
THIAZOLOCYANINES 

XVII.* SYNTHESIS AND SOME REACTIONS OF NITROGENOUS DIHETARYL 

SULFIDES AND THEIR USE IN THE SYNTHESIS OF CYANINE DYES 

E .  D .  S y c h  a n d  O.  V .  M o r e i k o  UDC 541.651+543.422+547.789.1.5.6'781.1'979 

The react ion of 2 -ch lo ro  der iva t ives  of benzothiazole and benzoxazole with 2 -mercap to  
der iva t ives  of benzothiazole,  of 1-methyl imidazole ,  and of 4 ,5-dimethyl thiazole  has given 
sulfides and thiones which have then been used for  the synthesis  of merocyan ines .  

It has been shown [2,3] that by heating 2-mercaptobenzothiazole  with 2-chlorobenzothiazole ,  and also 
2-mercap.tobenzothiazole with 2-chlorobenzoxazole ,  it  is possible to obtain sulfides (I) and f rom them, by 
heating to a higher  t empera tu re ,  thiones (H). 
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We have obtained (Ha) by this method [2] and have heated it with dimethyl  sulfate .  It was found that 
the thione sulfur  was methylated with the format ion of the sal t  (IIIa), as was shown by its convers ion  into 
the ze rometh inemerocyan ine  (IV). It appeared  of in te res t  to obtain merocyanines  by a s imi la r  method.  
With this aim, 2 -mercap to -4 ,5 -d imethy l th iazo le  and 2 - m e r c a p t o - l - m e t h y l i m i d a z o l e  were  brought into r e -  
action with 2-chlorobenzothiazole  and 2-chlorobenzoxazole .  However,  the thiones (V) and qua te rnary  sal ts  
(VI) could be obtained only f rom the imidazole der iva t ives .  
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So far  as concerns  2 -mercap to -4 ,5 -d imethy l th iazo le ,  the products  of its react ion with 2 -ch lo robenzo-  
~xiazole proved to be the sulfides (VII) (f i rs t  stage of a p roces s  taking place normally)  and (Ia). The f o r m a -  
tion of (la) can be explained by assuming the exis tence  of the complex A in the t ransi t ion state .  Its f o r m a -  
tion is favored! by the increase  in the posit ive charge on the m eso -ca rb o n  atom of the thiazole ring of (VII) 
because  of the format ion  of the sal t  through the hydrogen chloride l ibera ted  during the react ion (see scheme 
on following page). 

The exis tence  of such a complex was assumed by Amico et  al. [2] but  with a difference in s t ruc tu re  
resul t ing f rom the fact  that  thei r  complex had the nature  of an anion, since the s tar t ing  ma te r i a l  was the 
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sodium sa l t  of 2 -mercap tobenzo th i azo le .  The decomposi t ion  of the complex  A may  yield 2 - m e r c a p t o b e n z o -  
thiazole,  subsequent ly  reac t ing  with the 2-chlorobenzothiazole  p r e sen t  in the reac t ion  mix ture  to give (Ia). 
The methyla t ion  of (VII) gave the qua te rna ry  sa l t  (VIII), in which the 2-benzothiazolyl th io  group is spl i t  off 
ju s t  as r ead i ly  as a methyl thio  group in r eac t ions  with nucleophll ic agents .  Thus,  the reac t ion  of both sa l t s  
with 3 -e thy l -5 - i sopropy l idenerhodan ine  and with 3-ethylrhodanine fo rms  the same  dyes (IX and X).  This 
r eac t ion  s e r v e d  as a proof  of the quaternizat ion of (VII) at  the n i t rogen a tom of the thiazole  and not of the 
benzothiazole  nucleus,  as was to be expected  in view of the g r e a t e r  ba s i e i t y  of the f o r m e r .  No b i s q u a t e r -  
nary  sa l t  is f o rmed  under  these  condit ions.  
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The ex is tence  of the complex  A explains  the occur rence  of a reac t ion  of 2 - m e r c a p t o - 4 , 5 - d i m e t h y l -  
thiazole with 2 -ch lorobenzoxazole  even be t t e r .  In this case ,  (IIb) and (XI) were  i so la ted  as react ion  p rod -  
uc t s .  With 2 -ch lorobenzoxazole ,  the 2 -mercap tobenzoxazo le  l ibe ra ted  f r o m  the complex  f o r m s  di(benz-  
oxazol -2-y l )  sulfide (Ib) which then r e a r r a n g e s  into the thione (IIb) in a g r e e m e n t  with the l i t e ra tu re  [4]. 
Compound (X1) was identified in the f o r m  of the monopicra te  by  compar i son  with an authentic sample  ob- 
tained by a di f ferent  route [7]. 

