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S U MM A R v  

4-Nitrocatechol -UL- I 4 C  was synthesized i n  48,9% y i e l d  by 
the photo lys i s  of 4-nitrophenol -UL- I4C i n  aqueous hydrogen 
peroxide. 

INTRODUCTION. 

4-Nitrocatechol  has  been d e t e c t e d  a s  a product  of t h e  

catabol ism of some h e r b i c i d e s  by soi l  m i c r o f l o r a  (1). Radio- 

a c t i v e  4-n i t roca techol  was d e s i r e d  so t h a t  t h e  metabol ic  f a t e  

of t h i s  compound could be determined i n  s o i l  and h igher  p l a n t s .  

Radio labe l led  4-n i t roca techol  has  been synthes ized  i n  

a m u l t i s t e p  s y n t h e s i s  from e t h y l  a c e t o a c e t a t e  and nitromalon- 

d ia ldehyde ,  i n  which a g iven  carbon atom may be  s p e c i f i c a l l y  

l a b e l l e d  ( 2 ) .  However, our s tudy  r e q u i r e d  uniformly l a b e l l e d  

4-ni t rocatecho1-l4C.  

A number of r e a g e n t s  have been used t o  e f f e c t  t h e  d i r e c t  

hydroxyla t ion  of phenols .  They i n c l u d e  Fenton ' s  r e a g e n t ,  t h e  

66 2 



662 F.A.NorAs and G.G.St i lZ 

Udenfriend system, organic  p e r a c i d s ,  i n o r g a n i c  p e r o x i d e s ,  

r a d i o l y s i s  of water  and p h o t o l y s i s  of hydrogen peroxide ( 3 ) .  

The y i e l d  of dihydroxybenzenes i s  g e n e r a l l y  l o w  due t o  f u r t h e r  

o x i d a t i o n  and s i d e  r e a c t i o n s  such as t h e  formation of Pummerer's 

ke tone  ( 3 , 4 ) .  

The p r e s e n t  s y n t h e s i s  i s  based on t h e  s tudy  of t h e  p h o t o l y s i s  

of d i f f e r e n t  phenols  i n  the presence  of hydrogen peroxide  by 

Omura and Matsuura ( 5 ) .  Thei r  r e s u l t s  demonstrated t h a t  

a c e t o n i t r i l e  w a s  t h e  s o l v e n t  of choice  over water as it 

i n c r e a s e d  the s o l u b i l i t y  of phenols  b u t  was not  a f f e c t e d  by 

t h e  r e a c t i o n  c o n d i t i o n s .  The major product  from t h e i r  

photo lyses  of phenols  were t h e  corresponding c a t e c h o l s .  

The exper imenta l  c o n d i t i o n s  f o r  t h e  p r e p a r a t i o n  of 

4-n i t roca techol  were opt imized employing nonradioac t ive  

4-ni t rophenol .  V a r i a t i o n  i n  t h e  a c e t o n i t r i l e - w a t e r  s o l v e n t  

composi t ions d i d  n o t  s i g n i f i c a n t l y  a f f e c t  product  y i e l d .  

4-Nitrophenol w a s  more s o l u b l e  i n  a c e t o n i t r i l e :  however, t h e  

p u r i f i c a t i o n  of 4 - n i t r o c a t e c h o l ,  a f t e r  p h o t o l y s i s ,  was g r e a t l y  

f a c i l i t a t e d  when water was used a s  t h e  s o l v e n t .  The product ,  

a f t e r  crude e x t r a c t i o n ,  was p u r i f i e d  by high p r e s s u r e  l i q u i d  

chromatography. The i d e n t i t y  of  t h e  product  was confirmed by 

i n f r a r e d ,  n u c l e a r  magnet ic  resonance and mass spec t romet ry .  

The chemical p u r i t y  of t h e  product  w a s  determined by u l t r a v i o l e t  

spectroscopy and l i q u i d  and t h i n - l a y e r  chromatography. Radio- 

chemical p u r i t y  was confirmed by autoradiography of a t w o  

dimensional  t h i n - l a y e r  chromatogram. 

EXPERIMENTAL . 
Ins t rumenta t ion .  The photo lyses  w e r e  c a r r i e d  o u t  i n  a 

15 X 180 mm q u a r t z  v e s s e l  f i t t e d  with a s t r s i g h t  bore  water  
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j a c k e t  condenser. A n i t r o g e n  sparg ing  tube  ( 2  mm 0.d. )  was 

i n s e r t e d  t o  t h e  bottom of t h e  v e s s e l  v i a  t h e  condenser. 

