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----A new method for preparation of (S)-5-acetoxy- 

2-penten-4-olide starting from D-glucose with 5 steps is 

described. 

Many useful chiral compounds have been synthesized starting from sugars and 

their  derivative^.^ Recently, we established a simple method for preparing 

levoglucosenone (3). which is a unique chiral 1, 6-anhydrosugar, starting 

from D-galactose. In our laboratory, several useful chiral compounds were 

synthesized using 3 as a starting material. For example, D-altrose, D- 

altrosan and D-allosan, (+) -trans-whisky lactone, ( + I  -trans-cognac lactone 

and ( + )  -eldanolide, and some nucleotides5 were prepared from 3. (S) -5- 

~ydroxy-~-penten-4-0lide(2)~ was also synthesized from 3. 

In this paper, we report a new method for preparing the acetyl derivative of 

2, (S)-5-acetoxy-2-penten-4-0lide(l), starting from D-glucose ( 5 )  with 5 

steps. 
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The above compounds(1 and 2) have used as useful chiral building blocks. 

For example, (+ )  -trans-burseran, ( - )  -isostegan, (+ )  -steganacin, 8 ( - )  - 

verrucarinolactone, and prostacyclin analogues10 were prepared using 1 or 

2. The synthetic methods of production of 1 and 2 have been described in 

several reports.ll However, it has been difficult to prepare 1 or 2 on a 

large scale, because the starting materials used in previous methods are 

relatively expensive. In order to overcome the problem, D-glucose(5) was 

selected as a starting material. In this study, 3,4-dideoxy-D-glycelo-hex- 

3-enopyran-2-uloside(4) was used in the synthesis of 2, by a similar method 

as has been described in our previous paper.6 As 4 was synthesized in good 

yield from 5, a new economical method for synthesizing 1 was established. 

D-Glucose(5) was converted to the a-bromo-tetra-0-acetate(6) in 80% yield, 

using bromine and phosphorus in acetic anhydride (Scheme 1) . l2 Treatment of 

6 with DBU (1.8-diazabicyclo[5.4.01-7-undecene), afforded 2-acetoxy-tri-0- 

acetyl glucal(7) almost quantitatively.13 A Ferrier reaction was applied to 

7 using t-butyl alcohol and boron trifluoride etherate,14 and the t-butyl a- 

glucoside(8) was produced in 87% yield. Basic treatment of 8 with potassium 

carbonate in methanol gave the enone derivative(9)15 in 6 7 %  yield. Under 

the Baeyer Villiger oxidation of 9 as reported previ~usly,~ and subsequent 
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a c e t y l a t i o n ,  1 was o b t a i n e d  i n  70% y i e l d .  The s p e c i f i c  r o t a t i o n  was 

i d e n t i c a l  w i th  t h e  va lue  r e p o r t e d  i n  p rev ious  p a p e r . 5  

Br21P DBU 
5 -  

Ac20 

7 OAc 

MeCOOOH - 1 
Acetylation Scheme 1 

I n  conclus ion ,  o p t i c a l l y  p u r e  1 was ob ta ined  i n  34% y i e l d  i n  5 s t e p s  from D- 

g lucose .  

EXPERIMENTAL 

A l l  mp and bps were u n c o r r e c t e d .  l ~ - ~ m r  s p e c t r a  were r e c o r d e d  a t  300 MHz 

w i t h  TMS a s  a n  i n t e r n a l  s t a n d a r d  u s i n g  a  Brucker  AC-300P s p e c t r o m e t e r .  

O p t i c a l  r o t a t i o n  was measured on a  J a sco  DIP-370 p o l a r i m e t e r .  

2 r 3 . 4 , 6  - T W t v l  - - - - -  a D a- 

A c e t i c  anhydr ide (200  m l ,  2 . 1  mol) and p e r c h l o r i c  a c i d ( l . 2  m l ,  60%) were 

s t i r r e d  i n  a  500 m l  round bottomed f l a s k  equipped wi th  a  mechanica l  s t i r r e r .  

To t h i s  s o l u t i o n ,  50 g ( 0 . 2 8  mol) o f  D-g lucose (5 )  ( d r i e d  o v e r  phosphorus 

p e n t o x i d e  f o r  one day)  was g r a d u a l l y  added whi le  keep ing  t h e  t empera tu re  

between 30-40°C. I t  was t h e n  c o o l e d  down t o  20°C by i c e d  wa te r ,  and r e d  

p h o s p h o r u s ( l 5  g, 4 8 0  mmol) and bromine(29 m l ,  560 mmol) were s lowly  added 

m a i n t a i n i n g  t h e  t e m p e r a t u r e  below 20°C. Then w a t e r ( l 8  m l ,  1 mol) was 
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carefully added while keeping the mixture below 30°C. After this, the 

reaction mixture was stirred for 3 h, and chloroform(300 ml) was added and 

filtered. The filtrate was poured into 500 ml of crushed ice, and the 

organic layer was separated, washed with saturated sodium bicarbonate and 

brine, dried over magnesium sulfate and concentrated in vacuo. The 

residue(ll0 g) was crystallized by scratching with a glass rod. 

