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Recently, we developed a palladium-catalyzed oxidative cycli-
zation1 of olefinic keto and lactone esters as an alternative method
of the palladium-catalyzed cycloalkenylation for the construction
of highly functionalized polycyclic compounds.2 As an extension of
our earlier work, we investigated the application of this catalytic
cyclization process in the synthesis of cis-195A (1), a member of
the decahydroquinoline class of dendrobatid alkaloids.

cis-195A (1) was originally isolated in 1969 from the skin extracts
of Dendrobates pumilio, a brightly colored Panamanian poison arrow
frog.3 cis-195A (1) has been an attractive and challenging target in
organic synthesis because of its intriguing pharmacological proper-
ties and unique structure.4

The retrosynthetic analysis of cis-195A (1) is outlined in
Scheme 1. The transformation of lactam 2 into cis-195A (1) has
been reported by Oppolzer et al.5 Therefore, we focused on the
stereoselective construction of bicyclic lactam 2. We anticipated
that the Beckmann rearrangement of oxime 3 would proceed
regioselectively to afford 2. We believed that 3 would be synthe-
sized by a series of functional group manipulations of exo-olefin
4, which would be accessed from a palladium-catalyzed oxidative
cyclization of olefinic keto ester 5. Finally, trans-substituted cyclo-
hexanone 5 would be stereoselectively obtained from 6 by employ-
ing a tandem Michael reaction-carbomethoxylation reaction.

Our approach begins with the synthesis of exo-olefin 4 by the
route depicted in Scheme 2. Conjugate addition of homoallyl mag-
nesium bromide followed by quenching with methyl cyanoformate
gave rise to 3,4-trans-disubstituted cyclohexanone derivative 5 as a
10:1 diastereomeric mixture of esters in 95% yield.6 Next, the
palladium-catalyzed oxidative cyclization of 5 was performed in
the presence of 10 mol % of Pd(OAc)2 to furnish the desired exo-
olefin 47 in 78% yield together with endo-olefin 7 (14%) and cyclo-
hexenone derivative 8 (3%). After the separation of the mixture
ll rights reserved.
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using silica gel column chromatography, exo-olefin 4 was sub-
jected to a hydride reduction followed by tosylation to afford tos-
ylate 97 in 69% overall yield. Reduction of 4 with NaBH4 in the
absence of CeCl3�7H2O was found to decrease the yield of the unde-
sired corresponding alcohol. Ozonolysis of 9 and reductive work-
up afforded keto tosylate 107 in 79% yield. The structure of 10
was confirmed by 1H–1H COSY analysis. Additionally, the relative
stereochemistry was established on the basis of NOESY correla-
tions as described in Figure 1. Conversion of 10–117 was achieved
by elimination of the tosylate moiety followed by hydrogenation of
the resultant olefin. Krapcho reaction of 11 was performed using
lithium chloride to afford hydrindane 12 as a 3:2 mixture of diaste-
reoisomers with epimerization (Scheme 2).

At this stage, epimerization of the trans- and cis-hydrindanones
12 was performed under basic or acidic conditions as depicted in Ta-
ble 1. Although no epimerization occurred when employing sodium
ethoxide (entry 1) or aqueous hydrochloric acid (entry 2), reverse
addition methods changed the ratio of 12. Treatment of 12 with
LDA and quenching with a tertiary alcohol as the proton source pro-
duced a 2:1 ratio of cis-hydrindanone 12a4h and trans-isomer 12b.5

On the other hand, cis-hydrindanone 12b doubled in ratio when
TBMP (2,6-di-tertiary-butyl-4-methylphenol) was used as the pro-
ton source. Each stereoisomer was easily isolated by silica gel col-
umn chromatography, and cis-hydrindane 12a was first used for
the construction of (±)-cis-195A (1).

Elaboration of cis-hydrindane 12a into (±)-cis-195A (1) was
achieved by applying Oppolzer’s procedure.5 Specifically, 12a was
transformed into a 1:1 mixture of stereoisomers of oximes 3,
which were subjected to Beckmann rearrangement to afford lac-
tam 2 as a single regioisomer in 67% overall yield. Lactam 2 was
next converted into lactim-ether 13, using trimethyloxoniumtetra-
fluoroborate in the presence of Hunig’s base. Compound 13 was
treated with propylmagnesium bromide under reflux in benzene
followed by DIBAL-H at �78 �C to provide (±)-cis-195A (1) in 46%
yield for three steps. In this sequence, benzene was found to be a
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Scheme 2.

Figure 1.

Table 1
Epimerization of hydrindanones 12a and 12ba

Entry Conditions Temperature (�C) Ratio

12a 12b

1 NaOEt, EtOH Reflux 3 2
2 10% HCl, EtOH Reflux 3 2

3b LDA, tBuOH �78 �C 9 5
4b LDA, TBMP �78 �C 1 2

a After Krapcho reaction of keto ester 11, a 3:2 mixture of trans- and cis-hyd-
rindanones 12 was obtained.

b LDA wad added to a THF solution of 12 at �78 �C, and then alcohol was added at
the same temperature.

Scheme 1. Retrosynthetic analysis of cis-195A (1).
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crucial solvent for the Grignard reaction and the hydride ion
attacked from the cis side with respect to the angular hydrogens
in 14. The NMR spectral data of synthetic (±)-1 were identical to
those previously reported.5

The preference for the hydride ion to add to intermediate 14
from the top can be explained by the Cieplak effect8 through
hyperconjugative stabilization of neighboring group electrons into
the r*-orbital of the incipient carbon-nucleophile bond.

In contrast to cis-195A (1), little is known about the approaches
to the synthesis of trans-195A (16), detected as a trace compound
in dendrobatid frogs (Scheme 3).9 Therefore, we pursued the total
synthesis of trans-195A (16) from trans-hydrindane 12b. Transfor-
mation of 12b into lactam 15 through Beckmann rearrangement of
the corresponding oximes of 12b was accomplished in 55% yield.
By analogy to the synthetic route used to access cis-195A (1), func-
tional group manipulations of 15 gave rise to trans-195A (16)9c as
shown in Scheme 4. As expected, hydride addition to intermediate
17 was highly stereoselective and occurred from the bottom. This
stereoselectivity can be also rationalized by the Cieplak effect.8

An important advantage of the present strategy is that each dia-
stereoisomer (12a and 12b), isomeric only at the angular hydrogen,
efficiently yields cis-195A (1) and trans-195A (16), respectively.

In conclusion, the decahydroquinoline alkaloids cis-195A (1)
and trans-195A (16) were efficiently synthesized by using the same
strategy. The synthetic approach included a palladium-catalyzed
oxidative cyclization and a Beckmann rearrangement as key steps.



Scheme 3.

Scheme 4.
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