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Analogues of the tropolone natural products pycnidione and epolone B were synthesized via a hetero Diels—Alder reaction of benzotropolone
10 with humulene. The quinone methide benzotropolone 13 was generated in situ by thermalisation of benzotropolone 10. Benzotropolone 10
was derived from phthalic acid via carbonyl ylide 8a followed by an intramolecular 1,3-dipolar cycloaddition and subsequent acid-catalyzed
ring opening.

Pycnidione (1), epolone B2J, and eupenifeldin3) are thus of interest as a potential alternative treatment of patients
members of a family of tropolone fungal metabolites recently with anemia due to chronic renal failuteRycnidione was
isolated (Figure 1)-2 Pycnidione has been extracted from further shown to inhibit stromelysin, an enzyme postulated
Phomasp. strain MF5726 isolated from soil collected on to cause cartilage degradation, one of the proposed causes
Korase Island, Federated States of Micronesia. Pycnidionefor arthritis* Eupenifeldin was shown to have in vivo
was also isolated from a culture of fungus OS-F69284, along antitumor activity in the P388 leukemia model.

with epolone B. Eupenifeldin was extracted from cultures  All three metabolites show a high degree of structural
of Eupenicillium brefeldaniuMTCC 74184 and differs from  similarity, each featuring identical tropolone rings attached
pycnidione only in the stereochemistry at the C9 ring to a sesquiterpene backbone. The 11-membered sesquiterpene
junction. All three natural products have been shown to ring shows great resemblance to humulene, differing only
possess interesting biological activities. Pycnidione and in the hydroxy functionality at C11. Biosynthetically, these
epolone B induced erythropoietin gene expression and arefungal metabolites can be viewed as addition products of
tropolone&to a sesquiterpene such as humulene, which may
be hydroxylated prior or after addition (Scheme 1). We
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to pycnidionet Hence a further hetero DieldAlder reaction

of 3 with 5 would afford pycnidione. All three natural
products were isolated in an enantiomerically pure form
though it is not clear whether, biosynthetically, the addition
of the tropolone occurs enzymatically or nonenzymatically.

Studies toward the synthesis of the quinone methide
tropolone precursd are currently in progress. To determine
whether a hetero DielsAlder reaction is a chemically
feasible biomimetic strategy for the synthesis of these
tropolone sesquiterpenes, benzotropol@n@ model of6,
was developed. This benzotropolone was synthetically more
accessible and the fused benzene ring provided a more
manageable compound. The model, however, features op-
posite regiochemistry to that of the biomimetic precuor
Instead of the hydroxylsesquiterpefiehumulene was used
as a model of the 11-membered ring backbone.

Carbonyl ylides and their use in synthesis via 1,3-dipolar
cycloadditions to acetylenic dipolarophiles have been well
documented.Recently this strategy has been applied to the
synthesis of novel annulated benzotropoloh&be shown
retrosynthesis seemed a viable strategy for the construction
of benzotropolon& (Scheme 2).

Figure 1. Structures of pycnidionelj, eupenifeldin 2), and

epolone B 8).
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Benzotropolone’ was thus prepared starting from com-
mercially available phthalic acid (Scheme 3). Formation of
the monoester using (propargyloxy)methyl chlotifidiowed
by conversion to a mixed anhydride and subsequent treatment
with an excess of CH\, gave then-diazoketone. Exposure
propose that these natural products can be formed via a heter®f this o-diazoketone to RIOAc), in CH.CI; resulted in
Diels—Alder reaction of quinone methide tropoloBavith the formation of a reactive metal-carbenoid intermediate
the 11-membered sesquiterpede The quinone methide ~ Which underwent intramolecular carbony! ylidga] forma-
species can be derived from dihydroxy spedeshrough tion and subsequent 1,3-dipolar cycloaddition to give tetra-
the elimination of watef.Cai et al. have recently suggested
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aReagents and conditions: (a)'Ri(xEt (1 equiv), CICHOCH,-
CCH, DMF, rt., 6 h, 65%; (b) isobutyl chloroformate (1 equiv),
NEt; (1 equiv), THF, then CbN; (3 equiv)/EtO, —15 to —5 °C,
24 h, 51%; (c) RK(OAC),4 (3 mol %), CHCI,, rt, 5h, 74%; (d) 6 N
HCI, 1,4-dioxane, rt., 3 h, 93%; (e) NaH, Mel, DMF, rt, 6 h, 73%j;
(f) NaH, BnBr, DMF, 50°C, 68%.

cycle 9. Acid-catalyzed ring opening & yielded tricyclic
tropolone 7, with the methylene acetal still in plaég.
Protection of the free hydroxy functionality as either the
methyl or benzyl ether using standard protocol afforded
tropolones10 and 11. Subsequent removal of the acetal
functionality to yield the dioll2 was met with considerable
resistance, and results will be reported in due course.
Funk et al. have reported thaH4l,3-dioxins can be
thermally converted to,5-unsaturated aldehydes via a retro
Diels—Alder reaction with the extrusion of formaldehyde.

It was thus found that a thermal retro-hetero Dieidder
reaction of the protected benzotropolod€wor 11, with the
extrusion of formaldehyde at 15C, generated the required
tropolone quinone methid&3 in situ. This was trapped
initially by 1-methylcyclohexene to give the inverse electron
demand hetero Diels—Alder addubd (Scheme 4).
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aReagents and conditions: (g) sealed tube, excess 1-methylcy-
clohexene, 150C, 24 h, 62%; (h) sealed tube, humulene (1.5
equiv),p-xylene, 15C°C, 24 h, 60%; (i) sealed tub&p (4 equiv),
p-xylene, 150°C, 24 h, 20%.

Thermolosis of benzotropolonk) followed by a hetero
Diels—Alder reaction in situ with 1.5 equiv of humulene in
p-xylene at 150C afforded the least hindered monosubsti-
tuted epolone B analoguks with correct regiochemistry in
good yield*? Addition of the second tropolone proved to be
less facile, presumably due to steric factors. However,
reaction with an additional 4 equiv of tropoloh8in xylene
gave pycnidione analogues in 20% vyield as a 1:1 mixture
of diastereomer®

In summary, an efficient synthesis of benzotropoldge
was devised which, via thermolosis, could undergo a tandem
retro-hetero Diels—Alder/hetero Diels—Alder reaction with
humulene to give natural product analogues of epolone B
(3) and pycnidione (1). Further results and experimental
details will be published in due course.
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(10) Structures 09, 11, and15 were confirmed by single-crystal X-ray
crystallography and details will be reported in due course.

(11) Funk, R. L.; Bolton, G. LJ. Am. Chem. S0d.988,110, 1290—
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(12) Compoundd5 and 16 were fully characterised byH NMR, 13C
NMR, IR, MS, and HRMS.

(13) Diastereomers were separated by HPLC; details will be reported in
due course.
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