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Xylylenebis(3-benzothiazolium bromides) and 3-(bromomethylbenzyl)-
benzothiazolium bromides were prepared by the reaction of benzothiazole,
6-methyl-, 6-methoxy-, 6-bromo-, 2-methyl-, 4-methyl-, and 2-styrylben-
zothiazole with 1,2-, 1.3-, and 1,4-bis(bromomethyl)benzene. The formation
of not typical tricyclic compounds has been proved by the reaction of
3-methyl-2-benzothiazolinethione with 1,2- and 1,3-bis(bromomethyl)ben-
zene. Using 1,4-bis(bromomethyl)benzene, 2-methylthio-3-methylben-
zothiazolium bromide is formed. The mechanisms of these reactions are
proposed. The structure has been proved by the '"H NMR spectra.

Bpomunbl kcunmmteHouc(3-6enzornazonus) U 3-(6poMMeTHIOEH3MI)-
6eH30THA30/IMsl ObUIM NOJIyYeHbl TTOCPEACTBOM peaxlUuu OeH30THa30Ia,
6-MeTHI-, 6-METOKCH-, 6-OpoM-, 2-MeTui-, 4-MeTWwi- U 2-CTUPUJIOEH-
3otnasona c¢ 1,2-, 1,3- u 1,4-6uc(bpommerun)oen3onomMm. O6pazoBaHue
HETHIMYHBIX TPHUMKJINYECKHX COeNMHEHHH ObLIO JOKa3aHO MyTeM B3au-
MOZIEHCTBHS 3-MeTHI-2-6eH30THA30MMHTHOHA C 1,2- 1 1,3-6uc(6poMmeTHI)-
6ensosioM. [1pu ucnonb3osanuu 1,4-6uc(6pomMmerrn)beH3ona obpasyercs
6pomMuL 2-MeTUNTHO-3-MeTHI6eH30THa30 . [IpeanaraloTcst MeXaHU3MBI
yKa3aHHbIX peakuuit. CTpOEHHE COeqUHEHUH moaTBepxkaeHo ux 'H SAMP
CIIEKTPaMH. X

This paper is a continuation in the study of syntheses of benzothiazolium
salts [1, 2] and their biological activity in the area of plant growth regulators.
Our target was to study the reaction of benzothiazcle and its derivatives with
1,2-, 1,3-, and 1,4-bis(bromomethyl)benzene, where we expected the formation
of correspondmg disalts.

It was found that the reaction of benzothlazole with 1,2-bis(bromomethyl)-
benzene proceeds only to the first stage to give 3-(2-bromomethylbenzyl)ben-
zothiazolium bromide (/). Corresponding xylylenebis(benzothiazolium salt) has
not been formed even by using large excess of benzothiazole, prolonging the
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reaction time and increasing temperature. It can be supposed that the reason for
reactivity of I to the second stage is caused by the possible interaction of
bromine of bromomethylene group with acidic hydrogen in the position 2 or
with thiazole ring; owing to this fact, hindering of the rotation of 2-bro-
momethylbenzyl can appear. Corresponding xylylenebis(benzothiazolium salts)
II, 111 are formed by the reaction of 1,3- and 1,4-bis(bromomethyl)benzene with
benzothiazole.

The same results were also obtained in the case of the reaction of 6-methyl-
benzothiazole. It was shown that methyl group in the position 6 does not
influence essentially electronic conditions in the molecule of benzothiazole
because by the action of 1,2-bis(bromomethyl)benzene, monoderivative IV is
again formed. By the reaction with 1,3-bis(bromomethyl)benzene, 1,3-xyly-
lenebis(6-methyl-3-benzothiazolium bromide) (V) is formed. By the reaction
with 1,4-bis(bromomethyl)benzothiazole in DMF-—acetone medium faintly
soluble 3-(4-bromomethylbenzyl)-6-methylbenzothiazolium bromide (V1) is
formed. When this compound was dissolved in methanol and allowed to react
with 6-methylbenzothiazole, 1,4-xylylenebis(6-methyl-3-benzothiazolium bro-
mide) (VII') was isolated.

Methoxy group of 6-methoxybenzothiazole increases by its mesomeric effect
nucleophilicity of nitrogen and enables progress of the reaction with 1,2- and
1,3-bis(bromomethyl)benzene to the second stage giving VIII, IX in high yields.
During the reaction with 1,4-bis(bromomethyl)benzene, a mixture of mono- and
disalts is formed. Isolation in pure condition using crystallization from metha-
nol was successful only in the case of 3-(4-bromomethylbenzyl)-6-methoxyben-
zothiazolium bromide (X).

Reactions of 1,3- and 1,4-bis(bromomethyl)benzenes with 6-bromoben-
zothiazole afforded disalts X7, XII. Lower yields are caused by the electron-
-withdrawing effect of bromine. Reaction of 6-bromobenzothiazole with 1,2-bis-
(bromomethyl)benzene was not successful. At the temperatures of 40—80°C,
the reaction did not proceed even to the first stage and at 85—110°C,
unidentified decomposition products were formed. That means, this reaction
takes undesirable course. On the basis of this fact and additional knowledge
obtained during this work it can be supposed that the reaction to the first stage
can partly proceed, but in the following, the second bromomethyl group after
initial interaction with strongly acidic .:;drogen of benzothiazole in the position
2 reacts under separation of HBr, which can easily react with 6-bromoben-
zothiazole. With regard to the extremely acidic hydrogen in the position 2,
resulting 6-bromobenzothiazolium bromide is anticipated to react with 1,2-
-bis(bromomethyl)benzene. It is necessary to take into account also possible
oxidation in the position 2 of considered quaternary salts.

2 l 0 Chem. Papers 44 (2)209 220 (1990)



BENZOTHIAZOLE COMPOUNDS. XXXVI

By the reaction of 2-methylbenzothiazole with 1,2-bis(bromomethyl)ben-
zene, decomposition products were formed. 1,3-Bis(bromomethyl)benzene af-
forded 2-methyl-3-(3-bromomethylbenzyl)benzothiazolium bromide (X/I/I) and
1,4-bis(bromomethyl)benzene reacted under formation of 1,4-xylylenebis(2-
-methyl-3-benzothiazolium bromide) (X7V'). From this finding it is evident that
the reaction is influenced by the steric hindrances. 2-Methyl-3-(3-bromomethyl-
benzyl)benzothiazolium bromide (X1/I) was formed only in acetonic medium.
In the mixture of DMF—acetone (¢, = 2 : 1) at the same conditions, a mixture
of decomposition products having red colour resulted. Reaction mixture has
turned red also in DMF medium. In this case we suppose that more polar
reaction medium enables faster oxidation of methyl group in the resulting
product to the first stage. Interaction of bromomethyl group with methyl group
increasing acidity of hydrogens also supports oxidation. We suppose that
oxidation results in the formation of dimers which can be liable to the further
changes. Reaction performed in a sealed tube without solvent afforded a mix-
ture of mono- and disalts and 2-(bromomethyl)benzothiazolium bromide. By
the reaction of 2-methylbenzothiazole with 1,3-bis(bromomethyl)benzene in
methanol, only 2-methylbenzothiazolium bromide was formed. Its structure
was proved, in addition to the elemental analysis, by 'H NMR spectrum.

The reactions of 4-methylbenzothiazole with bis(bromomethyl)benzenes pro-
ceeded by the same way as in the case of 2-methylbenzothiazole, i.e. using
1,3-bis(bromomethyl)benzene, 4-methyl-3-(3-bromomethylbenzyl)benzothia-
zolium bromide (X'V') was formed and with 1,4-bis(bromomethyl)benzene, 1,4-
-xylylenebis(4-methyl-3-benzothiazolium bromide) (XV7) was formed with an
exception that red colour of the reaction medium did not appear.

Steric factors were even more expressively demonstrated in the case of the
reaction of 2-styrylbenzothiazole with bis(bromomethyl)benzenes where prod-
ucts only of the first stage resulted, i.e. 2-styryl-3-(2-, 3-, and 4-bromomethyl-
benzyl)benzothiazolium bromide (XV1I, XVIII, resp. XI1X). The reactions were
performed in acetone where monosalts are little soluble. In the medium of DMF
and DMSO, the salts have decomposed even at 50°C. From acetonitrile or
methanol even after addition of benzothiazole phase, monosalts were again
isolated but more contaminated. All synthesized compounds are given in
Table 1 and the course of discussed reactions is represented in Scheme 1.

3-Methyl-2-benzothiazolinethione afforded pure 1,2-, 1,3-, and 1,4-
-xylylenedithiobis(3-methyl-2-benzothiazolium bromides) (XX, XXI, resp.
XXII) with all isomers of bis(bromomethyl)benzene (Table 2). In compounds
XX and XXI, bromide anions were exchanged for perchlorate anions (XXI/I,
XXIV).

Interesting reactions were observed between 2-(methylthio)benzothiazole
and individual isomers of bis(bromomethyl)benzene. In acetone or nitrometh-
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Characterization of the synthesized benzothiazolium salts

S
s / @R1
1

\cu
Series 4 Serics B
. B wi(cale.)/%
Compound Scrics R R' Position POSll:lOl‘l Formula M, wi(found)/% Yield ~ M.p.
--CH.Br R

C H N S % °C

I 4 H H 2 ' C.H,Br.NS  1399.16 4519 309 356 803 68 202204
4552 320 378 834

1 B H H 3 C..H,Br.N.S, 53434 4945 339 524 1200 69 204—206
49.18 345 503 11.89

1 B H H 4  C,H.BLN.S, 53434 4945 339 524 1200 68 288—290
49.12 341 496 1195

w4 H 6-CH, 2 C,.H,Br:NS 41319 4651 366 339 776 83 248250
4699 3.73 348 793

% B H 6-CH, 3 CyuHnBrN,S, 56240 5124 390 497 1140 83 246—248
50.90 3.81 4.75 11.05

Vi 4 H 6-CH, 4 C.HBr,NS 41319 4651 3.66 339 776 87 237—239
46.58 3.65 3.40 7.81

vii B H 6-CH, 4 CyHuBnN.S, 56240 5124 390 497 1140 45 237—240
50.80 3.82 475 11.17

Vi B H 6-OCH, 2 CyuHypBrN,O.S, 59440 4850 373 471 1079 71 233235
4821 373 4.60 10.49

X B H 6-OCH, 3 CuHpBrN,OS, 59440 4850 373 471 1079 67 232—234
4823 3.65 459 10.70

X A H 6-OCH, 4 C.H,BLNOS 42919 4477 3.52 326 747 41 278280

4510 339 345 7.62
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Table 1 (Continued)

» i wi(calc.)/%
Compound Series R R Eg—tllfl; PO;IIZI on Formula M, wi(found)/% Yield M.p.
C H N S % °C

XI B H 6-Br 3 C,,H,(Br,;N,S, 692.14 38.18 233 405 926 31 195196
) 38.51 239 402 947

xi B H 6-Br 4  CyHBrNS, 69214 3818 233 405 926 34 248—250
38.00 2.52 398 9.04

X A CH, H 3 C.H;B,NS  413.19 4651 366 339 776 35 243—244
4644 3.65 338 7.82

X B CH, H 4 C,H 4B;N,S, 562.37 5124 391 497 1140 41 281—283
50.88 383 475 11.14

XV A H 4-CH, 3 C,¢H,sBr,NS 413.19 46.51 366 339 776 23 171—173
46.80 3.64 348 7.80

xvi B H 4-CH, 4  CuH,BLN,S, 56237 5124 391 497 1140 35 223—25
. 5097 3.76 4.68 11.20

xvil A CH=CHCH; H 2 C,;H,4Br;NS 501.30 55.11 3.72 275 635 24 211214
5549 391 290 6.55

xvi A CH=CHCH; H 3 C,;H(Br,NS 501.30 55.11 372 275 635 25 198—199
5492 3.76 278 6.16

XIX A CH=CHCH; H 4 C,;H,,Br;NS 501.30 55.11 3.72 275 6.35 28  220—221
55.08 3.79 276 6.27
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Table 2

Characterization of the synthesized benzothiazolium salts

s
S /
CHy—S—C
@:‘;;c—s—cnz—@/ z \\]j@
N New,

2X-\CH3 — —\V J
R3
B wi(cale.)/%
Compound Posll{t; on o ax- Formula M, wi(found)/% Yield M.p.
C H N S Y% °C

XX 2 Br CyHyBr,N,S, 626.50 4613 354 447 2047 58 13115
46.00 3.62 429 20.19

XXI 3 Br CyHyBrN,S, 626.50 4613 3.54 447 2047 63 150152
46.18 347 4.39 20.49

XXII 4 Br CyHxB0NSS, 626.50 46.13 354 447 2047 70 135—136
45.80 342 4.28 20.09

XXIII 2 ClO,  CyuHynCLN,OS, 665.61 4331 3.33 421 19.27 82 288290
43.11 3.16 4.40 19.51

XX 3 ClO,  CyuHpnCLN,OS, 665.61 4331 133 421 19.27 77 222225
43.02 3.34 438 19.60

Xxv C,sH,BrNS, 351.17 5134 3.65 4.00 18.31 18 150153
50.89 3.46 4.05 18.62

XXVI CsH,BrNS, 351.17 51.34 3.65 4.00 18.31 19 178—180
51.70 3.46 4.34 18.54

Xxviil CyHBrNS, 262.19 36.67 3.07 5.34 24.46 30 164—168
36.41 3.21 5.11 24.09

AMSACTAYD 'V 'SIMOLNS ‘A "NAQHHEVHD d
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ane, a mixture of compounds with m.p. = 150—180 °C resulted whereas from
acetonitrile, cyclic benzothiazolium salts were isolated. Their structure was
proved spectroscopically. It can be assumed that 2-methylthio-3-(2-
-bromomethylbenzyl)benzothiazolium bromide (A4) formed from 1,2-bis-
(bromomethyl)benzene and analogically 2-methylthio-3-(3-bromomethyl-
benzyl)benzothiazolium bromide formed from 1,3-bis(bromomethyl)benzene,
react through bromomethyl group with sulfur in methylthio group to form
sulfonium cation of the type B (Scheme 2). Subsequent separation of methyl
bromide results in the formation of tricyclic compounds XXV and XXV1I.

Reaction of 2-(methylthio)benzothiazole with 1,4-bis(bromomethyl)benzene
afforded 2-(methylthio)benzothiazolium bromide (XXVII). In its 'H NMR
spectrum, singlets of protons of —CH, group in the region of é = 2.625 ppm
were observed. The signals of four aromatic protons of benzothiazole were
observed in the region of 6=7.1—7.9 ppm. The signals of protons of
N—CH,— group were absent in the spectrum. Elemental analysis proved the
isolated compound XXVII. We suppose that the reaction proceeds to the first
stage but cyclization, with regard to the remote —CH,Br group, does not
proceed. Resulting 2-methylthio-3-(4-bromomethylbenzyl)benzothiazolium
bromide (C) is unstable, proton is separated from the methylene group, and
internal betaine (D) is formed which we were unsuccessful to isolate. The
released HBr reacts with the starting 2-(methylthio)benzothiazole to give
2-(methylthio)benzothiazolium bromide (XXVII). The 'H NMR spectra of the
synthesized compounds are given in Table 3.

Experimental

Melting points were determined on Kofler hot-stage and analytical data of the
synthesized compounds are given in Tables 1 and 2. The 'H NMR spectra shown in
Table 3 were measured on a Tesla 487 instrument operating at 80 MHz, in deuterotri-
fluoroacetic acid with hexamethyldisiloxane as internal standard. 2-Methylbenzothiazole
was prepared from 2-aminothiophenol and acetic anhydride [3], 2-styrylbenzothiazole by
the condensation of 2-methylbenzothiazole with benzaldehyde [4], 4- and 6-substituted
benzothiazoles by deamination of corresponding 2-aminobenzothiazoles prepared from
o- and p-substituted anilines via thioureas and by the cyclization using bromine [5],
3-methyl-2-benzothiazolinone by the thermal rearrangement of 2-(methylthio)ben-
zothiazole [6].

3-(2-Bromomethylbenzyl)benzothiazolium bromide (1)

Benzothiazole (2.7 g; 0.02 mol) and 1,2-bis(bromomethyl)benzene (2.6 g; 0.01 mol) in
dry acetone (20 cm’) were heated under reflux for 6 h. After cooling, crystalline product
was washed with dry acetone and crystallized from methanol.

