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2- [3- (3-Methyl-2-benz othiazolinylidenyl) -1 -methy l i so indol iny l idenyl ]methy1-3-methy lbenzo-  
th iazol ium pe rch lo ra t e  was obtained by the condensat ion of 2-methylbenzoth iazole  me thy l -  
methosul fa te  with 1 ,1 ,3- t r ich loro iso indolenine .  S imi lar  dyes of the pyridine and quinoline 
s e r i e s  were  also synthes ized .  The absorpt ion bands of the cyanine dyes with an i so indolen-  
ine r ing in the ch romophore  are shif ted by 30 nm to the shor twave  region in c o m p a r i s o n  
with the cor responding  d icarbocyanines .  Acids protonate  the dyes at the isoindolenine ring 
to fo rm compounds with two conjugated ch romophore s .  Condensat ion of 1 ,1 ,3 - t r i ch lo ro i so -  
indolenine with N-subs t i tu ted  rhodanines yields 3-subs t i tu ted  5 - [ 3 - ( 3 - m e t h y l - 4 - h y d r o x y -  
th iazo l ine -2 ,5 - th iony l ) - l - i so indo l iny l idene] rhodan ines .  Alkylation and hydro lys i s  of the N- 
methyl  subst i tu ted dye yields  5- [3- (3 -methy l -4 -hydroxy-5- th iazo l in -5 -ony l ) i so indo l iny l idene-  
1 ] -3 -methy l th iazo l id ine-2 ,4 -d ione .  

We have synthes ized  cyanine dyes which contain an isoindolenine ring in the ch romophore  by the r e -  
action of qua te rna ry  sa l t s  of n i t rogen he t e rocyc le s  with an active methyl  group or  of the methylene bases  
obtained f r o m  them with 1 ,1 ,3- t r ich loro iso indolenine  (II). Dye III ( l m a  x 623 nm) was obtained f rom 2-  
methylbenzoth iazole  methy lmethosu l fa te  (I). 
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Dyes VI and IX, which contain pyridine and quinoline r ings ,  were  synthes ized  with methylene  bases  V 
and VIII.  

C2ll5 Iv  C2|t5 V C2}|5 VI C2H~ 
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I X -  I f x ' -  I 
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It  is  in te res t ing  to c o m p a r e  the co lor  of the dyes obtained (par t icular ly  Ill) with that of dyes X-XII,  
which have s i m i l a r  s t r u c t u r e s  (kma x 653 [1, 2], 755 [1, 2], and 554 nm [3], respec t ive ly)  and do not contain 
an isoindolenine r ing in the ch romophore :  
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Symmetr ica l  locking of the carbon atoms in the 9- and l l -pos i t i ons  through the o-phenylene group r e -  
suits in a large bathochromic  shift of the absorption band [2]: the absorption maxima of dyes XI and III are 
shifted to the longer -wave  region by 102 and 69 nm, respect ively ,  as compared  with the absorption maxima 
of dyes X and XII. In agreement  with the Dewar-Knott  rule [4, 5], rep lacement  of the carbon atom in the 
10-posi t ion by a ni t rogen atom inc reases  the color  in dye XII by 99 nm as compared  with X and by 132 nm 
in dye 111 as compared  with XI. A compar i son  of quinoline dye IX with known compounds XIII (Area x 708 
nm [6]) and XIV (Area x 596 nm [3]) leads to the same conclusions as in the case of HI. Cyanine dyes with 
an isoindolenine r ing in the chromophore  absorb by about 30 mn in the shor te r -wave  region than the c o r -  
responding d icarbocyanines .  

The dyes that we obtained change colors  in the presence  of acids as a consequence of protonation of 
the nitrogen atom of the isoindolenine ring.  For  example,  pyridine dye VI forms compound XV [~'max 348 
nm (log ~ 4.36) and 461 nm (log E 4.54)] which contains two chromophor ic  conjugation chains.  

vl ~x 

x -  I x -  ~ 
CH 3 C2H5 - XV C2H5 XVI 

The presence  of two identical conjugated chromophores  in the dye molecule resul ts  in the appearance 
of two absorption bands, one of which is shifted to the shor te r -wave  region, the other  of which is shifted to 
the longer-wave region as compared  with the absorption band of the "parent" dye with one s imi la r  ch romo-  
phore [7]. A compar i son  of the e lectronic  spec t ra  of dye XV with the absorption spect rum of XVI [Area x 
406 nm (log e 4.50) [8]], which can be taken as the "parent" dye, indicates that in this case the two absorp-  
tion bands of dye XV can be considered to be the resul t  of splitting of the absorption band of "parent" dye 
XVI. Similar ly,  quinoline dye XVII has two absorption bands [Amax 400 nm (log e 4.26) and 525 nm {log 
4.50)] which are  shifted to the shor t -wave and long-wave regions as compared  with the band of "parent" 
dye XVEI [~max 448 nm (log e 4.49) [9]]. 

