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ABSTRACT

Effective total syntheses and the assignment of absolute configurations of both the ( +)- and (−)-enantiomers of oleocanthal 1 (a.k.a. deacetoxy
ligstroside aglycon), the latter derived from extra virgin olive oils and known to be responsible for the back of the throat irritant properties
of olive oils, have been achieved. The absolute and relative stereochemistry of the naturally occurring enantiomer ( −)-1 proved to be 3 S,4E.
Both syntheses begin with D-(−)-ribose, proceed in 12 steps, and are achieved with an overall yield of 7%. Both enantiomers proved to be
non-steroidal anti-inflammatory and anti-oxidant agents.

Non-steroidal anti-inflammatory drugs (NSAIDs), currently
widely prescribed as beneficial analgesics, possessing either
nonselective or selective COX-1 and COX-2 enzyme inhibi-
tory activities, are currently undergoing extensive review for
clinical safety, both in the pharmaceutical industry and at
the US Food and Drug Administration.1 Naturally occurring
non-steroidal anti-inflammatory agents found in human food
stocks such as various fruits, vegetables, and/or vegetable
oils may, however, play a significant role in the potential
benefits of such diets rich in these eatables.2 In this regard,
we in collaboration with colleages at the Monell Chemical
Senses Center recently disclosed that (-)-oleocanthal (1,
Figure 1), a naturally occurring irritant isolated from extra

virgin olive oil, is both a potent non-steroidal anti-inflam-
matory agent, similar to that of ibuprofen,3 and a powerful
anti-oxidant similar toR-tocopherol.4

Herein, we report the first total syntheses of both the (+)-
and (-)-enantiomers of oleocanthal1, which not only
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Figure 1. Oleocanthal (1) and related olive oil components.
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confirms the proposed structure of the olive oil irritant but
also permits assignment of the absolute stereochemistry.
Importantly, the syntheses provided ready access to an ample
supply of totally synthetic material for further biological/
sensory evaluation. The latter studies, reported elsewhere,
demonstrate that the enantiomers of oleocanthal are both
potent non-steroidal anti-inflammatory agents and strong anti-
oxidants and that the levorotary enantiomer of1 is the agent
responsible for the back of the throat irritant properties often
experienced upon ingestion of extra virgin olive oils (vide
infra).3

In 1993, Montedoro and co-workers reported5 the isolation
of a new class of phenolic compounds (1-4), including the
aglycons of ligstroside (5) and oleuropein (6) from virgin
olive oils (Figure 1).6 These phenolic compounds comprise
important minor constituents that have been implicated in
the organoleptic characteristics of olive oils, including
bitterness, pungency, and astringency.7 In addition, these
agents have been suggested to contribute to the oxidative
stability of virgin olive oils, and as such are often associated
with the health benefits of olive oils, particularly their anti-
oxidant/anti-cancer activities8 and more recently their pos-
sible role in preventing cognitive decline due to neurode-
generative disorders such as Alzheimer’s disease.9

Oleocanthal (1), the principle contributor to the potent back
of the throat irritant (burning) sensation often associated with
the consumption of high quality extra virgin olive oils, was
subsequently identified by Busch and co-workers at Unilever
Research and Development, Vlaardingen (The Netherlands).7

Concurrent collaborative studies at the Monell Chemical
Senses Center and at Firmenich, Inc., had reached the same
conclusion.3 The structure of1 was assigned by both groups,
employing a series of 1D and 2D NMR experiments,3,7 in
conjunction with comparison to literature data.5 The absolute

configuration of1, however, remained unknown. That1 was
responsible for the strong irritant (burning) sensation was
based on extensive HPLC fraction analysis, omission analysis/
correlation, and hydrolysis studies, in conjunction with
human sensory studies. Busch and co-workers, however,
acknowledged that “a co-elution compound causing the
burning sensation could not be eliminated without completing
a synthesis of1”, which they stated to be “extremely
challenging”.

We envisioned both enantiomers of1 to derive from the
enantiomeric forms of cyclopentanediols7 via oxidative
cleavage of the diol moiety (Scheme 1). The requisite

cyclopentanediols (7) in turn would be prepared from
cyclopentanones (+)- and (-)-10via alkylation to introduce
stereoselectively the side chain from the convex face,
followed by stereoselective Wittig ethylenation, esterification,
and removal of the acetonide moiety.

