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The Total Synthesis of 88-Hydroxycycloaraneosene by Means of an
Eight-Membered Ring-Formation via a Lewis Acid-Catalyzed
Ene Reaction. Confirmation of Its Natural Occurrence
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An improved eight-membered ring closure by means of a Lewis-acid-catalyzed ene reaction was applied to

the synthesis of cycloaraneosene and its congener, ‘“hydroxycycloaraneosene.”

Comparisons of the NMR

spectral data of the synthetic and natural compounds established that the natural product possesses an 8-
hydroxy structure, not the originally proposed 9a-hydroxy one.

In the last decade, the total synthesis of di- and
sester-terpenoids of the 5-8-5-membered tricyclic sys-
tems, such as ophiobolins,!) ceroplastols,? fusicoc-
cins,® cotylenins,¥ and cycloaraneosene,® has
attracted much attention because of their unique bio-
logical activities and the presence of the eight-
membered ring, a medium-sized ring being regarded
difficult to make.® Only recently several papers de-
scribing successful syntheses of natural products have
appeared; cycloaraneosene,™ ceroplastol II and
albolic acid,”™ ophiobolin C,™ and ceroplastol I1.79
Also dictymal, a biogenetically related seco-derivative
of epoxydictymene,® has been totally synthesized.?
During our synthetic study of cycloaraneosene (1),7? a
metabolite from Sordaria araneosa, 5-8-5-membered
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Scheme 1.

tricyclic diterpene isolated by Borschberg® we have
prepared 9a-hydroxycycloaraneosene (2),¥ whose
structure corresponds to the proposed structure of a
congener, ‘hydroxycycloaraneosene” (A). However,
the tH NMR spectra of 2 and A were not identical with
each other, and so the A structure should be revised.
Originally reported spectral data have suggested that
A might be 88-hydroxycycloaraneosene (3).7 That
is, the ITH NMR spectrum of 2 showed signals ascriba-
ble to a methyl group on C-11 at 6=1.20, while the
reported figure for the corresponding methyl of A was
at 1.02, which suggested that the configuration of the
allylic alcohol might be epimeric. However, the epi-
mer of A, prepared by Borschberg,5 was not identical
to 2, either. Therefore, the hydroxyl must not be
substituted on C-9. To obtain concrete evidence, we
have now carried out an independent total synthesis of
hydroxycycloaraneosene, 3. At the same time, we
have also tried to develop an alternative eight-
membered ring formation by the use of a Lewis-acid-
catalyzed intramolecular ene reaction!? of the appro-
priate precursor, which would be an 8,9-seco-enal deriv-
ative obtained from a chromium(II) chloride conden-
sation product derived from two iridoid synthons.!!)

* 91 R=MeyCO * 8
1v)*
10 :R=H

i) See, Ref. 7a; ii) Pivaloyl chloride/pyridine; TsOH/MeOH, 98%; iii) o-

nitrophenyl selenocyanate-tributylphosphine/THF; Hz02, 97%; iv) LiAlH4/THF,
99%; v) (ClsCCO)2:0-DMSO, EtsN, 99%; vi) FsCSOsTMS-EtsN/CH2Clz, 98%; vii)
Pd(OAc)2/MeCN, 51% or Oz2-Rose Bengal/acetone, 70%.
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When (3S)-1-iriden-7-al (4) and (3S,8R)-9-benzyl-
oxy-7-chloro-1-iridene (5) were condensed by the use
of chromium(II) chloride in a mixture of tetrahydro-
furan and N,N-dimethylformamide in the presence of
2-propanol, a stereoselective formation of the desired
condensate (6) was observed, as was reported in former
studies.”12  From this epimer, 6, a series of transfor-
mations described in connection with the previous
synthesis of 1 was repeated to obtain a suitable
substrate for the intramolecular ene reaction.
8,9-seco-(2R,3R,6R,7R,108,118S,14S)-8-Hydroxy-9-(2-
tetrahydropyranyloxy)-cycloaraneosane (7), obtained
from the dissolving metal reduction of A2-precursor,
was then treated with pivaloyl chloride in pyridine
and with p-toluenesulfonic acid in methanol to afford
9-hydroxy-8-pivaloyloxy derivative (8a), which was
contaminated by an epimer (8b). After the separation
of the isomers by means of silica-gel column chroma-
tography, 8a was treated with Grieco’s reagent,!® o-
nitrophenyl selenocyanate, and tributylphosphine in
tetrahydrofuran and subsequently oxidized with hy-
drogen peroxide to afford an elimination product (9),
which was then hydrolyzed by lithium-aluminum-
hydride reduction to an alcohol (10). The Swern
oxidation!¥ of 10 afforded an aldehyde (11) in a good
yield. The treatment of 11 with trimethylsilyl tri-
fluoromethanesulfonate and triethylamine gave an
trimethylsilyl enol ether (12). The conversion of 12
to an a,B-unsaturated aldehyde (13), the precursor for
the intramolecular ene reaction, was achieved by the
use of palladium(Il)acetate!® or by singlet-oxygen
oxidation.

