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ABSTRACT
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—_—

1- Lewis acid
2- Base

Conditions were found for the successful Effenberger a,0'-annulation of 3,3-dimethyl-2,4,6-triprenyl cyclohexanone silyl enol ethers with
malonyl chloride to give the corresponding bicyclo[3.3.1]nonane-trione in 35% yield, this result allowing a short synthesis of ( *)-clusianone.
An isomeric rearranged bicyclo[3.3.1Jnonane-trione was also isolated in 25% yield, and changing the Lewis acid resulted in formation of a
lavandulyl-substituted phloroglucinol derivative in 38% vyield. The mechanism of formation of these two last products mimics the biogenetic

pathway to PPAPs.

A number of polyprenylated acylphloroglucinol derivatives simplest members in this series, and hyperfo2inand
(PPAPs) have been isolated from plants and trees of thegarsubellin A 3, considering their interesting biological
family Clusiaceae (Guttiferaé)Some representative ex- activities, recently became targets for total synthé€sir
amples are depicted in Figure 1. ClusiandAés one of the interest in this field came from the observatiothat
xanthochymol was active in vitro in a tubulin disassembly
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We first investigated the reaction starting from the
xanthochymol 4 trimethylsilyl enol ether of 2,6-diprenyl cyclohexanohé.
We were pleased to find rapidly satisfying conditions leading
to the bicyclo[3.3.1]nonane-trion&5 (Scheme 3). Thus,

H garsubellin A 3
HO

Figure 1. Some PPAPs of current interest.
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isolation of analogues, oblongifolins A—D. 0 oAy
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The biosynthetic pathway to natural PPAPSs is summarized )\ké/(k o RS
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in Scheme 22 Prenyl transfer to the phloroglucinol ring of o
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Scheme 1. Biosynthetic Pathways to Natural PPAPs

treatment, at-10 °C, of a toluene solution of the silyl enol
etherl4 with a slight excess of malonyl chloride and TMS
triflate as a Lewis acid, followed by base treatment (DMAP),
afforded three products. The desired cycloaddilEtwas
obtained after chromatography over silica gel in 35% yield.
It was accompanied by the corresponding cyclic eth@r
and cyclohexanoné&3 (43%). Considering cyclohexanone
13 as recovered starting material, the corrected yield of the
cyclization process is 86% (61% and 25% fiB and 16,

respectively).
Encouraged by these first observations, we then directly
RLb orpreny 9 (clusianone 1. i P Ta-prenyly devoted our efforts to the study of the reaction sequence of

Scheme 2 (R= prenyl). For this purpose, an isomeric

mixture of cyclohexanone®3 and24 was prepared in five

5 produces intermediat®. The addition of a fourth preny| Steps and in an overall yleld of 58% from substituted dione

unit generates a lavandulyl cati@nThis cation can eliminate 18 according to the route depicted in Schemk 4.

a proton to give a lavandulyl-substituted derivati@eor

cyclizes to give trione8 (type B cyclization) orl0 (type A

cyclization). Scheme 4
Several strategies have emerged concerning PPAP syn-

thesist Among them,a,o’-annulation of substituted cyclo- 4 OH oJ\

hexanones with malonyl chloriéléis particularly attractive o d\)\
because it has the capability to form the key bicyclo[3.3.1]- 0 P11 (3 squiv LDA, THE

nonane-2,4,9-trione system in one step. 17 5 e s g 20
Very recently, Simpkins et al. reported the synthesis of o0 2 o %\
the bicyclic methyl enol ethet1 (Scheme 2) and the first i # /K/ A/
total synthesis of£)-clusianone starting from this intermedi-
ate® For our study, we targeted a short synthesis of the | gsfgzo LDA

. K [ THF-HMPT |
bicyclo[3.3.1]nonane-trion&2.

