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Summary : A stereocontrolled approach to asymmetric synthesis of Stork’s prostaghmti intermediate 3 
has been developed which involves the [2.3]-Wittig rearrangement and the Pd(II)-catalyzed allylic acetate 
rearrangement as the key steps. 

Among many synthetic intermediates for natural and unnatural prostaglandins.ll 

the Stork intermediate 321 is undoubtedly an ideal one. Recently, one of the author 

groups has reported two entries for 3; one employs the three-component coupling 

process using vinylzincate 23.41 instead of the vinylcuprate and the other one is based 

on the intramolecular (3+2)-cycloaddition of nitrile oxide 4.51 In these syntheses, the 

two stereogenic centers Cl 1 (R) and C15W are employed. Herein we disclose a new 

strategy (Scheme 1). wherein the Cl I(R) chirality in IS derived from the commercially 

available cyclopentenone 1 is exploited to control the rest of chiralities in 3 via the 

[2,31-Wittig rearrangement61 (II+61 and the Pd(II)-catalyzed allylic rearrangement71 

(6+7). 

(Scheme 1) 
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The key features of the present synthesis are two-fold. First, the [2.31-Wittig 
rearrangement of 6 proceeds in a highly stereoselective fashion to establish the C12(R) 

and 03(R) coni’lgurations. together with the formation of the Cs-exocyclic double bond 
in 6. Second, the Cis(R) chirality thus created is specifically transmitted to the desired 
C15(S) chirality in 7 by means of the Pd(II)-catalyzed rearrangement of the allylic 
acetate 6. Thus, the overall transformation permits ready access to the desired 
configurations at C12, Cl3 and C15. as well as the required exo-methylene at Cs. 

The propargylic ether Sb. serving as a precursor to the prostaglandin skeleton, 
was prepared as outlined in Scheme 2. Reaction of (+)-enone 1 b99% ee) with 
bromine (CC14. 0 “Cl followed by treatment of the resulting dibromide with 
triethylamine gave bromoenone 8 which was then reduced (NaBH4/CeC13*7H208). 
MeOH, -20 “C) to afford a mixture of the 9a- and 98-alcohol 9 (9a : 98 = 86 : 14) in 

96% overall yield. Without separation of these isomers, 9 was converted to the allylic 
alcohol 10 in 75% overall yield via protection of the hydroxy group in 9 with ethyl vinyl 
ether and generation of the vinylic lithium (n-BuLi. TI-IF, -78 “Cl followed by addition of 
formaldehyde. Etherification of 10 with propargylic iodide 11 (KOH/n-BurNI. benzene, 
0 ‘C; 92%) followed by removal of the ethoxyethyl group (PPTS, MeOH; 56%) gave. 
after separation of the Cs-epimer. the Sa-alcohol 5a9) which was treated with t- 
butyldimethylsilyl chloride (TBSCI) to give ether Sb in 92O/b yield. 

0 OH OEE 

9 10 

5a : R=H 
b : FkTBS 

C&i (Scheme 2) 

The [2,3]-Wittig rearrangement of Sb was carried out with t-BuLi under the 
standard conditions @HF. -78 “C. lh) to afford a mixture of the stereoisomers 12 and 
13 (75 : 25) in 78% yield.16) To improve the stereoselectivity in the [2.31-Wittig 
process, we chose the trimethysilyl(TMS) derivative 5c as the substrate which was 
prepared from 10 in four steps II) (Scheme 3). The [2.31-Wittig rearrangement of 5c 
with n-BuLi was found to afford 90% yield of the single stereoisomer 14 which was 
then converted to the amyl derivative 12 as follows. Selective deprotection of the TMS 
group of 14 (AgNO3, EtOH: 83%) followed by protection of the hydroxy group with 2- 
methoxypropene gave alkyne 16. Alkylation of 15 (n-BuLi. THF/HMPA. n-CsH111. -20 



5925 

“C) followed by deprotection of the acetal moiety (PPIS, MeOH. 0 “C) afforded the amyl 

derivative 12 in 89% yield. 

OTBS OTBS 
f i 
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Construction of the w-side chain from the [2.3]-Wittig product 12 was carried out 

via the Pd(II)-catalyzed 1,3-rearrangement 12) of allylic acetate 6. Acetate 6 was 

prepared in 78% yield from 12 by trans reduction of the triple bond (Red-A@‘, 40 “Cl 

followed by acetylation (Ac20, Py). The Pd(II)-catalyzed rearrangement of 6 

[PdClz(MeCN)z (4 mol%). THF. reflux) gave rise to a 27 : 73 mixturel3) of the allylic 

acetates 6 and 714) in 86% combined yield. In this rearrangement, neither the C13(z)- 

nor the Cis(R)-isomers was detected. Conversion of 7 to Stork’s intermediate 3 

(R=TRS) required two operations: (1) reprotection of the allylic acetate to the TBS 

group and (2) selective oxidation of the 9-hydroxyl to carbonyl group. Thus, hydrolysis 

of the acetate group of 7 (K2CO3, MeOH) followed by protection of the resulting alcohol 

(TBSCl, imidazole) gave the tri-TF3S derivative 16 in 80% overall yield. Acid treatment 

of 16 (80% aq. AcOH, r.t.1 produced a mixture of the di-THS derivatives (C11.15-di-TBS : 

C9.1 r-di-TRS = 2 : 1). The desired 9-hydroxy derivative was isolated and oxidized (MnO2 

, n-hexane) to furnish the desired enone 3 in 75% yield. The spectral data (NMR, IR) of 

3 are identical with the literature values.2g) Further improvement of the present 

approach is in progress. 

YBS ?TBS p-EKG 

(6:7=27 :73) 
(Scheme 4) 
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