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Biscyan ines  and the i r  cor responding  "mother"  monocyanines  were  obtained f rom the three  
i s o m e r i c  benzodipyr ro len ines .  Splitting of the absorpt ion band of the "mother"  monocyan-  
ine into two new bands,  viz . ,  a long-wave and a shor t -wave  band, is observed  for  the b i s -  
cyanines .  The degree  of spli t t ing of the m a x i m a  for  a pa ra  or ienta t ion Of the ch romophores  
in the benzene r ing is about twice that for  the me ta  posit ion. 

Two m a x i m a ,  which a r i s e  as a r e su l t  of spli t t ing of the absorpt ion band of the "mother"  cyanine c o r -  
responding to this cyanine,  a re  obse rved  in the absorpt ion  spec t rum of a s y m m e t r i c a l  b iscyanine [1]. The 
degree  of in te rac t ion  of two ch romophores  of a biscyanine is de te rmined  by the magnitude of the di f ference 
between i ts  m a x i m a  [1]. It  is na tura l  to a s sume  that  the max imum in terac t ion  between the ch romophores  
should be obse rved  when they are  conjugated.  Exper imen t s  indicate,  however ,  that the p re sence  of fo rma l  
conjugation, i .e . ,  a l te rnat ion  of s imple  and double bonds between the ch romophores ,  is not n e c e s s a r y  for  
t he i r  in te rac t ion .  Thus,  we recen t ly  pointed out [2] that  the degree  of in te rac t ion  of ch romophores  ( A ~ m a  x )  
in b i scyanines  (I and 11) obtained f rom i s om er i c  benzobisoxazoles  is a lmos t  the s ame  although the c h r o m o -  
phores  of I a re  bonded through ni t rogen a toms in the pa ra  posi t ions of the benzene ring, while the c h r o m o -  
phores  of 1-[ a re  bonded through ni t rogen a toms in the me ta  posi t ions.  P r e c i s e l y  the s ame  so r t  of thing was 
obse rved  in the analogously cons t ruc ted  b iscyanines  f r o m  benzobis th iazoles  [3]. 
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Fig.  1. Absorpt ion  s p e c t r a  of dyes I I I -V in 
n i t romethane :  1) III; 2) IV; 3) V. 

One can a s sume  that conjugation of the ch romophores  
in b iscyanines  f rom benzobisoxazoles  or  benzobis thiazoles  
is accompl ished  not only through the ni t rogen a toms but 
also through the oxygen or  sulfur  a toms .  In o r d e r  to e x -  
clude this poss ibi l i ty ,  we have now synthes ized b iscyanines  
I I I -V,  which a re  analogous to dyes I and II, f rom d iqua te r -  
na ry  sa l t s  of the i s o m e r i c  benzodipyrro lenines  desc r ibed  
in our previous  pape r  [4]. The "mother"  cyanines  (VI- 
VIII), which co r r e spond  to b iscyanines  I I I -V,  were  obtained 
f rom the monoqua t e rna ry  sa l t s  of the s ame  benzod ipyr ro len-  
ines.  (See scheme on page 579.) 

A compar i son  of the spec t r a l  c h a r a c t e r i s t i c s  of I I I -  
VIII (Table 1) indicates  that the absorpt ion band of the 
"mo the r "  monocyanines  (VI-VIII) is  spli t  into two new bands 
in the absorpt ion spec t r a  of b iscyanines  I I I -V.  It is read i ly  
noted that two t r imeth ine  ch romophores  are  conjugated in 
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TABLE 1. 

Corn - 

pound 

Ill 

IV 

V 

VI 

VII 

VIII 

Spect ra l  and Analytical  C h a r a c t e r i s t i c s  of the Dyes  Obtained 

Name 

2 ,6-Bis  [ (1 ,3 ,3 - t r imethy l -2 - indo l -  
inyl idene)propenyl]-1,3,3,5,7,  7- 
hexamethyl -3H,7H-benzo[1 ,2-b :  
4 ,5-b '  ]d ipyrro l ium d iperch lo ra te  

2,6~Bis [(1,3 , 3 - t r i m e t h y l - 2 - i n d o l -  
inyl idene)pr  openyl ] -1,3,3,5,5,7 - 
hexamethy l -3H,5H-benzo[1 ,2-b :  
5 ,4-b '  ]d ipyrro l ium d iperch lo ra te  

2 ,7-Bis  [ (1 ,3 ,3 - t r imethy l -2 - indo l -  
iny l idene)propenyl ] - l ,3 ,3 ,6 ,8 ,8-  
hexamethyl -3H,SH-benzo[1 ,2-b :  
3 ,4-b]d ipyr ro l ium d iperch lo ra te  

2-  [ (1 ,3 ,3 -Tr imethy l -2 - indo l iny l -  
idene)propenyl] - l ,3 ,3 ,6 ,7 ,  7 -hex-  
am ethyl - 3H, 7H -be n z o [1,2 -b:  4,5 - 
b' ]d ipyr ro l ium pe rch lo ra t e  

2 - [ (1 ,3 ,3 -Tr ime thy l -2 - indo l iny l -  
idene)propeny l ] - l ,3 ,3 ,5 ,5 ,6 -hex-  
amethy l -3H,5H-benzo[1 ,2 -b :5 ,4 -  
b' ]d ipyrro l ium pe rch lo ra t e  

