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Australian tropical rainforests are megadiverse and offer an
opportunity for discovery of new bioactive compounds. During a
screening program to identify biologically active candidates as
potential treatments for cancer, the spiroacetal EBC-23 (1) was
found in the fruit of Cinnamomum laubatii (family Lauraceae).1

EBC-23 (1) displayed noticeable in vitro anticancer activity against
a range of cancer cell lines [i.e., melanoma (MM96L), breast
carcinoma (MCF7), prostate cancer (DU145)]. More significantly,
xenografts of a human prostate tumor cell line (DU145) in
immunodeficient mice when treated with 1 inhibited tumor growth
with no observable side effects, suggesting the potential for the
treatment of refractory solid tumors in adults.1 Critical to the
development of this lead candidate would be an implicit under-
standing of its chemical structure; however, only software gener-
ated2 bond connectivity (i.e., 1) was reported.1 It was therefore
imperative to confirm the gross structure and deduce both relative
and absolute stereochemistry of this unique fused R,�-unsaturated
lactone spiroacetal.

Comparison of 1 with the known small lactone natural product
osumundalactone3 and the synthetic syn-isomer4 confirmed the
presence of a syn disubstituted lactone. Utilizing NOESY and 1D
NOE experiments H5 (δΗ 4.5) correlated with H13 (δΗ 4.4), which
in turn correlated with H16 (δΗ 3.8). This established the spiroacetal
carbon (C8) as EE, and the side chain hydroxyl was R configured.
Even though a syn correlation was present between H13 (δΗ 4.4)
and H12� (δΗ 1.8) the corresponding correlation to H11 (δΗ 4.1)
was ambiguous. When a more diluted sample was measured by
NMR a sharp doublet (δΗ 3.05) and singlet (δΗ 2.95) appeared for
the two hydroxyl groups. With this development NOE correlations
between H13 (δΗ 4.4), the C11 hydroxyl hydrogen, and H16 (δΗ

3.8) defined both configurations at C11 and C16 (i.e., H16�)
suggesting structure 2 (Figure 1).

Total synthesis was now key to authenticating structure 2 and
determining absolute stereochemistry; however, six chiral centers
partly imbedded in a unique fused R,�-unsaturated lactone consist-
ing of an acid labile spiroacetal unit required careful synthetic
planning. Based on a plausible biosynthetic pathway, the retrosyn-
thetic analysis initiated by ring opening of the spiroacetal moiety

arrived at the polyketide 3. The keto functionality in 3 serves as
an acyl equivalent junction (i.e., 4) potentially suited to a
Tietze5-Smith6 linchpin (i.e., dithiane 5) convergence strategy (i.e.,
6 and 7). Ring closing metathesis (RCM) was employed as a
feasible choice for lactone installation via epoxide 7. Left hand
fragment 6 requires significant stereochemical flexibility built into
the synthetic approach in the event the relative stereochemical
assignment of 2 is incorrect or structure-activity relationship studies
are deployed. To achieve this goal linchpin methodology is again
considered from enantiopure epoxides 8 and 9, which would allow
construction of ketone 10 in either enantiopode or desired diaste-
reoisomer (i.e., 6) selectively (Figure 1).

The all R isomer was targeted in the first instance. Linchpin
coupling of the anion of TMS-dithiane (11) with (R)-pentadecene
oxide,7 and then (R)-epi-chlorohydrin afforded the disubstituted
dithiane 12 in 61% yield. Although the TBS derivative (13) is
reported to out perform 11 in linchpin reactions (i.e., affording
higher yields),8 O-TMS protection (and not TBS protection) was
fortuitously found to undergo simultaneous deprotection when the
keto functionality was unmasked [Hg(ClO4)2], giving hydroxyketone
14 in high yield (Scheme 1). Syn selective reduction,9 followed by
ketal protection,10 proceeded smoothly in 80% yield (over 2 steps)
affording the desired left-hand fragment 15 (i.e., RRR enantiomer
of 6). The second linchpin coupling, that is, reaction of 13 and 15
with 16,11 gave the coupled product 17 in 78% yield. Reaction of
17 with acryloyl chloride proceeded smoothly affording acrylate
18 in 82% yield. Surprisingly, RCM required considerable effort
to facilitate the formation of the desired lactone (i.e., 19). Six RCM
catalysts (A-E,14a-e 2014f) were extensively investigated, but only
the Hoveyda-Grubbs second generation catalyst (i.e., 20) under
microwave irradiation afforded lactone 19 in substantial yield
(65%). Even though RCM reactions have on occasion been
performed in the presence of a dithiane ring system,15 the
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Figure 1. Deduced structure 2 and retrosynthetic analysis.
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unprecedented difficulties described herein are most likely attributed
to the close proximity of S atoms to the reaction center allowing S
coordination to Ru preventing catalyst turnover, an aspect of RCM
requiring further development.16 All attempts to remove the dithiane
ring at earlier stages (i.e., 17 and 18) failed, as did suitable
alternative lactone formation protocols. With the carbon backbone
in place (i.e., lactone 19) deprotection cyclization strategies could
now be investigated. The first approach commenced with dithiane
(i.e., 19) deprotection (95%). However, cyclization of the subse-
quent ketone (i.e., 21) with a variety of acids (i.e., aq HF, CSA)
gave unacceptably low yields of the target (i.e., 22) along with a
plethora of unidentified products. Direct methods17 for conversion
of 19 to 22 (i.e., HF ·py, aq HF or HCl) provided little improvement.
Fortunately, following the work of Nakata,18 TBS and acetonide
deprotection performed with aq HF afforded the polyol 23, which
on treatment with CAN19 revealed the target in 54% yield over
two steps (PIFA20 failed) (Scheme 1). Considering the effort
required to drive spiroacetal formation with a myriad of acid
promoters, and the fact that CAN performed this task extremely
well,presumablymediatedbymetal(i.e.,Ce)templatedpreorganization,21,22

suggests CAN should be utilized more often for such transformations.
Comparison of the optical rotation of both the synthetic material

22 (-16.6) and the natural material (+16.6) confirmed the non-
natural enantiomer had been synthesized. The synthesis was then
repeated starting from (S)-pentadecene oxide (Scheme 2), which
afforded synthetic material (+16.3) matching (1H and 13C NMR
are identical) both the relative and absolute stereochemistry of
natural EBC-23 (2) (Figure 1).

In conclusion, the deduced structure of the prostate anticancer
agent 2 has been completely matched in terms of bond connectivity
and relative and absolute stereochemistry. Key to this exercise were
extensive NOE experiments and chemical synthesis of both
enantiopodes. Total synthesis further demonstrated the value of
linchpin technology, provided valuable insights into RCM reactions,
and allows for significant stereochemical flexibility to initiate
structure-activity relationship studies.
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Scheme 1. Total Synthesis of ent-EBC-23 (22)

Scheme 2. Total Synthesis of EBC-23 (2)
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