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

III.* UNSYMMETRICAL SELENAFLAVYLOCYANINES 

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' 789.6:668.8 

U n s y m m e t r i c a l  se lenaf lavylocyanines  containing f lavyl ium, th iaf lavyl inm,  1 , 3 , 3 - t r i m e t h y l -  
indo len in ium,  or 1 -e thy lbenzoth iazo l ium r ings  were  synthes ized .  The devia t ions  for the 
dyes obtained, which were  calcula ted f rom the absorpt ion max ima  and by the "band moment"  
method,  were  compared  with the same  values  obtained for s i m i l a r  dyes with f lavyl ium or 
th ia f lavyl ium r ings  in place of the se lenaf lavy l ium r ing .  The r e su l t s  indicate  that the b a s i c -  
i ty of the he t e ro r ings  in the polymethine dyes i nc r e a se s  in the order  sc lenaf lavy l ium < th i a -  
f lavyl ium < f lavyl ium.  This is conf i rmed  b y a  compar i son  of the deviat ions in hemicyan ines  
and s t y r y l s .  

In our previous  communica t ion  [1] we desc r ibed  s y m m e t r i c a l  se lenaf lavylocyanines ,  which proved to 
be the mos t  deeply colored  dyes of the polymethine dyes of the same chromophore  length.  In the p re sen t  
study we have obtained a n u m b e r  of u n s y m m e t r i c a l  se lenaf lavylocyanines  in o rder  to de t e rmine  the r e l a -  
tive bas ic i ty  of the se lenaf lavy l ium r ing .  As in the p repara t ion  of s y m m e t r i c a l  se lenaf lavytocyanines ,  the 
s t a r t ing  compounds for the syn thes i s  were  4 - m e t h y l -  and 4 -methoxyse lena f l avy l ium sal ts  (I-II), as well as 
4 - (w-an i l inov iny l ) se l ena f l avy l ium pe rch lo ra te  (IIIc), which was obtained by the condensat ion of sa l t  I with 
e thy l i so formani l ide  (see scheme on next  page). 

(Selenaflavylo)(flavylo)- and (se lenaf lavylo)( th iaf lavylo) t r imethyl idenecyanines  (V and VI) (see 
Table 1), r e spec t ive ly ,  were  obtained by the reac t ion  of hemicyanine  IIIc with 4 -methy l f l avy l ium and 4-  
methyl th ia f lavyl ium p e r c h l o r a t e s .  (Selenaflavylo) (indo)- and (selenaflavylo) ( th ia) t r imethyld ienecyanines  
fIX and XII), r e spec t ive ly ,  were  obtained by the reac t ion  of I with 1 , 3 , 3 - t r i m e t h y l - 2 - f o r m y l m c t h y l e n e i n d o l -  
ine and l - e thyI -2 - (c0-ace tan i l idov iny l )benzo th iazo l ium iodide.) The oxygen analogs (VII and X) were  syn the-  
s ized  in o rde r  to make a compar i son  of the absorpt ion  spec t r a .  

* See [I] for communication II. 

TABLE 1. 

C6R 5 

Comp I.~ . . . .  nm ~-,, nm D, nra D~,nm 
X Z i l n  CH~NOz 

IV 
V 

VI 
VII 

VIII 
IX 
X 

XI 
XII 

o 

g 

2 - Phenyl- 4- benzopyranylidene 
2 - Phenyl-4-benzopyranylidene 
2 - Ph enyl- 4-ber~z othiapyra nyHdene 
I, 3, 3- Trimethyl-2-indolinylidene 

3 - Ethu 

n 

750 
770 
810 
5'88 
618 
606 
569 
590 
574 

726,0 
736,9 
773,1 
569,8 
597,5 
591,1 

L 547,8 
576,9 
562,9 

2 
1,5 
5,5 

38,5 
51,5 
84 
64 
S7 

122,5 

2,4 
8,6 

11,7 
36,7 
48,4 
71,8 

�9 66,3 
76,6 

107,6 
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I R=CHa, X=CIO4; 
11 R=OCH3, X=o-NOC6H4SOz; 

C6H 5 
II|a-IIIC 

illa X=O, ~.,~ 4.92nm, D 6 nm 
Illb X=S, ~ , ~  550nm, D 16 nm 
IIIc X=Se, ~.m~546 nrn, D 22 nm 

In addition to the t r ime thy l idenecyan ines ,  a monomethyl ideneeyanine  {XIIIc) was obtained by the con-  
densat ion of sa l t  I with 1 -e thy l -2 - su l fobenzo th iazo l ium betaine,  and a s ty ry l  (XIVc) was obtained f rom sal t  I 
and p-d imethylaminobenza ldehyde .  

