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Depending on the reaction conditions, in the reaction of symmetrical  2,6-diphenyl-4-pyrylo- 
monomethine-, carbo-,  and dicarboeyanines with methylamine the oxygen atoms in one or  
both pyrylium residues are replaced to give both unsymmetrical  pyrylopyrido- and symmetr i -  
cal pyridocyanines. The deviations for the synthesized dyes increase as the lengths of the poly- 
methine chromophore increases.  

In contrast to the data for pyrylium salts [2], little is known about the reactions of pyrylocyanines 
with nueleophilic agents. The information for sal t-form pyr~ylocyanines is limited to the reaction of pyrylo- 
monomethineeyanines with sodium sulfide [3] and methylamine [4], and the transformations of dyes con- 
taining only 2,6-dimethyl-substituted pyrylium rings have been described in the latter case. In the pyrylo- 
trimethinecyanine series  only the reaction of (9-xanthylo) (4,6-diphenyl-2-pyrylo)trimethinecyanine [5], 
in which the pyrylium residue retains high activity, with methylamine is known. 

In the present research we investigated the reaction of a number of 2,6-disubstituted pyrylomono-, 
t r i - ,  and pentamethinecyanines with methylamine. The positive charge in the pyrylocyanine is diffused over 
the entire mesomeric  cation, and they therefore should have activity with respect to nucleophilic agents as 
compared with pyrylium salts. When the oxygen atom is replaced by a N-CH 3 group in one of the pyrylium 
rings, the activity of the other pyrylium rings should be reduced because of migration of the positive charge 
to the residue of the more "basic" nitrogen heteroring. Up until now the oxygen atom in only one of the 
pyrylium rings could be replaced, for example, in the reaction of unsymmetrical  (2,6-diphenyl-4-pyrylo)- 
(2,6-dimethyl-4-pyrylo)monomethinecyanine (I) with methylamine in methanol [4]. From a comparison of 
the PMR spectrum of pyrylopyridomonomethinecyanine 1I in tr if luoroacetic acid, in which the dye forms 
salt III, with the PMR spectra of 2,4,6-trimethyl- and 2,4-diphenyl-4-methyl-substituted pyrylium [6] and 
N-methylpyridinium [7] salts we showed that the oxygen atom in the pyrylium residue containing methyl 
groups in monomethinecyanine I is replaced first to give IL Even on prolonged heating in methanol the 
second oxygen atom is not replaced by a methylamino group. However, if the reaction of monomethine- 
eyanine I with methylamine is carr ied out in an aprotic polar solvent [dimethylformamide (DMF) or  dimethyl 
sulfoxide (DMSO)], the oxygen atom in the second pyrylinm residu~ is also replaced to give pyridomono-, 
methinecyanine IV. It was found that dyes V-VII, XII-XIV, and XIX (Table 1) on reaction with methylamine 
can also be initially converted to unsymmetrical  pyridocyanines VIII-X, XV-XVII, and XX, and to symmetr i -  
cal pyridomono-, tr im and pentamethinecyanines XI, XVIII, and XXI on heating in an aprotic solvent. (See 
scheme on following page.) 

The orders of the ca rbon-carbon  bonds in the chromophores of polymethine dyes constructed from 
heterocyclic residues that differ sharply in ',basicity ~ differ appreciably. As we have shown in [1], in dyes 
of this sort  the electron transition corresponding to the long-wave absorption band occurs with higher prob- 
ability with a change in the vibrational quantum number than without a change. This is also confirmed in 

