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U l t r a v i o l e t  i r r a d i a t i o n  of pyridine-N-oxides i n  water  l e a d s  

t o  t h e  i somer i c  2-formylpyrroles. Copper s a l t s ,  and.espe-  

c i a l l y  copper s u l f a t e  and copper p e r c h l o r a t e ,  d rama t i ca l ly  

i n c r e a s e  t h e  y i e l d s  of t h e  corresponding p y r r o l e  aldehydes. 

The photochemistry of he teroaromat ic  N-oxides has  been s t u d i e d  

2  
ex tens ive ly  . For example pyridine-N-oxides 1 undergo photoin-  

duced rearrangement t o  t h e  i somer ic  2-forrnylpyrroles 2, a l b e i t  

3 i n  low y i e l d  , t h e  main photoproduct be ing  an i n s o l u b l e  ma te r i a l  

4 which has no t  been analysed  . Simultaneously photoinduced oxy- 

5  
gen a b s t r a c t i o n  t a k e s  p l a c e  and l e a d s  t o  t h e  p a r e n t  p y r i d i n e s  . 
Since  t h e  p h o t o l y t i c  r e a c t i o n  is enhanced by t r i p l e t  s e n s i t i -  

s e r s 5 ,  it was thought  t h a t  t h e  use  of t r i p l e t  quenchers would 

o r i e n t  t h e  pho to reac t ion  p r e f e r e n t i a l l y  toward t h e  r i n g  con- 

t r a c t i o n  pathway. 



Piperylene  proved t o  be i n e f f i c i e n t .  Therefore we tu rned  our 

a t t e n t i o n  t o  t r a n s i t i o n  meta l  s a l t  complexes i n  which t h e  me- 

t a l  i s  known t o  a c t  a s  a t r i p l e t  quencher6. U V  i r r a d i a t i o n  

was performed i n  water  s o l u t i o n  wi th  a few pyridine-N-oxide 

7 complexes . A s  can be seen  from Table 1 t h e  copper n i t r a t e  

complex l e a d s  t o  a dramatic  i n c r e a s e  i n  2-formylpyrrole forma- 

t i o n 8  whereas t h e  paramignet ic  coba l t  and n i c k e l  complexes, a s  

7 w e l l  a s  t h e  diamagnetic  z inc  complex , do no t  seem t o  have any 

i n f l u e n c e  upon t h e  photochemistry of t h e  N-oxide l i gand .  

Table 1 Yield  of 2-formylpyrrole obta ined  from t h e  UV 

i r r a d i a t i o n  of va r ious  pyridine-N-oxide metal  

complexes i n  water  s o l u t i o n .  

pyridine-N-oxide 
r,,.;l.ctransition metal complexes I yield Of 2-for~y1pyrr01e I 

C H NO uncomplexed 
5 5 2% 

Co(C H (C104)2 5 5 2% 

N i ( C  H ( C ~ O ~ ) ~  5 5 2% 

Zn(C5H5N0)2 C 1 2  2% 

C U ( C ~ H ~ N O ) ~  ( N O 3 l 2  2 6% 
. .. 

, . 

Furthermore it was found t h a t  UV i r r a d i a t i o n  of a copper s a l t  

water  s o l u t i o n  of pyridine-N-oxide l e a d s  t o  t h e  same type  of 

r e s u l t s ;  opt imized experimental  cond i t ions  r e q u i r e  a copper/ 
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l i g a n d  r a t i o  of about 10, i n s t e a d  of only 0.5 f o r  t h e  copper 

n i t r a t e  complex. The copper s a l t  an ions  a l s o  have some i n f l u -  

ence upon t h e  y i e l d  of 2-formylpyrrole formation,  t h e  b e s t  r e -  

s u l t s  be ing  ob ta ined  w i t h  copper s u l f a t e  (42%) and copper per -  

c h l o r a t e  (40%);  copper a c e t a t e  and copper n i t r a t e  g ive  some- 

what lower y i e l d s  (30% and 29% r e s p e c t i v e l y )  whereas copper 

c h l o r i d e  l e a d s  only t o  20% y i e l d  of 2-formylpyrrole. In orde r  

t o  s i m p f l i f y  ma t t e r s ,on ly  4 - subs t i t u t ed  pyridine-N-oxides a r e  

desc r ibed  i n  t h i s  communication (Table 2 ) .  2- and 3-Subst i-  

9 t u t e d  pyridine-N-oxides l e a d  t o  more complex r e s u l t s  . 
Table 2 Y ie lds  of 2-formylpyrroles 2 ob ta ined  by UV 

i r r a d i a t i o n  of t h e  corresponding pyridine-N- 

oxides  i n  t h e  presence  and i n  t h e  absence 

of copper s u l f a t e  i n  water  s o l u t i o n .  

