SYNTHESIS AND PROPERTIES OF SALTS OF 2-SUBSTITUTED
DERIVATIVES OF 1,6-DIMETHYL-7-CHLORO-1,6-DIAZAPHENALENIUM
SALTS. III.*

E. R. Zakhs, L. A. Ezhova, UDC 547.836.07
N. A. Kuznetsova, and L. S. Efros

A series of 2-substituted 1,6-diazaphenalene derivatives, the subsequent alkylation of which
give 1,6-dimethyl-2-R~7-chloro-1, 6-diazaphenalenium salts, was obtained by cyclization of
acyl derivatives of 5-amino- and 5-methylamino-8-chlorolepidines. A study of the absorption
spectra of the salts attests to the fact that, as in cyanine dyes, electron-donor substituents
heighten the color, while electron-acceptor substituents deepen it.

In developing our previous researchy [1] it was of interest to obtain 1,6-diazaphenalene derivatives
and to investigate the effect of substituents on the spectral characteristics of their quaternary salts, which
can be considered to be "aromatic cyanines."

As already reported, 7-chloro-1,6-diazaphenalene forms 5-formylamino-8-chlorolepidine during
intramolecular condensation. It seemed possible to use this method also for other acylaminolepidines; this
would make various 2-substituted 1,6~diazaphenalenes accessible. With this end in mind, we synthesized
2~acetyl- ([I) and 2-aroylamino-8-chlorclepidines (III-VI) by acylation of 5-amino-8-chlorolepidine (I). In
fact, it was found that II-VI, like 5-formylamino-8-chlorolepidine, are readily converted to the correspond-
ing 2-substituted 1,6-diazaphenalenes (VII-XI) under the influence of phosphorus oxychloride. They were
isolated as the perchlorates or hydrochlorides, since bases VII-XI, like the previously described 1H-7-
chloro-1,6-diazaphenalene [1], proved to be unstable. The instability of the bases of the diazaphenalene
series with an unsubstituted NH group hinders both a study of the properties of these compounds and the
preparation of the corresponding quaternary salts. At the same time, as was previously established, N-
methyl derivatives of diazaphenalene, which are incapable of ionization to form an anion, are completely
stable. In order to obtain such compounds with substituents in the 2 position, we synthesized a series of
acyl derivatives (XII-XVI) of 5-methylamino-8-chlorolepidine. We were able to obtain the latter not only
by acylation of 5-methylamino-8-chlorolepidine but also by alkylation of 5-aroylaminolepidines (II-VI) in
aprotic media by the action of methyl iodide or dimethyl sulfate. This reaction gives good yields and is
readily monitored by thin-layer chromatography (T LC).

The cyclization of XII-XVI to 2-substituted 1-methyl-1,6-diazaphenalenes (XVII-XXI) also proceeded
without difficulty. As assumed, XVII-XXI proved to be stable in both the salt and base forms.

*See [1] for communication II.
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TABLE 1. Acyl Derivatives of 5- Amino- and 5~-Methylamino-8-

chlorolepidine
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1V j C¢H,CH3 222—223|0,56' CisH;sCIN:O 9,1'11,4]9,02) 11,7| 95 235' 4,48' 300, 3,78
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VI | CgH,CI 229 055 Ci7H;CLNO | 6,0,22,4 8,9;22,4,80 235 4,65 300 393
XII | CH, 185—186 | 04 | C)3H;sCIN,O | 11,4114,3] 11,3114,3/83 233[440 295 3,73
XTI | CeHs 140 0,4 | CisH,5CINO 89111,3° 9,0{11,4 80 236 4,38 303, 373
X1V | CeH(CH 182 045 CiHyCIN:O | 89 11,1 86 109 75 (237 4,57 (303|391
XV i CsHOCH, 181 036 CgH7CIN2O; | 83 106 82110475 ! 237 14,53(303/3,87
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* On activity I Al;Oy in chloroform.

The structures of the 2-substituted 1,6~diazaphenalenes (VII-XI, XVII-XXI) are confirmed on examina-
tion of the spectra of these compounds. While amides II-VI and XII-XVI are colorless substances (A, 4 <
305 nm,
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Table 1), the formation of a single conjugated diazaphenalene system leads to a sharp shift in the absorption
to the visible region (A, ~430 nm, Table 2). The salts of the diazaphenalene derivatives have an even
deeper color, although the bathochromic shift is much lower (~ 20-30 nm) in this case than on passing from
the amides to the diazaphenalenes. Moreover, it should be noted that the absorption spectra of the salts

of nitrogen-unsubstituted and N-methyl derivatives are similar.

