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The interaction of sodium anti-p-nitrobenzenediazotate with a number 
of N-aryllepidinium salts yields previously unreported ethyleneazo 
dyes the solvatochromic properties of which have been studied. Bythe 
action of acids, these substances are converted into arylhydxazones. 

The r eac t i on  of qua t e rna ry  sal ts  of he te rocyc l i c  
bases  with sodium an t i -p -n i t r obenzened i azo t a t e  [1] 
is the mos t  convenien t  method of obta in ing e thyleneazo 
dyes with a n i t ro  group in the pa ra  pos i t ion  [2-4] .  

In the p r e s e n t  paper  we give the r e s u l t s  of a study 
of the reac t ion  of sodium an t i - p -n i t r obenzened i a z o t a t e  
with a n u m b e r  of N - a r y l l e p i d i n i u m  sa l t s  [5-8]:  N- 
phenyl - ,  6 - m e t h y l - N - ( p - t o l y l ) - ,  6 - m e t h o x y - N - ( p -  
methoxyphenyl ) - ,  6 - b r o m o - N - ( p - b r o m o p h e n y l ) - ,  N- 
p h e n y l - 5 , 6 - b e n z o - ,  and N-(fi - n a p h t h y l ) - 5 , 6 - b e n z o -  
lep id in ium pe rch lo ra t e s .  Fo r  compar i son ,  N-me t hy l -  
l ep id in ium pe rch lo r a t e  was also used in this reac t ion .  

We have found that  the above -men t ioned  q u a t e r n a r y  
sa l t s  read i ly  condense  with sodium a n t i - p - n i t r o b e n -  
zenediazota te  on heat ing  in ethanol ic  solut ion in the 
following way. 

i 
R 

I R 

+ N - ~ - N o 2  - -  
NaO~N 

I - -  VII 

*For  par t  LXX, see [8]. 

The e thyleneazo compounds (I-VII) i so la ted  (Table 1) 
fo rm deep b lue -b l ack  pu lve ru len t  subs t ances  r ead i ly  
soluble  in pyr id ine  and acetone,  spa r ing ly  in e thanol  
and e ther ,  and inso luble  in water .  They d i s so lve  in 
o rgan ic  so lvents  with a deep blue co lora t ion  and have 
a s ingle  absorp t ion  band in the 590-625 n m  region .  

The ac tua l  s t r u c t u r e  of the molecu le  of an e thyl-  
eneazo dye is  i n t e r m e d i a t e  between the two e x t r e m e  
s t r u c t u r e s  A and ]3. In the unexci ted s ta te ,  s t r u c t u r e  
A p r e d o m i n a t e s ,  and in the excited s tate  the e n e r g e t -  
i ca l ly  l e s s  favorab le  b ipo la r  s t r u c t u r e  B 

R, R' 

. _  

A B 

The d e c r e a s e  in the bas ic i ty  of the q u i n o l i n e n u c l e u s  
with the addit ion of e lec t roph i l i c  subs t i tuen t s  to the 
n i t rogen  he te roa tom and in pos i t ion  6 m u s t  r a i s e  the 
ene rgy  of the exci ted s tate  ( s t r uc tu r e  IB), which 
leads to a hypsochromic  shift of the absorp t ion  m a x -  
imum.  In actual  fact ,  the r e p l a c e m e n t  of an alkyl  
r a d i c a l  by an e l e c t r o n - a c c e p t i n g  phenyl r ad i ca l  on 
the n i t rogen  he t e roa tom (I and II) leads  to a hypso-  
ch romic  shift  of the absorp t ion  m a x i m u m  by 6 nm.  
The in t roduc t ion  of two b r o m i n e  a toms (V) causes  
the same  effect to an even g r e a t e r  extent .  Conver se ly ,  
e l e c t r o n - d o n a t i n g  subs t i tuen t s  (CH 3, OCH 3, the 5, 
6 -benzo  group),  by i n c r e a s i n g  the bas ic i ty  of the 
quinol ine  n u c l e u s ,  lower the ene rgy  of exci ta t ion  of 
s t r u c t u r e  IB. This  leads towards  an equal iza t ion  of 
the ene rgy  of the two s t r u c t u r e s ,  which causes  a 
shift  of the absorp t ion  m a x i m u m  in the d i rec t ion  of 

