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Benzothiazolium salts showing stimulation and inhibitory effects on plant
growth have been prepared by the reaction of benzothiazole and 2-methylben-
zothiazole with alkyl halides or dimethy! sulfate. The highest stimulation effect
was found with 3-alkoxycarbonylmethylbenzothiazolium bromides, 3-methyl-
benzothiazolium methyl sulfate, and 3-benzylbenzothiazolium bromide. Good
antibacterial and antifungal activities were observed with 3-methylbenzothia-
zolium iodide, 3-ethylbenzothiazolium iodide, 3-methylbenzothiazolium
methyl sulfate, 2-methyl-3-ethylbenzothiazolium iodide, and 3-allylbenzothia-
zolium bromide.

Peakuueit 6eH3oTuazona M 2-MeTWIGEH30THAa30Jla C rajloreHajlkaHaMH
U qUMeTWICcyibhaToM ObUTH NPUroTOBJIEHBI OEH30THA30HEBBIE COJIM, MPOSB-
JIFIOLHME CTUMYNHPYIOIliee ¥ HHTHOMpYIolee BO3AeHCTBHE Ha POCT PaCTEHHI.
Haussicumit ctumynupyoumii acpgekT 661 0OHapykeH y 3-ajikoKcHkap6o-
HWJIMETHII6EH30THA30IHHOPOMHUIOB, 3-MeTWI6eH30THA30MHHME THIICYIbgaTa
U 3-6eH3un6en3oTnasonuitbpomuna. Xopouas aHTHOAKTEpHAILHAA U aHTH-
rpubKoBasi aKTHBHOCTb 6bLIa OGHapyxkeHa y 3-MeTHIGEH30THA30IMAKOAMNA,
3-atun6eH3oTHa3oNMAMOIMAa, 3-MeTUIOEH30THA3OTHAMETHIICYIb(aTa, 2-Me-
THI-3-3THN6EH30THA3OJIHNHONMAA H 3-annun6enzorHasonuiGpoMunaa.

Synthesis of benzothiazolium salts has been the object of long-term study from
theoretical aspects [1—6] and practical application. A great number of works have
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been devoted mainly to 2-alkylbenzothiazolium salts, where the methyl and
methylene groups can enter condensation reactions with carbonyl compounds. The
products of these reactions have found application in productions of dyes and
additives to photographic emulsions as well as in the field of catalysis [7—11]. The
aim of our work was to synthesize benzothiazolium salts not described so far and
study their antimicrobial activities and stimulation effects on plant growth [12].
This problem has been given little or no attention at all thus far. With 2-phe-
nyl-3-alkylbenzothiazolium salts tested it was found that the derivatives with lower
alkyl were active [13]. 2-Methyl-3-ethylbenzothiazolium iodide with B-(ethyl-
thio)acrolein diethyl acetal gives a dicarbocyanine dye which is used as a medicine
against intestinal parasites under the name of dithiazine [9]. Growth stimulation
with benzothiazolium salts has not been observed till now.

Synthesis of 3-substituted and 2,3-disubstituted benzothiazolium salts (Table 1)
was accomplished by treatment of benzothiazole and 2-methylbenzothiazole with
the appropriate alkyl halides or dimethyl sulfate. The most suitable reaction
medium was proved to be the mixture of anhydrous dimethylformamide and
acetone (2:1) at 55—60°C. At higher temperatures the yields decreased and
higher portions of a colour product, not identified yet, were formed. We assume in
accordance with [14, 15] that this product was a dimer formed through an
intermediate of the carbene type and subjected to further changes in the presence
of aerial oxygen. In target plant growth regulations, synthetic phytohormones of
the auxine type with the basic indole type structure of §-indolylacetic acid (IAA)
are often utilized [16]. When nitrogen atom is replaced by carbon or oxygen, the
formed compounds retain their phytohormonal properties and stimulate the
growth of coleoptiles [17]. Replacement of the pyrrole ring with oxazole or thiazole
rings results in compounds which also retain their phytohormonal activity analo-
gous to auxine activity [16]. We have found that some of the synthesized
derivatives (compounds II, X, XIII, XV, XVIII) are more effective growth
stimulators than the standards, i.e. IAA and 2,4-dichlorophenoxyacetic acid
(2,4-D). The results obtained are presented in Table 2. Since each benzothiazolium
salt has its own characteristic curve for stimulation activity, those molar concentra-
tions are presented at which the stimulation effect was the highest. The dependence
of stimulation activity of some compounds (X, XIII, XVIII) on concentration is
illustrated in Figs. 1 and 2 in comparison with the standards (IAA; 2,4-D). To
express the activity of compounds at concentrations of maximum activity of the
standard is not the best thing to do from the viewpoint of practical application. IAA
shows the best activity +3.10 mm at 107" mol dm™, while the compound V
only+0.4 mm, X+ 5.8 mm, XV +5.55 mm, and XVIII +3.0 mm at the same
molarity. The standard 2,4-D showed the best activity+4.95 mm on vetch at
107° mol dm™>, while the compound V —0.4 mm (inhibition), X + 6.3 mm, XV
+5 mm, and XVIII+2 mm at the same molarity. We attempted to correlate the
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Fig. 1. Regulation effects of the compounds X
and XIII on growth of vetch in comparison with
the activity of B-indolylacetic acid (IAA).

O IAA; O X; @ XIIL

Fig. 2. Regulation effect of the compound XVII
on growth of vetch in comparison with that of
2,4-dichlorophenoxyacetic acid (2,4-D).
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Table 1

Characterization of the synthesized benzothiazolium salts

(€£861) 299—¢€59 (S) L£ Nsoaz ‘way)

+ X
N
I8
Calculated/found .
Compound R R! X- Formula M Yf;'d Mg
%C %H %N %S °
I H CH, I C,H;INS 277.13 3467 290 505 1157 73 213215
3453 294 491 11.43
I H CH CH,SO, GCH,NO.S; 26132 4136 424 535 2454 78 104—105
4127 413 541 2440 '
I H CH; I CsH,,INS 291.16 37.12 346 481 11.01 63 139—142
3724 335 492 11.12
v CH, GC,H; I CioH,;,INS 305.18 3935 396 4.58 1050 69 197—198
3923 403 441 10.54
1 H CH,CH=CH, Br CH,oBINS  256.17 46.88 3.93 546 1251 69 147—149
4672 390 552 1248
VI CH, CH,CH=CH, Br C,H,BINS 27020 4889 447 518 1186 60 216—217
4876 454 5.09 11.82
viI CH, CH,C=CH Br C,H,BINS  268.18 49.26 3.75 522 1195 64 244—246
4921 375 521 1207
vIII H CH,COOH Br C,HsBINO,S 274.14 3943 294 510 11.68 61 246—249
39.57 2.80 519 11.62
IX CH, CH,COOH Br CioH\;BINO,S 288.17 41.68 349 4.86 11.12 68 224225
4149 334 498 11.12
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Table 1 (Continued)

Calculated/found

Compound R R! X Formula M Y:; id Nfg ’
%C %H %N %S °
X H CH,COOCH, Br CioH,0BrNO,S 288.17 41.68 3.49 486 11.12 71 152
41.52 3.39 4.56 1097 . Decomposition
XI H CH,COOCH, Cl CioHoCINO,S 243.71 49.28 4.13 574 13.15 15 195—198
49.50 4.28 569 13.29
X1 CH,; CH,COOCH, Br C.H;BINO,S 302.19 43.72 4.00 4.63 10.61 59 214217
43.54 4.15 4.80 10.76
X1 H CH,COOC,Hs Br C.H\;BINO,S 302.19 43.72 4.00 4.63 10.61 75 174
4343 3.82 4.60 10.61 Decomposition
XIv CH; CH,COOC;H; Br C..H..BINO,S 316.22 45.58 4.46 442 10.13 58 189—190
4581 4.62 432 10.04
XV H CH,COOC;H, Br C:H;BrNO,S 316.22 45.58 4.46 442 10.13 68 185
45.27 431 428 10.20 Decomposition
XVl CH; CH,COOC;H, Br C;HsBrNO,S 33025 47.28 4.88 4.24 9.70 54 192—193
4742 4.68 4.10 9.57 Decomposition
XVII H CH,COO0-i-C;H,  Br C.H,.BINO,S 316.22 4558 4.46 4.43 10.14 79 220
4539 435 4.33  10.20 Decomposition
XVvil H CH,CH; Br C,sH,,BINS 306.22 5491 394 457 1047 74 201
54.80 4.03 442 10.55
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Table 2

