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core present in the phloroglucin natural product hyperforin
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Abstract

An approach towards the bicyclo[3.3.1]nonan-9-one core present in the bioactive phloroglucin natural product hyperforin is deli-
neated in which the key C8 stereogenic quaternary centre is appropriately installed.
� 2007 Elsevier Ltd. All rights reserved.
O

OH

O

O
O

O

O

O O

OH

O

O

O

OH

O

Nemorosone (1)

Garcinol (3)

Enervosanone (2)

Hyperforin (4)

1
3

5
7

8

9

OH

OH
A large number of polycyclic polyprenylated acyl phlor-
oglucinol derivatives (PPAPs) with varying levels of struc-
tural and stereochemical complexity, from diverse plant
sources, have surfaced in the recent chemical literature.1,2

Among the more prominent examples of this growing fam-
ily of natural products, based on the bicyclo[3.3.1]nonane
framework and generously substituted with prenyl append-
ages and a dense oxygenation pattern, are nemorosone
1,2d,h enervosanone 2,2v garcinol 32b and hyperforin 42c

to name a few. Besides their complex architecture and var-
ied functionalization, these pholoroglucinol based natural
products display wide range of biological activity including
enhanced in vitro choline acetyltransferase (ChAT) activity
in P10 rat septal neurons and cytotoxicity against several
human cancer cell lines and even antibacterial activity.1

Thus, it is hardly surprising that PPAPs have emerged as
challenging and much sought after targets for total synthe-
sis in recent years.3–6

From a structural perspective, the majority of natural
PPAPs (such as 1–3) embody a gem-dimethyl group at
C8 on the bicyclo[3.3.1]nonan-9-one framework and it is
mainly this type that has received attention from synthetic
chemists.3–5 However, there are other PPAPs including
hyperforin, which bear a stereogenic centre at C8 with a
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methyl and a homoprenyl substitution at the quaternary
centre. This type of natural products poses greater syn-
thetic challenge compared to the C8 gem-dimethyl bearing
PPAPs. It is hardly surprising therefore that there has been
only one synthetic approach reported6 so far towards
hyperforin 4 but which does not address the crucial issue
of setting the C8 quaternary centre. Besides its architec-
tural novelty, hyperforin 4 is also exceptional for its bio-
activity responses, being a constituent of St. John’s wort
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(Hypericum perforatum), a widely used over the counter to
fight mild depression, anxiety and schizophrenia.7 Such
remarkable attributes associated with hyperforin 4 make
it a very tempting target for total synthesis. As part of
our ongoing interest in the synthesis of PPAPs,4 we were
attracted to hyperforin 4 and report here our preliminary
results that have resulted not only in the framework
construction but also provide a solution to the more
vexatious issue of setting-up the C8 quaternary centre.
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Scheme 1. Reagents and conditions: (a) MeLi, Et2O, 0 �C, 3 h, 82%; (b)
MnO2, hexane, rt, 12 h, 72%; (c) CH2(COOEt)2, NaOEt, EtOH, 60 �C,
12 h; (d) KOH, EtOH, 60 �C, 72 h, 58% (over two steps).
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Scheme 3. Reagents and conditions: (a) concd HCl, acetone, H2O, 50 �C, 12 h
�78 �C, 1 h, 51%; (d) DIBAL-H, DCM, 0 �C, 2 h, 54%.
For our synthetic approach towards hyperforin 4, it was
considered prudent to identify a starting material in which
the key C8 quaternary centre was pre-installed. Towards
this end, the racemic cyclohexane-1,3-dione derivative 5

was identified as the synthon but as it was not reported
in the literature, a straightforward multi-gram access from
commercially available citral 6 via the homogeranyl ketone
7 was devised, Scheme 1. This involved a tandem Michael
reaction–Claisen condensation of 7 with diethyl malonate
to deliver 8 and further decarboxylation delivered the
requisite 5.8

One-pot tandem Michael addition to methyl acrylate
and prenylation of 1,3-diketone 5 in the presence of DBU
led to a readily separable mixture of diastereomers 98 and
10 (1:1.2),8 Scheme 2. Each of the two diastereomers 9

and 10 was further processed to deliver the desired
bicyclo[3.3.1]nonan-9-one framework through an enol-
lactonization and retro-aldol/aldol cyclization protocol.

Diasteromer 9 was hydrolyzed to carboxylic acid 11 and
further elaborated to enol-lactone 12.8 At this stage, it was
felt useful to introduce an additional prenyl unit that would
eventuate at the C3 position in hyperforin 4. This was
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Scheme 2. Reagents and conditions: (a) (i) Methyl acrylate, DBU, THF,
rt, 3 h; (ii) Me2C@CHCH2Br, DBU, THF, rt, 3 h, 48% (over two steps)
[9:10 = 1:1.2; E � CO2Me].
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, 88%; (b) NaOAc, Ac2O, 140 �C, 1 h, 75%; (c) LDA, Me2C@CHCH2Br,
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readily realized through kinetic deprotonation of 12 and a
prenyl bromide quench to furnish 13 through 1,3-stereoin-
duction attributable to the pre-existing bridgehead prenyl
group, Scheme 3. Chemoselective DIBAL-H reduction of
the lactone moiety in 13 initiated the thermodynamically
controlled retro-aldol and re-aldolization cascade to fur-
nish the desired bicyclo[3.3.1]nonan-9-one scaffold 148 as
shown in Scheme 3. This was a very satisfying outcome
as in 14 we not only had the correctly installed C8 stereo-
genic centre but also adequate functionality in the two
bridges for further elaboration to the target structure 4.

Next, attention was turned to diastereomer 10 and this
was subjected to the same protocol as 9 as depicted in
Scheme 4 to generate the bicyclo[3.3.1]nonan-9-one frame-
work. Thus, ester hydrolysis in 10 delivered acid 15, which
was transformed to enol-lactone 16.8 Regio- and stereo-
selective kinetic prenylation in 16 led to 17. DIBAL-H
reduction of 17 triggered the retro-aldol/re-aldolization
cascade and led to the anticipated bicyclo[3.3.1]nonan-9-
one derivative 188 quite smoothly in which the homoprenyl
chain at C8 was in the exo-position. Acetylation in 18 was
regioselective and furnished the crystalline monoacetate 19,
Scheme 4. A single crystal X-ray structure determination9

secured its formulation, and by extrapolation, the dia-
stereomeric bicyclo[3.3.1]nonan-9-one derivative 14. The
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Scheme 4. Reagents and conditions: (a) concd HCl, acetone, H2O, 50 �C,
12 h, 80%; (b) NaOAc, Ac2O, 140 �C, 1 h, 69%; (c) LDA,
Me2C@CHCH2Br, �78 �C, 1 h, 53%; (d) DIBAL-H, DCM, 0 �C, 2 h,
50%; (e) Ac2O, Et3N, DMAP, DCM, rt, 1 h, 89%.
exo-orientation of the homoprenyl group in 18 was not
an entirely unwelcome outcome as this stereochemical
arrangement is also found in Nature and lends flexibility
to our overall synthetic approach, which can be exploited
in other contexts.10

In summary, we have delineated a concise and promis-
ing synthetic strategy towards the acquisition of the poly-
prenylated bicyclo[3.3.1]nonan-9-one core present in the
phloroglucin natural product hyperforin in which the key
C8 quaternary centre bearing a methyl and homoprenyl
group could be installed.
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