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Synthesis of 1,2-Disubstituted Naphth[1,2-d]imidazole-4,5-diones (la,b)
F. I Carrolland ]J. T. Blackwell

The Chemistry and Life Sciences Laboratory, Research Triangle Institute

A convenient synthesis of 3-acylamino-1,2-naphthoquinones (I) is presented. The addition of
aromatic and aliphatic amines to I followed by exposure to oxygen gives the corresponding 4-
arylamino- or 4-alkylamino-3-acylamino-1,2-naphthoquinones (lI). The addition of 4-cyclo-
hexylbutylamine to 3-trichloroacetamino-1,2-naphthoquinone took an anomalous course and
1(4"-cyclohexylbutyl)-3(H)-naphth[ 1,2-d ]imidazoline-2,4,5-trione (VII) was obtained.

Treatment of II with refluxing acetic acid gave 1,2-disubstituted naphth[1,2-d jimidazole-4,5-
diones (IIT). The reaction was successful with a variety of 4-substituted amino-3-acylamino-1,2-
naphthoquinones (II) and usually occurred in excellent yield. However, the cyclization of II to
III is subject to steric limitation and attempts to cyclize 4-tert-butylamino-3-acetamino-1,2-
naphthoquinone to the corresponding imidazole derivative was unsuccessful. The infrared, ultra-
violet and nuclear magnetic resonance spectra of 1, II, and III are discussed in relation to their
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structures.

The interesting chemical and spectral properties of
heterocyelic quinones in combination with the discoveries
that certain of these compounds show attractive proper-
ties as medicinal agents, catalysts and dyes have led to a
renewed interest in their synthesis (2). However, prior to
the initiation of our study, only three |,2-disubstituted
naphth[|,2-d Jimidazole-4,5-diones had been reported,
and their spectral properties had not been studied. In
1898 Kehrmann and Zimmerli (3) reported that the addi-
tion of aniline or methylamine to 3-acetamino-1,2-
naphthoquinone (la) followed by air oxidation gave the
corresponding 4-phenylamino -3-acetamino-1,4-naphtho-

CHART 1
[o] [o]
o} [¢)
—_—
NHCOR ~ CaHsOH, 0, NHCOR
NHR'
la, R = CH,- reflux Ila, R =CH;-; R = Cgllg -
b, R = C¢Hs- AcO b,R =R' = CHj;-
¢, R = R' = CeHs-

0
CIL
N
en—L

Hla, R = CH,; R’ = C H,-
b, R=R'=CH,
¢, R=R' = C,H,-

R

quinone (I1a) and 4-methylamino-3-acetamino-1,4-naphtho-
quinone (IIb). Treatment of Ila and 1lb with refluxing
acetic acid gave 1-phenyl-2-methylnaphth[1,2d Jimidazole-
4,5-dione (IIla) and 1,2-dimethylnaphth[1,2-d Jimidazole-
4.5-dione (IIIb), respectively. Forty years later Goldstein
and Genton (4) reported the preparation of 1,2-diphenyl-
naphth|[|,2-d Jimidazole-4,5-dione (Illc) by a similar pro-
cedure starting with 3-benzoylamino-1,2-naphthoquinone
(Ib) (see Chart I). Since the latter report in 1938, no
additional 1,2-disubstituted naphth[1,2-d Jimidazole-4,5-
diones have been reported. In this report, a variety of
aromatic and aliphatic amines have been added to la as
well as other 3-acylamino-1,2-naphthoquinones (I). The
cyclization of the resulting 4-alkyl- or 4-arylamino-3-acyl-
amino-1,2-naphthoquinones (II) to the corresponding 1,2-
disubstituted naphth[1,2-d Jimidazole-4,5-diones (IlI) has
been studied in an effort to define the scope and limita-
tions of this reaction.

The starting 3-acetamino-1,2-naphthoquinone (la) was
initially prepared by the procedure reported by Kehrmann
and Zimmerli (3) and outlined in Chart IT (Procedure A).
Attempts to extend this procedure to the preparation of
other 3-acylamino-1,2-naphthoquinones (I) by using other
acid anhydrides or acid chlorides was either unsuccessful
or gave the desired 3-acylamino-1,2-naphthoquinone in
low yield. A more satisfactory general route to 3-acyl-
amino-1,2-naphthoquinones (I) involves treatment of 3-
amino-1,2-naphthohydroquinone hydrochloride (IV) with
the appropriate carboxylic acid in the presence of dicyclo-
hexylcarbodiimide and triethylamine followed by oxida-
tion (ferric chloride) of the crude intermediate 3-acyl-
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OAc OH C,H,OH
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NHCOCH= NHCOR

Vi 1

amino-1,2-naphthohydroquinone (Chart 11, Procedure B).
This method gives specific mono-acylation on the nitrogen
function of IV and thus eliminates the necessity of a
hydrolysis step. The reaction can be carried out in one
reaction vessel without isolation of the intermediate naph-
thohydroquinone. The results obtained with a number of
acids are given in Table I.

