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T H I A Z O L O B E N Z O - 1 ,  2, 3 - T H I A D I A Z O L E S  AND DERIVED CYANINE DYES 

S. G. Fridman and D. K. Golub 

Khimiya Geterotsiklicheskikh Soedinenii, Vol. 1, No. 5, pp. 713-721, 1965 

The following tricyclic heterocyclic compounds are synthesized: 2-methylthiazolo (5, 4 -e )benzo- l ' ,  2', 3 ' -  
thiadiazote, 2-methylthiazolo ( 4, 5 -e) benzo-l ' ,  2', 3' -thiadiazole, 2-methylthiazolo ( 4, 5 -g) benzo -1', 2', 
3'-thiadiazole, and 2-methylthiazolo (5, 4-g) benzo-l ' ,  2', 3'-thiadiazole. The quaternary salts of these 
bases are used to prepare symmetrical and unsymmetrical trimethinecyanines and dimethinemercocyanines 
containing N-ethylrhodanine residues. The absorption maxima of these dyes are shifted toward the long- 
wave region as compared with the corresponding thiacyanines. 

A preceding paper [1] described the synthesis of thiazolobenzo-2, 1, 3-thiadazoles. The work described in the 
present paper aimed to prepare isomeric thiazolobenzo-1, 2, 3-thiadiazoles and synthesize dyes containing those 
heterocyclic systems. 

There are six theoretically possible isomeric 2-methylbenzo-l ' ,  2', 3'-thiadazoles 

N ~ S  
N~"=N II 

.cc.   K/F 
C 

N---N 

/ celia 

N" S 

It proved possible to prepare the isomers A, B, C, D, but attempts to prepare E and F failed. 

The isomer A is obtained in good yield (60%), by thiocyanating 5-aminobenzo-1, 2, 3-thiadiazole, reducing the 
reaction product I with sodium sulfide, and condensing the resultant aminomercaptan with acetic anhydride 

N-~-~N N - - N  N ~  N 
J ] ~Na 

] S ~ ~  (CH3COIz O NH~ SCN S~'1_ it SCN NazS 

Br2,CH'a0H= ~k~.~ .Nit  z --- .  x ~ / - . N H I  t " --~ 
I 1 

Though the above reaction would be expected to give precisely isomer A, the product structure was checked by alterna- 
tive syntheses from 2-methyl-6-chloro-7-nitrobenzothiazole (2a, 2b) arid 5-acetylamino-1, 2, 3-thiadiazole by the 
Iacobsen method (3) via the thioacetyl derivative III 
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In neither case does the yield of A exceed 10~ 
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The yield of A obtained by method (3) does not exceed 20%, based on the thioacetyl derivative. 

Analogous to A, isomer B was prepared by reactions (2b), starting from 2-methyl-5-chloro-4-nitrobenzothiazole. 
The yield did not exceed 10%. 

Isomer C is synthesized by thiocyanating 6-aminobenzo-1, 2, 3-thiadiazole, in accordance with 1 above. It is also 
obtained in good yield by thiocyanating 2-methyl-6-aminobenzothiazole: 

SCN 

2 " / 2 N ~  S \ NHtSCN H2N~'~ ' f /S  \ Na.,S 
" CCHa - = -  

�9 ~ J . ~  N//CCH3 Br2, CH30H ~ J ~  N ~ 

S Na 

H 2 N @ ~ T ~  S \ Na NO~ 
= I It N/'CCHa' ~ t~k ,  '/ HCi--- C 

Under the same conditions thiocyanating 2-methyl-5-aminobenzothiazole gives isomer D in very good yield. 

This reaction might also be expected to result in formation of isomer F, if the thiocyano group entered at position 
6 of the benzothiazole ring. However, in the present work it has been shown that thiocyanation takes place only at position 
4, giving compound IV, since reduction of the thiocyano derivative and condensation of the product with acetic an- 
hydride gives the known [2, 3] 2, 5-dimethylthiazolo (5, 4-g) benzothiazole (V). 

