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V.* UNSYMMETRICAL 2, 6- PHENYL-SUBSTITUTED PYRYLO-, 

THIOPYRYLO-, AND SELENOPYRYLOCYANINES 
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Unsymmet r ica l  2, 6-diphenyl-subst i tuted pyry lo- ,  thiopyrylo- ,  and se lenopyrylo t r imeth ine-  
cyanines containing 1,3, 3- t r imethyl indol inium or  3-methylbenzothiazol ium nuclei  have been 
synthesized.  F r o m  the values of the deviations calculated f rom the long-wave absorpt ion 
maxima and by the method of "bond moments , "  it follows that in the polymethine dyes the 
bas ic i t ies  of the he te rocyc les  r i se  in the sequence,  se lenopyryl ium < thiopyryl ium < pyry-  
lium. In view of the high e lec t ronic  a s y m m e t r y  of the dyes synthesized, in the long-wave 
bands of the absorpt ion spec t rum the s t ronges t  a re  the maxima corresponding to the f i r s t  
vibrat ional  sublevel.  

In a preceding  communicat ion symmet r i ca l  2, 6-diphenylthio- and 2, 6-diphenylselenopyrylocyanines  
have been descr ibed  [1]. Fo r  a more  detailed invest igat ion of the influence of the rep lacement  of an oxygen 
atom by a sulfur or selenium atom in the pyrylocyanine  ser ies ,  in the p resen t  work we have obtained a num- 
be r  of unsymmet r i ca l  pyry lo- ,  thiopyrylo- ,  and se lenopyrylocyanines .  The initial compounds for the syn- 
thes is  were  4- methyl-  2.6- diphenyl- substi tuted pyry l ium and thio- and se lenopyryl ium sal ts  (!-tII), and also 
4- (a- anilinovinyl)- 2,6- diphenylthiopyrylium pe rch lo ra t e  (IV) and its selenium analog (V). 

R CH=CH C6H 4 N (C H3)2-P 

C6Hs~C6H,~ %Hs , ~ C 6 H  5 
CIO~- CiO~- 

I--Y VI -VHI 

l -HI  R=CH3; IV,V R=CH=CHNII%HS; [ ,V[ X=O; II,IV,VII X=S; III,V, VIII' X-Se 

Compounds (IV) and (g) were  synthesized by the reac t ion  of the salts  (II) and (III) with e thyl i soform-  
anflide. The p -d imethy laminos ty ry l s  (VI-VIII) were  synthesized by the usual m e t h o d -  by the condensation 
of the salts  (I-III) with p-dimethylaminobenzaldehyde [2]. 4- (p-Dimethylaminos tyry l ) -2 ,6-d iphenylse lene-  
pyry l ium pe rch lo ra t e  (VIII, kma x 705 nm)~ proved to be colored considerably m o re  deeply than its sulfur 
analog (VII, Xma x 675 nm) and its oxygen analog (VI, ~max 635 nm). 

The unsymmet r i ca l  carbocyanines  (IX), (X), and (XII) (Table 1) were  obtained by the reac t ion  of the 
pyry l ium sal t  (I) with, respect ive ly ,  4-(a '-anil inovinyl) der iva t ives  of 2,6-diphenylthio- and 2, 6-diphenyl- 
se lenopyryl ium pe rch lo ra t e s  (IV, V) and flavyliuxn perch lo ra te .  The t r imethinecyanines  (XI) and (XIII) were  
obtained by an analogous reac t ion  s ta r t ing  f rom the se lenopyryl ium salt  (III) and the hemicyanine (IV) or  
4- (~'- anil inovinyl)selenoflavylium perch lo ra te .  Compounds (XIV-XVI) were synthesized by condensing the 

* For  Communicat ion IV, see [1]. 
Here  and below, the values of kmax  are  given for  solutions in ni t romethane.  
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TABLE 1 

Conl -  X 
pound 

IX S 
X Se 

XI Se 
XII O 

XIII Se 
XIV 0 

XV S 

XVI Se 

XVII O 

XVIII S 

XIX Se 

* Shoulder. 

