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A study was made of the mechanism of the reaction between N-chloramines and 2-mercapto benzthiazole in
water and in inert solvents. It was shown that in water and alcohol, in addition to the formation of sulfen-
amides, there is an oxidation reaction of 2-mercapto benzthiazole by hypochlorous acid to the disulfide.

In a previous study, it was shown that benzthiazolyl-2~sulfenamides are formed through the intermediate forma-
tion of N~chloramines on oxidation of 2-mercapto benzthiazole or its salts and amines [1]. It was of interest to study
the reaction between N-chloramines and 2-mercapto benzthiazole in water and organic solvents. The interaction between
N-chloramines and 2-mercapto benzthiazole or its salt may be described by the following equation:
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where Ar = 2-benzthiazolyl, R = alkyl, R’ = alkyl or H; A = forward reaction; B = reverse reaction.

It has been shown that the effect of solvents on the equilibrium (2) is in agreement with the Hughes~-Ingold theory,
i.e., for the given type of reagents an increase in polarity of the medium leads to a strong increase in the rate of the
reverse reaction (B) and to a slight decrease in the rate of the forward reaction (A) [1, 2]. In relation to this theory,
the rate of reaction (1) must fall slightly with increase in polarity of the medium. Thus, an increase in polarity of the
medium must lead to a decrease in the quantity of disulfide formed during the course of reaction (1) and (2).

Thus, during the interaction between the chloramines studied and 2-mercapto benzthiazole were found the
corresponding benzthiazolyl-2-sulfenamines and bis(2-benzthiazolyl)disulfide, the ratio of which is dependent on the
nature of the solvent. However, increase in polarity of the solvent leads to an increase in quantity of bis(2~benzthi~
azolyl)disulfide in the products of the reaction (Table 1, which is in contradiction with the Hughes-Ingold theory and
previously obtained data [1]. This may be explained by the fact that formation of disulfide in water and alcohol proceeds
via a different pathway to that presented in equations (1) and (2).

One of the possible pathways for the formation of bis(2-benzothiazolyl)disulfide is the oxidation of 2~mercapto
benzthiazole by hypochlorous acid, which is formed as a result of the hydrolysis of N-chloramines [3]. Formation of
hypochlorous acid or its sodium salts was determined according to the quantity of iodine formed from potassium iodide.
The stability of chloramines in organic inert solvents and their inertness toward the stable radical, di-tert-butyl-
iminoxyl, provides a basis for proposing that hypochlorous acid is only formed by an ionic mechanism. 2-Mercapto
benzthiazole in acid or in slightly alkaline medium (in the presence of amines) under the action of hypochlorous acid
and during the interaction with an aqueous solution of the products of hydrolysis of N-chloramines forms bis(2-benzthi-~
azolyl)disulfide. '

An increase in excess amine above that calculated by the stoichiometry of the equation in water and in alcohol
leads to a change in the ratios of benzthiazolyl-2-sulfenamides and bis(2-benzothiazolyl)disulfide in the direction of
increase of the first compound (Table 1). In benzene, even with equimolar quantities of chloramine, 2-mercapto
benzthiazole, and amine, benzthiazolyl-2-sulfenamides are mainly obtained.

Thus, from the experimental data the interaction between N-chloramines and 2-mercapto benzthiazole in water
and aleohol may be represented as follows.
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Table 1. Interaction Between 2-Mercapto Benzthiazole and N-Chloramines
in the Presence of Amines

Quantity of . . .
amine in relation | Tempera. | Durationof | Yield of bis(2- Yield of
Solvent to 2-mercapto ture, ° C the reaction, bgnzt.hlazolyl) amide, %
benzthiazole min disulfide, %
Reaction containing N-chloromorpholine

Water 1 | 22 30 89.9 —
3 22 30 90.2 —_
5 22 30 78.3 143
10 22 30 58.1 33.2

15 22 30 47.1 42.1
20 22 30 32.0 63.4
Ethyl alcohol 1 22 30 56.4 26.8
2 22 30 46.6 45,5
5 22 20 7.6 74.8
7 22 20 —_ 93.5
9 22 20 —_ 91.8
1 50 30 8.6 78.3
1 65 30 — 84.9
1 -3 30 68.3 214
Benzene 1 22 20 8.3 73.4
2 22 20 5.4 81.3
3 22 20 — 86.8
4 22 20 — 92.3
1 50 20 —_ 91.3
3 50 20 — 92.4

Reaction containing isopropyl-N-chloramine

Water 1 22 30 57.1 26.6
5 22 30 12.2 714
7 22 30 8.0 75.0

9 22 30 6.0 77.1
1 0 30 67.0 15.3
5 0 30 48.4 37.0
1 30 20 — 86.0
5 30 20 — 85.3
Ethyl alcohol 1 22 30 76.4 14.9
. 5 22 30 444 46.6
7 22 30 —_ 84.4
9 22 30 — 833
1 30 30 334 52.8
5 30 30 — 97.0
1 0 40 82.2 8.3
5 0 40 51.0 g(l)

1 22 30 — .
Benzene 5 22 30 - oL4
7 22 30 —_ 93.0
9 22 30 — 93.2
i 0 40 30.0 48.0
5 0 40 38.4 54.0
! 30 20 —_ 91.3
5 30 20 —_ 92.0
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Excess amine displaced the equilibrium of the reaction (4) in the direction of the formation of chloramine and
moreover promotes the formation of benzthiazolyl-2-sulfenoamides. In benzene and in other inert solvents the reaction
between N-chloramines and 2-mercapto benzthiazole proceeds according to equations (1) and (2).

