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Substituted benzothiazolium salts have been prepared by treatment of
4-CH.,-, 4-Cl-, 6-CH,-, and 6-Cl-benzothiazoles with reactive halogen deriva-
tives or dimethyl sulfate. Their stimulation and inhibitory effects on plant
growth and antimicrobial activity including the Free—Wilson analysis are
described. The highest stimulation activity was found with 6-methyl-3-
-propoxycarbonylmethylbenzothiazolium bromide, the highest inhibitory
activity with 4-chloro-3-methylbenzothiazolium bromide and 4-chloro-3-
-methylbenzothiazolium methyl sulfate. The synthesized compounds have not
exhibited noticeable antimicrobial activity.

CunTe3upoBaHbl CONM 3aMelIeHHbIX OEH30THA30J10B NMOCPEACTBOM BO3MEN-
cteusg Ha 4-CH,-, 4-Cl-, 6-CH,- u 6-Cl-6eH30THa30/1bI peakIHOHHOCMTOCO6-
HbIMM TaJIOTEHNPOU3BOAHBIMU MM AUMeTHICYNbgaToM. OmnHMcaHbl HX
CTUMYJIMPYIOLIMA U MHIUOUpYrolMiA 3¢exkThl Ha POCT pacTeHHiH, aHTUMHUK-
pobuanbHas aKTMBHOCTb, a TakxXe aHanu3 dpu-— Bunscona. Hausbiciuas
CTUMYJIMPYIOLIasi aKTUBHOCTH Oblna o6HapyXeHa y 6-MeTHi-3-mponoKcHkap-
60oHUIMeTUNOEH30THA30IMHOpOMHIa, HaWBBICIIAS MHIUOMpYIOILAs aKTHB-
HOCTb Y 4-x110p-3-MeTHa6eH30THa30nuinOpoMunia 1 4-x10p-3-MeTUN6EeH30THa -
3onuitMeTuicynabdara. IlonydeHHble cOeIMHEHHS He NpPOSBISIN 3aMETHOH
aHTUMHMKPOOHAIbHON aKTUBHOCTH.

Recently, further specific effects of benzothiazolium salts, for example increasing
the sugar content in sugar-producing plants have been noticed [1]. The present
paper deals with synthesis of new benzothiazolium salts and study of the influence
of substituents on benzene ring in benzothiazole at the positions 4 and 6 on
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stimulation and inhibitory effects on plant growth as well as on antimicrobial
activity [2, 3]. The compounds of the formula

S
QL

+

|

R2 X

were prepared by the same method as in [2] and are presented in Table 1. By
heating 4-chloro- and 4-methylbenzothiazoles with iodomethane and
bromomethane in dimethylformamide and acetone (volume ratio 2:1) only
8—10 % yields were obtained (Method A). These salts were prepared in sealed
tubes (Method B) and the yields increased to 42—65 %. Decreased reactivity was
observed also in the reaction of 6-chloro- and 6-methylbenzothiazoles with
bromomethane. Attempts to prepare 3-substituted benzothiazolium chlorides led
to hygroscopic products with yields varying from 5 to 30 %.

The synthesized benzothiazolium salts were active (Table 2) against gram-posi-
tive bacteria (1, 2 ) but essentially less active or not active at all against gram-nega-
tive strains (3, 4 ). Change in substituents (H, CH;, Cl) at the positions 4 and 6 on
benzene ring of benzothiazole had not influenced the antimicrobial activity
noticeably. These findings were proved and quantitatively expressed by the results
of the Free—Wilson analysis carried out after [4]. Also the benzothiazolium salts
dealt with in [2] and the compounds with unsubstituted benzyl group in the position
3 have been included into the analysis. Those compounds where some of the
substituents appeared in a certain position only once have been excluded from the
analysis. Series of 46 compounds of the general formula with two different
substituents R' in the position 2, ten R? in the position 3, three R? in the position 4,
three R’ in the position 6, and three anions X~ (X~ was taken for a pseudo
position) have been considered. There were together 21 substituents in 5 positions.
Regarding the condition of symmetry, the system of 46 equations has 29 degrees of
freedom [5]. As the magnitude characterizing biological activity, logarithm of the
reversed numerical value of molar concentration c, corresponding to EDs, or ED
values, was chosen. Simultaneously, correlations using directly the EDs, and ED o
values, expressed in ug/cm’, were calculated for better illustration and comparabili-
ty with minimum inhibitory concentrations. The results of the Free—Wilson
analysis are presented in Table 3. The constant u represents the mean value of
biological activity (activity of the ‘“skeleton”) and the z; values express the
contributions of the individual substituents. The multiple correlation coefficients r
indicate a relatively good statistical correlation significance. Better significance was
achieved when the ED,q, values were used as the magnitudes characterizing the
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Table 1