Z 

C6 H S ~ ,  k 

~ CH=CHCH~Z 

C6H5 cio~- 

Xmax, 
n m  

2,6- Diphenylpyran-  4- ylidene 
2,6- Diphenylpyr an- 4- ylidene 
2,6- Diphenylthiopyran-  4- ylidene 
2- Phenylbenzopyr  an- 4- ylidene 
2- Phenylbenzos e lenopyr  an- 4- ylidene 
1,3,3- Tr imethyl indol in-  2-yl idene 

1,3.3- Tr imethyl indol in-  2-yl idene 

1.3, 3- Tr imethyl indol in-  2-yl idene 

3- Ethylbenz othiaz olin- 2-yl idene 

3- Methylbenzothlazol in-  2- ylidene 

3 ~ Methylbenzothiazol in-  2- yl idene 

715 
734 
775 
683 
8OO 
585 
625 
615 
660 
630 
675 
575 
620 
6O5 
648* 
610 
660* 

log 

5.19 
5.31 
5.23 
5.16 
5.0 
4.91 
4.96 
4.90 
4.90 
4.89 
4.81 
4.86 
4.87 
4.76 
4.65 
4.81 
4.63 

M-St 
nm 

684.1 
706.5 
750.6 

582.3 

613.0 

618.3 

570.6 

589.9 

592.1 

D, n m  

0.5 
0.5 
0 
9 

15 
14.5 

10 

- 5  

- 3  

7.5 

15,5 

D M , 
nrfl 

m 

w 

8.6 

15.5 

26.7 

27.9 

46.1 

60.3 

sa l t s  (I- III) with 2- fo rmylme thy lene -  1 ,3 ,3- t r imethyl indol ine .  The u n s y m m e t r i c a l  th iacarbocyanines  (XVII) 
we re  obtained by condensing py ry l ium sal t  {I) with 2 - (~-ace tan i l idov iny l ) -3 -e thy lbenzoth iazo l ium iodide, 
and (XVIII) and (XIX)f rom the hemicyanines  (IV and V)and  2 ,3-dimethylbenzothiazol ium toluenesulfonate.  

In o rder  to de t e rmine  the re la t ive  bas ie i t i e s  of the res idues  of the oxygen-,  sulfur,  and se l en ium-con-  
taining s i x - m e m b e r e d  he t e rocyc le s  we have studied the deviations [3] of the carbocyanines  obtained. In the 
case  of the t r imeth inecyan ines  (IX-XI) {Table 1), const ructed solely f r o m  pyryl inm,  thiopyryl ium, and 
se lenopyry l inm res idues ,  t he re  is no deviation (D), which indicates  the compara t i ve ly  c lose  bas i c i t i e s  of 
the he te rocyc l ic  s y s t e m s  considered.  The exis tence  of deviations for  the dyes (XII) and (XIII) is due to the 
fact  that  the fusion of a benzene r ing to s i x - m e m b e r e d  oxygen- or  se len ium-conta in ing  he t e rocye le s  is ac-  
companied by a d e c r e a s e  in t he i r  bas ic i ty .  Fo r  the u n s y m m e t r i c a l  indo- and th iacarbocyanines  (XIV-XIX), 
in addition to the calculat ion of the deviat ions with r e s p e c t  to the long-wave absorpt ion  m a x i m a  (D), as 
e l sewhere  in the l i t e r a tu r e  [4, 5], we made use  of the de te rmina t ion  of the deviat ions f r o m  the mean  pos i -  
t ions of the absorp t ion  bands M- l de te rmined  by the ra t io  of the ze ro  and f i r s t  moment s  of these  bands (DM) 
[6]. In the calculat ion of D and D M, the values  of ) 'max  and of M -~ for  the s y m m e t r i c a l  pyrylc~-, th iopyrylo- ,  
and se lenopyrylocyanines  were  taken f r o m  [1], those for  the s y m m e t r i c a l  f lavylo-  and se lenof lavylocyanines  
f r o m  [7]. and those for  the s y m m e t r i c a l  th ia -*  and indoearbocyanines  f rom [5]. The values of D for  the 
dyes (XIV-XVI) and (KVII-XIX) calculated f r o m  the long-wave  absorpt ion  m a x i m a  cannot be used  to judge 
the compara t ive  bas ic i ty  of the O-. S-, and Se-containing he te rocyc les  considered.  Fo r  the ca rbocyanines  
(XVI. XVII), these  magni tudes  even have negat ive values .  Converse ly .  the deviat ions D M calculated by the 
method of band m o m e n t s  h e r e  give the c o r r e c t  c h a r a c t e r i s t i c s .  Depending on the na ture  of the he terocycle ,  
both for  the indocarbocyanines  and for  the th iacarbocyanines  they i n c r e a s e  on pass ing  f r o m  oxygen to sul-  
fur  and se lenium in the s a m e  way as in the analogous dyes containing f lavylium, thloflavylium, and se leno-  
f lavyl ium res idues  [5]. Consequently,  judging f r o m  the values of D M, in the polymethine  dyes the se leno-  
py ry l inm nucleus is l e s s  bas ic  than the th iopyry l ium nucleus which, in i ts  turn,  behaves  as l e s s  bas ic  than 
the py ry l ium nucleus.  

