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ABSTRACT

An efficient strategy to construct the congested C-7a quaternary chiral center of anisatin was developed, by way of an Eschenmoser−Claisen
rearrangement. Conversion of the resultant amide to Kende’s E-lactone intermediate 3 in four steps completed a concise formal synthesis of
(±)-8-deoxyanisatin (2).

Anisatin (1), the convulsant principal of the seeds of Japanese
star anise (Illicium anisatum,L.), was first isolated pure by
Lane et al. in 19521 and fully characterized by Yamada’s
group in 1968.2 The sesquiterpene toxin features a highly
oxygenated indan backbone with eight contiguous chiral
centers, among which four are adjacent quaternary carbons,
the construction of which represents one of the most
demanding tasks in multistep complex molecule synthesis.3

Consequently, synthetic studies toward anisatin offer numer-
ous opportunities for the development of new synthetic
strategies to this end. We hereby present an efficient approach
to forge the congested C-7a quaternary chiral center in a
labile system, leading to a formal synthesis of (()-8-
deoxyanisatin (2, Figure 1).

In view of its intricate architecture and biological activity,
anisatin has attracted extensive synthetic studies.4 In 1982,
the late Woodward’s group disclosed an elegant intramo-
lecular ene model study to construct the quaternary C-7a and
vicinal C-8 chiral centers in one step.4a Unfortunately,
ensuing application of this strategy to the synthesis of anisatin
proved unsuccessful as far.4b Three years later, Kende and
Chen reported the total synthesis of (()-8-deoxyanisatin,4c

but it was not until 1990, nearly forty years since its isolation,
that Niwa et al. published the first total synthesis of anisatin
in 39 steps.4d Both routes employed Robinson annulation to
generate C-7a in an early stage of synthesis. The introduction
of C-7a at a later stage offers an alternative concise avenue
to the target, despite earlier futile attempts due to Woodward,
inspiring us to carry out studies.
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Our retrosynthetic analysis of anisatin is outlined in
Scheme 1. The key step in our plan involves a [3,3]-Claisen

rearrangement to construct the C-7a quaternary center in4.
We envisaged that a few manipulations would convert4 into
ε-lactone3, which was a key intermediate in Kende’s total
synthesis of (()-8-deoxyanisatin.

Our synthesis commences from the preparation of key
intermediate carboxyindanol6 (Scheme 2). Michael addition

of p-TolMgBr to methyl crotonate (7) with a catalytic amount
of CuI in ether at 0°C afforded the methyl ester8 in 80%
yield, which underwent a smooth intramolecular Friedel-
Crafts acylation5 to indanone9 in 93% yield. To reach
carboxyindanol6, 9 was reduced under Luche6 conditions
at -78 °C to provide a 10:1 ratio of the requiredsynvs anti
diastereomeric indanol10 in 96% yield. Finally, carboxyl-
ation by means of directedorthometalation7 gave the desired

key intermediate6 in 65% yield, amounting to 42% total
yield over four steps.

At this junction, we moved into the second phase of
synthesis entailing the introduction of quaternary chiral center
C-7a (Scheme 3). To this end, 1,4-diene5 was obtained via

Birch reduction7d,8 of 6, followed by esterification with
CH2N2 in 60% yield. It is suspected that cyclohexa-1,4-diene
5 will be susceptible to re-aromatization8,9 or isomerization
to the corresponding 1,3-diene. To prevent these, attempts
were made to alkylate C-4 which nevertheless failed due to
the facile re-aromatization10 of 5 under basic conditions. For
this reason, our attention turned to implementation of the
[3,3]-Claisen rearrangement protocol to construct C-7a
instead.3,11 A vinyl ether Claisen rearrangement12 was first
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Fráter, G.; Kraft, P.HelV. Chim. Acta1999, 82, 1016.

Scheme 1

Scheme 2a

(a) p-TolMgBr, CuI (5 mol %), Et2O, 0 °C, 3 h; (b) PPA, 90
°C, 48 h; (c) NaBH4, CeCl3‚7H2O, MeOH,-78 °C, 2 h; (d)n-BuLi
(4 equiv), TMEDA (4 equiv), hexane, reflux, 3 h, then CO2, 0 °C,
overnight, then 1 M HCl, 0 °C.

Scheme 3a

(a) Na, NH3, reflux, 1 h, then NH4Cl; (b) CH2N2, Et2O, 0 °C;
(c) LDA, THF, -78 °C, then BnOCH2Cl, to 0 °C; (d) Hg(OAc)2,
CH2dCHOEt, reflux; (e) Ac2O, Et3N, DMAP, CH2Cl2, 0 °C; (f)
LiHMDS, THF, -78 °C, then TMSCl, to 25°C; (g) CH3C(OMe)2-
NMe2 (5 equiv), xylene, reflux, 48 h.
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explored, but only an unidentified tarry product was obtained.
Ensuing investigation with Ireland-Claisen rearrangement
also resulted in re-aromatized products.11,13 These failures
hinted at the lability of5, which posed additional challenges
to our synthesis. Fortunately, subsequent experimentation
with Eschenmoser-Claisen rearrangement14 succeeded in the
generation of quaternary C-7a, providing amide13 in 50%
yield. Thesyn relative stereochemistry at C-1 and C-7a in
13 was established by NOESY.

The successful preparation of13 marked the entry into
the next synthetic phase, that is the synthesis of Kende’s
ε-lactone key intermediate3 (Scheme 4). First, a selective

alkylation at C-4, in the presence of several other potential
alkylation sites, was required. Under optimal conditions
(LDA, cyclohexane/THF,-78 °C), the desired alkylation

product4 was obtained predominantly in 40% yield, which
underwent selective reduction of the ester functionality to
provide 14 in 50% yield. The amide in14 was next
hydrolyzed by heating with KOH in ethylene glycol at 200
°C under sealed tube conditions to afford carboxylic acid
15. Finally, mild lactonization toε-lactone3 was effected
by heating with catalytic amount ofp-TsOH in toluene at
70 °C in 70% yield over two steps. The structure of3 was
proved by comprehensive 2D NMR studies (COSY, NOESY,
HMQC, and HMBC), and the proton NMR is substantially
identical to that of Kende and Chen.15

In summary, an efficient strategy for the construction of
sterically congested quaternary chiral centers in labile system
has been developed by means of an Eschenmoser-Claisen
rearrangement after a Birch reduction, in the course of
pursuing the total synthesis of anisatin. This strategy was
realized in the successful generation of the C-7a quaternary
chiral center, leading to a concise formal synthesis of
(()-8-deoxyanisatin. The synthesis of Kende’sε-lactone
intermediate3 was accomplished in 11 steps from readily
available starting materials. Further synthetic studies toward
anisatin are currently in progress.
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Scheme 4a

(a) LDA, cyclohexane/THF,-78 °C, then BnOCH2Cl, to 25°C,
1 h; (b) LiBH4, THF, 25°C, 48 h; (c) KOH, ethylene glycol, sealed
tube, 200°C, 12 h; (d)p-TsOH, toluene, 70°C, 0.5 h.
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