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STUDIES IN THE FIELD OF SYNTHETIC DYES 

LXXVIII. Synthesis of Quinohemieyanines 

G. T. P i l y u g i n  and L.  E. Zh ivog l azova  

K h i m i y a  G e t e r o t s i k l i c h e s k i k h  Soedinen i i ,  Volo 4, No. 

UDC 541.831:543.422.6 + 668.8 

By condensation of the perchlorates of N-phenyl-2-(8-acetanilidovi- 
nyl)quinaldine (I) and N-phenylquinaldine (III) with aromatic amines 
(0% m-, p-phenylene diamine, benzidine, o-tolidine, dianisidine, 
4,4'-azoaniline, aminoazobenzene, and aniline) symmetrical and 
asymmetrical quinohemicyanines not previously described in the 
literature were synthesized and their absorption spectra in the visible 
region were determined. 

In s tud i e s  of the  r e l a t i o n s h i p  be tween  the  c o l o r s  of 
o r gan i c  m o l e c u l e s  and t h e i r  s t r u c t u r e  i t  was  of i n t e r -  
e s t  to s y n t h e s i z e  h e m i c y a n i n e s  of the  quinol ine  s e r i e s  
which had not been  p r e v i o u s l y  d e s c r i b e d  in the  l i t e r a -  
t u r e  and which con ta ined  a r o m a t i c  r a d i c a l s  on the  
h e t e r o c y c l i c  n i t r o g e n  a tom.  H e m i e y a n i n e s  b e n z o x -  
azole ,  b e n z o t h i a z o l e ,  s e l e n a z o l e ,  which have been  
used  as  s e n s i t i z e r s  and d e s e n s t i z e r s  of s i l v e r  ha l i de  
e m u l s i o n s ,  and a l so  as  dyes  fo r  ace t a t e  s i l k  [1,2]  have 
been  p a r t l y  d e s c r i b e d  in the  l i t e r a t u r e .  H e m i c y a n i n e s ,  
aminov iny l  d e r i v a t i v e s  of q u a t e r n a r y  h e t e r o c y c l i c  
s a l t s ,  a r e  i n t e r m e d i a t e  p r o d u c t s  du r ing  the s y n t h e s i s  
of c e r t a i n  cyan ine  dyes  which,  b e c a u s e  of t h e i r  a s y m -  
m e t r i c a l  s t r u c t u r e ,  a r e  usefu l  in c o r r e l a t i n g  s t r u c t u r e  
with c o l o r  in o rgan i c  compounds  [3, 4]. In o r d e r  to 
obta in  new m e m b e r s  of th i s  c l a s s  of compound and to 
s tudy t h e i r  op t i ca l  p r o p e r t i e s  and b i o l o g i c a l  ac t iv i ty ,  
the  p e r e h l o r a t e  of N - p h e n y l - 2 - ( • - a c e t a n i l i d o v i n y l ) -  
qu ina ld ine  (I) [3] and the  p e r e h l o r a t e  of N - p h e n y l -  
qu ina ld ine  (II1) w e r e  condensed  with the  a r o m a t i c  
d i a m i n e s ,  an i l ine ,  4 , 4 P - i s o a n i l i n e ,  and a m i n o a z o b e n -  
zene.  

The  h e m i c y a n i n e s  of the s a m e  kind as  the p e r -  
c h l o r a t e  of N - p h e n y l - 2 ( ~ - p - a m i n o a n i l i n o v i n y l )  qu in-  
a ld ine  (II) w e r e  s y n t h e s i z e d  a c c o r d i n g  to the fo l -  
lowing s c h e m e  : 

~ C / O  4 COCH a 

I 

--CH=CH--NH-- --NH, 

C104 It 

The h e m i c y a n i n e s  of the  type  b i s - 3 , 3 ' - ( N - p h e n y l -  
2 - v i n y l q u i n a l d m e  p e r c h l o r a t e ) - p - p h e n y l e n e  d i a m i n e  
(IV) w e r e  ob ta ined  by condens ing  the p e r c h l o r a t e  of 
N-pheny lqu ina ld ine  with d i a m i n e s  in the  p r e s e n c e  of 
o r t h o f o r m i c  e t h e r  a c c o r d i n g  to the  s c h e m e  and a l so  
by coun te r  s y n t h e s i s  f r o m  compound(I)  us ing  the  s a m e  
d i a m i n e s .  

