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The reaction of 3{2-hydroxyethyl)}-2-benzothiazoline with methyl, phenyl isocyanate, or dimethylcarbamoyl
chloride afforded the carbamates 1-4, The carbanilate 5 was prepared by the reaction of 2-benzothiazolinone
with 3-chloropropyl-N-methylcarbanilate under basic conditions. The reaction of the appropriate 2-benzothi-
azolinone with the appropriate 2-chloro or 3-chloropropyl disubstituted thiolcarbamate under basic condi-
tions furnished the thiolcarbamates 6-14. The thiolcarbamate 15 was prepared by the reaction of sodium di-
isopropylthiolcarbamate with 3{chloromethyl)}-2-benzothiazolinone. The reaction of 3{chloromethyl)}-2-ben-
zothiazolinone and related compound with the appropriate sodium or triethylamine salt of disubstituted di-
thiocarbamate afforded the dithiocarbamate 16-22. The reaction of the appropriate xanthate with the
potassium salt of bromoacetic acid and the appropriate secondary amine afforded the thionocarbamates
23.29. The thionocarbamate 30 was synthesized by the reaction of 5-chloro-2-benzothiazolinone with 3-chlo-

ropropyl diethylthionocarbamate.
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During the past thirty-five years, the following nine
commercial herbicides: 2-chloroallyl diethyldithiocar-
bamate [1a,b), cis- and trans-2,3-dichloroallyl diisopropyl-
thiolcarbamate [2a,b,c], 2,3,3-trichloroallyl diisopropyl-
thiolcarbamate [2a,b,c], p-chlorobenzyl diethylthiolcarba-
mate [3), ethyl dipropylthiolcarbamate [7a,b,c], ethyl disec-
butylthiolcarbamate [Sa,b,c], propyl N-butyl N-ethylthiol-
carbamate [4a,b,c], ethyl hexamethyleniminecarbothioate
[4a,b,c], and 4-chloro-2-butyne m-chlorocarbanilate [5]
were discovered. Moreover, in 1980 we reported [6] a new
route for the synthesis of disubstituted-thiolcarbamates
via a sulfur transfer agent as illustrated by the following
reaction:
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Because of their outstanding biological activity, it ap-
peared expedient to continue our research effort in this
area of chemistry. Accordingly, the purpose of this investi-
gation was to synthesize the following new carbamates,
thiolcarbamates, dithiocarbamates and thionocarbamates:
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T = H, 5-C, 6-Br, or 6-OC,Hg. X = S or O.
n=120r3.Y=W=0orS.
Y=S,WeO.Y=O,W=S.
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The reaction of methyl isocyanate or phenyl isocyanate
with 342-hydroxyethyl)-2-benzothiazolinone [7] afforded
2-2-oxobenzothiazolin-3-yl)ethyl methylcarbamate (1) and
2{2-oxobenzothiazolin-3-yl)ethyl carbanilate (2), respec-
tively (Reaction 1).
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2{(2-Oxobenzothiazolin-3-yl)ethyl dimethylcarbamate (3)
and 2{2-oxobenzoxazolin-3-yl)ethyl dimethylcarbamate (4)
were prepared by the reaction of 342-hydroxyethyl)-2-
benzothiazolinone [7] or 3{2-hydroxyethyl)-2-benzoxazoli-
none [7] with dimethylcarbamoyl chloride under basic con-
ditions (Reaction 2).
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The treatment of 2-benzothiazolinone [8] with 3-chloro-
propyl-N-methylcarbanilate under basic conditions afford-
ed 34(2-oxobenzothiazolin-3-yl)propyl N-methylcarbanilate
(5) (Reaction 3).
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The intermediates, 2-chloroethyl and 3-chloropropyl di-
substituted-thiolcarbamates [9a,b] were prepared as illus-
trated by the following reactions 4 and 5:
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Analysis %
Crude Empirical Caled./Found

