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VII.* XANTHYLO-, THIOXANTHYLO-, AND SELENOXANTHYLOCYANINES 

A.  I .  T o l m a c h e v ,  N .  A .  D e r e v y a n k o ,  UDC 547.815v818: 541.651: 668.819.45 
a n d  M. A.  K u d i n o v a  

Tr imethinecyanines  with symmet r i ca l  and unsymmet r i ca l  s t ruc tu res  containing xanthylium, 
thioxanthylium, and selenoxanthylium res idues  were synthesized.  It was shown by the method 
of deviations that the ,bas ic i t i e s"  of the res idues  of the investigated t h r e e - r i n g  he te rocyc les  
in the dyes change in the o r d e r  O > S > Se. In se r i e s  of 2,6-diphenyl-subst i tuted 4 -pyry lo- ,  
4- th iopyrylo- ,  and 4-se lenopyry lo t r imeth inecyanines  rep lacement  of the phenyl substi tuents 
by annelated.benzene rings affects  the color  to a considerably l e s s e r  degree than analogous 
rep lacement  in 4-pyr idocyanines .  

Data on xanthylocyanines are  l imited [2, 3], only one thioxanthylocyanine dye has been descr ibed  [3], 
and selenoxanthylocyanines have not been studied at all. The synthesis  and spect roscopic  investigation of 
dyes of this type constitute the subject of the present  paper .  The prepara t ion  of th io-  and selenoxanthylo-  
cyanines is fraught with a number  of difficulties caused by the low reac t iv i t ies  of 9-methylthioxanthylium 
and 9-methylselenoxanthyl ium sal ts  (Ib, c). We were unable to synthesize  symmet r i ca l  thioxanthylocyanine 
VI by condensation of salt Ib with ethyl or thoformate  via a method s imi l a r  to that used to p repare  xanthylo- 
t r imethinecyanine  V [2]. A number  of th io-  and selenoxanthylocyanines were obtained from 9- fo rmyl -  
r~ethylenethioxanthene ffIIb) and its selenium analog (IIIc), which was synthesized by the method used to 
p repa re  9-formylmethylenexanthene ffIIa) [2] via the scheme 

C6HsN\cHO ~ NaOH 

clo: c l o :  

a oc'[" | l a - c  I l l a - r  

a-Ill a X=O; b X = S ;  C X = S e  

Bis(9-thioxanthylo)tr imethinecyanine perch lora te  (VI) (Table 1) was obtained by condensation of 
aldehyde IIIb with thioxanthylium salt  IIb, whereas  its selenium anlog (VII), which, however,  we were un- 
able to purify,  was obtained f rom aldehyde IIIe and salt  IIe. In addition to the previously  descr ibed unsym-  
m e t r i c a l  xanthylocyanines VIII [2], IXa [3], XIa [2], and XIIa [2], in the present  r e s e a r c h  we obtained (9- 
xanthylo) (2 ,6-diphenyl-4-pyrylo) t r imethinecyanine Xa and a number  of unsymmet r i ca l  thio-  and selenoxan-  
thylocyanines (Table 2). 

From the graphical  depiction of the cation of xanthylotr imethinecyanine V (Fig. 1), which was ac-  
complished with allowance for  the valence angles,  covalent radii ,  and effective radii  of the atoms [4], it 
is seen that there  is s t e r i c  hindrance in it. This s t e r i c  hindrance should be re ta ined not only in the S, Se, 
and NCH 3 analogs of this dye but also in all unsymmet r i ca l  t r imethinecyanines  containing res idues  of the 
t h r e e - r i n g  he te rocyc les  under  considerat ion.  The presence  of s te r ic  hindrance is in agreement  with the 

* See [1] for  communicat ion VI. 

?Xma x (40% perch lo r i c  acid), nm: Ia 366, Ib 376, Ic 3880 
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TABLE 1. 