5, pp.  848-852 ,  1968 

2 ~ c H a  + n2N~--NH ~ + 2 HC(OC2Hoa 

HI ~ C~~ 

--  ~ - - C H = C H - - N  H--O--_N H --CH=CH-- ~ 

~ c m ~  ~v c m , ~  

Type  (IV) h e m i c y a n i n e s  w e r e  iden t i f i ed  by  t h e i r  
a b s o r p t i o n  m a x i m a  and me l t ing  po in ts  in the  d i s -  
p l a c e m e n t  t e s t .  S p e c t r a l  c h a r a c t e r i s t i c s  of the  syn -  
t h e s i z e d  h e m i e y a n i n e s  a r e  p r e s e n t e d  in Table  1. 

It is  a p p a r e n t  f r o m  the da t a  in Table  1 that  when 
the g roup  p-NHC6H4NH 2 (II, 484 nm) i s  i n t roduced  into 
the  con juga ted  chain ,  t h e r e  is  a s t r o n g  d i s p l a c e m e n t  
of the  a b s o r p t i o n  m a x i m u m  into the s h o r t w a v e  r eg ion ,  
as  s een  by  c o m p a r i n g  II with 1 - p h e n y l q u i n o l i n e - 2 -  
( p - a m i n o s t y r y l )  p e r c h l o r a t e  (536 nm) [5]~ This  is  
c a u s e d  by  the a p p e a r a n c e  of a new p a i r  of mob i l e  un-  
s h a r e d  e l e c t r o n s  of the  NH g roup  n e a r e r  to the  e l e c -  
t r o n  a c c e p t o r  which s h a r p l y  d e c r e a s e s  the  d i s p l a c e -  
ment  cons tan t  (not dependent  on the ac t ion  of light) of 
the  e l e c t r o n s  in the  p o r t i o n  be tween  the old and new 
e l e c t r o n  donor  s u b s t i t u t e s .  Th is  ac t ion  is equiva len t  
to a sho r t e n ing  of the  con juga ted  cha in  and l e a d s  to 
an i n c r e a s e  in co lo r .  

In t roduc t ion  of benz id ine  into the  con juga ted  chain  
is  s c a r c e l y  r e f l e c t e d  in the  a b s o r p t i o n  m a x i m a  of the 
h e m i c y a n i n e s  V and VI in c o m p a r i s o n  with  the  dyes  
II and IV. This  phenomenon  is  p o s s i b l y  on account  of 
the  p a r t i a l  d a m a g e  to the  p l a n a r  s t r u c t u r e  of the h e m i -  
cyan ines  as  a r e s u l t  of the p o s s i b l e  r o t a t i o n  a round  
the s ing le  bond uni t ing the  two benzene  r i ngs ,  which 
l i m i t s  the  i n t e r a c t i o n  of the  ne ighbo r ing  r r - e l ec t rons  
[6]. When the CH 3 g roup  was  i n t roduc e d  into b e n z i -  
d ine  in the o r t h o - p o s i t i o n  to the  imino  group  in the  
dyes  VIII  and VII, t h e r e  was  an i n c r e a s e  in c o l o r  ove r  
compounds  V and VI, which i l l u s t r a t e s  that  the  phe -  
nomenon is  a l so  a s s o c i a t e d  with p o s s i b l e  d i f f i cu l t i e s  
in c o p l a n a r i t y  of the  h e m i e y a n i n e s .  Subs t i tu t e s  which 
p o s s e s s  a m e s o m e r  ef fec t  have  a s t r o n g e r  ac t ion .  
Thus,  the g roup  OCH a in the pos i t i on  o r tho  to the 
imino  group  in the  benz id ine  p a r t  of the  m o l e c u l e  
(IX and X) c a u s e s  a m a r k e d  deep ing  i n  c o l o r  ( c o m -  
p a r e d  to V and VI). I n t roduc t ion  of the azo group  
into the  con juga ted  r i ng  (51I, XH)has a l m o s t  no effect  
on the p o s i t i o n  of the  a b s o r p t i o n  m a x i m u m .  Howeve r ,  
when the p r i m a r y  amino  g roup  is  subs t i t u t ed  fo r  the 
t e r t i a r y  group  t h e r e  is  a s t r o n g  deepen ing  in c o l o r  
(c f .  X I I a n d  X I I I ) .  
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Table 1 

