alternative to
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914 I'. 1. Carroll and J. T. Blackwell

the base catalyzed route and is of particular value when 11
contains a group sensitive to alkaline or oxidizing and
reducing agents.
pentanoylamino)-3-amino-1 4-naphthoquinone (lle) with
hot aqueous-ethanolic sodium hydroxide gave 1,2-butano-
naphth|2,3-d]imidazole-4,9-dione (V), and no 2-(4"-chloro-
butyl)- LH-naphth| 2,3d Jimidazole-4,9-dione (l¢) was ob-
tained. However, treatment of lle with refluxing formic
acid gave 39% of le. The 2-(4'-chlorobutyl)-1H-naphth-
| 2,3-d Jimidazole-4.9-dione (le) is most probably an inter-

mediate in the alkaline catalyzed conversion of lle to V.

For example, treatment of 2-(5'-chloro-

The fact that le is rapidly and nearly quantitatively con-
verted to V upon treatment with aqueous ethanolic sodium
hydroxide solution is in agreement with this suggestion.

0 O Q

NHC(CHZ )4C| N
\>’ (CH2)4C!
N
|

1,0
NaQH
EtOH
*OQ
o]

v

A comparison of the yields of | obtained from the
alkaline and acid cyclization of several 2-acylamino-3-
amino- | 4-naphthoquinones (11} is given in Table Hl. As
mentioned in the previous paragraph when R = Cl(Cll, )4,
only the acid procedure gave le. When R = Cl;, CgHyq,
pLICsH4CHy — or p-ClCgH4, the acid procedure gave
yields superior to the alkaline route. If R = CH;(CH;)4 or
CeH 11 (Cll2)3 both procedures gave respectable yields of
I. Experimentally, both procedures are quite easy Lo carry
out. In both cases minor side products are observed and
pure products are best prepared by column chromato-
graphy on aluminum oxide (7).

Treatment of 2(3'-cyclohexylpropyl)-lHnaphth[2,3-d]-
imidazole-4,9-dione (I¢) with benzyl bromide or 2-diethyl-
aminoethyl chloride in N,N-dimethylformamide in the
presence of potassium carbonate gave the 1,2-dialkyl-
naphth{2,3-d Jimidazole-4,9-diones, Vla and b, in excellent
yield. |,2-Disubstituted naphth{1,2-dJimidazole-4,9-dione
have also been prepared by cyclization of the necessary 2-
acylamino-3-alkylamino-1,4-naphthoquinone or 2-(N-alkyl-
N-acylamino)-3-amino-1 ,4-naphthoquinone (4) and by py-
rolysis of the requisite 1,2,3-trisubstituted naphth|2,3-d |-
imidazolium salt (8).

The procedure involving the
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o
N
\>—(CH2)3
i
H
[¢]
Il'
K-X
K:CO,
DMK
0
N
N—(chp)3
N
)
o R
Vie, R G e,

b, R (Colg),NCH,CH -

alkylation of | appears to be simpler and would be much
more general than the other two procedure.

'The 1 H-naphth[2,3-d]imidazole-4,9-diones prepared by
cither the acid or alkaline procedure were yellow crystal-
line compounds that were homogenous to thin layer
chromatographic analysis (9). With the exception of le,
which reacted to give V, they all formed red sodium salts
that were soluble in aqueous alcohol. The 2-alkyl-1H-
naphth[2,3-d Jimidazole-4.9-diones (1) showed no absorp-
tion in the visible region. The UV spectrum (methanol)
of 2(3'-cyclohexylpropyl)-1H-naphth[2,3-d Jimidazole-4.-
9-dione (lc) shows absorption at 247 mu (€ x 10-3 =
48.7), 273 (25.4), 277 (25.0) and 333 (2.9). In O.IN
sodium hydroxide lc is converted to the anion and shows
absorption at 263 mu (€ x 1073 = 40.5). In 0.1N hydro-
chloric acid Ic is protonated and the 246 my and 277 mu
absorption peaks observed in methanol shows a batho-
chromic and hypsochromic shift, respectively. The infra-
red spectrum (potassium bromide) of l¢ shows absorption
at 1670 ¢m~! (quinone carbonyl). The spectral data of
other |H-naphth[2,3-d Jimidazole-4,9-diones are given in
Table 1V.

