
P Y R Y L O C Y A N I N E S  

II.* SYMMETRICAL SELENOFLAVYLOCYANINES 

A .  I .  T o l m a c h e v  a n d  M.  A .  K u d i n o v a  UDC 547,818.9 

The reac t ion  of selenoflavone with methylmagnesium iodide and with methyl  o -n i t robenzene-  
sulfonate was used to synthesize  4 -methy l -  and 4-methoxyselenof lavyl ium sal ts ,  f rom which 
a number of polymethine dyes of sy m m et r i c a l  s t ruc tu re  were  obtained. The selenoflavylo-  
cyanines have a considerably  deeper  color  than other polymethine dyes with the same ch ro m-  
ophore length. 

In this paper ,  we descr ibe  for the f i r s t  t ime the synthesis  and spec t ra  ! p roper t i es  of polymethine 
dyes that ,  except  for selenium, do not contain other he te roa toms ,  viz. ,  symmet r i ca l  selenoflavylocyanines.  
Information regard ing  their  color  is of in teres t  for chromat ic i ty  theory .  4-Methyl-  and 4 -methoxyse leno-  
f lavylium salts ~I and II) were  used in the synthesis  of the selenoflavylocyanines.  Compound I was obtained 
by the reac t ion  of selenoflavone with methylmagnesium iodide with subsequent t rea tment  with perch lor ic  
acid, while II was obtained by the addition of methyl  o-ni t robenzenesulfonate  to the same base.  
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I,II 

! R =  CHz, X = CIO~'; 
II R = OCH3. X :  o-NO2C6H4SO ~" 

Like their  oxygen [2,3] and sulfur [1] analogs, the methyl  group in the selenoflavylium salts  is active 
with r e s p e c t  to e lectrophi l ic  agents,  while the methoxy group should be readi ly  rep laced  by nucleophilic 
r eagen t s .  Using this,  we obtained the symmet r i ca l  selenoflavylomonomethinylcyanine ([II) by the condensa-  
tion of I with II.  Selenoflavone can also be used in place of II in the synthesis  of III. Selenoflavylocarbo-  
cyanine (IV} was synthesized by heating I with ethyl or thoformate .  Di-  and t r icarbocyanines  (V and VI) are  
also formed by the reac t ion  of I with the hydrochlor ides  of the dianils of malonic and glutaconic dialdehydes.  
Compound VI could not be isolated in the analyt ical ly pure s ta te :  it rapidly decomposes  when dissolved in 
n i t romethane,  even at room t empera tu re .  However,  by using the hydrochlor ide  of the dianil of ~,  5 - t r i -  
methyleueglutaconic dialdehyde [4], we isolated se lenof lavylot r icarbocyanine  (VII) in good yield; the s ix-  
me m be r e d  hydrocarbon r ing in the chromophore  apparent ly s tabi l izes  this sor t  of dye. 

clo;- ~ ~ c , o -  ~ = ~  
C s H 6 /  " ~ C  " C6Hs/ 4 " x ,  C6Hs 

I I I -  VI 6H5 VII 

I I |  n = O, ~,~ax 744"~nm(695)  :~: IV ~,= I, ~ . . . .  83Gr i i~706) ;  'V n ~ 2 .  ~.~o~935C*i"i~900,); 
VI n : 3 ,  L:.+ Io3onm(1Q0;):; ',vii n = 3 ,  ~.~.x IO3Z;nrn 

*See [1] for communicat ion I. 

t h e r e  and e l sewhere ,  the ~ max values are  p resen ted  for solutions in n i t romethane .  
$ The ~ max values of the analogous thiaflavylocyanines a re  p resen ted  in parentheses ;  ~ max of thiaflavylo-  
t r imethinylcyanine  is re f ined  as compared  with [1]. 

Institute of Organic Chemis t ry ,  Academy of Sciences of the Ukrainian SSR, Kiev. Trans la ted  f rom 
Khimiya Geterots ikl icheskikh Soedinenii, No. 7, pp. 924-926, July, 1971. Original a r t ic le  submitted August 29, 
1970. 

�9 1974 Consultants Bureau, a division of Plenum Publishing Corporation, 227 glest 17th Street, New York, N. Y. 10011. 
No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, 
electronic, mechanical, photocopying, microfilming, recording or otherwise, without written permission of the publisher. A 
copy of this article is available from the publisher for $15.00. 

