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Asymmetric reduction of 2-alkyl-1,3,4-cyclopentanetriones[L) is consider- 

ed one of the most efficient ways for synthesizing optically active function- 

alized cyclopentanes such as rethrolones la) 11 and prostaglandins.. When (RI-2- 

alkyl-4-hydrclxy-1,3-cyclopentanedione((R)-~(R2=H)) is successfully prepared 

from & by asymmetric reduction, it can be utilized as a starting material for 

synthesis of PGEl(.&)?' On the other hand, when preparation of (S)-2-alkyl-4- 

hydroxy-1,3-cyclopentanedione((S)-@(R2=H)) is achieved by asymmetric reduction 

of 13, it is expected that allethrolone((S)(+)-5) can be readily synthesized 

from (S)-~(R2=H). 

Considering the above-mentioned availability, an effective method was 

sought which would produce (RI- or (S)-2 from & without reducing other 

tional groups such as double bond and ester, being present in t.he side 

chain(R1). 
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we have now found that & can be readily reduced to optically active (R)-& 

(regularly 55-58% e-e.) by employing lithium aluminum hydride(IJUi) partially 

dec0mposed by 3.0 equivalents&q.) of C-)-N-methylephedrine as reducing agent. 3,4) 

TO an anhyd. tetrahydrofuran(THF) solution of LAHC3.3 eq.) was added a 

solution of (-)-N-methYlepbedrine(9.9 eq.),mp 87-88', ]aJia-29.70(methanol):) 

in anh@. THF at roQm temperature, and the wbolemixture was stirred at the 

same temperature for 1 hr, giving a solution which contained partially decom- 

posed LAI-I. After cooling to -70°, an anhyd. TRF solution of A; 6, (1.0 eq.1 

was gradually added to the stirred solution obtained above. Stirring was 

continued for 3 hr at -70°, then the complex formed was decomposed with 10% 

hydrochloric acid at the same temperature. Usual extractive isolation with 

ethyl acetate, followed by purification with a silica gel column(solvent first 

ethyl acetate, 

(R)-2s(R2=iQ7) 

then chloroform), gave the starting 9 in 19% recovery, and crude 

as a pale yellow solid in 55% Yield. The crude reduction prod- 

uct was treated with acetic anhydride-pyridine, 

as a colorless solid, mp ill-121°, [a]:'- 

8, yielding (R) (-)-2c(R2=A~)7) 

29.9O(c=2.60, methanol), 58% e.e.(vide 

infra), in 42% yield based on 9. 

When the same asymmetric reduction was examined using I-J 9) and the crude 

reductin product(2A(R2=H))!) 

showing ]aJi'- 

was similarly acetylated, (R) (-)-B(R2=Ac) 7) 

24.8O(c=1.76, methanol), 55% e.e.(vide infra), was obtained as a -- 

colorless solid in 48% yield overall from I&. 

The steric course and the percent enantiomeric excess(% e.,a.) for the asym- 

metric reduction were established by the chemical correlation 0f (-)-2&(R2=Ac) 

and (-)-&(R2=Ac) with (R) (-)-$. 

Treatment of (-I-$&(R2=Ac), Ial~a-14.90(c=1.78. methanol):') with excess 

diazomethane in a mixture of ether and TRF, afforded two sorts of en01 ether, 

(-)-zT) IaJ~a-17.20(~=2.18, chloroform), and (-)-$'11) 1~~]~~-9.3~(c=l.88, chloro- 

form), in 42% and 40% yields, respectively. Addition of methyllithium(3.0 eq.) 

to (-)-2 and the work-up under acidic condition, gave (-)-a'") as a colorless 

oil, bp 105-1070(0.1 mmHg), Ia]i5-2.40(c=9.94, ethanol), in 47% yield. On the 

other hand, 
20 10) 

catalytic reduction of (-)-Z&(R2=Ac), Ial, -1.5.3°(~:=2.37~ methanol), 

over 10% Pd/C in ethyl acetate, 

Ia3;a- 

yielded C-)-s (R~=AC.) as a colclrless solid, 

17.6O(c=2.62, methanol), in 87% yield. Since optically pure (SJ (+I-$ was 

reported to have [al, 25+7.30(c=13.5, ethanol), 13) it was clearly zletermined that 

(-)-2J2(R2=Ac) and (-)-s(R2=Ac) had (R)-configuration and their optical rota- 

tions 0f optically pure samples could be calculated as ]dia-45"(methanol) and 

laJ;a- 52O(methanol), respectively. 

Since (_+)-N-methylephedrine is readily obtainable from c0mmerciallY avail- 

able d-ephedrine, the use of (+.)-N-methylephedrine as chiral sourcemight simi- 

larly afford CSlC+I-@LR2=Acl and 6) C+l-&C_R2=Acl &-mse absolute configurations 

are opposite to those of the samples obtained ab0ve. 
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Recrystallization from ether seemed umpromising for improving the optical 

purity of (R) (-)-G(R2=Ac), but when (R) (-)-2b(R2=Ac) was recrystallized once 

from the same solvent, (R) (-)-2&(R2=Ac), 7, mp 126-130°, [~]~~-43.6~(~=1.20, 

methanol), 97% optically pure, could be obtained as colorless needles. 

When @ 2) was submitted to the same asymmetric reduction and the reaction 

product was separated by column chromatography(silica gel, solvent ethyl acet- 

ate), (RI (+I -&I CR2=H) ? ~cx]~~+8.8+l"(c=1.00, chloroform), 54&6% optically pure:4) 

was obtained in 58% yield without reduction of the ester group, and 27% of La 

was recovered. One recrystallization of (R) (+)-a(R2=H) from ethyl acetate 

afforded colorless crystals o and Ia]~3+ll.4fl.50(c~0.63, 

chloroform), 
70f10% optical;; ;E;;4Yhow:p mp 80-84 (R)(+)-~~(R~=H) so obtaine? has been 

already transformed into 22 by Sih, et al. -- 
Although elucidation of the reduction mechanism seems to be qizite difficult 

because LAH partially decomposed by I-)-N-methyiephedrine is present as a complex 

oligomer in TRP, the asymmetric reduction developed here might have some Prac- 

tical values due to its operational simplicity and wide applicability. 
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