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AN EFFICIENT CYCLODESULFURIZATION OF N-(2-HY0ROXYPHENYL)THIOAMIOES WITH SUPEROXIDE. 

A NOVEL ROUTE TO BENZOXAZOLES 
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A b s t r a c t  - Treatment of N-(2-hydr0xyphenyl)thioamides (i) w i t h  superox ide ( U 2 - ' )  a t  

room temperature i n  d ry  a c e t o n i t r i  l e  r e s u l t e d  i n  t h e  fo rmat ion  o f  2 - s u b s t i t u t e d  

benzoxazoles (1) i n  exce l  l e n t  y i e l d s .  

Superoxide ( 0 2 - ' ) ,  one-e lec t ron  r e d u c t i o n  product  of mo lecu la r  oxygen, has r e c e n t l y  become the 

s u b j e c t  o f  cons ide rab le  chemical1 and b i o l o g i c a l 2  i n t e r e s t  and i n v e s t i g a t i o n .  I t  i s  known t o  have 

t h e  p o t e n t i a l  o f  a c t i n g  as a redox agent, as a n u c l e o p h i l e  o r  as a base.3 i n  t h e  prev ious 

papers,4,5 we r e p o r t e d  t h a t  th ioamides  and t h i o u r e a 8  r e a c t e d  w i t h  superox ide  an ion  t o  a t t o r d  the 

co r respond ing  arnides and ureas r e s p e c t i v e l y ,  and proposed t h a t  t h e  d e s u l f u r i z a t i o n  invo lves  

fo rmat ion  o f  s u l f u r  d i o x i d e  o r  s u l f u r  t r i o x i d e  i n t e r m e d i a t e .  Dur ing  a s tudy on t h e  s u l f u r  oxide 

i n t e r m e d i a t e ,  we have found t h a t  N-(2-hydroxyphenyl)benzthioamides reac ted  r e a d i l y  w i t h  superoxide 

an ion  a t  20 OC t o  g i v e  t h e  co r respond ing  benzoxazoles by one s t e p  r e a c t i o n  i n  e x c e l l e n t  y i e l d s .  

The r e s u l t s  a r e  shown i n  Tab le  I .  

I n  a t y p i c a l  procedure,  a  s o l u t i o n  of N-(2-hydroxyphenyl)benzthioarnide (114.5 mg, U.5 mmol) i n  

CH3CN ( 2  m l )  was added t o  a heterogeneous s o l u t i o n  o f  potassium superox ide  (1411 mg, 2 mmol) i n  

CH3CN ( 2  m l )  under  n i t r o g e n  atomsphere. A f t e r  be ing  s t i r r e d  f o r  6  h a t  20 OC w i t h  vigorous 

s t i r r i n g ,  t h e  r e a c t i o n  m i x t u r e  was poured i n t o  c o l d  wa te r  and t h e n  e x t r a c t e d  w i t h  d ich loromethane 

(25 rnl x  3 ) .  The CH2CI2 s o l u t i o n  was d r i e d  over  anhydrous magnesium s u l f a t e ,  f i l t e r e d ,  and then 

concen t ra ted  under reduced p ressure  t o  g i v e  c rude  2-phenylbenzoxaro le (?a: 97%). wnich was 

p u r i f i e d  by a s i l i c a  gel  column chromatography ( K i e s e l  gel 6U, 70-230 mesh, l cm x Zucrn, Et2U:n- 

hexane = 1 : 2 )  t o  get  pu re  2 (93% i n  Run 1; mp 99-1U1 'C ( l i t . 6  37-98 OC), 'H nmr 6 7.5 ( H I ) ,  6 

8.3 ( H Z ) ;  m l z  195; i r  (KBr)  3050, 16UU, 1530, 145U. 123U, IUSU cm- l ) .  The p roduc ts  o b t a i n e d  were 

i d e n t i f i e d  by comparing t h e i r  mp, 'H nmr, i r  and mass s p e c t r a  w i t h  those  f rom t h e  a u t h e n t i c  

~ a r n p l e s . ~  The workup i s  s imp le :  a f t e r  m o n i t o r i n g  t h e  complete r e a c t i o n  by t l c  on s i l i c a  gel, 

f i l t r a t i o n ,  and then  c o n c e n t r a t i o n  g i v e  a h i g h l y  pu re  p roduc t ,  2. When t h e  r e a c t i o n  i s  c a r r i e d  



Table I. C y c l o d e s u l f u r i z a t i o n  o f  N-(2-Hydroxypheny1)thioamides. 