* See [1] for communication V. 
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the group of dyes obtained in th is  study. In fact  (Fig. 1), the long-wave band of s y m m e t r i c a l  t r i m e t h i n e -  
cyanine XII has the fo rm c h a r a c t e r i s t i c  for  polymethine dyes with a sha rp  drop into the long-wave region.  
A s i m i l a r  fo rm of the curve  is obse rved  for  s y m m e t r i c a l  pyr ido t r imeth inecyanine  XVIII. On the o ther  
hand, the absorp t ion  band of u n s y m m e t r i c a l  t r imeth inecyanine  XV (in n i t romethane)  has  a ve ry  sloping 
drop into the long-wave region.  A max imum,  which in n i t romethane  does not a p p e a r  distinctly because  of 
the diffuse charac te~  of the band, is obse rved  in the absorpt ion  spec t rum of the l a t t e r  compound in m e t h y l -  
ene chlor ide on the long-wave branch.  In the spec t r a  of pyr ido th iopyry lo t r imeth inecyanine  XIII and p y r i -  
dopyrylopentamethinecyanine  XX in methylene chlor ide  the bands co r respond ing  to the low-energy  t r a n s i -  
tion a lso  have shoulders  on the long-wave branch,  although they are  l ess  pronounced than in the case  of 
t r ime th inecyan ine  XV; this  is a s soc ia t ed  with the high e lec t ron ic  a s y m m e t r y  of these  dyes.  Because  of 
the lower  "bas ic i ty"  of the se lenopyran  res idue  in pyr idose lenopyry lo t r imeth inecyan ine  XVIII, the long- 
wave m a x i m u m  is of such low intensi ty that  it does not appea r  at o rd inary  t e m p e r a t u r e s  even in methylene 
chlor ide .  

In o r d e r  to de te rmine  the re la t ive  , b a s i e i t i e s .  of the he te rocyc l ic  r ings  of the polymethine dyes one 
usual ly  employs  the method of calculat ion of the deviations (D) - the deviations of  the absorpt ion m a x i m a  
of an u n s y m m e t r i c a l  dye f rom the a r i thmet i c  mean  value of the m a x i m a  of two s y m m e t r i c a l  dyes [10]. In 
addition to calculat ion of the deviations (D) with r e spec t  to the max ima ,  we also de te rmined  the deviat ions 
(DM) , as  in preceding  studies [1, 11], f rom the ave rage  posit ion of the absorp t ion  bands (M-l). The low 
deviations obse rved  fo r  monometh inecyanines  VI and VII and the extinctions of these  dyes (Table 1) con-  
f i rm the previous  conclusion regard ing  the close "bas ie i t i es"  of the O-,  S-, and Se-containing he te rocyc les  
under  considera t ion  [1]. However ,  a compar i son  of the deviations in s e r i e s  of u n s y m m e t r i c a l  pyr idomono-  
and pyr ido t r imeth inecyan ines  VII I -X and XV-XVII conf i rms  the conclusion [1] r ega rd ing  the change in t he i r  
"bas i c i t i e s "  as a function of the he te roa tom in the o r d e r  O > S > Se. A compar i son  of the magnitudes of the 
vinylene shifts  and the deviations in the s e r i e s  of u n s y m m e t r i c a l  dyes VII, XV, and XX, which contain p y r i -  
dinium and pyry l ium res idues ,  is worthy of spec ia l  attention, inasmuch as one cannot draw a conclusion 
regard ing  the pr inc ip les  of the vinylene shifts  for  u n s y m m e t r i c a l  polymethine dyes f rom the l i t e ra ture  data 
[12-14]. In con t ras t  to the py ry lo -  and pyr idocyanines  of s y m m e t r i c a l  s t ruc tu re ,  a sha rp  decrease  in the 
vinylene shift  as the length of the polymethine chromophore  inc reases  is obse rved  for  the u n s y m m e t r i c a l  
dyes under  considera t ion  (the vinylene shift is 78 nm on pass ing from monomethinecyanine VIII to c a r b o -  
cyanine XV, whereas  the shift  is 34 nm on pass ing  f rom XV to dicarbocyanine XX). A c lea r  regu la r i ty  is 
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Fig. 1. Absorpt ion spect ra :  1) 
pyry lo t r imeth inecyanine  XII in 
CH3NO2; 2) py ry lopy r ido t r ime th ine -  
cyaaine XV in CH3NO2; 3) XV in 
CH2C12. 

