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The cyclization of 5-formylmethylamino-8-cblorolepidine and subsequent alkylation gave 
a 1,6-dimethyl-7-chloro-l,6-diazaphenalenium salt, one of the representatives of com- 
pounds previously called aromatic cyanines. The spectral characteristics and chemical 
properties of this salt are in close agreement with the results of calculations by the 
Hi~ckel Me method. 

A theoret ical  examination of aromat ic  cations that contain mutually conjugated npyrrole" and "pyr -  
idine n nitrogen atoms demonstrated that they should be stable and deeply colored. We decided to begin our 
experimental  study of this type of compound with the 1,6-diazaphenalenium cation. Since neither this cation 
nor 1H-1,6-diazaphenalene itself have been described in the l i tera ture ,  we made a pre l iminary calculation 
of iH-l,6-diazaphenalene (I), its cation (If), and anion (III) by the H~tckel Me method. 

L 
I II III 

The calculations of I-IH were performed both under the assumption of nonequivMence of the nitrogen 
atoms and under the assumption that they are equivalent. In the latter ease, the parameters for N were 
taken as the ar i thmetic  mean of the pa ramete r s  of nitrogen in the corresponding valence states ("averaged 
pa ramete r s" ) .  A comparison of the resul ts  of calculations with the application of the heteroatom pa ram-  
e te rs  recommended  by Strei twieser  [2], by Brown [3], and the "averaged" pa ramete r s  makes it possible 
to conclude that the cha rac t e r  of the distribution of the e lectron density, the bond orders  (Table 1), and the 
ra t io  of the delocalization energy per e lectron (DE) of I - I ! I  do not change substantially when the h N and 
kCN values are var ied.  The calculations also demonstrated that I-III ,  par t icular ly cation II, shouldbe com- 
pletely thermodynamical ly  stable: E v and DE (in/30 units) were  found to be 20.28 and 0.41 for I, 22.59 and 
0.62 for II, and 19.93 and 0.53 for  III. 

It seemed to us that the s implest  var iant  for the synthesis of 1H-1,6-diazaphenalene and its der iv-  
atives was in t ramolecular  condensation of 5-formyiaminolepidine through the carbonyl group of the acyl 
residue and the labile hydrogen atoms of the methyl group. However, 5-nitrolepidine is hard to obtain , since 
the chief product in the nitrat ion of lepidine is 8-nitrolepidine, and only t races  of 5-nitrolepidine are formed 
[4, 5]. 8-Chlorolepidine was therefore  taken as the basis of the synthesis.  The nitration of 8-chlorolepi-  
dine (IV) under conditions s imi lar  to those in the nitration of lepidine [6] proceeded unambiguously to give 

*See [1] for communication I, 
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T A B L E  1.  7 r - E l e c t r o n  C h a r g e s  (qlr) a n d  M i g r a t o r y  B o n d  O r d e r s  
(Pij)  o f  1 H - 1 , 6 - D i a z a p h e n a l e n e  (I),  I t s  C a t i o n  (II) ,  a n d  A n i o n  ( I I I )*  

Atom 

1 

2 

3 

4 

5 

6 

7 

8 

9 

lO 

11 

12 

13 

+ 0,24,2 

+0,137 

-0,098 

+ 0,074 

--0,089 

+ 0,094 

--0,292 

+0,041 

--0,089 

+0,018 

--0,098 

+ 0,067 

- 0,007 

q~ 

II Ill 

Pi~ 

III 

0,683 (0,654) 

o,5,~7 (o,es4) 

0,5,78 (0,552) 

0,524, (0,5,52) 

0,7]4 (0,68%) 

0,6,18 (0,654) 

0,6m (0,5a5) 

0,502 (o,~e6) 

0,657 (0,5709 

0,684 (0,6170) 

0,552 (0,5~) 

0,527 (0,527) 

0,5'29 (0,527) 

+ 0,277 
( + O,3e~) 

+0,191 
(+0,206) 

- -  0,083 
(-o,o99) 

+o,149 
(+o,166) 

- 0,087 
(-0,009) 

+0,226 
(+0,206) 

