
THIAZOLOCYANINES 

XVI.* N-HETARYLTHIAZOLIUM SALTS WITH ACTIVE METHYLTHIO 

GROUPS AND CYANINE DYES BASED ON THEM 

O. V. Moreiko and E. D. Syeh UDC547.789.1.5.6:541.651:543.422 

Quaternary  thiazol ium salts  with act ive methylthio groups and 2- thiazolyl  and 2-pyr idyl  r e s -  
idues at tached to the ni t rogen atom of the thiazole ring were  obtained. 2-Methyl-3-(2-pyr idyl)-  
and 2-methyl -3- (2- th iazoly l ) th iazol ium salts  were  synthesized by rep lacement  of the methyl -  
thio group by a methyl  group. Monomethylidynecyanines and nullmethylidyne- and dimethyl-  
idynemerocyanines  were  obtained f rom sal ts  with active methyl  and methylthio groups.  

3-Hetery l th iazol ium sal ts  (IV) with active methylthio groups were  obtained f rom s -ha lo  ketones or  
s -ha lo  aldehydes and t r ie thylammonium N-(2-hetary l )d i th iocarbamate  {I). 
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Replacement  of the methylthio group in the qua te rnary  salts  by a methyl  group via the method de- 
scr ibed fo r  some other  he te rocyc l ic  compounds [2] leads to thiazolium sal ts  VI, which we previous ly  ob- 
tained by another  method [1]. This  method fo r  the prepara t ion  of sal ts  VI for  the most  par t  gives be t t e r  
yields and p u r e r  products .  The identical  cha rac t e r  of the dye 2-[ (3-e thyl-2-benzothiazolyl )methylene]-4 ,5-  
d imethyl-3-(2- th iazolyl ) th iazol ium iodide (VII) obtained (method B) f rom salt  IVb and f rom salt  VIb (method 
A) conf i rms the s t ruc tu re  of sal ts  VI. 

In addition, nul lmethyl idynemerocyanines  0X-XIII) and dimethyl idynemerocyanines  (XVI-XIX) sub- 
stituted in the ~ position of the polymethine chain were  obtained f rom salts  IV, and dixnethylidynemero- 
cyanines without a substi tutent in the chain (XIV-XV) (Table 1) were  obtained f rom salts VI. 
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* See [1] fo r  communicat ion XV. 
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TABLE I .  

Com- 
pound R 

IX 
x 

Xl 
Xll 

XIIl ~" 
XlV'$ 
XV 

XVI 
XVII 

Merocyanine  

R" t~tl 5 

R' R"* a A m p ,  ~ 

XVIII 
XIX 

CHa CH3 
~Ha / CH~ H H 

CHa I CH~ I 
CHB i CHa 
CHa [CHa 
CHa CH~ I 
CH~ CH~ 
CHart CHa 

0 229--230 
0 228--229 
0 !197--198 
0 175 !  02_203 

~Is I 204 
t 230 
t 1 I CHa 235 
P ] 1 CHz 

1 OC2H,, 19:L~95 
l CHa 178--179 

* t is 2-thiazolyl,  and p is 2 -pyr idyl .  

Empirical ;r o ] 
C,aHIaNaOS( 
ClsH,sNaOSa 
CItHgN~OS( 
ClaHliNaOSa 
CI6H15NaOSa 
Ct~HlaN2OSa 
ClsHI,N3OSa 
C16HITNaOS* 
ClsH~oNaOSa 
C17HIgNaO~S, 
C16H15N3OSs 

E 
35,8 36,0 i437 (4,9o) 8_5 
27,6 27,5 437 (5,00) b~ 
39,2 39,, 430 (4,82) 
29,9 29,9 430 (4,83) 50 
26,5 26,6 i437 (5,07) 70 
29,3 29,4 1544 (5,26) 52 
33,6 33,6 ~537 (5,19) 18 
32,5 32,4 535 (5,39) 38 
24,8 24,7 1540 (5,40) 30 
30,0 30,1 1532 (5,16) 24 
26,3 26,5 i537 (5,26) 10 

I" Dye XIII has  an al lyl  res idue  at tached to the rhodanine ni t rogen 
atom. 
:~ This  dye was obtained by E. K. Mikitenko. 