I - 7 - 

Run X Y Reactn. Reactn. Products 
Time ( h )  Temp (OC) 

1 H H 6 

2 H H 7 

3 H H 15 

4 Me H 6 

5  Me UMe 11 

6 Me OMe 6 

7 Me C1 11 

8 Me C1 15 

9 Me Ph 11 

a )  I s o l a t e d  Yie lds.  

b )  The s t a r t i n g  m a t e r i a l  was recovered i n  30%. 

C )  The s t a r t i n g  m a t e r i a l  was recovered i n  35%. 

ou t  a t  low temperature,  l onger  r e a c t i o n  t i m e  i s  requ i red  but  a  c o n t r o l  of r e a c t i o n  t i m e  r e s u l t e d  

i n  good y i e l d  (Run 3). The c y c l o d e s u l f u r i z a t i o n  o f  N-(2-hydroxypheny1)benzthioamides appears t o  

i n v o l v e  t h e  format ion of a  key i n t e r m e d i a t e  of p e r o x y s u l f u r  d i o x i d e  and/or t r i o x i d e  (6) as i n  t h e  

Case of d e s u l f u r i z a t i o n  of t h i ~ a m i d e s . ~  The c y c l i z a t i o n  seems t o  be i n i t i a t e d  ci t h e  fo rmat ion  

of pheno la te  an ion  2 i n  t h e  b a s i c  c o n d i t i o n  o f  0 2 - ' l  and then t h i y l  r a d i c a l  (4) by one e l e c t r o n  

t r a n s f e r  frm t h e  t h i o l a t e  an ion  t o  0 2 - '  fo l l owed by p r o t o n  t r a n s f e r  t o  t h e  r e s u l t a n t  HUU 
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C-R + SOL- 

7 - B 
Hydrogen a b s t r a c t i o n  of d iphenols by 0 2 - '  t o  form semiquinones has been repor ted  t o r  a number o t  

c a t e c o l ~ . ~  A behavior  of 0 2 - '  as an o x i d i z i n g  agent t o  accept one e l e c t r o n  has been repor ted.  

The t h i y l  r a d i c a l  (4) may couple w i t h  0 2 - '  t o  form a peroxysu l fena te  f o l l o w e d  by undergoing 

f u r t h e r  o x i d a t i o n  t o  p e r o x y s u l f u r  i n t e r m e d i a t e  ( A ) .  An i n t r a m o l e c u l a r  n u c l e o p h i l i c  a t t a c k  by t h e  

p h e n o l i c  hydroxy l  anion on t h e  im ine  carbon should be more f a v o r a b l e  than the  d i r e c t  a t t a c k  o t  

02 - ' :  The amide product .  8 cou ld  n o t  be a c t u a l l y  detected.  I n  t h i s  c y c l i z a t i o n ,  t h e  combination 

o f  a ne ighbor ing  group e f f e c t  o f  a h y d r o x y l a t e  anion and t h e  l e a v i n g  group of SU,U- seems t o  p lay 

an impor tan t  r o l e .  Since benzoxazole d e r i v a t i v e s  a r e  impor tan t  in te rmed ia tes  f o r  t h e  syntheses o f  

p o l y e t h e r  a n t i b i ~ t i c s , ~  of f l u o r e s c e n t  wh i ten ing  agents,'' and of dye re leasers  i n  i n s t a n t  co lo r  

They are c o n v e n t i o n a l l y  prepared f r a n  0-arninophenols by c y c i i r a t i o n  w i t h  

c a r b o x y l i c  ac ids ,  im ino  ethers,  and n i  t r i  l e s  i n  moderate y ie lds .12  Beckmann rearranyement of o- 

acy lphenol  oximes13 has been r e p o r t e d  t o  produce benroxazoles success fu l l y  t o  some ex ten t .  

