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The first total synthesis of the enantiomer of jolkinolide D, a
bioactive diterpene from Euphorbia jolkini Boiss, was achieved
from abietic acid. The enantiomer did not exhibit the biological
activities that the natural jolkinolide D possesses.

Jolkinolide D (1) is a diterpenoid isolated from Euphorbia
jolkini Boiss in 1974,1 and its stereostructure was recently deter-
mined by X-ray crystallographic analysis.2 It exhibits cytotoxic-
ity, inhibits tumor invasion into the basement membrane, and in-
duces apoptosis in tumor cells.2 Jolkinolide D (1) has a � 0,�0-
unsaturated-�-hydroxy-�-methylene-�-lactone unit as the phar-
macophore structure, which suggests that jolkinolide D (1) might
irreversibly alkylate biomolecules such as proteins and DNA in
contrast to popular �-methylene lactones such as in germacrano-
lides, eudesmanolides, guaianolides, and pseudoguaianolides3

that would reversibly alkylate biomolecules. We have disclosed
the alkylating activity of the pharmacophore 2 toward biomole-
cules, such as amino acids, peptides, nucleosides, and DNA.4,5
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Because a comparison of the biological activities between
the enantiomers would provide valuable information to under-
stand the molecular mechanisms of the biological activities,
we investigated the synthesis of optically active jolkinolides.
So far, the total syntheses on jolkinolides have been reported
for jolkinolides A, B, and E.6–8 Herein we describe the first total
synthesis of (–)-ent-jolkinolide D (ent-1), the enantiomer of nat-
ural one.

In the previous paper,4,5 we developed the construction of a
� 0,�0-unsaturated-�-hydroxy-�-methylene-�-lactone from a 2-
cyclohexenone. Starting from the conjugated enone 4,9 prepared
from abietic acid, this strategy affords the enantiomer of jolkino-
lide D (Scheme 1).

The conjugated enone 4 was prepared from abietic acid (5)
by the reported procedure9 with minor modification (Scheme 2).
The ozonolysis of diene 6 was difficult to control to give the de-
sired ketone 7, especially in a small scale. So, we employed a se-
quence of OsO4-Pb(OAc)4 oxidations to afford 7 in good yield
(85%), which was converted into the desired conjugated enone
4 (81%).

The conjugated enone 4 was converted into the correspond-
ing silyl enol ether, which was transformed into �-hydroxy ke-
tone 3 by oxidation and subsequent hydrolysis (55%). The ster-
eochemistry of the hydroxy group in 3 was determined by a
comparison of the spectral data with the reported6–8 and the

modified Mosher’s method10 to be S, arising from oxidation
from less hindered side of the silyl enol ether. �-Hydroxy ketone
3 was silylated to give siloxy ketone 8.

The coupling reaction between the hydroxy ketone 3 and an
alkenyllithium reagent prepared from 2-iodoallyl alcohol gave
diastereomeric alcohols 10a and 10b only in a poor yield
(10a:10b = 3:2). On the other hand, the same coupling reaction
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Scheme 1. Synthetic plan for ent-jolkinolide D (ent-1).
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Scheme 2. Reagents and conditions: (a) OsO4, pyridine,
t-BuOH, rt, 1 h, 100%; (b) Pb(OAc)4, benzene, 5

�C, 1 h, 85%;
(c) HCl, MeOH, reflux, 1 h, 81%; (d) LDA, THF, �78 �C, 1 h;
TESCl, rt, 1 h, 95%; (e) mCPBA, NaHCO3, CH2Cl2, �50 �C
to �30 �C, 2 h; (f) HF-Py, CH2Cl2, rt, 2 h, 57% (2 steps); (g)
TBSCl, imidazole, rt, 1 h, 90%.
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with the siloxy ketone 8 afforded 9a (36%) and 9b (50%)
(Scheme 3). The stereochemistry of 9a and 9b could not be de-
termined at this stage by the spectroscopic analysis. However,
we can predict that the axial attack product might be predomi-
nant,11 that is, the minor 9a is the desired compound, which
was confirmed by the synthetic reactions later. The stereochem-
istry of the secondary hydroxy group in 9a, which might be epi-
merized under the basic conditions, was confirmed by the modi-
fied Mosher’s method10 again (Figure 1).

The final step of the synthesis has been established in the
synthesis of 2.4,5 Whereas the major isomer 9b was transformed
into aldehyde 12 by desilylation and MnO2 oxidation, the minor
isomer 9a was converted into hemiacetal 11, oxidation of which
afforded (–)-ent-jolkinolide D (ent-1).12 The synthetic jolkino-
lide D was found to be identical with natural one by a compar-
ison of their spectroscopic data except for the sign of optical ro-
tation: mp 198–199 �C (MeOH-ether), ½��D23 �212 (c 0.090,
CHCl3).

13

The first total synthesis of the enantiomer of jolkinolide D, a
bioactive diterpene of plant origin, was achieved from abietic
acid. Preliminary investigation of the biological property re-
vealed that ent-1 did not induce apoptosis of U937 human leuke-
mia at 10mg/mL and did not inhibit tumor invasion into the
basement membrane at 1mg/mL while natural 1 exhibited both

activities at the same concentration.2 Further evaluation of bio-
logical activities are in progress.
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Scheme 3. Reagents and conditions: (a) 2-iodoallyl alcohol,
t-BuLi, ether, 0 �C, 1 h, 36% (9a), 50% (9b); (b) TBAF, THF,
0 �C, 1 h, 100%; (c) MnO2, CHCl3, rt, 20 h, 79% (12); (d) MnO2,
CHCl3, rt, 4 h, 99% (2 steps).
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Figure 1. �� Values of the MTPA esters of 10a.
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