+ 0,286 
( + 0,3231 
,+0,098 

(+o,o02,) 
--0,087 1 

(--0,099) 
+ 0,037 

(+o,o~) 
- -  0,083 

(--0,099) 
+0,079 

( + O,O~e) 
--O,Oll 

(-0,01,2) 

--0,138 
(-0,2a~) 

+0,004 
(+o,o4,1) 

-o,146 
( - O, 1'55) 

+0,019 
( + 0,024) 

--0,159 
(-o,1,%) 

+0,068 
(+0,041) 

-0,381 
( - O,'r>5 ) 

+0,038 
(+0,021) 

-0,159 
(-0,156) 

+0,005 
(~-0,006) 

--0,146 
(-o,i~5) 

o,ooo 
(+o,o21) 

o,ooo 
(0,000) 

Bond 

0,452 

0,771 

0,63,I 

0,549 

0,747 

0,468 

0,3?9 

0,52~ 

0,66'9 

0,660 

0,64'2 

0,54~ 

0,543 

o,see (0.500) 
0,360 (o,3~8) 

I II 

(0,490) 

(o,74~) 

(o,5~3) 

(0,5r 

(o,~7,) 

(0,490) 

(0,398) 

(0,~24) 

(o,6~) 

(0,666) 

(o,c~z4,) 

r 

(o ,54o.) 

(0,5~,) 
(0,536) 

0,512,5 
0,552 

*The results of calculations with parameters from [1-3] are 

presented; the results of calculations with "averaged" param- 

eters are given in parentheses. 

good yields. The nitro group was reduced with stannous chloride in hydrochloric acid. 5-Amino-8-chloro- 

lepidine (VI) is readily diazotized and undergoes azo coupling. The amine was formylated with a mixture 

of 85% formic acid and acetic anhydride at room temperature [7]. 

We found that the crucial step in the synthesis - cyclization of 5-formylamino-8-chlorolepidine (VIIIa) 

- proceeds readily when the latter is heated with phosphorus oxychloride at 200~ iH-7-Chloro-l,6-diaza- 
phenalene (IXa) was isolated and purified as the stable perchlorate (orange needles). The structure of the 

salt was proved by IR and UV spectra [8]. 

IV V VI ~ VII  
\ 

C ~  CI CI 

(~ H N ~ N R  N ~ N R C O H  c.~-N I ,w-c ~ ~ ~ I ~  

c . , soe  x ~ I ~ c . ~  
IXa, b Villa, b 

a R=H: b R=CH 3 

Potentiometric titration of a solution of the perchlorate of IXa in 50% alcohol was used to determine the 
basicity constant of IXa (pKa 25 7.83 • 0.04). The high basicity attests to conjugation between the two nitro- 
gen atoms. Compound IXa could not be isolated in pure form. The yellow compound obtained when solu- 
tions of the perchlorate of IXa were made alkaline darkened rapidly in air, and the compound could not 
be purified by crystallization. The direct alkylation of IXa by dimethyl sulfate in alkaline media gave a 
dark-colored substance with a polymeric structure. Using thin-layer chromatography on A1203, we were 
able to establish that the substance also contains the mono- and dimethyl derivatives. We assumed that 
the instability of the iH-7-chloro-l,6-diazaphenalene base (IXa) and the appearance of side products during 
its alkylation in alkaline media are caused by the chemical instability of the anion formed under these con- 
ditions. Compounds V and Villa could not be alkylated at the heteroatom, although various alkylating agents 
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Fig. 1. Absorption spect ra  of 1,6-diazaphenalene 
derivatives (in alcohol, c 0 .3 .10 -4 M): 1) 1H-7- 
ch loro- l ,6-d iazaphenalenium percblorate  (IXa); 2) 
1 -methyl -7-cb loro- l ,6 -d iazaphena lene  (IXb); 3) 
1-methyl -  7- chloro-  1,6-diazaphenalenium pereblorate  
(IXb); 4) 1 ,6-d imethyl -7-cbloro- l ,6-d iazaphenaleninm 
methylsulfate (X). 

were used, and the reaction conditions were varied.  This is apparently due to the low basicity of V and 
the hydrolysis  of VIIIa under the alkylation conditions. 