Table 1 

R' �9 
R--N/~=CH--N=N ~0~N02 

n:J 
' = Mp, "C 

~ R R '  ~u ,2,, t a e e o m - . \  o o 

1 CHs  H i 207--208 
II j C6Hs I H 176--177 

III ~ p-CHsC6H4 1 6-CHa 208--210 
IV I p-CH3OC6H4 I 6-OCHa 156--157 
V p-BrC6H4 ! 6 -Br  225--226 

V!IC6H5 ! 5,6-Benzo 178--179 
VII I ~-CIoH7 I 15,6-Benzo 222--223 

i ~  log e Empirical 
formula  

614 I 4,33 C~THI4N402 
/ 

608 1 4,63 Cz~HI6N402** 
622 1 4,65 C24H20N40~ 
628 L4,61 C24H20N404 
600 14,53 C22H~4BrzN402 
623 ] 4,52 C~sHjaN402 
590 ]4'50 C3oH2oN402 

N,% 

calcu-  
f o u n d  la t ed  

18.56; 18.72 
15.34; 15.42 
14.17; 14.23 
12.88; 13.02 
10.82; 10.76 
13 89; 13.92 
12.02; 12.24 

* W i t h o u t  a so lven t .  
**Found ,  %: C 71 .52;  71.47;  H 4,61 ; 4,69.  Calculated,  %: C 71 .73;  H 4.38.  

o 

18:29 
15.21 
14.13 79.5 
13.08 75.5 
10.65 81,5 
13.39 96.5 
11.96 95 
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T a b l e  2 

A b s o r p t i o n  M a x i m a  of  t h e  E t h y l e n e a z o  D y e s  D e r i v e d  f r o m  Q u a t e r -  

Com- [ 
pound 

Dioxane 

I I 590 II 578 
111 590 
IV 600 
V 566 

VI 590 
VII 570 

n a r y  S a l t s  of  L e p i d i n e  in  V a r i o u s  S o l v e n t s  

Benzene Acetone !Methanol 

I 

590 602 608 : 
582 600 606 , 
591 616 617 ] 
600 628 628 
575 593 600 
595 617 622 
570 590 590 

Nitroben- Dimethyl- 
zene : formalnide 

626 626 
616 616 
636 636 
652 652 
618 618 
638 638 
610 610 

Formamide* 

640 
634 
644 
654 

d~2 
618 

*With the addition of alkali. 

g r e a t e r  w a v e l e n g t h s .  We  s e e  t h i s  on  p a s s i n g  f r o m  

c o m p o u n d  II  to  III ,  IV ,  and  VI.  F r o m  a c o m p a r i s o n  
of  c o m p o u n d s  VI  and  VII ,  i t  c a n  b e  s e e n  t h a t  t h e  e l e c t r o n -  

a c c e p t i n g  n a t u r e  of  a /3  - n a p h t h y l  r a d i c a l  on  t h e  n i -  

t r o g e n  h e t e r o a t o m  i s  e x p r e s s e d  c o n s i d e r a b l y  m o r e  

s t r o n g l y  t h a n  t h a t  of  a p h e n y l  r a d i c a l  in  t h e  s a m e  

p o s i t i o n ,  w h i c h  l e a d s  to  a c o n s i d e r a b l e  h y p s o c h r o m i c  

e f f e c t .  