cH= =cr-  ~ u . ~ . ~  --c. =c-n c5 N ,o 

Dyes with the XX s t ruc ture  are  obtained by the condensation of II with N-substi tuted rhodanines (XIX). 

+ 
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TABLE 1. A b s o r p t i o n  M a x i m a  of Dyes  in V a r i ous  Solvents  

Solvent 

Chloroform 

N idine 
anol 

Dimethylformamide 
Nitromethane 
Water 

Dielectric 
constant [10] 

4,81 
12,3 
24,2 
37,65 
38,6 
80,4 

l l I  

& 
623 
627 
621 
621 

~'max' nm 

vI 

623 
626 
617 
618 
613 
577 

IX 

687 
689 
676 
681 
675 
610 

xx 

570 
569 

559 

TABLE 2. Absorption Maxima of Dyes VI and IX in Pyridine- 
Water Mixtures 

Pyridine concentration, % 

100 
90 
70 
50 
30 
10 
0 

;~max 

626 
622 
615 
610 
604 
596 
577 

-e VI 
lg8 

4,92 
4,90 
4,84 
4,80 
4,78 
4,76 

)~max 

689 
685 
680 
676 
673 
665 
610 

Dye IX 
Igr 

4,90 
4,89 
4,87 
4,85 
4,83 
4,72 

The ac t ion  of a lka l i  on XX m a r k e d l y  deepens  the c o l o r  as a r e s u l t  of the f o r m a t i o n  of oxanine  dyes 
XXI (in d i m e t h y l f o r m a m i d e  ) tma  x 640, 641, and 643 n m  for  R = CH3, C2H5, and CGHs, r e s p e c t i v e l y ) :  

R XXl R 

All  of the dyes tha t  we obta ined  with an i s o i n d o l e n i n e  r i n g  in  the c h r o m o p h o r e  change  c o l o r  somewhat  
as a func t ion  of the s o l v e n t  (see Tab le  1). In p ro t i c  so lven t s  (ethanol ,  fo r  example) ,  the a b s o r p t i o n  m a x i m a  
a r e  sh i f ted  to the s h o r t - w a v e  po r t i on  of the s p e c t r u m  as c o m p a r e d  with the a b s o r p t i o n  in so lven t s  of c lose  
p o l a r i t y .  This  is  a p p a r e n t l y  exp la ined  by the f o r m a t i o n  of a hyd rogen  bond be tween  the hydroxyl  g roup  of 
the so lven t  and the n i t r o g e n  a tom Of the i s o i n d o l e n i n e  r ing ,  which should i n c r e a s e  the co lo r .  The a b s o r p -  
t ion  m a x i m a  of dyes  VI and IX in  p y r i d i n e - w a t e r  m i x t u r e s ,  t aken  in  v a r i o u s  r a t i o s ,  a re  p r e s e n t e d  in 
Table  2. It  i s  s e e n  f r o m  th i s  t ab le  that  the a b s o r p t i o n  m a x i m a  a re  g r a d u a l l y  shi f ted  to the s h o r t - w a v e  pa r t  
of the s p e c t r u m  and the a b s o r p t i o n  i n t e n s i t y  d e c r e a s e s  when the w a t e r  c o n c e n t r a t i o n  is  i n c r e a s e d .  A p a r -  
t i c u l a r l y  p r o n o u n c e d  shif t  is  o b s e r v e d  on p a s s i n g  to pure  w a t e r ;  this  m a y  be a s s o c i a t e d  with the f o r m a t i o n  
of d i m e r  m o l e c u l e s  [11]. However ,  we could not  de tec t  the d i m e r i z a t i o n  of dye VI in  w a t e r :  the L a m b e r t -  
B e e r  law was o b s e r v e d .  The r e m a i n i n g  dyes  a re  only s l igh t ly  so lub le  in  w a t e r ,  and th is  h i n d e r s  a s tudy of 
t h e i r  s p e c t r a .  

