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U n s y m m e t r i c a l  4 ,6 -d ipheny lpyry lo -2 -  and 2 ,6 -d ipheny lpy ry lo -4 -ea rbo -  and -d ica rbocyan ines ,  
as well  as the analogous pyr idocyanines  containing 3-e thylbenzothiazol ium and 1 ,3 ,3 - t r imethy l -  
3H-indolium re s idues ,  were  synthesized.  The py ry lo -2 - cyan ine s  a r e  m o r e  deeply co lored  than 
the cor responding  4 i s o m e r s ,  and the i r  absorpt ion  bands a re  dis t inguished by lower  intensi t ies  
and g r e a t e r  widths. On the bas i s  of data  on the i n c r e a s e  in the width of the absorpt ion  bands of 
u n s y m m e t r i c a l  dyes as  the length of the i r  polymethine chain i n c r e a s e s  i t  is concluded that the 
a - p y r a n  s y s t e m  has g r e a t e r  e l ec t ron -donor  c h a r a c t e r  than the 7 - p y r a n  sys tem.  The r e g u l a r -  
i t ies  obse rved  in the pyr idocyanine  s e r i e s  a re  jus t  the opposite of these.  

S y m m e t r i c a l  2 ,6 ,2 ' , 6 ' - t e t r apheny l - subs t i t u t ed  p y r y l o - 2 - c y a n i n e s  and the i r  su l fur -  and n i t rogen-conta in-  
ing analogs were  desc r ibed  in a p rev ious  communica t ion  [ 1]. Fo r  a more  detai led study of the effect  of the 
s t r u c t u r e s  of py ry lo -  and pyr idocyanines  on the i r  color  in the p r e s e n t  r e s e a r c h  we synthes ized a number  of 
i s o m e r i c  u n s y m m e t r i c a l  e a r b o -  and d icarbocyanines  in which py ry l ium o r  pyr id in ium res idues  a re  connected 
to the polymethine  chain in the 2 or  4 posi t ions (Table 1). 

The s ta r t ing  compounds for  the synthesis  we re  2 -methy l -4 ,6 -d ipheny lpyr id in ium (I) and 2- (4-e thoxy-  
1 , 3 -bu t ad i en - l -y l ) -4 ,6 -d i pheny l py ry l i um  (II) p e r ch lo r a t e s ,  as well  as the i somer i c  III salt .  

~6H5 (CH =cH)~OCo H- 

c,o: c(o: 
1, I! |I| 

I R=CH3; II R=(CH=CH)2OC2H 5 

The u n s y m m e t r i c a l  (pyry lo-  2) ( indo)-  and ( - p y r y l o -  2) ( th ia) -  t r imethyl idynecyanines  IVa and Via were  
obtained by condensat ion of py ry l i um  sa l t  I with, r e spec t ive ly ,  1 ,3 ,3 - t r ime thy l -2 - ( fo rmylme thy lene ) indo l ine  
and 2 - ( fo rmy lme thy lene ) -3 -e thy lbenzo th i azo l ine ,  while the u n s y m m e t r i c a l  pentamethyl idynecyanines  Va,b 
and VIIa,b w e r e  obtained by  the reac t ion  of, r e spec t ive ly ,  in t e rmed ia tes  II and III with 1 ,2 ,3 ,3 - te t ramethy l -  
3H-indolium and 2 -me thy l -3 -e thy lbenzo th iazo l ium sal ts .  The u n s y m m e t r i c a l  py ry lo -4 - t r ime thy l idynecyan ines  
IVb and VIb were  synthes ized  as desc r ibed  in [2]. Py r idoca rbo -  and -d iea rbocyan ines  VIIIa ,b-XIa,b  were  ob- 
tained by t r e a t m e n t  of dyes  IVa,b-VIIa ,b  with methylamine .  U n s y m m e t r i c a l  (pyrylo-  2) (pyrylo-4)  pen tamethy l -  
idynecyanine XII was obtained by condensat ion of 2 ,6 -d ipheny l -4 -me thy lpyry l ium pe rch lo ra t e  with ethoxybuta-  
dienyl de r iva t ive  If. 
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* See [ 1] for  Communicat ion  11. 
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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  of  the  L o n g - W a v e  A b s o r p t i o n  

