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Symmetrical polymethine dyes (monomethylidyne, carbo-, and dicarbocyanines), viz., 4,6- 
diphenylpyrylium, -thiopyrylium, and -pyridinium derivatives, were synthesized. It follows 
from a comparison of the absorption spectra of pyrylo-2-cyanines and their heteroanalogs 
with the spectra of the corresponding 4 isomers that these dyes differ from one another with 
respect to the positions, intensities, and forms of the bands. The pyrylocarbo- and -dicarbo- 
cyanines and their sulfur analogs are more deeply colored than their 7 isomers, while the 
reverse regularity is observed in the pyridocyanine series. The long-wave bands in the spec- 
tra of all of the ~ isomers are accompanied by more intensive transitions to the vibrational 
sublevels than in the case of the 7 isomers. 

In cont ras t  to pyry lo -4 -cyan ines  [ 2-6] ,  py ry lo -2 -cyan ines  have not yet  been sys temat ica l ly  investigated, 
although dyes of this type were  mentioned a long time ago in [7].  It is known that solutions of some py ry lo -2 -  
cyanines can be used as pass ive shut-off  devices for  l a se r s  [8],  and the photochemical  stabili t ies of a number  
of t r icarbocyanines  of this type have also been studied [9]. F r o m  data on the spect ra l  p roper t ies  of these 
dyes it has been repor ted  only that a te t raphenyl-subst i tuted a -pyry lomonomethyl idynecyanine  absorbs in a 
longer-wave region and with a lower intensity than its i somer  of the ), se r ies  [ 10]. Up until now there has 
been no c lea r  information even with respec t  to the effect of replacement  of the oxygen atoms by sulfur atoms 
on the color  in the c~-pyrylocyanine ser ies .  According to the available data [11-13],  one might have concluded 
that this sor t  of replacement  in the case  of a te t raphenyl-subst i tuted pyrylo-2- t r imethyl idynecyanine  would 
give r i se  to a bathochromic shift of only 10 or  20 nm of the absorption maximum, although our quantum-chem-  
ical es t imate  shows that a significantly g rea t e r  effect should be expected [ 14]. 

Within the f ramework  of our  sys temat ic  study of pyrylocyanines  it seemed of in teres t  to synthesize 
pyry lo -2-cyan ines  and their  sulfur-  and ni t rogen-containing analogs in o rde r  to compare  the spec t ra l  p rope r -  
ties of these dyes and i somer ic  compounds in which the heterocycl ie  res idues  are  connected to the polymeth-  
ine chain in the 4 positions. The resul ts  of a study of symmet r i ca l  o~-pyrylocyanines and their  analogs a re  
descr ibed in the presen t  paper  (Table 1). 

Salts with Ia,b, IIa,b, and III s t ruc tures  were used in the synthesis of the investigated dyes. 2-(4- 
Ethoxy- 1,3-butadien- l -y l ) -4 ,6 -d ipheny lpyry l ium perchlora te  (III) was obtained by condensation of 2-methyl -  
4,6-diphenylpyryl ium perehlora te  (Ia) with 1,1,3,3-tetraethoxypropane (see scheme on following page). 

Monomethylidynecyanine IVa was synthesized in 42% yield by condensation of salts  Ia (Y = C1) and IIa in 
a mixture of acetic anhydride with acetic acid in the p resence  of tr iethylamine,  although a dye cannot be ob- 
tained when sodium acetate is used in place of tr iethylamine,  according to the data in [ 10]. Thiopyrylomono- 
methyl idyne-cyanine VIIa was synthesized by the same method f rom salts Ib and IIb. Pyrylo t r imethyl idyne-  
cyanine Va was obtained by condensation of salt  Ia with ethyl or thoformate  by a method s imi lar  to that used 
for its thio analog VIIIa[  11]. We were able to synthesize pyrylodicarbocyanine Via only by condensation of 
pyryl ium salt  Ia with ethoxybutadienyl derivat ive III, while the thio analog (IXa) of this dye was obtained by 

*See [1] for  Communication 10. 
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TABLE 1. Characteristics of the Long-Wave Absorption Bands of 
Solutions of Dyes IVa,b-IXa,b in Methylene Chloride 