s\ 
~ /  //CCH3 

s\ = NH~SCN ~ [ ~  //CCH~ S\ 
Br2 tI2N" "~"'~ N ~l " 1 "  N//CCIt3 

S C N  IV CHat, S V 

Attempts to prepare isomer E by boiling 2-methyl-5-chloro-6-nitrobenzothiazole with sodium sulfide in aqueous 
solution, followed by diazotization, analogous to the scheme used for isomer A (2b), did not give the desired result. 
While the nitro group is reduced to amino in the heating with sodium sulfide, the chlorine atom is not replaced by a 
mercapto group. This serves to confirm the results in the literature, that with bicyclic hetrocyclic compounds, benzi-  
midazole, benzothiazole, benzothiadiazole, the bonding between carbon atoms five and six is mainly a single bond [4], 
with the result that the nitro group does not exert an activating effect on the neighboring chlorine atom [5]. 

The UV absorption spectra of alcohol solutions of the thiazolo-benzothiadiazoles were investigated. The Figure 
gives the ~bsorption plot for isomer A, and for comparison the absorption plots for 2-methylbenzothiazole [6], and 
benzo-1, 2, 3-thiadiazole. It can be seen that the absorption curve for isomer A is closer to that for benzo-1, 2, 3- 
thiadiazole than to that for the benzothiazole. The absorption plots for isomers B, C, D are more or less close to that 
for isomer A. 

With the exception of isomer D, which forms a quaternary salt only with dimethylsulfate, the thiazolobenzo, 1, 
2, 3-thiadiazoles undergo quaternary salt formation at the thiazole ring when heated with ethyl tosylate. Cyanine dyes 
were prepared from the quaternary salts by the usual methods. The dyes prepared from the quaternary salts of the 
isomers A and B are readily purified by recrystallizing from alcohol, Dyes were also prepared from quaternary salts of 
isomers C and D, but only a few could be isolated pure. 

The dyes prepared are given in the table. The tabulated data show that the absorption maxima for dyes with 
thiazolobenzothiadiazole rings lie in a longer wavelength part of the spectrum than dyes with an unsubstituted benzo-  
thiazole ring. The dyes prepared from isomer B are somewhat deeper than those obtained from isomer A. 
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Experimental .  

5 -Amino-4 - th iocyano-1 ,  2, 3 - th iadazo le  ( I ) .  6 g ( 0 . 0 4  mole)  5 - amino -benzo -1 ,  2, 3 - th iad iazo le  [7] and 9 .6  g 

(0.  128 mole)  ammonium th iocyanate  were dissolved in 120 ml  methanol .  A solution of 2 .4  m l ( 0 . 0 4  mole)  bromine in 
75 ml methanol saturated with ammonium bromide was, over 1 hr, dropped into the above solution while the la t ter  was 
stirred and held at - 5 ~  - 1 0  ~ Stirring was continued for 2 hr after comple t ion  of addition, with the temperature held 

the same, the thiocyano der ivat ive was fi l tered off, washed with water and alcohol,  and then dried in a vacuum desiccator.  
Yield 5 .8  g (72%) yellow needles mp 186 ~ (from dioxane).  After mel t ing the compound resolidified,  and remel ted  at 
240 ~ (decomp) .  Found: S 30.90,  30.78%. Calcula ted for CzH~N4S2: S 30.76%. 

2-Methyl th iazolo  ( 5, 4-e)  b e n z o - l ' ,  2 ' ,  3 ' - t h i ad i azo l e  (A).  

Method (1). 4 g ( 0.02 mole)  5 - amino -4 - th i acyanobenzo -  tg~i 
1, 2, 3 - th i adazo le  was added in smal l  portions to a stirred solution 46 
of 9 .6  g ( 0 . 0 4  mole)  sodium sulfide in 15 ml water heated to 60 ~ 

r The resultant solution was f i l tered,  cooled and 30 ml acet ic  anhy- 42 
dride added.  The mixture was refluxed for 3 hr, then, with coo l -  
ing, neutral ized with sodium carbonate.  The precipi ta te  was r e -  
crysta l l ized from alcohol .  Yield 1.8 g (60%), colorless needles 40 
mp 164 ~ Found: N 20. g6, 20.201 S 30.75,  30.63%. Calcula ted  

