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Summary : Highly efficient and general method for synthesis of optically active
tertiary allylic alcohols (1) starting from readily available optically active y-
trimethylsilyl-B,y-epoxy tertiary alcohols (3), and the application of the reaction
product to the synthesis of arbaprostil are described.

The lack of a general synthetic method for preparation of optically active
tertiary allylic alcohols (1), which are incorporated in the structures of a variety
natural products and commercially important pharmaceuticals, has prompted us to
synthesize 1 according to a series of the reactions shown in Scheme 1. In the
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preceding paper! we reported the synthesis of both enantiomers of epoxy ketones 2
using the Sharpless kinetic resolution of racemic y-trimethylsilyl allylic alcohols as
the key reaction,2 and their highly diastereoselective reaction with Grignard
reagents, thus providing an efficient method for preparation of epoxy alcohols 3
with various substituents R and R’, in which the chiral tertiary alcohol center is
regulated stereospecifically (the structure of 3 was assigned as shown in Scheme 1
tentatively). Herein we report the conversion of 3 thus prepared into 1 by
regiospecific epoxide ring opening with nucleophiles followed by Peterson
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olefination reaction. We also report the synthesis of 15-epi-15-methyl prostaglandin
E), arbaprostil, which has tertiary allylic alcohol moiety as o side-chain unit.

The results of the conversion of the compounds 3 into 1 are summarized in
Table 1. Thus, as shown in Scheme 2, the reaction of 3a with LiAlH4 in THF afforded
the ring opening product which was converted into the corresponding carbonate 12
by the reaction with COCl2 and pyridine in THF. Treatment of 12 with BugNF in THF
afforded the tertiary allylic alcohol 4. An identical synthetic procedure was applied
to 3b (the enantiomer of 3a) to provide the antipodal alcohol 5. The absolute
configuration of the alcohol 4 was confirmed to be S by converting into 2-methyl-2-
methoxyhexanoic acid 13 ([a]p28 -12.50 (¢ 1.27, CHCI3) (lit,, 3 (R)-13 ; []p25 +12.90
(c 1.07, CHCI3)). Similarly, the compound 3c was converted into the tertiary allylic
alcohol 6, the absolute configuration of which was proven by correlation with (R)-2-
phenyl-2-hydroxyhexanoic acid 14 ([a]p20 -37.20 (c 11.3, CHCI3) (iit., 4 (5)-14 (43%
ee) ; [a]D20 +16.20 (c 11, CHCI3)). The determination of the absolute configuration of
4 and 6 confirms the structure of 3 which was assigned tentatively in the preceding
paper.1

Scheme 2
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a) LiAlH,, THF ; b) COCI,, pyridine, THF ; c) "Bu,NF, THF ; d) Mel, NaH, THF ; e)NalO,,
cat. RuCl;, CH3CN-CCl,-H,0 ; f) O, then Me,S, MeOH ;g) NaClO,, cyclohexene,
NaH,PO, , 'BuOH

The reaction of 3 with Bu3SnLi resulted in the regiospecific epoxide ring
opening and in situ Peterson olefination reaction to afford the corresponding v-
tributylstannyl tertiary allylic alcohols directly (eq 1).5 Similarly, the reaction of 3
with Et2AICN or PhSLi directly afforded the corresponding tertiary allylic alcohols.
The easy access to these chiral tertiary allylic alcohols such as 7~11 shown in Table
1 is especially noteworthy because of the versatile reactivity of vinylstannane,
vinylsulfide and «,B-unsaturated nitrile moiety presented in these alcohols.

0. "BusSnLi or PhSLi or EtAICN
Measi\l>>(R > XWR (1)
R‘ T"OH R TOH
3 X = BuaSn, PhS, CN

Application of the chiral tertiary allylic alcohols obtained here in the synthesis
of physiologically active compounds is in progress in our laboratory, and described
next is the synthesis of 15-epi-15-methyl prostaglandin E?2, arbaprostil (an Upjohn
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compound). Arbaprostil inhibits gastric acid secretion and protects the gastric
mucosa, and thus has deserved particular attention as promising therapeutic
agents.6 The reported synthetic method of arbaprostil, however, suffers from the
need of tedious separation of the sterecisomers at C-15 (PG numbering).” With the
compound 8, which is corresponding to arbaprostil o side-chain unit, we carried out
the synthesis of methyl ester of arbaprostil via two component coupling process
(Scheme 3). After protection of the hydroxyl group of 8 as trimethylsilyl ether it
was converted into the higher ordered cyano mixed cuprate by subsequent reaction
with 1BuLi (1.0 eq) and (2-thienyl)Cu(CN)Li8 (1.2 eq) in tetrahydrofuran. The
reaction of the enone 15 9 (1.0 eq) with this cuprate (-780C to 0°C, 1h) afforded a
1,4-addition product which was desilylated to give methyl ester of arbaprostil 16
([alD!8 -75.30 (¢ 1.10, CHC3), lit.,7 [a]D18 -749(c 1.0, CHCI3)) in 77% overall yield.
Scheme 3

8 &/\Wcozm
TMSCI

4
imidazole 'BuMe,Si0f
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1) "BuLi, THF L
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pyr. (HF), |:R =TBDMS, R'=TMS
CHLCN 16, R=R'=H
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