Recrystallization from ether gave 91 g(80% yield) of white crystals of 6; 

la-nmr (CDClj) 8 2.04(3H, s), 2.06(3H, s), 2.10(3H, s), 2.11 (3H, s), 

4.13(1H, m), 4.25-4.40(2H, m), 4.84(1H, dd, J=4.0, 10.0 Hz), 5.17(1H, t, 

J=10 Hz), 5.56(1H, t, J=10 Hz), 6.61(1H, d, J=4.0 Hz); mp 89-9O0C; [alD27 

+198' (c 0.99, CHC13), in good agreement with values reported in the 

literature. 12 

3- - - -  - - - D - a L m L U l  

A solution of 6(16 g, 40 mmol) in 1,2-dichloroethane(40 ml) was cooled in a 

carbon tertachloride-dry ice bath under argon. In order to avoid a 

lightening effect, this reaction flask was covered with aluminum foil. To 

this solution, DBU (8 ml, 56 mmol) was slowly added keeping the temperature 

below -10°C. The solution was then stirred for 1 h below -lO°C and 1.5 h at 

room temperature. Then it was diluted with dichloromethane(400 ml), washed 

with aqueous hydrogen chloride (5%. 200 ml), saturated sodium bicarbonate 

and brine, and dried over magnesium sulfate. The solvent was evaporated in 

vacuo to give crystalline 7(13 g, 98% yield). Recrystallization from 

ether/hexane gave white needles of 7; l~-nmr (CDC13) 6 2.07 (38, s), 2.10- 

Z.l2(9H), 4.23(1H, dd, J=2.8, 11.4 Hz), 4.3-4.5(2H), 5.24(1H, dd, 54.4, 5.6 

Hz), 5.56(1H, d, J=2.8 Hz), 6.64(1H, S); mp 61-62°C; [(xlD27 -32.5"(~ 1.01, 

CHC13), in good agreement with values reported in the literature.14 

1 - 3 - deoxv - - -  a D ervthro - hex - -  2 eno- 

TO a solution of 7(10 g, 30 mmol) and t-butyl alcohol(l0 ml) in 

dichloromethane(20 ml), boron trifluoride etherate(l.5 ml) was added 
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gradually at room temperature. After stirring for 2 days, 1 ml of boron 

trifluoride etherate was added, and the reaction mixture was stirred for one 

more day. Then it was diluted with 200 ml of dichloromethane, washed with 

saturated sodium bicarbonate and brine, dried over magnesium sulfate and 

concentrated to give crystalline a(9.1 g, 87% yield). Recrystallization 

from ether/hexane afforded white crystals of 8; l~-nmr (CDC13) ?I 1.26(9H, 

s), 2.07(3H, s), 2.09(3H, s), 2.15(3H, s), 4.15-4.30(3H, m), 5.32(18, s ) ,  

5.42(18, m), 5.69(1~, d, J=2.2 HZ); mp 62-63T; [alD27 +80.5O(c 0.99, 

CHC13), in good agreement with values reported in the literature.13,16 

A solution of a(3.44 g, 10 mmol) in methanol(50 ml) was cooled in a carbon 

tetrachloride-dry ice bath under argon. One equivalent of potassium 

carbonate(l.38 g, 10 mmol) was added in portions to this solution and 

stirring was maintained for 1 h. Then the reaction mixture was quenched 

with Dowex-50 (H+), allowed to warm up to room temperature and filtered. 

After evaporation of the filtrate, the residue was dissolved in ether, 

washed with saturated sodium bicarbonate and brine, dried over magnesium 

sulfate, filtered and evaporated. This product was acetylated with acetic 

anhydride(1 ml, 10 mmol), pyridine(1 ml) and dimethylaminopyridine 

(catalytic) in dichloromethane(20 ml) for 1 h. The reaction mixture was 

poured into ice-water, and extracted with 50 ml of chloroform. The extract 

was washed with saturated sodium bicarbonate and brine, dried over magnesium 

sulfate, filtered and evaporated. After purification by silica gel column 

chromatography (hexane:ethyl acetate = 5:l). 1.59 g(67%) of 9 was obtained; 

l8-nmr (CDC13) ?I 1.31(9H, s), 2.10(3H, s), 4.21(1H, dd, J=4.5, 11.5 Hz), 

4.36(18, dd, J=5.7, 11.5 Hz), 4.85(1H, m), 5.14(18, s), 6.17(lH, dd, J=2.7, 

11.5 Hz), 6.94(1H, dd, J=1.7, 10.5 Hz) ; [alo27 +6.5"(c 1.13, CHC13), in good 

agreement with values reported in the literature.15 
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Compound ( 9 )  (1.22 g, 5 mmol) was dissolved in aqueous peracetic acid(40% 

solution, 2 ml) at room temperature. After stirring for 12 h, dimethyl 

sulfide(l.4 ml, 19 mmol) was gradually added keeping the solution below 

20°C. After evaporation, the residue was acetylated with acetic anhydride 

(0.5 ml, 5 mmol), pyridine(0.5 ml) and dimethylaminopyridine(cata1ytic) in 

dichloromethane for 1.5 h. The reaction mixture was poured into ice-water, 

and extracted with 50 ml of chloroform. The extract was washed with 

saturated sodium bicarbonate and brine, dried over magnesium sulfate, 

filtered and evaporated. After purification by silica gel column 

chromatography (hexane:ethyl acetate = 3:2), 550 mg(70%) of 1 was obtained; 

l~-nmr (CDC13) 6 2.07 (3H, s), 4.35(2H, m), 5.25(1H, m), 6.23(1H, dd, J=2.0, 

5.7 Hz), 7.45(1H, dd, J=1.6, 5.7 Hz); bp 105-llO°C (0.2 Torr); [alD29 

-124.g0(c 1.56, CHCl3), in good agreement with values reported in the 

literature.6 
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