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The 7-8 bicyclic ring system of micrandilactone A (1) with the required stereochemistry and functional groups was constructed by a Bu 3Al-
promoted Claisen rearrangement. Computational studies indicated that the exocyclic vinyl ether undergoes a [3,3] sigmatropic process via a
chairlike transition state to afford exclusively the Z-double bond in the newly generated 8-membered ring with a high level of chirality transfer.

Micrandilactone A (1 in Figure 1) is representative of a
family of naturally occurring nortriterpenoids—6€? isolated

by the research group of Sun in 2003 froBthisandra
micranthg a medical plant in China used as a folk medicine
for the treatment of rheumatic lumbago and traumatic injury
and related diseaséd he structure oflL was confirmed by
spectroscopic data in conjunction with a single-crystal X-ray
analysis. Micrandilactone A is a densely functionalized
polycyclic molecule with 14 stereogenic centers, and its key
elements include a highly oxygenated skeleton with a rare,
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We recently reported the syntheses of the ABC fragfnent
by using enyne ring-closing metathesis (RCM) as a key’step.
In addition, we have synthesized the FGH fragrhesft
micrandilactone A via a Co-thiourea-catalyzed Pauson
Khand reactiohand a Pe-thiourea-catalyzed carbonylative
reactiort® developed earlier in our laboratories. With these
two key fragments in hand, we set out to identify efficient

ways to stereoselectively construct the central ring system,

bearing an unusual 7—8 trans-fused carbobicyclic ring
skeleton.

Our initial strategy focused on the use of tandem RCM
reaction$! of dienyne7 for the construction of the central
ring system. Despite several attempts with both first- and
second-generation Grubbs catalysts, no desired pro8uct (

of 5—8- and 6-8-fused carbocycles through transition-metal-
catalyzed cycloaddition$,there are no reliable strategies for
the construction of fused-78 ring systems. In this context,
we herein describe our efforts in developing an efficient
approach for the stereoselective synthesis of this interesting
structure with a Claisen-rearrangement protocol as the key
step, which paves the way for the total synthesis of
micrandilactone A.

Mechanistically, the Claisen rearrangement could proceed
via either a chairlike or a boatlike transition state, with the
former being more stable than the latter, in most cé&3es.
Paquette and co-workers demonstrated that both chairlike
and boatlike transition states could be utilized to account
for the stereochemical outcomes in the formation e85

was obtained (Scheme 1). This may be attributed to the fused carbobicycles generated from 5-membered ring-based

Scheme 1. Attempts to Synthesiz8 via RCM

OMOM

difficulty associated with the formation of the double bond
situated at the ring junction next to a sterically demanding
guaternary center.

The difficulties encountered in the RCM approach prompted

endocyclic allyl ethers® Thus, clarification of the transition
state in the Claisen reaction of the 7-membered ring-based
endocyclic allyl etheBa (Scheme 2) is essential before this
reaction could be employed in the context of micrandilactone
A to deliver the desired stereochemistry.

As illustrated in Scheme 2, the rearrangement could
proceed via both chairlike and boatlike transition structures,
leading to a cis and a trans bridgehead double bond in the
formed 8-membered ring, respectively.

To shed more light on the stereochemical course, we
computed the four transition structures and their relative free
energies with respect to compoufd (see the Supporting
Information for computational details and the structures of
all stationary points). DFT calculations with the B3LYP/6-
31G" method indicated that the chairlike transition structure

us to consider that the classical sigmatropic rearrangement(12-ts) is the most favored, whereas another chairlike

processes as an alternative mean to access -tt&rihg
system, because application of the Claisen rearrangétent
as a powerful and reliable protocol is well documented in
the syntheses of complex moleculéDespite impressive

transition statel1-ts, is disfavored by 2.7 kcal/mol. Two
boatlike transition structure43-ts and 14-ts, both require
activation energies around 40 kcal/mol, suggesting that these
pathways are highly unlikely to occur. The information of

progress made during the past several years in the synthesid2-ts and 14-tsis summarized in Scheme 2.
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s product (10a). Thus, the present approach could be utilized

Scheme 2. Results of the DET Calculations to stereoselectively construct the-8 bicyclic skeleton of
micrandilactone A.
To verify these computational modeling results, we then
synthesized substrat®s and9b and evaluated them in the
Claisen-rearrangement reaction for the formatiofh@dand
10b, respectively. The synthetic sequence is briefly outlined
in Scheme 3. The treatment of hydrazdrewith n-BuLi at

