
TETRAHEDRON
LETTERS

Tetrahedron Letters 43 (2002) 1713–1716Pergamon

Synthetic studies on breviones: construction of the
CDE ring system

Hirosato Takikawa,a,* Manabu Hirookaa and Mitsuru Sasakib

aDepartment of Biofunctional Chemistry, Kobe University, Rokkodai 1-1, Nada-ku, Kobe 657-8501, Japan
bCenter of Cooperative Research and Development, Kobe University, Rokkodai 1-1, Nada-ku, Kobe 657-8501, Japan

Received 30 November 2001; accepted 7 January 2002

Abstract—Breviones A–E (1–5), allelopathic agents isolated from Penicillium brevicompactum Dierckx, are structurally unique
pentacyclic or hexacyclic diterpenoid derivatives. The synthesis of a structurally simplified model compound (8), corresponding to
the characteristic spiro-fused CDE ring portion of 1–4, was accomplished by employing sequential, double nucleophilic
substitution reactions as the key steps. © 2002 Published by Elsevier Science Ltd.

In 2000, Macı́as et al. isolated breviones A–E (1–5)
from Penicillium brevicompactum Dierckx as allelo-
pathic agents.1 These compounds are structurally
unique natural products consisting of diterpene and
polyketide subunits. Especially, the spiro-fused CDE
ring portion of breviones A–D (1–4) is characteristic
and unusual, and only two similar skeletons have been
reported in the cases of lygodinolide (6, antifertility
agent isolated from Lygodium flexuosum)2,3 and sty-
poldione (7, ichthyotoxic agent against Eupomacentrus
leucosticus isolated from Stypopodium zonale).4,5 We
became interested in the structure of breviones from a
synthetic point of view and initiated our synthetic stud-
ies on them. Because a crucial point in the synthesis of

breviones should be the construction of the characteris-
tic spiro-fused CDE ring framework, a model com-
pound (8) was assigned as the prime target. Herein, we
report the synthesis of 8 as a part of our synthetic
studies (Fig. 1).

As shown in Scheme 1, our strategy for the synthesis of
8 was based on double nucleophilic substitution reac-
tions, by which direct conversion of 9 and 10 to 8
would be possible. For the first C-alkylation reaction
(9+10�11), palladium(0)-mediated nucleophilic substi-
tution reaction via a �-allylpalladium complex was
thought to be appropriate.6,7 For the second
intramolecular cyclization (11�8), we envisaged adopt-

Figure 1. Structures of breviones and other related natural products.
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Scheme 1. Synthetic plan for 8.

ing palladium-catalyzed dehydrative O-alkylation. If
both of these two alkylations take place in one-pot, the
tandem reaction should be ideally accomplished. How-
ever, we anticipated that the second O-alkylation might
be difficult to achieve, since an allylic alcohol is known
to be less reactive for the formation of �-allylpalladium
complex than the corresponding acetate or some other
derivatives.6,8 Actually, no application of a vinyl epox-
ide to palladium-mediated tandem reaction has been so
far reported.

Our synthetic route to 8 is illustrated in Scheme 2.
First, we synthesized the known vinyl epoxide 99 from
enone 1210 via diene 13.11 The �-pyrone 10 was also
prepared according to the reported procedure.12 These
two substrates were employed for the next key step. As
an initial attempt, a mixture of 9 and 10 was treated
with Pd(PPh3)4 (7 mol%) in refluxing THF. As one of
the substrates, 9, was smoothly consumed, three new
products appeared on TLC. One of them was suggested
to be 11 judging from the behavior on TLC. It was
likely that the first C-alkylation took place but the
second O-alkylation did not occur. Unfortunately,
attempted isolation of 1113 failed because of the unex-
pected degradation of 11 during the course of SiO2

chromatography. However, we became aware of the
appearance of a new product to be isolated in 15% yield.