RhodanIne  dye XX OR = CH 3) is  a lky la ted  at both s u l f u r  a toms  on hea t ing  with d imethy l  su l fa te  to give 
XXII, which  is  h y d r o l y z e d  in  95% alcohol  to f o r m  dye XXIII. 

s s . 2 0  s N . o .  XX~ 
CHaS \S CU a ~ o ~0 O~/\N/~O r, Na' OT/%'N/%0 

^- ~.x- l I I I 
CH3 XXll' ~n3 CH:~ XXIII CH3" CH3 XXIV CH~ 

Dye XXIII and the oxanine  dye f r o m  it (XXIV) 0t ma x  587 nm) a re  m o r e  highly  c o l o r e d  than rhodan ine  
ana logs  XX. 
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E X P E R I M E N T A L  

2 - [3 - (3-Methyl -2-benzoth iazol inyl idene  )methyl-1  - isoindolinylidene ]methyl -3 -methylbenzoth iazo l ium 
P e r c h l o r a t e  (HI, X = ClOt). A total  of 0.55 g (0.0023 mole) of 1 ,1 ,3- t r ichloroisoindolenine  (II) [12] and 0.5 g 
of t r i e thy lamine  were  added to a solution of 1.38 g (0.005 mole) of 2-methylbenzothiazole  methy lmethosu l f -  
ate in 10 ml  of d ime thy l fo rmamide .  The mix tu re  was heated  at 100 ~ for  1 h and then diluted with water .  The 
prec ip i ta ted  dye was f i l t e red  and conver ted  to the pe rch lo ra t e .  Two r ec rys t a l l i za t i ons  f rom ni t romethane  
yielded 0.1 g of.dye with mp > 300 ~ Xmax (in alcohol) 575 nm (ioge 4.51) and 623 nm (loge 4.67); in the 
p re sence  of acid, 505 nm (log e 4.48) and 535 nm (log e 4.45). Found ~:  S 11.9; 11.9. C2~H20C1N304S 2. 
Calcula ted  %: S 11.9. 

2-  [3- ( 1 -E t hy l -1 ,2 -d t hyd ro -2 -py r i d i ny l i deny l )me thy l - l - i s  oindolinyl idenyl]methyl-  1-e thylpyr idininm 
Iodide (VI, X = I). A 20% solution of NaOH was added to an aqueous solution of 1 g (0.004 mole) of 2 - m e t h y l -  
pyridine ethiodide,  and methy lene  base  V was ex t r ac t ed  with benzene.  Compound II [0.45 g (0.002 mole)] 
and 0.8 ml  of t r i e thy lamine  were  added to the dr ied  (with solid po tass ium hydroxide) benzene ex t rac t .  After  
30 rain, the p rec ip i t a ted  dye was f i l tered,  conver ted  to the iodide, and c ry s t a l l i z ed  f rom ni t romethane  to 
give 0.64 g of blue p r i s m s  with mp  248 ~ (decomp.).  ~max (in ethanol) 617 nm (loge 4.87); with acid, 348 nm 
(logE 4.36) and 461 nm (logo 4.54. Found%: I 26.7, 26.7; N 8.6, 8.6. C24Ha4IN 3. Calculated%: I 26.3; N 
8.6. 

2 - [3 - (1 -Ethyl  -1,2 -d ihydro  -2 - quinolinylidenyl ) methyl  - 1 - i s  oindolinylidenyl]me thy1-1 -e thyl  quinolininm 
Iodide (IX, X = I). A tota l  of 0.7 g of this compound with mp 270 ~ (decomp.) was s i m i l a r l y  obtained f rom 2 g 
(0.006 mole)  of quinaldine e thyl tosyla te  (VII). kmax  (in ethanol) 624 nm (log e 4.45) and 676 nm (log e 4.88); 
with acid, 400 nm (loge 4.26) and 525 nm (loge 4.50), Found%: I 21.8, 21.9; N 7.2, 7.2. C32H28IN 3. Ca l -  
cu la ted%:  I 21.8; N 7.2. 

