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ABSTRACT

Enantioselective synthesis of eurylene, 14-deacetyl eurylene, and their 11-epimers was achieved. The characteristic structural feature of these
compounds is two tetrahydrofuran (THF) rings substituted in different stereochemistry. The synthetic approach involves nonstereoselective
THF ring formation to afford both segments from a common precursor. We also investigated their ionophoric nature and cytotoxicity. The
complexation of these compounds with K+ might be related to their cytotoxic activity.

Eurylene (1) and 14-deacetyl eurylene (2), shown in Figure
1, are triterpene polyethers isolated by Itokawa et al. from

the wood ofEurycoma longifoliatogether with longilene
peroxide and teurilene.1 The structures of1 and 2 were
determined on the basis of spectroscopic analysis, X-ray
crystallographic analysis of1, which was directly related to

2, and modified Mosher’s method. Because of the unique
squalenoid polyether structures and biological activity (vide
infra), synthetic studies were performed by various groups2

and total syntheses of1 by Ujihara et al.2c and of 2 by
Morimoto et al.2d have been accomplished. In addition to
the structure of1 and2, Itokawa et al. discussed the relation
between the cytotoxic activity and conformation of these
triterpene polyethers on the basis of the findings that1 has
an extended conformation with essentially no cytotoxic
activity (IC50 for KB cell: >100µg/mL), whereas2, as well
as longilene peroxide and teurilene, has a folded conforma-
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Figure 1. The structures of eurylene derivatives.
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tion and possesses potent cytotoxicity (IC50 of 2 for KB
cell: 0.52 µg/mL).1c Morimoto et al. suggested that the
cytotoxic activities of2, longilenperoxide, and teurilene are
caused by their ionophoric nature, that is, their ability to bind
physiologically important divalent metal cations such as
Mg2+ and Ca2+.3 There has been no experimental evidence,
however, for this assumption.

In the course of our synthetic studies of natural products
using bakers’ yeast reduction as the chirality induction
method,4 we achieved enantioselective synthesis of2, which
was transformed into1 by Morimoto’s group.2d In addition
to 1 and 2, their epimers at C-11 (3 and 4) were also
simultaneously available from our synthesis. Therefore, we
attempted to clarify the relation of the ionophoric complexing
nature with cytotoxic activity. Our retrosynthetic analysis is
illustrated in Scheme 1. Disconnection of the target molecules

at the central part leads to two C-15 segmentsA andB. These
diastereomeric segments are readily accessible from a
common precursor, such asC, by the nonstereoselective THF
ring formation followed by addition of a prenyl group.

7 and8 were prepared from common precursor6 (Scheme
2). The (R)-allylic alcohol5, obtained in more than 99% ee
by using bakers’ yeast reduction,4a was first converted into
the epoxide6 in 86% diastereomeric excess. Treatment of6
with mCPBA afforded, as desired, two THF derivatives7

and8 in almost equal amounts. The stereochemistry of these
products was determined by NOE experiments (shown by
the arrows in the structures). After the more polar product7
was converted to9 by sequential deprotection and protection
of the resulting diol, the acetonide9 was treated with
prenylmagnesium chloride in the presence of cuprous iodide
to yield the alcohol10 in high yield. The acetonide protecting
group in 10 was hydrolyzed and the resulting diol was
cleaved to give the aldehyde11, which was further oxidized
and esterified to give12, the left-half segment (Scheme 3).

In a similar way, the less polar product8 was transformed
into the diol 14 through the acetonide13 in 56% overall
yield. The diol 14 was selectively converted into mono-
mesylate, which was treated with base to yield the epoxide
15. The lithio-anion of methylphenyl sulfone (2.5 mol equiv)
was then reacted with15 and two hydroxy groups were
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Scheme 1. Retrosynthetic Analysis of Eurylene

Scheme 2 Nonstereoselective THF Ring Formationa

a Reagents and conditions: (a) VO(acac)2, t-BuOOH, benzene;
(b) mCPBA, rt, CH2Cl2.

Scheme 3. Synthesis of the Left-Half Segmenta

a Reagents and conditions: (a)n-Bu4NF, THF; (b) DMP, PPTS,
CH2Cl2; (c) Me2CdCHCH2MgCl, CuI, THF, -15 to 0 °C; (d)
PPTS, EtOH; (e) NaIO4, aq THF; (f) NaClO2, 2-methyl-2-butene,
NaH2PO4, aq t-BuOH; (g) MeI, K2CO3, DMF; (h) TMSCl, Imid,
DMF.
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protected by thep-methoxyphenylmethyl (MPM) group and
trimethylsilyl (TMS) groups to complete the synthesis of the
right-half segment16 (Scheme 4).

