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SYNTHESIS OF TAXODIONE AND METHYL 11-HYDROXY-12-METHOXY-7-OXOABIETA-8,11,13~
TRIEN-18-0ATE

Takashi MATSUMOTO, Yasuo OHSUGA, and Kenji FUKUI
Department of Chemistry, Faculty of Science, Hiroshima University
Hiroshima 730

Oxidation of methyl 12-hydroxyabieta-8,11,13-trien-18-oate (X),
prepared from (-)-abietic acid (II), with benzoyl peroxide gave methyl
11-benzoyloxy-12-hydroxyabieta-8,11,13-trien-18-0ate (XII), which was
converted to natural taxodione (I) and methyl 11-hydroxy—12-metﬂoxy-
7-oxoabieta-8,11,13-trien-18-0ate (XI).

Taxodione (I), a tumor-inhibitory diterpene, has been isolated from Taxodium
distichum Rich (Taxodiaceae) by Kupchan et al.])and subsequently, the synthesis of
1 was independently achieved by Mori and Matsuie)and by us.3) However, because of
its significant tumor-inhibitory activity, we further planned the synthesis of I and
other naturally occurring C1l-oxygenated diterpenes starting from easily available
(-)-abietic acid (II). * For the present purpose it is necessary to introduce a
hydroxyl group or its derivative at the C-11 position of abietane skeleton. In a
previous communicationu)the present authors reported that the intramolecular cycli-
zation of 2,6-dimethyl-t-6-(4-isopropyl-2-methoxyphenyl)-t-2-methoxycarbonyl-r-1-
cyclohexaneacetic acid (DI)B)prepared from II, gave the undesired ketone (IV) as a
major product, along with the expected methyl 11-methoxy-7-oxoabieta-8,11,13-trien-
18-oate (V) as a minor product. Since the yield of V was very low (4%), this intra-
molecular-cyclization procedure gave no synthetic utility. On the other hand, Wenkert
et al.6)have been reported the successful conversion of ferruginol benzoate (VI) to
11,12-dimethoxyabieta-8,11,13-triene (IX) via 11-(4-nitrophenylazo)-12-hydroxyabieta-
8,11,13-triene (VII) and 11-amino-12-methoxyabieta-8,11,13-triene (VII). However,
since this method involves many steps and low overall yield (8%) we now attempted a
direct introduction of a benzoyloxy group at the C-11 position of methyl 12-hydroxy-