It  can be seen f rom all  that  has been said that  the d ihe tary l  sulf ides inves t igated are  e x t r e m e l y  labile 
compounds capable  of fo rming  v e r y  d ive r se  p roduc ts .  It  mus t  be noted that  - in con t r a s t  to compounds 
(Va, b), imidazolethione de r iva t ives  (Va, b), and the i r  analogs (IIIa, b ) -  the benzoth iazole th iones  and, in 
pa r t i cu l a r ,  the benzoxazole thiones  a re  e x t r e m e l y  unstable compounds which cannot be isola ted in the pure 
s ta te .  The q u a t e r n a r y  sa l t s  (IIIb) decompose  with the l iberat ion of m e r c a p t a n  both when an a t t empt  is 
made to c rys t a l l i ze  them and when they are  conver ted  into dyes .  Compounds (Va) and (Vb) cons i s t  of white 
c rys ta l l ine  subs tances  r ead i ly  soluble in the usual organic so lvents .  Even in the cold, they are  r ead i ly  
a lkylated both by dimethyl  sulfate and by methyl  iodide. The meroeyan ines  obtained f r o m  them differ  in 
the i r  s t ab i l i t i e s .  Only the ze rom e t h i nem erocyan ine s  (XII and XIII) a re  stable ; d ime th inemerocyan ines  of 
type (IX) lose the i r  co lor  in ethanolic solution a f t e r  a few minutes .  

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

3 - (Benzo th i azo l -2 -y l ) - l -m e t hy l i m i dazo l i ne -2 - t h ione  (Va). ~ mix tu re  of 1.14 g (0.01 mole) of 2-  
m e r c a p t o - l - m e t h y l i m i d a z o l e  and 1.7 g (0.01 mole) of 2-chlorobenzoth iazole  [5] was fused at 195~ for  2 h. 
The m e l t  was ex t r ac t ed  with ch lo ro fo rm,  the e x t r a c t  was evapora ted  to d ryness ,  and the res idue  was  
c rys t a l l i zed  f r o m  toluene and ethanol ,  mp 192~ yield 32%. Found, %: N 17.0; S 26.3. CliHgN3S 2. Ca lcu -  
lated,  %: N 17.0; S 25.9. 

3 - (Benzo th i azo l -2 -y l ) - l -me thy l -2 - (me thy l th i~ ) imidazu l ium P e r c h l o r a t e  (Via). A mix tu re  of 0.25 g 
of (Va) (1 mmole)  and 0.15 g (1.2 mmole)  of d imethyl  sulfate in 3 ml  of d ry  toluene was heated a t  120~ for  
2 h.  The toluene was poured off, and the v iscous  res idue  was washed  with hot toluene and d isso lved  in 
ethanol,  and compound (Via) was prec ip i ta ted  by  the addition of a 20~c solution of sodium p e r c h l o r a t e ,  mp 
177-178~ (f rom ethanol),  yield 0 2  g (55%). Found, %: N 11.8; S 17.9. CI2H12C1N304S 2. Calculated,  ~ :  N 
11.6; S 17.7. 

3 - ( B e n z o x a z o l - 2 - y l ) - l - m e t h y l i m i d a z o l i n e - 2 - t h i o n e  (Vb). A mix tu re  of 1.53 g (0.01 mole) of 2-  
chlorobenzoxazole  [6] and 1.14 g (0.01 mole) of 2 - m e r c a p t o - l - m e t h y l i m i d a z o l e  in 12 ml  of d ry  xylene was 
boiled for  5 h. The hot solution was f i l te red,  and the p rec ip i ta te  that  deposi ted on cooling was washed  with 
ethanol and wa te r  to give 1.1 g (47~c) of (Vb), mp 158~ Found, ~ :  N 18.3; S 14.1. CIIHgN3OS. C a l c u -  
lated, %: N 18.2; S 13.9. 
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3 - ( B e n z o x a z o l - 2 - y l ) - l - m e t h y l - 2 - ( m e t h y l t h i o ) i m i d a z o l i u m  Iodide (VIb). At room t e m p e r a t u r e ,  2 ml  
(30 mmoles )  of methyl  iodide was added to 1.16 g (5 mmoles )  of (Vb). On the following day, the mixture  
was t r i t u r a t ed  with acetone,  and the prec ip i ta te  was f i l t e red  off and washed with acetone.  This gave 1.75 g 
(94%) of (VIb). mp 153~ Found, %: N 11.5. CI2HI2IN3OS. Calculated,  %: N 11.3. 

