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Enhancive Synthesis of ( = )-1p,11-Diol-4-en-eudesmol’
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An enhancive synthesis of ( x )-18, 11-diol-4-en-eudesmol,
starting from 2-chloroacrylonitrile, is described. The effect of
temperature on the Diels-Alder reaction of 2-chloroacrylonitrile
with 2-methylfuran and the condition of cationic cyclization of
diene were discussed in detail.
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Introduction

In eudesmane family, a large number of compounds
have an oxygenated functional group at C;.! Although con-
siderable efforts have been devoted to the total synthesis of
eudesmane type of sesquiterpenoids natural products and
some germacrane sesquiterpenoids starting from the corre-
sponding eudesmane over the past decades, the introduc-
tion of C; oxygenated functional group still represents sig-
nificant challenge.? Recently, our group found a novel
general and diversified strategy.> There are two problems,
the starting material and the yield of the cationic cycliza-
tion, in the case that it is applied in the total synthesis of
complex natural products. Here some progresses about
them in our laboratory were reported.

Results and discussion

1-Methyl-7-oxabicyclo[2.2. 1 Theptan-2-one (1) is a
very useful starting material in the synthesis of the C;-oxy-
genated eudesmane and some natural products with the 1,
3 ,3-trimethyl-7-oxabicyclo[2.2. 1]heptan system, such as
(£ )-3',6'-epoxycycloaurapten, ( % )-2,5-epoxymegasti-
gma-6(E),8(E )-diene and its 6(Z) isomer.%3 It has
been reported that the reaction of 2-methylfuran with 2-
chloroacrylonitrile gave a mixture of regio- and stereoiso-
mers (1a +2a) in 62% yield after four weeks at 4 °C or in
79% vyield after a month at 0 °C.4S However, attempts to
repeat these experiments led to low yields (20% and
65% ) in ratio of 3:1 (1a/2a). In our current investiga-
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tion on the synthesis of natural eudesmane and argarofuran
type of sesqueterpeniods, the high purity of compound 1
was necessary. Kinds of conditions have been studied in
order to improve the ratio and yields of 1a and 2a. First,
our group presumed that the cause was the slight amount of
water present in reaction mixture.? But in further study, it
was found that the temperature instead of water intensively
influenced this intermolecular Diels-Alder reaction and
zinc iodide was the best catalyst. When the reaction un-
derwent under argon at — 20 °C, the ratio of 1a and 2a
could reach up to 10:1 (determined mainly by 'H NMR),
the yield was higher than that reported in literature,*¢ and
the reaction time was shortened to a week . Because 1a and
2a were particularly unstable at room temperature, it was
ease to go on a reverse Diels-Alder reaction to the starting
materials. So the product was immediately hydrogenated to
remove 5,6 double bond, and the saturated adducts 1b
and 2b were obtained in 91% overall yield (Scheme 1).
After they were hydrolysied to the ketones,” the 'H NMR
spectrum of the product showed that the purity exceeded
95% , and the ratio of 1 and 2 exceeded 20:1 by GC de-
termination. During the experiment, it was found that the
water layer contained large amount of ketones. The yield
reported in literature may be too high and the disposal
method should be changed (Authors hope to discuss this
problem with Prof. Albert T. Sneden, Virginia Common-
wealth University, U.S.A%).

By the reported method (Scheme 2),3 compound 1
was first alkylated with homoprenyl iodide (LHMDS, -78
%C to r.t.) to give oxabicyclic ketone 3 in 65% isolated
yield. The product was then alkylated with methyl iodide
to give compound 4 (LDA, -78 C tor.t.). Following a
Wittig reaction, the cyclization precursor 5 was obtained in
85% vyield. Interestingly, when diene 5 was treated with a
variety of Lewis acids such as TiCls, SnCly, BF3°Et,0,
Mgl, and so on under the variety of reaction conditions
(temperature and solvent), it was decomposed and the
unidentified products were afforded only in low yield.
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Reagents and conditions: (a) Znl,, -20 C, a week; (b) 10% Pd-C/H,, EtOAc, 12 h; (c¢) KOH, t-BuOH/H,0, reflux 10 h; (d) LH-
MDS/homoprenyl iodide, ~78 °C, 3 h; (e) LDA/methyl iodide, ~78 C, 2 h; (f) (Ph3)P=CH,/THF r.t., 12 h; (g) 85% TFA/acetone,

reflux 6 h.
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When it was treated with 99% formic acid or 98%
trifluoroacetic acid, the reaction was very complex and the
corresponding ester of compound 6 could be obtained in
very low yield ( <5%). No reaction occurred while treat-
ing with 50% formic acid or trifluoroacetic acid. When
88% formic acid or 85% trifluoroacetic acid was used at
room temperature, the corresponding ester was isolated in
less than 15% yield and the repetition was worse.? Thus,
it was considered that the concentration of the acids strong-
ly influenced this electrophilic olefin cyclization of tetrahy-
drofuran diene 5. Fortunately, when 85% TFA was dilut-

" ed with acetone (V/V, 1:5), only two spots were shown
in TLC and eudesmol (6)® was gained in higher yield
(35%) after refluxing for 6 h. Other compounds could not
be identified (Scheme 1). Under this condition, the repe-
tition of yield was very stable (£5%).

In summary, two more relative rational conditions are
found. The results are very useful in enhancive synthesis
of 1-methyl-7-oxabicyclo[2.2. 1]heptan-2—0ne (1), a pre-
cursor which was used in synthesis of some natural prod-
ucts and in the cationic cyclization, a key step which was
used in synthesis of C; oxygenated decalin ring type of
sesquiterpenoids. Application of these two methods to syn-
thesis a number of naturally polyhydroxylated agarofuran
and complex Ci-oxygenated eudesmane is under active in-
vestigation .

