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Isothiazoles 11I: 2-Carbamoyl-4-isothiazolin-3-ones
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The reaction of several 3-hydroxyisothiazoles with alkyl and aryl isocyanates has given high
yields of 2-carbamoyl-4-isothiazolin-3-ones as the only isolable products. Reaction with an iso-
thiocyanate, however, afforded a mixture of the isomeric 2-thiocarbamoyl-4-isothiazolin-3-one

and 3-isothiazolyl thiocarbamate.

Recent interest (la-c) in the chemistry of 3-hydroxy-
isothiazoles prompls us to report our work on their re-
action with alkyl and aryl isocyanates as a preparative
source of 2-carbamoyl-4-isothiazolin-3-ones.

Chan and Crow (1b) have reported that acylation of
la, under conditions of kinetic control, gave 3-acyloxy-
isothiazoles (II) almost exclusively; subsequently O > N
acyl migration then provided an equilibrated product
distribution of 11 and 111 which varied with the nature of
the acyl group (eq. 1). In contrast to this experience, we
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have found that the reaction of 3-hydroxyisothiazoles
(la-g) with a comprehensive series of isocyanates (eq. 2)
gives, in every instance, a high yield of a single adduct.
These adducts have been assigned the N-carbamoyl
structure IV by virtue of strong infrared absorption at
both 5.80-5.90 u (carbamoyl C=0) and 6.0-6.2 y (ring

(=0) and identity with the same compounds independ-
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ently prepared by the halogenative cyclization of 3,3'-
dithiodipropionimides VI (Scheme 1 - see first paper
in this series (2)).
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Reaction of la and lc with isothiocyanates (eq. 3)
afforded only poor yields of the purified N-thiocarbamoyl
adducts (V1lla - 24%; VIIb - 17%) as indicated by strong
carbonyl absorption at 6.05 u (ring C=0). Spectral and
elemental analysis of the crude product obtained in 85%
yield from Id showed it to be a 2:1 mixture of the
isomers VIlcand VIlle. NMR (deuteriochloroform) spectra

{1
R OH R 0 R 0C-NCR2
2 ]\_‘f
L RENCS | R | |N

A N RIONs ~Nsconwre RIZNg -

]

s o)

Vi vin

E S i a RoRYHLRR:
o Lo b R Br, BT HLR? Collyn
doR IR CH, e ROTLRY CH,L RE - Gyl

clearly distinguished the 4-proton absorptions of Vlle (8
5.87,m)and Vlllc (§ 6.08, m), assigned in agreement with
the d-proton relationship displayed by the model com-
pounds X (2) and X (3) at § 6.05 (d, J4 5 6.0 Hz) and
5 6.51 (d, J, 5 5.0 Hz) and the N and O acetyl derivatives
I and H (R = CH3) at § 6.25 and 6.98, respectively (1b).
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EXPERIMENTAL

Melting points were determined using a Thomas-Hoover capil-
lary melting point apparatus and are uncorrected. NMR spectra
were recorded on a Varian T-60 Spectrometer. Elemental analyses
were performed by the analytical department of the Research
Division of Rohm and Haas Company. The 3-hydroxyisothiazoles
la-g were prepared according to published procedures (2,4a,b).

24(N-Arylcarbamoyl)-4-isothiazolin-3-one (1V). The following pro-
cedure illustrates the general method.

The 3-hydroxyisothiazole (la-g), 0.10 mole, was placed in
250 ml. of dry benzene, and to this reaction mixture was added
at 25° 0.10 mole of an arylisocyanate. The reaction was then
stirred at 25° for 18 hours and the precipitate which formed was
filtered, washed with benzene and dried. Compound 1V ob-
tained in this way was analyzed without further purification.
2-(N-Alkylcarbamoyl)-4-isothiazolin-3-one (1V). The following pro-
cedures illustrate the general methods.

A.

The 3-hydroxyisothiazole (la-g), 0.10 mole, was placed in
250 ml. of dry benzene and was treated at 25° with 0.10 mole of
an alkylisocyanate in 25 ml. of benzene. The reaction solution
was then stirred at 25° for 18 hours, after which time the solvent
was removed under vacuum to give IV as a solid residue generally
crystallizable from benzene-hexane.

B.

In the case of long carbon chain (Cg-Cj,) alkylisocyanates,
which were less reactive than the shorter chain homologs, 2 g.
(0.02 mole) of triethylamine was added to the reaction, which
otherwise was the same as method A.

24{N-Methylthiocarbamoy!)-4-isothiazolin-3-one (Vlla).

