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The preparation of eight-membered carbocycles with tri-substituted double bonds has been attempted
using RCM reactions. One of the stereoisomers subjected to the RCM reaction provided a desired com-
pound which will be used for the synthesis of YW3699.

© 2009 Elsevier Ltd. All rights reserved.

YW3699 (1)! is a fungal metabolite isolated in 1998 by Wang et
al. (Fig. 1) and was shown to inhibit the biosynthesis of glycosyl-
phosphatidylinositol (GPI) in tripanosoma.?? It has a unique car-
bon skeleton, namely four consecutive five-, eight-, six-, and five-
membered rings, with an ester of C9 hydroxycarboxylic acid. The
absolute configuration is yet to be established. We have been
studying the preparation of carbocycles with tri-substituted
cycloheptenes using the ring-closing methathesis (RCM) reaction.*
Our next challenge was the preparation of eight-membered carbo-
cycles by the RCM reaction. Recently more than ten papers® '3
describing the application of RCM reactions to the synthesis of
eight-membered substances have been reported. However, the
construction of the eight-membered carbocycles especially having
a tri-substituted double bond is still a challenging task in the syn-
thetic work. Syntheses of cyclooctenes are attempted by carefully
planning the precursors. Here we report our preliminary results
on the applications of the RCM reactions to the construction of
the eight-membered carbocycles.

The strategy for the total synthesis of YW3699 (1) is to con-
struct the ring D as well as to introduce the oxygen function of
the ring A at the last step.'® Thus, the target molecule is the simple
tri-cyclic substance like compound 6. We would like to know the
feasibility of the cyclization to the tri-substituted eight-membered
carbocycle. Therefore, we have planned to test the RCM reactions
of the four diastereoisomers with the epoxide ring. The trans rela-
tionship of the eight- and six-membered rings in rings B and C was
realized by the conjugate addition to compound 2. The epoxide
ring was introduced to a five-membered enone as illustrated in
Scheme 1.

The 1,4-addition of i-PrOSiMe,CH,MgCl in the presence of
CuBr-Me,S and the Tamao reaction'® to enone 2'® afforded 7, as
the sole isomer with trans stereochemistry (Scheme 2). The stereo-
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chemistry was established based on 2D NMR spectra. Protection of
the primary alcohol as a TBDPS ether, ketalization using the

Scheme 1. Synthetic plan.
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Scheme 2. Reagents and conditions: (a) i-PrOSiMe,CH,Cl, Mg, CuBr-Me,S, THF;
then KF, KHCOs;, H,0,, 86%: (b) TBDPSCI, NEt;, DMAP, CH,Cl,, 93%; (c) TMS-
OCH,CH,0TMS, TMSOT, CH,Cl,, 70%; (d) TBAF, THF, 76%; (e) Dess-Martin Oxid.,
99%; (f) trisylhydrazone of 2-allylcyclopentanone, t-BuLi, THF, 90%; (g) Dess-Martin
Oxid., 4a (46%), 4b (37%); (h) H,0,, NaOH; (i) t-BuOOH, VO(acac),; (j) Dess-Martin
Oxid., 5a (28%), 5b (22%).

Tsunoda and Noyori method,!” deprotection of the silyl ether
(TBAF), and Dess-Martin periodinane oxidation'® gave aldehyde
3. The trisyl hydrazone of 2-allylcyclopentanone was treated with
t-BuLi'® and was reacted with 3 to produce alcohol 11 as a mixture
of diastereoisomers with a 90% yield.?° The mixture of alcohols 11
was oxidized (Dess—Martin) into separable enones 4a and 4b and
gave yields of 46 and 37%, respectively. Enone 4a was converted
(H,0,, NaOH) into epoxides 5a%! and 5¢2? with yields of 67% and
13%, respectively. Enone 4b was also converted into epoxides 5b
and 5d with yields of 65% and 18%, respectively; however, the con-
figuration was not determined at this stage. Alternatively, alcohol
11 was converted into epoxides under Sharpless epoxidation con-
ditions®* followed by oxidation, to generate two diastereoisomeric
epoxides, 5a and 5b, with yields of 28% and 22%, respectively. The
configurations were later assigned by the analysis of the cyclized
compound 6a.

Each epoxide was treated with Grubbs II (30 mol %)?* in CH,Cl,
(1 mM) under reflux for 10 h (Scheme 3). The diene 5a efficiently
afforded the tri-carbocyclic ketone 6a?> with an 80% yield as the
sole product. The structure of 6a was solved by X-ray crystallo-
graphic?® and 2D NMR spectral analysis. The 3D structure is shown
in Figures 2 and 3.

From 5c, cyclized product 6¢c was obtained only in trace
amounts. However, epoxide 5b (or 5d) provided a ring-contracted
seven-membered compound 12,2-2° dimeric at the terminal vinyl
group 13%° and the styrene adduct 14.2° Epoxide 5d (or 5b)

O 0
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Scheme 3. Reagents and conditions: (a) Grubbs II (30 mol %), CH,Cl, (0.5 mol %),
reflux, 10 h.

Figure 2. The selected NOESY correlations of 6a and methylenation. (a) Tebbe
reagent, THF, 85%.

afforded many products without recovery of the starting material,
which could not be analyzed due to the minute amounts. The prod-
uct 6a had the desired configurations for the synthesis of YW3699
(1). Compound 6a was further efficiently converted to 153° with
Tebbe reagent (85%) (Fig. 2).' We then carried out the RCM reac-
tions of compounds 4a and 4b to compare the effect of the epoxide
ring and the double bond at the 3,4-positions. However, the start-
ing material was recovered.

In summary, we have reported the synthetic efforts toward the
sesterterpenoid YW3699 (1). The RCM reaction was successfully
applied to the construction of the tri-substituted cyclooctene ring.
Interestingly, only one diastereoisomer was efficiently cyclized to
the corresponding tri-cyclic compound. This result confirms the



R. Mizutani et al./ Tetrahedron Letters 50 (2009) 2225-2227

Figure 3. The 3D structure of compound 6a analyzed by X-ray crystallography.

importance of the conformation of the diene substrate. Namely,
only one of the four possible diastereoisomers, 5a-d, had the suit-
able geometry for cyclization. The total synthesis of YW3699 (1) is
currently under progress in this line.
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