3 - (Benzo th iazo l -2 -y l ) -2 - (methy l th io )benzo th iazo l tum Methosulfate (IIIa). A mix ture  of 2.67 g (9 
mmoles )  of (IIa) [2] and 1.4 g (11 mmoles )  of d imethyl  sulfate  was boiled in 100 ml  of dry  toluene for  4 h. 
~rhe toluene was poured  off and the res idue  was t r i t u ra t ed  with toluene and rap id ly  f i l t e red  off. The p r e -  
c ipi ta te  was v e r y  hygroscopic ,  and it  was s to red  over  phosphorus pentoxide.  The yield of (IIIa) was 3.5 g 
(90%); it was used without fu r ther  pur i f ica t ion .  

React ion of 2 -Mercap to -4 ,5 -d ime thy l th i azo le  with 2-Chlorobenzoxazole .  A mix tu re  of 1.16 g (8 
mmoles )  of 2 - m e r c a p t o - 4 , 5 - d i m e t h y l t h i a z o l e  and 1.23 g (8 mmoles)  of 2 -ch lorobenzoxazole  was boi led with 
25 ml  of xylene for  5 h. Crude 3- (benzoxazol -2-y l )benzoxazol ine-2- th ione  (IIb) p rec ip i ta ted .  It was  washed 
with wa te r  and ethanol,  to give 0.89 g (42%) of pure  (IIb), mp 154~ (from ethanol) [4]. The xylene f i l t ra te  
was evapora ted .  F r o m  pa r t  of the res idue  the p ic ra te  of b i s (4 ,5-d imethyl th iazo l -2-y l )  sulfide (XI) was ob-  
tained with mp 107~ (according to the l i t e r a tu re  [7], l l l ~  Found, ~c: N 14.7. Ct0H12N2S 3 �9 C6H3N307. 
Calcula ted,  %: N 14.4. The r e m a i n d e r  was heated in d ry  toluene with dimethyl  sulfate and a few drops  of 
pe rch lo r i c  acid.  The prec ip i ta te  (0.46 g) - the methyl  pe rch lo ra te  der iva t ive  of (XI) - was r e c r y s t a l l i z e d  
f r o m  ethanol,  wa te r ,  and i sopropanol ,  mp 174-175~ Found, %: C1 9.9; S 26.0. ClIHIsC1N204S 3. Ca l cu -  
lated,  %: C1 9.6; S 25.9. 

2 - (Benzo th iazo l -2 -y l th io ) -3 ,4 ,5 - t r ime thy l th i azo l ium Iodide (VIIIa). A mix ture  of 1.01 g (7 mmoles )  of 
2 - m e r c a p t o - 4 , 5 - d i m e t h y l t h i a z o l e  and 1.18 g (7 mmoles )  of 2-chlorobenzothiazole  in 3 ml  of xylene was 
boi led for  5 h. The xylene solution was poured off and evapora ted  in vacuum, the oil was t r i t u ra t ed  with 
pe t ro l eum e the r ,  the e the r  was poured off, the res idue  was t r ea t ed  with 5 ml  of hot ethanol,  and the c r y s t a l -  
line res idue  of di (benzothiazol-2-yl)  sulfide (Ia) was f i l t e red  off. mp 99-100~ (f rom ethanol) (according to 
[2], 101~ The ethanolic  f i l t ra te  was evapora ted ,  and the res idue  was heated with 3 ml  of toluene and 
0.76 g (6 mmoles)  of d imethyl  sulfate at  100~ for  2 h. The toluene was poured off, the res idue  was d i s -  
solved in ethanol,  and KI was added to give 0.63 g (30%) of (VIIIa). Needles with mp 185-1860C (from a c e -  
tone and ethanol) .  Found, ~c: I 30.3. C13HI3IN2S 7. Calculated,  %: I 30.2. 

5-  [3-(Benzothiazol-2 -yl) -1 -me thy l imidazo l in -2 -y l idene  ] -3 -e thy l -2 - th ioxo th iazo l id in -4-one  (XII). A 
mix ture  of 0.37 g (1 mmole)  of (Via) (Y = CH3SO4) , 0.16 g (1 mmole)  of 3-e thyl rhodanine ,  0.11 g (1.1 mmole)  
of t r i e thy lamine ,  and 1 ml  of absolute ethanol was heated at 70~ for 1 h. The dye was f i l t e red  off, d i s -  
solved in ch lo ro fo rm,  and c h r o m a t o g r a p h e d  on a lumina .  This gave 0.1 g (30~c) of product  with mp 229~ 
(f rom ethanol),  ~ m a x  427 nm,  log ~ 41.11. Found, %: N 15.1; S 25.5. CI6I-I14N4OS 3. Calculated,  %: N 15.0; 
S 25.7. 

