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SYNTHESIS AND P R O P E R T I E S  OF D E R I V A T I V E S  OF  2 - M E R C A P T O B E N Z O T H I A Z O L E  

VIII. ( P e r h y d r o - 1 , 3 - t h t a z i n o ) [ 2 , 3 - b ] b e n z o t h i a z o l i n e s *  
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2,3-Dihydro-4H-[1,3] -thiazino[2, 3-b] benzothtazolium chlorides 
have been synthesized and their reduction with sodium borohydride 
has given previously-unknown derivatives of (perhydro-1,3-thiazino) 
[2,3-b] benzothiazoline. The stability of the compounds in acid and 
alkaline media has been studied. 

We have  p r e v i o u s l y  r e p o r t e d  the s y n t h e s i s  of c y c l i c  
b e n z o t h i a z o l i u m  sa l t s  i nc lud ing  a t h i a z o l i n e  r i n g  in 
t h e i r  s t r u c t u r e  [2, 3]. Con t inu ing  w o r k  d i r e c t e d  to the 
p r e p a r a t i o n  of c y c l i c  b e n z o t h i a z o l i u m  s a l t s  and the  
s tudy of t h e i r  r e a e t i v i t i e s ,  by e y c l i z i n g  the c o r r e s p o n d -  
ing  2 - ( 7 - e h l o r o p r o p y l m e r e a p t o ) b e n z o t h i a z o l e s  ( I a - Id )  
we have  s y n t h e s i z e d  s u b s t i t u t e d  2, 3 - d i h y d r o - 4 H - [ 1 ,  3]-  
th iaz ino[2 ,  3 - b ] b e n z o t h i a z o l i u m  c h l o r i d e s  ( I I a - I I e ) .  

The  s a l t s  II c o n s i s t  of h i g h - m e l t i n g  s u b s t a n c e s  with 
an ion ic  s t r u c t u r e .  T h e i r  s t r u c t u r e  was  shown by r e -  
ac t ions  d e s c r i b e d  below.  On c o m p a r i n g  the e y l i z a t i o n  
of the  v a r i o u s  w - c h l o r o a t k y l  s u l f i d e s  we found that  the 
t endency  to e y c l i z a t i o n  to f o r m  q u a t e r n a r y  s a l t s  d e -  
c r e a s e d  wi th  an i n c r e a s e  in the l eng th  of the  c a r b o n  chain .  
The  T - e h l o r o p r o p y l  s u l f i d e s  I e y c l i z e d  wi th  p o o r e r  
y i e l d s  than the f l - c h l o r o e t h y l  su l f i de s  [2], and 2 - ( 6 -  
c h l o r o b u t y l m e r e a p t o ) b e n z o t h i a z o l e  did not  e y e l i z e  at 
a l l  but u n d e r w e n t  d e c o m p o s i t i o n  on p r o l o n g e d  hea t ing  
in n i t r o b e n z e n e  o r  in v a c u u m  wi thout  a so lven t .  

R / " C " / X ' S / \  S -- (CH2)aCI 
l a - e  

R / R "~/~s~\s 
Ila-e IIla-d 

a R~H; bR~CI; c R=NHCOC61%; d R~NO2; e R=NHCOCH 3 

*For part VII, see [i]. 

T h e  r e d u c t i o n  of II wi th  s o d i u m  b o r o h y d r i d e  gave  
r e p r e s e n t a t i v e s  of a p r e v i o u s l y - u n r e p o r t e d  c o n d e n s e d  
s y s t e m - - ( p e r h y d r o - 1 ,  3 - th iaz ino)  [2, 3 - b ] b e n z o t h i a z o -  
l i ne  (III). T h e  r e d u c t i o n  of  I Ia  took p l a c e  with  the p a r -  
t i a l  c l e a v a g e  of the  C--S bond and two s u b s t a n c e s  w e r e  
i s o l a t e d  f r o m  the r e a c t i o n  m i x t u r e :  I I Ia  and the b e n z o -  
t h i a z o l i n e  IV. T h e  s t r u c t u r e  of I I Ia  was  c o n f i r m e d  by 
i ndependen t  s y n t h e s i s - - b y  the c o n d e n s a t i o n  of the o -  
a m i n o t h i o p h e n o l  V [4, 5] wi th  f o r m i c  ac id .  T h e  s t r u c -  
t u r e  of IV is  p r o p o s e d  on the b a s i s  of i t s  IR s p e c t r u m  
and i t s  c o n v e r s i o n  unde r  the ac t ion  of e thano l i c  c a u s -  
t i c  p o t a s h  into V. 