The addition of ammonia as well as a variety of aro-
matic or aliphatic amines to 3-acetamino-1,2-naphtho-
quinone proceeded quite cleanly to give after exposure to
oxygen the corresponding 4-arylamino- or 4-alkylamino-
3-acetamino-1,2-naphthoquinone. Similarly, the addition
of 4-cyclohexylbutylamine to lc-f, and the addition of
methyl-, pentyl- and benzylamine to lg, proceeded quite
smoothly. The high yields of 4-alkylamino-3-chloroacet-
amino-1,2-naphthoquinone obtained from lg, along with
the absence of any products resulting from displacement
of chloride from the a-chloroamide function, shows the
extreme reactivity of the A%-double bond of these 3-acyl-
The results of these addi-

tion reactions are summarized in Table Il

The addition of 4-cyclohexylbutylamine to trichloro-

acetamino-1,2-naphthoquinone (lh) took an anomalous
course and gave 1-(4-cyclohexylbutyl)-3(H)-naphth[1,2d]-
imidazoline-2,4,5-trione (VI[). The reaction presumably
proceeds through the expected adduct LIt since TLC’s at
the beginning of the reaction show spots attributable to
- this adduct (5). The initial intermediate LIt then may react
intramolecularly to give a cyclic intermediate which sub-
sequently yeilds VII on loss of chloroform. The structural
assignment of VII was based on the elemental analysis and
the infrared spectrum which showed absorption at 3120
(NH), 1712 (imidazoline carbonyl; the carbonyl absorp-
tion in benzimidazolines is reported at 1720 cm™') (6)
and 1645 cm ™! (quinone carbonyl).

amino-1,2-naphthoquinones.

The cyclization of the 4-arylamino- and 4-alkylamino-
3-acylamino-1,4-naphthoquinones (II) to the corresponding
naphth[ |,2-d Jimidazole-4,5-diones (III) was carried out in
refluxing acetic acid. The results obtained from the cycli-
zation of 4-arylamino- and 4-alkylamino-3-acetamino-1,4-
naphthoquines to the corresponding 4-alkyl-3-methyl-
naphth|[1,2-d Jimidazole-4,5-dione shows the effect of the
4-alkylamino group of II on the cyclization reaction.

When R’ = H the cyclization did not take place, and
there was quite a difference in the ease with which the
individual compounds enter into the cyclization reaction.
The results summarized in Table IIIA indicate that the
cyclization is subject to steric influences. When R’ was an
aryl group containing electron donating or electron with-
drawing group (s) or when R’ was n-hexyl or benzyl the
cyclization proceeded rapidly and nearly quantitatively.
When R’ = isopropyl and R’ = cyclopentyl, 64% and 44%
of the corresponding imidazole [II was obtained in %2 and
1 hour, respectively. If R’ was t-butyl, none of the cycli-
zation product could be isolated.

[o]
[}
_
NHCOR
NHR*

o
N-H

H Ru/N
OH
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The increased reaction times and lower yields obtained
as the 4-alkylamino group increased in size is probably
due to serious steric interaction between the l-substituent
with the 9-hydrogen and the 2-methyl substituent of the
more rigid intermediate VIII or the [,2-disubstituted
naphth{1,2-d}imidazole-4,5-dione (III) that is being formed.
The close proximity of the large R’ group with the 9-
hydrogen and the 2-methyl function is apparent from a
comparison of the nmr spectra of some of these naphth-
[1,2d Jimidazole-4.,5-diones (Figure 1). For example, the
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Figure 1: NMR spectrum of (a) l-pentyl-2-methylnaphth-
[1,2d]imidazole-4,5-dione, (b) l-isopropyl-2-methylnaph-
th[1,2-d]imidazole-4,5-dione, and (c) 1-(p-tolyl)-2-methyl-
naphth[ | ,2-d Jimidazole-4,5-dione.