Com-] 
pound [ x 

VI S e 
VII 

Elect ronic  Spect ra  of Symmet r i ca l  Tr imeth inecyan ines  

0 �9 
IV-VII 

In CHINO2 

~,. ax, nm 8 �9 10 -4 M -~, nm 

810 (7233, 638)* 
702 (708, 676) 
776 (796, 755) 
820 (835, 795) 

8,0 (--724,4)* 6~ 
3,0 (17,6; 21,8) 676 
- -  (13,4; 22,3) 

I n  CH2C12 

. . . . .  n m [  e .  1o-, JM-,,nm 

822 t - -  714 1i2 687 
800 6,2 756 

* The f i r s t  number  in pa ren theses  is ci ted for  2-pbenylquino 
t r imeth inecyanine  and its O, S, and Se analogs,  whereas  the second 
num ber  is ci ted for  2 ,6 -d iphenyl -4-pyr ido t r imeth inecyanine  and its 
O, S, and Se analogs.  
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Fig. 1. Graphica l  depiction of the cation of b i s (9-xanthy lo) t r imeth ine-  
cyanine (V). 

Fig. 2. Absorpt ion spec t ra :  1) bis (9-xanthylo)tr imethinecyanine (V) 
in CH3NO2; 2) in CH2C12; 3) bis (9-thioxanthylo)tr imethinecyanine (VI) 
in CH3NO2; 4) VI in CH2CI 2. 

low extinction of t he i r  long-wave absorpt ion band. In addition to s t e r i c  hindrance,  the e x t r e m e l y  low "ba-  
s i c i t i e s"  of the he te rocyc l ic  s y s t e m s  under  considera t ion also have a substant ia l  effect  on the absorpt ion  of 
these  dyes.  The absorpt ion band of thioxanthylocyanine VI in n i t romethane  solution (Fig. 2) is cons iderably  
m o r e  diffuse and a s y m m e t r i c a l  than the absorpt ion  band of xanthylocyanine V. The difference between the 
m a x i m u m  of the band and its ave rage  position, de te rmined  by the ra t io  of the zero  momen t  to the f i r s t  m o -  
ment  ( M - i ) , f o r d y e V I i s  100 nm, whereas  it is only 23 nm for  dye V. This  is probably  assoc ia ted  with the 
fact  that dye VI is cons t ruc ted  f rom less  "bas ic"  and m o r e  weakly solvated he te rocyc l ic  res idues ,  owing 
to which the polymethine chromophore  of VI takes  onto i t se l f  a cons iderable  f ract ion of posi t ive charge  and 
is the re fo re  s t rongly  solvated.  The absorpt ion bands in the spec t r a  of a methylene chloride solution of the 
dye are  less  diffuse, whereas  they are  less  a s y m m e t r i c a l  in c h a r a c t e r  for  thioxanthylocyanine VI. 

It is seen f rom a compar i son  of the 2hnax values  of the dyes in n i t romethane  and methylene chloride 
solutions p resen ted  in Tables  1 and 2 that  the u n s y m m e t r i c a l  dyes a re  cons iderably  m o r e  so lva tochromic  
than the s y m m e t r i c a l  dyes.  For  example ,  a ba thochromic  shift of the long-wave absorpt ion band of 65 nm 
is obse rved  in the spec t r a  of solutions of t r imeth inecyanines  IXc and Xc when ni t romethane  is r ep laced  by 
methylene chlor ide.  

It  is apparent  f rom Table 1 that r ep lacement  of phenyl subst i tuents  in a number  of s y m m e t r i c a l  t r i -  
me th inecyan inesbyanne la t edbenzene  r ings affects  the co lor  in different ways,  depending on the c h a r a c t e r  of 
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T A B L E  2. Electronic Spectra of Unsymmetrical Xanthylocyanines 
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T A B L E  3. 

Corn- t rap, ~ (crystalliza- 
tion solvent) pound I 

Characteristics of the Synthesized Dyes 

Found, % t Calc., % 

d 

Emp.Ricat 
formuta ! 

i 
IIb{ 160 (acetic acid) 

lI!b tot 
143 (alcohol) 1~:~ 173 (alcoho1~ 

IXb 245 (acetic acid) 
Xa 298 (acetic anhydride+ 

I 
i acetic acid) 

Xbi 163 (acetic acid) I 
Xc! 2t5 

Xlb 216 (alcohol+n-heptane 
t 1 : ~ )  t 

XIcl i98 (alcohol+n-heptane) i 
X!Ib 287 (acetic acid) 
Xllc 280 (acetic acid) 

C2eHlaC1NO4S 
C:sH~oOS 
Ci~H~oOSe 
C29H,9CtO4S= 
Ca:H2:CIOgS~ 
CaaHeaClOG 

CaaH.~aCIO4S2 
CaaH2aCIO4See 
CerH_~oCINO4S 

C27HzoC1NO4Se 
C24H[sC1NO4S2 
CeaHIsCtNO4SSe 

I 

S 7,7 S 7,8 
S 13,2 S 13,4 
Se 27.6 ! Se 27,9 
CI 6,8; S fl,9 CI 6,7; S 12,1 
CI 6,3; S 11,2 i CI6,4; S 11,5 
CI 6,4 CI 6,4 