Rep lacement  of the ethyl group a t tached to the n i t rogen  a toms  of the thiazole r ing by a 2 -he t a ry l  r e s -  
idue does not cause  a ba thochromic  shift  of the absorpt ion  m a x i m u m  as  in carbocyanines  but r a t h e r  a hyp- 
sochromic  shift, i.e., the dec is ive  f ac to r  in the change in the color  of the d imethyl idynemerocyanine  is the 
d e c r e a s e  in the bas ic i ty  of the thiazole r ing bonded to the a posit ion of the he ta ry l  res idue,  which i n c r e a s e s  
the weight of the covalent  s t ruc tu re  and without that p reva i l ing  in m e r o c y a n i n e s  that a r e  de r iva t ives  of rho-  
danine. 

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

The absorp t ion  s p e c t r a  of the synthes ized  dyes in ethanol we re  m e a s u r e d  with an SF-10 spec t ropho-  
tome te r .  

~ -Ace ty le thy l  3 - (2 -Pyr idy l )d i th ioca rbama te  (IIa). A 7o5-g (0.05 mole)  s ample  of 3 -bromo-2-butanone  
was  added at room t e m p e r a t u r e  to 13.5 g (0.05 mole)  of t r i e thy lammonium 3-(2-pyr idyl )d i th iocarbamate  
(Ia) [3] in 100 m l  of water .  The reac t ion  mix tu re  beeame  warm,  and a co lo r l e s s  p rec ip i ta te  fo rmed .  The 
mix tu r e  was heated a t  65 ~ fo r  1 h, and the prec ip i ta te  was r emoved  by f i l t ra t ion and washed with wa te r  to 
give 10.3 g (9070) of a product  with m p  141 ~ (from alcohol).  Found: S 26.770. C10I-I12N2OS2. Calculated: S 
26.770. 

3 - (2 -Pyr idy l ) -4 ,5 -d ime thy l th i azo l ine -2 - th ione  (IIIa). A mix tu r e  of 2.4 g (0.01 mole) of IIa and 6.5 ml  
of ace t ic  anhydride was ref luxed fo r  90 rain, a f t e r  which it was cooled and added with s t i r r ing  to 50 ml  of 
wa t e r  to which 1.5 ml  of acet ic  acid had been added. The v iscous  p rec ip i ta te  was separa ted  and ex t rac ted  
with benzene.  The  benzene ext rac t  was  dr ied with ca lc ium chloride,  the solvent was r emoved  by vacuum 
dist i l lat ion,  and the res idue  was  washed with e ther  to give 0.84 g (4070) of Il ia with m p  109 ~ (from alcohol). 
Found: S 29.070. CI0HIoN2S 2. Calculated: S 28.870. 

3 - (2 -Py r idy l ) -2 -me thy l th io -4~5-d ime thy l th i azo l ium Iodide (IVa). A mix tu re  of 3.2 g (14 mmole)  of 
IIIn and 3.9 g (28 mmole )  of me thy l  iodide was heated at 40 ~ in 5 m l  of benzene fo r  1.5 h to give 2.7 g (58%) 
of lYa with nap 150 ~ (from isopropyl  alcohol).  Found: I 34.970. CIIHI31N2S2. Calculated: I 34.970. 

3 - (2 -Th iazo ly l ) -2 -me thy l th io -4 ,5 -d ime thy l th i azo l !um Methosulfate  (IVb). A solution of 5.44 g (0.02 
mole)  of t r i e thy lammonium N-(2- th iazo ly l )d i th ioearbomate  (Ib) [3] in 40 m l  of 50% alcohol was heated to 
65 ~ 3 g (0.02 mole)  of 3 -b romo-2-bu tanof ie  was added, and the mix tu re  was held at this t e m p e r a t u r e  fo r  
20 rain. I t  was  then evapora ted  to d r y n e s s  on a wa te r  bath, and the res idue  was ex t rac ted  s e v e r a l  t imes  
with e ther .  The e ther  ex t rae t  was dried, and the solvent  was r emoved  by dist i l lat ion.  The semiso l id  r e s -  
idue (4.6 g)  of o~-aeetylethyl 3- (2- th iazolyl )d i th iocarbamate  (lib) was heated with 13 m l  of acet ic  anhydride 
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at 100 ~ for  30 rain. The solution was cooled, and 2 m l  of acet ic  acid in 30 m l  of wa te r  was added. The r e -  
sulting oil was ex t rac ted  with benzene,  the ex t rac t  was  dr ied  with ca lc ium chloride,  and the benzene was 
evapora ted  to give 2.35 g of 4 ,5-d imethyl -3- (2- th iazo ly l ) th iazo l ine-2- th ione  (IIIa) as a v iscous  m a s s .  It was  
heated with 1.5 g of d imethyl  sulfate  at 110-120 ~ fo r  45 rain. The resul t ing mel t  was t r i tu ra ted  with anhy- 
drous  acetone,  and the solid was r emoved  by f i l t ra t ion and c rys ta l l i zed  f rom anhydrous acetone (with the 
addition of alcohol) to give 2.7 g (76%) of a product  with mp 164-165 ~ Found: S 36.0%. CIoH14N204S 4. Cal-  
culated: S 36.1%. 