0 MeLi, THF
then H30*

prenyl bromide

21 (92%, 2 steps) 22 {85%, cisftrans ratio: 3/2) 23 24
(23/24 : 713, 82%)

(5) Hamed, W.; Brajeul, S.; Mahuteau-Betzer, F.; Thoison, O.; Mons,
S.; Delpech, B.; Hung, N. V.; Sevenet, T.; Marazano) QNat. Prod.2006
69, 774—777. )
Chf%lsg';cr’z‘g’gfﬂ?'(g?ébEgggté’_ P.; Stezowski, J. J.; Effenberger, F. - A mixture of silyl enol ether@5was then prepared from

(7) Spessard, S. J.; Stoltz, B. Mrg. Lett.2002,4, 1943—1946. the mixture of cyclohexanone&3 and 24 (Scheme 5).
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Scheme 5 Scheme 6. Completion of (+)-Clusianone Synthesis
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C|*/_‘Lc1 . BF.EL0 (0.3 equiv) EtgN (2 equiv), THF, rt
(1 equiv) 25 (quantitative} CHACh /-10°C, 2 h

(ii) DMAP

TMSOTT (0.2 equiv, o X
CHZCIz/fI()“CCH h \ ) S;:io C.2h (+/-)clusianone 1 (65%)
then 15 °C, 5 h (i)
o
o

A mechanism for the formation of rearrangement products

+23-24 (22%) . . .
26 and 27 is proposed in Scheme 7.Formation of the

12 (35%) 26 (25%)
27 (38%) Scheme 7

Treatment of25 with malonyl chloride in the presence of
TMSOTT in toluene (conditions used for the preparation of
bicyclononane-triond 5, see Scheme 3) was unsuccessful.
Using dichloromethane as solvent afl0 °C, the desired
bicyclononane-trion&2 was obtained after chromatography
over silica gel, but only in a disappointing yield of 6%.
Another product was isolated in 11% yield. Allowing the
reaction mixture to warm to 15C during 5 h, before base
treatment, resulted only in an increased yield of 38% for
this last product, the structure of which was established by
spectroscopic methods as lavandulyl-substituted phloroglu-
cinol derivative27. The relative stereochemistry of this com-
pound was assigned considering its probable mechanism of
formation (vide infra). Changing the Lewis acid to BEt,O
gave finally an appreciable 35% yield @ with recovery
of the mixture of cyclohexanon@8—24in 22% vyield. It is second carbon—carbon bond, in the reaction with malonyl
thus a remarkable result considering that two quaternary chloride, is likely to produce an oxonium intermedi@e
carbon centers, with one being contiguous to an another onewhich can produce a cationic specB&by a fragmentation
(gem-dimethyl), are formed during this crucial step. To our Process. Cationic intermedia28 can recyclize to give trione
surprise, another bicyclononane-trione was isolated from the 30 or afford the lavandulyl derivatival. Liberation, in both
reaction mixture in 25% yield, the structure of which was cases, of one molecule of acid leads to the observed cyclic
established a86 using intensive spectroscopic methods. The ether derivative®6 or 27. Intermediate catioB9 possesses
formation of lavandulyl derivative7 was not observed with  striking analogies with the biogenetic cationic intermediate
BFsEt,0 as a Lewis acid, meaning that the reaction pathway 7 in Scheme 1, whereas derivativé8 and 31 can be con-
can be controlled by changing the nature of the Lewis acid. Sidered as analogues o€pinemorosone and weddellianone
Completion of )-clusianone total synthesis froh2 was A, respectively.
achieved by C-acylation with benzoyl cyanifeaccording Future work will try to take advantage of these new
to Scheme 6. This clusianone synthesis involves seven step@bservations to extend the scope of this chemistry to natural
from readily available intermediated with an overall yield =~ PPAP synthesis.
of approximately 14% (Simpkins et al. reported a nine-step . ] ) )
synthesis and a similar overall yield from the methyl enol ~ Supporting Information Available: Experimental pro-

ether analogue 0f9)10 cedures, copies of NMR spectra for compouig42—16,
— — 23, 24, 26, and27, and nOe data fo26. This material is
5 ) Rodeschini, V.; Ahmad, N. M.; Simpkins, N. €rg. Lett. 2006.8, available free of charge via the Internet at http:/pubs.acs.org.

(9) Slight variations of now classical procedures have been used. SeeOL0627365
refs 7 and 8 and refs therein as well as the Supporting Information section
for more details.

(10) Nicolaou, K. C.; Vassilikogiannakis, G.; Montagnon, Angew. (11) For a rather similar discussion, see: Le Roux, C.; Mandrou, S.;
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