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XV.* N-HETARYLTHIAZOLIUM SALTS WITH AN ACTIVE METHYL 

GROUP AND CYANINE DYES FROM THEM 

E .  D .  S y c h  a n d  O .  V .  M o r e i k o  UDC 547.787.1.789.1.5.6.542.953.8.543.422 

A method was developed for the p repara t ion  of 2 -me thy l -N- (2 - th iazo ly l ) - ,  2 - m e t h y l - N - ( 2 -  
pyr idyl ) - ,  and 2-methyl -N-(2-benzoth iazo ly l ) th iazo l inm sa l t s .  Cyanine dyes were  synthe-  
s ized  f r o m  these sa l t s .  A compar i son  of the absorpt ion spec t r a  of dyes  with var ious  sub-  
s t i tuents  (ethyl, phenyl, and 2-hetaryl )  at tached to the ni t rogen a toms of the thiazole  r ings  
of the dyes  demons t ra ted  that  the color  deepens as the e lec t ronegat iv i ty  of these  subs t i tu -  
ents i n c r e a s e s .  

The effect  of e lec t ronega t ive  subst i tuents  attached to the carbon a toms of n i t rogen he te rocyc l ic  r ings 
and the polymethine chain on the co lor  of cyanine dyes is  well-known and has  been studied in detai l .  How- 
eve r ,  the l i t e r a tu re  contains no studies per ta ining to the invest igat ion of the absorpt ion s p e c t r a  of cyanine 
dyes and dyes of other  c l a s s e s  with e lec t ronegat ive  subst i tuents  attached to the ni t rogen a toms of the 
he te rocyc l ic  r ings  or  per ta ining to the synthesis  of the s ta r t ing  m a t e r i a l s  for  them - the cor responding  
qua te rna ry  sa l t s .  This iS explained to a cer ta in  degree  by the fact  that  a t tempts  to synthes ize  and isola te  
the qua te rnary  sa l t s  of n i t rogen he te rocyc l ic  bases  with negat ive subst i tuents  attached to the ni t rogen atom 
have,  as a rule ,  bee~ unsuccessfu l .  One such a t tempt  - the synthes is  of N-cyanopyr id in ium bromide  - led 
to a ve ry  valuable p repa ra t ive  method [2]. N-Cyanopyr id in ium bromide  proved  to be so unstable  that i ts  
format ion  was immedia te ly  accompanied  by c leavage  of the pyridine r ing.  The abil i ty of the pyridine ring 
to undergo c leavage  in this compound and in N-dini t rophenylpyr idinium chloride has been used extensively  
in the c h e m i s t r y  of cyanine dyes to fo rm the polymethine chain of t r i ca rbocyan ines .  

We set  out to obtain s table  qua te rnary  sa l t s  with an act ive methyl  group, in which the ni t rogen a toms 
of the he te rocyc l ic  r ings would be bonded to a C ----N group that is a pa r t  of another  he te rocyc l ic  r ing,  for 
example ,  N- (2- th iazo ly l ) -  or  N-(2-pyr idyl) th iazol iu  m sa l t s .  We also se t  out to synthes ize  cyanine dyes 
f r o m  them and to invest igate  the absorpt ion spec t r a  of the l a t t e r .  We reckoned that sa l t s  in which the n i t r o -  
gen atom is connected to the CN group included in the r ing will be quite s table  and that the joining of this 
r ing with the a position would ensure  the manifes ta t ion  of its e lec t ronegat iv i ty .  We synthes ized such sa l t s  
with an act ive methyl  group f r o m  thiazole de r iva t ives .  They actual ly  proved to be  s table  compounds and 
se rved  as s ta r t ing  m a t e r i a l s  for  the p repara t ion  of a l a rge  number  of cyanine dyes .  It should be mentioned 
that  s epa ra t e  notes  concerning sa l t s  that are  s im i l a r  in s t ruc tu re  to the type that  we developed - th ree  of 
them regard ing  pyridine der iva t ives  [3-5] and one concerning a benzimidazole  der iva t ive  [6] - have appeared  
in the l i t e r a tu re .  

