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Abstract - The photochemistry of pyridine !-oxide (la) and the corresponding 

4-benryl (2). 4-phenyl (El, and 2.6-d~methyl (Id) derivatives has been 

investigated o r  reinuestigated. Substrates la and 5 yield a small amount of 
the corresponding 2-acylpyrroles ( z , b )  as the only isolable product. Id 
yields in moderate yield and yield in aprotic and the  2-pyridone 2 
in protic solvents. In the presence o f  diethylacnine isomeric 

5-diethylaminopentadienenitriles ( 3 4 )  a r e  obtained in moderate yield along 

with deoxygenated pyridines (6). Under this condition no 5 is formed, but 

the yield of 1 is unchanged. These reactions a r e  most econonically accounted 

f o r  by admitting that nitrene 11 is formed as an intermediate and undergoes 

rearrangement to pyrroles 5 o r  polymerization to tars, or  it can be trapped 

by m i n e s  (proton abstraction followed by nucleophilic substitution) to 

yield products 3 and Q. The lactams 1 arise directly from the N-oxide 

singlet excited state, which is also involved in the deoxygenation by 

anines. 

The photochemistry of heterocyclic !-oxides has been extensively studied and synthetically 

exploited in the last thirty years.' A good material balance is obtained from the photolysis of 

these compounds, except than from a feu !-oxides, notably the parent compound of the series, 

pyridine l-ox~de, and its simple derivatives.' Only traces o f  isolable products are obtained in 

these cases, along with intractable "tars", although the yield of rearranged products 
3a 

(2-acylpyrroles) somewhat increases in the presence o f  copper (11) salts. Some years ago, however, 

Buchardt reported that pyridine !-oxide (la1 yields almost quantitatively a single compound when 
-2 

irradiated under basic condition (5x10 W aqueous sodium hydroxide), and this is the open-chain 

anion 2.4 This product can be isolated as a salt o r  converted to the enaminonitriles of structure - 



5 
3a and 3 (mix tu re  o f  isomers) by adding an amine before o r  a f t e r  i r r a d i a t i o n  (Scheme 1)  - 

h", OH- 

SNH 
N R;' 

Scheme I 3,4 

4 
As previous i nves t i ga t i ons  a re  l i m i t e d  t o  the  case o f  p y r i d i n e  !-oxide i n  water, i t  appeared 

des i r ab l e  t o  exp lo re  the  scope o f  the  photoreac t ion  i n  the  presence o f  bases w i t h  respec t  bo th  t o  

the  e f f ec t  of so lven ts  and t o  the  e f f e c t  o f  subs t i tuen ts ,  w i t h  t h e  aim o f  ob ta i n i ng  a more d e t a i l e d  

cha rac te r i za t i on  o f  t h e  mechanism and o f  t e s t i n g  the  syn the t i c  usefulness of  t h i s  process. Besides 

the  parent  compound. 4-benzyl-, 4-phenyl, and 2,6-di rnethylpyr id ine !-oxides (3) were examined. 

I n  view o f  the  previous r e s u l t s  and t h e  r equ i r ed  s o l u b i l i t y  i n  organic so l ven t  an m i n e  

(d ie thy lamine)  was chosen as the  base. The i r r a d i a t i o n  was c a r r i e d  ou t  bo th  i n  t h e  presence and i n  

the  absence o f  the  m i n e  i n  e thano l  and i n  e t h y l  acetate,  taken as representa t i ve  p r o t i c  and, 

r espec t i ve l y ,  a p r a t i c  so lven t ,  i n  view of the  known in f luence of  p r o t i c i t y  on t h e  !-oxide 

photorearrangement.' I n  the  case of la t h e  experiments were c a r r i e d  ou t  i n  o ther  so lven ts  as we l l .  

