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Abstract
The fully substituted hydroisobenzofuran core of the massileunicellins containing 8 contiguous
stereocenters was prepared in 12 steps from (S)-(+)-carvone. Noteworthy elements of the synthesis
include a one-step oxidative rearrangement/epoxidation, a novel stereoselective directed reduction
of a keto diol, and a directed hydrogenation of a congested tetrasubstituted alkene.

In 1999 and 2000, Pietra et al reported the structures of a series of eleven highly oxidized
eunicellin diterpenes, designated massileunicellins, from the gorgonian coral Eunicella
cavolinii (Figure 1).1 In 2009, Sheu et al disclosed the structures of a related set of natural
products from Klyxum simplex that they named the simplexins.2,3 These compounds are the
most densely functionalized and highly oxidized members of the eunicellin diterpene family.
4 All of the massileunicellins and most of the simplexins contain 9 contiguous stereocenters,
while simplexins C-I possess two additional oxygen-containing stereocenters at C5 and C7.
While there have been a number of total, formal and partial syntheses of various 2,11-
cyclized cembranoids,5,6 there have been no reports outside our own concerning the
synthesis of massileunicellins (or simplexins).7

In our previous report, we described an aldol/cycloaldol approach to the massileunicellins
that assembled hydroisobenzofuran 3 in 4 steps from (S)-(+)-carvone (Scheme 1). We also
described an unusual oxidative rearrangement of 3° allylic alcohol 4 epoxy ketone 5. This
oxidation, originally disclosed by Sundaraman and Herz, had not been employed in
synthesis since their 1977 report.8

The Herz oxidation has the advantage of installing the requisite β-C-O bond at C11 (4 to 5,
Scheme 1). However, it would be necessary at some point to reduce the C10 C-O bond to
the alkane oxidation state (cf. 1 and 2, Figure). In our earlier report, we elected to postpone
addressing that issue in order to focus on installing the C3, C12 and C13 stereocenters. We
describe herein the details of a modified approach that takes advantage of the Herz
oxidation, but resolves the issue of the C10 oxidation state.

In our modified synthesis, we retain the C9 ester rather than reducing it (cf. Scheme 1). In
the course of optimizing the Herz oxidation of β-hydroxy ester 3, we found that Collins’
reagent converted allylic alcohol 3 to epoxy ketone 7 in high yield (Scheme 2). Exposure of
epoxide 7 to excess KHMDS/TMSCl simultaneously opened the epoxide and converted the
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C12 ketone to an enol silane to give enol silane 8. Rubottom oxidation9 of the enol silane
was effected using in situ generated dioxirane10,11 to furnish keto diol 9 without
competitive oxidation of the other alkenes.

We next sought to employ a hydroxyl directed reduction to convert the hindered C12 ketone
of ketodiol 9 to triol 10. Reductions of cyclic and acyclic β-hydroxy ketones with
Me4NHB(OAc)3 are believed to occur through internal delivery of the hydride resulting
from exchange of acetate of the borohydride reagent for the substrate hydroxyl group.12
Directed reduction of cyclic α-hydroxy ketones presumably occurs via a similar pathway
(Scheme 3).13 Keto diol 9 could give rise to either the desired α-C12 configuration via
equatorial delivery of hydride from axial hydride complex i or the undesired β-C12
configuration via axial delivery from equatorial complex ii.

Examination of molecular and computer models of i and ii suggested to us that the transition
state for delivery of hydride from equatorial hydride complex ii would be considerably more
strained than for axial complex i.14 We reasoned that prior protection of the C13 hydroxy
group would hence be unneccessary. In the event, treatment of keto diol 9 with
Me4NHB(OAc)3 gave rise to triol 10 as a single diastereomer in excellent yield. Selective
acylation of the two 2° hydroxyl groups yielded diacetate 11.

The next step in the synthesis was to unmask the C2 ketone via oxidative cleavage of the C2
isopropenyl group (Scheme 4). The ozonolytic approach that we employed previously was
clearly obviated by the presence of the C9–C10 alkene. Fortunately, oxidative cleavage of
the alkene via the intermediate diol was successful. Both one-step15 and two-step
procedures were examined, with the two-step procedure giving similar overall yield while
simplifying purification. The chiral (DHQD)2PHAL ligand proved optimal for the
dihydroxylation of diene 11, although the diastereoselectivity of the reaction is presumably
irrelevant. Oxidative cleavage of the intermediate diol yielded methyl ketone 12.

A hydrogenation directed by the C11 hydroxyl group would install the requisite
configuration at C10.16 Although this would also presumably generate the α-C9 ester
epimer, we expected that epimerization to the β-configuration would be thermodynamically
favored.17

While diastereoselective directed hydrogenation using Ir(I) and Rh(I) catalysts is well
established,16 the multiple Lewis basic functional groups that were present in alkene 12 was
a potential cause for concern. Although ketones, esters and alcohols are all known to serve
as directing groups, we expected that the allylic C11 hydroxyl (possibly reinforced by the
C2 ketone) would be more a effective directing group than the C12 and C13 esters. In
practice, we found that use of Crabtree’s catalyst18 at moderate H2 pressure (50 psi) gave
high yield of the desired hydroisobenzofuran 13.

In summary, we have prepared the fully substituted isobenzofuran core of the
massileunicellins in 12 steps from (S)-(+)-carvone, albeit with the epi-C9 configuration. We
note that the synthesis employed no protecting groups beyond the adventitious silylation of
the C11 hydroxyl group in the course of the Rubottom oxidation protocol. Further, all
transformations were effected on multigram scale with the exception of the dihydroxyation
step, for which a 1.5 g scale was optimal. We are currently examining adjusting the C9
configuration and the completion of the synthesis. These studies will be disclosed in due
course.
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Figure 1.
Massileunicellin C (1) and simplexin F (2).
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Scheme 1.
Initial approach toward the massileunicellins.
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Scheme 2.
Reagents and conditions: (a) CrO3, pyr, silica gel, CH2Cl2, −78 °C to rt, 90%; (b) KHMDS,
TMSCl, ether, −78 °C. (c) Oxone®, EDTA, NaHCO3, CH3CN, H2O, acetone, rt; Bu4NF,
THF, 0 °C, 83% from 7. (d) Me4NBH(OAc)3, AcOH, CH3CN, −40 to −20 °C, 95%; (e)
Ac2O, DMAP, NEt3, CH2Cl2, −10 °C, 80%.
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Scheme 3.
Presumed borohydride intermediates. The dihydrofuran ring is abbreviated for simplicity.
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Scheme 4.
Reagents and conditions: (a) OsO4, (DHQD)2PHAL, K3Fe(CN)6, MeSO2NH2, K3CO3, t-
BuOH, H2O, 4 °C; (b) NaIO4, THF, H2O, rt, 85% from 11; (c) [Ir(COD)PCy3Py]PF6 (17
mol %), CH2Cl2, H2 (50 psi), 12 h, rt, 100%.

Chai et al. Page 9

Tetrahedron Lett. Author manuscript; available in PMC 2011 June 10.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript


