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Efficient synthesis of onoceranediol from
12-hydroperoxy-8a,12-epoxy-11-bishomodrimane
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An efficient one-step synthesis of the diacetate of the tetracyclic triterpenoid onoceranediol
(4) by radical cleavage of the readily available 12-hydroperoxy-8c,12-epoxy-11-bishomo-
drimane is described. Drim-9(11)-en-8ca-yl acetate (7) is formed in this reaction as a by-
product. Onoceranediol diacetate 4 is converted into onoceranediol on treatment with LiAlH,,
and acetate 7 is transformed into drim-9(11)-en-8a-ol on saponification.
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Previously,! in a study of the oxidation of 11-bishomo-
driman-8a-o0l-12-one (1) with trifluoroperoxyacetic acid,
we found that, depending on the conditions, the reaction
yields either drimane-8a,11-diol 11-monoacetate (2)
(vield ~100%) or 12-hydroperoxy-8c.,12-epoxy-11-bis-
homodrimane (3) as a mixture of epimers at C(12) (yield
75%) together with compound 2.

This communication describes an improved, more fac-
ile and efficient method for the transformation of hydroxy-
ketone 1, obtained from commercial norambreinolide in
65% yield,! into hydroperoxide 3 (Scheme 1). Treatment
of a solution of 1 in an ethanol— acetic acid mixture with
30% hydrogen peroxide gives hydroperoxide 3 in an al-
most quantitative yield. Unlike many other compounds
of this class, this hydroperoxide is stable on long-term
storage in a refrigerator or even at room temperature. Due
to stability combined with ready availability and struc-
tural peculiarity, bishomodrimanic hydroperoxide 3 is an
appropriate starting compound for the synthesis of a num-
ber of terpenoids.

While performing research along this line, we synthe-
sized the diacetate of the tetracyclic triterpenoid ono-
ceranediol 4 (see Ref. 2) from hydroperoxide 3.

Tertiary alkoxy radicals are known to undergo -cleav-
age of C—C bonds to give carbon radicals and carbonyl
compounds.34 The carbon radicals, in turn, are stabilized
either through dimerization or by transformation into ole-
fins with proton abstraction. Hence, the alkoxy radical 5,
formed from hydroperoxide 3, can be converted into
onoceranediol diacetate 4 (see Ref. 2) and/or drim-9(11)-
en-8a-ol acetate (7) (see Refs 5, 6) via the intermediate
acetoxy-substituted radical 6.

In order to carry out the reductive cleavage of hydro-
peroxide 3, we studied its reaction with FeSO,4-7H,0 and
Cu(OAc), + H,O under various conditions. We found that
in a AcOH—H,0 mixture (9 : 1), compound 3 is con-
verted almost completely into its precursor, namely,
hydroxyketone 1. When methanol is used as the solvent,
onoceranediol diacetate 4 is the major product (yield
68%), formed together with unstable drim-9(11)-en-8o.-
ol acetate (7) (the yield of the crude product is 28%).
Attempts to increase the yield of compound 7 by varying
the reaction time and/or temperature and the reactant
ratio, including the use of a stoichiometric amount of
Cu(OAc), - H,0, have been unsuccessful.

The reaction of hydroperoxide 3 in MeOH with
FeSO,-7H,0 without Cu(OAc),-H,0 under the same
experimental conditions gave the same products 4 and 7
but in lower yields (59% and 25%, respectively).

The structure of diacetate 4 was established on the
basis of elemental analysis, IR, 'H and !3C NMR, and
mass spectra,* and by reduction with LiAlH, to give to
known onoceranediol 8 (see Ref. 2). Acetate 7 was treated,
without purification, with an ethanol solution of KOH to
give alcohol 9, which was identified by chromatography
and by spectroscopic comparison with an authentic
sample.”

As was to be expected in view of the instability of
tertiary acetoxy groups, the mass spectrum of diacetate 4
exhibits no molecular ion peak, but contains a medium-
intensity peak with m/z 410, corresponding to fragment
* The 'H and !3C NMR spectral patterns of diacetate 4 and, first
of all, the number of characteristic singlets are consistent with
the C,-symmetry of the molecule.

Published in Russian in Izvestiya Akademii Nauk. Seriya Khimicheskaya, No. 11, pp. 2571—2573, November, 2005.
1066-5285/05/5411-2656 © 2005 Springer Science+Business Media, Inc.



