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(x)-cylindricine C

A new approach to the marine alkaloid (+)-cylindricine C has been devised. The key element of the synthesis consists of a Michael addition/
dipolar cycloaddition cascade between 2,3-bis(phenylsulfonyl)-1,3-butadiene and 9-triisopropylsilanyloxy-non-1-en-5-one oxime. The resulting
cycloadduct was converted into (+)-cylindricine C by a sequence of reactions including a reductive cyclization, intramolecular enolate alkylation,

and conjugate addition to introduce the n-hexyl side chain.

The cylindricines A—K represent a family of akaloids that
were isolated by Blackman and co-workers from the ascidian
Clavelina cylindrica found in Tasmaniain the early 1990s.*
Members of this family possess either the pyrrolo or
pyrido[2,1-j]quinoline tricyclic framework and are readily
interconverted via an aziridinium ion intermediate.? Among
this class of akaloids, cylindricine C (1) represents an
intriguing target.® This natural product is closely related to
the marinetricyclic akaloid lepadiformine (2) differing only
in the cig/trans stereorelationship of the perhydroquinoline
ring system and the functionality at C, (Figure 1).* Given
the unique structural motif, cylindricine C (1) and the related
lepadiformine (2) have already attracted an impressive array
of synthetic efforts.>® The Molander®® and Trost groups™
utilized a double Michael addition to create the tricyclic
skeleton from a monocyclic substrate. |ndependent work by
Kibayashi®*¢ and Hsung® made use of a pivotal N-acyl-
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iminium ion/diene cyclization protocol. An oxidative spiro-
cyclization of aphenolic primary amine was the key strategy
used by Ciufolini® and co-workers in their asymmetric
synthesis of (—)-cylindricine C. Despite these earlier efforts,
new and efficient approaches toward the tricyclic core of
the cylindricines are still important as they would allow not
only the synthesis of other members of this family of natural
products but also related non-natural analogues possessing
biological activity. In this communication, we report a
concise stereocontrolled synthesis of (£)-cylindricine C (1)
where an efficient tandem Michael addition/dipolar cycload-
dition sequence developed in our laboratory plays a crucia
role.”
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Figure 1. Marine tricyclic akaloid framework.




Our approach to cylindricine C was guided by a long-
standing interest in the intramolecular [3 + 2]-cycloaddition
of alkenyl nitrones for natural product synthesis.® In earlier
work, we had described the formation of 7-oxa-1-azanor-
bornanes (i.e., 5) from the reaction of oximes with 2,3-
bis(phenylsulfonyl)-1,3-butadiene (3).° The formation of the
bicyclic isoxazolidine 5 involves conjugate addition of the
oxime with the activated diene 3 to give a transient nitrone
4 which then undergoes a further intramolecular 1,3-dipolar
cycloaddition onto the adjacent vinyl sulfone (Scheme 1).
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Raney-Ni reduction of the 7-oxa-1-azanorbornane cycload-
duct 5 resultsin sequential nitrogen—oxygen bond cleavage
followed by desulfonylation to furnish a 2,2-disubstituted
4-piperidone of type 6.

Our retrosynthetic anadysis (Scheme 2) reveals a potentially
convenient route to cylindricine C based on the above
Michael addition/dipolar cycloaddition cascade. The cylin-
dricine C core was envisioned to evolve from the easily
accessible 4-piperidonyl B-ring precursor 9 which bears two
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distinguishable tethered groups at the congested C, stereo-
genic center. 2,3-Bis(phenylsulfonyl)diene 3 and oxime 7
(R = TIPS) were considered as the two building blocks for
the construction of cycloadduct 8. Challenges to overcome
in this approach would include the construction of the
remaining A- and C-rings around the 4-piperidone periphery.
There would also be the need to leverage potential epimer-
ization at the Cs and Cy3 stereocenters within the azatricyclic
core to geometries that would adopt the energetically
preferred arrangement relative to the central tetrasubstituted
Cio carbon prior to the late-stage n-hexyl group installation
at the C, position.

