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REACTION OF AROMATIC o-DIAMINES WITH ISATINS.
2.% 2,3~DIAMINONAPHTHALENE

A. G. Drushlyak, A. V. Ivashchenko, UDC 547.756'781.5'863.1"654.1:542.956.1
and V. V. Titov

The reaction of 2,3-diaminonaphthalene with isatins gives a mixture of indolo[2,
3-b]lbenzo[glquinoxalines, 3-(2-aminophenyl)-2(1H)-benzo[glquinoxalines, and spiro
(2,3-d]imidazoline)-2,3"-indolin-2'ones. The ratio between the products is in-
fluenced by the solvent and the relative value of the positive charge on the
o—carbon atom in the isatin.

It was previously reported [2] that 2,3-diaminonaphthalene (I} reacts with N-methyl=-
(ITb) and N-acetylisatin (ITe) in ethanol to form spiro compounds IVb and e, with N-methyl-
isatin (ITb) in acetic acid to form indoloquinoxaline VIb, and with N-acetylisatin (IIe)
in acetic acid to form spiro compound IVe with traces of the corresponding indoloquinoxaline.
In [1] we showed that the reaction of o-phenylenediamine with N-methylisatin gives a mixture
of products and that the reaction of N-acetylisatin results in the formation of aminophenyl-
quinoxaline, rather than the spiro compound.

Investigating the reaction of 2,3-diaminonaphthalene (I) with isatins, we found that
spiro compounds IVb-d mainly form with N-methylisatins IIb-d in ethanol, that indolo-
quinoxalines VIa-c form with isatins Ila-c in acetic acid, and that a mixture of aminophenyl-
quinoxalinones Vd-e and indoloquinoxalines VId and e forms with isatins I1d and e in acetic
acid. In benzene the reactions with all the isatins investigated predominantly produce
aminophenylquinoxalinones Va-e (Table 1).

In contrast to the data in [2] it was found that the reaction of o-diamine I with isatin
ITa results in the formation of the corresponding aminophenylbenzoquinoxalinone (Va) along
with benzindoloquinoxaline VIa in all solvents except acetic acid. The main product of the
reaction of o-diamine I with N-acetylixatin IIe under all the conditions investigated (Table
1) is acetaminophenylbenzoquinoxalinnone Ve, rather than spiro compound IVe [2]. The
hydrolysis of this compound in alkaline medium results in the quantitative formation of
compound Va. The latter contains and NH, group, which is diazotized, and then the compound
is coupled with R-naphthol. The IR spectrum of Va contains a band for vCO at 1675 cm™",
which is characteristic of six~membered lactams [3], and its electronic spectrum is similar
to the spectra of other aminophenylbenzoquinoxalinones (Table 2). The acetyl derivative Ve
again forms when Va is acylated by acetyl chloride. The formation of Ve when 2,3-diamino-

*For report 1 see [1].
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naphthalene (I) is reacted with N-acetylisatin (IIe) may be attributed to the increase in
the positive charge on the a-carbonyl carbon atom and the nitrogen atom in N-acetylisatin
(ITe) in comparison to isatins IIa-d, which facilitates the attack of the amino group with
the opening of the five-membered ring [4].
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The increase in the yield of aminophenylbenzoquinoxalinones Vb-d in the presence of acids
along the series consisting of N-methylisatin (IIb), N-methyl -5-bromoisatin (IIc), and N-
methyl-5-nitroisatin (IId) (Table 1) can be explained in a similar manner.

The structure of acetylbenzindoloquinoxaline VIe was confirmed by a back synthesis from
benzindoloquinoxaline VIa and acetic anhydride.

