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

IV.* SYMMETRICAL 2,6-DIPHENYLTHIO- AND 2,6-DIPHENYLSELENOPYRYLOCYANINES 

A.  I .  T o l m a e h e v  a n d  M. A.  K u d i n o v a  UDC 547.818.1'818.9 

F r o m  4-methyl -2 .6-d iphenyl th iopyryl ium and 4-methyl -2 ,6-d iphenylse lenopyryl ium salts thio- 
and se lenopyrylocyanines  with symmet r i ca l  s t ruc tu res  have been synthesized.  In the se r ies  of 
dyes synthesized,  g r e a t e r  values of the vinylidene shifts of the absorpt ion maxima a re  observed 
than in the se r i e s  of the i r  thio- and selenoflavylium analogs. The mono-,  t r i - ,  and penta- 
methinecyanines  obtained are  more  highly colored than the analogous thie-  and selenoflavylo-  
cyanines and, converse ly ,  the 2, 6-diphenylselenopyrytoheptamethinecyanines  are  colored less  
deeply than the se lenof lavylot r icarbocyanines .  The s t ruc tu re  of the product  of the oxidation 
of 4-methyl-2 ,  6-diphenylpyryl ium pe rch lo ra t e  has been establ ished.  

We have recen t ly  desc r ibed  polymethine dyes containing no he te roa toms  other  than s e l e n i u m -  seleno- 
f lavylocyanines [1, 2] - which proved to be the most  deeply colored among the known polymethine dyes with 
the same length of chromophore .  It appeared of in te res t  to invest igate the influence on the color  of the r e -  
p lacement  of the oxygen atom of a he te rocyc le  by a sulfur or  selenium atom in the pyrylocyanines ,  also. 
F o r  this purpose,  in the p resen t  work we have obtained 2,6-diphenylthio- and 2.6-diphenylselenopyrylo-- 
cyanines.  It is known that solutions of some pyrylocyanines  can be used as Q switches for  l a se r s  (QSLs). 
[3]. Since thiopyryl ium and se lenopyryl fum sal ts  a re  m o re  stable to hydrolys is  than pyry l ium salts [4], 
and, judging f rom the bas ie i ty  of the pyrones  [5], than the i r  benzo homologs, solutions of such dyes could 
also be of in te res t  for  use in QSLs. Thiopyrylomone-  and th iopyrylot r imethinecyanines  have been syn- 
thes ized p rev ious ly  by the condensation of 2,6-diphenylthiopyryl ium pe rch lo ra t e  with dibasic acids [6]. It 
has not yet been possible  to obtain pentamethinecyanines  in the pure  state  in this way [6]. Setenopyrylo-  
cyanines were  complete ly  unknown. 

We have synthes ized th iopyry lo t r i - ,  -pen ta - ,  and -heptamethinecyanines  (VII, IX, and XI) by the r eac -  
t ion of 4-methyl -2 ,6-d iphenyl th iopyryl ium pe rch io r a t e  (I) with or thoformic  e s t e r  (as in [7]) or with the hy- 
drochlor ides  of the dianils of malondialdehyde and glutacondialdehyde. The bis(2, 6-diphenylselenopyrylo-  

4)-monomethinecyanine (V) was obtained by condensing 4- 
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methyl-2 ,  6-diphenylselenopyryl ium pe rch lo ra t e  (II) [8] with 
2 ,6-diphenylselenopyryl ium pe rch lo ra t e  (III) [8]. The seleno-- 
py ry lo t r i - ,  -pen ta - ,  and-hep tameth inecyan ines  (VIII, X, and 
XII) were  synthesized by using the se lenopyryl ium salt  (II) in 
the same way as the i r  sulfur  analogs. In addition to t r i e a rbo -  
cyanines with open polymethine chains (XI, XII). the use  of 
the hydrochlor ide  of the dianil of B, 6- t r imethyleneglu taeondi -  
aldehyde [9] also gave the thie-  and se lenopyryl ium t r i ca rbo -  
cyanines (XIII and XIV) containing a s i x - m e m b e r e d  carbon 
ring in the chromophore .  