EXPERIMENTAL

The N-chloramines used were obtained according to a previously described method {1]. 2-Mercapto benzthiazole
with a mp of 181.5° C was used. Amines and all solvents were analytical grade.

Interaction of N-chloramines with 2-mercapto benzthiazole, A) In water. A 16 ml volume of 2 0.1 N solution of
the sodium salt of 2-mercapto benzthiazole and chloramine (and the amine corresponding to chloramine) were placed
in a reactor provided with a stirrer, a reflux condenser, and thermometer. The mass was stirred for 20—30 min. At
the end of the reaction, the resultant precipitate of digulfide and sulfenamide was removed by filtration, dried, and
the sulfenamide (which dissolves in alcohol) was separated from bis(2-benzthiazolyl)disulfide. The compounds isolated
were characterized according to melting point and UV spectra.

B) In alcohol.* Atthe end of the reaction the resulting precipitate of bis (2-benzthiazolyl)disulfide was removed by
filtration, the filtrate was diluted with water, and a precipitate of sulfenamide was formed.

C) In benzene.* At the end of the reaction, benzene was removed by distillation in a water bath, and the precipi-
tate remaining was washed with alechol. The sulfenamides were found in the solution and bis{2-benzthiazole)disulfide
was in the precipitate. The results of all the experiments are presented in Tables 1 and 2.

Interaction between 2-mercapto benzthiazole and hypochlorous acid. A) Hydrochloric acid and sodium hypochlo-
rite were added with stirring to a solution of 0.5 g of 2-mercapto benzthiazole in 25 ml of water so that the pH of the
solution was 2—3. Termination of the reaction was controlled by starch iodine paper. The precipitate was removed by
filtration, and 0.49 g of bis(2-benzthiazolyl)disuifide was obtained.

B) A 0.2 ml volume of morpholine was added to a solution of 0.5 g of 2-mercapto benzthiazole in 25 ml water and
then (with stirring) HCI and sodium hypochlorite were added in such ratios so that the acid neutralized the base in a
solution of sodium hypochlorite. The reésulting precipitate of bis(2-benzthiazolyl) disulfide was removed by filtration.

Determination of the stability of N-chloromorpholine in water and benzene. A) A 1-g quantity of N-chloromor-
pholine was transferred into 50 ml of water and benzene. After 10 min, potassium iodide was added to an aqueous solu-
tion of chloramine and the iodine liberated was titrated with thiosulfate. The content of iodine was 100% calculating for
N-chloromorpholine.

The benzene solution was analyzed by IR spectroscopy after 24 hr. No increase in the intensity of the band

characteristic for the N—H bond or decrease in the intensity of the band characteristic for the N—Cl bond was found.

*When the reaction proceeded in alcohol and benzene, solutions of 2-mercapto benzthiazole were used.
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B) A 0.5 g quantity of the sodium salt of 2-mercapto benzthiazole was added to an aqueous solution of chloramine
after 10 mins, and the resulting precipitate of bis{2-benzthiazolyl)disulfide was removed by filtration and dried.

Table 2. Interaction between 2-Mercapto Benzthiazole and N-Chloramines
(in the absence of amines)

Quantity of
chloramine

according to Tempera- Duration.of Yield * ‘of bis(2- Yield* of
Solvent the ratio to ture, ° C the reaction, | benzthiazolyl)- sulfena-

b%ﬁﬁlﬁ%?e, ’ min disulfide, % mide, %

mole
Reaction with N-chloromorpholine
Water L 22 30 91
Alcohol 89 12
Benzene 75
Water 2 22 20 93
Alcohol 90 14
Benzene 71
Water 5 22 10 94
Alcohol 93
Benzene 73 14
Aleohol 2 50 10 84 Traces
Reaction with isopropyl-N-chloramine

Water 2 22 20 92 —
Alcohol 93 —
Benzene 95 —
Water 2 30 10 90 —
Alcohol 90 —
Benzene 91 —_

*Calculated for 2-mercapto benzthiazole.

Interaction between 2-mercapto benzthiazole with di-tert-~butyliminoxyl*. To 10 ml of 0.1 N N-chloromorpholine
in benzene was added an equivalent quantity of di-tert-butyliminoxyl and the mixture was maintained for 10 hrs during
which the intensity of the color of the solution of di-tert-butyliminoxyl, was measured every hour. There was no
change in intensity. The sulphenamide was then synthesized by a previously described method, and N-oxydiethylene-
benzthiazolyl-2-sulfenamide was obtained.
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