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E l e c t r o c y c l i c  r i n g  c l o s u r e  of 471 e l e c t r o n  1,3-dipolar  s p e c i e s  1, 
l ead ing  t o  t h e  corresponding three-membered r i n g  isomers 2, i s  

permit ted  both by thermal and by photochemical processes  accor-  

d ing t o  symmetry s e l e c t i o n  r u l e s  (1). These l a t t e r  ones should be 

p r e f e r r e d ,  s i n c e  three-membered r i n g s  a r e  usua l ly  uns tab le  when 

heated,  al though some exceptions a r e  known ( 2 ) .  I n  view of t h e i r  

aromatic coun te rpa r t s  t h r e e  types  of 1,3-dipoles 1 were of i n t e -  

r e s t  t o  us: azomethine y l i d e s  (X=CRZ); azomethine imines (X=NR) 

and n i t r o n e s  0 E l e c t r o c v c l i c  r i n g  c l o s u r e  would l e a d  t o  t h e  

' N 1 = 
1 2 

corresponding three-rembered r i n g s  2: az iF id ines  (X=CR2), d i a z i r i -  

d ines  (X=NR) and o x a z i r i d i n e s  (X=O) . 
S t a b l e  azomethine imines l e a d  photochemically t o  t h e  corresponding 

d i a z i r i d i n e s  a s  was shown by Schul tz  (3 )  and by Moore ( 4 ) .  For 

3 - 4 - 
Merely a s  a working hypothes is  we p o s t u l a t e d  s e v e r a l  years  ago 

t h a t  pyridiniwn y l i d e s  5 namely pyridiniwn methylides (X=CR~),  

N-iminopyridinium y l i d e s  (x=NR) and pyridine-N-oxides (X=O), 



should undergo photoinduced e l e c t r o c y c l i c  r i n g  c losure  t o  t h e  

corresponding norcaradienes  6 i n  t h e  same way t h e  non-aromatic 

1,3-dipolar s p e c i e s  L underwent r i n g  c losure  t o  t h e i r  isomers 2 
( 5 ) .  Rapid thermal and d i s r o t a t o r y  valence tautomerism of com- 

pounds 6 was expected t o  l e a d  t o  t h e  corresponding cyclohepta- 

t r i e n e  analogues 2. Pred ic t ing  a s i m i l a r  behaviour f o r  p y r i d i -  

nium y l i d e s  5 and f o r  1,3-dipoles 1 i n  t h e i r  exc i t ed  s t a t e  see- 

med reasonable  i n  view of t h e  f a c t  t h a t  both types  of compounds 

l e a d  t o  1,3-dipolar cycloaddi t ion r e a c t i o n s  ( 6 ) :  i n  t h e  aromatic 

s e r i e s  pyridinium dicyanomethylide r e a c t s  wi th  methyl acetylene  

d ica rboxy la te  l ead ing  t o  t h e  aromatic adduct 3 a f t e r  HCN e l imi-  

n a t i o n  (7 ) .  Likewise t h e  non-subst i tu ted  and r a t h e r  unstable  

1-iminopyridinium y l i d e  r e a c t s  wi th  methyl propynoate and g ives  

adduct 2(7).Pyridine-N-oxide r e a c t s  wi th  phenylisocyanate and 

l e a d s  t o  2-phenylaminopyridine 20 via an oxadiazolidinone i n t e r -  

mediate which e x p e l l s  CO, ( 7 ) .  - 

X - C R ;  2 
X = N R ;  X = O  

8 9 10 
UV e x c i t a t i o n  of 1-iminopyridinium y l i d e s  l e a d s  t o  t h e  expected 

1,2-diazepines 2 . Pyridinium methylides and pyridine-N-oxides 

g i v e  p y r r o l e  d e r i v a t i v e s ,  t h e  formation of which i s  b e s t  expla i -  

ned by assuming t h e  in te rmedia te  occurence of 2H-azepines 2 
(X=CR2) and 1,2-oxazepines 2 (X=O) respec t ive ly .  