c6H5 C~H 5 
XIIIa-XIIIc 

Xllla X=O, ~ , ~  482nrnD 30,5 nm 
XIIIb X=S, ~ 514 nmD 45 nm 
XIIIc X=Se, A,m~ 516 nm,D 67,5 nm 

~ - - C I t  "CI--C II N(Ctl ) 6 4 32 

c~N~ XIVa-XIVc 

XlVa X=O, , ~ =  684nm M -~ 657,3 nm 
D 26nm, D~ ,17,7 nrn 

XlVb X=S, ~,,,~ 725 nm, M-~ 695,6 nrrl, 
D 23 nm,D~ 16,6 nm 

XIVc X=Se, ~ ,~  748nrn, M-I 708,8 nrn, 
D 26,5 nrn,Dr~ 12,8 tt~t 

The e lec t ron ic  absorpt ion spec t ra  of n i t romethane  solut ions of s y m m e t r i c a l  s e l ena f l avy lo t r ime thy l -  
idenecyanine  (XIII) (curve 1) and (se lenaf lavylo)( th ia) t r imethyl idenecyanine  (XII) (curve 2) a re  p resen ted  in 
Fig.  1. As seen f rom Fig.  1, in con t ras t  to absorpt ion curve  1, which has the shape typical  for polymethine 
dyes,  curve 2 falls obliquely into both the shor t -wave  and long-wave reg ions .  It can be a s sumed  that s t i l l  
another  low- in tens i ty  m a x i m u m  is hidden in the long-wave region .  In fact, two d is t inc t ly  expressed  max ima  
(with the long-wave m a x i m u m  of lower intensi ty)  a re  observed for different  u n s y m m e t r i c a l  dyes,  for 
example,  ( f lavylo)( indo)tr imethyl idenecyanine (VII) (curve 3). As in the case of s eve ra l  other  cyanine  dyes 
[2], the ra t io  of the in tens i t i es  of these maxima  is independent  of the concent ra t ion ,  which repudia tes  the ex-  
planation of one of the bands by the aggregated state of the dye. In the case  of dye VII, it has been shown 
that the di f ference in the f requencies  ~xp) between both bands ,  as for s y m m e t r i c a l  cyanines  [3], is indepen-  
dent of the na tu re  of the solvent .  (it is the same in n i t romethane ,  chloroform,  and n i t robenzene . )  In addi-  
t ion, like polymethine dyes for which the long-wave m a x i m u m  (the "a band") is m o r e  in tense  than the s h o r t -  
wave band (the "/3 band"),  Av for compounds of the VII type is about 1200 cm - i .  This  value is a s c r i bed  to 
the comple te ly  s y m m e t r i c a l  v ibra t ions  of the carbon atoms of the conjugation chain in the excited state [4]. 
Thus it  should be concluded that in dyes of the VII type both long-wave max ima  apparent ly  a re  aff i l iated 
with the same e lec t ron ic  t r an s i t i on .  

A method involving ca lcula t ion  of the deviat ions (D) - the deviat ions of the absorpt ion  max ima  of the 
u n s y m m e t r i c a l  dye f rom the a r i thmet ic  mean  of the max ima  of the two s y m m e t r i c a l  dyes [5] - is usua l ly  
employed to de te rmine  the re la t ive  bas ic i ty  of the he terocycl ic  r ings  of which the dye is composed.  Be-  
cause the curves  of the s y m m e t r i c a l  and u n s y m m e t r i c a l  dyes have different  shapes and a fine s t r uc t u r e  is 
d isplayed in the case under  cons idera t ion ,  there  may be some doubt that it can be p rec i se ly  taken as the ab-  
sorpt ion m a x i m u m .  In addition to ca lcula t ion of 
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Fig.  1. UV spec t ra .  1) XIII; 2) XII; 3) VII. 

the deviat ions  f rom the more  in tense  absorpt ion  max ima  
(D), we there fore  also employed the de te rmina t ion  of the 
deviat ions f rom the average posi t ions of the absorpt ion 
bands,  which is de t e rmined  by the ra t io  of the zero  and 
f i r s t  moments  [6] of these bands 03M). This method has 
a l ready  been used for this purpose [7]. 

The values  of the mos t  in tense  absorpt ion maxima,  
the average posi t ions of the absorpt ion bands on the wave-  
length scale  (M -1) for n i t rome thane  solut ions ,  and the 
deviat ions obtained by the D and D M methods a re  compared  
in Table 1 for u n s y m m e t r i c a l  ca rbocyan ines  cons t ruc ted  
from se lenaf lavyl ium,  f lavyl ium, and thiaf lavyl ium res idues  
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[8]. The Xmax  and M -1 va lues  for  s y m m e t r i c a l  f l avy lo - ,  t h i a f l avy lo - ,  and s e l ena f l avy locyan ines  we re  taken 
f rom [1] for  the ca lcu la t ion  of D and DM, whi le  the following va lues  we re  obta ined for  s y m m e t r i c a l  t h i a -  
and i n d o c a r b o c y a n i n e s :  ) tma x 558 and 545 nm,  and M -1 539.2 and 524.0 nm,  r e s p e c t i v e l y .  