Dye x u ~ma~, nm l g s  M-' F 
nn/ 

rVa 
IVb 
va 
Vb 

via  
VIb 

VIIa 
VIIb 

Villa 
VIIIb 

IX a 
IXb 
Xa 
Xb 

XIa 
XIb 

XIIa 
xIIb 

O 

O 

0 

S 

S 

S 

NCH3 

NCH~ 

NCH~ 

0 

1 

2 

0 

1 

2 

0 

1 

2 

636 
555 

730; 800 
686 

820;910 
806 
646 
630 
865 
762 

905;1000 
889 
54O 
515 
630 
644 
728 
758 

4,84 
5,15 

4,77:4,93 
5,40 

4,91 ; 5,08 
5,50 
4;86 
5,12 
4,85 
5,39 

4,85; 5,03 
5,45 
4,51 
4,93 
4,97 
5,27 

596,6 
541,3 
739,6 
665,1 
839,5 
775,0 
622,3 
617,4 
820,2 
743,2 
926,1 
856,4 
515,7 
509,8 
604,6 
627,9 
701,8 
736,0 

am-! 

0,76 1346 
1,00 936 
0,78 1176 
1,21 801 
1,12 1137 
1,33 811 
0,71 1154 
0,83 809 
0,79 1058 
1,16 729 
0,97 1072 
1,22 768 
0,45 1560 
0,66 920 
0,88 1060 
1,20 870 
-- 1023 
- -  930 

1,14 2,3 
1,22 3,0 
1,17 2,2 
1,57 3,3 
1,32 2,9 
1,77 4,5 
0,94 2,2 
1,t3 2,9 
1,07 1,8 
1,53 3,2 
1,25 2,7 
1,65 3,9 

1,3 3,2 
0,8 1,9 
1,0 2,0 
1,8 5,4 
1,5 4,3 
2,0 6,5 

0,061 
0,054 
0,064 
0,105 
0,083 
0,131 
0,035 
0,047 
0,046 
0,100 
0,062 
0,II0 
0,059 
0,033 
0,041 
0,696 
0,073 
0,1t9 

C~H 5 CsH s 

C6H 5 R C(;H5 / ~ O  / "'(Ct1=CII12OC2I] 5 

I-II a ,b  I1[. 

clo~ 
c~l%/~x~'-(cH=ca),,-ctr/~-X / ~%1% ~ " ~ c o  H 

CGH s " s 
IV--Xll a IV-XII b 

Ia, b R=CH~, Y=CI04 (or C1); IIa R=.SC2Hs, Y=BF4; IIb R=SCH3. Y=Ctt~SO4. 
a X=O; b X=S. See Table 1 forX and n for dyes IV-XII. 

the u s u a l  method ,  v iz . ,  b y  condensa t i on  of t h i o p y r y l i u m  s a l t  1/0 with ma l ona l de hyde  d ian i l  hyd roch lo r ide .  Sym-  
m e t r i c a l  p y r i d o m o n o - ,  - e a r b o - ,  and - d i c a r b o c y a n i n e s  X a - X I I a  w e r e  ob ta ined  by t r e a t m e n t  of p y r y l o c y a n i n e s  

IVa-VIa  with m e t h y l a m i n e .  

The s p e c t r a l  c h a r a c t e r i s t i c s  of the s y n t h e s i z e d  a - p y r y l o c y a n i n e s  and t he i r  s u l f u r -  and n i t r o g e n - c o n -  
t a in ing  ana logs  with the c o r r e s p o n d i n g  c h a r a c t e r i s t i c s  of the i s o m e r i c  dyes  in  which  the he t e rocyc l i c  r e s i -  

dues  a r e  connec t ed  to the po lyme th ine  cha in  in  the Y pos i t i on  a r e  c o m p a r e d  in  Tab le  1. In addi t ion  to the 
g e n e r a l l y  accep ted  c h a r a c t e r i s t i c s  of the long-wave  a b s o r p t i o n  bands  ( k m a  x,  log e, and f ) ,  the a ve r a ge  p o s i -  
t ions  of the a b s o r p t i o n  bands  (M-l) ,  the c h a r a c t e r i s t i c s  of the f o r m  of the bands  [the width (~)  and coef f ic -  
i en t s  of a s y m m e t r y  (TI)  and e x c e s s  (Y2)] d e t e r m i n e d  by  the method  of m o m e n t s ,  and the coef f ic ien t s  of the 
f ine s t r u c t u r e  (F)  d e t e r m i n e d  f r o m  the en t rop i e s  of the s p e c t r a l  d i s t r i b u t i o n s  [ 15] a r e  p r e s e n t e d  in  Tab le  1. 