abieta-8,11,13-trien-18-~0ate (X).7) This communication will describe the synthesis
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of I and methyl 11-hydroxy-12-methoxy-7-oxoabieta-8,11,13-trien-18-oate (XI) which
was very recently isolated by Biellmann et al.s) Oxidation of X with benzoyl per-
oxide9)1n refluxing chloroform gave methyl 11-benzoyloxy-12-hydroxyabieta-8,11,13~
trien-18-oate (XII), mp 155-157°C, [a]p + 83.1°, IR: 3575, 3375, 1735, 1718 et
NMR: 1.16 and 1.19 (each d and J=7 ﬁz, 'CH(CEB)Z)’ 1.29 (s, CA'CEB)’ 1.38 (s, Cyp-
CEB)’ 3.64 (s, -002653), 5.26 (s, -0H), 6.57 (s, Cm‘g)’ 7.45-7.70 (2H, m) and 8.21
(24, dd, J=2 and 8 Hz) (-06§5), in 61% yield. 1In the NMR spectrum of XII, the down-
field shift of a signal due to the methyl group at the C-10 position relative to the
corresponding signal (6 1.17 ppm) of X suggested the presence of a benzoyloxy group
at the C-11 position. Methylation of XII with dimethyl sulfate and aqueous potassi-
um hydroxide in refluxing methanol gave methyl 11-hydroxy-12-methoxyabieta-8,11,13-
trien-18-oate (XII), mp 146-147°C, [(a]y + 68.8°. This gave a positive Gibb’s test'®)
which suggested the presence of an aromatic proton para to a phenolic hydroxyl group,
and the presence of the hydroxyl group at the C-11 position was supported from the
pyridine-induced solvent shift (6C01 - g gN=- 0.26 ppm) of a signal due to the
methyl group at the C-10 position. Further methylation of XII in refluxing methyl
ethyl ketone with dimethyl sulfate and anhydrous potassium carbonate gave the corre-
sponding dimethyl ether (XIV, 54% from X), mp 92-92.5°C, [alp *+ 82.8°, which was
oxidized with chromic anhydride in acetic acid to give methyl 11, 12-dimethoxy-7-oxo-
abieta-8,11,13-trien-18-0ate (XV), mp 101.5-102°C, [l + 48.1°, IR 1720, 1675 cm™,
together with a small amount of methyl 12-methoxy-11,14-dioxoabieta-8,12~dien-18-0ate
(XVI), mp 139-140°cC, falp - 70.7°, IR: 1718, 1653, 1638, 1600 cm™' The NMR spectrum
of XV showed a signal/at & 7.60 ppm due to an aromatic proton, suggesting tlue presence
of the proton at the C-14 position. The quinone (XVI) was also obtained by oxidation
of XII with m-chloroperbenzoic acid in dichloromethane. Subsequently, XVI was de-
methylated with hydrochloric acid in boiling methanol to methyl 12-hydroxy-11,14-di-
oxoabieta-8,12-dien-18-oate (XVII), mp 149-150°C, [a]p + 93.1°, IR: 3375, 1720, 1640,
1633, 1603 cm'], which corresponds to the Ch—methoxycarbonyl analog of royleanone
(XVIE).""Z) Conversion of XIV to IX was completed as follows. Reduction of XIV
with lithium aluminum hydride afforded the corresponding alcohol (XIX), [a]p + 79.7°,
which by oxidation with chromic anhydride-pyridine complex gave an aldehyde (XX),
[alp + 73.5°, NMR: 9.17 (s, -CHO). Huang-Minlon reduction of XX gave 1x'92:6) (299
from X), mp 89.5-90.500, (alp + 92.0° (EtOH). Since conversion of IX to I via 11,12-
dimethoxyabieta-6,8,11,13-tetraene (XXII) has been achieved by Mori and matsui,2) the

present work can be regarded as a new synthesis of taxodione. In the present study



Chemistry Letters, 1974 299

XXII was prepared by an alternative method. That is, 11,12-dimethoxy-7-oxoabieta-
8,11,13-triene (XXI)‘B)[d]D + 35.5°, prepared from IX, was reduced with lithium alumi-
num hydride to give the corresponding alcohol which was immediately dehydrated with
p-toluenesulfonic acid in refluxing toluene to afford XXII,Z) falp - 99.6°, NMR in
CDClB: 0.96 and 1.03 (each s, Cu'(QEB)Z)’ 1.13 (s, C1O—Q§3), 1.18 and 1.22 (each d
and J=7 Hz, -CH(CgB)Z), 2.19 (t, J=3 Hz, c5-g), 3.77 (s, 2-0CH,), 5.86 (dd, J=3 and

9 Hz, Cg-H), 6.41 (dd, J=3 and 9 Hz, c7—§), 6.63 (s, cm-g). Finally, the synthesis
of XI was also carried out as follows. Acetylation of XII with isopropenyl acetate

in the presence of p-toluenesulfonic acid gave an acetate (XXII), mp 191-192°C, (alp
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+ 88.7°, which was then submitted to oxidation with chromic anhydride in acetic acid
to give methyl 12-acetoxy-11-benzoyloxy-7-oxoabieta-8,11,13-trien-18-0ate (XXIV), mp
178-180°C, [a]p + 72.0°, IR: 1765, 1738, 1720, 1682 cmT' Alkaline hydrolysis of
XXIV, followed by methylation with diazomethane gave XI,‘“) mp 202.5-203.500, [a]D

+ 33.8°, + 36.6° (EtOH), IR in CCl,: 3500, 1730, 1685, 1607 cm™', NMR in CD013§ 1.25
(d, J=7 Hz, -CH(CHj),), 1.32 (s, C,~CH), 1.41 (s, Co=CHj), 3.62 (s, -CO,CH), 3.78
(s, -OCE3)’ 6.13 (s, -0H), 7.59 (s, C1h—g). The phenol XI was also obtained by

alkaline hydrolysis of a ketone (XXVI), prepared from XII via an acetate (XXV). The

spectral data of the synthetic XI were identical with those of the natural substance.g)
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