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In this study, we achieved the first total synthesis of (+)-heteroplexisolide E. The synthetic highlights of
our approach include a one-pot regioselective methylation method and the transformation of a b-meth-
allyl alcohol moiety to a prenyl group using palladium-catalyzed hydrogenolysis.
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In 2009, Shi and co-workers isolated a novel diterpene lactone,
(+)-heteroplexisolide E (1), from an ethanolic extract of Heteroplex-
is micocephala (Compositae family), together with almost 50 other
compounds.1 The structural features of (+)-1 include a c-lactone
core, a side chain of unsaturated ketone, and a branched prenyl
group. Heteroplexis micocephala, which grows in the limestone ter-
rains of Longzhou and Yangshuo, Guangxi Province, China, is tradi-
tionally used as a folk medicine for the treatment of indigestion
and dropsy. Shi and co-workers investigated various biological
activities of Heteroplexis micocephala such as selective cytotoxicity,
inhibition of HIV-1 replication, and antioxidation in vitro. However,
(+)-1 was found to be inactive, and to date, the active components
in traditional Chinese medicines using Heteroplexis micocephala
have not been reported. In order not only to achieve the first total
synthesis of (+)-1 but also to synthetically provide enough
amounts of (+)-1 for the exact evaluation of its additional activities,
we started a synthetic study of (+)-1. Thus we reveal herein the
first total synthesis of (+)-1 from the known chiral building block
(+)-2.

As shown in Scheme 1, the retrosynthetic analysis indicated
that the branched prenyl group of (+)-1 can be transformed from
the corresponding b-methallyl alcohol moiety at the final stage.
Allyl alcohol (+)-4 can be derived from compound (+)-3 via aldol
condensation of the side-chain aldehyde. The compound (+)-3
can be synthesized from the known chiral building block (+)-2
using one-pot chemoselective methylation.2
ll rights reserved.
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We began the total synthesis of (+)-1 starting from the known
chiral building block (+)-2, which can be easily prepared from com-
mercially available 1,4-pentadien-3-ol in three steps.3,4 The allyl
alcohol derivative (+)-2 was successfully converted into (+)-3 in
excellent yield in a single-pot operation (Scheme 2). This three-
step key reaction was based on the one-pot methodology for tan-
dem/sequential bromination of allyl alcohol derivatives, regiose-
lective HBr-elimination, and C–C coupling, which was developed
recently by our group.2 After much effort, we achieved the methyl-
ation of (+)-6 by Negishi coupling using excess amounts of dimeth-
ylzinc with addition of THF in the presence of the precatalyst
PEPPSI™-IPr5 in the same pot.6

Next, an aldol reaction between (+)-3 and aldehyde 7 in the
presence of LDA followed by dehydration gave only E-alkene (+)-
8 in good yield.7,8 Consecutive removal of the p-methoxybenzyl
(PMB) group with 1,2-dichloro-4,5-dicyanobenzoquinone (DDQ)
and the acetal group using pyridinium p-toluenesulfonate (PPTS)
from (+)-8 provided the desired (+)-4 in good yield in a single oper-
ation. Conversions of (+)-4 into 9a–d were then performed using
the methods of (a)–(d): (a) acetic acid anhydride, pyridine, and
DMAP for (+)-9a; (b) ethyl chloroformate, pyridine, and DMAP
(+)-9b; (c) methanesulfonyl chloride, triethylamine, and tetra-
methylethylenediamine (TMEDA)9 for (+)-9c; and (d) tetrabro-
momethane and triphenylphosphine for (+)-9d.

At the final stage, the conversions of the allylic compound 9 into
(+)-1 were examined (Table 1). Palladium-catalyzed hydrogenoly-
sis10 of 9 with 1.1 equiv of Bu3SnH as a hydride source was initi-
ated using the allylic acetate (+)-9a (Entries 1 and 2). The
reaction succeeded in providing the desired (+)-1, albeit in a low
yield. In addition, the ratio of (+)-1 was increased with increasing

http://dx.doi.org/10.1016/j.tetlet.2012.04.065
mailto:nkutsu@rs.kagu.tus.ac.jp
mailto:tsaito@rs.kagu.tus.ac.jp
http://dx.doi.org/10.1016/j.tetlet.2012.04.065
http://www.sciencedirect.com/science/journal/00404039
http://www.elsevier.com/locate/tetlet


Scheme 3. Synthesis of 9 from (+)-3.

Scheme 1. Retrosynthesis of (+)-1.

Scheme 4. Improved process for the Appel reaction and the sequential palladium-
catalyzed hydrogenolysis

Table 1
Total synthesis of (+)-heteroplexisolide E (1)

Entry X Conditions Yielda /% Ratiob (1:10)

1c OAc THF, 60 �C 13d 1:1
2c OAc toluene, 100 �C 15e 3:1
3 OCO2Et THF, 60 �C 64 1.7:1
4 OCO2Et toluene, 100 �C 32 1.6:1
5 OMs THF, 60 �C 92 1:9
6 OMs toluene, 100 �C 95 1:3
7 Br THF, 60 �C 94 7:1
8 Br toluene, 100 �C 96 8:1

a Isolated yield of the mixture (1 + 10).
b Ratio was determined by 1H NMR.
c Reaction time was 1.5 h.
d The starting material (+)-9a was recovered (80%).
e The starting material (+)-9a was recovered (74%).

Scheme 2. Bromine addition/regioselective elimination/Negishi coupling in one-
pot operation.

N. Kutsumura et al. / Tetrahedron Letters 53 (2012) 3274–3276 3275
temperature (Entry 2). The transformation of the ethyl carbonate
(+)-9b (Entries 3 and 4) or the mesylate (+)-9c (Entries 5 and 6)
proceeded (+)-1, but was still accompanied by byproduct 10 in
appreciable amounts. Finally, the reaction of allylic bromide (+)-
9d in toluene at 100 �C gave excellent yields and sufficient selectiv-
ity (Entry 8).
Moreover, we also improved the synthesis at the last stage
(Scheme 4). The Appel reaction11 of the sterically hindered second-
ary alcohol (+)-4 gave the bromide (+)-9d in moderate yield (61%
yield, Scheme 3), together with SN20 isomeric product 9d0.12 As
the isomer 9d0 was assumed to be a precursor of (+)-1, the entire
mixture of products was exposed to palladium-catalyzed hydrog-
enolysis. Gratifyingly, the final two-step yield was increased to
98% as a mixture of (+)-1 and 10,13,14 which were finally separated
by preparative TLC on silica gel.15

In summary, the first total synthesis of (+)-1 was achieved from
the known chiral building block (+)-2. Highlights include a one-pot
regioselective methylation method and the transformation of a b-
methallyl alcohol moiety to a prenyl group using palladium-cata-
lyzed hydrogenolysis.
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