C O I n -  X 
pound 

Dyes  I V a , b - X I a , b  in CH2C12 

v [ R ~ n ~ ,  

IVa 
IVb C(CH~)2 
Va C(CHa)2 Vb 

CH3 

CH3 
Via 
VIb S O IC2H~ 

Vlla 
ViIb S 0 C2H~ 

VIlla C(CHa)2 NCHa CH3 VllIb 
IXa C(CH3)2 NCH3 CHa IXb 
Xa Xb S NCH3 C21-t~ 

XIa NCH3 C2I-I~ XIb S 

654, 682! 
1 595,632 

750,796 
2 685,740 

658,708 
1 588,625 

748,815 
2 676,735 

550 
1 562 

630 
2 646 

575 
1 585 

66O 
2 676 

MI, DM' I g e  

nm nm 

-8,3 
o4J,l[ 11,2 4,71;4,63 593,0[ 2,6 4,87; 4,95 

-5,8 740,21 4,97; 4,87 
691,01 4,97; 5,15 1,29 
636,91 5,5 4,73; 4,53 0,84 
586,41 18,7 4,91; 5,00 1,13 
721,0 21,1 4,91;4,74 1,14 
670.2 39,7 4,88; 4,97 1,18 
538.01 27,3 
552.31 24,7 
607.31 58,3 
622.71 60,0 
558.51 16,4 
572,4 I 14,1 5,10 
638,3 35,0 5,06 
654.4 36,0 5,07 

Bands  of 

I ~m,_l w v2 ~+ 

0,76 1450 
0,85 1253 
1,18 1280 

1238 
1530 
1296 
1540 
1453 

4,84 0,72 1160 
4,84 0,69 930 
4,91 0,93 1290 
4,81 0,74 1210 
4,98 0,88 1040 

0,92 910 
1,08 ll40 
, 8 1090 

~ 5H5 

c~162 =c.)2-c. ~ /o 
clo~- ~ - Z c d t ~  

xlJ 

XI1 Zm~x 862 nm (lg e 5.14), b4 -I =807,6 nm D~t= --0.4nm. 

0,8911,5 [0,031 
1,15[ 2,310,048 
0,86 1,3 ] 0,030 
1,24 2.810,065 
0,84 1.~ ~0,029 
1,13 2,110,059 
1,00 1.810,042 
1,18 2,310,060 
1,17 2,810,046 
1,03 2,010,033 
1,35 3.4 ] 0,058 
1,24 2.7 i0,048 
1,16 2.7]0,055 
1,34 3.810,059 
t,36 3.4 0,058 
1,48 4,2 0,061 

The  m a x i m a  of the l o n g - w a v e  a b s o r p t i o n  b a n d s  of  the d y e s ,  the l o g a r i t h m s  of  the e x t i n c t i o n s ,  the  a v e r -  
age  p o s i t i o n s  (M-1) ,  the d e v i a t i o n s  (DM) d e t e r m i n e d  f r o m  the M -t  v a l u e s  of  the  u n s y m m e t r i c a l  and c o r r e -  
spond ing  s y m m e t r i c a l  dyes ,*  and the o s c i l l a t o r  f o r c e s  a r e  p r e s e n t e d  in T a b l e  1. In add i t ion ,  the c h a r a c t e r i s -  
t i c s  of  the  f o r m s  o f  the b a n d s ,  v i z . ,  the  wid ths  (~ )  and the c o e f f i c i e n t s  of a s y m m e t r y  (Y1), e x c e s s  (72) ,  and 
the f ine s t r u c t u r e  ( F ) ,  wh ich  c h a r a c t e r i z e ,  r e s p e c t i v e l y ,  the d e g r e e  of s l ope ,  the d e g r e e  of  p e a k e d  c h a r a c t e r ,  
and the d e g r e e  of  s t r u c t u r e d  c h a r a c t e r  of  the  bands  [ 3] ,  a r e  a l s o  p r e s e n t e d .  I t  i s  a p p a r e n t  f r o m  T a b l e  1 that ,  
l i ke  d y e s  wi th  s y m m e t r i c a l  s t r u c t u r e s  [1 ] ,  a l l  o f  the  s y n t h e s i z e d  u n s y m m e t r i c a l  p y r y l o - 2 - c y a n i n e s  a r e  s o m e -  
wha t  m o r e  d e e p l y  c o l o r e d  than  t h e i r  4 i s o m e r s ,  whi l e  the  p y r i d o - 2 - c y a n i n e s ,  on the o t h e r  hand,  a r e  s o m e -  
wha t  m o r e  h igh ly  c o l o r e d .  G r e a t e r  w id th s ,  l o w e r  i n t e n s i t i e s ,  and l o w e r  v a l u e s  of  the Yt, 7z, and F c o e f f i c -  
i e n t s  a r e  o b s e r v e d  f o r  the  bands  of  p y r y l o - 2 - c y a n i n e s  than fo r  the bands  of t h e i r  4 i s o m e r s .  A s i m i l a r  r e g u -  
l a r i t y  i s  a l so  o b s e r v e d  in  the a b s o r p t i o n  of  the i s o m e r i c  ( p y r i d o )  ( t h i a ) c y a n i n e s .  On the o t h e r  hand,  in the 
c a s e  of  the  ( p y r i d o )  ( i n d o ) c y a n i n e s  c o n t r a c t i o n  of  the  a b s o r p t i o n  b a n d s  on p a s s i n g  f r o m  the a to the  7 i s o -  
m e r s  i s  a c c o m p a n i e d  b y  a change  in  the  e x t i n c t i o n s ,  o s c i l l a t o r  f o r c e s ,  and 71, Y2, and F c o e f f i c i e n t s  in  the 
s a m e  d i r e c t i o n .  