Let  us i n i t i a l l y  e x a m i n e  the r e g u l a r i t i e s  in  the a b s o r p t i o n  s p e c t r a  of the c a r b o -  and d i c a r b o c y a n i n e s  in  
o r d e r  to exclude  the effects  a s s o c i a t e d  with the c lose  o r i e n t a t i o n  of the h e t e r o c y e l i c  r e s i d u e s  in  the m o n o -  
m e t h y l i d y n e c y a n i n e s .  It  i s  a p p a r e n t  f r o m  the da ta  p r e s e n t e d  that  p y r y l o - 2 - c y a n i n e s  (Va and Via) and the i r  
su l fu r  ana logs  (Vi l la  and IXa) a r e  c o n s i d e r a b l y  m o r e  deeply  c010red than  p y r i d o - 2 - e y a n i n e s  (XIa and XIIa)  
but ,  on the o t h e r  hand,  s o m e w h a t  m o r e  highly c010red than the c o r r e s p o n d i n g  T i s o m e r s .  This  can  be q u a l i t a -  
t ive ly  exp la ined  by the fac t  that  b e c a u s e  of the l o w e r  t endency  for  con juga t ion  of oxygen and su l fu r  a t oms  as 
c o m p a r e d  with n i t r o g e n  a toms  in  ~ - p y r y l o -  and p a r t i c u l a r l y  ~ - t h i o p y r y l o c y a n i n e s ,  the c a r b o n - c a r b o n  bonds  
of the h e t e r o e y c l i e  r e s i d u e s  p a r t i c i p a t e  to a g r e a t e r  ex ten t  i n  the o v e r a l l  s y s t e m  of con juga t ion  than  in  a -  
p y r i d o c y a n i n e s ,  whi le  the c h r o m o p h o r e  s y s t e m s  in  the y i s o m e r s  of al l  of these  days  have the s a m e  length.  
Let  us  f u r t h e r  note  tha t  the d i f f e r ence  be tween  the pos i t i ons  of the a b s o r p t i o n  m a x i m a  of the i s o m e r i c  p y r y l o -  
and t h i o p y r y l o c y a n i n e s  is  g r e a t e r  ( - 1 0 0 - 1 1 0  nm) than the d i f f e r ence  be tween  the a v e r a g e  pos i t i ons  of t he i r  
a b s o r p t i o n  bands  (M -t) ( ~ 6 5 - 7 5  n m ) .  The r e v e r s e  t endency  is  o b s e r v e d  for  the p y r i d o c y a n i n e s .  This  r e g u -  
l a r i t y  is  due to the h ighe r  i n t e n s i t i e s  of the t r a n s i t i o n s  to the v i b r a t i o n a l  s u b l e v e l s  in  the c a s e  of the oz i s o -  
m e r s  as  c o m p a r e d  with the Y i s o m e r s ,  which l eads  to c o n s i d e r a b l e  b r o a d e n i n g  of t he i r  a b s o r p t i o n  bands ,  a 
c o n s e q u e n c e  of which  is  a d e c r e a s e  in  the ex t inc t i ons  and o s c i l l a t o r  f o r c e s ,  as  wel l  as  the coe f f i c i en t s  of 
a s y m m e t r y ,  e x c e s s ,  and the f ine s t r u c t u r e .  The change  in  these  coef f i c ien t s  c ons t i t u t e s  ev idence  for  m o r e  
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symmetr ica l ,  flattened, and diffuse cha rac t e r  of the absorpt ion bands of the a derivat ives as compared  with 
the bands of the 3, i somers .  

