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D E R I V A T I V E S  O F  1 , 6 - D I M E T H Y L - 7 - C H L O R O - 1 , 6 - D I A Z A P H E N A L E N I U M  
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E .  R .  Z a k h s ,  L .  A.  E z h o v a ,  UDC 547.836.07 
N.  A.  K u z n e t s o v a ,  a n d  L.  S. E f r o s  

A series of 2-substituted 1,6-diazaphenalene derivatives, the subsequent alkylation of which 
give 1,6-dimethyl-2-R-7-chloro-l,6-diazaphenalenium salts, was obtained by eyclization 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 elcctron-acceptor substituents deepen it. 

In developing our previous research [i] it was of interest to obtain i, 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-l,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, w'e synthesized 
2-acetyl- (11) and 2-aroylamino-8-chlorolepidines (IH-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 hydroehlorides, since bases VII-XI, like the previously described IH-7- 
chloro-l,6-diazaphenalene [i], 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 quatcrnal3r salts. At the same time, as was previously established, N- 
methyl derivatives of diazaphenalcne, 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-ehlorolepidine. We were able to obtain the latter not only 
by acylation of 5-methylamino-8-chlorolepidine but also by alkylation of 5-aroylaminolepidines (III-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 (TLC). 

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

* See [i] for communication II. 
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TABLE i. Acyl Der iva t ives  of 5 -Amino-  and 5 -Methy lamino-8-  
chlorolepidine 

II 
llI 
lV 
V 

VI 
XII 

XIII 
XIV 
XV 

XVI 

CHa 
C~Hs 
C6H4CHa 
C~H~OCH~ 
C~H4CI 
CH~ 
C~Hs 
C6H4CHa 
C~H~OCHa 
C~H~NOz 

i Empirical rap, ~ Rt* formula 

I 
216--217 0,7 ] Ci2HuCtN~O 
236--239 054 C~vH~3CIN~O 
222--223 0,56' CIsHlsC1N20 

223 0,551 CIsH,sCIN202 
18:29186 0,55]1 CI3Hj3C1N2oCIzHt~CI2N~O O4 

140 0',4 ] CIsHI~CIN~O 
182 0,45 CI~HITCIN~O 
181 0,36 C~H~CINeO~ 
212 0,391 C,aH,eCINaOa 

 o.nd. I 

I I I I I 51436I 1367 11,8 I4,9, tI,9j t5,i 92 23 300 
9,5' 12,1 95 12,0 95 ~23514,64 3001394 
91'114 902 117 95 '235 4,48'30013,78 
87i107 86 10,9180 2374,563004, 0 
90'294 891224180 ',235~465 300'393 

11 4!'14 31~ 1113 i 14:3i83 '233 4140 295 3173 
89]113' 9,0]I14 80,236 438303i373 
8',9, tl',l 8,6 l(19 75 ,1237j4,57 30313,91 
8,3 10,6 8,2 10,4175123714 53 L30313 87 

11,9 k I0,3, 11,8 i 10,6170 i237[ 4,4l 1290,3,95 

* On act ivi ty  II A1203 in ch loroform.  

The s t r u c t u r e s  
tion of the spec t r a  of 
305 nm, 

of the 2-subst i tu ted  1 ,6-d iazaphenalenes  (VII-XI, XVII-XXI) a r e  conf i rmed on examina-  
these compounds.  While amides  I I -VI  and XII-XVI a r e  co lo r l e s s  substances  (~.max < 

Ct 
I 

CH3NH ~ 

I 
C! 