No. T n R Mp® % Yield formula C H N S
6 5-Cl 3 -N(C3H,), [a] 90 C,H5CIN,O,S, 52.76 5.99 7.24 16.57
52.86 5.80 7.52 16.77
7 6-OC,H; 3 N(C;3H7)2 [a} 80 C14H25N,0,S, 57.24 712 7.06 16.17
57.14 7.22 7.34 15.97
8 H 3 -N(C3H;), [a] 90 Cy7H24N,0,S, 57.92 6.86 7.95 18.19
57.80 6.56 8.06 17.98
9 H 3 -N(CH,), [a] 74 Cy3H1eN0.S, 52.67 5.44 9.45 21.64
52.50 5.24 9.50 21.49
10 H 3 -N(CH(CH,),)» [a] 88 Cy7H2N,0,S, 57.92 6.86 7.95 18.19
57.85 6.66 8.18 17.90
11 5-Cl 3 -N(CH,), fa 83 C,3H,sCIN,O,S, 47.19 457 8.47 19.38
47.01 4.39 8.29 19.18
12 5-Cl 2 -N(C3H;), [a} CyeH2 CIN,O,S, 51.53 5.68 7.51 17.20
51.26 5.58 7.64 17.10
13 5-Cl 3 -N(CH(CHa3),)» 108-110 44 Cy7H,3CIN,O,S, 52.76 5.99 7.24 16.57
52.68 5.84 7.11 16.87
14 H 2 -N(CH3), 82-84 50 Cy2H4N,0,S, 51.04 5.00 9.92 22.71
51.21 4.90 9.70 22.98

[a] Amber viscous liquid.
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The reaction of 2-benzothiazolinone [8], 5-chloro-2-
benzothiazolinone [10] or 6-ethoxy-2-benzothiazolinone
[11] with the appropriate 2-chloro or 3-chloropropyl disub-

stituted-thiolcarbamate [9a,b] under basic conditions af-

forded 34(2-oxo-benzothiazolin-3-yl)propyl disubstituted-
thiolcarbamates and related compounds 6-14 (Reaction 6).
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No. X M Mp°
16 [c] s Na -2H,0 135-136 [a]
17 [d] S H-N(CzHs), 112-113 [b]
18 o] Na-2H,0 163-164 [a]
19 o) Na-3H,0 88-89 [b]
20 S H- N(C;Hs)s 165-167 [a]
21 o] H-N(C;Hs)3 148-149 [a]
22 o H-N(C,Hg); 140-141 [a]

{a] Recrystallization from ethyl acetate. [b] Recrystalization from 2-propanol.

[¢] "H nmr (deuteriochloroform): & 3.30 and 3.5 (2s, 6, N(CHy),), restricted rotation,
5.90 (s, 2, NCH,), 6.85-7.60 (m, 4, ArH). [d] "H nmr (deuteriochloroform): § 1.20 (t, 6, a),
3.60 and 3.95 (2q, 4, b), restricted rotation, 5.90 (s, 2, NCH,), 6.80-7.70 (m, 4, ArH).
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T,n, R are shown in Table 1.
Table 2
Acetone X
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CH,SCR
-N(CzH5s)2 -N {CHo)¢ (CHa)4 -N [¢]
19 20 21 22
Analysis %
Crude Empirical Calcd./Found
% Yield formula C H N S
95 Cq4Hy2N,0S;3 46.45 4.25 985  33.82
46.46 4.28 9.90 33.75
99 Cy3H1eN205S, 49.97 5.16 897  30.78
49.85 517 8.95 30.73
95 CyH;2N:05S, 49.23 4.51 10.44  23.90
49.35 4.66 10.39 23.76
99 Cy3H16N20,5, 52.68 5.44 945  21.63
52.68 5.45 9.43 21.61
97 C13H1aN0S, 50.29 455 9.02  30.98
50.22 458 9.04 31.00
95 Cy3H14N20,S, 53.04 479 952  21.78
53.12 4.81 9.53 21.75
97 Cy3HaN203S, 50.30 455 9.03  20.66
50.50 4.67 8.97 20.56
S
e
N
| b a
CHZS(I.‘iN(CHZCH;)z
S
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(2-Oxobenzothiazolin-3-yl)methyl diisopropylithiolcarba-
mate (15) was prepared by the reaction of sodium diiso-
propylthiolcarbamate with 3<{chloromethyl)}2-benzothi-
azolinone [12] (Reaction 7).
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X, R and M are shown in Table 2.

