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S-[1-Acetyl-2-(2-oxobenzothiazol-3-yl)ethyl] O,O(O,N, O,S)-dialkyl thio-
-(dithio)phosphates have been prepared by treatment of 3-(2-bromo-3-
-oxobutyl)-2-benzothiazolinone with salts of O,0(O,N, O,S)-dialkyl thio-
-(dithio)phosphoric acids and S-[1-acetyl-2-(2-thioxobenzothiazol-3-yl)-
-ethyl] O,0(O,N)-dialkyl thio(dithio)phosphates by treatment of 2,3-dihyd-
ro-2-acetylthiazolo[2,3-b]benzothiazolium bromide with salts of O,0(O,N)-
-dialkyl thio(dithio)phosphoric acids. The structures of the prepared com-
pounds were proved by their '"H NMR and IR spectra. It has been found
that bromination of 3-(3-oxobutyl)-2-benzothiazolinethione resulted in
2,3-dihydro-2-acetylthiazolo[2,3-b]benzothiazolium bromide. The compounds
at lower concentrations did not exhibit sufficiently high pesticidal activity.

S-[1-AueTun-2-(2-okco6en3oTuazon-3-un)atun]- O, O(O.N O,S)-nuan-
kwithHo(aurno)dpocdarsl GbUIH MONydYeHbl B3aumopeicTsueM 3-(2-Gpom-3-
-0kcobyTun)-2-6eH3oTHaszonuHona ¢ coasmMu O,O(O.N O,S)-gnankun-
THO(guTHO)ocopHBIX  KHCHOT, a  S-[1-ameTwn-2-(2-THokcoGeH3oTHA-
son-3-un)atwi|- O,0( O, N)-auankuntio (AUTHO )pocdaTsl B3aHMOIEHCTBHEM
6pomupa 2,3-gMruapo-2-aueTwiTHas’ono[2,3-b]6eH30THa3oNus ¢ CONAMH
0, O0(O,N)-puankwitno(gutao )bocgopHsix KHCIOT. CTPYKTYpHl PHTOTOB-
JIeHHbIX coefuHeHHl Oblnn moaTtBepxaeHbl ux 'H AMP u HUK-cnektpamu.
O6uapyxeHo, 4ro GpoMupoBaHHe 3-(3-0kCOGYyTHI)-2-6eH30THA30MHHTHOHA
BeJIo K 06pa3oBanuio 6poMuaa 2,3-IHruapo-2-aLeTHITHa3010[2-3-6]-6eH30-
THa30/1Ms. B HU3KHX KOHIEHTpaLHsX MOMYYeHHbIE COEHHEHHS He MPOSBIISUIH
HOCTaTOYHO BBLICOKOH NMECTHIMIHOH aKTHBHOCTH.

Organophosphoric compounds of benzothiazole have-found extensive applica-
tion in agriculture as herbicides, fungicides, insecticides, and acaricides [1—3].

The aim of our present work was to prepare 3-(2-bromo-3-oxobutyl)-2-benzo-
thiazolinone and 3-(2-bromo-3-oxobutyl)-2-benzothiazolinethione by bromina-
tion of 3-(3-oxobutyl)-2-benzothiazolinone and 3-(3-oxobutyl)-2-benzothia -
zolinethione, respectively, and treat these compounds with salts of O,0(O,N,
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0,S)-dialkyl thio(dithio)phosphoric acids in order to obtain S-[1-acetyl-2-(2-o-
xobenzothiazol-3-yl)ethyl] O,0(O,N, O,S)-dialkyl thio(dithio)phosphates and
S-[1-acetyl-2-(2-thioxobenzothiazol-3-yl)ethyl] O,O(O,S)-dialkyl thio(dithio)-
-phosphates according to Scheme 1.
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Alkylation of 2-hydroxybenzothiazole results in 3-alkyl-2-benzothiazolinones.
Addition of methyl vinyl ketone occurs also at the position 3 under the formation
of 3-(3-oxobutyl)-2-benzothiazolinone. Alkylation of 2-mercaptobenzothiazole in
alkali medium takes place at the position 2 but addition of methyl vinyl ketone at
the position 3. This difference has been explained by Halasa and Smith [4] on the
basis of oxibase scale of ambident nucleophiles. Such a scale allows to predict
conditions for formation of either N or S products. These authors carried out the
reactions in THF using catalytic amount of NaH. We used CH,OH as the reaction
medium and catalytic amount of CH;ONa. It was necessary to redistil and stabilize
methyl vinyl ketone with hydroquinone prior to use.