RESULTS 

Prepara t ive  Photoreact ions.  I r r a d i a t i o n  o f  p y r i d i n e  !-oxide (la) i n  water con ta i n i ng  0.2 M 

d iethylamine f o l l owed  by e x t r a c t i o n  and d i s t i l l a t i o n  under reduced pressure y i e l d s  t h e  

enaminon i t r i les  and & (Scheme 2, Table 1.2). These a re  the  analogues o f  t h e  products p rev i ous l y  

obtained upon i r r a d i a t i o n  o f  la i n  the  presence o f  sodium hydroxide and a d d i t i o n  o f  t h e  The 

y i e l d  of d i s t i l l e d  products i s  poor bo th  i n  t h e  present  and prev ious  cases, due t o  t h e  low thermal  

s t a b i l i t y  o f  these compounds. Nmr of the  raw e x t r a c t  shows a y i e l d  h igher  than 50%. The r e a c t i o n  

i n  the  presence o f  d ie thy lamine  can be extended t o  o rgan ic  so lven ts  such as ethanol ,  e t h y l  ace ta te  

o r  a c e t o n i t r i l e  and products 2 and & a r e  obtained i n  comparable y i e l d ,  a l though i t  i s  imposs ib le  

t o  d r i v e  the  r eac t i on  t o  complet ion due t o  the  format ion of h i g h l y  absorbing by-product which a c t s  

as an i nne r  f i l t e r .  The fo rmat ion  of n i t r i l e s  2 and & has been ascer ta ined a l s o  i n  benzene, 

a l though i n  t h i s  case the  main process i s  obv ious ly  photoadd i t ion  between benzene, which absorbs 

most o f  the  l i g h t ,  and the  amine. I n  every case, t r a c e  amounts of 2 - fo rmy lpyr ro le  were 
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obtained. It was checked that is the only product recovered in some percent yield after 

irradiation of 5 in the absence of the m i n e  and either distillation or  chromatography. 

Scheme 2 A R , R ' = H  
b R = H  . R '  = CHzPh 
c R = H , R a = P h  
d R  = Me, R '  = H  

Irradiation of 4-benzylpyridine !-oxide (E) in either ethanol or ethyl acetate leads to 

3-benzyl-2-formylpyrrole (2) as the only isolable product in 3-5% yield. When the irradiation is 

carried out in the same solvents in the presence of diethylamine. the expected enaninanitriles 

and are obtained along with s o w  4-benzylpyridine (s). Deoxygenation to is a major process 

in ethyl acetatddiethylamine. 

With 4-phenylp~ridine 3-oxide (s) ring contraction to 2-fornyl-3-phenylpyrrole (&) takes place in 

a reasonable yield (27%) upon irradiation in ethyl acetate. This process is less important in 

ethanol, where a significant yield of 4-phenyl-2-pyridone (c) is obtained. We notice in passing 

that rearrangement to the corresponding lactam is a process generally observed in good yield in the 

photochemistry of aranaphthalenes and araphenanthrenes t+oxides.' but less important with 

nonocyclic !-oxides (such process has been reported for  some pyrarine ~ - o x i d e s . ~ ~  and is 

unsignificant for pyridine !-oxide and derivativesfiZa Irradiation in the presence of diethylamine 

leads in both solvents to enaminonitriles & and & as main products along with some 

4-phenylpyridine (&). Under this condition the formylpyrrole is not formed but the yield of the 

pyridane in ethanol is hardly influenced. 

In the case of 2,6-dimethylpyridine !-oxide (Id) rearrangement to 2-acetyl-5-methylpyrrole (x) 
takes place in moderate yield. Contrary to the previous case, there is little difference between 

protic and aprotic solvents, nor does the addition of diethylamine cause the formation of new 

products or significantly depress the yield of compound c. 
Spectroscopic Studies. Irradiation of dilute (5x10'~ f l )  solutions of pyridine p x i d e  in the 



Table 1. Photoproducts f r om the  i r r a d i a t i o n  of p y r i d i n e  N-oxides. 