As opposed to o-phenylenediamine [1], 2,3-diaminonaphthalene (I) reacts with isatins
IIb-d to form the more stable spiro compounds IVb-d, which were recovered even with acid
catalysis of the reaction, and in ethanol they are the predominant products (Table 1). This
may be attributed to the decrease in the basicity of the amino groups in 2,3-diamino-
naphthalene (pK, 3.99 [5]) in comparison to o-phenylenediamine (pKy 4.47 [6]). The less
basic amino groups in intermediate Schiff bases IIIb-d more readily react with the B carbon
atom of the isatin fragment, which apparently bears a large positive charge, to form spiro
compounds IVb-d than with the « carbon atom to form aminophenylbenzoquinoxalinones Vb-d or
benzindoloquinoxalines VIb-d. Acid catalysis probably facilitates the attack at the a carbon
atom, since the yield of spiro compounds IVb-d is diminished (Table 1).

When o-phenylenediamine and dialkoxy—o-phenylenediamines were reacted with isatins, spiro
(benzimidazole)indolinones were recovered in [2,7]. However, such compounds were not dis-
covered among the products of the reaction of 2,3-diaminonaphthalene (I) with isatins IIa-e.
Spiro(naphthimidazole)indolinone VII was obtained as a result of the oxidation of spiro
compound IVb by silver oxide:

wh 40 L o

The electronic spectra of spiro(naphthimidazoline)indolinones IVb-d and spiro(naphimidazole)
indolinone VII (Table 2) are similar to the spectra of the corresponding spiro(ben-
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TABLE 1. Yields of Products of the Reaction of 2,3-Diamino-
naphthalene with Isatins

Yield, %
Ban | oo 0.1 N HCI 3% solution of
Procucl  lethanol | ip cthanol |P€PZ€M |CH,COOH in | CHiCOOH
benzene
11a Va 15 33 57 63 —
Vla 25 34 21 11 68
IIb Vb 77 traces 12 10 —_
Vb traces — 33 34 —
Vib 2 41 3 33 82
1l {9] Ive 65 5 19 — —
Ve 3 4 31 91 —
Vie 7 43 10 4 91
udie] 1vd 17 6 20 — .
vd 33 18 29 96 58
VId 6 26 traces 1,5 40
1le Ve 88 — 80 83 89
Vle — — — — 02

zimidazoline)indolinones and spiro(benzimidazole)indolinones [1], but the band with the
longest wavelength undergoes a bathochromic shift. In the electronic spectra of amino-
phenylbenzoquinoxalinones Va-e the absorption bands with the shortest and longest wave-
lengths undergo 20-25-nm bathochromic shifts in comparison to the aminophenylquinoxalinones
[1]. As in the case of the aminophenylquinoxalinones [1], the long-wavelength band in N-
methyl derivative Vb undergoes a strong (35 nm) bathochromic shift, disappears in N-acyl
derivative Ve, and may be assinged as a band for the intramolecular charge transfer from

the amino group of the phenyl substituent to the quinoxaline fragment. The electronic
spectra of benzindoloquinoxalines VIa-e show four absorption maxima. They have all undergone
bathochromic shifts relative to the corresponding maxima of the indoloquinoxalines [1], the
long-wavelength absorption band being shifted most strongly (by approximately 60 nm). This
is attributed to the lowering of the energy for intramolecular charge transfer from the
indole fragment to the quinoxaline fragment [8]. The presence of a methyl group at the
indole nitrogen atom in benzindoloquinoxalines VIb and ¢ causes a certain bathochromic shift
of the long-wavelength band, and the decrease in the donor capacity of the indole fragment
upon the introduction of a nitro group (compound VId) or acetylation at the indole nitrogen
(compound VIe) causes a hypsochromic shift.

EXPERIMENTAL

The individuality of the compounds synthesized was monitored by TLC on Silufol UV-254
plates. The electronic absorption spectra of solutions of the compounds in ethanol (107% M)
were recorded on a Specord UV-VIS spectrometer. The IR spectra of the substances in KBr
tablets were recorded on a UR-20 spectrophotometer.