In the examined ser ies  of dyes rep lacement  of the oxygen atoms by sulfur atoms,  despite the conclu- 
sions that can be drawn on the basis of the l i te ra ture  data [11-13],  gives r i se  to approximately the same 
bathochromic shift of the absorption bands (AM -1 = 80 ram) as in the se r ies  of i somer ic  pyry lo-4-cyanines  
[ 16 ]. This rep lacement  also leads to contract ion of the bands accompanied by a change in the coefficients of 
a symmet ry ,  excess ,  and the fine s t ruc ture  in the same direction. Similar replacement  in the se r ies  of iso-  
mer ic  dyes leads to analogous changes in the form of their  absorption bands. The transi t ion f r o m p y r y l o - 2 -  
cyanines to pyr ido-2-cyanines  is accompanied by a hypsochromic  effect (AM -1 - 135 nm) that exceeds the 
analogous effect  in the se r ies  of 7 i somer s  by a factor  g r ea t e r  than three. In addition, s imi lar  replacement  
leads to contract ion of the absorption bands, whereas  it leads to broadening of the bands in the ser ies  of 7 
i somers .  The change in the widths of the bands on passing f rom pyrylocyanines  to thiopyrylo-  and pyr idocy-  
anines can be explained by a decrease  in the vibronic interaction,  approximate est imates  of which can be ob- 
tained within the f ramework  of the simple H'~ckel MO method [ 17]. 

In cont ras t  to the corresponding 7 i somers ,  contract ion of the absorption bands not only on passing f rom 
monomethylidynecyanines to carbocyanines but also to dicarbocyanines  is observed in the case of a - p y r y l o -  
and ~-pyr idocyan ines  as the length of the polymethine chain increases .  This consti tutes evidence that the 
widths of the bands of these dyes are  determined to a g r ea t e r  extent by a change in the vibronic interact ions 
than by the solvation effect of the solvent. On the other hand, in the case  of 2- thiopyrylocyanines,  like the 
corresponding 4 i somers ,  the transi t ion f rom ca rbo-  to dicarbocyanines  is accompanied by broadening of the 
absorption bands, which can be explained by predominance of the solvation effects,  since these dyes contain 
low-basic i ty  terminal  heterocycl ic  groups [ 16]. 

~ - T h i o p y r y l o -  and ~-pyr idomonomethyl idynecyanines  (VIIa and Xa) constitute an exception to the regu-  
lar i t ies  in the positions of the bands descr ibed above. Thiopyrylomonomethylidynecyanine VIIa absorbs 
slightly more  deeply than its oxygen analog (IVa) and the Y i somer  (VIIb). In addition, an anomalously large 
difference (Ak = 219 nm, AM -1 = 198 nm) is observed between the absorption of this dye and its higher 
vinylog. A s imi la r  phenomenon, the possible reason  for which is interaction of the unbonded sulfur atoms,  
was recent ly  observed in the isobenzothiopyrylocyanine se r ies  [ 1]. Of course ,  a cer ta in  increase ,  although to 
a considerably l e s se r  extent, in the f i rs t  vinylene shift is also observed for a -py ry locyan ines  IVa and Va 
(AM -1 = 143 nm).  

In con t ras t  to the f i rs t  vinylene shift, the second vinylene shift in both the a -pyry loeyan ine  and a - t h i o -  
pyrylocyanine se r ies  is close to the shift charac te r i s t i c  for symmet r i ca l  polymethine dyes (~ 100 nm).  The 
f i rs t  vinylene shifts of pyry lo -  and thiopyryloeyanines a re  close to one another in the se r ies  of ~/ i somers .  
These facts are  in agreement  with the assumption of interact ion of the unbonded sulfur atoms in a - t h i o p y r y l -  
omonomethylidyne cyanine VIIa. 

Tetraphenyl-subst i tuted pyr ido-2-monomethyl idynecyanine  Xa is more  deeply colored than the c o r r e -  
sponding 4 i s o m e r  (Xb), in cont ras t  to its higher vinylogs XIa and XIIa and unsubstituted pyr ido-2 -mono-  
methylidynecyanine [ 18]. The lat ter  can be associa ted  with s te r ic  hindrance in monomethylidynecyanine mole-  
cttle Xa, which is in agreement  with the somewhat depressed  value of the f i r s t  vinylene shift in the ser ies  of 
examined a -pyr idocyan ines ,  as well as with the low, low values of the extinctions and osci l la tor  forces  for Xa. 
In con t ras t  to the higher vinylogs, the wider band observed for a-pyr idomonomethyl idynecyanine  Xa than for 
the case  of its oxygen-containing analog is probably due to the same reason.  

