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Intramolecular double Michael reaction of the o,B8-unsaturated
enone ester gave the tricyclo[5.2.2.01’5]undecane derivative, which
was stereoselectively converted into the tricyclo[6.2J.04'9]unde—

cane derivative.

Recently we have developed a novel method, intramolecular double Michael (IDM)

2) 1,3)

reaction and demonstrated its utility for the synthesis of natural products.

In further continuation of this study, we planned a synthesis of aconitium alka-

1'5]unde—

4,9,_

undecane (4), which could be transformed into the enone (3). The second IDM

loids as shown in Scheme 1. Namely rearrangement of the tricyclo[5.2.2.0

cane (5), obtained via the IDM reaction of 6, would give the tricyclo[6.2.1.0

reaction of 3 would afford the aconane derivative (2), convertible into the lycoc-
tonine skeleton (1). Here we wish to report a synthesis of 23 as a model experi-
ment for the construction of the tricyclic compound (4), in which the rearrangement

4)

was performed in highly stereo- and site-selective manner.

Scheme 1,
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Protection(95% yield) of 2,2-dimethyl-4-pentenal (Z),S) followed by oxidation
of the double bond with osmium tetroxide and sodium metaperiodate6) afforded the
aldehyde (8), which was condensed with cyclohexanone in a hot agueous potassium
hydroxide solution to give the o,B-unsaturated ketone (2)7) in 67% yield from 8.

)

After catalytic hydrogenation(81% yield) of 9, the ketone (lg),7 was silylated

under the kinetically controlled conditions and then oxidized with palladium(II)

8) 7) in 90% yield. Deprotection of

acetate and 1,4-benzogquinone to the enone (11)
11 with dilute perchloric acid in tetrahydrofuran followed by Emmons reaction
formed the a,B-unsaturated enone ester (12)7) in 76% yield from 11. The IDM
reaction of 12 was conducted with lithium hexamethyldisilazide in hexane-ether
(5 : 1 v/v) at -78 °C for 2 h and at room temperature for 0.5 h to produce the

7) in 64% yield as a single product. The stereochemistry of

tricyclic compound (13)
13 was determined on the basis of the consideration of the reaction mechanismz) and
the spectral evidences; particularly due to the chemical shifts of two geminal

7)

methyl groups of 13 and the corresponding alcohol (14) which was gained by

reduction of 13 with L-selectride.

Now our attention was focused on the stereocontrolled rearrangement accompa-
nied with an introduction of two oxygen functional groups. Therefore transforma-
tion of the ethoxycarbonyl group to a more hindered group as the methoxymethyloxy-
methyl group and a rearrangement via an epoxide intermediate were examined. Thus
13 was reduced with diisobutylaluminum hydride to provide in 99% yield the corres-
ponding epimeric alcohols (l§L7) whose secondary hydroxyl group was selectively
oxidized with sodium bromate in the presence of ceric ammonium nitrateg) to the
keton(16) in 80% yield. The primary alcohol (1§)7) was blocked using methoxymethyl
chloride and diisopropylethylamine to give the ether (11)7) in 83% yield. Conver-
sion of 17 into the olefin (l§)7) was carried out in 53% yield according to the
Shapiro's procedure.10) Reaction of 18 with m-chloroperbenzoic acid afforded two
products. The major product obtained in 65% yield was shown to be the desired
epoxide (12),7) but the more polar compound, gained in 4% yield, appeared to have
the structure 227’11) on the basis of 1H—NMR spectrum. Interestingly, treatment of
the epoxide (19) with 10% perchloric acid in tetrahydrofuran produced the tetra-
cyclic alcohol (gl),7) mp 93 -94 °C, in 71% yield. Acidic treatment of the above
20 also yielded 21. Furthermore reaction of 19 with boron trifluoride etherate in
anhydrous dichloromethane formed 2211) and 21 in 33% and 36% yields. It was
considered that the tetracyclic alcohol (21) possessed ideal characteristics for
the rearrangement; the correct stereochemistry of the hydroxyl group and the limi-
tation of rearranged products due to the existence of the tetrahydrofuran ring.
Mesylation of 21 (66% yield), followed by solvolysis, which was conducted by hea-
ting the mesylate (23)7’ for 15 h in a mixture of acetone and water (2 : 1 v/v),
furnished the required product (21)7) in 65% yield. The structure of 23 was
determined by spectroscopic methods including INEPT 13C—NMR and 400 MHz two-dimen-
tional (2D) correlated NMR (H,H-COSY) techniques.

Highly stereocontrolled construction of the partial structure of aconitium
alkaloids was thus achieved and an application of this methodology for the synthe-

sis of the natural products is in progress.
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