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A study was made of the mechan i sm of the reac t ion  between N-ehloramines  and 2-mercapto  benzthiazole in 
water and in iner t  solvents.  It was shown that in water and alcohol, in addition to the format ion of su l fen-  
amides ,  there is an oxidation reac t ion  of 2 -mercap to  benzthiazole by hypoehlorous acid to the disulfide. 

In a previous study, it was shown that benz th iazo ly l -2-su l fenamides  are  formed through the in termediate  fo rma-  
tion of N-ch loramines  on oxidation of 2 -mercapto  benzthiazole or its sal ts  and amines  [1]. It was of in te res t  to study 
the react ion between N-ch loramines  and 2-mercapto  benzthiazole in water and organic solvents.  The interact ion between 
N-chloramines  and 2-mercapto  benzthiazole or its salt  may be descr ibed by the following equation: 

R \  z R  / R  - + / R  
R,/N - el + H S-- Ar + H N (.. R,----~-Ar- S- N(NR, + EIH2N 4.. , ,  (1) 

/ R  A / R  
Ar- S- N~R + liS--Ar~Ar-- S- S--Ar + tin ~R,, (,2) 

w h e r e  A r  = 2 - b e n z t h i a z o l y l ,  R = a l k y l ,  R w = a l k y l  o r  H ;  A = f o r w a r d  r e a c t i o n ;  B = r e v e r s e  r e a c t i o n .  

It has been shown that the effect of solvents on the equi l ib r ium (2) is in agreement  with the Hughes-Ingold theory, 
i . e . ,  for the given type of reagents  an inc rease  in polari ty of the medium leads to a s t rong increase  in the ra te  of the 
r e v e r s e  reac t ion  (B) and to a slight dec rease  in the ra te  of the forward react ion (A) [1, 2]. In re la t ion  to this theory, 
the ra te  of react ion (1) must  fall sl ightly with increase  in polar i ty  of the medium. Thus, an inc rease  in polari ty of the 
medium must  lead to a decrease  in the quantity of disulfide formed dur ing  the course of react ion (1) and (2). 

Thus, dur ing  the in teract ion between the eh loramines  studied and 2-mercapto  benzthiazole were found the 
corresponding benz th iazo ly l -2 -su l fenamines  and bis(2-benzthiazolyl)disulf ide,  the ra t io  of which is dependent on the 
nature  of the solvent.  However, inc rease  in polar i ty  of the solvent leads to an increase  in quantity of b i s (2-benz th i -  
azolyl)disulfide in the products of the reac t ion  (Table 1, which is in contradict ion with the Hughes-Ingold theory and 
previous ly  obtained data [1]. This may be explained by the fact that format ion of disulfide in water and a lcoholproceeds  
via a different  pathway to that presented in equations (1) and (2). 

One of the poss ib le  pathways for the format ion  of b is(2-benzothiazolyl)disulf ide  is the oxidation of 2 -mercap to  
benzthiazole by hypochlorous acid, which is formed as a resu l t  of the hydrolysis  of N-ch loramines  [3]. Format ion  of 
hypochlorous acid or its sodium sal ts  was de te rmined  according to the quantity of iodine formed f rom potass ium iodide. 
The stabi l i ty  of ch loramines  in organic iner t  solvents  and their  ine r tness  toward the stable radica l ,  d i - t e r t - b u t y l -  
iminoxyl,  provides a basis  for proposing that hypochlorous acid is only formed by an ionic mechanism.  2-Mercapto 
benzthiazole in acid or in sl ightly alkaline medium (in the presence  of amines)  under  the action of hypochlorous acid 
and during the in terac t ion  with an aqueous solution of the products of hydrolysis  of N-ch loramines  forms  b is (2-benz th i -  
azolyl)disulfide. 

An inc rease  in excess  amine above that calculated by the s toichiometry  of the equation in water and in alcohol 
leads to a change in the ra t ios  of benz th iazo ly l -2 -su l fenamides  and bis(2-benzothiazolyl)disulf ide in the d i rec t ion of 
inc rease  of the f i r s t  compound (Table 1). In benzene,  even with equimolar  quanti t ies of chloramine,  2 -mereapto  
benzthiazole,  and amine,  benz th iazo ly l -2-su l fenamides  are mainly  obtained. 

