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SYNTHESIS OF 2-SUBSTITUTED 3(2H)-ISOTHIAZOLONES FROM 

2-SUBSTITUTED 5-AROYL-3(2H)-ISOTHIAZOLONES 

Athanase Tso lomi t i s  and Constant ine  Sandr i s*  

Laboratory o f  Organic Chemistry,  Na t iona l  Technical  Un ive r s i ty ,  

42 P a t i s s i o n  S t r e e t ,  Athens-106 82, Greece 

A b s t r a c t  - 2-Subs t i tu t ed  3 (2H)- i so th iazo lones  3 have been prepared 

from 2 - s u b s t i t u t e d  5-aroyl-3(2H)-isothiazolones 5 ,  which a r e  r e a d i l y  

a v a i l a b l e  from N-subs t i tu t ed  3-aroylpropionamides 5. The nuc leoph i l i c  

d isplacement  on t h e  5-aroyl  group was found t o  proceed e a s i l y  and 

q u a n t i t a t i v e l y  when a benzene s o l u t i o n  o f  compound 6 was s t i r r e d  a t  

room temperature  e i t h e r  wi th  a 1 0 %  sodium hydroxide s o l u t i o n  or wi th  

s o l i d  sodium hydroxide .  

Access t o  t h e  3 (2H)- i so th iazo lone  r i n g  system was f i r s t  r e p o r t e d  by Crow and 

~ e o n a r d '  through t h e  sequence 1 t o  7 (Scheme 1 ) .  2 - S u b s t i t u t e d  d e r i v a t i v e s  of  

t h i s  system , R=-CH3 and -CH2CH3) were thus  o b t a i n e d  y& t h e  c y c l i z a t i o n  of 

t h e  corresponding &-3-thiocyanoacrylamides 2 .  A convenient  and gene ra l  syn- 

Scheme 1 



t h e s i s  o f  a  comprehensive s e r i e s  of 2 - s u b s t i t u t e d  3(2!)-isothiazolones 2 was 

l a t e r  r e p o r t e d  by Lewis, g ,1.2 This was achieved hy t h e  one-s tep  c h l o r i n a t i o n -  

c y c l i z a t i o n  of  r e a d i l y  a v a i l a b l e  3.3'-dithiopropionamides s .  On t h e  o t h e r  hand, 

r e a c t i o n  o f  y-keto amides o f  t h e  gene ra l  formula 2 wi th  excess  t h i o n y l  c h l o r i d e  

a t  room temperature  r e s u l t s  i n  t h e  format ion of 2 - s u b s t i t u t e d  5-aroyl-3(2g)-  

i s o t h i a z o l o n e s  53 '4 .  We now r e p o r t  a s imple  s y n t h e s i s  o f  2 - s u b s t i t u t e d  3(2H)- 

i s o t h i a z o l o n e s  2 through a n u c l e o p h i l i c  d isplacement  on t h e  5-aroyl group o f  

compounds 6 .  

N-subs t i tu t ed  3(2kj) - i sothiazolones  of t h e  gene ra l  formula _3 have been found 
5  

t o  d imer ize  r e a d i l y  by bases  t o  2,4-bismethylene-1.3-dithietanes _8 (Scheme 2 ) .  

The d imer iza t ion  was shown t o  proceed through a t t a c k  of  t h e  i n i t i a l l y  formed 

5-anion I on t h e  S-N bond o f  a second i s o t h i a z o l o n e  molecule 1. D i t h i e t a n e s  o f  

t h e  gene ra l  formula g were a l s o  ob ta ined3  from t h e  N-subs t i tu t ed  5-aroyl-3(2gl-  

i s o t h i a z o l o n e s  6 by t r ea tmen t  wi th  bases  such a s  5N sodium hydroxide ,  potass ium 

t -butoxide  i n  g-butyl  a l coho l  and sodium e thox ide  i n  e t h a n o l .  For i n s t a n c e ,  re- 

a c t i o n  o f  2-benzyl-5-henzoyl-3L2~)-isothiazolone (&I w i th  sodium e thox ide  i n  

Scheme 2 
n 

8: H 5  no < 
I 
R 0 

S 
3 TO& RNHCOCH =< >= CHCONYR 

0 S'N S 
I 

A r - C  

7 



HETEROCYCLES, Vol 25, 1987 

6 r e f l u x i n g  e t h a n o l  has  been found t o  g i v e  t h e  corresponding d i t h i e t a n e  @ i n  

