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REACTION OF 3-PHENYLSULFONYLBENZOTHIAZOLONE WITH AMINES

D. Simov and A. Antonova UDC 547.863'867.5

A phenylsulfonyl group in the 3 position accelerates and changes the direction of
aminolysis of benzothiazolone and leads to the formation of 2-phenylsulfonylamino-
S—phenyl esters of N-substituted thiocarbamic acids. 2,2'-Bis(phenylsulfonylam-
ino)diphenyl disulfide and the corresponding symmetrical ureas were obtained in
the reaction with several primary amines.

In our preceding studies [1, 2] we established that the corresponding 2,2'-bis(3-al-
kylureido)diphenyl disulfides are formed in the reaction of benzothiazolone and some of its
benzene-substituted derivatives with primary and secondary amines at 100°C. This sort of
decyclization is realized more readily in the case of the benzothiazolone analog benzoxa-
zolone [2, 4].

In the present research we investigated the effect of an electron-acceptor substituent
attached to the N(;) atom on the course and rate of the above-indicated reaction. In this
connection, we studied the reaction of 3-phenylsulfonylbenzothiazolone (I) with several
primary and secondary amines in ethanol.

The reaction with cyclic amines such as piperidine, pyrrolidine, morpholine, l-methyl-
piperazine, 1-(B-hydroxyethyl)piperazine, and l-benzylpiperazine leads to the production of
the previously unknown 2-phenylsulfonylamino~S-phenyl esters of N-substituted thiocarbamic
acids (II) in 45-75% yields.
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In conformity with the literature data for thiocarbamates [5], the intense band of a
carbonyl group is observed at 1660-1670 cm™' in the IR spectra of II. The absorption band
of NH stretching vibrations and two intense bands at 1330-1340 and 1150-1175 cm™?, which
correspond to the asymmetrical and symmetrical vibratioms of S0, also appear in the spec-
tra; this confirms the presence of a sulfonamido group. In fact, the same three charac-
teristic bands corresponding to the phenylsulfonylaminophenylsulfide fragment are observed
in the IR spectrum of 2,2'-bis(phenylsulfonylamino)diphenyl disulfide (III) [6].

Two signals with an integral intensity of 8 proton units, which belong to the hydrogen
atoms of the methylene groups of the heteroring, appear in the PMR spectrum of IIc at 3.58-
3.65 ppm (the signal of the imine proton is probably overlapped by the signals of the aro-
matic protons, since a multiplet with an integral intensity of 10 proton units is found at
6.95-8 ppm).

The results of the studies indicate a new trend of aminolysis of benzothiazolone in
the presence of an N-phenylsulfonyl group. The latter, as a strong electron acceptor,
changes the ratio of the polarities.of the nitrogen—carbon and sulfur—carbon bonds in the
heteroring of benzothiazolone as compared with unsubstituted compounds, and the nitrogen—
carbon bond in 3-phenylsulfonylbenzothiazolone become more labile. It should be noted that
the cleavage of the heteroring of 3-phenylsulfonylbenzothiazolone is effected more readily
than in the case of benzothiazolone itself and some of its ring-substituted derivatives [1,
2]. This is probably promoted both by the considerable polarization of the nitrogen—carbon
bond and the additional reduction of the electron density at the C(.) reaction center under
the influence of the phenylsulfonyl group.

The reaction of 3-phenylsulfonylbenzothiazolone with cyclic amines also seems of in-
terest for the synthesis of phenyl esters of cyclic thiocarbamic acid containing a substi-
tuted sulfonamido group.

