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Es te r s of (6-nitro-2-benzothiazolylthio)acetic acid were synthesized a n d 
their biological ac t iv i ty on microorganisms was s tudied. Es te r s as well as free 
acid exhibi ted ant ibacter ia l ac t iv i ty agains t bo th gram-posi t ive and gram-
- negat ive bacter ia . The inhibit ion of pro tozoa a n d yeast-l ike microorganisms 
required higher concentra t ions of above compounds t h a n the inhibit ion of 
bac ter ia . 

After previous finding [1] t h a t t he allyl (6-X-benzothiazolyl thio)acetates (X = H , N 0 2 y 

N H 2 , N H B , N ( R ) 2 , CI, Br; В = C H 3 , C 2 H 5 , C H 2 C H = C H 2 , C H 2 C - C H ) possess a n t i 

bacter ia l propert ies our a t t e n t i o n was d e v o t e d t o t h e p r e p a r a t i o n of alkyl (6-nitro-

-2-benzothiazolylthio)acetates. So far, these c o m p o u n d s h a v e n o t been s tudied. W e 

studied t h e effect of changing t h e n a t u r e of t h e alkyl group on t h e ant ibacter ia l a c t i v i t y 

of t h e synthesized esters. 

E x p e r i m e n t a l 

Character izat ion of t h e p r e p a r e d c o m p o u n d s is in Table 1. 

Melting po int s were d e t e r m i n e d on a Kofler block. Inf rared spectra were m e a s u r e d 

wi th a Zeiss UR-20 s p e c t r o p h o t o m e t e r in t h e range 3700 — 700 c m - 1 in paraffin oil. T h e 

ins t rument was ca l ibrated using t h e s t a n d a r d s p e c t r u m of polys tyrene. H e a d i n g a c c u r a c y 

of absorpt ion b a n d s (Table 2) was ± 1 c m - 1 . F o r t h e tes t ing of biological ac t iv i ty t h e 

compounds were dissolved in e thy l alcohol or d i m e t h y l sulfoxide. T h e results are sum

marized in Table 3. 

(6-Nitro-2-benzothiazolylthio)acetic acid (I) 

A solution of 2-mercapto-6-nitro-benzothiazole (6.4 g; 0.03 mole) in 5 % K O H (80 ml) 
was mixed with, chloroacetic acid (2.9 g; 0.03 mole) a n d t h e m i x t u r e was h e a t e d on a w a t e r 
b a t h a t 100°C for 2 h o u r s . After cooling t h e m i x t u r e was acidified wi th hydrochlor ic acid 
(congo paper) . T h e formed prec ip i ta te was filtered, washed w i t h water , a n d crystal l ized 
from 8 0 % m e t h y l alcohol. 
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Table 2 

Frequencies of t h e character is t ic i.r. absorpt ion b a n d s of t h e 
esters of (6-nitro-2-benzothiazolylthio)acetic acid 

No. v{C = 0) vCNQo) ř(N02) ?(2-benzothiazolylthio-ring) 

I 
II 

III 
IV 

V 
VI 

VII 
VIII 

IX 
X 

1730 s 
1739 s 
1741 s 
1732 s 
1747 s 
1732 s 
1754 s 
1730 s 
1759 s 
1737 s 

1336 s 
1334 s 
1335 s 
1332 s 
1335 s 
1331 s 
1335 s 
1334 s 
1337 s 
1335 s 

1519 s 
1523 s 
1522 s 
1523 s 
1523 s 
1520 s 
1527 s 
1527 s 
1580 s 
1601 s 

1600 w 
1601 w 
1601 w 
1602 w 
1602 w 
1601 w 
1604 w 
1602 w 
1603 w 
1601 w 

1578 w 
1577 w 
1579 w 
1575 w 
1578 w 
1576 w 
1580 w 
1578 w 
1580 w 
1579 w 

s — s t r o n g ; m — m e d i u m ; w — weak. 

Table 3 

Effective concentra t ions (jig/ml) of t h e esters of (6-nitro-2-benzothiazolylthio)acetic acid 

MIC BCG Euglena grew. Try p. cruzi 

N 0 B. sub- E. C. -cidal -static lethal -static lethal -static 
Ulis coli pseudo-

trop. 