also obse rved  in the magni tudes  of the deviat ions.  The data 
p resen ted  above show that  the deviations (expressed  both in wave-  
lengths and in frequencies)  of u n s y m m e t r i c a l  polymethine dyes 
cons t ruc ted  f rom he te rocyc l ie  res idues  that  differ  sharply  with 
r e spec t  to the i r  "bas ic i t i es"  inc rease  as the ehromophore  be-  
comes  longer .  

E X P E R I M E N T A L  M E T H O D  

The e lec t ron ic  absorpt ion spec t r a  were  r eco rded  with an 
SF-4A spec t ropho tomete r .  The PMR spec t rum of a solution of 
sal t  III in 0.1 M CF3COOH was de te rmined  with a Tes l a  BF487B 
s p e c t r o m e t e r  with an opera t ing f requency of 80 MHz at 20 ~ with 
t e t r ame thy l s i l ane  as the internal  s tandard:  8.37 s* (2H), B-H 
of the pyranyl idene res idue;  8.30 m (4H), o -H of the phenyl sub-  

*Abbrevia t ions :  s is singlet  and m is mult iplet .  
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T A B L E  1. C h a r a c t e r i s t i c s  o f  t he  L o n g - W a v e  A b s o r p t i o n  B a n d s  of  
P y r y l o c y a n i n e s  V-XXI  in  N i t r o m e t h a n e  

{ c u = c , ) . - c ~ = (  ~{' 

c~ c,o: . "~"c,.,, 
V-XXI 

pound n X X' ~, ...... am l~e i M-',nm i (Dr, g '  
cm4) em'O 

'V* 
VI 

VII 
VIII 

tX 
X 

XI 

Xll$ 
XllP 
XIW 

XV 

XVI 

XVlI 

XVtlI 

XIX 
XX 

XXI 

o 

L 
NCHa 

o o 

o o 

S 

Se 

NCHa 

o 

NCHa 

9 
S 
Se 
NCHa 

NCHa 
NCHz 
NCH3 

Se 
NCH~ 

NCHa 

NCHa 

NCtt3 

O 
~qCHa 

NCHa 

552 5,04 
588 5,09 
610 5,11 
476 4,62 

505 4,68 
508 4,6t 
512 5,01 

676 5,39 
715 5,19 
734 5,31 
554 4,77 

564 4,61 

560 4,68 

638 -- 

798 5.40 
588 4,69 

748 

538 
58O 
602 
468 

498 
493 
504 

658 

538 

542 

545 

614 

757 
573 

711 

56 
(2210) 

65 
84 

o 5  
0,5 

le3 
(2880) 

(3370) 

(3900) 

(4070) 

58 
(2410) 

68 
89 

98 
(2870) 

131 
(a58o) 

144 
(3840) 

161 
(3840) 

* F o r  t h e  s u l f u r  a n a l o g  of  t h i s  dye  [81, Xmax,  l og  a ,  a n d  M -1 a r e  
628 n m ,  5 .10 ,  an d  6 .17 n m ,  a s  c o m p a r e d  w i th  672 n m ,  5 .13,  

a n d  661 n m  f o r  the  s e l e n i u m  a n a l o g  [8]. 

1"See [101. 
~ T h e  ~ v a l u e  p r e s e n t e d  in  [9] (117,000) i s  t oo  low.  

