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A new stereoselective formal synthesis of (�)-mesembrane has been achieved by intramolecular conden-
sation of chiral amide and 1,3-cyclohexanedione moiety. The precursor amide was readily prepared by
condensation of the corresponding chiral amine and acid. Condensation provided moderate ratios of
ene-amide derivatives and the following transformation of functional groups has yielded the known pre-
cursor for (�)-mesembrane, resulting in formal synthesis.

� 2010 Elsevier Ltd. All rights reserved.
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Scheme 1.
Mesembrane 1 is a member of the Sceletium alkaloids,1 which
has the basic structural element of cis-3a-aryloctahydroindole
skeleton 3. Crinine 2 is also a prototype of the alkaloids.2 These
alkaloids containing quaternary center at C3a constitute a large
family of products that have attracted considerable attention over
the years due to their diverse and interesting structures,3 and sev-
eral asymmetric approaches have also been suggested (Fig. 1).4

Initially, as a new effort toward the asymmetric synthesis of
mesembrane, we tried to apply desymmetrization of enantiotopic
1,3-dicarbonyl groups of compound 45 by condensation with chiral
phenylglycinol (Scheme 1).7

However, the chiral induction obtained under various dehydra-
tion conditions was found to be only ca. 1:1, and the diastereomers
of 5 were not separable.

In order to improve the selectivity in the cyclization step, we
decided to attempt an intramolecular amide-carbonyl condensa-
tion. Chiral amide precursors 6 have been prepared by coupling 4
with the commercially available chiral amines using 2-chloro-
4,6-dimethoxy-1,3,5-triazine (CDMT)/N-methylmorphorine N-
oxide (NMM) in good yields.8 The following asymmetric cycliza-
tion to 7 has been found to be optimal 65 �C in benzene in the pres-
ence of catalytic amount of TsOH. Higher temperature reduced the
selectivity and even yields due to some decomposition, and the
lower temperature showed only retarded reaction process without
enhancing the selectivity. 1-(1-Naphthyl)ethyl group on the nitro-
gen provided the best ratio 3:1 in quantitative yield, however, as
an inseparable diastereomeric mixture. It seems that steric interac-
tion between dimethoxyphenyl group and bulkier aromatic groups
of amide would play a role for differentiating the two carbonyl
groups in the reaction with the amide (Table 1).
ll rights reserved.
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Conversion of compound 7a to the known intermediate 10 for
(�)-mesembrane has been carried out by reducing the carbonyl
to alcohol and transforming the alcohol to xanthate 8 in 95% in
two steps.9 Reduction of the xanthate to inseparable hexahydroin-
dol-2-ones 9 by Bu3SnH/AIBN was achieved in 84% yield. Fortu-
nately, each reaction provided the inseparable products in good
3: cis-3a-aryloctahydroindole 
   ring skeleton

Figure 1.
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yields without change of the diastereomeric ratio. Reduction of 9
with Et3SiH4c provided octahydroindol-2-one 10 as a major prod-
uct (68%) and its isomer 11 as a minor product (23%). The spectral
data10 of these compounds were identical to those published in the
literature4c {10: ½a�30

D 64.2, lit. ½a�26
D 65.6; 11: ½a�30

D �71.4, lit. ½a�26
D

�73.0} (Scheme 2).
We have tried to differentiate the enantiotopic 1,3-dicarbonyl
groups of 1,3-cyclohexanedione by asymmetric cyclodehydration
process for the synthesis of chiral mesembrane. In the intramolec-
ular condensation process, marginal selectivity has been found,
and the subsequent conversion to the known intermediates
confirmed each of the structures and ensued the formal synthesis
of (�)-mesembrane.
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