I 
II 

III 
IV 

V 
VI 

VII 
VIII 

IX 
X 

10 
50 
50 
50 
50 
50 
50 
100 
100 
100 

50 
fO 
50 
50 
50 
50 
50 
100 

>100 
100 

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

50 
50 
50 
100 
100 
100 
100 
100 

>100 
100 

10 
10 
10 
50 
50 
50 
50 
50 
100 
>50 

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

>500 
>5C0 
>500 

125 
500 
500 
500 
500 
500 

>250 
500 
500 

>250 

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

> 50 
100 
100 
100 

>100 
100 
100 
100 

>100 
>100 

Esters of (6-nitro-2-benzothiazolylthio)acetic acid (II —X) 

To 2-mercapto-6-nitrobenzothiázole (21.2 g; 0.1 mole) in e t h y l alcohol (400 ml) K O H 
(5.6 g; 0.1 mole) was a d d e d . T h e m i x t u r e was k e p t a t 30 —40°C u n d e r st irr ing for 30 
m i n u t e s . T h e ester of chloroacetic acid (0.1 mole) was t h e n a d d e d dropwise to t h e react ion 
m i x t u r e dur ing a n o t h e r 30 m i n u t e s a t t h e same t e m p e r a t u r e . T h e react ion m i x t u r e was 
t h e n st i rred a t 60—70°C for 3 hours . E t h a n o l (50 — 70%) was t h e n e v a p o r a t e d u n d e r 
reduced pressure a n d t h e residue was p o u r e d into cold w a t e r (500 ml) . Insoluble por t ion 
(// — VIII and X) was t h e n filtered a n d dried. T h e p u r e p r o d u c t in t h e form of yellow 
crystals was obta ined b y crj 'stall ization from e thanol . 

2-Octyl (6-nitro-2-benzothiazolylthio)acetate (IX) was e x t r a c t e d from w a t e r solution 
wi th t h e m i x t u r e of e ther a n d 1,2-dichloroethane (1 1, v/v). After dry ing t h e e x t r a c t 

1405 m 
1406 m 
1404 m 
1405 m 
1405 m 
1405 m 
1406 m 
1407 m 
1403 m 
1405 m 
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wi th Na2S04 a n d evapora t ion of the solvents t h e residue was dissolved in 50 ml of t he 

mix tu re of benzene and e thanol (4 : 1, v/v) and purified b y ch romatography on the column 

of А1 2 0з. 

Discussion 

T h e present s t u d y deals w i t h t h e ant ibacter ia l ac t iv i ty of t h e individual alkyl (6-nitro-

-2-benzothiazolylthio)acetates. A l t h o u g h t h e o ther der ivat ives of th i s acid were r e p o r t e d 

t o be biologically act ive [2 — 6], t h e above c o m p o u n d s h a v e n o t been invest igated so far. 

Some alkyl (2-benzothiazolylthio)acetates were p r e p a r e d b y Kucherov [7] b y t r e a t m e n t 

of 2-mercaptobenzothiazole in sodium h y d r o g e n c a r b o n a t e solution w i t h t h e esters of 

chloroacetic acid. Svetlaeva a n d co-workers [8] p r e p a r e d t h e esters b y t h e react ion of 

(2-benzothiazolylthio)acetic acid w i t h t h e corresponding alcohol in t h e presence of sul

furic or hydrochlor ic acid. T h e yields var ied between 52 a n d 7 5 % . T h e p r e p a r e d es ters 

were used in t h e s tudies of the i r ox idat ion t o sulfones. 

Our m e t h o d of synthesis of t h e esters of (6-nitro-2-benzothiazolylthio)acetic acid 

is based on t h e p r e p a r a t i o n of t h e p o t a s s i u m salt of 2-mercapto-6-nitrobenzothiazole 

b y its t r e a t m e n t w i t h p o t a s s i u m h y d r o x i d e a n d successive direct addi t ion of t h e cor

responding ester of chloroacetic acid. T h e react ion was pract ical ly completed (judging 

according to a m o u n t of formed potas s ium chloride) dur ing first 30 m i n u t e s a t 30 —40°C. 

After subsequent 3-hour h e a t i n g a t 60—70°C a n d v a c u u m dist i l lat ion of e thanol t h e 

synthesized c o m p o u n d s were isolated from t h e w a t e r m e d i u m . 