Characterization of the synthesized benzothiazolium salts of the general formula; R'=H

w; (calc.)/w; (found)

Compound R* R* X Formula M, Yleld l\r:.p. Method.of
%C %H %N %S P c prepaation
I CH, 6-CH., I  CH,INS 291.16 37.13 346 4.81 11.01 83 212214 A
36.95 337 4.83 10.89
II CH, 6-CH., Br C,H,,BINS 244.16 44.27 4.13 574 13.13 65 205—207 B
4408 4.16 550 1297
III CH.CH=CH, 6-CH. Br C, H.BINS 270.20 4890 4.48 5.18 11.87 77 191—192 A
48.78 4.41 5.07 11.87
IV CH,C=CH 6-CH, Br C, H,BINS 268.18 49.26 3.75 522 1195 170 215216 A
49.13 3.69 524 11.83
V  CH.COOCH, 6-CH. Br C,H,.BINO.S 302.19 43.70 4.00 4.63 10.61 64 101—103 A
43.52 396 458 1049
VI CH,COOC:Hs 6-CH, Br C,;H,,BINO.S 316.22 4558 4.46 4.43 10.14 67 207 A
4539 440 440 1021 Decomposition
Vil CH.COOC:H, 6-CH., Br C,;H,.BrNO.S 330.26 47.28 4.88 4.24 971 72 204 A
4742 501 432 9.87 Decomposition
VIII CH,COOCH(CH.,). 6-CH, Br C,:H,.BINO.S 330.26 47.28 4.88 4.24 9.71 78 241 A
4747 508 436 9.76 Decomposition
IX CH,COOCH,CH=CH. 6-CH, Br C,H. BINO.S 328.24 47.57 4.30 4.27 9.77 60 173 A
4763 4.19 427 9.72 Decomposition
X CH, 6-Cl Br C.H,BrCINS 264.57 36.32 2.67 529 12.12 58 295—298 B
37.50 265 5.19 12.28
XI CH, 6-Cl I C.H,CINS 311.57 30.84 226 4.50 1029 73 299—301 A
31.02 2.18 4.32 10.30
XII CH,CH=CH. 6-Cl Br C,H,BrCINS 290.61 41.33 3.12 4.82 11.03 71 210212 A
41.21 3.07 4.65 11.03
XIII CH,C=CH 6-Cl Br C,H,BrCINS 288.60 41.62 244 485 11.11 65 221 A
41.45 241 464 1121 Decomposition

XX 'SANNOJWOD FTOZVIHLOZNAE
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Table 1 (Continued)

w, (calc.)/w; (found)