5- [3-(Benzoxazo•-2-y•)-•-methy•imidazo•in-2-y•idene]-3-ethy•-2-thiox•thiazo•idin-4-one (XIII). With 
heating,  0%37 g (1 mmole)  of (VIb) (Y = I) was dissolved in 10 ml  of absolute ethanol,  and then 0.16 g (1 
mmole)  of 3-e thylrhodanine and 0.11 g (1.1 mmole)  of t r i e thy lamine  were  added and the mix tu re  was left  at 
r oom t e m p e r a t u r e  for  20 h. Then the ethanol was evapora t ed  off in vacuum.  The yield of (XIII) with mp 
209~ ( f rom isopropanol)  was 0.1 g (23%). Amax  427 nm,  log ~ 4.36. Found, %: N 15.6; S 17.6. 
C16H14N402S 2. Calcula ted,  %: N 15.6; S 17.9. 

5-[3-(Benzothiaz••-2-y•)benzothiaz••in-2-y•idene]-3-ethy•-2-thi•xothiaz••idin-4-•ne (XIV). A m i x -  
~ r e  of 0.46 g (1 mmole)  of (IIIa), 0.16 g (1 mmole)  of 3-ethylrhodanine,  0.11 g (1.1 mmole)  of t r i e t hy l a -  
mine ,  and 1 ml  of ethanol was heated  at  80~ for  1 h. The dye was ch romatographed  and r e c r y s t a l l i z e d  f rom 
n i t romethane ,  giving 0.018g {4.5%) of (XIV), mp 267-268~ X max 429 nm,  log e 4.93. Found, ~ :  N 9.7. 
C19H13N3OS 4. Calcula ted,  %: N 9.8. 

5-{fl-  [3- (Benz othiazol-2-yl )  benzoth iazol in-2-y l idene  ]-c~-methylethy l idene}-3-e thy l -2 - th ioxo th iazo l i -  
d in -4 -one  (XV). Amix tu re  of 0.46 g (1 mmole)  of (IIIa), 0 2  g (1 mmole)  of 3 - e thy l -5 - i sop ropy l i dene rh o d -  
anine, 0.11 g (1.1 mmole)  of t r i e thy lamine ,  and 1 m l  of d imethy l fo rmamide  was heated at 100~ for  30 min .  
The produc t  was pur i f ied  in the usual  way.  Yield 0.02 g (4%) of (XV), mp 236-237~ (f rom ethanol with 
n i t romethane) .  A max  529 nm,  log e 5.06. Found, ~c: N 8.6. C22Hi7N3OS 4. Calculated,  ~ :  N 9.0. 

3-E t hy l -5 -  [ a - m e t h y l - p  - (3 ,4 ,5- t r ime thylthiaz olin-2 -yl idene)ethyl idene ] -2- th ioxoth iazol id in-4-one  (IX). 
A mix tu re  of 0.32 g (0.8 mmole)  of (VIIlb), 0.16 g (0.8 mmole)  of 3 -e thy l -5 - i sopropy l idenerhodan ine ,  0.1 g 
(1 mmole)  of t r i e thy lamine ,  and 1.5 ml  of d ime thy l fo rmamide  was heated at 100~ for  45 rain. The dye was 
c ry s t a l l i z ed  f r o m  a mix tu re  of ethanol and n i t romethane ;  mp 232~ yield 0.09 g (35~). A max  539 nm, 
log e 5.02. Found, %: N 8.9; S 29.6. CI4HisN2OS. Calculated,  ~ .  N 8.9; S 29.5. 
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3-E thyl-5-(3,4,5-trimethylthiazolin-2-ylidene)-2-thioxothiazolidin-4-one (X) .* A. A mixture of 
0.54 g (2.2 mmoles} of 3,4,5-trimethyl-2-(methylthio)thiazolium bromide, 0.32 g (2 mmoles) of 3-ethyl-  
rhodanine, 0.3 g (3 mmoles) of triethylamine, and 3 ml of absolute ethanol was boiled for 10 min. The 
yield of (X) was 0.4 g (66%), mp 252~ (from ethanol with nitromethane), kmax 418, 432 nm, log s 4.62. 
Found,%. S 33.3. CllH14N2OS 3. Calculated, %: S 33.6. 

B__~. The substance was obtained in a similar  manner to that described above starting from 2-(benzo- 
thiazol-2-ylthio)-3,4,5-trimethylthiazolium methosulfate (VIIIc}, mp 250~ Mixtures of the samples of the 
dye obtained by methods A and B gave no depression of the melting point. 

The values of ~max and s for compounds (IX, X, XII-XV) were measured for solutions in ethanol. 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
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* This dye was prepared by E. K. Mikitenko. 
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