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REACTION OF POTASSIUM SUPEROXIDE YIITH 3-NITRO-2-PHEA'YL-2H-l- 
B!3JZCPYHAb!S AND THEIR DIHYDRO DERIVATIVES 
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Depar tment  o f  Chemis t ry ,  I n d i a n  I n s t i t u t e  of Technology, Bombay 
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A b s t r a c t  - 3-Nitro-2-phenyl-2H-l-benzopyrans on t r e a t m e n t  w i t h  

p o t a s s i u m  s u p e r o x i d e  i n  d i m e t h y l  sulphoxide  a r e  degraded m a i n l y  t o  

t h e  c o r r e s p o n d i n g  s a l i c y l i c  a c i d s  and benzoic  a c i d s .  Format ion of 

f l a v o n o l s ,  a s  a  minor p r o d u c t  a r e  a l s o  observed.  The d i h y d r o  

d e r i v a t i v e s  of 3-nitro-2-phenyl-2H-l-benzopyrans a r e  c o n v e r t e d  t o  

t h e  c o r r e s p o n d i n g  f l a v o n o l s  by potass ium s u p e r o x i d e  i n  benzene  

c o n t a i n i n g  18-crown-6 e t h e r .  

I n t e r v e n t i o n  of s u p e r o x i d e  a n i o n  r a d i c a l  i n  enzymatic oxidation1-4 h a s  r e c e n t l y  - 
been t h e  s u b j e c t  of a  number o f  i n v e s t i g a t i o n s .  0; , one  o f  t h e  s i m p l e s t  and 

i m p o r t a n t  a n i o n  r a d i c a l ,  r e a c t s  w i t h  v a r i o u s  s u b s t r a t e s  owing t o  i t s  a n i o n i c ,  

r a d i c a l  and r e d o x  n a t u r e .  Although a c t i o n  of supe rox ides  on v a r i o u s  s u b s t r a t e s  

h a s  been ~ t u d i e d ~ - ~ ,  t h e i r  b e h a v i o u r  towards  n i t r o  compounds i s  y e t  t o  b e  

p r o p e r l y  e v a l u a t e d .  To t h e  b e s t  of o u r  knowledge conver s ion  o f  n i t r o a l k a n e s  

t o  t h e  c o r r e s p o n d i n g  ca rbony l  compounds by t h e  a c t i o n  o f  e l e c t r o c h e m i c a l l y  
8 9 g e n e r a t e d  s u p e r o x i d e  i o n  and d e g r a d a t i o n  o f  $ - n i t r o s t y r e n e  t o  b e n z o i c  a c i d  by 

s u p e r o x i d e  i n  t h e  p r e s e n c e  of 18-crown-6-ether a r e  t h e  o n l y  two known i n s t a n c e s .  

A p a r t  from t h i s ,  t h e  f a c t o r  which prompted u s  t o  i n v e s t i g a t e  t h e  a c t i o n  of 

s u p e r o x i d e  on 3-nitro-2-phenyl-2H-1-benzopyrans was t h e  r e p o r t e d  s u p e r o x i d e  
10 media ted  c o n v e r s i o n  of c y a n i d e s  t o  amides i n  d ime thy l  s u l p h o x i d e  medium . It 

i s  i n t e r e s t i n g  t o  n o t e  t h a t  s i m i l a r  conver s ion  i n  o t h e r  s o l v e n t s  c o u l d  n o t  b e  

ach ieved .  A r a t i o n a l e  f o r  such  s e l e c t i v i t y  could b e  t h e  g e n e r a t i o n  Of hydroxy 

and hydroperoxy a n i o n s ,  s p e c i e s  a p p a r e n t l y  r e s p o n s i b l e  f o r  t h e  c o n v e r s i o n ,  by  

t h e  i n t e r a c t i o n  o f  s u p e r o x i d e  w i t h  d i m e t h y l  sulphoxide .  Such c o n v e r s i o n  of 



cyanide t o  amide b y  H202 i n  b a s i c  media is  w e l l  documented1'. I n  o u r  p r e v i o u s  

s tudy  we have o b s e r v e d  t h a t  hydrogen p e r o x i d e  i n  t h e  p r e s e n c e  o f  b a s e  c o n v e r t s  