cHO
H, ¥ 1)
e

14 15
Scheme 2. 1) 200°C/toluene, 97%; ii) SnCls/THF,

85%; iil) NaBHs/MeOH; o-nitrophenyl seleno-
cyanate-tributylphosphine/THF; H2O2, 50%.
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The ene reaction of 13 in toluene by just heating at
200°C in a sealed tube, however, afforded a seven-
membered ring compound (14) as the single product.
The stereochemistry of the product was assumed to be
as depicted from the mechanistic point of view. The
formation of the seven-membered ring derivative, 14,
can be explained in terms of the preference for the
smaller ring formation under the sterically crowded
circumstances in the transition state; the n-system of
the enal moiety might not be coplanar. The mecha-
nism of the formation of 14 indicated that, for the
desired eight-membered ring closure, the carbonyl
group of the aldehyde must be sufficiently polarized
by the aid of acidic species. Therefore, the Lewis
acid-mediated reaction was then attempted by adding
tin(IV) chloride to a THF solution of 13; the products,
formed as a mixture in an 85% yield, were indeed the
desired compounds (15). The epimeric nature of the
products and their tricyclic ring system were proven
by their conversion to the previously synthesized
cycloaraneosene, 1, in the following manner:

Thus, the sodium borohydride reduction of this
aldehyde mixture, 15, gave an epimeric mixture of
alcohols, which, when treated with Grieco’s reagent
followed by hydrogen peroxide oxidation, afforded 1
as a single product. The identity of the sample with
the previously prepared compound was cofirmed by
direct comparisons. Therefore, the ene reaction prod-
ucts possess the proper ring system, with proper
stereochemistries, for further transformations. An
isomeric mixture of trimethylsilyl enol ethers pre-
pared from 15 was oxidized to «,B-unsaturated alde-
hyde (16) by means of palladium(II) acetate oxidation,
and 16 was reduced with sodium borohydride and
cerium(III) chloride!® to give an allylic alcohol (17).
The treatment of 17 with Grieco’s reagent, followed by
hydrogen peroxide oxidation, caused a smooth
[2,3]sigmatropic rearrangement!?” to give secondary
allylic alcohol (18) stereoselectively. The NMR
spectral data of 18 were identical with the epi-
hydroxycycloaraneosene which had previously been

% 19

Scheme 3. i)

F3CSO3TMS-EtsN/CH:Clg;

Pd(OAc)2/MeCN, 85%; ii)

NaBH4-CeCls/MeOH, 99%; iii) o-nitrophenyl selenocyanate-tributyl-
phosphine/THF; Hz202; 77%; iv) (ClaCCO):O-DMSO, EtsN/CH:Cly,

94%; v) NaBH4-CeCls/MeOH, 92%.
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prepared in the structural study of A. Moreover, in a
formal sense, this accomplishes a total synthesis of 3;
our transformation from 18 to 3 is actually the same as
in the original manner.® Thus, the Swern oxidation
of 18 afforded a ketone (19), which was identical with
the dehydro derivative of A, as predicted, while the
reduction with sodium borohydride and cerium(III)
chloride gave 3 stereoselectively. The 'H and 13C
NMR spectra of 3 were essentially identical with the
data reported for the natural product, A, although
some discrepancies were observed within the range of
instrumental error; e.g., =1.00 was observed for the
methyl group on C-11, which had previously been
reported to be 6=1.02. Since model inspections
clearly show that the convex face around C-8 of the
cycloaraneosane ring system is a-face, the stereoselec-
tive formations of both 18 and 3 strongly suggested
that the hydroxyl of the former is a-oriented, while
that of the latter is B-oriented. This conclusion was
confirmed spectroscopically by the nuclear Over-
hauser effect (NOE) experiment. Thus, in 3, distinct
NOE’s were observed on H-6 (6=2.09, br td, J=10, 8
Hz) and H-1a (6=1.44, dd, J=15, 8 Hz) by irradiation
at the frequency of H-8 (6=4.46, dd, J=8, 6 Hz).