I t  i s  known tha t  in  p o l y m e t h i n e  d y e s  the p y r i d i n e  r i n g s  c o n n e c t e d  to the c h r o m o p h o r e  in  the  2 and 4 
p o s i t i o n s  have  a l m o s t  i d e n t i c a l  e l e c t r o n  d o n o r  c h a r a c t e r  ( " b a s i c i t y " )  [4 ] .  A s i m i l a r  r e g u l a r i t y  e v i d e n t l y  
should  a l s o  hold  fo r  p y r a n  r i n g s .  In fac t ,  in  the c a s e  of  d i c a r b o c y a n i n e  XII  d e v i a t i o n s  d e t e r m i n e d  f r o m  the 
m o m e n t s  of  the a b s o r p t i o n  bands  a r e  v i r t u a l l y  a b se n t ,  a l though  the  a b s o r p t i o n  of the  d i c a r b o c y a n i n e s  i s  m o r e  
s e n s i t i v e  to a change  in the  " b a s i c i t y "  of  the h e t e r o c y c l i c  r e s i d u e s  than  in the c a s e  of the c a r b o c y a n i n e s  [5, 6] .  

I t  ha s  b e e n  shown [2] tha t  the  g r e a t e r  the e l e c t r o n i c  a s y m m e t r y  of  the p o l y m e t h i n e  dye ,  the  m o r e  i n -  
t e n s e  the  m a x i m a  tha t  c o r r e s p o n d  to 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  i t s  l o n g - w a v e  a b s o r p t i o n  band.  
I t  fo l lows  f r o m  F ig .  1, in  wh ich  the a b s o r p t i o n  s p e c t r a  of i s o m e r i c  ( p y r y l o )  ( i n d o ) -  and  (py ry !o )  ( th ia )  c a r -  
b o c y a n i n e s  (IVa,  b and Via ,  b)  a r e  c o m p a r e d ,  tha t  t h i s  r e g u l a r i t y  i s  o b s e r v e d  both  in  s e r i e s  of  u n s y m m e t r i c a l  
a - p y r y l o c y a n i n e s  and in s e r i e s  of  t h e i r  7 i s o m e r s .  In fac t ,  s i n c e  the  2 - b e n z o t h i a z o l i n e  r i n g  i s  a g r e a t e r  e l e c -  
t r o n  d o n o r  than  the indo l ine  r i n g ,  d y e s  Via  and VIb have  c o r r e s p o n d i n g l y  g r e a t e r  e l e c t r o n i c  a s y m m e t r y  than  
IVa and IVb. H o w e v e r ,  on the b a s i s  of  the  f ac t  t ha t  t r a n s i t i o n s  wi th  a change  in  the v i b r a t i o n a l  q u a n t u m  n u m -  
b e r  o c c u r  wi th  a h i g h e r  p r o b a b i l i t y  in  the  m o l e c u l e s  of the  a i s o m e r s  (IVa,  Via)  than  in  the m o l e c u l e s  of  the 
y i s o m e r s  (IVb, VIb) ,  one canno t  c o n c l u d e  tha t  the  h e t e r o r i n g  a t t a c h e d  to the p o l y m e t h i n e  cha in  in the 2 p o s i -  
t ion  has  a s m a l l e r  d e g r e e  of e l e c t r o n - d o n o r  c h a r a c t e r  than  the s a m e  r i ng  bonded  to the 4 p o s i t i o n ,  s i n c e  the 
r e g u l a r i t y  p r e s e n t e d  above  i s  v a l i d  on ly  f o r  s t r u c t u r a l l y  m o n o t y p i c  m o l e c u l e s .  One could  hope to s o l v e  th is  
p r o b l e m  by the m e t h o d  of d e v i a t i o n s  in  the  c a s e  of u n s y m m e t r i c a l  p y r y l o c y a n i n e s  IV a ,b -V I I a , b .  

*The  M m v a l u e s  of  the s y m m e t r i c a l  i n d o -  and t h i a c a r b o c y a n i n e  d y e s  a r e  526.0 and 545.1 nm,  whi le  the M -1 
v a l u e s  of  the c o r r e s p o n d i n g  d i c a r b o c y a n i n e s  a r e  629.3 and 644.7 rim. 
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Fig. 1. Absorption spec t ra  in CH2CI: (pyrylo-  
2) (indo) tr imethylidynecyanine (TVa); 2 ) 
(pyrylo-4} (indo) t r imethylidynecyanine (IVb) ; 
3 ) (pyrylo-  2 } (thia) t r imethylidyaecyanine (Via); 
4) (pyrylo-4)  (thia} tr imethylidynecyanine (VIb). 