12 3-nitro-2-phenyl-2H-1-benzopyrans t o  t h e  r e s p e c t i v e  f l a v o n o l s  . Thus keep ing  

these  f a c t o r s  i n  v iew,  b o t h  3-nitro-2-phenyl-2H-I-benzpyrans and theYr  d i h y d r o  

d e r i v a t i v e s  w e r e  t r e a t e d  w i t h  p o t a s s i u m  superox ide .  P r e s e n t  p a p e r  d e s c r i b e s  

our  f i n d i n g s .  

3r~itro-2-phenyl-2H-l-benzopyrans (1-6) a r e  c h i e f l y  degraded t o  t h e  correspond-  

ing  s a l i c y l i c  a c i d s  (=) and b e n z o i c  a c i d  (10-2) on s u b j e c t i o n  t o  s u p e r o x i d e  

t r e a t m e n t  i n  d i m e t h y l  s u l p h o x i d e  (Scheme-1). B e s i d e s  t h e s e  d e g r a d a t i v e  p r o d u c t s  

f l a v o n o l s  (14-19) a r e  formed i n  minor  amounts (Scheme-1). Format ion of t h e s e  

a c i d s  cou ld  b e  r a t i o n a l i z e d  i n  two ways. 

S c h e m e  -1 

I n  a p o s s i b l e  r o u t e  n i t r o b e n z o p y r a n s  a r e  i n i t i a l l y  conver t ed  t o  t h e  f l a v o n o l s  

which, i n  t u r n ,  a r e  degraded t o  s a l i c y l i c  a c i d  and benzo ic  a c i d  v i a  carboxy 

e s t e r  (2). 

The o t h e r  r o u t e  i n v o l v e s  t h e  f o r m a t i o n  o f  d i o x e t a n e  i n t e r m e d i a t e  (20) a s  

proposed by Fr imer  e t  S i n c e  i n  t h e  p r e s e n t  s t u d y  f l a v o n o l s  a r e  found t o  

be  r e s i s t a n t  towards  d e g r a d a t i o n  under  t h e  e x p e r i m e n t a l  c o n d i t i o n s ,  t h i s  r o u t e  

seems t o  be  u n t e n a b l e .  Thus t h e  r e a c t i o n  seems t o  p roceed  v i a  d i o x e t a n e  

i n t e r m e d i a t e  even i n  t h e  absence  of 18-crown-6-ether. Most p r o b a b l y  t h e  
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r e s u l t a n t  d i o x e t a n e  t r a n s f o r m s  t o  sa l i cy ! . i c  ac id  monobenzoate (21) by r i n g  

s c i s s i o n  f o l l o w e d  by o x i d a t i o n .  The r e s u l t a n t  e s t e r  on h y d r o l y s i s  g i v e s  r i s e  

t o  t h e  a c i d s  (Scheme-2). The f o r m a t i o n  of f l a v o n o l  can be  e x p l a i n e d  through 

t h e  hydroperox ide  a n i o n ,  g e n e r a t e d  from t h e  i n t e r a c t i o n  of p o t a s s i u m  s u p e r o x i d e  

and d i m e t h y l  su1.phoxide. 

