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ABSTRACT

A novel synthetic route to (�)-anisatin has been developed. Our synthesis features a rhodium-catalyzed 1,4-addition of an arylboronic acid, an
intramolecular Diels�Alder reaction of an ortho-quinone monoketal, a stereoselective [2,3]-Wittig rearrangement, and construction of the
oxabicyclo [3.3.1] skeleton via cleavage of an epoxide by a primary amide.

Anisatin (1) was isolated as one of the toxic components
of Japanese star anise (Illicium anisatum).1 Structure elu-
cidation revealed that anisatin is a sesquiterpene char-
acterized by the eight contiguous stereogenic centers, the
oxabicyclo [3.3.1] skeleton, and the spiro β-lactone.2 The
highly challenging structure of anisatin and its bioactivity
as a strong GABAA antagonist3 have attracted much
attention in synthetic organic community. Despite numer-
ous synthetic studies reported to date,4 only one total
synthesis has been achieved.5 Herein, we report a complete-
ly stereoselective total synthesis of (�)-anisatin.

Our retrosynthesis is illustrated in Scheme 1.Cleavage of
the three rings, including two lactone rings and a cyclo-
pentane ring, would lead to a highly substituted cyclohex-
ane 2. To achieve stereoselective construction of the
cyclohexane ring, three bonding pairs shown by arrows
were connected to give a compound with a bicyclo [2.2.2]
skeleton. The quaternary stereogenic center, which corre-
sponds to the spiro carbon, would be constructed stereo-
selectively by utilizing the steric or electronic character of
the bicyclic system. The key intermediate 3 could be
synthesized by an intramolecular Diels�Alder reaction
of 4,6 which would in turn be prepared by oxidation of
phenol 5.
Our synthesis commenced with a rhodium-catalyzed

1,4-addition7 of known arylboronic acid 68 to butenolide 7,9

Scheme 1. Retrosynthesis
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giving the desired adduct 8 with complete diastereoselec-
tivity (Scheme 2). Treatment of 8 with potassium hydro-
xide and sodium borohydride in methanol provided a
mixture of lactone 9 and ester 10 without loss of the
enantiomeric purity. The mixture was subjected to amino-
lysis to provide dimethylamide 11. Propargylation of the
hydroxy group, reductive cleavage of the amide moiety,10

followed by mesylation of the resulting alcohol, afforded
12. Subsequent deprotectionof the catecholwas conducted
in a two-step sequence.11 Oxidation of the methylenedioxy
moiety with lead tetraacetate provided an acetoxydioxolan.
The ensuing methanolysis under basic conditions liberated
the catechol, which underwent an intramolecular SN2 reac-
tion to give the desired phenol 5 in good yield.

We next focused on the intramolecular Diels�Alder
reaction to construct the bicyclo [2.2.2] skeleton (Scheme 3).
Phenol 5 was treated with iodobenzene diacetate in
methanol to give a 1:1 diastereomeric mixture of ortho-
quinonemonoketals 4 (P=Me).Upon heating in toluene
to reflux, both diastereomers underwent a Diels�Alder
reaction6 to furnish tetracyclic adducts as amixture of the
epimers at the ketal moiety. The mixture could easily be

converged into a single epimer by treatment with CSA in
methanol to give 13. We next pursued the construction of
the other quaternary stereogenic center by utilizing the
steric bias of the bicylclo [2.2.2] system. Homologation of
the ketone moiety in 13 was effected using a Horner�
Wadsworth�Emmons reaction to give an unsaturated
ester as a single isomer.12 This was then reduced with
lithium aluminum hydride to provide 14. After alkylation
with iodomethyltributyltin,13 a facile [2,3]-Wittig rear-
rangement14 proceeded diastereoselectively, on treatment
with methyllithium in the presence of HMPA, to give a
homoallyl alcohol,15 which was benzylated to furnish 15.

Having successfully constructed the quaternary stereo-
genic center, which corresponds to the spiro carbon, we
turned our attention to cleaving the bicyclo [2.2.2] skeleton
(Scheme 4). When 15 was subjected to careful ozonolysis,
the most electron rich and constrained trisubstituted dou-
ble bond underwent selective cleavage to give, after isom-
erization of the double bond by treatment with potassium
carbonate, ketoaldehyde 16. Thus, the highly substituted
cyclohexane core of anisatin was established.
The ketoaldehydewas reduced to the correspondingdiol

whose primary alcohol was then protected with a TIPS
group. Conversion of 17 to 18 by Chugaev elimination16

set the stage for construction of the cyclopentene ring.
Thus, acidic hydrolysis of the ketal was followed by
conversion of the resulting primary alcohol to iodide 19.
Upon treatment with tert-butyllithium, Barbier-type cycli-
zation took place to give a cyclopentanol, which was
dehydrated with Burgess reagent17 to afford 20.

Scheme 2. Synthesis of Phenol 5

Scheme 3. Construction of the Quaternary Stereogenic Centers
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Sequential oxidation of the cyclic enol ethermoiety in 20
provided R-hydroxylactone 21 (Scheme 5). After protec-
tion of the R-hydroxy group, cleavage of the TIPS ether
with TBAF furnished allyl alcohol 22. Subsequent Sharp-
less epoxidation18 proceeded stereoselectively to yield an
epoxyalcohol, the primary hydroxy group of which was
reductively removed via an iodide to afford 23.19

With the requisite substrate in hand, the crucial con-
struction of the oxabicyclo [3.3.1] skeleton was investigated
(Scheme6).Treatmentof23withammoniayieldedaprimary
amide, which upon heating, underwent an intramolecular

SN2 reactionbetween the carbonyl oxygenand the epoxide to
providea cyclic imidate.Acidicworkup inducedhydrolysisof
the imidate to give the desired lactone 24 in good yield.20

Radical-mediated deoxygenation of the primary alcohol
afforded 25. Thus, the core oxabicyclo [3.3.1] skeleton was
constructed in a completely stereoselective manner.

The remaining tasks that had to be achieved were to
construct the β-lactone and the cis-diol moiety. Prior to
oxidative cleavage of the vinyl group, the tertiary alcohol
was protected with a methoxymethyl group.21 Ozonolysis
of the resulting MOM ether at low temperature afforded
an aldehyde, which was immediately converted to car-
boxylic acid 26.22Hydrogenolysis of the benzyl group over
Pearlman’s catalyst proceeded without affecting the tri-
substituted double bond. The crucial formation of the
β-lactone was best carried out with MNBA.23 After
selective deprotection of the tertiary hydroxy group,
dihydroxylation of the olefin was performed with OsO4 and
pyridine. Finally, removal of the MOM group under acidic

Scheme 6. Completion of the Synthesis

Scheme 4. Construction of the Carbon Core of Anisatin

Scheme 5. Introduction of the Oxygen Functionalities
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conditions afforded (�)-anisatin, which was identical in
every respect with an authentic sample.
In conclusion, we have accomplished a completely

stereoselective total synthesis of anisatin, featuring an
intramolecular Diels�Alder reaction, a stereoselective
[2,3]-Wittig rearrangement, regioselective cleavage of the
trisubstituted double bond, and construction of the oxa-
bicyclo [3.3.1] skeleton via cleavage of an epoxide by a
primary amide.
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