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The  ca t i ons  of compounds  w i th  c o n d e n s e d  r i n g s  con ta in ing  m u t u a l l y  con juga t ed  " p y r i d i n e "  
and " p y r r o l e "  n i t r o g e n  a t o m s  w e r e  c o n s i d e r e d  as  a r o m a t i c  c y a n i n e s  by the Hiickel  MO 
me thod .  C a l c u l a t i o n  d e m o n s t r a t e s  tha t  t h e s e  s o r t s  of c a t i o n s  should  be t h e r m o d y n a m i c a l l y  
s t a b l e  and a r o m a t i c .  An i n c r e a s e  in the  n u m b e r  of m e t h y l i d y n e  g r o u p s  be tween  the 
h e t e r o a t o m s  l e a d s  to a b a t h o c h r o m i c  sh i f t  of the  l o n g - w a v e  a b s o r p t i o n  band,  but  the  
magn i tude  of t h i s  sh i f t  a l s o  depends  v e r y  much  on the m o l e c u l a r  g e o m e t r y .  

Cyan ine  dyes  in wh ich  c h a r g e d  and u n c h a r g e d  h e t e r o a t o m s  a r e  jo ined  by an a l i p h a t i c  cha in  of c o n -  

+ 
j u g a t e d  bonds  > N - - ( C H = C H ) - - C t t = N <  h a v e  one of the  s i m p l e s t  and m o s t  e f f ec t i ve  c h r o m o p h o r i c  s y s -  
t e m s .  Leng then ing  of the  p o l y m e t h i n e  cha in  l e a d s  to  r a p i d  d e e p e n i n g  of the  c o l o r  of t h e s e  dyes  wi th  r e -  
t en t ion  of a h igh  l i g h t - a b s o r p t i o n  i n t ens i t y  but is  a c c o m p a n i e d  by a s h a r p  d e c r e a s e  in s t a b i l i t y  and l i g h t -  
f a s t n e s s  [1]. S e v e r a l  a t t e m p t s  to i n c r e a s e  the  s t a b i l i t y  of cyan ine  dyes  by p a r t i a l  r e p l a c e m e n t  of the  a l i -  
pha t i c  c o n j u g a t e d  cha in  by a r o m a t i c  g r o u p i n g s  have  been  d e s c r i b e d  [2, 3]. H o w e v e r ,  a m o r e  r a d i c a l  s o -  
lu t ion  of th i s  p r o b l e m  would  be the  s y n t h e s i s  of compounds  in wh ich  the  con juga t ion  be tween  the h e t e r o -  
a t o m s  cou ld  be r e a l i z e d  wi th in  a s ing le  a r o m a t i c  s t r u c t u r e .  The  s i m p l e s t  compounds  of th i s  t ype  a r e  a p -  
p a r e n t l y  d i a z a p h e n a l e n e  d e r i v a t i v e s  ( I -HI) .  Only the  1 , 3 - d i a z a p h e n a l e n i u m  ca t i on  (I) has  been  r e p o r t e d  [4], 
but  i t  con ta ins  only one m e t h y l i d y n e  g roup  be tween  the h e t e r o a t o m s .  The  1 , 4 - d i a z a p h e n a l e n i u m  ca t i on  (II) 
has  t h r e e  m e t h y l i d y n e  g r o u p s ,  whi le  IH has  f ive such  g r o u p s .  

F o r  a f u r t h e r  i n c r e a s e  in the  cha in  of con juga t ed  bonds ,  i t  i s  n e c e s s a r y  to  s y n t h e s i z e  m o r e  c o m p l e x  
f o u r - r i n g  and f i v e - r i n g  c o m p o u n d s ,  of w h i c h  the m o s t  i n t e r e s t i n g  a r e  p r o b a b l y  IV, V, and  VI. Compounds  
VII and VIII,  wh ich  f o r m a l l y  con ta in  a con juga t ion  cha in  of the s a m e  leng th ,  a r e  a p p a r e n t l y  s o m e w h a t  m o r e  
a c c e s s i b l e .  F o r  a p r e l i m i n a r y  e s t i m a t e  of the  t h e r m o d y n a m i c  s t a b i l i t y ,  a r o m a t i c i t y ,  and p o s i t i o n s  of the  

T A B L E  i .  

Cations 

I 
II 

III 
IV 
V 

VI 
VII 

VIII 

No, of 
methyiidyne 
groups 

S p e c t r a l  and E l e c t r o n i c  C h a r a c t e r i s t i c s  of Ca t ions  I -VI I I  

J Long-wave 
~o, i bana fre- ~ . . . .  nm 
kcal/rnolei quency. 

