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In contrast to quninoneimines which contain an arylsulfonyl group attached to the
nitrogen atom [1], the reactions of N-aryl-1,4-naphthoquinoneimines have been studied very
little. The only thing that is known is that N-aryl-1,4-naphthoquinoneimines react with
aromatic amines to give 2-arylamino-N-aryl-1,4-naphthoquinone-4-imines [2]. In the present
paper we have examined the amination of various N-aryl-1,4-naphthoquinone-4-imines and N,N'-
diaryl-1,4-naphthoquinonediimines with secondary aliphatic amines,

We have found that, in contrast to the behavior of N-phenylsulfonyl-1,4-naphthoquinone-
4-imine, which reacts readily with piperidine and morpholine in the absence of catalyst
[3], the direct introduction of a piperidine moiety to N-aryl-1,4-naphthoquinone-4-imines
(Ia, b) and N,N'-diaryl-1,4-naphthoquinoneimines (IIa, b) can take place only under condi-
tions for the synthesis of aminoquinones [4], i.e., in the presence of Cu?t salts. This
is apparently due to the greater electron withdrawing characteristics of a phenylsulfonyl
group attached to the imine nitrogen, compared with a N-phenyl group in paraquincneimines
[5]. 1In the amination of compounds (Ia, b), the dialkylamino group is introduced into the
ortho position with respect to the carbonyl group, as evidenced by the presence of absorp-
tion bands at ca. 460 nm in the visible spectra of compounds (IIIa, b); at the same time,
introduction of a dialkylamino group in the ortho position relative to an N-arylimino group
in an N,N'-diaryl-1,4-naphthoquinonediimine (IIa, b) leads to a hypsochromic shift of the
long wavelength maximum to ca. 400 nm, due to steric factors. An analogous observation
has been made in the case of amino derivatives of N,N'-diaryl-1l,4-benzoquincnediimines [1].
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Compounds (TIc, d), which contain a hydroxyl group in the 5 position, react with dimethyl-
amine, morpholine, and piperidine in the absence of catalyst. This is probably due to the
fact that in 5-hydroxy-1,4-naphthoquinone [6], there is a strong intramolecular hydrogen
bond of the type —OH-::N=C, which activates the naphthoquinoneimine molecule toward reac-
tions with nucleophiles. In addition, it has also been found that as the reaction time
is increased, the reaction does not stop at the formation of 5-hydroxy-2-dialkylamino-N-
aryl-1,4-naphthoquinoneimines (ITc-e), but rather proceeds further to give a mixture of
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highly colored organic compounds. In the case of treatment of 5- -hydroxy-2-arylamino-N-
aryl-1,4-naphthoquinone-4-imines (Va, b) with dimethylamine and morpholine, amination
products of the second ring, namely, compounds (VI)-(IX) have also been isolated. It should
be noted in this context that N-aryl-1,4-naphthoquinone-4-imines which do not contain a
hydroxyl group in the 5-position [1], as well as 5-hydroxy-1,4-naphthoquinone [7], react
with nucleophiles at the quinone ring only. The ability of S5-hydroxy-N-aryl-1,4-naphtho-
quinone-4-imines to form amination products at both rings is probably associated with the
possible existence of compounds (Va, b) in two tautomeric forms: 5-hydroxy-1,4-quinone-
imino form (V) and 4-arylamino-1,5-naphthoquinoid form (X), as a result of migration of

a proton between the nitrogen and oxygen atoms. This assumption is supported by the presence
of a low intensity shoulder at ca. 600 nm, in addition to the intense absorption maximum

at ca. 450 nm, in the visible spectra of compounds (Va, b) in EtOH solution. The first

band corresponds to an intramolecular charge transfer (ICT) band of the OH form (V), which
is similar in structure to 2-dialkylamino-N-aryl-1,4-naphthoquinone-4-imines (IIa, b), which alsc
absorb in this region (Table 1); the second band, the shoulder with a maximum at ca. 600