S t a r t i n g  Subs t i tuen t  Solvent  
Ma te r i a l  

l a  - None 
H2° 

EtOH 

AcOEt 

MeCN 

'bH6 
l b  - 4-CH Ph 

2 
EtOH 

EtOH 

AcOEt 

1 c - 4-Ph EtOH 

EtOH 

AcOEt 

AcOEt 

I d  - 2,6-di Me EtOH 

AcOEt 

Add i t i ve  

Et2NH.0.2M 

None 

Et2NH,0.2M 

None 

Et2NH,0.2M 

None 

Et2NH.0.2M 

None 

E t  NH,O.ZM 
c 

None 

  one' 

a. I s o l a t e d  y i e l d ,  by Kugelrohr d i s t i l l a t i o n  or chromatography. 

b. The r a t i o  2 t o  4 i s  determined on t h e  bas i s  o f  the  nmr spectrum of t h e  mix tu re .  

c. No apprec iab le  change i n  the  presence o f  O.2M diethylamine.  

Table 2. Relevant spectroscopic data f o r  ( 3 - subs t i t u t ed )  5-diethylaminopentadienmitriles 3 and 4 
N M R ~  

J J Compound Subs t i tuen t  H(2) H(3) H(4) H(5) J2,3 3,4 4,5 I R ~  

3.3 - None 4.35 6 7  5.45 6.65 10.5 12 12 2210, 1620 

4a - 4.65 6.9 5.15 6.5 15 11.5 12.5 

3b - 3-CH2Ph 4.35 - 5.55 6.85 - 14 14 2210. 1620 

4b - 4.85 - 5.05 6.7 - 14 14 

3c 3-Ph 4.4 - 5.7 6.4 - 13 13 2210, 1620 

4c - 4.85 - 5.3 6.2 - 13 13 

a. I n  CDC13, chemical s h i f t  i n  6 ,  coup l i ng  constants i n  Hz. 

b. Measured i n  f i l m  on the  3-4 mix ture .  
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presence o f  d iethylamine causes a regu lar  decrease o f  the absorpt ion o f  the s t a r t i n g  ma te r i a l  a t  

264 nm and the appearance o f  a new absorp t ion  a t t r i b u t e d  t o  the  enaminon i t r i les  a t  330 nm. 

lsosbest ic  po in t s  are  observed dur ing  the react ion ,  j u s t  as i t  has been reported i n  the case of the  
4 

photo lys is  o f  la i n  aqueous NaOH . Taking i n t o  account the molar a b s o r p t i v i t y  of compounds & and 

4a, i t  can be concluded t h a t  conversion i s  essent ia ly  quan t i t a t i ve ,  and thus the poor y i e l d  - 

obtained i n  prepara t ive  experiments i s  t o  be a t t r i b u t e d  t o  secondary processes, probably 

polymerizat ion,  occur r ing  a t  h igher concentrat ion and l oss  dur ing  d i s t i l l a t i o n .  

The same t rend i s  observed on i r r a d i a t i o n  o f  3 i n  diethylamine /ethanol ,  wh i le  format ion o f  a 

new maximum i s  l ess  apparent i n  e t h y l  acetate,  p a r t i c u l a r l y  i n  the case o f  &, o r  i n  other l e s s  

po lar  solvents. 

I n  every case, i n  the absence o f  d iethylamine the photoreact ion i s  much l ess  "clean" and a new 

maximum not eas i l y  recognirable.  The spec t ra l  changes observed dur ing  photo lys is  o f  %-oxide id do 

no t  appreciably d i f f e r  i n  the  presence o f  diethylamine, i n  keeping w i th  the r e s u l t s  o f  the  

preparat ive experiments, which show no e f f e c t  of the amine i n  t h i s  case. 

Flash Photo lys is  Studies. Microsecond f l a s h  photo lys is  experiments w i t h  d i l u t e  so lu t i on  o f  these 

N-oxides ( ~ x l o - ~  M) i n  the  presence of d iethylamine revealed t h a t  format ion o f  the  enaminon i t r i les  - 

i s  a r e l a t i v e l y  slow process. A s i m i l a r  r e s u l t  i s  obtained f o r  the  format ion of anion 2  upon - 
6 

photo lys is  o f  i n  aqueous NaOH . No t rans ien t  o r  permanent change i n  the  absorpt ion was observed 

on t h i s  t ime scale i n  the absence of the  amine i n  the range 280-600 nm. 