The 1,2-dialk ylnaphth[2,3-d Jimidazole-4,9-diones were
yellow crystalline compounds that were more soluble in
ethanol than the 2-alkyl-1H-naphth[2,3-d Jimidazole-4.9-
diones. The UV spectrum in methanol was quite similar
to the spectra of the 2-alkyl-LH-naphth[2,3-d Jimidazole-
4 9-diones but showed no shift in 0.1V sodium hydroxide
solution. The infrared spectrum showed the absence of
NH absorption but showed a split carbonyl absorption
between 1678 and 1660 em~!.

these compounds are given in Table 1V.

The spectral date for
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Melting points were determined on a Kofler hot stage micro-
scope using a calibrated thermometer. Ultraviolet and visible
spectra were measured on a Cary Model 14 Spectrophotometer.
Nmr spectra were recorded on a Varian Model A-60, using tetra-
methylsilane as an internal standard. Infrared spectra were mea-
sured with a Perkin Elmer 221 Spectrophotometer; samples were
prepared in the form of pressed potassium bromide disks. Mass
spectra were determined on an AK1 MS-902 spectrometer. Micro-
analyses were carried out by Micro-Tech Laboratories, Skokie,
Llinois.

2-Amino-3-chloro-1.4-naphthoquinone.

This material was prepared by the procedure of Hoover and Day
(2) from 2,3-dichloro-1,4-naphthoquinone, m.p. 201-203°; Lit.
(2) 195-196°;

2-Hexanoylamino-3-chloro-1 ,4-naphthoquinone (Procedure A,
Table 1.).

This compound was prepared by a previously reported proce-
dure (2). To a solution-suspention of 2-amino-3-chloro-1,4-naphth-
oquinone (8.3 g., 40 mmoles) in 80 ml. of hexanoic anhydride was
added 8 drops of concentrated sulfuric acid. The mixture solidified
to a solid mass. Methylene chloride (90 ml.) was added to the
obtained solution. The solution was stirred at 25° for | hour. The
solution was concentrated under vacuum, and the remaining solid
taken up in hot ethanol. The cooled solution gave 10.13 g. (83%)
of 2-hexanoylamino-3-chloro-1,4-naphthoquinone, m.p. 143-144°;
resolidified and melted at 155-157°. The compound [Va listed in
Table [ was prepared by an analogous procedure.

2(4'-Cyclohexylbutanoylamino)-3-chloro-1,4-naphthoquinone
(Procedure B, Table [.)

Using a procedure similar to that reported by Hoover and Day
(2) to prepare other 2-acylamino-3-chloro-1,4-naphthoquinones a
mixture of 4.5 g. (0.2 mole) of 2-amino-3-chloro-1,4-naphtho-
quinone and 4-cyclohexylbutanonyl chloride [prepared by reflux-
ing 35.8 g. (0.2]1 mole) of 4-cyclohexanebutyric acid with 100 ml.
of thionyl chloride for 2 hours followed by concentration on a
rolary evaporator at a bath temperature of 60°] in 150 ml. of
xylene was treated with dry hydrogen chloride for 5 minutes and
then refluxed for 3 hours. The cooled product was filtered and
the resulting solid washed with hexane, dried and recrystallized
from ethanol to give 26.1 g. (35%) of 244 -cyclohexylbutanoyl-
amino)-3-chloro-1 ,4-naphthoquinone, m.p. 186-187°. The com-
pounds IVe-g listed in Table 1 were prepared by an analogous
procedure.

245'-Chloropentanoylamino)-3-amino-1 ,4-naphthoquinone
(Procedure A, Table 11).