Both the  D and D M va lues  a r e  s m a l l  for  dyes  IV-VI,  which  ind ica t e s  the c o m p a r a t i v e l y  s i m i l a r  b a s i c i -  
t i e s  of the f l avy l ium,  th i a f l avy l ium,  and s e l e na f l a vy l i nm r i n g s .  More  p r e c i s e  conc lus ions  r e g a r d i n g  t h e i r  
c o m p a r a t i v e  b a s i c i t i e s  can be drawn from the dev ia t ions  of VII-IX and X-XII .  The dev ia t ions  of both D and 
D M for t he se  dyes  i n c r e a s e  in the o r d e r  O < S < Se.  The D va lues  for  hemicyan ines  I I Ia- I I Ic  and mono-  
m e t h y l i d e n e c y a n i n e s  XII Ia-XII Ic  change in the s a m e  o r d e r .  The dev ia t ions  of the he mic ya n ine s  were  c a l c u -  
l a t ed  acco rd ing  to [9] f rom the m a x i m a  of s y m m e t r i c a l  monomethy l idenecyan ines  [1,8] and ma lon ic  d i a l d e -  
hyde d iani l  h y d r o c h l o r i d e  0~max 397 nm) .  I t  tu rned  out that  D and DM have nega t ive  va lues  for  XIVc and i ts  
oxygen and su l fur  ana logs  [8] XIVa and XIVb. It should be e m p h a s i z e d  that  the D M value  is  m i n i m a l l y  n e g a -  
t ive  for  the a b o v e - d e s c r i b e d  dyes  of d i f fe ren t  t ypes ,  i . e . ,  for  s t y r y l  wi th  a s e l e na f l a vy l i um r ing ,  while  the 
D value  does not  d i sp l ay  this  s o r t  of r e g u l a r i t y .  The p o s s i b i l i t y  of nega t ive  dev ia t ions  was given a t heo -  
r e t i c a l  subs t an t i a t ion  by Dyadyusha  [10]. An example  wi th  s t y r y l s ,  as  wel l  as  the r e v e r s e  o r d e r  of the 
change in D and D M for  IV and V dur ing  ca lcu la t ion  of the dev ia t ions  of the dyes  f rom the complex  a b s o r p -  
tion c u r v e ,  d e m o n s t r a t e  that  the "band moment"  method  i s  m o r e  r e l i a b l e .  

Judging f rom the dev ia t ions  in the po lymeth ine  dyes ,  the s e l ena f l avy l ium r ing  is l e s s  b a s i c  than the 
t h i a f l avy l ium r ing ,  which  in turn is  l e s s  b a s i c  than the f l avy l ium r ing ,  whi le  i t  is  known that  the r e s i s t a n c e  
of h e t e r o a r o m a t i c  ca t ions  to h y d r o l y s i s  changes  in the o r d e r  S > Se > O [11]. 

EXPERIMENTAL 

4-(c0-Anilinovinyl)selenaflavylium Perchlorate (IIIc). A mixture of 0.767 g (2 mmole) of I and 4 Inl 
(2 mrnole) of ethylisoformanilide [12] was heated at 50 ~ for 1 h. The product was removed by filtration and 
purified by chromatography from chloroform with a column filled with aluminum oxide with subsequent pre- 
cipitation of an alcohol solution with 20~c perchloric acid and crystallization from glacial acetic acid to give 
0.44g (47%7 of red crystals withmp 214 ~ (dec.). Found~c: Se 16.61. C23HIsCINO4Se. Calculated~c: Se 
16.23. 

(Selenaflavylo) (flavylo)trimethylidenecyanine Perchlorate (V). A mixture of 0.121 g (0.25 minole) of 
IIIc, 0.090 g (0.28 mrnole) of 4-methylflavylium perchlorate [13], and 0.02 g of anhydrous sodium acetate in 
acetic anhydride-acetic acid (1:17 was refluxed for 15 rain. The dye was removed by filtration, washed 
with glacial acetic acid, and crystallized from nitromethane to give 0.147 g (94~c) of crystals with mp 285 ~ 
(dec.). Found%- Se 13.22. C38H23ClOsSe. Calculated%: Se 12.87. 

(Selenaflavylo)(thiaflavylo)trimethylidenecyanine Perehlorate (VI). This compound [0.144 g (89~ 
was obtained like V from 0.121 g (0.25 mmole) of IIlc and 0.84 g (0.28 mmole) of 4-methylthiaflavylinm per- 
chlorate [8] and had mp 271 ~ (dec.). Found %: 12.83. C33H23CIO4SSe. Calculated %: Se 12.55. 