IV V I l i a  

T h e  ac t ion  of s o d i u m  b o r o h y d r i d e  on the sa l t  I Ie  ga  
g a v e  an oil  a p p a r e n t l y  c o n s i s t i n g  of s e v e r a l  s u b s t a n c e s  
which  could  no t  be s e p a r a t e d .  The  o t h e r  s a l t s  I I b - I I d  
w e r e  r e d u c e d  to III in h igh  y i e l d s .  

We a l so  s tud ied  the h y d r o l y t i c  s t ab i l i t y  of I I Ia  in 
ac id  and a lka l i ne  m e d i a .  I t  was  found that  I I Ia  u n d e r -  
went  no change  on be ing  hea t ed  in d i lu te  or  c o n c e n -  
t r a t e d  h y d r o c h l o r i c  ac id  but in an a lka l ine  m e d i u m  i t  
u n d e r w e n t  the  c o n v e r s i o n s  i l l u s t r a t e d  by the  fo l l owing  
s c h e m e :  

r 
] 

\sn~ J ~"~/Xs n " 
V 

CtHsBr 
C2HsBr 

CHO HCI 

I �9 ~ _ _ N H ( C H 2 ) s S C 2 H  5 ( ~ - - N  --(CH~)~ SC~H~ HCOOH 

VII 

8 - R - 2 ,  3 - D i h y d r o - 4 H [ 1 ,  3 ] - th iaz ino[2 ,  3 - b ] b e n z o t h i a z o l i u m  C h l o r i d e s  

. Found ,  % . Calcula ted ,  % 

Corn- oMp, Empir ical  formula  -t~ 
pound C[ N S CI N S 

>. 

23.54 1 2 4.73 21.62 299~29,1 CIoHgCI2NS~. H20 4,74 21.861 44 
4,7w 21.94i 

Ii7  I/~ 2ll--21:2 CI;H~sNaO4S~ 10.52 16 30[ 80 
10.77 16.511 

256--257 CjoHgCIN2QS2. C2H~OH 8.4 c 18.98] 46 
8,3~ 19.01 

304--305 CI2HIaC1N2OS2" 1/2C~HsOH 8.611 19.61 10.87 8.961 t9.79 33 
" ~ 8.52 19.43 } 

*Obta ined  by mixing an aqueous  so lu t ion  of  IIc wi th  a small excess of di lute  H N O  3 . 

lib 

llc 

Nitrate* of 
IIc 
IId 

Ile 
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W h e n  I I I a  w a s  h e a t e d  w i t h  0 .5  N c a u s t i c  s o d a  s o l u -  

t i o n ,  i t  d i s s o l v e d  t h r o u g h  t h e  o p e n i n g  of  t h e  r i n g .  On 

a c i d i f i c a t i o n ,  c y e l i z a t i o n  t o o k  p l a c e  a g a i n .  T o  e l u c i -  

d a t e  t h e  n a t u r e  of  t h e  i n t e r m e d i a t e  s u b s t a n c e s  f o r m e d ,  

a f t e r  t h e  c o m p o u n d  h a d  d i s s o l v e d  i n  t h e  r e a c t i o n  m i x -  

t u r e ,  e t h y l  b r o m i d e  w a s  a d d e d .  On t h e  b a s i s  of  i t s  

a n a l y s i s  a n d  IR s p e c t r u m  w e  a s c r i b e d  to  t h e  s u b s t a n c e  

i s o l a t e d  t h e  s t r u c t u r e  VI.  T h e  f o r m y l  g r o u p  of  t h i s  

c o m p o u n d  i s  r e a d i l y  e l i m i n a t e d  by  c o n c e n t r a t e d  HC1 

a n d  t h e  s u b s t a n c e  o b t a i n e d  w a s  i d e n t i f i e d  by  i t s  m e l t -  

i n g  p o i n t ,  r e f r a c t i v e  i n d e x ,  a n d  IR s p e c t r u m  a s  c o m -  

p o u n d  VI I ,  w h i c h  i s  f o r m e d  b y  t h e  a l k y l a t i o n  of  V.  In  

a d d i t i o n ,  t h e  t r e a t m e n t  of  V I I  w i t h  f o r m i c  a c i d  r e -  

f o r m e d  VI .  

EXPERIMENTAL 

We have described the synthesis of Ia, IIa, and 2-(5-chlorobutyl- 

mercapto)-benzothiazole (bp 178 ~ C, 0.5 ram), (n~ 1.6507) previously 

[23. 

2-(7-Chloropropylmercapto)-6-benzamidobenzothiazole (Ic). At 
60 ~ C, a solution of 5.6 g (0.035 mole) of 1-bromo-3-chloropropane 

in 25 rnl of ethanol was added dropwise to a solution of 9.2 g (0.03 

mole) of benzamido-2-mercapto-benzothiazole in 100 ml of 2% 

caustic soda solution. After 4-5  hr at 60" C, the mixture was cooled, 
and the precipitate was washed with water and dried. Yield 14.3 g 
(95%). Mp 122-124 ~ C (n-propanol). Found, %: N 8.01, 7.82; C1 9.80, 
9.67; S 18.05. Calculated for C17HlsC1N2OS 2, %: N 7.72; CI 9.79; 
S 17,62. 

2-(y-Chloropropylmercapto)-6-nitrobenzothiazole (Id). Similarly, 
21.2 g (0.1O mole) of 2-mercapto-6-nitrobenzothiazole in 200 ml of 

2.5% caustic soda and 17 g (0.11 mole) of bromochloropropane in 
50 ml of ethanol yielded 23.7 g (82%) of Id. Mp 83.5-84.5 ~ C (etha- 
nol). Pound, %: C1 12.29, 12.35; S 22.16, 22.08. Calculated for 

CloHgC1N2OzS 2, %: C1 12.31; S 22.32. The sulfides Ib and Ie were ob- 
tained similarly in the form of undistillable oils and were used for 
the subsequent reactions without purification. 

8-Substituted 2, 3-dihydto-4H-[1, 3] -thiazino[2,3-bJ benzothiazo- 
lium chlorides. A solution of 0.01 mole of the 7-chloropropyl sulfide 

I in 10-15 ml of nitrobenzene was heated at 110-140 ~ C for 2-10 hr 

and, after cooling, the precipitate that had deposited was filtered off 
with suction, washed with acetone, dried, and recrystallized from 
ethanol (see table). 

(Perhydro-1,3-thiazino)[2,3-by beazothiazoline (IIIa) and N-(),- 
mercaptopropyl)-benzothiazoline (IV). A solution of 48.6 g (0.2 mole) 
of the chloride IIa in 500 ml of water was treated dropwise with 15.2 g 
(0.4 mole) of sodium borohydride in 100 ml of water. After 30 min at 
40 ~ C and 2-3 hr at ~20 ~ C, the liquid was decanted off and the oil 
was dissolved in the minimum amount:of cone HC1; this solution was 
diluted with water and the oil that separated out was extracted with 
chloroform. After treatment with solid sodium bicarbonate, the aque- 

ous solution yielded 20.8 g (50%) of IIIa [2]. The chloroform solution 

was washed with water, dried, and evaporated. Yield 12.6 g (30%) of 
IV. Bp 140-i41" C (1.5 ram), n~ 1.6510. Found, %: C 56.66, 56.85; 

H 6.12, 6.14; S 29.99, 30.16. Calculated for CIoHI3NS2, %: C 56.83; 
H 6.15; S 30.29. IR spectrum (thin layer), v, cm-l :  2552 (SH). 

8-Chloro(perhydro-1,3-rhiazino)[2,3-b] bers~othiazoline (IIIb). 
2.7 g (O.0100 mote) of the chloride lib in 100 ml of water was reduced 
with 0.47 g (0.0125 mole) of sodium borohydride in 10 mt of water. 
After the reaction mixture had stood at  40 ~ C for 1 hr and at room 

temperature for 2 hr, the precipitate was filtered off, giving 1.68 g 
(70%) of a product with mp 115-116 ~ C (aqueous ethanol). Found, %: 
C 49.43, 49.61; H 3.96, 4.02; C1 14.55, 14.58; S 26.40, 26.33. Cal- 
culated for C10H10C1NS a, %: C 49.28; H 4.10; C1 14.57; S 26.28. 

8-Benzamido(perhydro-l, 3-thiazino)[2, 3-b] benzothiazoline (IIIc). 
In a similar manner to the preceding experiment, the reduction of 2 g 
(0.005 mole) of the chloride IIc in 250 ml of water with 0.27 g (0.007 
mole) of sodium borohydride gave 1.3 g (70~ of a product with mp 

203-204 ~ C (aqueous ethanol). Found, %: C 61.9% 62.19; H 5.05, 
4.98; N 8.70, 8.78; S 19.61, 19.74. Calculated for CI~HIsN2OS 2, %: 
C 62.19; H 4.86; N 8.53; S 19.51. 

8-Nitro(perhydro-1, 3-thiazino)[2, 3-b] benzothiazoline (IIId), This 
was obtained in a similar manner to the preceding compound from 
1.3 g (0.005 mole) of the chloride IId in 150 ml of water and 0.27 g 

(0.007 mole) of sodium borohydride in 10 ml of water. Yield 1 g (91%). 
Mp 180-181 ~ C (ethanol). Found, %: C 47.73; H 3.95; N 11.18, 10.94; 

S 24.91, 25.15. Calculated for C10H10N202Sg, %: C 47.24; H 3.93; 
N 11.02; S 25.19. 

