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An approach toward the synthesis of the complex polycyclic diterpene maoecrystal V (1) is described. Construction of the advanced tetracyclic
core structure (i.e., 19) was achieved in 13 steps from 3,3-dimethylcyclohexanone (6) by employing a stereoselective Nazarov cyclization

followed by a Diels—Alder reaction to forge the two contiguous quaternary stereocenters.

In 2004, Sun and co-workers reported the structure of
maoecrystal V (1), a topologically complex polycyclic
diterpene that possesses a previously unknown ring system
(Figure 1).* Apart from its fascinating structure, which
includes vincinal quaternary stereocenters, a rigid [2.2.2]
bicyclooctane core, and a highly strained tetrahydrofuran
ring, maoecrystal V (1) displayed potent and highly selective
activity against HeLa cells (ICso = 60 nM). Maoecrystal V
(1) was nontoxic toward several other cancer cell lines
(K562, 0.19 M; A549, 0.8 M).

As a consequence of maoecrystal V’s challenging structure
and interesting biological profile, several research groups
have developed approaches toward 1,% but to date a com-
pleted total synthesis has not been reported. \We now describe
our ongoing efforts toward maoecrystal V (1), which have
resulted in a clear strategy for constructing the carbogenic
framework of the natural product.
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Figure 1. The structure of maoecrystal V 1.

The underlying logic of our approach toward maoecrystal
V (1) is outlined retrosynthetically in Scheme 1A.2 A number
of retrosynthetic functional group interconversions (FGI’s)
within the natural product led back to pentacyclic compound
2. We chose to mask the six-membered lactone as a
cyclopentanone, reasoning that the lactone could be revealed
by a late-stage oxidative cleavage of the indicated carbon—
carbon bond within 2.

While it was tempting to install the functionality required
to form the cyclic ether at an early stage in the synthesis,
we elected to pursue a strategy that called for late-stage
introduction to more rapidly simplify subtargets. Thus, we
disconnected the left-hand carbon—oxygen bond within 1,
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Scheme 1. Retrosynthetic Analysis of Maoecrystal V (1) and Construction of the Core Rings

A: Retrosynthesis

remote .
functionalization .-

»

oxidative fission

B: Synthesis of key intermediate and unexpected fragmentation (P 7BS)

1. LDA/TMSG; oTBS 4. MeO- P\)L Me , NaH
0 m-CPBA o)
g 2. TBSCI, imid. 8 OMe
70% (2 st 2. o
e <te 0% (2 steps) Ve <Me /@ 73% (2 steps)
6 7 Li
9
NO,
OP PhIOAC)y/l,, hv Me OP 7
95% Me HO
13
X-Ray Structure X-Ray Structure O

H
X Diels—Alder Nazarov oP
OP transform transform
— z
o
Me Me 5
(e]
Ketene
equivalent
OTBS
FeCI3
o
\:
44%
(dr >20 1) (2 steps)
NO. 1. KOH NO.
TMSIHMDS; op 2. Pd/C, H, or
m-CPBA Me 3. Jones ox. Me
-—
88% Me 86% (3 steps) Me
12 L8 (dr>20m)
X-Ray Structure

leading to tetracyclic compound 2. Our plan to form this
carbon—oxygen bond in the synthetic direction involves
remote functionalization induced by the free alcohol within
2.% Further retrosynthetic functional group manipulations led
us to [2.2.2] bicyclic structure 3, which we further simplified
to diene 4 by application of a ketene equivalent Diels—Alder
cycloaddition transform.® The stereoselectivity of the forward
cycloaddition would be controlled by the protected alcohol
within 4, which clearly blocks dienophile approach from the
back face. This Diels—Alder reaction is an alternative
construction to that employed by the groups of Yang,
Danishefsky, Baran, and Nicolaou.? Recognition of the
cyclopentenone embedded within 4 keyed application of a
Nazarov cyclization transform,® generating the simplified
precursor 5. In a forward sense, the conversion of enone 5
into the tetracyclic compound 3 would proceed through
maximum use of sequential carbon-skeleton bond-forming
reactions and fashion the congested vicinal quaternary
stereocenters required for the natural product efficiently and
directly.

Our synthesis (Scheme 1B) commenced with the regiose-
lective Rubottom oxidation of 3,3-dimethylcyclohexanone
(6),” followed by conversion of the intermediate secondary
alcohol to its corresponding tert-butyldimethylsilyl (TBS)
ether (7, 70% yield over two steps). A Horner—Wadsworth—
Emmons reaction, using phosphonate 8,2 afforded the Wein-
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reb amide in 79% vyield and as a single stereoisomer.
Formation of the desired dienone 10 proceeded smoothly in
93% yield following the addition of vinyl anion 9 (generated
from the corresponding bromide) to the Weinreb amide.®
Upon exposure to stoichiometric Fe(I11) chloride,'° dienone
10 was transformed into the desired spirocyclic ketone 4 in
good yield and as a single stereoisomer. Reduction of the
carbonyl group proved necessary to facilitate the subsequent
Diels—Alder reaction with nitroethylene and reduce byprod-
ucts due to oxidation of the cyclohexadiene ring. Thus, the
[2.2.2] bicyclic ring system (i.e., 11) was produced (44%
over two steps) as a single regioisomer, with only the endo
adduct detected by NMR spectroscopic analysis. Confirma-
tion of the structure of 11 was obtained by single X-ray
structure analysis, which revealed that, as planned, the OTBS
substituent controlled the facial selectivity of both the
Nazarov and Diels—Alder cyclizations.