Chem. Papers 44 (2) 209—220 (1990) 217
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Table 3

'"H NMR data of the synthesized benzothiazolium salts

§/ppm
Compound tre
Harom &—CH,— —CHZ— —CHJ
I 6.80—8.00 (m, 8H) 5.77 (s, 2H) 4.19 (s, 2H)
I 6.75—8.00 (m, 12H) 5.74 (s, 4H)
I 6.75—8.00 (m, 12H) 5.74 (s, 4H)
114 6.80—7.87 (m, 7TH) 5.75 (s, 2H) 4.16 (s, 2H) 2.18 (s, 3H)
14 7.05—7.82 (m, 10H) 5.67 (s, 4H) 2.20 (s, 6H)
|44 6.92—7.92 (m, 7H) 5.60 (s, 2H) 4.03 (s, 2H) 2.20 (s, 3H)
v 7.05—7.70 (m, 10H) 5.62 (s, 4H) 2.20 (s, 6H)
Vil 6.82—7.85 (m, 10H) 5.94 (s, 4H) 3.65 (s, 6H)
X 6.92—7.73 (m, 10H) 5.68 (s, 4H) 3.57 (s, 6H)
X 7.17—17.77 (m, 7H) 5.55 (s, 2H) 4.02 (s, 2H) 3.55 (s, 3H)
XI 6.57—8.10 (m, 10H) 5.74 (s, 4H)
. ¢/4 6.67—8.25 (m, 10H) 5.70 (s, 4H)
Xl 6.57—7.50 (m, 12H) 5.10 (s, 4H)
X 6.75—7.87 (m, 12H) 5.63 (s, 4H) 2.82 (s, 6H)
XV 6.73—7.77 (m, 7TH) 5.87 (s, 2H) 4.03 (s, 2H) 2.51 (s, 3H)
XvI 6.83—7.80 (m, 10H) 5.96 (s, 4H) 2.49 (s, 6H)
xvi 6.68—7.82 (m, 15H) 5.72 (s, 2H) 4.04 (s, 2H)
xviI 6.55—7.92 (m, 15H) 5.69 (s, 2H) 4.01 (s, 2H)
XIX 6.75—7.85 (m, 15H) 5.65 (s, 2H) 3.97 (s, 2H)
XX 6.87—7.77 (m, 12H) 4.75 (s, 4H) 3.83 (s, 6H)
xXxI 7.07—7.75 (m, 12H) 4.50 (s, 4H) 2.80 (s, 6H)
xxi 7.00—7.72 (m, 12H) 4.43 (s, 4H) 3.77 (s, 6H)
XXIII 6.90—7.75 (m, 12H) 4.73 (s, 4H) 3.82 (s, 6H)
xXXv 7.05—7.70 (m, 12H) 4.48 (s, 4H) 3.78 (s, 6H)
XxXv 6.82-—8.12 (m, 8H) 5.71 (s, 2H) 4.61 (s, 2H)
XXVI 7.07—17.75 (m, 8H) 5.70 (s, 2H) 4.55 (s, 2H)

Using the same procedure, 1,3- and 1,4-xylylenebis(3-benzothiazolium bromide) (/1,
resp. I1I) were prepared from 1,3- and 1,4-bis(bromomethyl)benzene, respectively.

1,3-Xylylenebis(6-methyl-3-benzothiazolium bromide) (V')

A mixture of 6-methylbenzothiazole (3.0 g; 0.02 mol) and 1,3-bis(bromomethyl)ben-
zene (2.6 g; 0.01 mol) in DMF and acetone (¢, = 2 : 1, 20 cm®) was heated at 60—70°C
for 2 h. After cooling to room temperature, crystalline portion was washed with dry
acetone, ether or THF.

The same procedure was used for preparation of 3-(2- and 4-bromomethylbenzyl)-6-
-methylbenzothiazolium bromide (IV, resp. VT) from 1,2- and 1,4-bis(bromomethyl)ben-
zene, respectively.

218 Chem. Papers 44 (2) 209-—220 (1990)
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1,4-Xylylenebis(6-methyl-3-benzothiazolium bromide) (VII)

6-Methylbenzothiazole (1.1 g; 7.5 mmol) in dry methanol (5 cm®) was added to VI
(2.06 g; S mmol) dissolved in hot dry methanol (50 cm®). After 2 h, the reaction mixture
was cooled and crystalline product was filtered off and washed with acetone.