The d i h y d r o  d e r i v a t i v e  of 3-nitro-2-phenyl-2%-1-benzopyran was r e a c t e d  w i t h  

p o t a s s i u m  s u p e r o x i d e  i n  t h e  p r e s e n c e  of 18-crown-&ether i n  benzene,  a s  t h e  s a n e  

r e a c t i o n  i s  s l u g g i s h  i n  DhSO, which y i e l d e d  f l a v o n o l .  The f o r m a t i o n  of f l a v o n o l  

cou ld  be  e x p l a i n e d  v i a  Nef t y p e  conver s ion  of t h e  d i h y d r o  d e r i v a t i v e  t o  

%-phenyl-2~-l-benzopyran-3(4H)-one (26) .  I n c i d e n t a l l y  such  Nef t y p e  c o n v e r s i o n  

of s a t u r a t e d  n i t r o  compounds t o  t h e  co r respond ing  k e t o n e s  a r e  known w i t h  

e l e c t r o c h e m i c a l l y  g e n e r a t e d  supe rox ides .  Fur the r  o x i d a t i o n  w i t h  s u p e r o x i d e  

1 3  w i l l  l e a d  t o  f l a v o n o l  . The d i h y d r o  d e r i v a t i v e s  (22AB-25AB) r e q u i r e d  f o r  t h e  

p r e s e n t  s t u d y  a r e  p r e p a r e d  by sodium borohydr ide  r e d u c t i o n  o f  3-nitro-2-phenyl- 

2H-1-benzopyrans 14 ,15  
(22-25). During t h i s  p rocess  d i h y d r o  d e r i v a t i v e s  were 

o b t a i n e d  a s  d i a s t e r e o m e r i c  m i x t u r e  o f  (22A-25A) and (228-25B) r e s p e c t i v e l y ,  

which a r e  s e p a r a t e d  i n t o  t h e  p u r e  components by column chromatography 

(Scheme-3). 

aO- COOH 
- UoH + 

C W H  



S c h e m e  - 3 

EXPERIMENTAL 

Reaction of Potassium Superoxide wi th  3-Nitro-2-phenyl-2H-1-benzo~yrans (1-6) 

To a  w e l l  s t i r r e d  s o l u t i o n  of 3-nitro-2-phenyl-2H-1-benzopyran ( 1  mmol) i n  d ry  

dimethyl sulphoxide (15 ml) ,  a  powdered potassium superoxide (6 mmol) was added 

and s t i r r i n g  was cont inued f o r  a d d i t i o n a l  8-10 min. The r e a c t i o n  was quenched 

by pouring t h e  mixture  i n t o  c h i l l e d  water.  The r e s u l t a n t  a l k a l i n e  s o l u t i o n  was 

a c i d i f i e d  with 5 ~ h y d r o c h l o r i c a c i d  and was allowed t o  s tand  at-room temperature  

f o r  1 h. The s o l u t i o n  was r e p e a t e d l y  e x t r a c t e d  wi th  e t h y l  a c e t a t e  and t h e  

aqueous l a y e r  was discarded.  

The organ ic  e x t r a c t  a f t e r  reduc ing  t o  50 m l  and coo l i ng  was r e p e a t e d l y  ex t r ac t ed  

with 5% sodium b i ca rbona t e  s o l u t i o n .  The a c i d  f r e e  e t h y l  a c e t a t e  e x t r a c t  on 

concentrat ion and f i l t r a t i o n  through a  s i l i c a  g e l  column gave f l avono l .  The 

combinea b icarbona te  e x t r a c t  was f r e e d  from t h e  accompanying d imethyl  su l fone  

by shaking t h e  s o l u t i o n  with dichloromethane. Mixture  of s a l i c y l i c  a c id  and 

benzoic a c id  was ob ta ined  from d imethyl  su l fone  f r e e  b icarbona te  e x t r a c t  by 
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n e u t r a l i z a t i o n  with 5% hydrochloric  ac id  and ext rac t ing  the aqueous l aye r  with 

e t h y l  ace ta te .  