Consequently, the results described herein consti-
tuted the total synthesis of hydroxycycloaraneosene, as
well as its structure proof. It is worthy of comment
that the intramolecular ene reaction is excellently
applied for eight-membered ring formation. This
became feasible by taking advantage of our interme-
diates having two cyclopentane rings; this apparently
reduces the entropic factor in the ring-formation reac-
tions. Three different methods are now available;
the first is a low-valent titanium chloride-mediated
reductive cyclization of dialdehyde to 1,2-diols,™ the
second, a low-valent chromium chloride-mediated
condensation of allyl halide to aldehyde to give allylic
alcohol,™ and the third, the ene reaction. The yields
are all high. Certainly, one can select an appropriate
method depending on the types of the target
molecules.

Related studies of the synthesis of the tricyclic
higher terpenoids will be reported in the future.

Experimental

The elemental analyses were performed by Miss S. Hira-
shima, of this Institute, Kyushu University. The mps were
measured with a Yanagimoto Micro mp apparatus and are
not corrected. The NMR spectra were measured by means
of JEOL FX 100 and GSX 270H spectrometers in CDCls,
unless otherwise specified, and the chemical shifts were
expressed in 8 units. The mass spectra were measured with
a JEOL 01SG-2 spectrometer. The IR spectra were taken as
KBr disks for crystalline compounds or as liquid films
inserted between NaCl plates for oily materials, using a
JASCO IR-A 102 spectrometer. The optical rotations were
measured with a Union Model PW-101 apparatus. The
solvents for the reactions were carefully purified by distilla-
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tion in the presence of appropriate dehydrating agents and
in an Ng atmosphere immediately prior to use; therefore,
they were anhydrous, unless otherwise stated. The station-
ary phase for the column chromatography was Wakogel C-
300, and the elution solvents were mixtures of hexane and
ethyl acetate, unless otherwise stated.

Pivalate 8a and its Stereoisomer (8b). According to our
previous results,™ the starting tetrahydropyranyl ether 7 was
obtained as a mixture with its stereoisomer by the reduction
of the Az-precursor (1.07 g) by the dissolving-metal reduc-
tion in hexamethylphosphoric triamide. The stereoiso-
meric mixture of the reduction products (ca. 1 g), thus
obtained was then dissolved into pyridine (15 cm?) and
treated with an excess of pivaloyl chloride (1 cm3) at 20—
25°C for 12h. The reaction mixture was then diluted with
an aq. NaHCO; solution and extracted with a 2:1 mixture
of hexane and ethyl acetate. The residue (ca. 1.3 g)
obtained from an organic extract was then dissolved in
methanol (20 cm3) and treated with p-toluenesulfonic acid
(80 mg) at 25°C for 4 h. The mixture was diluted with
H20 and extracted with a 1:1-mixture of hexane and ethyl
acetate. Silica-gel column chromatography of the extract
gave 8a [a colorless oil, 775 mg; 72% (98% when started from
pure 7). Found: C, 76.07; H, 11.72%. Calcd for CasHs60s:
C,76.09; H, 11.75%. [a]¥ —73.8°(c 2.05, CHCls). MS m/z,
394 (M*), 81 (base peak). HNMR 6=0.84 (3H, d, J=7 Hz),
0.85 (3H, d, J=6.5 Hz), 0.91 (3H, d, J=6.5 Hz), 1.01 (3H, d,
J=7Haz),1.07 (3H, s), 1.20 (9H, s), 1.86 (1H, m), 2.12 (1H, m),
3.65 (1H, dd, J=11, 5 Hz), 3.73 (IH, dd, J=11, 4 Hz), 3.84
(1H, dd, J=11, 8.5 Hz), and 4.12 (1H, dd, J=l11, 4 Hz).
1BCNMR 6=15.58 (q), 17.64 (q), 17.90 (q), 22.27 (q), 23.79 (t),
24.55 (t), 27.21 (3G, q), 27.49 (q), 31.24 (d), 32.09 (t), 33.09 (),
33.99 (d), 36.69 (d), 37.90 (t), 38.82 (s), 41.74 (d), 44.88 (s),
47.23 (d), 47.64 (d), 56.04 (d), 64.06 (t), 66.97 (t), and 178.77
(s). IR w: 3450, 2950, 2870, 1735, 1715, 1450, 1285, 1160,
1030 cm1], and its stereoisomer, (2R,3S)-isomer, 8b [color-
less needles, mp 47—48°C, 218 mg; 20%. Found: C, 75.90;
H, 11.67%. [a]f —37.5° (¢ 1.79, CHCls). MS m/z, 394
(M1), 57 (base peak). 'H NMR §=0.85 (3H, d, J=6.5 Hz),
0.91 (3H,d, J=7 Hz), 0.94 (3H, d, J=7 Hz), 1.00 (3H, d, J=6.5
Hz), 1.08 (3H, s), 1.20 (9H, s), 1.80 (2H, m), 3.62 (1H, dd,
J=11,5Hz), 3.70 (1H, dd, J=11, 7 Hz), 3.83 (1H, dd, J=10.5,
7.5 Hz), and 4.08 (1H, J=10.5, 4.5 Hz). BCNMR 6=17.09
(q), 17.96 (q), 21.35 (q), 22.29 (q), 24.64 (), 27.24 (3C, q),
27.49 (t), 28.01 (q), 31.30 (d), 33.09 (t), 36.64 (d), 37.94 (v),
38.85 (s), 41.08 (d), 42.79 (t), 45.27 (s), 46.06 (d), 47.67 (d),
52.70 (d), 56.17 (d), 64.07 (t), 67.86 (t), and 178.71 (s). IR »:
3440, 2950, 2865, 1730, 1715, 1480, 1460, 1285, 1160, and 1030
cm~1].

