Total Synthesis of (+)-Neovibsanin B
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(+)-Neovibsanin B was synthesized based on a DMI-accelerated intramolecular Diels—Alder reaction followed by oxy-Michael
addition—lactonization. The synthetic (+)-neovibsanin B induced similar morphological changes in NGF-mediated PC12 cells compared

with natural (+)-neovibsanin B.

Neovibsanin A (1) and its isomer neovibsanin B (2) are rarely
occurring natural products isolated from Viburnum
awabuki.'* Both compounds display neurotrophic activity in
PC12 cells as reported by Fukuyama’s group in 1996." Thus,
neovibsanin-type compounds, compact polyoxygenated natu-
ral products, are expected to act as lead compounds for the
development of novel therapeutic agents to treat Alzheimer’s
disease.” However, to date, very few synthetic studies have
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been reported.” We describe herein the first total synthesis
of (£)-2 (Figure 1) based on an intramolecular Diels—Alder
reaction accelerated with 1,3-dimethyl-2-imidazolidinone (7,
hereafter DMI) and a subsequent oxy-Michael addition—
lactonization reaction. We also describe the neurotrophic
activity of (£)-2 on PC12 cells.

Neovibsanin A (1): R'= OMe, R2 =Me

O D
\? Neovibsanin B (2): R'= Me, R2= OMe
\/Y

Figure 1. Structures of neovibsanins.

Starting material, homogeranic acid (3), was prepared in
76% yield in three steps from geranyl bromide by Tamao’s
protocol* and subsequent oxidations by Dess—Martin pe-
riodinane and NaClO,. After chlorination of 3 with oxalyl
chloride, the resulting chloride 4 was treated with lithium
(E)-1,3-butadien-1-olate prepared from (E)-trimethylsilyl



enolate according to Stork’s protocol,’ giving rise to tetraene
5 in 79% yield. Successful Diels—Alder reactions of trisub-
stituted nonconjugated olefins as dienophiles are not well-
known.® Therefore, we explored conditions suitable for the
intramolecular Diels—Alder reaction of 5. Among the
solvents and reaction temperatures examined, an 82:18
mixture of cycloadducts 6a and 6b was obtained in 18%
yield by heating 5 in mesitylene at 200 °C for 10 h using a
sealed tube. Furthermore, we found that the reaction in DMI
(7) as solvent resulted in both an improved yield of up to
58% within a shorter reaction period and an improved endo-
selectivity of up to 90:10 of 6a and 6b by heating at 200 °C
for 3 h (Scheme 1). It is particularly noteworthy that a sealed
tube is not required for this reaction, making it suitable for
scale-up. The observed acceleration of the reaction rate may
be due to a solvophobic packing effect of DMI based on its
aprotic polar properties. General applicability of this solvent
effect is currently under investigation.”

Scheme 1. Synthesis of Lactone 6
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Conditions: (a) 200 °C, 10 h, mesitylene in sealed tube, 18% (6a/6b 82 : 18)
(b) 200 °C, 3 h, DMI, 58% (6a/6b 90 : 10).

The reduction of 6a and 6b with DIBAL led to diols 8a and
8b in 89% yield. Selective protection of the primary alcohol of
8a and 8b by 2,4-DMPM (2,4-dimethoxybenzyl)® followed by
oxidation of the secondary alcohol moiety resulted in the
formation of a single cyclohexenone 9 in 70% yield (three
steps). Introduction of a hydroxymethyl group into 9 was
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achieved by Baylis—Hillman reaction with formaldehyde using
tributylphosphine.” The resulting hydroxy group of 10 was
protected by TBS to give 11 (Scheme 2).

Scheme 2. Preparation of Cyclopentenone 11
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The reaction of the ketone 11 with 15 equiv of lithio ethyl
propiolate (12) in toluene took place successfully to give
the alkylated product 13 in 87% yield as a single diastere-
omer.'® We concluded that the newly generated stereochem-
istry of 13 was completely controlled to give the desired
[-configuration based upon the coordination effect of the
2,4-DMPM group with nucleophile 12 as shown in 14
(Scheme 3).'! Red-Al reduction of 13 afforded 15 in 89%

Scheme 3. Synthesis of Tricyclic Lactone 16
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yield.'? The a.fB-unsaturated ester 15 was then treated with
TBAF to cleave the TBS group; however, subsequent oxy-
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Michael addition and lactonization took place giving rise to
a tricyclic lactone 16 in 87% yield (Scheme 3). The
stereochemistry of 16 was confirmed by NOE experiments.

The 2,4-DMPM was cleaved by using DDQ under a two-
phase system of CH,Cl, and NaCl saturated-phosphate buffer
to give a desired alcohol 17 in 83% yield.'? After protection
of the alcohol as the TBS ether, the resulting 18 was treated
with Tebbe reagent affording 19."* Treatment of the crude
enol ether 19 with PPTS in methanol provided acetals 20a
and 20b in 91% yield (two steps) in a 1:4.5 ratio (Scheme
4). After separation of 20a and 20b by HPLC, the TBS group
of the major isomer 20b was removed with TBAF quanti-
tatively, and the resulting alcohol was oxidized with SO;-
pyridine-DMSO to give the aldehyde 21 in 89% yield.'?
Finally, a potassium enolate derived from 21 with KHMDS
was trapped with 3,3-dimethylacryloyl chloride completing
the first total synthesis of ()-2 in 60% yield (Scheme 4).

Scheme 4. Syntheses of Neovibsanins
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then
3, 3-dimethylacryloyl chloride
-78 °C, 5 min, 60%.

The neurotrophic activity of (4)-2 was confirmed by an
assay using PC12 cells (JCRB0733).'® (&)-Neovibsanin B

(9) (a) McDougal, N. T.; Schaus, S. E. J. Am. Chem. Soc. 2003, 125,
12094-12095. (b) Ito, H.; Takenaka, Y.; Fukunishi, S.; Iguchi, K. Synthesis
2005, 3035-3038.

(10) Boche, G.; Bigalke, J. Tetrahedron Lett. 1984, 25, 955-958.

Org. Lett, Vol. 11, No. 6, 2009

(2) significantly promoted neurite outgrowth in NGF (10 ng/
mL)-mediated PC12 cells at concentrations ranging from 10
to 40 uM (Figure 2C, D). This is similar to the degree of
activity observed for natural (4)-2 (Figure 2B).
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Figure 2. Morphological changes of PC12 cells after treatment of
NGF with natural or synthetic neovibsanin B. A: No clear neurite
outgrowth was observed. B: The clear neurite outgrowth was
observed. (positive control). C: Some neurite outgrowth was
observed. D: The similar degree of activity compared with natural
(+)-2 was observed.
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