J 

CI 6,0; S 10,6 C[ 6,1; S I1,0 
C1 5,4: Se 23,6 C1 5,3; Se 23,4 
CI 7,3 I CI 7,2 

Ct 6,9 C1 6,6 
CI 6,9; S 13,0 I CI 7,3; S 12,8 
C1 6,7; Se 14.7 t C1 6,6; Se 14,9 

IL 
94 
69 
25 
17 
75 
68 

90 
60 
87 

78 
40 
49 

h e t e r o a t o m  X. The s u c c e s s i v e  t r a n s i t i o n  f r o m  2 , 6 - d i p h e n y l - 4 - p y r i d o -  to  2 - p h e n y l - 4 - q u i n o -  and then  to  
9 - a e r i d i n o t r i m e t h i n e c y a n i n e  i s  a c c o m p a n i e d  by  an  a p p r o x i m a t e l y  i d e n t i c a l  sh i f t  of  the  a b s o r p t i o n  m a x i m u m  
to  the  l o n g - w a v e  r e g i o n  (81 and 87 nm) .  In  the  a n a l o g o u s  s e r i e s  of  o x y g e n - ,  s u l f u r - ,  and s e l e n i u m - c o n -  
t a i n i n g  dyes  r e p l a c e m e n t  of  the  f i r s t  pheny l  g roup  is  a l so  a c c o m p a n i e d  by d e e p e n i n g  o f  the  c o l o r ,  but  the  
o b s e r v e d  e f f ec t  i s  c o n s i d e r a b l y  s m a l l e r  (32, 41, and 40 rim); h o w e v e r ,  r e p l a c e m e n t  of  the  s e c o n d  pheny l  
g r o u p  l e a d s  to  a c e r t a i n  h e i g h t e n i n g  of  t he  c o l o r  [ h y p s o c h r o m i c  sh i f t s  in the  s e r i e s  o f  O, S and Se d e r i v a -  
t i v e s  (6, 20, and  15 nm)] r a t h e r  than  to d e e p e n i n g  of  the  c o l o r .  Th i s  d i f f e r e n c e  i s  due in p a r t  to  t he  fac t  
t ha t  the  pheny l  s u b s t i t u e n t s  in q u a t e r n a r y  s a l t s  of  the  n i t r o g e n  h e t e r o c y c l e s  t i nde r  c o n s i d e r a t i o n  d e v i a t e  
f r o m  the  p lane  o f  the  h e t e r o r i n g  b e c a u s e  o f  s t e r i e  h i n d r a n c e  [5]. H o w e v e r ,  one shou ld  note tha t  a n n e l a t i o n  
i t s e l f  of  the  benzene  r i n g s  in dyes  of  d i f f e r en t  t y p e s  m a y  be a c c o m p a n i e d  by  d i f f e r e n t  e f f e c t s .  Thus ,  w h e r e a s  
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t rans i t ion  f rom unsubsti tuted 4-pyr idocyanine  to 4-quinocyanine is accompanied by pronounced deepening 
of the co lor  (103 nm) [3], the t rans i t ion  f rom t r imethinecyanine  XIII to XIV induces a bathochromic  shift 
of  only 7 nm [6]. 

Xlll ~o. 6,27nm 

~ CH~--CH~ 
XIV ~,~.x 13,34 nrn 

In addition to the long-wave absorpt ion bands of all  of the examined dyes at 400 nm, bands due to the ad so rp -  
t ion of the heterocycl id  r ings are observed .  The extinction of the f i r s t  over tone of the polymethine dyes 
usual ly  is of the o rde r  of  104 l i t e r ,  mole -1 /cm -1. The intensi ty of the shor t -wave  m a x i m a  of the dyes under  
considerat ion is of the same o rde r .  However ,  whereas  the intensity of  the over tones  is ~0.1 of the inten- 
s i ty of the p r i m a r y  t rans i t ion  for  th i0carbocyanines ,  the intensi ty of the shor t -wave  bands for  the dyes ob-  
tained in this study approaches  the intensity of the p r i m a r y  t rans i t ion,  and in the s e r i e s  of compounds (XIc, 
XIIc) the long- and shor t -wave  bands over lap  marked ly .  

