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RESEARCIl  ON SYNTHETIC DYES 

LXXV. Condensa t ion  of a-l=~yrrole Aldehyde  with 1 - A r y l q u i n a l d i n i u m  Sal ts* 
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Ten new dimethine dyes of the quinostyrene type are prepared by 
condensing c~-pyrrole aldehyde with various 1-arylquinaldinium salts. 
The absorption spectra of the new dyes are observed in the visible 
region in various neutral solvents. The dyes are shown m exhibit solva- 
tochromism, and ~he spectroscopic data are analyzed. 

Continuing work  on the s y n t h e s i s  of s t y r e n e  dyes  
b a s e d  on 1 - a r y l q u i n a l d i n i u m  s a l t s ,  and on i n v e s t i g a t -  
ing t h e i r  op t i ca l  and b io log ica l  p r o p e r t i e s  [1, 2], we 
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A b s o r p t i o n  s p e c t r a  of dye I: 
1) in MeOH; 2) in Me2CO; 
3) in EtOH; 4) in d ioxane;  
5) in CHC13; 6) in d i c h l o r o -  

e thane ;  7) in benzene .  

have condensed  such s a l t s  with a - p y r r o l e  a ldehyde ,  
and consequent ly  obta ined  a s e r i e s  of p y r r o l e  d i -  
me th ine  d y e s ,  ana logs  of q u i n o s t y r e n e s .  E q u i m o l e c u -  
l a r  quan t i t i e s  of p y r r o l e  a ldehyde  and the a p p r o p r i a t e  
sa l t  w e r e  r e a c t e d  at  115-120 ~ in d ry  p y r i d i n e ,  y i e l d s  
be ing  62-95%,  the equat ion  is  

CH3 H / \N :  CH=CH 
I x -  H I x -  t~ 
Ar Ar 

Dye R Ar X 

I H C~Hs CIO4 
[1 6-CH~ p~CH~C6H4 C|04 

I I I 5,0-benzo C~H~ 1 
IV 5.6 -benzo p,CH3C6H~ I 
V 5,6-benzo p-OCH3C~H~ CIO~ 

V l  5,6-benzo (,-CIC~H, ClO~ 
VII 5,6-benzo ~-C:H7 CIO~ 

V I I I H :z- CI,~H ~ CIO4 
IX 6-CH~ :z-C,:,H ; CIO~ 
X g-OCH~ a.-C, H- CIO~ 

All  the new dyes  w e r e  r e a d i l y  so lub le  in p y r i d i n e ,  
e thanol ,  me thano l ,  a c e t o n e ,  c h l o r o f o r m ,  d ioxane ,  and 
d i c h l o r o e t h a n e ,  l e s s  so lub le  in b e n z e n e ,  and inso lub le  
in ca rbon  t e t r a c h l o r i d e ,  hexane ,  e t h e r ,  and w a t e r .  

* F o r  p a r t  LXXIV see  [1]. 

Solut ion co lo r  depended on the na tu re  of the solvent .  
Al l  the dyes  exhib i ted  nega t ive  s o t v a t o c h r o m i s m ,  i. e . ,  
c o l o r  deepening  with d e c r e a s e  in so lvent  p o l a r i t y  
(Table  1). The f igure  g ives  the a b s o r p t i o n  cu rves  fo r  
dye I. Like the q u i n o s t y r e n e s ,  a l l  the dyes  give a 
s ingle  a b so rp t i on  m a x i m u m  independent  of the s o l -  
vent.  