Surprisingly and fortunately, the new product proved to
be the target compound 8 based on various spectral
analyses.14 On the other hand, the two other products
were elucidated to be 149 and 15,9 respectively, which
might be derived from �-hydride elimination of the
�-allylpalladium complex.15

We then began the optimization of reaction conditions
as shown in Table 1. Our first subject was to clarify
what could convert 11 to 8. The effect of an acid was
examined, because SiO2 was thought to be an acidic
promoter of this intramolecular O-alkylation. After the
coupling of 9 and 10, p-TsOH (catalytic amount) was
added to the reaction mixture. Predictably, the forma-
tion of 8 was observed along with the consumption of
11, and 8 was obtained in 25% yield after chromato-
graphic purification (entry 1). Now it was clear that this
O-alkylation could be catalyzed by an acid.16 Encour-
aged by this result, we tried to improve the isolation
yield. By the screening of solvents (entries 2–4), toluene
was found to be the best, providing better yield (36%).
It was noteworthy that the yielded product was not 11
but 8 in toluene even before treatment with p-TsOH.
The mechanism of the dehydrative O-alkylation is
uncertain, but at any rate the desired tandem reaction
took place in toluene indeed.17

Scheme 2. Synthesis of 8 (1).
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Table 1. Palladium-mediated coupling of 9 and 10 to 8

Conditionsa 8 (%)Entry 14, 15 (%)Catalyst

THF, reflux, 6 h; then p-TsOHb1 25Pd(PPh3)4 10, 39
Toluene, 70°C, 6 h 36Pd(PPh3)4 5, 312
DMF, 70°C, 5 h; then p-TsOHb Trace3 –cPd(PPh3)4

CH2Cl2, reflux, 50 h; then p-TsOHb 25Pd(PPh3)4 13, 404
5 Pd(PPh3)4 Toluene, 100°C, 3 h 48 6, 30

Toluene, 100°C, 3 h Decomp.Pd(PPh3)4 (30 mol%) –6
Toluene (0.4 ml), 100°C, 3 h Decomp.7 –Pd(PPh3)4

Et3N (1.1 equiv.), toluene, 100°C, 6 h 20Pd(PPh3)4 –c8
Pd(PPh3)49 DBU (1.1 equiv.), toluene, 100°C, 6 h 25 –c

Toluene, 100°C, 5 h 28Pd(dba)2 4, 4110
Pd(dppe)2

d11 Toluene, 100°C, 25 h 35 4, 34
Toluene, 100°C, 15 h12 25Pd(dppp)2

d –c

Toluene, 100°C, 5 h TracePd(dppb)2
d –c13

Toluene, 100°C, 6 h Trace14 –cPd(dppf)2
d

Toluene, 100°C, 5 h 15Pd(PBu3)4
d –c15

Toluene, 100°C, 3 h 3615 –cPd[P(O-iPr)3]4
d

a General procedure: The mixture of 9 (20.0 mg, 131 �mol) and 10 (19.0 mg, 135 �mol) in solvent (1 ml) was treated with catalyst (7 mol%) under
the given conditions unless otherwise stated.

b p-TsOH (0.1 equiv.) was added to the reaction mixture, and the stirring was continued for 1 h at rt.
c As with other entries, 14 and 15 were yielded, but were not isolated.
d The catalyst was prepared in situ by mixing Pd(dba)2 with a ligand in an appropriate ratio.

Scheme 3. Synthesis of 8 (2).

Since the isolation yield was still unsatisfactory, we
tried to tune some reaction conditions (entries 5–7).
When the reaction was performed at higher tempera-
ture, better yield (48%) was observed, while only infe-
rior results were obtained with more catalyst (30 mol%)
or in higher concentration (×2.5). The addition of a
base, for enhancing the nucleophilicity of 10, was then
examined (entries 8 and 9), but it gave no remarkable
improvement in yield. However, interestingly, 8 was
also obtained even in the presence of a base, suggesting
that this O-alkylation was catalyzed by palladium, not
by the acidity of pyrones 10 and/or 11. Although the
accurate reaction mechanism is still uncertain, the O-
alkylation may proceed via a �-allylpalladium complex
in toluene.16 Other ligands on palladium(0) were also
examined instead of PPh3 (entries 10–15), but there was
no improvement in yield. As a result, the condition
listed in entry 5 turned out to be the best for the desired
tandem reaction (Scheme 3).

In conclusion, the synthesis of 8, the CDE ring model
compound of breviones A–D (1–4), was accomplished
by direct coupling of 9 and 10. The key reactions were
palladium(0)- mediated C-alkylation of vinyl epoxide 9
and subsequent dehydrative O-alkylation. To the best

of our knowledge, this must be the first example of a
vinyl epoxide undergoing palladium-mediated sequen-
tial, double nucleophilic substitution reactions in one-
pot.18 For the dehydrative O-alkylation, we also found
that it was catalyzed by an acid. The developed simple
and efficient tandem reaction process will make the
convergent synthesis of breviones possible. In our
group, further optimization of this key process directed
toward the total synthesis of breviones A (1) and B (2)
is now in progress.
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