Synthesis of onocerane diol

Russ.Chem.Bull., Int.Ed., Vol. 54, No. 11, November, 2005 2657

Scheme 1

68% H

Reagents, conditions, and product yields: ;. CF3CO3H; ii. 30% H,0,, EEOH—ACOH, 30 min, ~20 °C, yield 99%;
iii. FeS0O,4+ 7TH,0—Cu(OAc), - H,0, MeOH, 0 °C, 30 min; iv. FeSO,* 7H,0, Cu(OAc), - H,0, AcOH : H,0 (9 : 1), yield 85%;
v. LiAlH,, Et,0, 2 h, 15 °C, yield 88%; vi. KOH, EtOH, 20 h, 20 °C, yield 5.8%.

10 resulting from abstraction of two acetic acid molecules
from compound 4. Further fragmentation of the radical
ion with m/z 410 involves cleavage of the C(11)—C(11")
bond giving rise to the bicyclic radical ion C;sH,g
(m/z 206), which then decomposes to give a set of ions
typical of the mass spectra of bicyclic drimanic ses-
quiterpenoids and labdane diterpenoids.8

In conclusion, we demonstrated that the stable,
readily available 12-hydroperoxy-8a,12-epoxy-11-bis-

homodrimane (3) is a suitable starting compound for the
efficient preparation of tetracyclic triterpenoid onocerane
derivatives.

Experimental

Melting points were determined on a Boetius hot stage.
IR spectra were recorded on a Specord 75 spectrophotometer,
while 'H and 13C NMR, on a Bruker AM-400 spectrometer
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(400.13 and 100.62 MHz) in CDCIl; using Me,Si as the internal
standard. The 13C NMR signals were assigned using the DEPT
technique and by comparison with the spectra of known related
compounds.?>1® Mass spectra (EI, 70 eV) were recorded on a
GC/MS Agilent 6890/5973 instrument. The reactions were
monitored by TLC on Silufol plates, which were visualized by
I, vapor. Solutions of compounds in organic solvents were dried
with anhydrous MgSOy.

Preparation of 12-hydroperoxy-8a.,12-epoxy-11-bishomo-
drimane (3) from bishomodriman-8ca-o0l-12-one (1). A 30%
aqueous solution of H,0O, and glacial AcOH (7 mL, 7.34 g,
122.28 mmol) were added to a solution of hydroxy ketone 1
(1.0 g, 3.75 mmol) (see Ref. 1) in EtOH (20 mL), and the
mixture was stirred for 30 min at room temperature. Then the
reaction was diluted with water (200 mL) and allowed to stand
for 2 h at the same temperature. The precipitated white solid was
filtered off, washed with water (3x10 mL), and dried in air to
give compound 3 as a crystalline solid, yield 1.05 g (99%), m.p.
139—143 °C. According to 'H NMR data, the hydroperoxide 3
formed was a mixture (1 : 1) of a- and B-epimers at C(12) (in-
tensity ratio of the C(13)Hj singlets at 1.48 and 1.52 ppm). The
product was identical to the compound we obtained previously.!

Reaction of hydroperoxide 3 with FeSO4-7H,0 and
Cu(OAc),-H,0. Methanol (15 mL) and hydroperoxide 3
(300 mg, 1.06 mmol) were added to 7.5 mL of a saturated solu-
tion of Cu(OAc),+H,0 (10 mg, 0.05 mmol) in MeOH and the
mixture was stirred for 10 min. To the resulting solution placed
in an ice bath, FeSO,-7H,0 (300 mg, 1.08 mmol) was added,
and stirring was continued for additional 30 min. Then the reac-
tion mixture was diluted with water (30 mL) and extracted with
ether (3x30 mL). The extract was washed with water (2x10 mL)
and dried. Evaporation of ether gave a crystalline residue
(280 mg), which was treated with MeOH. A greater part of the
crystals did not dissolve; these were filtered and washed with
MeOH to give 190 mg (68%) of a pure crystalline product,
which was identified as compound 4, m.p. 189—190 °C (¢f.
Ref. 2: m.p. 189—191 °C). IR (mineral oil), v/cm~!: 1700, 1230
(OAc). 'TH NMR, &: 0.78 (s, 6 H, C(10)Me and C(10")Me);
0.79, 0.86 (both s, 6 H each, C(4)Me, and C(4")Me,); 1.47 (s,
6 H, C(8)Me and C(8")Me); 1.94 (s, 6 H, 20Ac). 13C NMR, &:
15.67 (C(15) and C(157)); 18.45 (C(2) and C(27)); 20.02 (C(6)
and C(67)); 20.87 (2 CH;COO0); 21.43 (C(13) and C(13"));
23.09 (C(12) and C(127)); 28.89 (C(11) and C(117)); 33.17 (C(4)
and C(47)); 33.35 (C(14) and C(147)); 38.63 (C(7) and C(7));
39.13 (C(10) and C(107)); 39.40 (C(1) and C(17)); 41.93 (C(3)
and (C(3)); 55.61 (C(5) and (C(57)); 59.00 (C(9) and C(9"));
88.40 (C(8) and C(87)); 170.15 (2 CH;COO0). MS, m/z (1] (%)):
410 [M — 2AcOH]* (32), 395 [410 — Me]™ (88), 206 (38), 191
(85), 177 (32), 163 (26), 149 (38), 137 (100), 109 (50), 123 (50),
95 (80), 81 (80), 69 (73). Found (%): C, 76.89; H, 11.14.
C34Hs530,. Calculated (%): C, 76.93; H, 11.01.

