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2-Substituted and 2,6-disubstituted thiobenzothiazoles were synthesized. 
They were found to show good antimicrobial activities on non-specific bacterial 
flora, mycobacteria, protozoa, and pathogenic fungi. The highest activity was 
found with 2-allylthiobenzothiazole (XIV), 2-allylthio-6-nitrobenzothiazole 
(XV), 2-allylthio-6-aminobenzothiazole (XV/), 2-propargylthiobenzothiazole 
(XV///), 2-propargylthio-6-nitrobenzothiazole (XIX), and 2-propargyl-
thio-6-aminobenzothiazole (XX). 

Были синтезированы 2-замещенные тиобензтиазолы и 2,6-двух-заме-
щенные тиобензтиазолы. Были определены хорошие противомикро-
биальные влияния на неспецифическую бактериальную флору, микобак-
терии, протисты и патогенные грибы. Самая высокая эффективность 
была определена у 2-аллилтиобензтиазола (X/V), 2-аллилтио-6-нитро-
бензтиазола (XV), 2-аллилтио-б-аминобензтиазола (XV/), 2-пропаргил-
тиобензтиазола (XV///), 2-пропаргилтио-6-нитробензтиазола (XIX) и 
2-пропаргилтио-6-аминобензтиазола (XX). 

2-Alkylthiobenzothiazoles show biological activities in various fields. For instan
ce, defoliant activity was found with 2-butylthiobenzothiazole [1] while 2-al-
kyl-4,5,6,7-tetrahydrothiobenzothiazoles [2] are used as fungicides. 2-Substituted 
5-benzothiazolylacetic acids and their salts have good antipyretic and analgetic 
properties [3]. 2-Alkylsulfinyl-6-nitrobenzothiazoles [4] and 2-alkylsul-
fonyl-6-X-benzothiazoles (X = H, CI, Br, N 0 2 , NH 2, alkyl amino, and dialkyl 
amino) [5] were found to have antimicrobial and antifungal activities. 

For the study of the relation of the structure and antimicrobial activity some 
2-substituted and 2,6-disubstituted thiobenzothiazoles, presented in Table 1, were 
synthesized. Their preparation was accomplished by the known method [6] from 
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NHC 2 H 5 

N(C 2 H 5 ) 2 

NHCH 2 CH=CH 2 

NH 2 

H 
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data of the synthesized 

Formula 
1 Wl I I I U l u 

C 8H 7NS 2 

C 8 H 6 N 2 0 2 S 2 

iQH 8 N 2 S 2 

C 9H 9NS 2 

C 9 H 8 N 2 0 2 S 2 

C9HioN 2 S 2 

C i i H u N 2 S 2 

C i 3 H | 8 N 2 S 2 

C i 2 H J 3 N 2 S 2 

C 9 H 1 0 N 2 O S 2 

C i o H n N S 2 

C 1 0 H 1 0 N 2 O 2 S 2 

C i o H i o N 2 0 2 S 2 

i Die i 

2-R- and 2-R-6-R-substituted benzothiazoles 

M 

181.0 

226.2 

196.3 

195.3 

240.3 

210.3 

238.2 

266.4 

249.4 

226.3 

209.3 

254.3 

254.3 

Calculated/found 

% C 

53.08 

52.90 

42.51 

42.31 

49.02 

48.87 

55.43 

55.60 

45.03 
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51.47 

51.52 
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55.22 
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57.87 
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47.65 
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6.69 
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5.39 

5.31 

5.18 

5.31 

5.45 

3.96 

3.82 

3.96 

4.10 

% N 

7.73 

7.86 

12.38 

12.40 

14.28 

14.49 

7.17 

7.29 

11.66 

11.79 

13.32 

13.19 

11.76 

11.70 

10.53 

10.66 

11.24 

11.39 

12.37 

12.38 

6.69 

6.82 

11.02 

11.24 

11.02 

11.22 

% S 

35.42 

35.58 

28.37 

28.35 

32.71 

32.71 

32.88 

32.02 

26.72 

26.64 

30.53 

30.28 

26.94 

27.13 

24.10 

24.28 

25.75 

25.94 

28.33 

28.25 

30.67 

30.48 

25.24 

25.38 

25.24 

24.98 
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Table 1 (Continued) 
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R 