J crn-1 

)elocaliza- E~nergy of the 
ionenergy Ifirst electron 
~er electron Itransition 
DE) in~ o , .  ~.,  �9 
mits) ~L--*~ ) m 

]~0 units 

0,61 --1,t0 
0,01 - -  1,04 
0,6,1 - -  1 ,00 
0,57 --0,82 
0,54 -0,57 
0,54 -0,64 
0,57 -0,61 
0,51 --0,52 

1 
3 
5 
7 
9 
9 
7 
9 

*The e x p e r i m e n t a l l y  found va lue  [4, 6]. 

--71,5 
--67,5 
--65,0 
--53,5 
--43,5 
--4,1,5 
--39,8 
--3G,8 

26000 400* 
23~0 420 
22~00 440 
188oo 530 
16800 595 
14600 695 
14000 715 
11850 846 
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m a x i m a  of the long-wave absorpt ion  bands of I-VIII ,  we subjec ted  them to quantum-mechanica l  ca lcula t ion  
by the Hlickel MO method (HMO).~ The c losed  ~r-electron sy s t em of the pe r imid in ium and 1,4- and 1,6- 
d iazaphenal in ium (I-Ill)  cat ions cons i s t s  of 14 e l ec t rons  that  a re  s i tuated in seven bonding molecu la r  o r -  
b i ta l s ;  for  all  t h ree  cat ions ,  DE per  e l ec t ron  is 0.61 rio. In cat ions IV and VII, 18 ~ e l ec t rons  occupy nine 
bonding orbitals in pairs, and DE is 0.57 flo per electron. Similarly, the 22 ~ electrons in V, VI, and VIII 

are situated in ii bonding orbitals, and DE is 0.53 fl0. Consequently, I-VIII should be thermodynamically 
stable and have aromatic properties, and their aromatic stabilization decreases only slightly as the size 
of the molecule increases. On the basis of calculations of I-VIII, we also attempted to determine the ef- 
fect of the number of methylidyne groups in the conjugated chain between the heteroatoms on the position 
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of the max imum of the long-wave absorp t ion  band. 
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The e lec t ron ic  spec t rum of I has th ree  intense a b s o r p -  
t ion bands at 228, 326, and 400 nm [4, 6]. In a study of the s p e c t r a  of pe r imid ine  and i ts  de r iva t i ve s ,  a de -  
pendence between the ene rg i e s  of the f i r s t  e l ec t ron  t r ans i t i on  (E-~ E*) and the posi t ion of the long-wave 
absorp t ion  band was e s t ab l i shed  [6]. P roceed ing  f rom the exper imenta l  ;~max of the long-wave band of I 
and the magnitude of E ~  E* that  we ca lcula ted  by the HMO method, fl0 was found to be - 71.5 k c a l / m o l e .  
Using this  fl0 value  and the ene rg i e s  of the f i r s t  e l ec t ron  t r ans i t ion  of cat ions  I-VIII ,  we ca lcula ted  the po-  
s i t ions  of the max ima  of the i r  long-wave absorp t ion  bands {Table 1). It should be noted that  the t r ans i t i on  
f r o m  I, which contains one methyl idyne group,  to III (five methyl idyne groups) is accompanied  by a batho- 
chromic  shift  of the long-wave absorp t ion  band of only 40 nm. At the same t ime,  the ba thochromic  shift  
is 90-275 nm on pass ing  f rom III to compounds with seven methyl idyne groups  and is 155-405 nm on pass ing  
f rom IIl  to compounds with nine such groups .  The calcula t ion a l so  demons t r a t ed  that  d i s rupt ion  of the s y m -  
m e t r y  of the cat ions (compare ,  for example ,  Xma x of cation VI with Xma x of V and VIII) has a pronounced 
effect  on the energy of the f i r s t  e l ec t ron  t r ans i t ion  and, consequently,  on the posi t ion of the long-wave band. 

Thus an ana lys i s  of the r e s u l t s  of the ca lcula t ions  makes  i t p o s s i b l e  to conclude that  the re  is a funda- 
menta l  poss ib i l i t y  for  the syn thes i s  of a r o m a t i c  cyanines .  An i n c r e a s e  in the number  of methyl idyne groups 
between the he t e roa toms  in these  compounds leads  to a ba thoehromic  shift  of the long-wave absorp t ion  band, 
but the magnitude of the shift  depends to a much g r e a t e r  degree  on the molecu la r  geomet ry .  

~ P a r a m e t e r s  r e p r e s e n t i n g  the a r i t hme t i c  means  between the p a r a m e t e r s  of the two n i t rogens  r ecommended  
by S t r e i t w i e s e r  [5] were  taken for  the he t e roa toms .  
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