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PRIMARY AND SECONDARY PHOTOCHEMISTRY OF a-TROPOLONE METHYL ETHER 

Dedicated t o  Pro fessor  T. Nozoe who d i d  so much f o r  t h e  chemis t ry  o f  t r o -  
ponoid compounds on t h e  occas ion  o f  h i s  77 th  b i r t h d a y .  
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A b s t r a c t  The p h o t o i s o m e r i z a t i o n  o f  a - t r o p o l o n e  methyl  e t h e r  t o  1-methoxybi -  - 
cyclo[3.2.0]hepta-3.6-dien-2-one proceeds & t h e  S1 s t a t e .  I r r a d i a t i o n  o f  

I-methoxybicyclo[3.2.0]hepta-3,6-dien-2-0 g i v e s  6-methoxybicyclo[3.2.0]- 

hepta-3.6-dien-2-one and 7-methoxybicyclo[3.2.0]hepta-3.6-dien-2-0 The 

6-methoxy p roduc t  i s  formed a a-c leavage i n  t h e  T1 s t a t e .  The 7-methoxy 

p roduc t  i s  formed i n  a  process i n v o l v i n g  a  deep-seated s k e l e t a l  rea r range-  

ment. The f i r s t  s t e p  i n  t h i s  rearrangement i n v o l v e s  f o r m a t i o n  o f  -,--2- 
methoxybicyc lo[2.1 .0]pent-2-en-5-yl ketene f rom t h e  S1 s t a t e  o f  1-methoxy- 

bicyclo[3.2.0]hepta-3,6-dien-2-one. The ketene i n t e r m e d i a t e  i s  conver ted  

t o  7-methoxybicylo[3.2.O]hepta-3,6-dien-2-one by a  f a c i l e  Cope rearrangement  

which proceeds r a p i d l y  above 233K. 

I r r a d i a t i o n  o f  a - t r o p o l o n e  methyl  e t h e r  (1) i n  aqueous s o l u t i o n  has been shown t o  g i v e  i n  sequence 

I-methoxybicyclo[3.2.0]hepta-3.6-dien-2- ( 2 ) ,  7-methoxybicyclo[3.2.0]hepta-3,6-dien-2-one (:I, 
and methyl  4-0x0-2-cyclopentenylacetate (4 ) . ' -  It i s  t h e  d e t a i l s  o f  these  t h r e e  photochemical - 

processes which form t h e  c o n t e n t  o f  t h e  p resen t  manuscr ip t .  

I r r a d i a t i o n  (290 + 15 nm) o f  a - t r o p o l o n e  methyl  e t h e r  (0.01-0.10 M) i n  J-buty l  a l c o h o l  g i v e s  2 w i t h  - 
a  quantum y i e l d  o f  0.051 (< 2% convers ion) .  The r e a c t i o n  i s  n o t  quenched by d i - E - b u t y l  n i t r o x -  

i d e  a t  c o n c e n t r a t i o n s  up t o  0 .5  M. At tempts t o  p h o t o s e n s i t i z e  t h e  r e a c t i o n  u s i n g  254 nm l i g h t  
1  

and e i t h e r  acetophenone (ET 74 k c a l l m o l e ,  kic 10'' sec' ) o r  bemophenone (El 69, kca l lmo le ,  k .c  

10" sec-') were unsuccessfu l .  The t r i p l e t  energy o f  a - t r o p o l o n e  methyl  e t h e r  1s 49 k c a l l  

mole i n  EPA. The n e g a t i v e  quenching and s e n s i t i z a t i o n  da ta  suggest  t h a t  t h e  fo rmat ion  of 

2  i n v o l v e s  o r b i t a l  symmetry a l l o w e d  b r i d g i n g  i n  t h e  Sl s t a t e  o f  a - t r o p o l o n e  methyl  e t h e r  o r  e- 
trans i s o m e r i z a t i o n  o f  one o f  two double bonds (5 and 6 )  f o l l o w e d  by o r b i t a l  symmetry a l l o w e d  - 
thermal  c l o s u r e .  The p h o t o i s o m e r i z a t i o n  o f  2,4,6-cyclooctatrien-1-one ( 7 )  t o  8 proceeds v i a  a  - d 



5  

h i g h l y  s t r a i n e d  =-double bond i n t e r m e d i a t e  ( 9 ) . 3  A process i n v o l v i n g  a t r o p o l o n e  r i n g  w i t h  a 

--double bond t h u s  must  be s e r i o u s l y  c o n s i d e r e d .  The p h o t o i s o m e r i z a t i o n  o f  a - t r o p o l o n e  methy l  

e t h e r  u n f o r t u n a t e l y  does n o t  o c c u r  a t  l ow  tempera tu res ,  and t h e  methods used t o  obse rve  9 a r e  

t h e r e f o r e  n o t  a p p l i c a b l e .  