Dry ammonia gas was passed into a warm solution (40-50°)
of 7.18 g. (20.2 mmoles) of 2{5'-chloropentanoylamino)-3-chloro-
1 ,4-naphthoquinone for 2 hours. The reaction mixture was filtered
and the filtrate concentrated by freeze-drying. The red solid
obtained was recrystallized from ethanol to give 4.25 g. (63%) of
2.(5'-pentanoylamino)-3-amino-1,4-naphthoquinone, m.p. 169-
169.5°. Compounds lla and Ile-g listed in Table I were prepared
by an analogous procedure.

2(4'Cyclohexylbutanoylamino)-3-amino-1 ,4-naphthoquinone
(Procdure B, Table 1I).

Using a procedure similar to that used by Hoover and Day (2)
to prepare other 2-acylamino-3-amino-I,4-naphthoquinone, dry

Synthesis of 1H{-Naphth]|2,3-d Jimidazole-4 9-diones 915

ammonia gas was passed into a solution of 25.6 g. (0.071 mole)
of 2(4'-cyclohexylbutanoylamino)-3-chloro-1,4-naphthoquinone in
128 ml. of nitrobenzene for | hour while the temperature was
maintained at 140-150° by means of an oil bath. The cooled
reaction mixture was dissolved in hot ethanol and filtered. On
cooling the filtrate gave 19.1 g.(81%) of 2(4'-cyclohexylbutanoyl-
amino)-3-amino-1 ,4-naphthoquinone, m.p. 150-151°. Compounds
IIb and d were prepared by an analogous procedure.

2{3'Cyclohexylpropyl)-1 H-naphth[2,3-d ]imidazole-4.9-dione
(Alkaline Catalyzed Procedure).

This compound was prepared by a procedure similar to that
used by Hoover and Day (2) to prepare other | H-naphth[2,3d]-
imidazole-4.9-diones. To a hot solution of 15.3 g. (0.043 mole)
of 2(3'-cyclohexylbutanoylamino)-3-amino-1,4-naphthoquinone in
400 ml. of ethanol was added 100 ml. of 2/V sodium hydroxide
solution, and the mixture was refluxed for 30 minutes. The hot
solution was treated with Norite and filtered through a short celite
column, The filtrate was concentrated to 1/2 its original volume
and adjusted to pH 8 with 2N sulfuric acid solution. The yellow
product that separated was filtered, washed with water and dried
under high vacuum. Recrystallization from ethanol gave 10.4 g.
(72%) of 2{3'-cyclohexylpropyl)-1H-naphth[2,3-d |imidazole-4 -
9-dione, m.p. 201-203°. The results obtained with other examples
are given in Table IIl. In many cases chromatography on aluminum
oxide (7) was necessary in order to obtain a product that was
homogenous to tle analysis (9)
2{p-Chlorophenyl)-1 H-naphth{2,3-d ] imidazole-4,9-dione
(Acid Catalyzed Procedure).

A solution of 1.66 g. (5.8 mmoles) of 2-p-chlorobenzoylamino-
3-amino-1,4-naphthoquinone in 50 ml. of formic acid (97-100%)
was refluxed for 6.5 hours. The cooled reaction mixture was
diluted with water. The resulting orange solid was filtered, washed
with water, recrystallized from formamide, and dried to give 0.45
g. (30%) of 24(p-chlorophenyl)-1H-naphth[2,3-d]imidazole-4,9-
dione, m.p. 344-346°.

The results obtained with other examples are given in Table 111.
In several cases, chromatography on aluminum oxide (7) was
necessary in order to obtain a product that was homogenous to tle
analysis (9).

Preparation of 1,2-Butanonaphth[2,3-d Jimidazole-4.9-dione from
24(5'-chloropentanoylamino)-3-amino-1,4-naphthoquinline.