N-(y-Mercaptopropyl)-e-aminethiephenol (V). A) A mixture of 
10.5 g (0.05 mole) of IIIa and 500 ml of 2 N caustic soda was boiled 
for 5 hi, and after cooling it  was acidified with hydrochloric acid and 
the oil that separated out was extracted with chloroform. The chloro- 

form was evaporated off, giving 8.7 g of oil which was dissolved in 

15 ml of concentrated HCL This solution was poured into water and 

the oil that separated out was extracted with chloroform. From the 

aqueous layer 0.7 g (7%) of the ini t ial  IIIa was isolated. The chloro- 
form layer yielded 5 g (50~ of a product withmp 142-143 ~ C(2 ram), 
n~ 1.6285. Found, %: N 7.27, 7.16. Calculated for CgI-IIsNS z, %: 
N 7.06. IR spectrum (thin layer), v, cm -1, 2565 (SH), 3385 (NH). 

B) A mixture of 3t  g (0.55 mole) of caustic potash in 90 ml of 

ethanol and 25 g (0.11 mote) of IV in 80 ml of ethanol was boiled for 
3 hr. Then it was filtered and the filtrate was concentrated to small 
volume, diluted with water, and extracted with ether. The aqueous 

layer was acidified with dilute acetic acid and the oil that separated 
out was extracted with ether. The extract yielded 11.1 g (43%) of V. 

22 Bp 136-137" C (1 ram), n D 1.6290. 

(Perhydro-l, 3-~iazino)[2,  8-by ber~othiazoline (IIIa). A mixture 
of 11.1 g (0.055 mole) of V and 90 ml of 98% formic acid was boiled 
for 4 hr. After cooling, i t  was poured into ~200 ml of water and the 
mixture was made alkaline with sodium bicarbonate. This gave 11 g 
(93%) of a product with mp 89-90 ~ C (ethanol). A mixture with a sam- 
pie obtained by a different method gave no depression of the melting 
point. 

o-Ethylmercapto-N-0,-ethylmercaptopropyl)formanilide (Vl). A) 
A suspension of 10.5 g (0.05 mole) of Ilia in 500 ml of 0.5 N caustic 
soda was boiled until the solid matter had dissolved (~I hr). At 50 ~ C, 

the filtrate was treated dropwise with 16 g (0.15 mole) of ethyl bro- 

mide in 50 ml of ethanol. After 2 hr at 50-60" C, the reaction mix- 
ture was cooled and the oil that separated out was extracted with ether. 
After drying, the extract yielded 6.5 g (46%) of a product with bp 

s ~ C (i mm), n~ :[.5782. Found, %: N 4.97, 5.14; S 22.59, 
22.70. Calculated for Ci4H21NOS 2, %: N 4.95; S 22.62. IR spectrum 
(thin layer), v, cm'l: 1682 (CO in an amide). 

8) A mixture of 3 g (0.002 mole) of VII and 30 ml of 98% formic 
acid was boiled for 2 hr. The solution was left overnight and was then 

poured into water and the oil was extracted with ether. After the ethe- 
real solution had been washed with sodium bicarbonate and with water 

and had been dried, it yielded 1.3 g (40%) ofVI. Bp 180-182 ~ C (1 ram), 
n~ 1.5782. 

o-Ethylme~capto-N-(T-ethylmercaptopropyl)aniline (VII). A) A so- 
lution of 5.7 g (0.03 mole) of V in 50 ml of 5.6% caustic soda solution 

(0.07 mole) was extracted with ether and the aqueous layer was treated 
dropwise at 50 ~ C, with 11 g (0.11 mole) of ethyl bromide in 20 ml of 
ethanol. The reaction mixture was kept at 50-60 ~ C for 3 hr and was 

cooled, diluted with water, and extracted with ether, giving 6.8 g 
(89%) of VII. Bp 146-147 ~ C (1 ram), n}~ 1.5820. Found, %: N 5.55, 
5.28; S 25.04, 24.94. Calculated for ClsH21NS 2, %: N 5.49; S 25.09. 

B) A mixture of 4.5 g (0.016 mole) of VI and 30 ml of cone HC1 

was boiled for 5 hr and was then poured into water. Chloroform extrac- 
tion of the aqueous solution yielded 3 g (74%) of VII. Bp 148-150 ~ C 
(1.5 ram), n~ 1.5828. 
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