Dehydration of 8a to a Terminal Olefin (9). Into a
tetrahydrofuran (THF) solution (10 cm?) of 8a (452 mg), o-
nitrophenyl selenocyanate (310 mg) and tributylphosphine
(0.34 cm8) were added successively. After it had then been
stirred for 20 min at 20 °C, the reaction mixture was diluted
with H20 and extracted with ether. The yellow oil (633
mg) obtained from the extract was dissolved into THF (5
cm3), and the mixture was treated with 35% H2O2 (0.2 cm3) at
20—25°C for 6 h. The reaction mixture was then diluted
with H20 and extracted with a 3:1 mixture of hexane and
ethyl acetate. The residue obtained from the extract was
chromatographed on a silica-gel column to give 9 [a color-
less oil, 418 mg; 97%. Found: C, 79.68; H, 11.62%. Calcd
for CosHagO2: C, 79.73; H, 11.78%. [a]l —110.7° (c 1.83,
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CHCls). MS m/z, 376 (MY), 95 (base peak). 'HNMR
6=0.77 (3H, d, J=7 Hz), 0.85 (3H, d, J=7 Hz), 0.97 (3H, d,
J=7 Hz), 0.98 (3H, s), 0.99 (3H, d, J=6.5 Hz), 2.15 (1H, m),
2.41 (1H, m), 3.83 (1H, dd, J=10.5, 8.5 Hz), 4.06 (1H, dd,
J=10.5,4 Hz), 4.73 (1H, d, J=2.5 Hz), and 4.81 (1H, d, J=2.5
Hz). BCNMR 6=15.77 (q), 16.46 (q), 17.60 (q), 21.96 (q),
23.04 (), 23.74 (t), 27.24 (3C, q), 27.95 (q), 28.78 (d), 33.17 (1),
33.65 (d), 36.41 (d), 37.29 (t), 38.82 (s), 40.11 (t), 41.97 (d),
46.52 (s), 47.46 (d), 51.20 (d), 66.92 (t), 103.24 (t), 163.36 (s),
and 178.73 (s). IR w»: 3060, 2950, 2860, 1735, 1645, 1480,
1460, 1155, and 875 cm™!].