T A B L E  2 

corn- .... mp (dec*).""""C ' 
pound (crystallization 

solvent) 
[ Empirical formula Found, % Calc.. % 

IV 148 methanol-- 
water, 1 : 11 

VII 265--266 
(aeetonitr~e) 

VI I I  272--273 (acet ic 
acid) 

IX 163 (methanol- 
X water, 5:1) 

t5b (acetic 

XV acid) XI 227 (methanol) 
258 (acetic 

acid) 
XVt i 207 (acetic 

acid} 
XVII 21I--2t2 (acetic 

acid) 
XVIII [ 194--195 (ethanol) 

XIX [ 274 (acetic 
I anhidride) 

XX t 2O8--204 , 
XXI l 186--187 

C~rH=rC1,N=O4 

C35H~CtOsSe 

Ca~H2~CINOs 

Ca~H~sCI'N04S 

C~6H2sC}NO4Se 

CarHaICtN~O4 
CasHaoC1NO5 

Cz~HaoC1NO4S 

CasHaoCl,NO4Se 

CagHa~CI'N204 
Ca.H2~CtO~ 

C~Ha2CtNO~ 
C4~HasCIN~D4 

C 67,7; H 5,5 
CI 7,4; N 5,4 
C! 5,5; Se t2,7 

CI 6,0 

C1 5,8; S 5,4 

CI 5,4; Se 12,2 

CI 5,8; N 4,95 
C1 5,9 

S 5,0 

C15,5; Se 11,7 

CI 5,7; N 4,5 
CI 5,6 

Ct 5,7 
CI 5,5; N 4,3 

C 67,7; H 5,6 
C} 7,4; N 5.8 

CI 5.5; Se t2,4 

Ct 62 

Cl 5,9; S 5,2 

Cf 5,4; Se 12,I 

CI 5,9; N 4,6 
CI 5,9 

S 5,0 

CI 5,2: Se 11,4 

C15,6; N 4,4 
CI 5,6 

Ct 5,5 
CI 5,4; N 4,3 

u , 

Yield, 
% 

83 

6o 

72 

41 

83 

79 
58 

67 

81 

83 
82 

78 
68 

s t i t u t e n t s ;  7 .84 s (2H), f l - H  o f  the  p y r i d i n i u m  r i n g ;  7.77 m (6H), m ,  p - H  of  the  p h e n y l  s u b s t R u e n t s ;  4 .80  s 
(2H), m e t h y l e n e  g r o u p  H; 4 .25 s (3H), H of  t he  NCH 3 g r o u p ;  2.92 p p m  s (6H), H of  t he  m e t h y l  g r o u p s  in  the  

2 and  6 p o s i t i o n s  o f  the  p y r i d i n i u m  r e s i d u e .  

The  p u r i t y  of  the  p r e p a r a t i o n s  wa s  m o n i t o r e d  by t h i n - l a y e r  c h r o m a t o g r a p h y  (TLC) ,  C h r o m a t o g r a p h y  
w a s  c a r r i e d  ou t  on  p l a t e s  w i t h  a f ixed  l a y e r  o f  8 i l u f o l - 2 5 4  s i l i e a t  ge l  w i th  e l u t i o n  by  n i t r o m e t h a n e .  
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1~.2,6-T rimethyl-4- [(! :methyl-  2,6-diphenyl-4-pyr!dYl!dene)methyl] p yridinium Perchlorate (IV): 
This compound was obtained by heating a solution of 0.36 g (0.8 mmole) of I in 10 ml of DMF with an ex- 
cess of a methanol solution of methylamine at 100 ~ for 30 rain. The mixture was then cooled and diluted 
with water, and the precipitated dye was removed by filtration and crystallized. The physical character-  
istics of this dye and the remaining newly synthesized dyes are presented in Table 2. In the reerystal l iza-  
tion of IV and symmetrical pyridocyanines. XI, XVIII, and XXI, methylamine was added to the solvent. 