The method of deviat ions in its genera l  f o r m  proved  inapplicable to the p r e s e n t  case  because  of the 
marked  di f ference  in the shapes  of the absorpt ion  cu rves  of the dyes (XIV-XIX) and the s y m m e t r i c a l  ca rbo -  
cyanines eons t rue ted  f r o m  the s a m e  he te rocye l i c  r e s idues .  As can be seen  f r o m  Fig. 1. the absorpt ion  

* M-1 fo r  3 ,3-d imethyl th iacarbocyanine  is 538.7 nm.  
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Fig. i. Electronic absorption spectra of solutions 
in nitromethane: I)" bis- [2,6-diphenylselenopyrylo]- 
trimethinecyanine (XX). 2) [2,6-diphenylpyrylo]- 
[indo]-trimethinecyanine 0flV): 3) [2,6-diphenylthio- 
pyrylo]- [indo]-trimethinecyanine (XV)- 4) [2,6- di- 
phenyls elenopyrylo]- [indo]-trimethinecyanine (XVI). 

curve  of the s y m m e t r i c a l  bis-[2,6--dlphenylseleno-- 
py ry lo -4 ] - t r ime th inecyan ine  (XX) has the shape 
typical  for  polymethine  dyes [8-10] with a shor t -  
wave " secondary"  m a x i m u m  located at a d is tance 
of 1250 cm - i  f r o m  the main  max imum.  A s i m i l a r  
shape  of the cu rves  is obse rved  for  the oxygen and 
sulfur  analogs of the dye (XX) and of the unsym-  
m e t r i c a l  ca rbocyanines  (IX-XIII) cons t ruc ted  f r o m  
he t e rocyc l e s  of compa ra t i ve ly  s i m i l a r  bas ic i t i es :  

Solutions in aee toni t r i le  of the se lenopyry lo-  
cyanine (XX), its oxygen and sulfur  analogs,  and 
the ca rbocyan ines  (IX-XI) p o s s e s s  intense lumine-  
scence  (}'max of the luminescence  of dye (XX) is 
840 nm). In all  cases ,  the luminescence  spec t r a  
showed a second m a x i m u m  which is m i r r o r - s y m -  
m e t r i c a l  with r e spec t  to the absorpt ion  spec t r a .  
This  shows that  the second m a x i m u m  belongs to a 
v ibra t ional  sublevel  of the s a m e  e lec t ronic  t ransi t ion.  