F r o m  an analysis  of the deviations it may be concluded that the oxygen heteror ing in pyry lo-2-cyanines  
has g rea te r  e lec t ron-donor  cha rac t e r  than in pyry lo-4-cyanines .  In fact, the DM values for unsymmetr ica l  
pyry lo-2-cyan ines  IVa-VIIa are  sma l l e r  than for  their  4 i somer s  Vib-VIIb. In both ser ies  of dyes rep lace-  
ment of the indolium residue by a benzothiazolium residue,  which leads to an increase  in the electronic asym-  
met ry  of the dye, and lengthening of the polymethine chain are  accompanied, as expected, by an increase  in 
the deviation. Nevertheless ,  the conclusion drawn above cannot be considered to be a r igorous one. In fact, 
the deviations for  dyes iVa andVa have negative values. The theoret ical  possibil i ty of the la t ter  was demon- 
s t rated in [7]. In the calculation of the deviations the ar i thmet ic  mean of the analogous charac te r i s t i c  of the 
corresponding symmet r i ca l  dyes was adopted as the theoret ical  value of the wavelength of the absorption 
maximum of the unsymmet r ica l  dye. This est imate is sufficiently accura te  only if the absorption maxima of 
the symmet r i ca l  dyes lie in one spec t ra l  region. If, however, the absorption maxima differ by hundreds of 
nanometers ,  as in the case under consideration,  the deviation may reach  tens of nanometers .  One cannot draw 
a dist inct  conclusion regarding the e lec t ron-donor  cha rac t e r  of the pyridine ring attached to the chromophore  
in the 2 or  4 positions on the basis  of the deviations of the unsymmet r i ca l  pyridocyanines.  In fact, whereas 
the deviations for  (pyr ido-2)carbocyanines  VIIa and Xa a re  g r ea t e r  than for  their  4 i somers  VIIIb and Xb, 
there are  vir tual ly no deviations in the case of the i somer ic  pyr idodicarbocyanines  IXa and XIa and IXb and 
XIb. 

In [6] it was shown that the g r e a t e r  the deviation in the "basic i t ies"  of the terminal  heterocycl ic  groups,  
the smal le r  the vinylene shift. However, these charac te r i s t i c s  differ  little f rom one another (only 1-2 nm) for  
the examined se r ies  of unsymmetr ica l  dyes. 

We were  able to draw more  reliable conclusions regarding  the basici t ies  of the terminal  heterocycl ic  
res idues  in i somer ic  dyes on the basis  of data on the change in the width of the bands (a)  as the length of the 
polymethine chain increases .  As demonstra ted in [6],  the cr values for dyes with symmet r i ca l  s t ruc tures  or  
slightly a symmet r i ca l  s t ruc tures  should decrease  as the length of the polymethine chain increases ,  whereas ,  
on the other hand, they should increase  for  markedly  a symmet r i ca l  s t ruc tures .  It is apparent  f rom Table 1 
that a 170 cm- ~ contract ion of the band is observed in the (pyrido-2) (indo)oyanine ser ies  IVa and Va as the 
length of the polymethine chain inc reases ,  whereas  the contract ion is only 15 cm -j in the ser ies  of their 4 iso-  
mer s  IVb and Vb. This regular i ty  confirms the higher "basic i t ies"  in dyes of the ~ - p y r a n  sys tem as com-  
pared with the T-pyran  system.  In the (pyrylo) (thia} cyanine se r ies ,  as a consequence of the increase  in the 
electronic a s y m m e t r y  of these dyes as compared  with (pyrylo) (indo}cyanines, on passing f rom carbo-  to di- 
oarbocyanines  one does not observe  a contract ion but r a the r  broadening of the bands; in accordance  with the 
higher basic i ty  of the ~ - p y r a n  sys tem,  this broadening is less pronounced (10 c m - b  in the ~ ser ies  than in 
the I/ se r ies  (157 cm-1). 

In cont ras t  to the pyrylocyanines ,  significant broadening of the bands as the length of the polymethine 
chain increases  is observed  for  all of the unsymmet r ica l  pyridocyanines.  This broadening is g rea te r ,  on the 
one hand, for  (pyrido) ( indo)cyanines than for  the corresponding (pyrido) ( thia)cyanines because of the higher 
"basici t ies"  in the examined dyes, and on the other hand, it is g r ea t e r  for dyes of the ~ ser ies  than for the 
corresponding dyes of the ~/ ser ies .  The la t ter  indicates the lower "basici ty"  of the pyridine ring in pyr ido-2-  
eyanines as compared  with pyr ido-4-cyanines .  