Stimulation and inhibitory effects of benzothiazolium salts on growth of vetch

Stimulation Inhibition
Compound
+ mm mol dm™ - mm mol dm™

1 0.85 107 8.8 107

11 3.75 107" 55 107

1 1.35 107 12.4 107?
v 4.25 1077 35 107?
v 2.6 1077 20.7 107
\%1 4.3 1077 8.15 107
Vil 0.9 107° 10.3 107
VIII 0.95 10" 7.55 10°*
IX 1.25 10~ 1.70 107"

X 6.8 107" 6.0 10°°

XI 5.0 10°° 7.95 107*
XII 2.35 1077 6.2 10°°
XIII 4.05 107° 6.75 107*
XIv 2.0 107° 10.9 107

XV 5.55 1072 — —
XVI 2.1 107 4.2 107
XvIl 4.8 1077 5.35 107
XVIII 6.7 1077 25.75 107"
IAA 3.10 10712 18.55 10~
2.4-D 4.95 107 23.30 10°°

stimulation effects of the derivatives mentioned above with partition coefficients
determined spectrophotometrically for the system water—octanol or with the
wavenumbers v(C=N") and v(C=C) (Table 3). However, we have not found
a statistically significant correlation. During experiments, variabilities in biological
heterogeneity were observed which could not be excluded from tests of such
a nature. The dependence of stimulation activity on concentration of the stimulator
is expressed in majority of cases by two- and three-phase curves, which is probably
brought about by fluctuations of metabolism in degradation of the stimulator [18].
Practical application of compounds is simple since they are soluble in water. The
concentrations at which the compounds became inhibitors are presented in
Table 2.

The compounds synthesized were tested for antibacterial, antifungal (Table 4),
and some derivatives also for antivermal activities. From the results obtained it
follows that the compounds are antibacterially active fairly well, mainly against
gram-positive bacteria. Good results were achieved also in the field of antifungal
activity. It was found that the compounds at higher concentrations acted fungicidal-
ly and at lower concentrations fungistatically. The derivatives I, V, and X were
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Table 3

IR and UV characteristics of the synthesized compounds

Compound  v(C=N*) v(C=C) Amlgg'/e m *”I'(;é'/e " Compound v(C=N") v(C=0) ‘"I‘;‘é/:'“ "”I';g"i i

I 1580 1516 275 X 1578 1502 278 236
3.71 3.75 3.88

1 1584 1524 275 234 I 1582 1502 280 236
3.75 3.91 3.78 3.92

1 1578 1504 276 X1 1573 1504 270 237
3.72 391 408

104 1579 1514 274 XIII 1581 1504 280 236
3.79 3.76 3.89

\'% 1579 1499 278 235 XIV 1579 1512 279 239
3.74 3.93 3.79 3.87

Vi 1579 1508 277 238 XV 1580 1498 280 236
3.81 3.93 376 3.89

viI 1570 1513 278 238 XVI 1578 1504 280 239
3.84 3.95 376 3.87

VIII 1581 1499 279 236 XVII 1579 1499 280 236
377 3.90 375 3.90

IX 1581 1518 278 238 XVIII 1581 1498 280 235
3.80 3.8 3.74 3.98
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Table 4