F o r m y l m e t h y l  3 - (2 -Pyr idy l )d i th ioca rbamate  (IIc). A 1.96-g (25 mmole)  sample  of f r e sh ly  dist i l led 
chloroaeeta ldehyde (bp 85-90 ~ was  added to 6.8 g (25 mmole)  of Ia  in 50 m l  of water ,  and the mix tu re  was 
heated at 100 ~ for  1 h. An oil se t t led on the bot tom of the f lask  and solidified on cooling to give 3.8 g (77%) 
of a product  with mp 110-111 ~ {from alcohol).  Found: N 13.3%. CsHsN2OS2. Calculated: N 13.2%. 

3 - (2 -Pyr idy l ) th iazo l ine -2 - th ione  (lIIc). This  compound was obtained f rom IIc by the method used to 
p r e p a r e  IIIa.  The yield of product  with mp 89-90 ~ (from alcohol) was 83%. Found: N 14.5%. CsH6N2S 2. 
Calculated: N 14.4%. 

2 -Methy lmercap to -3 - (2 -py r idy l ) th i azo l ium Iodide (IVc). A 1.6-g (8 mmole)  sample  of HIc was mixed  
with 2.3 g (16 mmole)  of methy l  iodide in 4 m l  of benzene.  The next day, the p rec ip i t a t e  was r emoved  by 
f i l t ra t ion  and washed with acetone to give 2.4 g (88%) of a product  with mp 145 ~ (from alcohol). Found: I 38.1; 
S 18.7%. CgHgIN2S2. Calculated: I 37.8; S 19.0%. 

The method used  to p r e p a r e  IIIc and IVc was used  to obtain IIId and IVd as uncrys ta l l i zab le  v iscous  
p rec ip i t a t e s .  

R e p l a c e m e n t  o f  t h e  M e t h y l t h i o  G r o u p  b y  a M e t h y l  

G r o u p  i n  T h i a z o l i u m  S a l t s  

3 - (2 -Py r idy l ) -2 ,4 ,5 - t r ime thy l th i azo l i um Chloride (Via) and 3- (2-Thiazo ly l ) -2 ,4 ,5 - t r imethy l th iazo l ium 
Chloride (VIb). A m i x t u r e  of 5 m m o l e  of sal t  Via or  IVb, 6 re_mole of diethylmalonic  es te r ,  6 m m o l e  of t r i -  
ethylamine,  and 3 m l  of absolute  alcohol was ref luxed fo r  1.5 h, a f t e r  which the solvent  was evaporated,  and 
the res idue  was ch romatographed  in ch loroform solution on a luminum oxide. Compounds Va or  Vb were  
isola ted f r o m  the lower  yel lowish zone of the ch romatography  column as  v iscous  syrups .  These  syrups  
w e r e  then ref luxed with 40 ml  of concentra ted  hydrochlor ic  acid f o r  1 h, and the mix tu r e s  were  then evapo-  
ra ted  to d rynes s  in vacuo to give Via or  VIb as  uncrys ta l l i zab le  semiso l id  products ,  which were  used fo r  
the subsequent  syntheses  without addit ional purif icat ion.  

3 -E thy l -2 -an i l inov iny l -4 ,5 -d imethy l th iazo l ium Iodide (VIII). A 2-g sample  of 2 ,4 ,5 - t r ime thy l -3 -e thy l -  
th iazol ium iodide was heated with 1.22 g of ethyl  i soformani l ide  at 160 ~ for  20 rain. The orange me l t  was 
t r i t u ra t ed  with acetone to give 2 g (91%) o f a p r o d u c t w i t h m p  211 ~ (from alcohol) . Found: S 14.8%. C22H26N203S2 . 

