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Since the discovery of prostaglandin(prostacyclin) which
plays an important role in human physiology, a number of
chemically and metabolically stable prostaglandirahalogues

have been developed as clinically effective agents such as

antithrombotic drugs. Among these analogues, carbacybliis

one of the most attractive agents, and its synthesis has attracted

much interest.Available synthetic approaches taisually start

from five-membered cyclic compounds such as the Corey lactone

(or its derivatives) and bicyclo[3.3.0]octan-3-orelderein we
report a highly stereocontrolled construction of the carbacyclin
framework starting from acyclic hydrocarbons where a titanium-
(I-mediated multistep sequential transformation in a single
reaction vessel plays a key rdle.

Recently, we have developed several synthetically useful
reactions mediated by a divalent titanium reagent, XTiH®);
(X = O-i-Pr or CI)/2 equiv ofi-PrMgCl# One of these reactions
is a one-pot preparation of bicyclo[3.3.0]octa@dsaving a side
chain by the Ti(ll)-mediated tandem cyclization of 2,7-dienoates
3 and subsequent reaction with aldehydeshich might proceed
through the reaction mechanism shown in Scherhélthough
the stereochemistry & thus produced has not been determined
with the exception of the cis-ring junction @ we anticipated
that the reaction of the titanabicyclic intermediate with the

aldehyde would proceed through the convex face and, thus, the
relative configuration of three consecutive stereogenic centers on

the ring of2 would be controlled as depicted in Scheme 1.
With this assumption, we planned one-pot preparation of
carbacyclin intermediat@a using ethyl E,E)-5-alkylidene-2,7-
octadienoate3a) as the starting 2,7-bis-unsaturated ester & (
2-octenal 4a) as an aldehyde. FroRe, carbacyclin was expected

to be prepared readily by stereoselective reduction of the ketone

moiety and isomerization of the allylic alcohol moiety as
summarized in Scheme 2.

As shown in Scheme 3, the startiBgwas readily synthesized
from readily availables® in 22% overall yield by using the Ti-
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(I-mediated coupling reaction developed by us recérdiyd
the Suzuki-Miyaura coupling reactibras the key steps. The

(6) Compoundb was prepared from 2-buten-1,4-diol through a three-step
reaction in 72-85% yield. See Supporting Information.
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reaction of3a with a CITi(O4-Pr)/2 i-PrMgCl reagent in ether
(6 h at—78 to —20 °C) and the following addition ofla to the
reaction mixture at-50 °C proceeded as expected to furnih
having the structure shown in Scheme 1. Si@eewas easily
dehydrated during column chromatography, the cr@dehus

obtained was directly subjected to reduction to the corresponding

alcohol. Thus, the reduction @a with NaBH, in MeOH (0°C)
proceeded through the convex face exclusively to provide the 11
hydroxy products (prostaglandin-numbering) as a mixtur® of
and7 in a ratio of 84:16 in 55% combined yield (Scheme 2).
From the mixturep was isolated in 43% vyield (based 8a) by
column chromatography. The structure ®fvas confirmed by
IH NMR analysis after converting to the corresponding acetchide.
From®6, carbacyclinl was synthesized in 62% yield according
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furnished @&)-1 in 65% isolated yield? Thus, carbacyclin can
be prepared from simple and readily available acyclic starting
materials3a and4avia five steps in 27% overall yield. We have
found that the enantiomers of racenfichus prepared can be
readily separated by HPLC using a chiral coluthithe H and

13C NMR and HPLC mobility ofl thus prepared were identical
with those recorded for authentic carbacyclin purchased from
Cayman.

In conclusion, the synthesis of carbacyclin starting from acyclic
compounds has been accomplished in which a Ti(ll)-mediated
tandem cyclization is a key reaction. In this synthesis, all but
one of the five sphybridized stereocenters were introduced with
almost complete stereoselectivity, three by a one-pot procedure.
Another characteristic feature of the present method is its
flexibility, thus allowing preparation of carbacyclin analogttes
having a variety ofe- and w-side chains by usin@ having a
different kind of alkylidene group (RR?) and/ora.,S-unsaturated
aldehydes other thads, and further investigation in this direction
is underway in our laboratory. As mentioned above, optically
activel has been synthesized starting from the Corey lactone or
its derivatived>" or bicyclo[3.3.0]octan-3-one& ¢ Although it
is difficult to compare the present synthesis of carbacyclin with
previously established methods because the starting compounds
are quite different, we believe that this adds another efficient
access to optically active carbacyclin even considering the fact
that resolution of the compound is required at the final stage.
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to the reaction sequence shown in Scheme 4. After acetylation JA002974X

of 6 (97%), the resulting 11,13-bis acetéavas rearranged to
11,15-bis acetat® by treatment with a catalytic amount of
PdCL(CHsCN), (4 mol %) in THF at room temperatute!! The
saponification of the product followed by column chromatography
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and 56.7 min for{¢)-1; a. = 1.42. The optical rotation value of)-carbacyclin
thus separated was(F’p +90 (c 0.24, MeOH) (lit?" [o]?, +90.9 € 0.19,
MeOH)).



