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Abstract-Both 4 - s u b s t i t u t e d  tetrahydrofurano-4-butyrolactones (12) 

and 116) which could  be  key in termedates  l ead ing  t o  n a t u r a l  occurr ing 

d-methylene bis-F-butyrolac tones  were synthes ized by r eg io  and 

s t e r e o s e l e c t i v e  h a l o e t h e r i f i c a t i o n  of ( 8 )  and (9). followed by a  r e -  

duct ive  coupl ing r e a c t i o n  f o r  t h e  p r e p a r a t i o n  of (12) ,  whereas a  

s t e r e o s e l e c t i v e  hydrogenation of the  en01 e t h e r  (15) der ived from the  

bromide (14) f o r  the  p repa ra t ion  of (16) .  r e s p e c t i v e l y .  

Avenaciolide ( I ) ,  i soavenac io l ide  ( 2 ) .  e t h i s o l i d e  (3) and canadensol ide  ( 4 ) ,  a n t i -  

fungal me tabo l i t e s ,  have a t t r a c t e d  much a t t e n t i o n  owing t o  unique d-methylene b i s -  

&butyrolac tones  ske le ton  as  we l l  as  b i o l o i c a l  a c t i v i t i e s .  In  view 'of t h e s e ,  many 

e f f o r t s  have been done toward the  t o t a l  syntheses  of these  compounds.l However, p r e -  

ceding s y n t h e t i c  methods a r e  l i m i t e d  and genera l  s y n t h e t i c  method access ib le  t o  a l l  

of the  compounds (1 ) .  ( 2 ) ,  (3) and (4) had no t  been accomplished y e t .  

1: Avenaciolide R ~ = c ~ H ~ , ,  R2-H - 4 :  Canadensolide - 
2 :  I soavenaciol ide  R1-H, R ~ - C ~ H ~ ,  - 
5: E t h i s o l i d e  RI-H, R2-c2H5 
d 



In  a  preceding pape r ,2 '3  we descr ibed a  genera l  syn thes i s  of 2 .3 -d i subs t i tu t ed  r- 
butyrolac tones  (8)  and (9 )  y& t h e  e s t e r s  ( 7 )  wherein a  Cla isen rearrangement of 

the  a l l y 1  a lcohol  (6) der ived from ( R )  -1,2-0-i~opropylidene~lyceraldehyde ( 5 )  was 

a  key s t e p .  

8 : R - H  - 
9 :  R - M e  - 

A s  our  extens ion o f  t h e  t o t a l  s y n t h e s i s  of n a t u r a l  products  employing ( R )  - 1 , 2 -  

0-isopropylideneglyceraldehyde (5)  as  a  c h i r a l  t empla te ,4  we have i n t r i g u e d  i n  a  

development of a  genera l  s y n t h e t i c  method of n a t u r a l  occurr ing c4-methylene-bis-r-  

butyrolac tones  . 

Our r e t r o s y n t h e t i c  ana lys i s  of ( I ) ,  ( 2 ) ,  ( 3 )  and ( 4 )  a r e  shown i n  t h e  following 

scheme. We envisaged t h a t  s i d e  chains i n  ( 2 ) ,  ( 3 )  and ( 4 )  could be in t roduced by 

reg io  and s t e r e o s e l e c t i v e  h a l o e t h e r i f i c a t i o n  of (a)  and (e) , subsequent c a t a l y t i c  

hydrogenation of t h e  eno l  e t h e r s  (c)  and (d) from a  l e s s  h indered p s i d e ,  whereas 

a  s i d e  chain  i n  (1) could be e l abora ted  by a  r educ t ive  coupling r eac t ion  of the  

bromide ( b ) ,  der ived from r e g i o  and s t e r e o s e l e c t i v e  h a l o e t h e r i f i c a t i o n  of ( a ) ,  wi th  

&,P-unsaturated carbonyl compound. 