The thio- and se lenopyryl ium sal ts  (I and II) a re  dis- 
t inguished by a high react ivi ty ,  thanks to which the synthesis  

* F o r  Communicat ion III, see [1]. 
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TABLE 1. Absorpt ion Maxima of the l>yrylo - 
cyanines in Ni t romethane  

Compound n x ~-,,,=. nm* 

IV 
V 

VI 
V I I  

VIII 
IX 
X 

X! 
Xtl  

XIII 
XIV 

0 s 
0 Se 
1 O 
1 S 
1 Se 
2 S 
2 Se 
3 S 
3 Se 

S 
I Se 

6276 (695) * 
672 (744) 
676"]" (708) s 
755t  (796) 
795 (835) 
879 (900) 
910 (935) 

1000 (1007) 
1035 ( 1 0 3 0 )  
1017 - -  
lO5O (1o35) 

* The values  of Xma x for  the analogous thio- 
f lavylocyanines  [10] and se lenof lavylocyanines  
a r e  given in pa r en these s .  

F igure  ref ined as c o m p a r e d  with that given 
by Wizinger  and Heldemaun [11]. 

of polymethine dyes f r o m  them is accompanied  by side 
reac t ions .  One of the side reac t ions  is  the oxidation of 
the 4 -methy lene -2 ,6 -d ipheny l -4H-pyrans  fo rmed  f r o m  
these  sa l t s  under  the action of bases .  Thus. when a 
suspension of the sa l t  {I) in acetone was t r ea t ed  with 
alkali,  a high yield of 1 ,2-bis  (2 ,6-diphenyl thiopyran-4-  
yl idene)ethane (XV) was obtained. Here  the reac t ion  
probably  takes  p lace  in a s i m i l a r  manne r  to the oxida- 
t ion of 1 ,1 .3- t r imethyl -2H- indole  [12], except that  i t  
does not r equ i re  a specia l  oxidizing agent. The s t r u c -  
tu re  of {XV) was conf i rmed by PM_R spec t roscopy .  In 
solution in phosphor ic  t r i s  (dimethylamide),  the sp ec t ru m 
of (XV) contains th ree  s inglets ,  with chemica l  shif ts  of 
8.53 p p m  (2H}, 7.12 ppm (2H), and 6.72 ppm (2It) and a 
mul t ip le t  between 7.75 and 7.20 ppm (20 H}. The s ignal  
at 6.72 ppm we ass ign  to the protons  of the ethanediyl i-  
dene group, the mul t ip le t  at 7 . 75 -7 .20ppmto the  protons  
of  the phenyl groups,  and the si_~glets at 8.53 and 7.12 
ppm to the protons  p r e sen t  in the 3.5- positiOns of the 

th iopyran  r ings .  These  protons  a r e  nonequivalent  because  of the absence  of f r e e  ro ta t ion  of the he te rocyc l ic  
r e s idues  in the molecule .  In t r i f luoroace t ic  acid solution, the base  (XV) adds two protons ,  fo rming  the ca t -  
ion (XVI}, the PMR s pec t rum  of which contains s ingle ts  at 8.80 ppm (4H. He t -H)  and 3.90 ppm (4I-I, 2CH2) 
and a mul t ip le t  at  8.05-7.53 ppm (20H, 4C6Hs). 
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In ag reemen t  with this is the fact  that in the s p e c t r u m  of the sa l t  (I) the signal of the pro tons  at tached to  
the 5 - c a r b o n  a toms of the he te rocyc le  is  located at 8.78 ppm. that  of the a roma t i c  protons  at 8.23-7.72 ppm, 
and that of the methyl  group at 3.20 ppm.  I t  mus t  be ment ioned that a compound analogous to (XV) is  a l so  
fo rmed  by heat ing 4-methyl th iof lavyl imn p e r c h l o r a t e  in d imethy l fo rmamide  or pyr id ine  with yields of 90 
and 70%. respec t ive ly .  Consequently,  in spite of the opinion of Van Allan and Reynolds [13, 14] it  mus t  be 
a s sumed  fo r  this case,  also. that  oxidation is  brought  about by a tmospher i c  oxygen. A compound analogous 
to (XV) with i ts  absorp t ion  m a x i m u m  at 526 nm is a lso  fo rmed  f r o m  the se lenopyry l ium sa l t  (II). 

Ethanolic solutions of the thio- and se lenopyrylocyanines ,  l ike the thio-  and se lenof lavylocyanines ,  a re  
unstable:  solutions of these  dyes in n i t romethane,  chloroform,  and glacia l  ace t ic  acid a r e  re la t ive ly  stable.  