(Flavylo)(l,3,3-trimethylindo)trimethylidenecyanine Perchlorate (VII). A mixture of 0.102 g (0.25 
rnmole) of 4-(w-anilinovinyl)flavylium perchlorate [14], 0.068 g (0.25 mole) of 1,2,3,3-tetramethylindolininm 
perchlorate, and 0.02 g of anhydrous sodium acetate was heated in 2 ml of acetic anhydride-glacial acetic 
acid (1:17 for 1 h at I00-II0 ~ The solution was cooled, and several drops of 20% perchloric acid were 
added. The dye was removed by filtration and purified by chromatography from chloroform on aluminum 
oxide, reprecipitated from acetic anhydride by the addition of 20~c perchloric acid, and recrystallized from 
glacial acetic acid togive a product with mp 233 ~ (dec.). Found: Cl 7.01~. C2~II26CINO 5. Calculated: Cl 
7.05% 

(Selenaflavylo) (l,3,3-trimethylindo)trimethylidenecyanine Perchlorate (IX). A mixture of 0.191 g (5 
mmole) of I, 0.i g (0.5 mmole) of 1,3,3-trimethyl-2-formylmethyleneindoline, and 0.04 g (0.5 mmole) of an- 
hydrous sodium acetate was heated in 2 Inl of acetic anhydride at 120 ~ for 1.5 h. The dye was removed by 
filtration, washed with glacial acetic acid, and crystallized from glacial acetic acid to give 0.225 g (79%) of 
blue crystals with mp 237 ~ (dec.). Found %: Se 13.96. C29H26CINO4Se. Calculated %: Se 13.94. 

(Flavylo) (3-ethylthia)trimethylidenecyanine Perchlorate CK). A mixture of 0.102 g (0.25 mmole) of 4- 
(r perchlorate and 0.087 g (0.25 mrnole) of 1-ethyl-2-methylbenzothiazolium tosylate 
in a mixture of 2 ml of acetic anhydride and 0.I ml of pyridine was heated at 120 ~ for 1 h. The dye was re- 
moved by filtration and chromatographed with a column filled with aluminum oxide. The eluate was evapo- 
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ra ted,  and the dye was reprecipi ta ted f rom ni tromethane by the addition of 20~c perchloric  acid and c rys t a l -  
lized f rom the same solvent to give blue c rys ta l s  with mp 1620 (dec.). Found ~:  C16.78. C27H22C1NO5S. 
Calculated %: C16.99. 

(Selenaflavylo) (3-ethylthia)trimethylidenecyanine Perch lora te  {XII). A mixture  of 0.191 g (0.5 mmole) 
of I, 0.225 g (0.5 mnaole) of 1-ethyl-2-(w-acetanilinovinyl)benzothiazolium iodide, and 0.04 g (0.5 mnaole) of 
anhydrous sodium acetate was heated in 2 ml of acetic anhydr ide -ace t i c  acid (1:1) at 120 ~ for 15 nain. The 
dye was removed by filtration, washed with benzene and hot alcohol, and crysta l l ized twice f rom a lcoho l -  
ni tromethane (1:1) containing a drop of 20% perchlor ic  acid to give 0.127 g (44~) of blue c rys ta l s  with rap 
272 ~ (dec.). Found %: Se 13.82. C27H22C1NO4Se. Calculated ~:  Se 13.84. 

1-Ethyl -2-  (2-ph.enyl-4'-benzos~lenapyranylidene)methylbenzothiazoliuna Perchlora te  (XIIIc). A mix-  
ture of 0.191 g (0.5 mnaole) of I, 0.121 g (0.5 namole) of 1-ethyl-2-sulfobenzothiazolinna betaine, and 0.04 g 
(0.5 mmole) of anhydrous sodium acetate  was heated in 2 ml of glacial  acetic acid at 100-110 ~ for 1 h. The 
dye was removed by filtration, washed with water  and alcohol, and recrys ta l l ized  from nitronaethane to give 
0.218 g (787c) of green c rys ta l s  with mp 249 ~ (dec.). Found %: Se 14.25. C25H20C1NO~SSe. Calculated ~:  
Se 14.50. 

4-(p-Dimethylanainostyryl)selenaflavylium Perch lora te  (XIVc). This was obtained by heating 0.191 g 
(0.5 mnaole) of I and 0.074 g (0.5 mnaole) of p-dinaethylanainobenzaldehyde in 2.5 ml  of acetic anhydride at 
100 ~ for 15 rain to give 0.22 g (85~c) of green c rys ta l s  with mp 215 ~ (dec.) (from nitronaethane). Found %: 
Se 15.59. C25H22CINO4Se. Calculated % :  Se 15.35. 
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