I r r a d i a t i o n s  were performed i n  a Rayonet model RPR-204 

photochemical r e a c t o r  provid ing  approximately 60 watts of 

2537 u l t r a v i o l e t  energy. 

Liquid chromatography was conducted us ing  a Waters 

Associates M-6000 chromatography pump and a 0.7 an i . d .  X 91.5 

cm long s t a i n l e s s  s tee l  column packed with Waters Assoc ia tes  

Durapack Carbowax 400 on P o r a s i l  C (36-57 micron mesh). The 

s o l v e n t  w a s  r e d i s t i l l e d  chloroform1 a t  a f low r a t e  of 8 ml/min. 

The d e t e c t o r  w a s  an u l t r a v i o l e t  flow through monitor  u t i l i z i n g  

a 2537 A l i g h t  source.  The d e t e c t o r  o u t p u t  was d isp layed  on a 

s t r i p  c h a r t  recorder .  Sample i n t r o d u c t i o n s  were made v i a  a 

240 u l  loop us ing  a swi tch  va lve .  E l u a t e  f r a c t i o n s  were 

c o l l e c t e d  manually wi th  r e s p e c t  t o  t h e  r e c o r d e r  response.  

U l t r a v i o l e t ,  i n f r a r e d  and mass spectrometry were obta ined  

using s tandard  ins t ruments .  The n u c l e a r  magnet ic  resonance 

d a t a  was cjbtained on a Varian A-60-A equipped wi th  a Dig i lab  

NMR-3 Four ie r  t ransform system. 

Radiochemical measurements were performed us ing  s t a n d a r d  

l i q u i d  s c i n t i l l a t i o n  techniques.  The f l u o r  s o l u t i o n  w a s  

2,S-diphenyloxazole (5 .0  g )  and 1,4-phenylenebis  (5-phenyl- 

oxazole)  ( 4 0 0  mg) i n  t o l u e n e  ( 6 8 0  ml) and a b s o l u t e  e t h a n o l  

(285 m l ) .  Counter e f f i c i e n c y  was determined by t h e  i n t e r n a l  

s tandard  method. 

Thin- layer  chromatography was c a r r i e d  out  us ing  500 u 

s i l i ca  g e l  HF, on g l a s s  p l a t e s .  U l t r a v i o l e t  l i g h t  (2537 1) 

' D i s t i l l a t i o n  e f f e c t i v e l y  removed t h e  1% e t h a n o l  added 
a s  a s t a b i l i z e r  t o  commercial chloroform.  



was used t o  v i s u a l i z e  the developed chrmatograms.  Auto- 

radiography confirmed t h a t  t h e  t w o  dimensional  chrmatogram* 

y i e l d e d  a s i n g l e  r a d i o a c t i v e  s p o t .  I n  s o l v e n t  system A ,  

benzene:methanol :acet ic  a c i d  (lOO:lO:l), t h e  product  had an 

Rf of 0 . 3 8 .  I n  s o l v e n t  system B ,  to1uene:e thyl  a c e t a t e :  

a c e t i c  a c i d  (5:4:1) ,  the product  had an R f  of 0.68. 

Synthes is  of 4-n i t roca techol .  The r e a c t i o n  v e s s e l  was 

charged with 79.04 mg (0.57 mMoles, 1 . 0  m C i )  of 4-nitrophenol- 

UL-14C (Mal l inkrodt ,  s p e c i f i c  a c t i v i t y  1 . 7 6  mCi/mMoles) , 5 m l  

water  and 1 m l  30% hydrogen peroxide (8.9 mMoles) . After f l u s h i n g  

wi th  n i t r o g e n ,  t h e  sample was i r r a d i a t e d  f o r  1 hour .  The 

temperature  i n  t h e  i r r a d i a t i o n  chamber reached 45-50°C 

dur ing  t h i s  p e r i o d ,  n e c e s s i t a t i n g  t h e  water  condenser. 