A solution of 2.9 g. (28.7 mmoles) of la in 50 ml. of benzene
was treated at 25° with 2.1 g. (28.7 mmoles) of methylisothio-
cyanate in 10 ml. of benzene. After heating at 55-60° for 10
hours the reaction solution was evaporated to a residue, which on
crystallization from ethanol gave 1.2 g. (24%) of Vlla, m.p.
155-158° dec.; NMR (60 Mc in deuteriochloroform) § 3.27
(d. CH3), 6.28 (d, J4 5 = 6.0 Hz, 4-H), 8.18 (d, J4 5 = 6.0 Hz, 5-H),
11.2 (broad m, N-H).

Anal. Caled. for CsHgN,0S,: C, 34.48; H, 3.45: N, 16.09.
Found: C, 34.62; H, 3.66; N, 15.76.
4-Bromo-2-(N-n-butylthiocarbamoyl)-4-isothiazolin-3-one (VIib).

To a mixture of 7.2 g. (0.04 mole) of Ic in 100 ml. of
benzene was added 5 drops of triethylamine and 4.60 g. (0.04
mole) of n-butylisothiocyanate. The mixture was allowed to
stir for three days at 25° and was refluxed then for one hour. The
mixture was filtered, and the filtrate evaporated to a gummy
solid residue. Crystallization of this material from boiling ligroin

lsothiazoles 1. 589

(()0-900) gave 2.0 g. (17%) of VIIb, m.p. 88-94°; NMR (60 Mc in
deuteriochloroform) & 8.28 (s, 5-H), 1.00 (m) 1.60 (m) 3.75 (q)
(C4Hg-n).

Anal. Caled. for CgHy 1 BrN,0S,: C, 32.54; H, 3.73; N, 9.49;
S, 21.69. Found: C,32.33; H, 3.95; N, 9.38; S, 21.26.

2{(N-Ethylthiocarbamoy!)-5-methyl-4-isothiazolin-3-one (Vilc) and
34(5-Methylisothiazolyl)-N-ethylthiocarbamate ( Vlllc).

A solution of 1.0 g. (8.7 mmoles) of Id and 0.76 g (8.7
mmoles) of ethylisothiocyanate in 30 ml. of benzene was refluxed
for 24 hours. After this time the reaction solution was evaporated
to 1.5 g. (85%) of a solid product, m.p. 87-102°, which by NMR
analysis was an isomer mixture of Vllc and Vlllc in an approximate
ratio of 2:1; NMR (60 Mc in deuteriochloroform) & 1.30 (t) 3.63
(m) (C,Hs), 5.87 (m, 4-H of Vll¢), 2.33 (d, 5-CHj3 of Viic), 6.08
(m, 4-H of VIllc), 2.45 (d, 5-CHj3 of Vllic).

Anal. Caled. for C4H{ogN,0S,: C,41.58; H,4.95; N, 13.86;
S, 31.68. Found: C,41.44; H,4.86; N, 13.79; S, 31.60.

N,N'-Bis-ethylcarbamoyl-3,3"-dithiodipropionamide (V).

To a mixture of 88 g. (1.0 mole) of ethylurea and 79 g
(1.0 mole) of pyridine in 1400 ml. of ethylene dichloride was
added at 25-35°, 123.5 g. (0.50 mole) of 3,3"-dithiodipropionyl
dichloride (2) over two hours. After two hours additional stirring
the reaction slurry was filtered, and the precipitate was dried. The
solid was then washed thoroughly with water and again dried to
yield 150 g. (86%) of VI, m.p. 202-206° from dimethylform-
amide.

Anal. Caled. for Cy,H,2,N5048,: C,41.15; H,6.29; N, 16.00;
S, 18.27. Found: C,41.51; H,6.20; N, 15.43; S, 18.41.
2(N-Ethylcarbamoyl)-4-isothiazolin-3-one (IVb). Cyclization of
amide-disulfide (VI).

To a slurry of 210 g. (0.60 mole) of VI in 2500 ml. of
ethylene dichloride at 10-15° was added 243 g. (1.80 moles) of
sulfuryl chloride over two hours. After 18 hours of additional
stirring at 25°, the solvent was removed under vacuum to leave
an oil residue. Toluene extraction at 70° of this residue, and
evaporation of the toluene gave an oily solid which upon crystal-
lization from benzenc-ligroin (90-120°) gave 142 g. (69%) of
IVb, m.p. 103-105°; NMR (60 Mc in deuteriochloroform) &
7.91 (d,Ja s = 7.0 Hz, 5-H), 6.27(d, J4 5 = 7.0 Hz, 4-H), 1.25 (1)
3.47 (m) (’(}2H5), 8.87 (broad m, N-H); UV max (methanol)
290 mu (e 3.95).
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