The absorpt ion  curve  of the u n s y m m e t r i c a l  
indocarbocyanines  (XIV-XVI) each have two well-  
defined m a x i m a  (see Fig. 1 and Table  1). Attention 

is a t t r ac ted  by the facts  that  in the pyry lo indot r imeth inecyanine  (XIV) the l onge r -wave  m a x i m u m  is st i l l  
somewhat  s t ronge r  than the sho r t -wave  max imum:  in i ts  su l fur  analogs (XV) the two m a x i m a  have a lmos t  
equal in tens i t ies :  and in the l e a s t  s y m m e t r i c a l  indose lenopyry lo t r imeth inecyanine  (XVI) the longe r -wave  
m a x i m u m  is now cons ide rab ly  weaker  than the s h o r t e r - w a v e  max imum.  A complex shape of the curves  is 
a l so  obse rved  for  the u n s y m m e t r i c a l  th iacarbocyan ines  (VII-XIX). The ra t io  of the in tens i t ies  of the in- 
dividual m a x i m a  in the solutions of these  dyes does not depend on the concentrat ion,  which excludes an ex-  
planat ion of one of the bands by the s ta te  of aggregat ion  of the dye. Under o rd ina ry  conditions, solutions of 
compounds (XIV-XIX) do not f luo resce .  However,  on the bas i s  of the fact  that, as for  the s y m m e t r i c a l  cy-  
anines [11], the d i f fe rence  in the f requenc ies  between the two m a x i m a  in the spec t r a  of these  dyes does not 
depend on the na ture  of the solvent  (it is the s a m e -  app rox ima te ly  1250 cm - 1 -  in n i t romethane,  chloroform,  
and ni t robenzene) ,  it mus t  be cons idered  that  in the dyes (XIV-XIX), as well, the two long-wave m a x i m a  be-  
long to the s ame  e lec t ron ic  t rans i t ion .  We have obse rved  a s i m i l a r  shape  of the absorp t ion  cu rves  for  un- 
s y m m e t r i c a l  thin-  and indocarbocyanines  containing f lavyl ium and thio- and se lenof lavyl ium res idues  [5]. 
However ,  in the l a t t e r  the in tensi ty  of the l onge r -wave  m a x i m u m  was st i l l  sma l l e r ,  which mus t  be connected 
with the g r e a t e r  e lec t ron ic  a s y m m e t r y  of these  dyes.  Solutions of the carotenoids  have absorpt ion  curves  
of s i m i l a r  shape [12]. Apparently,  it is c h a r a c t e r i s t i c  for  solutions of all dyes in the molecu les  of which 
the c a r b o n - c a r b o n  bonds of the ch romophore  d i f fer  s t rongly  in the i r  o rde r .  F o r  example ,  the fact  that  in 
some  t e t r a -  and hexameth inemerocyan ines  a change in the po la r i ty  of the solvent  causes ,  in addition to a 
shif t  in the absorpt ion  band itself ,  a change in the ra t io  of the intensi t ies  of the "main"  and "auxi l ia ry"  
m a x i m a  is undoubtedly connected with a change in the equivalence of the bonds of the ch romophore  [13]. 

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

4-(o: -Ani l inovinyl) -2 ,6-diphenyl th iopyryl ium P e r c h l o r a t e  (IV). A mix tu re  of 0.725 g (2 mmoles )  of 
(II) and 4 m l  of  e thyl isoforrnani l ide  was heated at 70~ for  1 h. The p rec ip i t a t e  was f i l t e red  off and was 
pur i f ied  by ch roma t og raphy  f r o m  ch lo ro fo rm on a lumina  with subsequent  p rec ip i ta t ion  f r o m  ethanolic solu-  
t ion with 20~c p e r c h l o r i e  acid and c rys t a l l i za t ion  f r o m  glacia l  acet ic  acid. Yield 0.225 g (24~c). Dark  red  
needles with decomp, pt. 219-220~ ~'max 512 nm. Found ~: S 6.9. C25H20CINOr Calculated %: S 6.9. 

4- (~-Ani l inov iny l ) -2 ,6 -d ipheny l se lenopyry l ium p e r c h l o r a t e  (V) was obtained f r o m  (III) in a s i m i l a r  
m a n n e r  to (IV), but with heating at 50-55~ Yield 62%. Dark  red  c r y s t a l s  with decomp, pt. 205-207~ (from 
glac ia l  acet ic  acid), ~'max 532 nm. Found %: Se 15.4. C25H20C1NO4Se. Calcula ted %: Se 15.4. 