More exact ly ,  two d i f f e r e n t  phenomena a r e  observed i n  the presence o f  the  amine, the  f i r s t  i n  the 

mi l l i second time scale. the l a t t e r  i n  seconds. Thus e.g. by f l ash ing  la i n  ethanol  d iethylamine a  

spectrum w i t h  maximum a t  320 nm i s  observed a f t e r  50 ms and l a t e r  evolves t o  a d i f f e r e n t  spectrum 

w i th  maximum a t  335 nm. The l a t t e r  i s  obviously i d e n t i c a l  w i t h  the spectrum observed on steady 

s t a t e  i r r a d i a t i o n  (Figure 1) .  The spectrum w i th  kmax320 nrn appears w i t h  pseudo f i r s t  order 

k i n e t i c s ,  and experiments w i t h  an amine concentrat ion i n  the range 0.1-1 M are we l l  f i t t e d  by a  

second order  r a t e  constant k=92 M-' 5 - l .  

Experiments i n  d i f f e r e n t  solvents ahow t h a t  the  r a t e  of appearance o f  the new spectrum as we l l  as 

i t s  i n t e n s i t y  decrease w i th  the p o l a r i t y  o f  the solvent (Table 3 ) .  The same t rend i s  observed w i t h  

subs t i t u ted  py r i d i ne  !-oxides ib.c (Figure 1, Table 3), wh i le  no spec t ra l  change i s  observed an 

t h i s  t ime scale w i t h  !-oxide Id. 

DISCUSSION 

I so la ted  y ie lds  of photoproducts from the i r r a d i a t i o n  o f  the  present C o x i d e s  i n  " i ne r t "  solvents 

a r e  qu i t e  low. A p o s s i b i l i t y  would be t h a t  t h i s  is due t o  secondary photodecomposition of the  

primary praducts. I n  order t o  minimize t h i s  danger, preparat ive i r r a d i a t i o n  was c a r r i e d  out  by 

means of an in tense source f o r  a shor t  per iod,  but even low conversion experiments d i d  no t  show a 

subs tan t i a l  increase i n  i so la ted  products. 

With 4-phenylpyridine !-oxide and w i th  the 2,6-dimethyl d e r i v a t i v e  id the  y i e l d  o f  the 

corresponding 2-acy lpyr ro le  i s  however more substant ia l .  With the f i r s t  o f  these compounds there  i s  

a l so  a  c l ea r  so lvent  e f f e c t ,  i n  t h a t  the  py r ra le  i s  the on ly  product i n  ap ro t i c  and the pyridone 



Table 3. T rans ien ts  observed by f l ash  pho to l ys i s  du r i ng  i r r a d i a t i o n  of p y r i d i n e  N-oxides la-c i n  

t h e  presence of diethylamine 

Substrate Solvent 

l a  - H2° 

EtOH 

A d E t  

C6H12 
l b  - EtOH 

AcOEt 

l c  - EtOH 

a. Absorpt ion rnaximun fo r  the spectrum observed a f t e r  50 ms. 

b. Rate f o r  the  appearance o f  the previous maximum. 

c .  Absorp:ion maximum for  the  spectrum observed a f t e r  s e v e r a l  seconds. 

A 

.5 ' 
l a  in H20/  

0 .5  M EtZNH 

/ 
\ End of pulse . 25  -,' 

3 0 0  3 4 0  380 3 0 0  3 4 0  k", 
Figure 1. Spectrum observed after flashing a M solution of either or 2 in the 

presence of 0 . 5  M diethylamine. (- ) After 5 0  ms. ( - - - - - )  End of pulse. 
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6c the main product i n  p r o t i c  solvents.  This i s  reminiscent of what observed w i th  other !-oxides, - 

e.g. amnaphthalene !-oxides, where oxarepines are formed i n  a p r o t i c  and lactams i n  p r o t i c  

solvents, i f  one agrees t h a t  r i n g  con t rac t i on  t o  acy lpy r ro le  i s  the equ iva lent  i n  t h i s  case o f  r i n g  

enlargement t o  oxarepine. Oxazepines are indeed obtained from polyphenyl and dicyanopyr id ine 

N-oxides i n  ap ro t i c  solvents.  
7 

- 

I n  the presence of amines open-chain am inon i t r i l es  (3,41 are formed (provided t h a t  there  i s  an 

unsubst i tu ted a p o s i t i o n  i n  the  py r i d i ne  r i n g )  along w i th  the cor r ispand ing pyr id ines  (4). P r o t i c  

solvents favour r i n g  cleavage, a p r o t i c  solvents deoxygenatian. Under t h i s  cond i t i on  t h e  

acy lpyr ro les  are no more obtained. bu t  the  pyridane from 2 i s .  