The i r r a d i a t e d  s o l u t i o n  was t r a n s f e r r e d  t o  a 50 m l  

s e p a r a t o r y  f u n n e l  wi th  about  10 m l  of water .  This  aqueous 

s o l u t i o n  was then p a r t i t i o n e d  5-6 t i m e s  w i t h  5 m l  p o r t i o n s  

of chloroform t o  remove unreac ted  n i t rophenol .  The combined 

chloroform l a y e r s  (which gave a nega t ive  hydrogen peroxide 

t es t3)  were taken  t o  d r y n e s s ,  r e d i s s o l v e d  i n  1 or 2 ml of 

water  and t r a n s f e r r e d  back t o  t h e  r e a c t i o n  v e s s e l  with water  

t o  y i e l d  5 m l  t o t a l  volume. A 1 . 0  ml p o r t i o n  of 3 0 %  hydrogen 

peroxide was added and t h e  p h o t o l y s i s  repeated ( 1  h o u r ) .  

This  procedure was repea ted  on t h e  second p h o t o l y s i s  

s o l u t i o n  and t h e  chloroform e x t r a c t  was again photolyzed 

as  d e s c r i b e d .  The t h i r d  p h o t o l y s i s  s o l u t i o n  was worked up 

a s  b e f o r e .  A t  t h e  end of t h e  t h i r d  p h o t o l y t i c  r e a c t i o n  

t h e  chloroform e x t r a c t  conta ined  2 . 8 %  of t h e  i n i t i a l  l 4 C  l a b e l .  

' D i t h i o t h r e i t o l  (0 .01%)  was added tc  c.ach chromatographic 
s o l v e n t  system t o  i n h i b i t  ox ida t ion  cf *he n i t r o c a t e c h o l  
on t h e  s u r f a c e  of t h e  t h i n  l a y e r  n late. 



Preparation of 4-nitrocatechol-UL-l4C 665 

The combined aqueous e x t r a c t s  from t h e  t h r e e  p h o t o l y s i s  

r e a c t i o n s  were e x t r a c t e d  10-12 t i m e s  wi th  1 0  m l  p o r t i o n s  of 

e t h y l  e t h e r .  A f t e r  t h e  e t h e r  e x t r a c t i o n ,  t h e  aqueous l a y e r  

contained 17% of t h e  i n i t i a l  r a d i o a c t i v e  carbon. The 

combined e t h e r  e x t r a c t s  were t r e a t e d  c a u t i o u s l y  w i t h  s o l i d  

sodium b i s u l f i t e  t o  d e s t r o y  t h e  hydrogen peroxide present3 .  

The e t h e r  s o l u t i o n  was then d r i e d  over sodium s u l f a t e ,  

f i l t e r e d ,  reduced i n  volume t o  about  2 m l ,  and p u r i f i e d  by 

l i q u i d  chromatography. 

The unreac ted  s t a r t i n g  m a t e r i a l  and an u n i d e n t i f i e d  

component were e l u t e d  from t h e  Carbowax 400 column i n  t h e  

f i r s t  120  m l .  This  f r a c t i o n  accounted f o r  6 . 1 %  of t h e  i n i t i a l  

1 4 C  l a b e l .  

between 160 m l  and 200 ml. A' second uncharac te r ized  r e a c t i o n  

product  was observed a t  an e l u t i o n  volume of 560 m l  t o  9 6 0  ml, 

account ing f o r  about  3% of t h e  1 4 C  l a b e l .  

The d e s i r e d  product  ( c e n t e r  c u t )  was c o l l e c t e d  

The o v e r a l l  y i e l d  f o r  t h e  p r e p a r a t i o n  a f t e r  f i n a l  

p u r i f i c a t i o n  was 48.9%. The s p e c i f i c  a c t i v i t y  of t h e  product  

was 1.25 mCi/mg or 1.76 mCi/mMoles. The product  was e s t i m a t e d  

t o  be i n  excess  of 9 9 %  p u r i t y  by u l t r a v i o l e t  spec t roscopy and 

l i q u i d  chromatographic e l u t i o n  s t u d i e s  i n  c o l l a b o r a t i o n  wi th  

t h e  radiochemical  d a t a .  
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w i t h  the l i q u i d  ch romatograph ic  s t u d i e s .  

Mention of a t r a d e  name, p r o p r i e t a r y  p r o d u c t ,  o r  s p e c i f i c  

equipment  d o e s  n o t  c o n s t i t u t e  a g u a r a n t e e  or w a r r a n t y  by t h e  

U. S. Department  of A g r i c u l t u r e  an8 d o e s  n o t  imply i t s  a p p r o v a l  

t o  t h e  e x c l u s i o n  of o t h e r  p r o d u c t s  t h a t  may b e  s u i t a b l e .  
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