Thus, f rom the exper imenta l  data the in terac t ion  between N-chloramines  and 2-mereapto  benzthiazole in water 
and alcohol may be r ep resen ted  as follows. 
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T a b l e  1. I n t e r a c t i o n  B e t w e e n  2 - M e r c a p t o  B e n z t h i a z o l e  a n d  N - C h l o r a m i n e s  

i n  t h e  P r e s e n c e  o f  A m i n e s  

Quantity of 
amine in relation Tempera- Duration of Yield of bis(2- Yield of 

Solvent to 2-mercapto ture, o C the reaction, benzthiazolyl) amide, % 
henzt hiazole min disulfide, % 

War er 

Ethyl alcohol 

Benzene 

Water 

Ethyl alcohol 

Benzene 

1 
3 
5 

10 
15 
20 

1 
2 
5 
7 
9 
1 
1 

1 
1 
2 
3 
4 
1 
3 

Reaction containing N-chloromorpholine 

22 30 
22 30 
22 30 
22 30 
22 30 
22 30 
22 30 
22 30 
22 20 
22 20 
22 20 
50 30 
65 30 

--3 30 
22 2O 
~2 2O 
22 20 
22 20 
50 2O 
50 20 

Reaction containing isopropyl-N-chloramine 

22 30 
22 30 
22 30 
22 30 

0 30 
0 3O 

30 20 
30 20 
22 30 
22 30 
22 30 
22 30 
30 3O 
30 3O 
0 40 
O 40 

22 30 
22 30 
22 30 
22 30 

0 40 
0 40 

30 20 
3O 20 

89.9 
90.2 
78.3 
58.1 
47,1 
32.0 
56.4 
46.6 
7,6 

8.6 

68.3 
8,3 
5.4 

57,1 
12.2 
8,0 
6.0 

67.0 
48.4 

76.4 
44.4 

3~ 
8~ 
51.0 

30.0 
38.4 

i 

33.2 
42.1 
63,4 
26.8 
45,5 
74,8 
93,5 
91.8 
78.3 
84.9 
21.4 
73.4 
81,3 
86,8 
92.3 
91.3 
92,4 

96.6 
71.4 
75.O 
77.1 
15.3 
37,0 
86.0 
85.3 
14.9 
46,6 
84.4 
88.3 
52.8 
97.0 
8.3 

42,1 
88.0 
91,4 
93.0 
93.2 
48.0 
54.0 
91.3 
92,0 
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/R - +/R 
R -.. N_CI+HS_Ar+HN<RR__~Ar_S_N\R+CIH2N. R, R,/  

2Ar- SH + HOCI---~Ar-- S-- S--Ar + HCI + H20 

~,> NH + HCI--~ R~+  - R,/NH2CI 

O v e r - a l l  s cheme  of the r eac t ion  

R- N" / ~  • - + / R  R' \ "\R~ /R, /N-C]~+HS--Ar+H20 ----*Ar--SN\R +Ar-S-S--Ar,  H20+CIH2N\R ' 

(3) 

(4) 

(5) 

(6) 

(7) 

Excess  amine displaced the equi l ib r ium of the reac t ion  (4) in the d i rec t ion  of the format ion  of ch loramine  and 
m o r e o v e r  promotes  the format ion  of benz th iazo ly l -2 -su l fenoamides .  In benzene and in other iner t  solvents  the reac t ion  
between N-eh lo ramines  and 2 -mercap to  benzthiazole proceeds  according to equations (1) and (2). 

E X P E R I M E N T A L  

The N-ch lo ramines  used were  obtained according to a p rev ious ly  desc r ibed  method [1]. 2 -Mercapto  benzthiazole 
with a mp of 181.5 ~ C was used. Amines  and all  solvents  were  analyt ical  grade.  

Interaction of  N-ch loramfnes  with 2 -mercapto  benzthiazole .  A) In water .  A 10 ml volume of a 0.1 N solution of 
the sodium salt  of 2 - m e r e a p t o  benzthiazole  and eh loramine  (and the amine corresponding  to chloramine)  were  placed 
in a r e a c t o r  provided with a s t i r r e r ,  a ref lux  condenser ,  and t he rm om e te r .  The mass  was s t i r r ed  for 20-30  rain. At 
the end of the reac t ion ,  the resu l tan t  prec ip i ta te  of disulfide and sulfenamide was r emoved  by f i l t ra t ion,  dr ied,  and 
the sulfenamide (which d i s so lves  in alcohol) was separa ted  f rom bis(2-benzthiazolyl)disulf ide.  The compounds isolated 
were  cha r ac t e r i z ed  according to mel t ing  point and UV spect ra .  