7- [ (1 ,3 ,3 -Tr ime thy l -2 - indo l iny l -  
idene)propenyl  ] -2 ,3 ,3 ,6 ,8 ,8-hex-  
amethyl -3H,SH-benzo[1 ,2-b :3 ,4-  
b' ]d ipyrro l ium iodide 

p. spec .  
methane  

�9 10-5 

0.22 
3.52 

0.62 
3.28 

0.88 
3.13 

1.03 

1.12 

1.60 

E m p i r i c a l  
fo rmula  

C44H52CI2N4Os 

C 44Hs~C 12N40 S 

C 44H52C12N40 s 

CsoH36C1NsO4 

C3oH3sC1N304 

C3oH361N3 

Found, 
% 

CI 8.4 

N 6.9 

C1 8.4 

N 7.5 

N 7.4 

I 22.3 

Calc., 

Cl 8.5 

N 6.7 

C1 8.5 

N 7.8 

N 7.8 

I 22.4 

*Compounds  HI and IV f rom methanol ,  V-VII  f rom ethanol,  and VIII f rom wa te r  containing NaI, 

~ s~ ~ "3  HsC/'~'CH3 
I I I  I v  V 

AL~.~ 139 nm AL~.x 77 nra AL~..x 74 nra 

Yie ld ,  

42 

62 

53 

14 

12 

67 

III,  while conjugation is absent  between them in IV and V. It  turns  out that,  in accordance  with th is ,  the sp l i t -  
ting of the m a x i m a  (Akmax) of III  is about twice that for  IV and V. 

Observa t ions  of the in terac t ion  of two ch romophore s  a ssoc ia ted  through the me ta  posi t ion of the 
benzene r ing were  also made in b i shemicyanines  [5], although the spli t t ing of the m a x i m a  the re  is weake r  
than in b i scyanines  IV and V. In all of these  so r t s  of cases  we are  apparent ly  dealing with a d i p o l e - d i p o l e  
in te rac t ion  [6]. I t  was recen t ly  shown [6] that the ch romophore s  of  two cyanine dyes can also in te rac t  with 
spl i t t ing of the absorpt ion bands in those ca se s  in which they a r e  not chemica l ly  bonded but a re  in d i rec t  
p rox imi ty  in the m onom ol ecu l a r  l aye r s  s i tuated one upon the other .  

I t  is known that  the ra t io  of the intensi t ies  of the absorpt ion bands of s y m m e t r i c a l  b i scyan ines  de -  
pends on the angle f o rm ed  by the d i rec t ions  of the in terac t ing  ch romophores .  If this angle is 180 ~ one ob-  
s e r v e s  only an intense long-wave band in the spec t rum of the b iscyanine ,  and the sho r t -wave  band d i sap-  
p e a r s  a lmos t  comple te ly .  It  is p r e c i s e l y  this sor t  of thing that we obse rved  with III  (Fig. 1),* which was ob-  

*The  m a x i m a  of ave rage  intensi ty  (they a re  not p resen ted  in Table  1) in the spec t r a  of the m a j o r i t y  of the in-  
daeyanines  on the absorpt ion  cu rves  of each of the b iscyanines  co r r e spond  to v ibra t ional  r a t he r  than e l e c -  
t ronic  t rans i t ions  [8]. 
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tained from a centrosymmetr ical  base. The absorption curve of this dye recalls  the absorption curve of 
dye I. However, in the case of dyes IV and V the short-wave band already has an appreciable intensity. The 
ratio of the intensities of the two bands attests to the fact that the directions of the chromophores of these 
dyes form an obtuse angle which is somewhat smaller  for dye V. 

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

Dyes III-VIII {Table 1) were obtained by heating 1 mole of the appropriate quaternary salt [4] with 2.5 
mole of 1,3,3-trimethyl-2-formylmethyleneindoline in acetic anhydride for 1 h at 140 ~ After removal of the 
acetic anhydride in vacuo, the residue was washed with ether and crystall ized from a suitable solvent. Dyes 
VI and VIII were chromatographed with chloroform on aluminum oxide before crystallization. 

L I T E R A T U R E  C I T E D  

1. A . I .  Kiprianov and G. G. Dyadyusha, Ukr. Khim. Zh., 35, 606 (1969). 
2. F . A .  Mikhailenko and A. N. Boguslavskaya, Ukr. Khim. Zh., 35, 943 (1969). 
3. A . I .  Kiprianov, I. L. Mushkalo, and F. A. Mikhailenko, Zh. Organ. Khim., 3, 2041 (1967) 
4. F . A .  Mikhailenko and A. N. Boguslavskaya, Khim. Geterotsikl. Soedin., 612 (1971). 
5. A . I .  Kiprianov and V. Yu. Buryak, Zh. Organ. Khim., 4, 2030 (1968). 
6. A .S .  Davydov, Zh.]~ksp. i Teor .  Fiz., 18, 210 (1948). 
7. H. Kuhn, Naturwiss., 54, 429 (1967). 
8. V . I .  Permogorov,  G. G. Dyadyusha, F. A. Mikhailenko, and A. I. Kiprianov, Dokl. Akad. Nauk SSSR, 

188, 1098 (1969). 

580 


