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EFFICIENT SYNTHESIS OF SOME 2-0OXASPIRO[3.5]NONA-1-ONES
AS ANISATIN MODELS

*
Michiharu KATO, Haruo KITAHARA, and Akira YOSHIKOSHI
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As a model study for the synthesis of anisatin, 2-~oxaspiro[3.5]-
nonane and 5-hydroxy-5-methyl-2-oxaspiro[3.5]nonane were synthesized
from methyl cyclohexanecarboxylate and 2-ethoxycarbonylcyclohexanone,
respectively, and these oxetanes were submitted to ruthenium tetr-

oxide oxidation to afford the corresponding g-lactones.

Anisatin (1), the principal convulsive toxin isolated from seeds of Illicium
anisatum L. (Japanese staranise), is a highly oxygenated sesquiterpenic B—lactone.l)
Since the first paper of its model synthesis was published by Woodward et al,,z)

many efforts have still continued toward the synthesis of 1.3)

g-Lactones are, in general, not only particularly susceptible

to attack of both electrophilic and nucleophilic reagents producing
4) but also readily decompose to olefins
5)

and carbon dioxide on heating at moderate temperature.

ring cleavage products,

Presence of such a reactive g-lactone ring in 1 led us con-
sider the strategy that construction of this functional group

1

should be carried out at as later stage as possible in the course of
the synthesis of 1 and that the most viable synthetic precursor of
} would be an oxetane because oxetanes are expected to be oxidized to g-lactones.

We report here a model study which would provide an efficient method for con-
struction of 2-oxaspiro[3.5]nona-l-ones and would play a major role for the total
synthesis of }.

As shown in Scheme 1, we firstly tested the above plan by employing methyl
cyclohexanecarboxylate (2) as a starting material, especially in order to verify
whether oxidation of oerane actually results in the formation of the desired
g-lactone.

Trapping of the lithium enolate of 2 with gaseous formaldehyde led to formation
of hydroxy ester §r 6) which was then converted to the corresponding tosylate 4.

In the hope that a tosyloxy alkoxide initially formed by preferential reduction of
the methoxycarbonyl group in é with a metal hydride would lead oxetane §7) by suc-
cessive internal nucleophilic displacement in a one-pot reaction, reduction of 4

with an equimolar amount of lithium aluminium hydride (LiAlH4) was examined. When
this reduction was performed at room temperature for 1.5 h, the major product was

diol monotosylate 6 (92% yield), and in longer duration (15 h) itwas over-reduction



1786
product 8 (59% yield). The expected
oxetane g was always givenin low yields.
The best~yield (50%) of 5 was obtained
when the reduction was c;rried out with
0.5 molar equivalent of LiAlH4 at 60 °C
for 15 h.
It g?s reported that substituted

oxetanes and spirooxetanes such as

2-oxaspiro[3.2]hexane, 2-oxaspiro[3.3]-
heptane, and 2—oxaspiro[3.4]octane7a)
underwent reductive cleavage of their
oxetane rings with LiAlH, in boiling
tetrahydrofuran, whereas 2-oxaspiro-
[3.5]nonane (5) exceptionally resisted

~ 7a,9)

this reduction. Judging from
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Scheme 1.

this fact, our result mentioned above indicates that warming acceler-
ated not only cyclization of the intermediate tosyloxy aluminium al-

koxide to oxetane, but also caused the formation of 8 by concomitant

hydrogenolysis of the tosyloxy group in 4.
Since the preparation of 5 from 4 in a one-pot reaction turned out disappoint-

ing results, 6 was converted to 5 with base in excellent yield.
There is, to our knowledge, no report on ruthenium tetroxide oxidation of

oxetanes.
ried out and the desired 3—1act5ne 710)
We next turned our attention tg
the synthesis of 5-hydroxy-5-methyl-
2-oxaspiro[3.5]nona-1-one (18) from
2—carbethoxycyclohexanone(9;fScheme
2). Ethyl 2—methy1—l-cyciohexene—
carboxylate (11) was synthesized in
high overall §£e1d by enol phospho-
rylation of 9 followed by coupling
of the resulEing enol phosphate 10
with lithium dimethylcuprate.12)~~
Treatment of the lithium enolate of
11 with gaseous formaldehyde pro-
ceeded regioselectively to afford
hydroxy ester 12 and the latter was
converted into~Ehe corresponding
tosylate 13. While attempted di-
rect conV;;sion of lgu:}fby LiAlH4
reduction similarly resulted in low
yield, 1413
overa11~§ie1d by treatment of 15,

was derived in excellent

obtained in quantitative yield from
13 by LiAlH4 reduction at room
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Scheme 2.
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Having the oxetane 5 in hand, its oxidation with this reagent was car-
was isolated although in low yield.
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temperature, with sodium hydride. Subsequent epoxidation of 14 with m-chloroper-

oxybenzoic acid proceeded smoothly to give epoxy oxetane {§l4) ;n high yield.
Selective cleavage of the epoxide ring in 16 occurred by employing super hydride
as a reducing agent, giving hydroxy oxetan;~l715) in almost quantitative yield.lG)
On exposure to ruthenium tetroxide, the oxeta;; 17 gave the expected B-lactone 1811Jj)
which was an inseparable 1:1 mixture of diasterggmers as demonstrated by itswﬁMR
spectrum.

Although ruthenium tetroxide oxidation of 17, as seen, showed no regioselec-
tivity, diether 19, a presumable progenitor of ;;isatin (1), can be expected to
show a high sterggselectivity on oxidation of its oxetaneNring owing to its oxa-

bicyclo[3.3.1]lnonane system.

( OH____’< OH

In conclusion, we have developed an efficient synthetic route for construction
of the 2-oxaspiro[3.5]nona-l-one skeleton, which will be applicable to the synthe-

sis of anisatin (1) as well as similar natural products.

This work was supported by a Grant-in-Aid for Scientific Research (59540339).
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A small amount of the starting oxetane, § or lz, was recovered. On this oxi-
dation of simple higher homologues, tetrahydrofurans and tetrahydropyrans give
corresponding y- and §-lactones in less than 65% and 47% yields, respectively.
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Reduction of this oxetane with LiAlH4 produced a diol. Detail will be re-
ported elsewhere.

}g: IR (CHC13) 3400, 1820 cm_l; 1H NMR (CDC13) § 1.22 and 1.42 (s, each, 3H in
total), 1.0-2.2 (m, 9H), 3.90, 3.96, 4.47, and 4.58 (4, J=5.1, 0.5H each,
-OCH2—) .
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