
HETEROCYCLES, Vol 16, No 3, 198 1 

Efficient Synthesis of (R)-(-)-y-Benzyloxymethyl-y-butyrolactone 

from (D) - (+) -Mannit01 

Seiichi TAKANO*, Emiko GOTO, Michiyasu HIRAPIA, Kunio OGASAWARA 

Pharmaceutical Institute, Tohoku University, Aohayama, Sendai 980, 

Japan 

Abstract-----Efficient synthesis of (R)-(-1-y-benzyloxymethyl-y- 

butyrolactone(l0) has been developed using (Dl-(+)-mannitol(1) as 

starting material. 

In recent years either (Rl-(-1- and (S)-(+)- enantiomers of y-hydroxymethyl-y- 

butyrolactone derivatives have become of interest as valuable intermediates in the 

1 
synthesis of various optically active natural products including carbohydrates , 

2 4 
terpenes , lignans3, and alkaloids . Although they are synthesized most conveniently 

from glutamic acid with the corresponding preparation of the enantio- 

mer with (R)-configuration necessitates using the expensive unnatural (R)-glutamic 

acid as starting material. In connection with our recent chiral syntheses in indole 

alkaloid field4, we have developed an alternative synthesis of (R)-(-)-y-benzyloxy- 

methyl-y-butyrolactone(l0) of high optical purity starting from naturally abundant 

and inexpensive (Dl-mannitol(1). 
7 

The present synthesis consists a two step sequence from the known epoxide (8), 

however there includes some improvements for large scale preparation of (81, espe- 

cially in treatments of highly racemizable(3) and water soluble(4) intermediates. 

8 
Thus, cleavage of (D)-mannitol-1,2:5,6-diacetonide (21, obtained from (Dl-mannitol 

(I), with sodium metaperiodate9 in methanol containing a minimum amount of water, 

followed by reduction of the reaction mixture, which contained the highly racemizable 

product(3), with sodium borohydride in the same flask furnished the alcohol(4) in 

excellent yield with high optical purity. The overall yield of (S)-glycerol 1,2- 

acetonide(4) .IalD +11.4' from (D)-mannitol-1,2:5,6-diacetonide(2) after distillation 

was 81 %. According to the literature procedure9 (5 )  was converted into (R)-1- 

benzylglycerol(6) in overall 77 % yield through phase transfer catalyzed benzylation, 



followed by acid catalyzed deacetonization. The diol(61 on selective esterification 

with p-toluenesulfonyl chloride(1 equimoll in pyridine, followed by treating with 

sodium m e t h ~ x i d e ~ ~ ,  gave (S) -1-benzyloxy-2,3-epoxypropane (81 in 97.5 % yield. 

Reaction of (8) with diethyl malonate in ethanol in the presence of sodium 

ethoxideZC furnished the a-carbethoxy-y-butyrolactone derivative (9)  as a mixture 

of epimers in 84 % yield which on reflux with magnesium chloride1' in wet dimethyl 

acetamide underwent smooth decarbethoxylation to give (Rl-(-I-y-benzyloxymethyl-y- 

butyrolactone(l0) [alD -18.5- of good optical purity in 90 8 yield. Overall yield 

of the (R)-(-)-y-benzyloxymethyl-y-butyrolactone(10 from (Dl-mannitol-1,2:5,6-di- 

acetonide(21 via 8 steps was 46 8. 

EXPERIMENTAL SECTION 

All the reactions were cerried out under Ar or N2 atmosphere. IR spectra were 

measured with a Shimadzu IR-400 spectrometer. 'H-NMR spectra were measured in CDC13 

with a JEOL-PMX60 spectrometer using TMS as an internal reference. Mass spectra 

Were measured with a JEOL-D300 spectrometer. Optical rotations were measured with 

a JASCO-PTP-SL automatic polarimeter. 

(S)- (+I-Gllcerol 1.2-acetonide(41 TO a solution of (Dl-mannitol-1,2:5,6- 

8 
diacetonide (2) (32 g, 0.122 moll in MeOH(15O mll containing 5 % NaHC03 soln(40 mll 

was added a saturated solution of NaI04(37.4 g, 0.174 mol in ca 130 ml of water1 at 

0 'C with stirring. After stirring at the same temperature for 1 h, the reaction 

mixture containing the aldehyde(31 was treated with NaBH4(9.44 g, 0.25 moll at 0s 

10 'C With stirring. After the reduction was completed, MeOH(ca 150 ml) was added to 

the reaction mixture and the inorganic precipitate formed was removed by filtration 

using Celite. The filtrate was evaporated and the remaining water was stripped as 

the benzene azeotrope. The residue was extracted with ether, dried over Na2S04, and 

evaporated to give the crude alcohol(41 which was purified by distillation: yield 

26.2 g(81.3 %I; bp 86s87 'C/ 16 Torr(1it. bp 80s90 'C/ 20 Torrl; [alD +11.4"(C 5.29, 

7a MeOHl Llit. [alD +11.3"(C 5.175, MeOH). 