Bands of the stretching and deformation vibrations of the NH groups, and the aromatic C=C and C—H
bonds are present in the IR spectra of the salts of VII-XI. The signal of three protons of the methyl group
(2.7 ppm) and the signals of the aromatic protons at weaker field (7.5-9.3 ppm) are observed in the PMR
spectrum of 1H-2-methyl~7-chloro-1,6-diazaphenalene perchlorate (VII, in CF;COOH). The band of the
stretching vibrations of the CHy group (2900-3000 cm™Y) and bands of the aromatic C—C and C—H bonds are
present in the IR spectra (KBr) of the bases of the N-methyl derivatives of 1,6~diazaphenalene XVII-XXT).
Signals of the N-CHy group (0 4.35 ppm) and of the aromatic protons (7.5-9.3 ppm) are observed in the PMR
spectra of solutions of XVII-XXI in CF3;COOH, and the spectrum of the 1,2-dimethyl derivative (XVII) ad-
ditionally contains the signal of a C—CHg group (2.9 ppm) approximately in the same region as for the nitro-
gen-unsubstituted VII. ~

The stability of the bases of the N-methyl derivatives of diazaphenalene made it possible te quaternize
these compounds. The methylation of 1,2-dimethyl- (XVII) and 1-methyl-2-phenyl-7-chioro-1,6-diazaphena-
lene XVIII) with dimethyl sulfate and methyl tosylate, respectively, gave 1,2,6-trimethyl-7-chloro-1,6~
diazaphenalenium methosulfate (XXII) and 1,6-dimethyl-2-phenyl-7-chloro-1,6-diazaphenalenium tosylate,
which was isolated and purified as the perchlorate XXIII). The structures of XXII and XXIII are confirmed
by their PMR and electronic spectra. One signal of the protons of two N-methyl groups (4.5 ppm), the sig-
nal of C—CHg protons (2.9 ppm), and the signals of aromatic protons are observed in the PMR spectrum of
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TABLE 2. 2-Aryl Derivatives of 1,6-Diazaphenalene
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XVII- HCIO,
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XX . HCI

* On activity 1T ALOg, in chloroform.

XX were recorded in acidic alcohol solutions of the

t The electronic absorption spectra of the hydrochlorides of XVIII~

corresgponding bases.

XXII (in CF3COOH). Thus the PMR spectra make it pos~
sible to conclude that the N-methyl groups in the quaternary
salts are equivalent and, consequently, that the distribu-
tion of positive charge between the nitrogen atoms is uni-
form.

The electronic spectra of XXII and XXIII are char-
acterized by four intense absorption maxima, and, just as
in 1H-7-chloro-1,6-diazaphenalene, alkylation of the nitro-
gens does not have a substantial effect on the position of
the long-wave maximum but does increase its intensity
considerably. An electron-acceptor substituent (phenyl)
in the 2 position causes deepening of the color, while an
electron-donor substituent (methyl) heightens the color.
The same shift of the absorption maximum of the long-wave
band is also observed in cyanine dyes when substituents
enter into the outer ring. Thus, the 1,6-diazaphenalenium
salts obtained are stable and have intense color; this justi-
fies calling them aromatic cyanines.

EXPERIMENTAL

5-Acetamido-8-chlorolepidine (II). A solution of
0.8 g (@ mmole) of 5-amino-8-chlorolepidine (I) in 8 ml of
acetic acid and 0.6 ml (6.4 mmole) of acetic anhydride was
refluxed for 1 h, after which the excess acetic acid was
removed by distillation, and 20 ml of water was added. The
resulting precipitate was removed by filtation and dried to
give 0.9 g (100%) of II as colorless needles with mp 216~
217° [from ethanol (1:50)]. Found: C 56.1; H 5.4; C114.9;
N 11.8%. CyHy;CIN,O. Caleulated: C 56.2; H 4.7; C115.1;
N 11.9%.

5- (4-R-Benzamido)-8-chlorolepidines (III-VI, Table
1). A l-g (5 mmole) sample of I was heated in 10 ml of
‘anhydrous toluene, 8 mmole of the appropriate acid chloride
{benzoyl chloride or p-chloro-, p~-methyl-, or p~methoxy-
benzoyl chloride) was added, and the mixture was stirred
and refluxed for 1 h. The precipitate was removed by fil-
tration, dried, and crystallized from butanol. Compounds
III-VI were obtained as colorless plates that were quite
soluble in dimethylformamide but insoluble in low-polarity
solvents.