Scheme 3. Syntheses of0aand10b
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to steric effects. The dihedral angles C{&)(1)—C(2)—C(3) »

and C(5>-0(1)—C(4)—C(3) in12-ts are 44.8 and 73.2, 9a

whereas inl4-tsthey are 31.3and 41.2°(Table 1). This 1BuAl | 2 DwP 1.BuAl | 2.omp
CHuCly | CHoCly, 1t CH,Cl, | CHClo, it

780 (71% for 78°C (87% for
- © | 259 T8 | 2steps)

Table 1. Relative Energies of All of the Structures (the Unit of

All Values Is kcal/mol) and the Dihedral Angles &-ts and .
14-ts 8

10a © 10b

S

—78°C8 provided the 7-membered ring-based vinyl species
18 which was reacted with aldehyd& to give allylic alcohol
18in 70% yield. After removal of the silyl ether in allylic
alcohol18, the diol was oxidized in the presence of TEMPO/
BIAB!® and was immediately methylated by a sequential
LDA—Mel treatment to givel9a and 19b (1:1) in 55%

De(syoit)-ciarc(s = 31.3°

Desycir)-cizrc) = 44.8°

De(s)-o1)-cayc@) = 73.1° Dc(syo(1)-ciayc3) = 41.2°

structure
A Lte 124e 13.4e 141 " 5 isolated yield over three steps. The relative stereochemistries
a TS ot oS s a of 19aand19bwere determined by NOE measurements (see
E¥ 0.0 31.6 292 455 443 -155 —4.4

the Supporting Information for details). Compourid@aand
G 0.0 317 290 448 431 -225 129 19b were then treated with Petasis readem afford the
aEx is the relative single point energy in gas phase* is the relative desired product9a and 9b in 63% and 60% yields,
Gibbs free energy in gas phase. respectively.
Considering the relative instability of the 7-membered ring-
derived endocyclic allyl ether®a and 9b due to their

suggests that the latter suffers from a very staggered
conformation, as evident by the short distance between C(3)

(18) Corey, E. J.; Estreicher, Hetrahedron Lett1980,21, 1113.

and C(5). Therefore, DFT calculations predict that the final
product of the Claisen-rearrangement would 1@a (cis
configuration) and that the stereochemistry of C10, in

Org. Lett.,, Vol. 10, No. 4, 2008
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Scheme 4. Syntheses of Esteaand20b, and Their X-ray

Crystallography
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H,0, 90°c | CHaCh

20, (70% for 2 steps) Hz0, 90°C (51% B2 steps)

X-ray structure of 20b
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pronounced tendency to isomerize their vinyl double bond
into the tetrahydropyran ring, the freshly mage and 9b
were treated with Lewis acid BAI%¢in CH,CI; to initiate

the proposed Claisen rearrangement.

Delightfully, as expected, the desired produt@a and
10b were obtained smoothly in 67% and 71%, respectively,
after oxidation of the resultant alcohols by DMP. The
stereochemical identity of 78-bicyclic rings in10aand10b
was unambiguously established through X-ray crystal-
lography of the correspondingnitrobenzoyl ester from0a
(208 andp-bromobenzoyl ester froh0b (20b), which were
both derived from a Sefallylic oxidation—acylation
sequence (Scheme 4).

Several features of this Claisen rearrangement to gener-
ate the 78 ring system of micrandilactone A are worth
noting. First, as predicted in the computational model-
ing, the double bond geometry in the newly formed 8-
membered ring is cis, which supports the proposed chairlike
transition state. Second, in both cases, the chirality transfer
from the concerted process is excellent, thus securing a
key stereochemical control. Third, the stereochemistry of
C14 methyl group did not impose a bias on the newly
generated C8 stereocenter, which is extremely important, as
it would offer the freedom to preassemble the FGH ring
system of the micrandilactones, without jeopardizing the
stereochemical course of the subsequent Claisen rearrange-
ment.

In summary, we have developed a concise and efficient
approach for stereoselective synthesis of the centrad 7
fused bicyclic core of micrandilactone A, which endows the
D-ring with the suitable functionality for further structural
elaboration toward the full skeleton of micrandilactone A.
Further integration of this robust protocol in assembling the
CDEFGH ring system of micrandilactone A is currently
underway in our laboratories and will be reported in due
course.
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