HETEROCYCLES, Vol 26, No 10, 1987 

~aloetherification~ of the known compound ( 8 ) '  with bromine provided regio and 

2 5 stereoselectively bicyclic tetrahydrofuranolactones [mp 51-52'C, [A] 

-16.1 (c-0.31,CHC13) and (ll), ratio being 5:1, as would be expected from the 

kinetic preference of tetrahydrofuran over tetrahydropyran and the greater sta- 

bility of transition state (A) over (B). 



Since t h e  bromide (10) was a v a i l a b l e ,  a  r educ t ive  coupl inga  of (10) wi th  methyl 

ac ry la t e  was examined under s e v e r a l  condi t ions  and t h e  r e s u l t s  a r e  summarized i n  

the  Table 1. 

Table 1. Reductive coupling of t h e  bromide (10) wi th  methyl a c r y l a t e  

10 - 12 .... i2 

Reaction condi t ions  Products ( t )  

Methyl acxyla te  (eq.)  AIBN (eq.) nBuJSnH (eq. )  Time (h) E 10 

8 0 , 4  3  4 . 5  4.7  60.2 10 

4  0.4 2.4' 24 12.1  9.7 49.1 

8  0.4 s** 3 60.9 10.0 . 0 

added over 2Omin. t. added over 3h 

As can be  seen from t h e  Table 1, a  h igh d i l u t i o n  method i s  c r u c i a l  f o r  the  p repa -  
25 ' r a t i o n  of 0 2 )  [ [d l  D - S . O  (c-0.15,CHC13)] i n  s a t i s f a c t o r y  y i e l d ,  unless  o therwise .  

d isappoint ing r e s u l t  was obta ined.  

Thus, a  s t e r e o s e l e c t i v e  i n t r o d u c t i o n  of t h e  r e q u i s i t e  s i d e  cha in  f o r  (1) has been 

achirved.  Since  r e g i o s e l e c t i v e  ox ida t ion  of c y c l i c  e t h e r s  t o  a  corresponding l ac tones  

has been,known9, t h i s  s y n t h e t i c  process  would be u s e f u l  f o r  t h e  e n a n t i o s e l e c t i v e  

syn thes i s  of (1 ) .  

Next our a t t e n t i o n  was focused on t h e  s y n t h e s i s  of e t h i s o l i d e  ( 3 ) .  H a l o e t h e r i f i c a t i o n  

Of t h e  known compound (913, followed by dehydrobromination of t h e  bromide (14)" pro-  

2 5  vided t h e  en01 e t h e r  ( 1 5 1 ~ '  [mp 113-115°C, [d l  Dt227.9e(c-0 .24,  CHCI3)] as  a  s i n g l e  
, . 

isomer i n  98.6( o v e r a l l  y i e l d  from ( 9 ) .  
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a) Jog. BrZ, CHSCN, l.Sh, O'C b) 2eg. DBU, dry DMP, 6 0 * ~ ,  20h 

Since the  e t h e r  (15) was i n  our hand, c a t a l y t i c  hydrogenation was examined under 

a va r ie ty  of conditions and the r e s u l t s  a r e  summarized i n  Table 2 .  

Table 2. Ca ta ly t i c  hydrogenetion of the  en01 e t h e r  (15) 

Conditions 

Catalys t Solvent 

Pt02 dry MoOH 

PtOz day EtOAc 38.3  1 0 . 4  0 

Pt02 dry E t z O  44 .4  10.9 0 

108 Pd-C dry EtOAc 5.2 2 4 . 7  

& can be seen i n  Table 2 ,  t he  b e s t  r e s u l t  was obtained by using rhodium12 on 

alumina as a c a t a l y s t  i n  dry te t rahydrofuran t o  provide exclusively the tetrahydro- 

furanolactono (16) [ ~]fg5+8.16'(c-o . 2 5 , c ~ c l ~ ) ] .  

Thus, the  methodology described here in  i s  appl icable  t o  a l l  of the known na tura l  

occurring kmethylene b i s -pbuthyro lac tones .  Based on tisir s t r a t e g y ,  t o t a l  syntheses 

of these na tura l  products a r e  now under inves t iga t ion  i n  t i s  laboratory.  

58 Rh on U 2 0 5  dry THP 90 .'S 0 0 
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