The absorp t ion  m a x i m a  of the se lenopyry locyanines  (V. VIII, X, and XII). l ike those  of the se leno-  
f lavylocyanines,  a re  located  in the l onge r -wave  reg ion  than the absorpt ion  m a x i m a  of the i r  sulfur  analogs 
(IV, VII, IX. and XI), which, in the i r  turn, a r e  m o r e  deeply colored than the dyes cons t ruc ted  f r o m  oxygen 
he t e rocyc l e s  (Table 1). In the ca rbocyanines  (VI-VIII), the shifts  of the long-wave absorpt ion  m a x i m u m  on 
pass ing  f r o m  the pyry lo -  to the th iopyrylo-  and se lenopyrylocyanines  a r e  79 and 119 n_m, r e spec t ive ly .  F o r  
the t r imeth inecyanines  (VI-VIII) we a lso  ca lcula ted  the values  of 1W "~-  the ra t io  of the ze ro  momen t s  to the 
f i r s t  moments ,  which de t e rmine  the ave r age  posi t ion of the absorpt ion bands in the wavelengths sca le  [2]. 
F o r  the t r imeth inecyan ines  containing O. S. and Se, M "~ p roved  to be, respec t ive ly ,  657.8, 733.1, and 766.1 
nm, i .e. ,  the shif ts  of the mean  posi t ion of the long-wave absorpt ion band on pass ing  f r o m  the dye (VI) to 
the dyes (VII) and (VHI) a re .  r espec t ive ly ,  75.3 and 108 urn. As can be seen  f r o m  the f igures  given, the 
vinylene shif t  of the long-wave absorpt ion  band in the 2, 6-diphenylthio- and 2, 6-diphenylse lenopyrylocyanines  
is  approx imate ly  120-125 nm. In the f lavyl ium analogs of  these dyes, however,  it is only 100 nm. While 
the absorpt ion m a x i m a  of the pyry lomonometh inecyanines  (IV. V) a r e  located  70 nm towards  the s h o r t e r -  
wave region as com pa red  with the absorp t ion  m a x i m a  of the i r  f lavyl inm analogs,  in the carbocyanines ,  in 
view of the d i s s i m i l a r  vinylene shifts,  this  d i f ference  (VII and VIII) fal ls  to 40 nm and in the d i ca rbocya -  
nines (IX and X) to 20-25 nm. Converse ly ,  the 2 .6-diphenylse lenopyrylocyanines  (XII and XIII) a r e  co lored  
s t i l l  m o r e  deeply than the i r  se lenof lavyl ium analogs and, thus. a r e  the mos t  deeply co lored  of the known 
polymethine  dyes with the s a m e  length of ehromophore .  
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E X P E R I M E N T A L  

The PMR s p e c t r a  we re  taken on a ZKR-60 spec t ropho tome te r  with a working f requency of 60 MHz at 
a t e m p e r a t u r e  of 29~ and a concentra t ion  of 0.12 M. The chemica l  shif ts  a r e  given re la t ive  to TMS (inter-  
nal  s tandard) .  

Bis  (2 ,6-d iphenylse lenopyrylo-4)monomethinecyanine  P e r c h l o r a t e  (V). A mix tu re  of 0.204 g (0.5 
mmole )  of 4 -me thy l -2 ,6 -d ipheny l se l enopyry l ium p e r c h l o r a t e  (II), 0.196 g (0.5 mmole)  of 2 ,6-diphenylseleno-  
p y r y l i u m  p e r c h l o r a t e  (Ill), and 0.04 g (0.5 mmole)  of anhydrous sodium ace ta te  in 4 m l  of glacial  acet ic  acid 
was heated at 100~ for  30 rain. The dye was f i l t e red  off, r ep ree ip i t a t ed  f r o m  solution in n i t romethane  with 
42% p e r c h l o r i c  acid, and c rys t a l l i zed  f rom acet ic  anhydride.  Yield 0.22 g (62%). Green c rys t a l s  with mp 
268~ Found %: Se 22.4. C35H25CIO4Se ~ Calculated%: Se 22.5. 

Bis (2 ,6-d iphenylse lenopyrylo-4) t r imeth inecyanine  P e r c h l o r a t e  (VIII). A mix tu r e  of 0.408 g (1 mmole)  
of (II), 0.296 g (2 re_moles) of o r tho fo rmic  e s t e r ,  and 0.082 g (1 mmole)  of anhydrous sodium ace ta te  in 6 ml  
of glacia l  acet ic  acid was heated at 120~ fo r  10 rain. Yield 0.36 g (98%). Bronze  c r y s t a l s  with decomp,  pt. 
291~ (from ace t ic  anhydride).  Found ~c: Se 21.4. C37H27C104Se 2. Calculated ~c. Se 21.7. 