for CsHsN3S2: N 20.28; S 30.92%. 3.8 

Method (2a) .  2 -Methyl-6  -chloro -7 -ni t robenzothiazole  was 
prepared by the method of [8, 9], 2 - m e t h y l - 5 - c h l o r o - 6 - n i t r o b e n z o -  3s 
th iazole  and 2 -me thy l -5 -ch lo ro -4 -n i t robenzo th i azo le  by that of 
[10], but with cer tain modif icat ions.  20 g 2 - m e t h y l - g - c h l o r o -  
benzoth iazole  was dissolved in 75 ml concentrated sulfuric acid,  34 
the solution held at 0 ~ while a mixture of 40 ml nitr ic acid (d 1.5)  
and 40 ml  concentrated sulfuric acid was added dropwise over 32 
80 min,  after which the temperature was slowly allowed to rise to 
room temperature ,  and the react ion products poured onto I kg ice .  3.0 
The precip i ta te  formed was f i l tered off, washed with water,  and a i r -  

dried.  The crude nitro compound weighed 23 g. To separate the 
isomers, the  nitrat ion product was dissolved in 1.5 l boil ing ~ 
methanol ,  and the solution f i l tered to remove the small  quantity I 
of insoluble impuri ty .  After cooling,  2 - m e t h y l - 5 - c h l o r o - 6 - n i t r o -  26 
benzoth iazole  mp 171 ~ crysta l l ized out as colorless needles,  yield 
9.92 g. After removing the crystals, the f i l t rate  was dist i l led Z00 
to remove solvent, the residue boi led with 100 ml di lute  hydro-  
chloric acid (1 : 1), the insoluble residue f i l tered off, boi led 
twice with about 50 ml of the dilute acid,  washed with water, 
and then recrysta l l ized from methanol .  Yield 4.46 g 2 - m e t h y l -  
5 -ch loro-4-n i t robenzoth iazo le  mp 161-162 ~ Dilution of the h y -  
drochloric acid solution with water precipi ta ted 2 - m e t h y l - 5 -  
ch loro-6-ni t robenzoth iazole ,  yield after a single rec rys ta l l i za -  

! 

t ~ 3  

I i 

i ' 

) i I 
I 

i 
! 

i 
i 
I 
i, 
100 , ; ( x ,  m. 

Absorption spectra of alcohol  solutions: 1) 2 -  

methyl th iazolo  ( 5, 4-e)  benzol  1',  2 ' ,  3'  - thia - 
dazo l e (A) ;  2) benzo-1,  2, 3 - th iadazole ;  

3) 2 -methy lbenzo th iazo le .  

t ion from alcohol 3 .1  g mp 171 ~ Thus 23 g mixed isomers gave 4.46 g (19%)  2 -me thy l -5 -ch lo ro -4 -n i t robenzo th i azo l e ,  

and 18.02 g (56%) 2 -methyl  -5 -ch loro-6-n i t robenzoth iazo le .  

A solution of 2 .4  g (0 .01  mole)  sodium sulfide and 0.32 g (0 .01  g. at .  ) sulfur in 20 ml alcohol  was added drop-  
wise over 1 hr to a refluxing solution of 4. 57 g (0.02 mole)  2 -methy l -6 -ch loro-V-n i t robenzo th iazo le  in 85 ml alcohol.  
The mixture was refluxed for a hr, and the prec ip i ta te  of disulfide which formed after cooling f i l tered off, washed 
with alcohol,  and then with water .  Yield of 2, 2' -d imethy l -% 7 ' -d in i t ro -6 ,  6' -d ibenzothiazolyl  disulfide,  3.16 g 
(70%), II,  forming pa le  yellow pIates, mp 274" (from ace t ic  acid) .  Found: 8 28.15,  28. 175 .  Calcula ted  for 

C16H10N404S4: S 28.44%. 

6 g (0. 013 mole)  II was suspended in 100 ace t ic  acid heated on a boi l ing water bath,  and the whole stirred, while 

16 g zinc dust and 30 ml concentrated hydrochloric acid  were added in small  portions over 45 min.  The mixture was 
refluxed for 15 min longer,  and f i l tered.  A saturated sodium aceta te  solution was added to the hot f i l t ra te  t i l l  it was no 
longer acid to congo red, and the solution left  overnight.  The precipi ta te  of zinc salt of 2 - m e t h y l - 7 - a m i n o - 6 - m e r -  

captobenzothiazole  was washed with water,  and dried.  Yield 4. 4 g (70%). 