CH2CH=CH2 

CH2CH=CH2 

CH2CH=CH2 

CH2CH=CH2 

CH2C=CH 

CH2C=CH 

CH2C=CH 

CH2CH(OH)CH2Cl 

CH2CH=C(C1)CH3 

CH2CH=C(C1)CH3 

CH2CH=C(C1)CH3 

СН2С6Н4С1-р 

CH2CH2SC6H4Cl-p 

CH2QH3(N02)2-o, p 

R1 

H 

N0 2 

NH2 

NHC2H5 

H 

N0 2 

NH2 

H 

H 

N0 2 

NH2 

H 

H 

H 

Formula 

CioH9NS 2 

C 1 0 H 8 N 2 O 2 S 2 

CioHioN2S2 

Ci 2 HuN 2 S 2 

Ciori7NS 2 

C,oH 6N 20 2S 2 

C,oH8N2S2 

C,oH10ClNOS2 

CnH 1 0 ClNS 2 

C n H 9 C l N 2 0 2 S 2 

CnHnClN.S, 

C,4H1()C1NS2 

C1 5H1 2C1NS3 

C i 4 r i 9 N 3 0 4 S 2 

M 

207.3 

252.3 

222.3 

250.4 

205.3 

250.3 

220.3 

259.8 

255.8 

300.8 

270.8 

309.8 

337.9 

347.3 

Calculated/found 

% C 

58.02 

57.84 

47.65 

47.69 

54.10 

54.37 

57.64 

57.40 

58.58 

58.42 

48.04 

47.82 

54.59 

54.32 

46.15 

46.31 

51.60 

51.32 

44.03 

44.25 

48.74 

48.49 

60.04 

60.19 

53.29 

53.36 

48.45 

48.54 

% H 

4.38 

4.21 

3.19 

3.04 

4.54 

4.77 

5.64 

5.51 

3.44 

3.60 

2.41 

2.30 

3.66 

3.81 

3.87 

3.72 

3.93 

4.08 

3.02 

3.18 

4.09 

4.20 

3.25 

3.28 

3.57 

3.46 

2.61 

2.70 

% N 

6.76 

6.72 

11.11 

11.18 

12.61 

12.52 

11.20 

11.07 

6.82 

6.80 

11.20 

11.11 

12.72 

12.96 

5.38 

5.54 

5.46 

5.61 

9.30 

9.41 

10.33 

10.18 

4.51 

4.47 

4.14 

4.21 

12.10 

12.06 

% S 
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30.85 

25.44 

25.32 

28.88 

28.60 

25.64 

25.38 

31.27 

31.14 

25.64 

25.45 

29.14 

29.20 

24.68 

24.93 

25.04 

25.23 

21.30 

21.10 

23.66 

23.54 

20.68 

20.75 

28.45 

28.35 

18.47 

18.59 

Yield 

% 

74 

87 

76 

64 

73 

89 

85 

89 

53 

72 

57 

78 

86 

92 
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BENZOTHIAZOLE COMPOUNDS. XI 

2-mercaptobenzothiazole, 2-mercapto-6-nitrobenzothiazole, and 2-mercap-
to-6-aminobenzothiazole in ethanol oř acetone by treatment with the appropriate 
halo derivatives. 2-(2-Hydroxy-3-chloropropylthio)benzothiazole (XX/) was pre
pared from 2-mercaptobenzothiazole and l-chloro-2,3-epoxypropane under the 
catalytic action of sulfuric acid. The mixture of tetrahydrofuran and benzene was 
used as the reaction medium in this case. The p.m.r. spectra of some 2-methyl-
thio-6-N-alkylaminobenzothiazoles reported in [6] proved that the compounds 
were S derivatives. As the compounds synthesized in the present work are 
structurally similar to the mentioned ones and their synthesis was accomplished 
under the same conditions, it was assume^ (without taking their p.m.r. spectra) that 
they are 5 derivatives as well. 

The basic screeningjof antimicrobial activity was done with all substances. The 
highest antimicrobial activity was found with 2-allylthio and 2-propargylthio 
derivatives of benzothiazole and with its 6-nitro and 6-amino derivatives 
(XIV—XVI and XVIII—XX). They were active on the strains of non-specific 
bacterial flora, mycobacteria, protozoa, and pathogenic fungi. Detailed data of 
their activities are presented in Table 2. 

In addition to antimicrobial tests, also orientational determinations of LDM ) were 
carried out by single i.p. doses to mice after dissolving the prepared compounds in 
dimethyl sulfoxide. The following results were obtained: 2-methylthio-
-6-aminobenzothiazole 500 ± 5 0 mg/kg, 2-allylthiobenzothiazole 1200 ± 5 0 mg/ 
/kg, 2-allylthio-6-nitrobenzothiazole 1200 ± 5 0 mg/kg, 2-allylthio-6-aminobenzo-
thiazole 950 ± 5 0 mg/kg, 2-propargylthiobenzothiazole 900 ± 5 0 mg/kg, 2-pro-
pargylthio-6-nitrobenzothiazole 1200 ± 5 0 mg/kg, and 2-propargylthio-6-amino-
benzothiazole 1200 ± 5 0 mg/kg. 

Experimental 

Characterization of the synthesized compounds is given in Table 1. Antimicrobial activity 
was tested according to the solubility of individual substances as well as specific cultivation 
conditions of individual test organisms [7]. The obtained values of the chosen compounds 
are presented in Table 2. The derivatives VII, IX, and XII were prepared by the procedure 
described in [6]. 

2-R-6-R '-Thiobenzothiazoles (1—VI, X—XV/, XVIII—XXVII) 

Potassium hydroxide (5.6 g; 0.1 mole) and 2-mercapto-6-R1-benzothiazole (R' = H, 
N02, NH2) (0.1 mole) were dissolved gradually in ethanol or acetone (300 ml) under stirring 
at 40—50°C. The appropriate halo derivative (0.1 mole) was added dropwise at the same 
temperature and the reaction mixture was stirred for 2—3 h. Then 2/3 of the solvent was 
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Table 2. Antimicrobial activity of some synthesized 2- and 2,6-substituted benzothiazoles (pig/ml) 

No. 