A coupling reaction of the lithio-anion of16 and 12
proceeded smoothly as shown in Scheme 5. After reductive
desulfonylation and deprotection of the TMS group, ketone
17 was obtained in high yield. Reduction of17 with NaBH4

(95%) or DIBAH (91%) afforded an ca. 1:1 mixture of
epimeric alcohols. Because these alcohols were difficult to
separate, the mixture was acetylated and then separated to
provide pure18and19. On deprotection of the MPM group,
18 and19 afforded 14-deacetyl eurylene (2), mp 63.5-65
°C (lit.1c mp 63-65 °C), [R]19.3

D +6.4 (lit. [R]19.3
D +6;1c

+6.022d), and its epimer4, oil, [R]19.3
D +26.0, respectively.

Acetylation of 2 and 4 afforded eurylene (1), mp 149.5-
150.0°C (lit.1a mp 146-148 °C), [R]17.9

D +8.1 (lit. [R]17.9
D

+4;1a,2c +4.862d), and its epimer3, oil, [R]17.2
D +31.2,

respectively. The1H and 13C NMR spectra of synthetic1
and2 were in excellent agreement with those of the natural
products.

Following the synthesis of the four eurylene derivatives
1-4, we studied the relationship between their ion transport
abilities and cytotoxic activity. The ionophoric nature was
evaluated in combination with ion-selective electrodes and
liposomes.5,6 In the present study, K+,7 Na+,8 and Ca2+

electrodes9 were used to simultaneously monitor the move-
ment of ions across the liposomal membrane composed of
egg phosphatidylcholine. The results are shown in Table 1

together with those for nonactin and valinomycin, well-
known ionophores.10 Eurylene (1) had essentially no ability
to transport any ions, while the other derivatives2-4 acted
as K+-selective ionophores. In particular,2 and4 had strong
K+ transport ability, though the effects were weaker than
that of valinomycin, a typical K+-selective ionophore. The
cytotoxic activities of compounds1-4 on KB cells are
shown in Table 1. Although 14-deacetyl eurylene (2) had
over 20 times less activity than the reported value, the
structure and activity relation between1 and2 are compa-
rable to the reported data.1c 11-epi-Eurylene (3) exhibited
higher cytotoxicity in contrast to1. The results show that

Scheme 4. Synthesis of the Right-Half Segmenta

a Reagents and conditions: (a)n-Bu4NF, THF; (b) DMP, PPTS,
CH2Cl2; (c) Me2CdCHCH2MgCl, CuI, THF, -15 to 0 °C; (d)
PPTS, EtOH; (e) MsCl, Py; (f) K2CO3, MeOH; (g) MeSO2Ph,
n-BuLi, DMPU, THF, -78 to 0°C; (h) MPMCl, NaH, DMF; (i)
TMSCl, Imid, DMF.

Scheme 5. Synthesis of Eurylene, 14-Deacetyl Eurylene, and Their 11-Epimersa

a Reagents and conditions: (a) LHMDS, DMPU, THF,-78 to-30 °C; (b) SmI2, THF-MeOH (5:1),-78 °C; (c) 1 M HCl, MeOH; (d)
NaBH4, MeOH; (e) Ac2O, Py, 50°C; (f) DDQ, CH2Cl2-NaHCO3 (10:1).

Table 1. Relation between Ion Transport Ability and Cytotoxic
Activity of Eurylene Derivatives

ion transport
abilitya (%)

compd K+ Na+ Ca2+
IC50

b

(µg/mL)

nonactin 40 24 8
valinomycin 38 7 4
eurylene (1) 1 0 0 >100
14-deacetyl eurylene (2) 14 2 1 13.6 ( 1.7
11-epi-eurylene (3) 7 1 0 8.9 ( 2.3
11-epi-14-deacetyl eurylene (4) 23 2 2 14.1 ( 2.1

a Expressed as percentage transported for 3 min. See Supporting
Information for detailed experimental conditions.b IC50 (inhibitory con-
centration 50): values represent the drug concentration ((SD) required to
reduce cell growth by 50% with respect to untreated controls.
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the stereochemistry at C-11 has an important role in the
cytotoxicity.11 On the other hand, the activity of 11-epi-14-
deacetyl eurylene (4) was comparable to that of its 11-epimer
(2). Some cytotoxic natural products involving the THF ring
selectively form strong complexes with Ca2+.12 The bio-
activity is postulated to be responsible for the metal ion
complexation, which supports the idea that the cytotoxic

activity of 2 might be due to its ionophoric nature.3 Our
results, however, demonstrated that cytotoxic compounds
2-4 are not Ca2+ ionophores but rather K+ ionophores. The
complexation with K+ might be related to the cytotoxic
activity.13 The 11-epi-eurylene (3), however, had the most
potent activity despite less ability to transport K+ compared
to 14-deacetyl derivatives2 and4.

In conclusion, we completed the total asymmetric synthesis
of four eurylene derivatives,1-4. Investigation of their
ionophoric nature and cytotoxicity revealed K+ ionophoric
activity in the cytotoxic compounds2-4.
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