1,2- and 1,3-xylylenebis(6-methoxy-3-benzothiazolium bromide)
(VIII, resp. I1X )

A mixture of 6-methoxybenzothiazole (3.3 g; 0.02 mol) and 1,2-, resp. 1,3-bis-
(bromomethyl)benzene (2.6 g; 0.01 mol) in dry DMF and acetone (¢, = 1: 1, 20 cm®)
was heated at 60°C for 3 h. After cooling and 2 h of standing at room temperature,
crystalline product was filtered off, washed with acetone and crystallized from methanol.

Using the same conditions, 1,4-bis(bromomethyl)benzene afforded only 3-(4-
-bromomethylbenzyl)-6-methoxybenzothiazolium bromide (X).

1,3- and 1,4-xylylenebis(6-bromo-3-benzothiazolium bromide)
(X1, resp. XII)

6-Bromobenzothiazole (2.1 g; 0.01 mol) and 1,3-, resp. 1,4-bis(bromomethyl)benzene
(1.3 g; 5 mmol) in dry DMF and acetone (¢, = 1 : 1, 20 cm®) were heated under reflux for
12 h. After cooling, ether (2 cm’) was added and crystalline portion was washed with
acetone.

2-Methyl-3-(3-bromomethylbenzyl) benzothiazolium bromide (XIII )

A mixture of 2-methylbenzothiazole (3.0 g; 0.02 mol) and 1,3-bis(bromomethyl)ben-
zene (2.6 g; 0.01 mol) in dry acetone (20 cm?) was refluxed for 24 h. After 2 h of standing
at room temperature, the product was filtered off and washed with dry acetone.

The same method was used for preparation of 2-styryl-3-(2-, 3-, and 4-bromomethyl-
benzyl)benzothiazolium bromide (XVII, XVIII, resp. XIX) from 2-styrylbenzothiazole
and 1,2-, 1,3-, resp. 1,4-bis(bromomethyl)benzenes.

1,4-Xylylenebis(2- and 4-methyl-3-benzothiazolium bromide)
(XIV, resp. XVI)

2-, resp. 4-methylbenzothiazole (3.0 g; 0.02 mol) and 1,4-bis(bromomethyl)benzene
(2.6 g; 0.01 mol) in a mixture of DMF—acetone (¢, = 2:1, 25 cm®) were heated at
75—80°C for 24 h. Reaction mixture stood at room temperature for additional 8 h.

Chem. Papers *4 (2)209 220 (1990) 2 1 9
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Crystalline product of XVI was washed with dry acetone, XIV was recrystallized from
a mixture of methanol and water (p, = 1:1).

Using the same method and 1,3-bis(bromomethyl)benzene as a starting material,
4-methyl-3-(3-bromomethylbenzyl)benzothiazolium bromide (XV') was prepared.

1,2-, 1,3-, and 1,4-xylylenedithiobis(3-methyl-2-benzothiazolium bromide)
(XX, XXI, resp. XXII)

A mixture of 3-methyl-2-benzothiazolinethione (3.6 g; 0.02 mol) and 1,2-, 1,3, resp.
1,4-bis(bromomethyl)benzene (2.6 g; 0.01 mol) in dry acetonitrile (20 cm®) was left to
stand at room temperature for 3 days. Then, it was heated at 50—60°C for 2 h. After
cooling, crystalline product was washed with dry acetone.

By the same procedure, 2-(methylthio)benzothiazolium bromide (XXVII) was
prepared from 2-(methylthio)benzothiazole and 1,4-bis(bromomethyl)benzene.

1,2- and 1,3-xylylenedithiobis(3-methyl-2-benzothiazolium perchlorate)
(XXIII, resp. XXIV )

XX, resp. XXI (3.3 g; Smmol) was dissolved in a mixture of methanol—water
(¢, = 1:1, 40 cm®) preheated to 50—60°C. To this solution, KCIO, (2.7 g; 0.02 mol) in
water (30 cm?) preheated to 40—50°C was gradually added under stirring. Crystalline
product was washed with cold water and then with acetone.

Tricyclic compounds XXV and XXVI

A mixture of 2-(methylthio)benzothiazole (3.6 g; 0.02 mol) and 1,2-, resp. 1,3-
-bis(bromomethyl)benzene (2.6 g; 0.01 mol) in dry acetonitrile (20 cm®) was heated
under reflux for 24 h. After cooling, crystalline product was washed with dry acetone.
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