9 0 %  y i e l d .  I n  t h i s  c a s e ,  t h e  5-anion would r e s u l t  from a  n u c l e o p h i l i c  d i sp la -  

cement on t h e  5-benzoyl group o f  compound s. 
The debenzoyla t ion r e a c t i o n  o f  compound p r i o r  t o  dimer formation could he  

observed i n  sodium hydroxide s o l u t i o n  ( s e e  Exper imen ta l ) .  Thus, s t i r r i n g  com- 

pound e wi th  a 2 0 %  aqueous sodium hydroxide s o l u t i o n  f o r  t h r e e  days a t  room 

temperature  r e s u l t e d  i n  complete t r ans fo rmat ion  t o  t h e  corresponding d i t h i e t a n e  

8a, whereas t r ea tmen t  o f  compound e w i t h  a 10% sodium hydroxide s o l u t i o n  f o r  - 

f i v e  days r e s u l t e d  i n  t h e  i s o l a t i o n  o f  a  mixture c o n s i s t i n g  o f  t h e  i s o t h i a z o -  

l o n e  & (45%)  and t h e  d i t h i e t a n e  & (55%) .  Moreover, s i m i l a r  r e s u l t s  cou ld  be 

observed when t h e  i s o t h i a z o l o n e  & was t r e a t e d  w i t h  a 20% o r  a  10% sodium hy- 

droxide  s o l u t i o n ,  r e s p e c t i v e l y .  The debenzoyla t ion r e a c t i o n  o f  compound can 

thus  be c l e a r l y  d i s t i n g u i s h e d  from t h e  d imer iza t ion  r e a c t i o n  o f  compound &, 

whose r a t e  has  been shown5 t o  depend l i n e a r l y  on t h e  concen t ra t ion  o f  t h e  base .  

Following t h i s  o b s e r v a t i o n ,  t h e  debenzoyla t ion o f  compound a was performed i n  

a  two-phase aqueous-organic system, i n  o r d e r  t o  remove t h e  r e s u l t i n g  i s o t h i a z o -  

lone  ?_a from t h e  b a s i c  medium needed f o r  t h e  d imer iza t ion  r e a c t i o n .  A so lu -  

t i o n  o f  compound & i n  benzene was t h u s  s t i r r e d  w i t h  a  10% sodium hydroxide so- 

l u t i o n  f o r  two days a t  room temperature  and t h e  i s o t h i a z o l o n e  3a was a c t u a l l y  - 

i s o l a t e d  q u a n t i t a t i v e l y  from t h e  benzene l a y e r .  I t  i s  then reasonable  t o  assu-  

me7 t h a t  t h e  anion 2 i s  formed by r e a c t i o n  o f  t h e  benzoy l i so th iazo lone  e wi th  

aqueous hydroxide i o n  a t  t h e  i n t e r f a c e  between t h e  aqueous and o r g a n i c  phases .  

The anion 2 r e s u l t i n g  from t h e  d isplacement  r e a c t i o n  i s  subsequent ly  protonated 

and t h e  i s o t h i a z o l o n e  is f i n a l l y  t r a n s f e r r e d  i n t o  t h e  o r g a n i c  phase.  

Other  5-benzoylisothiazolones, such a s  2 and c, could  he debenzoylated equal -  

l y  w e l l  u s ing  t h e  two-phase system and t h e  corresponding i s o t h i a z o l o n e s ,  * and 

3c r e s p e c t i v e l y ,  were i s o l a t e d  i n  e x c e l l e n t  y i e l d s .  I t  should  be noted t h a t  - 

compound & could  a l s o  be ob ta ined  from t h e  m-nitrobenzoylisothiazolone &. In 

t h i s  c a s e  t h e  t r ans fo rmat ion  was complete i n  n i n e t y  minutes ,  s i n c e  t h e  a r o y l  

carbonyl  group i s  now much more r e a c t i v e .  On t h e  o t h e r  hand, t h e  mes i toy l i so -  

t h i a z o l o n e  6f was recovered unchanged from a s i m i l a r  t r e a t m e n t ,  s i n c e  t h e  s t e -  

r i c a l l y  h indered ca rbony l  o f  t h e  mesi toyl  group i s  n o t  a c c e s s i b l e  t o  nucleophi-  

l i c  a t t a c k .  However, a s i m i l a r  t r ea tmen t  of t h e  p-methoxybenzoylisothiazolone 

6d r e s u l t e d  i n  t h e  i s o l a t i o n  o f  t h e  co r respond ing  d i t h i e t a n e  &l. Since  t h e  cor- - 



responding N-methylisothiazolone i_d has  been r e p o r t e d  t o  be  an ext remely  hygro- 

2 
s c o p i c  product  , i ts format ion was undoubtedly followed by d imer iza t ion  i n  t h e  

aqueous a l k a l i n e  phase.  

