
Tetrahedron Letters No. 11, pp 1001 - 1004, 1977. Pergmon PIWJS. Printed in Great Britain. 

NOVEL USE OF MESO-COMPOUND FOR THE PREPARATION OF OPTIWLY 

ACTIVE COMPOUNDS: SYNTHESIS OF OPTICALLY ACTIVE 

PROSTAGLANDIN INTERMEDIATES FROM CIS-%- 

CYCLOPENTENE-l,&DIOL 

Shiro Terashima and Shun-ichi Yamada* 

Faculty of Pharmaceutical Sciences, University of Tokyo, 

Hongo, Bunkyo-ku, Tokyo, 113, Japan 

Munehiko Nara 

Tokyo Research Laboratories, Kowa Co. Ltd., 

2-17-43, Noguchicho, Higashimurayama, Tokyo, 189, Japan 

(Received in Japan 25 December 1976; received in UK for publication 4 Fabruary 1977) 

When preparation of optically active synthetic intermediates is examined 

by chemical resolution of racemic modification, two enantiomers are inevitably 

obtained. While one enantiomer having the desired absolute configuration is 

usable for further chemical elaboration, the other is completely useless for 

the synthetic scheme. 

In order to avoid this problem which is always encountered in the usual 

chemical resolution, the use of symmetrically functionalized 

a resolution substrate in place of racemic modification is investigated. As 

shown in Scheme I, functionalization of the rnz-compound@) with an equimolar 

amount of the chiral compound(s) gives a mixture of the two diastereoisomers 

(s and 8). Considering the structural characteristics of E or 2 which arise 

from the symmetric nature of 3, it can reasonably be expected that preparation 

of the antipodal compounds@ and E) can be readily achieved from s or E by 

ordinary chemical transformations. Therefore, when C, and E can be efficiently 

separated by the usual methods such as recrystallization and chromatography, it 

is considered theoretically possible to utilize the total amount of & for 

producing g or 3. 

We have now realized the concept shown in Scheme I 11 by cleanly separating 

E and 2 which are prepared from cis-2-cyclopentene-l,4-diol(A)2' by using (S)- 

N-methanesulfonylphenylalanyl chloride($3'4* as 3, and have obtained several 
11 kinds of optically pure versatile prostaglandin intermediates. 

Acylation of A with $1.0 eql in pyridinecrt, 15 hr], followed by .extrac- 

tion with ethyl acetate and simple separation by a silica gel column(chloro- 
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fond, readily afforded an oily mixture of the monoesters(Z and 2; 9:lO by nmr 

analysis) and the oily diester(z)?b'5) tal~"- 51.3O(c=1.7, chloroform), in 51% 

and 24% yields, respectively. Trituration of the oily mixture(2 and 3) with 

ether effected a clean separation of the almost pure crystalline monoester 

(19% from ,j,), mp 112-115O, [c]i0+27.60(c=2.3, chloroform), from the ether- 

soluble monoester( One recrystallization of almost pure 2 from a mixture 

of ether-chloroform afforded completely pure 3 4, (17% from lJ, mp 118-119', 

[aJ~0+30.50(c=2.5, chloroform), as colorless plates. Evaporation of the 

original ethereal solution gave oily 24b)(32% from lJ, Ial~0-59.90(c=1.7, 
6) chloroform), which was contaminated with a small amount of 2. 

Aiming to visualize the concept shown in Scheme I, preparation of the 

optically pure enantiomeric lactones((-)-1 and (+)-I) from 2 or 2 was examined 

as summarized in Scheme II. 

Usual protection of the alcoholic function of 2 as tetrahydropyranyl(THP) 

ether, followed by hydrolysis of the chiral acyl group(KOH(1.5 eq)-aq. methanol, 

rt, 5 hr), gave the oily ether((-)-6J4b) (81% from 3, [al~0-20.30(c=1.3, 

chloroform), and 74% of (S)-N-methanesulfonylphenylalanine was recovered with- 

out racemization. According to the reported procedure, 7, C-)-k was submitted 

to the Claisen rearrangement(triethy1 orthoacetate-hydroquinone(catalytic 

amount), 160°, 10 hr), and the rearrangement product was treated under acidic 

condition(p-TsOIi(catalytic amount)-methanol, 48 hr), giving optically pure 

(-)-J8)(80% from C-)-g, mp 45-46O, ~c~~"-1040(c=l.l, methanol). On the other 

hand, when the Claisen rearrangement was directly attempted on 2_ in a manner 

similar to that for (-)-& and the rearrangement product was successively 

hydrolyzed(KOH(3.0 eq)-aq. methanol , rt, 5 hr) and 1actonizedCHClkatalytic 

amount), rt, 24 hr), optically pure (+)-,$) mp 45-46O, IaJ20+1040(c-l 0 D -*I 

methanol), was obtained in 53% overall yield from 2. The same (+)-lactone 

((+)-7J was also prepared from (-)-6 via (+)-benzoate((+)-a). 
W- Benzoylation 
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(benzoyl chloride(l.5 eq)-pyridine , rt, 15 hr) and cleavage of the THP ether 

(aq. acetic acid, rt, 24 hr) gave (+)-a4)(85% from (-)-a , mp 62-63O, bp 143- 

145O(O.5 nunIig), [a]~0+1330(c=1.7, chloroform). Successive Claisen rearrange- 

ment, alkaline hydrolysis, and lactonization similar to those for the prepara- 

tion of (+)-;I, from & afforded optically pure (+)-z(89% from (+)-8). 

Application of the same reaction scheme as that for the preparation of 

(-)-;1, from & to oily 3 afforded (+)-a [a]20+75.80(c=1.0, methanol), 72% 

optically pure 8) 4b? as a semisolid, via (+)-6, [a] ~"+16.00(c=1.5, methanol). 

When preparation of (-)-A from k was similarly attempted by the two different 

routes, (-)-3 (a]:'- 77.0°(c=1.7, 8) methanol), 73% optically pure, was obtained 

directly from/$ or via (-)-db) bp 143-146O(O.5 mmRg), [a]~0-99.80(c=2.0, 

chloroform). One recrystallization of partially optically active (-)-2 and 

(+)-;L from a mixture of ether and hexane gave optically pure samples showing 

mp 44.5-46O, IaJi'- 105°(c=l.0, methanol), and mp 45-46O, Ia_j20+1040(c-l 2 D -*, 

methanol), respectively. 

The lactones((-)-- and (+)-2 can be widely utilized as valuable inter- 

mediates for the synthesis of natural and unnatural prostaglandins, lO,ll) and 

moreover, the antipodal pairs of optically active 4-alkoxy- or 4-acyloxy-2- 
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cyclopentene-1-ols((-)-5 and (+)-$,00;2:-)-8_ and (+)-a) are also regarded as 

useful prostaglandin intermediates. ’ 

The concept which has been realized by using & might be generally 

applicable to the synthesis of optically active compounds, and is considered 

one of the most useful methods due to its efficiency and operational simplic- 

ity. 
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