Following this approach, we prepared oxime 7 starting
from 0-valerolactone by atractable four-step sequence which
proceeded in 62% overall yield. The known 5-hydroxy-N,O-
dimethyl-pentanohydroxamic acid'® derived from §-valero-
lactone and N,O-dimethylhydroxylamine was converted to
the corresponding TIPS protected acohol in 79% yield for
the two-step sequence (Scheme 3). Reaction of 11 with
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3-butenyl magnesium bromide gave ketone 12 in 98% yield
which, in turn, was transformed into the corresponding oxime
7 (80%) when treated with NH,OH-HCI. Heating a sample
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of oxime 7 and bis(phenylsulfonyl)diene 3 in CHCI; at 90
°Cin aseded tube for 12 h afforded the expected cycload-
duct 8 as a 1:1 mixture of diastereomersin 75% yield. In a
series of papers, Stack and co-workers showed that terminal
olefins can be rapidly and efficiently epoxidized using
manganese phenanthroline with commercially available per-
acetic acid in CHsCN at room temperature.'* Using these
conditions, the alkenyl group present in cycloadduct 8 was
epoxidized to give primarily 13 as a single diastereomer in
26% isolated yield.** The epoxidation of 7 proceeds with
high exo-selectivity, and thisis probably aresult of different
steric interactions in the transition state with the Mn'"
complex for the two different diastereomers. In addition,
complexation of the manganese catalyst with the N—O bond
of the oxa-azanorbornene might also help to direct the facial
selectivity of the epoxidation reaction.

With epoxide 13 in hand, treating a sample with excess
zinc dust in an agueous ammonium chloride—THF mixture™
at 70 °C triggered a reductive—cyclization cascade whereby
scission of the N—O bond was followed by the spontaneous
gjection of phenyl sulfenic acid to furnish 4-piperidone 14
asatransient intermediate. Attack of the basic nitrogen atom
of the 4-piperidone onto the epoxide ring proceeded rapidly
and established the indolizidine ring system.** This was
followed by afurther reduction of the remaining phenylsul-
fonyl group in 15 to give 16 in 76% overal yield as a 9:1
mixture of diastereomers. The major isomer coincides with
the hydroxymethylene geometry at the C,3 position of the
cylindricine C motif (Scheme 4). Esterification of acohol
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16 with benzoyl chloride gave the corresponding ester 17,
and this allowed for the separation of the two diastereomers
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by column chromatography.

Desilylation of 17 with TBAF followed by tosylation of
the resulting primary alcohol 18 furnished the expected
tosylate 19 in 76% overall yield. We next carried out a base-
induced cyclization of 19 so as to construct the core
azadecalin ring system 21 by means of an intramolecular
enolate alkylation reaction.™ Thus, treatment of tosylate 19
with 2 equiv of t-BuOK in benzene followed by an aqueous
workup afforded 21 in 69% yield (Scheme 5). This reaction
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presumably proceeds via the initially formed trans-1-
azadecalin 20 which readily epimerizes to the thermody-
namically more stable isomer 21459 possessing the stere-
ochemistry required for the structure of cylindricine C.

To complete the total synthesis of (+)-cylindricine C (1),
oxidation of 21 to the corresponding 2H-piperidonyl enone
22 had to be affected to introduce the n-hexyl side chain. A
variety of standard methods such asIBX, CAN, and PhSeCl/
NalO, were explored but failed to produce the required
unsaturated enone. Ultimately, 22 was prepared in 95% yield
by treating 21 with Hg(OAc), in the presence of EDTA
(Scheme 6).° Finally, the n-hexy! side chain was introduced
by taking advantage of the tricyclic topography of 22 so as
to influence the pseudoequatorial approach of the organo-
metallic reagent. Thus, conjugate addition of the n-hexyl
cuprate reagent to enone 22 using a modified Donohoe
procedure’’ followed by alkaline saponification furnished a
3:1 mixture of cylindricine C (1) and 2-epi-cylindricine C
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(23) in 84% yield. The synthetic material displayed spec-
troscopic data identical to those reported for the natural
product.*

In summary, a new approach to the marine akaloid (+)-
cylindricine C has been devised. The key element of the
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synthesis consists of aMichael addition/dipolar cycloaddition
cascade of 2,3-bis(phenylsulfonyl)-1,3-butadiene with 9-tri-
isopropylsilanyloxy-non-1-en-5-one oxime. The resulting
cycloadduct was converted into cylindricine C by: (1) a
reductive—cyclization cascade to set the BC-ring skeleton,
(2) abase-induced cyclization to construct the tricyclic core,
and (3) an oxidation-conjugate addition of the n-hexyl side
chain. The applicability of the new methodology to other
alkaloidal targets is currently under study and will be the
subject of future reports.
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