The conclusion regarding the relat ive e lec t ron-donor  cha rac te r  of the ~ and I /de r iva t ives  that was 
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TABLE 2. C h a r a c t e r i s t i c s  of Dyes IV-XII  

C o m -  
pound  

IVa 
Va 
vb  

Via 
VlIa 
Vllb 

VIIla 
VIllb 

IXa 
IXb 
Xa 
Xb 

Xla 
XIb 

XII 

rap, ~ 

188b 
172 c 
142d b 

188--189 
179c 

137--138 e 
l: 

236 r 
198b _ 

208--209 f 
225g 
146t 

203--2041~ 
196--I97f 

210,c 

Found, 70 

CI N 

5,2 
5,2 
4,7 
5,0 
5,1 
5,2 
4,7 

Empirical Calc.. 70 

5,9 

Z 

formula 
s 

- CaI  I_,.CIN O5 
C;aaI lac~C!NOs 
CaaI I3oCINOa 

5~-7 C,~,sI Ie4CINOsS 
5,6 Ca,[ 1.2aCINOsS 
5.5 Cat[ 126ClNOsS 

Ca2I latCI N204 
C321 l:<CINeO4 
C s4I laaClN=,O, 
C341133C N20~ 

5.6 Caa1127CIN,204S 
5,7 Cad I~;CIN204S 

Ca~! [2.C1N20~S 
5,5 Ca2[ [2~CIN~O4S 

Ca~l I~aClOs 

CI N 

5,7 
(;,4 
6,4 
6,6 
6,3 
6.3 
6,5 5,2 
6,5 5,2 
6,2 4,9 
6,2 4,9 

- -  5 , 1  

(i,5 5.1 
(~,2 4,9 
6,2 
5.7 

Yield, 
70 

84 
56 
56 
38 
78 
57 
71 
51 
56 
7I 
15 
72 
67 
74 
63 

a The c o m p o s i t i o n s  of dyes  IVa and Va,b w e r e  a lso  c o n f i r m e d  by 
d e t e r m i n a t i o n  of the C and H content ,  b F r o m  ethanol ,  c F r o m  
ace t i c  anhydr ide ,  d F r o m  a c e t o n i t r i l e ,  e F r o m  a m i x t u r e  of a c e -  
t on i t r i l e  with 20% HC10 4. f F r o m  a m i x t u r e  of e thanol  with m e t h y l -  
a m i n e s ,  g F r o m  a m i x t u r e  of me thano l  with m e t h y l a m i n e ,  h F r o m  
a m i x t u r e  of a c e t o n i t r i l e  with a lcohol  (1 :  1). 

d r a w n  on the b a s i s  of the s p e c t r a l  da ta  is in  a g r e e m e n t  with the t he o r e t i c a l  eva lua t ion  of this  c h a r a c t e r  s t a r t -  
ing f r o m  the ca l cu l a t ed  (by the H'uckel MO method)  e n e r g i e s  of the upper  f i l led  and lower  vacan t  o r b i t a l s  [8] 
of the i s o m e r i c  s y m m e t r i c a l  dyes .  Thus the t h e o r e t i c a l  e l e c t r o n - d o n o r  c h a r a c t e r  e x p r e s s e d  in  d e g r e e s  was 
54.7 and 53.2 ~ for  p y r y l o - 2 -  and p y r y l o - 4 - c a r b o c y a n i n e s  and 62.3 and 62.4 ~ for  p y r i d o - 2 -  and p y r i d o - 4 - c a r -  
b o c y a n i n e s .  Although the n u m e r i c a l  va lues  ob ta ined  d i f fe r  l i t t l e  for  the a and 7 d e r i v a t i v e s ,  they should  a c -  
c u r a t e l y  r e f l e c t  qua l i t a t i ve ly  the r e g u l a r i t i e s  in the change  in  the e l e c t r o n - d o n o r  c h a r a c t e r ,  s ince  the c a l c u l a -  

t ion  for  the i s o m e r i c  dyes  was made  with the s a m e  se t  of p a r a m e t e r s .  

