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A b s t r a c t  - A p r a c t i c a l  p rocedure  f a r  t h e  c o n v e r s i o n  of 1 5 1 - 4 -  

hydroxymethyl-4-butanolide i n t o  i t s  (R) -enan t iomer  i s  d e s c r i b e d .  

O p t i c a l l y  p u r e  (S)-4-hydroxymethyl-4-butanolide 1' and i t s  b u t e n o l i d e  d e r i v a t i v e  

2 2  a r e  e a s i l y  o b t a i n a b l e  i n  q u a n t i t y  f r o m  L - g l u t a m i c  a c i d ,  o n e  o f  t h e  m o s t  

inexpens ive  c o m m e r c i a l l y  a v a i l a b l e  o p t i c a l l y  a c t i v e  compounds, and have been 

shown t o  be h i g h l y  u s e f u l  i n  t h e  asymmet r i c  t o t a l  s y n t h e s i s  of c h i r a l  n a t u r a l  

p r o d u c t s  as c h i r a l  sources and a t  t h e  same t i m e  as b u i l d i n g  b l o c k s  of  t h e  t a r g e t  

m o l e c ~ l e s . ~  I n  c o n n e c t i o n  w i t h  o u r  p r o g r a m  a i m e d  a t  t h e  a s y m m e t r i c  t o t a l  

s y n t h e s i s  of s p a t a n e  d i t e r p e n e ~ , ~ ' ~  a l a r g e  amount of  3  and 4 .  e n a n t i o m e r s  of 1 

and 2 .  w e r e  r e q u i r e d .  A l t h o u g h  some p r o c e d u r e s  f o r  t h e  c o n v e r s i o n  o f  1 i n t o  

36a 'b  and i t s  t r i t y l  e t h e r 6 c  and t h e  s y n t h e s e s  of 1-4 and t h e i r  d e r i v a t i v e s  f rom 

o p t i c a l l y  a c t i v e  compounds o t h e r  t h a n  L-g lu tamic  a c i d  have been  r e p o r t e d , '  t h e s e  

were found t o  be i n a d e q u a t e 6 b  f o r  t h e  p r e p a r a t i o n  of 3 and 4 i n  a p r e p a r a t i v e  

s c a l e .  A l r e a d y  we r e p o r t e d  t h e  c o n v e r s i o n  of  1 i n t o  3  by u s i n g  e s i m p l e  a n d  

p r a c t i c a l  m e t h ~ d . ~ " ' ~  a n d  i n  t h i s  p a p e r  we d e s c r i b e  a f u l l  accounts  of  t h e  

s y n t h e s i s  of 3 and 4 f rom 1. 

On t r e a t m e n t  of t h e  c o r r e s p o n d i n g  t o s y l a t e  51° of  1 w i t h  l i t h i u m  benzy lox ide  or  

sodium benzy lox ide  i n  t e t r a h y d r o f u r a n  (THF), t h e  epox ide  6 was o b t a i n e d  i n  a good 

y i e l d .  C a t a l y t i c  hydrogena t ion  of  6 i n  e t h e r  a f f o r d e d  3 i n  an  e x c e l l e n t  y i e l d .  

A l l  d a t a  e x c e p t  for t h e  s i g n  of o p t i c a l  r o t a t i o n  were c o m p l e t e l y  i d e n t i c a l  w i t h  

t h o s e  of 1.' i n  t h i s  t h r e e - s t e p  p rocedure ,  3 was o b t a i n e d  i n  9 4 %  o v e r a l l  y i e l d  

from 1. 

The s y n t h e s i s  of 4 f rom 3  was c a r r i e d  o u t  u s i n g  e x a c t l y  t h e  same procedure  f o r  



the preparation of 2. 2 

It is now shown that optically pure 1, 2 and their enantiomers 3 .  4 are easily 

obtainable in quantity from L-glutamic acid for the asymmetric total synthesis of 

a variety of chiral natural products. 

(S)-4-para-Toluenes~1f0n~loxy~ethyl-4-butanolide (5) --- Prepared from 1 in 96% 

yield according to the reported procedure.1° Colorless prisms of mp 85.5-87'C 

(from benzene). [o]~0+43.7'lc=1.58, CHC13). 

1s)-Benzyl 4.5-epoxypentenoete (61 --- a) A hexane solution of n - B u L i  (1.50 M, 

37 ml, 55 mmol) was added to a solution of benzyl alcohol (5.7 ml. 55 mmol) in 

THF (25 ml) at -78-C and the whole was stirred for 20 min at 78'C. A solution 

of 5 (13.5 g, 50 mmol) in THF (100 ml) was added at -78-C and the whole was 

stirred for 1 h at O'C. After the addition of satd. aq. NH4C1 (30 ml) and satd. 

aq. NaCl (30 ml), the organic layer was separated and aqueous layer was extracted 

with benzene (30 ml x 2). The combined organic layers were washed successively 

with water, satd. NaHC03. and satd. NaC1, then dried over MgS04. Concentration 

in vacuo and chromatography (Si02, benzene-etherl4:l) afforded 6 (10.0 g, 100%) -- 

as a colorless oil. [u1~~-13.4~(c=l.l. C H C ~ ~ ) .  IR (neat) cm-l: 1730, 1160. NMR 

(CDC13) 6: 1.6-2.2 (2H. m), 2.2-2.9 (4H. m), 2.92 (1H, m), 5.09 (2H. s ,  0Cii2Ph), 
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7.28 (5H, s). MS m/z :  206 (M+). HRMS Calcd for Cl2Hl4O3: 206.0954. Found: 

206 .Og44. 

h) Benzyl alcohol (2.2 ml. 20 mmol) was added to a suspension of sodlum hydrlde 

(0.5 9, 21 mmol) ~n THF (5 ml) at 0°C and the whole was stlrred for 1 h at room 

temperature. A solutlon of 5 (4.8 g, 18 mmol) ln THF (20 ml) was added at room 

temperature. Work up as described above and chromatography affoded 6 (3.7 9, 

100%) as a colorless 011. 

(R)-4-H~dro~ymethy1-4-butano1ide (31 ---  A solution of 6 (7.6 g. 37 mmol) in 

ether (50 ml) was stirred in the presence of 5% Pd/C (0.4 g) under the atmosphere 

of hydrogen for 12 h and filtered. The filtrate was concentrated in vacuo and 

20 
chromatographed (Si02, ether) to afford 3 (4.2 g, 98%) as a colorless oil. [alD 

-33.5'(c=3.74, EtOH). Spectroscopic data, absolute value of optical rotation, 

and tlc behavior were completely identical with those of 1. 
1 

(R)-4-Trity10xymethyl-4-hutan01ide (7) - - -  Prepared from 3 according to the 

reported procedure for the enantiomer.12 Colorless prisms of mp 151-151.5°C 

(from AcOEt). [a 1~~-26.5'(~=1.08, CHC13). Spectroscopic data, absolute value of 

optical rotation, and tlc behavior were completely identical with those of the 

enantiomer. 

(R)-4-Trityloxymethyl-2-huten-4-olide (4) --- Prepared from 7 according to the 

reported procedure for the enantiomer (2).2 Colorless prisms of mp 152-154'C 

(from benzene-hexane). [a]~+97.9'(~=1.12, CHC13). Spectroscopic data, absolute 

value of optical rotation, and tlc behavior were completely identical with those 

of 2. 
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