LAH-Reduction and Subsequent Swern Oxidation of 9 to
11via 10. A THEF solution (8 cm3) of 9 (338 mg) was treated
with LiAlH4 (20 mg) at 0°C for 30 min. A small portion of
aq NH4CI was then added, and the resulting supernatant
was dried over MgSQOy. Silica-gel chromatography of the
residue afforded a corresponding alcohol 10 [a colorless oil,
260 mg; 99%. Found: C, 82.10; H, 12.28%. Calcd for
C2oHs60: C, 82.13; H, 12.40%. [a]F —120.2° (¢ 1.61, CHCls).
MS m/z, 292 (M%), 95 (base peak). HNMR 6=0.77 (3H, d,
J=6.5 Hz), 0.84 (3H, d, J=7 Hz), 0.97 (3H, d, J=6.5 Hz), 0.98
(3H, s), 1.00 (3H, d, J=7 Hz), 1.97 (1H, sept of d, J=7, 4.5
Hz), 2.15 (1H, m), 2.41 (1H, m), 3.36 (1H, dd, J=10.5, 8 Hz),
3.69 (1H, dd, J=10.5, 4 Hz), 4.76 (1H, d, J=2.5 Hz), and 4.83
(1H, d, J=3 Hz). 1BCNMR 6=15.72 (q), 16.44.(q), 17.26 (q),
21.99 (q), 23.05 (t), 23.90 (t), 27.93 (q), 28.75 (d), 33.23 (v),
36.46 (d), 37.03 (d), 37.32 (t), 40.16 (t), 41.90 (d), 46.58 (s),
47.33 (d), 51.26 (d), 65.37 (t), 103.11 (t), and 163.82 (s). IR »:
3330, 3060, 2950, 2860, 1645, 1455, 1380, 1370, 1030, and 880
cm-1]. To a CHCl: solution (15 cm3) of trichloroacetic
anhydride (0.25 cm3) we added a CH2Cl; solution (0.5 cm3)
of dimethyl sulfoxide (0.2 cm3) at —80°C. After the mix-
ture had been stirred at —70——80 °C for 30 min, a CHzCl;
solution (5 cm3) of 10 (260 mg) was added at —80 °C; stirring
was then continued for another 1 h at —=75——65°C. The
reaction temperature was then lowered again to —80 °C, and
EtsN (1.5 cm?®) was introduced. The mixture was gradually
warmed to —20 °C, diluted with an aq. NaHCOs solution,
and extracted with a 5:1 mixture of hexane and ether.
Silica-gel column chromatography of the extract gave 11 [a
colorless oil, 256 mg; 99%. HNMR 6=0.77 (3H, d, J=7
Hz), 0.86 (3H, d, J=7 Hz), 0.98 (3H, d, J=7 Hz), 0.99 (3H, s),
1.08 (3H, d, J=7 Hz), 2.21 (1H, m), 2.40 (1H, m), 2.49 (1H,
m), 4.76 (1H, d, J=2.5 Hz), 4.81 (1H, d J=3 Hz), and 9.75
(1H, d, J=2 Hz). BCNMR 6=13.23 (q), 15.38 (q), 16.44 (q),
21.96 (q), 23.04 (t), 24.85 (1), 27.89 (q), 28.77 (d), 33.09 (t),
36.44 (d), 37.31 (t), 39.88 (1), 42.48 (d), 46.18 (d), 46.48 (s),
47.59 (d), 51.22 (d), 103.45 (t), 163.25 (s), and 206.06 (d). IR
v: 3110, 2980, 2910, 2760, 1730, 1650, 1460, 1390, and 905
cm™1].

Conversion of 11 to a,8-Unsaturated Aldehyde (13). Into
a CH2Clg solution (5 cm?) of saturated aldehyde 11 (168 mg)
we added EtsN (0.24 cm?) and trimethylsilyl trifluoro-
methanesulfonate (0.17 cm3), after which the mixture was
stirred for 14 h at 20—25°C. Then the mixture was diluted
with an aq K2COs solution and extracted with a 5: 1 mixture
of hexane and ether. The organic extract was washed suc-
cessively with a very dilute ag KHSOs solution, an aq
NaHCOs solution, and brine. The residue obtained from
the extract was quickly passed through a Florisil column to
give trimethylsilyl enol ether of 12 (206 mg; 98%), which was
subsequently oxidized to an unsaturated aldehyde by the
following two methods.
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a) Pd(OAc); Oxidation. An CH3CN solution (5 cm?®) of
12 (290 mg) was treated with Pd(OAc)z (198 mg) at 20—25 °C
for 3 h. The reaction mixture was then passed through a
short Florisil column with ether. The elutant was washed
successively with an aq. NaHCOs solution, H20, and brine.
Silica-gel column chromatography of the residue gave 13 [a
colorless oil, 120 mg; 52%. 'HNMR 6=0.75 (3H, d, J=6.5
Hz), 0.88 (3H, d, J=7 Hz), 0.94 (3H, s), 0.96 (3H, d, J=7 Hz),
1.14 (1H, dd, J=14.5, 2 Hz), 2.2—2.45 (2H, m), 2.63 (1H, br
td, J=9.5, 7.5 Hz), 4.69 (1H, d, J=3 Hz), 4.71 (1H, d, J=3 Hz),
5.99 (1H, s), 6.24 (1H, br s), and 9.54 (1H, br s). B2CNMR
6=16.08, 16.67, 22.20, 23.21, 27.99, 29.02, 29.69, 33.69, 36.41,
37.43, 39.42, 42.90, 44.99, 46.52, 51.30, 103.55, 134.30, 154.10,
163.30, and 195.28].