After separation of 190 mg of onoceranediol diacetate (4),
the filtrate was concentrated to give 80 mg of an oily product,
which was hydrolyzed without purification due to instability.
The residue (80 mg) was treated with a 10% solution of KOH in
EtOH (1.6 mL, 178 mg, 3.17 mmol). The reaction mixture was
kept at room temperature for 20 h. After addition of water (8§ mL),
the solution was extracted with ether (3x10 mL). The extract
was washed with water (3x2 mL), dried, and concentrated to
give 60 mg of a product, which was chromatographed on a

column with 1.8 g of Al,O5 (neutral, activity 3.5). Elution with
hexane gave 14 mg of a colorless oily product, which crystallized
on storage in a refrigerator, m.p. 49—50 °C (from hexane) and
was identified as drim-9(11)-en-8a-ol (9) (¢f. Ref. 7: m.p.
50—51 °C). Yield 5.8% based on hydroperoxide 3. IR (thin
layer), v/em~1: 3400, 3105, 1633, 1075, 907. 'H NMR, &: 0.77
(s, 3 H, C(10)Me); 0.80 and 1.02 (both s, 3 H each, C(4) Me,);
1.34 (s, 3 H, C(8)Me); 4.77 and 5.15 (both br.s, 1 H each,
C(11)H,). BC NMR, &: 19.06 (C(2)); 20.20 (C(15)); 21.63
(C(13)); 22.40 (C(12)); 30.52 (C(6)); 33.26 (C(14)); 33.80
(C(4)); 39.01 (C(1)); 40.03 (C(10)); 41.77 (C(3)); 44.20 (C(5));
53.48 (C(11)); 73.38 (C(7)); 103.66 (C(9)); 166.64 (C(8)).
Deacetylation of onoceranediol diacetate (4) with LiAlH,.
Diacetate 4 (50 mg, 0.094 mmol) was added to a suspension of
LiAlH, (66 mg, 1.74 mmol) in anhydrous Et,0 (25 mL), and the
mixture was stirred for 2 h at 15 °C. Water (5 mL) and 5% HCI
(2 mL) were added dropwise with ice cooling. The aqueous layer
was separated and extracted with ether (3x5 mL). The organic
layer was combined with the ether extract, washed with satu-
rated brine (3x2 mL), dried, and concentrated. The crystalline
residue (42 mg) was recrystallized from MeOH to give 37 mg
(88%) of a product identical to onoceranediol 8 (see Ref. 2),
m.p. 261—262 °C (see Ref. 2: m.p. 267—269 °C). IR (mineral
oil), v/em~1: 3354 (OH). '"H NMR, &: 0.74 (s, 6 H, C(10) Me
and C(10") Me); 0.78, 0.86 (both s, 6 H each, C(4)Me, and
C(4")Me,); 1.13 (s, 6 H, C(8)Me and C(8)Me). 3C NMR, &:
15.70 (C(15) and C(157)); 18.55 (C(2) and C(27)); 20.46 (C(6)
and C(67)); 21.42 (C(13) and C(137)); 24.41 (C(12) and C(12"));
29.39 (C(11) and C(117)); 33.25 (C(4) and C(4")); 33.40 (C(14)
and C(147)); 38.42 (C(10) and C(10)); 39.50 (C(1) and C(1"));
42.12 (C(3) and C(3")); 43.59 (C(7) and C(77)); 56.17 (C(5)
and C(57)); 63.16 (C(9) and C(9)); 74.62 (C(8) and C(8")).
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