The de~,iations (D) calculated from both the absorpt ion m a x i m a  and by the method of moments ,  which 
is more  r igorous  for  dyes with different fo rms  of absorpt ion  curves  [8], a re  p resen ted  in Table 2. It is 
apparent  f rom the D M values for  xanthylotr imethinecyanine VIII that the xanthylium and thioxanthylium 
rings have close "bas ic i t i e s . "  However,  a compar i son  of the deviations of dyes Xa-c ,  XIa-c ,  and XIIa-c  
shows that,  like one-  and two- r ing  he te rocyc les ,  the "bas ic i t i es"  of the t h r e e - r i n g  he te rocyc les  dec rease  
in the o r d e r  O > S ~. Se, depending on the he te roa tom.  However,  the calculat ion of the deviat ions f rom the 
moment s  of the bands also leads to e r roneous  conclusions in a number  of c a se s .  For  example ,  higher  D M 
values were  obtained fo r  th ioxanthylothiopyrylot r imethinecyanine Xb, which has l ess  e lec t ronic  a s y m m e t r y ,  
than for  the more  a s y m m e t r i c  thioxanthyloindotr imethinecyanine XIb. The la t te r  is probably explained 
not only by the above-ment ioned solvat ion effect  but also by the r e s t r i c t e d  c h a r a c t e r  of the method of devia-  
t ions for  marked ly  a s y m m e t r i c a l  dyes [9]. 

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

The e lec t ronic  absorpt ion spec t r a  were  recorded  with an SF-4a  spec t ropho tomete r .  The puri ty  of the 
p repara t ions  was moni tored  by th in - l aye r  chromatography  (TLC). Chromatography  was c a r r i e d  out on 
pla tes  with a fixed l aye r  of Silufol UV 254 s i l ica  gel. Ni t romethane was used for  elution of the products .  

9- [co- (N-Methylanilino)vinyl]thioxanthylium Perch lo ra te  (lib) and 9- [~-  (N-Methylanil ino)vinyl]seleno- 
xanthylium Perch lora te  (IIc). These dyes were  obtained by the reac t ion  of 9-methylthioxanthylium pe rch lo -  
r a t e  {Ib) [10] o r  9-methylselenoxanthyl ium perch lo ra te  (Ic) [11] with N-methyl formani l ide  by the method 
used to p repa re  l ia [2] (Table 3). 

9-Formylmethylenethioxanthene (IIIb). A 10% solution of NaOH was added dropwise with s t i r r i ng  to 
a solution of 2.9 g (7 mmole)  of IIb in 200 m l  of alcohol until the color  of the solution changed to yellow. 
It was then diluted with water  until it became turbid,  a f t e r  which it was allowed to stand. The prec ip i ta ted  
product was removed  by f i l t ra t ion and chromatographed  f rom ch lo ro form on aluminum oxide. 

9 -Formylmethylenese lenoxanthene  (liIc). The method used to p repa re  IIIb was used to obtain this  
compound f rom 2.4 g (5 mmole)  of IIc in 100 ml  of acetone.  

Bis(9- thioxanthylo)tr imethinecyanine Perch lo ra te  (VI). A solution of 0.164 g (0.53 mmole)  of Ib and 
0.12 g (0.53 mmole)  of  IIIb in 2 m l  of acet ic  anhydride was heated at 140" for  10 min.  The prec ip i ta ted  dye 
was removed  by f i l t ra t ion and washed success ive ly  with acet ic  acid, acet ic  anhydride, and benzene.  

Bis(9-selenoxanthylo) t r imethinecyanine Pe rch lo ra te  (VII). As in the preceding exper iment ,  this c o m -  
pound was obtained by condensation of Ic with IIIc.  

(9-Thioxanthylo)(4-thioflavylo)tr imethinecyanine Perch lora te  (IXb). This  compound was obtained by 
heating 0.168 g (0.5 mmole)  of 4-methyl thiof lavyl ium perch lo ra te  [12] with 0.12 g (0.5 mmole)  of liIb in 
2 m l  of acet ic  anhydride at 140 ~ for  30 rain. 