4 - (p -Dime thy laminos ty ry l ) -2 ,6 -d ipheny l se l enopyry l ium P e r c h l o r a t e  (VIII). A m i x t u r e  of 0.205 g 
(0.5 mmole)  of (III) and 0.074 g (0.5 mmole)  of p -d imethy laminobenza ldehyde  in 2 ml  of acet ic  anhydride 
was heated at 100-110~ for  30 rain. Yield 0.230 g (85~c). Green  c r y s t a l s  with decomp, pt. 260~ Found 
%: Se 14.4. C27H24C1NO4Se. Calculated %: Se 14.6. 
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[2,6-Diphenylpyrylo-4]-  [2,6-diphenylthiopyrylo--4]-tr imethinecyanine iDerchlorate (IX). A mixture  of 
0.230 g (0.6 mmole) of (I), 0.310 g (0.6 mmole)  of (IV), and 0.054 g (0.6 mmole) of anhydrous sodium acetate  
in 4 ml of a 1 : 1 mix ture  of acetic anhydride and glacial  acet ic  acid was heated at 13"0~ for  30 rain. The 
dye was f i l te red  off, Teprecipi ta ted f rom solution in ni t romethane with 20% perch lo r i c  acid, and crys ta l l ized  
f rom acet ic  anhydride.  Yield 3.60 g (87%). Lustrous  green  c rys ta l s  with mp 288~ Found %: S 5.1. 
C37H27C105S. Calculated%: S 5.2. 

[2,6-Diphenylpyrylo-4]-  [2 ,6-diphenylselenopyrylo-4]- t r imethinecyanine pe rcMora te  (X) was obtained 
s imi la r ly  to (IX). but heating was pe r fo rmed  for  15 rain. Yield 80%. Green needles with decomp.p t .  262~ 
(from a 1 : 1 mix tu re  of acet ic  anhydride and acet ic  acid). Found %: Se 11.7. C37H27C1OsSe. Calculated %: 
Se 11.9. 

[2,6-Diphenylselenopyrylo-4]-  [2 .6-diphenyl thiopyrylo-4]- t r imethinecyanine pe rch lo ra te  {XI) was ob- 
tained s imi la r ly  to (IX) f rom the salts  {III) and (IV) by heating for  1 h. Yield 72%. Golden needles with de- 
comp.p t .  296~ (from acetic anhydride). Found%: Se 11.7. C37H27C104Se. Ca lcu la t ed~ :  Se 11.6. 

[2,6-- Diphenylpyrylo- 4]- [flavylo- 4]- t r imethinecyanine perch lora te  {XII) was obtained s imi la r ly  to (IX) 
f rom {I) and 4- (a'-anilinovinyl)flavylium pe rch lo ra t e  [14] with a yield of 70%. Dark green  c rys ta l s  with 
decomp, pt. 298~ (from a 1 : 1 mixture  of acet ic  anhydride and acet ic  acid). Found %: C1 6.1. C3~H25C10 c. 
Calculated %: C1 6.1. 

[2,6-Diphenylselenopyrylo-4]-  [se lenoflavylo-4]- t r imethinecyanine pe rch lo ra t e  (XIII) was obtained si-  
mi la r Iy  to (IX) f rom (III) and 4- (w-anilinovinyl)setenoflavylinm pe rch lo ra t e  [5] with a yieId of 74%. Bronze 
c rys ta l s  with decomp, pt. 271~ (from a 1 �9 1 mixture  of acetic anhydride and acetic acid). Found %: Se 
22.2. C35H25C104Se 2. Calculated%: Se 22.5. 