Experimental

For flash column chromatography, silica gel (200—
300 mesh), light petroleum ether (b.p. 30—60 ),
ethyl ether and n-pentane were used. IR spectra were
recorded on an Nicolet AVATAR 360 FT-IR spectrometer
as liquid films. '"H NMR and *C NMR spectra were taken
on a Bruker AM-400 spectrometer with TMS as internal
standard and CDCl; as solvent. Mass spectra were deter-
mined on VG ZAB-HS and Bruker APEXII 47¢ spectrome-

ters.
1-Methyl-7-oxabicyclo[2.2. 1] heptan-2-one (1)

To a stirred flask, containing zinc iodide (2.0 g,
6.28 mmol) and 2-chloroacrylonitrile ( 15.84 g, 181
mmol ), 2-methyfuran (16.53 g, 201.3 mmol) was added
by dropwise at 0 °C under argon. The yellow solution was
stirred for another 10 min and then placed in a refrigerator
kept at —20 C for a week in the absence of light. The
mixture was diluted with ethyl ether (200 mL), washed
with 7% NaHCO3; (3 x 50 mL), saturated NaCl (30
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mL), and dried over anhydrous MgSO,. The solvent was
evaporated under reduced pressure to give the white solid
of la+2a (29 g, 94%, m.p. 4 C). The isomeric mix-
ture (35.64 g, 210 mmol) was dissolved in ethyl acetate
(100 mL), filtered to remove any residual zinc iodide,
and 10% Pd-C catalyst (2.15 g) was added to the solu-
tion. The mixture was hydrogenated for 12 h. The Pd cata-
lyst was removed by filtration through celite and the filtrate
was concentrated under reduced pressure to give the slight
yellow oil. After distillation, a mixture of 1b + 2b (in ratio
of 10:1, determined by 'H NMR) was obtained as color-
less oil, 35.06 g (91%, from 2-chloroacrylonitrile). 'H
NMR (CDCl;, 400 MHz) &: 1.48—1.70 (m, 2H),
1.63 (s, 3H), 1.87—1.94 (m, 1H), 2.01 (d, J =
13.8 Hz, 1H), 2.41—2.48 (m, 1H), 2.81—2.86 (m,
1H), 4.56 (t, J=4.5Hz, 1H); EIMS m/z (%): 173
(1.4, M*), 171 (4.8, M*), 144 (1.2), 142 (3), 136
(7.8), 108 (14.8), 84 (44), 58 (38), 43 (100), 39
(20).

A solution of 1b +2b (25.4 g, 148 mmol) in THF
(20 mL) was added dropwise to a stirred solution of KOH
(21.26 g, 380 mmol) in ¢-BuOH (100 mL) and water
(12 mL) at 50 C over 1 h. The dark solution was stirred
for an additional 0.5 h at 50 C and then heated to reflux
for 10 h with vigorous stirring. The burgundy-colored solu-
tion was cooled to r.t. and diluted with light petroleum
ether (300 mL). The mixture was washed with 5% NaH-
CO; (3 x50 mL) and water (5x 100 mL), and the water
layer was extracted with light petroleum ether (8 x 150
mL). The combined organic layer was washed with water
(3x 100 mL), saturated NaCl (30 mL), and dried over
anhydrous MgSO,. After evaporating of the solvent by rec-
tification , the residue was purified by silica gel chromatog-
raphy. The washing solution (n-pentane/ethyl ether, 10:
1) was removed by rectification, and 1 was afforded as
colorless liquid, 12.12 g (65 % ). 'H NMR (CDCl;, 400
MHz) &: 1.47 (s, 3H, 1-Me), 1.64—1.75 (m, 3H, 5-
eH, 6-Hy), 2.06—2.09 (m, 1H, 5-fH), 2.11 (d,
J=17.4 Hz, 1H, 3-aH), 2.52 (ddd, J=17.3, 5.9,
2.7 Hz, 1H, 3-8H), 4.79 (t, J =5.7 Hz, 1H, 4-H);
MS (EI) m/z (%) 126 (7, M*), 98 (100), 83 (32),
71 (6), 55 (27). Anal. caled for C;H;002: C 66.65, H
7.99; found C 66.37, H 8.21.

( )-183,11-Diol-4-en-eudesmol (6)

To a 25-mL flask, the 1, 4-diene 5 (220 mg, 1.0
mmol), prepared by the reported method,> acetone (10
mL) and 85% trifluoroacetic acid (2 mL) were added.
The mixture was heated to reflux under argon. After 6 h,

the reaction solution was cooled to 0 C and 3 mol/L
NaOH (10 mL) was added dropwise. The resulting mix-
ture was allowed to room temperature and stirred for half
an hour. The acetone was removed under reduced pressure
and the remains were extracted with ether (3 x 60 mL).
The combined organic layers were washed with water,
brine, respectively, and dried with MgSO4. After removal

of the solvent under reduced pressure, the crude product
was purified by silica gel chromatography to yield eudesmol
6 (95 mg, 40% yield) as white needles. m.p. 151—153
°C; 'H NMR (CDCl;, 400 MHz) &: 1.02 (s, 3H),
1.22 (s, 6H), 1.16—1.17 (m, 2H), 1.60 (brs, 3H),
1.67—1.73 (m, 4H), 1.97—2.18 (m, 4H), 2.63
(dt, J=13.9, 2.6 Hz, 1H), 3.44—3.48 (m, 1H);
3C NMR (CDCl;, 100 MHz) &: 17.3, 19.0, 26.5,
26.7, 27.1, 27.2, 31.9, 38.9, 39.5, 49.8, 72.7,
78.4, 123.9, 133.6; HRMS (ESI): caled for CisHze-
O,Na [M +Na*] 261.1825, found 261.1828.
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