Spectral Character i s t ics  of Hemicyanines  of the Quinoline Series  

Corn- Name kmax, nm emax• akmax, nm 
pound 

I1 

IV 

V 

Vl 

VII 

VIII 

IX 

X 

XI 

Xll  

XIII 

XIV 

XV 

XVI 

XVI[ 

XVIII 

N-Phenyl-2-(~-p-aminoanilinovinyl)quinaldine perchlorate 

Bis-flfl'-(N-phenyl-2-vinylquinaldineper chlorate)-p-phenylene diamine 

N-Phenyl-2-(/Laminobenzidinovinyl)quinaldine perchlorate 

Bis-/3fl'-(N-phenyl-2-vinylquinaldine perehlor ate)benzidine 

N-Phenyl-2-(#-p.aminotolidinovinyl)quinaldine perchlorate 

Bis-13fl'-(N-phenyl-2-vinylquinaldine perehlor ate)-o-tolidine 

N-Ph enyl-2 -(l~-p-amino dianisidine)quinaldin e perchlorate 

Bis-/3fl'-(N-phenyl-2-vinylquinaldine perehlorate) dianisidine 

N.Phenyl-2.CS.azo benzolanilinovinyl)quinaldine perchlorate 

N -Pheny l-2-(/3-p-amin oaz oanilinovinyl)q uinaldin e perchlorate 

N-Phenyl-2-(/3-p-diethylaminoazoanilinovinyl)qulnaldine perchlorate 

N-Phenyl-2-03-m-aminoanilinovinyl)quinaldine perchlorate 

Bis-~fl'-(N-phenyl-2-vinylquinaldine perchlorate)-m-phenylene diamine 

N-Phenyl-2-(/3-o-aminoanilinovinyl)quinaldine perchlorate 

Bis-#fl'-(N-phenyl-2-vinylquinaldine perchlorate)-o-phenylene diamine 

N-Pheny I-2- (13-anilinovinyl)q uin aldine perchlorate 

484 

502 

486 

504 

479 

486 

498 

510 

484 

488 

534 

486 

420 

471 

450 

2.57 

2.95 

2,48 

2,97 

2,57 

2.51 

1,20 

1.30 

3,00 

1.90 

3.30 

2.30 

0.10 

1.94 

2.70 

a) --14; b) - -9I;  c) --48 

d) -- 47 

a) --12; b) --89; c ) - - - 4 6  

d) -- 45 

a) --19; b) --96; c) --53 

d) -60,5 

a) O; b) --77.; c) --33 

d) -- 46 

a) --14; b) --91; c) - -48 

a) - - I0;  h) --87; c) --44 

b) --41 

a) - 4 8 , 5  

*Neutral solutions in ethanol; spectra were determined in an SF-2M apparatus. 
**-Akma x was calculated in relation to the absorption maxima: a) bis(N-phenyl-2-quinoline)trimethine cyanine perehlorate [ 7 ]; b) bis(N-phenyl-2-quinoline)trime- 

thine eyanine perchlorate [ 7 ] and N-phenylquinoline-2(p-aminostyryl)per chlorate [ 5 ]; e) bis(N-phenyl-2-quinoline)trimethine cyanine perchlorate [ 7 ] (XVI); 
d) bis(N-phenyl-2-quinoline)trimethlne cyanine perchlorate [7 ] and the corresponding dyes (II, V, VII, IX, XI). Minus sign = hypsochromic displacement. 

Table 2 

Hemicyanines  of the Quinoline Series  

Com- 
pound 

V 

VI 

VII 

VIII 

IX 

X 

XI 

XII 

XIII 

XIV 

XV 

XVI 

XVII 

XVIII 

Method 
of syn- Original amine, g 
thesis 

Benzidine, 0.54 

Benzidine, 0.09 

Benzidine, 0.21 

o-Tolidine, 0.62 

o-Tolidine, 0.10 

o-Tolidine, 0.27 

Dianisidine, 0.5~ 

Dianisldine, 0.30 

Aminoazobenzene, 0,60 

4,4'-Azoaniline, 0.64 

p-Nitroso diet hylaniline, 0.16 

m-Phenylene diamine, 0.30 

m-Phenylene diamine, 0.055 

m-Phenylene diamine, q.14 

o-Phenylene diamine, 0.30 

o-Phenylene diamine, 0,14 

Aniline, 0.25 

A 

B 

A 

B 

B 

i __ 

A 

B** 

B** 

*From 0.42 g of hemicyanine lI, 
**0.2 g of orthoformie ether was taken. 