(CH)CHINH + COS + NaOH ———— ((CHy)CH):NCSNa
50% excess
H0 sj—o The intermediates, S-potassium O-[2-(2-oxobenzothia-
Ly N zolin-3-yl)ethyl]xanthic acid and related xanthates [7], were
<I:H20| prepared as illustrated by the following reaction 9.
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2 NH : H0 |
CHZS(|3|N(CH(CH,)2)Z 90-100° (CH,),OH
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15 T = H, 6-Br or 6-0C,H. 2025 | ga o)
n=20r3 2
The reaction of 3<{chloromethyl)}-2-benzothiazolinone
[12] or 3<chloromethyl)-2-benzoxazolinone [12] with the Samo
appropriate sodium or triethylamine salt of disubstituted- T—Q/_\L-
dithiocarbamate (Table 2) afforded (2-oxobenzothiazolin- |
3-yl or 2-oxobenzoxazolin-3-yl)methyl disubstituted-dithio- (CHZ)"OESK
carbamates 16-22 (Reaction 8).
Table 3
] H0 ]
K S
T \r-o + BrCH,COO! + RH oo . j=o
'r 'r
(CHZ),,OEIZSK (CHZ)"O(IDIR
S S
R= -NCHga  N(CHy); -N(CH,); N o N 0 -N(CHy), -N(CH)z
23 24 25 26 27 28 29
Analysis %
Crude Empirical Calcd./Found
No. T n Mp® % Yield formula C H N S
23 H 2 89-90 [a] 47 C14H1aN205S, 5416  5.84 902 2065
54.01 5.65 8.96 20.64
24 H 2 126-127 [a] 52 Cy2H 4N;0,S, 5104 5.0 092 2271
51.21 4.90 9.72 22.59
25 H 3 114-115 [a] 98 CraHi6N,0,S, 5267  5.44 945 2163
52.87 5.51 9.54 21.82
26 H 2 147-148 [b] 70 C14H16N203S, 51.83 497 864 1977
51.65 4.83 8.48 19.96
27 H 3 122-123 [b] 70 CysH1sN205S5 5323 536 828  18.95
53.10 5.20 8.08 19.15
28 6-Br -2 131-132 [b] 76 C,:HisBINO,S, 3988 363 775 1775
39.79 3.66 7.68 17.66
29 6-0CH, - 2 121-122 [a] 49 Cy4HigN;0:S, 5151 556 858  19.64
51.32 557 8.50 19.83

[a] Recrystallization from 2-propanol. [b] Recrystallization from ethyl acetate.
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The reaction of the above xanthates with the potassium
salt of bromoacetic acid and the appropriate secondary
amine afforded 2{2-oxobenzothiazolin-3-yl)ethyl disubsti-
tuted-thionocarbamates 23-29 (Reaction 10).
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T, nand R are shown in Table 3.

3-(5-Chloro-2-oxobenzothiazolin-3-yl)propyl diethyl-
thionocarbamate (30) was prepared by the reaction of 5-
chloro-2-benzothiazolinone [10] with 3-chloropropyl di-
ethylthionocarbamate [13] under basic conditions (Reac-
tion 11).
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It is noteworthy to contrast the chemical shifts for the
thiolcarbamate 15 and the dithiocarbamate 16.

GL\TFO o Q/_\Fo

CH,SCN\-CH(CH;)Z CH;SCN\-CH;,
O CH{CHa), S CH;
b a
15 16
1.32 (d, 12, a) 3.30 (s, 3, NCH,) Restricted
3.79 (heptet, 2, b) 3.55 (s, 3, NCH,) rotation
5.58 (s, 2, NCHy) 6.90 (s, 2, NCHp)

7.05-7.62 (m, 4, ArH) 6.85-7.60 (m, 4, ArH)

2-Benzothiazolinone and Benzoxazolinone 659

In 16, the N(CH,) amino protons were nonequivalent
whereas in 15 the amino protons N(CH(CH,),), were equiv-
alent.

EXPERIMENTAL

The 'H nmr spectra were obtained with a Varian T-60 NMR
spectrometer. The chemical shifts are reported in §, using tetra-
methylsilane as reference. All melting points were taken upon a
Fisher-Johns block and are uncorrected.

2{2-Oxobenzothiazolin-3-yl)ethyl Methylcarbamate (1) and 2{2-
Oxobenzothiazolin-3-yl)ethyl Carbanilate (2).