2,6-Diphenyl-4-( [2,6--diphenyl-4(1H)--seleno-4-pyranylidene]methyl)pyrylium Pe.rchlorate (VII). A 
0.409-g (1 mmole) sample of 2,6-diphenyl-4-methylselenopyrylium perchlorate [15t, 0.511 g (1.1 n~'mole) 
of 2,6-diphenyl-4-methoxypyrytium o-nitrobenzenesulfonate, and 0.082 g of anhydrous sodium acetate were 
heated in 10 ml of a mixture (1 : 1) of acetic anhydride and glacial acetic acid at 100 ~ for 30 rain. The r~.- 
sulting dye was purified by reprecipitation from acetonitrile by the addition of 20% HC10 4 and crystall iza- 
tion. 

1-Methyl-2,6-diphenylv4-{ [2,6-diphenyl-4(1H)-4-pyranylidene]methyl}pyridiniumPerchlora ~ (VIII). 
A 0.232-g (0.4 mmole) sample of pyrylomonomethinecyanine V [9] was heated with excess methylamine in 
6 ml of absolute methanol for 30 rain, after which the solution was cooled, and the precipitated dye was re-  
moved by filtration and crystallized. 

Unsymmetrical Pyridomonomethinecyanines IX and X and Symmetrical Pyridom:onomethinecy~ine .... 
XI. These dyes were obtained from monomethinecyanines VI [3], VII, and V, respectively, under the con- 
ditions used to obtain dye IV. 

1.-Methyl?..(2,6-diphenyl-4-pyrido)(2,6-diphenyl-4Tpyrylo)trimethinecyanine Perchlorate (XV). A 
0.24-g (0.4 mmole) sample of XII [16] in 8 ml of DMF was maintained with an excess of a methanol solu- 
tion of methylamine at room temperature for 30 rain. The solution was then diluted with water and treated 
with a few drops of 20% HC10 4. The precipitated dye was removed by filtration. 

.1-Methyl- (2,6-diphenyl-4-pyrido) (2,6-diphenyl-4rthiopyrylo)trimethinecyanine ..Perchlorate ( ~ I ) .  
This dye was obtained from XIII [1] as in the preceding experiment. 

(1-Meithyl-2,6-diphenyl-4-pyrido) (2,6..-diphenyl,4:..selenopyrylo)trimethinecyanine. Perchlorate .(.XVII). 
This dye was obtained from XIV [1] and methylamine in DMSO by heating to 50 ~ for 1 h. 

Bis(1-methyl-2,6-dip.henyl-4-pyrido)trimethinecyanine Perchlorate (XIII). This dye was obtained by 
heating 0.3 g (0.5 mmole) of XII with an excess of a methanol solution of methylamine in 10 ml of DMSO 
at 95 ~ for 1.5 h. The dye was isolated as in the case of XV. 

Bis (2,6-diphenyl-4~pyrylo)pentamethinecyanine Perchlorate (XIX) o A 0 o346-g (1 mmole) sample of 2,6- 
diphenyl-4-methylpyrylium perchlorate, 0.082 g of anhydrous sodium acetate, and 0.129 g (0.5 mmole) of 
malonic dialdehyde dianil hydrochloride were heated in 5 ml of acetic anhydride-acetic acid (1 : 1) at 110- 
120 ~ for 30 rain. The precipitated dye was removed by filtration. 

1-Methyl-2,6-diphenyl-4-pyrido).(2,.i6.i-diphenYl-4-pyrylo)pentamethinecyanine Perchlorate (XX). This 
dye was obtained by maintaining a solution of XIX in nitromethane with excess methylamine at room tem- 
perature for 1 h. The dye was precipitated by dilution with alcohol (1 : 1) and the addition of 20%HC10~. 
The precipitated dye was removed by filtration and washed with water, alcohol, and ether. 

Bis(1-methyl-2,6-diphenyl-4-pyrido)pentamethineeyanine Perchlorate (X~XI). This dye was obtained 
by heating dye XIX in DMSO with excess methylamine at 70 ~ for 1 h. The solution was then cooled and 
diluted with ice water, and 20% HC104 was added. The precipated dye was removed by filtration and washed 
with ether. 
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