To a hot solution of 2.5 g. (8.15 mmoles) of 2{5'-chloropen-
tanoylamino)-3-amino-1 ,4-naphthoquinone in 95 ml. of ethanol
was added 25 ml. of 2V sodium hydroxide solution and the mix-
ture was heated on a steam bath for 10 minutes. The cooled
reaclion mixture was filtered to give a green-yellow solid. Recrys-
tallization from an ethanol and methylene chloride mixture gave
1.54 g. (75%) of 1,2-butanonaphth{2,3-d]imidazole-4,9-dione,
m.p. 257-259°,

Anal. Caled. for C15H{,N,0,: C,71.41; H,4.80; N,11.11.
Found: C,71.75; H,4.81; N, 11.28.

Preparation of |,2-Butanonaphth(2,3-d |imidazole-4,9-dione from
244'-Chlorobutyl)-1H-naphth{2,3-d ]imidazole-4,9-dione.

To a solution of 0.031 g.(0.107 mmole) of 2(4'-chlorobutyl)-
1H-naphth[2,3d Jimidazole-4,9-dione in 2 ml. of ethanol was
added 2 drops of 2N sodium hydroxide solution and the solution
was heated on a steam bath for 0.5 hour. After cooling, a green-
yellow precipitate separated. Filtration followed by washing of
the solid with water and drying under high vacuum gave 0.027 g.
(99%) of 1,2-butanonaphth|2,3-d}imidazole-4,9-dione, m.p. 255-
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258°. An ir spectrum of this sample was identical to the spectrum
of a product from the previous experiment.

1-Benzyl-2(3"-cyclohexylpropyl)naphth{2,3-d]imidazole-4.9-dione.

A mixture of 0.322 g. (1.0 mmole) of 2{3'-cyclohexylpropyl)-
| H-naphth{[2,3-d |imidazole-4,9-dione, 0.138 g. (1.0 mmole) of
anhydrous potassium carbonate and 0.171 g. (1.0 mmole) of ben-
zyl bromide in 1 ml. of DMF was stirred at 25° for 2 hours. The
reaction mixture was diluted with water and the resulting preci-
pitate, filtered, washed with water, and dried to give 0.36 g. (88%)
of 1-benzyl-2-(3'-cyclohexylpropyl)naphth[2,3-d ]imidazole -4,9-
dione, m.p. 149-150°. The analytical sample prepared by recrys-
tallization from ethanol had m.p. 150-151°. Nmr (deuteriochloro-
form) showed an unsymmetrical triplet centered at § 2.75

N
<I \>~CH2—> and a singlet at 5.73 ppm <E\(N_CH2->
N = y

Anal. Caled. for Co7Hy8N20,: C, 78.61; H, 6.84; N, 6.79.
Found: C,78.30; H,6.80; N, 6.75.

1-(2'-Diethylaminoethyl)-2 -(3’-cy clohexylpropylynaphth[2,3-d] -
imidazole-4,9-dione.

A mixture of 3.22 g.(10.0 mmoles) of 2{3'-cyclohexylpropyl)-
1H-naphth[2,3-d ]imidazole-4,9 dione, 2.76 g. (10.0 mmoles) of
anhydrous potassium carbonate and 1.72 g. (10.0 mmoles) of
2-diethylaminoethyl chloride hydrochloride in 10 ml. of DMF was
stirred at 25° for 2 hours. The reaction mixture was diluted with
water and extracted with benzene. The benzene extracts were
dried (sodium sulfate), concentrated, dissolved in hexane and cooled
in the freezer to give 3.40 g. (81%) of 1(2'-diethylaminoethyl)-
2(3'-cyclohexylpropyl)naphth[2,3-d]imidazole-4,9-dione, m.p. 74-
76°. The analytical sample prepared by further recrystallization
from hexane had m.p. 75-77°. Nmr (deuteriochloroform) showed
a triplet at 0.98,] = 7.0 ¢ps (CH3 of CH,CH; group), a quartet at
2.60 (CH, of CH3CH3), a multiplet at 2.80 slightly overlapping

the 2.60 resonance N
X
N
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and an unsymmetrical triplet at 4.45 ppm < N\ )
-

)Q(N_CH

Anal. Caled. for C,gH35N30,: C, 74.07; H, 8.37; N,9.97.
Found: C,74.35; H, 8.27; N, 10.30.
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