resonance of the 2-methyl group of L-isopropyl-2-methyl-
naphth[ |.2-d Jimidazole-4,5-dione (IlIk) appears at § 2.63
whereas the same group shows a resonance at 2.48 ppm in

Synthesis of |,2-Disubstituted Naphth[1,2-d Jimidazole-4.,5-diones
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I-pentyl-2-methylnaphth[1,2-d]imidazole-4,5-dione (I1Ih).
This shift is undoubtedly due to increased shielding of the
2-methyl group in lllk by the methyl groups of the |-
isopropyl function. The unusually low field position of
the N—CH; group of 1llh and the methine group of IITk
is due at least in part to increased deshielding by the steri-
cally close aromatic ring of the naphthoquinone moiety.
Inspection of Corey-Pauling molecular models of these
compounds also shows extreme steric crowding. It is
particularly interesting that it is impossible to make a
model of 1-(¢-butyl)-2-methylnaphth[1,2-d Jimidazole-4,5-
dione (1I8) using these models.

An examination of the nmr spectrum of 1-(p-tolyl)-2-
methylnaphth[1,2-d Jimidazole-4,5-dione (IlId) indicates
that the correct structure has the p-tolyl group perpendi-
cular to the imidazole ring (see Figure lc). This assign-
ment is based on the fact that the resonance of the Y-
hydrogen and the 2-methyl group are shifted up field to
8 6.51 and 2.58 ppm, respectively, by the anisotropy of
the aryl group. A Corey-Pauling molecular model of this
compound shows the p-tolyl group is perpendicualr to the
heterocyclic ring and is unable to rotate freely around the
N-—C bond due to steric interactions between the 9-
hydrogen and the 2-methyl groups.

The effect of the 3-acylamino group of II on the cycli-
zation of Il to III is revealed in the results summarized in
Table IIIB on treating IIm-s with refluxing acetic acid.
Except for the formation of 1-(4'-cyclohexylbutyl)-2-t-
butylnaphth[1,2-d Jimidazole-4,5-dione (lllp) the cycli-
zation proceeded in good yield. These results indicate
that the cyclization of II to III is subject to steric limita-
tions in the 3-acylamino moiety as well as the 4-alkyl-
amino group. The fact that IIp could be converted to the
corresponding imidazole lIlp, albeit in low yield, whereas
[I% resisted cyclization, would indicate that the size of the
4-alkylamino group is of more importance than that of
the 3-acylamino group. This results from the 4-alkylamino
moiety being subject to steric interactions with the 9-
hydrogen of VIII or III in addition to the steric interaction
between the two groups with each other.

Treatment of 1-pentyl-2-chloromethylnaphth[1,2-d]-
imidazole-4,5-dione (IlIr) with excess piperidine in reflux-
ine benzene effected a very smooth displacement and 82%

0

0
0 Cellg or 0
+ HN —_—
(CH,CI),
N N
J
N—L_

n—aIL_
rR” CH CI R” CHN )

Hlr, R = CH,3(CH,),- HIt, R = CHy(CH,),-
q, R = CH,- u, R = CH,-
s, R = CglH4CH,- v, R = CeHsCH,-
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TABLE IV

Ultraviolet Absorption Spectra of
1,2-Disubstituted Naphth[1,2-d] imidazole-4,5-diones (a)

CH30H (b) 0.1V HCl1 pH7 0.1N NaOH
Compound
No. Amax,mg ex 1073 Amax,mg ex 1073 Amax,mg ex 1073 A max, mu ex 1073
Il1a 251 sh
261 27.2(¢) 254 28.0 261 23.6 241 sh
268 269 258 sh 267 22,9 258 sh
444 1.6 267 sh
[11d 252 sh
262 277 254 28.2 262 274 241 sh
269 28.1 258 sh 250 sh 258 sh
446 1.6 267 sh 267 sh
11le 241-250 p
262 26.8 254 27.4 247 sh
268 27.0 262 26.5 258 sh
443 1.6 267 sh
HIf 247 23.0 254 35.2 250 sh
261 24.1 258 sh 261 35.2 258 23.6
268 24.6 268 35.1
444 1.6
1ITh 251 sh 253 27.3 252 sh 238 sh
259 27.0 258 sh 261 26.1 258 sh
267 26.7 266 sh
447 1.6
111 249 sh
260 27.2 252 26.7 249 sh 237 19.5
268 27.3 261 25.6 260 15.8
450 1.5 267 sh 266 sh
11Ij 252 sh
261 26.2 253 26.7 253 sh 241 23.3
268 26.0 258 sh 261 26.3 258 sh
448 1.4 267 sh
1Tk 252 sh
261 25.2 254 25.2 252 sh 239 20.3
268 25.0 258 sh 261 248 257 sh
448 1.3 267 sh
flim 251 30.7 (d) (d) (d)
259 31.6
268 297
445 1.5
llIn 252 sh (d) (d) (@)
261 291
269 28.6