Reaction of 2,3-Diaminonaphthalene with Isatins. A heated solution of 3 mmole of the
respective isatin (ITa-e) in a minimal quantity of the solvent is given an addition of 3
mmole of 2,3-diaminonaphthalene in a minimal quantity of the same solvent, and the mixture
is boiled until the original substances vanish (TLC). The reaction mass is cooled,
and the precipitate is filtered out. If it is an individual substance, it is recrystallized
from an appropriate solvent. Otherwise the mixture along with the evaporated filtrate is
separated by column chromatography on aluminum oxide (the pH of an aqueous extract is 9~10)
with a 1:10 acetone—chloroform mixture. The sparingly soluble mixture of nitrobenzin-
doloquinoxaline VId and aminophenylbenzoquinoxalinone Vd is separated by boiling in 50 ml
of a 3:1 mixture of ethanol and an aqueous 20% NaOH solution. The insoluble residue, which
consists of nitrobenzindoloquinoxaline VId, is washed with water, the filtrate is neutralized
by 1 N HCI, and aminonitrophenylbenzoquinoxalinone Vd is filtered out. The yields of the
compounds are given in Table 1, and the characteristics are given in Table 2.

3—-(2-Aminophenyl)-~2(1H)~benzo[glquinoxalinone (Va). A solution of 0.33 g (1 mmole) of
acetaminophenylbenzoquinoxalinone Ve in 6 ml of a 10% aqueous solution of NaOH is boiled for
4 h. After cooling the reaction mixture is neutralized with acetic acid to pH 7. The pre-
cipitate is filtered out and recrystallized from 30 ml of a 5:1 ethanol—DMFA mixture. The
vield of Va is 0.28 g (97%). According to the spectral characteristics and the melting
point of a mixed sample, the substance is similar to the 3-(2'-aminophenyl)-2(1H)~benzo[g]~-
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quinoxalinone (Va) obtained from isatin ITa and 2,3-diaminonaphthalene (I).

3-(2-Acetaminophenyl)~2(1H)-benzo|glquinoxalinone (Ve). A 0.l4-g portion (0.5 mmole)
of aminophenylbenzoquinoxalinone Va is dissolved in 10 ml of pyridine, and 0.2 ml (3 mmole)
of acetyl chloride is added with cooling by ice. After 1 h the reaction mixture is poured
into water and neutralized by HCL to pH 5. The precipitate formed is filtered out and
recrystallized from 40 ml of a 5:1 ethanol-DMFA mixture. The yield of Ve is 0.10 g (60%).
According to the spectral characteristics and the melting point of a mixed sample, the sub-
stance is similar to the acetaminophenylbenzoquinoxalinone Ve obtained from N-acetylisatin
{ITe) and 2,3-diaminonaphthalene (I).

1'-Methylspiro(2H-naphth[2,3-d]imidazole)-2,3"~indolin~2"'-one (VII). A 0.15-g portion
(0.5 mmole) of gpiro compound 1IVb is dissolved in 10 ml of benzene, 1.0 g (4 mmole) of silver
oxide is added, and the mixture is boiled for 2 h. The silver precipitate is filtered out
and washed with 5 ml of acetone. The combined filtrate is evaporated and chromatographed
on silica gel T 40/100 (Chemapol) with chloroform as the eluent, the first fraction being
collected. The yield of VII is 0.06 g (40%).

J-Acetylindolo[2,3~b]benzo[glquinoxaline (VIe). A solution of 0.135 g (0.5 mmole) of
benzindoloquinoxaline VIa in 5 ml of acetic anhydride is boiled for 1 h. After cooling,
the precipitate formed is filtered and recrystallized from 50 ml of a 3:1 chloroformhexane
mixture. The yield of VIe is 0.15 g (97%). According to the spectral characteristics and
the melting point of a mixed sample, the substance is similar to the acetylbenzindolo-
quinoxaline VIe recovered following the reaction of N-acetylisatin ITe and 2,3-diamino-
nanhthalene in acetic acid.
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