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Summary: An efficient and highly regioselective intramolecular
Mannich-type reaction has been developed. The utility of the
methodology, combined with a stereoselective intramolecular Diels-
Alder reaction, for the construction of the AEF ring system of

aconitine-type alkaloids has been exemplified.

Aconitine-type diterpene alkaloids1 are widely distributed throughout the
plant world and have long been of interest due to their intriguing chemical
structures and their pharmacological activities. 1In connection with our
studies2 directed towards total synthesis of cardiopetaline (1)3, one of the
aconitine-type alkaloids, we planned to develop a new and efficient methodolo-
gy for constructing the AEF ring system which would be one of the crucial
points for the total synthesis. We now wish to report the successful synthe-
sis of the tricyclic enamine (2) as a model for the AEF ring system of the
diterpene alkaloids using a stereoselective intramolecular Diels-Alder reac-

tion and a subsequent regioselective intramolecular Mannich-type reaction.

As a preliminary experiment, we tried to construct the E-ring, the pipe-
ridine with tertiary amino functionality, by using an intramolecular Mannich-
type reaction4. Thus, 1,4-dimethylcyclohex-3-enecarboxylic acid (3)5, pre-
pared from the Lewis acid catalyzed Diels-Alder reaction of isoprene and
methyl methacrylate followed by basic hydrolysis, was converted into the
corresponding benzylamide (4) by a standard acid chloride method. Reduction

of the amide (4) with lithium aluminum hydride(LAH) gave the secondary amine
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which was isolated as the hydrochloride (5) in 70 % overall yield from methyl
methacrylate. On heating a solution of 5 in acetic acid in the presence of
formalin at 150°C for 10 h in a sealed tube, the reaction was cleanly com-
pleted to give the bicyclic enamine (7)6 as a sole product in 98 % yield.

Spectral data, especially 1H and 13

CNMR cleanly showed the compound was regio-
chemically homogeneous and, furthermore, no other isomers were found in the
reaction mixture. From the fact that the reaction proceeds quite cleanly and
quantitatively in a complete regioselective manner, it was suggested that the
conversion would involve a concerted pericyclic process, an unprecedented ene-

reaction containing iminium salt7, which occurs through a fairly stable aza-

adamantane—type8 transition state (6). (Scheme 1)
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Encouraged by this results, we decided to apply the methodology to the
synthesis of tricyclic enamine (2). The trienone (10)9 was prepared by modi-

fying the literature procedure9’10.

Thus, cyclopropyl methyl ketone was
converted into 5-bromo-3-methylhexa-1,3-diene as a mixture of the olefinic
isomers (E/2=3/1 from 1HNMR) via two-step sequence in 72 % yield. The cyanide
(8)10, derived from the bromide with KCN in the presence of 18-crown-6 in 96 %
yield, was reduced with diisobutylaluminum hydride to the corresponding alde-
hyde, which was then treated with isopropenylmagnesium bromide followed by
oxidation with activated manganese oxide to give 10 as a mixture of E and 2
isomers in 46 % yield from 8. The thermolysis of a solution of 10 in o-
dichlorobenzene at 180°C for 12 h afforded the crude cycloadducts which,
without isolation, was treated with hydroxylamine hydrochloride in the pre-
sence of pyridine at 100°C to provide a separable mixture of the trans-(12)
and the cis-fused oxime (11) in a ratio of 2.5:1 in 41 % yield. Sequential
reduction of 11 with LAH and treatment of the resulting primary amine with

acetic anhydride11 gave the acetamide (13) which was then reduced with LAH to
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give the secondary amine hydrochloride (14) in 54 % yield after treating with

hydrogen chloride in ether. (Scheme 2)
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Having the key intermediate (14) in hand, the successful completion of
our synthetic strategy now depended upon a crucial ring closure by the Man-
nich-type reaction. Treatment of 14 with the same conditions as in 5, pro-
vided the expected tricycle (2), probably via the conformation (15) in the
transition state, in a complete regioselective manner in 97 % yield as its

hydrochloride. The structure of 212 thus prepared was confirmed by 13CNMR,

400 MHz 1HNMR and its decoupling experiment.
This methodology thus developed should provide a basis for the total

synthesis of cardiopetaline (1).
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