R 

- -  RCONHI~CH, ~ H ~ N ~  / 

El El 

I I - V I  V l l -X l  

R 

�9 I CI CI 
XI I -XV!  XVII-XX, I 

R c" x 
CI CH 3 

XXII, XXII[ 

R~ClI3. C~H,,. p-CrtI~Cli~, p-C~ ~OCH 3 p-C~H4CI, p-CliH4NO 2 

Table  1), the fo rmat ion  of a single conjugated diazaphenalene sy s t em leads to a sharp  shift  in the absorp t ion  
to the vis ible  region (3. max  ~ 430 nm, Table  2). The sa l t s  of the diazaphenalene der iva t ives  have an even 
deeper  color ,  although the ba thochromic  shift is much  lower  (~ 20-30 nm) in this case  than on pass ing f r o m  
the amides  to the diazaphenalenes.  Moreover ,  it should be noted that the absorp t ion . spec t r a  of the sa l t s  
of n i t rogen-unsubst i tu ted  and N-methy l  der iva t ives  a r e  s imi l a r .  

Bands of the s t re tch ing  and deformat ion  vibratio~xs of the NH groups,  and the a roma t i c  C = C and C--H 
bonds are  p resen t  in the IR spec t r a  of the sa l ts  of VII-XI.  The signal of three  protons  of the methyl  group 
(2.7 ppm) and the s ignals  of the a r o m a t i c  protons  at weaker  field (7.5-9.3 ppm) a re  observed  in the PMR 
s p e c t r u m  of 1 H - 2 - m e t h y l - 7 - c h l o r o - l , 6 - d i a z a p h e n a l e n e  pe rch lo ra t e  (VII, in CF3COOH ). The band of the 
s t re tching v ibra t ions  of the CH 3 group (2900-3000 cm -1) and bands of the a roma t i c  C - C  and C--H bonds a re  
p r e sen t  in the IR spec t ra  (KBr) of the b a s e s  of the N-methy l  de r iva t ives  of 1 ,6-diazaphenalene (XVII-XXI). 
Signals of the N-CHs group (6 4.35 ppm) and of the a roma t i c  protons  (7.5-9.3 ppm) a re  observed  in the P1VLR 
spec t r a  of solutions of XVII-XXI in CF3COOH , and the spec t rum of the 1 ,2-dimethyl  der iva t ive  (XVII) ad-  
ditionally contains the signal  of a C - C H  3 group (2.9 ppm) approx imate ly  in the s ame  region as  for  the n i t ro -  
gen-unsubst i tu ted VII. 

The stabi l i ty  of the ba se s  of the N-methy l  der iva t ives  of diazaphenalene made it poss ib le  to quaternize  
these compounds.  The methyla t ion of 1 ,2 -d imethyl -  (XVII) and 1 - m e t h y l - 2 - p h e n y l - 7 - c h l o r o - l , 6 - d i a z a p h e n a -  
lene (XVHI) with d imethyl  sulfate and methyl  tosylate,  respec t ive ly ,  gave 1 , 2 , 6 - t r i m e t h y l - 7 - c h l o r o - l , 6 -  
d iazaphenalenium methosulfa te  (XXII) and 1, 6-d imethyl -  2 -pheny l -7 -eh lo ro -1 ,  6-diazaphenalenium tosylate,  
which was isolated and pur i f ied a s  the pe rch lo ra te  (XXIII). The s t ruc tu r e s  of XXH and XXIII a r e  conf i rmed 
by the i r  PMR and e lec t ronic  spec t ra .  One s ignal  of the protons  of two N-me thy l  groups (4.5 ppm), the s ig-  
nal of C--CH 3 pro tons  (2.9 ppm), and the s ignals  of a r o m a t i c  protons  a r e  obse rved  in the PMR s p e c t r u m  of 
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XXII (in CF3COOH). Thus the PMR spectra  make it p o s -  
sible to conclude that the N-methy l  groups in the quaternary 
sa l t s  are  equivalent and, consequently ,  that the distr ibu-  
t ion of pos i t ive  charge between the nitrogen a toms  is uni-  
form.  

The e l ec tron ic  spectra  of XXII and XXIII are char-  
a c t e r i z e d  by four intense absorpt ion maxima,  and, just as  
in 1 H - 7 - c h l o r o - l , 6 - d i a z a p h e n a l e n e ,  alkylat ion of the n i tro-  
gens  does  not have a substantial  ef fect  on the pos i t ion of 
the long-wave  m a x i m u m  but does  increase  its intensity 
cons iderably .  An e l e c t r o n - a c c e p t o r  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-diazaphenaleniu_m 

salts obtained are stable and have intense color; this justi- 

fies calling them aromatic cyanines. 