863 



The p repa ra t i on  of the dyes is  accompanied  by  side p r o c e s s e s ,  s ince I, like i ts  sulfur analog [1], has 
high r eac t iv i t y .  Thus ,  monomethinylcyanine  III  f o rms  in acet ic  anhydride when I is heated without any 
second component ;  a nonsal t  dye with an absorp t ion  m a x i m u m  at  480 nm is  obtained ins tead of the expected 
hemicyanine  when this sa l t  is fused with d imethy l fo rmamid ine .  In order  to supp re s s  the side r eac t ions  in 
the synthes is  of the se lenof lavylocyanines ,  we used  an excess  of the second component .  Jus t  as in the case  
of th iof lavylocyanines ,  alcohol solutions of the se lenof lavylocyanines  a r e  unstable ,  while solutions of these  
dyes in n i t romethane ,  ch lo ro fo rm,  and g lac ia l  ace t ic  acid a r e  r e l a t i ve ly  s table .  

Selenium-containing subst i tuents  (SeCF3) in the he te rocyc l ic  r e s i dues  in th iacarbocyanines  have an 
auxochromic  act ion v e r y  c lose  to the analogous su l fur -conta in ing subst i tuents  [5]. The absorpt ion m a x i m a  
of the se lenocarbocyan ines  a r e  shifted by 10 nm as c o m p a r e d  with the absorp t ion  m a x i m a  of the analogous 
th iacarbocyanines  [6]. In con t r a s t  to these  dyes ,  the d i f ference  in the color  between the s y m m e t r i c a l  
se lenof lavy lo-  and thiof lavylocyanines  is cons ide rab ly  g r e a t e r .  The absorp t ion  m a x i m u m  of IV is shifted 
by 39 nm to the long-wave region as c o m p a r e d  with the sulfur  analog and by 127 nm to the long-wave side 
as compa red  with its oxygen analog.* We also ca lcula ted  the r a t io  of the zero  and f i r s t  moment s  for the 
long-wave absorp t ion  bands of the s y m m e t r i c a l  f lavylothiof lavylo-  and se lenof lavylo t r imethinylcyanines  [7-9]: 

/14-I ~ 
f D~v-ldv 
0 

c ~  

f D,~dv 
0 

where  M - i  is  the r a t io  of the ze ro  momen t  to the f i r s t  moment ,  which de t e rmines  the ave rage  posit ion of 
the absorp t ion  band on the wavelength sca le ,  and D is the optical  densi ty  at the absorpt ion  band at f requency 
u .  These  values  prove  to be 689.9, 763.8, and 801.8 nm,  r e spec t i ve ly ,  for t r imeth inylcyanines  containing 
O, S, and Se. Consequently,  the ave r age  posi t ion of the long-wave absorp t ion  band of se lenof lavy lo t r imeth-  
inylcyanine is 34 nm m o r e  to the long-wavelength  reg ion  than is the ca se  for i ts  sulfur analog and 112.7 nm 
m o r e  to the long-wavelength  reg ion  than is the ca se  for i ts  oxygen analog.  Thus,  the cyanine dyes with 
se lenof lavyl ium r ings  at the ends of the polymethine  chain p rove  to be the mos t  deeply colored of the yet 
known polymethine dyes with the s ame  ch romophore  length. Two fac to r s  effect  the color  of the dyes under 
cons idera t ion :  1) the e lec t ronega t iv i ty  of the he te roa tom,  which d e c r e a s e s  in the o rder  O > S > Se; 2) a 
d e c r e a s e  in the over lap  of the orb i ta l s  of the he t e roa tom and the ca rbon  a tom in the s a m e  o r d e r .  Quantum- 
mechanica l  calcula t ions  [10] indicate that  for s i x - m e m b e r e d  he te rocyc l i c  cat ions the f i r s t  of these  fac tors  
should induce a hypsochromic  shift  in the long-wave absorp t ion  band, while the second should produce a 
ba thochromic  shift  in this band. In fact ,  the second effect  p redomina tes  over  the f i r s t  [11, 12]. The deepen-  
ing in the color  in the o rde r  f l avy lo-  < th io f lavy lo-<  se lenof lavylocyanines  is apparen t ly  explained in the 
s ame  way.  The vinylene shif ts  in the se lenof lavylocyanine  s e r i e s  a r e  c lose  to the vinylene shif ts  in the th io-  
f lavylocyanine s e r i e s ,  amount  to 100 and 104 nm,  r e spec t i ve ly ,  on pass ing f rom n = 1 to n = 2. 

