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The intramolecular Diels —Alder reaction of o-quinol allyl ether was accomplished and subsequently applied to the first total syntheses of
natural products annuionone B (1) and both the proposed and revised structure of tanarifuranonol, 4 and 17.

6-Oxabicyclo[3.2.1]octane is an important skeleton found in
a variety of natural products, exhibiting a broad range of

biological activitie$ (Figure 1). Grubbs and co-workéiis

1971 first constructed the 6-oxabicyclo[3.2.1]octane skeleton b:\/u\ LE(\)\
by using the intramolecular oxymercuration protocol of 4,4- o
bis(hydroxymethyl)-1-cyclohexene. Subsequently, the key annuionone B (1) f annwononeA(Z

. . . . OH E @3
transformation of cyclic ether was also accomplished either annuionone £ (3)

OR

by means of intramolecular iodine-induced cyclizatiand

epoxidatiod or by means of acid-catalyzed rearrangement

of epoxidé? and diene? Takikaw& achieved the first total tananfuranonol B D-glucose
B-

aR
synthesis of annuionone A2) in 2005; an intramolecular ,‘:E: D-glucose (OAc)

oxy-Michael addition was applied as a key step to acquire
Figure 1. Natural products having a 6-oxabicyclo[3.2.1]octane
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odologies encompassing further synthetic diversity and application to the total syntheses of annuiononelBand

functionality are needed. tanarifuranonol (4).
We have previously developed convenient and general  Annuionone B {), like annuionone AZ), was first isolated
approaches via the inter- or intramolecular Diefdder from Helianthus annuugsunflower) as an allelopathic agent

reaction of masked-benzoquinones (MOBS)Scheme 1)  in 199813 and its structure was revised from the originally
proposeaxaepoxide arrangement to the 6-oxabicyclo[3.2.1]-

s octane structure in 2004. Tanarifuranonol (4) was first

Scheme 1. Generation of MOBs and lts DielsAlder obtained from the plant extracts Macaranga tanariusn
Reactions 2005!* On a closer look at the structures of annuionone B
_~_-OMe (1) and tanarifuranonoMy, it occurred to us that both natural
R | products can be obtained from oxabicyclic derivat®ge
OH which has the structural framework of 6-oxabicyclo[3.2.1]-
J ROH octane (Scheme 2). Furthermore, oxabicydiiccan be
OMe
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"0 Scheme 2. Retrosynthetic Analysis
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to obtain diverse structural frameworks includiig-decalin 0 Br

systems, highly substituted cyclohexenes, diquinanes, and 7 8

triquinanes. Further, these strategies were successfully OH

employed for the synthesis of natural products such as o

magellanin€,bilosespenes A and Bpenicillones A and B, — * \ﬂA

and pallescensin B.The Diels-Alder reactions of MOBs B

could easily provide multifarious functionalized bicyclo- 9 10

[2.2.2]octenone cores. Therefore, we decided to extend the
strategy to construct a 6-oxabicyclo[3.2.1]octane skeleton
sFarting f_rom the bicyclo[2..2.2]octenone §tructure ggnerated prepared from intramolecular Diels—Alder adduZtvia
via_ the intramolecular DietsAlder reaction ofo-quinol ozonolysis. Most importantly, the rationale of the intramo-
allyl ether.o-Quinol alkyl ethers;! like MOBs, were gener- o jar Diels—Alder reaction will be achieved through
ally obtained by using lead tetraacetéte] sodium o quinol allyl ether8 prepared in situ from 2-methyl-

periodate’'¢ or diacetoxyiodobenzene (DAIBJas oxidants.  jhenqig and isobutenoll0 via DAIB-mediated oxidation
Furthermore, the preparation @fquinol allyl ether was only addition.

reported in situ by thermal pyrolysis by Singh and co- . N
workers?? In this communication, we describe a direct and To start, phendd with bromo substituticH in the presence
of DAIB and methallyl alcohol10 as solvent underwent

novel str nthesiz inol allyl ether and i S . :
ovel strategy to synthesize-quinol allyl ether and its oxidative followed by an intramolecular Diellder reac-
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obtained via a two-step synthesis has all the functionalities
required for the carbon framework of natural producend
4,

