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ABSTRACT

The first stereocontrolled and enantiospecific formal synthesis of antiplatelet drug beraprost has been achieved from readily available 1-tetralone.

Prostacyclin (PGI2, Figure 1) has been a prime synthetic
target for researchers, ever since its discovery, due to its
excellent ability to inhibit platelet aggregation and
vasodilation.1 The biggest problem associated with hand-
ling these classes of compounds is their very labile nature,
even in neutral media, due to the ‘enol’ functionality, let
alone the acidic medium of the gastrointestinal tract.2

Thus, the design, synthesis, and evaluation of stable
analogs of PGI2 has been a primary objective of scientists
engaged in this field. Toray industries have come up with
a very stable form of PGI2 and named it beraprost (1).
The researchers from Toray have developed beraprost

as a drug for the treatment of platelet aggregation.3 It is
less toxic and more stable than other PGI2 analogs and
sold in the market as Careload (sodium salt of beraprost).4

The commercial route used to manufacture this drug
involves bromination�debromination steps and resolu-
tion for obtaining the chiral tricyclic cyclopenta[b]

benzofuran core.5 Other approaches have also been re-
ported in literature for the construction of this core for
beraprost synthesis.6

The profound clinical use, the difficulty associated with
construction of the tricyclic core with full enantiocontrol,
and the synthetic challenges posed by the beraprost
structure encouraged us to take up its total synthesis.

Our retrosynthesis of beraprost (Scheme 1) used an
oxa-Michael reaction to dissect the AB ring system.7

This was allied with a stereoselective Ireland�Claisen
rearrangement8 and a Grubbs metathesis based enone

Figure 1. Structure of prostacyclin (PGI2).
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construction to build the C ring. Lipase catalyzed asym-
metric induction was also conceived as a key step toward
the target.9,10

The forward strategy started from commercially avail-
able 1-tetralone (7), which was converted to the di-MOM
derivative 8 in decent yields, in a process amenable to
scaleup.11 Classical formylation of 8 using DMF and t-
BuLi smoothly afforded the di-MOMprotected aldehyde
9. Aldehyde 9 was subjected to aldol reaction with
acetone in the presence of 10% aqueous NaOH, furnish-
ing the enone which was reduced with NaBH4 into
racemic allyl alcohol 6 in 88% yield over two steps
(Scheme 2). Attention was then directed to introduction
of the chiral hydroxyl group via Burkholderia cepacia
lipase-mediated (Amano Lipase PS, Sigma-Aldrich)
resolution.10

After successful enzymatic resolution, using lipase and
vinyl acetate in tert-butylmethyl ether at room temperature,
(R)-acetate 10 was obtained in 45% yield and ∼97% ee as
confirmed byHPLC analysis.12 The hydrolysis of the acetyl
group in 10 resulted in chiral alcohol (þ)-6 in 85% yield.
4-Methyl 3-pentenoic acid 11was coupled with (þ)-6 in the
presence of DCC/DMAP to furnish ester 5. The other
enantiomer (�)-6 was also converted to the desired 5 via
esterification with 11 under Mitsunobu conditions13 (total
51% yield of 5 from rac-10).

The desired Ireland�Claisen rearrangement was per-
formed on 5 with LDA/TBSCl and HMPA; this resulted
in selective formation of the (Z)-silyl ketene acetal prior
to rearrangement at �78 �C and furnished the required
stereoisomer 12 (Scheme 3). This can be explained by
invoking the chairlike transition state TS-1. A steady
increase in temperature to 25 �C followed by an acidic
workup, gave the desired rearrangement product 12
which was further derivatized as the methyl ester 4

Scheme 2. Preparation of Intermediate 5

Scheme 1. Retrosynthetic Analysis of Beraprost
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(78% yield over two steps) with >15:1 diastereoselec-
tivity.12 The relative stereochemistry was tentatively as-
signed for the two newly generated stereocenters of 4 on
the basis of literature precedent and was solvent depen-
dent, with 20% HMPA being critical to obtaining high
levels of diastereoselectivity.8

DIBAL-H reduction of 4 yielded aldehyde 13 which
was reacted with vinyl magnesium bromide in THF at
0 �C to furnish a diastereomeric mixture (1:1) of allylic
alcohol 14 in 75% yield. Ring-closing metathesis9 was
facile with the first generation Grubbs catalysis and gave
16. Oxidation of 16 with Dess-Martin reagent produced
enone 3. This enone required exposure to BCl3 not only
for deprotection of twoMOMprotecting groups but also
to induce an in situ oxa-Michael cyclization to provide the
cyclopenta[b]benzofuran 17 having all the required func-
tionalities to arrive at the target (Scheme 4). Thus,
oxidation of 17 was achieved with BAIB, TEMPO. The

acid formed was isolated as methyl ester 18 by diazo-

methane treatment. The keto functionality in 18 was

reduced with NaBH4 to produce alcohol 19 as a single

diastereomer, as anticipated. The osmylative cleavage of

olefin 19 to unstable aldehyde 20 was followed by reduc-

tion with NaBH4. It resulted in a late-stage fully func-

tional core 2 of beraprost in enantiopure form.14

In summary, the present stereospecific formal synthesis
of beraprost was successfully achieved using enzymatic
resolution, Ireland�Claisen rearrangement, Grubbs’ me-
tathesis, and oxa-Michael reaction as key transforma-
tions starting from commercially available 1-tetralone.
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