3-(2-Bromo-3-oxobutyl)-2-benzothiazolinone (C) has been prepared by bromi-
nation of 3-(3-oxobutyl)-2-benzothiazolinone (A). Bromination proceeded best in
CCl, where the product obtained was of highest purity. In benzene, chloroform,
acetic acid or ethanol a mixture of derivatives was formed. Exactly one equivalent
of bromine has to be used in the reaction, since its excess brings about a formation
of 3-(2,4-dibromo-3-oxobutyl)-2-benzothiazolinone which is difficult to separate
by crystallization. Successful bromination requires also sufficiently slow addition of
bromine ; the solution should be decolorized before further amount of bromine is
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added. Otherwise, a mixture of mono- and disubstituted bromo derivatives is again
obtained. The structure of 3-(2-bromo- 3-oxobutyl) 2-benzothiazolinone was
proved by '"H NMR spectra.

The composition of the compound formed on bromination of 3-(3-oxobutyl)-
-2-benzothiazolinethione (B) in chloroform pointed to monobromo derivative. On
the basis of its high melting point (236—240 °C) and solubility in warm water we
came to an assumption that cyclization had taken place under the formation of
2,3-dihydro-2-acetylthiazolo[2,3-b]benzothiazolium bromide (D) which has not
been synthesized so far. We explain this process by formation of intermediate
3-(2-bromo-3-oxobutyl)-2-benzothiazolinethione where a covalent bond may be
formed between the nucleophilic sulfur in the side chain on C-2 bearing both
bromine and carbonyl group. The structure was proved by evaluation of the
'"H NMR spectra. Cyclic benzothiazolium salts, known so far, have been synthe-
sized from various 2-haloalkylthiobenzothiazoles.

S-[1-Acetyl-2-(2-oxobenzothiazol-3-yl)ethyl] O,O-dialkyl thio(dithio)phos-
phates (I, III—V, VIII, X, XII, X1V, XVI, XVII, XX, XXII, XXIV) were prepared
by the reaction of 3-(2-bromo-3-oxobutyl)-2-benzothiazolinone with salts of
0,0-dialkyl thio(dithio)phosphoric acids, prepared according to [5, 6]. The reac-
tion proceeded at room temperature and 2-butanone was found to be the most
suitable reaction medium, since both starting compounds are soluble in it. We
have compared the reaction rates of sodium O,O-diethyl dithiophosphate in ace-
tonitrile and of free acid in chloroform, respectively, with 3-(2-bromo-3-oxo-
butyl)-2-benzothiazolinone (IR region). The results are in agreement with nuc-
leophility of acids and their salts. The rate constant for nucleophilic substitution
of bromine with sodium O.O-diethyl dithiophosphate was 2.48X
x 107* dm?* mol~' s™'. The rate constant for the reaction of the bromo derivative
with acid was 7.99 X 10™* dm® mol™* s~!. Though the reactions were studied in
different solvents. the rate constant values clearly indicated that the reaction of acid
with bromo derivative was three times slower than that with its salt. The
synthesized derivatives. isolated from aqueous medium and purified chromatogra-
phically. are yellow oily compounds. Their properties are presented in Table 1.

S-[1-Acetyl-2-(2-thioxobenzothiazol-3-yl)ethyl] O,O-dialkyl thio(dithio)phos-
phates (II, VI, VII, XIII, XV, XVIII, XIX, XXIII) were prepared by treatment of
2,3-dihydro-2-acetylthiazolo[2,3-b]benzothiazolium bromide with salts of O,O-
-dialkyl thio(dithio)phosphoric acids. We assume that the nucleophilic reaction
proceeded on C-2 of the thiazole ring where the acetyl group was located. The
electron deficit on this carbon is, due to the carbonyl group, higher than that on
carbon in the position 2 of the benzothiazole ring, since electron deficit is not
localized on nitrogen but spread out over the whole benzothiazole skeleton, or
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Tablel
Characterization of the synthesized compounds

wi(calc.)/ %
Compound R R! XY Formula M, wi(found)/% Yield M.p. n(D,20°C)