Toward this end, we initially prepared (+)- and (-)-
cyclopentanones10 either via the sulfoximine and/or via
enzymatic protocols, the former introduced and developed
by Johnson.10 Although effective on modest scale (10-100
mg), the requirement for gram quantities of the oleocanthals
demanded that we secure more scalable routes to the
enantiomers of10. We therefore optimized a hybrid of known
synthetic sequences11 as outlined in Scheme 2. Importantly,
both enantiomers of10 could be prepared in multigram
quantities in six steps, with an overall efficiency of 40% from
inexpensiveD-(-)-ribose. Key elements of both sequences
entailed vinyl Grignard addition to the enantiomers of
aldehyde12, followed in turn by ring closing metathesis
(RCM), PCC oxidation, and hydrogenation (Scheme 2).

Alkylation of (+)- and (-)-cyclopentanone10with methyl
bromoacetate was then anticipated to proceed from the less
hindered convex face of the bicyclic skeleton to install the
side chain in a stereoselective fashion. Initial attempts to
alkylate (-)-10 with methyl bromoacetate, employing LDA
in the presence of HMPA, however, furnished only a
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complex mixture containing trace amounts of (-)-16. Neither
addition of Cu(I),10a reported to suppress side reactions, nor
the use of the corresponding tin enolate [generated by
treatment of (-)-10 in THF with LDA, followed by HMPA
and tributyltin chloride12] improved the situation. However,
alkylation of the zinc enolate of (-)-10 [generated by
treatment of (-)-10 in THF with 1.1 equiv of LHMDS,
followed in turn by HMPA (3.0 equiv) and dimethylzinc13

(1.0 equiv)] with methyl bromoacetate consistently furnished
(-)-16 in 55-60% yield as a single diastereomer (Scheme
3).14

Wittig ethylenation of (-)-16 was next achieved with
ethyltriphenylphosphonium bromide. Best results were ob-

tained employing lithium diisopropylamine (LDA) as base
at -45 °C; although excellent stereoselectivity favoring the
E-isomer (-)-17 was achieved (ca. 10:1E/Z), the yield was
only modest (42%), the latter presumably due to the ease of
enolization of (-)-16.15 Interestingly, the stereoselectivity
varied dramatically with reaction temperature. For example,
at 0 °C, the E/Z selectivity was 3.3:1, while at room
temperature the selectivity was 1.6:1. Assignment of theE
geometry of the olefin was based on NMR NOE analysis
(Scheme 4).

Hydrolysis of ester (-)-17 (LiOH/THF/MeOH/H2O) next
afforded acid (-)-18 (Scheme 5), which was subjected to

Mitsunobu esterification16 with 4-hydroxyphenethyl alcohol
to furnish phenol (-)-19 in 92% yield. As expected, the
Mitsunobu reaction proceeded with complete chemoselec-
tivity at the primary hydroxyl.17 Completion of the synthesis
of (-)-oleocanthal (1) was then achieved via liberation of
the vicinal diol moiety (4 N HCl/acetonitrile), followed by
oxidative cleavage (NaIO4); (-)-oleocanthal (1) was identical
in all respects (e.g.,1H and13C NMR, IR, and HRMS) with
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an authentic sample isolated from virgin olive oil, the latter
possessing spectral data identical to that reported in the
literature.5 The structural assignment of1 was also confirmed
by COSY NMR analysis. Synthetic (-)-1 displayed a small
negative optical rotation ([R]25

D -0.78, c ) 0.9, CHCl3)
identical to that obtained from an authentic sample, isolated
from extra virgin olive oil ([R]25

D -0.90,c ) 2.0, CHCl3).
Thus, the stereochemistry of (-)-oleocanthal (1) is 3S,4E.
The enantiomer of the natural product (+)-1 was prepared
via a similar reaction sequence beginning with (+)-10 to
furnish (+)-1 ([R]25

D +0.73, c ) 0.55, CHCl3). See the
Supporting Information for details.

In summary, effective, scalable syntheses of both enan-
tiomers of oleocanthal1 have been achieved, each in 12 steps
(7% overall yield) from inexpensiveD-(-)-ribose, requiring
only six chromatographic purifications. The ready access to
totally synthetic (-)-oleocanthal (1) subsequently permitted
establishment of (-)-1 as both a potent naturally occurring
non-steroidal anti-inflammatory agent similar to ibuprofen
and a powerful anti-oxidant responsible for the back of the

throat irritant properties of extra virgin olive oil.3 Importantly,
the structural similarity of (-)-oleocanthal (1) to a number
of related natural products constitutes a point of departure
for the development of a new class of possible non-steroidal
anti-inflammatory drugs (NSAIDs). Studies toward this end
are ongoing in our laboratories.
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