Debromination was performed utilizing AIBN as a radical
initiator andnBusSnH as a hydrogen atom donor to provide
compound 7 in 96% vyield. After several attempts of
deoxygenation methods such as Wdffishner reduction,
dithioketal reduction, tosylhydrazones with sodium borohy-
dride—acetic acid, and tosylate reduction by LiAlHh three-
step Barton-McCombie deoxygenation proceduseccess-
fully gave the desired compoud@®in 81% yield. Ozonolysis
of 13 furnished oxabicyclic compoun@, which possesses
the core structure of annuionone B and tanarifuranonol
having both the ketone and aldehyde functionalities as
required. Selective carbonyl reduction with RaneyNi
delivered the corresponding primary alcolid!(Scheme 4),
whereas a general hydride source, such as LIANABH;,
and NaBHCN, failed to givel4. Furthermore, to introduce
a key secondary hydroxyl group of the cyclohexane ring,
Baeyer-Villiger oxidation'® of methyl ketonel 4 offered the
corresponding acetafis in an excellent yield. Oxidation of
primary alcohol in15 with pyridinium dichromate (PDC)
followed by a Horner-Emmons olefinatiol with diethyl
(2-oxopropyl)phosphonate provided the Wittig proddét
in 84% overall yield for the two steps. Finally, annuionone
B was obtained via deprotection of acetatelthfollowed
by PDC oxidation. Overall, the total synthesis of natural
product annuionone B was achieved in 13 steps with 15%
overall yield from the phend.
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Scheme 4. Total Synthesis of Annuionone B
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Compoundl6, which acted also as a potential precursor
for the synthesis of tanarifuranonat)( was reduced under
Pd—C/H; conditions followed by base-catalyzed deprotection
to get the desired hydroxyl methylketoh& (Scheme 5). In

Scheme 5. Total Synthesis of Tanarifuranonat)(
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tanarifuranoncl (4)

order to inverse the stereochemistry of the secondary
hydroxyl group, Mitsunobu procedifewas applied to
obtain the corresponding benzoat&8, which was
hydrolyzed to furnish the proposed structdref tanarifura-
nonol in two steps. Thus, the proposed structdref
tanarifuranonol was accomplished in 15 steps and 12%
overall yield.

Surprisingly, the'H and**C NMR data of our synthetic
tanarifuranonol (4) did not match with those of the reported
natural compounds (see the Supporting Information). How-
ever, compound.7 had'H and*3C NMR data comparable
with those of the reported natural proddtin order to
confirm the relative stereochemistry of synthetic natural
product, NOE correlation studies df, 17, and18 were
performed (see the Supporting Information). Moreover,
Mitsunobu productl8 was transformed to the crystalline

(20) (a) Mitsunobu, O.; Yamada, MBull. Chem. Soc. Jprl967, 40,
2380. (b) Martin, S. F.; Dodge, J. Aetrahedron Lett1991,32, 3017.
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Figure 2. ORTEP drawing of hydrazone derivati2®.

hydrazone derivative?0. Single-crystal X-ray diffraction
analysis of20 unambiguously proved that a side chain

2). Hence, to the best of our knowledge, after comparison
of all spectral data, we propose compoutify which is an
epimer of4 and has a different configuration at the chiral
center bearing a hydroxyl functional group, to be the structure
of the isolated natural product.

In conclusion, an intramolecular Dietd\lder reaction of
o-quinol allyl ether was demonstrated to lead to the
convenient construction of the 6-oxabicyclo[3.2.1]Joctane
skeleton. This methodology was then successfully applied
to the first total syntheses of racemic annuiononéelBil
15% overall yield and the proposed and revised structures
of tanarifuranonol4 and 17, in 12 and 18% overall yield,
respectively.
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with hydrazone is opposite to the benzoate group (Figure OL7028178
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