To a stirred charge containing 19.5 g (0.1 mole) of 342-hydrox-
ethyl)}2-benzothiazolinone [7], 100 m! of ethyl acetate and 1 ml of
triethylamine, 0.1 mole of methyl or phenyl isocyanate was added
in one portion. The stirred reaction mixture was heated at reflux
for 6 hours and at 25-30° for 18 hours. After cooling to 5°, the re-
action mixture was stirred at 0-10° for 1 hour. The solids, 1 and
2, were collected by filtration and air-dried at 25-30°; 1 had mp
107-108°, after recrystallization from ethanol, and 2 had mp
122-123°, after recrystallization from ethanol and were obtained
in 95 and 86% yield, respectively.

Anal. (1) Calcd. for C,,H,,N,0,S: C, 52.37; H, 4.79; N, 11.10; S,
12.71. Found: C, 52.47; H, 4.83; N, 11.05; S, 12.90.

Anal. (2) Calcd. for C,,H,,N,0,S: C, 61.13; H, 4.49; N, 891; S,
10.20. Found: C, 61.03; H, 4.40; N, 8.95; S, 10.49.

2{2-Oxobenzothiazolin-3-yllethyl Dimethylcarbamate (3) and 2-
(2-Oxobenzoxazolin-3-yl)ethyl Dimethylcarbamate (4).

To a stirred slurry containing 0.2 mole of 3{2-hydroxyethyl)-2-
benzothiazolinone [7] or 3{2-hydroxyethyl)-2-benzoxazolinone [7],
28 g (0.2 mole) of potassium carbonate and 200 ml of heptane,
26.6 g (0.25 mole) of dimethylcarbamoyl chloride was added in
one portion. The stirred reaction mixture was heated at reflux for
7 hours and at 25-30° for 18 hours. After the addition of 800 ml
of water, stirring was continued at 25-30° for 1 hour. The solids,
3 and 4, were collected by filtration, washed with water until
neutral and air-dried at 25-30°; 3 had mp 74-75°, after recrystalli-
zation from heptane-2-propanol and 4, mp 82-83°, after recrystal-
lization from 2-propanol, were obtained in 77 and 72% yield, re-
spectively.

Anal. (3) Calcd. for C,H,,N,0,S: C, 54.12; H, 5.30; N, 10.52; S,
12.10. Found: C, 54.32; H, 5.25; N, 10.43; S, 12.10.

Anal. (4) Caled. for C H, N, O, C, 57.59; H, 5.64; N, 11.20.
Found: C, 57.62; H, 5.65; N, 10.92.

3{2-Oxobenzothiazolin-3-yl)proepyl N-Methylcarbanilate (35).

To a stirred -charge containing 15.1 g (0.1 mole) of 2-benzothi-
azolinone [8], 6.6 g (0.1 mole) of 85% potassium hydroxide and
150 m] of dimethylformamide, 22.8 g (0.1 mole) of 3-chloropropyl
N-methylcarbanilate was added in one portion. The stirred reac-
tion mixture was heated at 90-100° for 24 hours. After cooling to
25°, 500 ml of water and 600 ml of ethyl ether were added and
stirring continued at 25-30° for 15 minutes. The separated ethyl
layer was washed with water until neutral and dried over sodium
sulfate. The ether was removed in vacuo at maximum tempera-
ture of 80-90° at 1-2 mm Hg; 5, a dark amber viscous liquid, was
obtained in 82% yield.

Anal. Calcd. for C,H,N,0,S: C, 63.13; H, 5.30; N, 8.18; S,
9.36. Found: C, 63.03; H, 5.20; N, 8.38; S, 9.42.
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342-Oxobenzothiazolin-3-yl)propyl Disubstituted-thiolcarbamate
and Related Compounds 6-14.

To a stirred charge containing 0.11 mole of 2-benzothiazol-
inone (8], 5-chloro-2-benzothiazolinone [10] or 6-ethoxy-2-benzo-
thiazolinone [11], 7.3 g (0.11 mole) of 85% potassium hydroxide
and 200 ml of dimethylformamide, 0.1 mole of 2-chloroethyl or 3-
chioropropyl disubstituted-thiolcarbamate [9a,b] was added and
then heated at 90-100° for 24 hours. For 13 and 14, after cooling
to 5° and the addition of 600 g of ice water, stirring was contin-
ued at 0-10° for 2 hours. The solid was collected by filtration,
washed with water until neutral and air-dried at 25-30°. For 6-12,
after cooling to 25°, 500 ml of water and 600 ml of ethyl ether
were added, and stirring continued at 25-30° for 15 minutes. The
separated ether was washed with water until neutral and dried
over sodium sulfate. The ether was removed in vacuo at a max-
imum temperature of 80-90° at 1-2 mm Hg. The data are sum-
marized in Table 1.

