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- The intramolecular photocycloaddition of dioxolenones to simple 
olefins leads to the formation of sir-, seven-, and eight-membered rings in good 

yields. Asymmetric induction in the formation of cyclooetanes is described. 

The extension of the de Elayo to the ends of 0-ketoesters could significantly 

expand the utility of this reaction in synthesis, since the regioselective functionalization, 

i.e., alkylation and enolization, of the ketoesters is more straightforward than the same 

transformations in the 0-diketone Baldwln haa reported that dioxolenones, which 

can be regarded as the covalently restricted cis eool tautomers of the corresponding 

ketoesters, undergo intermolecular [2+2]-photochemical cycloaddition with alkenes, although 

with regiochemical outcomes which are difficult to predict.'' We report herein that the 

intramolecular photoaddition of dioxolenones to alkenes results in the formation of six-, 

aeven-, and eight-membered rings, i.e, 1-3, in good yields with excellent regiochemical 

control. 

Scheme I 



Photolysis  of 4 (0.01M 101 ace tone lace ton i t r i l e ;  450 W Hg lamp; Pyrex f i l t e r )  could produce two 

regioisomeric products, 5 o r  6 (Scheme 11). Fragmentation with p-toluenesulfonic acid  i n  

ref luxing methanol would then lead t o  e i t h e r  I or 8. I n  analogy t o  similar int ramolecular  

r eac t ions  i n  t h e  B-diketone we obtained 5 as t h e  major product. Fragmentation of 

t h e  crude photoproduct under a c i d i c  condi t ions  provided a mixture of 713 and 8'' i n  a r a t i o  

of 50:l ( r a t i o  de temined  by c a p i l l a r y  VPC, 131 i so la t ed  y ie ld  over t h e  two s t e p s ) .  

Scheme I1 

Ye have a l s o  applied t h i s  r eac t ion  t o  t h e  syn thes i s  of seven- and eight-membered r ings  ( s e e  the 

Table). Photoaddition and fragmentation o f  9 l eads  t o  a s i n g l e  product, 11, i n  501 overa l l  

y ie ld .  None o f  t h e  isomeric photoproduct could be detected by c a p i l l a r y  gas  chromatography, 

e s t ab l i sh ing  a lower l i m i t  of ca. 200:l f o r  t h e  r eg ioae leo t iv i ty  of t h i s  photoreaction. The 

decrease i n  y ie ld  i n  going from s ix-  t o  seven-membered r ings  was expected, hut we an t i c ipa ted  

t h a t  subs t ra t e s  which enjoyed t h e  benef i t s  of t h e  Thorpe-Ingold effect15 might cyc l i ze  mare 

e f f i c i e n t l y .  

Photolysis  o f  12 led t o  photoadduct 13 i n  751 y ie ld ,  and s imi la r ly ,  15 provided t h e  

eight-membered r i n g  photoproduct 16 i n  641 y ie ld .  Fragmentation of e i t h e r  13 or 16, 

respect ively ,  using a c a t a l y t i c  amount of p-toluenesulfonic acid  i n  ref luxing methanol, l ed  t o  

t h e  formation of m i r t u ~ e s  of t h e  desi red ke toes te r s  14 and 17, along with t h e  lactones ,  18 and 

19 (85 and 181 combined y ie lds ,  r e spec t ive ly ) .  However, exposure of 16 t o  aqueous potassium 

hydroxide i n  dioxane (room t m p e r a t u r e ,  48 h)  l ed  t o  t h e  formation of t h e  t r i a c i d  corresponding 

t o  17 i n  quan t i t a t ive  yie ld .  18 
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TBDMSO eCH0 
24 / 25 (85, cisitrans : 411) 

TO de te rn ine  what steracchemical con t ro l  would be poss ible  i n  t h e  formation of these  

eight-membered r ings ,  we next examined t h e  cyc l i za t ion  of t h e  t -butyldimethyls i ly l  e t h e r  22 

(Scheme 111). Photoaddition followed by fragmentation with di isobutyla luminm hydride l ed  t o  a 

501 combined y ie ld  of 24 and 25 i n  a 4:l  r a t i o  (deternined by NMR). The r e l a t i v e  

stereochemistry of t h e  major photoadduct 23 was determined by X-ray ana lys i s  and is shown 

below. The preference f o r  t h e  formation of 23 i n  t h i s  r eac t ion  can be r a t iona l i zed  by 

examination of t h e  conformations s h m n  below, i n  which t h e  eight-memberd ring adopts  t h e  

19 ohair-boat-cnalr confopmation . Conformation A ,  which avoids t h e  i n t e r a c t i o n  shown i n  8, 

l eads  t o  23, i n  which t h e  orygens e r e  t r a n s  on t h e  eight-membered r i n g  p h o t o p ~ d u c t .  



,CHO CHO 

TBDMSO H 

The dioxolenone Photochemistry has important advantages over t h e  more c l a s s i c a l  de Elayo 

diketone sequence. Aside from t h e  b e n e f i t s  of regioohemical control  afforded by t h e  use o f  

t h e  &ketoestera ,  t h i s  new methodology provides a promising method f a r  achieving stereochemical 

con t ro l  i n  t h e  formation of medium r ings .  Further experiments designed t o  enhance t h e  

s e l e c t i v i t i e s  o f  these  preliminary r e a u l t s ,  and t h e  app l i ca t ion  o f  the  in t ramolecular  

dioxoleaone photocycloaddition t o  t h e  syn thes i s  of na tu ra l  products is cur ren t ly  uadenay  i n  

our laboratory. 
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