Attempts to conduct a Nef reaction? on 11 were met with
minimal success at this juncture, although treatment with
KOH resulted in complete epimerization of the nitro
group—an outcome that facilitated stereoselective installation
of the requisite alcohol (i.e., 13), yet led to some unexpected
chemistry (see below). The desired substrate (i.e., 13) for
our planned remote functionalization to form the ether ring
was prepared by formation of ketone 12 from alcohol 11
(86% vyield over three steps), followed by a completely
stereoselective Rubottom oxidation of the thermodynamically
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most stable enol silane.™® The structure of 13 was confirmed
by X-ray structural analysis. We next tested a number of
conditions to bring about the desired ring-to-ring function-
alization. Under a variety of conditions,** such as those
reported by Suarez and co-workers for similar transforma-
tions (PhI(OAC),/1,, hv),*4® alcohol 13 was converted to a
compound whose structure initially proved problematic to
assign. Ultimately, X-ray analysis established the product
to be the [2.2.5] bicyclic ring system 14. While this structure
was unexpected, its formation may be rationalized by
formation of the desired oxygen centered radical, which in
turn may undergo a Grob fragmentation due to favorable
alignment of the broken oc_c with o*c_y of the leaving
group.®®

At this juncture we elected to install the lactone before
attempting to form the bridging cyclic ether. Initially, we
attempted to conduct a Baeyer—Villiger reaction'® directly
on ketone 13 (Scheme 2), reasoning that the congested nature

Scheme 2. Baeyer—Villiger Reaction of 13 (P = TBS)
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of the structure might favor a conformation of the Criegee
intermediate that would lead to selective migration of the
desired bond.*’

Exposure of 13 to trifluoroperoxyacetic acid, however,
afforded lactone 15 in 52% yield. X-ray structure analysis
revealed insertion had occurred on the wrong side of the
carbonyl group, and that under the acidic reaction conditions
the TBS ether had been cleaved thus inducing ketalization.

Attempts to generate the enol silane of ketone 13, as a
prelude to oxidative cleavage, were unsuccessful due to steric
congestion. Likewise, attempted formation of the less
substituted enol silane derived from ketone 12 (see Scheme
1B) led only to formation of the more substituted alkene,
presumably as a consequence of severe steric hindrance. To
avoid these issues, we elected to conduct a Rubottom
oxidation on enone 16 (Scheme 3), which was derived in
two steps from the initial Diels—Alder cycloadduct 11 (see
Scheme 1B). Enol silane formation could be achieved upon
the addition of TMSI and HMDS,*® and thus, following the
addition of mCPBA, a-hydroxy ketone 17 was accessed in
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Scheme 3. Generation of the Tetracyclic Core 19 (P = TBS)
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88% vyield.*® Attempted oxidative cleavage of 17 led to
complex reaction mixtures, while reduction of the enone to
generate the saturated ketone proved capricious. Curiously,
under a variety of conditions examined, the major product
was cyclopropane 18, which could be reproducably formed
in 71% yield upon exposure to Pd/C and H,.

The formation of cyclopropane species 18 was completely
unexpected and at this juncture we do not have firm evidence
for a mechanistic rationale of the transformation. We
speculate, however, that the close proximity and alignment
of o*c_n of the nitro group allows for an intramolecular
alkylation of a presumed palladium enolate intermediate.*®
We observed similar reactivity when Pd(OAc), was used as
the catalyst, but Pd/C provided the greatest yield. Oxidative
cleavage of 18 proceeded smoothly upon treatment with
methanolic periodic acid, to afford the intermediate enal-
acid, which was reduced with NaBH,. Lactonization occurred
spontaneously under these conditions, providing 19 in 75%
yield from ketone 18 and thus established the key carbocyclic
elements of maoecrystal V (1).

In summary, we have devised a route to access the
challenging core structure (i.e., lactone 19) of maoecrystal
V in 13 steps from 3,3-dimethylcyclohexanone. Systematic
application of powerful carbon—carbon bond forming reac-
tions (i.e., Nazarov and Diels—Alder cyclizations) enabled
rapid assembly of the central quaternary carbon stereocenters
and the complex carbon framework. Continued work toward
maoecrystal VV (1) and preliminary biological studies are
underway in our laboratories.
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