The bas i s  for  the synthes is  of qua te rnary  thiazol ium sa l t s  with 3 -he ta ry l  r e s idues  and an active 
methyl  group was the reac t ion  between N- (2-hetaryl) thioacetamide and a -ha lo  ketones .  However ,  the r e a c -  
tion between halo ketones and N-he ta ry l th ioace tamides  can also proceed  in another  d i rec t ion.  I t  has  been 
shown that  ch loroace tone  and a -b romoace tophenone  r e a c t  with 2-ace tamidoth iazole  [7] and 2 - ace t amido -  
pyridine [8] to give qua te rna ry  sa l t s  of the la t te r  (IV). Moreove r ,  the sa l t  (IV) contains an act ive methylene 

*See [1] for  communicat ion XIV. 
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group,  at which var ious  condensat ions,  including the format ion of cyanines,  can occur .  Consider ing the pos -  
s ibi l i ty  of this so r t  of compet i t ive  reac t ion ,  we used 3 -b romo-2-bu tanone  (I, R = R'  = CH~), which, in the 
case  of reac t ion  via  the second direct ion,  ensu res  the absence  of an act ive methylene group in the resul t ing 
qua te rna ry  sal t ,  s ince one of the hydrogen a toms i s r e p l a c e d  by a methyl  group (V). 

RCtlX 

R'CO J ' ~ - -  I x I X- 
D '~ /  ~x X- Ct t2CO1r  H3CCHCOC t|'l ' [ 2Br" 

II ~ ' D ~  Iv V ~C~N--CHCOCH3 
D,_J ~CH 3 

III Vl 

D is a group of a toms that  c lose  the he te ro r ing  (a is thiazole,  b is 
pyr idine,  and c is benzothiazole) 

Thus the direct ion of the react ion  might  have been judged according to whether  the product  gives 
cyanine dyes ,  s ince this is poss ible  only for  Il l  and not for  V. Of course ,  the poss ibi l i ty  that  the reac t ion  
p roceeds  immedia te ly  via the two di rec t ions  to give VI was not excluded. Our expe r imen t s  demons t ra ted  
that  the react ion p roceeds  pr inc ipa l ly  to fo rm III,  although side products  of the VI type were  also isola ted 
in some c a s e s .  Qua te rna ry  sa l t s  III were  conver ted  to cyanine dyes - s y m m e t r i c a l  and u n s y m m e t r i c a l  
ca rbocyanines ,  monomethyl idynecyanines ,  and s t y ry l s .  A compar i son  of the i r  absorpt ion spec t r a  with the 
s p e c t r a  of the cor responding  dyes with ethyl and phenyl groups at tached to the ni t rogen a toms demons t ra ted  
that  the color  of the dyes is deeper ,  the m o r e  e lec t rophi l ic  the c h a r a c t e r  of the subst i tuent  at tached to the 
ni t rogen a toms of the th iazolocarbocyanines ;  i .e . ,  the ba thochromic  shift  of the absorpt ion band inc rea se s  
in a s e r i e s  of dyes with subst i tuent  R in the o rde r  C2H 5 < C6H 5 < 2-pyr idyl  < 2- thiazolyl  < 2-benzothiazolyl  
(Table 1). The re la t ive  degree  of e lec t ronega t iv i ty  of the subst i tuents  at tached to the ni t rogen a toms in the 
dyes can be judged f rom the deviat ions in the u n s y m m e t r i c a l  dyes and s t y ry l s  (Table 1). The deviations 
dec rea se  as the e lec t ronegat iv i ty  of the subst i tuents  i n c r e a s e s ,  as should have been expected in accordance  
with the ru le  [9, 10] that in dyes with weakly bas ic  t e rmina l  links of the dye ch romophore  (pyrrole,  p -  
dimethylaminophenyl ,  and indolenine), the dec rea se  in the bas ic i ty  of the second t e rmina l  group induces 
equalization of the bonds in the chromophore  and a dec r ea se  in the deviat ion.  

