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ABSTRACT

{a) conjugate addition
(b) carboazidation

(c) reductive amination
(d) lactamization

{e) Takahata procedure

The total synthesis of lepadiformine has been achieved in 10 steps and 15% overall yield from cyclohexanone. The amino-substituted quaternary
carbon center is created through a radical carboazidation reaction. The tricyclic core of lepadiformine is built via an efficient hydrogenation

process, involving reduction of the azide and intramolecular reductive amination of a ketone, followed by lactamization of the intermediate
y-aminoester. The hydroxymethyl side chain is introduced according to a modified Takahata procedure after conversion of the lactam into a
thiolactam.

Lepadiformine is a marine alkaloid which was isolated in
1994 from the tunicat€lavelina lepadiformisand later from — %Q

Clavelina moluccensis It showed moderate cytotoxic activ- ~ HO N Cabea

ity against several tumor cell lines as well as various

cardiovascular effects in vitro and in vivo. Its discovery

triggered a series of synthetic efforts. In several attempts lepadiformine 1

toward the total synthesis, it soon became obvious that the

structure originally proposed based on NMR experiments had A key structural feature of lepadiformine is teans

to be corrected. It was not until 6 years after its discovery azadecalin framework including an amino-substituted qua-

that the structure of lepadiformine was finally revisedito  ternary carbon center (C10). We report here a very concise
after the first total synthesis by KibayaghiThis process  synthesis of lepadiformine starting from cyclohexanone and

has recently been reviewed by Weinreb, who emphasizesusing a radical carboazidation step to create the quaternary
the value of total synthesis for natural product structure carbon center at C10.

HO—  MCgHig

elucidation in this contex@.A number of syntheses for Recently, we developed a radical carboazidation reaction
racemi@ as well as for optically pure lepadiformine have and applied it to the preparation of mono- and polycyclic
been reported. lactams such as indolizidinones and spirocyclic lactams.

_ , : the latter case, the reaction proceeds via a tertiary alkyl
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@) (2) Abe, H.; Aoyagi. S.: Kibayashi, 0. Am. Chem. So€00Q 122, character. Therefore, this procedure is particularly efficient
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to prepare amino-substituted quaternary carbon centers, suc
as C10 of lepadiformine. Our synthetic strategy to prepare
lepadiformine is depicted in Scheme 1. Tricyclic lactdm

Scheme 1. Retrosynthetic Approach

h The tin-mediated carboazidation was carried out atG0
with a 1:1 ratio of alkend and ethyl iodoacetate and using
pyridine sulfonyl azide as the radical trap to facilitate
chromatographic separation of the produ@his gave the
azidoester3 in good vyield as a 3:2 mixture dfrangcis
diastereomers (Scheme 3).

Scheme 3. Radical Carboazidation
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will be obtained by two consecutive ring closures from
azidoketoeste3. The azidoester3 will be prepared by
carboazidation of the methylenecyclohexahesasily pre-
pared from cyclohexanorte

Interestingly 4 had already been reported as an intermedi-
ate in the total synthesis of 5,13-diepilepadiformine by
Pearsonrf. The ketoester6 was prepared according to a
literature procedure in 86% yield (Schemée B)ethylenation

Scheme 2. Preparation of Methylenecyclohexade
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of the ketone6 was examined under several reaction
conditions. Wittig olefination gave the desired product in
moderate yield (60%). A better result was obtained with
Kauffmann’s tungsten carbene that gave the desired meth-
ylenecyclohexan@ in nearly quantitative yield Then-hexyl

side chain was then introduced by conversion of the é&ster
to the Weinreb amide8 followed by reaction withn-
hexylmagnesium bromide as previously reported by Pedrson.

(5) (a) Panchaud, P.; Ollivier, C.; Renaud, P.; Zigmanta3, Srg. Chem.
2004 69, 2755. (b) Chabaud, L.; Landais, Y.; RenaudOPg. Lett.2005
7, 2587. (c) Panchaud, P.; Chabaud, L.; Landais, Y.; Ollivier, C.; Renaud,
P.; Zigmantas, SChem. Eur. J2004 10, 3606. (d) Panchaud, P.; Renaud,

Attempts to run the reaction at lower temperature did not
enhance the diastereoselectivity.

Separation of thérans and cis diastereomers &f was
possible. However, the synthesis was carried on with the
mixture of diastereomers since an easier separation was
possible at a later stage.

To prepare cycle B, the azide moiety was reduced to an
amine by hydrogenation in the presence of palladium on
calcium carbonate. This catalyst was found to be superior
to Pd/C which led mainly to elimination of hydrazoic acid.
We later discovered that the minor azicle-3 is much more
prone to elimination due to thenti arrangement of the proton
and the azide (Scheme 4). Thus, when the diastereomeric

Scheme 4. Formation of Tricyclic Lactan?
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mixture of 3 was hydrogenated, the minais-3 was

completely converted to apolar products drahs-3 under-
went the desired reduction followed by a stereoselective
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Scheme 5. Conversion of Lactan2 to (+)-Lepadiforminel
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intramolecular reductive amination leading to the bicyclic

This simple transformation proved to be much more com-
plicated to run than expected since all methods involving
reduction of the lactam to a hemiaminal followed by reaction
with a nucleophile failed. Takahata reported that thioami-
dinium salts, formed by treatment of thiolactams with methyl
iodide, react with lithium acetylides to give propargylamines
after reduction of the intermediaté,S-acetal with lithium
aluminum hydride?® By enforcing the reducing conditions,
a direct access to allylamines was envisaged. Conversion of
2 to the thiolactam10 with Lawesson’s reagelit was
straightforward. Treatment of thiolactadD with methyl
iodide and then with lithium 2-phenylacetylide followed by
heating with an excess of LiAliafforded the allylic amine
11 as a single diastereoisomer. Conversionlafto (+)-
lepadiformine was achieved by ozonolysis under acidic
conditions (AcCl in MeOH) followed by reductive treatment
with NaBH, (Scheme 5).

In conclusion, the total synthesis af)-lepadiformine was
achieved in 10 linear steps from cyclohexanone with an
overall yield of 15%. This synthesis is expected to be easily
amenable to the preparation of the enantiomerically pure
natural product by preparing the methylenecyclohexéne
in optically pure form. Work in this direction will be reported
in due course. The stereochemical outcome of the carboazi-
dation step is also under investigation and strategies to
achieve a high level of stereocontrol are being developed.
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The last part of the synthesis concerned the conversion of 5 ggoog3+

the y-lactam into a hydroxymethyl-substituted pyrrolidine.
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