451 1.5
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TABLE IV - continued.
Ilio 274 26.3 (d) (d) (d)
327 37.8
480 1.2
1ilp 252 sh 253 26.9 (d) (d)
261 29 4
268 278
454 1.5
11q 258 31.8 258 31.1 258 30.3 238 20.2
263 sh
433 1.3 269 sh 264 sh 255 sh
Itlr 260 34.0 259 22.3 260 33.5 240 224
265 sh
434 1.4 266 sh 265 sh 256 sh
IIls 260 33.0 259 34.2 259 33.8 238 20.3
268 sh 268 sh 268 sh 255 sh
433 1.5
I 259 30.0 258 32.2 259 30.7 241 24.8
267 29.3 264 sh 265 sh 257 sh
442 1.5 266 sh
iu 252 sh
258 30.2 257 326 258 315 238 24.6
266 28.5 263 sh 255 sh
442 1.5
1Ilv 252 sh
258 31.4 257 31.4 258 298 238 23.0
267 27.6 263 36.0 265 sh 257 sh
439 1.5

(a) Only absorption peaks above 230 my are recorded. (b) The visible spectra were obtained only in methanol. (¢) sh = shoulder, p =

plateau. (d) Compound insoluble in the solvent.

UV SPLCTRUM

210 250 300

Amp)

Figure 2: UV spectrum of 1-cyclopentyl-2-methylnaphth-
[1,2-d]imidazole-4,5-dione.

of 1-pentyl-2-(N-piperidinomethyl)naphth[1,2-d Jimidazole-
4,5-dione (Illt) was obtained. In a similar fashion but
using ethylene dichloride as the solvent the 1-alkyl-2-(V-
piperidinomethyl)naphth[1,2-d Jimidazoles IIlu and IIlv

were prepared.

All the 1,2-disubstituted naphth[},2-d Jimidazole-4,5-
diones (IlI) were red crystalline compounds that were
homogeneous to tlc analysis (7). With the exception of
the compound having a styryl- group in the 2-position the
naphth([1,2-d Jimidazole-4,5-diones (III) showed similar
electronic absorption curves. The visible spectrum showed
X\ max (methanol), 433-452 mu (€ x 1073 = 1.4-1.8). The
UV spectrum of l-cyclopentyl-2-methylnaphth[1,2d]-
imidazole-4,5-dione shown in Figure 2 is a typical example.
The fact that the electronic spectral properties of the 1-
aryl-2-alkylnaphth[ 1,2-d Jimidazole-4,5-diones are similar
to the l-alkyl analogs indicates that the aromatic ring is
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twisted out of the plane from the rest of the structure
(sce Table IV). This is in agreement with the nmr spectral
The infrared spectrum of these
compounds all showed carbonyl absorption between 1678-

data discussed earlier.

1668 cm™'. As discussed earlier, the nmr spectrum of the
naphth[1,2d}imidazole-4,5-diones (Ill) were useful in
establishing steric interactions between the I-substituent
with the 9-hydrogen and the substituent in the 2-position
(see Figure la-c). The mass spectra of these compounds
show in addition to a peak for the molecular ion (m) a
(m + 2) peak. This phenomenon has also been observed
by other workers (8).

Most of the 4-alkylamino-3-acylamino-1,2-naphtho-
quinones (II) were red-brown crystalline compounds. The
visible spectrum of the 4-arylamino-3-acetamino-1,2-naph-
thoquinones showed A max (methanol), 472-482 my,
whereas the 4-alkylamino-3-acetamino-|,2-naphthoquinones
showed X max (methanol), 447-464 mu. This type of
shift is typical of N-substituted 4-amino-1,2-naphthoqui-
nones. The UV spectra of Il were similar; however, differ-
ences in absorption maximum and intensities were noted
between the 4-arylamino and 4-alkylamino-3-acylamino-
1,2-naphthoquinones. The infrared spectrum showed in
addition to NH absorption, amide I, quinone carbonyl,
and amide I absorption bands.