In this connection, we ca r r i ed  out the methylation of the tosyl derivative of VI with subsequent sapon- 
ification of the 5- tosylmethylamino-8-chlorolepidine  to VII. This synthesis proceeds unambiguously and 
gives completely sa t is factory yields.  5-Formylmethylamino-8-chlorolepid ine  (VIIIb) is formed under con- 
ditions s imi lar  to those in the formylat ion of VI. The cyclization of VIIIb to form a phenalene ring was also 
readily accomplished by heating with phosphorus oxychloride in sealed ampuls. The cyclizability of VIIIb 
demonst ra tes  that pre l iminary  enolization of the carbonyl group, which many invest igators have proposed 
in s imi lar  cases  [9], is not necessa ry  for this reaction.  1-Methyl -7-chloro- l ,6-d iazaphenalene  (IXb) was 
also isolated as the percblorate  and the base. The stability of the base confirms the validity of the assump-  
tion that the lability of the unalkylated compound (IXa) is due to the formation of an anion of the HI type. 
Although the lat ter  also has a ra ther  high delocalization energy,  it should readily undergo oxidat ive-reduc-  
rive t ransformat ions  apparently because of the elevated electron density (Table 1). 

The s t ructure  of 1 -methy l -7 -ch loro- l ,6 -d iazaphena lene  (IXb) was proved by IR, UV, and PMR spec-  
t roscopy.  The IR spec t rum (KBr) contains a band of the stretching vibration of the methyl group (2900 era-l), 
the vibration of the a romat ic  rings (1600-1630 cm-1), and deformation out-of-plane vibrations of the a ro -  
matic CH groups (780, 830, and 870 cm-1). A signal of the protons of the N - C H  3 group at 4.35 ppm and 
signals of the a romat ic  protons at 7.4-9.3 ppm are observed in the PMR spect rum (acetic acid). The bas-  
icity constant of IXb proved to be the same as that for IXa (pKa 2~ 7.83 ~-0.03). This is evidence that p ro-  
tonation of both compounds proceeds at the pyridine nitrogen atom. In contras t  to IXa, the corresponding 
quaternary salt  (X) is formed when IXb is heated with dimethyl sulfate. Its s t ructure  was proved by the 
IR, UV, and PMR spect ra .  The IR spec t rum (KBr) contaIns an absorption band of the stretebAng vibrations 
of the methyl group (2900 era-l) ,  vibrations of the aromat ic  r ings (1600 cm-1), and out-of-plane deformation 
vibrations of the a romat ic  CH groups (800, 820, and 850 cm-1). Signals of aromat ic  protons at weak field 
and one intense peak of six protons of the two N-CH~ groups at 4.5 ppm are observed in the PMR spect rum 
(acetic acid), which attests  to the equivalency of these groups.  The PMR spec t rum thus makes it possible 
to conclude that the positive charge in 1 ,6-dimethyl-7-chl  oro-  1,6-diazaphenalenium methylsulfate (X) is 
not localized on a single nitrogen atom but is distributed between two atoms.  

The absorption spec t ra  of 1 -methy l -7 -ch loro- l ,6 -d iazaphena lene  and its percblora te ,  the percblo-  
rate of the unalkylated product,  and of 1 ,6-d imethyl -7-chloro- l ,6 -d iazaphenaleninm methylsulfate are  p re -  
sented in Fig. 1. It is apparent that all of the compounds have four absorption maxima, while base IXb has 
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a shoulder in the long-wave region, the Xmax of which corresponds to the position of the long-wave ab- 
sorption maximum of the salts. The introduction of methyl groups into the nitrogen atoms does not have 
a substantial effect on the position of the long-wave maximum but increases its intensity considerably. 