E X P E R I M E  N T A  L 

5-Acetamido-8-ch loro lep id i l~e  (II). A solut ion of 
0.8 g (4 mmole )  of 5 - a m i n o - 8 - c h l o r o l e p i d i n e  (I) in 8 ml  of 
acet ic  acid and 0.6 m l  (6.4 mmole )  of acet ic  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 (i: 50)]. Found: C 56.1; H 5.4; C1 14.9; 

N 11.8%. CI2HIICIN20. Calculated: C 56.2; H 4.7; C1 15.1; 
N 11.9%. 

5- ( 4 - R - B e n z a m i d o ) - 8 - c h l o r o l e p i d i n e s  (III-VI, Table 
1). A 1 -g  (5 m m o l e )  sample  of I was  heated in 10 ml  of 
anhydrous toluene, 8 m m o l e  of the appropriate acid chloride  
(benzoyl  chlor ide  or p - c h l o r o - ,  p -methy l - ,  or p - m e t h o x y -  
benzoy l  chloride)  w a s  added, and the mixture  was  s t i rred  
and ref luxed for  1 h. The precipitate  was  removed  by f i l -  
tration, dried, and crys ta l l i z ed  from butanol. Compounds 
III-VI w e r e  obtained as  c o l o r l e s s  plates  that were  quite 
soluble in dirnethyKormamide but insoluble in low-polarity 

so lvents .  

l I - t -2 -R-7-Chtoro- l ,6 -d iaza~phenalenium Salts  (VII- 
XI, Table 2). A 1-g sample  of the appropriate acyl  der iva-  
t ive of I (II-VI) and 10 m l  of POC13 were  heated in sea led  
ampuls  at 150-200 ~ for 3 h. The ~xcessj POC13 was  re -  
moved  by vacuum dist i l lat ion,  watbr'was  added to the r e s i -  
due, and the resul t ing  solut ion was  boi led with activated 
charcoa l .  Addition of the appropriate acid yie lded the per -  
ch lora te s  or  hydrochlor ides  of 2-subst i tuted 1 ,6 -d iaza -  
phenalenes ,  which w e r e  c r y s t a l l i z e d  f r o m  ethanol.  

5 - A c e t y l m e t h y l a m i n o - 8 - c h l o r o l e p i d i n e  (XII). This  
compound was  obtained in 83% yield by acety lat ion of 5- 
methy lamin0-8 -cb loro lep id ine ,  as  in the preparat ion of II. 
The c o l o r l e s s  needles  had rap 185-186 ~ [ from CC14 (1 : 50)]. 
Found: C 62.9; H 5.4; C1 14.3; N 11.4%. CI3H13C1N20. Cal-  
culated: C 63.0; H 5.3; C1 14.3; N 11.3%. 
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5- (4 -R-Benzoy lmethy lamino) -8 -ch lo ro lep id ines  ~XtI-XVI, Table 1). A. A 1-g  (4.9 mmole)  sample  
of 5 -me thy lamino-8 -ch lo ro lep id ine  was d isso lved  in a mix tu re  of 10 ml  of toluene and 1 m l  of pyridine,  and 
the solution was heated to 80 ~ A 7 .2 -mmole  sample  of the appropr ia te  acid chlor ide (benzoyl chlor ide  or  
p -n i t ro - ,  p -me thy l - ,  or  p -methoxybenzoyl  chloride) was added, and the mix tu re  was  ref luxed fo r  1 h. The 
pyr idine hydroehlor ide  was removed  by f i l t rat ion,  the solvent  was r emoved  by vacuum distil lation, and the 
res idue  was c r y s t a l l i z e d f r o m  ethanol (1: 30). Compounds XII-XVI were  obtained as  co lo r l e s s  plates .  