nm, is probably an ICT band of the tautomeric NH form. A similar equilibrium has been ob-
served in the case of l-hydroxyanthraquinone-9-imines [8]. Since 1,4-naphthoquinone is
energetically much more favored than 1,5-naphthoquinone [9], in the starting materials (Va,
b) the equilibrium should be shifted strongly in the direction of the OH tautomer; in con-
trast, however, as the reaction proceeds and amination products are formed, the equilibrium
is shifted constantly to the side of the anaquinoid form (X).
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The structures of the products were established based on their analytical and spectral
data (Tables 1, 2). Products (VI)-(IX) all contain a 1,5-naphthoquinone structure, as evi-
denced from the IR spectra of these compounds, in which the C=0 stretching vibrations have
been shifted to lower frequency (1630-1600 cm™!), just as has been observed in the spectra
of other quinones which contain carbonyl groups in two different rings; their electronic
spectra are also similar to the spectra of previously prepared ana-naphthoquinones [16].
The main products of the reaction of 5-hydroxy-2-arylamino-N-aryl-1,4-naphthoquinone-4-
imines (Va, b) with dimethylamine and morpholine are 6,8-bis(dimethylamino)-2,4-bis(phenyl-
amino)-1,5-naphthoquinone (VIa) and 6,8-bis(morpholino)-2,4-bis(p-toylamino)-1,5~-naphtho-
quinone (VIb), respectively.

The PMR spectrum of compound (VIb) contains in addition to the methyl group singlets
and aromatic proton multiplet, signals due to the protons of two different amino groups
(8.38 and 15.16 ppm) and singlets at 6.11 and 6.73 ppm, corresponding to the protons at-
tached to the C7 and C3® carbon atoms of the naphthoquinone nucleus. 6-Dimethylamino-2,4-
bis(p-toylamino)}-1,5-naphthoquinone (VII) is an intermediate product in the formation of
compound (VIb); its structure is confirmed by the presence of two doublets with J = 9 Hz
at 6.65 and 7.70 ppm, as well as of a singlet at 6.56 ppm in the PMR spectrum.
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TABLE 2

Compound PMR spectrum, 8, ppm (in €DCl,)

(VIb) 2,29 s (3H, CHy), 2,36 s (3H, CH,), 3,10 s (6H, 2CH;), 3,21 s (6H,
2CH,), 6,11 s (1H, H?), 6,73s (1H, H?), 7,06-6,36m (8H, Hypop)

8,38 s (1H, NH), 15,16 s (1H, NH)

(VII) 2,29 s (3H, CH,), 2,36 s (3H, CHy), 3,178 (6H, 2CH;), 6,56 (1H,
H%), 6,65 d (1H, H", J,=9 Hz), 6,96—7,22 m (SH, H, ., 7,70d

(1H, Hs, J, =9 Hz), 7,85 s (1H, NH), 16,95 s (1H, NH)

(VIII) 2,30 s (3H, CH,), 2,35s (3H, CHs), 3,19 d (3H, CH,, J =5 Hz),
6,80 s (1H, H%), 7,00-7,20 m (10H, Fypom), 8,01 § (IH. NH), 11,72¢

(1H, NH), 15,18 s (1H, NH)

(IX) 2,98 s (3H, CHy), 2,33 s (3H, CHy), 3,12 d (3H, CH;, J =15 Hz),
3.26 s (6H, 2CH,), 5,77 s (1H, H7), 6,81 s (1H, H?%), 7,00—7,34m

(8H, . 8,22's (1H, NH), 12,30 m (1H, NH), 14.01s (1H, NH)

Haro

In the case of the reaction of (Vb) with dimethylamine, two products characterized
by dealkylation of a dimethylamino group in the peri-position relative to the carbonyl group
were isolated: 8-monomethylamino-2,4-bis(p-tolylamino)-1,5-naphthoquinone (VIII) and 6-
dimethylamino-8-monomethylamino-2,4-bis(p-totylamino)-1,5-naphthoquinone (IX). Compound
(VITI) is obtained from the first formed 8-dimethylamino-2,4-bis(p-tolylamino)-1,5-naphtho-
quinone, which readily loses a methyl group during the course of the reaction, as well as
during chromatographic purifieation; consequently, it was not isolated in pure form. Com-
pound (VIb) is more stable, but is converted rapidly to the demethylated product (IX) upon
heating in pyridine; this process probably occurs in a similar fashion to the dealkylation
of dialkylamino groups located in the peri-position to a carbonyl group in the anthra-
quinone series [11].

Chromatographic control of the reaction of 5-hydroxy-2-arylamino-N-aryl-1,4-naphtho-
quinone-4-imines (Va, b) with morpholine and piperidine also indicated the presence of alkyl-
amination products similar to compounds (VI)-(IX); because of their instability, however,
they were not isolated.