Specific effects associa ted with the close orientat ion of the heterocycl ic  res idues do not influence the 
color  of a -pyry lomonomethyl idynecyanine  IVa. 

Thus, it follows f rom a compar ison of the absorption spec t ra  of py ry lo -2 -cyamnes  and their heteroana-  
logs with the corresponding 4 i somers  that these dyes differ markedly  f rom one another not only with respec t  
to the positions and intensities of the bands but also with respec t  to the forms of the bands. 

EXPERIMENTAL 

The moments  of the absorpt ion bands were determined as in [5] on the basis  of the absorption spec t ra  
recorded  through 200 cm -1 with an SF-4A spect rophotometer  (with an SF-8 spect rophotometer  in the case of 
VIIIa and IXa) of solutions in methylene chloride stabil ized with 1% ethanol at l ayer  thicknesses of 1 and 5 
cm. The e r r o r  in the measuremen t  of the absorption spec t ra  of solutions of dyes IVa,b-IXa,b was no less than 
two o rders  of magnitude (in intensity),  as compared  with 1.4 o rde rs  of magnitude in the case of Xa,b-XIIa,b. 
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TABLE 2. Charac ter i s t ics  of III-XII 

Com- 
pound 

I1[ 
IVa 
Va 

Via 
Vlla 

VllIa 
IXa 
Xa 

Xla 
XIIa 

rap, ~ 

211 a 
226 a 

168--170 c 
177--179 

272c 
238 c 

20S~2~6 e 

238--239 e 
201 

Found, % 

ci N(S) 

7,9 
6,0 
5,7 
5,7 
5,8 (10,3) 
5,3 (9,6) 
5,3 (49~3) si9 
5,6 4:4 
5.4 4,4 

Empirical 
formula �9 

C2aH21C106 h 
C3sH2sC!Os 
CavH~TCIOs 
C:~H29CIO6 b 
C3sH25CIO4S2 
C37H27C104S2 
C3,H29C104S~ 
C37HaCIN204 
C3~H~3CIN204 
C4,HssC1N204 

Calc., % 

Cl N(S) 

8,3 
6,2 
5,9 
5,6 
5,8 (10,3) 
5,6 (10,I) 
5,3 (9,7) 
5,9 4,6 
5,6 4;4 
5,4 4,3 

Yie ld ,  
q0 

71 
42 
43 
18 
83 
82 
21 
16 
43 
64 

a F r o m  acetic acid. b The composit ions of III and Via were also 
conf i rmed by determinat ion of the C and H content, e F rom ace-  
tonitrile, d F r o m  a mixture of alcohol with methylamine, e F r o m  
a mixture of ethanol with acetonitr i le  (3 : 1). 

The numerical  values in Table 1 are  presented with an accuracy  corresponding to the e r r o r  in the measure -  
ments of the absorption spec t ra  of the dyes. The puri ty of the prepara t ions  was monitored by th in- layer  
chromatography (TLC) on Silufol-254 plates (elution with acetoni t r i le) .  

2-(4-Ethoxy-l ,3-butadien-1-yl)-4 ,6-diphenylp.y. ryl ium Perohlora te  (III). A mixture of 35 mg (0.1 mmole) 
of perch lora te  Ia and 88 mg (0.4 mmole)  of tetraethoxypropane in 4 ml of a mixture of acetic anhydride and 
acetic acid ( I :  1) was refluxed for  2 rain, af ter  which perch lora te  III was removed by filtration. The cha rac -  
te r i s t ics  of this compound and all of the synthesized compounds a re  presented in Table 2. 

2- [ (%6-Diphenyl-2-pyranyl idene  ) methyl ] -4 ,6-d iphenylpyryl ium Perch lora te  (IVa). A mixture of 0.150 
g (0.5 mmole)  of 2-methyl -4 ,6-d iphenylpyryl ium chloride and 0.190 g (0.5 mmole)  of salt  IIa, obtained f rom 
4,6-diphenylpyran-2-thione and triethyloxonium te t raf luoroborate  in dry  methylene chloride af ter  standing at 
room tempera ture  for 3 rain, was heated in 2 ml of acetic anhydride, 0.2 ml of acetic acid, and 0.1 ml of t r i -  
ethylamine at 145-155~ for  15 rain. It was then cooled and t reated with ether,  and the dye was removed by 
fi l trat ion and converted to the perehlora te  by the action of an alcohol solution of sodium perchlora te  on an 
acetic acid solution of it. 