B. A solution of 0.68 ml  (6.8 re_mole) of d imethyl  sulfate in 4 ml  of acetone was  added to a hot mix -  
tu re  of 3.4 re.mole of the appropr ia te  a roy l  der iva t ive  of I (III-VI), 0.4 g (10 re_mole) of finely ground sodium 
hydroxide, and 20 ml  of acetone, and the mix tu re  was refluxed for  1 h. The prec ip i ta te  was  removed  by 
f i l t rat ion,  a la rge  por t ion of the solvent  was  r emoved  f r o m  the f i l t ra te  by disti l lation, and 20 ml  of wa te r  
was added to the res idue .  The prec ip i ta te  was r emoved  by f i l t ra t ion and c rys t a l l i zed  f r o m  ethanol (1 : 30) 
to give a product  in 70% yield. The compounds obtained by methods A and B were  identical.  

1 - M e t h y l - 2 - R - 7 - c h l o r o - l , 6 - d i a z a p h e n a l e n e s  (XVII-X-XI, Table  2). A 1-g sample  of the appropr ia te  
acyl  der iva t ive  of I (XII-XVI) and 10 ml  of f r e sh ly  dis t i l led  phosphorus  oxychloride w e r e  heated in a sealed 
ampul  at 200 ~ fo r  3 h. A la rge  por t ion  of the POC13 was  r emoved  by vacuum distil lation, wa te r  was  added 
to the residue,  and the solution was  boiled with ac t ivated charcoal .  The base  was prec ip i ta ted  by the ad-  
dition of alkal i  solution. The compounds were  c rys t a l l i zed  f r o m  ethanol and were  obtained as  b r igh t -ye l low 
pla tes .  

1 , 2 , 6 - T r i m e t h y l - 7 - c h l o r o - l , 6 - d i a z a p h e n a l e n i u m  Methosulfa te  (XXII). A 1-g  (4.4 mmole)  sample  of 
XVIIand 4 m l  (44 mmole)  of d imethyl  sulfate were  heated in a t es t  tube with a ca lc ium chloride tube at  
140 ~ fo r  2 h. The dimethyl  sulfate was washed out with ether ,  and ethanol was added to the res idue  to p r e -  
cipi tate the product .  It was  r emoved  by f i l t ra t ion  and dr ied to give 1.1 g (71%) of XXII. Crys ta l l i za t ion  
f r o m  ethanol (1 : 40) gave br igh t -ye l low needles.  UV spec t rum,  nm (log e): 278 (4.38), 315 (3.92), 360 (3.62), 
440 (3.96). Found: C19.8; N7.5%. C15H17C1N2OtS. Calculated: C19.7; N7.9%. 

1 ,6 -D ime t hy l -2 -pheny l -7 - ch l o ro - l , 6 -d i azaphena l en ium P e r c h l o r a t e  (XXIII). A 1.5-g (5.1 mmole)  
sample  of XVIII and 4.8 g (25 mmole)  of methy l  p- to luenesulfonate  were  fused at 130 ~ for  4 h. The mix ture  
was cooled and dissolved in 30 m l  of 0.1 N HC1, and the solution was boiled with ac t ivated charcoa l  and 
f i l tered.  The addition of 56% HC104 prec ip i ta ted  1.7 g (70%) of XXIII. Crys ta l l i za t ion  f r o m  acet ic  acid 
(1 : 50) gave yellow needles  with mp 255-255.5 ~ UV spec t rum,  um (log e): 285 (4.36), 316 (4.02), 366 (3.72), 
456 (4.12). Found: C1 17.5; N 6.9%. C19Hi6C12N204. Calculated: C1 17.5; N 6.9%. 

The e lec t ronic  absorpt ion  s pec t r a  of alcohol solutions of I I -XXI (c = 0.4 �9 10 - 4 -  0 .6 .10  -4 M) were  r e -  
corded with an SF-8  s p e c t r o m e t e r .  

i. 
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