1H-2-R-7-Chloro-1,6-diazaphenalenium Salts (VII-
XI, Table 2). A 1-g sample of the appropriate acyl deriva-
tive of I (II-VI) and 10 ml of POC]; were heated in sealed
ampuls at 150-200° for 3 h. The excess POCl; was re-
moved by vacuum distillation, Wat%r'lwas added to the resi-
due, and the resulting solution was boiled with activated
charcoal. Addition of the appropriate acid yielded the per-
chlorates or hydrochlorides of 2-substituted 1,6-diaza-
phenalenes, which were crystallized from ethanol.

5-Acetylmethylamino-8-chlorolepidine (XII). This
compound was obtained in 83% yield by acetylation of 5-
methylamino-8-chlorolepidine, as in the preparation of II.
The colorless needles had mp 185-186° [from CClL, (1:50)].
Found: C 62.9; H 5.4; C114.3; N 11.4%. Cy3H;3CIN,O. Cal-
culated: C 63.0; H5.3; C114.3; N 11.3%.
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5- (4-R-Benzoylmethylamino)-8-chlorolepidines XII-XVI, Table 1). A. A 1-g (4.9 mmole) sample
of 5-methylamino-8-chlorolepidine was dissolved in a mixture of 10 ml of toluene and 1 ml of pyridine, and
the solution was heated to 80°. A 7.2-mmole sample of the appropriate acid chloride (benzoyl chloride or
p-nitro-, p-methyl-, or p-methoxybenzoyl chloride) was added, and the mixture was refluxed for 1 h. The
pyridine hydrochloride was removed by filtration, the solvent was removed by vacuum distillation, and the
residue was crystallized from ethanol (1:30). Compounds XI~-XVI were obtained as colorless plates.

B. A solution of 0.68 ml (6.8 mmole) of dimethyl sulfate in 4 ml of acetone was added tc a hot mix-
ture of 3.4 mmole of the appropriate aroyl derivative of I (II-VI), 0.4 g (10 mmole) of finely ground sodium
hydroxide, and 20 ml of acetone, and the mixture was refiuxed for 1 h, The precipitate was removed by
filtration, a large portion of the solvent was removed from the filtrate by distillation, and 20 ml of water
was added to the residue. The precipitate was removed by filtration and crystallized from ethanol (1:30)
to give a product in 70% yield. The compounds obtained by methods A and B were identical.

.1-Methyl-2-R-7-chloro-1,6-diazaphenalenes (XVII-XXI, Table 2). A 1-g sample of the appropriate
acyl derivative of I (XII-XVI) and 10 ml of freshly distilled phosphorus oxychloride were heated in a sealed
ampul at 200° for 3 h. A large portion of the POCl; was removed by vacuum distillation, water was added
to the residue, and the solution was boiled with activated charcoal. The base was precipitated by the ad-
dition of alkali solution. The compounds were crystallized from ethanol and were obtained as bright-yellow
plates.

1,2,6-Trimethyl-7-chloro-1,6-diazaphenalenium Methosulfate XXI). A 1-g (4.4 mmole) sample of
XVIland 4 ml 44 mmole) of dimethyl sulfate were heated in a test tube with a calcium chloride tube at

140° for 2 h. The dimethyl sulfate was washed out with ether, and ethanol was added to the residue to pre-
cipitate the product. It was removed by filtration and dried to give 1.1 g (71%) of XXII. Crystallization
from ethanol (L:40) gave bright-yellow needles. UV spectrum, nm (log £): 278 (4.38), 315 (3.92), 360 (3.62),
440 (3.96). Found: Cl19.8; N 7.5%. Cy5H;;CIN,O,S. Calculated: C19.7; N 7.9%.

1,6-Dimethyl-2-phenyl-7-chloro-1, 6-diazaphenalenium Perchlorate (XXIII). A 1.5-g (5.1 mmole)
sample of XVIII and 4.8 g (25 mmole) of methyl p-toluenesulfonate were fused at 130° for 4 h. The mixture
was cooled and dissolved in 30 ml of 0.1 N HC1, and the solution was boiled with activated charcoal and
filtered. The addition of 56% HCLO, precipitated 1.7 g (70%) of XXIII. Crystallization from acetic acid
(1:50) gave yellow needles with mp 255-255.5°. UV spectrum, nm (log £): 285 {4.36), 316 (4.02), 366 (3.72),
456 ¢#.12). Found: Cl17.5; N 6.9%. CygH(CLN,O;. Calculated: Cl17.5; N 6.9%.

The electronic absorption spectra of alcohol solutions of II-XXI (¢=0.4-1074=0.6-10"% M) were re-
corded with an SF-8 spectrometer.
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