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Natural products based on epoxyquinone motif 1 are well
known for their occurrence among diverse sources like bacteria,
fungi, higher plants, and marine sources.! Epoxyquinone class of
natural products also exhibit remarkable variation in terms of
structural complexity, functional group density, and distribution.
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While phyllostine 2,* ambuic acid 3%, and cycloepoxydone 4%
represent mono and bicyclic variants with relatively modest com-
plexity, heptacyclic torreyanic acid 52¢ and nonacyclic pestaloqui-
nol A 6% are among the more complex members of this family,
Figure 1. Epoxyquinone natural products exhibit wide-ranging bio-
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Figure 1. Representative epoxyquinone natural products.
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Scheme 1. Approaches to harveynone and asperpentyn.
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Scheme 2. Preparation of the chiral synthon (+)-13.

activity profile that includes phytotoxic, anti-fungal, anti-bacterial,
anti-tumor, and specific enzyme inhibitory activity. For these rea-
sons, epoxyquinone natural products have been objects of sus-
tained interest from synthetic chemists world-wide'** and our
group® has also been active in this arena.

(+)-Harveynone 7 from the tea gray blight fungus Pestalotiopsis
theae® and its antipode (—)-harveynone from Curvularia harveyi,®®
(—)-asperpentyn 8 from Aspergillus duricaulis’® and more recently’®
from Pestalotiopsis sp. PSU-MAG9, and tricholomenyn A 9 from
Tricholoma acerbum® are among the epoxyquinone natural prod-
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ucts that embody an intriguing diene-enyne functionality. Among
them, (+)- and (—)-harveynone have been shown to arrest mitosis
by inhibiting spindle formation in sea-urchin eggs.®® Over the
years, natural products 7-9 have emerged as commonly pursued
targets for total synthesis both as a testing bed for new tactics
and as end objectives in their own right.* As an extension and
adaptation of our norbornyl based general approach® to epoxyqui-
none natural products, we report here a synthesis of (+)-harvey-
none and (-)-asperpentyn from a common precursor.

Earlier synthetic approaches” to harveynone 7 and asperpentyn
8, with one notable exception,* have involved Sonogashira or Stille
coupling between a 2-halocyclohexenone 10 and an appropriate
1,3-enyne partner 11, Scheme 1. The exception being an interest-
ing tandem enyne metathesis-metallotropic [1,3]-shift based strat-
egy on 12 which incorporates a disposable tether, Scheme 1.% Our
approach to 7 and 8 reported here is a new variant involving Sono-
gashira coupling between 2-alkynylcyclohexenol and a vinyl
halide.

Our synthesis of (+)-7 and (—)-8 emanated from tricyclic chiron
(+)-13, readily available from the Diels—-Alder adduct 14 of cyclo-
pentadiene and p-benzoquinone via an embellished intermediate
15 reported earlier by us.>® A lipase mediated enzymatic resolution
protocol on 15 delivered (+)-13 (~99% ee) and (—)-16 (~99% ee),
Scheme 2.° Retro-Diels-Alder reaction in (+)-13 was smooth and
led to the functionalized epoxyquinone derivative (+)-17,
Scheme 3. Controlled base hydrolysis in (+)-17 delivered the hy-
droxyl derivative (+)-18.° Since, the free secondary hydroxyl group
in (+)-18 already had the requisite stereochemical disposition pres-
ent in the target natural products, it needed to be protected in a
more robust and compatible manner along with the deprotection
of the TBS-protected primary hydroxyl group for further maneu-
vers. This proved to be somewhat tricky to execute but could be
implemented by smooth conversion to the bis-TBS derivative 19
and selective deprotection of the primary TBS protection to yield
the requisite mono-protected (+)-20,° Scheme 3. Stereoselective
carbonyl reduction in (+)-20 by DIBAL-H was mediated through
the coordination of aluminum in the reducing reagent with epox-
ide oxygen on the B-face and hydride delivery from the same face
to furnish (+)-21.° Regioselective oxidation of the allylic primary
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Scheme 3. Reagents and conditions: (a) Ph,0, 230 °C, 20 min, 83%; (b) LiOH, MeOH, 0 °C, 1 h; (c) TBSOTT, 2,6-lutidine, 0 °C, 10 min, 88%; (d) PPTS, MeOH, 25 °C, 2 h, 75%; (e)
DIBAL-H (under Na), —78 °C, 25 min, 73%; (f) MnO,, CH,Cl,, 25 °C, 4 h, 93%; (g) CICH,PPhsCl, n-BuLi, THF-HMPA, 0-25 °C, 1.5 h, 72%; (h) n-BuLi, THF, —78 °C, 4 h, 77%; (i) 2-
bromopropene, PdCly(PPhs)y, i-Pr,NH, Cul, THF, 25 °C, 3 h, 41%; (j) DMP, CH,Cl,, 25 °C, 2 h, 90%; (k) 40%HF, CH5CN, 25 °C, 2 h, 92%.



G. Mehta et al./ Tetrahedron Letters 53 (2012) 4093-4095 4095

oTBS OH
0
Z X
OH
(+)-25 (-)-8

Scheme 4. Reagents and conditions: (a) 20% HF, CH5CN, rt, 2 h, 95%.

hydroxyl group in (+)-21 was uneventful and delivered the alde-
hyde (+)-22 in high yield, Scheme 3. Wittig olefination in (+)-22
with the ylide derived from chloromethyl(triphenyl)phosphorane
hydrochloride furnished a mixture of E-, Z-chloroolefins 23 which
was subjected to dehydrohalogenation to eventuate in the alkyne
(+)-24. Pd"? mediated Sonogashira coupling between (+)-24 and
2-bromopropene generated (+)-25 with the key ene-enyne bearing
a side arm in place, Scheme 3. Dess—Martin periodinane oxidation
in (+)-25 led to the enone (+)-26 and further TBS deprotection
delivered the natural product (+)-7 whose spectral data were found
to be identical with those reported in the literature,* Scheme 3.

Lastly, TBS deprotection in (+)-25 was carried out routinely with
aq. HF to furnish asperpentyn (—)-8, Scheme 4, whose spectral data
were found to be identical with those reported* for the natural
product.

In summary, we have outlined enantio- and stereoselective syn-
theses of epoxyquinone natural products (+)-harveynone and (—)-
asperpentyn bearing a diene-enyne functionality, thereby further
demonstrating the efficacy and utility of our general norbornyl
based strategy for the synthesis of this class of compounds.
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