Compound R? R’ X Formula M, Yif'd Mg Method of
" %C %H %N %S prepaaion
X1V  CH,COOCH, 6-Cl Br C,H,BrCINO.S 322.61 37.23 2.81 434 994 61 170 A
3742 285 4.23 10.05 Decomposition
XV CH,COOC,H; 6-Cl Br C,H,BrCINO.S336.64 39.25 329 4.16 9.52 64 189 A
3933 321 397 957 Decomposition
XVI CH,COOC;H, 6-Cl Br C,;H,,BrCINO,S 350.67 41.10 3.74 399 9.14 57 176 A
41.09 3.74 3.88 9.09 Decomposition
XVII CH,COOCH(CH.), 6-Cl Br C,.H,,BrCINO.S 350.67 41.10 3.74 399 9.14 61 230 A
40.85 393 3.91 9.12 Decomposition
XVIII CH,COOCH,CH=CH, 6-Ci Br C,,H,,BrCINO,S 348.65 41.34 3.18 4.02 920 57 157 A
41.12 3.18 386 9.12 Decomposition
XIX CH, 4-CH, I C,H,INS 291.16 37.13 346 4.81 11.01 52 242 B
37.26 348 493 11.04 Decomposition
XX CH, 4-CH, Br C,H,,BINS 244.16 4427 4.13 574 13.13 45 209—212 B
44.06 4.28 5.62 1297
XXI CH,CH=CH, 4-CH, Br C,H;,BINS 270.20 4890 448 5.18 11.87 47 198—199 A
48.67 4.55 530 11.98
XXII CH,C=CH 4-CH, Br C, H,,BINS 268.18 49.26 3.75 522 1195 43 245 A
4930 3.77 5.06 1191 Decomposition
XXIII CH, 4-Cl I C.H,CIINS 311.57 30.84 226 450 10.29 42 261—263 B
30.82 2.15 4.39 10.31
XXIV CH, 4-Cl Br C.H,CINS 264.57 36.32 267 529 12.12 28 253—255 B
36.11 259 5.14 12.25
XXV CH, 4-CI CH.SO,C,H,,CINO.,S. 295.77 36.55 341 4.74 2168 53 145 A
36.65 3.39 4.61 21.74 Decomposition
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Table 2. Antimicrobial activity of the synthesized benzothiazolium salts

Minimum inhibitory amount Fungicidal/-statical ED o0 EDs,
Compsimd a/(ug/disc) [10] mass concentration o/(pg cm™) pugem™ ugcem™*
1 2 3 4 5 6 1 1
I 12.5 12.5 50 12.5 50/12.5 12.5/3.1 8.2 4.6
I 12.5 12.5 50 50 50/12.5 50/12.5 8.4 4.5
maI 12:5 12.5 200 50 50/12.5 12.5/3.1 9.3 4.9
v 12.5 12.5 200 50 50/12.5 12.5/3.1 9.2 4.9
% 12.5 12.5 200 200 200/50 50/12.5 15.0 7.5
vI 12.5 12.5 200 200 200/50 50/12.5 14.0 7.0
VII 12.5 12.5 200 200 200/50 50/12.5 13.5 6.0
VIII 50 50 200 200 200/50 200/50 17.5 8.0
IX 12.5 12.5 200 200 200/50 50/12.5 12.0 5.8
X 12.5 12.5 50 50 50/12.5 50/12.5 7.5 4.0
XI 12.5 12.5 50 50 50/3.1 12.5/3.1 7.2 3.9
XII 12.5 12.5 200 50 50/12.5 50/3.1 9.4 4.1
X1 12.5 12.5 200 50 50/12.5 50/3.1 9.3 4.1
X1V 12.5 12.5 200 200 200/50 50/12.5 12.5 6.0
XV 12.5 12.5 200 200 200/50 50/12.5 11.5 5.8
XVI 12.5 12.5 200 200 200/50 50/12.5 11.5 6.0
XVII 12.5 12.5 200 200 200/200 200/50 13.0 6.5
XVII 12.5 12.5 200 200 200/50 50/12.5 11.6 © 6.0
XIX 12.5 12.5 50 50 50/12.5 50/12.5 8.2 4.1
XX 12.5 12.5 50 50 50/12.5 50/12.5 9.1 5.0
XXI 12.5 12.5 200 200 50/12.5 50/12.5 8.3 4.0
XXII 12.5 12.5 200 200 50/12.5 50/12.5 8.3 4.1
XXIII 12.5 12.5 50 200 50/12.5 50/12.5 7.2 37
XXIV 12.5 12.5 200 200 50/12.5 50/12.5 8.3 4.0
XXV 125 12.5 200 200 50/12.5 50/12.5 8.3 4.0

1. Staphylococcus aureus ATCC 6538 ; 2. Bacillus subtilis ATCC 6051 ; 3. Escherichia coli ATCC 9637 ; 4. Pseudomonas aeruginosa ATCC 10145;
5. Microsporum gypseum; 6. Trichophyton rubrum.
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Table 3

Results of the Free—Wilson analysis

ED;o/(ug cm™)