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

The m o m e n t s  of the a b s o r p t i o n  bands  w e r e  d e t e r m i n e d  as in  [ 1] on the b a s i s  of the a b s o r p t i o n  s p e c t r a  
r e c o r d e d  with an  SF-4A s p e c t r o p h o t o m e t e r .  The e r r o r  in  the m e a s u r e m e n t  of the a b s o r p t i o n  s p e c t r a  of so lu -  
t ions  of dyes  IVb-XIb was  no l e s s  than two o r d e r s  of magn i tude  (in i n t e n s i t y ) ,  as c o m p a r e d  with no l e s s  than 
1.5 o r d e r s  of magn i tude  in  the ea se  of IVa-XIa.  The n u m e r i c a l  va lues  in  Table  1 a r e  p r e s e n t e d  with an  ac -  
c u r a c y  that  c o r r e s p o n d s  to the e r r o r  in  the m e a s u r e m e n t s  of the a b s o r p t i o n  s p e c t r a  of the dyes .  The q u a n -  
t u m - c h e m i c a l  c a l c u l a t i o n s  of the e l e c t r o n - d o n o r  c h a r a c t e r  we re  made  f r o m  an "ELA" p r o g r a m  with the fol low- 

ing se t  of cou lombic  ( a )  and r e s o n a n c e  (fi) i n t e g r a l s ;  o~O = aC + 2.4fi; a N = G C + 1.1fi; fiCC = fl; riCO = 
1.05fl; flCN = 0.83/3; f iC -Ph  = 0.5/~ for  the C 2 - P h  and C 4 - P h  bonds  of the p y r i d i n e  r ing ,  while  f l C - P h  = 0.8fl 
in  the r e m a i n i n g  c a s e s .  The p u r i t y  of the p r e p a r a t i o n s  was 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)  on 
Silufol  UV-254 p la t e s  (e lu t ion  with a c e t o n i t r i l e ) .  

1, 3, 3-  T r i m e t h y l -  2-  [ 3- ( 4 f i - d i p h e n y l -  2 - p y r a n y l i d e n e  ) p r o p -  ] - e n -  1-yl  ] - 3H - i ndo l i um P e r c h l o r a t e  (IVa).  
This  compound  was ob ta ined  f r o m  0.173 g (0.5 mmole)  of s a l t  I and 0.105 g (0.5 m m o l e )  of 1 , 3 , 3 - t r i m e t h y l - 2 -  
f o r m y l m e t h y l e n e i n d o l i n e  by  hea t ing  in  3 ml  of a m i x t u r e  of ace t i c  acid and ace t ic  anhydr ide  (1:  1) at  100~ 
for  30 ra in  (Tab le  2). 

1, 3, 3-  T r i m e t h y l -  2-  [ 5- (4, 6- d ipheny l -  2 - p y r a n y l i d e n e  ) p e n t a -  ], 3 - d i e n -  1-yl  ] - 3H- indo l ium P e r c h l o r a t e  
(Va).  A m i x t u r e  of 0.214 g (0.5 m m o l e )  of s a l t  II and 0.137 g (0.5 m m o l e )  of 1 , 2 , 3 , 3 - t e t r a m e t h y l - 3 H - i n d o l i u m  
p e r c h l o r a t e  in  3 ml  of ace t i c  anhydr ide  con ta in ing  one drop  of p y r i d i n e  was re f luxed  for 5 rain,  a f t e r  which 
the dye was  p r e c i p i t a t e d  f r o m  the r e a c t i o n  m i x t u r e  with an aqueous  so lu t ion  of sod ium p e r c h l o r a t e  and was  
pu r i f i ed  by r e p r e c i p i t a t i o n  f r o m  a m i x t u r e  of a c e t o n i t r i l e  with a lcohol  (1 ; )  by the addi t ion  of an aqueous  so lu -  
t ion of sod ium p e r c h l o r a t e .  

1 , 3 , 3 - T r i m e t h y l - 2 -  [ 5 - ( 2 , 6 - d i p h e n y l -  4 - p y r a n y l i d e n e )  p e n t a -  1 ,3 -d ien -  1-yl]  - 3H- indo l ium P e r c h l o r a t e  
(Vb).  This  compound  was  ob ta ined  f r o m  p e r c h l o r a t e s  III and 1 , 2 , 3 , 3 - t e t r a m e t h y l - S H - i n d o l i u m  p e r c h l o r a t e  
u n d e r  cond i t ions  s i m i l a r  to those in  the p r e p a r a t i o n  of Va and was  pu r i f i ed  by c h r o m a t o g r a p h y  in  a c e t o n i t r i l e  
on a l u m i n u m  oxide.  

699 



2- [ 3- (4 ,6 -Dipheny l -2 -pyrany l idene)p rop-  1-en-  1 -y l ] -3 -e thy lbenzo th iazo l ium P e r c h l o r a t e  (Via). This 
compound was obtained by heating 0.173 g (0.5 mmole )  of sa l t  I and 0.102 g (0.5 mmole )  of 2 - ( fo rmylmethy l -  
ene) -3-e thy lbenzo th iazo l ine  in 3 ml  of acet ic  anhydride at 90-100~ for  30 min. 