*Temperatures uncorrected.  
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1.2 g (0.0026 mole) of the zinc salt was dissolved in 10 ml concentrated hydrochloric acid, the solution diluted 
with 50 ml water, cooled to 0 ~ and a solution of 0.8 g (0.0054 mole) sodium nitrite in 5 ml water, added dropwise over 
10 rain. After 2 hr the precipitate formed was fihered off, washed with water, and after drying, extracted with hot 
toluene. The residue left after distilling off the solvent was tiwce recyrstallized from alcohol, using active charcoal. 
Yield of A, 0.1 g (9%), colorless needles, mp 164 ~ undepressed mixedmp with a specimen of A prepared by the 
route (1). 

Method (2b). A mixture of 4. 6 g ( 0.02 mole) 2-methyl-6-chloro-7-nitrobenzothiazole, 12 g-( 0.05 mole) sodium 
sulfide, and 50 ml water was refluxed for 6 hr, the hot red solution filtered, 1.4 g (0.02 mole) sodium nitrite added to 
the filtrate, the solution then cooled to 0 ~ and added dropwise, with stirring, to 50 ml dilute hydrochloric acid, cooled 
to - 5  ~ The resultant precipitate was dissolved in boiling dilute hydrochloric acid, filtered to remove the insoluble im-  
purity, and then neutralized with ammonia. After recrystallizing from alcohol, 0.3 g (7.5%) product mp 164 ~ was ob- 
tained. 

Method (3). A well-ground mixture of 6.4 g (0.033 mole) 5-acetylaminobenzo-1, 2, 3-thiad!azole [7] and 7.7 g 
(0.034 mole) phosphorus pentasulfide in 20 ml dry pyridine was refluxed for 40 rain, cooled, and poured into 300 ml 
water. After some t ime the oily dark product separated and solidified. The solid was filtered off, washed with water, 
dissolved in 10% sodium hydroxide solution, filtered, and precipitated with acetic acid. Yield of 5-thioacetylamino- 
benzothiadiazole III, after recrystallizing from alcohol, was 2.88 g (43%), yellow prisms, mp 156-157 ~ Found: 
S 30.57, 30.38%. Calculated for CsHTNsS~: S 30.62%. 

3.6 g ( 0.017 mole) 5-thioacetylaminobenzo-1, 2, 3 -thiadiazole was dissolved in 75 ml 5% sodium hydroxide solu- 
tion, the solution stirred, and at room temperature a solution of 11.5 g potassium ferricyanide in 30 ml water added 
over ]5 rain. After an hour the precipitate of A was filtered off, washed with water, and recrystallized a few times from 
alcohol. Yield of A 41%, mp 164 ~ 

2-Methylthiazolo (4, 5-e) benz 0-1 ' ,  2', 3 '- thiadiazole (B), This was prepared, in a way similar to A, using method 
(2b) starting from 2, -methyl-4-nitro-5-chlorobenzothiazole. Yield 10%, pale yellow needles mp 205 ~ (decomp) (from 
alcohol). Found: S 30.65, 30.75%o. Calculated for CsNgNsS2: S 30.92%. 

6-Acetylaminobenzo-1, 2, 3 -thiadiazole. Prepared by boiling 6-amino -benzo-1, 2, 3 -thiadiazole [11] with acetic 
anhydride, mp 162 ~ (from dilute acetic acid). Found: N 21.50, 21.62%. Calculated for CsHgN3OS: N 21.76%. 

6-Thioacetylaminobenzo-1, 2, 3-thiadiazole. This was prepared in a way similar to tII, from 6-acetylaminobenzo- 
1, 2, 3-thiadiazole and phosphorus pentasulfide. Yield 46%, mp 167 ~ (from aqueous alcohol). Found: S 30.70, 30.52~ 
Calculated for CsHTNsS2: S 30.62%. 