—log {c(EDsu)}

ED,/(ng cm™>)

—log {¢ (ED\w)}

Position Substituent of :,:S"::: :nts
Zjk AZik Zjk Allk Zjk Az Zjk AZ,-k
H 42 -0.919 0.040 -1.612 0.036
1
R CH, 4 9.646 } 10.565 -0.422 } 0.462 16.929} 18.541 -0.378 } 0.414
CH, 12 —0.956‘ 0.019W -3.261 0.067 ]
C.H; 2 -3.900 0.158 —4.496 0.064
CH,CH=CH, 5 —-2.944 0.131 -3.523 0.078
CH,C=CH 5 —2.564 0.113 -3.223 0.072
CH,COOCH, 3 2.533 -0.153 4911 -0.141
2 3
R CH COOC.H, ; > 099 L 6799 T ol0 L 0311 a17g p 10507 T ooe 50219
CH,COOC;H, 3 1.166 —0.044 1.944 -0.026
CH,COOCH(CH,), 3 2.899 -0.136 6.011 -0.132
CH,COOCH,CH =CH, 3 0.233 0.010 +0.444 -0.019
CH,C.H; 7 2.861 | —0.066 4.198 ) -0.078 )
H 39 0.076 —-0.009 0.245 -0.011
4-R? CH, 4 -0.116 0.911 0.013 0.105 -1.383 1.628 0.049 0.092
Cl 3 —0.835 0.096 —1.344 0.081
H 24 0.734 —0.044 1.528 —0.052
6-R* CH, 11 -0.309 2.025 —0.005 0.145 -0.756 4.103 0.011 0.155
Cl 11 -1.291 0.101 -2.575 0.103
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Table 3 ‘(C«qntinued)

ED;o/(ug cm™) —log {c (EDsoj)

3 _
ies . Number ED”’O/(“g cm ) IOg {C (EDmo)}
Position Substituent S —
Zjx AZ,-k ik Alﬂ‘ i AZ,'k Zik AZ,'k
Br 34 0.387 —0.031 0.329 -0.025
X I 10 -1.120 1.507 0.090 > 0.121 -0.863 1.612 0.073 » 0.098
CH,080; 2 -0.975 0.073 -1.283 0.056
Constant p 6.445 4.717 13.228 4.398
Multiple correlation coefficient r 0.881 0.937 0.966 0.962
F value 6.269 13.061 25.166 22.589
Zx  — Contribution of the substituent;
Az, — maximum extent of contributions of substituents in the given position;
¢ — molar concentration corresponding to the EDs, and ED,q, values, respectively.
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biological activity. The significance was approximately the same in both cases, i.e.
when using the linear scale with the ED,q, values in pg/cm’ or the logarithm scale
with molar concentrations ¢. Comparison of the F values with the tabular values
for 29 degrees of freedom showed that the correlation significance had been above
99.5 % probability level. The z; values quantitatively expressed and proved the
conclusions about the effect of substituents on biological activity, which has been
already mentioned. It is evident from comparison of the Az; values, representing
the difference between maximum and minimum contributions of z; in the
individual positions, that the greatest changes in the followed region of biological
activity were brought about by changes of substituents in the positions 2 and 3. The
Zx values for the positions 4 and 6 as well as for the anion X~ were essentially
lower. The u values and the contributions of the substituents z; enable to calculate
the biological activity not only for benzothiazolium salts used in the analysis but
also for further compounds not synthesized yet. When using 21 substituents in
5 positions the total number would be 2 X 10 X 3 X 3 X 3. The best values calculated
were those for the compounds unsubstituted in the position 2, having chlorine atom
in the positions 4 and 6, and ethyl or allyl groups in the position 3. However, these
values did not exceed very much the best values measured. When considering the
possible errors, it is not probable that the new compounds with such combination of
substituents would be essentially more active.