EXPERIMENTAL

IR spectra were recorded on a UR-20 spectrophotometer for KBr pellets or CHCl; solu-
tions, while electronic spectra were obtained on a Specord UV-VIS spectrophotometer for
EtOH solutions, and PMR spectra (200 MHz) were obtained on a Bruker WP-200 SY instrument.
TLC analyses on $ilufol plates were carried out with CHCl,; preparative chromatography was
conducted on L grade (100-250 um) Si0, columns from Chemapol (Czech. SSR). Reaction times,
yields, melting points, elemental analyses, as well as IR and electronic absorption spectral
data are summarized in Table 1; PMR spectra of compounds (VI)-(IX) are given in Table 2.

Starting materials were prepared according to known methods: N-aryl-1,4-naphthoquinone-
4-imines (Ia, b), [12]; N,N'-diaryl-1,4-naphthoquinonediimines (ITa, b}, [13]; 5-hydroxy-N-
aryl-1,4-naphthoquinone-4-imines (Ic, d) and 5-hydroxy-2-arylamino-1,4-naphthoquinone-4-
imines (Va, b), [10].

Reaction of N-Aryl-1,4-naphthoquinone-4-imines (Ia, b) and N,N'-Diaryl-1,4-naphthoquinone-
diimines (IIa, b) with Piperidine. A mixture of 5 mmoles piperidine and 5 mmoles Cu(OAc),*
H,0 in 30 ml EtOH was treated with 1 mmole of (Ia, b) or (ITa, b) and heated to 60-70°C
with air bubbling. 5% HCl was added and the resulting precipitate was removed by filtra-
tion, washed with water, and dried. The product was chromatographed on a SiO, column with
petroleum ether—benzene (1:1) eluent. Compounds (IIIa, b) or (IVa, b) were obtained.

Reaction of 5-Hydroxy-N-aryl-1,4-naphthoquinone-4-imines (Ic, d) with Secondary Ali-
phatic Amines. A mixture of 1 mmole (Ic, d) in 15 ml of 10Z solution of the appropriate
amine in pyridine was stirred at ~20°C while air was bubbled through the solution. The mix-
ture was poured onto water, and the precipitate was filtered, washed with water, and dried.
Upon chromatography on S$i0,, the main dark red fraction containing compounds (IIIc-e) was
eluted with a CqH ~CHC1, (7:3) mixture.

Reaction of 2-Arylamino-5-hydroxy-1,4-naphthoquinone-4-imines (Va, b) with Dimethyl-
amine or Morpholine. a) A mixture of 1 mmole (Va) and 15 ml of a 10% solution of morpholine
in pyridine was stirred at ~20°Cwith air bubbling through the solution. The mixture was
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poured into water, the precipitate was filtered, washed with water, and dried. Upon
chromatography on Si0O, under vacuum, the following were isolated: starting material (Va)
upon elution with a CgHg—CHC1l, (2:1) mixture, and compound (VIa) by elution with a 1:1 mix-
ture. There remained on the column two small zones, which were blue and green, respectively.

b) A mixture of 1 mmole (Vb) and 15 ml 10% Me,NH solution in Py was stirred at ~20°C
as air was bubbled through the solution. The mixture was worked up as described above.
Chromatography on a 5i0, column under vacuum with a mixture of C;Hs—CHCl,, as the concen-
tration of CHCl,; was varied in a gradient from 30 to 100Z, gave the following compounds
in order of successive elution: (VII), (IX), (VIII), and (VIb).

Reaction of 6-Dimethylamino-2,4-bis(p-tolylamino)-1,5-naphthoquinone (VII) with Dimethyl-
amine. A mixture of 1 mmole (VII) and a solution of Me,NH in Py was maintained as described
above for 24 h. Workup and chromatography were also analogous to the above procedure. Yield,
0.4 g (80%) of compound (VIb) and 0.05 g (10%) of compound (IX).

6-Dimethylamino-8-monomethylamino-2,4-bis{(p-tolylamino)-1,5-naphthoquinone (IX). A
mixture of 0.1 g 6,8-bis(dimethylamino)-2,4-bis(p-tolylamino)-1,5-naphthoquinone (VIb) in
5 ml Py was heated at 120°C for 10 h. It was worked up and chromatographed as described
above. Yield of compound (IX), 0.06 g (60%). ‘

CONCLUSIONS

1. N,N'-Diaryl-1,4-naphthoquinonediimines and N-aryl-1,4-naphthoquinone-4-imines react
with dialkylamines in the presence of Cu?¥ salts at the double bond of the quinoid ring.

2. 5-Hydroxy-N-aryl-1,4-naphthoquinone-4-~imines undergo amination at both rings of
the naphthoquinone moiety in the absence of catalyst, and the dialkylamino group which is
located peri to the carbonyl group can undergo subsequent dealkylation.
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