As a result of experiments with amines such as n-butylamine, isobutylamine, cyclohexyl-
amine, and benzylamine, we obtained the corresponding symmetrical ureas IV and 2,2'-
bis(phenylsulfonylamino)diphenyl disulfide {III) in up to 65% yield, depending on the reac-
tion conditions. When primary amines are used, the reaction probably proceeds in the same
way as in the case of cyclic amines with the production of the ester of an S-substituted
thiocarbamic acid (II). However, as a result of additional attack of the amine on the car-
bonyl group of this ester, the reaction proceeds further, and compounds III and IV are

therefore isolated.
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We were unable to isolate esters (II) of thiocarbamic acid in the case of primary am—
ines: the reaction does not take place at low temperatures or leads immediately to the pro-
duction of III and IV in lower yields. Steric factors probably have more of an effect than
the basicity of the amines on the ratio of the rates of the two steps of the reaction, since
thiocarbamic acid esters are isolated only when the ring of the cyclic amines opens.

In addition, to the products of the reaction of II and IV, benzothiazolone is isolated
in the reaction of 3-phenylsulfonylbenzothiazolone with any of the amines under various con-
ditions as a result of a side reaction involving transamination. Benzothiazolone was iden-
tified during the reaction by thin-layer chromatography (TLC) and was isolated from the
reaction in up to 337% yield.

EXPERIMENTAL*

The IR spectra of chloroform solutions of the compounds were recorded with a UR-10
spectrometer. The PMR spectrum of a deuterochloroform solution of IIc was recorded with a
Tesla B 487C spectrometer (80 (MHz) with tetramethylsilane as the internal standard. The

*The authors thank Antonin Pyuskyulieva for participating in the synthesis of some of the
compounds.,
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TABLE 1. 2-(Phenylsulfonylamino)-S-phenyl Esters (II) of
N-Substituted Thiocarbamic Acids

eac- L. Found, 1c.. &
Comd' ion | o ege E)t:llgtrll:al und, % calen % | spectra, |
ound [ri ’ - ©
p ime, - clu|n® | ¢ |ul|Neg [em 3
—
Ila 1 126—128 | CigHaoN205Ss (58,01 5,4 7,6 157,51 5.4 7.4 | 3330, 1665 {70
1340, 1175
Ib 1 138—139 | C;7H1sN2O3S, | 56,4 5,0} 7,8 | 56,4/ 5,0 7,7 | 3330, 1665 |75
1340, 1170
Il 5 160—161 | C,7H1sN204Ss |54,3|4,8! (16,8)] 54,0 4,8 (16,9)] 3340, 1670 |63
1340, 1175
1d 3,5 141—143 | C;gHaN3O3S: [55,4] 5,3 11,0 |55,2|5,4] 107 | 3335, 1670 |52
1340, 1175
e |35 | 138—140 | CioHpNaOsSy | — | —| 100 | — {—{ 10,0 | 3610, 3470 |57
(from (vOH)
water) 3330, 1665
1330, 1155
1 3,5 112—114 | CoHasN3O,S, 161,915,7] 9,2 [61,7]5,41 9,0 | 3335, 1660 |45
: 1330, 1150

*The substances were recrystallized from ethanol—water (1:1).

TABLE 2. Reaction of 3~Phenylsulfonylbenzothiazolone with
Primary Amines

Method used Reaction products, yield, %

I/Amine (molar |Heating to work up
ratio) time, h the reaction - v benzo-
mixture - R thiazolone
I/Isobutylamine 2,5 A 53 47 30
(1 2) R=i-C4Hg
1/Cyclohexylamine 3 B 46 46 26
(1 . 2) A R =C6H“
1/Cyclohexylamine 5 B 60 64 22
(1:4) R=CgHy,

course of the reaction and the purity of the products were monitored by TLC on SI-F (Riedel)
plates in a benzene—ethyl acetate system (5:1) and development in UV light or with iodine
vapors. Chromatographically pure 3-phenylsulfonylbenzothiazolone was used in the study.