EXPERIMENTAL 

8-Chlorolepidine (IV). This compound was obtained from o-ehloroaniline and methyl vinyl ketone 

via the method in [i0]. The dark mass formed after alkalinization was evaporated to dryness and extracted 
with benzene. The benzene was removed by distillation, and the residue was vacuum distilled in a sword- 

shaped flask at 215-220~ ram) to give 60% of a product with mp 103-105 ~ 

5-Nitro-8-chlorolepidine (V). A solution of 5 g (0.028 mole) of IV in 6.1 ml (0.ii mole) of concen- 

trated H2SO 4 was cooled to -5 ~ and a mixture of 3.1 ml (0.075 mole) of HNO 3 (sp. gr. 1.51) and 3.1 ml (0.058 

mole) of H2SO 4 was added to it with stirring while maintaining the temperature at - 5 to 0 ~ The mixture 

was stirred at 0 ~ for 2 h, allowed to stand at room temperature for 5 h, and poured over ice. The resulting 

precipitate was removed by filtration to give 5.6 g (89%) of V. This product was crystallized from acetone 

(i : 50) to give light-yellow needles with mp 187-187.5 ~ and Rf 0.57 (chloroform).* Found: C 54.0; H 3.4; 

N 12.5%. CIoH~CIN202. Calculated: C 54.1; H 3.1; N 12.6%. 

5-Amino-8-ehlorolepidine (VI). To a solution of 3.5 g (0o016 mole) of stannous chloride in 7.5 ml of 
concentrated HCI, io0 g (0.005 mole) of V was added gradually and the mixture was stirred for 1 h. The 
precipitated complex was removed by filtration and dissolved in 50 ml of hot water. The resulting dark- 
red solution was treated with 20% NaOH to pH ~ 8. The precipitate was removed by filtration, washed with 

water, and dried to give 0.52 g (60%) of VI as slightly yellowish needles with mp 142-143.5 ~ [from ethanol 
(i : 30)] and Rf 0.7 (chloroform). Found: C 62.3; H 5.2; C1 18.1; N 14.2%. CIoHgCIN2 . Calculated: C 62.5; 
H 4.7; Cl 18.4; N 14.5%. 

5-Methylamino-8-chlorolepidine (VII). A solution of i0 g (0.052 mole) of VI in 25 ml of pyridine was 
heated to 6 0 ~ and a solution of 20 g (0.104 mole) of p-toluenesulfonyl chloride in 50 ml of pyridine was 
added. The mixture was stirred for I h, the major portion of the solvent was removed by vacuum distil- 
lation, and 20% NaOH was added to the residue to pH ~i0. The precipitate was separated, and the solution 
was refluxed with activated charcoal and filtered. The filtrate was cooled to precipitate 12.1 g (61%) of 
yellowish needles of the sodium salt of 5-tosylamino-8-ehlorolepidine. A solution of 6 g (0.016 mole) of 

the sodium salt and 1.3 g (0.033 mole) of NaOH in 30 ml of water was heated to 70 ~ and 15.2 ml (0.16 mole) 
of dimethyl sulfate was added with stirring while maintaining the pH at ,~ 9. The resulting precipitate was 
removed by filtration, washed with water, and dried to give 5.9 g (97%) of 5-tosylmethylamino-8-chloro- 

lepidine as colorless plates with mp 230-231 ~ [from benzene (i :30)]. Found: C 60.5; H 4.8; C1 10.1; N7.7; 
S 9.02~o. CIsHITCIN202S. Calculated: C 60.2; H 4.7; Cl 9.9; N 7.8; S 8.9%. A solution of 3.75 g (0.01 mole) 
of 5-tosylmethylamino-8-chlorolepidine in i0 ml (0.19 mole) of concentrated H2SO 4 was held at room tem- 
perature for 12 h and poured into ice water. Ammonium hydroxide was added gradually to pH ~ 7, and the 
precipitate was removed by filtration and dried to give 2.1 g (100~0) of VII as yellowish needles with mp 
135-137 ~ [from benzene (i : 40)] and Rf 0.4 (chloroform). Found: C 64.0; H 5.04; N 13.7%. CiiHltCIN2. 
Calculated: C 64.1; H 5.4; N 13.6%. 