The o v e r a l l  t r ans fo rmat ion  of t h e  a r o y l i s o t h i a z o l o n e s  5 t o  t h e  corresponding 

i s o t h i a z o l o n e s  2 was f i n a l l y  found t o  proceed e a s i l y  when a s o l u t i o n  o f  5 i n  

benzene was s t i r r e d  f o r  j u s t  f i v e  minutes a t  room temperature  i n  t h e  presence  

o f  s o l i d  sodium hydroxide ( s e e  Exper imen ta l ) .  Under t h e s e  c o n d i t i o n s ,  even t h e  

i s o t h i a z o l o n e  (d was ob ta ined  from compound i n  an a lmost  q u a n t i t a t i v e  y i e l d .  

Consequently,  t h e  s y n t h e s i s  o f  2 - s u b s t i t u t e d  3 (2H)- i so th iazo lones  3 can be  ac- 

complished by t h e  sequence r e p o r t e d  i n  Scheme 3. The n a t u r e  o f  t h e  s u b s t i t u e n t  

R ,  an  a l k y l  o r  a s u b s t i t u t e d  a r y l  o r  an a r a l k y l  group, i s  f i n a l l y  determined 

from t h e  a v a i l a b i l i t y  of t h e  open cha in  N-subs t i tu t ed  3-aroylpropionamides 2 ,  

which a r e  e a s i l y  p repa red  from 3-aroylpropionic  a c i d s .  

Scheme 3 

EXPERIMENTAL 

Mel t ing p o i n t s  were determined i n  c a p i l l a r y  tubes  and a r e  uncorrected .  The i r  

s p e c t r a  were ob ta ined  wi th  a Pe rk in  Elmer 267 spect rophotometer  and were c a l i -  

-1 
b r a t e d  a g a i n s t  t h e  po lys ty rene  1601 cm band; absorp t ion  bands,  i n  r e c i p r o c a l  

c e n t i m e t e r s ,  are c h a r a c t e r i z e d  a s  o f  s t r o n g  (s)  , medium ( m )  o r  weak (w)  i n t e n -  

s i t y  The ' ~ - n m r  s p e c t r a  were recorded on a Varian EM-360 60 MHz s p e c t r o n e t e r ;  

chemical  s h i f t s  a r e  g iven i n  ppm ( 6 )  downfield from TMS ( i n t e r n a l  s t andard )  and 

a r e  a c c u r a t e  t o  +0.02 ppm. Elemental  ana lyses  were ob ta ined  from t h e  microana- 

l y t i c a l  l a b o r a t o r y  of CNRS (France ) .  
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2-Subs t i tu t ed  5-aroyl-3(2H)-isothiazolones 6. 

The p r e p a r a t i o n  o f  t h e  a r o y l i s o t h i a z o l o n e s  e-6d by r e a c t i o n  o f  t h e  correspond- 

i n g  y-keto amides 5 wi th  t h i o n y l  c h l o r i d e  h a s  a l r e a d y  been repor t ed .  
3  

The m e s i t o y l i s o t h i a z o l o n e  6f was p repa red  s t a r t i n g  wi th  3-mesi toylpropionic  

ac id6  ( c f .  Scheme 3 ) .  

The same exper imenta l  procedure was used f o r  t h e  p r e p a r a t i o n  o f  t h e  m-nitroben- 

z o y l l s o t h i a z o l o n e  e: A suspension o f  7.35 g (35.8 mmol) o f  5-(m-nitrohenzoy1)- 

furan-2(3!)-one, o b t a i n e d  from t h e  r e a c t i o n  of 3-(m-nitrobenzoy1)propionic acid 

w i t h  a c e t y l  c h l o r i d e 8 ,  i n  50 m l  o f  e t h e r  was cooled i n  an i c e  ba th  and benzyl-  

amine (4 m l ,  36.7 mmol) was added por t ionwise .  The mixture was s t i r r e d  a t  O'C 

f o r  10 min and then a t  room temperature  f o r  24 h. The s o l v e n t  was evapora ted  

under vacuum and t h e  s o l i d  r e s i d u e  was c r y s t a l l i z e d  from e t h a n o l  t o  g i v e  7  g  