Calculated: S 14.9%. 

The anil inovinyl  de r iva t ives  were  s i m i l a r l y  obtained f rom sa l t s  Via and VIb but under  m i l d e r  condi- 
t ions (85 ~ fo r  1 h). 

N u l l m e t h y l i d y n e m e r o c y a n i n e s  

3 -E thy l -  5- (3-he tary l ) -4 ,5-d i (R- th iazol in-2-yl idene) th iazol id ine-2- th ion-4-ones  (IX-XIIt). A 1-mmole  
sample  of 2 -me thy l th io -3 -  (2-hetaryl ) th iazol ium sal t  (IVa-d) was ref luxed with 1 mmole  of 3-ethylrhodanine,  
0.11 g of t r ie thylamine,  and 1 ml  of absolute  alcohol fo r  40 rain. The dyes were  pur i f ied by c rys ta l l iza t ion  
f r o m  alcohol and, where  neces sa ry ,  were  f i r s t  chromatographed.*  

D i m  e t h y l i d y n e m  e r o c y a n i n e s  ( X I V - X I X )  

3- Ethyl-  5- (3- e thyl-4,5-dim ethylthiaz ol in-2-yl ideneethyl idene) thiazol idine-2- thion-4-  one (XIV). A 0.64-g 
(1.5 mmole)  s ample  of VIII was heated with 1.5 re_mole of 3-e thylrhodanine and 0.3 g of t r i e thy lamine  in 2 
m l  of absolute  alcohol at 80-85 ~ for  1 h with a few drops  of acet ic  anhydride.  The p roduc t s  were  pur i f ied 
by ch roma tog raphy  and c rys ta l l i za t ion  f rom alcohol.  

Dye XV (Table 1) was s i m i l a r l y  obtained. 

* H e r e  and e l sewhere ,  ch rom a t og raphy  was c a r r i e d  out on a luminum oxide with ch lo ro form solutions of the 
compounds.  
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3-Ethyl-5- [(3-(2-thiazolyl) -4, 5-dim ethylthiazolin-2 - ylideue)-a-methYlethylideue-2 ]-thiazolidine-2- 
thion-4-one ~'VI). A mixture of 0.35 g (1 mmole) of 2-methylthio-3-(2-thiazo!yl)-4,5-dimethylthiazolium 
methosulfate,* 0.2 g (1 mmole) of 3-ethyl-5-isopropylidenerhodanine,~ 0.11 g (10% excess) of triethylamine, 
and 1.5 g of absolute alcohol was refluxed for 45 rain. The products were purified as indicated above for 
XIV. 

Dyes XVII-XIX (Table 1) were similarly obtained. 

3- (2-Thiazolyl)-2- (3- ethylbenz othiazolinylidene-2-methylen e)-4,5-dimethylthiazolium Iodide (VII). 
A. A mixture of (>.27 g (0.9 mmole) of 2,4,5-trimethyl-3- (2-thiazolyl)thiazolinm bromide, 0.32 g (0.9 mmole) 
of 2-methylthio-3-ethylbenzothiazolinm tosylate, and 0.09 g of triethylamine was refluxed for 1 h in 4 ml 
of absolute alcohol, after  which 0.5 ml of 20% potassium iodide solution was added, and the precipitate was 
removed by filtration to give 0.07 g (15%) of VII with mp 288 ~ (from alcohol), kmax  433 nm (log e4.7). 

B. A mixture of 0.18 g (5 mmole) of 2-methylthio-4,5-dimethyl-3-(2-thiazolyl)thiazolium methosul- 
fate, 0.15 g (5 mmole) of 2-methyl-3-ethylbenzothiazolium tosylate, and 0.06 g (10% excess) of triethylamine 
was refluxed in 2 ml of absolute alcohol for  45 rain. The product was isolated and purified as indicated 
above to give 0.18 g (72%) of mater ia l  with mp 288 ~ (from alcohol). ~ max 433 nm (log e 4.76). No melting- 
point depression was observed for  a mixture of this product with the dye obtained by method A. Found: I 
25.2; S 19.0%. CIsHIsIN3S s. Calculated: I 25.4; S 19.2%. 

la 
2. 

3. 
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* The iodide salts were used to obtain dyes XVII and XIX. 

5-~-Ethoxyethylidene-3-ethylrhodanine was used for the synthesis of dye XVIII. 
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