S o l v a t o c h r o m i s m  is  known to be shown by in t e r ion i c  
d y e s ,  which  can  have two s t r u c t u r e s - - o n e  nonpo la r ,  
and the o the r  that  of a d ipo l a r  ion. The ac tua l  s t r u c -  
t u r e  of the m o l e c u l e  and the c o l o r  of the dye so lu t ion  
depending on the p o l a r i z i n g  ab i l i ty  of the solvent .  How- 
e v e r  a n u m b e r  of a u tho r s  [4, 5] d e s c r i b e  the  nega t ive  
c e n t e r s ,  e. g . ,  in the c a s e  of 1 - a l k y l p y r i d i n i u m  s a l t s .  
The au tho r s  exp la in  th is  phenomenon by r e v e r s a l  of 
the  d ipole  at  the ins t an t  of exc i t a t ion  by a l ight  quan-  
tum. The ene rgy  expended  on th is  r e v e r s a l  depends  
on the p o l a r i z i n g  fo rce  of the so lven t ,  and a f fec t s  the 
l ight  quantum. Mushkalo  [6] o b s e r v e d  s o l v a t o c h r o m i s m  
wi th  cyan ine  d y e s  of non in t e r ion ic  s t r u c t u r e ,  wi th  a 
hyd rogen  a tom ins t ead  of a r a d i c a l  on the r ing  n i t r o -  
gen a tom,  and exp la ined  th is  so le ly  by hydrogen  bond-  
ing be tween  the Nit g roup  and the O -c on t a in ing  so lven t ,  
as  the a b s o r p t i o n  m a x i m u m  in a l l  oxygen-con ta in ing  
so lven t s  (EtOil ,  a ce tone ,  f o r m a m i d e )  was the  s a m e ,  
and h i g h e r  than in c h l o r o f o r m .  A n u m b e r  of o the r  
a u tho r s  [7 -9 ]  r e g a r d  hydrogen  bonding as  p lay ing  a 
subs t an t i a l  but  not b a s i c  ro l e  in s o l v a t o c h r o m i s m .  The 
d ime th ine  dyes  c o n s i d e r e d  in th is  p a p e r  do not have an 
i n t e r i on i c  s t r u c t u r e ,  but a r e  d i p o l a r  compounds  e x i s t -  
ing only as  be t a ine s .  In addi t ion  the m o l e c u l e  of each  
dye con ta ins  the Nit group of the p y r r o l e  r i ng ,  d e t e r -  
m in ing  the p o s s i b i l i t y  of hydrogen  bonding with the 
so lven t s .  A n a l y s i s  of the  s p e c t r o s c o p i c  da ta  of T a b l e  
1 shows that  for  a l l  the dyes  the d e e p e s t  co lo r ing  is  in 
b e n z e n e ,  and the h ighes t  in ace tone .  On p a s s i n g  f rom 
ace tone  to benzene  the b a t h o c h r o m i e  shi f t  of the  a b -  
s o r p t i o n  m a x i m u m  is 32 -40  nm. However  on p a s s i n g  
f r o m  benzene  to d ioxane  the v e r y  s m a l l  b a t h o c h r o m i c  
shi f t  of the  a b s o r p t i o n  m a x i m u m  which the d e c r e a s e  
in d i e l e c t r i c  cons t an t  (e} would l ead  one to expec t ,  is  
not o b s e r v e d ,  but i n s t ead  a h y p s o c h r o m i c  shi f t  of 1 5 -  
20 nm. F u r t h e r m o r e  changing f rom ethanol  m~d m e t h -  
anol  to ace tone  l eads  to a s m a l l  (3 -10  nm) h y p s o c h r o -  
m i c  shi f t  of the a b s o r p t i o n  m a x i m u m  c o m p a r e d  with 
the  b a t h o c h r o m i c  shi f t  which ~ va lues  would l ead  one 
to expect .  The g e n e r a l  r e l a t i o n s h i p  be tween the Ln- 
c r e a s e  in a b s o r p t i o n  m a x i m u m  and d e c r e a s e  in 
shows s e p a r a t i o n  of so lven t s  conta in ing  O, c apab l e  of 
h y d r o g e n  bonding with the Nit group of the  p y r r o l e  

r i ng  of the  m o l e c u l e .  
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T a b l e  1 
Al~sor l ) t ion  M a x i m a  of Dyes  I - X  in V a r i o u s  S o l v e n t s  

(nm)* 

Solvent 

Dioxane 
Benzene 
Chloroform 
Dichloroethane 
Acetone 
Ethanol 
Methanol 

Dielectric 
constant 

2 
2.23 
5.1 

10.16 
21,45 
25,8 
33,7 

I II III IV 

~0~ 503 510 511 
518 528 528 

514 511 521 520 
493 490 504 502 
484 482 490 488 
490 494 497 496 
488 483 492 494 

*A SF-2M instrument was used to measure the spectra. 

