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R E S E A R C H  ON P O L Y M E R O C Y A N I N E S  

IV.* SOME NULLOMETHYLIDYNEDIMETHYLIDYNE- AND 

B IS (NU LLOME THY LIDYNE)DIMEROCYANINE DYES 

M. S. L y u b i c h ,  Z .  P .  S y t n i k ,  
a n d  R.  V.  T i m o f e e v a  

UDC 547.789.3.5 : 668:819.45 

A number  of bis (nullomethylidyne)- and nul lomethyl idynedimethyl idynedimerocyanines that 
a re  rhodanine der iva t ives  with 3,3-dimethylindolenine,  benzothiazole,  4,5-diphenylthiazole,  
and pyridine res idues  were  obtained. The color  of the d imerocyanines  depends on the basi-  
city of the ni trogen-containing he terocycl ic  res idue and the length and posit ion of the ex-  
ternal  polymethine chain. A sharp increase  in the sensi t izing ability is observed on passing 
f rom nul lomethyl idynedimethyl idynedimerocyanines  to dimethyl idynenul lomethyl idynedimero-  
cyanines.  

We have previously  investigated the dependence of the color  and sensit izing ability of dimerocyanine dyes 
on the nature and re la t ive  basici ty  of ni trogen-containing he teroeycl ic  res idues  [2, 3] and e lec t ron-donor  sub- 
st i tuents in the a and (~, posit ions of the polymethine chain [1]. It seemed of in teres t  to ascer ta in  the de- 
pendence of the indicated p rope r t i e s  on the length and posit ion of the external  polymethine chain. With this end 
in mind we obtained bis (nullomethylidyne)- (I) and nul lomethyl idynedimethyl idynedimerocyanines (II). The co t -  

* See [1] fo r  communicat ion I~. 
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TABLE 1. Absorpt ion Maxima (rim) of Alcohol Solutions of Di-  
merocyan ines  I-IV 

Z 
I 

1,Ethvl-3,3-di- C2H5 
methyl-2-i~ol. 

3-Ethylbenzo-2- C2H5 
thia~.olinylidene C4H9 

3-Ethyl-4,5-di- 
pheavl- 2-thia- 
zoliffylidene 

1-Ethyl-l,2-dihy- [ C2H5 
dro-2-pyridyliden( 

R I~ r* 

I I I  I 

C2H5 C2H5 

C2H~ ](CH~)5c00C3H7 -iso 

C4Hg](CH2)~COOC3H~-~O 

c~H3] C4H9 

I lI 

C2H5 

C2H5 

C2H5 

C:H5 

I I I  

487 550 

491 565 

504 587 

524 608 

III2,a 

556 

575 

603 

596 

IV2,a 

596 

614 

643 

650 

* F o r  d imerocyanines  Ill and IV R = R' = C2H 5. 

responding dimethyl idynenul lomethyl idyne-  (IID and bis  (dimethyl idyne)dimerocyanines  (IV) were  p rev ious ly  syn-  
thes ized in [2, 3]. Dimerocyan ines  I and II we re  obtained by a known method [3] by heating nul lomethyl idyne-  
merocyan ines  (V) with dimethyl  sulfate  and subsequent  condensat ion of the resul t ing qua te rna ry  sa l t s  with 2-  
th ioketo-3-a lkyl th iazol id in-4-one  o r  2 - th ioke to-3-e thy l -5 -e thy l idene th iazo l id in -4-one .  