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

2-Thioace tamidoth iazole  (IIa). A 1.42-g fl0 mmole)  sample  of 2-ace tamidoth iazole  [7] was fused 
with 1.1 g (5 mmole)  of phosphorus pentasulf ide at 155-160 ~ for  15 mill, and the me l t  was ex t rac ted  s e v e r a l  
t imes  with 8% sodium hydroxide.  The solution was diluted with a fourfold quantity of water ,  and carbon di-  
oxide was passed  through the mix ture  until precipi ta t ion had ceased .  The prec ip i ta te  was r emoved  by f i l -  
t ra t ion ,  washed with water ,  dr ied,  and c rys ta l l i zed  f rom benzene to give 0.56g (35~c) of IIa  with mp 218.5 ~ . 
Found: S 40.4%. C5H6N2S 2. Calculated:  S 40.5%. 

2 ,4 ,5 -Tr imethy l -3 - (2 - th iazo ly l ) th iazo l ium Bromide  ffIIa, R = R'  = CH~). A 1.58-g (0.01 mole) sample  
of IIa  and 1.51 g (0.01 mole) of 3 -b romo-2-bu tanone  was heated at 105 ~ for  3 h. The mel t  was ex t rac ted  
with boiling benzene,  the benzene was decanted, and the res idue  was tritur{tted with acet ic  anhydride and 
f i l te red  off f rom the product  of the addition of a second molecule  of b romo ketone (Via). The addition of ab-  
solute e ther  to the solution l ibera ted  IIIa  as an oil.  The oil was dissolved in water ,  and the solution was 

r e f l u x e d w i t h  animal  charcoa l ,  f i l tered,  and evapora ted  to d ryness .  The res idue  was used to obtain the 
cyanine dyes .  C0mpotmd IIIa  was conver ted  to the pe rch lo ra te  for analys is  by dissolving it in acet ic  an-  
hydr ide  and t rea t ing  the solution with a few drops  of 60% perch lor ic  acid.  Co lor less  c r y s t a l s  of the qua t e r -  
nary  sa l t  (IIIa, X = C104) gradual ly  prec ip i ta ted .  The p roce s s  can be acce le ra t ed  by adding absolute e ther .  
It  can also be purif ied by reprec ip i ta t ion  f rom alcohol solution by the addition of absolute e ther  to give a 
product  with mp 130 ~ Found: C1 11.8; S 20.4%. C9HilC1N204S 2. Calculated:  C1 11.4; S 20.6%. 

2 , 4 , 5 - T r i m e t h y l - 3 -  [3- (~ -ace ty le thy l ) -2 - th iaz  olium]thiaz ol ium Dibromide  (Via). This  compound had 
mp 136 ~ Found: Br 36.5%. C13H18Br2N2OS 2. Calculated:  Br  36.2%. 

2-Thioace tamidopyr id ine  ffIb). A 0.68-g (4 mmole)  sample  of 2 -ace tamidopyr id ine  [8] was ref luxed 
with 0.7 g (3 mmole)  of phosphorus pentasulfide in 3 ml  of absolute dioxane for  1.5 h. The dioxane solution 
was decanted,  and the res idue was again ex t rac ted  with hot dioxane. The ex t r ac t s  were  combined and 
evapora ted  to a smal l  volume.  The prec ip i ta te  was ch romatographed  in ch lo ro fo rm solution on aluminum 
oxide. The substance  was eluted f rom the weakly yellow zone (0.19 g) and repea ted ly  c rys t a l l i zed  f r o m  hex-  
ane to give 0.08 g of IIb with mp 103-104 ~ Found: N 18.6; S 20.6~c; CTHsN2S. Calculated:  N 18.4; S 21.0%. 
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2-Thioace tamidobenzoth iazole  (IIc). A 1.92-g (10 mmole)  sample  of 2-ace tamidobenzoth iazole  and 2 g 
(9 mmole)  of phosphorus pentasulf ide were  ref iuxed in 15 ml  of absolute dioxane for  1 h. The solution was 