I n  discussing the mechanism o f  t h i s  reac t i on  i t  must f i r s t  be determined which i s  (are) t h e  

specie(*) i n t e r a c t i n g  w i th  the  m i n e .  Although formation o f  ground s t a t e  CT complexes between la 
and other !-oxides w i th  aromatic amines has been documented,' we f i n d  no i n d i c a t i o n  of a s i m i l a r  

complex between !-oxides 5 and a l i p h a t i c  amines (no change i n  the  uv spectrum) nor does the 

quantum y i e l d  o f  photodecomposition of these compounds change i n  the  presence o f  the amine. Th is  

l a t t e r  p iece o f  evidence as we l l  as f lash photo lys is  data showing t h a t  the  react ion  v i t h  the  m i n e  

i s  r e l a t i v e l y  slaw, a l lows t o  conclude t h a t  a react ion  of an !-oxide exc i t ed  s ta te  v i t h  the  amine 
( 1 .  can be discarded. Slnce furthermore the end products ( t he  acy lpy r ro les  5) do no t  y i e l d  products 3, 

4 under t h i s  cond i t ion ,  we are l e f t  w i t h  the  hypothesis t h a t  the  arnine i n te rcep ts  a  shor t  l i v e d  - 

intermediate isomeric v i t h  the  s t a r t i n g  !-oxide, t h a t  otherwise rearranges t o  the  acy lpy r ro le  o r  

polymerizes t o  i n t r a c t a b l e  t a r s .  The reac t i on  i s  c l e a r l y  proton abst rac t ion ,  from the p o s i t i o n  and 

indeed does no t  occur when the re  i s  no or-hydrogen, as i n  the case o f  id. This react ion  leads t o  

anion j u s t  as i n  the  case o f  proton abst rac t ion  by OH-. One can see by f l a s h  pho to l ys i s  t h a t  

p ro ton abs t rac t i on  by amines i s  ca 3  t imes slower than by hydroxide i o n  i n  water and becomes much 

slower i n  l ess  p r o t i c  so lvent  (Table 3) .  As fo r  the s t ruc tu re  o f  t h i s  intermediate a  p o s s i b i l i t y  i s  

t h a t  rearranged compounds obtained as s tab le  products from other *oxides such as 1,3-mazepines 
9 (8) o r  1 .2-mazepines  (9) ( the  l a t t e r  obtained on ly  from ac r i d i ne  !-oxides ) a r e  formed also i n  

t h i s  case and a re  much l ess  s tab le .  However, what i s  known about the  r e a c t i v i t y  of these compounds 

with nucleophi les (Scheme 3 )  does no t  f i t  w i t h  the chemistry observed i n  the  present case. Indeed. 

i t  i s  known t h a t  1.3-oxazepines undergo nucleophi le add i t i on  a t  p o s i t i o n  2 ra the r  than pro ton 

abstract ion.1° Dibenro-l,2-oxarepine undergo add i t i on  and rearrangement.' Benzoxar i r id ines 2, the  

products o f  formal e l e c t r o c y c l i c  c losure,  have never  been a c t u a l l y  i so la ted ,  bu t  o f t en  postu la ted 

as intermediates i n  the photochemistry of !-oxides. If it i s  allowed t o  extend vhat i s  known about 

A t  l e a s t  i n  t h e  case of t h e  s i n g l e t  exc i ted  s ta te .  The involvment of the t r i p l e t  can a l so  be 

excluded as t h i s  s t a t e  ought t o  be detected by emission o r  f l a s h  photo lys is ,  should i t  be t h a t  long 

l i v e d  as t o  r e a c t  v i t h  bases i n  mi l l i seconds.  A t  any r a t e  the rearrangement o f  he te rocyc l i c  

N-oxides genera l ly  invo lves  the s i n g l e t  s ta te .  and the present p y r i d i n e  de r i va t i ves  do n o t  d i f f e r  - 

i n  the c h a r a c t e r i s t i c s  o f  t h e  photorearrangement from what observed w i th  other !-oxides (e.g. no 

oxygen e f f e c t ,  no t r i p l e t  sens i t i za t i on ) .  



