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Abstract: (+)-Clavukerin A and (&)-isoclavukerin A were synthesized stercoselectively utilizing stereospecific palladium-
catalyzed reductive cleavage of alkenylcyclopropanes with formic acid.

Cyclopentanoids which have vicinal asymmetric carbon centers on both their cyclopentane rings and their
side chains are ubiquitous in natural terpenoids and stcroids, and stereocontrolled synthesis of these compounds
has been of importance in organic synthesis. {-)-Clavukerin A (1a) and (-)-isoclavukerin A (1b) were isolated
from the Okinawan soft coral and their structurcs were determined as 1a and 1b."'2 A few synthetic methods for
these compounds were reported.® Several years ago we reported that reductive clcavage of the
alkenylcyclopropane 2a having two electron withdrawing groups was carried out with formic acid in the presence
of palladium catalyst.* The reaction proceeded stereosclectively, thus the cyclopentanoid 3a was obtained by
inversion of hydride attack. In our synthetic efforts for cyclopentanoids utilizing the palladium catalysis, we have
succeeded to prepare both diastereomers 3a and 3b, which have relative asymmetric carbon centers corresponding
1o 1a and 1b, with high selectivity as shown in Scheme 1. In this paper we describe the synthesis of (+)-1 by
controlling the relative vicinal asymmetric centers as an application of the palladium-catalyzed reductive cleavage
of alkenylcyclopropanes with formic acid.
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Preparation of the alkenylcyclopropanes 2a and 2b is shown in Scheme 2. Oxidation of 4 with TBHP using
SeO, catalyst gave the alcohol 5 (55%) and the aldehyde 6 (32%). The alcohol 5 was oxidized to 6 with PCC in
80% vyield. Selective protection of aldehyde moiety of 6 to 7 was carried out by Hojo’s method.’
Methoxycarbonylation, reaction with TsN,, and cyclopropanation gave the bicyclic compound 8 in 52% yield
from 7. The deprotection of 8 to the aldehyde 9 was carried out with PdCL,(MeCN), in 75% yield.* Emmons-
Horner reaction of 9 gave the (E)-unsaturated ester 2a in 86% yield. On the other hand the reaction of 9 with
(CF,CH,0),P(O)CH,CO,Me gave the Z isomer 2b."*
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Reaction of the ester 2a with formic acid in the presence of palladium catalyst at room temperature gave 3 in
95% yield and the ratio of the isomer 3a and 3b was found to be 95:5 by NMR after converting to 1a. The reaction
proceeded with inversion of the stereochemistry, which is explained as shown in Scheme 3. n-Allylpalladium
complexes 10 are formed by nucleophilic attack of Pd(D) species to 2a with inversion. Addition of formic acid to
10 gives the m-allylpalladium formate complexes 11 which decompose to hydride complexes 12. The
intramolecular hydride attack of 12 proceeds from the palladium side to give the product 3a. Similarly, the
reaction of 2b gave 3 (2 steps 54%) in a ratio of 3a:3b=11:89. Thus the reaction of 2b proceeded with retention of
hydride attack and olefin isomerization from (Z) to (E) took place simultaneously. This result of hydride attack is
similar to the hydrogenolysis of (Z)-alkenyloxiranes and the stereochemical outcome is explained by the well
known 7-0-% interconversion process.® '* In both reactions small amounts of isomers (5% and 11%) were
obtained, which is considered to be caused by epimerization of n-allylpalladium complexes during the
reaction '+ 1?
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The cyclopentanones 3a and 3b are useful intermediates for the synthesis of (t)-clavukerin A and (1)-
isoclavukerin A because they are easily transformed to dialdehydes 14a and 14b which are subjected 10 McMurry
coupling to 1. Thus, hydrogenation of olefins on Pd/C followed by transformation to the enol phosphates and
subsequent methylation with MeMgl using Ni(acac), catalyst'® gave the unsaturated esters 13a in 43% yield and
13b in 35% yield respectively. Reduction of the esters to diols followed by Swern oxidation gave the dialdehydes
14a in 81% yield and 14b in 62% yield. Finally, intramolecular reductive coupling of 14a with TiCl,-Zn'* gave
(1)-clavukerin A (1a) in 70% yield.'® Similar transformation of 14b gave (t)-isoclavukerin A (1b) in 60% yield.!?
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As conclusion, we have demonstrated the stereoselective cleavage of alkenylcyclopropanes with formic
acid using palladium catalyst which is useful for the synthesis of natural products. This research was financially
supported by the Grant-in-Aid (No. 05234228) from the Ministry of Education, Culture and Science, Japan.
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