B) In alcohol.* At the end of the reac t ion  the resu l t ing  prec ip i ta te  of bis (2-benzthiazolyl)disulf ide was r emoved  by 
f i l t ra t ion,  the f i l t r a te  was diluted with water ,  and a prec ip i ta te  of sulfenamide was formed.  

C) In benzene.* At the end of the reac t ion ,  benzene was r emoved  by dis t i l la t ion  in a water  bath, and the p r e c i p i -  
tate r emain ing  was washed with alcohol.  The sul fenamides  were  found in the solution and bis(2-benzthiazote)disulf ide 
was in the prec ip i ta te .  The r e su l t s  of all  the exper iments  are  p resen ted  in Tables  1 and 2. 

Interaction between 2 -mercapto  benzthiazole  and hypochlorous acid. A) Hydrochlor ic  acid and sodium hypochlo- 
r i t e  were  added with s t i r r i n g  to a solution of 0.5 g of 2 -mercap to  benzthiazole  in 25 ml of water  so that the pH of the 
solution was 2 -3 .  Termina t ion  of the reac t ion  was control led  by s ta rch  iodine paper .  The prec ip i ta te  was removed by 
f i l t ra t ion,  and 0.49 g of bis(2-benzthiazolyl)disutf ide  was obtained. 

B) A 0.2 ml volume of morphol ine was added to a solution of 0.5 g of 2 -m ereap to  benzthiazole in 25 ml water  and 
then (with s t i r r ing)  HC1 and sodium hypochlori te  were  added in such ra t ios  so that the acid neutra l ized the base in a 
solution of sodium hypochlori te .  The resu l t ing  prec ip i ta te  of bis(2-benzthiazolyl)  disulf ide was r emoved  by f i l t rat ion.  

Determinat ion  of  the s tabi l i ty  of N-chloromorphol fne  in water  and benzene. A) A 1-g quantity of N - c h l o r o m o r -  
pholine was t r a n s f e r r e d  into 50 ml of water  and benzene. After  10 rain, po tass ium iodide was added to an aqueous so lu-  
tion of ch loramine  and the iodine l ibera ted  was t i t ra ted  with thiosulfate.  The content of iodine was 100% calculat ing for 
N-chloromorphol ine .  

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--CI bond was found. 

*When the r eac t ion  proceeded in alcohol and benzene,  solutions of 2 -mercap to  benzthiazole  were  used. 
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B) A 0.5 g quantity of the sodium salt  of 2 -mercap to  benzthiazole was added to an aqueous solution of eh loramine  
af ter  10 rains, and the resu l t ing  prec ip i ta te  of bis(2-benzthiazolyl)disutf ide was r em oved  by f i l t ra t ion  and dried.  

Table 2. Interact ion between 2-Mercap to  Benzthiazole and N-Chloramines  
(in the absence of amines)  

Solvent 

Water 
Alcohol 
Benzene 
Water 
Alcohol 
Benzene 
Water 
Alcohol 
BeDzene 
Alcohol 

Quantity of 
chloramine 
according to 
the ratio to 
2-mereapto 

benzthiazole, 
mole 

Tempera- 
ture, o C 

Duration of 
the reaction, 

rain 

Yield* of bis(2- 
benzthiazolyl)- 

disulfide, % 

Yield * of 
sulfena- 
mide, % 

Reaction with N-chloromorpholine 

22 

22 

22 

50 

30 

20 

10 

10 

Reaction with isopropyl-N-chloramine 

91 
89 
75 
93 
90 
71 
94 
93 
73 
84 

12 

14 

14 
Traces 

W a t e r  

Alcohol 
Benzene 
W a t e r  

Alcohol 
Benzene 

22 

30 

20 

10 

92 
93 
95 
90 
90 
91 

i 

D 

m 

*Calculated for 2-mercapto benzthiazole. 

Interaction between 2-mercapto l~nzthiazole wfth d i - t e r t -bu ty l lminoxyl* .  To 10 ml of 0.1 N N-chloromorphol ine  
in benzene was added an equivalent  quantity of d i - t e r t -bu ty l iminoxy l  and the mix ture  was maintained for  10 h rs  during 
which the intensi ty of the color  of the solution of d i - t e r t -bu ty l iminoxy l ,  was measu red  eve ry  hour. There  was no 
change in intensity.  The sulphenamide was  then synthes ized by a previous ly  desc r ibed  method, and N-oxydie thylene-  

benz th iazo ly l -2 - su l fenamide  was obtained. 
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