2- [ 5 - (4 ,6 -Dipheny l -2 -pyrany l idene)pen ta -  1 ,3-dien-1-yl ]  -3-e thy lbenzoth iazo l ium Pe rch lo ra t e  (VIIa). 
This compound was obtained f rom pe rch lo ra t e  II and 2 -methy l -3 -e thy lbenzo th iazo l ium pe rch lo ra t e  under  
conditions s i m i l a r  to those in the p repa ra t ion  of Va. 

2- [ 5-(2, 6-Diphenyl-  4-pyranyl idene)  pen ta -  1, 3-dien-  1-yl ] -  3- ethylbenzothiaz ol ium P e r c h l o r a t e  (VIIb). 
This compound was obtained f r o m  pe rch lo ra t e  III and 2 -methy l -3 -e thy lbenzo th iazo l ium pe rch lo ra t e  under  
s i m i l a r  conditions and was purif ied by ch romatography  in ace toni t r i le  on a luminum oxide. 

.1-Methyl- 2- [ 3-( 1, 3, 3 - t r ime thy l -  2- indol inyl idene)prop-  1-en-  1 -y l ] -  4 ,6-diphenylpyridinium Pe rch lo ra t e  
(VIIIa).  A mix tu re  of 0.4 g (0.75 mmole )  of pyry lo t r imethyl idynecyanine  IVa and 0.5 ml (1 mmole )  of a 7.5% 
methanol  solution of methylamine  in 5 ml  of ace toni t r i le  was mainta ined at r oom t e m p e r a t u r e  for  30 rain, 
a f te r  which the dye was prec ip i ta ted  f rom the reac t ion  mix tu re  by the addition of a sa tu ra ted  aqueous solution 
of sodium pe rch lo ra t e .  

1 -Methyl -2 ,6-d iphenyl -4-  [ 3-( 1, 3, 3 - t r ime thy l -2 - indo l iny l idene )p rop-  1-en-  1-yl ]pyr id in ium P e r c h l o r a t e  
(VIIIb). This compound was obtained by refluxing a solution of 0.265 g (0.5 m m o l e -  of pyry lo t r ime thy l idyne-  
cyanine IVb in 2 ml  (5 m m ol e )  of a 7.5% methanol  solution of methylamine  for  5 rain. The prec ip i ta ted  dye 
was r emoved  by f i l t ra t ion and washed on the f i l te r  with a drop of alcohol and ether .  

1 -Methy l -2-  [ 5-( 1, 3, 3 - t r ime thy l -2 - indo l iny l idene )pen ta -  1,3-dien- 1 -y l ] -4 ,6-d iphenylpyr id in ium P e r -  
ch lora te  (Ix:a). This compound was obtained f r o m  pyrylopentamethyl idynecyanine  Va under  conditions s i m i l a r  
to those in the p repa ra t ion  of Va and was purif ied by ch roma tog raphy  on a luminum oxide in acetoni t r i le .  

1-Methyl-  2 ,6-diphenyl-4-  ] 5-( 1, 3 , - t r ime thy l -  2- indol inyl idene)penta-  1, 3-dien-  1-yl ] pyr id in ium P e r -  
ch lora te  (IXb). A suspens ion of 0.205 g (0.37 mmole )  of pyrylocyanine  Vb in 2 ml  of ace toni t r i le  and 1 ml  
(2.5 mmole )  of a 7.5% methanol  solution of methylamine  was ref luxed for  5 min. The dye was prec ip i ta ted  
with an aqueous solution of sodium pe rch lo ra t e ,  washed on the f i l t e r  with alcohol and e ther ,  and r e p r e c i p i -  
tated f r o m  ace toni t r i le  by  the addition of water .  

1- Methyl-  2- [ 3- e thyl-  2-benzothiazol inyl idene)  p rop-  1- en- 1-yl ] - 4, 6-diphenylpyr idinium P e r  chlora te  (Xa }.. 
A 0 .5 -ml  (1 mmole )  sample  of a 7.5% methanol  solution of methylamine  was added to 0.1 g (0.19 mmole )  of 
pyry lo t r imethy l idynecyanine  Via in 4 ml  of methanol ,  and the mix tu re  was heated to the boiling point and a l -  
lowed to stand at r oom t e m p e r a t u r e  for  12 h. The p rec ip i t a ted  dye was r emoved  by fi l trat ion.  

1 -Methy l -2 ,6 -d iphenyl -4-  [ 3 - (3 -e thy l -2 -benzo th iazo l iny l idene)prop-  1-en-  1-yl] pyr id in ium Pe rch lo ra t e  
(Xb). A mix tu re  of 0.27 g (0.5 m m ol e )  of pyry lo t r imethyl idynecyanine  VIb in 4 ml  of d imethy l fo rmamide  
(DMF) containing 1 mt  (2.5 mmole )  of a 7.5% methanol  solution of methylamine  was heated at 50-60~ for  1 
h, a f t e r  which the dye was prec ip i ta ted  f r o m  DMF by the addition of an aqueous solution of sodium p e r c h l o r -  
ate. 