I 2 a  - I Z J  I ~ ~ z J  1~ 1 %  1 
without  CuSO 2.0% 1.5% 12% 4.5% 6.0% 1.6% 4.0% 

w i t h  CuSO, 1 42% 132% 140% 1 32% 1 33% 1 35% 1 40% 

I n  a t y p i c a l  experiment a s o l u t i o n  of 4-methoxypyridine-N- 

oxide & ( 5 . 0 ~ ;  0,04 rnole/l) and copper1' s u l f a t e  (64g; 0.4 

mole / l )  i n  2 1. d i s t i l l e d  water1' i s  i r r a d i a t e d  a t  room tempe- 

r a t u r e  through q u a r t z  g l a s s  i n  a c l a s s i c a l  immersion w e l l  photo- 

r e a c t o r  by means of two 125W mercury h igh  p r e s s u r e  lamps. Af t e r  

disappearance of t h e  s t a r t i n g  m a t e r i a l ,  a s  monitored by UV 

spec t roscopy and by t h i n  l a y e r  chromatography, t h e  water  so lu -  

t i o n  is s a t u r a t e d  w i t h  sodium c h l o r i d e  and e x t r a c t e d  s e v e r a l  

t i m e s  w i t h  chloroform. The o rgan ic  s o l u t i o n s  a r e  d r i e d  over 

sodium s u l f a t e  and evapora ted  t o  dryness  i n  vacuo. The remai- 



h ing  s o l i d  m a t e r i a l  i s  sublimed and y i e l d s  2.0 g  of 2-formyl-3- 

methoxypyrrole 2; m.p. 135-136O [UV (HZO) Amax294 nm (E: 

19,900); I R  (CHC13) V (N-H) 3470 and 3250 cm-l, v (C-H aldehyde) 

1  
2840 cm-l, v (C-0) 1640 cm-l; NMR H(CDC1 ) 6 ppm 10.6-12 (1H; 

3  

l a r g e  band which d i sappea r s  i n  t h e  presence of D20), 5.80 (1H; 

H-4; t r i p l e t  which becomes a  double t  i n  t h e  presence of D20; 

5 ~ 2 . 7  Hz), 6.85 (H-5; q u a r t e t  a f t e r  t r ea tmen t  w i th  D20, J1= 

2 , 6 ; J 2 = 2 , 6 ,  3.75 (CH s i n g l e t )  and 9.40 (1H; CHO; double t ;  
3  ' 

3-1.0 H Z ) ; ' ~ C N M R  (CDC13): ppm: 118.95 (C-2), 159.14 (C-31, 

95.40 (c-4), 127.23 (c-5), 175.41 (CHO) and 57.97 (cH3)11. If 

t h e  r e a c t i o n  mixture,  i n s t e a d  of being sublimed, i s  chromatogra- 

phed over s i l i c a  g e l ,  one i s o l a t e s  i n  a d d i t i o n  t o  p y r r o l e  3, 

4-methoxypyridine i n  4% y i e l d ;  i n  t h e  absence of copper s a l t  

t h i s  compound i s  i s o l a t e d  i n  2% and t h e  p y r r o l e  2 i n  12% y i e l d  

only.  The d i f f e r e n c e  is even more pronounced wi th  t h e  unsubs t i -  

t u t e d  pyridine-N-oxide s i n c e  py r id ine  i s  obta ined  i n  11% 

y i e l d  i n  t h e  presence,  ve r sus  only 2% i n  t h e  absence of copper 

s a l t .  

* The r e s u l t s  obta ined  wi th  v a r i o u s  copper s a l t  an ions  seem t o  

p a r a l l e l  t h o s e  which have been found by Kochi dur ing  t h e  photo- 

induced ox ida t ive  cleavage of b i a c e t y l  l e a d i n g  t o  a c e t i c  acid12:  

copper s u l f a t e - a n d  copper p e r c h l o r a t e  proved t o  be tw ice  a s  

e f f e c t i v e  ox id i z ing  agen t s  when compared t o  copper ch lo r ide .  

S ince  t h e r e  i s  no change i n  t h e  ox ida t ion  l e v e l  dur ing  t h e  

photoinduced rearrangement of pyridine-N-oxides toward t h e  

corresponding 2-formylpyrroles,  one would assume a  r e v e r s i b l e  

e l e c t r o n  t r a n s f e r  t o  occur from and t o  some unknown i n t e r -  



HETEROCYCLES, Vol. 3, No 5,  1975 

mediates13. As to the initial hypothesis of a triplet quen- 

ching mechanism, it has to be ruled out, oxygen abstraction 

having been increased in the presence of a copper salt instead 

of being reduced or suppressed. 

The copper salt effect, which we have observed during the pho- 

tochemistry of pyridine-N-oxides, is of interest in preparative 

organic chemistry since new and specifically substituted Z-for- 

mylpyrroles are easily obtained. These pyrroles can be used 

as synthons, for example in the syntheses of peculiar porphy- 

rin molecules. 
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