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

4-Methylse lenof lavyl ium P e r c h l o r a t e  (I). A solution of a Gr ignard  reagen t  obtained f r o m  0.5 g (0.02 
mole) of m a g n e s i u m  and 3 g (0.021 mole) of methyl  iodide in 25 ml  of absolute ether  was added in the course  
of 20 rain with mechan ica l  s t i r r i ng  to a solution of 1.7 g {0.006 mole)  of 1-se lenof lavone [13] in 40 ml  of ab-  
solute t e t r ahydro fu ran .  The mix tu re  was heated  at 40-50 ~ for  2 h. It  was then cooled, and a la rge  port ion 
of the solvent  was r e m o v e d  by dis t i l la t ion.  The r e s idue  was cooled with ice wate r ,  and 20% perch lo r i c  acid 
was added until the mix tu re  gave an acid r eac t ion  to give 1.9 g (83%) of yellow c r y s t a l s  with mp 190 ~ (de- 
comp. ,  f rom g lac ia l  ace t ic  acid).  Found %: Se 20.55. C16HI3C104Se. Calculated % :  Se 20.59. 

4 -Methoxyse lenof lavyl ium o-Ni t robenzenesul fonate  (l-I). A mix tu re  of 0.7 g (0.0024 mole) of se leno-  
f lavone and 0.54 g (0.0024 mole)  of methyl  o-n i t robenzenesul fonate  [14] was heated at 100 ~ for 2 h. The 
me l t  was t r i t u ra t ed  in a m o r t a r  with d ry  acetone,  f i l te red,  and washed with anhydrous ether  to give 0.9 g 
(75%) of yellow c r y s t a l s  with mp 161 ~ (glacial acet ic  acid).  Found %: Se 16.16. C22HITNO6SeS. Ca lcu-  
la ted %: Se 15.73. 

*The  }~max value of the s y m m e t r i c a l  f lavylo t r imeth inylcyanine  [2] in n i t romethane  is 708 nm.  
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Bis (4-selenoflavylo)monomethinylcyanine P e r c h l o r a t e  (III). A mix tu re  of 0.191 g (0.0005 mole) of 
sa l t  I and 0.250 g (0.0005 mole)  of sa l t  II  was heated in 4 ml  of acet ic  anhydride at 100 ~ for 30 rain. The dye 
was f i l t e red ,  r ep r ec i p i t a t ed  f r o m  solution in 10 ml  of n i t romethane  by addition of 2.5 ml  of 30% pe rch lo r i c  
acid,  and c rys t a l l i zed  f r o m  acet ic  anhydride to give 0.322 g (99%) of shiny, g reen  c r y s t a l s  with mp 132 ~ 
(decomp.).  Found%: Se 24.15. C31H21C104Se 2. Ca lcu la ted%:  Se 24.28. 

Bis (4-se lenof lavylo) t r imethinylcyanine P e r c h l o r a t e  (IV). A mix tu re  of 0.383 g (0.001 mole) of sa l t  I, 
0.34 g (0.0025 mole) of ethyl o r thoformate ,  and 0.3 g (0.0036 mole) of anhydrous sodium ace ta te  in 5 ml  of 
g lac ia l  acet ic  acid was ref luxed for 30 mf~a. The dye was f i l tered,  washed  with glacia l  acet ic  acid, and 
c rys t a l l i zed  f rom n i t romethane  to give 0.282 g (41%) of shiny c r y s t a l s  with mp 265 ~ (decomp.). Found ~c: 
Se 23.26. C33H23C104Se 2. Ca lcu la ted%:  Se 23.35. 

Bis (4-selenoflavyl)pentamethinylcyanine P e r c h l o r a t e  67). A mix tu re  of 0.152 g (0.0004 mole) of I, 
0.05 g (0.0002 mole) of the dihydrochloride of the dianil of malonic  dialdehyde and 0.03 g 0.00036 mole) of 
anhydrous sodium ace ta te  in 4 ml  of glacia l  acet ic  acid containing 3 ml  of acet ic  anhydride was heated  at 
120 ~ for 15 rain. The dye was f i l tered,  washed succes s ive ly  with glacia l  ace t ic  acid and 250 ml  of an-  
hydrous  benzene,  and r e c r y s t a l l i z e d  twice f r o m  n i t romethane  to give 0.093 g (63%) of fine c r y s t a l s  with mp 
253-254 ~ (decomp.).  Found%: Se 22.03. C35H25C104Se 2. Calcu la ted%:  Se 22.34. 

Bis (4 - se lenof lavy lo ) - l l , 13- t r ime thy lenehep tameth iny lcyan ine  P e r c h l o r a t e  (VII). This was obtained 
f r o m  the hydrochlor ide  of the dianil of 2 ,4- t r imethyleneglu taconic  dialdehyde in the same  way as V by hea t -  
ing for 1 h at 90-100 ~ . The dye was f i l tered,  washed succes s ive ly  with acet ic  anhydride,  benzene,  and e ther ,  
and c rys t a l l i zed  f r o m  n i t romethane  to give 75% of da rk -brown c r y s t a l s .  Found %: Se 20.28. C40H30C104Se 2. 
Calcula ted  %: Se 20.58. 
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