The pho tochemica l  t r a n s f o r m a t i o n  o f  l-methoxybicyclo[3.2.0lhepta-3,6-dien-2-oe ( 2 )  t o  7-methoxy- - 
bic~clo[3.2.0lhepta-3,6-dien-2-one ( 3 )  i n v o l v e s  a f a s c i n a t i n g  rea r rangement .  When a l k y l  d e r i v a -  

t i v e s  o f  2 (I!-!:) a r e  i r r a d i a t e d ,  a-deep-seated s k e l e t a l  rea r rangement  i s  d i s c l o s e d .  3 ' 4  I t  i s  

c l e a r  from t h e  p r o d u c t  s t r u c t u r e s  (13.151 t h a t  t h e  b r idgehead  carbons exchange p l a c e s  w i t h  t h e  -. -- 



HETEROCYCLES Vol 12. No 5 .  1979 

c y c l o b u t e n e  o l e f i n  carbons.  T h i s  t r a n s f o r m a t i o n  i s  shown s c h e m a t i c a l l y  as 15 ! I .  I r r a d i a t i o n  

o f  2  a t  77K r e v e a l s  i n i t i a l  f o r m a t i o n  o f  an i n t e r m e d i a t e  wh ich  has i n f r a r e d  bands c h a r a c t e r i s t i c  

o f  a  ke tene  (2118 c m - l )  and an en01 e t h e r  doub le  bond (1620, 825 ~ r n - ' ) , ~  Warming t h e  i n t e r m e d i a t e  

above 233K, g i v e s  3 .  A v a r i e t y  o f  b r i d g e d  b i c y c l i c  ketones ( 1 8 )  g i v e  ke tenes  ( 1 9 )  by  t h e  same -- .- 

These ke tenes  a r e  k i n e t i c a l l y  more s t a b l e  t h a n  t h e  ke tene  d e r i v e d  from 2, and can be 

c h a r a c t e r i z e d  by  nmr spec t roscopy  and t r a p p i n g  as t h e  e s t e r s  ( ~ g ) . ~  I t  i s  t h u s  r e a s o n a b l e  t o  

a s s i g n  s t r u c t u r e  21 t o  t h e  ke tene  d e r i v e d  from 2 .  Compound 21 i s  a c&-d iv iny lcyc lopropane,  a  -- -. 
bicyc lo [2 . l .O ]pen tene ,  an en01 e t h e r ,  and a ketene.  The f a c i l e  Cope rea r rangement  wh ich  t r a n s f o r m s  



i t  t o  2 i s  n o t  s u r p r i s i n g .  T h i s  Cope rearrangement  a l s o  accounts f o r  t h e  s k e l e t a l  rearrangement  

(22 -24) .  .- .- 

A second p r o d u c t  i s  formed i n  t h e  i r r a d i a t i o n  o f  1-methoxybicylo[3.Z.O]hepta-3,6-dien-2-0 ( 2 )  
8 

T h i s  p r o d u c t  has been i d e n t i f i e d  by spec t roscopy  and p y r o l y s i s  t o  y - t r o p o l o n e  methy l  e t h e r  as 

6-methoxybicyclo[3.2,O]hepta-3,6-dien-2-one ( 2 5 ) .  .- A v a r i e t y  o f  p h o t o s e n s i t i z e r ~  (acetophonone, a 2Lc7q5 + ,jyj 
2 S - CH3 25 -- 4 ; 0.22 (366 nm) '1 = 0.050 

benzophenone, t h i o x a n t h o n e ,  and M i c h l e r ' s  ke tone)  gave i n c r e a s e d  y i e l d s  o f  ?_5 and d i - E - b u t y l  

n i t r o x i d e  quenched fo rmat ion  o f  25 ( s l o p e  = 3.59)  b u t  n o t  f o r m a t i o n  o f  3. These r e s u l t s  a r e  

c o n s i s t e n t  w i t h  t h e  mechanism shown i n  Scheme I. The ke tene  ( 2 ; )  i s  d e r i v e d  f r o m  t h e  S1 s t a t e  

SCHEME I - 

d - 2 

l l  
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o f  2.  Fo rmat ion  o f  _2! competes w i t h  i n t e r s y s t e m  c r o s s i n g  t o  t h e  T1 s t a t e  o f  _2 wh ich  c leaves  . 
t o  t h e  t r i p l e t  b i r a d i c a l  26. T h i s  b i r a d i c a l  can g i v e  2 o r  25. -- - -. 
The f i n a l  s t a g e  i n  t h e  c o n v e r s i o n  o f  1 t o  4 i n v o l v e s  a photochemical  h y d r a t i o n  o f  a doub le  bond - - 
i n  3. The d e t a i l s  o f  t h i s  process a r e  n o t  known. 
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