(2-Oxobenzothiazolin-3-yl)methyl Diisopropylthiolcarbamate (15).

To a stirred charge containing 15 g (0.15 mole) of diisopropyl-
amine, 8 g (0.1 mole) of 50% sodium hydroxide and 50 ml of
water, 7.8 g (0.15 mole) of 85% carbonyl sulfide was added at
0-10° over a 15 minute period. To this stirred mixture, 19.6 g (0.1
mole) of 3{chloromethyl}-2-benzothiazolinone [12} and 100 ml of
tetrahydrofuran were added in one portion. The reaction mixture
was stirred at 0-20° for the first 4 hours and at 25-30° for 2 days.
After the addition of 800 g of ice water, stirring was continued at
0-10° for 30 minutes. The solid was collected by filtration, wash-
ed with water until neutral and air-dried at 25-30°. Crude 15 was
obtained in 86% yield. After recrystallization from heptane-2-
propanol, 13 melied at 118-120°; *H nmr (deuteriochloroform): &
1.32(d, 12, a), 3.79 (heptet, 2, b), 5.58 (s, 2, NCH,), 7.05-7.62 (m, 4,

ArH).
S
oy
N 0
| Il b a

CH,SCN(CH(CH3),),
15

Anal. Caled. for C;H,N,0,S,: C, 55.53; H, 6.21; N, 8.63; S,
19.76. Found: C, 55.48; H, 6.24; N, 8.62; S, 19.83.

(2-Oxobenzothiazolin-3-yl or 2-oxobenzoxazolin-3-yl)methyl Di-
substituted-dithiocarbamates 16-22.

To a stirred charge containing 0.11 mole of the appropriate
sodium or triethylamine salt of disubstituted-dithiocarbamic acid
in 200 ml of acetone, 0.1 mole of 3{chloromethyl)}-2-benzothiazol-
inone [12] or 3<{chloromethyl)}-2-benzoxazolinone [12] was added
in one portion. The stirred reaction mixture was heated at reflux
for 24 hours. After cooling to 5°, 800 g of ice water was added
and stirring continued at 0-10° for 30 minutes. The solids were
collected by filtration, washed with water until neutral and air-
dried at 25-30°. The data are summarized in Table 2.

2{2-Oxobenzothiazolin-3-yl)ethyl Disubstituted-thionocarbamate
and Related Compounds 23-29.

To a stirred solution containing 20.9 g (0.15 mole) of bromo-
acetic acid in 250 ml of water, 12 g (0.08 mole) of potassium car-
bonate was added in small portions (foaming) until pH 8 was ob-
tained. To this stirred solution 0.15 mole of the appropriate xan-
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thate [7] was added in one portion and stirring continued at
25-30° for 1.5 hours. This was followed by the addition of 0.3
mole of dimethylamine, diethylamine or morpholine, and stirring
was continued at 25-30° for 25 hours. After the addition of 200 g
of ice water, the stirred reaction was held at 0-10° for 30 minutes.
The solids were collected by filtration, washed with water until
neutral and air-dried at 25-30°. The data are summarized in
Table 3.

3+5-Chloro-2-oxobenzothiazolin-3-yl)propyl Diethylthionocarba-
mate (30).

To a stirred charge containing 20.4 g (0.11 mole) of 5-chloro-2-
benzothiazolinone [10], 7.3 g (0.11 mole) of 85% potassium hy-
droxide and 200 ml of dimethylformamide, 21 g (0.1 mole) of 3-
chloropropyl diethylthionocarbamate [13] was added in one por-
tion. The stirred reaction mixture was heated at 90-100° for 24
hours. After cooling to 25°, 500 ml of water and 600 ml of ethyl
ether were added and stirring continued at 25-30° for 30
minutes. The separated ether layer was washed with water until
neutral and dried over sodium sulfate. The ether was removed in
vacuo at maximum temperature of 80-90° at 1-2 mm Hg; 30, an
amber viscous liquid, was obtained in 81% yield.

Anal. Calced. for C;H,,CIN,0,S,: C, 50.19; H, 5.34; N, 7.81; S.
17.87. Found: C, 50.30; H, 5.40; N, 8.00; S, 17.80.
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