1-Iminopyridinium y l i d e s  2 proved t o  be t h e  most i n t e r e s t i n g  py- 

r id inium y l i d e s  11 i n  terms of p r e p a r a t i v e  organic  photochemis- 

t r y .  Furthermore t h e  major photoproduct had t h e  p r e d i c t e d  seven- 

membered 1,2-diazepine s t r u c t u r e  13 ( 8 ) .  According t o  our hypo- 

t h e t i c a l  mechanis t ic  scheme 1,7-diazanorcaradienes 12 a r e  suppo- 
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s e d  t o  be in te rmed ia tes  on t h e  r e a c t i o n  pathway l ead ing  from 2 
t o  13 ( 5  and 9 ) ,  although t h e r e  is no c l c a r c u t  proof i n  favour 

of such shor t - l ived  compounds a s  y e t .  

11 3 13 - 
The s y n t h e s i s  of t h e  z w i t t e r i o n i c  and c o l o u r l e s s  pyridinium y l i d e s  

11 i s  based on ni t rogen-ni t rogen coupling r e a c t i o n s .  They involve  - 
n i t r e n e  d e r i v a t i v e s ,  which a r e  obta ined from azido compounds l i k e  

e t h y l  azidoformate (10)  or  0-sulfonylated hydroxylamines, l i k e  

hydroxylamine-0-sulfonic a c i d  ( l l ) ,  or ,  even b e t t e r ,  mes i ty l su l -  

f  onylhydroxylamine ( 1 2 ) .  

Various chromophores have been a t t ached  t o  t h e  pyr id ine  n i t rogen  

atom: alkoxycarbonylimino-, benzoylimino- and tosylimino-groups. 

Yl ides  a l l  l e a d  i n  high chemical y i e l d  t o  t h e  corresponding 

1,2-diazepines W when i r r a d i a t e d  by means of high p ressu re  mer- 

cury vapour lamps through Pyrex g l a s s .  

LCAO-SCF-CI c a l c u l a t i o n s  of t h e  Pariser-Parr-Pople t y p e  p r e d i c t  

n-n* t r a n s i t i o n s  f o r  t h e  photoact ive  p a r t  of t h e  absorpt ion  spec- 

trum: energies ,  r e l a t i v e  i n t e n s i t i e s  and p o l a r i z a t i o n  d i r e c t i o n s  

agree  q u i t e  we l l  with t h e  experimental  r e s u l t s ,  assuming an ex- 

c i t e d  s i n g l e t  s t a t e  t o  be r e spons ib le  f o r  t h e  photoisomerisa t ion  

process  ( 1 3 ) .  Experiments c a r r i e d  out  s o  f a r  sugges t  t h a t  t h i s  i s  

indeed t h e  case. The r e s u l t s  obta ined from t h e o r e t i c a l  ca lcula-  

t i o n s  a r e  t h a t  on e x c i t a t i o n  nega t ive  charge i s  being t r a n s f e r r e d  

from t h e  exocycl ic  y l i d e  n i t rogen  t o  t h e  r i n g .  I n  view of t h e  

s t r o n g  negat ive  solvatochromism, one may assume t h a t  intramolecu- 

l a r  charge t r a n s f e r  occurs,  l ead ing  t o  some s o r t  of a  d i r a d i c a l  

spec ies .  I n  i t s  s i n g l e t  t h i s  d i r a d i c a l  could r i n g  c l o s e  t o  t h e  

diazanorcaradiene l2; i n t e r sys tem c ross ing  would l e a d  t o  a  t r i p -  

l e t  and thence  t o  homolytic N-N bond cleavage. 



s i n g l e t  s t a t e  T r i p l e t  s t a t e  
l ead ing  t o  l ead ing  t o  
i somer i sa t ion  N-N cleavage 

The photochemical s y n t h e s i s  of 1,2-diazepines a s  descr ibed above 

is of p r e p a r a t i v e  i n t e r e s t  t o  organic  chemists  (14) .  Large bat -  

ches of d iazep ines  a r e  prepared by us ing  a  2000 wa t t  dynamic t h i n  

f i l m  photoreactor .  

Ring monosubsti tuted pyridinium y l i d e s  a r e  of i n t e r e s t  t o  t e s t  

s u b s t i t u e n t  e f f e c t s  upon t h e i r  photochemical r e a c t i v i t y .  From 

d a t a  c o l l e c t e d  on Table 1 w e  deduce t h a t  t h e  mesomeric e f f e c t  of 

s u b s t i t u e n t s  a t t ached  t o  C-4 of t h e  pyridinium y l i d e  r i n g  i s  pro- 

nounced indeed: e lec t ron-donat ing groups l i k e  dimethylamin) chlor-  

i n e  and phenyl permit  photoinduced r i n g  expansion, whereas e l ec -  

t r o n - a t t r a c t i n g  groups l i k e  ketones,  e s t e r s  or  n i t r i l e s  i n h i b i t  

t h i s  p rocess  (14) .  