E t h y l e n e a z o  c o m p o u n d s  a r e  k n o w n  to  h a v e  t h e  p r o p -  

e r t y  of c h a n g i n g  t h e i r  c o l o r  in  v a r i o u s  n e u t r a l  s o l v e n t s  

( s o l v a t o c h r o m y )  [2]. We  h a v e  s t u d i e d  t h i s  p r o p e r t y  in  

m o r e  d e t a i l  f o r  o u r  c o m p o u n d s  and  h a v e  f o u n d  t h a t  

t h e s e  c o m p o u n d s  p o s s e s s  p o s i t i v e  s o l v a t o c h r o m y  

( T a b l e  2).  B y  i t s  p o l a r i z i n g  a c t i o n ,  t h e  s o l v e n t  l o w e r s  

t h e  e n e r g y  of  e x c i t a t i o n  of s t r u c t u r e  B,  w h i c h  c a u s e s  

t h e  e n e r g i e s  of t h e  t w o  s t r u c t u r e s  to  b e c o m e  c l o s e r  

and  t he  a b s o r p t i o n  m a x i m u m  to  s h i f t  b a t h o c h r o m i c a l l y  

w i t h  an  i n c r e a s e  in  t h e  p o l a r i t y  of  t h e  s o l v e n t .  

On  a d d i n g  a m o l e c u l e  of a c i d ,  e t h y l e n e a z o  c o m -  

p o u n d s  g i v e  s a l t - f o r m i n g  s u b s t a n c e s  h a v i n g  t he  s t r u c -  

t u r e  of  h y d r a z o n e s  ( T a b l e  3). T h i s  p r o c e s s  i s  a c c o m -  

p a n i e d  b y  a h e i g h t e n i n g  of  t he  c o l o r  to  y e l l o w - o r a n g e .  

Sa l t  f o r m a t i o n  e v i d e n t l y  t a k e s  p l a c e  in two  s t a g e s .  

CHII -- N = N - - ~ - -  N O  2 

R ' @ ~  H X 

I 

CH2-- N : N - - ~ - -  NO 2 

t 
R 

CH~N--%H--~--NO2! 

x B 

T h e  t r e a t m e n t  of  a s o l u t i o n  of an  a r y l h y d r a z o n e  

w i t h  a l k a l i  l e a d s  to  t h e  r e - f o r m a t i o n  of  c o m p o u n d s  

I - V I I .  
T h e  a c t u a l  s t r u c t u r e  of  t he  h y d r a z o n e  i s  i n t e r m e -  

d i a t e  b e t w e e n  t h e  t w o  l i m i t i n g  s t r u c t u r e s  C a n d  D. 

R" R" 

c D 

In t h e  u n e x c i t e d  s t a t e ,  s t r u c t u r e  C p r e d o m i n a t e s ,  and  

in  t h e  e x c i t e d  s t a t e  t h e  e n e r g e t i c a l l y  l e s s  f a v o r a b l e  

s t r u c t u r e  D,  s i n c e  t h e  b a s i c i t y  of  t h e  n i t r o g e n  of  an  

i m i n o  g r o u p  i s  m u c h  l e s s  t h a n  t h a t  of t h e  n i t r o g e n  

h e t e r o a t o m  of  t h e  q u i n o l i n e  n u c l e u s  b e c a u s e  of t h e  

i n f l u e n c e  of  t he  e l e c t r o p h i l i c  n i t r o  g r o u p  in  t h e  p a r a  

p o s i t i o n .  T h e  r e l a t i v e l y  h i g h l y  e x c i t e d  s t a t e  c a u s e s  a 

h i g h  c o l o r a t i o n  of  c o m p o u n d s  V I I I - X V I .  T h e  d e c r e a s e  

in  t h e  b a s i c i t y  of  t h e  q u i n o l i n e  n u c l e u s  due  to  t h e  p r e s -  

c e n e e  of  e l e e t r o p h i l i c  s u b s t i t u e n t s  on  t h e  n i t r o g e n  

h e t e r o a t o m  and  a l s o  in  p o s i t i o n  6 l e a d s  to  a l o w e r i n g  

of  t h e  e n e r g y  of  e x c i t a t i o n  o f  s t a t e  D w i t h  t h e  r e s u l t  

t h a t  t h e  a b s o r p t i o n  m a x i m u m  s h i f t s  i n t o  t h e  l o n g - w a v e  

p a r t  of  t h e  s p e c t r u m .  W e  o b s e r v e d  t h i s  b y  c o m p a r i n g  

t h e  a b s o r p t i o n  m a x i m a  of  c o m p o u n d s  VII I  w i t h  IX,  

