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The tricyclic natural products ialibinone A and ialibinone B were prepared as a 41:59 mixture in four
steps starting from phloroglucinol. The synthetic sequence involved (i) acylation of phloroglucinol under
Friedel–Crafts conditions, (ii) double prenylation using phase-transfer methodology, (iii) dearomatising
methylation, and (iv) oxidative free radical cyclisation using manganese(III) acetate.

� 2010 Elsevier Ltd. All rights reserved.
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Figure 1. Bicyclo[3.3.1]nonane PPAP structures (R = prenyl).
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Recent years have witnessed sustained interest in the synthesis
of members of the polyprenylated polycyclic acylphloroglucinol
(PPAP) family of natural products.1 This reflects both the synthetic
challenge presented by the complex functionalised frameworks of
these structures and the diverse biological properties that they
possess.

Like several other groups, we have focused our attention on key
representatives of this family possessing a core bicyclo[3.3.1]non-
ane structure, for example, clusianone (1), nemorosone (2) and
garsubellin A (3), Figure 1.2

Total syntheses of 1–3 have employed diverse strategies for
assembling the core structure, including malonyl dichloride enol
ether annulation,2,3 iodonium-induced cyclisation,4 ring-closing
metathesis5 and dearomatising Michael addition.6 Most recently,
Shibasaki and co-workers described the synthesis of hyperforin
using an aldol reaction to close the bicyclic core structure.7

These syntheses tend to involve many steps, and efforts to de-
velop shorter biomimetic routes have also been described, most
notably employing cationic cyclisations or by manganese(III)-med-
iated oxidative cyclisation.8,9 This last approach appeared to us to
be applicable to the synthesis of more unusual types of PPAP hav-
ing a bicyclo[3.2.1]octane core, for example, enaimeone A (4), aiss-
atone (5), epimeric takaneones A and B (6) and ialibinones A and B
(7), Figure 2.10–12

In these cases, the key cyclisation step for assembling the core
structure is required to proceed with complimentary regiochemist-
ll rights reserved.
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Figure 2. Bicyclo[3.2.1]octane PPAP structures (R = prenyl).
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Scheme 2. PPAP synthesis using Mn(III)-mediated oxidative cyclisations.
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Scheme 4. Synthesis of ialibinone A (7a) and ialibinone B (7b).
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ry, compared to the established methods for the [3.3.1] systems
such as 1–3. Here we describe a particularly rapid access to ialibi-
nones A and B (7), using an oxidative cyclisation approach, which
mimics the likely biosynthesis of these compounds.

The epimeric ialibinones A and B (7) were isolated, along with
three other closely related substances, from the leaves of Hyperi-
cum papuanum, by Sticher and co-workers in 2000.11 They feature
an interesting tricyclic core which is very closely related to that in
the takaneones A–C.10c,13 They exhibit antibacterial activity against
Bacillus cerus, Staphylococcus epidermidis and Micrococcus luteus,
and are also cytotoxic against KB cell lines.10a,11

Owing to these intriguing properties, and their structural simi-
larity to several of our previous PPAP targets, we elected to inves-
tigate a short total synthesis of ialibinones A and B (7). Our
proposed synthesis is outlined in retrosynthetic form in Scheme 1.

Key to this approach is the aforementioned manganese(III)-
mediated cyclisation, which we required to effect an oxidative free
radical cascade, initiating at C-1 in intermediate 8, and proceeding
by two successive 5-exo-trig cyclisations to give 7. Whilst this ap-
peared eminently reasonable, we were mindful of the previous
applications of the Mn(III) chemistry in the arena of PPAP construc-
tion, Scheme 2.9,14

In the cyclisation of keto ester 10 to give a simple PPAP model
11, Kraus and co-workers indicated that less than 5% of the corre-
sponding [3.2.1] system was produced.14a,b Cyclisation of derivatives
such as 12 was found to proceed via an apparent 8-endo mode of
cyclisation, to give 13, by initiation at C-3, although here the regi-
oselectivity is controlled by partial O-methylation of the core ring.

With issues of regiocontrol being a remaining concern, we set
about the preparation of the key intermediate 8, Scheme 3.15

The bis-prenylated acylphloroglucinol 15 was prepared in two
steps from phloroglucinol by Friedel–Crafts acylation (to give 9)
followed by double prenylation of the electron-rich benzene ring,
Scheme 3.16 At this point, our synthesis required regioselective
addition of a methyl group with concomitant dearomatisation of
the phloroglucinol core. After experimentation, we observed that
treatment of 15 with sodium methoxide (5 equiv) and iodometh-
ane (5 equiv) at �20 �C, followed by warming of the reaction mix-
ture to 0 �C, gave 8 in a satisfactory yield of 70%. Since the
methylated compound 8 was obtained as a complex mixture of
tautomers, it was converted selectively into enol acetate 16, by
treatment with Ac2O in pyridine, to facilitate the complete assign-
ment of its 1H and 13C NMR spectra.8,17,18 We were now in a posi-
tion to investigate the key oxidative cyclisation, which was carried
out using the classic Snider protocol,14 Scheme 4.

Exposure of 8 to Mn(OAc)3 (2 equiv) and Cu(OAc)2 (1 equiv) in
acetic acid led to a very rapid consumption of the starting material
and formation of the target natural products, ialibinone A (7a) and
ialibinone B (7b), as an inseparable mixture (by column chroma-
tography) in 35% overall yield.19

Full characterisation of our final product was hampered by the
presence of two epimers—each of which exists in a mixture of tau-
tomeric forms. The initial evidence for the formation of ialibinones
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Scheme 1. Retrosynthesis of ialibinones A and B (1).
A and B was provided by the 13C NMR data of the mixture of 7a and
7b which closely matched that reported by Sticher and co-work-
ers.11 Two components in a ratio of 41:59 (subsequently deter-
mined to be 7a:7b) were observed by analytical HPLC, indicating
that the double cyclisation was very weakly diastereoselective.
The mixture was subsequently separated by reversed-phase HPLC
using a semi-prep C18(2) column to afford purified samples of 7a
and 7b.19 The separated epimers of 7 provided spectroscopic data
in complete accord with those described previously, and in both
cases, the major tautomeric isomer is apparently the one shown
in Scheme 4.20

Given the established reactivity of compound 12 at C-3, we
might have expected to observe product formation arising from
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this mode of reaction with our acylphloroglucinol derivative 8.
However, we were unable to isolate any regioisomeric products
from the reaction mixture, and the substantial mass loss presum-
ably represents over-oxidation, which is a known issue in these
processes.14c Interestingly, attempts to change the regioselectivity
of the cyclisation by oxidation of acetate derivative 16 were unsuc-
cessful, this compound being unreactive under the conditions used
for compound 8.

To conclude, we have described a facile access to ialibinones A
and B, which are the first PPAP natural products having a core bicy-
clo[3.2.1]octane structure to be synthesised. In terms of bond for-
mation, our synthesis can be considered biomimetic, although
whether compounds such as ialibinones arise in Nature through
radical or cationic intermediates is unclear. The 5-exo mode of ini-
tial ring formation contrasts with that seen in the examples in
Scheme 2, and it appears that the regiochemistry of initial bond
formation and the ring size formed might be controllable by vary-
ing the substituent pattern in the starting material, and by the judi-
cious use of enol derivatives. We are currently exploring these
avenues in more detail.
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