// 
III 

V 
VI 

VII 
VIII 

IX 
X 

XII 
XIII 
XIV 
XV 

XVI 
XVII 

XVIII 
XÍX' 
XX 

XXI 
XXII 

XXIII 
XXIV 
XXV 

XXV/ 
XXV// 

Bacillus 
subtilis 

50 
10 
50 
50 
50 
50 
50 
50 
50 
50 
50 

io 
10 
50 

.-io 
50 
10 
50 
50 
50 
50 

>200 
>200 
>200 

Staphylo
coccus 
aureus 

25 

25 

•25..-.; , 
\Ů < 

io 

10 
10 
10 

>200 
>200 
>200 

MIC 

- Escheri
chia 
coli 

50 
50 

100 
100 
100 
100 
100 

50 
100 
100 
100 

50 
50 

100 
10 
50 
10 
50 
50 
50 
50 

>200 
>200 
>200 

Pseudo
monas 
aeru

ginosa 

300 

300 

300 
300 • 
300 

300 
300 
300 

>200 
>200 
>200 

Candida 
pseudo-
tropicalis 

100 
100 

>100 
>100 
>100 
>100 
>100 
>100 
>100 
>100 
>100 
>100 
>100 
>100 
>100 
>100 
>100 
>100 
>100 
>100 
>100 
>200 
>200 
>200 

Bactericidal/bacteriostatical 
cone. 

BCG 

100/50 
100/50 
100/50 
100/50 
100/50 
100/50 
100/50 

50/>10 
100/50 
100/50 

50/10 
50/10 
50/10 

100/50 
50/10 
50/10 
50/10 

100/50 
50/>10 

100/50 
50/>10 

100/>100 
100/>100 
100/>100 

Mycobacterium 
fortuitum 

100/50 

100/50 

100/50 
100/50 
100/50 

300/100 
300/100 
300/100 

>5O0/>500 
>500/>500 
>500/>500 

Trypanosoma 
cruzi 

100 
100 

>100 
100 

>100 
>100 
>100 
>100 
>100 
>100 

100 
100 
100 

>100 
100 
100 
100 
100 

>100 
>100 
>100 
>100 
>100 
>100 

Lethal 

Tricho
monas 
foetus 

300 

500 

500 
500 
300 

500 
500 
500 

>800 
>800 

400 

cone. 

Tetra-
himena 
piríforís 

300 

300 

100 
300 
100 

300 
300 
300 

>800 
>800 
>800 

Euglena 
gracilis 

500 
500 

>500 
500 
500 

>500 
>500 
>500 
>500 
>500 

250 
>500 

250 
500 
250 
500 
250 
250 

>500 
>500 
>500 
>500 
>500 
>500 



BENZOTHIAZOLE COMPOUNDS. XI 

distilled off and the residue was poured into water (500—600 ml) from which the 
compounds /—///, V, V/, X, Л7/, Х1Ц XV, XV/, XV///—XX/, XX///, XXV—XXV// were 
filtered off as solids. The liquid derivatives (/V, X/, X/V, XX//, and XXIV), insoluble in 
water, were extracted with ether. After drying the solution with sodium sulfate, ether was 
distilled off and the compounds were distilled under reduced pressure. The compound XXIV 

decomposed on distillation (220°C/399.96 Pa); it was purified on a column of aluminium 
oxide using benzene as eluent. 

2-(2-Hydroxy-3-chloropropylthio)benzothiazole (XXI) 

A. 2-Mercaptobenzothiazole (16.7 g; 0.1 mole) and l-chloro-2,3-epoxypropane (9.2 g; 

0.1 mole) were added to a mixture of tetrahydrofuran (30 ml), benzene (30 ml), and sulfuric 

acid (1—2 ml). After 5—10 min staying at room temperature and stirring the exothermic 

reaction started (dissolution of 2-MBT). The temperature was kept at 50°C. When the 

exothermic reaction ended, the mixture was allowed to stay for 4 h and then the insoluble 

portion was filtered off. The solution was washed 3 times with water (100 ml), dried with 

sodium sulfate and the solvents were distilled off at reduced pressure. The residue, which 

became solid on staying, was crystallized from ethanol. Yield 22.6 g; 88%. 

B. 2-Mercaptobenzothiazole (16.7 g; 0.1 mole), potassium hydroxide (5.6 g; 0.1 mole), 

and acetone (200 ml) were stirred at 40—60°C until the solution became transparent. After 

cooling the solution to the room temperature, l,3-dichloro-2-propanoI (12.9 g; 0.1 mole) 

was added dropwise. The temperature raised to 40°C after 2 h. The cooled reaction mixture 

was poured into crushed ice (500—700 ml) and 2-(2-hydroxy-3-chloropropylthio)benzo-

thiazole was crystallized from ethanol. Yield 18 g; 70%. 
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