(R)- (+)-1-Benzylglycerol(61 The alcohol(41(20 g, 0.152 moll was treated with 

benzyl bromide(32.4 ml, 0.272 mol) as described in ref. 9 using benzyltriethylamo- 

n i m  chloride(0.93 g )  as a phase transfer catalyst1' to give crude (Rl-l-benzyl- 

glycerol(51, which without purification was refluxed with 1.5N H2S04(120 mll for 5 h 

to give (R)-(+)-1-benzylglycerol(61 after distillation: yield 21.3 g(77.2 % from (41) ; 

bp 110s120 'C/ 0.15 Torr(1it. 134 'C/ 0.6 Torr); [alD +3.7lS(C 19.9, CHC13) Llit. 
9 
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(S) - ( -1  -Benzyl 2,3-epoxypropyl ether 181 To an ice-cooled solution of (6) - 

(15.35 g, 84 mol) in pyridine(45 mll was added p-toluenesulfonyl chloride(l6.0 g, 

84 mmol) with stirring. After stirring for 1.5 h pyridine was removed by using a 

rotary pump and the residue was extracted with ether. The extract was washed 

throughly with 1N HC1, followed by 5 % NaHC03, dried over Na2S04. and the solvent 

was removed under reduced pressure to give the crude monotosylate(71, 23.8 g(84.1 8 

yield). 

TO a solution of the crude(7) (9.48 g, 28.2 mmoll in a mixture of MeOH(30 mll 

and ether (15 mll was added Na(0.65 g, 28.2 moll portionwise at 0 'C with stirring. 

After stirring for 2 h at the same temperature, C02 gas was introduced to the reaction 

mixture and water was then added and the reaction mixture was extracted with CHC13. 

The extract was washed, dried(Na2SO41, and the solvent was removed under reduced 

pressure to give the crude epoxidel81 which on purification by a silica gel chroma- 

tography gave the pure(8)(4.52 g, 97.5 %); [aID +1.79"(C 5.02, CHC13), -11.7'(neatI 

1 ~ 1 ; ~ ~  -15.3O(neatI). 

(Rl-(-)-y-Benzyloxymethyl-(R/Sl-cr-carbethoxy-y-butyrolactonel9l TO a 

solution of NaOEt(prepared from Na(0.40 g, 0.0174 atom)) in EtOH(13 ml) was added 

diethyl malonate(2.84 ml, 18.7 moll, followed by the epoxide(81 12.4 g, 14.6 moll 

in EtOH(5 mll dropwise at room temperature with stirring. After refluxing for 1 h, 

the reaction mixture was treated with 5 % HC1 and was extracted with CH2C12 and the 

extract was washed with water, dried over Na2S04 The solvent was removed under 

reduced pressure to leave the crude(91 which on purification by a silica gel chro- 

matography to give the pure(91: yield 3.42 g(84 % I ;  bp 180 'C/ 0.37 Torr; [alD -21.8' 

(C 5.16, MeOHl; IR v iE:t lcm-'1 1765, 1725; NMR(CDCl31 6 7.6-7.3 (5H. m) , 5.0%4.7 

(lH, m), 4.63128. d, J=2 Hz), 4.3(28, 4, 5=7 Hz), 3.9%3.6(38, m), 2.9s2.312H. ml, 

+ + 
1.3(3H, t, J=7 Hz); MSlm/el 2791M +I), 278(M I, 250, 172, 154, 129, 126, 111. 91 

1100 %I. Anal. Calcd for C15H1805 C, 64.73; H, 6.52. Found: C, 64.61; H, 6.47. 

(R)- (-1-y-Henzyloxymethyl-y-butyrolactone (10) A mixture of (9)(2.0 g, 7.2 

mol) and MgC12.6H20(7.3 g, 36 moll in dimethyl acetamide(l6 ml containing 3 drops 

Of H201 was refluxed for 2 h with stirring. After cooling, the reaction mixture was 

extracted with benzene and the extract was washed throughly with water and was dried 

Over Na2S04. The solvent was removed under reduced pressure and the residue was 

distilled using a rotary pump to give the pure(l0): yield 1.33 g189.7 $1 ;  bp 160% 

170 'C/ 0.410.6 ~orr(1it.l~ bp 160a164 OC/ 0.02 Torr); IalD -18.5'(C 5.18, EtOHl 
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