Scheme 3 

Scheme 5 
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chemistry o f  monocyclic oxa r i r i d i nes , "  a t t ack  by nuc leaph i les  would be poss i b l e  bo th  a t  carbon and 

a t  n i t r ogen  atom, bu t  again t h e  expected products would n o t  be n i t r i l e s  3 and 4. 
Another in te rmed ia te  which has been invoked i n  t h e  photochemistry of !-oxides, and p rec i se l y  v i t h  

3a . 
re fe rence t o  t h e  rearrangenent o f  p y r i d i n e  !-oxides t o  2-acylpyrro les,  1s n i t r e n e  11 (Scheme 4).  

I n  our case i t  can be envisaged t h a t  p ro ton  a b s t r a c t i o n  by a base leads t o  t h e  conjugated an ion  11 
(compare Scheme 1)  which i n  the  presence o f  amines i s  t h e  p recursor  o f  n i t r i l e s  3 and 4. 
A support  f o r  t h i s  mechanism comes f rom l i t e r a t u r e  analogy, i n  t h a t  v i ny l az i des  bear ing  i n a a  group 

capable of s t a b i l i z i n g  a p o s i t i v e  charge t he rma l l y  decompose t o  n i t renes .  which i n  t u r n  c leave t o  

unsatured n i t r i l e s  according t o  Scheme 5. The re levance of n i t r e n e - z u i t t e r i o n  e q u i l i b r i u m  has been 

shown by t r app ing  experiment i n  t h a t  case ( t h e  l eav i ng  group X+ may be a  carbonium. oxanium o r  

iminium c a t i o n  and i s  o r i g i n a l l y  p a r t  of a  r i n g  l i n k e d  t o  t h e  B-pos i t ion  o f  the  az ide) .  
12 

Analogously a base promoted p ro ton  a b s t r a c t i o n  takes p lace  i n  the  p resent  case on t h e  s t r o n g l y  

resonance s t a b i l i z e d  n i t r e n e  11. Th i s  might  w e l l  have a l i f e t i m e  i n  t h e  o rder  o f  m i l l i seconds  and 

i t  appears reasonable t h a t  c o n t r i b u t i o n  of  z w i t t e r i o n i c  mesmer ic  farms makes pro ton  a b s t r a c t i o n  by 

bases f a s t  enough i n  o rder  t o  compete w i t h  i n t r amo lecu la r  a t t ack  t o  y i e l d  a c y l p y r r o l e  5 and w i t h  

po lymer iza t ion .  As expected the  r a t e  o f  the  r e a c t i o n  w i t h  t h e  base, as determined by f l a s h  

photo lys is .  i s  s t r o n g l y  dependent on so l ven t  p o l a r i t y  and scarce ly  in f luenced by s u b s t i t e n t s  i n  

p o s i t i o n  4. The f i r s t  r eac t i on  observed by f l a s h  pho to l ys i s  corresponds t o  p ro ton  abs t r ac t i on ,  t h e  

l a t t e r  one t o  s u b s t i t u t i o n  by t h e  amine on to  an ion  11 t o  y i e l d  3 and 4. 
Summing up, t h e  mechanism of  these reac t i ons  i s  shown i n  Scheme 4. I t  i s  apparent t h a t  t h e  complex 

molecular  rearrangement f rom s i n g l e t  e x c i t e d  s t a t e  of  the  N-oxide t o  n i t renel '  can be v i s u a l i z e d  as 

occu r r i ng  through a  sequence of  steps,  i n c l u d i n g  o x a z i r i d i n e  11 and 1,2-oxazepine 14, b u t  t o  none 