b) 102 Oxidation. A mixture of 12 (191 mg), pyridine
(0.03 cm3), and Rose Bengal (1 mg) was irradiated by means
of a 500-W tungsten lamp under an oxygen stream for 40
min at 0°C. Then triphenylphosphine (165 mg) was
added, and the reaction mixture was stirred for 3 h at 20—
25°C. Acetone was removed under reduced pressure, and
the residue was chromatographed on a silica-gel column to
give 13 (108 mg; 71%).

Thermal Ene Reaction of 13 to 14. A toluene solution (5
cm3) of 13 was heated at 200°C for 24 h in a sealed tube.
The subsequent evaporation of the solvent and chromato-
graphic purification of the residue afforded 14 [a colorless
oil, 29 mg; 97%. [a]B +32° (¢ 1.32, CHCls). MS m/z, 288
(M*), 137 (base peak). 'HNMR 8=0.81 (3H, d, J=7 Hz),
0.87 (3H, d, J=7 Hz), 0.90 (3H, s), 0.92 (3H, s), 1.02 (3H, d,
J=6.5 Hz), 2.58 (1H, sept, J=7 Hz), and 9.47 (1H, s).
1BCNMR 6=12.46 (q), 14.61 (q), 20.63 (q), 21.58 (q), 25.53 (t),
25.56 (q), 26.85 (t), 27.18 (d), 30.50 (t), 33.48 (1), 37.59 (),
39.87 (d), 43.07 (t), 49.52 (s), 49.75 (s), 51.23 (s), 135.46 (s),
144.92 (s), and 207.08 (d). IR »:2950, 2860, 1725, 1695, 1455,
1380, and 1200 cm~1].

Lewis-Acid-Catalyzed Ene Reaction of 11 to 13. Into a
THEF solution (8 cm3) of the enal 11 (53 mg) we added SnCls
(0.022 cm3) at 0 °C, after which the mixture was stirred for 16
h at 20—25°C. The reaction mixture was then diluted
with an ag. NaHCOs solution and extracted with a 4:1
mixture of hexane and ethyl acetate. The residue obtained
from the organic extract was chromatographed on a silica-
gel column to give 13 (a colorless oil, 45 mg; 85%), which
was an epimeric mixture at C-7. The separation and char-
acterization of the epimers were not attempted at this stage.

Formation of 1 from 15. A MeOH solution (2 cm3) of 15
(45 mg) was treated with NaBH4 (10mg) at 0°C for 30 min.
The reaction mixture was then diluted with H2O and
extracted with ether. The crude isomeric mixture of alco-
hols (45 mg) obtained from the extract was then treated with
o-nitrophenyl selenocyanate (43 mg) and tributylphosphine
(0.046 cm3) in THF at 20—25°C for 30 min; then the
mixture was directly treated with H20z (0.025 cm3) at 20—
25°C for 6 h. Extraction with a 1:1 mixture of EtOAc and
hexane and chromatography on a silica-gel column gave 1
(a colorless oil, 21 mg; 50%). This compound was con-
firmed to be cycloaraneosene by a direct comparison with a
previously prepared sample.?