," - - -  / "  " ' %  

L Z , ', ~/~=(r "'~/r 
�9 I o~'-.NJxx(c.--cu),~:[-----~ ~ .  O~'-N/X~ 
E2H5 I ~ , , - ' ~ S  '~ :n5 I 

R O rd R 
I 
i.U 

I - IV V 

I re=n=0: I I  I;i=0, n=I; I l l  re=I, n=0; IV m=a=l;  R=R'=C211~, C4119, 
(CH2)sCOOC3Hr-/; Z -- 3,3-dimethylind01enine. benzothiazole, 4.5-di- 

phenylthiazole, and pyridine residues 
As seen f r o m  Table 1, the co lor  of d imerocyanines  I and II becomes  deeper  as the bas ic i ty  of the n i t ro -  

gen-containing he te rocyc l ic  res idue  (Z) i nc r ea se s .  As expected, a ba thochromic  shift  of the absorpt ion max i -  
mum,  the magnitude of which, however ,  depends on the posi t ion of the external  polymethine chain, occurs  when 
the polymethine  chain of d imerocyan ines  I is lengthened by one vinyleue group in the left  o r  r ight  por t ion  of the 
molecule .  Thus a somewhat  g r e a t e r  deepening of the co lor  occurs  when the polymethine chain in the left  p o r -  
tion of the molecule  of the d imerocyan ines  I is lengthened. An exception to this is found in the case  of 2 -py -  
r idyl  der iva t ives ,  in which case  II is 12 nm m o r e  deeply colored than the cor responding  III. F u r t h e r  lengthen- 
ing of the polymethine chain on pass ing  f r o m  d imerocyan ines  II and llI to d imerocyanines  Iv" g ives  r i s e  to con- 
s ide rab ly  l ess  deepening of the color .  The at tenuation of the vinylene shift  that is obse rved  in this case  has 
also been prev ious ly  noted in a num ber  of merocyan ines  with a 2 - th ioke to-3-e thy l th iazo l id in-4-one  res idue  on 
pass ing  f r o m  di-  to t e t r a -  and hexamethyl idyne de r iva t ives  [4, 5]. 

In con t ra s t  to III, which a r e  act ive panchromat ic  s e n s i t i z e r s  [2, 3], the ef fec t iveness  of the i r  vinylene 
analogs (IV) is low. It is known that a dec r ea se  in the e f fec t iveness  of the sensi t iz ing action of dyes as the 
length of the ex te rna l  polymethine chain i nc rea se s  also occu r s  in the s e r i e s  of cyanine and merocyan ine  dyes, 
in which t r imethyl idyneoyanines  and d imethyl idynemerocyanines ,  as a rule  have the m a x i m u m  sensi t iz ing effect  
[4, 6-8].  The change in the posi t ion of the externa l  polymethine chain on pass ing f r o m  III to II leads to a sha rp  
dec r ea se  in the sensi t iz ing ability. As com pa red  with the cor responding  nul l~176 
cyanines II, bis (nul lomethyl idyne)dimerocyanines I have cons iderably  g r e a t e r  ef fec t iveness  and a r e  r a t h e r  ac -  
t ive o r thochromat ic  s ens i t i ze r s .  

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

2-Th ioke to -3 -e thy l -5 - (1 -e thy ld ihydro-2 -pyr idy l idene) th iazo l id in -4 -one .  A mix ture  of 0.56 g (4 mmole)  of 
1 -e thy l -2- th iapyr idone  and 0.6 ml  (4.8 mmole)  of diethyl sulfate  was heated at  120-130~ (in a bath) for  2 h, and 
the resul t ing  qua te rna ry  sa l t  was washed with absolute  e the r  (three 5 -ml  port ions)  and mixed with 0.64 g (4 
mmole)  of 2 - th ioke to-3-e thy l th iazo l id in-4-one ,  3 ml of pyridine,  and 1.68 ml  of t r ie thylamine.  Af ter  16 h, the 
solvent  was  r emoved  by vacuum dist i l lat ion,  and the res idue  was ref luxed with 3 ml  of ethanol. The mix ture  
was then allowed to stand overnight ,  and the p rec ip i ta te  was r emoved  by f i l t ra t ion and washed with ethanol to 
give 0.78 g {72%) of a product  with mp 147~ Crys ta l l iza t ion  f r o m  ethanol (1 : 10) gave  shiny d a r k - o r a n g e  leaf-  
le ts  with mp 149~ Found: N 10.5; S24.0%. Ci2HIcN2OS 2. Calculated:  N 10.5; S24.1%. 
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2-Thioketo-3-e thyl-5-(1-e thyl-3~3-dimethyl-2- indol inyl idene) th iazol id in-4-one.  A mixture  of 0.41 g {2 
mmole) of 1-e thyl -3 ,3-dimethyl -2- th ioxindole  and 0.5 ml (~ 5 mmole) of dimethyl sulfate was heated at 120~ 
(in a bath) fo r  90 rain, and the resul t ing quaternary  sal t  was washed with 15 ml of absolute e ther  and mixed 
with 0.32 g {2 mmole) of 2- th ioketo-3-e thyl th iazol id in-4-one,  3.5 ml of pyridine,  1.1 ml of acetic anhydride, 
and 0.7 ml of t r ie thylamine.  After  16 h, the solvents were  removed  by vacuum distillation, and the res idue was 
t rea ted  with 3 ml of e thano l  The precipi ta te  was removed by f i l t ra t ion and washed with cold alcohol to give 
(45%) of a product  with mp 140~ Crystal l izat ion f rom alcohol (1 : 15) gave fine yellow needles with mp 141~ 
Found: N 8.4; S 19.1%. CiTH20N2OS ~. Calculated: N 8.4; S 19.3%. 