Antimicrobial activity of the synthesized benzothiazolium salts

Minimum inhibitory concentration Fungicidal/statical concentration
ug/disc ug/mi
Compound
1 2 3 4 5 6
I 12.5 12.5 50 12.5 50/12.5 50/12.5
I 12.5 12.5 50 12.5 50/12.5 50/12.5
I 12:5 12.5 50 50 50/12.5 50/12.5
v 12.5 12.5 50 50 200/50 200/12.5
\'% 12.5 12.5 50 12.5 50/12.5 50/12.5
VI 50.0 50.0 200 200 200/50 200/12.5
vl 50.0 50.0 200 200 200/50 200/12.5
IX 200.0 200.0 200 200 200/200 200/50
X 50.0 50.0 200 200 200/50 200/50
Xl 200.0 200.0 >200 >200 >200/200 200/50
X1 12.5 12.5 200 200 200/50 200/12.5
X1v 50.0 200.0 >200 >200 >200/200 200/50
XV 12.5 12.5 200 200 200/50 200/12.5
xXvil 50.0 50.0 200 200 206/200 200/50

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.

tested also for antivermal activity on Pannagrellus redivivus and Rhabditis
oxycerca. The effect was followed in liquid medium in the presence of the
appropriate compound by counting the motile individuals after 48 h cultivation. At
higher concentrations (400—800 pg/ml) 100 % lethal effect was observed. Of the
three derivatives tested 3-allylbenzothiazolium bromide (V) was found to be most
active.

Experimental

Benzothiazole was obtained by rectification (110—122 °C/1.6 kPa) of the technical
product, conversion to benzothiazolium sulfate, and crystallization from ethanol. The base
was liberated with NaOH solution, extracted with ether and after evaporation it was distilled
at 116—118 °C/1.6 kPa. 2-Methylbenzothiazole was synthesized after [19].

Melting points, determined on a Kofler block, and analytical data of the synthesized
compounds are presented in Table 1. Tetrahydrofuran containing 1—2 % of methanol was
used for crystallizations. The i.r. spectra of compounds in nujol suspensions were measured
on a double-beam Perkin—Elmer 180 spectrophotometer in the region of
1700—1480 cm™'. The apparatus was calibrated by polystyrene foil; v(C=N*) and
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v(C=C) were assigned according to [20]. Electronic spectra were measured on a dou-
ble-beam Perkin—Elmer 450 spectrophotometer in distilled water. All the measurements
were carried out at 25 °C.

Growth stimulation of roots was established after the modified method [11]. Tests were
performed on a model object of vetch, which was chosen for its high homogeneity in
germination of seeds and growth of sprouts. Stimulation activities of the synthesized
compounds are presented in Table 2. Antibacterial activity was followed on bacterial strains
of gram-positive Staphylococcus aureus ATCC 6538 (1), Bacillus subtilis ATCC 6051 (2)
and gram-negative Escherichia coli ATCC 9637 (3), and Pseudomonas aeruginosa
ATCC 10145 (4). The activity of the compounds at 200, 50, 3.1, and 0.8 ug/disc was
established by the plate-diffusion method in a Mueller—Hinton agar adjusted for the
appropriate strain [21]. In the results that concentration is presented which brought about
a measurable zone of growth inhibition. Antifungal activity was followed by the test-tube
dilution method [22] on strains isolated from pathogenic nest of Microsporum gypseum (5)
and Trichophyton rubrum (6). The strains were obtained from the Czechoslovak State
Collection of Type Cultures, Prague. In the case of the strain (1) also the quantitative
dilution method in liquid culture medium was applied. The activity was evaluated spectro-
photometrically on a Spekol-ZV spectrophotometer at 37 °C and 460 nm by following the
bacterial growth at different concentrations of the compound. The results of antibacterial
activities are presented in Table 4.

Benzothiazolium salts [—XVIIT

Benzothiazole (2-methylbenzothiazole) (0.05 mol) and halogen derivative and dimethyl
sulfate, respectively (0.06 mol) were dissolved in the anhydrous mixture (25—30 ml) of
dimethylformamide and acetone (2:1). The reaction mixture was heated in a water bath at
55—60 °C. If the quaternary salt did not start to crystallize after 5 h, a small portion of the
reaction mixture was washed with petroleum ether and acetone and crystallization was
evoked by a glass rod. The crystalline substance was put back into the reaction mixture and
heating was continued for further 4 h. After cooling the salt was sucked, washed with
anhydrous acetone, and crystallized from anhydrous tetrahydrofuran containing 1—2 % of
methanol. ’
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