Formation of a,B-Unsaturated Aldehyde (16) from 15.
Into a CH2Cl; solution (8 cm3) of 15 (51 mg) we added EtsN
(0.075 cm3) and trimethylsilyl trifluoromethanesulfonate
(0.055 cm83), after which the mixture was stirred for 12 h.
Then, the mixture was diluted with an aq K2CO3 solution
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and extracted with ether. The residue obtained from the
extract was quickly passed through a Florisil column to give
an isomeric mixture of the corresponding silyl enol ethers
(57 mg), which was then treated with Pd(OAc)z2 (40 mg) in
CH3CN (5 cm83) at 20—25°C for 6 h. The reaction mixture
was then passed through a short Florisil column with ether.
The elutant was washed successively with an ag NaHCO3
solution, H20, and brine. Silica-gel column chromatog-
raphy of the residue gave 16 [a colorless oil, 43 mg; 85%.
IHNMR 6=0.84 (3H, d, J=7 Hz), 0.87 (3H, d, J=6.5 Hz),
0.88 (3H, d, J=7 Hz), 0.90 (3H, s), 2.51—2.62 (2H, m), 2.75
(1H, dd, J=14, 8.5 Hz), 3.00 (1H, ddt, J=14, 8.5, 1.5 Hz), 6.61
(1H, td, J=8.5, 1 Hz), and 9.24 (1H, d, J=1 Hz)].

1,2-Reduction of 16 to Allyl Alcohol (17). Into a MeOH
solution (3 cm3) of 16 (30 mg), CeCls-7H20 (47 mg) was
added at 0°C, after which the mixture was stirred for a
while. Then it was treated with NaBH4 (6 mg) for 20 min.
The reaction mixture was diluted with 0.5 M HCI and
extracted with ether. Silica-gel column chromatography of
the extract gave the desired alcohol, 17 [a colorless oil, 30
mg; 99%. 'HNMR 6=0.84 (3H, d, J=7 Hz), 0.85 (3H, d,
J=7 Hz), 0.87 (3H, s), 0.90 (3H, d, J=6.5 Hz), 2.48 (1H, dd,
J=14, 8.5 Hz), 2.58—2.77 (3H, m), 4.03 (1H, d, J=12 Hz),
4.07 (1H, d, J=12 Hz), and 5.85 (1H, br t, J=8.5 Hz)].
Although the full characterization of this compound was
not carried out, a clean 1,2-reduction of the enal moiety of
16 to 17 obviously occurred judging from the HNMR
spectrum.

Reaction of 17 with o-Nitrophenyl Selenocyanate and
Subsequent 2,3-Sigmatropic Rearrangement to Give Unsat-
urated Alcohol, epi-Hydroxycycloaraneosene (18). Into a
THEF solution (4 cm3) of 17 (30 mg) we added o-nitrophenyl
selenocyanate (28.5 mg) and tributylphosphine (0.031 cm3).
The mixture was then stirred at 20—25°C for 20 min,
diluted with H20, and extracted with ether. The chroma-
tographic purification of the residue gave a yellow oil (47
mg), which was then treated with H2Oz (0.13 cm3) in THF
(2.5 cm?) in the presence of EtsN (0.1 cm?) for 20 h.  After
the usual work-up, the residue was chromatographed on a
silica-gel column to give 18 [colorless needles, mp 128.5—
130°C (1it.9 129—130°C), 23 mg; 77%. [aJ® —14° (c 0.43,
CHC ;) (1it.» —10°). 'HNMR 6=0.84 (3H, d, J=7 Hz), 0.84
(3H, s), 0.91 (3H, d, J=6.5 Hz), 0.97 (3H, d, J=7 Hz), 1.94
(1H, dd, J=13.5, 10.5 Hz), 2.37 (1H, br td, J=9.5, 5.5 Hz),
2.52—2.70 (2H, m), 4.31 (1H, dd, J=10.5, 7 Hz), 4.84 (1H, br
s), and 4.94 (1H, br s). BCNMR 6=14.81 (q), 20.55 (q),
21.18 (q), 26.50 (t), 26.99 (q), 27.99 (d), 29.56 (t), 34.15 (t),
34.59 (t), 34.72 (t), 41.37 (d), 42.14 (t), 42.52 (d), 50.04 (d),
50.24 (s), 76.98 (d), 112.54 (t), 135.15 (s), 143.14 (s), and 159.02
(s). IR »: 3440, 2980, 2950, 1640, 1010, 1000, and 900 cm~-1].