2-Methylthiazolo (4, 5-~) benzo-1' ,  2', 3 '-thiadiazole (C). a) 6-Amino-7-thiocyano-1, 2, 3-thiadiazole was pre- 
pared, by a method similar to route (1), from 6-aminobenzo-1, 2, 3-thiadiazole. Yield 58% mp 188 ~ (from benzene- 
dioxane). Found: S 30.83, 30.74%. Calculated for CT!-!4N4Sz: S 30.76%. Sodium sulfide reduction of the thiocyano 
derivative, as described for A, following method (1), gave C in 65% yield, mp 160 ~ (from alcohol). Found: S 30.68, 
30.79%. Calculated for CsHsNsS2: S 30.92%. 

b) 2-Methyl-6-amino-7-thiocyanobenzothiazole was similarly prepared by method (1) from 2-methyl-6-aminoben-  
izothiazole Yield 60%, mp 165~ benzene), Found: S 29.07, 29.04%. Calculated for CgHTNsS2: S 28 96%, The thio- 
cyano derivative prepared was reduced similarly to the thiocyanated benzo-1, 2, 3-thiadiazole, The solution was fil-  
tered to remove the small amount of insoluble impurity (apparently an isomerization product of the thiocyano deriva- 
tive), cooled, and neutralized with 50% acetic acid. The resultant yellow precipitate of 2 -methy l -6-amino-7-mer-  
captobenzothiazole was quickly filtered off, washed with water, and dissolved in 5% sodium hydroxide solution. Sodium 
nitrite was added to the solution, and over 30 min the solution was dropped into stirred dilute hydrochloric acid held at 
0-2 ~ Stirring was then continued for an hour longer, the precipitate filtered off, washed with water, and crystallized 
from alcohol. Yield 60%0, mp 160 ~ Mixed mp with a sample of C prepared as described above, undepressed. 

2 -Methylthiazolo (5, 4-g) benzo ~1, 2, 3 -thiadiazole (D). Thiocyanation of 2-methyl-5 -aminobenzothiazole was 
carried out similarly to the thiocyanation of 2-methyl-6-aminobenzothiazole.  3.28 g (0.02 mole) amino compound 
gave 2.8 g thiocyanation product (IV). Without further purification IV was reduced with sodium sulfide in aqueous 
solution, and the solution then diazotized as described above. Yield 1.52 g substance mp 135-137 ~ After chromato- 
graphy of part of the product in chloroform on aluminum oxide it had mp 137 ~ The other part of the product was re - 
crystallized from ligroin, to give large crystals mp 137 ~ On evaporation the mother liquor gave an insignificant amount 
of gum. Found: S 30.65, 30.59%. Calculated for CsHsNsS2: S 30.92%. 

2, 5 -Dimethylthiazolo (5, 4-e)benzothiazole (V). The product obtained by thiocyanating 3.28 g 2-methyl-5-  
aminobenzothiazole was, without further purification, reduced with 9.6 g sodium sulfide in 15 ml water at 60-70 ~ 
The resultant solution was refluxed with 30 ml acetic anhydride for 3 hr, filtered, and neutralized with ammonia.  A 
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prec ip i ta te  was formed, and it was recrysta l l ized from alcohol .  Yield 2.2 g colorless needles mp 106 ~ ( the l i terature [2] 
gives mp 106~ A further 0.39 g mater ia l ,  mp 105-106 ~ was obtained from the mother liquor on concentrat ion.  Total  

yield 2.59 g (89%). Evaporation of the mother liquor to dryness gave 0.1 g gum. 

Ethiodide of 2 -methyl th iazo lo  (5,  4-e)  b e n z o l - l ' ,  2 ' ,  3 ' - t h i ad iazo le  ( isomer A). This was prepared by heating the 
base with an equimolecular  amount of ethyl tosylate at 120-130 ~ for 3 hr. The resultant tosylate was converted to iodide 
in the usual way, and recrysta l l ized from alcohol.  Yield 60%, mp 246 ~ (decomp). Found: I 34. 67, 34. 70%. Calcula ted 
for C10H10N~S2: I 34. 98%. The ethiodides of isomers B and C were obtained s imilar ly .  

The dyes were prepared from the tosylates in the suual ways, and purified by recrysta l l iz ing from alcohol .  D i -  
methinemerocyanines  with an N-ethylrbodanine group were recrysta l l ized from ace t ic  acid.  The Table  lists the dyes 
obtained.  

UV spectra were measured with a SF -4 instrument, using alcohol solutions, concentrations of the order 10 -4 - 

1 0  "5 M. 
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