decanted,  and the combined dioxane ex t rac t s  were  evapora ted .  The d r y  res idue  was dissolved in 8~ sodium 
hydroxide solution and diluted with a fourfold quantity of wate r .  Carbon dioxide was pa s sed  through the 
solution until precipi ta t ion had ceased .  The prec ip i ta te  was washed  with wate r ,  dried,  and c rys ta l l i zed  
f rom benzene to give 0.7 g of IIc with mp 184 ~ Crys ta l l iza t ion  f rom alcohol gave a product  with mp  185- 
186 ~ Found: S 30.4%. CgHSN2S 2. Calculated:  S 30.7~c. 

2 ,4 ,5 -Tr ime thy l -3 - (2 -pyr idy l ) th i azo l ium Bromide  (IIIb) and 2 ,4 ,5 -Tr ime thy l -3 - (2 -benzo th iazo ly l ) -  
th iazol ium Bromide  (IIIC). These compounds were  obtained by the method used  to p r e p a r e  IIIa (R = R'  = 
CH3). Both p repa ra t ions  were  viscous m a s s e s  that  solidified in a des i cca to r  over  phosphorus  pentoxide to 
v i t reous  m a s s e s  that could not be c rys ta l l i zed .  They were  used  without fu r the r  purif icat ion for  the p r e p a r a -  
tion of d y e s .  

S y m m e t r i c a l  Carbocyanines  ( fable  1, Compounds 1-5).  These  dyes were  obtained by refluxing 1 
mmole  of the thiazol ium qua te rnary  sa l t  with a fourfold quantity of ethyl  o r tho fo rma te  in 0.5 ml of acet ic  
anhydride with s e v e r a l  drops  of t r i e thy lamine  (method A) or without it (method B). (Table 1). The dye 
was isola ted f r o m  the react ion  mix tu re  by adding sodium perch lo ra te  solution to it, and the product  was 
pur i f ied by ch roma tog raphy  on aluminum oxide in ch lo ro fo rm solution containing 0.1% methanol  (11), s e v e r -  
al d rops  of acet ic  acid (13), or  without them.  Where  n e c e s s a r y ,  the ch roma tog raphy  was repea ted .  The 
ch lo ro fo rm ex t rac t  of the requis i te  zone of the column was evapora ted ,  the res idue  was t r i tu ra ted  with 
e ther ,  and the solid was r emoved  by f i l t ra t ion.  

U n s y m m e t r i c a l  Carbocyanines  (Table 1, Compounds 6-9).  Equimolecu la r  amounts  (1 mmole  each) 
of the qua te rna ry  sal t  of 2 ,4 ,5- t r imethyl th iazole  and 1 ,3 ,3 - t r ime thy t -2 - fo rmylmethy lene indo l ine  with 1 ml  
of acet ic  anhydride were  ref luxed with the addition of 1 mmole  of t r i e thy lamine  (method A) or without it 
(method B). The dye was isola ted and purif ied as indicated above. In individual c a se s ,  the dye was r e -  
c rys t a l l i zed  f rom isopropyl  alcohol.  

Styryls  (Table 1, Compounds 10-13). A mix tu re  of 1 mmole  of the qua te rnary  sal t  of 2 ,4 ,5 - t r ime thy l -  
thiazole,  1 mmole  of p-d imethylaminobenzaldehyde ,  and 2-3 ml  of acet ic  anhydride was ref iuxed for  45-90 
rain. Severa l  drops  of sodium pe rch lo ra t e  solution or 20~c po tass ium iodide solution were  added to the so lu-  
tion, and the prec ip i ta ted  dye was purif ied by success ive  c rys ta l l i za t ion  f rom ethanol and isopropyl  alcohol.  
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