2- [3 - (4 ,6 -Dipheny i -2 -py rany l idene )p rop - l - en - l -y l ] -4 ,6 -d ipheny!py ry l ium Perch lo ra te  (Va). This com-  
pound was obtained f rom 0.173 g (0.5 mmole) of salt  Ia, 0.150 g (1 mmole)  of ethyl or thoformate ,  and 0.05 g 
of anhydrous sodium acetate by heating in 3 ml of a mixture of acetic anhydride with ace t ic  acid (1 : 1) at 110- 
115~ for 1 h. 

2 - [5 - (4 ,6 -Diphenyl -2-pyrany l idene)pen ta - l ,3 -d ien- l -y l ] -4 ,6 -d iphenylpyry l ium Perch lo ra te  (Via). A 
mixture of 0.35 g (1 mmole)  of pe rch lora te  Ia and 0.43 g (1 mmole)  of ethoxy derivative III in 4 ml of ace-  
tonitrile with the addition of one drop of pyridine was refluxed for 1 rain, af ter  which the fine b ronze-brown 
c rys ta l s  were  removed by fi l t rat ion and washed on the f i l ter  with a mixture of acetic anhydride with acetic 
acid ( 1 : 1). 

2-[5-(4, 6-Diphenyl-2-thiopyranylidene)penta-1,3-al ien-1 -371]-4,_6_-diphenylthiopyrylium Perch lo ra te  (IXa). 
pound was obtained f rom 0.2 mmole of salt  lb, 0.2 mmole of 2- thyl thio-4,8-diphenylthiopyryl ium methylsul-  
fate, and 0.2 mmole of anhydrous sodium acetate by heating in 2 ml of glacial  acetic acid at 110-120~ for 30 
rain. 

2- [ 5-(4,6-Diphenyl-2- thi0pyranyl idene)penta-  1,3-dien- 1-yl]-4,6-.dipheny!thiopyrylium pe rch lo ra te  (lXa). 
This compound was obtained f rom salt  Ib and malonaldehyde dianil hydrochlor ide under the condi~ons Used in 
the prepara t ion of dye Va. 

1- Methyl- 2- [ ( 1- me thyl- 4,_6-diphenyl- 1, 4-dihydro-  2-pyranylidene ) me thyl ] - 4, 6-diphenylpyridinium 
_Perchlorate (Xa). A mixture  of 0.115 g (0.2 mmole) of pyrylocyanine IVa and 1 ml (0.5 mmole)  of a 1.5% 
methanol solution of methylamine in 1 ml of d imethylformamide (DMF) was heated at 100-110~ for 2 h, af ter  
which it was cooled, and the dye was precipi ta ted with an aqueous solution of sodium perchlorate .  The product  
was purified by chromatography  on aluminum oxide (elution with ch loroform) .  The zone containing the dye 
was separated and eluted with a l c o h o l - c h l o r o f o r m  (2 : 1), af ter  which a solution of the dye in methanol was 
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t r ea ted  with an aqueous solution of sodium perch lora te .  

1- Methyl- 2- [ 3- ( 1- methyl  -4 ,6-diphenyl-1,4  -dihydro -2 -pyranyl idene)prop -1 -en-1 -yl] -4 ,6-diphenylpy-  
r idinium Pe rch lo ra t e  (XIa). A mixture  of 0.33 mmole  of pyrylocyanine Va with 7 ml (3.5 mmole)  of a 1.5% 
methanol solution of methylamine in 5 ml of dimethyl  sulfoxide was heated at 85~ for  30 rain, a f te r  which the 
dye was prec ip i ta ted  with an aqueous solution of sodium perch lo ra te .  The product  was removed  by f i l t rat ion 
and washed with a small  amount of alcohol and e ther .  

Pyr idocyanine  XIIa. This compound was obtained f rom the corresponding pyrylocyanine Via under the 
conditions used in the prepara t ion  of XIa. 
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