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ABSTRACT

Preliminary results from a program aimed at the creation of a focused library of analogues around the natural product peribysin E, a potent
biologically active and structurally fascinating molecule, are reported. The total synthesis of (()-peribysin E was accomplished using a short
route. Eight new analogues of the natural compound have been accomplished by means of “diverted total synthesis” in less than 10 steps. The
present effort highlights protecting-group-free total syntheses and the shortest route to access these functionally embellished hydrindanes.

A group of natural products called peribysins (A�G)
were isolated by Yamada’s group from a strain of Perico-
nia byssoides OUPS-N133 originally separated from the
sea hare, Aplysia kurodai.1 The structurally interesting
natural products, especially peribysin E (1), attracted our
attention toward developing anticancer and anti-inflam-
matory agents owing to its potent cell adhesion inhibitory
activity (Figure 1).2 Itwas claimed that the natural product
(�)-peribysin E has shown more potent activity than the
gold standard herbimycin 2 in the cell adhesion inhibition
assay (Figure 1). Due to its attractive biological activity,
coupled with intriguing structural features and scarcity of
thematerial, compound1has alreadyattracted theattention

of groups such as Danishefsky and Sha. Danishefsky and
co-workers achieved the first total synthesis of peribysin
E which helped in reassigning the absolute configuration of
the natural product. In their elegant synthesis, the Diels�
Alder reaction followed by semipinacol-type ring contrac-
tion served to secure the stereochemistry of peribysin E (1).3

In another interesting effort, Sha’s group executed the
synthesis of racemic peribysinEby usingR-carbonyl radical
cyclization as a key step.4 Here, we disclose the synthesis of
several novel analogues of peribysin E through “diverted
total synthesis”5 in less than 10 steps starting from readily
accessible materials (Figure 1).
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Retrosynthetically, peribysin E and planned analogues
could be prepared from appropriately functionalized six-
membered hydrindane system 3, which is ready for semi-
pinacol-type rearrangement (Scheme 1). Chemoselective
epoxidation followed by 1,2-addition would provide inter-
mediate 3 from 4. Synthesis of key cis-hydrindane building
block 4, with chemically differentiable double bonds, was
planned starting from readily accessible diene 5 and tiglic
aldehyde, using the Diels�Alder/aldol sequence previously
developed by one of us.6

Accordingly, the reaction of tiglic aldehyde and diene 57

in the presence of a Lewis acid such as Et2AlCl or
BF3•Et2O, followed by base treatment, furnished the enal

4 in 15% and 10% yields, respectively (Scheme 2). Despite
a few experimental variations, the yield has not improved
further. However, the same transformation was achieved
in 47% yield in a highly diastereoselective fashion, by
replacing the diene 5 with more stable diene 68 and by
the addition of two more routine steps (reduction and
oxidation). This transformation established the requisite
stereochemistry of three contiguous chiral centers of the
peribysin family of natural products. The Lewis acid
mediated intermolecular Diels�Alder reaction produces
the endo adduct having the aldol partners (i.e., aldehydes)
in close proximity, allowing for subsequent intramolecular
aldol reaction to give 4.9 The diastereo- and regioselectivity
can be explained on the basis of secondary orbital interac-
tions and atomic coefficient preferences, respectively.10

The functionally embellished cis-hydrindane intermediate
4 is ideally suited for the construction of the target molec-
ule peribysin and related compounds, as it possesses
chemically differentiated olefins for the selective function-
alization of either ring. The isolated double bond present
in compound 4was oxidized usingWacker conditions11 to

Scheme 1. Retrosynthesis

Figure 1. Structures of natural products and synthetic approaches.
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provide keto-aldehyde 7 in a highly regioselective manner.
The regiochemistry was assigned on the basis of NMR
spectra analysis. Selective reduction of aldehyde function-
ality usingNaBH4 at�10 �C furnished the alcohol 8which
was subjected to Li�NH3 reaction, to give diol 9 with the
requisite stereochemistry present in peribysin E in a selec-
tive fashion. The selective oxidation (MnO2) of the pri-
mary alcohol produced an R,β-unsaturated aldehyde 10 in
92% yield. Epoxidation (H2O2�NaOH) of the conjugated
double bond in compound 10 resulted in an epoxy alde-
hyde in good yield.12 The reaction of the epoxy aldehyde
with the dianion (generated from 2-iodopropen-1-ol using
n-BuLi) resulted in an∼1:1mixture of epoxy-alcohols such
as3,whichset the stage for semipinacol-type rearrangement13