of  these stages i s  a s i g n i f i c a n t  s t a b i l i t y  associated.  As i t  has been suggested severa l  years ago, 

t h e  e n t i r e  rearrangement takes  p lace  on t h e  e x c i t e d  s t a t e  surface13 and con f i gu ra t i ons  such as 13 
and 14 do n o t  correspond t o  ground s t a t e  in te rmed ia tes .  A funnel  l ead ing  t o  t h e  lowest  sur face  i s  

access ib le  on l y  a t  a c o n f i g u r a t i o n  corresponding t o  the  n i t r e n e ,  a t  which t h e  N-C, bond i s  a l ready  

broken. The n i t r e n e  e i t h e r  rearranges t o  t h e  corresponding 2-acy lpyr ro le  (and meta l  i ons  s t a b i l i z e  

t h e  n i t r e n e  and enhance t h e  y i e l d  of p y r r o l e ~ , ~ ~  an example of c a t a l y s i s  o f  a photochemical 

r eac t i on  through s t a b i l i z a t i o n  o f  an in te rmed ia te '4 ) ,  o r  polymer izes o r  i s  deprotonated by bases. 

Two reac t i ons  a re  observed, which do n o t  i n vo l ve  n i t r e n e  11. These a re  rearrangement t o  t h e  lactam 

(2 from 2) ( n o t  quenched by amines, con t ra r y  t o  the  case of acy l py r ro l es  (5). and d i r e c t l y  

5 proceeding f rom t h e  e x c i t e d  s t a te ,  reasonably the  s i n g l e t  ), and deoxygenation i n  t h e  presence of 

amines. The l a t t e r  process l i k e l y  i nvo l ves  exothermic e l e c t r o n  t r a n s f e r  from t h e  amine t o  t h e  

N-oxide e x c i t e d  s t a t e  and f o l l o w i n g  oxygen t r a n s f e r  between t h e  r a d i c a l  ions .  - 

I n  conc lus ion  p y r i d i n e  N-oxide and i t s  s imple d e r i v a t i v e s  a r e  s i m i l a r  t o  o ther  !-oxides i n  

t h a t  two d i f f e r e n t  p r imary  photoprocesses take  p lace  from t h e  e x c i t e d  s i n g l e t  s t a te .  The f i r s t  

* I n  t h e  case of  some !-oxides, it has been demonstrated t h a t  rearrangement t o  the  lactam occurs 

w i t h i n  nanosecond. 
13,15 



one, rearrangement t o  pyr idone i s  o f  l i m i t e d  importance w i t h  these compounds ( i t  becomes observable 

on l y  w i t h  &) and i s  favoured, as usual ,  by p r o t i c  solvent .  The l a t t e r  one i s  by f a r  the  major  

pathway bu t  i t  leads t o  an uns tab le  pr imary photaproducts, v i z .  n i t r e n e  11. This  undergoes 

secondary r eac t i on  t o  y i e l d  i n  n e g l i g i b l e  t o  moderate y i e l d  the  acy l py r ro l es  f? and can be 

e f f i c i e n t l y  t rapped by bases through pro ton  abs t rac t ion ,  lead ing ,  when amines are  used, t o  

enam inon i t r i l e s  3 and 4. Apparent ly  v i n y l n i t r e n e s  s i m i l a r  t o  those produced by thermolys is  of  

azides12 a r e  obtained through a completely d i f f e r e n t  way from the  photochemistry of  !-oxides. Th i s  

analogy suggests t h a t  the  photorearrangement o f  p y r i d i n e  !-oxides cou ld  be f u r t he r  exp lo i t ed  f r o m  

the  syn the t i c  p o i n t  o f  view, s ince  it y i e l d s  as r eac t i ve  in te rmed ia te  under m i l d  cond i t ions .  

EXPERIMENTAL 

The !-oxides Mere prepared by standard perac id  ox ida t ion .  Spectroscopic grade so lven ts  and e x t r a  

pure grade diethylamine were used as received.  Uv spec t ra  were r eg i s t e red  on a Cary 19 

spectrophotometer, i r  spectra on a Perkin-Elmer 297 spectrophotoneter ,  nmr spectra on a Brucker 80 

instrument,  mass spec t ra  on Du Pont DU2 instrument,  e lemental  analyses were c a r r i e d  ou t  by means o f  

a Car lo Erba authomatic analyzer.  