Oxidation of 18 to Ketone 19. Into a CH:Cl; solution (4
cm?®) of trichloroacetic anhydride (0.029 cm3) we added a
CH:Cl; solution (0.05 cm3) of dimethyl sulfoxide (0.022 cm3)
at—80°C. After the mixture had then been stirred at —70—
—80°C for 30 min, a solution (0.5 cm3) of 18 (30 mg) was
added at —80°C and stirring was continued for another 1 h
at —75——65°C. The reaction temperature was then
lowered again to —80°C, and EtsN (0.15 cm3) was intro-
duced. The mixture was gradually warmed to —20°C,
diluted with an aqg NaHCOs3 solution, and extracted with a
5:1 mixture of hexane and ether. Silica-gel column chro-
matography of the extract gave 19 [colorless needles,
mp 72.5—74°C (1it.5 75—76°C), 28 mg; 94%. [afp +132°
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(¢ 0.75, CHCls) (lit.® +53°). 'H NMR 6=0.87 (3H, d, J=7
Hz), 0.88 (3H, d, J=6.5 Hz), 0.90 (3H, d, J=7 Hz), 0.96 (3H,
s), 2.42 (1H, br q, J=8.5 Hz), 2.61 (1H, sept, J=7 Hz), 3.08
(1H, br d, J=14.5 Hz), 3.24 (1H, br d, J=14.5 Hz), 5.13 (1H,
br s), and 5.34 (1H, br s). 1BCNMR 6=15.76 (q), 19.98 (q),
20.86 (q), 26.93 (q), 27.18 (d), 27.45 (t), 29.90 (t), 33.31 (v),
35.11 (t), 38.72 (t), 40.10 (d), 42.39 (t), 47.19 (d), 48.12 (d),
50.81 (s), 113.51 (t), 130.39 (s), 147.66 (s), 155.89 (s), and
206.97 (s). IR »: 2970, 2890, 1685, 1650, 1630, 1450, 1375,
1260, 1100, 935, and 800 cm~1].

Reduction of 19 to 3, Hydroxycycloaraneosene. To an
MeOH solution (3 cm3) of 19 (28 mg) CeCls- 7TH20 (47 mg)
was added at 0°C, after which the mixture was stirred for a
while, and then treated with NaBH4 (6 mg) for 20 min.
The reaction mixture was diluted with 0.5 MHCI and
extracted with ether. Silica-gel column chromatography of
the extract gave 3 [a colorless oil, 26 mg; 92%. [aJ§ +16° (¢
0.94, CHCls) (lit.» +7.5°). 'HNMR 6=0.83 (3H, d, J=7
Hz), 0.89 (3H, d, J=7 Hz), 0.91 (3H, J=7 Hz), 1.00 (3H, s),
1.26 (1H, dddd, J=13, 9, 6, 3 Hz; H-4a), 1.34 (1H, ddd, J=10,
8, 7Hz; H-2), 1.44 (1H, dd, J=15, 8 Hz; H-1a), 1.50 (1H, ddd,
J=13,9, 6 Hz; H-12e), 1.58 (1H, ddd, J=13, 9, 8 Hz; H-128),
1.62 (1H, br d J=15 Hz; H-1B8) 1.63 (1H, dtd, J=13, 10, 6 Hz;
H-58), 1.69 (1H, br s; OH), 1.78 (1H, dddd, J=13, 9, 8, 5 Hz;
H-5w), 1.87 (1H, dddd, J=13, 10, 7, 5 Hz; H-48), 2.03 (1H,
sext of d, J=7, 3; H-3), 2.09 (1H, br td, J=10, 8 Hz; H-6),
2.1—2.2 (2H, m; H-13’s), 2.39 (1H, ddt, J=14, 6, 2 Hz; H-9a),
2.51 (1H, dd, J=14, 8 Hz; H-98), 2.72 (1H, sept, J=7 Hz; H-
15), 4.46 (1H, dd, J=8, 6 Hz; H-8), 4.93 (1H, br s; H-17), and
5.09 (1H, brs; H-17). 1BCNMR 6=16.70 (q), 21.17 (q), 21.23
(q), 27.29 (d; C-15), 27.85 (t; C-13), 27.86 (q; C-18), 29.60 (t; C-
5), 31.81 (t; C-4), 33.90 (t; C-9), 36.70 (t; C-12), 39.36 (d; C-3),
42.53 (t; C-1), 46.46 (d; C-2), 48.74 (d; C-6), 50.79 (s; C-11),
73.24 (d; C-8), 107.09 (t; C-17), 134.23 (s), 144.64 (s), and
157.67 (s). IR »: 3360, 2950, 1640, 1375, 1360, 1020, and 895
cm™1].
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