5-Formylamino-8-chlorolepidine (VIIIa). Acetic anhydride [16 ml (0.17 mole)] was added to 1 g (0.005 
mole) of VI in 9.5 ml (0.25 mole) of 85% formic acid, and the mixture was stirred at room temperature for 
2 h. The acetic acid was removed by vacuum distillation, 20 ml of water was added to the residue, and the 
resulting precipitate was removed by filtration and dried to give 0.88 g (77%) of Villa as colorless plates 
with mp 245-246 ~ [from butanol (1 : 30)] and Rf 0.5 [chloroform-acetone (4 : i)]. Found: C 59.6; H 4.2; C1 
16.2; N 12.7%. CIIHgCIN20. Calculated: C 60.0; H 4.1; Cl 16.1; N 12.7%. 

5-Formylmethylamino-8-chlorolepidine (VIIIb). A solution of 1 g (0.005 mole) of VII in 9 ml (0.24 
mole) of 85~0 formic acid and 21 ml (0.22 mole) of acetic anhydride was stirred at room temperature for 
1 h and refluxed for 1 h. The major portion of the acetic acid was removed by distillation, 20 ml of water 
was added to the residue, and the precipitate was removed by filtration to give 0.8 g (70%) of VIIIb as color- 
less plates with mp 133-134 ~ [from CCI 4 (1:50)] and Rf 0.6 [chloroform-acetone (3 : 1)]. Found: C 61.2; 
H 4.8; Cl 15.3; N 12.1%. CI2HIICIN20. Calculated: C 61.5; H 4.7; CI 15.2; N 12.0%. 

*All of the Rf values presented are for thin-layer chromatography on activity II AI203. 
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1H-7-Chloro- l ,6-d iazaphenalenium Perchlora te  (IXa.HC104). A mixture of 1 g (0.0046 mole) of VIIIa 
and 10 ml of f reshly distilled POC13 was heated in a sealed ampul at 150 ~ for 3 h. The excess POCI~ was 
removed by vacuum distillation, 30 ml of water  was added to the residue,  and the result ing solution was 
refluxed with activated charcoal .  The gradual addition of 56% HC104 to the fi l trate precipitated 0.32 g (23%) 
of IXa.  HC104 as orange plates with mp 279-281 ~ [from ethanol (1:40)] and Rf 0.33 (chloroform); kmax, nm 
(log a): 260 (4.2), 308 (3.86), 358 (3.58), 454 (3.68). Found: C 43.6; H 3.2; N 8.9%. CllHTC1N 2 -HC104. Cal- 
culated: C 43.6; H 2.6; N 9.2%. 

1-Methyl -7-ch loro- l ,6 -d iazaphenalene  (IXb). A mixture of 1 g {0.0043 mole) of VIIIb and 10 ml of 
POC13 was heated at 150 ~ for 3 h in a sealed ampul. The result ing precipitate was removed by filtration 
and dissolved in water .  The solution was refluxed with activated charcoal ,  and NaOH solution was added 
to the cooled solution. The result ing bright-yellow precipitate was removed by fil tration and dried to give 
0.74 g (80%) of IXb with mp 233-235 ~ [from benzene (1 : 40)] and Rf 0.45 (chloroform); kmax, nm (log e): 
255 (4.1), 325 (3.94), 380 (3.81), 435 (3.62). Found: C 66.5; H 4.4; C1 16.4; N 13.1~. C12HgC1N 2. Calculated: 
C 66.7; H 4.2; C1 16.5; N 13.0%. 

1 ,6-Dimethyl -7-chloro- l ,6 -d iazaphenalenium Methylsulfate (X). A mixture of 1 g (0.005 mole) of 
IXb and 4.5 ml (0.05 mole) of freshly distilled dimethyl sulfate was heated in a test  tube with a calcium 
chloride stopper at 120 ~ for 1 h. The resul t ing viscous mass  was washed with ether.  The addition of al- 
cohol to it gave 0.98 g (62%) of X as bright-yellow plates [from ethanol (1:40)] with mp> 300~ kmax, nm 
(log ~): 268 (4.37), 315 (4.02), 360 (3.67), 450 (3.97). Found: C1 10.2; N 8.0; S 9.4%. C14HIsCIN204S. Cal-  
culated: C1 10.4; N 8.2; S 9.5%. 
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