identical to that ofSha’s approach,4 except thatnoprotecting
group was used in the present case. The poor diastereoselec-
tivity at the newly generated stereocenter is not a concern, as
it is going to be destroyed in the following step. The mixture
of epoxy alcohols was treated with TMSOTf in the presence

of 2,6-lutidine to afford the lactol intermediate (through a
semipinacol-type rearrangement), which was subsequently
treated with HCl/MeOH, to result in the target molecule
peribysin E (1). The authenticity of the synthesized peribysin
E (1) sample was confirmed by comparing the spectral data
with the reported data.1,3,4

After the successful synthesis of peribysin E, we focused
our attention on generating a focused library of molecules
around the peribysin E skeleton. Toward this effort, the
intermediate 4 in the present synthesis is suitable for the
generation of diverse structures, as it possesses function-
alities with orthogonal reactivities. The conjugated double
bond in enal 4 was subjected to selective epoxidation
(H2O2�NaOH) to produce 11 in 74% yield (Scheme 3).
The reactionof the aldehyde in 11with the dianion resulted
in an ∼1:1 mixture of epoxy-alcohols (3), which on semi-
pinacol-type rearrangement similar to the previous scheme
resulted in a new peribysin E analogue 12 (108 mg, 64%).
For the creation ofmore analogues, the double bond in the
six-membered ring in compound 12 was chemoselectively
epoxidized to give 13 (128 mg, 72%) in an ∼9:1 diaste-
reoselective ratio. The stereochemistry was unambiguously
established with the help of the single X-ray crystal struc-
ture of 13. Although attack from the exo face is preferred,
the steric effects of the two methyl groups seem to control
the product formation to obtain the endo product as the
major isomer. LiAlH4 reduction in 13 produced the mix-
ture of alcohols which were cleanly separated using a silica
gel column (using Combiflash MPLC). All three isolated
compounds 14 (45 mg, 36%), 15 (54 mg, 43%), and 16
(16mg, 13%)were characterizedwith the help of 2DNMR
experiments, and key NOE correlations are shown in the
Supporting Information.14 Surprisingly, we could not iso-
late the alcohol (out of four possible isomers) that corre-
sponds toperibysinE (1). This is probablydue to theminor
epoxide, which was opened from one side only to give
compound 16. It is noteworthy tomention that the epoxide
can be opened with various nucleophiles to generate
more analogues. For the generation of a deoxyperibysin E
analogue, the intermediate 11 was hydrogenated to give
saturated hydrindane 17. The three-step sequence, com-
prising dianion addition, TMSOTf treatment, and subse-
quent exposure to methanolic HCl, resulted in the desired
analogue18 (38mg, 60%) of peribysinE. It is interesting to
note that peribysinAandD lack the hydroxyl groupon the
six-membered ring and show more potency in the cell
adhesion inhibition assay as compared to that of 1.15 To
increase further diversity of the structures, compound 12
was subjected to OsO4-catalyzed dihydroxylation to fur-
nish amixture of triols19and 20 (58mgas amixture of two
compounds, 88%) in a highly chemoselective manner.16

Scheme 2. Synthesis of (()-Peribysin E

(12) We could not isolate pure epoxyaldehyde, as we found it to be an
unstable compound. The epoxyaldehyde was immediately used for the
next step which may contain 5�10% of the undesired isomer.

(13) Snape, T. J. Chem. Soc. Rev. 2007, 36, 1823.
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available in the Supporting Information.
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M.; Minoura, K.; Ito, T.; Numata, A. J. Chem. Soc., Perkin Trans. 1
2001, 1, 3046. (c) Koshino, H.; Satoh, H.; Yamada, T.; Esumi, Y.
Tetrahedron Lett. 2006, 47, 4623.

(16) The mixture was not separated to give pure triols, requiring
further trials.
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In summary, we have accomplished the synthesis of
(()-peribysin E in the shortest route. Synthesis of the eight
novel analogues (12, 13, 14, 15, 16, 18, 19, and 20) of
peribysinEwas also achieved using diverted total synthesis
toward identifying potent cell adhesion inhibitors. No
protecting group was used in the entire sequence. The
present route is flexible, faster, and capable of producing
several analogues of the natural product. We are now
focusing on structure�activity relationship studies using
cell adhesion inhibition assays, and access to promising
compounds in enantiopure form.
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