C H N P % °C

I OCH, OCH, O S C,H.NO/PS, 377.44 4137 427 371 821 90 1.6108
41.00 4.09 3.70 8.06
i OCH, OCH, S S CH.NO,PS, 39350 39.68 4.10 3.56 7.87 80 *
39.92 429 327 7.49
b1 OCH, OC,H; O O C,HyNO.PS, 389.43 4526 5.18 3.60 7.95 87 1.5800
’ 4496 5.01 3.72 17.62
v OC;H; OC;H; O S Ci:H,NOPS, 405.19 44.46 498 3.46 7.64 80 1.5939
44.44 494 345 7.90
\% C,H; OCH; O S C.H,NO,PS, 389.49 4626 5.18 3.60 795 82 1.6050

4593 525 4.42 8.19

vI OC,H; OC.H; S S CiHNOPS, 421.56 42.74 478 332 735 93 67—69
42.60 4.70 3.30 7.58

\2!1 OC,H; OC,H; S O CisHpNOPS, 40549 4443 497 345 764 61 88—90
44.63 5.11 3.52 791

\2114 OC,H; OC;H;-i O O C,H;NOPS; 40345 4763 550 347 7.68 84 1.5660
47.44 545 3.47 17.50

IX OC,H; NHC;H;-i O O C,HxN,OPS, 40247 4775 576 6.96 7.70 85 *
4775 5.63 6.71 17.44

X SCH; OC.H,-i O O C,;H.NO,PS, 43355 47.10 558 3.23 7.14 80 1.5670
46.80 5.31 3.30 7.00

X1 OC,H; NHC;H;-i S S CiH;N,OPS; 418.53 4592 554 6.69 740 36 137—139
4596 5.56 6.49 17.76

X1 OC;H, OC;H, O O C,H,NOPS, 41747 4891 579 336 742 92 1.5562

4R 63 5.67 3.33 7.42
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Table 1 (Continued)

wy(calc.)/%

Compound R R! XY Formula M, wi(found)/% Yield Mp. n(D,20°C)
C H N P % °C
X1 OC;H;, OG;H, S O C;;H.NO/PS;, 43355 47.10 558 323 7.14 84 1.5889
46.90 5.81 3.10 7.31
xiv OGC;H,-i OG;H,-i O O C,;H.NOsPS, 417.48 4891 579 336 742 92 1.5489
48.64 548 334 7.34
XV OG;H,-i OGC;H,-i S O C,;H.NO,PS, 433.55 47.10 558 3.23 7.14 90 98—100
46.81 5.47 327 17.02
XVI OGC;H,-i OG;H,-i O S C;H.NO[PS, 43355 47.10 558 323 7.14 94 1.5750
46.83 539 3.15 731
Xvil OCH,CH=CH, OCH,CH=CH, O O C;;H,NOsPS; 413.44 49.39 4.88 339 749 90 1.5855
49.51 4.70 347 741
XVIII OCH,CH=CH, OCH,CH=CH, S O C,;H,NO.PS; 429.51 47.54 469 3.26 721 88 1.5768
4720 491 3.02 7.00
X1xX OC,H, OC.H, S O C,,HxsNOPPS;, 461.60 49.44 6.11 3.03 6.71 84 1.5820
49.61 6.02 3.23 6.37
XX OC.H, OC.H, O O C,H;NOsPS, 44551 51.21 628 3.14 696 89 1.5495
: 50.95 6.28 3.08 7.05
XX1 OC,H;-sec. OC,H,-sec. O O C,HxNOsPS, 44551 5121 628 3.14 696 88 1.5488
50.98 6.21 3.12 6.96
XX OC.Hs-i OC,H,-i O O C,HxNOPS, 44551 5121 6.28 3.14 696 83 1.5458
51.13 6.19 3.11 7.00
XX OCH,-i OCH,-i S O C,HixNOPS;, 461.60 4944 6.11 3.03 671 78  88—89
49.13 592 3.16 6.64
XxX1v OC,Hs-i OC,H,-i O S C,HxNOPS; 461.60 4944 6.11 3.03 671 88 1.5661
49.19 6.19 3.03 6.92

* Coloured viscous liquid.
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even on methylene group of the thiazole ring similarly as it was proved by the X-ray
structure of 3-benzylbenzothiazolium bromide.