(62%) of compound 5 ( A r  = -C H -NO2-m, R = - C H 2 C 6 H 5 1 ,  mp 1 5 1 - 1 ~ 3 ~ ~ ( d e c ) .  Fur the r  6  4 

r e c r y s t a l l i z a t i o n s  from e t h a n o l  gave an  a n a l y t i c a l l y  pure p roduc t ,  mp 152-154'~ 

( d e c ) ;  i r  ( n u j o l )  : sha rp  bands a t  3315 (w) , 1698 ( s )  , 1645 ( s )  ; nmr (DMSO-d6): 

2.66 and 3.41 (two t ,  J = 6 Hz ,  4H, -CH2CH2-) ,  4.33 ( d ,  J = 5.8 Hz, 2 H ,  N-ben- 

z y l  me thy lene ) ,  7.35 ( s ,  5H, phenyl  p r o t o n s ) ,  7.71-8.83 ( m ,  5H, m-nitrophenyl 

p ro tons  and - N H - ) .  Anal. Calcd. f o r  C17H16N204: C ,  65.37; H ,  5.16; N ,  8.97. 

Found: C ,  65.50; H. 5.15; N ,  9.00. 

A s o l u t i o n  o f  t h e  previous  compound ( 3  gl i n  t h i o n y l  c h l o r i d e  (30 m l )  was 

s t i r r e d  a t  room temperature  f o r  6  h  and was then concen t ra t ed  under vacuum. The 

s o l i d  r e s i d u e  was c r y s t a l l i z e d  from e t h a n o l  t o  g ive  1.95 g  (60%) o f  a  ye l low 

0 
c r y s t a l l i n e  p roduc t ,  mp 108-111 C. F u r t h e r  r e c r y s t a l l i z a t i o n s  from e t h a n o l  gave 

0 
an a n a l y t i c a l l y  pure  sample o f  compound &, mp 113.5-114.5 C; i r  ( n u j o l ) :  sharp  

bands a t  1663 ( 5 1 ,  1650 ( s )  , 1615 (ml ,  1530 (sl ;  nmr (CDCl?): 5.06 ( s ,  2H, N- 

benzyl  methylene) , 6.86 ( s ,  lH, v i n y l i c  p r o t o n ) ,  7.48 ( s ,  5H. phenyl  p ro tons )  , 

7.66-8.93 ( m ,  4H, m-nitrophenyl p r o t o n s ) .  Anal. Calcd. f o r  C17H12N204S: C ,  

59.99; H ,  3.55; N ,  8.23; S ,  9.42. Found: C ,  60.22; H ,  3.44; N ,  8 .06; S ,  9.34. 

React ions  of benzoy l i so th iazo lone  6a  w i t h  aqueous NaOH. 

A suspension o f  0 .3  g  of compound & i n  10 m l  o f  a  20% aqueous sodium hydroxide 

s o l u t i o n  was s t i r r e d  a t  room temperature  f o r  3  days.  The i n s o l u b l e  m a t e r i a l  was 

f i l t e r e d  and washed wi th  wa te r  t o  g ive  0.18 g  (92%) o f  an almost c o l o r l e s s  pro- 

d u c t ,  mp > 2 5 0 ~ ~ .  This was shown (nmr spect rum i n  deuter iochloroform) t o  be i- 

5 
d e n t i c a l  t o  t h e  d i t h i e t a n e  fi . 



A s i m i l a r  r e a c t i o n  of i s o t h i a z o l o n e  3 f o r  6 days r e s u l t e d  a l s o  i n  t h e  i s o l a -  

t i o n  o f  d i t h i e t a n e  &. 
A suspension o f  0.5 g o f  compound !& i n  10 m l  o f  a  10% aqueous sodium hydroxide 

s o l u t i o n  was s t i r r e d  a t  room temperature  f o r  5  days .  The i n s o l u b l e  m a t e r i a l  was 

f i l t e r e d  and shown (nmr spect rum i n  deuter iochloroform) t o  be a  mixture o f  t h e  

i s o t h i a z o l o n e  3 (45%) and t h e  d i t h i e t a n e  fi ( 5 5 % ) .  