It was found that introduction of Cl or CH.; into the positions 4 and 6 of the
synthesized benzothiazolium salts resulted in decrease of the stimulation activity.
In some cases this property vanished completely and the compounds acted as
typical inhibitors. The obtained results are summarized in Table 4. As each
benzothiazolium salt has its own characteristic activity curve, those concentrations
are presented in the table at which the highest activity was observed. From the
practical point of view 6-methyl-3-propoxycarbonylmethylbenzothiazolium
bromide ( VII') was interesting since its stimulation activity was found to be higher
than that of fB-indolylacetic acid. 4-Chloro-3-methylbenzothiazolium bromide
(XXIV) and 4-chloro-4-methylbenzothiazolium methyl sulfate were proved to be
good inhibitors with the activity curve from ¢=10"""—10""mol dm™ in the
inhibition range. Since the synthesized compounds are soluble in water their
application is simple.

Experimental

6-Substituted 2-aminobenzothiazoles, starting compounds for the preparation of 6-substi-
tuted benzothiazoles, were prepared by thiocyanation of the appropriate p-substituted
anilines [6] and similarly, 4-substituted 2-aminobenzothiazoles from o-substituted anilines
by conversion to thioureas and cyclization by treatment with bromine [7]. 4,6-Substituted
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Table 4

Stimulation and inhibitory effects of benzothiazolium salts on growth of v’etch

Stimulation Inhibition
Compound .
+ Al/mm ¢/(moldm *) — Al/mm ¢/(moldm )

I 1.3 " 6.8 10"

I 2.55 10"
11 10.0 10"
v 6.7 10 °
\'% 1.85 10 * 10.0 10 °
\%4 3.25 107 5.5 10"

\%14 3.25 10"
VIII 7.9 10"
IX 8.6 10 *
X 3.1 1077 4.8 10"
XI 2.75 10" 13.3 107"
X1l 3.15 1077 13.0 107
XIvV 10.9 107
XV 9.8 10°?
XVII 5.7 107

XvIIl 2.35 107
XIX 15.0 107
XX 14.6 107
XXI 7.4 10
XXII 6.4 107
XX1v 19.1 107
XXV 19.2 - 107
IAA 3.10 107" 18.5 107
2,4-D 4.85 107 233 10°F

IAA: B-Indolylacetic acid;
2,4-D: 2,4-dichlorophenoxyacetic acid.

benzothiazoles were prepared by deamination of the corresponding 2-aminobenzothiazoles
[8]. Yields, melting points (determined on a Kofler block), and analytical data of the
synthesized compounds are presented in Table 1.

Antimicrobial activity was followed on bacterial strains of gram-positive Staphylococcus
aureus ATCC 6538 (1) and Bacillus subtilis ATCC 6051 (2) as well as on gram-negative
Escherichia coli ATCC 9637 (3) and Pseudomonas aeruginosa ATCC 10145 (4). Antifun-
gal activity was examined by the test-tube dilution method [9] on strains isolated from
pathogenic nest of Microsporum gypseum (5) and Trichophyton rubrum (6 ). The activity
of benzothiazolium salts on gram-positive (1, 2) and gram-negative (3, 4) bacterial strains
was tested by the plate-disc method [10] at amounts a/(ug/disc): 200, 50, 12.5, and 3.1, on
pathogenic moulds (5, 6) by the test-tube dilution method [9] at mass concentration
o/(ug/cm?) 200, 50, 12.5, and 3.1. The activity on the bacterial strain (1) was established

Chem. zvesti 37 (6) 799—808 1983) 807
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also on a Spekol-ZV spectrophotometer at 37 °C and A =460 nm and was expressed in
ED,,, and ED,, values (ug/cm?). Growth stimulation of roots was established by the method
after [11] on a model object of Vicia sativa. Stimulation activities of the synthesized
compounds are presented in Table 4. The tested benzothiazolium salts were prepared by the
method A described in [2] or by the method B.

Benzothiazolium salts II, X, XIX, XX, XXIII, XXIV (method B)

The solution (0.025 mol) of the substituted benzothiazole in acetone (5 cm?®) and the
appropriate alkylation agent (0.03 mol) were poured into a glass ampoule. After cooling to
0= —60to — 80 °C the ampoule was sealed off and gradually heated to 8 =55—60 °C in
a water bath maintaining this temperature for 10 h. After cooling the quaternary salt was
sucked, washed with anhydrous acetone, and recrystallized from anhydrous tetrahydrofuran
containing 1—2 % of methanol.
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