The y i e lds  of combined ac ids  were varying from M)-70% and t h e  f l avono l  was 

obtained in  10-15s yield.  The s t r u c t u r e s  of a l l  t he  ac ids  were confirmed by 

convert ing them t o  the  corresponding e s t e r s  and comparing wi th  au then t i c  

samples by GLC. The s t r u c t u r e s  of f lavonols  were confirmed by comparing t h e i r  

nmr and mass s p e c t r a l  da ta  with those  of au thent ic  samples. S p e c t r a l  da ta  of 

a l l  these  compounds is ava i l ab le  i n  re ferences  15 and 16. 

Reduction of 3-Nitro-2-~henyl-2H-l-benzopyrans 122-251 

To a  we11 s t i r r e d  so lu t ion  of 3-nitro-2-phenyl-2H-1-benzopyran (2  mmol) i n  

e thanol  (30 ml) ,  sodium borohydride (6 mmol) was added and the  s t i r r i n g  

continued f o r  f u r t h e r  20 min a t  ambient temperature. The r eac t ion  was quenched 

by adding 5% hydrochloric  ac id  and t h e  reac t ion  mixture was d i l u t e d  with water. 

Extract ion wi th  dichloromethane, concentrat ion and chromatography over s i l i c a  

g e l  (pet .  e ther -e thyl  a c e t a t e )  y ie lded  i n i t i a l l y  a  t r a c e  amount of s t a r t i n g  

m a t e r i a l  and then two d ias tereoisomer ic  3-nitro-2-phenyl-3,4dihydro-2H-1- 

benzopyrans. The same procedure was used f o r  the reduction of o the r  de r iva t ives .  

The phys ica l  and s p e c t r a l  p rope r t i e s  a r e  l i s t e d  i n  Tables 1 and 2 respec t ive ly .  

Table 1 

Physical  P rope r t i e s  of 3-Nitro-2-phenyl-3,4-dihydro-2H-l-benropyrans 

mp 
Compound Yield (lit.14 m p) Elemental ana lys i s r  

., 0,- C  H N 



'Elemental analys is  is given i n  order ca lcula ted  and 
experimented. 

Table 2 

Spectral  P rope r t i e s  of 3-Nitro-2-phenyl-3.4-dihydro-2H-1-benzopyrans 

Compound i r  (nu jo i )  l~ -nmr  ( c D c ~ ~ ) ,  6 (ppm) 

max cm- 

3 . 2 7 ( 1 H , d d ,  J = 1 6 H z ,  J v i c = 5 H Z ,  c4-H), 
gem 

3.63 (lH, dd, J em = 16 Hz, Jvic = 5 H z ,  c4-H), 

3.9 (3H, s, 0Me7, 4.88-5.18 (IH, m ,  c ~ - H ) ,  5.6 

(lH, d ,  J = 7 Hz, C2-H), 6.7-7.07 (3H, rn, Ar-H), 

7.43 (5H, m ,  AI-H). 

3.4 (2H, d ,  J = 4 H Z ,  C4-H), 3.92 (3H, S ,  OMe), 
5.17-5.32 ( l ~ ,  m ,  C3-H), 5.6 (lH, d, J = 3 H z ,  C2-H),  

6.747.06 (3H, m ,  Ar-H), 7.4 (5H, s ,  Ar-H). 

3.28 (lH, dd, Jgem = 17 Hz, J . = 6 Hz, C 4 - ~ ) ,  
V 1 C  

3.64 (lH, dd, J = 17 H Z ,  Jvic = 6 Hz, C4-HI, 
gem 

3.82 (3H, s, OMe), 3.88 (3H. s,  OM^), 4.92-5.14 

(lH, m ,  C3-HI, 5.46 ( lH,  d, J = 7 H Z ,  C2-H), 

6.7-7.04 (5H, m ,  AI-H), 7;3-7.4 (2H, m ,  Ar-H). 

3.37 (2H, d ,  J = 6 Hz, C4-H), 3.84 (3H, s ,  Ohle), 

3.92 (3H, s ,  Othe), 5.12-5.26 (lH, m, C3-H), 5.58 

( l H ,  d ,  J = 4 Hz, C2-H), 6.74-6.98 (5H, m ,  Ar-H), 

7.2-7.3 (2H, m, Ar-H). 