[2,6- Diphenylpyrylo- 4]- [1,3.3-trimethylindo-- 2]- t r imethinecyanine Pe rch lo ra t e  (XIV). A mixture  of 
0.173 g (0.5 mmole)  of (I), 0.1 g (0.5 mmole)  of 2 . fo rmylmethy lene- l ,3 ,3 - t r imethy l indo l ine ,  and 0.04 g (0.5 
mmole)  of anhydrous sodium acetate  was heated in 2 ml of a 1 : 1 mixture  of acetic anhydride and acet ic  
acid at 130~ for  15 man. The dye was f i l te red  off. reprec ip i ta ted  f rom acet ic  acid solution with 42% per -  
chlor ic  acid, and c rys ta l l i zed  f rom the s a m e  solvent.  Yield 0.160 g (60%). Green c rys ta l s  with decomp, pt. 
231~ Found%: C1 6.5. C3~H28C1NO 5. Calculated%: C1 6.7. 

[2,6-Diphenylthiopyrylo-4]-  [1,3,3-tr imethylindo- 2]- t r imethinecyanine pe rch lo ra t e  {XV) was obtained 
s imi la r ly  to (XIV) f rom {iI). Yield 90~c. Lust rous  green  needles with decomp, pt. 231~ (from glacial acet ic  
acid). Found %: S 5.9. C31H28C1NO4S. Calculated%- S 5.9. 

[2, 6- Diphenyls e lenopyrylo-  4]- [1.3,3- t r imethyl indo-  2]- t r imethinecyanine pe rch lo ra te  (XVI) was ob- 
tained s imi la r ly  to (XIV) f rom {iII). Yield 80~c. Lustrous  green needles with decomp, pt. 236~ (from a 
mixture  of n i t romethane and ethanol). Found%: Se 13.2. C3tH28C1NO4Se. Calculated ~c: Se 13.3. 

[2,6-Diphenylpyrylo-4]-  [3-e thyl th ia-2]- t r imethinecyanine  Pe rch lo ra t e  (XVII). A mix ture  of 0.190 g 
(0.54 mmole) of {i), 0.240 g (0.54 m m o l e ) o f  2-(cc-acetanil inovinyl)-3-ethylbenzothiazolium iodide, and 0.2 
ml (0.14 g, 1 mmole)  of t r ie thylamine  in 6 ml of absolute ethanol was boiled f o r 5  rain. The dye was f i l te red  
off and was c rys ta l l i zed  f rom glacial acetic acid. Yield 0.092 g (36%). Dark blue needles  with decomp, pt. 
232~ Found%: C1 6.45. C29H24C1NOsS. Calculated%: C1 6.65. 

[2 .6-Diphenyl th iopyrylo-4]- [3-methyl th ia-2]- t r imethinecyanine  Pe rch lo ra t e  {XVIII). A mixture  of 
0.232 g (0.5 mmole)  of the hemicyanine (IV), 0.184 g (0.54 mmole) of 2,3-dimethylbenzothiazolium toluene- 
sulfonate, and 0.04 g (0.5 mmole) of anhydrous sodium acetate  in 7 ml of a 1 : 1 mixture  of acetic anhydride 
and acet ic  acid was heated at 100~ for  5 rain. The dye was f i l te red  off and was chromatographed f rom a 
1 : 1 mix ture  of ch lo roform and ni t romethane on alumina, was reprec ip i ta ted  f rom solution in a 1 : 1 mixture  
of ethanol and n i t romethane with 20% pe rch lo r i c  acid. and was c rys ta l l i zed  f rom a 1 : 3 mixture  of acet ic  
anhydride and acetic acid. The yield was 0.180 g (60%). Dark blue c rys ta l s  with decomp, pt. 283~ Found 
%: S 11.8. C28H22C1NO4S 2. Calculated %: S 11.9. 

[2.6-Diphenylselenopyrylo-4]-  [3-methyl th ia-2]- t r imethinecyanine  pe rch lo ra t e  (XIX) was obtained 
s imi l a r ly  to (XVIII)from the hemicyanine (V) and 2.3-dimethylbenzothiazolium toluenesulfonate,  except  that 
the mix tu r e  was heated for  15 rain. Yield 86%. Green  needles with decomp.pt .249~ (from a 1 : 1 mix tu re  
of ni t romethane and ethanol). Found %: Se 13.4. C28H22C104SSe. Calculated %: Se 13.6. 
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