The structures of the synthesized compounds were confirmed also by evaluation
of their IR spectra. The absorption bands of medium intensity in the region of
v=1230—1270 cm™" proved the presence of the stretching P=0 vibrations while
the bands at v=570—670 cm™' belonged to P=S vibrations (Table 2). It can be
seen that the wavenumbers of the bands ascribed to P=0O and P=S groups changed
in dependence on the alkoxy group. With the increasing number of C in the chain
the position of the band shifted to lower wavenumbers, however, the band intensity
did not change. The IR spectra revealed that the compound IX was a mixture of
P=0 and P=S isomers which we failed to separate chromatographically. The
derivatives IX and XI were synthesized for comparative purposes in biological
tests.

Table 2
Effect of the substituents R, R' on the wavenumber (v/cm™") of the P=7Y group
of the synthesized compounds
Compound v(P=0) v(P=S) Compound v(P=0) v(P=S)

I 655 X111 1240
I 660 X1v 1250
il 1270 b 4% 1240

v 650 XVI 630
\%4 640 xvil 1270
VI 650 Xvin 1230
|21 1245 XIX 1235
vinn 1260 XX 1250
X 1235 570 XX1 1250
X 1240 b o ul 1250
X1 590 XX 1240

X1 1265 XX1v 570

The tests for contact and systemic insecticidal activity on Musca domestica,
Calandra granaria, and Aphis fabae showed that the activities with the synthesized
compounds were lower than that of Metation. Likewise, acaricidal activities were
lower than that of Akarition. The compounds III, VII, IX, XIV, XVII, XX, and
XXIV at 6 =5000 ppm and 500 ppm exhibited acaricidal-ovicidal activity on eggs
of Tetranychus urticaec. The biological tests were carried out at the Research
Institute of Agrochemical Technology.

Experimental

Characterization of the synthesized compounds is presented in Table 1. 'H NMR spectra
were measured in CDCl; and F;CCOOD on a Tesla 487 apparatus at 80 MHz using
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hexamethyldisiloxane as internal standard. IR spectra were measured in CHCl, on
a Perkin—Elmer 180 spectrophotometer. Column chromatography was performed on silica
gel L 40/100 using methanol—benzene (volume ratio=1: 4) as the eluent.

3-(3-Oxobutyl)-2-benzothiazolinone (A)

2-Benzothiazolinone (30.2 g; 0.2 mol) was dissolved in dry methanol (120 cm®) and after
addition of sodium (0.5 g), methyl vinyl ketone (15 g; 0.25 mol) was added dropwise. The
reaction mixture was stirred until crystallization of the product began. Then it was allowed to
stand for 2 h and the product was purified by crystallization from ethanol. Yield = 90 %,
m.p. = 113—115°C.

For C;,H,,NO,S (M,=221.27) wi(calc.): 14.47 % S, 6.33 % N; w;(found): 14.72 % S,
6.41 % N. 'H NMR (8/ppm): 7.0—7.5 (ar, 4H, m), 4.15 (CH,, 2H, t), 2.90 (CH,CO, 2H,
t), 2.17 (CH,, 3H, s).

3-(3-Oxobutyl)-2-benzothiazolinethione (B)

2-Mercaptobenzothiazole (16.7 g; 0.1 mol) was dissolved in dry methanol (60 cm?®) with
stirring at 40 °C and after addition of sodium (0.2 g), methyl vinyl ketone (10 g; 0.15 mol)
was added dropwise. The reaction mixture was stirred at 60 °C for 1 h. After cooling the
solid portion was crystallized from ethanol. Yield =75 %, m.p. = 139—140 °C.