3.25 (1H. dd. Jgem = 17 Hz, JViC = 6 H Z ,  C4-H). 

3.69 (lH, dd, J = 17 Hz, Jvic = 6 H z ,  C4-H), 

3.8 (3H, 5 ,  0~e7y4.94-5.16 (lH, m ,  C3-H), 5.4' 

( l ~ ,  d ,  J = 7 Hz, C2-~) .  6.66-6.98 (3H, m ,  Ar-H), 

7.42 (5H, s, Ar-H). 

3.4 (2H, d ,  J = 5 H Z ,  C4-H), 3.82 (3H, s ,   OM^), 
5.14-5.28 ( l ~ ,  m ,  C,-H), 5.4 (lH, d ,  J = 3 Hz, 
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R e a c t i o n  of 3 - N i t r o - 2 - ~ h e n y l - 3 , 4 d i h y d r o - 2 H - l - b e n ~  

122M3-25A8 ) w i t h  Po tas s ium S u ~ e r o x i d e  

To a  w e l l  s t i r r e d  s o l u t i o n  o f  3-nitro-2-phenyl-3,4dihydro-2H-l-benzopyran 

(0.5 mmol) and 18-crown-&ether (0.12 mmol) i n  d r y  benzene ( 1 5  m l )  potass ium 

s u p e r o x i d e  ( 2  mmol) was added and t h e  s t i r r i n g  c o n t i n u e d  f o r  a n  a d d i t i o n a l  5 

min. The r e a c t i o n  was quenched by pour ing  t h e  m i x t u r e  i n t o  c h i l l e d  water.  

E x t r a c t i o n  o f  t h e  aqueous  l a y e r  w i t h  e t h y l  a c e t a t e ,  c o n c e n t r a t i o n  and chromato- 

g raphy  ove r  s i l i c a  g e l  ( p e t .  e t h e r - e t h y l  a c e t a t e )  y i e l d e d  t h e  s t a r t i n g  m a t e r i a l  

and f l a v o n o l  (25-30A) s i m u l t a n e o u s l y .  S i m i l a r l y  o t h e r  r e a c t i o n  o f  t h e  s e r i e s  

w e r e  c a r r i e d  o u t .  The s t r u c t u r e s  o f  t h e  compounds o b t a i n e d  from t h i s  r e a c t i o n  

were conf inned  by comparison of t h e i r  nmr and mass s p e c t r a l  d a t a  15916 with 

t h o s e  of a u t h e n t i c  samples.  

i i eac t ion  of P o t a s s i u m  Superox ide  w i t h  F lavono l  

To a  w e l l  s t i r r e d  s o l u t i o n  o f  f l a v o n o l  (0.2 mmol) i n  d r y  d i m e t h y l  su lphox ide  

( 5  m l ) ,  p o t a s s i u m  s u p e r o x i d e  ( 1  mmol) was added and t h e  s t i r r i n g  was con t inued  

a t  ambient t e m p e r a t u r e .  Moni to r ing  t h e  r e a c t i o n  b y  t l c  showed t h e  p resence  o f  

s t a r t i n g  m a t e r i a l  unchanged even a f t e r  4  h t  The r e a c t i o n  was quenched by 

p o u r i n g  t h e  m i x t u r e  i n t o  c h i l l e d  wa te r .  N e u t r a l i z a t i o n  o f  t h e  a l k a l i n e  

s o l u t i o n  e x t r a c t i o n  w i t h  e t h y l  a c e t a t e  and c o n c e n t r a t i o n  gave t h e  f l a v o n o l .  

One of u s  (TSR) is t h a n k f u l  t o  CSIR (New D e l h i )  f o r  f i n a n c i a l  a s s i s t a n c e  (SRF). 
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