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Lycopladine H via a Pivotal Double Hydroformylation/Intramolecular
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ABSTRACT: A synthesis of the complete tetracyclic framework of the structurally unique Lycopodium alkaloid lycopladine H
has been accomplished using a strategy involving a double alkene hydroformylation/intramolecular reductive amination to form
the azocane and spiro-piperidine moieties of the natural product.

he Lycopodium alkaloids are a large family of plant
metabolites represented by a remarkably diverse array of
structural motifs." In 2009, Kobayashi and co-workers described
the isolation of a new type of alkaloid within this class,
lycopladine H (1), from the club moss Lycopodium
complanatum.> This tetracyclic metabolite incorporates several
novel architectural features including an azocane (azacyclooc-
tane) and a 3-piperidone spiro-fused onto a bicyclo[2.2.2]-
octane skeleton. In some preliminary studies, we have reported
methodology for the formation of the bicyclo[2.2.2]octane core
of the alkaloid using an approach based upon a Diels—Alder
cycloaddition of an o-quinone ketal with nitroethylene.*>%> We
have also explored methodology for annulating the azocane
moiety of 1 onto a preformed bicyclo[2.2.2]octane scaffold
utilizing an intramolecular version of a hydroaminomethylation
reaction,**°
In this letter we now describe the synthesis of the complete
skeleton of lycopladine H via a route which utilizes what was
learned during these initial model studies.” Thus, the original
plan was to form a tetracycle such as 2 via a double
intramolecular hydroaminomethylation of a divinyl amine 3,
thereby constructing the azocane and spiro-piperidine rings of
the natural product directly in a single operation (Scheme 1).5
We have previously described the synthesis of bicyclic keto
alcohol 5 from phenol 4 in four steps (Scheme 2).** This

Scheme 1. Retrosynthetic Analysis for Lycopladine H (1)
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Scheme 2. Synthesis of Bicyclo[2.2.2]octanone Inermediate
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route has been modified, and we can now prepare intermediate
5 in only three steps from the phenol in high overall yield (see
Supporting Information). A sequence was then developed to
convert this intermediate into a hydroaminomethylation
substrate similar to 3. Therefore, the alcohol functionality of
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S was first protected as the TBDPS ether 6. A large number of
methods were then investigated to reduce the nitro group of 6
to the corresponding amine, but inexplicably this trans-
formation could not be effected. It was found, however, that
the nitro group could be cleanly reduced to the hydroxylamine
7 using zinc metal/HCI, but further reduction to the amine
could not be achieved. The carbonyl group of 7 was reduced
stereoselectively with borane® to yield alcohol 8, and at that
stage the hydroxylamine functionality could be converted to the
amine 9 by catalytic hydrogenation. This amine was protected
as the Cbz-derivative 10, and subsequent lithium fluoroborate-
promoted” hydrolysis of the ketal led to a-hydroxy ketone 11.
After some experimentation it was found best to protect this
compound as the THP ether 12 (1:1 mixture of diastereomers)
for further transformations.

We were pleased to find that addition of vinylmagnesium
bromide/CeCl; to ketone 12 was totally stereoselective,
affording the desired allylic alcohol isomer 13 in high yield'’
(Scheme 3). Since the THP group proved to be incompatible

Scheme 3. Conversion of Ketone 12 to Divinyl Substrate 18
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with some subsequent steps, it was removed with PPTS in
ethanol to afford diol 14, which was protected as the
benzylidine acetal 15."" This compound is a single stereoisomer
whose configuration is assumed to be as shown.

In order to prepare for introduction of the second vinyl
moiety, it was necessary to remove the silyl protecting group of
intermediate 15. This transformation proved to be more
difficult than anticipated, since the common fluoride sources
(i.e, TBAF, HF-pyridine, etc.) were not effective. It was finally
discovered, however, that a reported mild method for
generating HF using 4- methoxysahcylaldehyde/BP3 -etherate
produced the desired alcohol 16 in excellent yield.'* Swern
oxidation of alcohol 16 then afforded aldehyde 17, and addition
of vinylmagnesium bromide yielded allylic alcohol 18 as an
~3:1 mixture of diastereomers that could be separated by
chromatography for characterization purposes.
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The mixture of alcohols 18 was next protected as the MOM
ether 19 (Scheme 4)." Although it was possible to convert the

Scheme 4. Double Hydroformylation/Intramolecular
Reductive Amination of Carbamate Bis-alkene 19
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Cbz-carbamate 19 to the corresponding amine, it was found
that effecting a one-pot double intramolecular hydroamino-
methylation of this substrate, as was our initial plan (cf. Scheme
1), did not work satisfactorily."* It therefore became necessary
to modify the strategy, and it was discovered that simply
reversing the last two steps easily solved the problem. Thus,
carbamate bis-alkene 19 was first hydroformylated to produce
dialdehyde 20."° Subsequent exposure of this dialdehyde to
hydrogenation conditions using 10% Pd/C catalyst in a mixture
of ethyl acetate/acetic acid resulted in removal of the Cbz
group, followed by an in situ double reductive amination to
afford the desired tetracycle 21.

With advanced tetracyclic intermediate 21 in hand, a number
of attempts were made to convert this compound into the
natural product (Scheme S). For example, it was possible to

Scheme 5. Attempts to Convert Tetracycle 21 to
Lycopladine H (1)
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remove the benzylidine group of 21 to produce diol 22 via a
dissolving metal reduction. Oxidation of this intermediate with
IBX then led to the desired a-hydroxy ketone, which upon
MOM removal gave amino diol 23 (yields unoptimized).
However, all attempts to oxidize 23 to the alkaloid failed using
a variety of oxidants such as IBX, Jones reagent, PCC, TPAP,
etc, in most cases leading only to decomposition.'®

In conclusion, synthesis of the framework of the structurally
unique Lycopodium alkaloid lycopladine H (1) has been
achieved in 19 steps from phenol 4 using a strategy involving
a novel double alkene hydroformylation/intramolecular reduc-
tive amination to form the azocane and spiro-piperidine
moieties of the natural product in the form of advanced
tetracyclic intermediate 21. Disappointingly, we have been
unable to convert this compound into the natural product.
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