2-Thi•ket•-3-buty•-5•(3-ethy•-4•5-dipheny•-2-thiaz••iny•idene)thiaz••idin-4-•ne- A mixture  of 1.8 g (6 
mmole) of 3-e thyl-4 ,5-diphenyl th iazol id ine-2- th ione and 0.9 ml (7.2 mmole) of diethyl sulfate was heated at 
120-130~ (in a bath) fo r  2 h, and the result ing qua te rnary  sal t  was washed with absolute e ther  and mixed with 
1.14 g (6 mmole) of 2- th ioketo-3-butyl th iazol id in-4-one,  20 ml of absolute ethanol, and 0.96 ml of  t r ie thyla-  
mine, and the mixture  was ref luxed fo:~." 10 min and allowed to stand overnight in a r e f r i ge ra to r .  The result ing 
prec ip i ta te  was removed  by f i l t ra t ion and washed with alcohol to give 1.96 g (69.5%) of a product  with mp 196- 
197~ Crysta l l iza t ion f rom alcohol (1 : 170) gave fine light-yellow needles with mp 198~ Found: N 6.1; 
S21.3%. C24H24N2OS 3. Calculated: N 6.2; S21.2%. 

Quaternary  nul lomethyl idynemerocyanine salts  of V were  obtained by heating 1 mmole of the cor respond-  
ing nullomethylidynecyanine V with 3 mmole  of dimethyl sulfate at 120-130~ (in a bath) fo r  10.15 rain. 

Dimerocyanines  I and II (Table 2). These dyes were  obtained by heating 1 mmole  of the corresponding 
qua te rnary  sal t  with 1 mmole  of 2- th ioketo-3-e thyl -5-e thyl ideneth iazol id in-4-one  in pyridine in the p resence  of 
1 mmole  of t r ie thylamine at 130-140~ (in a bath) fo r  15 min. At the end of the heating period,  the mixture  was 
diluted with 3 mi of alcohol, and the mixture  was allowed to stand in a r e f r i g e r a t o r  for  16 h. The precipi ta ted  
c rys ta l s  were  washed on the f i l t e r  with ethanol and c rys ta l l i zed  f rom alcohol o r  washed by refluxing with 100- 
300 ml of ethanol until they had a constant melting point. Dimerocyanine II (Z = 3-e thylbenzo-2- th iazol inyl i -  
dene) was obtained by heating 1 mmole of the corresponding quaternary  salt  with 2 - th ioke to-3-e thy l -5-e thy ly i -  
denethiazol idin-4-one in acet ic  anhydride (3 ml) in the p resence  of t r ie thylamine (0.48 ml) at 100~ (in a bath) 
fo r  5 min. The puri ty  of the compounds was monitored by chromatography on activated aluminum oxide. 
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