The absorption spectrum of 3-acetamino-1,2-naphtho-
quinone (la) showed A max (methanol), 264 my (e x 1073
= 20.0), 272 (24.8), 344 (2.0) and 458 (1.8). With the
exception of If, which showed A max (methanol), 287
(27.3) and 452 (3.2), the other 3-acylamino-1,2-naphtho-
quinone showed absorption spectra similar to la. The
infrared spectra of | showed the expected amide NH,
amide | and Il bands and quinone carbonyl absorption.

EXPERIMENTAL (9)

3-A cetamino-1,2-naphthoquinone (Ia).

To a suspension of 16.96 g. (80 mmoles) of 3-amino-1,2-
naphthohydroquinone hydrochloride (10) and 4.80 g. (80 mmoles)
of acetic acid in 240 ml. of methylene chloride was added 8.08 g.
(80 mmoles) of triethylamine followed by 19.8 g. (96 mmoles) of
dicyclohexylcarbodiimide. The mixture was stirred at 25° under a
slow stream of nitrogen for 6 hours. The mixture was filtered and
the filtrate concentrated on a rotary evaporator. The remaining
residue was dissolved in 200 ml. of ethanol, cooled in an ice bath
and treated with a cold solution of 48 g. of ferric chloride hexa-
hydrate in 400 ml. of water containing 4 ml. of concentrated
hydrochloride acid. The resulting solid was separated by filtration,
and recrystallized from ethanol to give 9.8 g. (57%) of 3-acet-
amino-1,2-naphthoquinone, m.p. 208-213° dec., Lit (3) 214-216°.
See Table 1 for yield and analytical data on other examples.

4-Pentylamino-3-acetamino-1,2-naphthoquinone (1li).

To a solution-suspension of 0.108 g. (0.5 mmoles) of 3-acet-
amino-1,2-naphthoquinone in 3 ml. of ethanol was added 0.044 g.
(0.5 mmoles) of n-pentylamine in 2 ml. of ethanol. The violet
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colored starting material was gradually displaced and a terra-cotta
solid precipitated. After stirring 3 hours (exposed to the atmos-
phere), the solid was separated by filtration, dried under high
vacuum and recrystallized from ethanol to give 0.145 g. (97%) of
crystals, m.p. 190-192°; » max (potassium bromide), 3270 cm ™!
(NH protruding from a broad absorption at 3600-3050), 1692
(Amide ), 1665 (quinone C=0), 1615 and 1590 (C=C) and 1530
em~! (Amide [1); A max (methanol), 238 mu (¢ x 1073 = 17.6),
277 (18.6) and 456 (1.9); A max (pH 7), 238 (15.0), 272 (17.2),
300 (10.0, shoulder); A max (0.1V sodium hydroxide), 234 (17.4)
and 272 (10.8). The compound reacts in 0.1V hydrochloric acid
to give the corresponding imidazole derivative. The yield and
analytical results with other examples are given in Table II.

1-Pentyl-2.methylnaphth[1,2-d ] imidazole-4,5-dione (1I1i).

A solution-suspention of 0.13 g. (0.43 mmoles) of 4-pentyl-
amino-3-acetamino-1,2-naphthoquinone in 3 ml. of acetic acid was
refluxed for 10 minutes. On heating, the solid dissolved and the
solution lightened in color. The acetic acid was removed by
freeze-drying to give 0.123 g. (100%) of a red crystalline com-
pound, m.p. 153-156°. Recrystallization from benzene gave 0.12
g. (99%) of 1.pentyl-2-methylnaphth[1,2-d]imidazole-4,5-dione,
m.p. 158-159°. The results obtained with other examples are
given in Table III.

1-Pentyl-2{N-piperidinomethyl) naphth[1,2-d ]imidazole-4,5-dione
(111t).