Dye 

V VI 

510 520 
524 
521 5~5 
498 492 
492 493 
494 503 
493 L500 

VII 

506 
527 
515 
503 
490 
495 
491 

VIII I IX X 

508 508 508 
526 522 523 
519 517 518 
502 496 499 
489 490 489 
498 493 498 
495 495 496 

Dye ' 

1 

lI 

]II 

IX" 

V 

VI 

VII 

VIII 

I Y[ 

T a b l e  '2 

P r o p e r t i e s  of Dyes  

tteat- 
ing 
time, 
min 

60 

(30 

60 

(;0 

50 

60 

J20 

90 

60 

120 

Appearance 

Dark cherry red crystals, 
with reflex 

Cherry red needles 

Brown powder 

Brown crystals 

Dark green shining 
needles 

Dark red crystals with 
glitter 

Brown powder 

Dark cherry red crystals, 
with reflex 

Dark green shining 
needles 

Brown powder 

I i 

Mp, ~ Formula 
(decomp,)  
J 

l 
204 205 I C21Ht7C1N204 

~234 235 
i 
'225 227 

/ 257 %c) _ ,  , 

258 260 

> 300 

i 211 -217 

'~  21,; 
i 

221 
i 

'205 
I 

C2~I~1CIN204 

C2sI-I19I N_~ 

t'2GH21IN2 

C26H21CIN205 

N, %] Calcu- ~ ~ 

F~ i la,ed I 

C25H isC 12N204 

(~gH~CIN204 !552, 5 .85  5.77 

CzsIIIgC1N204 6.15, 6.34 6.27 
l 

I 
2231 C26H2~CIN2()4 5.73, 6.00: (3.08 

l 

21It, C2~IfeICIN2Os 5.70, 5.98 i 5.88 

! 
7,08, 7,10! 7.05 78.5 

I 

650, 0.52; 660 
5.79, 5,90 5.91 62.6 

5,72, 6.051 5 . 7 5 ; 9 5  
i 

1 
5.87, 5.901 5.88 188 

5.74, 5.96 5.81 62.5 

i 

82.7 

95.5 

87 
P 
I %  

*Crystallized from iso-BuOH; compounds V and VI can also be crystallized from 
t'.tOH, and VI and IX from acetone. 
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So we a re  inc l ined to explain the so lva toch romi sm 
of the dyes p repa red  by, on the one hand,  r e v e r s a l  
of the dipole of the molecu le  when exci ted by a l ight 
quantum whose value wil l  be l e s s ,  the s m a l l e r  the e 
of the solvent .  In other  words with dec rea se  in the 
solvent  e, the dye solut ion absorp t ion  m a x i m u m  is 
d isplaced towards  the longer  wavelengths  region.  This  
was also found on pass ing  f rom methanol  to benzene.  
On the other  hand,  a cons ide rab le  pa r t  is played by 
hydrogen bonds r e q u i r i n g  for  the s ame  e va lue ,  ex-  
pend i tu res  of m o r e  energy ,  i . e . ,  l a rge  light quanta,  
r e su l t i ng  in a hypsochromic  shift  of the absorp t ion  
m a x i m u m .  This  is p a r t i c u l a r l y  c l ea r ly  evident  in the 
case  of benzene - -d ioxane ,  where  the d i e l ec t r i c  con-  
s tan t  is  p r ac t i ca l l y  the s a m e ,  but  there  is a hypso-  
ch romic  shift  of the absorp t ion  m a x i m u m  (Table 1). 

EXPERIMENTAL 

F o r  the p r epa ra t i on  of the 1 - a r y l q u i n a l d i n i u m  sa l t s  
see  [10-20].  

a-(l-Phenylquinolyl-2)-B-(pyrrolyl-2)ethylene perchlorate (1). 
A mixture of 0.3 g (0.001 mole) l-phenylquinaldinium percMorate, 
0.1 g (0. 0011 mole) a-pyrrole aldehyde [13], and 2 ml dry pyridine 
was refluxed for 1 hr. The dye was precipitated with ether, washed 
with hot water, and crystallized from EtOH. Recrystallization from 
isobutanol gave minute dark cherry red crystals exhibiting a glitter, 
mp 204 ~ (decomp), yield 0.31 g (78. 5%). 

The other dyes were obtained similarly. Dyes II and VI crystallized 
out on cooling the reaction products, and were washed with ether to 
remove traces of aldehyde. 

]"able 2 gives all the experimental results and dye properties. 
The sotvents for spectroscopy were purified as described in [14]. 
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