Bis  (2 ,6-diphenyl th iopyrylo-4)pentamethinecyanine  P e r c h l o r a t e  (IX). A solution of 0.129 g (0.5 mmole)  
of the hydroch lor ide  of the dianil  of malondialdehyde in 25 ml  of acet ic  anhydride was added to a solution of 
0.362 g (1 mmole )  of (I) and 0.082 g (1 mmole)  of anhydrous sodium ace ta te  in 5 ml  of acet ic  acid, and the 
mix tu re  was heated at l l0~ for  30 rain. The dye was s epa ra t ed  off and was washed f r ee  f r o m  contaminat ing 
monometh inecyanine  with hot acet ic  acid.  Af te r  c rys t a l l i za t ion  f r o m  ni t romethane,  the product  fo rmed  
lus t rous  g r een  c r y s t a l s .  Yield 24%. Found 7c: C1 5.1. C39H29C10~S 2. Calculated ~c: C1 5.3. 

Bis  (2 ,6-d iphenylse lenopyrylo-4)pentamethinecyanine  pe rch lo ra t e  (X) was obtained s i m i l a r l y  to (IX) 
f r o m  0.204 g (0.5 mmole)  of (II) in 4 ml  of a mix tu re  of acet ic  anhydride and glacia l  acet ic  acid (1 : 1). 
Yield 60~c. Found%:  Se 21.3. C39H29C104Se 2. Calculated ffc: Se 20.9. 

Bis  (2 ,6-diphenyl th iopyrylo-4)pentamethineeyanine  P e r c h l o r a t e  (XI). A solution of 0.56 g (2 rnmoles)  
of the hydroch lor ide  of the dianil  of glutacondialdehyde in 15 ml  of acet ic  anhydride was  added to a solution 
of 0.362 g (1 mmole )  of (I) in 15 ml  of the s a m e  solvent  at 20~ and the mix tu re  was lef t  in the dark.  Af te r  
12 h, the dye was f i l t e red  off and was washed with acet ic  anhydride, with dry  benzene,  and with e ther .  Yield 
0.04 g (12~c). Brown c r y s t a l s .  Found %: C1 5.2. C41H31C104S 2. Calculated~c: C1 5.2. 

Bis  (2 ,6-d iphenylse lenopyrylo-4)heptamethinecyanine  pe rch lo ra t e  (XII) was obtained in a s i m i l a r  
m a n n e r  to (X-I) f r o m  0.204 g (0.5 mmole )  of (II). Yield 50~c. Found ~:  Se 20.2. CtiH31C104Se 2. Calculated 
%: Se 20.2. 

Bis  (2,6- diphenyl thiopyrylo-  4)- 9, l l - t r i m e t h y l e n e h e p t a m e t h i n e c y a n i n e  P e r c h l o r a t e  (XIII).  A solution 
of 0.064 g (0.2 mmole)  of the hydrochlor ide  of the dianil of 2 ,4- t r imethyleneglutacondia ldehyde in 3 ml  of 
acet ic  anhydride was added to a suspens ion of 0.145 g (0.4 mmole)  of (I) and 0.032 g (0.4 mmole)  of anhy- 
drous  sodium ace ta te  in 3 ml  of glacia l  acet ic  acid, and the mix tu re  was heated at 90-100~ for  1 h. The 
dye was f i l t e red  off and was washed  with acet ic  anhydride  with benzene,  and with e ther ,  and was c rys t a l l i zed  
f r o m  n i t romethane .  Yield 37%. Found %: S 8.9. C~4H35C104S 2. Calculated %: S 8.8. 

Bis  (2 ,6-diphenylse lenopyrylo-4)-9 ,  l l - t r ime thy l enehep t ame th inecyan ine  p e r c h l o r a t e  (XIV) was obtained 
s i m i l a r l y  to (XIII) f r o m  (II) with 30 rain heating of the solution. Yield 50%. Found g0: Se 18o9o C4tH35CtO4Se2. 
Calcula ted ~c: Se 19.2. 

1 ,2-Bis  (2, 6-d iphenyl th iopyran-4-y l idene)e thane  (XV). A suspension of 0.724 g (2 mmoles )  of (I) and 
0.4 g (10 mmole s )  of caus t ic  soda in a mix tu re  of 15 mI  of acetone and 2 mI  of wa te r  was shaken until the 
solid m a t t e r  had d isso lved  comple te ly .  Then the organic  l aye r  was s epa ra t ed  off, f i l tered,  and diluted with 
ice water .  The product  that  then deposi ted was f i l te red  off and r e c r y s t a l l i z e d  f r o m  d imethy l fo rmamide .  
Yield 0.877 g (84~c). Lus t rous  dark  r ed  needles  with decomp,  pt. 258~ ~rnax 512 nm. Found ~c: C 82.8: 
H 5.0: S 12.1. C36H26S 2. Calculated %: C 82.8: H 5.0; S 12.3. 
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