Format ion o f  benroxaroles by i n t r a m o l e c u l a r  t r a p p i n g  o f  an aryne i n t e r m e d i a t e  f rom 2- or  3- 

h a l o a n i l i d e s  has been reported.6,14 Recent ly ,  p h o t o l y s i s  o f  o r t h o - t h a l l a t e d  a n i l i d e s  was repor ted  

t o  g ive  benzoxazoles i n  moderate y i e l d s . 1 5  I n  summary, benzoxazoles may be r e a d i l y  prepared from 

N-(2-hydroxyphenyl)thioamides and superoxide under m i l d  c o n d i t i o n s i n  t h e  wide range of r e a c t i o n  

temperature ( - 3 5 % 2 0  OC). Extensions and scope of t h i s  methodology a r e  under i n v e s t i g a t i o n .  

ACKNMLEDGEIENTS 

T h i s  i n v e s t i g a t i o n  was supported by t h e  Korea Science and Engineer ing Foundation. 

REFEREKES 

1. E. Lee-Ruff,  Chem. Soc. Rw. ,  1977, 5. 195. 

2. I. F r i d o v i c h ,  ACC. Chem. Res., 1972, 5, 321. 



3. D.T. Sawyer and M.J. G ib ian ,  Tetrahedron,  1979, 35, 1471. 

4. H.S. Chang, S.C. Lim, and Y.H. Kim, B u l l .  Korean Chem. Soc., 1987, 8, 56. 

5. Y.H. Kim and G.H. Yon, J .  Chem. Soc., Chem. Comun., %, 715. 

6. 0. C la rk  and J.M. Caroon, J.I.&rj:.a, 1982, 47, 2804. 

7. 2: mp 103-104 OC;  mass spec. m l z  209; 'H nmr (CDCI3) 2.6 (H3), 7.2-7.4 ( H l ) ,  7.4-7.8 (H5), 

8.2-8.4 (HZ); i r  (KBr) 2950. 1550, 1480, 1450, 1270 cm'l. &: mp 104-106 OC, IH nmr 

(CDCI3) 6 2.4 (H3). 3.8 (H3), 6.8-7.4 (H5), 8.0-8.2 (HZ), i r  (KBr)  3010, 1510, 1450, 1240, 

1060 cm-l. Id: mp 143-144 OC; mass spec. m l r  243, IH nmr (CDCI3) 6 2.6 (H3), 7.8-8.U (H,), 

8.2-8.4 (HZ):  i r  (KBr) 3060, 1590, 1520, 1330, 1260 ern-l. +, mp 144-145 OC, mass spec. m l z  

285: i r  (KBr)  3080, 1560, 1500, 1450, 1340, 1280 cm-l. ~ f ;  mp 100.1~1 OC ( l i t 1 6  101- iu2  OC), 

mass spec. m l z  229; i r  (KBr) 3080, 1560, 1500, 1450, 1340, 1280 cm- l .  &, mp 174-176 OC, 

mass spec. m l z  307; i r  (KBr)  1600, 1550, 1480, 1400, 1080 c K 1 .  

8. Y. Moro-Oka and C.S. Foote, J. Am. Chem. Soc., 1976, 2, 1510. 

9. D.A. Evans, C.E. Socks, W.A. K lesch ick ,  and T.R. Taber, J. Am. Chem.%, 1979, x, 6789. 

10. A. Re ise r ,  L.J. Leyshon, D. Saunders, M.V. M i ~ o v i c ,  A. B r i g h t ,  and J. Bogie, J .  Am. Chem. 

Soc., 1972. 2, 2414. 

11. 5. F u j i t a ,  J. Chem. Soc., Chem. Commun., E, 425. 

12. M.M. Campbell, "Comprehensive Organic Chemist ry" ,  ed. by D.H.R. Bar ton,  and U.D. O l l i s ,  

Pergamon, 1979, 5,  961. 

13. a)  E.P. Koh le r  and W.F. Bruce, J. Am. Chem. Soc., 1931, 13, 1569. b )  A.H. B l a t t  and 

L.A. ~ u s s e l ,  J. Am. Chem. Soc., 1936, 58, 1903. c )  8. F u ~ i t a ,  K. Koyama, and Y. I nagak i ,  

Synthesis ,  1982, 68. 

14. a)  J.F. Bunnet t  and B.F. H r u t f i o r d ,  J .  Am. Chem. Soc., 1961, 83, 1691. 0) M.I .  E l -sheikh,  

A. Marks, and E.R. B i e h l ,  J. Org. Chem., 1981, 46, 3256. 

15. E.C. Toy lo r ,  A.H. Katz.  and S.1. Alvarado, J. Ury. Chem., 1986, 2, 16U7. 

Received, Z2nd September, 1988 