2-Octyl ester (IX), a highly viscous liquid, was e x t r a c t e d from t h e w a t e r m e d i u m w i t h 

t h e m i x t u r e of e ther a n d 1,2-dichloroethane ( 1 : 1 , v/v). This m i x t u r e was used because 

2-octyl ester dissolved in 1,2-dichloroethane alone s e p a r a t e d very slowly from t h e w a t e r 

phase . 2-Octyl ester decomposed dur ing t h e v a c u u m disti l lation (160°C/1 tor r ) . T h e 

p r e p a r e d esters are new, so far n o t described c o m p o u n d s . 

T h e i.r. spectra of all p r e p a r e d esters exhibi ted s t rong absorpt ion b a n d s in t h e region 

1760—1730 c m - 1 associated w i t h t h e s t re tching C ^ O v ibrat ion of t h e —COOK g r o u p . 

As seen from Table 2, t h e frequencies of t h e absorpt ion b a n d s are m a r k e d l y affected b y 

t h e presence of a lkyl groups. T h e »detailed s t u d y of these effects will be t h e subject of t h e 

following s t u d y . 

Two s t rong absorpt ion b a n d s associated w i t h a s y m m e t r i c a n d s y m m e t r i c s t re tch ing 

v ibrat ions of —NO2 groups can be observed a t 1530—1520 a n d 1340—1330 c m - 1 , re

spectively. The character is t ic absorpt ion b a n d s of basic skeleton can be found a t — 1603, 

- 1 5 7 8 , a n d - 1 4 0 4 c m " 1 . Vibrat ion b a n d s a t 2139 a n d 3288 c m " 1 found in t h e i.r. 

s p e c t r u m of t h e c o m p o u n d V can be ascribed t o C = C a n d t o C — H st re tching v ibrat ions 

in t h e — С Н г С ^ С Н group. T h e s p e c t r u m of th i s c o m p o u n d reveals, in contras t t o t h e 

spectra of t h e synthesized esters, t h e absorpt ion b a n d a t —3470 c m - 1 associated w i t h 

t h e s t re tching — O H v ibra t ion in t h e carboxyl g roup. T h e absorpt ion b a n d s of t h e car-

bonyl group of this c o m p o u n d were observed a t lower frequencies t h a n in t h e synthesized 

esters. 

(6-Nitro-2-benzothiazolylthio)acetic acid (/) exhib i ted good ant ibacter ia l effects w h e n 

tes t ing t h e s t ra ins of non-specific bacter ia l flora (Bacillus subtilis a n d Escherichia coli) 

as well as m y c o b a c t e r i a l s t r a i n Mycobacterium bovis BCG. T h e m i n i m a l inhib i tory 

concentra t ions (MIC) of I w i t h t h e above s t ra ins var ied from 50 t o 10 (xg/ml. 

W h e n compar ing t h e ant ibacter ia l effects of / w i t h those of i ts esters (II—X; Table 3} 

it can be seen t h a t t h e y do n o t differ considerably a n d t h a t t h e same effects can be observed 

on b o t h t h e gram-posit ive a n d t h e gram-negat ive bacter ia . T h e M I C value of compounds 
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II— VII was 50 [xg/ml both for Bacillus gubtilis and for Escherichia coli. The inhibition of 
strains of the non-specific bacterial flora required 100 [xg/ml concentrations for the 
compounds VIII and IX. The tests have also shown that the compounds are bactericidal 
at the concentrations of 100—50 [ig/ml on the mycobacterial strain tested, and that even 
the lower concentrations are bacteriostatic to different degrees. 

In the experiments with the yeast-like strain of Candida pesudotropicalis it has been 
found with all the compounds tested that for the inhibition of its growth concentrations 
higher than 100 jig/ml were required. The same was true for the inhibition of the intracel
lular parasite Trypanosoma cruzi and its crithidial forms. The lethal effect of the most 
compounds tested on the Euglena gracilis was observed only at the concentrations above 
500 [ig/ml. 

Generally, for the inhibition of protozoa and of yeast-like microorganisms higher 
concentrations of the compounds tested were needed than for the inhibition of bacteria. 
The lengthening or the branching of the alkyl chain in esters did not influence substantially 
the biological activity of the compounds tested. 
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