5-[3-•3-Methy•-4-hydroxy-2-thiaz••ine-5-thi•ny•)-•-is•indo•iny•ideny•]-3-methy•rh•danine (XX, R = 
CH3). Tr i e thy lamine  (1.8 ml) was added to a solution of 1 g (0.007 mole)  of 3-methyl rhodanine  and 0.75 g 
(0.0035 mole)  of II in 5 ml  of d ime thy l fo rmamide ,  and the mix tu re  was held at room t e m p e r a t u r e  for  30 min.  
The dye was p rec ip i t a t ed  by dilution with water ,  f i l tered,  and washed with hot alcohol and e ther  to give 
0.6 g of product  with m p >  300 ~ ~ m a x  (in d imethy l formamide)  562 nm; with alkali ,  640 nm (log ~. 5.00). 
Found%: N 10.4, 10.3. C16HllN302S 4. Ca lcu la ted%:  N 10.4. 

5-[3-(3-Ethyl-4-hydr•xy-2-thiaz••ine-5-thi•ny••-•-is•ind••iny•ideny•]-3-ethy•rh•danine (XX, R = C2H5). 
A tota l  of 0.7 g of this compound with m p >  300 ~ ( reprec ip i ta ted  by alcohol f rom chloroform)  was s i m i l a r l y  
obtained f r o m  1 g of N-e thyl rhodanine .  h m a x  (in d imethy l formamide)  565 nm; in the p r e sence  of alkali ,  
641 nm.  Found %: N 9.8, 9.8. C18H15N302S4. Calcula ted %: N 9.7. 

5-[3-•3-•heny•-4-hydroxy-2-thiaz••ine-5-thiony•)-•-is•ind••iny•ideny•]-3-phenylrhodanine (XX, R = 
C6H5). This was s i m i l a r l y  obtained and had m p >  300 ~ ( reprec ip i ta t ion  by alcohol f r o m  ch loroform) .  ~ m a x  
(in d imethy l fo rmamide)  565 nm.  Found %: N 8.2, 8.2. C28HI5N302S 4. Calcula ted  %: N 7.9. 

5-  [3- ( 3 -Me t hy l -4 -hyd roxy -5 - t h i azo l i n -5 -ony l ) - I  - isoindolinylidenyl]  - 3-methyl th iaz  olidine -2,4-dione.  
(XXIII). A total  of 0.2 g of dye XX (R = CH3) was heated  at 100 ~ for  2 h with a la rge  excess  of dimethyl  su l f -  
ate and then washed with e t he r .  The reac t ion  product  (XXII) was d isso lved  in 95% alcohol by heating.  Af ter  
some t ime,  dye XXIII p rec ip i t a t ed  f r o m  the solution and was purif ied by rep rec ip i t a t ion  f rom ch lo ro fo rm 
with alcohol to give 0.1 g of a product  with mp > 300 ~ . ~ m a x  (in d imethy l fo rmamide)  493 nm; in the p r e s -  
ence of alkali ,  587 nm.  Found %: N 11.0, 11.2. C16HllN304S 2. Calcula ted  %: N 11.3. 

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

1. G . E .  Ficken and J .  D. Kendall ,  Chimia ,  15, 114 (1961). 
2. G . G .  Dyadyusha,  Ukr .  Khim.  Zh., 30, 1189 (1964). 
3. S. Hfinig and H. Quast ,  Optische Anregungen Organ i sche r  Sys teme,  Weinheim (1966), p. 184. 
4. M . J . S .  Dewar ,  J .  Chem.  Soc., 2329 (1950). 
5. E . B .  Knott, J .  Chem.  Soe., 1024 (1951). 
6. L . G . S .  Brooke r ,  G. H. Keyes ,  R. H. Sprague,  R.  H. Van Dyke, E. Van L a t e ,  G. Van Zandt, F.  L.  

White, H. W. J .  C r e s s m a n n ,  and S. G. Dent, J .  Am.  Chem.  Soc., 73, 5338 (1951). 
7. A . I .  Kipr ianov and I .  L. Mushkalo,  Zh. Organ.  Khim.,  1, 744, 750 (1965). 
8. A . I .  Kipr ianov and G. G. Dyadyusha,  Zh. Obshch. Khim.,  30, 3651 (1960). 

426 



9. A . I .  Kiprianov and G. G. Dyadyusha, Zh. Obshch. Khim., 29, 1713 (1959). 
10. Houben-Weyl, Methoden der Organische Chemie, I /2 ,  Stuttgart (1965), p. 858. 
11. A.N.  Terenin, Photonics of Dye Molecules [in Russian], Leningrad (1967), p. 182. 
12. Farbenfabriken Bayer A.-G., British Patent No. 704,595 (1954); Chem. Abstr., 49, 7001 (1955). 

427 