IX w i t h  X I V ,  a n d  VII I  w i t h  XV.  N u c l e o p h i l i c  s u b s t i t -  

u e n t s  a c t  in  t h e  o p p o s i t e  d i r e c t i o n  a n d  t h e r e f o r e  

h e i g h t e n  t h e  c o l o r  of  t he  a r y l h y d r a z o n e  ( c o m p a r e  I X  

w i t h  XI I ,  XI I I  a n d  XV) .  

EXPERIMENTAL 

N-MethyU~ldinittm pezehlotate. A four-necked flask fitted with 
a mechanical stirrer, reflux condenser, and two graduated burettes 
was charged with 27 ml (0.3 mole) of hydrochloric acid (d 1.19), 75 
ml of acetone, and 25 ml of nitrobenzene. A solution of 22 ml (0.2 
mole) of N-methylaniline in 68 ml of acetone was placed in one 
burette, and 50 ml (0.28 mole) of formaldehyde solution and 40 ml 
of water in the second. The contents of the flask were heated to the 
boll with vigorous stirring in the water bath and uniformly, every 3 
rain, 2 ml of the N-methylaniline solution and 2 ml of the formal- 
dehyde solution were added alternately to the flask from the burettes. 
After the addition of the solutions, the reaction mixture was boiled 
with stirring for another 10 hr. At the end of the reaction, the acetone 
and the nitrobenzene were distilled off. The solution was filtered, 
evaporated, and treated with 57 ml (0.2 mole) of 30% HC104, where- 
upon the quaternary salt precipitated in the form of an oil which solid- 
ified on cooling. After crystallization from water it formed yellow- 
ish needles with mp 153" C [9]. Yield 17.5 g (34%). Found, %: C 
50.94; 51.4; H 4.82; 5.01; C1 13.53; 13.59; N 5.40; 5.22. Calculated 
for CnH~C1NO 4, %: C 51.2; H 4.67; C1 13.7; N 15.18. 

4 - Nitr ophenylazomethylene- l-phenyl- i ,  4-dlhydzoquilloliae (II). 
A mixture of 1 g (3.1 raM) of N-phenyllepidinium perchlorate, 0.59 
g (3.1 raM) of sodium anti-p-uitrobenzenediazotate, and 10 rnl of 
ethanol was heated at a gentle boil for 10 min. The crystals were 
filtered off and the residue on the filter was washed with hot water. 
After reprecipitation with water from pyridine, the dye was recrys- 
tallized from ethanol. This gave a deep blue-black microctystalline 
powder with mp 176"-177 ~ C. Yield 1.07 g. The dye gave a red- 
orange halochromic compound with concentrated HzSO4. It is readily 
soluble in acetone, sparingly in ethanol, and insoluble in water. 
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Found, %: C 71.88; 71.96; H 4.76; 5.05; N 15.06; 15.02. Calculated 
for C22HIsN40 z, %: C 71.55; H 4.60; N 15.18. 

Compounds I and III-VII were obtained similarly. 
p-Ni~ophenylhy~azone of 4-formyl-l-phenylquiaollalum per- 

chlorate (XI), With heating, 0.2 g (0,54 raM) of compound II was 
dissolved in 25 rnl of acetone and the solution was treated with an 
excess of HC104 and poured into a large volume of hot water. After 
cooling, the orange precipitate was filtered off. Crystallization from 
a mixture of acetone and ethanol (1:1) gave XI in the form of lustrous 
purple-red crystals. 

Compounds VIII-XVI were obtained similarly. 
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