(9-Xanthylo)(2,6-diphenyl-4-pyrylo) t r imethinecyanine Perch lo ra te  (X). This  compound was obtained 
by heating 0.172 g (0.5 mmole)  of 2 ,6-d iphenyl -4-methylpyryl ium perch lora te  and 0.108 g (0.5 mmole)  of 
9- formylmethylenexanthene  in 3 m l  of acet ic  anhydride at 140 ~ for  15 rain. 
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(9-Thioxanthylo)(2,6-diphenyl-4-thiopyrylo)trimethinecyanine Perchlorate (Xb). The method used to 
prepare IXb was used to obtain this compound from 2,6-diphenyl-4-methylthiopyrylium perchlorate [13] and 
1-fib. 

(9-Seleno• (2,6-diphenyl-4-selenopyrylo)trimethinecyanine Perchlorate (Xc). This compound 
was obtained by heating 0.204 g (0.5 mmole) of 2,6-dtphenyl-4-methylselenopyrylium perehlorate [14] and 
0.142 g (0.5 mmole) of IIIc in 4 ml of acetic anhydride at 130 ~ for 10 min. The precipitated dye was r e -  
moved by filtration and washed successively with acetic acid, benzene, and ether.  

(9-Thioxanthylo)(1,3,3-trimethyl-2-indo)trtmethtnecyanine Perchlorate (XIb). A mixture of 0.31 g 
(1 mmole) of Ia and 0.2 g (1 mmole) of 1,3,3-trimethyl-2-formylmethyleneindoline in 4 ml of acetic anhy- 
dride was heated at 130 ~ for 30 rain, after which it was cooled and a few drops of 42%perehloric acid were 
added. The precipitated dye was then removed by filtration. 

(9-Selenoxanthylo)(1,3,3-trimethyl-2-indo)trimethinecyanine Perehlorate (XIe). As in the preceding 
experiment, this compound was obtained from Ic and 1,3,3-trimethyl-2-formylmethyleneindoline. 

(9-Thioxanthylo)(3-methylthia)trimethinecyanine Perchlorate (XIIb). A solution of 0.14 g (0.25 mmole) 
of 2,3-dimethylbenz6thiazolium methosulfate and 0.12 g (0.25 mmole) of IIib in 3 ml of acetic anhydride 
was heated at 130 ~ for 30 rain. The dye was precipitated by the addition of e ther  and was converted to the 
perchlorate from alcohol solution. 

(9-Selenoxanthylo) (3-methylthia)trimethinecyanine Perchlorate (XIIc). As in the preceding experi-  
went,  this compound was obtained from 2,3-dimethylbenzothiazolium methosulfate and IIIc. 

L I T E R A T U R E  C I T E D  

1. A. I .  Tolmachev, N. A. Derevyanko, E. F. Karaban, and M. A. Kudinova, Khim. Geterotsikl. Soedin., 
612 (1975). 

2. R. Wizinger and U. Arni, Chem. Ber. ,  92, 2309 (1959). 
3. R. Wizinger and W. Heldemann, Chem. Ber. ,  93, 1533 (1960). 
4. A. I .  Kiprianov, G. G. Dyadyusha, and F. A. Mikhailenko, Usp. Khim., 35, 825 (1966). 
5. M. Yu. Kornilov, L. M. Shulezhko, and A. I. Tolmachev, Teor.  i ]~kspe~'Lm. Khim., 10 (1974). 
6. R. Kuhn and D. Rewichi, Ann., 690, 50 (1965). 
7. R. Berg, L. Mogano, and R. Pierce,  J. Phys. Chem., 7.11, 3352 (1967). 
8. E .O.  Sych, Zh. N. Belaya, and G. G. Dyadyusha, Ukr. Khim. Zh., 30, 1965 (1964). 
9. G.G.  Dyadyusha, Ukr. Khim. Zh., 3_~1, 1293 (1965). 

10. C. Price,  M. Hori, T. Parasaran,  and M. Polk, J. Amer. Chem. Soc., 85, 2278 (1963). 
11. M. Renson and L. Christiaens, Bull. Soc. Chim. Beiges, 79, 511 (1970). 
12. Ao I. Tolmachev and M. A. Kudinova, Khim. Geterotsikl. Soedin., 804 (1969). 
13. V.G.  Kharchenko, V. I. Kleimenova, and A. R. Yakoreva, Khim. Geterotsikl. Soedin., 900 (1970). 
14. M.A. Kudinova, S. V. Krivun, and A. I. Tolmachev, Khim. Geterotsikl. Soedin., 857 (1973). 

543 