S-(2'-Phenylsulfonylaminophenyl)piperidine-l-carbothionate (ITa). A 1.7-g (0.02 mole)
sample of piperidine was added to 1.45 g (0.005 mole) of benzothiazolone I [6] suspended
in 20 ml of ethanol, and the mixture was stirred at 25-30° for 1 h, during which it became
homogeneous. It was then neutralized with 5% HC1l, and the mixture was worked up to give
1.3 g (70%) of ester Ila with mp 121-124°, (Crystallization from ethanol-water (1:1) gave
colorless crystals with mp 126-~128°,

Water was added to the filtrate from the preparation of IIa, and the resulting pre-
cipitate (0.45 g) was found to be a mixture of four substances. Separation of the mixture
by means of preparative TLC on Kieselgel F-254 (Merck) in a benzene—ethyl acetate system
(5:1) yielded the following compounds (in percent ratio relative to the mixture): n507%
IIa, ~25% benzothiazolone, 20% l-phenylsulfonylpiperidine [IR spectrum: 2950, 2860, 1440,
1345 (vgs S$0z2), and 1160 (vg S0.) em '], and 5% benzothiazolone I. Compounds IIb and Ile
were similarly obtained.

S~(2'-Phenylsulfonylaminophenyl)morpholine-l-carbothionate (IZc). A 1.75-g (0.02
mole) sample of morpholine was added to 1.45 g (0.005 mole) of benzothiazolone I suspended
in 20 ml of ethanol, after which the mixture was stirred for 5 h and worked up to give 1.2
g (637%) of ester Ilc.

Compounds IId and IIf were similarly obtained. Data on IIa-f are presented in Table 1.

2,2'-Bis(phenylsulfonylamino)diphenyl Disulfide (III) and Symmetrical Ureas (IV) (see
Table 2). A) A 0.73-g (0.01 mole) sample of n-butylamine was added to a suspension of 1.45
g (0.005 mole) of benzothiazolone I in 10 ml of ethanol, and the mixture was stirred at 50-
55° for 2 h, during which it was converted to a solution. At the end of the reaction, the
mixture was neutralized with 5% HCl and worked up to give 0.72 g (55%) of disulfide III with
mp 161-163° [ethanol-water (2:1)]. IR spectrum: 3325, 1345, and 1175 em '. Found: C
54.4; H 4,13 N 5.3%2. Cz2,Hz0N20,S.. Calculated: C 54.5; H 3.8; N 5.3%.
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The identical character of IIT and 2,2'-bis(phenylsulfonylamino)diphenyl disulfide [6]
was proved by means of their melting points and their IR spectra.

The filtrate was acidified with 57 HCl, the ethanol was removed by distillation, and
the aqueous sclution was extracted with chloroform. Extraction of the chloroform solution
with 5% NaOH yielded 0.34 g (40%) of N,N'-di-n-butylurea (IVa) with mp 70-72° (from aqueous
ethanol). Products IVa was identical to N,N'~di-n-butylurea (mp 71° [71]).

Acidification of the alkaline extract with 5% HCl precipitated benzothiazolone mixed
with a certain amount of disulfide III. Recrystallization yielded 0.25 g (33%) of benzo-
thiazolone.

B) A 1.1-g (0.01 mole) sample of benzylamine was added to 1.45 g (0.005 mole) of benzo-
thiazolone I suspended in 10 ml of ethanol, and the mixture was stirred at 50-55° for 3.5 h,
during which it gradually became homogeneous, after which a precipitate began to form.
Neutralization of the mixture with 57 HCl yielded 1.57 g of a mixture of disulfide III and
N,N'~dibenzylurea (IVc). This mixture was treated in the cold with 5% NaOH, and the inscl-
uble IVc was worked up to give 0.62 g (52%) of a product with mp 166-168° (from aqueous
ethanol) (mp 167° [1, 7]). No melting-point depression was observed for a mixture of IVc
and N,N'-dibenzylurea [1].

The ethanol was removed by distillation from the filtrate after separation of the mix-
ture of III and IVe, the precipitate was treated with 5% NaOH, and the mixture was worked
up to give an additional 0.12 g (10%) of urea IVc. Acidification of this alkaline filtrated
yielded 0.20 g (26%) of benzothiazolone.
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