Table 1  Photochemical behaviour of 4 - subs t i tu t ed  
1-iminopyridinium y l i d e s .  

AQ-?, Y .Ao-, 
N A = C H  

3 7 5% 
Y = COPh or  C02Et A  = ChH, 9 0% 

B = COZEt  
Y = COPh o r  COZEt B = CN 

B = C O A r  

S u b s t i t u e n t s  a t t ached  t o  C-2 o r  t o  C-3 of t h e  ~ y r i d i n i u m  r i n g  

could l e a d  t o  two isomeric  d iazepines  depending upon t h e  cyc l i sa -  
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t i o n  d i r e c t i o n  of t h e  exocycl ic  notrogen atom: toward C-2 or  t o -  

ward C-6. 2-Chloro- or  2-methoxypyridinium y l i d e s  could n o t  be . : 

synthes ized.  2-Cyanopyridinium y l i d e  3 (2:CN) undergoes i n  high 

y i e l d  a r e g i o s p e c i f i c  r i n g  enlargement l ead ing  exc lus ive ly  t o  3- 

cyano-1-ethoxycarbonyl-l,2-diazepine 15 (X-CN) (14) .  Rather unex- 

pec ted ly  t h e  2-methylpyridinium y l i d e  14 (X=CH ) l e a d s  t o  t h e  
3 

same t y p e  of r e s u l t :  again one observes a r e g i o s p e c i f i c  r i n g  en- 
' 

largement t o  1,2-diazepine 15 (x-CH?). Methyl groups having no 
" 

pronounced e l e c t r o n i c  e f f e c t  upon n e l e c t r o n s ,  it is assumed t h a t  

t h e  r e g i o s p e c i f i c  r i n g  enlargement is mainly'due t o  a s t e r i c  ef -  

f e c t  which would prevent  r i n g  c losure  of t h e  exocycl ic  n i t rogen  

atom t o  occur toward C-2. 

h u 0, - o,x X - M e  80% 

+ Y X 
X - C N  86% 

ON C02EI 
' ~ 0 ~ ~ 1  

L4 15 
A s  can be seen from Table 2 e l e c t r o n - a t t r a c t i n g  groups l i k e  es-  

s t e r s ,  amides and n i t r i l e s  l e a d  r e g i o s p e c i f i c a l l y  and i n  high 

y i e l d  t o  only one type  of photoiscmer, namely 4-subst i tu ted  1,4- 

d iazepines .  

Table 2 Regiospeci f ic  photochemical r i n g  expansion 
of 3 - subs t i tu t ed  pyridinium y l i d e s  (Y = n 
e l e c t r o n - a t t r a c t i n g  groups) 

/ 

COPh 
COPh 

To t h e  contrary ,  e lec t ron-donat ing C-3 s u b s t i t u e n t s ,  which do 

not  bear any a c i d i c  hydrogen atoms, l e a d  i n  a non-regiospeci f ic  

way i n  high y i e l d  t o  a mixture of t h e  corresponding 4- and 6- 



s u b s t i t u t e d  1,2-diazepines.  

1,Z-Diazepines be ing  e a s i l y  a v a i l a b l e  by t h e  aforementioned 

photoinduced r i n g  expansion p rocess ,  proved t o  be  i n t e r e s t i n g  

synthons  f o r  t h e  p r e p a r a t i o n  of v a r i o u s  p o l y c y c l i c  systems: a c i d  

c a t a l y s e d  d i m e r i s a t i o n  l e a d s  t o  t r i c y c l i c  compounds (15);  1,3-di- 
2 

p o l e s  add e i t h e r  t o  t h e  o r  t o  t h e  A double bond l e a d i n g  f o r  

example, to py razo l ino -d iazep ines  and , thence  t o  homodiazepines (16) 

o r  t o  oxad iazo l ines  (17);  p o t e n t i a l  a n t i b i o t i c s  have been synthe-  

s i z e d  i n  e x c e l l e n t  y i e l d s  s t a r t i n g  from 1,2-diazepines,  a c y l  

c h l o r i d e s  and t r i e t h y l a m i n e  (17, 18) ,  t o  quo te  b u t  a few examples. 

Cb2Et 
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