For C,,H,,NOS, (M, =237.34) wy(calc.): 27.04 % S, 5.91 % N; wi(found): 27.02 % S,
5.88 % N.'H NMR (6/ppm): 7.1—7.6 (ar, 4H, m), 4.65 (CH,, 2H, t), 3.0 (CH,CO, 2H, t),
2.20 (CH,, 3H, s).

3-(2-Bromo-3-oxobutyl)-2-benzothiazolinone (C)

3-(3-Oxobutyl)-2-benzothiazolinone (22.1 g; 0.1 mol) was dissolved in CCl; (100 cm?)
and under stirring and cooling with water, bromine (16 g; 0.1 mol), diluted with CCl,
(20 cm®), was added dropwise at such a rate that the solution decolorized continually. Then
the reaction mixture was stirred for 1 h and the solid portion was crystallized from ethanol.
Yield = 90 %, m.p.=117—118 °C.

For C,;H,,BrNOS (M, = 300.18) wi(calc.): 26.62 % Br, 4.28 % N; w,(found): 26.14 %
Br, 4.50 % N. 'HNMR (8/ppm): 7.0—7.5 (ar, 4H, m), 4.95 (CH, 1H, dd), 4.06—4.75
(CH,, 2H, m), 2.40 (CH,, 3H, s).

2,3-Dihydro-2-acetylthiazolo[2,3-b]benzothiazolium bromide (D)

3-(3-Oxobutyl)-2-benzothiazolinethione (23.7g; 0.1 mol) was dissolved in dry
chloroform (100 cm®) and bromine (16 g; 0.1 mol) was added dropwise under stirring at
room temperature at such a rate that the solution decolorized continually. The precipitate,
a light-green salt of the product. was washed with ethanol thoroughly. Yield =80 %. m.p.
= 236—240 °C.
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For C,;H,(BrNOS, (M, =316.24) wy(calc.): 25.31 % Br, 4.43 % N; w,(found): 25.62 %
Br, 4.29 % N. 'H NMR (8/ppm): 7.25—7.75 (ar, 4H, m), 5.45 (CH, 1H, dd), 5.27 (CH,,
1H, dd), 4.72 (CH,, 1H, dd), 2.17 (CHs,, 3H, s).

S-[1-Acetyl-2-(2-oxobenzothiazol-3-yl)ethyl] O,O-dimethyl
dithiophosphate (I)

Into the solution of sodium O,O-dimethyl dithiophosphate (7.2 g; 0.04 mol) in butano-
ne (50cm®) the solution of 3-(2-bromo-3-oxobutyl)-2-benzothiazolinone (10.5¢g;
0.035 mol) in butanone (50 cm?®) was added and the reaction mixture was stirred at room
temperature for 3 h. Then it was poured into water (150—200 cm®) containing NaCl
(10—15 g). The product was extracted with ether, dried with Na,SO, and the oily residue
was purified on silica gel using methanol—benzene (volume ratio=1: 4) as eluent. The
compounds I, ITI, V, VIII—X, XII, XIV, XVI, XVII, XX—XXII, and XXTV were prepared
in a similar way.

S-[1-Acetyl-2-(2-thioxobenzothiazol-3-yl)ethyl] O,O-dimethyl
dithiophosphate (II)

2,3-Dihydro-2-acetylthiazolo[2,3-b]benzothiazolium bromide (12.5g; 0.04 mol) was
dissolved in butanone (50 cm®) to which the solution of sodium O,0-dimethyl dithiophos-
phate (7.2 g; 0.04 mol) in butanone (50 cm®) was added. The reaction mixture was heated
to reflux and then stirred at room temperature for 3 h. After pouring the reaction mixture
into water (150 cm®) containing NaCl (15 g), the product was extracted with chloroform,
dried with Na,SO,, and purified chromatographically on silica gel using methanol—benzene
(volume ratio=1:4) as eluent. The compounds XIII, XVIII, and XIX were prepared
similarly. The compounds VI, VII, XI, XV, and XXIII were crystallized from ethanol.
'HNMR (6/ppm) for VI: 7.15—7.5 (ar, 4H, m), 4.5—5.25 (CH,—CH, 3H, m), 3.97
((0—CH,),, 4H, g), 2.40 (COCH,, 3H, s), 1.25 ((CH;),, 6H, t).
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