1 -Methyl -2-  [ 5 - (3 -e thy l -2 -benzo th iazo l iny l idene)pen ta -  1,3-dien-  1 -y l ] -4 ,6 -d iphenylpyr id in ium P e r c h l o r -  
ate (XIa). This compound was obtained f rom pyrylopentamethyl idenecyanine  VIIa under  conditions s i m i l a r  to 
those in the p r epa ra t i on  of VIIIa. 

1 -Methy l -2 ,6 -d iphenyl -4-  [ 5 - (3 -e thy l -2 -benzo th iazo l iny l idene)pen ta -  1,3-dien-  1-yl] pyr id in ium P e r -  
chlorate (XIb). A mixture of 0.12 g (0.21 mmole) of pyrylopentamethylidynecyanine VIIb, 2 ml of acetonitrile, 
and 1 ml (2.5 mmole) of a 7.5% methanol solution of methylamine was refluxed for 5 rain, after which the 
pyridocyanine was isolated from the hot solution in the form of golden crystals. 

2- [ 5-( 2, 6-Diphenyl- 4-pyranylidene ) penta- I, 3-dien- l-yl ] - 4, ~-diphenylpyrylium Perchlorate (XII)- A 
mixture of 0.107 g (0.25 mmole) sample of the perchlorate of the ethoxybutadienyl derivative (II) and 0.087 g 
(0.25 mmole) of 2,~-diphenyl-4-methylpyrylium perchlorate in 3 ml of acetic anhydride was refluxed in the 
presence of 0.1 ml of pyridine for 5 rain, after which the dye was isolated in the form of bronze crystals. 
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SYNTHESIS AND SPECTRAL-LUMINESCENCE 

PROPERTIES OF 2-ARYL-4-BENZYLIDENE- 

5-OXAZOLONES 

B. M. Krasovitskii, I. V. Lysova, 
and L. Sh. Afanasiadi 

UDC 547.787.2.07:535.37:542.953 

A number of 2 -a ry l -4 -benzy l idene-5-oxazo lones  was obtained by condensation of b e n z a l d e -  
hyde with N-acylglycines .  The absorption and f luorescence spec t ra  in ch loroform at 77~ 
were measured.  The spec t ra l  cha rac te r i s t i c s  of the investigated and previously  synthesized 
2-phenyl -4-a ry l idene-5-oxazolones  are  compared.  

In connection with the sea rch  for organic luminophores among 5-oxazolone derivat ives we synthesized 
2-a ry l -4 -benzy l idene-5-oxazo lones  (I), t raced the dependence of the change in their spec t ra l - luminescence  
proper t ies  on the s t ruc ture  of the 2 -a ry l  group, and compared  these proper t ies  with the proper t ies  of 2- 
phenyl -4-ary l idene-5-oxazolones  (II) [ 1]. 

C6 Hs-- ~ 0  ~/~.,,Ar 
! a - h  

Ar'~-C It~r__ N 

O~o~.C6H: Ar CONH CH,COOH 
I I  a-g 111 a-f  

[ a Ar=C6Hs, b Ar=4-CH~OC6II,~, c Ar=4-(CH3)2NC6ft4 d Ar=4-O~NC6H4, 
e Ar=4-CHF~SO2C6H4, f Ar=4-CGHsCCH4, g At= I-CIoH7, 'h  Ar=C6HsCH=CH; 
II a Ar'=4-CH3OC6H4, b Ar'=4-(CIIa)2NC6H4, c Ar'=4-O2NC6H4, d Ar'=4-CIIF2SO2CsH4, 
e Ar'=4-C6HsCd-I4, f Ar'=l-C~01IT, g Ar'=C6IIsCH~CH; 111 a Ar=4-CHaOC6H4, 
b Ar=4-(CHa)2NC6H4, c Ar=4-CHF2SO2C6H4, d Ar=4-C6HsC6H4, eAr=l-Cl0HT, 

f Ar=C6IIsCH=CH 

All of the investigated compounds were obtained in the form of t rans i somers  [2] by condensation of 
a romat ic  aldehydes with substituted hippurie acids ( I I I -  in acetic anhydride in the presence  of anhydrous 
sodium acetate.  

Compounds III were synthesized by acylat ion of hippuric acid with the chlorides of the corresponding 
aromat ic  acids. In those cases  in which the acid chlorides were  liquid substances,  the acylation was ca r r i ed  
out in an aqueous alkali medium at room tempera ture  by the method in [3].  In the case of solid acid chlorides 
substituted hippuric acids were  synthesized by two methods, viz.,  in glacial acetic acid at 50-60~ (method A) 
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