Prepara t i ve  Photochemical Reactions. So lu t ions  of the  !-oxides (IO-~M) were i r r a d i a t e d  i n  an 

immersion w e l l  apparatus a t  17OC by means o f  a 500 W medium pressure mercury arc.  No d i f f e rence  was 

observed between n i t r ogen  f lushed and a i r  e q u i l i b r a t e d  so l u t i ons .  A f t e r  t h a t  50% o r  more o f  t h e  

s t a r t i n g  !-oxide had reacted the  i r r a d i a t i o n  was quenched and t h e  s o l u t i o n  was ex t rac ted  by 

cyclohexane and benzene i n  t h e  case o f  aqueous so lu t i ons .  The so lven t  was then evaporated and t h e  

res idue chromatographed on s i l i c a  g e l  (Merck 0.063-0,2 ma, e l u t i n g  w i t h  cyclohexane-ethyl  ace ta te  

mix tu res)  o r ,  i n  separated experiments, bu l b  t o  bu lb  d i s t i l l e d  by means of a Biichi. GKR-50 
-2 

instrument under reduced pressure ( < 10 To r r ) .  The enam inon i t r i l e s  3-4 were obtained as a 

mix tu re  and i d e n t i f i e d  on t h e  bas i s  of e lemental  ana l ys i s  and comparison of t h e i r  spectroscopic 

p rope r t i es  (see Table 2) w i t h  p rev i ous l y  descr ibed d e r i v a t i v e s  o f  s i m i l a r  ~ t r u c t u r e . ~  The r a t i o  o f  

the  two isomers was determined on the  bas is  o f  the  nmr spectrum o f  the  m i x tu re  (see Tables 

1,2) .Mixture o f  (Z,E) and (E.E) 5-diethylaminopentadienenitrile (&. &). co l ou r l ess  o i l  (bp 100°C 

a t  0.01 rnm Hg), ana l ys i s  C.71.48; H,9.45; N 18.95; ca l cu l a ted  f o r  C H N . C, 71.95; H, 9.39; 
9 14 2 '  

N.18.65 (Z,E) and (E.E) 3-benzyl-d iethylarninopentadieneni t r i le  (3J. s), co lou r l ess  o i l  (bp 140°C 

a t  0.01 rnm Hg), ana l ys i s  C, 79.65; H, 8.22; N, 11.60; ca l cu l a ted  f o r  C16H2,,N2; C, 79.95; H, 8.39; 

N, 11.66. (Z,E) and (E,E) 5-diethylamino-3-phenylpentadieneni t r i le (&. s) co lou r l ess  o i l  (bp 

140°C a t  0.01 mg Hg), ana l ys i s  C, 79.30; H. 8.15; N, 12.15; ca l cu l a ted  f o r  C H H . C, 79.60; H, 
15 18 2 '  

8.02; N. 12.38. Mass spec t ra  o f  t h i s  compounds a re  a l s o  i n  accord w i t h  s t r u c t u r e  

3-8enzyl-2-formylpyrrole has nmr (CDC1 ) 6 9.655, 7.3s (5H), 7 . l d  ( 1.3 H z ) ,  6.1dl 4.15 5 ;  i . r .  
3 

3260, 1620 =;'. 3-Phenyl-2-farmylpyrrole , 5-methy1-2-a~etyl-pyrrole~~ and 4-phenyl-2-pyridone 
17 

were compared w i t h  samples obtained through known procedures. 

F lash  Photo lys is .  F l ash  pha to l ys i s  experiments were c a r r i e d  ou t  on a App l ied  Photophysics K-20 

instrument i n  a c y l i n d r i c a l  10 crn o p t i c a l  path cuvet te.  A new s o l u t i o n  was used f o r  every f lash.  

Pseudo f i r s t  o rder  k i n e t i c s  were observed i n  every ease f o r  t h e  m i n e  concent ra t ion  range 
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considered (0.1-1 M). 
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