A s i m i l a r  r e a c t i o n  o f  i s o t h i a z o l o n e  & f o r  6 days r e s u l t e d  i n  t h e  i s o l a t i o n  of 

a mixture  o f  t h e  i s o t h i a z o l o n e  3 (50%) and t h e  d i t h i e t a n e  ( 5 0 % ) .  

Reaction o f  a r o y l i s o t h i a z o l o n e s  6  wi th  aqueous NaOH/benzene. 

General  procedure:  I n  a  s o l u t i o n  o f  1 m o l e  o f  compound 5 i n  20-70 m l  o f  ben- 

zene ,  depending on t h e  s o l u b i l i t y  of t h e  compound, were added 10 m l  (25 -01) 

of  a 10% aqueous sodium hydroxide s o l u t i o n .  The mixture was s t i r r e d  v igorous ly  

a t  room tempera tu re ,  u sua l ly  f o r  24 t o  48 h,  and t h e  benzene l a y e r  was then se- 

p a r a t e d ,  washed wi th  wa te r  and concen t ra t ed  under vacuum t o  g ive  an almost 

q u a n t i t a t i v e  y i e l d  of a s o l i d  r e s i d u e ,  which was shown (nmr spectrum i n  deute- 

2 r iochloroform) t o  be a pure sample o f  t h e  corresponding i s o t h i a z o l o n e  3 . 
The r e a c t i o n  o f  t h e  m-nitrobenzoylisothiazolone was complete a f t e r  s t i r r i n g  

t h e  mixture  f o r  90 min a t  room temperature .  

The mes i toy l i so th iazo lone  6 f  was recovered unchanged a f t e r  a s i m i l a r  t r ea tmen t .  

The p roduc t  o b t a i n e d  from t h e  r e a c t i o n  o f  t h e  p-methoxybenzoyl i so th iazolone  g 

f o r  24 h  a t  room temperature  was shown (nmr spectrum i n  deuter iochloroform) 

5 
t o  be  a pure  sample o f  t h e  d i t h i e t a n e  . 
Reaction o f  a r o y l i s o t h i a z o l o n e s  6 wi th  s o l i d  NaOH/benzene. 

General procedure:  I n  a s o l u t i o n  of I  m o l e  o f  compound 5 i n  20-70 m l  o f  ben- 

zene ,  depending on t h e  s o l u b i l i t y  o f  t h e  compound, were added 0.2 g o f  powdered 

s o l i d  sodium hydroxide.  The mixture was s t i r r e d  v igorously  a t  room temperature  

f o r  5 min, when a  f ad ing  o f  t h e  i n i t i a l  ye l lowish co lour  o f  t h e  benzene l a y e r  

could  be observed.  The benzene l a y e r  was then f i l t e r e d  and concen t ra t ed  under 

vacuum t o  g i v e  a  s o l i d  r e s i d u e ,  which was shown (nmr spectrum i n  deu te r ioch lo -  

2  roform) t o  be a  pure  sample o f  t h e  corresponding i s o t h i a z o l o n e  3 . 
I s o t h i a z o l o n e  3, ob ta ined  from compounds and &, was i s o l a t e d  a s  a  s o l i d ,  

mp 76-78'~ a f t e r  r e c r y s t a l l i z a t i o n  from benzene/hexane (lit.2 mp 7 8 - 8 0 ~ ~ 1 ,  i n  

82% y i e l d .  

I s o t h i a z o l o n e  2, ob ta ined  from compound e, was i s o l a t e d  as a s o l i d ,  mp 88-89 '~  



HETEROCYCLES, Vol 25, 1987 

0  a f t e r  r e c r y s t a l l i z a t i o n  from t o l u e n e  (lit.2 mp 91-92 C ) ,  i n  648 y i e l d .  

I s o t h i a z o l o n e  was ob ta ined  from compound as a  s o l i d  mp 140-142Oc a f t e r  

r e c r y s t a l l i z a t i o n  from to luene  (lit.2 mp 142-144°~) ,  i n  7 0 %  y i e l d .  

I s o t h i a z o l o n e  was ob ta ined  from compound a s  an ext remely  hygroscopic low- 

me l t ing  s o l i d  (lit.2 mp 4 8 - 5 0 ~ ~ 1  i n  90% y i e l d  and was n o t  f u r t h e r  p u r i f i e d .  

The nmr s p e c t r a  o f  i s o t h i a z o l o n e s  &-2 were i d e n t i c a l  wi th  those  a l r e a d y  re-  

2 
po r t ed  . 
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