A solution of 2.41 g. (7.6 mmoles) of |-pentyl-2-chloromethyl-
naphth|1,2.d]imidazole-4,5-dione and 1.94 g. (22.8 mmoles) of
piperidine in 140 ml. of benzene was heated on a steam bath for
0.5 hour. The cooled reaction mixture was washed twice with
25 ml. portions of water. The benzene solution was dried (sodium
sulfate), concentrated and the residue dried under high vacuum to
give 2.86 g. of red crystals. Recrystallization from ethyl acetate
gave 2.58 g. (90%) of red crystals, m.p. 168-171°. The analytical
sample prepared by recrystallization from ethyl acetate had m.p.
169-171°; » max (potassium bromide), 1675 cm~! (C=0); the
nmr spectrum showed a triplet at 5 0.98, J = 5.5 cps (CHj-), a
broad singlet at 1.51 (protons at the 3 and 4 positions of piperi-
dine ring), a broad singlet at 2.42 (protons at position 2 of piper-
dine ring) a sharp singlet at 3.64 (-CH,-piperidine), an AB quartet
at 4.39, J = 5 cps (imidazole N—CH,), a multiplet at 7.3-7.8 (7, 8
and 9-H of aromatic ring) and a multiplet at 8.03 ppm, J¢ 7 =
5.5 cps, Jg 8 = 0.5 cps (6-H of aromatic ring).

Anal. Caled. for C5,H29N30,: C,72.30; H,7.45; N, 11.50.
Found: C,72.67; H,7.53; N, 11.54.

1-Methyl-2(N-piperidinomethyl)naphth([1,2-d]imidazole-4,5-dione
(1Tu).

A solution of 1.54 g. (5.92 mmoles) of 1-methyl-2-chloro-
methylnaphth[1,2-d]imidazole-4,5-dione and 3.05 g.(35.5 mmoles)
of piperidine in 100 ml. of ethylene dichloride was refluxed for
0.5 hour. The cooled solution was filtered. The filtrate was
washed with water, dried (sodium sulfate) and concentrated. The
residue was recrystallized from ethanol and dried at 100° to give
1.27 g. (69%) of 1-methyl-2{N-piperidinomethyl)naphth{1,2-d]-
imidazole-4,5-dione, m.p. 184-186°. The analytical sample pre-
pared by recrystallization from ethanol followed by drying at 100°
had m.p. 192-196° dec.; v max (potassium bromide), 1675 em™!
(C=0).

Anal. Caled. for C,gH;9N305: C,69.88; H,6.19; N, 13.58.
Found: C, 69.57; H, 6.07; N, 13.58.

A sample dried at 60° analyzed for the monohydrate, m.p.
184-186°.



306 F. 1. Carroll and J. T. Blackwell

Anal. Caled. for C;gH;9N304-H,0: C, 66.04; H, 6.47;
N, 12.84. Found: C, 66.33; H, 6.01; N, 12.85.

1-Benzyl-2(N-piperidinomethyl)naphth[ 1 ,2-d]imidazole-4,5-dione
(I1lv).

A solution of 2.16 g. (6.42 mmoles) of l-benzyl-2-chloro-
methylnaphth[l,2-d]imidazole-4,5-dione and 3.27 g.(38.5 mmoles)
of piperidine in 100 ml. of ethylene dichloride was refluxed for
0.5 hour. The cooled reaction mixture was filtered. The filtrate
was washed with water, dried (sodium sulfate) and concentrated
to give 2.75 g. of a red solid. Recrystallization from ethanol gave
1.99 (81%) of l-benzyl-2{N-piperidinomethyl)naphth{1,2-d Jimi-
dazole-4,5-dione, m.p. 190-195°. The analytical sample prepared
by recrystallization from ethanol had m.p. 195-197°; v max
(potassium bromide), 1678 cm~! (C=0).

Anal. Caled. for C24H,3N30,: C,74.78; H,6.01; N, 10.90.
Found: C,74.43; H, 6.03; N, 10.80.

144’ Cyclohexylbutyl)-3(H)-naphth[1,2-d]imidazoline-2,4.5-trione
(VID).

To a solution of 5.11 g. (16.05 mmoles) of trichloroacetamino-
1,2-naphthoquinone in 250 ml. of ethanol was added 2.50 g.
(16.05 mmoles) of cyclohexanebutylamine, and the mixture was
stirred 7 hours at 25°. The solid that had separated was filtered
and dried under high vacuum to give 2.27 g. (44%) of 14 -cyclo-
hexylbutyl)-3(H)-naphth[1,2-d]imidazoline-2,4,5-trione, m.p. 252-
255°. The analytical sample prepared by recrystallization from
N,N-dimethylformamide had m.p. 244-247°; A max (methanol),
222 mu (e x 1073 = 15.8), 278 (26.9) and 523 (2.2).

Anal. Caled. for C3Hy4N,03: C, 71.57; H, 6.86; N, 7.95.
Found: C, 71.10; H, 6.73; N, 8.13.
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