Temperature 
of experl- 

ment,~ 
Mp, ~ C Emp~ical formula 

80.0 157,0 C~�H24CINaO4 

80.0 285 (decomp.) C.~sHaGCI2N4Os 

90.0 1285.6 (decomp.) C46HasC12N408 

85.0 178.0 Ca=I~i~sCIN304 

85.0 260.0 C~H40C12N40~ 

100.0 2 5 9 . 9  C4sH~oCI2N4Os 

140--150 267.0 (deeomp.) C31H,_,sCI N306 

160--165 294.0 (decomp.) CqsH4oCl2N4Om 

I N,% 

I Found 

8.13; 8.25 

6.59; 6,56 

6,58; 6,70 

7.67; 7,80 

6,39; 6,36 
6.45; 6.49 

7.27; 7,3G 

6 I0; 5.15 

Calcu- 
lated 

8.17 

6.64 

6.64 

7,77 

6,43 

6.43 

7.33 

6.20 

60.0 140,0 

65,0 161.0 

55,0 210.0 

60.0 215,0 

80.0 2272 

95,0 227.0 

60--70 188.0 
75.0 195.0 

80.0 162.0 

C29H2jCIN4()4 

C29Hz~CIN~O4 

Ca~H32CINsO4 

C~aH2oCINjO4 

C~oH:,eCl~X~Os 

C~oI ta-Cl~N4Os 

C2aI-t2oCI NaO4 

C4oH~eCI2N4Os 

C~aH~�CIN~O4 

I0,54; 

12.85; 

11.81; 

9.52; 

7,39; 

7.26; 

9,69; 

7.24; 

6,57; 

10,59 

12.97 

i 1,77 

9.47 

7,34 

7,38 

9,57 

7.32 

6.71 

10,63 

12.91 

I 1,72 

9.60 

7.30 

7,30 

9,60 

7.30 

6.62 

Yield,% 

72.7 

62.3 

57,0 

80.8 

44,2 

58.7 

89.2 
49.7 

92.3 

89,7 

43.5 

29.0 

35.0 
30.0 

50.0 

62,5 
50.3 



C H E M I S T R Y  O F  H E T E R O C Y C L I C  C O M P O U N D S  615 

T h e  q u i n o h e m i c y a n i n e s  a r e  r e a d i l y  s o l u b l e  in  a c e -  

t o n e ,  p y r i d i n e ,  d i o x a n e ,  e thano l ,  and a c e t i c  a c i d  

( e x c e p t  d y e s  XV and XVII)  and a r e  a l m o s t  i n s o I u b l e  

in b e n z e n e  and t o l u e n e .  A l l  q u i n o h e m i c y a n i n e s  d e v e l o p  
s o l v a t o c h r o i s m .  T h e  d y e s  can  b e  i s o l a t e d  in  t he  f o r m  
of c r y s t a l s  and p o w d e r s  and a r e  d a r k  r e d  in  c o l o r .  

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

N-Phenyl-2-(f~-p-aminoanitinovinyl)quinaldine perchlorate (II). 
A 0.55 g quantity (0. 0012 mole) of N-phenyl-2-(5-acetanilidovinyl) 
quinaldine perchlorate (I) and 0.30 g (0. 003 mole) of p-phenylene 
diamine were dissolved in 20 ml alcohol and heated in a water bath 
with reftux condensation for 20 minutes. When the solution cooled, 
dark claret shining crystals were fo~med, mp 230 ~ C (decomp. from 
ethanol). Yield, ~/%1%, Found, %: N 9.71, 9.80. Calculated for 
C~sHz0C1N~O4, %: N 9.60. 

Bis-~, B '-(N-Phenyl-2-vinylquinaldtne perchlor ate)-p-phenylene 
dtamtne (IV). A. ~n a water bath 0.46 g (0.001 mole) of compound 
I and 0.55 g (0. 0055 mole) of p-phenylene diamine in 25 ml of 
ethanol were heated for 40 minutes. On cooling of the solution dark 
red crystals were formed, mp 297~ ~ C (from pyridine). Yield, 77.q%. 
Found, %: N %27, 7.20. Calculated for C4QHa~CI~N40~, ~ N 7.30, 

B. A 0.87 g quantity (0. 002 mole) of N-phenylquinaldine perchlor- 
ate (III), 0.14 g (0.0014 mole) p-phenylene diamine, and 1 ml 
orthoformic ether were heated in a reflux condenser at 160~ ~ C for 
1 minute and then at 80~ ~ C for 80 minutes. The reaction mass was 
dissolved by heating in alcohol and was then filtered. After two-fold 
crystallization from alcohol, the separated crystals melted at 298 ~ 

298.5 ~ c.  Yield, 57.1% Found, % N 7,33, 7.40. Calculated for 
C4oH~2C12N4Os, %: N 7.30. 

The remaining hemicyanines(Table 2) were synthesized similarly 
from 0.46 g of compound I (method A) or from 0.86 g of compound 
lII and 0.15 g of orthoformic ether (method B). 
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