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Abstract The synthesis of (-)-depentylperhydrohistrionicotoxin 2 from the 2-cyano-6-oxazolopiperidine synthon (-) 3 has been
achieved. The spiro skeleton was formed by an aldol cyclization of a methyl ketone and an aldehyde function belonging to chains
borne at C-2. Since the transformation of (+)-2 into (+)-perhydrohistrionicotoxin 1 is known, the synthesis of (-)-2 represents a
formal synthesis of (-)-perhydrohistrionicotoxin.

A great deal of interest has been shown in the preparation of piperidines containing a
spirocyclohexane substituent. This system occurs in the potent frog toxin histrionicotoxin (HTX)2 which,
along with its equally active perhydroderivative (PHTX)3 1, has been the subject of numerous synthetic
efforts. Although more than fifty published papers* have been concerned with the syntheses in this series only
three of them (HTX4d, PHTX3¢, 5) deal with asymmetric synthesis.

In this paper, we report an extension of the CN(R, S) method! using the chiral synthon (-)-3 for
the synthesis of spiropiperidine alkaloids. We reasoned that substitution of the aminonitrile anion followed by
nucleophile addition to the nitrile should allow the formation of the spiro skeleton via an intramolecular aldol
condensation. The methyl ketone 9 was the key intermediate in this strategy; its synthesis should be possible
by hydrolysis of the corresponding imine formed by a chemoselective reaction of MeLi on the CN group as we
have shown in recent studies’.

The condensation of the anion derived from (-)-3 with 2-(2-bromoethyl)-1,3-dioxolane gave 4;
since the reaction proceeds with retention of stereochemistry8, the newly created quaternary center has the 2R
configuration, corresponding to the natural HTX? series. Treatment of 4 with MeLi in ether afforded imine §
which was hydrolysed directly, without purification, in acidic medium at room temperature. However the
tricyclic ketal 69 was isolated instead of the expected free ketone. Although it has been impossible to confirm
the configuration of the ketal center (C-7), an examination of the Dreiding models indicated that only the
structure as depicted for compound 6 is possible.

Depentyl PHTX has been claimed to be as active as PHTX3¢ and its conversion into PHTX has
been previously reported!0. So we decided to completely reduce the ether system of 6 with LAH/ AICl3. The
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epimeric mixture (75/ 25) of alcohols 7 formed quantitatively was treated sequentially with Hy/ Pd-C to
remove the chiral appendage, then with benzyl bromide to protect the secondary amine with an unsubstituted
protective group in order to prevent side reactions. Swern oxidation (oxalyl chloride, DMSO) of alcohols 8
afforded ketone 9 as a single product. Refluxing 9 in 1.5N HCI gave the enone 101! [a]20p =+68 (c=1.16,
CHCI3) resulting from hydrolysis of the ketal followed by intramolecular aldol condensation.

The next step was the 1, 4-reduction of the conjugated ketone with Ha, Pd/ BaSOj4. It is interesting
to note that in these conditions the benzyl group was unaffected. Many difficulties were encountered in the
introduction of the butyl chain by addition onto the keto group of 11 due to steric hindrance. Neither Grignard
nor cerium reagents led to the desired product. Finally the alcohol 12 [a]20p =+4 (¢=0.68, CHCl3)12 was
obtained as a single isomer in 37% yield (82% after recovering starting material) by addition of BuLi in
ether!3,

The 1H NMR spectrum of 12 indicated, by comparison with the results published by Pearson!4,
that the C.2-N.1 bond and the butyl chain are in a cis relationship in the cyclohexane ring!5 since a very large
non-equivalence of the benzylic methylene protons was observed (6=3.76 and 3.12 ppm).

The endocyclic double bond of 13 was obtained by treatment of a solution of 12 in deoxygenated
benzene at reflux with HI!6; this product has been previously obtained in racemic form 14. 17, Alternatively,
dehydration with POCI3 in pyridine led to a mixture of the endocyclic and exocyclic double bonds ; the
isomerisation of the later failed in the various conditions previously reported18, but we noticed that the
treatment of the exocyclic isomer with HI furnished the endocyclic compound in good yield. A hydroboration
- oxidation reaction as previously described for the racemic form of 13162 afforded the epimeric alcohols 14a
and 14b in a 2: 1 ratio. Finally hydrogenolysis of the benzyl group furnished (-)-
depentylperhydrohistrionicotoxin 2 [a]20p = -45 (c=0.54, CHCl3) identical in all respects with already
described samples ([op, MS, NMR3¢),

In conclusion, the enantioselective synthesis of (-)-depentylperhydrohistrionicotoxin 2 in 14 steps
and 8% overall yield compares favorably with the other syntheses.
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